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PREFACE

When our chief resident was asked what he thought of Reese and Betts’ A Practical Ap-
proach to Infectious Diseases, he responded, “It is logically organized and thoroughly refer-
enced. It provides a comprehensive, up-to-date guide for diagnosing and managing common
and obscure infectious diseases. It is an invaluable resource for any resident or practicing
physician.”

This book was written to provide helpful information on infectious disease problems for
medical students, house officers, community practicing physicians, and other health care
practitioners such as hospitalists, nurses, and infection control officers.

Reese and Betts’ A Practical Approach to Infectious Diseases uses an outline format to
make the information readily available and succinct. This approach provides the reader
with rapid access to the information that they need to find, while at the same time it leads
their thinking in a logical fashion step-by-step through the management of the problem at
hand. Up-to-date references are provided for readers to expand their understanding of the
specific problem with which they are confronted.

The original intent of this text, when it was conceived by Dr. Richard Reese during his
fellowship in infectious diseases in the late 1970’s, was to answer the questions most often
asked of the infectious disease consultant by the practicing physician. That philosophy is
maintained in this edition. The difference between this edition and the earlier ones is that
some of the questions have changed, and some quite dramatically.

This new edition provides the reader with up-to-date information in several areas: In-depth
discussions of the rapidly emerging resistant gram positive, gram-negative, and mycobacte-
rial infections, and the newest antimicrobial approach to combat these problems of resistance
is discussed in detail in the respective chapters; analysis of evolving fungal infections and
the new antifungal agents, some of which are not yet fully approved; an in-depth analysis
of antivirals available to combat HIV infection is provided, as well as thoughtful analysis of
their use in adults, in children, and in pregnant women, and will bring the generalist and the
infectious diseases expert up-to-date in this field; investigational new antiretroviral agents
are presented; emerging problems in bioterrorism can be found in the pneumonia and skin
and soft tissue chapters; and each of the organ system chapters provides new information
that has emerged since the last edition.

Whether in the intensive care unit, in the emergency department, or in the office, the
practitioner can turn to this compact, yet complete, text to find the answers that he or she
needs. The problem may be as complicated as a bone marrow transplant patient with fever
and a new pulmonary infiltrate; or an HIV-infected patient who has failed previous regimens;
or it may be as straightforward as the office patient with an upper respiratory infection or
with cellulitis. The information to help the practitioner think through a logical approach to
these and many other problems is provided.

An additional, and unusual, feature of this text is the inclusion of hard-to-find informa-
tion on the approach to infection in the neonate, infections of the eye, use of vaccines to
prevent infectious diseases problems, in-depth information on international travel, infec-
tions in transplantation patients, and management of employee health problems.

What prompted us to bring this new edition forward is the excellent response we have had
from the house staff and students who have used our book previously. They have urged us
to update the information and we have responded with this new edition.

We thank all of our contributors for their outstanding effort to update their contributions
and Dr. Geneen Gibson, who provided the important cost information concerning antibiotics.
Dr. Richard Reese was most helpful with suggestions along the way. We acknowledge Mar-
garet Aldrich, who helped prepare portions of the text. We extend our sincere appreciation to
Hal Pollard and Denise Martin of Lippincott Williams & Wilkins for helping us keep up the
momentum that led to the completion of the task. Most of all, we thank our wives Sherrill,
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1. FEVER AND FEVER OF UNKNOWN ETIOLOGY

Rayhan H. Hashmey and Norbert J. Roberts, Jr.

Fever has been recognized for centuries as a characteristic sign of infection. However, fever
also may be due to such noninfectious causes as tumors, collagen vascular diseases, and
drugs. Close to a third of patients admitted to the hospital have an episode of fever, partic-
ularly on medical and surgical services [1]. The clinician must remain aware, however, that
very young and very old individuals may present with serious infections without a febrile
response, as can individuals with significant malnutrition [2,3] or with preceding stress to
their thermoregulatory systems. An example of the latter circumstance would be an individ-
ual admitted with hypothermia due to exposure [4]. As many as 41% of such patients had
serious infections in one study, and more than a third of the infections were not diagnosed
at the time of admission.

The pathophysiology of fever has been elucidated relatively recently, and the thermome-
ter remains an essential diagnostic tool even in this era of sophisticated technology. Fever
had been viewed as a beneficial response to disease until the last century, when the con-
cept that fever itself required treatment gained acceptance [5–7]. This transition may have
occurred because the antipyretic agents that came into widespread use had additional an-
tiinflammatory and analgesic activities, and the treated patients improved with regard to
several parameters of illness [6].

Fever phobia (undue parental fear of fever in their children) was clearly documented in
1980 [8] and, despite recent efforts to inform medical practitioners and the public, persists
even today, at least in part because of mixed messages to the public [9]. The role and impact
of fever in host responses to challenge continue to be reassessed [5–7]. The data and the
analyses suggest that routine suppression of a febrile response is not warranted.
Judgment should be applied regarding therapeutic intervention (antipyresis) in any indi-
vidual case, with consideration of both the potential benefits of fever suppression and the
deleterious effects of temperature elevation for the individual. See the text by Mackowiak
[10] for in-depth discussions of thermoregulation, fever, fever of unknown etiology, and other
relevant aspects of this host response.

FEVER
I. Definitions

A. Normal basal body temperature often is thought to be 37◦C (98.6◦F), determined
orally, but should more accurately be considered as a temperature that falls within
specified ranges for different times of the day, with variation among individuals. The
normal oral temperature range (≥99% of healthy young adults) over an entire day is
36◦ to 37.7◦C (96.8◦–99.9◦F). Diurnal variation is discussed in section C [11]. Rectal
temperatures are higher by approximately 0.6◦C (1◦F). The usual tempera-
ture range of an individual can rarely be determined beforehand in clinical practice.
Therefore, an oral temperature exceeding 37.2◦C (98.9◦F) in the early morning and
37.7◦C (99.9◦F) in the late afternoon or evening may ordinarily be considered higher
than the normal range for healthy adults 40 years of age or younger [11].

B. The method used to determine the body temperature is important with regard
to both the expected range and the accuracy of the reading (related to confounding
factors). Traditionally, clinicians have relied on oral and rectal sites for temperature
measurement using mercury thermometers, now more often measured using dig-
ital electronic devices that are widely available. Infrared tympanic thermometry
(ITT), which measures the flow of heat from the surfaces of the tympanic membrane
and ear canal, is increasingly used in clinical settings. Although generally reliable,
accuracy of measurements using ITT are more dependent on user technique [12],
and correlation with rectal temperature may be poor in intensive care unit patients,
in very young children, and in the presence of ear pathology [13–17].

C. Diurnal variation. Diurnal variation may be 1◦C (1.8◦F) or more in any given
individual, but the mean diurnal temperature oscillation is approximately 0.5◦C
(0.9◦F) [18], with women generally having slightly higher normal temperatures
than men. Temperature is lowest in the early morning and highest in the
late afternoon or early evening (4–8 P.M.).

1
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2 1. Fever and Fever of Unknown Etiology

The diurnal rhythm is consistent in each person and usually is preserved with
a fever [19], with the absolute temperature range elevated for that individual. Its
absence may suggest the possibility of factitious fever if other causes for the fever
cannot be identified (assuming no hypothalamic disorder exists).

D. Fever and hyperthermia are two distinct processes physiologically.
1. Fever is said to exist whenever the body temperature rises above the maximum

of the normal range, in a physiologically regulated manner, in response to a new
temperature set point that has been established (see section II).

2. Hyperthermia does not involve the resetting of the normal temperature set
point. Hyperthermia most commonly results from thermoregulatory responses
that are inadequate for the body’s needs or from adverse reactions to anesthet-
ics or other pharmacologic agents. Hyperthermia is more likely to develop in
those individuals with less effective thermoregulation (the very young and the
very old) but may occur even in healthy young adults (e.g., as a result of pro-
longed intense exercise in warm, humid weather, such as with participation in a
marathon). Heat production exceeds heat loss, and the temperature exceeds the
individual’s set point. Heat stroke and malignant hyperthermia are extreme and
highly dangerous examples of hyperthermia [20,21].

3. A practical clinical concept that results from this distinction is that antipyret-
ics (drugs that lower the set point) are effective in treating fever but are unlikely
to affect hyperthermia. Therefore, physical measures to lower the body temper-
ature usually must be applied in hyperthermia cases.

E. Lethal temperature ranges. Body temperature is actively and effectively con-
trolled, both in the basal state and in response to the higher set point that is in-
duced by an exogenous pyrogenic challenge. In the latter case, temperatures exceed-
ing 41◦C are uncommon, even with infections that are characteristically associated
with high fevers [22].
1. The lower lethal temperature is approximately 26◦C (78.8◦F) (excluding ther-

apeutic hypothermia).
2. The average upper lethal limit is approximately 43◦C (109.4◦F), although

morbidity and mortality of such supraphysiologic temperatures are related to
both the degree and the duration of the temperature elevation. Thus, tempera-
tures in excess of 42.5◦C commonly are required and used to produce hyperther-
mic treatment of tumors. Such temperatures do affect the immune system [23]
but, with appropriate control of the intensity and duration of the hyperthermia
(especially if applied locally to tumor), are well tolerated by patients.

II. Physiology of fever and associated responses
A. Proinflammatory cytokines, fever, and associated responses. Fever results

when exogenous pyrogens (bacteria, viruses, fungi, other microorganisms, aller-
gens, etc.) or endogenous pyrogenic factors (immune complexes, complement, lym-
phokines from sensitized lymphocytes, etc.) encounter circulating monocytes or
monocyte-derived tissue macrophages, the major sources of biologically defined en-
dogenous pyrogen (EP), which was molecularly defined and termed Interleukin-1
(IL-1) [24]. Extensive studies have determined that IL-1 is only one of several cy-
tokines that produce fever by acting directly on the hypothalamus. This list cur-
rently includes IL-1α, IL-1β, tumor necrosis factor (TNF)-α, TNF-β, interferon
(INF)-α, IL-6, and RANTES [6,24–26]. Other cytokines, acting within a complex
regulatory network, also likely contribute to fever production, especially those us-
ing gp130 as a signaling receptor (IL-11, oncostatin M, ciliary neurotrophic factor,
cardiotropin-1, and leukemic inhibitory factor).

The precise roles of these cytokines in the induction of fever are still under in-
vestigation. Animal models of experimental bacteremia have suggested that TNF
is induced first after endotoxin challenge, followed rapidly by IL-1, and then (to a
lesser extent) by IL-6 induction. However, the levels of IL-6 correlate best with the
severity of the infectious disease [24,27]. Since IL-1 and TNF can induce the produc-
tion of IL-6 and not vice versa—and IL-6–deficient mice do not produce fever when
injected with lipopolysaccharide (LPS), IL-1, or TNF—it has been postulated that
IL-6 provides an eventual quantitative “readout” for the proinflammatory cytokine
response [24]. Cytokines do not diffuse across the blood–brain barrier (BBB);
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1. Fever and Fever of Unknown Etiology 3

thus, active transport systems have been postulated as a potential entry mecha-
nism [28,29]. It also has been proposed that the cytokines may circumvent the BBB
by acting on the organum vasculosum laminae terminalis (OVLT), an organ
that lacks the BBB. More recently, chemosensitive abdominal vagal afferents have
been shown to participate in neural pyrogen signaling to the brain [30–33].

A relatively recent field of investigation has arisen from the recognition that
several endogenous antipyretic systems exist that can modulate the fever
response. Exogenous pyrogens such as viruses induce the concomitant produc-
tion of both IL-1 and inhibitors of IL-1, or IL-1 receptor antagonists (IL-1ra), by
monocytes-macrophages [34,35]. Treatment of rats with anti–IL-1ra at the time of
LPS injection significantly prolonged the duration of fever [36]. IL-10 and TNF-α
(in subpyrogenic doses) inhibit LPS-induced fever in mice [37,38]. In addition, IL-1
induces the release of stress hormones—including adrenocorticotropic hormone
(ACTH), melanocortin, and vasopressin—which possess a broad range of antiin-
flammatory and cytokine-inhibitory properties [6,22,37–40]. The full breadth of bi-
ologic activity of these endogenous cryogens are currently being determined, and
it is likely that the febrile and other acute responses to infection or similar pyro-
genic challenges are regulated in an integrated fashion by the several mediators
that are produced [40,41]. Such observations extend our knowledge well beyond the
long-recognized activation of the pituitary–adrenal axis during an infection, and
the cortisol-mediated or other glucocorticoid-mediated suppression of the immune
response, including production of the proinflammatory cytokines IL-1, TNF, and
IL-6.

B. The sepsis syndrome and septic shock. (Sepsis is discussed in detail in
Chapter 2.) It is important to note here that many of the features of the sepsis
syndrome and septic shock have been related to production of the proinflamma-
tory cytokines associated with fever, particularly TNF [24]. Interference with the
inflammatory cascade, it was thought, would provide non–etiology-specific interven-
tion that would likely affect the outcome by providing support until specific medical
intervention (administration of antimicrobial or other appropriate agents) or spe-
cific immune responses become effective. However, blockade of cytokine mediators
and their receptors has not proved therapeutically successful, because blockade of
mediators alone does not block the direct activation of processes such as coagulation
and complement in efforts to reduce the morbidity and mortality of sepsis and septic
shock [42–44].

C. Central nervous system events in the production of fever. The preoptic
area (POA) of the anterior hypothalamus appears to be the major thermoregulatory
center. Although the POA reacts rapidly to locally injected IL-1, it is unclear whether
pyrogenic cytokines cross the BBB in sufficient amounts to induce fever directly, or
act by release of secondary mediators, especially prostaglandin-E from the OVLT
[30,45–48]. The POA contains temperature-sensitive neurons that respond not only
to changes in core temperature by altering firing rates, but also react to afferent
sensory input from thermoreceptors throughout the body. Because of the rapidity of
onset of fever after injection of LPS and the delay in appearance of cytokines in the
blood, neural pathways of pyrogen signaling to the brain have been proposed with
evidence emerging especially for the vagus nerve [30–33].

III. Metabolic and physiologic responses, and the acute-phase reaction. A variety
of physiologic and metabolic alterations begin at the onset of an infection or shortly
thereafter [3,24,49–53]. Many of these changes were considered to be the results of the
accompanying fever, but they also might ensue from the direct action of the proinflam-
matory cytokine mediators induced by the invading microorganisms or their products
(see section II.A). The extent to which physiologic responses are due to, or aggravated
by, temperature elevation of a fever as opposed to resulting from direct coordinated
effects of proinflammatory cytokines is still being delineated.
A. Prominent metabolic changes associated with pyrogenic infections and other eti-

ologies of fever include:
1. Metabolic rate increases of approximately 10% to 12% with each 1◦C elevation

in body temperature. If the need for calories and amino acids is not met, body
wasting can eventually ensue.
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2. Increased insensible water loss, which is influenced by the degree of fever,
hyperpnea, humidity, and ambient temperature. Generally, there will be an in-
creased loss of 300 to 500 mL/m2/◦C/day.

3. Heart rate increases of up to 15 beats/min per ◦C increase in temperature,
which could induce heart failure or angina in individuals with significant cardio-
vascular disease.

4. Electrolyte depletion through loss via sweating and, if associated with the
infection, via diarrhea or vomiting.

B. Secondary nutritional consequences (the “costs”) of an acute infection or re-
current mild infections are unlikely to be significant for the well-nourished child
or adult but may be substantial for those who are marginally nourished and are
severely or frequently challenged by infection [3]. The latter individuals are suscep-
tible to a vicious cycle: malnutrition leading to increased susceptibility to infection
leading to increasing malnutrition [3].

C. Altered hepatocyte functions in acute generalized infection include the following
[24,53,54]: increased uptake of free amino acids from plasma, increased gluconeo-
genesis with glycogenolysis, increased ureagenesis, increased liponeogenesis, im-
paired ketogenesis, increased uptake and sequestration of iron (in transferrin and
hemosiderin) and zinc (with metallothionein), and synthesis of acute-phase proteins
(see section D).

Some metabolic changes vary during the course of an infection. For example,
hyperglycemia may be a prominent feature early in the infection, whereas hypo-
glycemia secondary to depletion of carbohydrate stores may be troublesome later in
the course of an uncontrolled infection.

D. In the acute-phase response, certain proteins, referred to collectively as acute-
phase reactants, are synthesized by the liver in response to the proinflammatory
cytokines IL-1, TNF, and IL-6 [53,55,56]. Changes in these proteins (C-reactive
protein, α1-antitrypsin, haptoglobin, serum amyloid P component, serum amyloid
A protein, and others) commonly are associated with the temperature elevation of
a fever, but their precise roles in host defense are not entirely clear [56]. Despite
production of acute-phase proteins, there is an overall negative nitrogen balance.
Furthermore, additional changes in other body constituents such as circulating iron
or zinc, which decrease in this setting [51,54,57], are commonly associated with
infection and the febrile response and may play integrated roles in host defense
(see section V).

IV. Fever patterns
A. Background. Before the advent of modern diagnostic techniques, the pattern of

the febrile response was stressed as an important diagnostic clue. Generally, a
fever pattern (temperature course) cannot be considered pathognomonic
for a particular infectious agent in a given patient [19]. (See section B.7
and the next major section of this chapter regarding drug fever, which illustrate
this important point.) Despite this general concept, in certain circumstances (and
especially when combined with other information) the fever curve may provide a
clue to the etiology of the fever.

B. Types of fever (temperature over time). Because fever patterns often are discussed
in the literature and at times provide some clinical clues, they are summarized
briefly here. As noted earlier, diurnal variation often is preserved during a febrile
episode, with more than 90% of patients with remittent or intermittent fever due
to infection showing diurnal variation in one study [19].
1. Intermittent fevers are characterized by wide swings in temperature (>0.3◦C

[0.5◦F] and <1.4◦C [2.5◦F]), with the temperature returning to normal at least
once during any 24-hour period. This is the second most common type of fever
encountered by an infectious diseases consulting service [19].
a. Pyogenic abscesses and irregular use of antipyretics are the most

common causes of the intermittent pattern. This pattern also can be
seen in disseminated tuberculosis, acute pyelonephritis with bacteremia, and
malaria.

b. A double fever spike occurring daily is said to be suggestive of gonococ-
cal endocarditis and has been noted with miliary tuberculosis. It is also
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1. Fever and Fever of Unknown Etiology 5

much more commonly associated with sporadic use of antipyretics in a febrile
patient.

c. Variants of intermittent fevers
(1) Alternate-day fever may be seen in Plasmodium vivax infections and

steroid withdrawal fevers (patients on alternate-day dosage schedules).
(2) Fever spikes every third day occur in Plasmodium malariae infections.
(3) Any form of malaria in the early stages of infection may present with

intermittent or remittent fevers without periodicity.
2. Remittent fever is similar to intermittent fever except the fluctuations in tem-

perature are less dramatic and the temperature does not return to normal. This is
the most common type of fever encountered by an infectious diseases consulting
service [19]. Examples include acute respiratory viral infections, mycoplasmal
pneumonia, and Plasmodium falciparum malaria.

3. Hectic (“septic”) fever can be either an intermittent or a remittent fever with
a difference of 1.4◦C (2.5◦F) or more between peak and trough temperatures.

4. Sustained (continuous) fever is a moderately persistent elevation in temper-
ature with only minimal fluctuations. Examples include gram-negative bacte-
rial pneumonia, brucellosis, typhoid fever, tularemia, psittacosis, pneumococcal
pneumonia, rickettsial infections, and fever in a comatose patient with central
nervous system (CNS) damage.

5. Relapsing (recurrent) fever is characterized by periods of fever and periods of
normal temperature alternating cyclically. During the febrile episodes, the fever
may follow any of the previously listed patterns. Examples include lymphomas,
rat-bite fever, borreliosis, and dengue.

6. Temperature-pulse disparity (i.e., high temperature with a relatively slow
pulse) may be seen in factitious fever, brucellosis, typhoid fever, psittacosis and
Legionnaires disease. A clue to factitious fever may be the absence of diurnal
variation when there is no hypothalamic disease.

7. Drug fever may present with any of the patterns described in sections 1
through 6 [18,19]. Hectic fever spikes may simulate sepsis at times. Drug fever
is discussed in more detail later in this chapter.

C. Hyperpyrexia, heatstroke (hyperthermia), and malignant hyperthermia.
Extreme temperature elevation often generates concern in both parents and physi-
cians. However, as noted earlier, temperatures exceeding 41◦C (105.8◦F) are rare
even with infections commonly associated with high fevers [22]. Thermoregulatory
failure resulting in hyperpyrexia is more likely to occur at extremes of age and
in patients with debilitating illness. Infection appears to be an important trigger.
During the 1995 heat wave in Chicago, 57% of heatstroke victims had evidence of
infection on admission to the hospital [58]. Patients present with signs of fluctu-
ating consciousness and autonomic nervous system lability. Tachycardia and blood
pressure instability are common. Hyperpyrexia also can be triggered in susceptible
individuals after severe exercise in hot conditions or exposure to suxamethonium or
halogenated anesthetic agents [20]. When precipitated by the effects of neuroleptic
drugs (e.g., butyrophenones, loxapine, phenothiazines, thioxanthenes, antidepres-
sants, and antiemetics), it is called neuroleptic malignant syndrome. A danger-
ous hypermetabolic state results, often accompanied by increased muscle tone and
rhabdomyolysis. A specific inherited muscle membrane defect related to mutation
in the ryanosine receptor (RYR) gene has been detected in 20% of cases [20,59,60].
There is increasing evidence that tissue injury, especially endothelial damage, re-
sults from extreme elevations in temperature [21,61]. Immediate action to de-
crease the core body temperature using external cooling methods is imperative (see
section VII). Dantrolene sodium is considered the drug of choice to treat
malignant hyperthermia (2.5 mg/kg intravenously (i.v.) initially, with total doses
up to 10.0 mg/kg i.v. to control the event) [20].

D. Attenuated fever responses. Although significant infection may exist, fever
sometimes may be absent.
1. Seriously ill newborns with infection may lack a fever or may even have sub-

normal temperatures. (In contrast, young children may have exaggerated febrile
responses to relatively insignificant infections.)
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2. Elderly patients occasionally do not exhibit a febrile response [62] or, when
febrile, have a limited response compared with a younger patient.

3. Patients with uremia may not have a fever or may have a fever with tempera-
tures normally not considered febrile. (Such patients may have a basal tempera-
ture somewhat lower than normal, and a temperature in the usual high-normal
range might therefore represent a fever for them.)

4. Significantly malnourished individuals may show reduced production of the
proinflammatory cytokines and a diminished febrile response [3].

5. Patients receiving corticosteroids or continuous treatment with antiin-
flammatory or antipyretic agents may not have a febrile response.

V. Potential reasons for not treating fever. There seems to be a tendency—almost a
reflex—among physicians as well as parents to attempt to lower body temperature in
a patient with fever, an attitude that likely stems from a general belief that fever is
noxious to the body [63,64]. Although associated with seizures in young children, fever
per se has not been shown to be harmful in humans and there is no evidence to suggest
that its suppression, at least in the short term, is beneficial. In fact, conservation of the
febrile response across the animal kingdom argues strongly that fever is a protective
and adaptive response, and the decision to use antipyretic therapy should be weighed
carefully.

Experiments using animal models have demonstrated the beneficial effect of fever in
enhancing resistance to infection. Elegant experiments using the poikilothermic lizard
Dipsosauras dorsalis showed a direct correlation between temperature and survival
from infection with Aeromonas hydrophilia [65]. Increased resistance to a variety of
viruses also has been demonstrated using mice, dogs, and ferrets [64,66]. Immunologic
pathogen-specific responses are generally enhanced in the setting of temperature eleva-
tion within the physiologic range [41]. Temperature elevation appears to affect primar-
ily the phase of recognition and sensitization or activation of mononuclear leukocytes.
Evans et al. showed that fever-range temperatures caused a three- to fourfold increase
in L-selectin and α4β7 integrin-dependent trafficking of lymphocytes to secondary lym-
phoid tissues [67,68].

Good clinical data regarding the role of fever in recovery from infection are lacking.
Studies based on retrospective analysis and chart reviews support the relationship be-
tween a febrile response and favorable outcome [6,64]. Antipyretic therapy has not been
shown to protect against recurrence of febrile seizures in children [69]. In addition to
the inherent toxicities of antipyretic compounds [70], studies have shown adverse ef-
fects of aspirin or acetaminophen therapy on parameters associated with recovery from
infection (e.g., prolonged shedding of rhinovirus or varicella virus [during chickenpox]
[71]).

Fever remains one of the sentinel indicators of disease and is one of the most frequent
causes prompting patients to seek medical attention. Its persistence may aid in the
evaluation of a chosen therapeutic regimen, as well as redirect investigation to rule
out noninfectious etiologies. The decision regarding whether to treat a fever per
se (and if so, how) should be a considered decision every time, not merely a
routine, predetermined response to detection of a fever.

VI. Potential reasons to treat fever. The preceding section discusses reasons why most
individuals and the human species overall may benefit from the existence of the febrile
response. Nonetheless, individual subjects may be anticipated to have morbidity—
derived from the fever—that is unacceptable in the context of current therapeutic capa-
bilities and sound medical judgment regarding relative risks. Specific situations exist
where use of antipyresis may be justified. It has been argued that elderly individuals
with pulmonary and cardiovascular disease are particularly vulnerable to the addi-
tional metabolic and cardiovascular effects of a fever-related temperature elevation,
which could lead to greater morbidity or even increased risk of mortality. Additionally,
persistence of fever could have detrimental metabolic consequences, exacerbating poor
nutrition or dehydration, particularly if the fever is prolonged. Risks considered in
the analysis should also include nonmedical factors such as interference with required
daily activities due to illness (which might be alleviated by analgesia or antipyresis).
It is thus reemphasized that the decision regarding whether to suppress a fever
should be specific for the individual patient.
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VII. Methods of lowering temperature. Antipyretic orders commonly are written impre-
cisely and as a routine for hospitalized patients; acknowledgment of the intervention
appears in the progress notes for only a small percentage of patients, with a rationale
appearing even less frequently [72].

The most common antipyretic order may be for as-needed administration, often not
even prompted by detection of a fever. If aspirin or another antipyretic agent is given
intermittently in response to fever spikes, its use may cause precipitous decreases
in temperature and produce a hectic fever that is more stressful for the host than
maintenance of a continued febrile temperature.

If the decision is made to suppress a patient’s fever, it is usually more appro-
priate to do so by continuous administration of the antipyretic for a period
of time (24–48 hours) after the fever’s characteristics have been noted, followed by
withholding of the antipyretic agent to determine whether the fever persists. The with-
holding of antipyretic therapy allows one to observe the temperature curve for evidence
of therapeutic efficacy if antimicrobial or other agents have been administered (i.e., ab-
sence of fever with appropriate specific therapy for the infection or illness responsible
for inducing the fever) and, in the absence of such evidence, indicates the potential need
for further evaluation.
A. Antipyretics

1. Nonsteroidal antiinflammatory drugs (NSAIDs). Aspirin is the prototypic
drug of this class and has been in clinical use for more than 100 years. Exam-
ples of other drugs in this class include indomethacin, ibuprofen, naproxen, and
diclofenac. NSAIDs act by inhibiting cyclooxygenase (COX), the rate-limiting
enzyme in prostaglandin synthesis, thereby producing potent antipyretic, anal-
gesic, and antiinflammatory effects [73]. Inhibition of COX is also responsible for
the serious toxicities associated with NSAIDs, which include renal insufficiency,
gastrointestinal (GI) tract ulcers, and coagulation abnormalities [70]. More re-
cently, the discovery of two distinct isozymes of COX (COX-1, present constitu-
tively in cells and involved in tissue homeostasis; and COX-2, the inducible, “in-
flammatory” form) has led to the development of isozyme-specific drugs (COX-2
selective), with safer toxicity profiles [74–76]. Two drugs, celecoxib and rofecoxib,
are currently available. However, it appears that these drugs are not completely
devoid of GI side effects, with cost-effective benefit demonstrable only in patients
at high risk for GI bleeding [77].

2. Alternatives to NSAIDs are necessary in allergic or anticoagulated patients,
or in patients who have hemostatic or platelet abnormalities or GI tract ulcers,
or who are otherwise intolerant of these agents. Additionally, it is advisable to
avoid salicylates to treat fever in children with viral illnesses, particu-
larly chickenpox and influenza-like illnesses, because salicylate use has
been associated with Reye syndrome (see Chapter 10). Acetaminophen is
often used as an aspirin substitute and is approximately as effective as aspirin in
reducing fever in either adults or children [78]; however, it possesses weak antiin-
flammatory properties. It has been postulated that acetaminophen acts on a yet
unidentified isoform of COX (?COX-3), mainly in the central nervous system [73].

3. Duration. In patients with infectious causes of fever, specific antibiotic therapy
alone usually controls infection and fever within 24 to 72 hours (or, in a viral
syndrome, the acute febrile phase may be over in 1–3 days). At this point if not
before, it is advantageous to withhold antipyretic therapy as noted previously
and to monitor the temperature to determine whether it would be appropriate
to discontinue the aspirin (or alternate antipyretic agent).

B. Sponging the body with isopropyl alcohol or water may be done. Because wa-
ter has the highest heat of vaporization, it is the preferred liquid. Tepid (rather
than cold) water may decrease the tendency toward peripheral vasoconstriction, a
counterproductive reflex.

C. The Turkish massage of Weinstein [79] is a method of reducing fever by rubbing
the patient’s skin with a Turkish towel and tepid water. This method takes advan-
tage of the heat of vaporization while encouraging cutaneous vasodilatation. The
increased cutaneous blood flow functions as a heat exchanger, and core temperature
is lowered.
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D. Cooling blankets also are popular and may have an appropriate role in temper-
ature reduction. These blankets enhance conductive heat loss and are effective.
However, the clinician should not attempt to reduce the temperature to normal,
which may result in hypothermia by “overshooting.” The body responds with pe-
ripheral vasoconstriction and shivering, making the patient feel miserable. The
cooling blanket should be turned off when body temperature reaches ap-
proximately 37.7◦ to 38.3◦C (100◦–101◦F), to minimize overshooting. When
possible, an antipyretic drug should be used in association with the cooling blanket
in an attempt to blunt wide swings in temperature.

E. Combined evaporation and convection. Sprays of tepid water at an ambient
temperature of 20◦C have been used effectively to treat heatstroke victims during
the annual pilgrimage at Mecca [80]. Water can be atomized under pressure and
combined with air blown by a fan.

F. Ice water immersion. Although there is no agreement on the most effective way
of quickly reducing the core body temperature, one commonly used method is to
immerse the patient in an ice-water bath until the temperature is reduced to 39.5◦C
(103◦F) [81]. At this point more moderate measures (see sections A, B, and D) should
be continued to control the fever.

DRUG FEVER
Drugs are a fairly common cause of fever [18,82,83]. Drug fever should be suspected
whenever a fever occurs (with or without associated findings) in a patient who is taking a
drug known to produce fever (Table 1.1). The diagnosis should always be considered, but
especially when the patient either looks or feels well on current therapy and has no
obvious uncontrolled or superimposed infections or is at least hemodynamically stable with
no localized infection. Antimicrobial agents, as a group, have been linked to the greatest
number of cases [84]. Rigors (43% [corrected calculation]), myalgias (25%), rashes (18%, less
than half pruritic), headache (18%), relative bradycardia, leukocytosis (22%), eosinophilia
(22%), serum sickness, abnormal liver function tests, and proteinuria may occur [18].

Onset occurs typically within 10 days after a patient begins taking a drug [85]. Discon-
tinuation of the suspect drug with a decrease in the temperature within 1 or 2 days
lends support to the diagnosis. Rechallenge with the offending agent is not generally
recommended unless done carefully in a controlled setting (i.e., in a hospital). However,
one study suggested that rechallenge with agents responsible for drug fever (>45% of cases
reported) was associated with a low risk of serious sequelae, although it was not altogether
free from risk [18].

Table 1.1. Agents Responsible for Episodes of Drug Fever

Common Less Common Rare

Atropine Allopurinol Salicylates
Amphotericin B Azathioprine Corticosteroids
Asparaginase Cimetidine Aminoglycosides
Barbiturates Hydralazine Macrolides
Bleomycin Iodides Tetracyclines
Methyldopa Isoniazid Clindamycin
Diuretics Rifampin Chloramphenicol
Penicillins Streptokinase Quinolones
Cephalosporins Imipenem Linezolid
Phenytoin Vancomycin
Procainamide Calcium channel blockers
Interferon Beta blockers

Nonsteroidal antiinflammatory drugs

Adapted from Johnson DH, Cunha BA. Drug fever. Infect Dis Clin North Am 1996;10:85–91; with
permission.
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1. Fever and Fever of Unknown Etiology 9

FEVER OF UNKNOWN ETIOLOGY
I. Definitions. Fever of unknown origin (FUO) was defined by Petersdorf and Beeson

[86] in 1961 as a febrile illness of more than 3 weeks’ duration. To qualify as FUO,
temperatures must exceed 38.3◦C (101◦F) on several determinations with no diagnosis
reached after 1 week of study in the hospital. These criteria are chosen because they
tend to eliminate acute, self-limited infectious illnesses such as common viral diseases,
postoperative fevers, and febrile illnesses of obvious cause; the criteria exclude patients
who defervesce spontaneously, and they also allow time for the completion of the usual
initial laboratory studies. Because of the expense of hospitalization and the frequent
ability to investigate an FUO as an outpatient, Petersdorf [87] modified this defini-
tion by proposing that, in lieu of 1 week in hospital, 1 week of intelligent and intensive
investigation be undertaken, which in most patients is possible on an outpatient basis.

Durack and Street [88] have recommended further modifications. They have
proposed subdividing FUO into four groups:
A. Classic FUO

1. Fever of 38.3◦C (101◦F) or higher on several occasions.
2. Fever of more than 3 weeks’ duration.
3. Diagnosis uncertain, despite appropriate investigations, after at least three out-

patient visits or at least 3 days in hospital.
B. Nosocomial FUO

1. Fever of 38.3◦C (101◦F) or higher on several occasions in a hospitalized patient
receiving acute care.

2. Infection not present or incubating on admission.
3. Diagnosis uncertain after 3 days despite appropriate investigation, including at

least 2 days’ incubation of microbiologic cultures.
C. Neutropenic FUO

1. Fever of 38.3◦C (101◦F) or higher on several occasions.
2. Fewer than 500 neutrophils/mm3 within 1 to 2 days.
3. Diagnosis uncertain after 3 days despite appropriate investigation, including at

least 2 days’ incubation of microbiologic cultures.
D. Human immunodeficiency virus (HIV)-associated FUO [89–93] (see Chap-

ter 18)
1. Fever of 38.3◦C (101◦F) or higher on several occasions.
2. Confirmed positive serology for HIV infection.
3. Fever of more than 4 weeks’ duration for outpatients or more than 3 days’ duration

in hospital.
4. Diagnosis uncertain after 3 days despite appropriate investigation, including at

least 2 days’ incubation of microbiologic cultures.
II. Causes of FUO [87,94,95]

A. Although infections are still the most common cause of FUOs, the incidence of
multisystem or collagen vascular diseases remains significant and there is a decrease
in the number of tumors presenting as FUOs. However, Barbado et al. [96] found
that collagen vascular diseases, especially vasculitides, are more frequent (29%) than
infections (11%). Endocarditis, abdominal abscesses, and hepatobiliary diseases have
become less important causes of FUOs. Tuberculosis remains an important cause of
FUO.
1. Infections (23%–36%). Tuberculosis, bacterial endocarditis due to slow-growing

organisms, culture-negative endocarditis, localized suppurative process (within
the biliary tract, liver, or kidney), intraabdominal abscesses, septic pelvic vein
thrombophlebitis, and certain viral infections such as cytomegalovirus (CMV)
and Epstein-Barr virus (EBV) should be considered. In HIV-positive patients,
however, opportunistic infections (OIs) account for most FUOs and fever
should not be attributed to HIV-infection itself without extensive investigation
to rule out other infections [89–93]. Common OIs in the United States include
tuberculosis, atypical mycobacterial infections, Pneumocystis carinii infection,
disseminated fungal infections (e.g., histoplasmosis), and CMV infection. Infec-
tion due to Coccidioides immitis (Southwest United States), Trypanosoma cruzii
(Latin America), and Penicillium marneffei (Southeast Asia) are endemic in those
regions [91,97,98].
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2. Neoplasms (7%–31%). Lymphoma, leukemia, renal cell carcinoma, GI tumor,
and metastatic ovarian carcinoma are the most common neoplasms associated
with FUOs. In more recent studies of FUOs [95], there was a marked decrease
in the incidence of neoplasms. This is believed to be due to the widespread use
of ultrasonography and computed tomography (CT) scanning. In HIV-positive
patients, tumors account for only 10% of FUOs, 90% of which are lymphomas
[90–92]. Observational and time-trend data indicate that the incidence of Kaposi
sarcoma (KS) and primary brain lymphoma have decreased, but suggest that
current therapies have not had a proportionate effect on systemic non-Hodgkin
lymphomas [99–101]. It is likely that lymphoma will become proportionately more
important as an FUO in these patients.

3. Collagen vascular diseases (9%–20%). Systemic lupus erythematosus,
rheumatoid arthritis, mixed connective tissue diseases, temporal arteritis, ju-
venile rheumatoid arthritis of the adult (adult Still disease), and vasculitis can
present as an FUO.

4. Miscellaneous causes (17%–24%) include drug fever, recurrent pulmonary em-
boli, inflammatory bowel disease (especially regional enteritis), sarcoidosis, and
factitious or fraudulent fever. However, there are numerous unusual causes of
FUOs [102,103].

5. In adults, 10% of FUOs remain undiagnosed. In Knockaert’s study [95], there
was a noticeably higher incidence of undiagnosed cases (26%). This is because,
in contrast to other reports, Knockaert and co-workers [95] categorized as FUOs
fever in patients with diseases of unknown origin, such as granulomatous hepati-
tis or pericarditis; these were labeled nondiagnosis rather than being relegated to
the miscellaneous category [87]. It is reassuring, though, that the vast majority
of patients that remain undiagnosed do well in follow-up [104–106].

6. The spectrum of causes of FUOs among community hospital patients and
the elderly (≥65 years old) is similar to the general population, with a few no-
ticeable differences [107–109]. In the community hospital group, infections (ab-
scesses, tuberculosis, endocarditis, acute HIV infection, and CMV) represented
approximately 33% of the FUO population; neoplasms, primarily lymphomas,
were present in 24% of the population; and 16% had collagen vascular diseases.
Alcoholic hepatitis and recurrent pulmonary emboli are relatively common in
this group. The most common causes of FUOs in the elderly are leukemias, lym-
phomas, abscesses, tuberculosis, and temporal arteritis.

B. Factitious fever refers to fever produced artificially by the patient.
1. A diagnosis of factitious fever [110] should be considered in any FUO, espe-

cially in young women or persons with medical training, or if the patient looks
clinically well and there is a disparity between temperature and pulse. The advent
of digital thermometers has reduced the frequency of this diagnosis.

2. Absence of the normal diurnal pattern should alert the physician to this
diagnostic possibility.

3. Some practitioners recommend several temperature determinations in the pres-
ence of a nurse or physician. Others have suggested the use of a thermocoupling
device (electric thermometer) to allow immediate recording of results. Urine tem-
peratures also have been suggested as a means to uncover factitious fever due to
manipulation of the glass thermometer.

4. The diagnosis should be considered especially in paramedical personnel.
C. Fraudulent fever is akin to factitious fever. In this case, the fever is authentic but

is induced by the patient’s self-inoculation or ingestion of foreign material.
III. Approach to the FUO. Although the clinical investigation of a patient with FUO

should be individualized, Knockaert [111] has developed a detailed diagnostic strategy
for the patient with an FUO. This report also presents an algorithmic approach to the
diagnosis of FUOs.
A. Rule out common infections or other causes of fever. Although it may seem

obvious, initial assessment of the nonseptic febrile patient must rule out the common
infections causing fever, including respiratory and urinary tract infections, wound
and pelvic infections, GI infections, and superficial and deep phlebitis, including
intravenous-related phlebitis in hospitalized patients.
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B. Determine whether the patient has a true FUO. Before launching what may be
an intensive workup for FUO, the fever should be present, at least by history, for a
prolonged period as noted above, and the routine evaluation should be unremarkable.
Only then may a case be defined as an FUO.

C. Workup of the patient with a true FUO.
1. A careful history is essential to discover clues from the patient’s travel back-

ground, exposure to tuberculosis, animal exposure, drug use, work environment,
hobbies, geographic origins, HIV risk factors, and other habits. With the differ-
ential diagnosis of FUO in mind, the physician explores each of the diagnostic
categories. If the workup is unrewarding initially, serial follow-up histories
may provide additional clues to a specific diagnosis. Interviews with the immedi-
ate family or close relatives may be helpful.

2. A complete and careful physical examination should be repeated if the pa-
tient is believed to have a true FUO. Again, the differential diagnosis is kept
in mind and particular attention is directed to the skin, lymph nodes, hep-
atosplenomegaly, rectal and pelvic examination, and cardiac examination. Serial
physical examinations are crucial! While the patient is hospitalized, his or
her clinical status might change, and a new lymph node, murmur, or rash could
appear and provide an important clue to the diagnosis.

3. Laboratory examinations and biopsies. By definition, the routine complete
blood count, urine and sputum cultures, chest radiograph, and other determina-
tions have already been unrewarding in the early evaluation of the FUO. Studies
of antibodies to EBV and CMV, especially IgM antibodies, may be helpful (see
Chapter 9). Further testing must be individualized, and a variety of tests
are available.

IV. Laboratory and diagnostic aids in the FUO evaluation
A. Blood cultures. Advances in blood culture methodology have resulted in earlier

detection of pathogens causing bloodstream infections [112]. In continuous bac-
teremia (such as endocarditis), three sets of blood cultures will be adequate to
recover the organism in more than 95% of cases [113]. However, any oral or par-
enteral antibiotic therapy given before the initial blood cultures are drawn may
inhibit the growth of the organisms (e.g., in partially treated BE). In addition, some
fastidious organisms may take several days or weeks (e.g., Brucella) to grow or may
have special growth requirements [112]. Fungal and mycobacterial blood cultures
are of particular importance in HIV-positive patients [89–93]. Culture-negative
endocarditis is a recognized entity that accounts for 5% to 15% of cases of endo-
carditis (see Chapter 12) [114]. It can occur even in patients who have had no prior
exposure to antibiotics and is well described in the literature of the preantibiotic
era. This diagnosis should be considered in the patient with FUO, nega-
tive initial blood cultures, and underlying cardiac disease (such as rheumatic
or congenital heart disease). When possible, infectious disease consultation should
be sought for such patients before one commits a patient to a prolonged course of
antibiotics.

B. Sedimentation rate. The erythrocyte sedimentation rate (ESR) is a nonspecific
marker of inflammation and can be elevated in noninfectious conditions, for example,
in uremia. In the older patient (≥55 years) with FUO and an ESR in excess of
100 mm/h, the diagnosis of temporal arteritis should be considered. The patient’s
history should be reviewed carefully with respect to headaches, visual problems, and
myalgias. When temporal arteritis is suspected, the patient should undergo
bilateral temporal artery biopsies for definitive diagnosis. Initiation of high-dose
steroid therapy (e.g., oral prednisone 60–80 mg/day) may help to prevent blindness,
a major complication of temporal arteritis.

C. Collagen vascular disease screening. Because up to 15% of adult patients with
FUO have a collagen vascular disease, histories must be elicited carefully.
1. ESR and antinuclear antibody studies generally are used for screening.
2. Muscle or skin biopsies (or both) of suspicious rashes may uncover a vasculitis.

D. Serology. As a general rule, serologic tests assume importance when a fourfold or
greater increase in titer can be demonstrated (see Chapter 25). Serologic studies
should only be ordered if potential diagnostic clues to a particular infection exist. In
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a recent prospective study of 167 patients, serologic tests were never helpful in the
absence of diagnostic clues [115].
1. An acute-phase blood sample should be drawn; serum should then be frozen

and set aside in an FUO evaluation. This will assure an early specimen if careful
serologic studies are indicated as the workup proceeds.

2. Blood for convalescent titer usually is drawn 2 to 4 weeks after the acute titer.
3. Occasionally only a single serum specimen is available for study. Characteristic

titer elevations may be very suggestive, or even diagnostic, in certain clinical
settings. For example, an indirect fluorescent antibody titer of 1:1,024 or greater
to Toxoplasma gondii is suggestive of toxoplasmosis. A specific IgM antibody re-
sponse is highly suggestive of a recent primary infection, more so than is the
presence of IgG antibody.

E. Skin tests
1. The intermediate purified protein derivative (PPD) test should be per-

formed routinely unless the patient is known to be a reactor. A negative test
should be repeated in approximately 1 week to test for a “booster effect” (see
Chapter 11) [116]. Anergy testing is not routinely recommended [117].

2. Fungal skin tests generally are not helpful (see Chapter 17). For example, skin
tests with histoplasmin and blastomycin are not useful diagnostically, especially
in an endemic area. In addition, these tests may induce an antibody response that
would either lead to a false diagnosis or preclude future serologic studies.

F. Imaging
1. CT and magnetic resonance imaging (MRI). The advent of modern imag-

ing modalities such as CT and MRI has almost completely supplanted older ra-
diographic techniques such as intravenous pyelograms, nephrotomograms, and
barium imaging of the GI tract. Due to their greater resolution, they provide a
sensitive tool for identifying and localizing intracranial, intraabdominal, and in-
trathoracic abscesses. MRI with gadolinium contrast is the study of choice for
diagnosing intracranial lesions in patients with HIV infection. Due to their wide
availability, CT scan and ultrasonography are often used in a blind fashion for
detection of intraabdominal abscesses and lesions; thus, their overall diagnostic
yield per test performed has been quite low [118]. CT imaging is also used in the
guidance of percutaneous procedures in order to enhance the diagnostic yield.

2. Ultrasonography. Abdominal or pelvic studies may help localize an abscess
or differentiate a solid from a cystic mass. Ultrasonography is useful in visualizing
hepatobiliary and renal abnormalities. Transesophageal echocardiography
has added a new dimension to the sensitivity of detecting valvular vegetations,
especially those on prosthetic valves [119]. Venous duplex imaging may be
useful in identifying cases of deep venous thrombosis as a cause of FUO [120].

3. Radionuclide scans. Of the various radiopharmaceutical-based tests avail-
able, gallium-67 and indium 111–labeled leukocyte scanning have the highest
yield [121]. Indium 111–labeled polyclonal human immunoglobulin (HIG) has not
proved to be superior to 111In leukocyte scanning [121]. Total-body gallium scan-
ning has occasionally been useful in detecting occult abscesses and lymphoma as
well as thyroiditis and unusual tumors, such as leiomyosarcoma and pheochro-
mocytoma. Indium 111 is less likely to accumulate in noninfected foci. Bone
scans and 111In scans appear to be useful in distinguishing osteomyelitis from
a cellulitis that is in close proximity to the bone. Three-phase bone scanning fre-
quently is not specific enough to delineate cellulitis clearly from osteomyelitis (see
Chapter 5). More recently, [(18)F]fluoro-deoxyglucose positron emission tomogra-
phy scan was used in 58 consecutive cases of FUO and was helpful in reaching a
diagnosis in 35% of abnormal scans as compared with 25% with gallium scintig-
raphy [122].

G. Tissue biopsies
1. Lymph nodes that are pathologically enlarged should be examined via biopsy

early in the workup, because underlying malignancy or granulomatous disease
might be uncovered.

2. Liver. In patients with hepatomegaly, abnormal liver function test results, or
possible miliary tuberculosis or disseminated fungal disease, a liver biopsy may
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provide the diagnosis either by histologic examination or by culturing. The
biopsy should be cultured aerobically and anaerobically and for acid-
fast organisms and fungi. The yield in HIV-related FUO appears to be much
higher [123]. Rarely, the organism involved in infective endocarditis may be cul-
tured from the liver biopsy.

3. Bone marrow biopsy. The overall yield for bone marrow biopsy in FUO is less
than 15% [87,94,95], but, as for liver biopsy, it is useful in diagnosing dissemi-
nated mycobacterial and fungal infection in the setting of HIV infection, where
its diagnostic yield has been as high as 40% [124].

4. Skin nodules and rashes may provide a clue to metastatic disease or an under-
lying vasculitis.

5. Temporal artery biopsy (bilateral) may be diagnostic in the elderly patient
with an unexplained elevated ESR.

H. Indications for exploratory laparotomies in patients with FUO. Exploratory
laparotomy seldom is indicated if scanning procedures, ultrasonographic studies,
and percutaneous biopsies are used appropriately. Laparotomy is not considered a
routine procedure but is reserved as a concluding step in the workup of selected
patients [125–127] and for use when abnormalities apparent on scanning need clar-
ification, biopsy, or possible drainage. However, laparoscopy should be considered
first if it is technically feasible [128].

I. Therapeutic drug trials in patients with FUO. In general, the use of medication
in the absence of a definitive diagnosis is discouraged. However, a therapeutic trial
may be justified if, after one has done careful investigation and culturing, the clinical
and laboratory data support certain etiologies, but a definitive diagnosis cannot be
reached. Infectious disease consultation should be sought in such situations.
A trial of antibiotics in culture-negative endocarditis, and of antituberculous agents
in granulomatous hepatitis and cases suspicious for tuberculosis can be life saving.

V. Miscellaneous diseases that cause FUOs
A. Granulomatous hepatitis may be documented by a liver biopsy performed as part

of the FUO evaluation. This represents a histologic reaction pattern with many eti-
ologies, among which are tuberculosis, histoplasmosis, brucellosis, Q fever, syphilis,
sarcoidosis, Hodgkin disease, berylliosis, Wegener granulomatosis, and drug
reactions.

B. Juvenile rheumatoid arthritis is characterized in children by fever, polyartic-
ular or monoarticular arthritis, salmon-colored maculopapular rash, generalized
lymphadenopathy, hepatosplenomegaly, and, occasionally, pericarditis (rarely, my-
ocarditis). Iridocyclitis occurs frequently and should be sought by an ophthalmolo-
gist, even if ocular symptoms are minimal. Rheumatoid factor is absent. A similar
clinical picture may be seen in young adults.

C. Familial Mediterranean fever (periodic disease) is an autosomal-recessive dis-
ease characterized by periodic fevers contracted predominantly by men, particularly
those of Italian, Sephardic Jewish, or Irish descent. Peritonitis, pleuritis, arthritis,
and skin lesions may accompany the fever.

D. Whipple disease is seen in middle-aged to older men and is characterized by low-
grade fever, progressive weight loss, diarrhea, malabsorption, arthralgias, abdom-
inal pain, increased skin pigmentation, and lymphadenopathy. Jejunal biopsy can
establish the diagnosis.

E. Bacterial hepatitis is comprised of chronic nonsuppurative bacterial infections of
the liver (e.g., Staphylococcus aureus) other than those causing a granulomatous re-
action. Fever and minimally elevated alkaline phosphatase may be the only evidence
of liver involvement. A liver biopsy will be helpful and, as usual, the biopsy specimen
should be cultured aerobically and anaerobically.

F. Hyperimmunoglobulinemia D and periodic fever is a rare syndrome of fever in
children of Dutch ancestry that has been linked to a deficiency of mevalonate kinase
[129]. The clinical picture is similar to that of familial Mediterranean fever.

G. Ehrlichiosis. The majority of symptomatic patients with ehrlichiosis present with
an abrupt onset of fever, chills, and headache, often accompanied by nausea, myal-
gias, arthralgias, and malaise. Roland et al. [130] reported six patients in whom the
principal finding was protracted fever ranging from 17 to 51 days’ duration. The
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diagnosis was delayed due to lack of consideration of the diagnosis, patient’s delay
in seeking medical care, or both [130]. See Chapter 21.

H. Other unusual causes of FUO have been described [102,103].
VI. Recurrent or episodic FUO. In some patients with a classic FUO, the fever sponta-

neously resolves for at least 2 weeks and then recurs. On further workup, approximately
20% of these patients will have demonstrable underlying infection, tumor, or connec-
tive tissue diseases [106]. Miscellaneous causes (e.g., Crohn disease, factitious fever)
are common. Overall, these patients generally do well [106] and often can simply be
followed carefully and assessed serially as outpatients.
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2. SEPSIS

Nancy J. Dorman

The development of penicillin during World War II transformed the practice of medicine
dramatically. The advent of antimicrobial therapy in the latter half of the 20th century was
associated with a precipitous decline in mortality and morbidity from infections. Since that
time, however, the incidence of severe sepsis is rising, and associated mortality rates remain
high despite an ever-increasing armamentarium of antibiotics and continued advances in
critical care medicine.

The leading cause of death in intensive care units, sepsis is one of the most important
modifiable causes of death overall in the United States. Lacking uniformly accepted defini-
tions and specific International Classification of Diseases codes for septic shock and other
life-threatening complications of infection, typical morbidity and mortality reports proba-
bly do not reflect the true magnitude of sepsis-associated disease. Nevertheless, based on
discharge codes for bacteremia and septicemia, the Centers for Disease Control and Pre-
vention reported a distressing 139% rise in the incidence of sepsis from 1979 to 1987 [1].
Figures reporting 500,000 septic episodes per annum in the United States underestimate
the incidence of sepsis. More recent estimates conclude there are 751,000 new cases of sepsis
annually in the United States, leading to nearly a quarter of a million fatalities [2], rivaling
myocardial infarction as one of the most important causes of death in the developed world.
Furthermore, because most studies focus on short-term outcome (<30 days), reported 30% to
50% mortality rates underestimate the overall impact of sepsis on survival. Independent of
underlying disease, sepsis is associated with increased mortality risks for at least 1 year and
probably as long as 5 years beyond the acute septic episode [3].

Reporting problems aside, the incidence of sepsis and associated mortality rates are ris-
ing despite better understanding of underlying pathophysiology, technologic improvements
in critical care, and advances in antimicrobial therapy. In addition to improved reporting,
factors that probably contribute to the increasing incidence of sepsis include the expanding
use of invasive procedures, emergence of increasingly resistant pathogens, increasing num-
ber of patients with compromised immune status, and aging populations. Medical progress,
undoubtedly, drives the rising incidence of sepsis. Comorbid illnesses are major outcome
determinants, and patients presenting with sepsis today typically have severe underlying
conditions not seen a few decades ago. Despite aggressive antimicrobial therapy and inten-
sive medical care, mortality rates for sepsis remain high because we lack specific treatment
for the systemic inflammatory response triggered by infection and reliable diagnostic assays
to identify those patients at risk for developing severe sepsis.

A practical approach to sepsis requires working knowledge of current terminology, funda-
mental understanding of etiology or pathophysiology, appropriate utilization of innovative
diagnostic technology, clinical application of new therapeutic interventions as these become
available, and implementation of advancing strategies for prevention.

I. Definitions
Sepsis is a syndrome, not a specific clinical entity. Over the past two decades,
clinical trials examining new treatment strategies for septic shock generated disap-
pointing failures and occasional surprising toxicities (see section IV). Similar to the
difficulties determining accurate incidence and prevalence statistics for sepsis, a lack of
uniformly accepted definitions hinders clinical research. Without consistent clinically
applicable definitions for sepsis and its major sequelae, appropriate patient enrollment
in multicenter clinical trials is unfeasible. Until rapid, sensitive, and specific diagnostic
laboratory tests become available, sepsis remains a bedside diagnosis defined in clinical
terminology.

In 1992, the Society of Critical Care Medicine (SCCM) and the American College of
Chest Physicians (ACCP) published consensus definitions for sepsis and organ failure
along with guidelines for the use of innovative therapies in sepsis [4]. These defini-
tions serve as a framework for consistent clinical descriptions of sepsis and its sequelae,
providing a common language among clinicians and investigators from center to cen-
ter. Acknowledging the complexity of the systemic inflammatory response to infection
and the importance of timely diagnosis, the definitions are intentionally rather simple in
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context and broad in scope. Some experts assert that broad nonspecific ACCP/SCCM con-
sensus definitions lack practical applicability, especially in clinical research protocols.
ACCP/SCCM Consensus Conference participants recognized these problems with their
current definitions, anticipating modifications as our understanding of sepsis evolves
[4]. Until future refinements improve the discriminatory value of sepsis terminology,
these definitions provide clinicians and researchers with a consistent vocabulary that
is currently accepted widely in clinical practice and in research.
A. Infection describes a microbial phenomenon characterized by an inflammatory re-

sponse to the presence of microorganisms or the invasion of otherwise sterile host
tissues by those organisms.

B. Bacteremia describes the presence of viable bacteria in the blood. Similarly, the
presence of other pathogens in the blood would be described appropriately as viremia,
fungemia, or parasitemia. Used previously to describe the presence of microorgan-
isms or their toxins in the blood, the term septicemia was eliminated from the Con-
sensus Conference definitions for sepsis because of ambiguities that cause confusion
and difficulties in data interpretation.

C. Systemic inflammatory response syndrome (SIRS) denotes a generalized in-
flammatory response to a medley of severe clinical insults. Perhaps the most contro-
versial definition from the Consensus Conference [5,6,22,23], the term SIRS was not
developed as a stand-alone entity and should be viewed in combination with other
clinical information [7]. As developed, SIRS deliberately presents low threshold clin-
ical evidence for defining systemic inflammatory response regardless of cause. The
definition of SIRS may be refined as prospective studies using the consensus defini-
tions identify new variables that will improve prognostic accuracy and clinical appli-
cability [8]. As it stands currently, the new term highlights the systemic inflamma-
tory response as a syndrome, or constellation of signs and symptoms, that warrants
early recognition and aggressive search for the underlying cause. SIRS is triggered
by a number of noninfectious pathologic processes including, but not limited to, pan-
creatitis, burns, severe trauma, major tissue injury, ischemia, hemorrhagic shock,
immune-mediated organ injury, and exogenous administration of putative mediators
(e.g., certain cytokines such as tumor necrosis factor [TNF]) (Fig. 2.1). During
diagnostic evaluation, only physiologic alterations representing an acute change
from baseline without other known causes (e.g., chemotherapy-induced
neutropenia, drug-induced tachycardia, etc.) should be used as clinical cri-
teria to define SIRS. The term SIRS describes the presence of two or more of the
following clinical manifestations, including but not limited to
1. Temperature higher than 38◦C or lower than 36◦C;
2. Heart rate higher than 90 beats/min;
3. Tachypnea (respiratory rate >20 per minute) or hyperventilation (PCO2

<32 Torr);
4. White blood cell count alterations more than 12,000/µL or less than 4,000/µL or

the presence of more than 10% immature neutrophils.
D. Sepsis is defined as the systemic inflammatory response to infection. In associa-

tion with infection, the manifestations of sepsis are the same as described above
for SIRS. The term sepsis should be reserved for those instances when the clinical
manifestations of systemic inflammation are related directly to an infectious pro-
cess. Recognizing that sepsis and its sequelae represent a continuum of clinical and
pathophysiologic severity, the degrees of which may independently affect prognosis,
additional definitions are used to describe clinically recognizable stages of sepsis.

E. Severe sepsis describes sepsis associated with organ dysfunction, hypoperfusion,
or sepsis-induced hypotension. Clinically recognizable hypoperfusion and perfusion
abnormalities include but are not limited to
1. Lactic acidosis;
2. Oliguria;
3. Acute mental status changes.

F. Sepsis-induced hypotension is defined by a systolic blood pressure less than
90 mm Hg or a decrease of at least 40 mm Hg from baseline in the absence of other
causes (e.g., cardiogenic shock).
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FIG. 2.1 Sepsis-related definitions and interrelationships. (Based on Bone RC, Balk RA,
Cerra FB, et al. American College of Chest Physicians/Society of Critical Care Medicine
Consensus Conference. Definitions for sepsis and organ failure and guidelines for the use of
innovative therapies in sepsis. Crit Care Med 1992;20:864–874).

G. Septic shock describes a subset of severe sepsis characterized by sepsis-induced
hypotension unresponsive to adequate volume resuscitation, in addition to hypo-
perfusion abnormalities or organ dysfunction. The term septic shock still applies
to patients with severe sepsis whose systolic blood pressure normalizes on vaso-
pressor or inotropic support before developing hypoperfusion abnormalities or organ
dysfunction.

H. Multiple organ dysfunction syndrome (MODS) describes a syndrome charac-
terized by a continuum of physiologic derangements in organ function such that
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homeostasis cannot be maintained. Older terminology referring to organ failure im-
plies that organ function is present or absent, thus excluding the dynamic physiologic
process more characteristic of the syndrome encountered clinically. As defined during
the Consensus Conference, multiple organ dysfunction may be absolute or relative
but is more readily viewed as a continuum of change over time. Currently, there
are no universally accepted criteria for quantifying organ dysfunction in MODS, but
consensus criteria may evolve from outcomes data in the near future. MODS is clas-
sified as primary or secondary based on two pathogenetic pathways that are not
mutually exclusive.
1. Primary MODS occurs early and is directly attributable to a clearly defined

insult. One example would be chest trauma leading to lung dysfunction. The
initiation and progression of primary MODS stem from direct response to a spe-
cific insult rather than host systemic inflammatory responses. Primary MODS
can trigger SIRS, subsequently instigating other organ system dysfunction (sec-
ondary MODS).

2. Secondary MODS occurs as a consequence of host responses identified within
the context of SIRS rather than as a direct response to a specific insult. Secondary
MODS characteristically develops after a latent period separating it from the
primary insult and is most commonly a complication of severe sepsis. Secondary
MODS is viewed as a consequence rather than a cause of SIRS.

II. Etiology
Invading pathogens do not cause septic shock directly. Infection triggers physio-
logic changes evolving from sophisticated and exquisitely complex interplay among
multiple mediators. Over the past decade, important scientific advances identifying
cytokine cascades provided a solid foundation for understanding the pathophysiology
of sepsis. Despite these major advances, medical science has only begun to scratch the
surface of comprehension prerequisite to developing reliable therapeutic interventions
for treating severe sepsis and septic shock. Early excitement surrounding the discovery
of new inflammatory mediators engendered enthusiastic search for therapeutic agents
that attenuate adverse physiologic responses to infection. Unfortunately, therapeutic
agents used successfully to treat sepsis in animal models typically lack efficacy in
clinical trials [14], as seen with multiple earlier studies evaluating cyclooxygenase
(COX) inhibitors, antiendotoxin antibodies, anti-TNF antibodies, and interleukin
(IL)-1 receptor antagonists. Clearly, there will be no single “magic bullet” for treating
sepsis. As medical science has unraveled the complexities of host–pathogen interaction,
interest has shifted from intervening at the level of single mediators toward modifying
the interplay among important pathways.

The view that severe sepsis stems from a predominance of proinflammatory mediators
is now challenged as an over-simplification of the complex interplay among intracellu-
lar, intercellular, local, and systemic responses to infection. Indeed, recent arguments
question the concept that overwhelming systemic inflammation causes severe sepsis,
focusing on the notion that although local response to infection is proinflammatory, the
clinically manifest systemic response overall is predominantly antiinflammatory [10].
Most likely, the balance between proinflammatory and antiinflammatory processes
determines the final outcome during infection, with deleterious sequelae resulting when
the scales tip too far in either direction (Fig. 2.2).

Whereas medical science once focused on pathogen virulence factors, current sepsis
research has shifted toward exploring genetic variations in host response as outcome
determinants [11–13]. Clearly, as biomedical research strives to define better ways to
treat severe sepsis, clinicians must come to grips with a growing array of immuno-
logic mediators and, eventually, genetic variations therein if they hope to apply new
therapeutic options. Although detailed discussion of all potential pathogen- and host-
derived inflammatory mediators is beyond the scope of this text, certain key areas of
current interest warrant consideration, recognizing there are still major gaps in our
knowledge base and that new horizons in sepsis research are expanding rapidly.
A. Cytokines are small pleiotropic proteins that signal cells and orchestrate the im-

mune response by binding to appropriate receptors on multiple tissues [16,19]. The
birth of “cytokine biology” dates back to the isolation of “endogenous pyrogen” and
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FIG. 2.2 Balance between proinflammatory and counter-regulatory antiinflammatory events
in response to infection determines clinical outcome. Infection triggers several inflamma-
tory cascades, including proinflammatory cytokine, complement, coagulation system, and
neutrophil activation. Compensatory antiinflammatory mechanisms, including antiinflam-
matory cytokine production, natural inhibitor release, stress hormone response, and immune
cell inactivation, regulate the inflammatory response to prevent systemic toxicity. Localized
proinflammatory response is essential for host defense against microbial invasion. Excessive
proinflammatory response causes systemic toxicity clinically manifested as sepsis. Excessive
antiinflammatory response causes immunoparalysis associated with increased propensity
for overwhelming infection and late mortality.

the subsequent recognition that IL-1 is a potent pyrogen. Since that time, a num-
ber of cytokines have demonstrated pyrogenicity, linking the ancient concept of
fever to a present-day understanding of inflammation-induced perturbations in cell
biochemistry [15]. Historically, different research groups discovered certain cy-
tokines simultaneously, each applying various descriptive names to a single me-
diator. For example, IL-6 has also been called B-cell stimulating factor and hy-
bridoma growth factor. Cytokine nomenclature remains rather confusing. The term
interleukin improved nomenclature somewhat but is still misleading because cells
other than leukocytes may produce these factors. Currently, when a cytokine is
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characterized sufficiently, it is assigned an IL designation (e.g., IL-1, IL-2, IL-6,
etc.). To date, there are 18 cytokines with the name IL. Despite these more recent
designations, certain cytokines still bear descriptive names such as TNF, colony-
stimulating factor (CSF), and interferon, even though these names tend to represent
only one of many biologic activities. In addition to confusing nomenclature, clinical
application of the cytokine network is complicated further by the fact that any given
cytokine may have divergent biologic effects in different body compartments; this
is highlighted in Munford and Pugin’s discussion of context-dependent mediator ac-
tivity regulating the inflammatory response [10]. Most cytokines are produced by
more than one cell type, and many cytokine-producing cells generate more than one
cytokine. Any given cytokine may regulate its own production in addition to modify-
ing the release of other cytokines or similar components of the regulatory network.
Host defense mediators and cytokine networks are examined in a number of texts
and recent publications [15–19]. Although a detailed review of cytokine network in-
tricacies is beyond the scope of this text, fundamental understanding of currently
recognized key mediators is essential for a practical approach to applying innova-
tive diagnostic tests and implementing new treatment options in sepsis management
plans.
1. IL-1 is actually a designation for two separately encoded polypeptides, IL-1α and

IL-1β. Both recognize the same cellular receptors, but IL-1α appears to regulate
intracellular events and local effects, whereas IL-1β is more involved in systemic
effects. Their naturally occurring antagonist, IL-1 receptor antagonist, binds to
the same receptors. IL-1 is a proinflammatory cytokine produced by many cell
types during acute and chronic inflammation, but mononuclear cells, particularly
macrophages, are a major source. IL-1 has highly diverse biologic activities, repro-
ducing many physiologic changes observed in septic patients. Fever, acute phase
response, and corticotrophin release are major biologic effects of IL-1. Therapies
directed against IL-1 for treating severe sepsis are discussed in section IV.

2. TNF-α is a proinflammatory cytokine and a major mediator of septic shock. Gen-
erated predominantly by T cells and macrophages, TNF functions primarily in
regulating cell proliferation and apoptosis. This proinflammatory cytokine re-
cruits and activates neutrophils, lymphocytes, and macrophages, in addition to
stimulating cytokine, eicosanoid, and acute phase protein (APP) production. TNF
administration reproduces many of the physiologic and laboratory changes asso-
ciated with severe sepsis. Therapies developed to counteract the effects of TNF
in sepsis are discussed in section IV.

3. IL-6 has both proinflammatory and antiinflammatory properties by virtue of di-
verse biologic activities. IL-1 and TNF stimulate the release of IL-6, which subse-
quently influences a number of inflammatory responses. IL-6 plays a major role
in the APP response, stimulating hepatocytes to produce noncytokine proteins
such as C-reactive protein (CRP), fibrinogen, α1-antitrypsin, serum amyloid A,
and α1 acid glycoprotein. In contrast to the more toxic effects of TNF and IL-1,
exogenous IL-6 administration induces only mild symptoms such as fever and
chills. Generally regarded as a proinflammatory cytokine, IL-6 also has antiin-
flammatory influences by decreasing TNF and IL-1 production and increasing
circulating levels of the natural inhibitors, soluble TNF receptors and IL-1 recep-
tor antagonist. IL-6 is present in the serum during sepsis, and levels correlate
with the disease severity and outcome in patients with severe sepsis. Serum IL-6
measurement may provide useful diagnostic and prognostic data in patients with
sepsis, as discussed in section III.

B. CSFs are growth factors produced by a number of cell lines such a monocytes,
macrophages, endothelial cells, and fibroblasts. Four CSFs isolated and character-
ized to date are granulocyte CSF (G-CSF), granulocyte-macrophage CSF (GM-CSF),
macrophage CSF (m–CSF), and IL-3 (multi-CSF). G-CSF and GM-CSF are available
commercially, and growing clinical experience has prompted studies exploring their
potential as adjunct therapy for infections (see section IV). Produced by a num-
ber of cell lines, G-CSF specifically targets neutrophil proliferation and activity,
whereas GM-CSF has broader hematopoietic effects on multiple cells lines, particu-
larly monocytes, macrophages, and eosinophils. G-CSF stimulates committed stem
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cell proliferation and differentiation into mature neutrophils, mobilizes mature gran-
ulocytes from the marrow, and enhances neutrophil functions such as phagocytosis,
oxidative burst, microbicidal activity, and chemotaxis. Unlike the proinflammatory
effects on neutrophil function, G-CSF appears to have antiinflammatory effects on
mononuclear cells. When exposed to endotoxin or other bacterial stimuli in vitro,
whole blood from human volunteers treated with G-CSF generated less TNF than
pretreatment samples [24]. Furthermore, antiinflammatory mediators IL-1 recep-
tor antagonist and soluble TNF receptors increase after G-CSF treatment. Added
to its previously known stimulatory effect on neutrophil antimicrobial function, the
discovery that G-CSF attenuates TNF production and enhances antiinflammatory
mechanisms fosters continued interest in clinical trials using G-CSF as adjunct ther-
apy for treating infection. In contrast, animal studies suggest that GM-CSF increases
circulating TNF levels and is actually associated with increased mortality in some
infections. GM-CSF also increases leukotriene (LT) biosynthesis in mature human
leukocytes [39]. Currently, recombinant human G-CSF (filgrastim) and GM-CSF
(sargramostim) are available commercially for clinical use in the United States. Po-
tential clinical applications for CSF in the management of sepsis are discussed in
section IV (Table 2.1).

C. Chemokines are small chemotactic cytokines that play a central role in traffick-
ing inflammatory cell migration and extravasation. Chemokines also influence the
inflammatory response by altering cytokine profiles and mediating leukocyte migra-
tion and degranulation. Chemokine receptors are an attractive target for therapeutic
interventions to limit deleterious inflammatory responses [37].

D. Other mediators implicated in sepsis include a vast array of substances ranging
from acute phase proteins to phospholipase A2 (PLA) with its resultant arachidonic
acid (AA) metabolites and associated highly reactive oxygen species.
1. PLA plays a pivotal role in cellular metabolism by hydrolyzing the sn-2

acyl bond of phospholipids releasing free fatty acid (commonly AA) and
2-lysophosphospholipid. Decades ago, PLA was recognized as one of several en-
zymes comprising pancreatic secretions and snake venoms. More recently discov-
ered diverse intracellular PLAs are now known to generate inflammatory medi-
ator precursors. This association with inflammation prompts further research to
characterize these enzymes with an eye toward developing new antiinflammatory
agents [25].

Mechanical trauma, specific cytokines, growth factors, and other stimuli
(e.g., collagen and adenosine diphosphate in platelets, thrombin and
bradykinin in endothelial cells) initiate cell signals that activate PLAs with
subsequent AA release. The resultant secondary mediators act in an autocrine
fashion, orchestrating PLA activity via exquisitely intricate interplay that is cur-
rently only partially understood [26].

PLA appears to play a vital role in the pathogenesis of acute lung injury asso-
ciated with infection (acute respiratory distress syndrome [ARDS]) [28], a
common and potentially lethal consequence of sepsis for which there is no specific
treatment beyond supportive measures [31,32]. Increased PLA activity associated
with multiple organ failure in severely injured patients has spurred interest in
investigating these enzymes as both prognostic markers and clinical targets for
inflammatory processes [33]. PLA also appears to play an important role during
pathogen invasion in infectious diseases such as bacterial meningitis [29]. Forth-
coming advances in phospholipid and eicosanoid biology will likely engender novel
therapeutics for treating harmful systemic inflammatory responses associated
with sepsis [31].

2. AA metabolites are a class of lipid mediators also called eicosanoids based
on their derivation from the parent 20-carbon polyunsaturated essential fatty
acid. In addition to the somewhat better understood role of eicosanoids in
inflammation [26], medical science is beginning to define lysophospholipid func-
tions in cell signaling and immunity [27]. Nonsteroidal antiinflammatory drugs
(NSAIDs) used commonly as antipyretics to reduce core temperature during infec-
tion impact eicosanoid production at many levels. Reducing infection-associated
febrile response does not clearly improve outcome [50], and some would argue
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Table 2.1. Colony-Stimulating Factors as Potential Adjunct Therapy for Treating Sepsis

G-CSF GM-CSF

Cellular source • Endothelial cells • Endothelial cells
• Fibroblasts • Fibroblasts
• Monocytes • Monocytes
• Macrophages • Macrophages
• Stromal cells • T lymphocytes

• Smooth muscle cells
Receptor cells • Neutrophils • Neutrophils

• Monocytes
• Macrophages
• Eosinophils
• Endothelial cells

Biologic effects • Neutrophil leukocytosis • Neutrophil leukocytosis
• ↑ Chemotaxis • Eosinophil leukocytosis
• ↑ Phagocytosis • Chemotaxis
• ↑ Microbicidal activity • ↑ Phagocytosis
• ↑ Ab-dependent cytotoxicity • ↑ Microbicidal activity
• ↑ Oxidative activity • ↑ Ab-dependent cytotoxicity
• ↑ sTNFr release • ↑ Oxidative activity
• ↑ IL-1ra release • Free arachidonic acid
• Delayed apoptosis • ↑ LTB4 production

• ↑ IL-1, TNF, IL-6
Clinical effects • Antiinflammatory effects • Proinflammatory effects

Pneumonia • Decreased ARDS, DIC, • Possible ↑ ARDS
Mortality

Diabetic foot • Faster response, better outcome
infections

Comparative safety • Well-tolerated • Fever, myalgias flu-like Sx
• Mild–moderate bone pain • Flushing, tachycardia
• Rare allergic reactions • Musculoskeletal pain

• Nausea, vomiting
• Dyspnea, O2 desaturation
• Capillary leak syndrome
• Rare autoimmune Sx

Biologic activities are summarized from in vitro, animal, and human studies. Clinical activities are sum-
marized from preliminary clinical trials.
G-CSF, granulocyte colony stimulating factor; GM-CSF, granulocyte-macrophage colony stimulating fac-
tor; TNF, tumor necrosis factor; IL-1ra, interleukin-1 receptor antagonist; ARDS, acute respiratory dis-
tress syndrome; DIC, disseminated intravascular coagulation.

that fever is potentially beneficial as a natural physiologic response to pathogen
invasion [51,52]. Recently reviewing the clinical use of antipyretics in fever sup-
pression, Aronoff and Neilson [53] cautioned against using antipyretics indis-
criminately and, like others, advocated reserving NSAID use for clinical situa-
tions where infection-associated fever risks may outweigh benefits. Over the last
few decades, it has become clear that most antipyretics work by inhibiting COX.
Medical science, however, has yet to resolve how inhibiting this pivotal enzyme
impacts host defense overall and whether shifting eicosanoid production can affect
outcome by altering the balance between proinflammatory and antiinflammatory
mediators.
a. Prostaglandins (PGs) are synthesized de novo by most cells in response

to PLA-mediated AA release from membrane phospholipids. Prostaglandin G
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(PGG) synthase, known more commonly as COX, converts AA into the ini-
tial eicosanoid intermediate endoperoxide PGG2, which is rapidly hydrolyzed
into PGH2. COX currently has two recognized isoforms, known as COX-1 and
COX-2. COX-1 is constitutively expressed in most tissues, minimally affected
by proinflammatory stimuli, and considered responsible for homeostatic PG
formation. In contrast, COX-2 activity is absent in most tissues until in-
flammatory or mechanical stress induces enzyme expression with resultant
proinflammatory PG synthesis. Although oversimplified, this classification
has found application as selective COX-2 inhibitors are now used clinically
as analgesics and NSAIDs. Although PGH2 formation is common to most cell
types, its fate is more cell specific. For example, platelets convert PGH2 pre-
dominantly to thromboxane, endothelial cells to prostacyclin, uterine cells to
PGFα2, and brain and mast cells to PGD2. Extremely potent biologic medi-
ators with very short half-lives, PGs typically exert direct biologic activity
at or near their sites of synthesis. However, PG interplay with other medi-
ator cascades should be viewed within the context of a complex milieu, cul-
minating either in systemic inflammation or its control. For example, PGE2
induces biochemical changes that mediate features of inflammation such as
edema [46] but can also downregulate host inflammatory responses [47], per-
haps by enhancing lipoxin synthesis [45] in addition to feedback on COX-2.
The biosynthesis and actions of PGs were reviewed recently [26]. Inhibiting
COX-2 (selectively or nonselectively) impacts all “downstream” eicosanoid
production.

b. Prostacyclin (PGI2), synthesized by endothelial cells from COX-derived pre-
cursor PGH2, is an extremely potent antiplatelet mediator and vasodilator
with a short (5-minute) half-life. PGI2 inhibits platelet aggregation, neu-
trophil attachment to endothelium, and endothelial cytokine production (IL-6,
IL-8, TNF). High circulating prostacyclin levels are associated with increased
mortality in patients with sepsis [34]. Although not required for the devel-
opment of systemic hypotension, prostacyclin may mediate sepsis-induced
increases in oxygen consumption, arterial hypoxemia, and lactic acidosis
[35,36].

c. Thromboxane A2, the predominant AA metabolite synthesized by platelets,
is an extremely potent vasoconstrictor with a fleeting (30-second) half-life.
COX inhibitors such as NSAIDS block thromboxane A2 production by decreas-
ing PGH2, the substrate for platelet thromboxane synthetase. Opposed by
vascular endothelial cell derived prostacyclin, thromboxane A2 is a powerful
platelet aggregation inducer. High circulating thromboxane levels are asso-
ciated with increased mortality in patients with sepsis [34] and apparently
contribute to increased oxygen consumption, arterial hypoxemia, and lactic
acidosis [36] exhibited during severe sepsis. Thromboxane production is es-
sential for normal hemostasis and an important outcome determinant during
vascular endothelium–platelet interplay.

d. LTs are biologically active AA metabolites with potent proinflammatory char-
acteristics. So named because they were discovered in leukocytes and share a
characteristic conjugated triene feature, LTs are formed from AA by leukocyte
5-lipoxygenase via pathways unrelated to COX. LT synthesis is diminished
by PLA inhibitors such as steroids but unaffected by COX inhibitors such
as NSAIDs. Indeed, Samuelsson [38] discovered LTs two decades ago while
searching for novel AA metabolites that might account for differences noted
between the antiinflammatory effects of NSAIDS and steroids. It took an ad-
ditional 15 years to develop anti-LT agents for treating human disease (see
section IV). Collectively, LTs recruit and activate leukocytes, enhance vascu-
lar permeability, and induce vascular and nonvascular smooth muscle contrac-
tion. The slow-reacting substance of anaphylaxis, first described in 1938, is now
recognized as a mixture of interrelated LTs. Interest in blocking LT synthe-
sis to prevent allergic bronchoconstriction led to developing anti-LT drugs
for treating asthma [40]. The cysteinyl-LTs (LTC4, LTD4, and LTE4) cause
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bronchoconstriction, vasoconstriction, endothelial contraction, and plasma ex-
travasation (1,000 times more potent than histamine). The dihydroxy acid
LTB4, on the other hand, recruits leukocytes and induces neutrophil degranu-
lation in addition to causing plasma extravasation [41]. Still in its infancy, LT
research is evolving beyond asthma therapy and exploring potential interven-
tion in other inflammatory diseases, including sepsis [42,43].

e. Lipoxins are AA derivatives that antagonize LT actions such as LTB4-
induced chemotaxis, leukocyte-endothelial adhesion, and plasma extravasa-
tion. Formed via 15-lipoxygenase pathways, lipoxins constitute a distinct
eicosanoid class characterized as antiinflammatory mediators and modula-
tors [44]. Lipoxins are generated at sites of injury or inflammation during
cell–cell interactions, limiting the inflammatory response through a complex
mediator-modulator network [45]. Although detailed discussion of these com-
plex biochemical pathways is beyond the scope of this text, clinicians should
recognize that drugs targeting one pathway (e.g., COX-2 inhibitors, aspirin)
might impact other pathways with consequences yet unrecognized. For exam-
ple, low dose aspirin-acetylated COX-2 no longer produces PG but remains
catalytically active to generate biologically active endogenous lipoxin mimics,
15-epi-lipoxins, which likely contribute to aspirin’s beneficial effects [44,45].
Other NSAIDs can negate this desirable aspirin effect. Medical science has not
yet established clearly the temporal relationships among eicosanoid classes.
Defining these complex temporal relationships is essential for understanding
lipid mediator roles in inflammation and timing therapeutic interventions to
control dangerous sequelae without paralyzing appropriate immune function.
NSAIDs feasibly have unrecognized effects on sepsis-induced inflammation
and its resolution. Presently it is uncertain what impact the pervasive use of
NSAIDs as antipyretics might have on clinical outcome in patients with severe
sepsis.

3. Platelet-activating factor (PAF) is a proinflammatory cell membrane phos-
pholipid metabolite implicated in the sepsis cascade [48,49]. PAF amplifies
inflammatory mediator release and produces many physiologic changes associ-
ated with septic shock. Many cell types, including neutrophils, monocytes, ba-
sophils, eosinophils, lymphocytes, endothelial cells, and platelets, produce PAF
from phospholipase-generated lysophospholipids. Proinflammatory cytokines and
other factors that activate PLA, de facto, also trigger PAF production. Conversely,
drugs that inhibit PLA, such a glucocorticoids, decrease PAF production. PAF
binds to specific receptors present on numerous inflammatory cells, activates neu-
trophils, aggregates platelets, and facilitates nitric oxide (NO) production. PAF
is implicated in sepsis-associated coagulation abnormalities, pulmonary hyper-
tension, myocardial depression, and gut ischemia. Like other proinflammatory
mediators, PAF increases during sepsis. Furthermore, the enzyme responsible
for degrading PAF to an inactive metabolite is decreased in patients who die from
sepsis [54]. The important role PAF plays in the sepsis cascade prompted research
into developing antagonists that prevent associated adverse physiologic events.
Encouraging results from experimental studies culminated in clinical trials in-
vestigating PAF receptor antagonist use for treating patients with severe sepsis
(see section IV).

4. NO plays a central role in regulating vascular tone and determining responsive-
ness to endogenous and exogenous vasopressors [55]. NO is formed from the amino
acid L-arginine by the enzyme nitric oxide synthase (NOS). NOS exists in both
constitutive (calcium/calmodulin-dependent) and inducible (calcium/calmodulin-
independent) isoforms. The constitutive enzymes are found in endothelial
(NOS III) and neuronal cells (NOS I), the former responsible for generating NO
in response to sheer stresses and vasorelaxing substances such as histamine,
bradykinin, or acetylcholine. Normal function of this constitutive enzyme is
essential for maintaining normal vasomotor tone. In contrast, inducible NOS
(NOS II) is formed by endothelial cells, smooth muscle cells, macrophages, and
cardiac myocytes in response to inflammatory mediators such as endotoxin, pep-
tidoglycan, lipoteichoic acid, IL-1, TNF, and PAF. The inducible NOS generates
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considerably more NO than its constitutive counterpart (nanomolar vs. pi-
comolar quantities), accounting for the high levels of circulating NO noted
in patients with septic shock [56]. NO activates guanylate cyclase, increasing
cGMP levels with subsequent smooth muscle relaxation. As reviewed recently
[57], NO is thought to mediate the hypotension and low systemic vascular resis-
tance (SVR) observed in sepsis. NO is also implicated in sepsis-associated my-
ocardial depression. If NO attains cytotoxic concentrations, it might participate
in tissue and, ultimately, organ damage during sepsis. On the other hand, NO
also has beneficial potential. For example, NO-induced vasodilation promotes
microvascular and visceral blood flow, serving as a counter-regulatory mecha-
nism for thromboxane-initiated vasoconstriction. By decreasing platelet aggre-
gation and leukocyte adhesion, NO may help counterbalance mediators that
promote microvascular stasis and thrombosis [57]. Given the high circulating
levels observed in septic shock, however, NO (along with its biologically ac-
tive metabolites) is considered the penultimate mediator of sepsis-associated
cardiovascular dysfunction. As such, controlling NO production to reverse sepsis-
induced cardiovascular dysfunction and hypotension is an attractive interven-
tional target. Accordingly, after promising results in animal models of sepsis,
NOS inhibitors have entered clinical trials for treating patients with sepsis (see
section IV).

5. APPs reflect systemic changes, or acute phase response, accompanying inflam-
mation. Defined as a serum proteins whose concentrations increase (positive
APPs) or decrease (negative APPs) by 25% during inflammatory disorders [58],
the term APP is somewhat misleading in that altered levels occur in chronic
and in acute inflammatory processes. Interest in APPs dates back to 1930 when
CRP was identified in patient serum during the acute phase of pneumococ-
cal pneumonia [59]. Numerous APPs are recognized currently. Medical science
continues to identify new acute phase response markers and their significance
in the sepsis cascade. Conditions that cause sizable changes in APP concentra-
tions include infection, immune-mediated inflammatory conditions, tissue infarc-
tion, surgery, burns, trauma, and advanced cancer. Smaller changes can occur
with strenuous exercise, childbirth, heatstroke, and even psychological stress.
Induced by cytokines, particularly IL-6, individual APP level changes vary both
in timing and degree during the acute phase response. More than just reflect-
ing inflammatory syndrome presence and intensity, APPs influence the pro-
cess [60]. Despite lacking specificity as diagnostic markers in sepsis, APP (e.g.,
CRP) measurements can provide useful prognostic and treatment response in-
formation. In contrast to APPs, increased procalcitonin levels observed in sep-
sis appear more specific for infection-induced inflammation. Pending further
study, procalcitonin holds promise as a possible diagnostic marker for sepsis (see
section III).

6. Pathogen factors responsible for triggering the cytokine cascade are numer-
ous and diverse. In addition to immune cell interaction with intact invading
pathogens, microbial components can also induce host inflammatory responses
culminating in shock and multiple organ failure [68–70,76].
a. Endotoxin, a glycopeptide comprising a major portion of the outermost mem-

brane in gram-negative bacteria, can induce pathophysiologic changes associ-
ated with severe infection. The discovery that endotoxin can cause septic shock
generated prolific research investigating antiendotoxin strategies for treating
sepsis. Notwithstanding promising data from animal studies, clinical trials
using antiendotoxin therapies in patients with sepsis yielded disappointing
results (see section IV).

b. Other toxins. Lacking endotoxin, gram-positive pathogens can cause sep-
tic shock clinically indistinguishable from gram-negative counterparts. Gram-
positive bacterial cell wall components currently known to have proinflamma-
tory activity include teichoic acid, lipoteichoic acid, and peptidoglycan
[67,69,70]. Exotoxins, such as toxic shock syndrome toxin from Staphylo-
coccus aureus or pyrogenic exotoxins from Streptococcus pyogenes (group A
streptococci), and enterotoxins, such as staphylococcal enterotoxins A–H,
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act as superantigens [69]. Superantigens induce excessive proinflammatory
cytokine production and are associated with septic shock in humans.

c. Bacterial DNA itself is proinflammatory, although approximately 10-fold less
potent on a per weight basis than endotoxin [71].

d. Other bacterial components also participate in host inflammatory response
during infection [67,69]. A century ago, Jarisch [72] and Herxheimer and
Krause [73] described a complex clinical reaction that occurred in patients
within hours of initiating treatment for secondary syphilis. Now well known
as the Jarisch-Herxheimer reaction, the complex systemic reaction to ini-
tial treponemal killing is manifested by fever, chills, headache, myalgias,
hyperventilation, tachycardia, vasodilation, and hypotension. Although the
responsible treponemal components are currently unidentified, recent data
demonstrating that anti-TNF antibodies block the Jarisch-Herxheimer reac-
tion suggest bacterial lysis induces cytokine production [74]. In gram-negative
bacteria, a Jarisch-Herxheimer–like reaction was first described in patients
treated for typhoid fever. Increasing understanding of what bacterial compo-
nents induce host inflammatory responses and how these substances partici-
pate in sepsis-induced injury has renewed interest in studying antimicrobial-
induced bacterial lysis. Certain cell-wall active antibiotics (e.g., β-lactams)
cause a rapid cell lysis and release of proinflammatory or toxic bacterial com-
ponents. The resulting sudden increase in proinflammatory bacterial com-
ponents may sway clinical outcome. Studies to date suggest that bacterial
component release varies across and within antibiotic classes. Antibiotic con-
centration also influences bacterial component release. High antibiotic con-
centrations are associated with less bacterial component release compared
with drug levels closer to the minimum inhibitory concentration. Antibiotics
that interfere with bacterial protein synthesis (e.g., clindamycin, rifampin,
macrolides, tetracyclines, quinolones, streptogramins) inhibit bacterial
component release. Combining protein synthesis inhibitor antibiotics with
β-lactams attenuates the release of proinflammatory compounds from bac-
teria. In a recent review, Nau and Helmut [67] summarized current infor-
mation from studies investigating antibacterials as inflammatory response
modulators and how antibiotic choices may influence outcome in sepsis and
meningitis. Although intriguing, pending confirmatory clinical trials, the ther-
apeutic relevance of antibacterial immune modulating effects is currently un-
clear. However, these concepts are applicable in certain circumstances where
antibiotics that inhibit protein synthesis are used for more than their bac-
tericidal activity. For example, in addition to its bactericidal activity, clin-
damycin also inhibits toxin production providing added therapeutic advantage
when included in antimicrobial regimens for treating patients with necro-
tizing fasciitis caused by group A streptococci (S. pyogenes). Despite current
limited therapeutic application, choosing antimicrobial therapy based on po-
tential immunomodulatory actions is not currently recommended for clinical
routine.

E. Microbiology. Sepsis has an extensive microbiologic differential diagnosis. Al-
though, in theory, virtually any microorganism can trigger systemic inflammatory
responses, bacteria and fungi are the most common pathogens identified in prac-
tice. Unfortunately, cultures are often negative, leaving the microbiologic diagnosis
uncertain in approximately 50% of patients with clinically suspected sepsis [61].
Nevertheless, data from documented bloodstream infections provide useful informa-
tion, because bacteremias reflect the microbiology of sepsis.
1. Among nosocomial bloodstream pathogens, gram-positive organisms cur-

rently predominate [62]. However, gram-negative bacteremias are more common
in patients with septic shock [63]. Candida and Enterococcus species currently
comprise the third and fourth most common bloodstream isolates in hospitalized
patients (63–65).

2. Various factors influence recovery of causal pathogens from cultures such
as prior antimicrobial therapy, source accessibility, specimen collection or han-
dling, and microorganism growth characteristics.
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3. The microbiology of any given infection reflects its clinical source. Like-
wise, the clinical source of infection determines its microbiology. For example, bac-
teremias from urinary tract sources most often involve gram-negative pathogens,
whereas intravenous (i.v.) line sources more frequently involve gram-positive
pathogens. Intra-abdominal and pelvic infections typically involve polymicrobial
mixtures of gram-negative enteric flora, anaerobes, and enterococci.

4. Identifying the infection source is crucial for choosing appropriate antimi-
crobial therapy pending culture results or for treating clinically suspected sep-
sis in the absence of positive cultures. Sepsis-associated mortality risks increase
when diagnostic evaluation fails to identify the causal pathogen(s) and clinical
source of infection. Further details regarding the microbiologic etiology of specific
infections are detailed in subsequent chapters spotlighting noteworthy infections.

III. Diagnosis
Timely diagnosis and early intervention are key factors in preventing morbidity
and mortality from sepsis. Sepsis is most amenable to treatment when identified
early during incipient phases, before irreversible damage occurs. Infection is often
accompanied by suggestive clinical and laboratory findings such as fever, tachycardia,
and leukocytosis. These signs and symptoms are not present in all patients with
impending sepsis, however, and may be manifestations of inflammatory diseases with
noninfectious etiologies. The clinical challenge lies in not only recognizing early signs
of systemic infection, but also distinguishing between patients with infection and those
with noninfectious causes of SIRS. In this era of increasing antimicrobial resistance,
clinicians must balance the indiscriminate or unnecessary use of antibiotics against
treatment delays that increase risk for infection-associated morbidity and mortality.
Definitive microbiologic diagnoses eliminate the need for empiricism. Unfortunately,
clinicians must deal frequently with clinical signs of sepsis in patients without evident
sources of infection. Common diagnostic dilemmas stem from wide variation in
clinical signs and symptoms; classic signs of sepsis without clinically apparent source;
false-positive cultures due to contamination or colonization; false-negative cultures due
to fastidious pathogens, prior antimicrobial therapy, or improper collection techniques;
and lack of specific and sensitive clinical or laboratory parameters that distinguish
between infection and other causes of systemic inflammatory responses.

In the search for sensitive and specific markers for sepsis, some laboratory parameters
have merit in certain clinical circumstances. Because no parameter is 100% sensitive
and specific for diagnosing sepsis and its cause, appropriate management remains em-
bedded in clinical judgment based on careful consideration of data from multiple sources.
A. History and physical examination are the foundation for all diagnoses. In most

cases, a sagacious clinician leaves the bedside with an accurate diagnosis, using diag-
nostic tests to confirm clinical impressions, obtain baselines for following treatment
efficacy, and establish a definitive microbiologic etiology. Once the infection source
is established and appropriate cultures obtained, antimicrobial therapy should com-
mence without delay. Pending culture results, the suspected infection source guides
antibiotic choice, focusing on the most likely pathogens. However, if an infection
source is not readily apparent from routine assessment, a more detailed approach is
crucial, including painstaking attention to clinical history.
1. Underlying diseases. Underlying diseases predispose patients to certain types

of infections or particular pathogens. Certain medical conditions also alter the
clinical presentation of common infections or predispose to infection with uncom-
mon pathogens.
a. Immunosuppression, whether due to underlying disease or induced by treat-

ment, increases mortality risks from common infections and predisposes to
infections uncommon in immunocompetent individuals. Determining whether
the immunodeficiency primarily affects cell-mediated versus humoral immu-
nity alerts clinicians to consider particular pathogens in the microbiologic dif-
ferential diagnosis.

b. Diabetes mellitus predisposes to pulmonary, urinary tract, and soft tissue
infections. Concurrent neuropathy and vascular disease attenuate symptoms
and physical signs of infection, increasing tissue damage. Patients with
diabetes are prone to malignant otitis externa (Pseudomonas aeruginosa)
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and its complications. Diabetes-associated infections are discussed further in
Chapter 5.

c. Hormonal abnormalities or shifts can alter immune function and increase
risk for certain infections. For example, hormonal changes in late pregnancy
and excessive adrenocorticotrophic hormone production in Cushing disease
cause cellular immune dysfunction, increasing risk for serious infections as-
sociated with decreased cell-mediated immunity.

d. Chronic obstructive pulmonary disease increases risk for bronchitis and
pneumonia. Underlying lung disease increases mortality risk from other seri-
ous infections as well as pneumonia. Infections due to Haemophilus, Moraxella,
Legionella, and other gram-negative pathogens are more common in persons
with chronic obstructive pulmonary disease [21]. Gram-negative pathogens
are more difficult to treat, require broader spectrum antimicrobial therapy,
and increase mortality risk.

e. Valvular and congenital heart diseases predispose to infective endocardi-
tis [20]. Endocarditis prevention, microbiology, and treatment are discussed
in Chapter 12. Preexisting cardiovascular disease increases mortality risk in
patients with sepsis.

f. Hyposplenism or asplenia (functional or surgical) predisposes to infec-
tion with certain pathogens such as Streptococcus pneumoniae, Haemophilus
influenzae, Neisseria meningitidis, Capnocytophagia canimorsus, Salmonella
species, and Babesia species. Infections in asplenic patients are frequently
fulminant, rapidly progressing to septic shock barring early intervention.

g. Cirrhosis increases infection risk at a number of levels. Cirrhosis is as-
sociated with neutrophil chemotactic defects, predisposing to infection with
S. pneumoniae and H. influenzae. Concurrent ascites, edema, hypoglobulin-
emia, hypoalbuminemia, portal hypertension with varices, and other as-
sociated abnormalities increase risk for developing infection (e.g., sponta-
neous bacterial peritonitis, cellulitis) and decrease appropriate immune
response. Cirrhosis and its associated complications increase mortality risk
for infections in other organ systems (e.g., pneumonia).

h. Malignancies increase risk for infection in a number of ways. Organ dys-
function from primary or metastatic disease can predispose to sepsis by (a)
disrupting natural barriers (e.g., skin, mucous membranes), (b) obstructing
passages (e.g., ureters, bronchi, bowel), (c) creating fistulas between sterile
sites and contaminated tissues (e.g., bronchopleural fistulas, esophageal
perforation by mediastinal tumors), (d) causing metabolic derangements
that alter host defense and acute phase responses (e.g., hypoalbuminemia,
hypogammaglobulinemia cachexia), and (e) infiltrating tissues essential
to immune function (e.g., bone marrow, liver, spleen). Treatment inevitably
impairs normal host defenses and often damages healthy tissue, increas-
ing risk for invasive infection. Frequently colonized with multiply resistant
pathogens resulting from prior antimicrobial therapy, infections in this pa-
tient population require rapid aggressive treatment to prevent sepsis and its
high mortality risk.

i. Malnutrition compromises host defenses by causing metabolic derangements
that decrease, in particular, cellular immune function. Iron deficiency, for
example, decreases neutrophil killing capacity and T-lymphocyte function
in vitro. Certain nutritional abnormalities predispose to infection with par-
ticular pathogens, as exemplified in the association between iron overload and
increased risk for listeriosis and mucormycosis. Furthermore, malnutrition-
associated abnormalities impact clinical outcome as epitomized in the asso-
ciation between hypoalbuminemia and increased mortality in patients with
community-acquired pneumonia.

2. Medication history. Knowledge regarding a patient’s past and present med-
ications provides vital clues to infection type and severity. By modifying host
flora, prior antimicrobial therapy alters disease epidemiology and warrants
broadening microbiologic differential diagnoses to include resistant or unusual
pathogens. Resistant or unusual pathogens, in turn, can increase mortality risks
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and influence empiric antibiotic choices. Antimicrobial therapy influences diag-
nostic culture results and affects microbiologic data interpretation. NSAIDs and
corticosteroid therapy attenuate fever and other signs or symptoms of infec-
tion, delaying diagnosis. Corticosteroids or other immunosuppressive drugs
increase risk for unusual infections or opportunistic pathogens. Beta-blockers
may prevent infection-induced tachycardia, mimicking the pulse-temperature
disassociation classically linked with certain intracellular pathogens such as Bru-
cella. Drug-related adrenal insufficiency, as seen with sudden cessation of
chronic corticosteroid therapy, mimics septic shock clinically. Allergic reactions
to medications can also cause distributive shock mimicking sepsis.

3. Invasive procedures or surgery. Invasive and surgical procedures increase
risk for sepsis from particular pathogens. Although antimicrobial therapy for sur-
gical prophylaxis covers typical flora for the system involved, clinicians should
include iatrogenic infections in the differential diagnosis when evaluating sep-
tic patients. Even seemingly minor wound infections involving toxin-producing
staphylococci or streptococci may cause toxic shock or toxic strep syndromes. Prior
antimicrobial therapy alters colonizing flora, resulting in procedure-related in-
fections with unusual or resistant pathogens. Central lines, antibiotics, and hy-
peralimentation predispose to sepsis from Candida species. Procedure-related
infections due to difficult pathogens such as vancomycin-resistant enterococci,
methicillin-resistant Staphylococcus aureus, Stenotrophomonas, Pseudomonas,
Enterobacter, Acinteobacter, and Burkholderia show considerable geographic and
demographic variation. It is important for clinicians to check local microbiologic
trends and report unusual causes of postprocedure infections.

4. Obstetric and gynecologic history. Obstetric and gynecologic histories are im-
portant for assessing sepsis in women. Tampon use is associated with toxic shock
syndrome caused by exotoxin TSST-1 producing S. aureus. Not typically isolated
from blood cultures, the causal S. aureus is at times recovered from other sites
such as vagina, cervix, or nares. Obstetric and gynecologic history is also impor-
tant to assess risk for infection from a pelvic source. Characteristically polymicro-
bial, pelvic infections typically involve enteric gram-negative bacteria, anaerobes,
and enterococci.

5. Social history. A patient’s social history often provides vital clues to sepsis eti-
ology. Social history and exposure history are often synonymous. Exposure his-
tory identifies infection risks, directs preventive therapy (postexposure pro-
phylaxis, immunization), and guides empiric antimicrobial therapy pending
culture results.
a. Travel is commonplace. Foreign travel raises concern for otherwise uncom-

mon causes of sepsis, such as malaria, plague, and hemorrhagic fevers. Do-
mestic travel is associated with exposure to indigenous pathogens such as
Rocky Mountain spotted fever, brucellosis, babesiosis, leptospirosis, and en-
demic mycoses. Even intrastate travel is associated with exposure to pre-
vailing local pathogens, influencing the microbiologic differential diagnosis
(e.g., influenza, Legionnaires).

b. Residence locale may increase exposure to certain pathogens such as tick-
borne rickettsia in wooded areas. Local disease outbreaks, such as methicillin-
resistant S. aureus and Legionnaires, factor into the microbiologic differential
diagnosis of sepsis. Infections in the homeless, including the high risk for blood-
borne diseases, have been reviewed recently [75].

c. Occupation at times poses certain exposure risks, such as Salmonella species,
Vibrio species, and Escherichia coli in poultry, seafood, and beef processing
industries, respectively. Veterinarians and others working with animals are
at increased risk for various zoonoses. Some occupations involve extensive
travel with attendant exposure to endemic infections. Other occupations, such
as teaching or health care professions, involve close association with particular
populations at risk for certain communicable diseases (e.g., tuberculosis).

d. Recreational activities can expose individuals to otherwise unexpected
pathogens as seen in leptospirosis, brucellosis, and tularemia. Recreational
activities often also involve travel with attendant exposure risks.
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e. Alcoholism, with or without cirrhosis, increases risk for serious infections
with S. pneumoniae and H. influenzae. Alcohol intoxication can increase risk
for aspiration pneumonia involving anaerobes and other oral flora not rou-
tinely involved in community-acquired pneumonia. Gastrointestinal disease
associated with alcoholism can predispose to infections involving gut flora.
Severe pancreatitis at times mimics sepsis and causes distributive shock in-
distinguishable from septic shock. Alcohol withdrawal, particularly delirium
tremens, can obscure symptoms associated with serious infections such as
bacterial meningitis or brain abscess.

f. Smoking inhibits mucociliary function and diminishes local immune defense,
predisposing to respiratory tract infections (e.g., pneumonia, sinusitis).

g. Recreational drug use history can provide important clues when assessing
patients with sepsis. Intravenous drug use increases risk for serious staphylo-
coccal infections, including bacteremia. Marijuana is often contaminated with
molds, particularly Aspergillus, that may cause serious infection in immuno-
compromised hosts. Cocaine and other illicit drugs are at times obtained in
exchange for sexual favors, increasing risk for sexually transmitted diseases
such as gonorrhea and human immunodeficiency virus (HIV).

h. Sexual history provides important information regarding potential
pathogens that cause sepsis (e.g., gonococcemia) or predispose to infections
that can alter host response to infection (e.g., HIV).

6. Epidemiology. Although many characteristics of sepsis are documented, the
epidemiologic picture remains incomplete. Hampered by lack of reliable case def-
initions and the remarkable complexity of the condition, epidemiologic studies
continue seeking to clarify risk factors, course, treatment, and outcomes.
a. Currently identified mortality risk factors include antibiotic inadequacy,

underlying disease, shock, need for vasopressors, multiple organ failure, neu-
tropenia, infection source, and cause [8,76].

b. Gender and genetic predisposition factors are gaining recognition as im-
portant epidemiologic issues in sepsis [77].

c. Infection site can influence outcome, with higher mortality rates reported for
intraabdominal or lower respiratory tract infections or when source is uniden-
tified [8,78].

d. Microbiology also influences sepsis outcome as suggested by high at-
tributable mortality rates associated with bloodstream infections caused by
Candida species and Enterococcus species [79]. In addition to affecting an-
timicrobial therapy, the type of invading pathogen also influences treatment
response to sepsis interventions. In a recent review, Opal and Cohen [80] dis-
cussed clinical trials with antiinflammatory agents (e.g., corticosteroids,
IL-1 receptor antagonists, PAF antagonists), noting poorer outcomes in
patients with gram-positive versus gram-negative sepsis.

e. Changing epidemiology. In a recent retrospective review spanning 40 years,
Friedman et al. [81] noted several important factors in the changing epi-
demiology of septic shock, most notably the infection site and pathogen type.
Infection site shifted from the abdomen before 1990 to chest in subsequent
years. Causal pathogen type also shifted over the same time course with gram-
positive pathogens becoming proportionately much more important.

f. Hospital-acquired infections require special consideration compared with
community-acquired counterparts. Nosocomial infections often involve multi-
ply resistant pathogens, affecting both antimicrobial therapy choice and effi-
cacy. Most hospital microbiology laboratories track antimicrobial susceptibil-
ity data to document resistance trends and facilitate appropriate antibiotic
prescribing practices. Knowledge regarding these resistance patterns is es-
pecially relevant when selecting empiric antimicrobial therapy for treating
sepsis. Awareness regarding community outbreaks and resistance patterns
is also useful, alerting clinicians to increased risk for less common or resis-
tant pathogens in otherwise common infectious diseases (e.g., postinfluenzal
staphylococcal pneumonia, Legionnaires disease, penicillin (PCN)-
resistant pneumococcal disease, vancomycin-resistant enterococci).



P1: IML/SPH P2: IML/SPH QC: IML/ABE T1: IML

PB207A-02 PB207A-Betts/6678F August 29, 2002 12:3 Char Count= 0

2. Sepsis 35

B. Physical examination. Meticulous physical examination is central to diagnos-
ing sepsis, its cause, and appropriate treatment. The initial exam must rapidly
ascertain overall clinical stability and guide prompt resuscitation to correct physio-
logic abnormalities such as hypotension, hypoxia, and impaired tissue oxygenation.
The presence of shock constitutes a medical emergency. Because early recognition
and prompt treatment of sepsis chiefly determine outcome, confirming infection and
identifying its source are supremely important. Failure to initiate prompt appropri-
ate empiric antimicrobial therapy increases sepsis mortality rates by 10% to 15%
[82]. Because blood cultures are negative in approximately 70% of patients with
sepsis, identifying the infection source is essential for guiding empiric antimicro-
bial therapy and recovering the causal pathogen(s) from infected sites. Typically, the
most common infection sites are lung, abdomen/pelvis, and urinary tract [83]. Rou-
tine physical examination often identifies the site of infection. However, a definite
infection site is not identified in 20% to 30% of patients with sepsis [82,83]. The fact
that empiric antimicrobial choices cannot possibly cover every pathogen contingency
for all cases underscores the merit in meticulous search for frequently overlooked
subtle clinical clues to the site and cause of sepsis. A practical approach to diagnos-
ing and treating sepsis begins at the bedside with heightened perspicacity for subtle
findings.
1. Vital signs. Routine vital signs often provide the first clues to impending or

evolving sepsis. Although “normal” ranges are common knowledge, sagacious
clinicians recognize that baselines vary among individuals and interpret vital
signs accordingly. Vital sign trends are often more informative than actual
numbers.
a. Temperature. Fever, often accompanied by chills or rigors, is a common

early sign of infection and should prompt evaluation for impending sepsis.
Temperature data should be interpreted along a continuum from the patient’s
personal baseline. As discussed in Chapter 1, fever pattern occasionally sug-
gests underlying cause. Fever does not always accompany serious in-
fection, most notably in neonatal or geriatric age groups and in debilitated
patients, age notwithstanding. Steroidal and nonsteroidal antiinflamma-
tory drugs can attenuate or delay fever. In some patients, temperature
abnormalities are inexplicably delayed or absent. Hypothermia, although
less common than fever, is also seen in septic patients and portends poor
prognosis.

b. Pulse. Tachycardia is common and frequently due to fever or compen-
satory changes associated with sepsis-induced hypotension. However, tachy-
cardia without fever or hypotension is not rare and can be an early sign
of impending sepsis. In febrile patients, a normal or low pulse, commonly
termed “temperature-pulse disparity or disassociation,” can indicate infection
with certain intracellular pathogens (e.g., Legionella, Brucella, Chlamydia).
Other common conditions that cause temperature-pulse disparity include
beta-blockade, intrinsic conduction abnormalities, and diabetes mellitus.

c. Blood pressure. Hypotension, defined as systolic blood pressure less than
90 mm Hg and mean arterial pressure (MAP) less than 70 mm Hg, or more
than a 40 mm Hg decrease from baseline, should prompt immediate volume
resuscitation. Volume depletion is commonplace in patients with sepsis
due to reduced intake and increased losses (fever, tachypnea, etc.). In eu-
volemic febrile patients without underlying cardiac disease, hypotension im-
plies maldistribution of blood flow, heralding severe sepsis. High cardiac out-
put with bounding pulses and wide pulse pressure characterize early sepsis.
Low cardiac output with rapid weak pulses typifies late sepsis. Hypoten-
sion unresponsive to adequate volume resuscitation connotes shock
and must be regarded as a medical emergency.

d. Respiratory rate. Hyperventilation, often overlooked because it precedes
the onset of fever and chills, is the earliest clinical manifestation of bac-
teremia. In critical care settings, otherwise unexplained hyperventilation
foreshadows bacteremia and warrants blood cultures along with clinical eval-
uation for signs of impending sepsis.
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2. General findings. In early sepsis, patients frequently appear apprehen-
sive, tachypneic, and toxic or ill. Malaise occurs often but irritability is not
uncommon. Typically, extremities are warm and dry. Rigors suggest bacteremia
but also are associated with fungemia, viremia, and parasitemia. At times, men-
tal confusion is evident, especially in the elderly. Sepsis-associated capillary leak
causes peripheral edema that evolves rapidly with fluid resuscitation, mimicking
intravascular volume overload. Peripheral edema alone does not justify fluid re-
striction. In late sepsis, clinical findings reflect progressive organ dysfunction.
Depressed respiration, decreased pulses, cyanosis, cold extremities, lethargy,
and coma characterize terminal phases.

3. Skin. At times subtle and easily overlooked, cutaneous manifestations of infec-
tious diseases are valuable diagnostic opportunities as well as clues to cause
(Table 2.2). When evaluating patients with sepsis, otherwise elusive microbio-
logic diagnoses are at times established simply from Gram stain and culture of
material from cutaneous lesions. Direct fluorescent antibody stains performed on
specimens collected from suspicious skin or mucosal lesions provide rapid diag-
nostic data for certain viral infections (e.g., varicella zoster, herpes simplex).
In addition to intimating primary infection focus and microbiologic etiology, skin
findings provide useful staging and prognostic information. In septic patients,
certain important skin findings are at times subtle, evanescent, or temporally
variant, underscoring the need for meticulous serial inspections. Antimicrobial
therapy may alter, trigger (e.g., ampicillin-induced rash in Epstein-Barr
virus infections), or cause rashes outright. Nevertheless, when analyzed in
conjunction with historical, clinical, and epidemiologic clues, it is possible to
construct a reasonable differential diagnosis when evaluating the acutely ill
patient with fever and cutaneous lesions or rash.
a. Petechiae, although less specific than other cutaneous manifestations of in-

fectious diseases, are associated with several rapidly fatal diseases. These
small red or brown spots do not blanch with pressure and may coalesce
into larger areas of discoloration or ecchymosis. Formed by bleeding into
the skin, petechial rashes comprise purpuric eruptions, including purpuric
vesicles. Any bacteremia can cause petechial rash, with or without dissemi-
nated intravascular coagulation (DIC). Acutely ill patients with fever and pe-
techial rash typically have bacteremia or rickettsial disease. Petechial rashes
are commonly associated with meningococcemia, gonococcemia, and staphy-
lococcemia. Petechiae are the most common skin finding in patients with
endocarditis, although Osler nodes, Janeway lesions, splinter hemorrhages,
and conjunctival hemorrhages are more readily associated with the disease.
Microbiologic etiology notwithstanding, petechial lesions in septic patients
connote striking underlying pathology warranting further evaluation, in-
cluding platelet count, coagulation studies, and DIC panel. Other infectious
diseases associated with petechial rashes are listed in Table 2.2. Nonin-
fectious mimics of sepsis, particularly certain rheumatologic diseases, can
also present with petechiae or other vasculitic skin lesions associated with
SIRS.

b. Ecthyma gangrenosum, characteristically oval or round lesions with ery-
thematous indurated borders and necrotic ulcerated centers, implies gram-
negative bacteremia, most notably Pseudomonas aeruginosa. Gram stain and
culture may recover the causal pathogen.

c. Purpuric macules, papules, or vesicles, signaling poor prognosis in pa-
tients with meningococcemia, at times accompany bacteremias involving S.
aureus, Neisseria gonorrheae, and P. aeruginosa. These lesions can also reflect
bacterial endocarditis, drug hypersensitivity, allergic vasculitis, enteroviral
illness, rickettsial disease, acquired immunodeficiency syndrome (AIDS), sys-
temic lupus erythematosus, and other processes that trigger systemic inflam-
mation. Biopsy with appropriate stains and cultures can often distinguish
between infectious and noninfectious causes.

d. Diffuse erythroderma is associated with toxin-producing gram-positive in-
fections such as toxic shock or toxic streptococcal syndromes, with or without
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Table 2.2. Rash Etiologies in the Evaluation of Patients with Sepsis

Rash Type Bacterial Other Infectious Noninfectious

Petechial • Endocarditis • Dengue fever • Drug allergy
• Staphylococcemia • Enterovirus • Hypersensitivity
• Pseudomonas • Hepatitis B vasculitis

bacteremia • Epstein-Barr • Acute rheumatic fever
• Meningococcemia virus • Henoch-Schönlein
• Gonococcemia • Rubella purpura
• Rocky Mountain spotted • SLE

fever • HIV
• Endemic typhus • Thrombocytopenia
• Rat-bite fever • Hyperglobulinemia

• Amyloidosis
• Scurvy

Erythematous • Streptococci • Enterovirus • Allergy
• Staphylococci • Vasodilation
• Toxic shock syndrome • Lymphoma
• Erlichiosis • Eczema
• C hemolyticum • Psoriasis
• Kawasaki disease • Pityriasis rubra

• Sézary syndrome
Maculopapular • Endocarditis • Enteroviruses • Drug allergy

• Meningococcemia • Adenovirus • Toxic epidermal
• Toxic shock syndrome • Epstein-Barr necrolysis
• Scarlet fever virus • Erythema multiforme
• Kawasaki disease • Rubella • Erythema marginatum
• Rickettsial diseases • Rubeola • Serum sickness
• Typhoid fever • Parvovirus B19 • SLE
• Secondary syphilis • HHV-6 • Dermatomyositis
• Lyme disease • HIV • Sweet syndrome
• Mycoplasma
• Psitticosis

Vesicobullous • Endocarditis • Varicella-Zoster • Drug allergy
• Staphylococcemia virus • Toxic epidermal
• Meningococcemia • Herpes simplex necrolysis
• Pseudomonas virus • Erythema multiform

Bacteremia • Enterovirus bullosum
• Erysipelas • Parvovirus B19 • Eczema vaccinatum
• Toxic shock syndrome • HIV • Plant dermatitis
• Scalded skin syndrome

Urticarial • Mycoplasma • Enteroviruses • Drug allergy
• Lyme disease • Adenovirus • Vasculitis

• Epstein-Barr • Malignancy
virus • Idiopathic

• Hepatitis
• HIV

SLE, systemic lupus erythematosus; HIV, human immunodeficiency virus; HHV-6, human herpes virus.

bacteremia. In lieu of positive blood cultures, uncovering the occult site is
vital to management as in cases involving drainable abscess or other remov-
able source.

e. Cellulitis often suggests both microbiology and source. In addition to pri-
mary soft tissue infections (see Chapter 4), occult infections such as infected
i.v. lines, drug injection sites, sinusitis, septic arthritis, or osteomyelitis can
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manifest as focal cellulitis, the source governing empiric antimicrobial ther-
apy pending definitive microbiologic diagnosis.

f. Furuncles, pustules, or vesicles offer readily accessible diagnostic oppor-
tunity. Properly collected specimens submitted for appropriate stains and
cultures can recover otherwise elusive pathogens.

g. Nodules, at times more subtle than other cutaneous manifestations of in-
fectious diseases, are often overlooked. Discrete, raised, mildly erythematous
skin nodules suggest candidemia. In neutropenic patients with candidemia,
the erythema associated with these nodules is often subtle or absent. Biopsy
specimens readily obtained at bedside yield rapid diagnosis, because Gram
stain results showing the budding yeast are available immediately, days ear-
lier than blood culture results.

4. Head and neck. Head or neck infection is the primary focus for sepsis in some
patients. Sinus or ear infections can lead to meningitis or central nervous sys-
tem (CNS) abscesses. Rheumatic fever associated with group A streptococcal
pharyngitis is associated with clinical manifestations consistent with systemic
inflammatory responses. At times, peritonsillar and retropharyngeal abscesses
are foci for life-threatening infectious sequelae, including septic shock. Sinusi-
tis involving toxin-producing staphylococci or streptococci can cause toxic shock
syndrome without bacteremia or other invasive infection. Sinusitis occasion-
ally leads to septic cavernous sinus thrombosis with attendant morbidity or
mortality if not treated appropriately. Odontogenic infections can cause endo-
carditis and other life-threatening diseases, such as Ludwig angina and Vincent
angina/Lemierre disease. Funduscopic examination, often difficult and deferred
in the acutely ill patient, provides rapid diagnostic clues in sepsis, such as Roth
spots associated with infectious endocarditis or retinal findings connoting dis-
seminated candidiasis. When the differential diagnosis of sepsis includes infec-
tious diseases with characteristic funduscopic findings, timely diagnosis justifies
ophthalmology consultation for thorough retinal examination.

5. Heart murmurs characterizing valvular abnormalities or septal defects raise
suspicion for infective endocarditis. Scrupulous baseline and serial cardiac ex-
aminations are important for detecting new or changing murmurs that connote
endocarditis. Clinical findings suggesting pericarditis or myocarditis are also
helpful diagnostic clues to underlying etiology (see Chapter 12).

6. Lungs. Community-acquired and nosocomial pneumonias are common causes
of sepsis. Subtle clinical findings such as egophony or whispered pectoriloquy
may precede radiographic signs of consolidation. Both clinical and radiographic
findings suggesting pneumonia are often minimal during early disease, par-
ticularly in dehydrated, elderly, or immunocompromised patients. Chest radio-
graphs are warranted in all patients with sepsis, because roentgenographic stud-
ies may reveal infiltrates or other pulmonary pathology imperceptible on clinical
exam. Serial clinical examination and chest radiographs often detect abnormal
findings because pulmonary disease manifestations evolve with hydration and
time. In septic patients, pulmonary infiltrates may represent infectious or non-
infectious processes such as noncardiogenic (ARDS) or cardiogenic pulmonary
edema. In critically ill patients, pulmonary infiltrates are often multifactorial.
Microbiologic studies typically distinguish between infectious and noninfectious
causes.

7. Abdominal, rectal, and pelvic examinations provide important clinical data
for determining septic foci and choosing appropriate empiric antimicrobial ther-
apy. If a detailed history is unreliable or unavailable, telltale scars from prior
abdominal (e.g., splenectomy, cholecystectomy, appendectomy) or pelvic
(e.g., hysterectomy, laparoscopy, prostatectomy) surgery provide impor-
tant clues to underlying pathology and risk for certain infections. Localized or
early manifestations of intraabdominal or pelvic infections are often subtle in
elderly, neurologically compromised, or immunosuppressed patients, especially
those taking steroids. Often deferred in acutely ill patients, rectal and pelvic ex-
aminations are crucial for identifying rectal abscess (especially in patients
with neutropenia or inflammatory bowel disease), prostatitic abscess,
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attempted abortion, or pelvic inflammatory disease. Splenomegaly is occasion-
ally the only clinical finding in febrile patients with subacute bacterial endo-
carditis. Duodenal ulcers occasionally perforate into the pancreas, presenting
with signs of fulminant pancreatitis, peritonitis, and septic shock.

8. Extremities. In septic patients, inflammatory arthritis is both a diagnostic
sign and opportunity. In the absence of penetrating joint trauma, septic arthri-
tis points toward systemic infection, most notably staphylococcemia, streptococ-
cemia, meningococcemia, and gonococcemia. Acute joint pain as a presenting
complaint warrants assessment for systemic infection, especially if the patient
has fever or complete blood count shows neutrophilia and/or increased imma-
ture forms. Early diagnosis and timely antimicrobial therapy can prevent sepsis
and its sequelae. Arthrocentesis for synovial fluid analysis and culture provides
rapid diagnostic data. Synovial fluid Gram stain often discloses the invading
pathogen long before blood or joint aspirate cultures yield a microbiologic diag-
nosis. Septic arthritis and its causes are detailed in Chapter 5. Osteomyelitis
also implicates systemic infection, therefore warranting full skeletal evaluation
in septic patients, including examination for vertebral point tenderness. When
examining extremities, signs of phlebitis implicate pulmonary emboli as cause
for fever, tachypnea, and/or hypotension in acutely ill patients, stipulating fur-
ther diagnostic studies.

9. Central nervous system. Fever associated with focal neurologic deficits de-
mands timely evaluation for CNS infection, particularly brain or spinal cord
abscess. Meningitis at times causes focal neurologic findings, particularly when
the basilar meninges are involved extensively (notably tuberculosis or fungal
meningitis, although bacterial infections may also do so). (CNS infections
are detailed in Chapter 6.) Unless otherwise contraindicated, lumbar puncture
for appropriate cerebrospinal fluid analysis is imperative for diagnosing CNS in-
fections. Stroke in the febrile septic-appearing patient warrants evaluation for
infectious endocarditis (see Chapter 12). Evaluation for endocarditis (especially
subacute bacterial endocarditis [SBE]) is justified in all patients with embolic
stroke, even if lacking overt signs of infection.

10. Wounds and soft tissues. Skin and soft tissues are important infection foci
in sepsis. Although most suppurative wounds are apparent on routine physi-
cal examination, certain noteworthy soft tissue infections present with minimal
clinical findings and progress so rapidly that septic shock develops before the
underlying infection is apparent. Group A streptococcal necrotizing fasciitis of-
ten presents with severe localized pain without objective clinical findings to
implicate infection, commonly eluding timely diagnosis unless clinical vigilance
motivates further evaluation and appropriate laboratory tests. Immature granu-
locytes, lymphopenia, hypoalbuminemia, and hypocalcemia are diagnostic clues
warranting further evaluation with an eye toward rapid surgical intervention
and timely antimicrobial therapy. Seemingly minor wound and soft tissue in-
fections, when caused by certain toxin-producing staphylococci or streptococci,
can present as a toxic shock syndrome. Soft tissue crepitance identified during
physical examination or air visualized in radiographic studies (e.g., computed
tomography [CT]) suggests infection with gas-producing pathogens such as
Clostridium or mixed enteric gram-negative bacteria.

C. Diagnostic microbiology
1. Blood cultures are essential tools for diagnosing sepsis. True positive blood

cultures constitute the best criteria for defining sepsis and its cause. Unfortu-
nately, blood cultures are negative in a substantial number of patients with
sepsis. Multiple factors obscure blood culture yield. Transient bacteremias
accompany most serious infections [84] but pass before fever or other clinical man-
ifestations motivate orders for blood cultures. Intermittent bacteremias, rec-
ognized as recurrent transient bacteremias, are associated with sporadic obstruc-
tion or manipulation of infected sites. Continuous or sustained bacteremias,
defined by multiple positive blood cultures obtained at intervals from several
hours to days, typify intravascular infections such as endocarditis, suppurative
thrombophlebitis, and intravascular catheter or graft infections. Occasionally,
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continuous bacteremia accompanies extravascular infections (e.g., intraabdom-
inal abscess) in immunosuppressed hosts. Persistent bacteremia despite ap-
propriate antimicrobial therapy portends endovascular infection and warrants
rigorous search for an intravascular source. Prior antimicrobial therapy decreases
blood culture yield. Using resin-containing media to lower antibiotic concentra-
tions in blood cultures, although attractive theoretically, does not improve sen-
sitivity and may decrease specificity by facilitating recovery of contaminants,
most notably coagulase-negative staphylococci [85]. Fastidious or slow-growing
blood-borne pathogens, often overlooked by standard blood culture protocols, are
recoverable if clinicians inform the microbiology lab that the differential diagno-
sis includes such pathogens. The single most important factor governing blood
culture sensitivity is the volume of blood cultured [86]. False-negative blood cul-
tures are less common than false-positive ones. Blood culture specificity is not
absolute, requiring appropriate interpretation to distinguish true pathogens from
possible contaminants. False-positive cultures due to contamination or coloniza-
tion pose diagnostic problems, especially in patients with increased risk for infec-
tion caused by otherwise typical skin contaminants (e.g., coagulase-negative
staphylococci or diphtheroids cultured from patients with indwelling
i.v. catheters, prosthetic heart valves, or joint prostheses). Several factors
influence the predictive value of positive blood cultures, including pattern (num-
ber of positive culture sets), pathogen identity, and clinical context.
a. Blood volume. Blood volume is the single most important variable governing

blood culture yield or sensitivity [86]. Pathogen concentration is no more than
1 colony-forming unit (CFU) per mL of blood in 50% of bacteremic adults and
less than 0.1 CFU/mL in 20% of bacteremic adults [87]. Pediatric bacteremias
are often higher grade, with blood pathogen concentrations reaching more
than 100 CFU/mL [88], although low-level bacteremias (1–10 CFU/mL blood)
are also documented [89]. In adults, blood culture yield increases 3% per mL
of blood cultured [86]. In adults, culturing at least 10 mL and preferably
20 mL of blood maximizes bloodstream pathogen recovery. Culturing more
than 20 mL of blood does not increase yield substantially and is not recom-
mended except, possibly, in cases of suspected viridans streptococcal subacute
bacterial endocarditis. In pediatric patients, recommended blood volumes per
culture are as follows: 1 to 2 mL for neonates, 2 to 3 mL for infants aged
1 month to 2 years, 3 to 5 mL for older children, and 10 to 20 mL for adoles-
cents [88]. Because low-level bacteremia can occur in pediatric populations,
some experts recommend using weight-based determinations, culturing up to
4.5% of a child’s estimated total blood volume [89].

b. Blood culture set number. Although a single blood culture is inadequate
for documenting bacteremia or fungemia, two to three properly collected blood
cultures will detect 99% of clinically important bloodstream infections caused
by common bacterial and fungal pathogens [90,91]. It is rarely necessary to
collect more than two blood culture sets in a 24-hour period, although many
clinical microbiology laboratories will process more if notified that the clin-
ician suspects subacute bacterial endocarditis. When treating patients with
intravascular infections, daily blood cultures (until negative) are warranted
to assess antimicrobial efficacy, establish adjunct interventional requirements
(e.g., heart valve replacement), and determine treatment duration.

c. Site selection. Venipuncture site selection is a controllable variable that has
significant impact on blood culture results. Blood obtained from femoral ves-
sels is associated with higher contamination rates than specimens collected
from antecubital veins or other upper extremity vessels [90]. Blood obtained
from sites with overlying cellulitis or dermatologic disease is also associated
with higher contamination rates. Culturing arterial blood offers no higher
yield than venous blood [92]. The American College of Physicians guidelines
[93] and expert opinion [94] discourage culturing blood from intravascular
catheters. A recent retrospective analysis comparing 551 paired venipuncture
and i.v. catheter specimens from hospitalized cancer patients demonstrated
a high negative but low positive predictive value in blood cultures obtained
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through indwelling central i.v. catheters [95]. Although negative blood cul-
tures obtained from central i.v. lines may rule out bacteremia, positive cultures
require careful clinical interpretation and likely require confirmation to dis-
tinguish true bacteremia from line colonization. When clinical circumstance
necessitates culturing blood from central i.v. lines, these specimens should be
paired with blood cultures obtained by peripheral venipuncture [88,94].

d. Timing. The optimal time for obtaining blood culture specimens is immedi-
ately before onset of rigors. Because predicting such clinical events is impossi-
ble, a practical approach calls for blood cultures as soon as fever or rigors are
detected. In acutely ill patients likely requiring immediate antimicrobial ther-
apy, it is reasonable to obtain two sets of blood cultures simultaneously from
different sites. In less urgent situations, blood cultures may be spaced at in-
tervals. Spacing blood collection over a 24-hour period does not improve yield
[96] but may provide useful clinical information by distinguishing between
transient and continuous bacteremia or fungemia.

e. Incubation duration. Five-day incubation periods are adequate for detecting
most pathogens via the continuous-monitoring blood culture systems used in
contemporary U.S. clinical microbiology laboratories. By protocol, blood culture
specimens are discarded if negative after 5 to 7 days of incubation. Some fas-
tidious pathogens such as Legionella, Bartonella, Brucella, and certain fungi
require longer incubation periods. Alerting the clinical microbiology labora-
tory when fastidious pathogens are suspected averts untimely discard of blood
culture specimens. Fungal and mycobacterial blood cultures are incubated for
4 to 6 weeks.

f. Positive blood culture interpretation. Blood culture interpretation is
straightforward in many cases such as when multiple blood cultures grow
S. aureus in the clinical context of infective endocarditis. In contrast, recov-
ery of less credible microorganisms such as coagulase-negative staphylococci
and diphtheroids is commonplace and complicates blood culture interpreta-
tion. Because any microorganism can, given the right circumstance, become
a blood-borne pathogen, clinicians must interpret accurately the clinical rele-
vance of positive blood cultures. Several factors improve blood culture predic-
tive values.
(1) Pattern. When all or most blood cultures obtained from a series of sepa-

rate venipunctures yield the same isolate, bloodstream infection is highly
probable regardless of microorganism identity.

(2) Microorganism identity.Certain blood isolates virtually always (>90%)
represent true infection such as Streptococcus pneumoniae, S. aureus,
N. meningitidis and gonorrhoeae, E. coli and other Enterobacteriaceae,
Pseudomonas aeruginosa, Candida albicans, Histoplasma capsulatum,
and Cryptococcus neoformans. In contrast, Corynebacterium species, Pro-
pionibacterium acnes, and Bacillus species rarely (<5%) cause true
bloodstream infections and, with rare exception (e.g., Corynebacterium
jekeium in neutropenic patients with permanent i.v. catheters),
likely represent contaminants when recovered sporadically in blood cul-
tures. Coagulase-negative staphylococci, viridans streptococci, and ente-
rococci are particularly problematic blood culture isolates, representing
true bacteremia in 15%, 38%, and 78% of cases, respectively [97]. Because
there are no laboratory gold standards for distinguishing between true
bloodstream pathogens and contaminants, judging positive blood culture
relevance remains embedded in clinical context.

g. Clinical context. Blood culture isolates are virtually always relevant when
the microorganism identity parallels clinical context. Credible pathogens as
related to specific infections are discussed in their respective chapters. Less
plausible blood culture isolates gain relevance in certain clinical situations
and deserve further consideration.
(1) Endocarditis or endovascular infections. S. aureus bacteremias are

common in patients with high carriage or colonization rates such as indi-
viduals with (a) atopic dermatosis, (b) diabetes, (c) chronic renal failure
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requiring hemodialysis, (d) chronic indwelling catheters, (e) i.v. drug use,
(f) recent or chronic corticosteroid therapy, (g) recent hospitalization, and
(h) institutional living requirements, such as nursing homes or prisons.
S. aureus bacteremia without an identifiable source or as a community-
acquired infection often signifies endocarditis. Coupled with clinical
evidence suggesting subacute bacterial endocarditis, especially when tem-
porally related to dental procedures, blood cultures growing viridans
streptococci signify true bacteremia. Coagulase-negative staphylo-
cocci occasionally cause native valve endocarditis but assume greater
importance as a bloodstream isolate in patients with indwelling central
i.v. catheters, prosthetic heart valves or other artificial endovascular de-
vices, joint prostheses, and ventriculoperitoneal (VP) shunts. Community-
acquired enterococcal bacteremia without an identifiable source in
patients with valvular heart disease warrants further evaluation for en-
docarditis. Candidemia may represent serious endovascular infection
in certain patients, most notably those with neutropenia or prolonged
hospitalization involving central i.v. catheters, broad-spectrum antimi-
crobial therapy, and total parenteral nutrition. Persistent bacteremia
or fungemia, especially in patients receiving appropriate antimicrobial
therapy, suggests intravascular infection such endocarditis, suppurative
thrombophlebitis, or infected i.v. catheters or grafts. Endocarditis and its
causes are discussed further in Chapter 12.

(2) Pneumonia and respiratory tract infections. Common pulmonary
pathogens such as S. pneumoniae or H. influenza isolated from blood
cultures in patients with pneumonia inarguably represent true bac-
teremias. Less virulent organisms such as Stenotrophomonas maltophilia,
Burkholderia cepacia, and Acinetobacter baumanii gain relevance as blood
culture isolates in patients at increased risk for pneumonia caused by these
bacteria (e.g., ventilator-associated pneumonia, nosocomial pneu-
monia in patients receiving broad-spectrum antibiotics, patients
with cystic fibrosis). In patients with pneumonia, recovering even un-
usual organisms from multiple blood cultures and purulent sputum helps
distinguish true bacteremia from contaminants. Occasionally, lung ab-
scess is associated with polymicrobial bacteremia.

(3) Abdominal and pelvic infections. Positive blood cultures yielding mul-
tiple organisms may reflect inappropriate collection technique or central
i.v. line contamination, particularly when drawn from femoral sites. How-
ever, true polymicrobial bacteremias (accounting for 6%–18% of all
bacteremias) commonly stem from intraabdominal or pelvic infections.
In patients with documented or suspected intraabdominal or pelvic infec-
tions, appropriately collected polymicrobial positive blood cultures likely
represent true bacteremia, particularly if the isolates include Enterobac-
teriaceae, anaerobes, enterococci, S. aureus, Pseudomonas, and Candida.
True polymicrobial bacteremia in the absence of intraabdominal or pelvic
sources often represents line-related nosocomial infection. Streptococcus
bovis identified in blood cultures from patients with colon cancer signifies
bacteremia. Conversely, identifying S. bovis bacteremia in patients with
no known malignancy calls for painstaking evaluation for colon cancer or
other occult gastrointestinal pathology.

(4) Urinary tract. In patients with clinical findings consistent with urinary
tract infection, blood cultures growing typical pathogens (e.g., E. coli, Kleb-
siella pneumoniae) undoubtedly represent true bacteremia. Disparate re-
sults from urine and blood cultures raise doubt and justify repeat studies.
Indwelling urinary catheter use is a common hospital practice, especially
in critical care settings, increasing risk for urinary tract infections caused
by atypical pathogens. Polymicrobial urinary tract colonization is common
in patients with urinary catheters. If clinical and laboratory data suggest
a urinary tract source in patients with sepsis, positive blood cultures yield-
ing isolates matching those from urine likely represent true bacteremia.
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S. aureus recovered from both blood and urine cultures suggests hematoge-
nous seeding of the urinary tract rather than a primary urinary source
and warrants careful evaluation for intravascular infection. A similar
approach applies when both urine and serial blood cultures grow Can-
dida, Enterococcus, or coagulase-negative staphylococci in patients with
indwelling central i.v. lines.

(5) Soft tissue infections. Positive blood cultures with what might otherwise
represent skin contaminants may represent true bacteremia in patients
with serious skin or soft tissue infections. Appropriately collected serial
blood cultures usually distinguish between potential contaminants and
true bloodstream infection, especially when coagulase-negative staphy-
lococci are isolated. At times, decubitus ulcer sepsis is associated with
polymicrobial bacteremia, in which case blood isolates should match those
obtained from wound cultures. For obvious reasons, blood cultures must
not be collected from venipunctures through infected appearing skin or
soft tissues. N. meningitiditis or P. aeruginosa recovered from vasculitic
appearing or ecthyma-like skin lesions and blood cultures reflects systemic
infection rather than a primary soft tissue source and warrants careful
evaluation for other cause.

(6) Central nervous system. Positive blood cultures in patients with menin-
gitis usually yield obvious pathogens such as pneumococcus and reflect
true bacteremias. Positive blood cultures with what might otherwise rep-
resent contaminants may represent true bacteremia in patients with
meningeal signs when associated with extenuating clinical history such
as neurosurgical procedures, ventriculostomy or epidural catheter place-
ment, VP shunts, or spina bifida. In these patients, coagulase-negative
staphylococci, enterococci, or unusual gram-negative bacteria isolated
from blood cultures and cerebrospinal fluid signifies true bloodstream in-
fection.

2. Gram stain and other stains. The three main methods for rapid detection of in-
fection in critically ill patients are detecting pus in a normally sterile site, demon-
strating microorganisms (bacteria, fungi, viruses, or parasites) in a normally
sterile site by stains or culture, and detecting pathogen genome in a normally ster-
ile site using molecular biology techniques. For most bacterial pathogens, Gram
stain remains the fastest, simplest, and most universally available diagnostic
tool for identifying infection. In settings where antimicrobial therapy is initiated
before obtaining specimens for microbiologic studies, the Gram stain may be the
only way to diagnose infection if cultures prove negative. A positive Gram stain
facilitates rapid distinction between infectious and noninfectious causes of in-
flammatory exudates obtained from normally sterile sites such as the peritoneal
cavity and pleural, pericardial, epidural, or articular spaces. Interpreting Gram-
stained specimens obtained from normally nonsterile sites (e.g., lung, sinuses,
wounds) is less straightforward but often valuable nonetheless, especially when
visualized organisms corroborate clinical impression. Acid-fast stains (e.g., Kiny-
oun) are rapid diagnostic tools for identifying mycobacteria when differential di-
agnoses include tuberculosis or nontuberculous mycobacterial disease. In some
clinical laboratories, gene probe technology permits rapid identification of My-
cobacterium tuberculosis and other clinically important mycobacterial species.
Modified acid-fast stains are used to detect Nocardia in clinical specimens. Direct
fluorescent antibody stains permit rapid detection of certain pathogens where cul-
tures are unreliable or require prolonged incubation (e.g., Legionella, Varicella
zoster virus). Fungal stains often provide rapid diagnostic data where culture
results are not available for several weeks.

3. Cultures. Although microbiologic stains often provide valuable diagnostic data,
definitive microbiologic diagnoses are established by isolating the causative
pathogens from appropriate cultures. Cultures also permit in vitro suscepti-
bility testing, an important clinical tool for guiding antimicrobial therapy and
epidemiologic tool for monitoring resistance trends. Certain clinical situations
call for special culture media or techniques. Good communication between the
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clinician and microbiology laboratory is imperative when microbiologic differen-
tial diagnoses include unusual or fastidious pathogens that may require special
handling or unconventional selective media. Quantitative cultures defining
precise bacterial numbers in clinical specimens are useful for diagnosing infec-
tion in certain sites. It is now standard clinical laboratory practice to perform
quantitative cultures on urine specimens based on the widely accepted premise
that more than 105 CFU/mL correlates with urinary tract infection. For other
sites, bacterial colony counts are only semiquantitative (e.g., colony counts from
bronchoalveolar lavage specimens for diagnosing ventilator-associated
pneumonia or i.v. catheter tips for diagnosing catheter-associated blood-
stream infections). No unequivocal clinical data show presently that quantita-
tive blood culture results improve diagnostic accuracy or medical management of
sepsis [98].

4. Molecular diagnostics. Recent advances in automated molecular testing meth-
ods are changing clinical microbiology laboratory diagnostic practice for infec-
tious diseases. Previously relegated to detecting slow-growing or uncultivatable
pathogens, technological advances now make molecular diagnostic testing adapt-
able for use in clinical microbiology laboratories and applicable for detecting
common pathogens [99]. Molecular (genotypic) susceptibility testing is gaining
similar practical application in infectious disease treatment and epidemiology
[100]. Molecular testing is available presently for diagnosing group A streptococ-
cal pharyngitis, pulmonary tuberculosis, HIV, hepatitis C virus infection, Herpes
simplex virus encephalitis, CNS toxoplasmosis, progressive multifocal leukoen-
cephalopathy, and Chlamydia trachomatis and N. gonorrhoeae urogenital infec-
tions. Molecular biology testing methods hold promise for clinical application in
the rapid diagnosis of life-threatening infections, especially in situations where
prior antimicrobial therapy or pathogen characteristics render standard microbi-
ologic methodology inadequate [101]. Clinicians should check with their clinical
microbiology laboratory regarding the applicability and availability of specific
molecular diagnostic tests.

D. Hematology. Complete blood count with differential is a simple, rapid, readily avail-
able test that provides valuable clinical and diagnostic information.
1. Granulocytosis with increased immature forms (“left shift”) suggests in-

fection. Granulocyte counts can be normal or reduced in severe sepsis, but the
differential will still reveal the telltale left shift. Granulocyte count and differ-
ential consistent with infection is one of several recommended drug utilization
criteria for using human recombinant activated protein C (hrAPC; drotrecogin
alpha [activated]) in the treatment of patients with severe sepsis (see section
IV.D). Neutropenia (absolute granulocyte counts <1,000) increases risk for
severe infection with both common and opportunistic pathogens, disseminated
fungal infections, nosocomial infections, poor response to antimicrobial therapy,
and increased mortality.

2. Thrombocytopenia portends DIC and justifies further tests to assess for
this common complication of sepsis (fibrinogen, D-dimers, prothrombin
time/partial thromboplastin time). Platelet count is both an inclusion and
exclusion criterion for using rhAPC in the treatment of severe sepsis (see sec-
tion IV.D). Sepsis-associated thrombocytopenia can be severe, requiring platelet
transfusions to prevent life-threatening hemorrhage.

3. Anemia diminishes oxygen-carrying capacity of the blood and potentially wors-
ens tissue hypoxia in septic patients, especially when hemoglobin concentration
drops below 8 g/dL.

4. Peripheral blood smears occasionally detect bloodstream pathogens such as
Histoplasma capsulatum, Plasmodium species, Babesia species, certain spiro-
chetes, and even bacteria in cases of overwhelming sepsis (most notably
S. pneumoniae). Both thick and thin blood smears should be ordered and
scrutinized for Plasmodium parasites when malaria is suspected.

E. Coagulation studies. Prothrombin time and partial thromboplastin time pro-
vide useful information when evaluating septic patients. Prothrombin time/partial
thromboplastin time are prolonged in sepsis-associated DIC. Prothrombin
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time/partial thromboplastin time are also excellent markers for liver function and,
when prolonged in the absence of DIC or anticoagulation therapy, herald hepatic
dysfunction and secondary MODS in patients with sepsis.

F. Chemistry. Routine chemistries are readily available and provide rapid prognostic
and diagnostic data when assessing patients with sepsis.
1. Serum electrolytes provide important information regarding metabolic sta-

tus. In septic patients, an elevated anion gap metabolic acidosis implies lactic
acidemia from tissue hypoxia and warrants checking serum lactate levels. Serum
electrolytes should be monitored closely during volume resuscitation to assess ef-
ficacy and detect potentially life-threatening electrolyte abnormalities (notably
hypokalemia and hypophosphatemia) that can develop rapidly as renal func-
tion improves and acidosis resolves.

2. Baseline and serial renal panels provide information for guiding and assess-
ing resuscitative measures. Elevated serum creatinine and blood urea nitrogen at
presentation may simply reflect volume contraction that should respond rapidly to
volume repletion or, more ominously, connote renal failure due to sepsis-induced
acute tubular necrosis. Severe pyelonephritis occasionally causes acute renal fail-
ure directly, in which case urinalysis will detect white blood cell casts.

3. Liver panel abnormalities are common in patients with severe sepsis and can
reflect underlying cause or imply end-organ dysfunction.
a. Isolated baseline alkaline phosphatase elevation in the absence of severe

sepsis may connote liver abscess.
b. Elevated direct bilirubin levels can signify underlying gallbladder disease

as a source of sepsis. Elevated direct bilirubin levels in the absence of gall-
bladder disease likely reflects sepsis-associated intrahepatic cholestasis and
accompanies other liver panel abnormalities due to liver dysfunction in the
continuum of secondary MODS.

4. Amylase and lipase elevation in the absence of shock suggests pancreatitis
as an underlying cause for systemic inflammatory responses mimicking sepsis.
Elevated amylase and lipase levels associated with refractory hypotension in pa-
tients with septic shock signifies end-organ damage and is a part of the organ
dysfunction constellation comprising secondary MODS. Procalcitonin levels offer
promise for distinguishing between SIRS caused by pancreatitis versus sepsis
(see following).

5. Procalcitonin, a calcitonin propeptide normally produced in the C cells of
the thyroid gland, has recently drawn attention as a specific marker of sys-
temic inflammatory response to infection. During systemic infection, extrathy-
roid tissues produce procalcitonin; the exact site of production during sepsis
is uncertain. Procalcitonin levels increase dramatically in patients with sep-
sis, are detectable within 3 hours of induction onset (at least 20 hours ear-
lier than CRP), have a much longer half-life than cytokines, and are stable
in serum or plasma at room temperature (>90% in 12 hours). Various stim-
uli, other than bacterial infection, may increase procalcitonin levels in certain
clinical conditions (e.g., severe trauma, major surgical procedures, pro-
longed circulatory failure). As a rule, however, procalcitonin levels detected
under these conditions are substantially lower than those seen in patients with
sepsis. Procalcitonin levels, presently, can be measured with a commercially
available immunoluminometric assay. Procalcitonin assays, although not widely
available in clinical laboratories presently, hold promise for clinical application
by rapidly detecting invasive bacterial infection, discriminating between infec-
tious and noninfectious causes of SIRS, and following response to therapy in
patients with sepsis. Establishing optimal procalcitonin thresholds for appro-
priate application in clinical settings is the subject of ongoing investigations.
Procalcitonin measurements, in the near future, probably will become a part of
routine diagnostic testing for rapid identification of infection in several clinical
settings.
a. Elevated procalcitonin levels (>0.5 ng/mL) in emergency department

patients with suspected infectious or inflammatory disease indicate ongoing
and potentially severe systemic infection with an increased risk of
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fatal outcome [102]. The specificity of procalcitonin threshold more than
0.5 ng/mL approaches 100%, but levels below this threshold do not rule out
infection.

b. Procalcitonin levels correlate strongly with infection severity and
therefore may provide useful objective data for stratifying patients into various
sepsis stages [103,104]. There are those, however, who question the value of
procalcitonin as a marker for infection [105]. Optimal procalcitonin thresh-
olds for discriminating among the various stages of the sepsis continuum
are not defined clearly at present but remain the subject of ongoing clinical
investigations.

c. In critically ill pediatric patients, procalcitonin concentration appears to
be a better diagnostic marker for sepsis than CRP in children but no better
than CRP in neonates [106].

d. Procalcitonin helps discriminate between infectious and noninfec-
tious causes of early ARDS. Limited clinical data suggest that procalcitonin
is a useful diagnostic tool for differentiating between infectious and noninfec-
tious underlying disease in patients with early ARDS [107].

e. Procalcitonin discriminates between infection and acute graft rejec-
tion in organ transplant patients [108,109].

f. Procalcitonin discriminates between bacterial and viral infections.
Bacterial meningitis, in neonates and children, is associated with substantially
higher procalcitonin levels than viral meningitis.

g. Procalcitonin predicts infectious complications in patients with
necrotizing pancreatitis and abdominal sepsis. Procalcitonin in patients
with necrotizing pancreatitis appears to be a good predictor of infection versus
noninfectious pancreatic necrosis [110]. Procalcitonin, similarly, appears to
have clinical applicability for identifying septic complications after abdominal
surgery [111].

6. CRP is used widely to determine inflammatory status but is not specific for in-
fection and does not correlate with severity. In patients with documented sepsis,
however, CRP provides useful prognostic information for after treatment efficacy
as levels normalize with successful therapy and is readily available presently in
most clinical laboratories.

7. Cytokine levels rise rapidly during sepsis and are detectable earlier than
procalcitonin. The short half-life of cytokines, however, causes rapid fluctuations
in plasma levels, making serial assessments difficult and reducing clinical
applicability.
a. IL-6 and IL-8, among all cytokines studied to date, show most consistent cor-

relation with outcome in critically ill patients but do not discriminate between
infectious and noninfectious causes of systemic inflammation [101].

b. IL-6 levels appear to provide useful prognostic information and may be useful
for following therapeutic response in patients with sepsis [101]. Whether IL-6
levels offer an advantage over procalcitonin levels presently is uncertain.

G. Arterial blood gases. Arterial blood gases should be checked in all patients with
impending or established sepsis.
1. Respiratory alkalosis, reflecting hyperventilation, is an early sign of impending

sepsis.
2. Respiratory acidosis signifies ventilatory failure and calls for careful evalua-

tion of lungs and CNS to identify cause. Arterial blood gases facilitate decisions
regarding the need for ventilatory support and timing of intubation.

3. Metabolic acidosis cannot be assessed on the basis of serum chemistries alone.
Arterial blood gases in patients with sepsis-associated metabolic acidosis pro-
vide accurate blood pH measurements useful in formulating management plans
(e.g., dialysis needs) and following treatment efficacy (e.g., resolution of lactic
acidosis with resuscitative measures).

4. Elevated AaO2 gradient, calculated from arterial blood gas results, often pre-
cedes the appearance of infiltrates on chest roentgenogram in patients with
ARDS and certain forms of pneumonia (e.g., Pneumocystis carinii pneumo-
nia [PCP]).
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H. Urinalysis. Urinalysis provides useful data relevant to both cause and effect in
patients with sepsis. Urinary tract infections are a leading cause of sepsis, and uri-
nalysis provides rapid diagnostic information in acutely ill patients, especially when
white blood cell or fungal casts are detected. Urinalysis results consistent with uri-
nary tract infection justify urine cultures to corroborate infection and identify its
cause. In the absence of primary urinary tract infection, abnormal sediment may
reflect end organ damage associated with secondary MODS (e.g., acute tubular
necrosis [ATN]).

I. Serology. Serologic tests for detecting microbial antigens and host antibodies can,
in limited clinical circumstances, provide diagnostic information in the workup of
sepsis.
1. Legionellosis presents a diagnostic challenge. Sputum cultures often fail to grow

the pathogen, and sputum direct fluorescent antibody stains, in most clinical lab-
oratories, lack adequate specificity and sensitivity. An enzyme immunoassay cur-
rently is available for detecting L. pneumophila serogroup 1 antigen in urine and
may be useful in areas with high prevalence of this serovariant but does not de-
tect the 62 other Legionella serovariants. A test kit for detecting a broad group of
Legionella serovariants has recently become available, but performance charac-
teristics must be established to determine widespread clinical applicability [112].

2. Cryptococcal antigen testing is available in most clinical laboratories and
is useful for rapidly detecting C. neoformans in serum and CSF of immunosup-
pressed patients (e.g., AIDS, organ transplant recipients) with cryptococcemia
and meningitis.

3. Acute and convalescent antibody titers, although useful for confirming
diseases such as rickettsiosis, ehrlichiosis, viral encephalitis, and hemorrhagic
fevers, do not provide immediate diagnostic data in the acute setting. Treatment,
in these settings, must be based on clinical assessment with serologic data pro-
viding confirmatory and epidemiologic diagnoses.

J. Radiology. A wide variety of imaging techniques is available to facilitate evalua-
tion and intervention in the management of sepsis. Appropriate diagnostic imaging
presupposes thorough clinical evaluation and close consultation with the imaging
specialist. Diagnostic imaging in sepsis has been reviewed, including the advantages
and limitations of imaging studies for specific conditions, and in specific anatomic
areas [113].
1. Plain radiographs are rapid, inexpensive, and portable; require no special

preparation; and carry low risks limited to minimal radiation exposure. Plain
radiographs are relatively nonspecific and insensitive in many situations but,
in some cases, provide rapid diagnostic data (e.g., some pneumonias, visceral
perforation).
a. Lung. Chest radiographs are helpful for diagnosing community-acquired

pneumonia, and lung abscess but are less reliable for ventilator-associated
pneumonia [114] and PCP. Pulmonary effusions, adenopathy, and masses
detected on plain radiographs can be detailed further by chest CT, which
also provides direct visualization for guiding invasive diagnostic and
interventional measures.

b. Abdomen and pelvis. Plain radiographs, at times, provide diagnostic data
when images detect free air or demonstrate classic signs of bowel obstruc-
tion. Contrast studies are useful for evaluating hollow viscera; soluble con-
trast should be used when clinical findings suggest perforation. Masses and
organomegaly, at times, are discernible with plain radiographs, but ultra-
sound, CT, and magnetic resonance imaging (MRI) are more reliable and pro-
vide better detail.

2. CT and MRI offer diagnostic information as well as diagnostic and interventional
opportunity.
a. Chest CT or MRI provides detailed images for detecting subtle abnor-

malities in lung, mediastinum, and bony thorax. Contrasted studies help
distinguish between inflammatory and noninflammatory processes. CT or
MRI allows image-guided fine-needle aspiration and biopsy that often estab-
lish microbiologic and histopathologic diagnoses in lieu of higher risk open
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surgical procedures. CT or MRI of chest, abdomen, and pelvis is recommended
for disclosing infection foci in septic patients when the source is uncertain
despite detailed clinical evaluation.

b. Abdomen and pelvis CT or MRI are preferred when clinical circumstance
calls for a global view of intraabdominal and pelvic structures [113]. MRI or CT
using i.v. and oral contrast can detect (a) abscesses (including hepatosplenic
microabscesses commonly associated with disseminated staphylococ-
cal and fungal infections); (b) cholecystitis and cholangitis; (c) pancreatitis
(with or without phlegmon); (d) renal and perinephric abscesses; (e) enteric
and peritoneal conditions associated with sepsis (e.g., bowel wall inflamma-
tion, including extension into mesenteric or peritoneal regions, local-
ized phlegmon, pneumatosis intestinalis, obstruction, fistulas, etc.);
(f) neutropenic typhlitis; (g) perirectal abscess (particularly in septic neu-
tropenic patients); (h) prostatic, tuboovarian, and other pelvic abscesses; (i)
endometritis; and ( j) arterial or venous thrombosis. CT or MR image-guided
percutaneous fine-needle aspiration and drain placement, in many cases, pro-
vide both diagnosis and intervention in patients with focal sources of infection.

c. Head and neck CT or MRI is recommended when clinical evaluation sug-
gests meningitis, encephalitis, intracranial abscess, or serious infections of
soft tissues not detected by physical examination (e.g., retropharyngeal ab-
scess). Sinus CT or MRI is justified in patients with sepsis of uncertain
origin, particularly in critically ill patients with in situ endotracheal or naso-
gastric tubes. Sinus-associated toxic shock syndrome has been described [115].
MRI with i.v. gadolinium is superior to CT for detecting basilar meningitis and
other CNS-related inflammatory processes, including intraspinous, epidural,
and paraspinous abscesses.

d. Extremity and spine CT or MRI is a valuable diagnostic tool for assess-
ing patients with suspected myositis, necrotizing fasciitis, or osteomyelitis.
Vertebral osteomyelitis and discitis, extremely difficult diagnoses to establish
clinically, are characterized well using MRI technology. Spinal MRI provides
accurate anatomic information and allows diagnostic fine-needle aspiration
and biopsy.

3. Ultrasonography is a simple and inexpensive means of detecting abnormal fluid
collections in the soft tissues and joints. Ultrasound offers advantages over CT
and MRI in certain clinical situations by virtue of portability (particularly in
critically ill patients unable to tolerate transport), safety (scans do not
involve contrast or radiation exposure), and low cost. Ultrasound is useful
for detecting visceral and soft tissue abscesses, cholelithiasis and nephrolithiasis,
and obstruction (e.g., hydronephrosis, biliary ductal dilation).

4. Nuclear medicine imaging provides information on pathophysiologic and
pathobiochemical processes not visualized using other imaging procedures. In pa-
tients with fever of unknown origin, nuclear medicine techniques provide whole
body imaging and can localize inflammatory foci, permitting subsequent CT- or
MRI-guided biopsy for definitive diagnosis. Conversely, nuclear medicine imaging
can be used after CT or MRI localization to ascertain whether an identified focus
represents an inflammatory or noninflammatory process. Decisions to perform
specific infection or inflammation nuclear medicine scans must be based on appli-
cability and clinical circumstance. There is no general consensus regarding the
appropriate sequencing of imaging technology in septic patients [113]. In critically
ill patients, it is reasonable and expedient to begin with cross-sectional scans and,
if negative, follow with nuclear medicine imaging when clinical circumstances per-
mit. In patients who are not critically ill, nuclear medicine scanning can be used
as the initial diagnostic imaging modality. A detailed review has been published
recently discussing the current and future role of nuclear medicine imaging in
infection and inflammation [116].

IV. Treatment
Ideally, prevention is the best “treatment” for sepsis. In reality, there are no absolute
methods for anticipating or preventing sepsis. Effective treatment of sepsis requires
(a) timely institution of appropriate antimicrobial therapy; (b) aggressive supportive
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measures, including immediate resuscitative measures in patients with impending or
established septic shock; and (c) appropriate adjunct interventions such as surgical
drainage of abscesses and debridement of necrotizing soft tissue infections.
A. Antimicrobial therapy. Selecting appropriate initial antimicrobial therapy is a

high priority for treating sepsis. The life-threatening nature of sepsis justifies em-
piric broad-spectrum antibiotic coverage administered by parenteral route. Spe-
cific antibiotic choices and dosing regimens are governed by the presumed
source of infection, suspected or known organism(s), Gram stain results, and
resistance patterns of common pathogens prevalent within the acquisition set-
ting (community-acquired vs. hospital-acquired). Antimicrobial selection
must also account for host factors such as immune status (especially patients
with neutropenia or receiving immunosuppressive drugs), allergies, hep-
atic dysfunction, and renal failure. Most hospitals limit the number of antibiotics
on formulary based on availability, recognized hospital resistance patterns, and pa-
tient demographics and associated clinical variables. Hospital formulary listings and
regional patient demographics aside, general guidelines apply for choosing antimi-
crobial therapy based on the documented or suspected source of sepsis [117,118].
Efficacy and safety are prime directives when selecting empiric antimicrobial ther-
apy to treat life-threatening infections. Antibiotic selection is governed by target site
and tailored to individual patient variables (e.g., drug allergy or interactions, re-
nal function, hepatic dysfunction). Detailed discussions of individual antibiotics
are included in Chapter 27.
1. Severe sepsis or septic shock without identifiable source. Broad-spectrum

antimicrobial therapy for treating patients with severe sepsis or septic shock
without identifiable source requires combination regimens.
a. Antipseudomonal cephalosporin (e.g., cefepime, ceftazidime) or an-

tipseudomonal penicillin (e.g., piperacillin, mezlocillin) + aminogly-
coside (e.g., gentamicin, tobramycin, amikacin) or quinolone (e.g.,
ciprofloxacin, levofloxacin). The β-lactam/aminoglycoside combination is
a synergistic alliance, but in patients at increased risk for nephrotoxicity a
quinolone may be preferred. With rare exception, aminoglycoside therapy may
be discontinued and another suitable agent substituted in its place when clin-
ical recovery is certain and signs of sepsis have resolved.
(1) Clindamycin or metronidazole should be added to these regimens if

anaerobes are suspected.
b. Imipenem, meropenem, and piperacillin-tazobactam, as single agents

offer broad coverage (including anaerobes, methicillin-susceptible
staphylococci, and gram-negative aerobes including Pseudomonas
species).
(1) Aminoglycoside or an antipseudomonal quinolone should be added

if P. aeruginosa is suspected. None of these regimens covers methicillin-
resistant staphylococci, common causes of hospital-acquired wound, or
vascular catheter infections (see sections IV.5.b and IV.6).

c. Vancomycin should be added to the antimicrobial regimen if methicillin-
resistant staphylococci are suspected. A streptogramin (e.g., dalfo-
pristin/quinupristin) or an oxazolidinone (e.g., linezolid) is an acceptable
alternative in patients with vancomycin allergy.

d. Linezolid or dalfopristin-quinupristin should be added to the antimicro-
bial regimen in place of vancomycin when vancomycin-resistant Enterococcus
faecium (VRE) or vancomycin intermediate susceptible Staphylococcus aureus
(VISA) are highly suspected. Linezolid has a better safety profile, is active
against both E. faecalis and E. faecium, and offers an oral formulation for
step-down therapy. Specific details regarding indications, contraindications,
and warnings are included in Chapter 27.

2. Pneumonia. Sepsis related to community-acquired pneumonia in the im-
munocompetent host may be treated with antimicrobial regimens appropriate
for community-acquired pneumonia as detailed in recent guidelines pub-
lished by the Infectious Diseases Society of America [119] or the Ameri-
can Thoracic Society [120]. Pneumonia in immunosuppressed patients,
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patients with structural lung disease, hospital-acquired pneumonia, and
ventilator-associated pneumonia are at risk for multidrug-resistant or un-
usual pathogens. Appropriate antimicrobial regimens for specific clinical circum-
stances can be summarized as follows.
a. Immunocompetent patients with severe sepsis and community-

acquired pneumonia. Suitable antimicrobial regimens include
(1) Third-generation cephalosporin (e.g., ceftriaxone, cefotaxime, ce-

fepime) + macrolide (e.g., erythomycin, azithromycin), or quinolone
(gatifloxacin, levofloxacin, moxifloxacin). Ceftazidime and older fluoro-
quinolones (ciprofloxacin, ofloxacin, lomafloxacin) lack adequate
activity against S. pneumoniae. When treating community-acquired pneu-
monia in elderly or critically ill patients, a quinolone may be preferable in
place of a macrolide in combination with an appropriate β-lactam agent.

(2) β-Lactam/β-lactamase inhibitor (e.g., ampicillin-sulbactam,
piperacillin-tazobactam, ticarcilli-/clavulanate) + macrolide or
quinolone as described above in section IV.1.a.(1).

(3) Clindamycin + quinolone is an alternative regimen in patients with
β-lactam allergy unless meningitis accompanies pneumococcal dis-
ease, in which case vancomycin plus rifampin should be added to the
antimicrobial regimen.

(4) Vancomycin or a quinolone must be included in the antimicro-
bial regimen when penicillin-resistant S. pneumoniae is suspected
and adding rifampin should be considered. Linezolid or dalfo-
pristin/quinupristin are appropriate alternatives to vancomycin unless
meningitis is present.

b. Immunosuppressed patients with severe sepsis and community-
acquired pneumonia. When community-acquired pneumonia is the source
of sepsis in immunocompromised hosts, invasive diagnostic testing (bron-
choscopy or open lung biopsy) should be considered to detect opportunis-
tic pathogens such as mycobacteria, fungi, parasites, and Nocardia. When
medical circumstances prevent invasive diagnostic testing, expanded empiric
antimicrobial therapy to cover for opportunistic pathogens must be based on
clinical judgment.
(1) Trimethoprim-sulfamethoxazole should be added to regimens de-

scribed section IV.2.a for patients with HIV.
(2) Trimethoprim-sulfamethoxazole (unless PCP or Nocardia are

unlikely) + a regimen described in section IV.2.a that includes,
specifically, those agents with antipseudomonal activity (e.g.,
cefepime, piperacillin/tazobactam) for organ transplant recipi-
ents and patients receiving chronic or high dose corticosteroid
therapy.

(3) Neutropenic patients should receive antimicrobial therapy as de-
scribed for sepsis of unknown source (see section IV.1) provided the
regimen selected includes adequate coverage for S. pneumoniae
(e.g., antipseudomonal β-lactams, imipenem, or meropenem
for PCN-susceptible isolates; levofloxacin, vancomycin, dal-
fopristin/quinupristin, or linezolid ± rifampin for PCN-
resistant isolates) and Legionella pneumophila (a quinolone
or a macrolide). A common contaminant in respiratory secretions,
Aspergillus detected in sputum from neutropenic hosts justifies including
amphotericin B empirically in the antimicrobial regimen based on the
premise that this patient population is at extremely high risk for invasive
aspergillosis.

c. Patients with severe sepsis, structural lung disease, and community-
acquired pneumonia. Patients with structural lung disease such as cys-
tic fibrosis are at increased risk for infection involving multidrug-resistant
pathogens. Suitable regimens include the following.
(1) Antimicrobial regimens as detailed in section IV.2.b.(2) for im-

munosuppressed patients.
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(2) Vancomycin or linezolid or dalfopristin-quinupristin should be in-
cluded for patients with cystic fibrosis to cover S. aureus pending suscep-
tibility testing results or unless staphylococci are unlikely.

d. Patients with severe sepsis and lung abscess and postobstructive or
aspiration pneumonia. Lung abscesses, postobstructive pneumonia, and as-
piration pneumonia typically involve polymicrobial flora, including oral anaer-
obes. Recommended antimicrobial therapy includes the following.
(1) Regimens described in section IV.2.a or IV.2.b, based on the patient’s

immune status, provided the selected regimen includes adequate
coverage for anaerobes.

(2) Regimens containing β-lacatm/β-lactamase inhibitor combinations,
imipenem, or meropenem provide sufficient anaerobic coverage. Er-
tapenem provides anaerobic coverage similar to the other carbapenems
but, unlike imipenem and meropenem, lacks adequate activity against cer-
tain multidrug-resistant gram-negative aerobes, including P. aeruginosa.

(3) Clindamycin or metronidazole should be added to those regimens lack-
ing sufficient anaerobic coverage.

e. Patients with severe sepsis and ventilator-associated or nosocomial
pneumonia. Nosocomial pneumonia is the most common infection among pa-
tients in intensive care units. Traditional diagnostic methods, including chest
radiographs and respiratory secretion cultures, are suboptimal. Up to 50%
of cases are polymicrobial; Enterobacter species, Klebsiella species, P. aerugi-
nosa, and S. aureus are the major pathogens [121]. Appropriate antimicrobial
therapy includes the following.
(1) Antibiotic regimens described in section IV.1 for sepsis of un-

known source.
f. Nursing home patients with severe sepsis and pneumonia. S. pneu-

moniae is the most common bacterial cause of pneumonia in nursing home
patients, but aerobic gram-negative pathogens, including P. aeruginosa, are
commonly encountered. Empiric treatment in these cases includes the follow-
ing.
(1) Extended-spectrum cephalosporin (e.g., cefepime) + clindamycin.
(2) Piperacillin-tazobactam or carbapenem (e.g., imipenem or

meropenem).
3. Abdominal and pelvic infections. Serious abdominal and pelvic infections

associated with severe sepsis typically involve polymicrobial flora, most no-
tably enteric gram-negative aerobes, enterococci, and anaerobes. Arguably, in a
limited number of clinical situations, when P. aeruginosa and enterococci are
unlikely, monotherapy using imipenem, meropenem, ampicillin/sulbactam, or
piperacillin/tazobactam might be considered adequate; combination therapy, how-
ever, is recommended in most cases. Recommended combination therapy includes
the following.
a. Ampicillin + gentamicin or tobramycin + metronidazole or clin-

damycin if multidrug-resistant pathogens are unlikely.
b. Ampicillin/sulbactam + gentamicin if multidrug-resistant pathogens are

unlikely.
c. Piperacillin/tazobactam or imipenem + gentamicin or tobramycin if

multidrug-resistant pathogens are suspected. Neutropenic patients should
receive combination regimens that provide double coverage for P. aeruginosa.
For patients with serious β-lactam allergy, treatment options are less clearly
defined but might reasonably include the following.

d. Ciprofloxacin (or other quinolone if P. aeruginosa is unlikely) + amino-
glycoside or aztreonam (if P. aeruginosa is likely) + metronidazole +
enterococcal coverage.

Note: Enterococci, intrinsically resistant to cephalosporins, are particularly
relevant in sepsis associated with intraabdominal or pelvic infections. Cell-
wall active agents (penicillins, imipenem, vancomycin) are only bacte-
ricidal in synergistic combination with aminoglycosides. For life-threatening
enterococcal infections, bactericidal combinations including an aminoglycoside
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are recommended despite potential for nephrotoxicity or ototoxicity. Strepto-
mycin may be an alternative for synergy against enterococci that are highly
resistant to gentamicin. Serious infections involving enterococci resistant
to both gentamicin and streptomycin should be treated aggressively with
alternative antibiotics in lieu of aminoglycoside synergy. Ampicillin is the
drug of choice for treating penicillin-susceptible strains, but piperacillin or
imipenem provide adequate coverage in regimens recommended above. En-
terococci are resistant to ticarcillin (with or without clavulanate), naf-
cillin, and oxacillin. Imipenem is the only carbapenem reliably active against
ampicillin-susceptible enterococci. Meropenem and ertapenem are not reliably
active against enterococci. Vancomycin and linezolid are alternatives for treat-
ing ampicillin-resistant enterococci or as alternative agents in patients with
β-lactam allergy. Linezolid and dalfopristin/quinupristin are options for treat-
ing vancomycin-resistant Enterococcus faecium. Linezolid is active against
E. faecalis and E. faecium; dalfopristin/quinupristin is active against E. fae-
cium but not E. faecalis.

4. Urinary tract infection. Urinary tract obstruction (e.g., calculi, prostatism,
congenital abnormalities; functional obstruction associated with neu-
rogenic bladder) is the major intrinsic risk factor for developing overwhelming
sepsis associated with urinary tract infections. Major extrinsic risk factors include
urinary tract instrumentation and indwelling Foley catheters. In addition to ap-
propriate antimicrobial therapy, adjunct treatment includes removal of catheter
or obstruction and surgical drainage of abscesses (e.g., prostate). Urosepsis is
usually caused by gram-negative aerobes. Therapeutic options for treating septic
patients due to urinary tract infections include the following.
a. Third-generation cephalosporin + aminoglycoside.
b. Aztreonam or quinolones are suitable alternatives for patients with β-

lactam allergies.
c. Antipseudomonal β-lactam, aztreonam, imipenem or meropenem +

aminoglycoside or quinolone are recommended when P. aeruginosa or
other multidrug-resistant gram-negative aerobes are suspected (e.g., noso-
comial or catheter-associated urinary tract infection).

d. Enterococcal coverage should be included when urine Gram stain shows
streptococci. Suitable regimens when enterococci are suspected include the
following.

(1) Regimens, preferably synergistic combinations, as described in
section IV.3.

e. Antifungal coverage should be added if Candida species are likely. Can-
dida species are being identified with increased frequency in severe hospital-
acquired urinary tract infections. Clinical suspicions of systemic candidi-
asis can be corroborated expediently with urinalysis or urine Gram stain
and antifungal treatment implemented pending urine and blood culture
results.
(1) Amphotericin B should be used in life-threatening fungal infections

pending culture results.
(2) Fluconazole may be appropriate if candidiasis is caused by Candida

albicans or related species with known susceptibility to azoles.
5. Skin and soft tissue infections. Staphylococcal and streptococcal toxic shock

syndrome associated with cellulitis, wound, and necrotizing soft tissue infections
are well described. Necrotizing soft tissue infections (e.g., cellulitis, fasciitis,
myositis) caused by Clostridium perfringens or Clostridium septicum are charac-
terized by rapid development of pain, erythema, swelling, foul-smelling drainage,
gas formation, and marked systemic toxicity. Clostridial infections may be difficult
to distinguish from mixed synergistic necrotizing infections involving other anaer-
obes (e.g., Bacteroides species and Peptostreptococcus species) in combination
with nongroup A streptococci and aerobic gram-negative bacteria (see Chapter 4).
Treatment includes emergent surgical debridement and broad-spectrum antibi-
otics. Antimicrobial therapy may be modified based on intraoperative Gram stain
and culture results.
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a. Toxic shock syndrome associated with soft tissue infections typically
involves S. aureus or S. pyogenes. Appropriate antibiotic regimens include the
following.
(1) Nafcillin or oxacillin, appropriate for treating infections caused by

methicillin-susceptible S. aureus, also covers most nonenterococcal strep-
tococci.

(2) Vancomycin should be used in place of antistaphylococcal penicillins
if methicillin-resistant S. aureus or coagulase-negative staphylococci are
suspected.

(3) Clindamycin should be added, particularly if Streptococcus is suspected,
based on the premise that, in addition to inhibiting bacterial growth, it
suppresses bacterial exotoxin production. Neutralization of toxins using
intravenous immunoglobulin (IVIG) appears to provide additional clinical
benefit in patients with streptococcal toxic shock syndrome.

b. Other necrotizing soft tissue infections typically involve polymicrobial
flora as described above. Suitable antibiotic regimens include the following.
(1) Ampicillin-sulbactam + aminoglycoside if multidrug-resistant path-

ogens are unlikely.
(2) Piperacillin-tazobactam or imipenem or meropenem + aminogly-

coside if multidrug-resistant pathogens are likely.
(3) Vancomycin or linezolid or quinupristin-dalfopristin should be

added if methicillin-resistant S. aureus or coagulase-negative staphylo-
cocci are suspected.

c. Unique causes of severe sepsis associated with soft tissue infections
warrant consideration in special circumstances.
(1) Vibrio vulnificus and Aeromonas hydrophila, particularly in patients

with underlying liver disease, cause fulminant infections associated with
bacteremia, cutaneous lesions, and septic shock. Bacterial invasion occurs
via wounds or penetrating injury during salt-water exposure. Vibrio sepsis
associated with raw shellfish consumption has been reported in patients
with underlying liver disease. Appropriate antimicrobial regimens in these
settings include the following.
(a) Quinolone or third-generation cephalosporin.
(b) Doxycycline if V. vulnificus is documented.

(2) Capnocytophagia canimorsus can cause fulminant sepsis after dog bite
injuries, most notably in asplenic individuals or those with underlying
chronic liver disease. Peripheral blood Gram stain, in such cases, may
reveal gram-negative bacilli within neutrophils and is considered diag-
nostic in the appropriate clinical setting. This gram-negative anaerobe,
part of the normal oral flora in canines, is resistant to aminoglycosides
and trimethoprim-sulfamethoxazole. Quinolones or β-lactams provide
suitable antimicrobial therapy for infections caused by this pathogen.

6. Intravascular catheter infections. Infected intravascular catheters cause as
many as 150,000 bloodstream infections annually with associated mortality rates
of 10% to 20%. Risk factors for intravascular catheter-related bloodstream in-
fections include longer duration of line placement, underlying acute leukemia,
AIDS, and IL-2 therapy. Staphylococci cause most line-related infections. On the
other hand, line-related infections are the most common cause of S. aureus bac-
teremia in hospitalized patients. Gram-negative bacteria (e.g., Enterobacter, Pseu-
domonas, Acinetobacter) and Candida species also commonly cause intravascular
catheter-associated infections, especially after prior broad-spectrum antimicro-
bial therapy. Central venous catheters should be removed from patients with
severe sepsis who have no obvious source of infection. Persistent fever and bac-
teremia after intravascular catheter removal warrant evaluation for endocardi-
tis, septic thrombophlebitis, or metastatic foci of infection. Pending blood and
catheter-tip cultures, appropriate antibiotic regimens include the following.
a. Vancomycin + aminoglycoside or extended-spectrum cephalosporin

(e.g., cefepime, ceftazadime) or aztreonam (if β-lactam allergy docu-
mented).
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b. Rifampin should be considered for patients with intravascular or life-
threatening staphylococcal infections, especially when accompanied by per-
sistent bacteremia.

c. Persistent bacteremia justifies multidrug combinations for prolonged
periods, as described for endocarditis in Chapter 12.

B. Supportive care. Effective treatment for patients with sepsis requires resuscita-
tion, supportive care, and monitoring. The first priority in the management of septic
patients is to assess airway, respiration, and perfusion, implementing appropriate
supportive measures as needed. Unstable acutely ill patients should be monitored
closely in an intensive care setting.
1. Airway. Intubation, for airway protection, may be required when sepsis is com-

plicated by encephalopathy and depressed level of consciousness.
2. Oxygenation. All patients with sepsis should receive supplemental oxygen.

Baseline arterial blood gases should be obtained and oxygenation monitored using
continuous pulse oximetry.

3. Perfusion. Sepsis-associated hypotension results from plasma volume loss into
interstitial spaces, decreased vascular tone causing maldistribution of blood
flow, and myocardial depression limiting compensatory increases in cardiac out-
put. Intravenous fluids, packed red blood cells, and vasopressors are adminis-
tered based on intravascular volume, cardiac status, and severity of shock. A
detailed discussion of hemodynamic support measures is beyond the scope of
this text. The SCCM recently published practice guidelines for hemodynamic
support of adult patients with sepsis [122] that can be summarized briefly as
follows.
a. Fluid resuscitation. Fluid resuscitation represents the best initial therapy

for treatment of hypotension in sepsis. Isotonic crystalloid solutions (e.g., 0.9%
sodium chloride [normal saline], lactated Ringer solution) or iso-oncotic
colloid solutions (e.g., albumin, dextrans, hydroxy ethyl starch, plasma
protein fraction, gelatins) and packed red blood cells can be used for in-
travascular volume repletion. Crystalloid and colloid solutions are equally ef-
fective when titrated to the same hemodynamic end points [122].

b. Vasopressor therapy. Vasopressor therapy should be implemented in pa-
tients with clinical signs of septic shock unresponsive to aggressive empiric
fluid challenge. Dopamine is considered the first-line agent for increasing blood
pressure. Pulmonary artery catheterization is useful to guide therapy. Details
regarding specific vasopressor selection, indications, contraindications, mon-
itoring, dosage, and administration are included in the practice guidelines
published by the SCCM [122].

c. Inotropic therapy. Patients with sepsis-associated myocardial dysfunction
may benefit from inotropic therapy as detailed in guidelines published by the
SCCM [122].

d. Transfusion therapy. Hemoglobin concentrations should be maintained
above 8 to 10 g/dL. Higher hemoglobin concentrations may be desirable in pa-
tients with low cardiac output, mixed venous oxygenation desaturation, lactic
acidosis, widened gastric-arterial PCO2 gradients, or coronary artery disease
[122].

4. Nutritional support. Optimal nutritional support is vital for maintaining im-
mune function and appears beneficial for both preventing and treating sepsis.
Early enteral nutrition appears to enhance gut function and deter bacterial
translocation. Immunonutritional therapy is discussed in section V.

5. Control of infection source. Antimicrobial therapy, at times, may not eradicate
infection unless the source is removed. Physical measures to eradicate ongoing
infectious sources may include (a) changing or removing intravascular or urinary
tract catheters; (b) changing or removing VP shunts or other implanted CNS
devices; (c) removing or replacing intravascular grafts; (d) removing prosthetic
heart valves, pacemakers, or defibrillator implants; (e) removing prosthetic joints
or internal fixation devices; (f) draining abscesses or other infected fluid collections
(percutaneously or surgically); (g) debriding infected tissues; and (h) removing
obstructions that prevent normal drainage or emptying function.
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V. Immunomodulatory Interventions
Immunomodulatory interventions are attractive potential strategies for the treatment
of life-threatening inflammatory responses associated with infection. Recent clinical
research, focused on reducing sepsis-associated mortality by way of modulating im-
mune response during sepsis, has identified several promising agents or interven-
tions that warrant consideration presently or if clinical trials corroborate efficacy. Im-
munomodulatory therapies, for convenience, can be roughly grouped into categories
[123], recognizing there is overlap that reflects the complex nature of the SIRS called
sepsis.
A. Nonspecific interventions. A number of potential nonspecific immunomodulatory

therapies involve innovative application of conventional treatments used for diseases
other than sepsis.
1. Steroids. Corticosteroid therapy, proposed as early as 1940 for treating patients

with severe sepsis or septic shock [124], has been debated for decades. Despite
initial enthusiasm engendered by anecdotal reports and early clinical trials, data
from well-designed prospective studies published in 1987 showed no overall out-
come benefit from empiric high-dose steroid therapy implemented early in septic
shock [125,126]. Subsequent meta-analyses confirmed that brief high-dose cor-
ticosteroid treatment were ineffective [127] or possibly harmful [128]. A recent
retrospective report examining prognostic factors in 80 critically ill adults with
pneumococcal meningitis suggested that corticosteroids, as adjunct to appropri-
ate antimicrobial therapy, might improve clinical outcome in patients with life-
threatening meningitis [129]. Current evidence suggests that septic shock causes
relative adrenal insufficiency [130]. Recent clinical trials, based on this premise,
suggest that lower doses of glucocorticoids administered over longer periods (5–
14 days) have beneficial hemodynamic effects and improve survival in patients
with septic shock [131–133]. Presently, there are neither speculative nor corrobo-
rating guidelines for using corticosteroid therapy in the treatment of septic shock.

2. Pentoxifylline. Pentoxifylline, a phosphodiesterase inhibitor, licensed by the
U.S. Food and Drug Administration (FDA) for the treatment of intermittent clau-
dication in patients with atherosclerotic peripheral vascular disease, has multiple
effects on the inflammatory cascade, including TNF and NO production. There
is an increasing number of reports in the medical literature describing beneficial
effects from pentoxifylline in a number of clinical syndromes such as cerebral
malaria [134], acute alcoholic hepatitis [135], and postoperative organ dysfunc-
tion [136]. Small clinical trials investigating pentoxifylline effects in sepsis and
ARDS, however, have not produced reliable evidence that its use improves out-
come [137,138].

3. Hemofiltration. Hemofiltration, the principal underlying continuous renal re-
placement therapy, is effective at removing molecular weight compounds in
ranges that include putative mediators of sepsis. Favorable outcome trends have
been reported in limited clinical trials using hemofiltration as adjunct treatment
in patients with septic shock [139], but as yet there have been no controlled clin-
ical trials to corroborate efficacy in general. Barring more convincing evidence, it
is doubtful that hemofiltration for the nonspecific removal of inflammatory me-
diators will prove widely applicable for treating septic shock [140]. Polymyxin B
effectively binds to lipopolysaccharide and, when bound to polystyrene fibers in
dialysis filters, creates a system that removes endotoxin during hemofiltration.
Limited clinical reports using such a system in the treatment of patients with
septic shock are encouraging [123].

B. Antimodulator interventions. Treatment interventions aimed at influencing spe-
cific mediators of the systemic inflammatory response include those that effect co-
agulation, cytokine, and eicosanoid cascades or modulate the production of oxygen
free radicals and nitrous oxide. Although a complete review of all antimodulator
therapies is beyond the scope of this text, FDA-approved drugs and a select number
of other agents merit discussion.
1. APC, a natural endogenous anticoagulant, interrupts several pathways in sepsis

and decreases morbidity and mortality in some patients with severe sepsis. [141].
APC inhibits thrombin generation by proteolytic inactivation of clotting factors
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Va and VIIIa. Although generally not viewed as antiinflammatory agents, recent
scrutiny suggests that some anticoagulant strategies affect inflammatory path-
ways distinct from the coagulation system. Three anticoagulant strategies tested
in patients with sepsis that have drawn attention include antithrombin [142],
tissue-factor-pathway inhibitor [143], and APC. Presently APC is the only agent in
this class licensed by the FDA for use in patients with severe sepsis. A recent large,
randomized, placebo-controlled, double-blind, international, multicenter study
reported on the safety and efficacy of rhAPC (drotrecogin alpha [activated]) in
1,690 patients with severe sepsis and organ failure [144]. In two decades of failed
sepsis treatment trials, this is the first investigation to demonstrate a positive ef-
fect on 28-day all-cause mortality. The only safety concern identified in the trial in-
volved an increased incidence of serious bleeding in the rhAPC-treated group, in-
cluding fatal intracranial hemorrhage in two patients. Differences in the incidence
of serious bleeding were limited to the infusion period only, after which the inci-
dence was similar in the rhAPC and placebo groups. In the study by Bernard et al.
[144], rhAPC (drotrecogin alpha [activated]) administration was associated with
reduced plasma D-dimer and serum IL-6 levels, evidence that the treatment di-
minishes the procoagulant effects of sepsis and attenuates the inflammatory cas-
cade. In late November 2001, the FDA approved drotrecogin alpha for use in pa-
tients with severe sepsis and organ failure. However, physicians should recognize
that currently the reported drotrecogin alpha success story is limited to patients
meeting very specific inclusion criteria for severe sepsis, including evidence of
end-organ dysfunction with shock, acidosis, oliguria, or hypoxemia (see Table 2.3).
Furthermore, physicians should note the very important exclusion criteria used
in this landmark clinical trial. Most notably, the study excluded patients at in-
creased bleeding risk, including those with chronic renal failure requiring dialy-
sis, chronic liver disease, recent surgery, organ-transplant recipients, thrombocy-
topenia (<30,000), and aspirin therapy. The study also excluded patients under
18 years of age. Unless further trials show benefit in these other groups, rhAPC
(drotrecogin alpha) should not be given to patients with clinical signs of mild to
moderate sepsis without evidence of end-organ damage, in those with increased
bleeding risk, or individuals younger than 18 years old (Table 2.3) [145,146].
Guidelines for utilization of drotrecogin alpha are summarized in Table 2.4. Cur-
rently, there are no published clinical studies evaluating rhAPC efficacy beyond
the 28-day mortality figures reported by Bernard et al. The predicted cost for
drotrecogin alpha therapy at current recommended doses is $8,000 to $10,000.

2. Anti-TNF therapy. Therapies directed aimed at modulating TNF proinflamma-
tory effects offered promise in early studies [147,148]. Subsequent large clinical
trials found no beneficial effects on outcome in patients treated with anti-TNF
monoclonal antibody or soluble TNF receptor preparations [123]. Infliximab, a
humanized monoclonal against TNF-α, is licensed for use in the United States
and elsewhere for the treatment of rheumatoid arthritis and Crohn disease. Re-
cent reports identifying increased rates of tuberculosis in patients treated with
infliximab suggests that TNF may play an important role in protecting against
certain infections [149].

3. PAF antagonist therapy. Clinical trials involving PAF antagonists have not
demonstrated reduced mortality rates in patients with sepsis [123]. Preliminary
studies using recombinant PAF acetylhydrolase report promising results; con-
firmatory clinical data from a large multicenter clinical trial are, presently, not
available.

4. Antioxidant therapy. Antioxidant therapy using N-acetyl cysteine, an agent
that restores cellular antioxidant capacity, showed some promise in early studies.
However, subsequent clinical trials have yielded conflicting results [123]. Sele-
nium supplementation may be beneficial effects on renal function and outcome
in patients with SIRS, but currently data are from pilot studies and require cor-
roboration in larger clinical trials [150].

5. NO inhibition therapy. NOS blockade has mixed hemodynamic effects, in-
creasing blood pressure and systemic and pulmonary vascular resistance while
lowering the cardiac output. Methylene blue, more selective in its modulatory
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Table 2.3. Recommended Indications and Contraindications for Treating Severe Sepsis
with Recombinant Human-Activated Protein C (Drotrecogin Alpha [Activated])

Infection criteria • Known infection or
• Suspected infection (one or more of the following):

WBC in normally sterile body fluid
Perforated viscus
CXR evidence of pneumonia + purulent sputum
Syndromes with high risk for infection

SIRS criteria (modified) At least 3/4 of the following:
• Core temperature ≥38◦C or ≤36◦C
• Heart rate ≥90
• Respiratory rate ≥20 or PaCO2 ≤32
• Mechanical ventilation for acute respiratory process
• WBC ≥12,000 or ≤4,000 or >10% immature neutrophils

Organ dysfunction criteria One or more of the following:
• SBP ≤90 or MAP ≤70 (for ≥1 hr despite adequate volume

resuscitation or vasopressor support)
• Urine output ≤0.5 mL/kg/hr (for ≥1 hr despite adequate

volume resuscitation)
• PaO2/FiO2 ≤250 + other organ dysfunction or <200 alone
• Platelets <80,000 or 50% decrease over 3 days
• Metabolic acidosis: pH ≤7.30 or base deficit ≥5 mmol/L +

plasma lactate >1.5 × normal
Contraindications Clinical situations with increased bleeding risk:

• Active internal bleeding
• Hemorrhagic stroke within 3 mo
• Intracranial-intraspinal surgery within 2 mo
• Severe head trauma within 2 mo
• Trauma with increased risk of life-threatening bleeding
• Epidural catheter
• Intracranial neoplasm
• Intracranial mass lesion
• Evidence of cerebral herniation
• Known hypersensitivity to drotrecogin or components

WBC, white blood cell count; CXR, chest x-ray; SBP, systolic blood pressure; MAP, mean arterial pressure.

effects on NO activity, has been used in small uncontrolled studies and appears to
have beneficial hemodynamic effects. These effects were transient in earlier stud-
ies using short-term infusions of methylene blue. A more recent pilot study found
that continuously infused methylene blue, in a small number of patients with
septic shock, counteracted myocardial depression, maintained oxygen transport,
and reduced adrenergic support requirements when compared with conventional
treatment alone [151]. Larger trials are needed to delineate efficacy and safety of
this antioxidant therapy.

C. Immunostimulation therapies. Immunostimulation therapies include treat-
ment regimens directed toward enhancing immune function and recovery during
sepsis.
1. Immunonutrition involving specific nutrients such as arginine, glutamine, and

omega-3 fatty acids influences nutritional, immunologic, and inflammatory pa-
rameters in critically ill patients. It is unclear whether these observed nutritional
effects translate into improved clinical outcomes. Treatment effects may vary
with patient populations, specific nutritional formulations, and study methodol-
ogy. In trials to date, immunonutrition has not clearly reduced mortality, and in
one published study a certain enteral formulation was associated with increased
mortality [152]. However, overall, arginine-enriched formulas may decrease
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Table 2.4. Recombinant Human-Activated Protein C (Drotrecogin Alpha
[Activated]) Guidelines

Administration • Initiate within 24 h onset of severe sepsis
• 24 µg/kg/h × 96 h
• No known antidote for overdose
• Stop immediately if clinically significant bleeding develops

Surgery and • Stop infusion 2 h before surgery or invasive
invasive procedures procedure

• Restart 12 h after achieving adequate hemostasis
• Restart immediately after uncomplicated less invasive

procedures
Pregnancy and • Pregnancy category C—effects on fetus unknown

lactation • Effects on reproductive capacity unknown
• Concentration in breast milk unknown

Pediatric use • Safety and efficacy in children not established
Geriatric use • Safety and efficacy same as for younger adults
Hepatic dysfunction • No dosage adjustment based on liver dysfunction alone
Renal dysfunction • No dosage adjustment based on renal dysfunction alone

• Use in end-stage disease not established
Drug interactions • Formal studies not conducted

• Caution advised when combined with drugs affecting
hemostasis

Warnings • Ischemic stroke within 3 mo
• Intracranial AV malformation or aneurysm
• GI bleeding within 6 weeks
• Chronic severe liver disease
• Known bleeding diathesis
• Concurrent therapeutic heparin (≥15 units/kg/h)
• Platelet count <30,000 (even if increased posttransfusion)
• Antiplatelet drugs within 7 days (e.g., ASA >650 mg q.d.)
• Thrombolytic therapy within 3 days
• Oral anticoagulants or glycoprotein IIb/IIIa inhibitors
• PT INR >3.0
• Any condition with significant bleeding hazard
• Bleeding hazard in location difficult to manage

Guidelines based on information current at the time of writing. Check for postmarketing updates regard-
ing safety, indications, contraindications, and dosing recommendations.
AV, arteriovenous; GI, gastrointestinal; ASA, aspirin; PT, prothrombin time; INR, international normal-
ized ratio.

infectious complication rates and length of intensive care unit stay in critically
ill patients [153]. Hopefully, further research will identify immunonutrition for-
mulations that are safe and efficacious and define patient subsets that clearly
benefit from such intervention.

2. CSFs, in addition to stimulating proliferation, enhance neutrophil antimicrobial
function. Currently, recombinant human G-CSF (filgrastim) and GM-CSF (sar-
gramostim) are available commercially for clinical use in the United States. The
availability of these two CSFs and the finding that they enhance neutrophil an-
timicrobial function kindled interest in exploring their efficacy as adjunct therapy
for treating bacterial and fungal infections in nonneutropenic hosts (Table 2.1)
[154]. Clinical trials of G-CSF for treating nonneutropenic patients with sepsis
have yielded conflicting results [123]. As with many other potential therapeutic
modalities, the heterogeneous nature of sepsis as a syndrome and nonspecific na-
ture of terminology contribute to inconsistent data regarding the use of G-CSF
for improving outcomes in patients with sepsis.
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D. IVIG should be administered routinely when treating septic patients with under-
lying immunoglobulin deficiencies. IVIG has been used as in patients without doc-
umented immunoglobulin deficiency, based on the premise that this immunomodu-
latory therapy improves host defense. In certain countries, despite a lack of clinical
efficacy data, IVIG is used regularly for treating patients with severe sepsis. To
date, well-designed, large, randomized clinical trials have not been undertaken to
support the use of IVIG as routine adjunct therapy in the treatment of severe sepsis.
Results from a recent small nonblinded study showed that IVIG reduced mortality
(67% untreated vs. 34% treated, p = 0.02) in patients with streptococcal toxic
shock syndrome [155]. A recent meta-analysis involving a limited number of pa-
tients suggested that IVIG may be beneficial for treating sepsis and septic shock
[156]. Pending further data to support its routine use for treating patients with se-
vere sepsis or septic shock, IVIG is currently recommended for treating sepsis in
patients with underlying immunoglobulin deficiency syndromes and streptococcal
toxic shock syndrome.

E. Antitoxin interventions. Many components of invading microorganisms are ca-
pable of triggering the systemic inflammatory response. Antitoxin interventions in-
clude therapeutic agents or modalities directed at blocking or neutralizing or remov-
ing pathogen factors that trigger or sustain ongoing SIRS.
1. Antiendotoxin therapy. Antiendotoxin strategies have been studied exten-

sively over the past two decades [157]. Several antiendotoxin monoclonal antibody
preparations have been used in large clinical trials with disappointing results. At-
tributing earlier clinical trial “failures” to inconsistent terminology and related
sepsis trial designs, the most recent large clinical trial using E5 murine mono-
clonal antiendotoxin was tailored to eliminate trial design problems identified in
earlier studies. The study involved more than 1,000 patients with gram-negative
sepsis and concluded the antiendotoxin therapy tested had no effect or an ef-
fect too small to be detected using standard approaches to sepsis trial design and
sample size [158]. Lacking definitive proof of efficacy, the future for antiendotoxin
therapy is questionable, despite a frustrating tendency to show beneficial effect
in post-hoc analyses from large clinical trials.

2. Bactericidal/permeability-increasing protein (BPI) is a 55-kDa protein con-
stituent of human neutrophil azurophilic granules with selective activity against
gram-negative bacteria. BPI belongs to a family of proteins of lipid and endo-
toxin binding proteins. Although BPI has a high affinity for the highly conserved
lipid A portion of the lipopolysaccharide shared by all gram-negative bacteria,
antibacterial activity depends on the envelope structure of a particular pathogen,
which determines accessibility. BPI antibacterial action mechanisms are unclear
but appear related to outer membrane perturbation followed by inner membrane
disruption through a number of sequential interactions [159]. Cathelicidin and
defensin proteins appear to enhance the early effects of BPI on bacteria, includ-
ing growth inhibition and phospholipid hydrolysis activation. Later bactericidal
effects, accelerated by complement membrane attack complex and phospholipid
hydrolysis, require BPI penetration to the bacterial inner membrane. Although
predominantly an intracellular antibacterial agent, during inflammation neu-
trophils also release BPI into the extracellular environment. In the search for
novel antiinfectives, a recombinant amino-terminal BPI fragment (rBPI21) was
developed as potential treatment for gram-negative sepsis. In phase II and a
limited number of phase III clinical trials, rBPI21 appears to be nontoxic and
nonimmunogenic and has shown some therapeutic benefit in humans [160].

VI. Prevention
Despite an increasing armamentarium of antimicrobial agents and remarkable
technologic advances in critical care medicine, mortality rates for sepsis remain
disturbingly high, de facto, due to lack of specific interventions and reliable diagnostic
assays. Although molecular research is discovering intriguing details regarding
cytokine gene polymorphisms associated with severe sepsis, clinical applicability for
disease prevention is presently uncertain [161]. Sepsis prevention should be a major pri-
ority for all health care providers and institutions. Handwashing, barrier precautions,
use of antibiotic-impregnated catheters, and other infection control measures reduce
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risk for nosocomial infections. Rotating empiric antibiotic therapy is associated with
declines in antimicrobial resistance and holds promise for reducing infectious mortality,
particularly in intensive care unit settings [162].
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3. NEONATAL SEPSIS AND INFECTIONS

George K. Siberry and Mark C. Steinhoff

The frequency and severity of bacterial infections are greater in the newborn period than
at any time thereafter. The newborn often does not manifest the classic clinical signs of
infection usually observed in children and adults. Moreover, the maturing physiology of the
newborn requires that drug therapy be carefully individualized. This chapter is designed to
help practitioners manage infectious diseases in these especially vulnerable patients.

I. Background. Infection and disease caused by bacteria and viruses are not uncommon
in newborn infants (Table 3.1). Systemic bacterial infection occurs in fewer than 1%
of newborns, and viral disease may occur in 6% to 8% of all neonates [1]. The rate
of septicemia is 3.5 per 1,000 full-term infants [2]. Among full-term infants evaluated
for suspected bacterial infection, only 2.2% have culture or clinical evidence of bacterial
infection [3]. Nosocomial bacterial infection has been reported in 2% to 25% of newborns
in intensive care nurseries [4]. The mortality rate of neonates from infections
varies among nurseries but has been reported as 15% to 50% for early-onset
sepsis and 10% to 20% for late-onset sepsis. The mortality rate is higher still
among premature infants. Thus, even in this antibiotic era, the rates of morbidity
and mortality from neonatal infections are extraordinarily high. Some of the reasons
for the higher incidence and increased severity of neonatal infections are examined in
the following sections.
A. Definitions

1. Fetus: from eighth week of gestation to birth.
2. Neonate: birth to 28 days of age.
3. Infant: 1 month to 1 year.
4. Early-onset neonatal infection: occurs within the first 7 days of life and usually

is caused by organisms acquired during the intrauterine or intrapartum stages.
5. Late-onset neonatal infection: occurs after 7 days and frequently results from

postpartum (often nosocomial) colonization.
B. Perinatal environments. Infections may be caused by pathogenic organisms ac-

quired before, during, or after birth. In passing from intrauterine to indepen-
dent existence, the newborn is exposed to and becomes colonized with many micr-
organisms.
1. Intrauterine. The fetus develops in a sterile ecosphere, protected from mater-

nal microorganisms by the placenta and the amniotic membranes. Intrauterine
infection can result from:
a. Transplacental passage of pathogens with placentitis, as seen in viral

infection (e.g., rubella, cytomegalovirus [CMV], herpes simplex virus [HSV],
hepatitis, human immunodeficiency virus [HIV], mumps), bacterial infec-
tions (e.g., syphilis, tuberculosis, Listeria, and Salmonella infections), and
protozoal infections (e.g., toxoplasmosis and malaria).

b. Infection that ascends through the cervix, causing amnionitis.
2. Intrapartum. During normal delivery, the sterility of the amniotic space is lost

when the membranes rupture. As the neonate passes through the birth canal, he
or she is newly colonized with the wide variety of organisms resident in the ma-
ternal cervicovaginal canal. Common organisms include streptococci, Escherichia
coli, and other aerobic and anaerobic enteric bacteria. The neonate also may be
exposed to Chlamydia, Neisseria gonorrhoeae, HSV, HIV, and CMV if the mother
is infected.

3. Postpartum. In the postpartum period, the neonate is in contact first with the
hospital nursery and then with the household. If ill, the newborn will be exposed
to a large number of staff as well as devices used for respiratory and metabolic
support, all of which increase the likelihood of infection. Organisms that may
spread in the nursery include enteroviruses, HSV, respiratory syncytial virus
(RSV), and parainfluenza viruses.

II. Ontogeny of the immune system. In addition to movement from one environment to
another, the newborn also progresses from one level of immune function to another. The

67
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Table 3.1. Frequency of Perinatal Infections Due to Selected Microorganisms

Mother Fetus Neonate
(per 1,000 (Intrauterine per (Intrapartum per

Microorganism Pregnancies) 1,000 Live Births) 1,000 Live Births)

Cytomegalovirus
During pregnancy 16–130 5–15 —
At delivery 110–280 — 50–100

Hepatitis Ba 1–2 acute Rare 0.1–0.3
5–15 chronic

Chlamydia 40–50 — 10–60 (conjunctivitis)
3–10 (pneumonia)

Rubella
Epidemic 20–40 4–30 0
Interepidemic 0.1–1.0 — 0.2

Toxoplasma gondii 1.5–6.4 1.3–7.0 0
Herpes simplex 1–10 Rare 0.1–0.5
Hepatitis Cb 0–43 Unknown Unknown

(incomplete data)
Human immuno- 1.6c

deficiency virus
Treponema pallidum 0.2 0.13d 0
Group B streptococcus 50–250 — 0.6e–1.4 f

Escherichia coli Common — 0.6 f

Data not specifically footnoted were modified and updated from Remington JS, Klein JO. Infectious dis-
eases of the fetus and newborn infant. Philadelphia: WB Saunders, 1976.
aData from International Federation of Gynecology and Obstetrics. Hepatitis in pregnancy. ACOG Tech-
nical Bulletin No. 174, November 1992. Int J Gynecol Obstet 1993;42:189.
bData from Silverman NS et al. Hepatitis C virus in pregnancy: seroprevalence and risk factors for
infection. Am J Obstet Gynecol 1993;169:583.
cData from Pizzo PA, Wilfert CM, eds. Pediatric AIDS, 3rd ed. Baltimore: Williams & Wilkins, 1998;3–11.
dData from Congenital syphilis—United States, 2000. MMWR 2001;50:573–577.
eData from Schrag SJ et al. Group B streptococcal disease in the era of intrapartum antibiotic prophylaxis.
N Engl J Med 2000;342:15–20.
f Data from Schuchat A et al. Risk factors and opportunities for prevention of early-onset neonatal sepsis:
a multicenter case-control study. Pediatrics 2000;105:21–26.

fetus may be viewed as a compromised host in a protected, sterile environment. Simi-
larly, the newborn is a less compromised host whose immune function matures rapidly
while in contact with the normal environment [5]. Because of the unique environment
and the maturing immunocompetence of the neonate, the microorganisms that cause
disease are different from those seen later in childhood or in adults.
A. B-lymphocytes are present by the 10th week of gestation. Antibody production

is noted by the 20th week. Virtually all the immunoglobulin G (IgG) present at
birth has been passively transferred from the maternal circulation. This transfer oc-
curs predominantly between 32 weeks’ gestation and birth; consequently, premature
newborns have lower levels of IgG than do full-term infants. The half-life of this ma-
ternally derived IgG is approximately 25 days; the nadir is reached at 2 to 4 months,
before the child’s own production increases. Infants have a diminished antibody re-
sponse to the polysaccharide antigens of the encapsulated bacteria (Streptococcus
pneumoniae, Haemophilus influenzae, and Neisseria meningitidis). These are not
common causes of neonatal disease, probably because of specific antibody acquired
from the mother.

B. T-lymphocytes. There is little information about the early development of T-
lymphocytes. Homograft rejection is present by the fifth month of gestation. T-cell
function probably is intact at birth but may not be fully effective because the non-
specific inflammatory response is deficient in newborns.
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C. Leukocytes are present early in gestation: granulocytes at 2 months, lymphocytes
at 3 months, and monocytes at 4 to 5 months. Leukocyte bactericidal function prob-
ably is normal at birth, but there is abnormal chemotaxis and probably deficient
phagocytosis.

D. Humoral factors. Complement is synthesized and present early in gestation but,
at birth, serum C1q, C2, C3, C4, C5, factor B, and total hemolytic levels are
low. The opsonic and chemotactic activities of the sera of premature and term
neonates are decreased when compared with adult sera.

E. Passive immunity
1. Transplacental transport of maternal IgG provides some protection against

the following microorganisms (if the mother has antibodies): Streptococcus pneu-
moniae, other Streptococcus species, Staphylococcus species, Haemophilus in-
fluenzae, and common (by natural infection or immunization) viral agents (en-
teroviruses, measles, rubella, chickenpox). Usually, little protection is transferred
against enteric gram-negative organisms.

2. Breast milk is rich in secretory IgA directed against respiratory and en-
teric microorganisms. It also contains active T- and B-lymphocytes, leukocytes,
macrophages, and nonspecific inhibitors of bacterial and viral replication.

PHARMACOLOGY AND USE OF ANTIBIOTICS IN NEONATES
In addition to changes in immune function, the newborn also experiences rapid physio-
logic changes that are important in terms of drug dosage. In the practice of pediatrics,
all drugs are administered on the basis of surface area or weight until the child
reaches adult size.

I. Pharmacology
A. Route of administration. Absorption of an oral drug may be affected by the

initial decreased gastric acidity of newborns and by the decreased intestinal
motility of premature infants. The vasomotor instability of neonates makes the
subcutaneous and intramuscular routes unreliable. For these and other reasons,
antibiotics for severe neonatal infections should be administered intra-
venously.

B. Antibiotic distribution in infants is unique because of the rapid changes in body
composition and compartments that occur after birth.
1. The extracellular fluid (ECF) compartment comprises up to 50% of total body

weight in neonates and decreases to 25% by 1 year and to 20% in adulthood.
Because the ECF compartment comprises such a high percentage of the
neonate’s total body weight, the volume of distribution of some drugs,
such as the aminoglycosides, is increased, requiring larger doses relative
to weight.

2. Serum albumin is quantitatively and qualitatively different in neonates relative
to adults, being lower in concentration and showing less affinity for the penicillins.
In neonates, albumin is important as a binder of bilirubin. Drugs that displace
bilirubin from albumin (sulfonamides and selected cephalosporins) must be used
with care to avoid kernicterus [6,7].

C. Antibiotic metabolism in the newborn is different from that in adults and chil-
dren and changes rapidly in the first week of life.
1. Hepatic. Some hepatic enzyme systems are not fully developed at birth, and

drugs rendered inactive by those systems must be administered in lower doses.
Because of the decreased glucuronidation of chloramphenicol, newborns require
less frequent and lower doses to avoid the gray baby syndrome.

2. Renal. Renal blood flow, glomerular filtration, and tubular function are dimin-
ished.
a. The glomerular filtration rate is only 30% of adult levels, and this increases

the half-life of the aminoglycosides and chloramphenicol.
b. Tubular secretion is decreased to 20% of adult levels. Thus, the half-life of

the penicillin family is lengthened.
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II. Some principles of antibiotic use
A. Dosages. Table 3.2 gives recommended dosages for selected antibiotics after con-

sideration of body mass and physiologic maturity. Note that drug amounts are
listed per dose, not per day.
1. Aminoglycosides. Because of wide individual variation in the excretion of the

aminoglycosides, their prolonged use (>5 days) should be guided by serum levels
to prevent development of toxic or ineffectual levels (see Chapter 27). Some ex-
perts recommend higher doses with longer intervals to attain high-normal peaks
and normal troughs.

2. Chloramphenicol doses should be guided by serum levels (see section B.3).
B. Adverse reactions

1. Penicillins. The penicillin group of drugs is safe in neonates and infants. IgE-
mediated immediate reactions are rare, even in children born to allergic mothers.
Methicillin-induced renal toxicity has been reported but is rare in neonates.

2. Aminoglycosides. The older agents (kanamycin and gentamicin) are safe when
used as recommended. Experience with amikacin and tobramycin reveals no acute
toxicity in newborns when used in recommended doses and when serum levels
are monitored.

3. Chloramphenicol is well documented as the cause of the gray baby syndrome
in neonates. It should be used only when less toxic drugs will not suffice, and
serum levels should be monitored. Careful observation for early signs of gray
baby syndrome (vomiting, abdominal distention, diarrhea, poor sucking, and res-
piratory distress) should be undertaken with complete blood counts (CBCs) and
platelet counts at least twice weekly to detect hematologic abnormalities. (See
Chapter 27.)

C. Special limitations of use of antibiotics in neonates
1. Sulfonamides have only bacteriostatic effects on bacteria. They can cause ker-

nicterus by their competition with unconjugated bilirubin for albumin binding
sites. Because of this and the availability of other drugs, there is no current in-
dication for sulfonamides in neonates except for treatment of toxoplasmosis
and Pneumocystis carinii pneumonia (PCP).

2. Tetracyclines are bacteriostatic and have considerable toxicity. They bind to
bone and teeth by chelation with calcium, causing decreased bone growth and
permanent discoloration of teeth. The use of this group of drugs should be
avoided from the second trimester of gestation to the eighth year of life.

3. Cephalosporins. The first-generation (e.g., cephalothin and cefazolin) and most
second-generation agents (e.g., cefuroxime and cefoxitin) do not adequately pen-
etrate the cerebrospinal fluid (CSF). The third-generation cephalosporins (cefo-
taxime and ceftriaxone) penetrate the CSF well and are active against many
gram-negative bacilli. These agents are discussed in detail in Chapter 27. Cef-
triaxone should be avoided in the first 4 weeks of life because it affects
bilirubin-albumin binding and may increase the risk of bilirubin en-
cephalopathy in jaundiced neonates [6,8]; therefore, cefotaxime is pre-
ferred in the neonate [9,10].

4. Nafcillin should not be used in premature or very young infants because
its excretion is predominantly by hepatic mechanisms, which may be deficient.

III. Antibiotic use in the pregnant or lactating woman (see Chapter 27)
A. Placental transfer of antibiotics. As a general rule, pregnant women should

avoid all unnecessary drugs because of the risk of fetal toxicity. Sulfonamides
given to mothers late in pregnancy have caused kernicterus or hemolytic anemia
in infants deficient in glucose-6-phosphate dehydrogenase (G6PD). Similarly, tetra-
cycline has caused dental deformities and discoloration. Of the aminoglycosides,
streptomycin used during pregnancy has been associated with eighth nerve dys-
function in neonates. The documented fetal toxicity of these antibiotics warrants
careful evaluation of their use in pregnancy [11].

B. Antibiotics in breast milk. There are limited data on nursing neonates regarding
adverse effects associated with antibiotics administered to their mothers [11,12].
Nevertheless, nursing mothers should avoid all unnecessary drugs. In order to min-
imize infant exposure to necessary drugs, mothers should generally take their drugs
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immediately after breast-feeding. Short-acting instead of long-acting drug prepara-
tions are preferred for lactating women. An important consideration is the total daily
“dose” a nursing baby would receive; in many cases, this dose is not toxicologically
significant.

Few drugs are absolutely contraindicated in breast-feeding (bromocriptine,
cyclophosphamide, cyclosporine, doxorubicin, dextroamphetamine, ergotamine,
lithium, methotrexate, phenindione, all drugs of abuse). For many drugs, however,
there are case reports of adverse effects or theoretical adverse effects on the infant
that warrant caution and consideration of temporary suspension of breast-feeding.
Examples of such antibacterial drugs include chloramphenicol, ciprofloxacin and
other quinolones, doxycycline and other tetracyclines, metronidazole, and sulfon-
amides (although trimethoprim-sulfamethoxazole is categorized as compatible with
breast-feeding by the American Academy of Pediatrics [AAP]). The reader is referred
to references 11 and 12 for a complete review of available data and concerns of drugs
with breast-feeding.

NEONATAL SEPSIS (SEPSIS NEONATORUM)
I. Bacteriology. The most common organisms causing neonatal sepsis and meningitis in

the United States have changed over the decades. In the 1940’s, the group A streptococci
and, in the 1950’s, the staphylococci (especially phage group I) were prominent. Since
the early 1960’s, Escherichia coli and, currently, the group B streptococci have been the
major causative bacteria [1,2]. The prevalent pathogenic organisms in a single nursery
change with time and may not be similar to organisms found on other wards. It is
valuable to be aware of the most common pathogens in one’s own nursery as well as of
their antibiotic susceptibilities.
A. E. coli is one of the maternal enteric organisms that colonize the gastrointestinal

(GI) tract of the newborn, and can invade the blood and meninges (see section on
Neonatal Meningitis).

B. Group B streptococci have become the most common cause of bacteremia
and sepsis in many nurseries [13].
1. Acquisition of group B streptococci. The organisms can be acquired intra-

partum from the maternal cervix or vagina and colonize the skin and upper res-
piratory and GI tracts of the neonate. Colonization rates among pregnant women
range from 5% to 40% depending on the population and culture technique. Of
infants born to colonized mothers, 40% to 75% are themselves colonized,
but only 1% to 2% will develop early-onset disease. The infants are colonized
with the strains borne by their mothers. The presence of specific maternal anti-
body appears to protect the infant from early-onset sepsis. Determining the most
efficacious and cost-effective time to screen for group B streptococcal colonization
has been hampered by lack of sensitive and specific rapid diagnostic techniques,
poor adherence to prenatal care, and the intermittent nature of maternal group
B streptococcal colonization. Prevention guidelines [14] from the Centers for
Disease Control, American Academy of Pediatrics, and American College of Ob-
stetrics and Gynecology recommend either screening by rectovaginal culture
for group B streptococci carriage at 35 to 37 weeks’ gestation followed by intra-
partum prophylaxis with intravenous penicillin for all carriers, or no screening
but prophylaxis based on defined risk factors (Figs. 3.1 through 3.3). No economic
analysis of this strategy is available, but analyses of similar prevention strategies
have demonstrated cost savings [15].

2. Syndromes caused by group B streptococci
a. Early-onset disease occurs in the first 5 to 7 days of life, often as over-

whelming sepsis with apnea and shock [16,17]. This devastating presentation
frequently is associated with obstetric complications and prematurity. The pul-
monary manifestations may be difficult to differentiate clinically or radiologi-
cally from the respiratory distress syndrome. Meningitis occurs in 15% to 30%
of cases. Mortality rates of 50% in the 1960’s and 1970’s have declined to 10% to
20% with early aggressive management. Recurrences occur in approximately
3% of cases.
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3. Neonatal Sepsis and Infections 73

FIG. 3.1 Prevention strategy for early-onset group B streptococcus disease using prenatal
culture screening at 35 to 37 weeks of gestation.

b. Late-onset disease occurs after 7 days of age (to 4 months of age) and usually
presents as sepsis, meningitis, or another localized infection.

C. Listeria monocytogenes is a gram-positive rod that may cause congenital disease
resulting in abortion or stillbirth. It is likely that peripartum colonization leads, in
some neonates, to early- or late-onset disease [18].
1. Early-onset disease appears in the first week of life, often in premature infants,

with pneumonia, shock, and salmon-colored dermal papules. Assisted ventilation
often is required, and the mortality rate may reach 50%.

FIG. 3.2 Prevention strategy for early-onset group B streptococcus disease using risk factors
without prenatal culture screening.
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74 3. Neonatal Sepsis and Infections

FIG. 3.3 Empiric management of neonate born to a mother who received intrapartum antimi-
crobial prophylaxis (IAP) for prevention of early-onset group B streptococcus disease. This
algorithm is suggested but is not an exclusive approach of management. ∗Includes CBC and
differential, blood culture, and chest radiograph if respiratory symptoms. A lumbar puncture
is performed at the discretion of the physician. †Duration of therapy will vary depending on
results of blood culture and CSF findings (if obtained), as well as on the clinical course of
the infant. If laboratory results and clinical course are unremarkable, duration may be as
short as 48 to 72 hours. ‡, applies to penicillin or ampicillin chemoprophylaxis; §, CBC and
differential, blood culture. ||Does not allow early discharge.

2. Late-onset disease often presents as meningitis in full-term infants. In some
cases, the CSF is characterized by a lymphocytosis rather than polymorphonu-
clear leukocytes; however, this is unusual [19]. Therapy with ampicillin, alone
or with gentamicin, results in a lower mortality rate than that associated with
early-onset disease.

D. Anaerobes cause approximately 10% to 25% of all neonatal bacteremias [20], al-
though only a portion of affected neonates will be septic. However, the clinical mani-
festations of neonatal anaerobic bacteremia are indistinguishable from other causes
of neonatal sepsis. Therefore, anaerobic cultures using special media should be
performed routinely in neonates with suspected sepsis, especially when aer-
obic cultures have been negative.

E. Miscellaneous. Many other bacteria rarely cause neonatal sepsis and meningi-
tis. Most frequent among these are group D streptococci, Haemophilus influenzae
(commonly nontypeable), and enteric gram-negative organisms. In high-risk new-
borns, Staphylococcus epidermidis is a common cause of vascular catheter-associated
bacteremia.

F. Nonbacterial causes of sepsis syndrome. HSV and enteroviruses can present
with a clinical picture similar to bacterial sepsis in the newborn (see section IV
under Selected Specific Infections in the Newborn, and Disseminated Intrauterine
Infections). Noninfectious diseases such as inborn errors of metabolism and congen-
ital heart disease must also be included in the differential diagnosis of these infants.

II. Clinical features. The signs and symptoms of neonatal sepsis are often subtle and
may be noted only by close observers such as the mother or nurse. A high level of
suspicion must be maintained for the possibility of neonatal sepsis. Meningitis is a
common complication.
A. Factors associated with neonatal sepsis are listed in Table 3.3. When any of

these factors is present, at least a CBC and blood culture should be performed.
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Table 3.3. Factors Associated with Neonatal Sepsis

Source or Cause Remarks

Early-onset sepsis
Maternal perinatal infection Fever, pyuria, and foul amniotic fluid

are signs of maternal infection.
Prolonged rupture of the membranes Variably defined as >12, 18, or 24 h.
Prolonged labor, difficult delivery Meconium staining may reflect stress

and hypoxia of infant.
Prematurity and low birth weight Rate of septicemia is inversely correlated

with birth weight and gestational age.a
Low Apgar score, resuscitation Hypoxia, hypoperfusion, aspiration, and

intubation are all associated with septicemia.
Late-onset sepsis

Congenital anomalies Meningomyelocele, sinus tracts, and
the like provide routes for infection.

Prolonged intensive care nursery Increased risk of nosocomial infection.
admission

Procedures or manipulations Fetal monitoring electrodes, umbilical
vein or artery catheters, chest tubes,
arterial cannulas, and such provide
routes and sites for infection.

Gender Male infants are more likely to become
septic than are female infants.

aData from Buetow KC, Klein SW, Lane RB. Septicemia in premature infants. Am J Dis Child 1965;
110:20.

Most neonates with suspected sepsis are started empirically on antibiotics after
appropriate laboratory studies have been performed. In some cases, the infant may
simply be observed for further signs of illness before antibiotics are started.

B. Symptoms and signs in neonatal sepsis are shown in Table 3.4.
III. Diagnosis. The clinician must suspect sepsis with the report of any of the signs

listed in Table 3.4. A history and physical examination will provide further information
[21,22].
A. Samples of blood, urine, and CSF [23] must be obtained, examined, and cultured.

Body surface cultures (ear canal, nasopharynx, axilla, umbilicus, groin, and gastric
aspirate) are of limited value [24], except with HSV disease.

B. Laboratory tests may be useful in making the diagnosis.
1. Peripheral white blood cell (WBC) count (Table 3.5). Many infected in-

fants, particularly premature infants, exhibit leukopenia rather than leukocy-
tosis. Leukopenia should heighten concern about possible infection, although it
is nonspecific. Birth asphyxia, pregnancy-induced hypertension, prematurity, low
birth weight, and other conditions also may cause a low WBC count [25]. Various
hematologic scoring systems have been studied, including the ratio of immature to
total neutrophils, but these scoring systems are imperfect predictors of sepsis [26].

2. Latex agglutination (LA) is not routinely recommended in the diagnosis
of group B streptococcal sepsis.

3. Other tests, when used individually, are unreliable indicators of neonatal sep-
sis. These include the erythrocyte sedimentation rate, nitroblue tetrazolium test,
and levels of C-reactive protein, haptoglobin, interleukin-6, and procalcitonin. A
combination of a complete leukocyte count, microerythrocyte sedimentation rate,
and C-reactive protein level may be more accurate than any single test. Serial
normal C-reactive protein levels over the first 1 to 3 days may be the best marker
of absence of sepsis [4].

C. Presumptive therapy. Ultimately, the clinical condition of the baby should de-
termine whether presumptive therapy is begun. Because neonatal sepsis often
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Table 3.4. Symptoms and Signs of Neonatal Sepsis

Approximate
Signs and Symptoms Percentage of Cases

Temperature
Hyperthermia 50
Hypothermia 15

Pulmonary
Dyspnea 20
Periodic breathing or apnea 20
Cyanosis 25

Cardiovascular (tachycardia, bradycardia, 25
hypotension, shock)

Gastrointestinal
Anorexia 30
Vomiting 20
Abdominal distention 20
Diarrhea 10

Hepatic
Hepatomegaly 30–50
Jaundice 30

Hematologic (bleeding diathesis) 2–10
CNS
Lethargy 35
Irritability or jitteriness (or both) 15
Seizure 15

Asymptomatic 6–9

Data from Buetow KC, Klein SW, Lane RB. Septicemia in premature infants. Am J Dis Child
1965;110:29. Gluck L, Wood HF, Fousek MD. Septicemia of the newborn. Pediatr Clin North Am
1966;13:1131; McCracken GH Jr, Shinefield HR. Changes in the pattern of neonatal septicemia
and meningitis. Am J Dis Child 1966;112:33; and Nyhan WL, Fousek MD. Septicemia of the
newborn. Pediatrics 1958;22:268.

progresses rapidly and is associated with a high mortality rate, early pre-
sumptive therapy must be instituted when this diagnosis is suspected, as
soon as cultures are obtained. Many infants are treated for minimal indications,
and only a few will prove to have sepsis. In one report [27], 6.5% of 1,551 infants
in two nurseries were treated with antibiotics for presumed sepsis, but only 6% of
those treated had positive blood cultures. Rapid early treatment is essential, even
though it is recognized that many patients may be treated unnecessarily.

Table 3.5. Range of White Blood Cell Counts (×1,000/mm3) and Ratios for Normal Infants
of all Weights and Gestational Ages

Age Total Neutrophils Immature (Band) Neutrophils

Birth 1.8–6.0 0–1.1
12 h 7.8–14.5 0–1.4
1 day 7.2–12.6 0–1.3
2 days 3.6–8.1 0–0.8
5 days 1.8–5.4 0–0.5
28 days 1.8–5.4 0–0.5

Adapted from Manroe BL et al. The neonatal blood count in health and disease I. Reference values for
neutrophilic cells. J Pediatr 1979;95:89, with permission.
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Table 3.6. Suggested Initial Empiric Antibiotic Therapy of Neonatal Infections

Clinical Syndrome Suggested Therapy

Early-onset sepsis, meningitis Ampicillin and either gentamicin or cefotaxime
Late-onset sepsis, meningitis Ampicillin (or vancomycin) and cefotaxime
Early-onset pneumonia Ampicillin and either gentamicin or cefotaxime
Catheter sepsis Vancomycin and cefotaxime
Necrotizing enterocolitis Ampicillin (or vancomycin), gentamicin, and clindamycin

IV. Therapy (Table 3.6)
A. Antibiotics

1. Early-onset disease. Therapy must be directed against group B streptococci,
other gram-positive cocci including enterococci, gram-negative enteric organisms,
and Listeria. Intravenous ampicillin and either an aminoglycoside (the
choice based on local susceptibility patterns) or cefotaxime intramuscularly or
intravenously should be used initially. Culture results will guide more specific
therapy [10,28,29].

2. Late-onset disease is caused by the same organisms listed for early-onset dis-
ease, plus hospital-acquired staphylococci and gram-negative organisms. Ampi-
cillin and either an aminoglycoside or cefotaxime are most often used
parenterally for initial therapy. If methicillin-resistant staphylococci are epidemi-
ologically important in the neonatal intensive care population, vancomycin and
a third-generation cephalosporin should be used until culture and sensi-
tivity results are available.

3. Duration of therapy. Specific management must be individualized, taking into
consideration maternal antibiotic therapy prepartum and intrapartum, quality
of culture specimens, culture results, and the overall clinical course. In some
instances, infants are treated empirically in the face of negative cultures.
a. If initial cultures are negative and the infant is asymptomatic, most clini-

cians would stop antibiotic therapy after 3 days and observe closely.
b. If initial blood cultures are positive and meningitis is not present, most

authorities recommend a 10-day course of treatment, based on susceptibility
data.

4. Anaerobic infection, resistant bacterial infection, viral infection (especially HSV),
fungal infection and noninfectious disorders should be suspected in any infant not
doing well on the recommended initial therapy.

B. Ancillary care is of equal importance and usually requires an intensive care
nursery.
1. Vital signs, including blood pressure and blood gases, should be monitored.
2. Ventilatory support often is required because of hypoxia and hypercapnia.
3. Fluid and electrolytes must be monitored closely, because acidosis, hypo-

glycemia, and electrolyte imbalances are common in the ill neonate.
4. Red blood cell transfusions may be necessary to improve intravascular volume

and oxygen-carrying capacity.
5. Other blood products such as white cells, intravenous immunoglobulin (IVIG),

and fresh frozen plasma have all been used as adjuncts to antibiotic therapy [30].
IVIG has not been consistently effective or beneficial as prophylaxis in prema-
ture neonates or as adjunctive therapy for septic neonates, and is not routinely
recommended [31–33]. Fresh frozen plasma should be used for infants with dis-
seminated intravascular coagulation (DIC) and has been advocated to improve
the diminished serum complement and opsonic activity of neonates. The data on
the efficacy of granulocyte transfusions in neonates is mixed and incomplete, and
their use varies by center.

NEONATAL MENINGITIS
I. Clinical features. The presenting features of meningitis in the neonate may not

be different from those listed for sepsis (see Table 3.4). In some series, convulsions,
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Table 3.7. Composition of Normal Cerebrospinal Fluid in Newborns

Total WBC/mm3 ANC Glucose (mg/dL) Protein (mg/dL)

Age Mean Range Mean Range Mean Range Mean Range

Premature 9.0 0–29 NR NR 50 24–63 115 65–150
newborn

Full-term 8.2 0–22 NR NR 52 34–119 90 20–170
newborn

0–4 wk 11.0 0–50 0.40 0–7.5 46 36–61 84 35–189
4–8 wk 7.1 0–50 0.18 0–2.1 46 29–62 59 19–121

WBC, white blood cell; ANC, absolute neutrophil count; NR, not reported.
Adapted from Bonadio WA. The cerebrospinal fluid: physiologic aspects and alterations associated with
bacterial meningitis. Pediatr Infect Dis J 1992;11:423, with permission.

irritability, or lethargy were more prominent. Only rarely will an infant with meningi-
tis exhibit a bulging fontanelle or nuchal rigidity.

II. Diagnosis. Samples of blood, CSF, and urine should be obtained, examined, and cul-
tured. The tests listed in section III under Neonatal Sepsis may be useful, especially
detection of antigen by counter immunoelectrophoresis (CIE) or the latex agglutination
(LA) test. Table 3.7 lists normal values for CSF analysis in newborns.

III. Bacteriology. E. coli and group B streptococci cause up to 70% of neonatal meningitis,
with Listeria monocytogenes accounting for another 5%. Eighty percent of all E. coli
meningitides are due to organisms carrying the K1 polysaccharide capsular antigen.
Approximately 30% of all newborn babies are colonized with K1 strains, and the rate
of meningitis is estimated to be 1 of every 100 colonized infants. Carriage of K1 strains
has been demonstrated in a high percentage of nursery personnel, so infants may be
colonized postnatally as well. The severity of disease and the presence of sequelae have
a positive correlation with the presence and concentration of the K1 antigen in the CSF.
Other pathogens known to cause meningitis include other “typical” bacteria (Staphy-
lococcus aureus, S. epidermidis, Citrobacter diversus [34]), mycobacteria (tuberculosis),
syphilis, viral infections (HSV, CMV, enteroviruses), toxoplasmosis, Candida species,
and noninfectious causes (hemorrhage, malignancy).

IV. Therapy
A. Antibiotics

1. Initial therapy. Parenteral ampicillin and either an aminoglycoside or
cefotaxime should be used. The highest doses indicated in Table 3.2
should be administered because of the limited penetration of some of these
antibiotics into the CSF. If gram-negative bacilli are seen on CSF Gram stain,
some experts would use ampicillin with both an aminoglycoside and cefotaxime
pending culture results [35–37].

2. Group B streptococci (suspected or proved). Usual regimens include ce-
fotaxime alone or a combination of penicillin or ampicillin with gen-
tamicin for a total of 14 to 21 days. Because of the relative resistance of
group B streptococci to penicillin and reports of relapse after therapy, the recom-
mended doses of penicillin have been raised. Aqueous penicillin should be given at
450,000 units/kg/day (see Table 3.2). If combination therapy is initiated and CSF
sterilization is documented at 24 to 48 hours, gentamicin can be discontinued and
therapy completed with penicillin or ampicillin alone. Some experts recommend
repeat CSF examinations at 24 to 48 hours into therapy to document steriliza-
tion and again at the completion of therapy to document decrease in CSF protein
(<200 mg/dL) and neutrophils (<20%–30%) [4].

3. Listeria monocytogenes should be treated with parenteral ampicillin or peni-
cillin. The duration of therapy is as recommended for group B streptococci (see
section 2). Some experts add a parenteral aminoglycoside (e.g., gentamicin) for
synergy.
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4. Enteric gram-negative bacteria are more difficult to eradicate from the CSF
than gram-positive bacteria, in part because of the low levels of aminoglycosides
achieved therein. Several routes of antibiotic administration have been studied,
including the intralumbar and intraventricular routes. Controlled trials have
shown either no additional benefit over the intravenous route or detrimental ef-
fects [38], and appropriate parenteral antibiotics remain the standard of care.
a. Third-generation cephalosporins. Cefotaxime appears useful and safe in

infants [9,10,29]. It achieves good CSF levels and has broad activity against
gram-negative enteric bacteria. However, this third-generation agent is not ac-
tive against Pseudomonas species, enterococci, or L. monocytogenes and does
not have optimum activity against most staphylococci. Ceftriaxone, although
similar to cefotaxime in its spectrum of activity, affects bilirubin-albumin
binding and may increase the risk of bilirubin encephalopathy in jaundiced
neonates; therefore, it should be avoided if possible [6,8]. Ceftazidime has a
spectrum of activity similar to that of cefotaxime, with the added benefit of
antipseudomonal activity. It may be used in the setting where Pseudomonas
is a suspected pathogen.

b. Aminoglycosides remain important in the management of meningitis, par-
ticularly with penicillin-tolerant strains of group B streptococci and enteric
gram-negative organisms. They are used together with another antibiotic, usu-
ally a β-lactam.

c. Chloramphenicol has been used in patients with susceptible bacteria, but
this is not an ideal agent. Serum levels must be carefully monitored in neonates
to avoid toxicity. Furthermore, chloramphenicol is usually bacteriostatic rather
than bactericidal against gram-negative bacilli.

d. Recommendation. Because of the difficulties and controversies involved in
treating enteric gram-negative bacilli meningitis, we suggest an infectious
disease consultation. Combination therapy with cefotaxime or cef-
tazidime plus gentamicin is recommended once a gram-negative or-
ganism is diagnosed by CSF gram stain or culture, pending final iden-
tification and susceptibilities. A third-generation cephalosporin alone can
be used for susceptibile E. coli or Klebsiella species. For Pseudomonas species
and most other gram-negative bacteria, combination therapy with a β-lactam
and an aminoglycoside is used for the entire course; choice of specific agents is
guided by isolate susceptibilities and adequacy of CSF penetration (see Chap-
ter 27).

In general, repeat lumbar punctures are performed at 48 to 72 hours to
document sterilization of the CSF, and therapy is continued for 14 days after
sterilization or for a total of 21 days. Many experts recommend neuroimaging
for cases of meningitis caused by gram-negative bacilli.

B. Ancillary care (see section IV.B under Neonatal Sepsis). It is particularly impor-
tant to monitor free water intake to avoid the hyponatremia due to inappropriate
secretion of antidiuretic hormone associated with meningitis. Above all, support
of blood pressure and perfusion must be optimized. Corticosteroids have not been
studied in the neonate and are not recommended (see Chapter 6). Other important
evaluations after recovery from acute meningitis include hearing screens and careful
neurodevelopmental follow-up.

SELECTED SPECIFIC INFECTIONS IN THE NEWBORN
I. Ophthalmia neonatorum, or conjunctivitis in an infant under 4 weeks of age

usually is caused by organisms acquired in the birth canal [39]. Chlamydia trachoma-
tis, staphylococci, gonococci, streptococci, and viruses including HSV are all docu-
mented as etiologic agents of this disease. Prophylaxis is mandated in most of the
United States. Silver nitrate drops 1% (Crede solution), tetracycline, or erythromycin
ointment have efficacy against gonococcal conjunctivitis. One of these three products
should be applied to the neonate’s eyes within an hour of birth. The silver nitrate
solution may cause an early, nonpurulent discharge that should resolve within 24 to
48 hours. Conjunctivitis due to Neisseria gonorrhoeae and other gram-negative organ-
isms requires appropriate parenteral antibiotics. Ophthalmia caused by staphylococci
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and gonococci often is of earlier onset than conjunctivitis caused by C. trachomatis or
adenovirus. The approach to and therapy for this problem are discussed further in
Chapter 7 (section IV under Conjunctivitis). The conjunctival discharge is infec-
tious, so handwashing control measures are important to prevent spread to
attendants and other patients in the nursery.

II. Upper respiratory tract infections. Otitis media is common in infants with cleft
palate and not uncommon in normal infants in the first month of life. This infection
may present in isolated fashion or as part of a generalized septicemia. A full review
of this topic is available [40]. (See also Chapter 8.)
A. Bacteriology. Published reports implicate gram-negative organisms such as

E.coli and Klebsiella species, as well as S. aureus, Haemophilus species, and strep-
tococci.

B. Diagnosis is based on the finding of a gray or red tympanic membrane with de-
creased mobility. Tympanocentesis should be attempted to confirm the diagnosis
and to direct therapy, because sepsis or meningitis may be a consequence of inap-
propriate therapy. A full sepsis workup should be performed for all ill-appearing
infants. If a tympanocentesis is not performed, close follow-up must be assured to
evaluate for possible treatment failures.

C. Therapy. Initial therapy is controversial. We advocate tympanocentesis fol-
lowed by parenteral ampicillin and either an aminoglycoside or a third-generation
cephalosporin for all neonates with otitis media, until culture results are avail-
able. Others suggest that outpatient amoxicillin therapy in a well-appearing older
neonate is safe and sufficient initial therapy. Treatment should continue for 7 to
10 days or longer if purulent tympanic abnormalities persist (see Table 3.2 for
doses).

III. Lower respiratory tract infections in neonates can be classified as congenital,
intrapartum, or postnatal, depending on when the pathogen was acquired. Rales,
decreased breath sounds, and percussion dullness may be difficult to detect in the
neonate. The finding of respiratory distress should lead to chest radiography,
which is the most useful tool in confirming or ruling out pneumonia. A CBC
and blood culture also should be performed.
A. Congenital pneumonia usually is part of a transplacental infection. Rubella,

CMV, HSV, congenital syphilis, and Toxoplasma gondii can all cause this type of
pneumonia.
1. Clinical features. Infants with transplacental congenital pneumonia are often

small for gestational age and bear the other stigmata of their infection. (See the
discussion under Disseminated Intrauterine Infections.)

2. Therapy. There is no therapy for rubella infection. Clinical trials are underway
to assess the possible role of ganciclovir in congenital CMV infections. The pneu-
monias associated with toxoplasmosis, congenital syphilis, and herpes virus
should be treated as discussed under Disseminated Intrauterine Infections.

B. Intrapartum pneumonia is due to the aspiration of maternal cervicovaginal
organisms or of infected amniotic fluid and is manifested at birth or shortly there-
after.
1. Clinical presentation. Babies with bacterial pneumonia may present as as-

phyxiated newborns with fulminant disease. Group B streptococci may cause
devastating early-onset sepsis with pneumonia and respiratory distress.

2. Cultures. Cultures of blood and culture and Gram stain of respiratory secre-
tions should be obtained. The latter is best obtained by tracheal aspiration
under direct vision with a laryngoscope. If a pleural effusion is present, needle
aspiration should be performed for diagnostic studies.

3. Therapy. Intrapartum pneumonia should be treated with parenteral ampi-
cillin and either an aminoglycoside or cefotaxime for 10 days. If group B strep-
tococci are suspected, the higher dose of ampicillin in Table 3.2 should be
doubled.

C. Postpartum pneumonia often is nosocomial in origin, the infant acquiring an
organism from the nursery attendants or equipment.
1. Etiology. Of particular concern are hospital-acquired staphylococcal and gram-

negative bacterial pneumonias. RSV, parainfluenza viruses, and influenza
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viruses are all common causes of postnatally acquired pneumonia. Because
these agents often cause respiratory tract disease that cannot, with certainty,
be clinically distinguished from bacterial disease, antibiotic therapy is usually
initiated in lower respiratory tract disease of acute onset in the first month of
life.

2. Clinical features. These neonates present with the development of respiratory
distress: cyanosis, tachypnea, cough, apnea, expiratory grunting, nasal flaring,
and subcostal and sternal retractions.

3. Cultures should be performed as discussed under section B.2. Viral cultures
also should be obtained from the skin, rectum, conjunctiva, throat, and na-
sopharynx. Viral antigen detection tests are available for many respiratory
viruses.

4. Therapy. Postpartum pneumonia should be treated initially with broad-
spectrum parenteral antibiotics (e.g., cefotaxime and an aminoglycoside) (Ta-
ble 3.6). If the organism is either staphylococcus or a gram-negative organ-
ism, therapy with the appropriate antibiotic should continue for 3 weeks.
Ribavirin is not routinely recommended for the treatment of RSV infection;
monthly palivizumab or RSV-IVIG can prevent severe disease and is indicated
for selected infants during respiratory season. Amantadine, rimantidine, and
the neuraminidase inhibitors have not been approved for treatment of influenza
in newborns.

D. Chlamydial pneumonitis is a clinically distinct syndrome in infants infected
intrapartum. Of those neonates who are exposed, 10% to 20% develop pneumonitis
(Table 3.1).
1. Clinical features. Symptoms usually become apparent at 4 to 12 weeks of age.

Half of the infants have a history of conjunctivitis. There is a gradual worsening
of cough, which may occur in staccato paroxysms that result in cyanosis. There
is no whoop, and fever is rare. Inspiratory crepitations and abnormal tympanic
membranes are common features found on physical examination. Radiographs
show patchy alveolar infiltrates and hyperinflation. Many affected infants have
eosinophilia of more than 400/mm3 [41,42]. Infants may excrete C. trachomatis
for up to 2 years [43].

2. Diagnosis is suggested by the history and clinical features. Swabs of conjunc-
tivae and nasopharynx can be submitted for chlamydia culture and antigen
detection tests for diagnostic confirmation.

3. Therapy of conjunctivitis or pneumonia is with systemic antibiotics.
Regimens include 2 weeks of erythromycin 40 to 50 mg/kg/day, or sulfisoxazole
150 mg/kg/day [44]. Erythromycin therapy has been associated with pyloric
stenosis; azithromycin at 20 mg/kg daily for 3 days may be an effective alterna-
tive [45].

E. Ureaplasma urealyticum and Mycoplasma hominis have been associated
with pneumonia in the newborn. Colonization rates of up to 80% have been esti-
mated among pregnant women; 15% to 30% of their newborns are surface-colonized
at birth. The presence of these organisms in the placenta has been associated with
chorioamnionitis, spontaneous abortion, prematurity, and congenital pneumonia.
High antibody levels to U. urealyticum have been found in infants with respiratory
disease and chronic lung disease [46,47].
1. Clinical features are not unique in pneumonia caused by these organisms.
2. Diagnosis. Because of high colonization rates, these pathogens should be con-

sidered when pneumonia is diagnosed. Isolation of these organisms requires
special media.

3. Therapy. Erythromycin has been recommended for treatment of U. urealyticum
cases [48], but no efficacy data for this agent are available.

IV. GI infections
A. Diarrheal disease is more prevalent in infancy and childhood than at any later

period; this may be due to the diminished immunocompetence previously men-
tioned. Local antimicrobial factors such as gastric pH, peristalsis, and secretory
IgA are also altered and may contribute to increased susceptibility. Breast milk
probably compensates for some of the deficiencies of local immunity, but only a
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fraction of neonates receive it. Enteric pathogens may be acquired orally, either
intrapartum or postpartum.
1. Etiology. It is possible that a proportion of neonatal diarrheal disease is not

infectious in origin, being due instead to changes in the composition and volume
of the diet or to changes in bowel function. Of the infectious diarrheas, rotavirus
is the most frequent; Salmonella and Shigella species and E. coli account for
some of the remainder [49]. Campylobacter enteritis has occurred in neonates
(see Chapter 13). Clostridium difficile rarely causes disease in neonates, because
C. difficile is part of the normal neonatal flora, recovery of this organism or
detection of its toxin in neonates does not indicate C. difficile disease. It is likely
that other agents exist that are not yet identified.

2. Evaluation. A fresh stool smear should be examined for leukocytes by methy-
lene blue staining to determine whether an invasive organism is responsible. Fe-
cal leukocytes are often present in diarrhea caused by Salmonella and Shigella
species or invasive E. coli, whereas they are usually absent in toxicogenic bac-
terial or viral disease. (For further discussion, see Chapter 13.) Fresh stools
should be cultured for enteric pathogens, and blood cultures should be ob-
tained.

3. Therapy
a. Replacement of fluid losses is the most important aspect of treatment.

Monitoring of the infant’s output, weight, and vital signs must be meticulous.
b. Antibiotic therapy for bacterial diarrhea is somewhat controversial. The

following are suggested guidelines.
(1) Salmonella and Shigella species. A neonate ill with the invasive

organisms Salmonella and Shigella should be treated initially with
parenteral cefotaxime (pending susceptibility data) because of the risk
for systemic involvement and metastatic infection. Blood cultures and
CSF cultures are recommended for infants under 3 months of age with
Salmonella infection even in the absence of fever or toxic appearance.
Antibiotic sensitivities should be determined on all bacterial isolates to
guide further therapy. Shigella should be treated for at least 5 to 7 days.
Treatment of Salmonella gastroenteritis may prolong the carrier state,
but initially ill-appearing or febrile young infants and those infants with
proven invasive Salmonella infection require antibiotics. Ten to four-
teen days of therapy are recommended for Salmonella bacteremia and
4 weeks for Salmonella meningitis [50].

(2) E. coli. Diarrhea in neonates and infants has been associated with cer-
tain enteropathogenic serotypes of E. coli (mechanism unknown), inva-
sive E. coli, or strains of E. coli that produce an enterotoxin. Unfortu-
nately, the tests for identification of the latter two groups of E. coli are
not widely available. An infant with prolonged diarrhea who has an en-
teropathogenic serotype of E. coli in the stools might benefit from a course
of oral neomycin (100 mg/kg/day) or colistin (15 mg/kg/day).

(3) Campylobacter. Erythromycin therapy has been suggested (see Chap-
ter 13).

c. Isolation. The affected infant should be isolated immediately to pre-
vent nosocomial spread. Infection control methods such as isolation, the
placing of infants in cohorts, and enforced gowning and handwashing for all
caregivers are paramount in the management of enteric infections in the
nursery.

B. Necrotizing enterocolitis (NEC) [51–54] is an often severe GI disturbance of
unknown primary etiology accompanied by systemic illness, and often associated
with sepsis and peritonitis. Most cases (62%–94%) occur in premature infants,
though it can occur in full-term infants. Age at onset is inversely proportional to
gestational age. NEC occurs both sporadically and as a nursery epidemic. It has an
incidence of about 10% (range 3%–22%) of all premature infants, and the mortality
rate may reach 20% to 40%. Mortality is highest among infants with lower birth
weights and lower gestational age, and in earlier case series. Blood cultures are
positive in up to 50% of cases. The organisms found in the blood are similar to



P1: IML/SPH P2: IML/SPH QC: IML/ABE T1: IML

PB207A-03 PB207A-Betts/6678F August 29, 2002 11:37 Char Count= 0

3. Neonatal Sepsis and Infections 83

the enteric flora seen in peritoneal fluid, with E. coli, Klebsiella, and Enterobacter
species predominating.
1. Diagnosis

a. Presenting systemic signs include temperature instability, apnea,
lethargy, glucose instability, DIC, and acidosis. Common GI signs include
abdominal distention, feeding intolerance, increased gastric residuals, vom-
iting, diarrhea, and blood (occult or gross) in the stools. Physical signs in
advanced disease include peritonitis and crepitance or cellulitis of the abdom-
inal wall. Onset is generally sudden in full-term infants but can be sudden
or insidious (over 1–2 days) in preterm infants.

b. Roentgenographic evaluation may show ileus, bowel distention, pneu-
matosis intestinalis, portal vein gas, or free peritoneal gas.

c. Laboratory tests are nonspecific. Thrombocytopenia and neutropenia of-
ten occur, and frank DIC may develop. The stool may exhibit reducing sub-
stances, occult blood, or gross blood. Acidosis is usually metabolic or mixed.
Blood cultures may be positive up to 50% of the time.

2. Medical therapy should be instituted as soon as this diagnosis is suspected.
a. Fluids and nutrition. Enteral feedings are immediately stopped and na-

sogastric suction begun. Because oral feedings must be discontinued for at
least 2 weeks, intravenous alimentation by the central or peripheral route
should be started as soon as the baby is stable. Infants with NEC generally
require increased fluids and sodium, and a urine output of ≥1 to 2 mL/kg/h
should be maintained.

b. Antibiotics. Parenteral ampicillin (or vancomycin) and an aminoglycoside
(or broad-spectrum cephalosporin) should be started. Some neonatologists
advocate the addition of parenteral clindamycin or metronidazole, particu-
larly if perforation is suspected, but there is no evidence that these antibi-
otics improve outcome [54,55] and there is some concern that routine use of
clindamycin may increase the risk of strictures. Antibiotics should generally
continue for at least 10 to 14 days, longer if surgery is required or clinical
response is slow.

c. Transfusion may be necessary for volume repletion, and some clinicians
advocate the use of fresh frozen plasma.

d. Serial radiographs. Repeat lateral and supine radiographic views of the
abdomen should be obtained every 8 hours to detect advancement or perfo-
ration.

e. Surgical intervention is indicated for clinical or radiographic evidence of
perforation, cellulitis of the anterior abdominal wall, or clinical deterioration
despite optimal medical management.

V. Genitourinary (GU) infections. Urinary tract infections are not uncommon in the
newborn; in this period, they are more common in boys than in girls. Rates for bacteri-
uria range from 1% in full-term infants to 3% in premature infants. The most common
causative organisms are E. coli, Klebsiella species, and, less commonly, enterococci
[55,56].
A. Clinical presentation. Failure to gain weight, vomiting, fever, and jaundice are

the most common symptoms. Local symptoms are rare; occasionally, a poor urinary
stream in boys may draw attention to the GU tract. Bacteriuria may be the first
sign of sepsis.

B. Diagnosis. Examination of clean-catch urines can be confused by the presence
of WBCs from circumcision or vaginal discharge. Most clinicians accept that
clean catch urine with 20 to 25 WBCs/mm3 or more in the first week and 10 to
25 WBCs/mm3 or more in the second week is abnormal. A suprapubic bladder tap
or bladder catheterization provides uncontaminated urine for urinalysis, Gram
staining, and culture. The presence of any bacterial growth in a bladder tap or at
least 1,000 colonies/mL in a catheterized specimen may be significant and is an
indication for blood cultures and the initiation of therapy.

C. Initial treatment should be guided by findings on Gram stain and usually con-
sists of ampicillin and an aminoglycoside. Urine should be sterile 48 hours after
initiation of therapy, and specific treatment should be continued for 10 to 14 days.
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D. Further investigation. After control of the infection, renal ultrasonography
and voiding cystourethrography are mandatory, because GU malformations
are found in 5% to 10% of these patients. Follow-up urine cultures after com-
pletion of therapy are important because reinfection is frequent. Daily antibiotic
prophylaxis (usually with amoxicillin for the first 6 to 8 weeks of life and either
cotrimoxazole or nitrofurantoin thereafter) is indicated for vesicoureteral reflux
and many genitourinary anomalies (see Chapter 15).

VI. Musculoskeletal infections
A. Neonatal osteomyelitis is rare but important because of its morbidity [57]. See

also Chapter 5.
1. Pathogenesis. Pathogens gain access to the bone through bacteremia, direct

inoculation (e.g., monitoring electrodes or venipuncture), or spread from
adjacent infection. Because the fetal vascular connections extend from the
metaphysis through the epiphyseal plate into the epiphysis and persist until
18 months of age, epiphysitis (with permanent damage of the growth plate)
and secondary arthritis can result. The femur, humerus, tibia, and radius are
the most commonly affected bones. Ninety percent of neonatal osteomyelitis is
due to S. aureus, streptococci, H. influenzae, and pneumococci. Coliforms are
rare causative agents.

2. Clinical presentation. Affected infants often appear well, are afebrile, and
may manifest only guarding of the affected area with decreased spontaneous
movement, local swelling, and tenderness. Other babies may exhibit septicemic
symptoms that overshadow the local findings.

3. Diagnosis
a. X-ray findings are very useful. Because of the rapid remodeling of bone in

infants, changes may be evident within 7 days. Bone scans may be positive
within days of onset of symptoms.

b. Needle aspiration of the involved bone and secondarily infected joint space
will provide material for Gram staining and culture.

4. Therapy. If gram-positive organisms are seen, a parenteral penicillinase-
resistant penicillin should be given. If gram-negative organisms are seen,
ampicillin and an aminoglycoside should be adequate. If no organisms are
seen, a penicillinase-resistant penicillin and an aminoglycoside should be used.
Drainage may be required if there is localization of pus. Specific parenteral
therapy should continue for at least 3 weeks. If available, infectious disease and
orthopedic consultations should be obtained.

B. Septic arthritis. A primary infectious arthritis without involvement of nearby
bone may be secondary to a bacteremia or to direct inoculation (as by femoral
venipuncture). S. aureus, gram-negative organisms (E. coli, Pseudomonas species,
Haemophilus species, gonococci), and Streptococcus species account for most cases
[58]. This presents in a manner identical to osteomyelitis in the newborn. The
affected joint should be aspirated. The initial therapy and duration of therapy are
similar to those suggested for osteomyelitis. Drainage and immobilization of the
joint are important elements of treatment.

VII. Skin infections. The neonate is particularly susceptible to local skin infections be-
cause of the presence of one or two wounds (umbilical cord and circumcision), the
immaturity of the stratum corneum, and the initial absence of the normal dermal
bacterial flora. Only some local infections will be discussed here.
A. Superficial pustular rashes are usually due to streptococci or staphylo-

cocci and can be treated topically with hexachlorophene or an antibiotic oint-
ment. Widespread or invasive lesions should be Gram-stained and cultured and
treatment started with parenteral antibiotics to prevent septicemia. Cellulitis,
erysipelas, folliculitis, and impetigo should all be treated with a parenteral
penicillinase-resistant penicillin while awaiting cultures.

B. Staphylococcal scalded skin syndrome may appear in any one of its man-
ifestations, either sporadically or as a nursery outbreak [59]. Staphylococci
in phage group II that produce an exotoxin (exfoliatin) may cause (a) bul-
lous impetigo, (b) Ritter disease in infants, (c) Lyell disease or toxic epidermal
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necrolysis in older children, or (d) a scarlatiniform rash (staphylococcal scarlet
fever).
1. Clinical presentation. Initially, the rash is erythematous, and at times tender,

and it often has a sandpaper texture. Skin creases may have increased erythema
(Pastia lines). Within 2 days, the epidermis peels off at sites of minor trauma
(Nikolsky sign), and large, flaccid bullae appear, which also may exfoliate. The
areas of exfoliation dry out, and seborrhea-like flakes appear. These flakes often
are found around the mouth and desquamate over 3 to 5 days, leaving normal
skin underneath. During the exfoliative stage of the disease, infants are febrile,
irritable, and uncomfortable, but usually not severely ill. Children with the
scarlatiniform rash syndrome do not develop a strawberry tongue and do not
exfoliate.

2. Diagnosis is made based on the clinical findings, because the toxicogenic
staphylococci may not be recovered from the local lesion.

3. Therapy. All forms of this disease should be treated with a parenteral
penicillinase-resistant penicillin. Fluid therapy may be necessary because of
the increased insensible fluid loss through the damaged skin.

C. Omphalitis occurs when pathogenic bacteria predominate in the normally necrotic
umbilical stump. It is manifested by oozing and purulent discharge from the
stump and by local periumbilical inflammation and erythema. The most common
causative organisms are staphylococci, Streptococcus species, and coliforms. Gram
staining and culture should be performed. Because omphalitis can serve as the
source of an ascending phlebitis (funisitis) leading to peritonitis or septicemia, it
should be vigorously treated with local care and parenteral antibiotics, initially a
penicillinase-resistant penicillin and either an aminoglycoside or cefotaxime.

D. Circumcision wound infections are caused by the same organisms that cause
omphalitis and are treated similarly.

E. Neonatal breast abscess occurs in full-term infants. It is usually unilateral and
occurs more often in girls. S. aureus is the most common pathogen, although strep-
tococci and coliforms also have been described. Early in the course of infection, fluid
should be expressed from the iodine-cleansed nipple for Gram staining and culture.
In early infection, parenteral antibiotics probably will suffice for cure. Incision and
drainage may be required in advanced cases. In either situation, treatment should
begin with penicillinase-resistant penicillin and an aminoglycoside and should con-
tinue for 10 days with the appropriate drug (Table 3.2).

VIII. Hepatitis B virus (HBV) has a unique natural history in newborns, who have diffi-
culty clearing the infection; infants have a high probability of becoming chronic car-
riers of the virus. Chronic carriers of HBV have an estimated 25% risk of developing
cirrhosis or hepatocellular carcinoma. (See Chapter 14.) Since 1991, universal im-
munization of infants with HBV vaccine has been recommended as the best
approach to eliminating transmission of HBV [60]. We will discuss the specific
recommendations for prevention of perinatal transmission. (See further discussion of
HBV vaccine in Chapter 23.)
A. Infants acquire HBV from their mothers. The probability of infection of the

infant is increased if the maternal HBV infection is symptomatic or occurs late in
pregnancy. Mothers who are positive for hepatitis surface or e antigen (HBsAg or
HBeAg) transmit the virus to 80% of their infants. Most of these infants do not
have symptomatic disease, but 90% become chronic HBV carriers, and up to
25% die of chronic liver disease in adulthood [60].

B. Passive protection with either HBV immunoglobulin (HBIG) or immu-
nization with HBV vaccine is approximately 70% effective in preventing chronic
infection in the newborn. Passive and active immunization used together is 90%
effective. Current recommendations [61] are that all infants born to HBsAg-
positive mothers, regardless of the mother’s HBeAg or anti-HBe status, should
receive both HBIG (0.5 mL intramuscularly [i.m.]) and HBV vaccine (0.5 mL
i.m. at a separate site) within 12 hours of birth, and additional vaccine doses at
1 month and 6 months of age (see Chapter 23). Immunized infants should be tested
for HBsAg and anti-HBs 1 to 3 months after the final (third) vaccine dose.



P1: IML/SPH P2: IML/SPH QC: IML/ABE T1: IML

PB207A-03 PB207A-Betts/6678F August 29, 2002 11:37 Char Count= 0

86 3. Neonatal Sepsis and Infections

C. All pregnant women, particularly those at increased risk, should be routinely
tested for HBsAg during an early prenatal visit in each pregnancy. If
screening has not been done during pregnancy or the results are not available,
an HBsAg test should be administered at the time of admission or soon afterward.
Infants of mothers with pending tests or of mothers who did not receive
prenatal care should receive HBIG and HBV vaccine within 12 hours of birth
in the dosage appropriate for infants born to HBsAg-positive mothers (5 µg Recom-
bivax HB or 10 µg Engerix-B). In full-term infants, HBIG (but not HBV vaccine)
can be safely postponed up to 7 days if maternal HBsAg results are expected by
that time. The HBV vaccine dose given immediately after birth to preterm infants
weighing less than 2 kg (because of positive or unknown maternal HBsAg status)
should not be counted in the required three-dose schedule; three subsequent doses
are still required.

D. Infants should be managed with hepatitis precautions in the nursery.
There is no contraindication to breast-feeding.

IX. Hepatitis C virus (HCV) is the major cause of non-A non-B hepatitis. Mothers in-
fected with HCV transmit the virus to their infants at an average rate of 5% to 6%
(range 0%–25%). Higher maternal titers of HCV RNA have been associated with in-
creased risk of transmission, but no threshold titer has been clearly established. Ma-
ternal infection with HCV and HIV increases the risk of transmission to 14% (5%–
36%) and 17%, respectively. Although transmission is thought to occur intrapartum,
vaginal and cesarean deliveries have similar transmission rates. Breast-feeding is
not contraindicated because it does not appear to increase the risk of transmission
[62,63]. Diagnosis of HCV infection of the infant rests on persistence of anti-HCV
antibody beyond 12 months of age; however, if earlier diagnosis is needed (e.g., symp-
tomatic infant), HCV-RNA detection in blood can be performed after 1 to 2 months
of age. The natural history of perinatal HCV infection is unknown. Treatment with
recombinant α-interferon or ribavirin has not been evaluated in infancy [64]. (See
Chapter 14.)

X. Enteroviruses, specifically coxsackievirus, have been implicated in neonatal dis-
ease [65]. They probably infect the neonate in the peripartum or postpartum period.
Echoviruses and coxsackie B serotypes have caused nursery outbreaks during com-
munity epidemics. Most enteroviruses are capable of causing meningoencephalitis or
GI disease. They can cause an undifferentiated febrile illness that leads to the con-
sideration of sepsis in neonates. Coxsackie B serotypes have caused a serious disease
consisting of encephalitis, myocarditis, and hepatitis, whereas echoviruses are associ-
ated with a hepatitis-sepsis syndrome.

Diagnosis is by culture or polymerase chain reaction (PCR) (of stool, urine, na-
sopharyngeal aspirate, CSF) or serologic evaluation, and treatment is supportive.
Pleconaril is a promising orally active agent with limited safety and efficacy data
for treatment of severe enteroviral illness in neonates and other age groups [66]. At
this writing, the drug has not been licensed but may be obtained on a compassion-
ate care basis from the manufacturer Viropharma (Exton, PA, 610-217-7541, ques-
tions@viropharma.com). A placebo-controlled trial of neonatal enterovirus sepsis is
underway by the Collaborative Antiviral Study Group of the NIH. Infants in the
nursery with suspected coxsackievirus disease should be isolated to prevent
spread of this devastating infection.

XI. Varicella is a rare infection in the neonate but is discussed here because of the avail-
ability of therapy [67]. Infection of the fetus early in pregnancy is associated with a
congenital syndrome in 2.3% of neonates, consisting of cutaneous scars, limb hypopla-
sia and paralysis, encephalitis, and chorioretinitis [68]. The outcome of perinatal
varicella depends on the time of exposure of the infant. If maternal disease
occurs more than 5 days before delivery, there is little or no risk of dissemination or
sequelae. If maternal disease occurs within 5 days before or 2 days after delivery, ap-
proximately half the newborns will develop varicella with a risk of severe disseminated
varicella and a 30% mortality rate.

Infants in the high-risk group should receive zoster immune globulin
(125 units, 1.25 mL i.m.) as soon as possible after delivery [61]. If clinical varicella
develops, acyclovir should be used. An infectious disease consultation is advised.

mailto:ques-tions@viropharma.com
mailto:ques-tions@viropharma.com
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Infants born to mothers with varicella should be isolated in the nursery. Infants can-
not receive the varicella vaccine.

XII. Candida species are the most common cause of fungal infection seen in newborns.
True congenital candidiasis may be either local cutaneous or systemic disease, and
differs from neonatal systemic candidiasis by age at onset and organ involvement.
Neonatal systemic candidiasis usually involves multiple organs (rarely is skin in-
volved) and can be divided into two forms: catheter-associated sepsis and dissemi-
nated candidiasis. Premature infants and infants with hyperalimentation catheters
or with prolonged exposure to broad-spectrum antibiotics are at highest risk of disease
[69,70].
A. Diagnosis is made by recovery of Candida from blood, CSF, or joint, pleural, or

other normally sterile fluid. Antigen and antibody detection techniques have not
been useful.

B. Therapy. Most authorities recommend removal of vascular catheters and admin-
istration of amphotericin B in doses of 0.5 to 1.0 mg/kg intravenously once daily
over a period of 4 to 6 hours. Flucytosine (5-FC) may provide additional therapeu-
tic benefit in selected fungal infections (100–150 mg/kg/day in three to five divided
doses orally). Conclusive clinical data are available only for the use of 5-FC in
Cryptococcus neoformans meningitis. The duration of antifungal therapy remains
controversial. In disseminated infection, a total dose of 25 to 30 mg/kg of ampho-
tericin B has been recommended. Some authorities suggest limiting the maximum
maintenance dose of amphotericin B to 0.5 mg/kg/day in very-low-birth-weight
(<1,500 g) infants [70,71]. Both drugs are nephrotoxic and hepatotoxic; appropri-
ate monitoring of organ function and antifungal blood levels are recommended, as
is an infectious disease consultation. (See Chapters 2 and 17.) For a review of anti-
fungal agents in neonatal systemic candidiasis, see van den Anker et al. [72]. There
is increasing experience with fluconazole in neonates, particularly for treatment
of urinary candidiasis without evidence of disseminated disease.

DISSEMINATED INTRAUTERINE INFECTIONS
The syndrome of disseminated intrauterine infection is caused by diverse organisms that
generally result in distinguishable clinical conditions with overlapping features. These infec-
tions have been given the acronym TORCH (toxoplasmosis, other, rubella, cytomegalovirus,
herpes), which has led to the false perception that they are clinically identical and uniformly
diagnosed by serology, commonly referred to as TORCH titers. These titers usually refer
to measurement of organism-specific IgG; however, an infant’s IgG is maternal in origin.
IgM assays for these congenital infections do not have a high enough sensitivity or speci-
ficity to make them useful single diagnostic tests. Therefore, a single TORCH titer is not
a complete laboratory evaluation. A comprehensive evaluation for suspected perinatal
infection includes consideration of epidemiologic factors, maternal history, physical exam-
ination, and laboratory and radiographic findings [73]. The laboratory investigation must
be undertaken in a logical, reasoned, and timely manner. Every attempt should be made to
establish a definitive diagnosis because prognosis and treatment vary by disease; however, a
firm diagnosis cannot always be made immediately. Careful clinical and serologic follow-up
for 6 to 15 months may be necessary before an infection can be excluded or implicated.

Intrauterine infections may present with a variety of manifestations or no clinical findings
at all. Some signs that should lead to consideration of an intrauterine infection are
listed in Table 3.8. These signs are not unique to congenital infections; therefore, other di-
agnostic possibilities also must be explored (e.g., cardiac disease, inherited metabolic defects,
immunologic disease). In many situations, infants with congenital infections share
the following characteristics: (a) inapparent or mild disease in the mother, (b) a wide
range of severity of infection in the fetus, (c) overlapping clinical features, and (d) variability
of long-term sequelae. When a congenital infection is suspected, evaluations usually include
(but are not limited to) placental pathology, plotting growth parameters, cranial imaging,
ophthalmologic examination, liver function tests, and CBC.

Infectious agents that may cause congenital infections (disseminated or local-
ized, intrauterine or peripartum) include but are not limited to toxoplasmosis, syphilis,
rubella, CMV, enterovirus, parvovirus B19, HIV, herpes simplex virus, varicella-zoster
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Table 3.8. Common Clinical Features Associated with Intrauterine
Infection in Neonates

Growth retardation Myocarditis
Hepatosplenomegaly Cardiac abnormalities
Jaundice Chorioretinitis
Hemolytic anemia Keratoconjunctivitis
Petechiae, ecchymoses Cataracts
Microcephaly, hydrocephalus Glaucoma
Intracranial calcification Nonimmune hydrops
Pneumonitis Bone abnormalities

virus, HBV, and HCV. A brief summary of the common causes of disseminated intrauter-
ine infections follows. For an in-depth discussion, refer to the textbook of Remington and
Klein [4].

I. Toxoplasma gondii is a protozoan that may infect the fetus by transplacental pas-
sage during maternal parasitemia. Approximately 50% of infants whose mothers sero-
convert during pregnancy are infected, although only 10% of these infants have clinical
manifestations. Acute maternal infection early in pregnancy is less likely to cause fetal
infection but more likely to cause symptomatic disease in infected fetuses; maternal
infections late in pregnancy result in infection in most fetuses, but the vast majority
of cases are subclinical. The estimated frequency of clinically evident infection in the
United States is 1 to 4 per 1,000 live births [4].
A. Clinical presentation. The affected newborn exhibits chorioretinitis, CSF pleo-

cytosis and elevated protein, microcephaly, and cerebral calcifications. Petechiae,
hepatosplenomegaly, jaundice, a maculopapular rash, and interstitial pneumonitis
have been described in these infants.

B. Diagnosis is made using the following methods:
1. Rising toxoplasma-specific IgG titers over the first 4 to 6 months of life
2. IgM assays (double-sandwich technique, state or reference laboratory)
3. Direct demonstration of tachyzoites in placenta or infant tissue
4. Culture of toxoplasma from infant blood, cord blood, placenta, CSF, amniotic

fluid
5. PCR of fetal blood, amniotic fluid, neonatal blood, and CSF under study

C. Therapy for 1 year should include a combination of pyrimethamine (2 mg/kg/day
for 2 days with maximum of 25 mg/day, then 1 mg/kg/day for 2 to 6 months, then
1 mg/kg/day Monday, Wednesday, and Friday to finish the year of total therapy)
and sulfadiazine (50 mg/kg/dose twice daily), with folinic acid (10 mg three times
weekly) to prevent bone marrow toxicity. Enrollment in the National Collaborative
Treatment Trial is encouraged (phone 773-834-4152). CBC and platelet counts
should be monitored twice weekly. Corticosteroids (prednisone 1–2 mg/kg/day) may
be added for patients with active macular chorioretinitis or a CSF protein level of
greater than1 g/dL. Infectious disease consultation is recommended.

II. Rubella. Congenital rubella is still a problem [74]. Fetal rubella infection may result
in teratogenesis or abortion if it occurs in the first 2 months of gestation. Infection
after the first trimester is associated with disseminated disease.
A. Clinical presentation. The majority (up to 68%) of neonatal infections are

subclinical. The classic presentation is of a small, full-term, “blueberry muffin”
baby with thrombocytopenic purpura, cataracts, cardiac lesions, and hepato-
splenomegaly. Pneumonitis, metaphyseal radiolucencies, and CNS involvement,
with bulging fontanelles, are also seen. Hearing defects and mental retardation
may become apparent only later in childhood.

B. Diagnosis is made by any one of these tests:
1. High or rising complement fixation or hemagglutination inhibition titers (IgG)
2. Elevated specific IgM
3. Viral culture from respiratory secretions or urine (notify laboratory that rubella

is suspected)
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C. Therapy is symptomatic. Infected neonates may excrete the virus for
months, and they should be placed in strict isolation.

III. Cytomegalovirus is the most common virus of neonates [75], and may be ac-
quired transplacentally, peripartum, or postnatally. Of pregnant women, 4% have
cytomegaloviruria, and 10% to 15% have positive cervical cultures. It is likely that in-
fants infected early in utero are affected more than those who acquire the agent later.
Cytomegaloviruria has been demonstrated in 1% of neonates (range 0.2%–2.0%); most
of these acquired the organism transplacentally. Maternal antibody does not prevent
infection of the fetus, but it does ameliorate severity. Infants of mothers with primary
CMV infection who presumably did not have passive antibody were more likely to
have symptomatic infection and sequelae [76].
A. Clinical presentation. It is estimated that 95% of all babies with intrauterine

CMV infection are asymptomatic. Symptomatic disseminated intrauterine disease
is characterized by: (a) intrauterine growth retardation, (b) hepatosplenomegaly,
(c) jaundice, (d) petechiae, and (e) pulmonary involvement. Of 106 symptomatic
cases, 70% had hepatosplenomegaly, petechiae, and jaundice, and 53% had micro-
cephaly at birth [77].

B. Diagnosis of CMV intrauterine disease is made using any of these tests:
1. Viral culture from urine or throat in the first 2 weeks of life
2. Persistently high complement fixation titers (IgG)
3. Persistently high IgM fluorescent antibody assay

C. Therapy is largely symptomatic. A trial of ganciclovir for symptomatic and asymp-
tomatic neonatal disease is underway by the Collaborative Antiviral Study Group
of the NIH. Careful hand-washing and secretion precautions are advised.

D. Prognosis. Mortality is 12% in those with disseminated disease [77]. Survivors
may develop chorioretinitis, periventricular cerebral calcifications, and deafness.
The cytomegaloviruria may continue intermittently for years.

IV. Herpes simplex virus (HSV) usually is acquired peripartum but may be transmitted
transplacentally as well. Both HSV types 1 and 2 cause disease in neonates.
A. Clinical manifestations. One should suspect this diagnosis when caring

for a septic neonate [78]. Three syndromes are recognized: skin, eyes, and
mouth (SEM), CNS, and disseminated disease. However, not all exposed infants
are infected. Rates of infection in newborns are 30% to 50% following exposure
to primary maternal disease and 3% to 5% following recurrent maternal disease.
Although there are many more women with recurrent disease than primary dis-
ease, the higher attack rate for the latter results in 50% of the neonatal cases.
Neonatal HSV disease cannot be ruled out on the basis of maternal his-
tory [79,80].
1. Disseminated infections. These infants may have jaundice, hepatomegaly,

pneumonitis, bleeding diathesis, and CNS manifestations. Only half develop
the typical vesicular rash. Mortality is 80%, and most survivors have sequelae.

2. Local disease implies involvement of only one organ system: CNS, or skin,
eyes, or mouth.

B. Diagnosis may be made by using one of the following tests:
1. Viral culture of skin, rectum, throat, nasopharynx, conjunctiva, urine, stool, and

CSF (CSF PCR also available)
2. Cytologic evaluation of skin lesion (multinucleate giant cells on Tzanck smear)
3. Rising complement fixation titers
4. Elevated specific IgM titers

C. Treatment of all forms of HSV infection or suspected HSV infection with acy-
clovir (20 mg/kg/dose i.v. every 8 hours for 10–21 days) should be started as soon
as viral cultures have been obtained [81,82]. The use of suppressive oral acyclovir
therapy following intravenous therapy for disease in a neonate is controversial.
Advice should be sought from a Pediatric Infectious Disease consultant. The eval-
uation and management of a well infant born to a mother with active herpetic
lesions is also controversial (see section D).

D. Prevention. When the mother has documented active genital HSV infection, ce-
sarean section has reduced neonatal acquisition rates from 50% to 6% in some
studies. Evaluation and management of an exposed infant is controversial. Some
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experts recommend the use of routine surface (conjunctiva, nasopharynx, umbili-
cus, rectum) cultures obtained after 48 hours of life, and if positive, should lead
to a full workup and consideration of therapy. Close follow-up by a physician and
immediate evaluation of the infant for any signs of illness are the cornerstones of
management. (See Chapter 16.)

V. Syphilis. The number of cases of congenital syphilis has increased steadily
since the 1980’s, in parallel with adult primary cases, so clinicians must again
be alert for this important intrauterine infection, which has devastating sequelae if
untreated. The treponema usually is acquired transplacentally, although intrapartum
acquisition is possible. A mother with untreated primary or secondary syphilis is un-
likely to have any normal children; half will be premature or suffer perinatal death,
and the remainder will have congenital syphilis [83]. The rates of these outcomes
decrease with maternal infection in late gestation to 10% perinatal death and 10%
congenital syphilis.
A. Clinical presentation. Approximately 50% of infected newborns are initially

asymptomatic. Infants with congenital infection may demonstrate a vesicular or
bullous rash that includes the palms and soles; they may have chronic rhinitis
(snuffles), maculopapular rash, abnormal CSF, pneumonitis, myocarditis, nephro-
sis, pseudoparalysis, nonimmune hydrops, condylomata lata, hepatosplenomegaly,
and generalized lymphadenopathy. These manifestations may not be apparent at
birth but may develop during the first few weeks of life [84,85].

Bony lesions appear roentgenographically at 1 to 3 months and are charac-
teristic: symmetric metaphyseal involvement with elevation of the periosteum,
and osteomyelitic lesions, most often involving the humerus and tibia. These bone
changes are said to occur in 90% of infants who manifest congenital syphilis [86].
Osteochondritis and periostitis may be painful and manifested by the pseudoparal-
ysis of a limb due to pain (pseudoparalysis of Parrot).

B. Diagnosis may be problematic. Therefore, appropriate treatment often is ad-
ministered without a definitive diagnosis. Because the risks of therapy with
penicillin are minimal and the sequelae of untreated syphilis can be per-
manent, treatment is advised in doubtful cases. Infants born to mothers with
no prenatal care should be tested by VDRL or a similar serologic screening test for
syphilis.
1. Diagnosis depends on the following:

a. Identification of the spirochete in any of the skin lesions or in the nasal
discharge by dark-field examination, or

b. Serologic evaluation (see Chapter 16). Serum from the mother or in-
fant is preferred over cord blood specimens for serology, because of false-
positive and false-negative rates in the latter [87]. Infected infants are of-
ten asymptomatic at birth and, if maternal or infant infection occurred
late in pregnancy, infected infants also may be seronegative. The RPR or
VDRL test usually is used for screening, and the fluorescent treponemal
antibody absorption (FTA-ABS) test is used for confirmation. Maternal an-
tibody is transmitted to the infant, and these tests measure both IgG and
IgM.

2. All newborns suspected of having congenital syphilis on the basis of
maternal history, maternal serology, or physical findings should be
fully evaluated by (a) careful examination for clinical signs of syphilis; (b)
serology, including IgM if available; (c) radiologic survey of long bones; and (d) a
lumbar puncture to collect CSF for cell count, protein, a dark-field examination,
and a Venereal Disease Research Laboratory (VDRL) test (not a rapid plasma
reagin [RPR] test). If available, the placenta should be examined for focal villitis
and spirochetes.

C. Therapy. Recommendations account for reports of failure of benzathine peni-
cillin. Initiation of therapy is based on maternal and infant serology, clinical find-
ings, and history of maternal treatment. The mother’s data are assessed first. If a
serologically positive mother did not receive adequate therapy or received nonpeni-
cillin therapy, or if adequate follow-up is not assured, her infant should be treated
with penicillin at birth [85].
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Infants with proven or probable disease should receive 10 to 14 days
of aqueous crystalline penicillin G. Current Centers for Disease Control and
American Academy of Pediatrics recommendations are for 10 to 14 days of intra-
venous therapy with crystalline penicillin G 50,000 units/kg/dose every 12 hours
for the first week and every 8 hours after the seventh day [61,85]. Some authorities
suggest procaine penicillin (50,000 units/kg/day i.m. in one dose) for 10 to 14 days.
A few infants will manifest a Herxheimer reaction, with a fever spike 6 to 8 hours
after the first penicillin dose. (See Chapter 16.)

Management of asymptomatic infants with normal CSF and normal long-bone
radiographs is also determined by the adequacy of maternal therapy. Only if the
mother received documented adequate penicillin therapy more than 1 month before
delivery, and follow-up of the infant is ensured, can observation without therapy
be contemplated. For all other situations (likely the majority), 10 to 14 days of
intravenous aqueous crystalline penicillin is recommended.

D. Follow-up. Treated infants should be seen at 3 months, and then at 6-month
intervals for repeat serologic evaluation, CSF examinations (if initial CSF results
are abnormal), and clinical reevaluation, until it is clear that RPR or VDRL titers
are falling. Untreated or benzathine-treated infants should be seen at 1, 2, 4, 6,
and 12 months. The RPR or VDRL titers should decrease by 3 months of age, and
FTA-ABS titers should decrease by 6 months. If antibody titers remain stable or
increase, reevaluation and therapy are mandatory.

VI. Human parvovirus B19, the etiologic agent of erythema infectiosum, has been asso-
ciated with adverse fetal outcome following maternal infection. Case reports include
spontaneous abortions, hydrops fetalis, and stillbirths, as well as normal infants. Data
are not yet adequate to determine fully the risk for fetal morbidity and death following
acute maternal infection with parvovirus B19. Available studies suggest that the risk
of fetal death following acute maternal infection in the first 20 weeks of gestation is
3% to 9%, whereas the risk following household exposure of a woman with unknown
serologic status is approximately 1% to 2% [87].
A. Clinical presentation. The principal adverse fetal outcome has been nonimmune

hydrops with severe ascites and pericardial and pleural effusions, which result
from severe anemia caused by direct infection and destruction of reticulocytes by
parvovirus B19 (aplastic crisis) [73,88–90].

B. Diagnosis may be made by using any of the following tests:
1. Specific IgM determination in cord or neonatal blood
2. PCR for viral DNA
3. Persistent infant B19 IgG at 12 months of age and IgM; although these are not

readily available
Until such tests and further data are available, the findings of elevated ma-

ternal α-fetoprotein levels, hydrops fetalis, and fetal aplastic crisis may be the
best indicators of B19 infection.

C. Therapy. No specific therapy is available.
VII. HIV can be transmitted from mothers to infants in utero, intrapartum, or postpartum

through breast milk. The reader is referred to the website www.hivatis.org [91] for
continually updated guidelines for prevention of perinatal transmission and manage-
ment of exposed and infected infants. The risk for perinatal transmission varies
according to patient population and geographic location; in North America this is in
the range of 20% to 25% for untreated patients, but only 1% to 2% when infected
women receive prophylaxis. Issues of concern in the neonatal period center around
early diagnosis of HIV infection, evaluation for Pneumocystis carinii prophylaxis,
and management of associated conditions such as low birth weight, drug withdrawal,
congenital syphilis, or hepatitis.
A. Prevention [91]. All pregnant women should be offered HIV testing re-

gardless of identifiable risk factors; HIV testing should be sought for newborns
whose mothers were not tested during the pregnancy. A placebo-controlled trial of
zidovudine (ZDV; formerly azidothymidine [AZT]), in pregnant women and their
newborn infants demonstrated a significantly reduced transmission rate compared
with placebo (8% vs. 25%). In an African study, combined ZDV and 3TC given in-
trapartum and to the newborn for 1 week resulted in 10% transmission compared

http://www.hivatis.org
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with 17% with placebo. A single maternal dose of nevirapine (NVP) during labor
combined with a single postnatal dose reduced transmission from 21% to 12% com-
pared with ZDV (abbreviated course) in an African study. In a developed countries
study, addition of NVP to ZDV did not reduce the transmission rate below the
already low rate of 2% with ZDV alone. Thus, it is recommended that the ZDV reg-
imen (antepartum from second trimester, intrapartum, and 6 weeks in newborn)
be offered to all mother-infant pairs; addition of 3TC or NVP should be considered
for women presenting in labor without prior HIV treatment/diagnosis. ZDV com-
bined with other antiretrovirals should be offered to pregnant women with high
viral loads or an immunologic, virologic, or clinical indication for antiretroviral
treatment. The use of resistance testing should follow standard practice, and may
help guide the choice of antiretroviral drugs in these scenarios.

Higher viral loads are associated with increased risk of transmission, although
transmission has been documented despite low viral loads (<1,000 HIV copies/mL).
Elective cesarean section (prior to onset of labor or membrane rupture) has been
shown to decrease transmission for women not receiving antiretroviral therapy
or with a viral load of greater than 1,000 copies/mL. (See related discussion in
Chapter 19.)

B. Clinical presentation. No recognizable dysmorphic syndrome has been associ-
ated with HIV infection. Most perinatally infected infants are asymptomatic
at birth. A small number of infants may develop symptoms within the first few
days or weeks of life, including PCP, active CMV disease, or acute bacterial infec-
tions. There appear to be two distinct patterns of natural history among perina-
tally infected children. One group develops symptoms within the first year of life,
whereas the other group remains asymptomatic for 3 to 5 years or more. Ongo-
ing studies are attempting to delineate the factors responsible for this variation
in disease progression. Symptoms most commonly include oral candidiasis, failure
to thrive, developmental delay, loss of developmental milestones, lymphadenopa-
thy, recurrent or severe bacterial infections, pneumonia (PCP), lymphocytic in-
terstitial pneumonitis, chronic or recurrent diarrhea, and hepatosplenomegaly
[92].

C. Diagnosis. The reader is referred to hivatis.org [90]. Because infants acquire
maternal IgG transplacentally, routine HIV testing with IgG antibody-based as-
says (enzyme-linked immunosorbent assay, Western blot) are not diagnostically
useful. It is, however, important to establish the diagnosis by other means
as early as possible for preventive, therapeutic, and prognostic reasons.
Evaluation should include HIV DNA PCR (or HIV culture) and T-cell subsets prior
to discharge (<48 hours of age), at 1 to 2 months of age, and 3 to 6 months of age. A
positive PCR result or abnormal T-cell subsets or clinical concern for HIV infection
require prompt and thorough reevaluation for HIV infection and of immunologic
status in consultation with an HIV specialist. It is currently recommended that all
infected infants be offered combination antiretroviral treatment. A referral to a
local or regional pediatric HIV specialist is advised.

D. Therapy. Infants should generally receive ZDV 2 mg/kg/dose orally every 6 hours
(every 12 hours if preterm with change to every 8 hours at 2 to 4 weeks depend-
ing on degree of prematurity) for the first 6 weeks. At 6 weeks, all exposed in-
fants should receive PCP prophylaxis with cotrimoxazole until HIV infection is
absolutely excluded. It is currently recommended that all infected infants be of-
fered combination antiretroviral treatment in consultation with a pediatric HIV
specialist.

E. Routine care. Careful attention to growth and development is essential. HIV-
exposed infants should not receive oral polio vaccine (not in routine use for normal
infants in the United States). CBC with T-cell subsets should be followed. Any
suspicious clinical or laboratory findings merit careful and close follow-up.

VIII. Other infectious agents should be considered when evaluating an infant with a sus-
pected intrauterine infection. These include tuberculosis [93], L. monocytogenes, Lep-
tospirosis, hepatitis B, enteroviruses, adenoviruses, varicella-zoster virus and Epstein-
Barr virus. Infants with these infections have demonstrated findings included in
Table 3.8. As more is learned about the pathogenesis of old and new microbial
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agents, identification of other agents active in intrauterine infection will undoubtedly
continue.

Although much is known about neonatal infections, controlled trials of therapy are
limited in number [94]. As a consequence, many recommendations are expert opinions
based on limited data. Therefore, close individualized care should be afforded all ill
neonates.

IX. Infections contraindicating breast-feeding. Breast-feeding should be discontin-
ued for active maternal tuberculosis, maternal herpetic breast lesions, and maternal
HIV infection (in the United States).
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4. SKIN AND SOFT TISSUE INFECTIONS

Fred A. Lopez and Charles V. Sanders

In organizing this chapter on skin and soft tissue infections, the syndrome of fever and rash
will be addressed briefly. Afterward, more limited, superficial skin problems will be addressed
(e.g., impetigo, folliculitis, cutaneous abscesses), followed by more involved infections (e.g.,
pedal puncture wounds, bite wounds, cellulitis, necrotizing soft tissue infections). The chap-
ter will conclude with the basic principles of surgical site infections, tetanus prophylaxis,
and infectious agents of bioterrorism (i.e., anthrax, smallpox, tularemia, and plague) that
can present with cutaneous manifestations.

FEVER AND RASH
Skin and soft tissue infections are common problems confronting the physician in the office,
emergency department, and inpatient hospital settings. Often, patients present with the
syndrome of fever and rash. An organized approach to this syndrome should include
a meticulous history that addresses the following points:

I. Age of the patient. Historically, virus-associated exanthems (i.e., measles; rubella;
varicella; rubeola; roseola; hand, foot, and mouth disease; erythema infectiosum;
Kawasaki syndrome) have been seen in the pediatric population. Enhanced and ex-
panded immunization attempts have impacted significantly the epidemiology of many
of these infections [1]. The most recent recommended childhood immunization sched-
ules (www.cdc.gov/nip/) for the United States target hepatitis B, diphtheria, tetanus,
pertussis, Haemophilus influenzae type b, polio, Streptococcus pneumoniae, measles,
mumps, rubella, varicella, and hepatitis A. Immunization histories are important
because many of these agents can cause fever and rash syndromes.

II. Time of the year. The season of the year may be helpful in prioritizing a differ-
ential diagnosis. Traditionally, rubella infections have been observed in the winter
and spring; varicella (Color Plate 4.1) in the winter and early spring; rubeola in the
winter and spring; Coxsackievirus-associated herpangina or hand, foot, and mouth
disease (Color Plate 4.2 and 4.3) in the summer and fall; and erythema infectio-
sum in the winter and spring. The presence of infections can reflect when vectors
for transmission are most widespread. Examples of vector-dependent diseases that
are seen in the summer and fall include tick-borne diseases such as Lyme disease
(Color Plate 4.4) and Rocky Mountain spotted fever. Mosquitoes are vectors for the
West Nile virus infections recently seen in the northeastern United States during
the summer and fall of 1999 [2]. Higher ambient temperatures seen in the summer
months are responsible for sustaining growth of organisms such as Vibrio vulnificus,
which can cause necrotizing skin infections in swimmers in Gulf Coast waters (Color
Plate 4.5).

III. Geography and travel. An appreciation of the epidemiology of infectious diseases
in different parts of the world is essential when assessing fever in the returned trav-
eler [3]. For example, certain fungi are endemic in selected regions of the United
States. Histoplasma capsulatum and Blastomyces dermatitidis (Color Plate 4.6) are
found in the Mississippi and Ohio River valleys, whereas Coccidioides immitis is
found in the southwestern United States. In contrast, a traveler to southeastern Asia
would be exposed to the fungus Penicillium marneffei. In the United States, typhoid
fever due to Salmonella typhi is often a consequence of travel to developing coun-
tries in Latin America, Africa, and Asia where there is decreased access to safe food
and drinking water. Travelers from tropical areas of South America and Africa who
present with petechiae or ecchymoses may have acquired a mosquito-borne disease
such as yellow fever or dengue fever. The Centers for Disease Control and Prevention
(CDC) provides a webpage that highlights infectious disease concerns for travelers
(www.cdc.gov/travel/).

IV. Medication history. Drug-induced cutaneous reactions occur in approximately 2% to
3% of patients in the hospital [4,5]. Severe adverse cutaneous reactions to drugs occur
less frequently and have been estimated to occur in approximately 1 of every 1,000 in-
patients [6]. These cutaneous reactions include the Stevens-Johnson syndrome (SJS)

97

http://www.cdc.gov/nip/
http://www.cdc.gov/travel/


P1: FUY

PB207-04 PB207A-Betts/6678F August 29, 2002 11:40 Char Count= 0

98 4. Skin and Soft Tissue Infections

and toxic epidermal necrolysis (TEN), disorders that are associated with more than
one mucosal erosion, fever, and possible respiratory and gastrointestinal (GI) tract
involvement. At least 50% of these reactions are medication related, usually develop-
ing 7 to 21 days after initiation of the offending drug. Sulfonamides, anticonvulsants,
aminopenicillins, certain nonsteroidal antiinflammatory drugs, and allopurinol are
more frequently reported causes of drug-induced SJS and TEN.

V. Host immune status [7]. Individuals with humoral- and complement-associated im-
munodeficiencies (e.g., splenectomy) are at increased risk for infections with encapsu-
lated organisms such as S. pneumoniae (Color Plate 4.7), Neisseria meningitidis (Color
Plate 4.8), and Haemophilus influenzae. Patients with cell-mediated immunodeficiency
are susceptible to infections with organisms such as Salmonella species, Mycobacteria
species, herpes viruses, C. immitis, H. capsulatum, P. marneffei, Cryptococcus neofor-
mans, and Strongyloides species, to name a few. Neutropenia or neutrophil dysfunc-
tion is associated with infections due to staphylococci, enterococci, anaerobic bacteria,
the Enterobacteriaceae, Pseudomonas aeruginosa, Candida species, and Aspergillus
species.

VI. Predisposition to infective endocarditis. Risk factors for endocarditis should be
sought, such as predisposing cardiac conditions [8] (see Chapter 12). Intravenous
drug use is also considered a predisposition for development of infective endocardi-
tis [9]. Skin lesions associated with endocarditis include Osler nodes (Color Plate 4.9),
Janeway lesions, splinter hemorrhages, and cutaneous and subconjunctival petechiae.

VII. Exposure history. An exposure history is important to obtain in patients who
present with fever and rash. Specific etiologies may be dictated by occupation. Health-
care workers are exposed to blood-borne diseases such as human immunodeficiency
virus (HIV), hepatitis B, and hepatitis C, as well as aerosolized agents such as
N. meningitidis and Mycobacterium tuberculosis. Fishermen and butchers may be
exposed to Erysipelothrix rhusiopathiae; wilderness workers to ticks infected with
rickettsial organisms; animal handlers to a broad range of microbes including
C. neoformans, Chlamydia psittaci, Bacillus anthracis, Francisella tularensis (Color
Plate 4.10), Streptobacillus moniliformis, Yersinia pestis, Brucella species, Pasteurella
multocida (Color Plate 4.11), Bartonella henselae, and the rabies virus, to name
a few.

A thorough sexual history is a priority. Although many of the sexually transmitted
diseases manifest as localized genital diseases, some such as syphilis and gonorrhea
may produce systemic symptoms and a more generalized rash. Infection-associated
genital ulcer diseases include syphilis, herpes simplex, chancroid, donovanosis, and
lymphogranuloma venereum. Neisseria gonorrhoeae and Chlamydia trachomatis pri-
marily affect the urogenital tract. Reiter syndrome, manifesting as a triad of conjunc-
tivitis, arthritis, and urethritis, can be seen after chlamydial urethritis. An underdiag-
nosed condition is the acute seroconversion syndrome associated with primary HIV
infection. Signs or symptoms seen in more than 50% of patients presenting with acute
HIV infection include fever, myalgia, rash, pharyngitis, malaise, and lymphadenopa-
thy [10,11] (see Chapter 19).

VIII. Specific characteristics of the rash that should be addressed when evaluating the
patient with fever and skin lesions include the following [12–15]:
A. History of similar rash
B. Description of lesions
C. Time of onset of the rash
D. Initial location of rash
E. Change or progression of rash
F. Duration of rash
G. Exacerbating or ameliorating interventions
H. Associated signs and symptoms

1. Abnormal chest findings
2. Headache and stiff neck
3. Lymphadenopathy
4. Joint pains
5. Desquamation
6. Mucous membrane lesions
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IMPETIGO
Impetigo is a primary pyoderma classically seen in children who are 2 to 5 years of age. Two
forms of impetigo exist: nonbullous (i.e., simple superficial impetigo) and bullous.

I. Clinical characteristics
A. Nonbullous impetigo is more common. Typically, multiple lesions initially present

as a vesicle before progressing to a pustule and finally a plaque with a dried, thick,
honey-colored crust (Color Plate 4.12). Traumatized and exposed areas of the face,
scalp, or extremities are most frequently involved. Predisposing factors of impetigo
include varicella infection, ulcers associated with trauma, reactions to insect bites
or stings, burns, diabetes mellitus, hypogammaglobulinemia, HIV infection, scabies,
and atopic dermatitis [16]. Patients are relatively asymptomatic, and rarely com-
plaining of fever, pain, or itching. Local lymphadenopathy is often present. Impetigo
usually resolves without any therapy.

B. Bullous impetigo presents as clear to yellow-colored flaccid bullous lesions that be-
come pustular with surrounding erythema (Color Plate 4.13). After rupturing, these
lesions develop crusted centers that resemble nonbullous impetigo. Coalescence of
these lesions may create lesions that are several centimeters in diameter. These
lesions are typically nonpruritic and occur on the trunk, face, neck, perineum, or
periumbilical areas. Local lymphadenopathy is more common in nonbullous disease.
Systemic symptoms are usually absent.

II. Epidemiology
A. Nonbullous impetigo is more common in humid, warm climates. The agents re-

sponsible for infection include Streptococcus pyogenes (group A streptococcus) and
Staphylococcus aureus, often in combination [17]. Highly contagious, impetigo can
spread among individuals in close living situations, for example, among infants in
nursery and day-care settings or family members at home. Spread may be from
infected individuals or carriers of S. pyogenes and S. aureus; carriage of these organ-
isms also predisposes to infection.

Bullous impetigo is usually caused by group II phage type 71, exfoliative toxin
A–producing strains of S. aureus.

III. Diagnosis and therapy
A. Nonbullous impetigo

1. Diagnosis is usually based on the clinical presentation, and microbiologic workup
is not recommended unless there is uncertainty about the diagnosis or failure
of the infection to resolve with appropriate antibiotics. Identification in gram-
stained specimens or isolation of the etiologic agent from culture of skin lesions
can be used for definitive diagnosis. Histopathologic examination reveals neu-
trophils and lymphocytes in intracorneal and subcorneal epidermal and dermal
pustules. Titers of anti-DNAse B can help document recent skin infection with
group A streptococci.

2. Based on the microbiology of impetigo, therapy should target both strep-
tococci and staphylococci.
a. Lesion-associated crusts should be debrided and cleansed with agents such as

povidone-iodine or chlorhexidine.
b. Oral antibiotic therapy consisting of approximately 10 days of dicloxacillin,

erythromycin (equivalent dosing of clarithromycin or azithromycin),
cephalexin, or clindamycin is effective and preferred for widespread disease.
Some clinicians favor its use in close living situations where several members
are already infected because topical agents do not eliminate streptococci from
the respiratory tract [18].

c. Mupirocin therapy, applied topically three times daily for 10 days, can be
used for limited disease that does not involve the mouth or scalp and is as
effective as oral regimens [19–21].

B. Bullous impetigo
1. A clinically based diagnosis can be made in obvious cases. Definitive diagnosis

requires microbiologic studies (i.e., Gram stain and culture of bullae fluid).
2. Therapy. Topical mupirocin is not as effective as in nonbullous impetigo.

Oral agents directed against staphylococci are recommended. Dicloxacillin,
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a first-generation cephalosporin, amoxicillin/clavulanic acid, erythromycin, clar-
ithromycin, or clindamycin for 7 to 10 days can be used. Disseminated disease
may dictate the use of an intravenous antistaphylococcal agent.

IV. Complications. Cellulitis, osteomyelitis, septic arthritis, lymphangitis, lym-
phadenitis, and glomerulonephritis are potential complications of impetigo [16].
Nephritogenic strains of group A streptococcus include M serotypes 2, 49, 55, 57, 59, 60,
and 61. The latency period between the pyoderma and renal disease is approximately
3 weeks. Treatment of streptococcus-associated impetigo does not appear to change the
risk for development of glomerulonephritis.

V. Prophylaxis and control measures
A. Strict attention to personal hygiene including regular bathing and clothing that

protects infected areas of the body that are usually exposed can be helpful.
B. Some experts have recommended that skin lesions such as those associated

with insect bites or minor trauma with abrasions should be treated with
topical antibiotic agents such as neomycin-bacitracin to prevent develop-
ment of impetigo [22].

C. Antibiotic prophylaxis with penicillin has been used in the management of
patients with acute poststreptococcal glomerulonephritis and their family members
with streptococcal colonization as well as in the control of some epidemics in other
high-risk settings. However, no standard recommendations exist for prophylaxis.

D. Hospitalized patients with extensive group A streptococcal skin infections that can-
not be adequately covered should be in contact isolation for at least 24 hours after
antibiotic therapy has been initiated. Children with impetigo should refrain from
close contact with others (including school) for at least 24 hours after initiation of
antibiotic therapy [18].

FOLLICULITIS
I. Clinical characteristics

A. Superficial folliculitis is best defined as a pyoderma confined to the hair follicle.
Usually manifested as erythematous, pruritic papules (≤5 mm in diameter) with a
central pustular component, these lesions are often found on the face, scalp, back,
buttocks, arms, and legs (Color Plate 4.14). Rupture of the pustule results in a crusted
lesion. Predisposing factors for this superficial follicular infection include poor hy-
giene, warmer weather associated with high humidity, and occlusive ointments and
dressings. The causative organism is usually S. aureus. Hot tub folliculitis refers
to a folliculitis that develops after exposure to a high density of P. aeruginosa in
a contaminated whirlpool, hot tub, or swimming pool. Multiple erythematous pru-
ritic papulopustular lesions typically appear in the axillae, buttocks, legs, trunk, and
waist within a couple of days of the exposure (Color Plate 4.15).

II. Diagnosis can often be made on clinical grounds, although organisms may be
cultured from pustular lesions.

III. Treatment
A. Folliculitis typically resolves without therapy. Warm saline compresses may

provide symptomatic relief, and topical agents such as erythromycin, clindamycin,
or gentamicin are usually adequate for treatment.

B. Preventative measures are most important and include optimizing good hy-
giene and skin cleansing, avoiding sources of infection and in the case of “hot tub
folliculitis,” improved pool maintenance. Patients with recurrent staphylococcal folli-
culitis may benefit from monthly application of nasal mupirocin ointment (see nasal
carriage of S. aureus below) [23].

CUTANEOUS ABSCESSES
I. Types

A. Furuncles. Usually a result of a preceding infection of a hair follicle, a furuncle (or
boil) is a tender, fluctuant, subcutaneous inflammatory nodule that extends to the
dermis. Risk factors for development include defects in neutrophil function, obesity,
corticosteroid use, occlusive dressings, hemodialysis-dependent renal failure, atopic
dermatitis, parenteral drug use, diabetes, malnutrition, contact sports and expo-
sure to individuals with follicular infections [16,24,25]. These lesions tend to form
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in areas of friction and sweating, including the back of the neck, axillae, face, groin,
thighs, and buttocks. Often solitary, a furuncle can enlarge and become painful before
spontaneously draining purulent material. A surrounding cellulitis may be present.
Associated constitutional symptoms are not frequently observed. The causative or-
ganism is most commonly S. aureus, although the microbiology is dictated by the
organisms that colonize involved areas. Healthy individuals with recurrent furun-
culosis are often nasal carriers of S. aureus. Abscesses consisting of aerobic and
anaerobic bacteria are more prevalent in the perirectal area [26].

B. Carbuncles. A carbuncle refers to a series of coalescent furuncles that express pus
from multiple tracts. These collections of multiple abscesses can be quite painful
and are more likely to be accompanied by fever. In patients with cellulitis and fever,
incision and drainage are usually required in addition to oral antibiotics.

C. Skin abscesses other than furuncles/carbuncles are common and typically re-
flect extension of superficial skin infections to the deeper dermis and subcutaneous
fat. On occasion, bacteremic seeding of skin and soft tissue can result in a localized
abscess. Although many patients will develop spontaneous cutaneous abscesses, pre-
disposing risk factors include trauma, intravenous drug use, diabetes mellitus, and
chronic carriage of S. aureus. These lesions are usually solitary, erythematous nod-
ules associated with localized pain, swelling, and lymphadenopathy. Although bac-
teremia and adjacent septic arthritis and osteomyelitis can occur, these lesions often
drain spontaneously and are not associated with systemic toxicity. The microbiol-
ogy of these abscesses results from organisms that colonize the local mucocutaneous
structures. As a result, S. aureus is the most common organism isolated from cuta-
neous abscesses, but mixed flora can be appreciated in abscesses found in perirectal,
oral, and genitourinary (GU) areas [27].

II. Evaluation of cutaneous abscesses
A. Clinical evaluation should include assessment for fever and other signs of

systemic infection. A complete blood count and blood cultures should be obtained
if systemic signs of infection are present. Gram stains and cultures of drainage or
aspirated material are also recommended.

B. Incision and drainage
1. Abscesses on the lips and nose should not be drained due to emissary

venous drainage resulting in possible extension to the cavernous sinus.
2. Because incision and drainage of lesions may result in transient bacteremia with

organisms associated with infective endocarditis, prophylaxis with antibiotics
should be administered to individuals with cardiac conditions that are
associated with increased risk for cardiac valvular infection [8].

III. Treatment. For smaller furuncles, the application of moist heat can be helpful in pro-
moting drainage. Incision and drainage is often needed for larger cutaneous abscesses,
particularly in patients with cellulitis and fever. Antibiotics are used in selected clinical
circumstances.
A. Incision and drainage should be performed except for abscesses on the lips and

nose. These lesions can be managed with warm compresses and, if indicated, antibi-
otics.

B. Antibiotics should be reserved for the following situations:
1. Immunocompromised patients (including those with diabetes mellitus)
2. Fever and systemic symptoms
3. Surrounding cellulitis, lymphangitis, osteomyelitis, or invasion of blood

stream
4. Infective endocarditis prophylaxis in patients with at-risk cardiac con-

ditions
5. Chronic nasal carriage in patients who have recurrent furunculosis

C. Antibiotic regimens should be pathogen directed based on the results of Gram
stain and culture of purulent material. Recommended regimens for adults include:
1. Gram-positive cocci

a. Oral therapy. Dicloxacillin, 250 to 500 mg every 6 hours, or cephalexin, 500
mg every 6 hours, for approximately 10 days can be used. In the penicillin- or
cephalosporin-allergic patient, oral clindamycin, 300 mg every 6 hours can be
used.
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b. Parenteral therapy. Nafcillin or oxacillin, 1 to 2 g intravenously (i.v.) ev-
ery 4 to 6 hours, is recommended. In the patient with a delayed penicillin
allergy, cefazolin, 1 g i.v. every 8 hours, can be used. If penicillin allergy is im-
munoglobulin E (IgE) mediated, clindamycin, 600 to 900 mg i.v. every 8 hours,
or vancomycin, 15 mg/kg i.v. every 12 hours, is recommended.

2. Mixed cutaneous abscess (i.e., perirectal, oral, and GU areas) treat-
ment should include coverage for S. aureus, streptococci, gram-negative
bacilli, and anaerobic bacteria, including Bacteroides species.
a. Oral therapy. Amoxicillin (500 mg) and clavulanate (125 mg) orally every

8 hours can be used empirically.
b. Parenteral therapy. Ampicillin-sulbactam 3 g i.v. every 8 hours, piperacillin-

tazobactam 3.375 i.v. every 6 hours or 4.5 g i.v. every 8 hours, and ticarcillin-
clavulanate 3.1 g i.v. every 4 to 6 hours can be administered.

3. Nasal carriage of S. aureus. Eradication of S. aureus from the nares should
be pursued in individuals with recurrent furuncles. Twice daily application
of 2% mupirocin for 5 days every month is often effective [23,28]. Ten days
of oral rifampin 600 mg daily combined with dicloxacillin 500 mg every
6 hours also may be effective. For methicillin-resistant S. aureus colonization,
7 to 14 days of mupirocin is recommended. Oral clindamycin 150 mg daily for 3
months has been used successfully for prevention [29]. Patients with recurrent
furuncles and impaired neutrophil function may benefit from vitamin C 1 g daily
for approximately 6 weeks [30].

IV. Prevention measures against deep follicular infections include eradication of
nasal carriage of S. aureus, avoidance of risk factors associated with development of
furuncles/carbuncles (e.g., intravenous drug use), improved hygiene including the use
of antiseptic soaps (e.g., chlorhexidine), and the use of nonirritating clothing that fits
loosely.

PUNCTURE WOUNDS OF THE FEET
I. Clinical characteristics. Plantar surface puncture wounds have been reported to con-

stitute approximately 7% of lower extremity trauma cases evaluated in the emergency
department [31]. Most of these injuries are due to nails and typically occur during
the warmer summer months [32]. Three percent to 15% of nail puncture wounds be-
come infected, and complications include cellulitis, localized deep soft tissue abscess,
osteomyelitis, or pyoarthrosis [33]. The factors contributing to the development of in-
fection include the presence of a foreign body, depth and location of the wound, host
immune status, presence of a sneaker, type of penetrating object, and time elapsed from
injury to presentation [34]. Most bone infections are due to P. aeruginosa, particularly
when the puncture wound occurs through the inner sole of the sneaker, a site of pseu-
domonal colonization. Other organisms reported to cause infection include S. aureus,
S. pyogenes, Enterobacteriaceae, and anaerobes. Polymicrobial osteomyelitis is more
common in diabetic adults [35].

II. Treatment. Initial management of the puncture wound should include the following:
A. Use detergent or iodophor to clean the wound.
B. Trim the epidermal flap of the wound.
C. Consider probing the wound for depth and the presence of a foreign body.
D. Consider plain films of the foot when uncertain whether a foreign body remains in

wound.
E. Tetanus assessment and administration as recommended (see section on Tetanus

below).
F. The decision to administer prophylactic antibiotics is controversial and left

to the treating physician particularly in wounded patients who are immunocom-
promised. Antibiotics should be administered when soft tissue infection is present.

G. Remove foreign bodies, debride necrotic infected tissue and drain ab-
scesses when present. Raz and colleagues [33] have reported on the successful
management of nail puncture wound infections (primarily caused by Pseudomonas
aeruginosa) by using routine surgical incision, debridement, and drainage of ab-
scess material. Following surgery, oral ciprofloxacin (750 mg orally twice daily)
is administered for 7 days to patients with deep tissue abscess and cellulitis;
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duration is 14 days for patients with early bone involvement [33]. If the microbi-
ologic etiology is uncertain, then empiric therapy for skin and soft tissue infections
is directed primarily against S. aureus (penicillinase-resistant semisynthetic peni-
cillins or first-generation cephalosporins) and for bone and joint infections, S. aureus
and P. aeruginosa (i.e., nafcillin and ceftazidime or levofloxacin) [36].

ANIMAL BITES AND RABIES PREVENTION
Approximately 0.5% to 1% of all emergency room visits in the United States are due to bite
wounds, an impressive statistic when one recognizes that more than 75% of individuals who
receive a bite wound will not present for medical evaluation [37]. Hospitalization is required
in about 1% to 5% of these visits [38].

I. Types of bite wounds
A. Dog bites. Dogs account for more than 75% of all animal bites. Children are most

commonly involved, and the location of injury typically includes an extremity or the
head and neck. Almost 20% of these wounds become infected.
1. Bacteriology. The microbiology of dog bite–associated infections is complex and

includes streptococci, S. aureus, Pasteurella canis (most common isolate) and
P. multocida, Eikenella corrodens, Capnocytophaga canimorsus, and anaerobes
such as Fusobacterium, Bacteroides, Porphyromonas, and Prevotella species [39].
C. canimorsus, a gram-negative facultative anaerobic bacillus that normally col-
onizes the dog’s oral cavity, can cause fulminant sepsis and disseminated intravas-
cular coagulopathy in immunocompromised patients, particularly those without
splenic function.

2. Evaluation and management [37]
a. In all types of bites, a thorough history should be obtained including the type

of animal, the circumstances surrounding the bite (i.e., provoked or unpro-
voked), and the immune status of the individual bitten. A physical examina-
tion should include investigation for signs of infection and joint, nerve, bone,
or vascular penetration. Risk for infection is increased in puncture- or
crush-associated injuries.

b. Normal saline irrigation of all wounds is recommended, with the need
for surgical debridement dictated by the degree of injury.

c. Wound cultures are not helpful when there are no signs of infection except
in the setting of puncture wounds or tears. Cultures are recommended from
all infected wounds, and radiographs can be helpful in assessing for bone in-
volvement.

d. Hand wound infections, necrotic wounds, and possible walled-off in-
fections should precipitate a surgical consultation. Wounds should be
examined more than 1 day after a bite. Infected wounds, deep puncture
wounds, and bites to the hand should not be closed primarily. With the ex-
ception of facial wounds, which may be closed primarily, no clear recommen-
dations exist for primary closure of fresh wounds seen less than 6 to 8 hours
after a bite. Delayed primary closure is often allowed in uninfected higher risk
wounds.

e. The best use of prophylactic antibiotics in patients who present within
8 hours of a dog bite is unclear. Some experts recommend prophylactic an-
timicrobial treatment for 3 to 5 days after most dog bites, particularly
high-risk wounds associated with deep punctures; crush injuries; hand, foot,
or facial wounds; immunocompromised patients; wounds near joints or bones
(particularly if prosthesis in place); and moderate and severe wounds, espe-
cially those requiring surgical debridement [37,40]. Minor wounds may not
require treatment. The duration of treatment for infected wounds is at
least 10 days. Bone or joint involvement dictates an extended course.

f. The suggested empiric choice for hospitalized patients requiring par-
enteral therapy is a penicillin and β-lactamase inhibitor combination such as
ampicillin-sulbactam, 3 g i.v. every 6 hours. The choice for oral outpatient
therapy is amoxicillin-clavulanate, 500 mg orally every 8 hours or 875 mg
orally every 12 hours.
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g. In the penicillin-allergic patient, options include a fluoroquinolone
(such as levofloxacin or ciprofloxacin) plus clindamycin or clindamycin plus
trimethoprim-sulfamethoxazole (for children).

3. Elevation of the affected area is recommended.
4. Tetanus prophylaxis and rabies assessment needs to be addressed.
5. Close follow-up of patients who are not hospitalized.

B. Cat bites. The incidence of infection after a cat bite is reported at 28% to 80%,
considerably higher than after dog bites [39]. The increased rate of infection is due
to the deep puncture wounds (potentially involving joint or bone) created by the
sharp and thin teeth of cats (see also Chapter 21).
1. Microbiology. P. multocida is the most common pathogen isolated from cat bites

(>50% of cases) (Color Plate 4.11); otherwise, the polymicrobial spectrum is sim-
ilar to that for dog bites. However, the number of organisms isolated is usually
less.

2. Antibiotic therapy. Because of the increased incidence of infection after
cat bites, prophylactic antibiotics are commonly used for 3 to 5 days.
Empiric therapy should be active against P. multocida, and typically includes
agents used for dog bites. Pasteurella infections usually develop within 24 to
48 hours and are susceptible to penicillin, aminopenicillins, cefuroxime, doxycy-
cline, and trimethoprim-sulfamethoxazole.

3. Assessment and treatment of infected wounds should follow the same recom-
mendations as for dog bites.

C. Human bite injuries occur after a bite from another human (i.e., occlusional bites)
or after a closed fist injury that usually involves the metacarpophalangeal joints.
Closed-fist injuries can be devastating when they involve deeper soft tissues,
bones, or joints, and are more susceptible to infection than animal bites. As a result,
initial inpatient management is often required, and usually with the assistance of a
hand surgeon.
1. Bacteriology. S. aureus, E. corrodens, H. influenzae, streptococci, and

β-lactamase–producing oral anaerobes are most commonly associated with in-
fection. Potential pathogens can include blood-borne microbes such as hepatitis
B or C, herpes simplex virus, HIV and Treponema pallidum.

2. Antibiotics
a. When patients are seen soon after their injury, 3 to 5 days of prophylactic

antibiotics are often recommended. The choice for oral outpatient
therapy is amoxicillin-clavulanate.

b. Obvious wound infections require a more prolonged course that is
dictated by the extent of injury. These patients are usually hos-
pitalized and are administered parenteral therapy, usually a peni-
cillin and β-lactamase inhibitor combination such as ampicillin-
sulbactam, ticarcillin-clavulanic acid, or piperacillin-tazobactam.
Cefoxitin also may be used. In the penicillin-allergic patient, op-
tions include a fluoroquinolone (such as levofloxacin or ciprofloxacin)
plus clindamycin or clindamycin plus trimethoprim-sulfamethoxazole (for
children).

3. Normal saline irrigation, radiographs to assess for bone involvement, debride-
ment when indicated, and tetanus assessment are essential.

D. Other animal bites. Bites from a variety of animals, including primates, pigs,
horses, fish, alligators, sheep, rats, and ferrets, have been reported. Infectious disease
consultation is recommended for assistance when evaluating and managing these
zoonotic infections [37].

II. Rabies prophylaxis. In the United States, human-associated rabies infections have
decreased to approximately zero to five cases per year [41]. When one examines the
36 cases of rabies in humans in the United States since 1980, more than 50% derive from
bats [41]. In contrast, dogs appear to be the most common source of human-associated
rabies outside the United States. This infection is incurable, mandating the need for
avoidance of high-risk circumstances and rapid institution of prophylaxis when indi-
cated. An understanding of the epidemiology of rabies and circumstances surrounding
postexposure treatment is useful (Tables 4.1 and 4.2) [42].
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Table 4.1. Rabies Postexposure Prophylaxis Guide: United States, 1999

Animal Type
Evaluation and Disposition
of Animal

Postexposure Prophylaxis
Recommendations

Dogs, cats, and ferrets Healthy and available for
10 days observation

Persons should not begin
prophylaxis unless
animal develops clinical
signs of rabies.a

Rabid or suspected to be
rabid

Immediately vaccinate.

Unknown (e.g., escaped) Consult public health
officials.

Skunks, raccoons, foxes,
and most other
carnivores; bats

Regarded as rabid unless
animal proven negative
by laboratory testsb

Consider immediate
vaccination.

Livestock, small rodents,
lagomorphs (rabbits and
hares), large rodents
(woodchucks and
beavers), and other
mammals

Consider individually Consult public health
officials. Bites of
squirrels, hamsters,
guinea pigs, gerbils,
chipmunks, rats, mice,
other small rodents,
rabbits, and hares almost
never require antirabies
postexposure prophylaxis.

a During the 10-day observation period, begin postexposure prophylaxis at the first sign of rabies in a dog,
cat, or ferret that has bitten someone. If the animal exhibits clinical signs of rabies, it should be killed
and immediately tested.
b The animal should be killed and tested as soon as possible. Holding for observation is not recommended.
Discontinue vaccine if immunofluorescence test results of the animal are negative.
Reprinted from Centers for Disease Control and Prevention. Human rabies prevention—United States,
1999: recommendations of the Advisory Committee on Immunization Practices (ACIP). MMWR 1999;48:
1–21; with permission.

A. Considerations prior to antirabies therapy are outlined in Table 4.1. The
cost associated with rabies prophylaxis is considerable, and prophylaxis cannot be
instituted liberally after every animal bite [42].
1. Type of animal. Bats and wild terrestrial carnivorous animals (particularly

skunks, raccoons, foxes, and coyotes) are more likely than domestic animals (i.e.,
dogs, cats, and ferrets), livestock, and rodents to be infected with rabies. Because
the probability of rabies infections in particular animals varies geographically,
consideration should be given for contacting local or state public health authori-
ties regarding the need for postexposure prophylaxis.

2. Characteristics of attack and animal’s vaccination status. An attack by an
animal that is unprovoked and not associated with feeding or handling reflects
a higher likelihood that the animal is infected with rabies. Dogs, cats, or ferrets
that have been appropriately vaccinated are unlikely to be rabid.

3. Characteristics of exposure. Rabies virus transmission requires a rabid an-
imal and introduction of its potentially infectious tissue material onto mucous
membranes or into open wounds. Transmission of infectious material such as
saliva or neural tissue is most commonly accomplished by animal bites, but con-
tamination of nonintact skin (open wounds, scratches, abrasions) or mucous mem-
branes represent potential nonbite exposures. Exposure to aerosols containing a
high density of rabies virus in the laboratory or in caves and transplantation of
rabies-infected human corneas should also be considered potentially infectious.

B. Recommendations for wound treatment and vaccination are listed in
Tables 4.1 and 4.2. Urgent evaluation and management are needed in potential
rabies exposures. Recommendations include the following [42]:
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Table 4.2. Rabies Postexposure Prophylaxis Schedule: United States, 1999

Vaccination Status Treatment Regimena

Not previously
vaccinated

Wound cleansing All postexposure treatment should begin with
immediate thorough cleansing of all wounds
with soap and water. If available, a virucidal
agent such as a povidone-iodine solution should
be used to irrigate the wounds.

RIG Administer 20 IU/kg body weight. If anatomically
feasible, the full dose should be infiltrated
around the wound(s) and any remaining
volume should be administered i.m. at an
anatomic site distant from vaccine
administration. Also, RIG should not be
administered in the same syringe as the
vaccine. Because RIG might partially suppress
active production of antibody, no more than the
recommended dose should be given.

Vaccine HDCV, RVA, or PCEC 1.0 mL i.m. (deltoid area),b
one each on days 0,c 3, 7, 14, and 28.

Previously
vaccinatedd

Wound cleansing All postexposure treatment should begin with
immediate thorough cleansing of all wounds
with soap and water. If available, a virucidal
agent such as a povidone-iodine solution should
be used to irrigate the wounds.

RIG RIG should not be administered.
Vaccine HDCV, RVA, or PCEC 1.0 mL i.m. (deltoid area),b

one each on days 0c and 3.

HDCV, human diploid cell vaccine; PCEC, purified chick embryo cell vaccine; RIG, rabies immune globulin;
RVA, rabies vaccine adsorbed; i.m., intramuscularly.
a These regimens are applicable for all age groups, including children.
b The deltoid area is the only acceptable site of vaccination for adults and older children. For younger
children, the outer aspect of the thigh may be used. Vaccine should never be administered in the gluteal
area.
c Day 0 is the day the first dose of vaccine is administered.
d Any person with a history of preexposure vaccination with HDCV, RVA, or PCEC; prior postexposure
prophylaxis with HDCV, RVA, or PCEC; or previous vaccination with any other type of rabies vaccine and
a documented history of antibody response to the prior vaccination.
Reprinted from Centers for Disease Control and Prevention. Human rabies prevention—United States,
1999: recommendations of the Advisory Committee on Immunization Practices (ACIP). MMWR 1999;
48:1–21; with permission.

1. Management of the wound. Prompt and complete cleansing of the wound with
water and soap and a cidal agent for viruses (e.g., povidone-iodine) is recom-
mended. Tetanus prophylaxis and management of secondary bacterial infections
should be instituted as indicated.

2. Approach to the potentially infected animal. A pet that is not suspected to
be rabid can be isolated and observed for 10 days. If a veterinarian observes any
signs of rabies during the confinement period then the pet should be killed. The
intact head should be sent under refrigerated conditions to a qualified laboratory
for diagnostic immunofluorescence testing. Animals that are regarded as rabid
should be killed and evaluated immediately in the laboratory for the presence of
the rabies virus.

3. Postexposure prophylaxis should be initiated as soon as possible. In the
previously unvaccinated individual, vaccination includes passive prophylaxis
with rabies immunoglobulin (RIG) and active prophylaxis with rabies
vaccine (Table 4.2).
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a. At the beginning of antirabies prophylaxis, human RIG is administered once
at a dose of 20 IU/kg body weight. As much of this dose as is anatomically
possible should be infiltrated around the wound and the remaining amount
should be administered intramuscularly in an area remote from administra-
tion of vaccine. A different syringe for administration of RIG and vaccine is
also recommended.

b. Active immunization should begin as soon as possible after the exposure and
in conjunction with RIG. Three types of inactivated human rabies vaccine are
available in the United States for postexposure prophylaxis: (a) human diploid
cell rabies vaccine (HDCV); (b) rabies vaccine adsorbed (RVA); and (c) purified
chick embryo cell vaccine (PCEC). These vaccines are alike in efficacy and
safety, and 1-mL doses should be administered in the deltoid muscle on days
0, 3, 7, 14, and 28 in the previously unvaccinated individual. If the individual
has previously received the rabies vaccine, then 1 mL of the human rabies
vaccine is administered in the deltoid muscle on day 0 and day 3.

c. Complete recommendations can be obtained from the CDC [42]. Table
4.2 can be used as a postexposure antirabies treatment guide.

4. Preexposure vaccination is indicated for individuals who are frequently ex-
posed to animals who are at risk for being infected with the rabies virus. These
individuals include veterinarians, animal control handlers, investigators in ra-
bies laboratories, spelunkers, wildlife officers, and foreign travelers to countries
where contact is expected with animals in regions where dogs infected with rabies
is endemic and medical care is inaccessible. Recommendations for preexposure
prophylaxis include [42]:
a. HDCV, PCEC, or RVA, 1.0 mL intramuscularly (i.m.; deltoid area), adminis-

tered in three separate doses on days 0, 7, and 21 or 28. Three separate doses
of HDCV, 0.1 mL intradermally, can be administered over the deltoid area on
days 0, 7, and 21 or 28 as an alternative to the intramuscular HDCV regimen.

b. A postvaccination rabies antibody titer should be checked every 6 months to
2 years in certain high-risk groups, in order to assess the need for preexposure
booster doses of vaccine.

c. Preexposure prophylaxis eliminates the need for RIG after a rabies exposure,
but 1 mL of human rabies vaccine (HDCV, RVA, or PCEC) still needs to be
administered in the deltoid muscle on days 0 and 3.

CELLULITIS AND RELATED SKIN INFECTIONS
Cellulitis is an infectious inflammatory process involving the deepest portion of
the dermis of the skin and subcutaneous fat. This infection typically develops in the
extremities and presents as a warm, erythematous, tender, swollen, and poorly demarcated
skin process (Color Plate 4.16). Systemic symptoms may include fever, chills, and muscle
pain. Predisposing factors include tinea pedis, substance abuse, diabetes mellitus, burns,
trauma from puncture wound or surgery, venous insufficiency, and lymphatic interruption
[43]. Many organisms can cause cellulitis in selected circumstances.

I. Etiology of cellulitis
A. S. pyogenes and S. aureus are the most common causes of simple uncompli-

cated cellulitis. Initial treatment should be directed against both of these bacteria
and typically includes parenteral nafcillin or cefazolin when treating patients with
systemic signs and symptoms or those who are immunocompromised. If the infection
is mild, oral antibiotics can be used.

B. Group B streptococci (S. agalactiae) can cause skin and soft tissue infections in
nonpregnant adults, especially in the elderly and in those with diabetes, a pres-
sure ulcer, underlying malignancy, cirrhosis, or neurologic impairment, as well as
in those infected with HIV [44–46]. In fact, skin and soft tissue infections are the
most common manifestation of invasive disease with group B streptococci, present-
ing as cellulitis, ulcerations, and even necrotizing fasciitis (NF). Infections are often
nosocomial, associated with the placement of an intravenous catheter, and primarily
due to capsular serotypes Ia, III, and V. This organism remains sensitive to peni-
cillin, but increasing resistance to erythromycin and clindamycin is being reported.
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For uncomplicated skin infections requiring hospitalization, penicillin G,
2 million units i.v. every 4 to 6 hours is recommended. Vancomycin, 15 mg/kg
i.v. every 12 hours can be administered to the penicillin-allergic patient. First- and
third-generation cephalosporins also may be used as alternative therapy. Surgical
debridement may be essential to remove devitalized skin and soft tissue.

C. Erysipeloid refers to a skin infection caused by a gram-positive bacillus,
Erysipelothrix rhusiopathiae, which is found in many fish, mammals, and birds. The
handling of infected material allows the organism to enter through breaks in the skin.
Butchers, fisherman, and veterinarians are at increased risk for infection. The site
of entry, usually the dorsum of the hand, becomes violaceous, warm, and swollen
(Color Plate 4.17). Well-defined maculopapular lesions, bullous lesions, and plaques
can be seen. Rarely, bacteremia and endocarditis develop in immunocompromised
hosts. Skin infections are usually self-limited after 2 to 3 weeks, but the use of peni-
cillin G or an aminopenicillin, the drugs of choice, can hasten recovery. A total
daily dose of 12 to 20 million units of i.v. penicillin G administered every 4 to 6 hours
for 4 to 6 weeks is recommended for endocarditis. Imipenem, fluoroquinolones, and
third-generation cephalosporins are also active against this organism.

D. H. influenzae cellulitis, primarily a bacteremic complication of children,
classically presents as a violaceous facial cellulitis (often involving the pe-
riorbital or cheek areas). Although much less commonly observed in adults,
H. influenzae cellulitis is usually associated with respiratory tract infections and
typically involves the upper thorax and neck [47]. The treatment of choice is a third-
generation cephalosporin or ampicillin (if susceptible).

E. Skin and soft tissue lesions are observed in up to 30% of patients with pseu-
domonal sepsis. Usually observed in immunocompromised hosts, cutaneous
manifestations include cellulitis, folliculitis, bullae, nodules, abscesses, and vesicles
and plaques [48,49]. Ecthyma gangrenosum is the characteristic necrotic skin le-
sion reported in a significant number of patients with malignancy, neutropenia, and
pseudomonal bacteremia. These lesions are usually located in the axilla or perineum.
Burn wounds complicated by Pseudomonas infection and bacteremia often form es-
chars and are associated with mortality rates of greater than 75% [50]. Treatment
usually includes surgical removal of necrotic tissue and combination therapy consist-
ing of an antipseudomonal β-lactam or quinolone and an aminoglycoside (cefipime,
ceftazidime, piperacillin, mezlocillin, imipenem, or ciprofloxacin plus gentamicin,
tobramycin, or amikacin).

F. Wound infections due to water exposure can develop in patients with lacera-
tions, puncture wounds, or marine-animal bites.
1. Vibrio vulnificus. Immunocompromised individuals, particularly those with cir-

rhosis, are at increased risk for infection with V. vulnificus, a gram-negative
curved bacillus that is found in warm seawaters. Infections may occur at trauma-
tized sites after exposure to contaminated seawater or seafood, or after ingestion
of contaminated seafood. A cellulitis that progresses to an invasive NF with as-
sociated hemorrhagic bullae is characteristic (Color Plate 4.5). Optimal therapy
includes aggressive surgical debridement, supportive care, and antibiotics. The
choice of antibiotics includes a third-generation cephalosporin like ceftazidime
(2 g i.v. every 8 hours), plus doxycycline, 100 mg orally or i.v. every 12 hours; ce-
fotaxime, 2 g i.v. every 8 hours, also can be used. Some investigators recommend
an aminoglycoside in lieu of doxycycline [51]. The organism is also susceptible to
quinolones such as ciprofloxacin (400 mg i.v. every 12 h or 750 mg orally every
12 hours).

2. Aeromonas skin infections can develop in cancer patients receiving chemother-
apy or in cirrhotic patients after exposure to contaminated fresh water (Color
Plate 4.18). Cutaneous manifestations may be similar to V. vulnificus–associated
infections. Surgical debridement is indicated, and antibiotic recommendations in-
clude ciprofloxacin 400 mg i.v. every 12 hours or 750 mg orally every 12 hours.
Trimethoprim-sulfamethoxazole and non–first-generation cephalosporins also
may be useful.

3. Edwardsiella tarda, a gram-negative bacillus in the Enterobacteriaceae fam-
ily, can cause wound infections after exposure to contaminated fresh water [52].
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Abscesses, hemorrhagic bullae, cellulitis, and myonecrosis have been described.
Antibiotic therapy should be guided by susceptibility testing. This organism is
generally susceptible to antimicrobial agents used for treatment of gram-negative
bacillary infections, including ampicillin, cephalosporins, aminoglycosides, fluo-
roquinolones, and trimethoprim-sulfamethoxazole.

4. Mycobacterium marinum, a nontuberculous mycobacteria, is the most common
cause of mycobacterial skin disease. Lesions usually develop 2 to 6 weeks after
trauma-associated contact with water, including saltwater, lake water, swimming
pool water, or aquarium water. Violaceous papules that develop into ulcerative
plaques are frequently described, often in a sporotrichoid pattern (Color Plate
4.19). Four antimicrobial regimens are recommended by the American Thoracic
Society: doxycycline, 100 mg orally twice daily; clarithromycin, 500 mg orally
twice daily; trimethoprim-sulfamethoxazole (160/800 mg) orally twice daily; or
ethambutol, 15 mg/kg/day orally, plus rifampin, 600 mg/day orally [53]. Treatment
should continue for at least 3 months. Surgical debridement also may be necessary
when the infection proves refractory to antimicrobial agents.

II. Erysipelas. This infection involves the upper dermis and superficial lymphatics, and
is characterized by skin lesions that are well demarcated, painful, erythe-
matous, and elevated. The lower extremities or face are most often involved, and
the diagnosis is usually made on clinical grounds. The microbiologic cause is al-
most always S. pyogenes, although less commonly other β-hemolytic streptococci,
S. aureus, and gram-negative bacilli may be involved. If systemic signs of infection are
present or if the patient is immunocompromised, parenteral agents such as nafcillin
oroxacillin, penicillin G, or cefazolin are indicated. Oral agents such as dicloxacillin,
penicillin, or cephalexin can be given in milder cases or those in which improvement is
noted. Vancomycin, clindamycin, or erythromycin can be used in the penicillin-allergic
patient.

III. Diagnosis. The diagnosis of cellulitis and erysipelas is often made on clinical grounds
based on the presence of erythema, swelling, warmth, tenderness and pain, regional
lymphadenopathy, and associated tinea pedis. Systemic signs and symptoms such as
fever and malaise may not always be present. Other diagnostic studies include the
following:
A. Gram staining of aspirate or biopsy may be helpful in directing initial therapy.
B. Results of needle aspiration or punch biopsy to obtain tissue for aerobic

and anaerobic cultures are usually negative but may be pursued. Needle aspira-
tion cultures of the leading edge are reported to yield positive results in less than
20% of cases, but may be indicated and helpful in immunocompromised patients or
when isolating the etiologic agent is necessary, antibiotic therapy is failing, or atyp-
ical etiologic agents are suspected [54]. Direct aspiration of tissue without injection
of saline may increase the yield of aspirate cultures [55]. Punch biopsy cultures have
been reported to have a higher yield of microbial isolation than blood cultures or
needle aspirates, but add no additional microbiologic information to direct cultures
from swabs of primary lesions [56].

C. Blood cultures are often obtained. In one recent study of more than 500 adult
patients admitted to a hospital with community-acquired cellulitis, cultures were
definitively positive in approximately 2% of cases and had minimal impact on the
treatment prescribed [57]. The investigators concluded that blood cultures should
be obtained in “unusually severe cases, such as possibly elderly patients with acute
onset of illness, high grade fever and significant leukocytosis and immunocompro-
mised patients” [57]. Similar results have been reported in the pediatric population
[58].

D. Serologic studies for the presence of group A streptococcus may help support
the diagnosis of streptococcal disease when isolation of the organism has not been
achieved.

E. Radiographic studies are usually unnecessary. Plain films may be helpful in
identifying gas, bony involvement, or the presence of foreign bodies. Computed to-
mography (CT) or magnetic resonance imaging (MRI) can assist in determining
whether the infection is confined to skin and soft tissue or whether fascia, muscle,
or bone is involved [59].
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IV. Treatment
A. General principles. Clinical and initial microbiologic clues can be helpful in di-

recting therapy while awaiting culture results.
B. Antibiotic treatment suggestions for adults with cellulitis.

1. The most common bacterial causes of cellulitis are group A strepto-
coccus and S. aureus. Therapy is typically directed against both of these
pathogens.
a. Recommended treatment regimens for hospitalized adult patients in-

clude nafcillin or oxacillin, 2 g i.v. every 4 to 6 hours, or cefazolin, 1 to 2 g i.v.
every 8 hours. Alternative parenteral agents, particularly for patients with
IgE-mediated penicillin allergy, include vancomycin, 15 mg/kg i.v. every
12 hours, or clindamycin, 450 to 900 mg i.v. every 8 hours.

b. Mild infection in adults can be treated orally with dicloxacillin, 500 mg every
6 hours, or cephalexin, 250 to 500 mg every 6 hours. Clindamycin, 300 to 450 mg
every 6 hours, can be used in penicillin-allergic patients; oral macrolides such
as erythromycin (500 mg every 6 hours) are sometimes used in this setting.

c. The hospitalized adult patient with uncomplicated culture-proven
group A streptococcal cellulitis can be treated with penicillin G, 1 to
2 million units i.v. every 4 to 6 hours.

d. Vancomycin treatment of possible methicillin-resistant Staphylococcus au-
reus infection should be considered for patients who reside in nursing
homes or have recently been hospitalized.

2. Diabetes-associated, perineal, or other suspected mixed aerobic-
anaerobic cellulitis dictates the use of broad-spectrum antibiotics. In the
hospitalized patient, penicillin and β-lactamase inhibitor combinations such as
piperacillin-tazobactam (3.375 g i.v. every 6 hours), ampicillin-sulbactam (3 g
i.v. every 6 hours), or ticarcillin-clavulanate (3.1 g i.v. every 4–6 hours) are of-
ten recommended. Imipenem (500 mg i.v. every 6 hours) or a third-generation
cephalosporin such as ceftriaxone (2 g i.v. every 24 hours) in combination with
metronidazole (500 mg i.v. every 6 hours) or clindamycin (600–900 mg i.v. every
8 hours) also can be considered.

3. Antibiotic regimens for culture-proven pathogens are reviewed above
in section I.

C. Additional issues. Surgical evaluation is necessary when invasive skin and soft
tissue infection is suspected and when cellulitis progresses despite appropriate an-
tibiotic therapy. Approximately 10 days of antibiotic therapy is adequate for
uncomplicated infections. Adjunctive measures may include immobilization of in-
volved areas and local application of moist heat.

PYOMYOSITIS
Pyomyositis, a disease increasingly observed in North America, is a term used to describe a
purulent infection of muscle [60,61]. Localized trauma to muscle is often observed in patients
prior to the development of muscle infection.

I. Risk factors include HIV infection, diabetes mellitus, thiamine deficiency, scurvy, par-
asitic myositis, infection with leptospirosis, certain viral myositis infections, and IgM
deficiency [60,61].

II. The predominant etiologic agent is S. aureus, although streptococci, Neisseria gon-
orrhoeae, Yersinia enterocolitica, H. influenzae, Enterobacteriaceae, Clostridium sep-
ticum, and Candida albicans also may cause pyomyositis.

III. Clinical characteristics. Patients typically develop muscle pain, local edema, and
fever. Examination of the muscle is described as “woody” or indurated. The “purulent”
stage develops later. Muscle tenderness is usually present, but fluctuance and inflam-
mation may not be appreciated due to the depth of the infection. Leukocytosis and an
elevated erythrocyte sedimentation rate are common, but the muscle enzyme levels
are normal. Gram stain and culture of pus is helpful in identifying the etiologic agent.
Approximately 5% to 31% of patients will have positive blood cultures [60,61].

IV. Treatment consists of drainage of purulent material and pathogen-directed intra-
venous therapy, usually targeting staphylococci.
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NECROTIZING SOFT TISSUE INFECTIONS
I. Types. Necrotizing infections of the soft tissues are described by a variety of terms,

including Meleney synergistic gangrene, clostridial cellulitis, nonclostridial anaerobic
cellulitis, gas gangrene, and NF [62]. These infections are usually characterized by
rapidly spreading destruction of skin, subcutaneous fat, fascia, and muscle with asso-
ciated systemic toxicity. Most of these infections are polymicrobial and include
mixed aerobic and anaerobic bacteria.
A. Meleney synergistic gangrene describes a progressive and indolent necrotizing

infection of the skin and epifascial soft tissues (Color Plate 4.20). This infection is
typically seen in postsurgical patients, frequently in association with small bowel or
large bowel ostomies. Slowly expanding ulcerations that are painful and surrounded
circumferentially by necrotic skin are described. Microaerophilic streptococci,
S. aureus, anaerobes including Peptostreptococcus and Bacteroides, and occasionally
gram-negative bacilli may be isolated from this mixed infection. Surgical drainage
and debridement are necessary. Antibiotics are directed against mixed aerobic and
anaerobic flora. Options in adults include penicillin and β-lactamase inhibitor com-
binations used alone, such as piperacillin-tazobactam, 3.375 g i.v. every 6 hours; and
clindamycin, 600 to 900 mg i.v. every 8 hours, or vancomycin, 15 mg/kg i.v. every
12 hours, plus ciprofloxacin, 400 mg i.v. every 12 hours.

B. Clostridial anaerobic cellulitis, another necrotizing infection of the epifascial soft
tissue, is usually seen after trauma or surgery. The incubation period is often several
days, but the infection, once established, extends quickly. Gas formation is often ap-
preciated, although patients do not appear systemically unstable. Surgical removal
of necrotic tissue is mandatory. Penicillin G, 24 million units divided doses i.v. ev-
ery 24 hours, is recommended for adults. Clindamycin, 900 mg i.v. every 8 hours,
or metronidazole, 500 mg i.v. every 6 hours, may be used for penicillin-allergic pa-
tients. Nonclostridial nonaerobic cellulitis is due to anaerobic bacteria other
than clostridia, often in association with other bacteria, including staphylococci,
streptococci, and aerobic gram-negative bacilli. Predisposing conditions include dia-
betes mellitus, and the clinical presentation is similar to clostridial cellulitis. Surgi-
cal debridement and broad-spectrum antibiotic coverage is indicated. Recommended
antibiotic therapy (adult doses listed) includes imipenem, 500 mg i.v. every 6 hours;
a penicillin and β-lactamase inhibitor combination such as piperacillin-tazobactam,
3.375 g i.v. every 6 hours; or ceftriaxone, 2 g i.v. every 24 hours, plus metronidazole,
500 mg i.v. every 6 hours.

C. Clostridial gas gangrene (i.e., clostridial myonecrosis) is caused by the inocula-
tion of clostridial species (e.g., Clostridium perfringens, C. histolyticum, C. novyi,
C. septicum, C. fallax, and C. bifermentans) into necrotic tissue. These infections are
often associated with trauma or bowel-associated surgeries (Color Plate 4.21 and
4.22). A spontaneous and nontraumatic form of clostridial myonecrosis is caused
by C. septicum; predisposing factors for bacteremia with this organism include GI
abnormalities (including colon cancer, GI surgery, and diverticulitis), leukemia, lym-
phoma, neutropenia, and HIV infection. Clostridial myonecrosis has a sudden onset
with associated systemic toxicity, hemodynamic instability, and exquisite pain. The
wound is often swollen with surrounding pale-colored skin that may later change to a
bronzish-discoloration. A malodorous serosanguinous discharge is often appreciated.
Vesicles and bullae may develop, and gas may be detected in the affected tissue. The
diagnosis should be suspected in the appropriate clinical situations. A Gram stain
of tissue or associated exudate may reveal gram-positive bacilli (“box-cars”) with a
paucity of polymorphonuclear leukocytes. When bacteremia is present, significant
hemolysis may be appreciated. Surgical removal of devitalized infected tissue is the
cornerstone of therapy. Antibiotic regimens in adults include clindamycin, 900 mg
i.v. every 8 hours, plus penicillin, 24 million units i.v. over 24 hours or in divided
doses administered every 4 hours; or metronidazole, 500 mg i.v. every 6 hours; or
chloramphenicol, 1 g i.v. every 6 hours. The exact role of hyperbaric oxygen
therapy in this setting is unclear, but its use should not preclude or delay
necessary surgical debridement [63,64].

D. Necrotizing fasciitis is an infectious disease emergency that refers to widespread
destruction of deep subcutaneous tissue and fascia with relative sparing of
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muscle and skin. Patients with fulminant NF are toxic appearing and often develop
multiorgan failure. Other clinical features associated with this infection include se-
vere local pain, lack of skin findings, fever, and evidence of soft tissue gas such as
crepitance [65]. Skin manifestations initially include a local cellulitis with progres-
sion to diffuse erythema and edema, dusky blue discoloration indicative of necrosis,
and often associated bullae formation. By the time cutaneous, fascial, and associated
nerve necrosis occurs, localized pain has been replaced by anesthesia. Two types of
NF exist: type 1 and type 2 [66].
1. Type 1 NF is a polymicrobial infection caused by synergistic anaerobes (especially

Bacteroides and/or Peptostreptococcus), gram-negative aerobic bacilli, and gram-
positive aerobes such as group A streptococci and enterococci (Color Plate 4.23).
Predisposing factors include surgery, diabetes mellitus, and peripheral vascular
disease.

2. Type 2 NF is caused by streptococci, usually group A streptococcus (S. pyogenes)
and, rarely, group B, C, and G streptococci. Predisposing factors for necrotizing
infection due to these “flesh-eating bacteria” (group A streptococcus) include blunt
trauma, penetrating injuries and minor cuts, varicella infection, intravenous
drug use, surgical procedures, burns, exposure to an index case, trauma, and
possibly nonsteroidal antinflammatory drugs [67,68]. The incidence of group A
streptococcus–associated NF is increasing significantly and is often associated
with a toxic shock–like syndrome.

3. Management. Prompt and definitive surgical incision and debridement is
essential to optimizing the outcome. Intraoperative specimens can be used to
tailor pathogen-specific therapy. In addition to supportive care, antibiotic ther-
apy for type 1 NF in adults can include cefotaxime, 2 g i.v. every 8 hours or
ceftriaxone, 2 g i.v. every 24 hours, plus metronidazole, 500 mg i.v. every 6 hours
or clindamycin, 900 mg i.v. every 8 hours; or piperacillin-tazobactam, 3.375 g
i.v. every 6 hours; or ampicillin-sulbactam, 3 g i.v. every 6 hours; or ticarcillin-
clavulanate, 3.1 g i.v. every 4 to 6 hours; or imipenem, 500 mg i.v. every 6 hours.
Recommendations for treatment of type 2 NF in adults include penicillin
G, 4 million units i.v. every 6 hours or 24 million units i.v. over 24 hours plus
clindamycin, 900 mg i.v. every 8 hours. Clindamycin is added because its efficacy
is not affected by the inoculum or growth phase of group A streptococci, and be-
cause of its inhibition of toxin production. Some anecdotal reports also suggest
that adjunctive i.v. immunoglobulin may be beneficial [69]. Hyperbaric oxygen
therapy also can be considered as adjunctive therapy for NF but is not considered
the standard of care [70].

E. Fournier gangrene is a form of type 1 NF that classically affects the male genital
organs and perineum. Combinations of Enterobacteriaceae, anaerobic streptococci,
S. aureus, enterococci, β-hemolytic streptococci, and various anaerobes can be iso-
lated. Although this infection can occur spontaneously, predisposing factors include
GU trauma, GU surgery, GU instrumentation, or extension from intraabdominal,
perianal, perirectal, or urinary tract infections. Other risk factors may include dia-
betes, liver disease, and alcohol abuse. Characterized by severe pain and systemic
toxicity, an initially localized cellulitis can spread rapidly and invasively to involve
the scrotum, penis, perineum, or anterior abdominal wall. Aggressive surgical eval-
uation with wide debridement and drainage is essential. The testes’ separate blood
supply prevents necrosis of the testicles and results in a rare need for orchiectomy.
Broad-spectrum antimicrobial regimens used for type 1 NF are required to address
the polymicrobial nature of this mixed aerobic and anaerobic infection.

II. Diagnosis. Studies that may be helpful in the assessment and diagnosis of necrotizing
infections of the soft tissues include the following:
A. Vigilant and serial clinical examinations are paramount for detecting the pro-

gression of disease, development of crepitance, and evolution of necrotic skin lesions.
B. Soft tissue radiographs and CT scans can reveal the presence of gas in soft

tissues that is not palpable on physical examination. Enterobacteriaceae, anaerobic
streptococci, Bacteroides species, and clostridia can generate gas within tissues. MRI
appears to be most sensitive in distinguishing necrotizing from non-necrotizing skin
and soft tissue infections [71].
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C. A high index of clinical suspicion of necrotizing skin and soft tissue infec-
tions is often needed to precipitate surgical exploration and debridement.
Needle aspiration of suspect lesions may assist with determining the etiology of in-
fection [72]. Early performance and examination of frozen-section full-thickness
soft tissue biopsies can expedite surgical evaluation and therapy [73]. In NF, a
blunt probe typically passes without resistance along the deep fascial planes. Direct
visualization of necrotic fascia during surgery is diagnostic.

D. Gram staining and anaerobic and aerobic culturing of infected tissue or
lesion-associated exudate should be performed. In addition to microbiologic
analysis, histopathologic evaluation also should be performed to assist in determin-
ing the extent of tissue destruction.

E. Standard blood cultures also should be obtained.
F. Nonspecific laboratory abnormalities can include a leukocytosis with a pre-

dominance of neutrophils and its early precursor forms as well as increas-
ing creatine phosphokinase levels.

III. Approach to therapy is multidimensional and includes the following:
A. Supportive care and hemodynamic stabilization, including adequate nu-

trition, electrolyte supplementation, fluid resuscitation, and maintenance
of adequate organ perfusion pressures and oxygenation are required.

B. Early aggressive surgical debridement with possible repeat interventions
is a priority [63].

C. Antibiotic therapy is essential. Empiric broad-spectrum antimicrobial therapy to
cover mixed aerobic and anaerobic pathogens is recommended. The regimen can be
modified when further clinical and microbiologic data become available. Regimens
for specific necrotizing infections are detailed earlier in this section.

GENERAL PRINCIPLES OF WOUND INFECTION MANAGEMENT
Postsurgical and trauma-associated wound infections are well described. Approximately 2%
of surgical procedures are complicated by surgical site infections (SSIs). Surgical site infec-
tions may be superficial incisional SSIs of the skin and subcutaneous tissue, deep incisional
SSIs of the deep soft tissue, fascia, and muscle, or organ space SSIs. They are responsible
for approximately 15% of nosocomial infections [74].

I. Overview of surgical site/wound infections. A detailed overview and recommen-
dations for prevention of surgical site infections has recently been published by the
Centers for Disease Control and Prevention [75]:
A. Microbiology. Data from the National Nosocomial Infections Surveillance System

reveals that the most common organisms responsible for SSIs are (in descending or-
der): S. aureus, coagulase-negative staphylococci, enterococci, E. coli, P. aeruginosa,
Enterobacter species, Proteus mirabilis, Klebsiella pneumoniae, other streptococci,
Candida albicans, nonenterococcal group D streptococci, other gram-positive aer-
obes, and Bacteroides fragilis [76]. The endogenous bacterial flora of the patient are
common pathogens in surgical wound infections. The pathogens isolated are a reflec-
tion of the type of operation [75]. Gram-negative bacilli, enterococci, and anaerobes
are likely pathogens after entering a GI organ. S. aureus and coagulase-negative
staphylococci are likely pathogens after cardiac procedures, neurosurgical proce-
dures, and procedures involving placement of grafts, prostheses, or implants. Gram-
negative bacilli are likely pathogens after urologic procedures, and gram-negative
bacilli, enterococci, group B streptococci, and anaerobes are likely pathogens after
obstetric and gynecologic procedures. Surgical team members and instruments also
may serve as exogenous sources of SSI-associated pathogens.

B. Pathogenesis. The risk for SSIs is directly proportional to the inoculum size and
virulence of organisms contaminating the surgical site and inversely proportional
to the resistance of the host patient; that is, the presence of foreign material and
necrotic tissue or the use of immunosuppressive therapy increase the risk for SSIs.

C. Patient characteristics that may increase the risk for SSIs include smoking
cigarettes, diabetes mellitus or other immunodeficient states, steroid use, mal-
nutrition, coexistent infections at another body site, microbial colonization, more
than 120% of ideal body weight, prolonged preoperative stays, preoperative nasal
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colonization with S. aureus, perioperative transfusion, and very young or very old
age [75].

D. Operation characteristics that may dictate the risk for development of SSIs in-
clude duration of surgical scrub, antisepsis of skin, preoperative shaving and skin
preparation, length of operation, perioperative antimicrobial prophylaxis, ventila-
tion of the operating room, sterilization of surgical instruments, surgical technique,
and the presence of foreign bodies including drains in the surgical site [75].

II. Epidemiology. Three variables are used to reliably predict the risk for development
of SSIs. These risk factors include the likelihood that microbes have contaminated the
wound site, the length of the surgical procedure, and the general physical status of the
patient [77].
A. Surgical wounds can be divided into the following categories to assess the

risk for microbial contamination [78]:
1. Clean wounds (class I) involve noncontaminated skin in which sterile technique

is maintained and there is no entry into GI, respiratory or GU tracts. In general,
the risk of infection is below 2%. Examples of these procedures include breast
tumor excision, thyroidectomy, and herniorrhaphy. Antibiotic prophylaxis is not
routinely recommended.

2. Clean-contaminated wounds (class II) are created under controlled circum-
stances when there is entry into body areas that are considered contaminated,
i.e., GI, respiratory, or GU tracts. In general, the risk for infection is greater
than or equal to 10% in the absence of antibiotic prophylaxis. Examples of these
procedures include appendectomy and hysterectomy.

3. Contaminated wounds (class III) result from trauma, procedures associated
with major breaks in aseptic technique, or spillage from the GI tract and entry
into an area of acute inflammation that is not purulent. The risk of infection in
this setting approaches 30%, and antibiotic treatment is recommended. Exam-
ples include removal of malignancies with inflammation and repair of perforated
diverticulum.

4. Dirty infected wounds (class IV) include older trauma-associated open
wounds, those with gross contamination with devitalized tissue or foreign bod-
ies, and those associated with drainage of frankly purulent material. The risk for
infection approaches 40%, and treatment with antibiotics is recommended. Exam-
ples include repair of open compound fractures and drainage of intraabdominal
abscesses.

B. The length of operation is another important independent factor for wound infec-
tion assessment. Operations that last longer than the 75th percentile for duration of
each specific surgical procedure are associated with increased risk for infection [79].
Abdominal operations also increase the risk for infection [80].

C. The physical status of the patient is also important in risk assessment. Patients
with severe systemic disease or multiple comorbidities are at increased risk for de-
velopment of infection [75].

III. Clinical presentation and evaluation. The diagnosis of a wound infection can be dif-
ficult. Criteria for defining superficial incisional surgical site infections have been pro-
posed by the Centers for Disease Control and Prevention and include purulent drainage
from the surgical site, isolation of organisms from aseptically obtained tissue or fluid,
and the presence of wound-associated tenderness, swelling, erythema, or warmth [81]. In
deep incisional SSIs, purulent drainage, dehiscence of the deep incision, fever, pain, and
fluctuance indicative of an abscess are helpful criteria. Malodorous wound discharges
or crepitance on physical exam also may be helpful in predicting wound infection. In
patients who have systemic signs and symptoms, blood cultures should be obtained.

IV. Treatment
A. Surgical drainage with debridement to remove all foreign material and

necrotic, infected tissue are often required.
B. Initial antibiotic choices should be guided by the likely pathogens associated

with specific operations or exposures and by initial results of Gram staining from
wound-associated exudate or tissue. Pathogen-directed therapy can be instituted
once culture results become available. Listed below are choices and doses appropriate
for adults with normal renal function.
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1. Traumatic wound infection, culture pending. These infections can be due
to numerous combinations of microbes, including staphylococci, streptococci,
gram-negative bacilli, and anaerobes including clostridial species. Beta-lactam
and β-lactamase inhibitor combinations such as piperacillin-tazobactam (3.375 g
i.v. every 6 hours), ampicillin-sulbactam (3 g i.v. every 6 hours), or ticarcillin-
clavulanate (3.1 g i.v. every 4 to 6 hours) are often recommended. Imipenem
(500 mg i.v. every 6 hours) also can be considered. A quinolone such as
ciprofloxacin (400 mg i.v. every 12 hours) also should be considered if trauma
was incurred in water.

2. Surgical site infection, culture pending
a. If surgery involves the GU tract, GI tract, oropharynx, or esophagus, poten-

tial microbes include staphylococci, streptococci, enterococci, gram-negative
bacilli, and anaerobes. In the hospitalized patient, β-lactam and β-lactamase
inhibitor combinations such as piperacillin-tazobactam (3.375 g i.v. every
6 hours), ampicillin-sulbactam (3 g i.v. every 6 hours), or ticarcillin-clavulanate
(3.1 g i.v. every 4 to 6 hours) are often recommended. Imipenem (500 mg i.v.
every 6 hours) or a third-generation cephalosporin such as ceftriaxone (2 g i.v.
every 24 hours) in combination with metronidazole (500 mg i.v. every 6 hours)
also can be considered.

b. If surgery does not involve the GU tract, GI tract, oropharynx, or esopha-
gus, potential microbes include staphylococci, streptococci, and gram-negative
bacilli. In these patients, β-lactam and β-lactamase inhibitor combina-
tions such as piperacillin-tazobactam (3.375 g i.v. every 6 hours), ampicillin-
sulbactam (3 g i.v. every 6 hours), or ticarcillin-clavulanate (3.1 g i.v. every
6 hours) are often recommended. Vancomycin (15 mg/kg i.v. every 12 hours)
should be considered if methicillin-resistant Staphylococcus aureus (MRSA) is
suspected or hospital epidemiology documents its increased prevalence.

V. Prophylaxis
A. Antibiotic prophylaxis to prevent SSIs has proven effective when antibiotics

are administered preoperatively. Surgical antibiotic prophylaxis is covered in Chap-
ter 27. The use of antibiotics for management of trauma-associated wounds is less
well defined and should be dictated by the clinical signs and symptoms if bacterial
contamination has already occurred by the time the wound is evaluated.

B. Tetanus prophylaxis is discussed below.

TETANUS
Clostridium tetani is a gram-positive anaerobic spore-forming bacillus that is found in the
soil and intestinal contents of many farm animals and even humans. Inoculation of this
organism typically occurs in wounds associated with acute injury. These injuries include
puncture wounds due to nails, tattooing, body piercing, animal bites, splinters, lacerations,
and abrasions. Non–acute injury conditions associated with the development of tetanus
include intravenous drug use, diabetes mellitus, otitis media, and tooth infections [82]. Ap-
proximately 5% of cases are observed in chronic skin wounds or ulcers [83]. The average
incubation period is usually 6 to 12 days and is inversely proportional to the distance be-
tween the inoculation site and the central nervous system. After sporulating under anaerobic
conditions, this bacteria produces an exotoxin that acts at spinal synapses to interfere with
neurotransmission. The resultant effect is uncontrolled muscle contractions and exagger-
ated reflexes. The clinical case definition for tetanus is the “acute onset of hypertonia and/or
painful muscular contractions (usually of the muscles of the jaw and neck) and generalized
muscle spasms without other apparent medical cause” [84]. In the United States, a total
of 124 cases of tetanus were reported from 1995 through 1997, primarily affecting unvacci-
nated or insufficiently vaccinated individuals [82]. Individuals over 60 years of age are at
increased risk for tetanus, a reflection of decreased prevalence of immunity to tetanus in
this age group. Tetanus is completely preventable by effective vaccination.

I. Prevention
A. Primary vaccination series and routine tetanus prophylaxis [85]. Routine

recommendations for tetanus prevention include a complete primary vaccination
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Table 4.3. Summary Guide to Tetanus Prophylaxis in Routine Wound Management

Clean Minor Wounds All Other Woundsb
History of Adsorbed Tetanus
Toxoid (doses) Tda TIGa Tdc TIG

Unknown or <3 Yes No Yes Yes
>3d Noe No No f No

a Td, tetanus and diphtheria (adult type) adsorbed toxoids; TIG, human tetanus immunoglobulin
(250 units i.m.). (TIG is preferred over equine antitoxin.) When tetanus toxoid and TIG are given concur-
rently, the adsorbed toxoid is recommended. (Separate syringes and separate sites should be used.)
b Such as, but not limited to, wounds contaminated with dirt, feces, soil, saliva, and so on; puncture
wounds; avulsions; and wounds resulting from missiles, crushing, burns, and frostbite.
c For children under 7 years of age; DTaP (DT, if pertussis vaccine is contraindicated) is preferred to
tetanus toxoid alone. For persons 7 years and older, Td is preferred to tetanus toxoid alone.
d If only three doses of fluid toxoid have been received, a fourth dose of toxoid, preferably an adsorbed
toxoid, should be given.
e Yes, if more than 10 years since last dose.
f Yes, if more than 5 years since last dose. (More frequent boosters are not needed and can accentuate
side effects.)
Reprinted from Centers for Disease Control. Diphtheria, tetanus, and pertussis. Recommendations for
vaccine use and other preventive measures. MMWR 1991;40:21–22, with permission.

DTaP (diphtheria and tetanus toxoids and acellular pertussis vaccine) series ad-
ministered at 2 months, 4 months, 6 months, 15 to 18 months, and 4 to 6 years of
age. Subsequent routine tetanus toxoid boosters given as Td (tetanus and diphtheria
toxoids) should be administered every 10 years. A complete primary vaccination se-
ries for persons greater than or equal to 7 years of age consists of three doses of Td
with 4 weeks separating the first and second doses and 6 to 12 months separating
the second and third doses; routine toxoid booster should then be administered ev-
ery 10 years. Protective antibodies decline over time. Serologic surveys have
shown that in the United States from 1988 to 1991, 72% of adults over 70 years of
age did not have immunity to tetanus [86]. Physicians should not administer
toxoid booster to patients with a history of neurologic reaction, urticaria,
or anaphylaxis with previous vaccination. Patients with Arthus-like reac-
tions should not be given booster doses at more frequent intervals than
every 10 years [85].

B. Tetanus prophylaxis in wound management. Passive immunization with
tetanus immunoglobulin (TIG) or active immunization with tetanus toxoid is an
important consideration in wound management. U.S. Public Health Service recom-
mendations (Table 4.3) are dictated by the patient’s tetanus immunization history
and the type of wound [87–90]. Wounds that are nonpenetrating, superficial, less
than 6 hours old, linear in configuration, and manifest no associated tissue necrosis
or contamination are classified as clean and minor.

II. Clinical characteristics of tetanus [88,89]. Several clinical types of tetanus have
been described. Most patients who develop tetanus are diagnosed with general-
ized tetanus. Trismus (i.e., lockjaw), a reflection of rigidity of the masseters, is the most
common presenting sign. Orbicularis oris rigidity produces the characteristic sardonic
smile (risus sardonicus). Persistent contractions of the chest and back muscles with flex-
ion of the arms and extension of the lower extremities (i.e., opisthotonos) may develop.
Painful generalized muscle contractions can be precipitated by minor sensory stimuli,
including noise and touch. Spasm of the larynx or glottis can impair gas exchange and
swallowing; difficulty with urination and defecation is another potential complication.
The overall mortality rate is approximately 30% and residual neurologic complications
are not common in survivors.

Neonatal tetanus, a form of generalized tetanus, is seen primarily in unde-
veloped conditions where tetanus immunization rates for mothers are low and occurs
as a result of contamination of the umbilical cord and stump. Infants develop gener-
alized muscle spasms and irritability. Cephalic tetanus manifests as cranial nerve
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dysfunction, usually in the setting of otitis media or other head-associated injuries and
infections. Although not common, local tetanus is characterized by muscle contractions
in the area where the injury occurs.

III. Diagnosis. The diagnosis of tetanus is usually made on clinical grounds in patients
with a recent history of injury and the new onset of characteristic neurologic findings.
Common laboratory studies such as complete blood counts and chemistries are usu-
ally normal. With the exception of an elevated opening pressure, lumbar puncture and
the cerebrospinal fluid profiles are normal. The microbiologic identification of C. tetani
from wound specimens is not very sensitive or specific. Radiographic imaging of the
central nervous system is unremarkable. The differential diagnosis includes dystonic
reactions to neuroleptic drugs, local infection or trauma to the teeth or masseters, hys-
teria, hypocalcemia, and strychnine poisoning.

IV. Treatment. All the following treatment modalities should be instituted [88,90].
A. Human tetanus immunoglobulin administered i.m. is recommended as soon

as possible. In general, a single dose of 3,000 to 6,000 units is recommended for
children and adults, although a dose of 500 units may be as effective as larger doses
[90]. Despite the recommendations of some experts, no increased efficacy has been
proven with infiltration of TIG around the area of the wound. In the event that TIG
is not available, i.v. immune globulin may be used [90].

B. Because natural infection does not result in immunity, a complete course of active
tetanus toxoid immunization is recommended once the patient has recovered.

C. If possible, debridement of foreign and necrotic tissue should be pursued.
D. Supportive medical care should be provided in a quiet environment so that stim-

uli resulting in spasms or seizures can be minimized. Benzodiazepines and curare-
like agents (vecuronium, pancuronium) are indicated for management of spasms or
seizures. Mechanical ventilatory support may be required.

E. Antibiotic therapy. When compared with penicillin G, metronidazole ap-
pears to be more clinically effective for the treatment of tetanus [91]. Metron-
idazole, 500 mg i.v. every 6 hours, for 10 to 14 days is recommended for adults. Par-
enteral penicillin G, 2 million units every 6 hours, is recommended as an alternative
choice.

V. Prognosis. The overall case fatality incidence for known outcomes among 122 patients
in the United States from 1995 through 1997 was 11% [82]. The case fatality incidence in
patients 20 to 39 years of age was 2.3%. Patients with tetanus who were 40 to 59 years
of age had a case fatality incidence of 16%, increasing to 18% in those greater than
59 years of age.

POTENTIAL BIOLOGIC WARFARE AGENTS
Events of the new millennium have provided an impetus for physicians to be cognizant of
biologic warfare agents. Several of these potential agents produce cutaneous manifestations,
including Bacillus anthracis, variola major, Francisella tularensis, and Yersinia pestis. This
list is not exhaustive, and the reader is referred to the CDC website (www.bt.cdc.gov.) for
updated details regarding potential biologic warfare agents.

I. Anthrax
A. Clinical characteristics [92–97]. Anthrax, a gram-positive sporulating rod, can

cause inhalational, GI, and cutaneous infections.
1. Inhalational disease occurs after spores of Bacillus anthracis are inhaled.

Macrophages in the lung ingest these spores and carry them to mediastinal lymph
nodes where they proliferate and produce toxins that result in edema and hem-
orrhage. After an incubation period of 1 to 7 days, infection classically mani-
fests as a biphasic illness with a prodrome of dry cough, muscle pains, headache,
fever, and abdominal pain (i.e., flulike symptoms) followed by a short interval of
improvement. Afterward, the fulminant development of severe pulmonary fail-
ure, hemodynamic instability, and, in 50% of patients, meningeal inflammation
is noted.

2. GI disease develops approximately 2 to 5 days after ingestion of meat that
is contaminated with spores. Spores presumably enter through defects in the

http://www.bt.cdc.gov
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mucosal lining of the gut, with ulcerations usually noted in the caecum and ileum
and associated mesenteric lymph node inflammation. Patients typically present
with nausea, vomiting, abdominal pain, fever, and bloody diarrhea. Ascites also
has been reported.

3. Cutaneous disease represents the greatest proportion of anthrax infections
(>95%). One to 14 days after inoculation, a pruritic, painless papule develops
that enlarges and then vesiculates. Lesion-associated fluid discharge is often clear
to serosanguinous. A brawny, nonpitting, almost gelatinous edema surrounds the
vesicle. This lesion then ruptures and develops a necrotic eschar, which can be
surrounded by increased edema and numerous vesicles (Color Plate 4.24). The pa-
tient presents with fever, particularly if bacteremia is present. Numerous lesions
may be observed, typically occurring on the face and extremities.

B. Epidemiology. Endemic areas of infection include western Asia and Africa. Anyone
exposed to spores can develop disease, and those at greatest risk include individuals
who work in industries where there is exposure to goat hair, wool, cashmere, dying
cattle, or infected meat. The spectre of bioterrorism has now placed other individuals
at risk, including postal/mailroom workers, laboratorians, media personalities, and
governmental figures.

C. Diagnosis of cutaneous anthrax
1. A complete blood count may reveal a leukocytosis with increased band forms.
2. If inhalational anthrax is suspected, a chest radiograph should be obtained (see

Chapter 11).
3. Early identification can be made with Gram staining of blood, cerebrospinal fluid,

or cutaneous lesion aspirates or biopsies. These organisms are large, gram posi-
tive, encapsulated, and rodlike in appearance.

4. B. anthracis can be isolated from routine cultures. Culture of skin lesion aspirates,
blood, cerebrospinal fluid, and pleural fluid with routine media can be useful
for isolation. Speciation should be pursued to differentiate from other potential
pathogens associated with the Bacillus species (e.g., B. cereus).

5. Serologic antibody testing of acute and convalescent serum is helpful for epidemi-
ologic purposes.

6. Enzyme-linked immunoassays for antigen detection and nucleic acid–based test-
ing such as polymerase chain reaction (PCR) are rapid diagnostic tests available
primarily at reference laboratories.

D. Treatment [94,95,97]
1. Recommended initial treatment for inhalational anthrax in adults

(including pregnant and immunocompromised patients) includes cipro-
floxacin, 400 mg i.v. every 12 hours or doxycycline, 100 mg i.v. every 12 hours
plus 1 or 2 other antibiotics that are active in vitro against the implicated strain
(i.e., ampicillin, penicillin, clindamycin, clarithromycin, imipenem, vancomycin,
rifampin, chloramphenicol). Once the patient is stable, oral monotherapy with
ciprofloxacin 500 mg orally twice daily or doxycycline, 100 mg orally twice daily
can be used in lieu of intravenous therapy to complete a 60-day course. Steroids
can be considered when meningitis or serious edema develops.

2. Recommended treatment for cutaneous anthrax in adults (including
pregnant and immunocompromised patients) includes ciprofloxacin, 500 mg
orally twice daily, or doxycycline, 100 mg orally twice daily for 60 days. If systemic
symptoms, extreme edema, or facial/neck edema are present, treat as inhalational
anthrax (see above).

E. Prophylaxis [94,95,97]
1. Postexposure prophylaxis recommendations for adults (including preg-

nant and immunocompromised patients) include ciprofloxacin, 500 mg orally
every 12 hours, or doxycycline, 100 mg orally twice daily. If the isolate is suscepti-
ble, amoxicillin, 500 mg orally every 8 hours, or doxycycline, 100 mg orally twice
daily, is optimal. The total duration of antibiotics should be 60 days.

2. Vaccination. A six-dose anthrax inactivated cell-free vaccine series is used for
U.S. military personnel [98,99]. Availability is limited, and its routine use is cur-
rently not recommended. If available, vaccine can be offered to persons exposed
from a bioterrorist attack along with prolonged antibiotics [95].
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II. Smallpox. Vaccination against variola major (smallpox) was universally discontinued
in 1980. Large-scale use of this organism as a biologic warfare agent would likely be dev-
astating in the United States because no American has been vaccinated in over 27 years.
Unlike anthrax, person-to-person transmission occurs by droplet nuclei. The case fatal-
ity rate is greater than 30% among previously unvaccinated individuals [100,101].
A. Clinical characteristics [100,101]. The virus is transmitted primarily via

droplet nuclei that embed in the oropharynx or respiratory tract. After an incuba-
tion phase of 7 to 17 days, infected individuals develop flulike symptoms, including
fever, back pain, and headache. A rash described initially as maculopapular
then develops over 1 to 2 days on the oropharyngeal mucosa, face, and up-
per extremities (including palms and soles) before centrifugally involving
the thorax and lower extremities. The lesions are typically most dense on
the face and extremities, and all lesions appear to be at the same stage of
evolution. The rash then develops a vesiculopustular appearance that eventually
crusts over after 8 to 14 days, leaving scars that are described as “pitted.” Encephali-
tis and keratitis are possible complications.

In contrast, chickenpox has an incubation period of 2 to 3 weeks with a short
prodromal period before a more superficial vesicular rash evolves in a centripetal
distribution (albeit rarely involving the palms and soles). The lesions appear every
few days and are classically found in different stages of evolution. Crusting of the
lesions occurs within 1 week.

B. Epidemiology. When smallpox infections existed, occurrences were most common
in winter and spring and among younger populations. With no vaccination in the
United States for greater than a quarter century, even vaccinated individuals
may be susceptible to smallpox infection due to waning immunity.

C. Diagnosis [100]. Fluid from vesiculopustular lesions is evaluated with electron
microscopy. The clinical presentation and epidemiologic background combined with
the visualization of virions consistent with orthopoxvirus are useful in making a pre-
sumptive diagnosis. The diagnosis is confirmed by growth of the virus under special-
ized conditions and strain characterization by nucleic acid–based techniques such
as PCR and restriction fragment length polymorphisms. Laboratory investiga-
tions should be pursued in experienced laboratories with high containment
capabilities.

D. Preexposure vaccination. Limited supplies of smallpox vaccine and vaccinia im-
mune globulin exist, but efforts to increase supplies of both will result in a need
for reassessment of policy for use in prevention of primary infection. Currently, the
CDC controls access to both of these agents. Renewed vaccine production is currently
being commissioned by the CDC [100].

E. Postexposure treatment [100]. No antiviral therapy has proven reliably effective
against smallpox infection. When infection develops, care is primarily supportive.
In a smallpox outbreak, all infected individuals should be isolated to prevent
human-to-human transmission. Close contacts of these individuals should be vac-
cinated and observed, preferably in a domestic setting. Vaccination within 96 hours
of exposure appears to prevent infection and improve outcome [102]. Because con-
taminated laundry from these patients can spread the smallpox virus, autoclaving of
sheets and clothes is essential. Disinfection of contaminated inanimate objects with
hypochlorite and ammonia is also recommended.

III. Tularemia. Quite virulent, only a few organisms of Francisella tularensis (tularemia)
are required to cause infection. The etiologic agent of “rabbit fever,” this small gram-
negative coccobacillary organism primarily causes infections in animals. The usual mode
of transmission to humans is by contact with contaminated tissues and body fluids or
from the bite of an infected tick, mosquito, or deerfly. Much less commonly, the organism
is transmitted from animal bites, ingestion, or inhalation.
A. Clinical characteristics [103–105]. Contingent on numerous factors, including

the route of inoculation and the inoculum size, the clinical presentations associated
with tularemia are diverse. The most common type of infection is ulceroglan-
dular disease, accounting for more than 75% of all tularemia infections. After an
incubation period of approximately 3 to 5 days, a painful pruritic erythematous
papule or nodule develops at the site of inoculation, which typically involves the
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distal upper extremities. Localized tender lymphadenopathy is also appreciated.
The skin lesion ulcerates with a necrotic center (Color Plate 4.25). Disease on-
set is sudden, and the patient may appear toxic, with fatigue, fever, and chills. The
organisms can disseminate hematogenously from lymph nodes and reside in organs
of the reticuloendothelial system.

Release of this organism in an aerosolized form would be the likely transmission
route in biologic warfare, and the pleuropulmonary or inhalational form of tularemia
would predominate (see Chapter 11).

B. Epidemiology [103–105]. In nonoutbreak situations, natural infection with tu-
laremia is reported with increased frequency in summer months when ticks are most
prevalent. Most cases in the United States are reported from Arkansas, Missouri,
Oklahoma, Texas, Utah, and Tennessee. These infections are usually seen in men,
perhaps due to increased recreational activities that include hunting or exposure to
wild mammals. If used as a biologic weapon, all individuals would be susceptible
to F. tularensis and health-care providers would need to have heightened clinical
suspicion.

C. Diagnosis [103–105].
1. Skin and respiratory abnormalities are not specific. Clinical suspicion is impor-

tant in directing further workup.
2. Gram staining of infected skin or sputum rarely reveals the organism. Direct

fluorescent antibody stains are useful in rapid identification of the organism in
body fluids or tissue.

3. Special media are needed for cultivation of this organism from pharyngeal, gas-
tric, sputum, and blood specimens, and include cysteine-enriched broth and blood
agar, and thioglycollate broth. Buffered charcoal-yeast and chocolate agar also can
be used. Laboratorians need to be informed when the diagnosis of tularemia is
suspected. Any activity resulting in aerosolization or droplet formation of culture
materials mandates biosafety level 3 conditions [103].

4. Serologic tests using microagglutination, tube agglutination, or enzyme im-
munoassay technology can be used for diagnostic confirmation and epidemiologic
studies.

5. Rapid diagnostic tests, including PCR, enzyme-linked immunosorbent assay, and
antigen detection assays, exist but are usually available only in specialized ref-
erence or research laboratories [106].

D. Treatment [103].
1. If an individualized approach can be taken toward the infected adult with tu-

laremia, the preferred choice for treatment is streptomycin, 1 gm i.m. twice daily;
gentamicin, 5 mg/kg/day i.m. or i.v. is an acceptable alternative. Treatment length
is 10 days. Alternative choices include doxycycline, 100 mg i.v. twice daily for 14
to 21 days; ciprofloxacin, 400 mg i.v. twice daily for 10 days; or chloramphenicol,
15 mg/kg i.v. four times daily for 14 to 21 days.

2. In a mass casualty situation, treatment recommendations for adults include a
14-day course of doxycycline, 100 mg orally twice daily, or ciprofloxacin, 500 mg
orally twice daily. Antibiotic susceptibility testing should be pursued in order
to direct further therapy. In the setting of inhalational exposure, prophylactic
therapy with 14 days of oral doxycycline or ciprofloxacin is recommended.

3. Person-to-person transmission does not occur and isolation of infected individuals
is not necessary.

E. Vaccination. A live attenuated vaccine for F. tularensis exists that has been used for
protecting individuals who are at increased risk for infection (e.g., laboratory workers
who work with the organism). It is not recommended for postexposure prophylaxis
by the Working Group on Civilian Defense [103].

IV. Plague. Yersinia pestis is the etiologic agent of plague. It has been identified by the
Working Group on Civilian Biodefense as a potentially serious biologic warfare agent
because of its high case fatality rate, its human-to-human transmissability, and its
ability to be administered as an aerosol [107]. The reservoir is typically a rodent, and
the usual mode of transmission to humans is by a flea bite.
A. Clinical characteristics [107–109]. Approximately 2 to 7 days after the bite of

a plague-infected flea, approximately 90% of patients develop high fever, malaise,
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nausea and vomiting, chills, headache, and tender localized matted lym-
phadenopathy (usually axillary, cervical, or inguinal) with overlying erythema
known as buboes, hence the name bubonic plague. Other skin lesions described in
bubonic plague include a vesiculopustular lesion at the site of inoculation; petechiae,
ecchymoses, and gangrene can develop as complications of bacteremia, sepsis, and
disseminated intravascular coagulation.

Approximately 5% of individuals develop a septicemia with no development of
buboes. The case fatality rate approaches 25% to 50%, and these patients also may
present with ecthyma-gangrenosum–like lesions, gangrenous lesions, and petechial-
purpuric lesions.

Pneumonic plague develops in approximately 5% of patients as a result of the
hematogenous spread of bacilli in patients with bubonic or septicemic plague (sec-
ondary pneumonic plague) or as a primary process. Primary pneumonic plague
occurs in patients who inhale Y. pestis when exposed to humans or nonhuman
animals with pneumonic plague. These patients present with hemoptysis, cough,
shortness of breath, chest pain, fever, malaise, and, occasionally GI disturbances.
Complications in patients with a fulminant course include purpura, necrotic skin
lesions, and bleeding. Case fatality rates are reported to exceed 50% [109] (see
Chapter 11).

B. Epidemiology [107,108]. Most cases of natural plague are reported from Africa,
Asia, Central America, and South America. In the United States, most cases are
reported in the summer and early fall from the southwestern states of New Mexico,
Colorado, California, or Utah. If used as a biologic agent of terrorism, aerosolized
transmission would likely be preferred, resulting in primary pneumonic plague (see
Chapter 11).

C. Diagnosis [107–109]
1. Clinical suspicion is needed when patients present with suggestive clinical find-

ings.
2. Chest radiography should be performed.
3. Gram staining of aspirates from buboes, sputum, or blood can be helpful in iden-

tifying bipolar safety pin–like gram-negative bacilli.
4. The organism can be isolated from standard cultures of blood, sputum, or buboe-

associated aspirates. Optimal growth occurs on McConkey or blood agar at 28◦C
[107]. Laboratorians need to be informed when the diagnosis of plague is sus-
pected. Any activity resulting in aerosolization or droplet formation of culture
materials mandates biosafety level 3 conditions [107].

5. Rapid diagnostic confirmatory tests such as PCR, antigen detection, IgM enzyme
immunoassay, and immunofluorescence staining are available at reference labo-
ratories, including the CDC.

6. Serologic testing for antibodies is primarily useful for epidemiologic purposes.
D. Treatment [107]

1. If an individualized approach can be taken toward the infected adult with plague,
the preferred choice for treatment is streptomycin, 15 mg/kg i.m. twice daily, or
gentamicin, 5 mg/kg i.m. or i.v. once daily. Alternative choices include doxycycline,
100 mg i.v. twice daily or 200 mg/day i.v.; ciprofloxacin, 400 mg i.v. twice daily;
or chloramphenicol 25 mg/kg i.v. as a loading dose followed by 15 mg/kg i.v. four
times daily. Treatment length is 10 days and oral therapy can be used once the
patient is stable. Gentamicin is preferred for pregnant patients.

2. In a mass casualty setting and for postexposure prophylaxis, preferred recommen-
dations for adults include doxycycline, 100 mg orally twice daily, or ciprofloxacin,
500 mg orally twice daily. The alternative choice is chloramphenicol, 25 mg/kg
orally four times daily. Treatment length for a mass casualty setting is 10 days
and for postexposure prophylaxis 7 days.

3. Respiratory droplet precautions should be taken in the treatment of all patients
with plague until pulmonary involvement is ruled out, or until at least 48 hours
of antimicrobial therapy and clinical improvement is observed.

E. Vaccination. A formalin-killed vaccine existed (but is no longer available) that was
not helpful in preventing primary pneumonic plague [107]. Effective immunizations
against pneumonic plague are being pursued.
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5. BONE AND JOINT INFECTIONS

Rathel L. Nolan and Stanley W. Chapman

OSTEOMYELITIS
Osteomyelitis is an inflammatory process in bone and bone marrow. Most often caused by
pyogenic bacteria, it may also be caused by mycobacteria and fungi. Multiple classification
schemes have been devised.

I. Acute versus chronic osteomyelitis. This clinical distinction is sometimes difficult to
make. The following definitions provide a useful separation with implications in therapy
and prognosis [1].
A. Acute cases are those in their first presentation. The history may be short (days for

hematogenous osteomyelitis) or long (weeks to months for contiguous osteomyelitis).
B. Chronic osteomyelitis cases are those that have relapsed in a site of previously

identified disease. Chronic osteomyelitis is more difficult to treat successfully and
carries a poorer prognosis. Surgical intervention is usually required.

II. Pathogenic classification. The most useful clinical classification is based on patho-
genesis, as outlined by Waldvogel et al. [1].
A. Hematogenous osteomyelitis results from bacteremic seeding of bone.
B. Contiguous-focus osteomyelitis is caused by spread from an adjacent area of

infection, as in postoperative infections, direct inoculation from trauma, or extension
from an area of soft tissue infection.

C. Peripheral vascular disease-associated osteomyelitis usually occurs in pa-
tients with diabetes with or without large vessel insufficiency.

III. Other classifications. Other classification systems are based on special circumstances
such as (a) a unique age group (neonatal osteomyelitis), (b) a unique clinical setting (e.g.,
intravenous drug use or sickle cell disease), (c) a microbiologic cause (gram-negative,
anaerobic, etc.), or (d) an unusual anatomic location (e.g., vertebral osteomyelitis). A
clinicopathologic classification proposed by Cierny et al. [2] facilitates comparison of
therapeutic outcomes.

IV. The changing spectrum of osteomyelitis. Previously, osteomyelitis was predomi-
nantly hematogenous and caused by Staphyloccoccus aureus. Presently, osteomyelitis
occurs most frequently from contiguous-focus spread after an open fracture
or reconstructive surgery or as a result of vascular insufficiency. There has been
an increase in nosocomial cases, as well as an increase in unusual bacterial causes, in-
cluding gram-negative bacilli, anaerobes, and mixed infections. Increasing prevalence
of antimicrobial-resistant bacteria markedly complicates therapy [3,4].

HEMATOGENOUS OSTEOMYELITIS
Hematogenous osteomyelitis occurs most often in rapidly growing bone, which explains the
increased frequency among children. Recent series note an increasing frequency in older
patients, so that the age distribution is bimodal [5–7]. Hematogenous osteomyelitis may
occur in any bone, but the long bones (i.e., femur, tibia, and humerus) are most frequently
involved in children. Older patients tend to have more vertebral involvement.

I. Pathophysiology and patient age. The pathophysiology and clinical presentation
are age related [8].
A. Children. In children aged 1 to 16 years, disease is most frequent in the metaphysis

of long bones (Fig. 5.1). This is believed to result from sluggish blood flow through a
sinusoidal venous system, a deficiency of phagocytic cells in this region, and poor col-
lateral circulation. The susceptibility of this region to trauma may also play a role. A
history of antecedent trauma may be obtained in 30% of patients with hematogenous
osteomyelitis.
1. Anatomic considerations. In childhood, there are no anastomotic vascular

channels between the metaphyseal and epiphyseal circulations (Fig. 5.1). The
epiphyseal growth plate acts as a barrier, resulting in the spread of infection lat-
erally and rupture of the cortex into the subperiosteal space, with subsequent
subperiosteal abscess formation.
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FIG. 5.1 A: Femur, showing diaphysis, metaphysis, and epiphysis. B: Vascular supply of
a long bone in the area of the metaphysis and epiphysis. (From Waldvogel FA, Medoff G,
Swartz MN. Osteomyelitis: a review of clinical features, therapeutic considerations, and
unusual aspects. N Engl J Med 1970;282:198–206, with permission.)

When infection has reached the subperiosteal space, it may spread longitudi-
nally along the shaft of the bone or rupture through the periosteum. Separation
of the bone from the periosteum is accompanied by exuberant periosteal growth
and new bone formation. This circumferential new bone covering is referred to as
an involucrum.

2. Sequestrum. In the course of the infection, segments of bone may lose vascular
supply due to such factors as increased pressure, acidic pH, and effects of leuko-
cytic enzymes. Such an area of devitalized bone is referred to as a sequestrum.
These areas must be surgically removed because they act as foreign bodies and
will prevent effective antibiotic therapy.

3. Associated septic arthritis. As previously noted, the epiphyseal growth plate
serves as a barrier to the spread of infection. In children, osteomyelitis compli-
cated by septic arthritis occurs only in joints in which the metaphysis is intracap-
sular, such as the proximal femur and proximal humerus.

B. Neonates and infants younger than 1 year
1. Septic arthritis is common. In contrast to older children, at this age anasto-

motic channels exist between the metaphyseal and epiphyseal circulations. In-
fection may spread rapidly to the epiphysis and joint space, resulting in
septic arthritis (Fig. 5.1).

2. Involvement of the epiphyseal growth plate may result in growth deformities.
3. The metaphyseal cortex is immature. Spreading exudate rapidly reaches the pe-

riosteum and ruptures it, infecting the surrounding periosteal tissues. This ac-
counts for the frequent soft tissue abscesses found in this age group.

C. Adults. Hematogenous osteomyelitis is less common in adults. Initial localization
is to the subchondral region of bone or the vertebrae.
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1. Anatomic considerations. In adults, vascular connections between metaphy-
seal and epiphyseal vessels result after resorption of the growth cartilage. Spread
of infection to the joint space by this route can occur. The periosteum is bound
tightly to bone and has less osteoblastic activity so that subperiosteal abscess and
involucrum formation are unusual.

2. Vertebral osteomyelitis. This is most common in adults 50 years of age
and older and accounts for the bimodal age distribution of hematogenous
osteomyelitis.

D. Special considerations
1. Sickle cell disease. The bone infarcts and marrow thrombosis that complicate

this hemoglobinopathy predispose to bacterial localization in bone. Osteomyelitis
at multiple sites is common. Salmonella species and Staphylococcus aureus are
the most common pathogens [9,10].

2. Intravenous drug users and hemodialysis patients. Repeated intravascular
injections in intravenous drug users and vascular access infections in hemodial-
ysis patients result in an increased frequency of hematogenous osteomyelitis
[11,12].

II. Microbiologic features
A. Staphylococci

1. S. aureus remains the most common pathogen, but the percentage of hematoge-
nous osteomyelitis due to S. aureus has declined from 80% to 90% of cases in the
past to 40% to 60% in recent years [5–7].

2. Staphylococcus epidermidis causes approximately 5% or fewer cases of dis-
ease. Because inadvertent contamination of cultures by this organism is frequent,
its real role as a pathogen is unknown.

B. Streptococci
1. Group A streptococcal isolates cause disease in children and occasionally in

adults.
2. Group B streptococci are common in neonates and may be a more common

pathogen in this age group than are staphylococci [13]. Group B streptococci also
occur in diabetic patients.

C. Haemophilus influenzae is now an infrequent cause of osteomyelitis in the United
States due to widespread usage of conjugated polysaccharide vaccine [14].

D. Gram-negative enteric bacilli (e.g., Escherichia coli, Salmonella, and Klebsiella
species) most often occur in adults and account for 10% to 15% of cases of hematoge-
nous osteomyelitis. Certain patient groups are predisposed to hematogenous
osteomyelitis caused by gram-negative organisms: neonates (Enterobacteriaceae),
patients with sickle cell disease (Salmonella), and intravenous drug users (Pseu-
domonas). Patients with underlying chronic illness, including chronic renal disease,
alcoholism, diabetes, and malignancy, also have an increased risk of gram-negative
infections [15].

E. Anaerobes are uncommon causes of hematogenous osteomyelitis [16].
F. Polymicrobial infections can occur [17].
G. Mycobacteria, particularly tuberculosis, can cause vertebral osteomyelitis. This

entity is discussed in section IV under Special Forms of Osteomyelitis, below.
H. Fungi can cause an indolent form of osteomyelitis and may have a propensity to

involve bones of the feet or hands and the vertebrae. For further discussion, see
section V under Special Forms of Osteomyelitis, below. Individual fungal infections
are also discussed in Chapter 17.

III. Clinical manifestations
A. Acute symptoms. The classic presentation of hematogenous osteomyelitis is sud-

den onset of bone pain and toxicity with high fevers, rigors, and diaphoresis. Most
patients present with symptoms of less than 3 weeks’ duration. Children and infants
may be symptomatic for less than 1 week. Extensive use of antibiotics for conditions
other than osteomyelitis may modify the clinical presentation. Atypical presenta-
tions are more common and uncommon sites more frequent [5,7,18].
1. Localized signs include limitation of motion of the involved extremity, soft tissue

swelling, erythema, warmth, and point tenderness over the involved area.
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2. Systemic manifestations are seen in 50% or fewer patients. They may include
fever, chills, night sweats, malaise, anorexia, and weight loss.

3. Minimal vague symptoms may be reported by as many as 40% of patients for
1 to 2 months. This indolent course is likely in the following situations:
a. Primary subacute pyogenic osteomyelitis (Brodie abscess). This is

characterized by the indolent formation of abscess, most frequently occurring
at the metaphysis of long bones. Local pain is the most common presenting
symptom [19].

b. Vertebral osteomyelitis in the adult. See section II under Special Forms of
Osteomyelitis, below.

c. Pelvic osteomyelitis. The presenting symptoms for this condition may be
unusual, including abdominal pain, gait disturbance, and sciatica [20].

B. Neonatal osteomyelitis is often a difficult diagnostic problem. Soft tissue swelling,
localized tenderness, and decreased motion of an extremity (pseudoparalysis) are the
most common findings. See Chapter 3, section VI.A under Selected Specific Infections
in the Newborn, for further discussion.

C. Sickle cell disease. The diagnosis of osteomyelitis in these patients is challeng-
ing, because the clinical signs and symptoms mimic those associated with an acute
pain crisis. For this reason, blood cultures should always be obtained in pa-
tients presenting with an apparent acute sickle pain crisis.

IV. Diagnosis. Various cultural, hematologic, serologic, and radiographic procedures are
helpful in making a clinical diagnosis and substantiating the etiology of disease. In an
era of increasing prevalence of unusual and antimicrobial-resistant pathogens, vigorous
attempts should be made to establish the specific etiology of disease. Availability of
the pathogen for susceptibility testing is essential to guide antimicrobial therapy. The
diagnostic modalities described below are applicable to all forms of osteomyelitis.
A. Blood cultures should be drawn in all patients with suspected osteomyelitis. Ap-

proximately 50% of patients with acute hematogenous osteomyelitis have positive
blood cultures. Neonatal osteomyelitis is often associated with bacteremia. Blood cul-
tures are less likely to be positive in other forms of osteomyelitis, such as contiguous
focus disease, chronic osteomyelitis, and osteomyelitis associated with peripheral
vascular disease. Two to four separate sets of blood cultures should be drawn.

B. Leukocytosis can occur, but normal or minimally elevated leukocyte counts are
common and cannot be used to exclude the diagnosis of osteomyelitis.

C. The erythrocyte sedimentation rate (ESR) may be normal early in the disease
but will usually rise as the disease progresses. A normal ESR does not exclude the
diagnosis. An elevated ESR provides an excellent parameter by which to moni-
tor therapeutic response, becuase the ESR progressively declines with successful
therapy.

D. C-reactive protein level is usually elevated at the time of presentation and falls
with successful therapy. It is used with ESR to monitor therapeutic response [21].

E. Radiographic evaluation is very helpful and should be done routinely in all pa-
tients. The radiologic changes may lag days to weeks behind the clinical presentation.
The usual sequence of radiologic changes is as follows:
1. Roentgenograms are normal early in the disease course. Bone scans may de-

tect abnormalities at this stage. However, if bone destruction is present, no further
imaging may be necessary [22].

2. Soft tissue swelling and subperiosteal elevation are the earliest abnormal-
ities. These findings may be subtle and may not appear until 10 to 14 days after
onset of symptoms. Serial radiographic examinations may be required.

3. Lytic changes on roentgenography do not appear until 30% to 50% of bone is
removed and usually are not detectable until 2 to 6 weeks after the onset of
disease.

4. Sclerotic changes appear weeks after onset of illness due to delay in mineral-
ization after new matrix formation. Sclerotic changes associated with periosteal
new bone formation (involucrum) denote a more chronic process.

5. Other diseases may cause osteomyelitis-like changes on radiographs: chronic
venous stasis of the lower extremities with periosteal reaction involving the tibia;
osteoid osteoma; and neoplasms involving bone.
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F. Radionuclide scanning is most helpful early in the course of acute disease, before
the development of roentgenographic changes. Positive scans may be seen as early
as 24 hours after the onset of symptoms.
1. Scanning with technetium radiophosphates is most commonly used, especially

the three-phase scans. Radiation exposure approximates that of a standard
roentgenogram and is not contraindicated in pediatric patients. Because of the
possibility of referred pain or multicentric disease, whole body images should
be obtained in patients with suspected osteomyelitis. More detailed radiographic
examination of suspicious areas may then be obtained. Other processes, such
as primary and metastatic tumor, osteonecrosis, arthritis, cellulitis, and abscess,
may cause false-positive examinations.

2. Indium-labeled leukocyte scans have excellent sensitivity and specificity for di-
agnosis of early osteomyelitis. They are more technically challenging and result
in a substantially higher radiation dose than do technetium bone scans [23].

G. Magnetic resonance imaging (MRI) is sensitive for the early detection of os-
teomyelitis. It is used to identify soft tissue infection, distinguish soft tissue from
bone marrow involvement, and distinguish between abscess and cellulitis. It is the
preferred modality for diagnosis of vertebral osteomyelitis. MRI is also useful in
evaluation of treatment failures and in planning surgical intervention. Computed
tomography (CT) provides excellent images of bone cortex and is used for biopsy
localization [24].

H. Needle aspirations from soft tissue collections, subperiosteal abscesses, and in-
traosseous lesions to obtain culture material should be performed in all patients in
whom an unequivocal etiologic diagnosis is not obtained by blood cultures. Needle
aspiration is preferably performed before administration of antibiotics.

I. Joint fluid analysis should be undertaken if there is an associated joint effusion.
The aspirated effusion should be analyzed for cellular content, chemistries, Gram
stain, and culture.

J. Open biopsy should be entertained in patients in whom a specific etiology is not
obtained by blood cultures or needle aspiration, especially when tuberculosis, fungi,
or malignancy is suspected. Biopsy material should be submitted for histopathologic
examination and appropriate cultures.

V. Initial therapy. Initial therapy should be aggressive. Inadequate therapy of acute
osteomyelitis may result in relapse and development of chronic disease.
A. Principles of antibiotic use. Antibiotics are the mainstay of therapy, although

few prospective comparative trials exist on which to base selection of antibiotics and
determine duration of therapy. Special aspects of their use are as follows.
1. Parenteral agents are generally recommended as the initial treatment to ensure

compliance and also to achieve optimal bone levels. Because antibiotic penetration
into bone is low, these agents are usually given in high doses. Antibiotic penetra-
tion is related to bone vascularity (i.e., cancellous bone levels are higher than
cortical bone). Antibiotic levels are also higher in diseased bone. The penicillins,
cephalosporins, gentamicin, vancomycin, clindamycin, and ciprofloxacin achieve
concentrations in bone that exceed the minimal inhibitory concentration (MIC)
of most susceptible organisms causing osteomyelitis [25–27]. In relationship to
serum levels achieved, clindamycin and ciprofloxacin penetrate bone especially
well. As such, these latter two agents have proven useful in the treatment of all
forms of osteomyelitis, whether administered intravenously or as oral therapy.

2. Oral antibiotic therapy
a. Children. It is common practice to treat acute hematogenous osteomyelitis

in children with oral antibiotics after an initial course of parenteral therapy.
Patients are treated with intravenous antibiotics for 5 to 10 days. After a
favorable clinical response is noted, the patient is switched to high dose oral
therapy, which is continued for at least 3 more weeks. Several aspects of
oral therapy deserve special emphasis.
(1) The causative organism must be available for study and proven suscep-

tible to the oral agents chosen.
(2) Appropriate surgical debridement or drainage must be performed.
(3) Compliance must be ensured. If there is any doubt as to the patient’s
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strict compliance with therapy, outpatient treatment must be abandoned
[28].

(4) Monitoring of serum bactericidal levels is advocated by some experts
to ensure adequate gastrointestinal absorption and adequate serum con-
centrations [29].

(5) Patients should be without significant underlying diseases.
(6) Prolonged follow-up is needed, because disease may recur years after an

apparent cure.
b. Adults. It is our practice to complete a full course (i.e., 4–6 weeks) of intra-

venous antibiotics for the initial therapy of most adults with acute hematoge-
nous osteomyelitis. We try to avoid oral therapy in adult patients because of the
lower antibiotic concentrations that are achieved in bone. An exception to this
exists, however, for the usage of oral quinolones for osteomyelitis, especially
that due to gram-negative pathogens. The clinical outcomes of patients with
osteomyelitis treated with ciprofloxacin and ofloxacin were reported as similar
to those of patients treated with intravenous antibiotics alone [30,31]. It should
be noted, however, that the patient cohorts treated were relatively small. As
a result of these and other studies, oral ciprofloxacin has been recommended
for “step-down” therapy for adults with osteomyelitis after 10 to 14 days of
intravenous antibiotics. Before changing to oral therapy, the necessary sur-
gical management should be performed and clinical improvement should be
evident. As for osteomyelitis in children, susceptibility of the pathogen to the
quinolones must be demonstrated and compliance with therapy must be as-
sured. We usually continue oral treatment for another 4 to 6 weeks after com-
pletion of intravenous antibiotics. No in vitro or clinical efficacy data exist
for the use of the newer quinolones (i.e., levofloxacin, gatifloxacin, and moxi-
floxacin) in the treatment of osteomyelitis. Some recommend the addition of
rifampin to a quinolone regimen to enhance the efficacy of both agents (syn-
ergy) and to reduce the development of drug-resistant bacteria. The combina-
tion of a quinolone and rifampin has proven useful in the treatment of pros-
thetic joint infections as outlined later in this chapter. Other antibiotics, such
as clindamycin and trimethoprim-sulfamethoxazole, have been used success-
fully for the oral treatment of osteomyelitis. We recommend infectious disease
consultation for osteomyelitis patients being considered for oral therapy.

3. Bactericidal agents are preferred.
4. In vitro susceptibility studies performed against the causative organism aid in

the selection of appropriate therapy. Careful susceptibility studies are essen-
tial in this disease because of the prolonged therapy required. Antibiotic
combinations, which may have additive toxicities, are best avoided unless clearly
indicated based on susceptibility data. This again emphasizes the need to obtain
the etiologic pathogen for susceptibility studies.

5. Use of serum bactericidal levels to monitor therapeutic efficacy is advocated
by some experts. In this technique the patient’s serum is obtained immediately
before and after antibiotic administration. Serial dilutions of the serum are then
tested for bactericidal activity against the offending pathogen. It was initially
anticipated that this test might predict therapeutic success or failure early in the
course of treatment. The real value of the test is unknown, however, due to lack
of a standardized protocol and absence of large clinical studies to support its use
[29].

6. Prolonged therapy for acute hematogenous osteomyelitis is important. Antibi-
otics must be administered for a minimum of 4 to 6 weeks. Cure rates of greater
than 90% are expected. Administration of oral antibiotics as follow-up therapy
in patients receiving adequate courses of parenteral therapy does not improve
outcome when given for acute osteomyelitis [1].

7. Evaluation of initial therapeutic response. Failure of the patient to show
clinical improvement within 48 to 72 hours should prompt reevaluation. Diag-
nostic and therapeutic surgery may be necessary.

B. Initial therapy while awaiting cultures (Table 5.1)
1. Adults
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Table 5.1. Empiric Initial Therapy of the Seriously Ill Patient with Acute Osteomyelitis

Patient Age Likely Pathogens Therapy a

Neonates and infants
<2 mo old

Staphylococcus aureus,
enteric gram-
negative bacilli,
group B streptococci

Penicillinase-resistant
semisynthetic penicillin
(PRSP) (e.g., oxacillin,)b,c

plus cefotaxime
Children

Without hemoglobinopathy S. aureus PRSP or first-generation
cephalosporin or
clindamycin or
vancomycinc

With hemoglobinopathy S. aureus, Salmonella species PRSP plus cefotaximec

Adults S. aureus and enteric
gram-negative bacilli
in high-risk patientsd

PRSP. In high-risk
patients, add third-
generation cephalosporin
or aminoglycosidec,e

aDosages are discussed in Table 16.2 and in Chapters 3 and 28.
bNafcillin should be avoided in the premature and in the very young infant, because the child’s hepatic
excretion may be deficient. If on Gram staining of a needle aspiration of the involved bone gram-negative
organisms are seen, cefotaxime is initially suggested. See Chapter 3.
cIn the patient with a history of delayed penicillin allergy, a first-generation cephalosporin is substi-
tuted for a PRSP. In a patient with immediate allergy to penicillin, vancomycin or clindamycin may be
substituted. If MRSA is suspected, vancomycin is used.
dHigh-risk patients include intravenous drug users, hemodialysis patients, diabetics, and patients with
underlying debilitating diseases.
eA third-generation cephalosporin (e.g., ceftriaxone) with PRSP (to ensure optimal S. aureus therapy)
may be used in patients in whom an aminoglycoside is contraindicated or undesirable and in whom
Pseudomonas species are not suspected. If MRSA is a concern, intravenous vancomycin can be used while
awaiting susceptibility data.

a. After cultures are obtained, antistaphylococcal therapy, usually with a
penicillinase-resistant semisynthetic penicillin, is recommended for cases of
uncomplicated hematogenous osteomyelitis. In patients with histories of de-
layed penicillin reactions, a first-generation cephalosporin may be used. In
patients with histories of immediate penicillin reactions, clindamycin is rec-
ommended. If methicillin-resistant S. aureus (MRSA) is suspected, adminis-
tration of vancomycin is appropriate while awaiting susceptibility data.

b. When gram-negative organisms are suspected (see section II.D,
above), an antistaphylococcal agent plus a third-generation cephalosporin or
ciprofloxacin or an aminoglycoside may be used.

2. Children. In children less than 2 months of age a penicillinase-resistant peni-
cillin plus cefotaxime is recommended for coverage of S. aureus, enteric gram-
negative bacilli, and group B streptococci. An identical regimen is recommended
in children with sickle cell disease to provide coverage for both S. aureus and
Salmonella species. In children older than 2 months of age without associ-
ated hemoglobinopathy, empiric therapy is directed toward S. aureus with a
penicillinase-resistant penicillin or first-generation cephalosporin or clindamycin
or vancomycin as described in section 1.a. above.

C. Specific antibiotics and alternatives for commonly used agents are shown
in Table 5.2.

D. Surgery
1. When treated with appropriate doses of antibiotics, most cases of

hematogenous osteomyelitis are cured without surgery. Outcomes are bet-
ter if therapy is begun within 3 to 5 days after the onset of symptoms. It is nonethe-
less important for an orthopedic surgeon to follow these patients to help assess
the future need for surgery.
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Table 5.2. Therapy of Osteomyelitis Directed at Specific Pathogens

Pathogen Antibiotic of Choicea,b Alternative Antibioticsc

Staphylococcus aureus
Methicillin–

susceptible
Penicillinase-resistant

semisynthetic penicillin
(e.g., nafcillin or oxacillin)
(adults: 9–12 g/d; children:
200 mg/kg/d)

First-generation cephalosporin
(e.g., cefazolin) (adults: 4 g/d;
children: 100 mg/kg/d)c or
clindamycin (adults: 1.8–2.4
g/d; children: 20–40 mg/kg/d)

Methicillin–
resistant

Vancomycin (adults: 2 g/d;
children 40 mg/kg/d)d

Streptococcus pyogenes
(group A streptococci)

Aqueous penicillin G
(adults: 12–18 million
units/d; children: 200,000–
3000,000 units/kg/d)

First-generation cephalosporin
or clindamycine

S. agalactiae (group B
streptococci)

Aqueous penicillin G
(as for group A streptococci)

First-generation cephalosporine

or vancomycin f

Salmonella species Ceftriaxone or cefotaxime g Ciprofloxacinh

Pseudomonas
aeruginosa

Piperacillin or similar agent
plus aminoglycosidei

Ciprofloxacinh

Escherichia coli Ceftriaxone or cefotaxime Ciprofloxacinh

Klebsiella pneumoniae Ceftriaxone or cefotaxime Ciprofloxacinh

Bacteroides fragilis Metronidazole or clindamycin Ampicillin-sulbactam, imipenem
Anaerobic and

microaerophilic
streptococci

Aqueous penicillin G
(as for Streptococci)

First-generation cephalosporin

aThe daily intravenous dosage recommendations listed are for adults and children older than
4 weeks with normal renal function. See Chapter 3 for dosage recommendations in neonates and
infants younger than 4 weeks. See Chapter 27 for a further discussion of antibiotics.
bHigh-dose intravenous therapy is recommended for acute osteomyelitis.
cThe first-generation cephalosporins are more active against S. aureus than are the second- and third-
generation cephalosporins.
dDue to poor penetration of vancomycin into bone, some experts add oral rifampin in therapy of susceptible
strains. (Adults, 600 mg/d; children, 20 mg/kg/d).
eIn dosages shown for methicillin-susceptible S. aureus.
f In dosages shown for methicillin-resistant S. aureus.
gFor dosages, infectious diseases consultation is suggested. See Chapter 27.
hUse of ciprofloxacin may prevent extended hospitalization in puncture wound osteomyelitis in adults.
Flouroquinolones should not be used in children, teenagers, or pregnant females. Infectious diseases
consultation is advised. See Chapter 27.
iAn aminoglycoside and a penicillin derivative active against P. aeurginosa are used together for synergy.

2. Indications for surgery include the following:
a. Diagnosis. Diagnostic aspiration should be routinely performed in os-

teomyelitis unless blood cultures unequivocally provide the pathogen.
b. Hip joint involvement (osteomyelitis of the femoral metaphysis). Drainage

must be done early in these cases because of the likelihood of rupture of the
cortex and spread of infection into the hip joint.

c. Neurologic complications of vertebral or cranial osteomyelitis. See section
II.D.3 under Special Forms of Osteomyelitis, below.

d. Poor or no response to therapy. When patients fail to respond clinically
after 48 to 72 hours of therapy, a drainage procedure may be necessary. Sur-
gical drainage most often is needed in patients with disease caused by gram-
negative enteric bacilli. A subperiosteal collection of pus that does not respond
to therapy also requires drainage. Cultures should be obtained on all surgical
specimens.

e. Sequestra. These should be removed surgically.
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E. Monitoring therapeutic response
1. Signs and symptoms. Successful therapy is indicated by resolution of fever,

local tenderness, and erythema.
2. ESR. If the ESR was elevated initially, it should decline with appropriate therapy;

however, it may not return to normal on completion of successful therapy.
3. Elevated C-reactive protein. Elevated levels of C-reactive protein should also

fall toward the normal range with successful therapy.
4. Radiography. Radiographic improvement may lag behind clinical improvement.

Serial roentgenograms must be interpreted cautiously. We usually repeat a
roentgenogram 2 to 3 weeks into the course of therapy and at the end of therapy
in uncomplicated cases. A radiograph obtained 2 to 3 months after completion of
antibiotic therapy provides a useful baseline if disease recurs.

5. Serial bone scans. These should not be used to monitor response to therapy.
Bone scans may remain positive months after clinical cure because healing bones
absorb radiotracers.

VI. Prognosis. The prognosis for cure in patients with uncomplicated acute hematogenous
osteomyelitis is good. Prognosis is, however, related to a variety of factors, including
the causative organism, the duration of symptoms before therapy, patient age, and the
duration of antibiotic treatment.
A. Adequate antibiotic therapy is essential. There is a 10% to 20% recurrence rate in

patients treated for acute hematogenous osteomyelitis [28]. Recurrences are more
common in adult patients and also patients who have received less than optimal
therapy.

B. Patients with hematogenous osteomyelitis due to gram-negative organisms appear
to have a higher rate of recurrence [32].

C. The best opportunity for cure is with initial therapy. Of patients with re-
current disease, only 50% were cured after complete surgical debridement and
4 to 6 weeks of intravenous antibiotics [1]. Acute osteomyelitis must be vig-
orously and adequately treated to prevent the development of chronic
infection.

CONTIGUOUS-FOCUS OSTEOMYELITIS
Contiguous-focus osteomyelitis due to spread from an adjacent focus of infection has some
special characteristics that require emphasis.

I. Clinical setting
A. Postoperative infections constitute many cases of contiguous-focus osteo-

myelitis.
1. Open reduction of closed fractures is the most common predisposing surgical

procedure.
2. Less common predisposing surgeries include craniotomies, prosthetic hip

and other reconstructive joint surgery, disk surgery, tumor resections, and ster-
notomy for open heart surgery. These infections can be complicated by the use
of foreign materials, including metal, plastic, and bone cement, which serve as a
nidus of infection that is resistant to antibiotic therapy.

B. Contamination of bone occurring at the time of an open fracture is also com-
mon [4].

C. Contiguous soft tissue infections, with spread to the bone, can involve any
site.
1. Osteomyelitis also may occur by spread from an infected tooth socket or sinuses,

skin ulcerations, wounds, or decubitus ulcers and from infections introduced by
foreign bodies (e.g., puncture wounds).

2. Osteomyelitis frequently occurs in bone underlying pressure ulcers and is partic-
ularly difficult to diagnose. Bone biopsy may be useful [33].

D. Puncture wounds uncommonly cause osteomyelitis, particularly of the small bones
of the feet.

II. Microbiologic features. These infections often are mixed, because the adjacent
wound infections are commonly due to mixed pathogens.
A. Staphylococci
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1. S. aureus is the most common isolate. Approximately 50% to 60% of cases involve
S. aureus, especially when disease involves the long bones, hip, and vertebrae.
However, S. aureus may not be the only pathogen present.

2. S. epidermidis must also be considered a pathogen, especially when associated
with prosthetic joints. These infections frequently have an indolent course, man-
ifested primarily as constant pain after implantation [34].

B. Gram-negative bacteria often are involved in mixed infections. Pseudomonas and
other gram-negative bacteria are associated with the osteomyelitis secondary to
puncture wounds [35]. Pasteurella multocida infection may occur after cat or dog
bites [36].

C. Anaerobic infections have been underestimated because of poor culture tech-
niques. Anaerobes may be involved in osteomyelitis of the long bones subsequent
to trauma and fracture, osteomyelitis related to peripheral vascular disease, pelvic
osteomyelitis due to spread from decubitus ulcers, or osteomyelitis of cranial and
facial bones due to spread from a contiguous soft tissue source.

D. Osteomyelitis after open fractures may be due to unusual organisms. Contam-
ination caused by soil may cause infection with Nocardia, Clostridia, or Bacil-
lus species, whereas fresh water contamination predisposes to Aeromonas or Ple-
siomonas disease [4].

III. Clinical manifestations. Most patients follow an indolent course and are diagnosed
within 1 to 2 months of the onset of disease. Delay in diagnosis often occurs in postop-
erative infections. This is related in part to the use of prophylactic or postoperative
antibiotics, disease due to atypical organisms of low pathogenicity, and the presence of
foreign material.
A. Presenting symptoms include fever, regional soft tissue swelling, erythema, and

warmth. Purulent drainage from wounds and sinus tracts is common in both the
acute and chronic forms.

B. Site of involvement may affect the presentation. Osteomyelitis of cranial bones
often lacks signs or symptoms of disease, whereas infection of the long bones and
pelvis often presents with fever and pain.

IV. Diagnosis
A. Blood cultures are infrequently positive. Nevertheless, two or three blood cultures

should be obtained.
B. Leukocyte counts are commonly normal or minimally elevated.
C. The ESR and C-reactive protein levels may be elevated, but normal levels do not

exclude the diagnosis.
D. Radiographic evaluation. In patients with osteomyelitis secondary to a contigu-

ous focus of infection the diagnosis often is delayed, and roentgenographic changes
are likely to be detectable at the time of presentation. Such findings may be difficult to
interpret due to radiographic changes associated with the precipitating event (e.g.,
fracture, prosthetic devices, pressure-related change in bone in decubitus ulcers).
Serial examinations by a radiologist usually are most helpful in these cases.

E. Technetium radiophosphate bone scans may be difficult or impossible to inter-
pret in this setting because of adjacent inflammation and infection or postoperative
changes [37]. Other techniques, such as MRI (if a metal prosthesis is not present),
may be helpful [24].

F. Cultures of wounds and draining sinuses are not as helpful as bone cul-
tures. In patients with draining sinuses or wounds, the interpretation of cultures is
complicated because there may be multiple isolates or isolates of low pathogenicity
or cultures may be sterile. Cultures of wounds and sinus tracts do not correlate well
with those performed on underlying infected bone. A definitive bacteriologic diagno-
sis requires careful cultures of bone either by needle aspiration or by open biopsy.
Needle biopsy for histopathologic and culture confirmation of osteomyelitis under
pressure sores is preferred before instituting antibiotic therapy [33,38].

G. Open biopsy may be necessary in those patients who have had an unacceptable re-
sponse to therapy or in whom needle aspiration is indicated but cannot be performed.

V. Therapy. Treatment of contiguous osteomyelitis is less successful than treatment of
the acute hematogenous forms. Relapse may occur in 40% to 50% of cases [1,5–7,39].
Surgery is an essential aspect of therapy in this disease.
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A. Poor therapeutic response. This is a result of a number of factors, including (a)
the longer duration of infection before treatment; (b) the presence of foreign bodies
after reconstructive orthopedic procedures; (c) the presence of devitalized bone in
postfracture cases; (d) the increased frequency of mixed infections, which may not be
adequately diagnosed or treated; and (e) malnutrition and chronic illness in patients
with pressure ulcers.

B. Antibiotic therapy
1. The basic principles of antibiotic use (discussed under Hematogenous Os-

teomyelitis, above) are true also for contiguous-focus osteomyelitis. Because of
the high frequency of mixed infections, it is critical to obtain good specimens
for culture so that antibiotics can be directed against true pathogens rather
than wound colonizers.

2. Selection of specific antibiotics depends on the results of susceptibility studies.
Common dosage schedules are shown in Table 5.2.

3. The ideal duration of therapy for this form of osteomyelitis is unknown. Each
case is affected by many variables, such as the site of involvement, the adequacy of
surgical debridement, underlying chronic illness of the patient, and the presence
of a foreign body and whether it can reasonably be removed.
a. Prosthetic device-related infections are discussed later in this

chapter.
b. Wound-associated infection (without prosthetic devices). In general,

we usually treat these patients with 4 to 6 weeks of parenteral antibiotics
based on susceptibility studies of the causative organism. Because of the poor
prognosis of this form of osteomyelitis, we frequently extend our therapy by
changing to an oral agent. There is no proof, however, that longer courses of
therapy improve outcome.

As discussed in the treatment of hematogenous osteomyelitis, “step-down” to
an oral antibiotic (i.e., clindamycin or ciprofloxacin, with or without rifampin)
is an option in selected patients. Infectious disease consultation is recom-
mended in these difficult cases.

C. Surgery. Wounds or abscesses must be adequately debrided or drained. Sequestra
must be removed, because they act as foreign bodies and decrease the likelihood
of cure. Surgery usually is necessary early in these cases to obtain diagnostic ma-
terial. Further debridement may be necessary if clinical response is slow. Whether
prosthetic devices should be surgically removed is discussed later in this chapter.

D. Monitoring response. See section V.D. under Hematogenous Osteomyelitis, above.

OSTEOMYELITIS ASSOCIATED WITH PERIPHERAL
VASCULAR DISEASE
Most patients with osteomyelitis associated with peripheral vascular disease are diabetic.
Osteomyelitis does occur, however, in patients with severe atherosclerosis or vasculitis in the
absence of diabetes. Most patients are older than 50 years, and the bones of the toes and feet
are most often involved. For a separate discussion of soft tissue infections without
obvious osteomyelitis in the diabetic foot, see later in this chapter.

I. Pathophysiology. Neuropathy is present in most diabetic patients with foot disease
predisposing to mechanical or thermal injuries. There is tissue ischemia such that
ulcers occurring as a result of trauma heal poorly, become chronic, and frequently extend
into bone. Antibiotics penetrate poorly into these ischemic areas, frequently
necessitating surgical debridement [40].

II. Microbiologic features. Most wound or sinus drainage cultures and most surgical
bone specimens reveal a mixed flora of gram-positive organisms, gram-negative organ-
isms, and anaerobes [41,42].
A. Common mixed infections. Staphylococci are most frequently isolated followed in

frequency by streptococci and aerobic gram-negative bacilli. Polymicrobial disease
is frequent.

B. Anaerobes. The role of anaerobes is debated. Presence of long-standing disease and
tissue necrosis increases the likelihood of anaerobic disease [41,42].
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III. Clinical manifestations. Few patients have systemic symptoms, and sepsis is rare.
A. Local signs and symptoms predominate, including swelling and erythema. Pain

may be absent in patients with advanced neuropathy. Osteomyelitis occurs from
extension from cutaneous ulcers occurring over bony prominences. Osteomyelitis is
more likely the more chronic, deeper, and wider the ulcer. Crepitus of the soft tissues
may be present due to either aerobic or anaerobic infection. Foul odor may be due to
the presence of anaerobes or necrotic tissue [40,42].

B. Long-standing diabetic complications are often the predominant findings.
These include neuropathy, diminished or absent arterial pulses, skin and nail
changes, retinopathy, and nephropathy. The presence of such complications may
adversely affect disease outcome [40,42].

IV. Diagnosis
A. Blood cultures are seldom positive. Fever occurs most often in bacteremic patients.
B. Leukocyte counts are usually normal.
C. ESRs are usually markedly elevated. A normal ESR in a diabetic patient with a toe

or foot ulcer does not, however, rule out osteomyelitis.
D. On radiographic evaluation, diagnosis of osteomyelitis is often difficult. Dia-

betics may have bony changes on routine roentgenography as a result of periph-
eral vascular disease and neuropathic osteoarthropathy [40]. These changes may be
difficult to differentiate from true osteomyelitis. Consultation with an experienced
radiologist is indicated.

E. Other imaging modalities
1. Technetium-99m bone scans have low specificity in the presence of underlying

neuropathic osteoarthropathy.
2. Indium-111–labeled leukocyte scanning is more specific for infection but may

be difficult to interpret if there is overlying soft tissue infection.
3. MRI is superior to CT and probably has superior specificity and sensitivity to

the above [23,24].
F. Ulcers with bone exposed, detected either by visualization or by use of blunt

probing, should be treated as if there were underlying osteomyelitis. The ability to
see bone or reach it by probing has a high specificity and positive predictive value
in diagnosing osteomyelitis, but the sensitivity and negative predictive value are
low. If bone cannot be detected by probing and plain radiographs do not suggest
osteomyelitis, treatment can be aimed at a soft tissue infection [43].

G. Bone biopsy remains the definitive modality for diagnosis of osteomyelitis. Percu-
taneous biopsy is performed using an approach avoiding infected tissue to prevent
contamination of cultures or introduction of bacteria into uninfected bone. Spec-
imens should be submitted for histopathology and aerobic and anaerobic cultures.
Cultures of the overlying wound are less satisfactory in that results frequently differ
from those taken from bone [33].

H. Doppler or angiographic studies are necessary to detect focal vascular lesions
that, if corrected, could improve macrocirculation to the involved extremity. Im-
provement in blood supply to the lesion promotes healing and enhances delivery of
antibiotics to the diseased tissue.

V. Therapy. Response to antibiotics alone often is unsatisfactory. Many patients are hos-
pitalized on multiple occasions for treatment of recurrent disease. Initial therapy is usu-
ally conservative, with prevention of major amputations the primary goal. Prolonged
courses of antibiotics may improve outcomes [42], but surgical debridement is usually
necessary [44].
A. Conservative approach. To avoid more radical surgery, the following conservative

measures are undertaken, although they are time-consuming and may be unsuc-
cessful.
1. Limited local incision and drainage is done to remove necrotic debris.
2. The principles of antibiotic therapy are as outlined in section V.A. In one

report high dose parenteral antibiotics for at least 4 weeks or a combined intra-
venous and oral regimen for at least 10 weeks was associated with a good outcome
(defined as no ablative surgical procedure) in 29 of 51 patients. A poor outcome
after limited surgical drainage and antibiotics was noted in patients with abscess,
necrosis, or gangrene. Others advocate more aggressive surgery [42,44].
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3. Vascular surgery may improve the macrocirculation to the involved extremity
in patients with correctable focal arterial lesions.

4. Limited amputations of digits or parts of digits may prevent more radical fu-
ture amputations. Adjacent areas of cellulitis should be treated with antibiotics
preoperatively [45].

B. Ablative surgery. Patients who have done poorly with the conservative approach or
who have evidence of abscess or gangrene may need ablative surgical therapy. Before
amputation, it is important to perform arteriography or Doppler studies to rule out
a surgically correctable arterial lesion and to assess the probability of healing of the
surgical wound.

SPECIAL FORMS OF OSTEOMYELITIS
I. Chronic osteomyelitis is defined as a recurrent problem: The patient has been pre-

viously treated for osteomyelitis at the same site [1]. Chronic osteomyelitis occurs most
often after contiguous-focus osteomyelitis and peripheral vascular disease-associated
osteomyelitis [46].
A. Special considerations. Chronic osteomyelitis carries a worse prognosis than

acute osteomyelitis. Treatment failure rates in chronic osteomyelitis are higher than
in the acute form, and the therapy is different.

B. Clinical manifestations. Patients only occasionally have acute symptoms. Sys-
temic manifestations such as fever are uncommon. Localized signs and symptoms
are also less common, with the exception of sinus tract or wound drainage, which is
very common.

C. Microbiologic features. S. aureus is a common pathogen. Staphylococcal in-
fections may recur years after the initial episode. Gram-negative bacteria may also
be involved. Specific therapy should be guided by cultures obtained from biopsy.

D. Diagnosis. Determining the extent of disease activity and identifying a causative
pathogen may be difficult.
1. Blood cultures are not often helpful, because bacteremia is rare.
2. White blood cell (WBC) counts are normal in most patients.
3. The ESR may be elevated, but this is a nonspecific finding.
4. Radiographic evaluation is complicated by the presence of prior bony abnormal-

ities. It may not be possible to detect new or progressive abnormalities unless
older radiographs are available for comparison.

5. Technetium radiophosphate scans are less helpful than in cases of acute
osteomyelitis. Because scans may remain positive for years in the absence of
active infection, a negative scan usually excludes active disease. Indium-labeled
leukocyte scans have shown varying sensitivity in detecting active infection
[37].

6. CT and MRI are useful in defining sequestra, directing needle aspiration, and
planning the operative approach in chronic osteomyelitis [24].

7. When deciding whether to perform wound or sinus cultures, it is important to
remember that organisms cultured from draining sinus tracts may not represent
the true bacteriology of the underlying bone infection when compared with bone
biopsy cultures [46]. Definitive bacteriologic diagnosis requires culture of
bone biopsy specimens.

8. Needle aspiration and surgical biopsy should be performed before any antibi-
otic is administered [46]. Aerobic, anaerobic, mycobacterial, and fungal cultures
should be performed. Many chronic cases eventually require surgery. A diagnos-
tic and therapeutic procedure is preferred before initiation of antibiotic therapy.
Preoperative antibiotics may decrease the yield of cultures obtained at the time
of surgery. Gram stains of the surgical specimens may help in the initial empiric
choice of antibiotics.

E. Therapy is neither well established nor particularly effective. Evidence from con-
trolled trials to guide therapeutic decisions is lacking. Goals of therapy should be
thoughtfully considered and individualized. Cure of chronic osteomyelitis is hard
to define because relapses are frequent and may occur months to years after the
most aggressive therapy [4]. Attempts at “cure” may require extensive, sometimes
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limb-threatening, surgery followed by prolonged courses of sometimes toxic and ex-
pensive antibiotics. Such treatment courses are unsuitable for some patients in
whom chronic symptoms are tolerable. “Suppression” of symptoms with chronic,
perhaps lifelong, antibiotic therapy or treatment of exacerbations of symptoms with
antibiotics may be more reasonable courses of action. Infectious disease and ortho-
pedic consultation is recommended.
1. Surgical intervention may be required to remove sequestra, to debride

necrotic and devitalized material, and to obtain culture material. At times, exten-
sive debridement is done with attempts at autogenous grafting with pulverized
bone to fill in all defects [47]. Protocols using combined extensive debridement,
antibiotic therapy, and vascularized muscle flaps to cover the wound have shown
promising results [48].

2. Antibiotics are used, but the best regimen is debatable. In contrast to the ba-
sic principles that guide therapy in acute osteomyelitis (see section V.A under
Hematogenous Osteomyelitis, above), the optimal approach to antibiotic ther-
apy in chronic cases is unknown.
a. Parenteral agents are often used initially, but the duration of therapy is

poorly defined.
b. Combination therapy with an antistaphylococcal penicillin and rifampin

has been successful in some patients with chronic staphylococcal osteomyelitis
[4].

c. The long-term (3–6 months) use of oral agents has reported to be success-
ful in treating chronic osteomyelitis [49]. Although many patients had disease
attributable to gram-positive cocci, the quinolone antibiotics may prove espe-
cially useful in treating chronic osteomyelitis caused by aerobic gram-negative
bacilli, especially P. aeruginosa, which previously required parenteral antibi-
otics [50]. See Chapter 27 for a detailed discussion of these agents.

3. Hyperbaric oxygen is advocated by some clinicians in the treatment of chronic
osteomyelitis. Large-scale clinical trials proving efficacy are lacking.

4. Consultation is advised in these difficult cases. Adequate surgical debride-
ment is essential. A regimen of 3 to 6 weeks of parenteral antibiotics is often used
initially, followed by prolonged oral or parenteral therapy.

F. Complications of long-standing chronic osteomyelitis
1. Secondary amyloidosis, although reported in some reviews, is very rare.
2. Carcinoma, primarily epidermoid carcinoma, occurs in the sinus tract of fewer

than 1% of cases of chronic osteomyelitis. It is usually heralded by increased pain
and drainage from the sinus tract. If cancer is suspected, the entire sinus tract is
resected because the carcinoma may lie deep within the tract.

II. Vertebral osteomyelitis occurs more frequently in older patients and may result from
either hematogenous seeding of the bone or as the result of a postoperative wound
infection and contiguous spread. Risk factors include diabetes, immunodeficiency, and
intravenous drug abuse. Although uncommon, the incidence of this disease is increasing;
it accounts for about 2% to 4% of all cases of pyogenic osteomyelitis [51–53].
A. Special considerations. Intravertebral disk space infections (discitis) refers to an

inflammatory and/or infectious process of the vertebral disk. Discitis may result from
hematogenous seeding of the disk [54]. Discitis in adults has also been reported post-
operatively after spine surgery [55], after discography [56], and in intravenous drug
users [57]. In adults pyogenic bacteria are cultured in most cases, and early involve-
ment of contiguous vertebral bodies is documented radiographically. As such, it is our
opinion that discitis in adults clinically behaves like pyogenic vertebral osteomyeli-
tis and should be approached as such. In contrast, discitis in children represents a
unique clinical syndrome and is discussed later in this chapter [58] (see section III).

B. Pathogenesis and clinical setting
1. Spontaneous cases of vertebral osteomyelitis occur most often from hematogenous

seeding. In addition to arterial spread of infection, retrograde spread of infection
is purported to occur from a urinary tract or pelvic source via Batson plexus, a
venous plexus that forms a direct connection between the vasculature of the pelvis
and the spinal column. The extensive anastomoses and lack of valves in the veins
of Batson plexus are believed to facilitate spread of infection to adjacent vertebrae,
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particularly after urinary tract infection or genitourinary manipulation in the
elderly.

2. Other cases occur by spread from the contiguous focus of infection, especially
after disk surgery. Contiguous focus vertebral osteomyelitis is being increasingly
reported.

3. The incidence of vertebral osteomyelitis is highest in adults 50 years of
age and older. This increased incidence is considered to be a result of subchon-
dral vascular changes in vertebrae from the axial stress and osteoarthritis that
accompany aging.

4. When associated with intravenous drug use, vertebral osteomyelitis occurs in
younger adults, with peak incidence between 20 and 50 years of age. The duration
of symptoms is shorter, usually less than 3 months [57]. Pyogenic vertebral os-
teomyelitis in children is uncommon and has been reviewed elsewhere [58].

5. The lumbar vertebrae are most commonly involved, followed by thoracic and then
cervical vertebrae. In drug addicts, there is a high incidence of cervical spinal
involvement [51–53].

6. Nosocomial infection, usually due to intravenous cannula-related sepsis with
staphylococci, has become an increasingly important problem [51].

C. Microbiologic features. S. aureus is the most common pathogen. Salmonella and
gram-negative organisms associated with prior urinary tract infection or genitouri-
nary manipulations also are common. Pseudomonas species are common in drug
addicts. Tuberculosis can mimic bacterial infections (this is discussed further in sec-
tion IV). MRSA has been reported, usually with nosocomial infections associated
with catheter- or wound-related sepsis [59].

D. Clinical manifestations. There is commonly an inordinate delay between symptom
onset and diagnosis.
1. Back pain, described as dull and continuous, is the most common symptom. In a

recent series, 85% of patients presented with back pain [59]. It is present at rest
and exacerbated by movement or straining but only slightly relieved by anal-
gesics. Regional paraspinal muscle spasm, percussion tenderness of the spinal
column, and point tenderness of the involved spinous processes frequently are
present.

2. Referred pain due to nerve root irritation may mislead the examiner and direct
attention from vertebral involvement. Lumbar disease, for example, can present
as pain in the hip or leg.

3. Neurologic complications can occur. Because of the indolent nature of the
illness, patients may present with late neurologic sequelae such as paraplegia
and meningitis [51–53]. Limb weakness was noted in about one-half of patients
in one series [59].

4. Fever is often absent and was reported in only 30% of patients in a recent series
and has overall been noted in 20% to 50% of patients [59].

E. Diagnosis
1. Blood cultures should be obtained but often are negative. Blood cultures have

been reported positive in 24% to 50% of patients and when positive for a pathogen
are assumed to be the etiologic agent [59].

2. The WBC count is elevated in most patients [59].
3. The ESR is usually elevated (80–90 mm/h) and is considered a useful test support-

ing the diagnosis of vertebral osteomyelitis. A normal ESR makes the diagnosis of
vertebral osteomyelitis open to question. C-reactive protein levels are also usually
elevated [52].

4. Radiographic evaluation (i.e., spinal films) is essential. Intervertebral disk
involvement favors the diagnosis of pyogenic infection or tuberculosis. Findings
are often nonspecific [59].

5. Bone scans are helpful but have the limitations previously discussed.
6. MRIs are highly sensitive and specific in the diagnosis of spinal infection and

provide more accurate anatomic information than bone scans. They
have largely supplanted CTs in the evaluation of vertebral osteomyelitis [52].

7. Needle biopsy or open biopsy is essential to substantiate the diagnosis and
provide culture material [52,59] if blood cultures are negative. Unfortunately,
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bone biopsy cultures may be negative in up to 25% of cases. When this occurs,
histologic examination of the biopsy may confirm inflammatory changes compat-
ible with osteomyelitis. A second needle biopsy is suggested if the first sample is
culture negative. If the second needle biopsy is culture negative, an open surgical
biopsy should be considered [52].

F. Therapy
1. Antibiotics

a. The principles of antibiotic therapy are as outlined in section V under
Hematogenous Osteomyelitis, above.

b. When infection is due to MRSA, combination therapy with rifampin and intra-
venous vancomycin is indicated. This recommendation is based on studies of
animal models that have shown the combination of vancomycin plus rifampin
is superior to vancomycin alone for bone sterilization [59].

c. Duration. Antibiotics usually are given for at least 4 weeks and often for
6 weeks [52]. Often, prolonged intravenous antibiotics are given at home (see
Chapter 27). If the patient is very compliant and reliable and susceptibility
data allow for an oral agent (e.g., oral quinolones for susceptible gram-negative
bacteria), a combination of initial intravenous antibiotics followed by oral an-
tibiotics is used.

The contribution of oral antibiotics after the initial 4 to 6 weeks of therapy
is controversial. Some reviewers recommend them for 3 months after 1 month
of intravenous therapy; other investigators believe that if parenteral therapy
is given for 6 weeks, subsequent oral therapy is not required [59].

d. Because of the importance of eradicating this infection with the initial regimen
and lack of clear-cut guidelines, infectious disease consultation is advised to
help select intravenous and oral antibiotic regimens for these difficult prob-
lems.

e. The ESR and C-reactive protein are good tools to monitor the success of ther-
apy; with proper antibiotic therapy, they should be expected to fall toward the
normal range [52].

2. The role of surgery is debated. Definite indications include (a) neurologic compli-
cations such as cord compression, (b) drainage of paravertebral abscess, (c) failure
to make a bacteriologic diagnosis after repeated needle biopsies, (d) poor clinical
response, and (e) the presence of gross bone destruction, leading to significant
deformity or instability [52].

3. Adjunctive therapy includes bed rest and a half-shell cast or body brace if the
spine is unstable.

G. Prognosis. When early diagnosis is combined with adequate antibiotic therapy,
prognosis is generally good. Reviews cite a mortality of less than 5% to 7%, with
residual neurologic deficits occurring in 7% to 12%. Between 80% and 90% of pa-
tients recovered uneventfully with appropriate antibiotic therapy alone or with an-
tibiotics combined with surgery [52,53]. If, while on antibiotic therapy for vertebral
osteomyelitis, the patient develops symptoms of a compressive neuropathy, MRI can
be performed to determine whether there is a collection of pus that may require
neurosurgical drainage.

Relapses can occur. In one series, 15% of patients (three patients) had relapses,
and in two of the three patients the infecting organism was MRSA [59].

III. Intervertebral disk space infection (discitis) is most frequently reported in chil-
dren less than 5 years of age. It occurs almost exclusively in the lumbar region and
presents with a painful gait and refusal to walk. The pathophysiology and pathogenesis
of discitis in children remains poorly understood and is controversial [58].
A. Pathogenesis. Substantial controversy exists in the pediatric literature concerning

the role of inflammation versus infection in the pathogenesis of discitis [59–61]. Some
studies report positive blood or disk biopsy cultures (usually S. aureus) in more than
half of the patients sampled. Other studies, however, have found few positive cultures
and have reported resolution of illness without antimicrobial therapy. A number
of cases have been reported temporally associated with a viral illness in which no
bacterial etiology can be documented. Finally, antecedent trauma has been described
in up to one-third of cases, but its role in causation of discitis is uncertain. Discitis in
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children is probably due to a variety of causes, including trauma, viral disease, and
bacteria. However, we believe that the prevailing clinical evidence supports
a low grade bacterial infection as the cause of most cases of discitis and that the
failure to obtain positive cultures may be due to sterilization of the area by host
defenses between the onset of symptoms and biopsy.

B. Presentation. Fever and other systemic signs of infection are absent in more than
50% of the patients. When present fever can vary from low grade to high spiking
temperatures. In most children the onset of discitis is gradual and subtle. The
presenting symptom is most commonly back pain, occasionally with associated
difficulties in ambulation. In the very young irritability or refusal to ambulate may
be as specific a presentation as can be expected. Children may complain of pain
referred to the hip or leg or may show signs suggesting meningeal irritation or an
abdominal pathology severe enough to prompt laparotomy.

C. Diagnosis. There are two useful investigations in suggesting the likelihood of inter-
vertebral disk space infection: the ESR and roentgenographic examination. Needle
aspiration can establish the diagnosis.
1. ESR and complete blood count

a. Elevation of the ESR occurs in 90% to 100% of cases in both children and
adults and is commonly the earliest, and sometimes the only, laboratory ab-
normality seen. Any postdiscectomy patient with increasing back pain
and an ESR greater than 50 at 2 or more weeks after surgery should
be considered to have discitis until proven otherwise. The ESR may be
used as an indicator of therapeutic response but occasionally remains elevated
for months.

b. The total leukocyte and differential blood cell counts are normal in 50% or more
of patients. Marked elevations suggest extension of infection to structures
contiguous to the disk space.

2. Roentgenography. The hallmark of intervertebral disk space infection is the
roentgenographic finding of disk space narrowing. This change may not be
present until 2 to 3 weeks after onset of infection [60]. If roentgenograms are neg-
ative, either the examination should be repeated after an additional 2 to 3 weeks
or a radionuclide scan should be performed. Displacement of vertebrae may oc-
cur, and oblique views as well as routine views of the spine should be obtained.
Erosion of the vertebral endplates usually follows the narrowing, occurring by
3 to 5 weeks after onset.

3. Scans
a. 99mTc bone scans are useful in establishing an early and accurate diagnosis;

such scans are positive in many cases within 7 days of onset and in nearly all
cases after 2 weeks of back pain. But 67Ga bone scanning has also proven
beneficial [62].

b. There are conflicting reports as to the usefulness of CT in making an early diag-
nosis of discitis [63,64]. Disk space narrowing and adjacent bone involvement
may be detected before changes on plain roentgenograms. CT offers greater ac-
curacy than radionuclide scanning in depicting adjacent soft-tissue pathologic
processes.

c. Discitis also gives rise to characteristic changes on MRI, with an accuracy of
diagnosis similar to radionuclide scans. MRI also provides anatomic informa-
tion about the adjacent thecal sac and spinal cord not shown by radionuclide
scans. A recent prospective blinded study using gadolinium-enhanced MRI
found that changes in signal intensity in the intervertebral disk space and
adjacent marrow are uncommon after routine discectomy. In seven biopsy and
culture-proven discitis patients, gadolinium enhancement of the adjacent ver-
tebral bone marrow, disk space, and posterior annulus fibrosus was identified.
None of 15 asymptomatic postdiscectomy patients exhibited these changes
[64]. MRI may also be superior to CT in providing finer resolution of the
interface between the disk and adjacent bone.

4. Blood cultures should be routinely obtained. They are more likely to be positive
if the patient is seen early in the course. If they are positive, especially in a child
with S. aureus infection, a diagnostic needle aspiration may be avoided.
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5. Needle aspiration of the disk space is the preferred way to obtain material for
culture (aerobic, anaerobic, and mycobacterial), particularly in postoperative
discitis. In some studies, this procedure has provided an etiologic agent for as
many as 85% of cases in which it was performed. Aspirations should be performed
before antibiotic therapy is started. However, it has now become common practice
to treat children with uncomplicated discitis without first performing a culture
[61]. A skin test for tuberculosis is recommended.

D. Microbiologic features. In those cases in which a bacterial etiology is established,
more than 90% are due to S. aureus. Streptococci are implicated occasionally.

E. Differential diagnosis includes acute pyogenic osteomyelitis, trauma, tu-
berculous vertebral osteomyelitis, paraspinal abscess, and spinal cord
tumor.

F. Therapy
1. Although discitis in children is presumed to be of bacterial etiology in most cases,

outcome has generally been reported to be the same whether or not the pa-
tient receives antibiotics [58,60,65]. Because no controlled prospective stud-
ies have been done, recommendations for treatment remain controver-
sial.
a. Many authorities now recommend a trial of immobilization of the spine,

generally with a body cast, as the key to providing relief of pain [58,61]. The
duration of immobilization is guided primarily by improvement of the pain
and secondarily, by favorable changes in the ESR and roentgenograms, but is
generally in the range of 4 weeks.

b. A reasonable recommendation is that a child who fails to respond to im-
mobilization should receive intravenous antibiotic therapy, usually
with a first-generation cephalosporin or semisynthetic penicillinase-resistant
penicillin for 5 to 7 days, followed by 7 to 14 days of a similar oral antistaphy-
lococcal antibiotic [61]. Generally, 3 to 4 weeks of antibiotic therapy have been
successful.

G. Prognosis. The clinical data indicate that discitis in children is generally short-lived
and carries a good prognosis [65].

IV. Infection associated with prosthetic devices occurs in 1% to 5% of cases [66]. These
infections are particularly difficult to manage, but prosthesis removal is not necessary
in all cases. Some infections respond to antibiotic management alone.
A. Special considerations. Prosthetic devices act as foreign bodies. The question

routinely arises as to whether the prosthesis must be removed or whether prolonged
antibiotic therapy alone will be adequate.

B. The approach to these infections is discussed later in this chapter under Pros-
thetic Joint Infections.

C. Intramedullary fixation nails. These nails represent a unique situation, because
their premature removal, even when they are infected, will often result in an unsta-
ble fracture, nonunion, and persistent infection. The device must usually be left in
place and the infection treated with parenteral antibiotics and careful local surgery
for debridement and drainage. The nail is removed when union is achieved [67].

V. Tuberculous osteomyelitis should be suspected in any case of vertebral osteomyeli-
tis or osteomyelitis at any site that has not responded to antibiotic therapy. In the
United States one-fifth of tuberculosis cases occur at extrapulmonary sites. One-third
of human immunodeficiency virus (HIV)-infected individuals with tuberculosis have
extrapulmonary disease with or without pulmonary involvement [68].
A. Pathogenesis. Bone involvement results primarily from hematogenous spread,

most commonly from the lung. Extension from a caseating lymph node or lymphatic
drainage also may occur. There is a predilection for the coexistence of renal and
skeletal tuberculosis. In almost all cases, the organism is Mycobacterium tuberculo-
sis, although rare cases of atypical mycobacteria have been reported [69].

B. Clinical manifestations. Tuberculous osteomyelitis is seen primarily in adults.
Skeletal tuberculosis, like pulmonary tuberculosis, is less common in children.
1. Signs and symptoms. These cases usually have a long indolent course.

a. Asymptomatic bone lesions may be discovered on roentgenograms taken for
other reasons. As with pyogenic organisms, patients with tuberculosis of the
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spine may have a paucity of symptoms and may not present until development
of paravertebral abscess or neurologic complications including paraplegia and
meningitis (see section II).

b. Fever may or may not be present. Tuberculous osteomyelitis should always
be considered, however, in the patient with fever of unknown origin and an
asymptomatic bone lesion.

c. Pain is the most common complaint and may be accompanied by local swelling
and tenderness.

d. Chronic draining sinuses may be present.
2. Bones involved. Although any bone may be involved, 50% of cases involve the

spine (50% thoracic, 25% cervical, 25% lumbar); 12% pelvis; 10% hip and femur;
10% knee and tibia; 7% ribs; 2% ankle, shoulder, elbow, or wrist; and 3% at mul-
tiple sites [68].

C. Diagnosis. In addition to the usual methods of diagnosing bacterial osteomyelitis,
the following diagnostic tests are important in patients with suspected tuberculous
bone disease.
1. Chest roentgenography is necessary to look for evidence of pulmonary tuber-

culosis. Because only approximately 50% of patients with skeletal tuberculosis
have roentgenographic evidence of pulmonary tuberculosis, a negative chest ra-
diograph cannot disprove the diagnosis [70]. Sputum cultures (or gastric cultures
if sputum is not available) are necessary if active pulmonary infection is sus-
pected.

2. A tuberculin skin test is part of the workup of any destructive bone or joint
lesion, especially when it is monoarthritic or involves the spine. A negative skin
test must never be used to rule out disease (see Chapter 11).

3. Needle or open biopsy is important. In chronic infections in which tuberculosis
is suspected and in all cases of vertebral osteomyelitis of unknown etiology, tis-
sue for histopathologic analysis and culture is crucial. Special stains and
cultures for bacteria, mycobacteria, and fungi should be performed.

D. Treatment
1. See Chapter 11. Therapy is similar to that given for pulmonary disease, that

is, a four-drug regimen of isoniazid, rifampin, pyrazinamide, and ethambutol
for 2 months followed by two drugs, rifampin and isoniazid, for an additional
4 months. Infectious diseases consultation is advised [71].

2. Surgery
a. Nonvertebral disease. Except in far advanced disease, surgery is seldom

necessary. Surgery is indicated to prevent deformity, to improve joint function,
and to control disease that has not responded to chemotherapy. Surgery usually
is delayed until after 2 to 3 months of chemotherapy [68].

b. Vertebral disease. In the past, spinal tuberculosis (Pott disease) commonly
required surgical fusion. More recent studies show successful treatment in un-
complicated cases by chemotherapy alone. Spinal fusion usually occurs spon-
taneously with the healing process. Indications for surgery include marked
neurologic deficit, drainage of large abscesses, worsening neurologic deficit
despite adequate chemotherapy, and progression of kyphosis or instability de-
spite adequate chemotherapy [71,72].

E. Prognosis. With appropriate chemotherapy, the prognosis with skeletal tuberculo-
sis is good.
1. Nonvertebral disease. Coexistent joint involvement is frequent. Residual se-

quelae are often the result of deformity and functional impairment of the involved
joint. Most patients, however, do recover normal function after chemotherapy
alone [68].

2. Vertebral disease. Central nervous system involvement, including meningitis or
paraplegia, is the most serious complication of tuberculous infection of the spine.
Spinal deformities, kyphosis, and scoliosis also occur as a result of destruction of
vertebrae. In children, these deformities may be progressive [71,72].

VI. Fungal osteomyelitis. Osteomyelitis can result from invasive infections due to a num-
ber of fungal pathogens, including Candida species, Aspergillus species, Sporothrix
schenckii, Coccidioides immitis, Blastomyces dermatitidis, Histoplasma capsulatum,
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Cryptococcus neoformans, and a variety of less commonly encountered pathogens. Fun-
gal osteomyelitis should be considered in any indolent osteomyelitis that has not re-
sponded to routine measures or in any patient with evidence of disseminated fungal
disease. Therapy is generally complex and prolonged. Adequate discussion of the sub-
ject is beyond the scope of this chapter. We refer the reader to a recent review of the
subject [73] (see also Chapter 17).

DIABETIC FOOT INFECTIONS
Foot infections are a common cause of morbidity and mortality in patients with diabetes.
Twenty-five percent of all diabetics develop severe foot or leg problems. Foot infections
account for fully 20% of diabetic hospitalizations. At least 50% of all nontraumatic lower
extremity amputations occurring in the United States are performed on diabetics [74].

I. Pathophysiology
A. Peripheral neuropathy. Peripheral neuropathy is likely the most important risk

factor for development of foot lesions in diabetic patients. Neuropathy is present in
over 80% of diabetics with foot lesions [75].
1. Loss of protective pain sensation due to peripheral neuropathy leads to loss of

awareness of traumatic injury and subsequent breaks in the skin and skin ul-
ceration [74]. The initial lesion occurs at weight-bearing points, frequently under
the first or fifth metatarsal heads or on the heel. These painless ulcers may go
unnoticed and unattended for days to weeks. Bacteria may then invade the base
of these neglected ulcers and either spread along fascial planes or penetrate fascia
and soft tissue to reach the periosteum.

2. Motor nerve involvement leads to weakness in muscles of the foot, causing a cavus
deformity and clawing of the toes. This leads to maldistribution of weight while
walking, predisposing to traumatic injury, skin ulceration, and infection.

3. Autonomic neuropathy causes interference with sweating, resulting in dry
cracked skin that may allow invasion of microorganisms [75].

B. Ischemia. Arteriosclerosis occurs at a rate 20 times higher in type 2 diabetics than
in nondiabetic control subjects matched for sex and age. Peripheral vascular disease
is common in patients with diabetes, producing ischemia that contributes to the
development of as many as one-third of foot ulcers [75]. Lack of adequate blood
supply impedes delivery of antibiotics to infected tissue and impairs tissue healing.

C. Other factors. Other factors leading to ulceration and infection include pressure
due to faulty fitting shoes [76], superficial fungal infections, improper trimming of
toenails, overgrown nails, or thermal injury due to lack of awareness of heat [75].

II. Microbiologic features. The organisms isolated are related in part to the severity of
underlying disease, which has been divided into mild non–limb-threatening infections
and more severe limb-threatening infections [44,77] (see discussion in section III). Pa-
tients in both groups frequently receive multiple courses of different antibiotics. Recent
receipt of antibiotics increases the likelihood of recovery of atypical or drug-resistant
organisms, particularly MRSA [78] but also enterococcus and Pseudomonas aeruginosa
[79]. Recent hospitalization also predisposes to presence of these pathogens [80]. Sever-
ity and chronicity of disease, culture technique, and laboratory capabilities also affect
culture results.
A. Mild non–limb-threatening infections are caused primarily by S. aureus (more

than 50% of patients) and aerobic streptococci. Facultative gram-negative bacilli and
anaerobic organisms are less frequent. In half of these patients, the infections are
monomicrobial [44].

B. Severe limb-threatening infections usually are polymicrobial. Deep tissue
cultures that avoid surface contamination usually yield a mixed culture of aerobes
and anaerobes.
1. Aerobes

a. S. aureus and coagulase-negative staphylococci are the most common
aerobic isolates [80,81]. Staphylococci are found in approximately two-thirds
of patients in whom only a single organism is isolated [41].

b. Approximately 20% of isolates are streptococci (including group B) and en-
terococci [41,81]. The pathogenic role of coagulase-negative staphylococci,
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enterococci, and corynebacteria often is difficult to discern, particularly when
these organisms are cultured along with more typical pathogens. These organ-
isms can be viewed as skin contaminants and not pathogens (unless they are
isolated in pure culture or the patient is not responding to therapy that is not
aimed at these organisms) [44]. Prior administration of antibiotics or prior hos-
pitalization complicates interpretation of cultures yielding these organisms,
as noted above.

c. Enterobacteriaceae account for 24% to 27% of organisms isolated. Common
isolates include Proteus, Klebsiella, and Enterobacter species Morganella mor-
ganii, and E. coli [41,81]. Pseudomonas and Acinetobacter species are common
contaminants in specimens from ulcers or open draining lesions but are infre-
quently isolated from deep tissue cultures [41].

2. Anaerobes are isolated from 40% to 80% of patients with severe or ad-
vanced disease. They usually are present in cultures yielding multiple organisms
[41,81,82].
a. The presence of anaerobes is associated with a higher frequency of fever and

foul-smelling lesions [81].
b. Common anaerobic isolates include anaerobic streptococci (14% to 17%), Bac-

teroides species (9%–14%), and Clostridium species (2%–7%). Bacteroides
species are more frequently found in necrotizing infections and osteomyelitis
than in abscesses [41]. Although rare, infection due to Clostridium species may
be rapidly progressive. Lack of an inflammatory response on Gram stain in the
presence of gram-positive organisms should raise suspicion that Clostridium
is present.

III. Clinical manifestations. Meaningful comparison of the many different studies on
diabetic foot infections is hindered by the lack of a uniform grading system accounting
for neuropathy, ischemia, and wound depth, all thought to be major predictors of poor
outcome. Both the Wagner and the University of Texas wound classification systems
hold promise in this regard [83].
A. Non–limb-threatening versus limb-threatening infections. Reviewers have

suggested a practical clinical classification of infections [44] that appears to be a
useful approach.
1. Non–limb-threatening infections. Patients have superficial infection and min-

imal cellulitis (<2 cm of extension from portal of entry) and lack systemic toxicity.
If an ulcer is present, it does not penetrate fully through the skin. These patients
do not have bone or joint involvement or significant underlying ischemia.

2. Limb-threatening infections. Patients have more extensive cellulitis (>2 cm of
extension from the portal of entry) and lymphangitis. Full-thickness ulcers often
are present. Infection of contiguous bones or joints occurs frequently.

Significant ischemia with or without gangrene may be present. Fever is seen
in only some patients and is more common in those with extensive soft tissue in-
volvement, deep plantar abscesses, bacteremia, or hematogenously seeded remote
sites of infection.

B. Local signs and symptoms predominate and include those related to infection,
vasculopathy, and neuropathy.
1. Infection. The anatomic location of the infection affects prognosis. Proximal in-

fections (along metatarsals, at the heel, or above the ankle) are associated with
lower limb salvage and higher mortality [84].
a. Most cases of lower extremity infection in diabetics begin as chronic perforat-

ing ulcers.
b. Infection is heralded by warmth, redness, swelling, and purulent exudate.

Tenderness is often minimal or absent due to neuropathy [42,85].
c. Gas in the soft tissues may be visualized by roentgenography or detected as

crepitus on physical examination. Gas usually is from mixed infection with
gram-negative bacilli and anaerobes rather than Clostridium species infection.
A foul odor may be present due to necrosis or anaerobic infection [81]. Gangrene
due to infection or ischemia may be seen.

d. It is important to determine the extent of deep tissue destruction and possible
bone and joint involvement by unroofing all encrusted areas and inspecting
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the wound carefully [86]. Surgical consultation should be obtained rou-
tinely. Osteomyelitis underlying diabetic ulcers is common. Incidence
of clinically silent osteomyelitis is as high as 68% when sought with bone biopsy
and cultures [87].

2. Vascular disease. Patients may complain of intermittent claudication or resting
pain relieved by dependency. Pulses may be decreased or absent. Bruits, shiny
cold skin, decreased hair and nail growth, atrophy of subcutaneous fat, and a
rapid decrease of Doppler pressures may also be present. Other findings include
delayed capillary filling time, ischemic rubor, and collapsed veins [75].

3. Neuropathy. This is most prominent in the lower extremities. Commonly, the
forefoot may have significant neuropathy, whereas the hindfoot and lower leg
have relatively normal sensation. A simple method of identifying patients who
have lost protective sensation is to press a nylon monofilament against the skin of
the foot; the inability of the patient to feel the force of the monofilament correlates
with an increased risk of neuropathic foot injury [88].

C. Systemic signs and symptoms often occur late and indicate severe infection.
1. Uncontrolled hyperglycemia may indicate uncontrolled infection [86].
2. Fever occurs with undrained pus, when a virulent organism is involved, or

when bacteremia is present. Otherwise, fever is relatively uncommon. Even
in patients with limb-threatening sepsis, only 36% had fever exceeding 100◦F
(37.8◦C) during the first day of admission [82], except in bacteremia and
in cases in which anaerobes were recovered from deep cultures [44,81] (see
section A.2).

IV. Diagnosis
A. Leukocytosis may be minimal or absent even with severe infection. Even with

limb-threatening sepsis, leukocytosis (WBC count > 10,000/mm3) was noted in only
53% of patients at admission [82].

B. The ESR is usually elevated.
C. Blood cultures are positive in approximately 10% to 15% of patients but should

be obtained in all patients. The highest rates of positive cultures are seen in febrile
patients [39].

D. The best method for obtaining wound or tissue cultures from diabetic foot in-
fections is still debated [89]. These wounds are chronic and are often colonized
superficially with organisms that are not causative (e.g., staphylococci or entero-
cocci).

Several methods are used. Aerobic and anaerobic cultures should be per-
formed before antibiotics are started.
1. With debridement. When debridement is performed, cultures of deep tissue or

necrotic tissue, including bone, can be obtained. Routine aspirate or biopsy of
unexposed bone is not advised.

2. Direct ulcer culture. The open ulcer can be cleaned carefully (usually with
Betadine, which is allowed to dry and then removed with alcohol sponges) and
any overlying eschar debrided; a swab can then be inserted through the opening
of the ulcer deeply into the wound to obtain a deep culture. The swab can then
be plunged into anaerobic transport media and brought quickly to the laboratory
for processing.

3. Bullae or fluctuant collections should be aspirated and cultured [44].
E. Gram stains usually reveal mixed flora and may not be especially helpful; however,

the lack of an inflammatory response and the presence of gram-positive rods may
indicate a clostridial infection, which may be rapidly progressive [84].

F. Radiographs
1. Radiolucent areas within the soft tissues may occur due to dissection of air into

open ulcers or as a result of debridement. Presence of air in the soft tissue also
occurs as a result of gas-forming bacterial infection [90]. Gas formation is usually
due to other anaerobes, coliforms, streptococci, and, rarely, Clostridia species. Be-
cause air in the soft tissues can occur secondary to a number of benign causes, its
presence alone should not be used as justification for amputation. The differenti-
ation of osteomyelitis from diabetic osteopathy may be difficult [90]. Sequential
radiographs may help. Radiographs may be normal in early osteomyelitis [40,42].
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(See section IV.D under Osteomyelitis Associated with Peripheral Vascular Dis-
ease, above.)

G. Indium-labeled leukocyte scans are the most sensitive method to detect
occult osteomyelitis. In one study, these scans proved more sensitive than either
roentgenograms or bone scans [87] (see Section IV.E under Osteomyelitis Associated
with Peripheral Vascular Disease, above).

H. MRI is also highly accurate in the diagnosis of occult osteomyelitis and is used to
detect soft tissue abscess [24].

I. Probing the base of the ulcer to detect bone is a useful technique to identify
osteomyelitis, as discussed in section IV.G under Osteomyelitis Associated with Pe-
ripheral Vascular Disease, above. Because necrotic debris frequently masks the ulcer
floor, this technique may be the only way to accurately assess ulcer depth and to iden-
tify involvement with contiguous bone [43].

V. Therapy. Early surgical and infectious disease consultation is recommended.
A. Medical therapy

1. Antibiotics are the mainstay of treatment and are recommended in the presence
of an ulcer with surrounding cellulitis, a foul-smelling lesion, fever, or deep tissue
infection.
a. Empiric antibiotic therapy is necessary until culture results are avail-

able. Few well-controlled comparative trials exist on which to base recommen-
dations for therapy [91]. Recommendations for empiric therapy are increas-
ingly problematic in an era of increasing incidence of antimicrobial resistance.
Risk of infection with drug-resistant pathogens is increased with recent prior
use of antibiotics and recent hospitalization, as previously noted. Antibiotics
are given in full dose due to the potential for poor penetration into diseased
tissue. Nephrotoxic antibiotics should be avoided. Possible antibiotic options
are summarized in Table 5.3.
(1) For non–limb-threatening infection, therapy is directed at staphy-

lococci and streptococci. Outpatient regimens using 2 weeks of oral
cephalexin or clindamycin are generally effective. In some patients who
have cellulitis surrounding the superficial ulcer, hospitalization for a short
course of intravenous antibiotics is warranted. Although the optimal ther-
apy is unknown, empiric monotherapy with cefazolin, cefoxitin, cefotetan,
ceftizoxime, clindamycin, ticarcillin-clavulanic acid, ampicillin-sulbactam,
or piperacillin-tazobactam are appropriate [41,42,74,81]. Therapy is modi-
fied based on results of deep tissue cultures. Patients may be stepped down
to oral therapy when clinical improvement is evident.

(2) For more severe limb-threatening infections, broad-spectrum antibi-
otics are used to treat anticipated polymicrobial infection. Options in-
clude piperacillin-tazobactam, combination of ceftriaxone and clindamycin
(or metronidazole), combination of ciprofloxacin and clindamycin (or
metronidazole), imipenem-cilastatin, or ampicillin-sulbactam [80]. Ther-
apy, again, must be modified based on results of deep tissue culture.

(3) For life-threatening infections, imipenem-cilastatin or combination
regimens are recommended. Some experts include coverage against en-
terococci in this setting. Short courses of aminoglycosides in combination
with other broad-spectrum agents may be used in the setting of gram-
negative sepsis. Short-term use minimizes risk of aminoglycoside nephro-
toxicity [82]. Vancomycin is included if MRSA is a concern because of re-
cent hospitalization or recent antibiotic exposure. Less toxic agents are
substituted once culture results become available.

b. The results of deep tissue cultures are used to direct continued an-
tibiotic choices.
(1) If the patient is doing well clinically and is improving on an empiric an-

tibiotic regimen not active against a particular isolate from a deep ulcer
culture, the clinical response suggests the organism may be just a colonizer
and therefore needs no directed antibiotic therapy.

(2) By contrast, if bacteria are isolated that are resistant to the current an-
tibiotic regimen but the patient is not doing well clinically, it is reasonable
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Table 5.3. Selected Empiric Antimicrobial Regimens for Foot Infections in Patients
with Diabetes Mellitus

Non–limb-threatening infection
Oral regimen

Cephalexina

Clindamycin
Dicloxacillin
Amoxicillin-clavulanate

Parenteral regimen
Cefazolin
Oxacillin or nafcillin
Clindamycin
Cefoxitin
Cefotetan
Ceftizoxime
Ticarcillin-clavulanic acid
Ampicillin-sulbactam
Piperacillin-tazobactam

Limb-threatening infection
Oral regimen

Fluoroquinolone and clindamycin (or metronidazole)
Parenteral regimen

Ampicillin-sulbactam
Ticarcillin-clavulanate
Piperacillin-tazobactam
Cefoxitin or cefotetan
Fluoroquinolone and clindamycin (or metronidazole)
Imipenem-cilastatin
Ceftriaxone and clindamycin (or metronidazole)

Life-threatening infection
Parenteral regimen

Imipenem-cilastatin
Vancomycin, metronidazole, and aztreonam
Ampicillin-sulbactam and an aminoglycoside
Piperacillin-tazobactam and an aminoglycoside

Note: Regimens require adjustment if the patient has a history of allergies. Consider use of aminogly-
cosides in the setting of gram-negative sepsis. Consider addition of vancomycin if MRSA suspected due
to recent hospitalization or prior recent treatment with antibiotics. Doses are commensurate with the
severity of infection, with appropriate modification for impaired renal function.
aAuthors’ note: We favor full doses of cephalexin, i.e., 750–1,000 mg qid, in the adult. In severe renal
failure, doses must be adjusted as described in Chapter 27.
Modified from Caputo GM, et al. Assessment and management of foot disease in patients with diabetes.
N Engl J Med 1994;331:854, with permission.

to expand antibiotic coverage to include these pathogens. At times, unnec-
essarily broad antibiotic coverage is unavoidable [41].

c. The optimal duration of antibiotic therapy for soft tissue diabetic infec-
tions is unknown [44].
(1) For osteomyelitis, prolonged courses are needed as discussed earlier in this

chapter. In patients with pedal osteomyelitis, if all infected bone has not
been removed, prolonged antibiotics (e.g., 6–12 weeks) may be reasonable.

(2) For infections limited to soft tissue, intravenous therapy has often been
given for 10 to 14 days. In patients who do well, oral therapy can be used
to complete a 2-week course.

(3) Courses longer than 2 weeks are usually not required in non–limb-
threatening infections. After resolution of cellulitis, ulcer care depends
primarily on local care.
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(4) Foot infections with a secondary bacteremia, commonly S. aureus or Bac-
teroides species, require protracted therapy (see Chapter 2).

(5) Decisions regarding amputation versus continued medical management
remain controversial. Conservative management with culture-directed an-
tibiotics and local care is successful in most patients without gangrenous
tissue [92].

2. Glycemic control should be strict. Insulin is used for immediate glycemic con-
trol even in non–insulin-dependent patients [86]. An excellent monitor of the
adequacy of debridement is blood sugar control, which improves as the infection
is controlled [93].

3. Weight-bearing of neuropathic ulcers must be eliminated to allow healing.
Various strategies exist from crutches, bed rest, and wheel chairs to casts, braces,
and shoe cutouts [94].

4. After adequate debridement and antibiotic management, use of topical
recombinant human platelet-derived growth factor (becaplermin) may speed time
to complete healing of foot ulcers [95].

B. In severe infection, early surgical consultation should be obtained. Simple
debridement of soft tissues, wide incision and drainage of pedal compartments, or
open amputations may be appropriate. Removal of necrotic tissue and drainage of
pus should not be delayed while awaiting medical stabilization [94].
1. Nonablative procedures. Surgical considerations include the following:

a. Deep infections do not respond to small stab wounds and drains.
b. The procedure should ensure later reconstruction, conserving as much healthy

tissue as possible.
c. The initial procedure is rarely definitive. Follow-up procedures are usually

required.
2. Amputations. If the infection is acutely life-threatening or if the architecture

of the foot has been destroyed, amputation may be necessary [42]. Amputation
may be preferable in patients who have undergone long courses of unsuccessful
treatment. Amputation and rehabilitation may improve quality of life in this
situation [96].

3. Revascularization. Adequacy of arterial circulation should be assessed in all
patients with foot infection [44]. Arterial insufficieny is a factor in 60% of nonheal-
ing ulcers and 46% of major amputations [97]. Appropriate noninvasive studies
include Doppler segmental arterial pressures, wave form analysis, ankle-brachial
indices, toe pressures, and transcutaneous oxygen tension [94]. Evidence of vascu-
lar insufficiency should prompt vascular surgery consultation. Aggressive surgi-
cal correction of arterial insufficiency may speed healing and allow management
of infection without amputation [44].

VI. Prevention. Diabetic foot infections are best prevented by preventing ulcers. Com-
prehensive diabetic foot care programs reduce the incidence of ulcers and subsequent
infections [98]. Effective programs involve multiple disciplines and should include the
following.
A. Tight glycemic control is necessary to slow onset of neuropathy.
B. Examination of the foot is performed during any patient contact. At a minimum the

examiner should look for skin breaks, increased temperature, and callus formation.
C. Calluses should be promptly removed and bony deformities corrected.
D. Patients should be taught to avoid extreme bath water temperature, avoid foot soaks,

and dry the foot thoroughly after bathing. Nails should be trimmed correctly. Tinea
pedis should be treated promptly. Formal educational programs are desirable, with
frequent reinforcement during clinic follow-up.

E. Patients should be instructed in selection of appropriate footwear that reduces ab-
normal pressures on the foot. New shoes should be broken in slowly and ill-fitting
shoes avoided. Athletic running shoes are beneficial. Custom-made footwear or sole
inserts are preferable.

SEPTIC (INFECTIOUS) ARTHRITIS
Septic (infectious) arthritis usually begins acutely in a single joint. Symptoms of inflamma-
tion may include pain, erythema, tenderness, swelling, and limitation of motion of the joint.



P1: FUY

PB207A-05 PB207A-Betts/6678F August 2, 2002 21:36 Char Count= 0

152 5. Bone and Joint Infections

Occasionally, multiple joints are involved. A noninfectious inflammatory joint process
such as crystal-induced arthritis (gout or pseudogout) may mimic a septic joint.
Early diagnosis with rapid institution of therapy is necessary to minimize joint damage
[99–104].

Most cases occur due to hematogenous seeding of bacteria from a distant site. Synovial
tissue is susceptible to seeding by bacteria due to lack of a basement membrane and vas-
cularity. After infection, the body’s inflammatory response damages the ground substance
of the articular surface. Lack of appropriate therapy causes erosion of cartilage and joint
space narrowing. Patients with chronic arthritis, particularly those receiving intraarticular
injections, are predisposed to joint infections. In patients without chronic arthritis there is
frequently a history of antecedent trauma to the joint [101].

I. Clinical presentation. Risk factors for joint infection include rheumatoid arthritis,
sickle cell disease, immunosuppression, prior sexually transmitted disease, narcotic
use, or presence of a prosthetic joint. Prior or current remote site of infection should be
sought during a careful history and physical.
A. History

1. Multiple joint involvement occurs in around 10% of patients [101].
2. Prior joint damage predisposes to infection. In a patient with rheumatoid

arthritis, an inflamed joint that is out of phase with other joints (i.e., especially
tender or warm) may be infected.

3. The usual signs of inflammation (tenderness, erythema, and swelling) are
minimal in some patients.

4. Systemic symptoms. Fever occurs in 90% to 95% of patients but may be low
grade, especially in immunosuppressed or rheumatoid arthritis patients. Chills
are infrequent.

5. Duration of symptoms varies. In bacterial infections, symptoms occur usually
over a few days unless patients have preexisting joint disease. Mycobacterial or
fungal infections may be insidious, with symptoms present for months [103].

6. Most commonly involved joints are the knee, elbow, wrist, shoulder, hip,
or ankle. In children, 79% occur in the hip, knee, or ankle [105]. Presenting
complaint with hip infection may be only pain on motion.

7. Prosthetic joint infections are discussed in detail in a separate section in this
chapter.

8. Gonococcal disease is the most common cause of septic arthritis in the
15- to 40-year-old group. The disseminated gonococcal syndrome occurs pre-
dominantly during the second or third trimester of pregnancy or during men-
struation.

9. Viral syndromes, including rubella, rubella vaccination, hepatitis B, hepati-
tis C, varicella-zoster, and human parvovirus, can be associated with arthritis
[104,106,107].

10. Joint tuberculosis classically presents as a subacute monoarthritis of a
weight-bearing joint. Fungal infections have a variable presentation but are
frequently of gradual onset [103,108,109].

11. Postinfectious, or reactive, arthritis is associated with gastrointestinal tract
infection with Shigella, Salmonella, Campylobacter, and Yersinia species in pa-
tients with the HLA-B27 histocompatibility antigen [110].

12. Lyme disease (see Chapter 21).
B. Physical examination

1. Joint inflammation should be carefully sought.
2. Range of motion is markedly decreased due to pain.
3. Tenosynovitis (inflammation of the tendon sheath) occurs in rheumatoid arthri-

tis, gout, and trauma but is also a common manifestation of gonococcal disease.
Pain due to tenosynovitis occurs with active motion or when the involved joint is
flexed to stretch the tendon.

4. Concurrent infections at other sites occur in 50% to 75% of cases.
5. Skin rashes commonly occur in disseminated gonococcal infections. Lesions may

be macular, vesicular, or pustular, often with a necrotic center and are seen most
frequently on the distal extremities. Rash occurs during the early bacteremic
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Table 5.4. Examination of Joint Fluid

Measure Normal
Group 1
(Noninflammatory)

Group 2
(Inflammatory)

Group 3
(Septic)

Volume (mL) (knee) >3.5 Often >3.5 Often >3.5 Often >3.5
Clarity Transparent Transparent Translucent-

opaque
Opaque

Color Clear Yellow Yellow-
opalescent

Yellow-green

Viscosity High High Low Variable
WBC/mm3 >200 200–2,000 2,000–100,000 >100,000a

Polymorphonuclear
leukocytes

>25% >25% ≥50% ≥75%a

Culture Negative Negative Negative Often positive
Mucin clot Firm Firm Firm Friable
Glucose (mg/dL) Nearly

equal to
blood

Nearly equal to
blood

>25, lower
than blood

>25, much
lower than
blood

aLower with infections caused by partially treated or low-virulence organisms.
From Rodnan GP, McEwen C, Wallace SL, eds. Primer on the rheumatic diseases. JAMA 1973;224
[Suppl.]:661, with permission.

phase with migratory arthralgias and variable degrees of joint inflammation.
Cultures of blood are frequently positive with negative cultures of joints. Within
1 or 2 days, classic joint inflammation is present, but cultures and Gram stains
are positive in only some cases. Similar skin lesions are infrequently seen in
streptococcal and meningococcal arthritis [104].

6. Prosthetic joints may not appear inflamed. Passive range of motion may be
preserved, whereas active range of motion is limited by pain.

7. Joint tuberculosis is associated with swelling, limitation of movement, muscle
spasm, and regional lymphadenopathy. Erythema is often absent [104,108,109].

II. Laboratory aids. Examination of the joint fluid is the most important test.
A. Direct joint aspiration should be performed in every case of suspected infection.

As a therapeutic maneuver, as much fluid should be removed as possible without
risking damage to the synovial lining. Orthopedic or rheumatologic consultation is
recommended in difficult cases or in suspected prosthetic joint infection. The char-
acteristics of synovial fluid in pyogenic and other forms of arthritis are shown in
Table 5.4. Joint fluid analysis should include the following:
1. The total differential cell count and the leukocyte count are the most sen-

sitive and specific synovial fluid tests for pyarthrosis. Total WBC count gen-
erally exceeds 40,000/mm3 with polymorphonuclear neutrophils in excess of 75%
[110]. Rarely, crystal-induced and rheumatoid flares can cause a similar picture.

2. Synovial fluid glucose and protein levels are neither sensitive nor specific
indicators of bacterial arthritis. Glucose levels may be 50% of blood glucose levels
but may be normal, particularly in gonococcal arthritis [102,110].

3. Gram stains are positive in 35% to 65% of bacterially infected joints [99–102].
Gram stains are of particular importance in patients who have received antibiotic
therapy before evaluation because cultures may have been rendered negative.

4. Cultures and stains should be performed on all inflammatory joints. Aerobic
and anaerobic culture should be done on all fluid specimens. In suspected gono-
coccal disease, fluid should be plated directly on to chocolate agar media.
Mycobacterial and fungal cultures and smears should be obtained in chronic or
ill-defined inflammatory joint problems. In tuberculous arthritis, smears are pos-
itive in 20% to 25% of cases and cultures in 80%.

5. Crystal examination under polarized light is important to detect gout or pseu-
dogout. Acute crystal-induced arthritis may mimic bacterial processes, or both
processes can occur simultaneously.
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6. Detection of a pathogen by polymerase chain reaction is helpful in Lyme
arthritis due to Borrelia burgdorferi [111].

B. Blood cultures may be positive in 10% of cases. A minimum of two sets drawn
20 minutes apart should be obtained in all patients.

C. Cultures of other sites may reveal an associated infection. If gonococcal disease
is suspected, cultures of cervix, urethra, pharynx, and rectum should be obtained.

D. Radiography
1. Early in the course of disease, radiographs show only soft tissue changes (e.g.,

swelling, fascial plane obliteration, or increased volume of the joint) that suggest
an effusion [112].

2. Late changes in contiguous bony structures occur no sooner than 10 to 14 days
after infection. Follow-up radiographs are helpful in detection of intercurrent
osteomyelitis [112].

3. Ultrasound may be useful to demonstrate a joint effusion and guide needle as-
piration of the joint.

4. Radioisotope scans usually three or four phase 99mTc bone scans are the most
rapid method of determination of site and distribution of joint infections.

5. CT is used mainly to guide needle aspiration. MRI is highly sensitive for detection
of early septic arthritis and is much more specific than conventional radiographs
or CT [113].

E. Miscellaneous. Peripheral blood leukocytosis occurs in 60% to 70% of cases but
may be absent in immunosuppressed patient or prosthetic joint infections. ESRs are
usually elevated [102]. Tuberculin skin testing should be performed in all cases
of chronic monoarticular arthritis.

F. Synovial tissue biopsy for culture and histologic examination should be consid-
ered in chronic arthritis in which routine joint fluid examination has not yielded a
diagnosis [114].

III. Microbiologic features of septic joints
A. Bacterial infection. Almost any organism can cause septic arthritis; however, cer-

tain bacteria are implicated in most cases. Age and predisposing factors predict
likely pathogens [99,103]. In the 15- to 40-year-old group, gonococcus remains the
most common etiology, although its incidence may be declining. Gonococcal arthritis
occurs primarily in women (>75% of cases) and in homosexual men, both of whom
are more likely to have asymptomatic or unrecognized infection at other sites [115].
Arthritis due to other agents is seen primarily in men.
1. Neonates. In infants younger than 3 months, adjacent bone is involved in as

many as two-thirds of cases [116].
2. Children [117–121]. In pediatric patients, S. aureus, H. influenzae, and strep-

tococci are the most important pathogens. However, H. influenzae is uncommon
after 5 years of age. Since the introduction and use of the H. influenzae
b conjugate vaccine, there has been a continuous and marked decline
in the percent of cases due to this pathogen in young children [123]. Be-
fore the introduction of this vaccine, staphylococci caused as many as 40% of the
cases of these infections [117–121], but in a recent series, in part due to the de-
cline of H. influenzae b disease, staphylococci and streptococci accounted for 70%
of culture-confirmed cases [122]. Development of sequelae is significantly associ-
ated with (a) infection in infants younger than 6 months, (b) delay of 4 or more
days in instituting medical or surgical treatment, (c) infection due to S. aureus,
and (d), most strikingly, involvement of the hip or shoulder with concomitant
presence of osteomyelitis [117–121].

3. Adults with nongonococcal arthritis
a. S. aureus is implicated in most cases. In some reported series more than

90% of patients with underlying rheumatoid arthritis and septic arthritis
had S. aureus infection [100]. Local prevalence rates of MRSA should be
considered in choosing therapy [123].

b. Streptococcus species are important etiologies in all age groups. Reports
emphasize the importance of routine serologic typing of streptococcal isolates
from joint fluid. The incidence of infections with groups G and B streptococci
appears to be increased in patients with several chronic underlying conditions,
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such as cirrhosis and diabetes [101,124]. Arthritis caused by these streptococci
may be marked by a slow response to therapy, with persistent synovitis and
joint destruction [125,126]. Enterococcal infections are unusual but have re-
cently been reviewed [127].

c. Gram-negative bacilli are uncommon but warrant special consideration
in certain patients, such as those with malignancies; medical immuno-
suppression; narcotic use; underlying chronic debilitating diseases, especially
in the elderly; or prior noninfectious joint disease [99,100,101,103]. Gram-
negative bacillary septic arthritis is occasionally seen in young and generally
healthy hosts [128]. In heroin addicts with septic arthritis, Serratia and Pseu-
domonas species are relatively common. Brucella arthritis may be seen in
immigrants to the United States who usually present with involvement of the
sacroiliac, knee, or hip joint. The diagnosis is made either by blood cultures or
serology [101].

d. Anaerobic bacteria are uncommon but have received increasing recognition
as etiologic agents in septic arthritis. The predominant species are Propioni-
bacterium acnes, anaerobic gram-positive cocci, and Bacteroides species [129].
Coinfection with facultative or aerobic organisms occurred in only 11% of cases.
Predisposing factors include trauma, contiguous infection, prosthetic joint,
prior surgical or needle entry into the joint, and diabetes. Such factors were
present in 75% of cases.

e. Prosthetic joint infections are associated with a wide spectrum of impli-
cated bacteria. Although staphylococci (both S. aureus and S. epidermidis)
may be involved in more than half the cases, streptococci, gram-negative en-
teric bacilli, and anaerobic bacteria often are isolated in this setting (see also
Prosthetic Joint Infections, below).

f. Polyarticular septic arthritis occurs in approximately 10% of adult patients
with nongonococcal septic arthritis. Many of these patients do poorly. In
a recent review [130] of 25 patients with nongonococcal polyarticular septic
arthritis, all patients were older than 50 years, 52% had concurrent rheumatic
diseases (generally rheumatoid arthritis), blood cultures were positive in 86%,
and the mortality was 32%. At presentation, many patients were mis-
takenly believed to be manifesting flares in their underlying rheuma-
toid arthritis or systemic lupus erythematosus and 20% were afebrile.
S. aureus accounted for 80% of cases, and streptococci, including S. pneumo-
niae, and gram-negative organisms accounted for approximately 20%.

g. Bite wounds with contiguous joint involvement may be associated with mixed
flora (see detailed discussion in Chapter 4).

B. Reactive arthritis is a term used to describe a sterile but inflammatory process
of the synovium preceded or triggered by an infection occurring anywhere outside
the joint. Infectious agents that have been implicated include Salmonella, Shigella,
Yersinia, Campylobacter, group A β-hemolytic streptococci, Staphylococcus, and,
most especially, Chlamydia [131–133]. The latter has been strongly associated with
the subsequent development of Reiter syndrome. Some reports suggest that long-
term antimicrobial therapy of chlamydia may favorably impact the course of the
associated Reiter syndrome [134].

C. Nonbacterial disease
1. Viral infections generally are distinguished by the sudden onset of se-

vere joint pain with or without effusion. Various types of exanthems
occur in almost all. The most common viral causes of arthritis are human
parvovirus B19 (fifth disease), natural rubella infection, rubella vaccination,
hepatitis B virus, and HIV [103,106,107,135]. In outbreaks of fifth disease,
women present with symmetric arthritis in late winter and in the spring. The on-
set of joint symptoms in adults occurs with the rash or shortly after the eruption;
small joints of the hands are most frequently involved with a self-limited course
[136]. With hepatitis B, patients may have a history of urticaria for 1 to 6 weeks
along with the onset of joint symptoms, resolving commonly with the onset of
jaundice. The arthritis is symmetric. Hands are affected most often, followed by
knees and ankles. Joint effusions are scanty [101].
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HIV has been associated with a variety of arthritis syndromes, includ-
ing an acute symmetric polyarthritis affecting the small joints of the hands and
wrists, a disabling subacute oligoarticular arthritis affecting mainly knees and
ankles, and a “painful articular syndrome,” lasting fewer than 24 to 48 hours,
involving the knees, elbows, or shoulders characterized by severe intermittent
arthralgia without synovitis, often requiring narcotic analgesics. Psoriatic arthri-
tis, Reiter syndrome, and a variety of other syndromes are also associated with
HIV. Arthritis can be a manifestation of infection with mumps (especially in men),
influenza, arboviruses, Epstein-Barr virus (infectious mononucleosis), and vari-
cella. Reviews of viral arthritis have been published [106,135,137].

2. Mycobacterial and fungal arthritis is characterized by slow evolution of
physical and radiographic findings [101]. Fungal arthritis is seen mainly in im-
munocompromised patients. Evidence of disseminated disease is common [109].
Among the fungi, sporotrichotic, candidal, and coccidioidal arthritis are the most
common, but arthritis can also occur with blastomycosis, cryptococcosis, and histo-
plasmosis. Bayer and Guze [138] reviewed fungal arthritis in detail. See further
discussion in Chapter 17. Coccidioides immitis monoarticular infection typically
occurs in non-white immunosuppressed men from endemic areas. Joint infec-
tions in patients with blastomycosis primarily spread from a contiguous focus of
osteomyelitis. Candidal infections of peripheral joints generally are of acute onset
due to hematogenous spread [101].

M. tuberculosis and atypical mycobacteria are uncommon but important causes
of chronic indolent infectious arthritis [108,109]. These have been reviewed by
Meier and Hoffman [139].

Cultures of synovial tissue produce a higher yield than cultures of joint
fluid in cases of mycobacterial and fungal infection [101].

3. Lyme disease [140–143], caused by the tickborne spirochete B. burgdorferi, char-
acteristically occurs in summer. It frequently is characterized by a unique skin
lesion, erythema chronicum migrans, and often is accompanied by systemic flu-
like symptoms. From several days to as long as 2 years later, approximately
60% of untreated patients develop brief recurring episodes of either an asym-
metric oligoarthritis affecting primarily large joints or a migratory polyarthritis
[140,142]. Diagnostic issues, problems with serologic testing [140,143], and ther-
apy [140,144] are discussed in detail in Chapter 21.

IV. Differential diagnosis
A. Conditions that may be associated with joint effusion are listed in Table 5.5. Infec-

tious arthritis (group 3) would more commonly have to be distinguished from the
inflammatory joint diseases listed in group 2 than from diseases in the other cat-
egories. It must be remembered that bacterial arthritis may complicate, and
in part be obscured by, the inflammatory conditions listed in group 2. The
laboratory approach outlined in section II should help sort out such possibilities,
including crystal-induced synovitis.

B. Arthritis in the presence of bacterial endocarditis is due to bacterial seeding of one
or more joints or to immune complex disease. The development of arthritis in an
unusual site suggests the possibility of endocarditis.

C. Acute transient synovitis of the hip, sometimes called “toxic synovitis of the
hip” or “acute transient epiphysitis,” is the most common cause of a painful hip in
children under 10 years of age [145]. Boys are most frequently affected, especially
between 3 and 6 years, but the disorder can occur in infancy and early adolescence.
The etiology is unknown. The onset of hip pain with motion and weight-bearing may
be acute or gradual. There may be a slight fever, usually not higher than 100◦F to
101◦F [145]. There are no changes of the bone on conventional radiographs; scintig-
raphy with 99mTc studies are normal or show slight diffuse increase in uptake. The
peripheral WBC count and ESR are normal. Aspiration of the hip joint will yield
clear fluid that is sterile on culture. Antibiotics are not indicated if synovial fluid
cultures are negative. Corticosteroids are not effective, but antiinflammatory drugs
may be useful. This entity is reviewed in more detail elsewhere [145].

D. Postinfectious (reactive) arthritis, usually with multiple joints involved, can
be seen as an immunologic response during infection with certain agents (e.g.,
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Table 5.5. Differential Diagnosis by Joint Fluid Groups

Group 1
(Noninflammatory)

Group 2
(Inflammatory)

Group 3
(Septic) Hemorrhagic

Degenerative joint
disease

Rheumatoid arthritis Bacterial
infections

Hemophilia or other
hemorrhagic
diathesis

Traumaa Acute crystal-induced
synovitis (gout and
pseudogout)

Trauma with or without
fracture

Osteochondritis
dissecans

Reiter syndrome Neuropathic
arthropathy

Osteochondromatosis Ankylosing spondylitis Pigmented villonodular
synovitis

Neuropathic
arthropathya

Psoriatic arthritis Synovioma

Subsiding or early
inflammation

Arthritis accompanying
ulcerative colitis and
regional enteritis

Hemangioma and other
benign neoplasm

Hypertrophic
osteoarthropathyb

Rheumatic feverb

Pigmented
villonodular
synovitisa

Systemic lupus
erythematosus

Progressive systemic
sclerosis
(scleroderma)b

aMay be hemorrhagic.
bGroup 1 or 2.
From Rodnan GP, McEwen C, Wallace SL, eds. Primer on the rheumatic diseases. JAMA 1973;224
[Suppl.]:661, with permission.

hepatitis B); see section III.C.1. Postinfectious arthritis also can develop after
meningococcal infections, sexually transmitted diseases, or enteric infections due
to Shigella, Salmonella, Campylobacter, and Yersinia species. The presence of the
specific histocompatibility antigen HLA-B27 increases the likelihood of postinfec-
tious arthritis and appears to predispose to more severe disease [101] (see related
discussion in section III.B). Joint fluid cultures are sterile.

V. Therapy for bacterial joint infections requires both removal of purulent material
(i.e., adequate drainage) from the joint and administration of appropriate antibi-
otics. Weight-bearing should be avoided, but immobilization of the joint is unnecessary
[103]. In most cases, medical management will be successful if symptomatic improve-
ment occurs within 48 hours.
A. Drainage of purulent material. By needle aspiration, as much purulent material

as possible should be removed without damage to the synovial membrane. Frequent
aspiration (daily or more often), as fluid reaccumulates, is an essential adjunct to
antibiotic therapy.
1. Purposes of joint aspiration

a. To provide drainage of the enclosed space, which functionally is acting like an
abscess.

b. To provide symptomatic relief.
c. To relieve joint pressure and remove inflammatory debris including enzymes

that cause destruction of articular cartilage.
d. To ensure that therapy is effective by doing follow-up smears, cultures, and

leukocyte counts.
2. Frequency and duration. The infected joint fluid must be removed by needle

aspiration or open drainage whenever fluid reaccumulates or in certain special
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settings noted later. Repeated aspirations within the first 48 hours of antibiotic
therapy usually provides adequate drainage.

B. Repeated aspirations versus open drainage. This remains a controversial sub-
ject, with little experimental evidence to support either viewpoint. Several stud-
ies [117,118,121,146] support the concept that early drainage is more important
than the method of drainage for all joints except the hip, where an initial surgi-
cal approach is required (i.e., open drainage). As such, there is no clear-cut benefit
to open surgical drainage versus drainage by repeated aspirations [121,146,147].
Whereas repeated needle aspirations (i.e., daily, or more often if fluid accumu-
lates rapidly) of the infected joint are appropriate for most cases of septic arthritis,
surgical drainage is to be considered early in the course in certain situations, as
follows:
1. Lack of response to appropriate antibiotic therapy and repeat needle

aspirations. The precise time one should wait is controversial. Some author-
ities favor open drainage if adequate response has not occurred within 48 to
72 hours of antibiotic therapy and serial aspirations [101]; others allow up to
1 week.

2. Inability to drain the joint adequately by needle aspiration due to large
amounts of debris, fibrin, or loculations [146].

3. Infection of a prosthetic joint (see under Prosthetic Joint Infections, below).
4. Relative inaccessibility of the joint or advanced disease and necrosis, as might

be the case in an infected hip [103]. The need for surgical (open) drainage of
an infected hip often is stated but not established by controlled studies. In the
absence of such a study, most clinicians believe that hip joint infections,
except perhaps gonococcal infections, require surgical drainage. Suppurative
arthritis of the shoulder also requires either radiographically guided aspiration
or surgical drainage [101].

5. Gram-negative bacillary arthritis. These patients have a poorer prognosis.
Most patients with gram-positive joint infections attain complete recovery of the
joint. However, only some patients with gram-negative arthritis achieve such a
result. Some authors advocate early explorative arthrotomy in these patients to
ensure adequate drainage, to assess and drain perisynovial abscesses, and to
debride any contiguous osteomyelitis [128].

C. Antibiotic therapy
1. Instillation of antibiotics directly into the joint is unnecessary and un-

wise. Most antibiotics diffuse readily into the synovial fluid [148,149], and in-
traarticular injections of antibiotics may induce a chemical synovitis.

2. Parenterally administered antibiotics usually are indicated in the treatment
of septic arthritis.
a. Penetration of antibiotics into synovial fluid. According to studies,

the following antibiotics are reported to reach levels in synovial fluid
that would be adequate in therapy: penicillin G, ampicillin, nafcillin, car-
benicillin, cephalothin, cefazolin, cefuroxime, clindamycin, chloramphenicol,
tetracycline, sulfonamides, vancomycin, gentamicin, amikacin, ceftriaxone,
ceftazidime, aztreonam, imipenem, and probably cefotaxime. It is likely that
penetration into synovial fluid is greater earlier in the course of septic arthritis,
when the degree of inflammation is greater. This suggests caution regarding
too rapid a change in antibiotic therapy to lower doses of parenteral therapy
or to oral therapy in nongonococcal infections. Oral ciprofloxacin is a potential
agent for susceptible pathogens.

b. Specific recommendations for treatment of nongonococcal arthritis.
Initial antibiotic therapy is based on results of the synovial fluid Gram stain,
as shown in Table 5.6. When the culture and sensitivity results are available,
the initial regimens are modified to include the least toxic effective antibiotic.

c. Gonococcal arthritis. Treatment of gonococcal infections in the United
States is complicated by the spread of infections due to antibiotic-resistant
N. gonorrhoeae and the high frequency of intercurrent chlamydial infec-
tions in persons with gonorrhea; guidelines for therapy have recently been
revised [150]. If an organism is isolated from joint fluid cultures, antimicrobial
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susceptibility testing should be performed. Patients should be initially hospi-
talized for therapy and examined for evidence of endocarditis or meningitis,
both of which are rare. The treatment of gonococcal arthritis is similar to that
for disseminated gonococcal infection [150].

3. Duration of parenteral therapy
a. Gonococcal arthritis (see Chapter 16).
b. Nongonococcal arthritis

(1) Adults. Therapy is continued until the arthritis appears to be resolved.
The usual duration of therapy is 2 weeks for infections due to H. influenzae,
streptococci, or gram-negative cocci [101], if there is no underlying joint
disease and if the patient does well with initial therapy. Longer courses of
therapy (e.g., 3 weeks) are indicated in patients with gram-negative infec-
tions, slowly responding infections (despite adequate drainage), or infec-
tions with virulent organisms such as S. aureus [101]. Whether additional
oral therapy is indicated after full courses of parenteral therapy is con-
troversial, although patients with prosthetic joint infections often receive
prolonged courses, as noted under Prosthetic Joint Infections (see below).

When an effective oral regimen is available (e.g., trimethoprim-
sulfamethoxazole or oral quinolone very active against the pathogen), oral
therapy often is used to complete a full course of therapy (see section (3)).

(2) Initial parenteral therapy followed by oral treatment of children.
Short courses of parenteral therapy (i.e., 5–7 days) followed by 10 to
21 days of oral antibiotics in children appears generally successful if the
initial clinical response is favorable and adequate serum bactericidal ac-
tivity is demonstrated (i.e., >1:8) [151]. However, some guidelines and
precautions should be heeded.
(a) The serum bactericidal titer (peak) on the day after the initiation of

oral therapy should be at least 1:8 when the pathogen is a gram-
negative bacillus, S. aureus, or H. influenzae, and at least 1:32 when
the organism is a streptococcus. Therefore, the pathogen causing the
septic arthritis must be isolated so the laboratory can provide infor-
mation on bactericidal levels necessary to eliminate it.

(b) If the bactericidal level is suboptimal, the dosage of antibiotic must
be increased. Usually, the oral dose is two to three times that used for
minor infections. These higher doses were well tolerated in children
[151].

(c) Ideally, the entire course of oral agents should be given in the hospital,
especially if there is any doubt about patient compliance. If the therapy
is given at home, three precautions must be taken:

(i) There must be an adequate bactericidal titer of the antibiotic
in the serum before discharge.

(ii) Compliance with the oral regimen at home must be ensured
after careful discussion with the patient and family.

(iii) The patient should be followed up weekly to check on his or
her clinical condition and to monitor the serum bactericidal level.

(d) The duration of therapy will depend on the organism and the
patient’s clinical response. For H. influenzae, streptococci, or gram-
negative cocci, a minimum of 2 weeks of therapy is suggested. For
S. aureus or gram-negative bacilli, a minimum of 3 weeks is sug-
gested. If the clinical response is slow or the ESR remains elevated,
more prolonged therapy and reevaluation are necessary. Cases must
be individualized, especially when S. aureus is involved (see Chap-
ter 27). In gram-negative infections, if susceptible to trimethoprim-
sulfamethoxazole or ciprofloxacin, an oral agent may be used.

(3) In adults, there is far less experience with parenteral short-course
therapy followed by oral therapy. One group [152] suggests the bacte-
ricidal level should be a trough measurement and should be at least a 1:8
against the isolated pathogen. (See Chapter 25 for additional discussion
of bactericidal levels.)
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D. Prosthetic joint infections (see Prosthetic Joint Infections, below)
E. Repeated aspirations to monitor therapy. Repeated joint aspirations, within the

first 5 to 7 days of therapy [101], serve to monitor effectiveness of the antimicrobial
therapy and to remove debris that may be destructive to the joint. Within a few days
of adequate therapy, the joint fluid should become sterile; for example, serial cultures
of joint fluid that become negative within 5 days of the initiation of therapy have
been considered to be indicative of a good clinical response [101]. Within 1 week, the
leukocyte count should be substantially lowered if a good outcome is to be expected
with the therapeutic regimen in use. In addition, fluid reaccumulation should be
markedly decreasing. In the absence of such indications of response, despite
appropriate antibiotic therapy as determined by cultures and sensitivity testing,
open surgical drainage is to be considered, as discussed in section B.

F. Therapy for nonbacterial joint infections. Infectious disease consultation is
advised for treatment of mycobacterial and fungal infections. See Chapters 11 and 17
for therapeutic options for fungal and mycobacterial infections, respectively.

VI. Prognosis. The prognosis in infectious (septic) arthritis varies greatly. In older children
and adults without other comorbidities and for whom a large single joint is infected, the
overall prognosis for survival and full return of joint function is excellent. In contrast,
infants and neonates in whom the hip joint is involved may have permanent sequelae,
including leg length discrepancy [153]. Similarly, in the elderly, permanent sequelae
and accompanying osteomyelitis are more common, and death rates approaching 20%
have been reported [154]. In a recent review, characteristics of patients with bacterial
arthritis associated with a poor outcome included age of at least 60 years, preexisting
(rheumatoid) arthritis, infection of the hip or shoulder, duration of symptoms of more
than 1 week before treatment, involvement of more than four joints, and persistently
positive cultures after a 7-day course of appropriate antibiotics [101].

PROSTHETIC JOIN INFECTIONS
Under optimal conditions, the overall rate of total joint replacement infections has decreased
in recent years to 1% to 2% [155], although precise rates of infection may be difficult to obtain
and depend on the joint replaced and the extent of time after the operation [156]. Risk fac-
tors that appear to be associated with the development of infection in prosthetic
joints include advanced age, malnutrition, rheumatoid arthritis, diabetes mellitus, use
of corticosteroids, and preexisting infection at another site. Additional risks include prior
surgery in the affected joint, location and design of the implanted prosthesis (with knee
arthroplasties having a higher incidence of infection than hips), and occurrence of a local
hematoma or superficial wound infection in the postoperative period [155,157]. In a recent
review, prior joint surgery, perioperative wound complications, and underlying rheumatoid
arthritis were the most well-established risk factors [156]. Prosthetic joint infections have
been recently reviewed elsewhere [156,158].

I. Initiation of infection. Bacterial contamination of the joint may be initiated either
during or after implantation. Despite aseptic surgical techniques, intraoperative con-
tamination can occur via air contamination, generally caused by dispersion of desqua-
mated skin scales from individuals in the operating room; it may also occur from the
patient’s own skin or contact with the surgeon’s hand through a punctured glove [159].
Significantly fewer infections have been found in operating rooms using ultraclean as
opposed to conventional air circulation systems [160]. In contrast, deep infection ini-
tiated after surgery is caused by hematogenous spread of bacteria from distant sites.
Most of these are believed to originate from cutaneous lesions, the respiratory tract,
urinary tract, and oral cavity [102,105].

Most series have demonstrated that 80% to 90% of prosthetic joint infections, evi-
dent in the first 2 years after operation, originate in the operating room, with later
hematogenously acquired infections accounting for the remainder [159].

II. Biopathogenesis. Within hours of implantation, the surface of the prosthesis is cov-
ered by a layer of glycoproteins, some of which act as receptors that facilitate the
adherence of both tissue cells and bacteria. After adherence has taken place, many
bacteria produce a slime, the glycocalyx, which renders adherence irreversible, permits
optimal concentration of nutrients, and provides protection against both phagocytosis
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Table 5.7. Microbiology of 1,033 Prosthetic Joint Infectionsa Seen at Mayo Clinic from
1969 to 1991

Microorganism(s) No. (%) of Prosthetic Joint Infections

Coagulase-negative staphylococci 254 (25)
S. aureus 240 (23)
Polymicrobial 147 (14)
Gram-negative bacilli 114 (11)
Streptococcib 79 (8)
Unknownc 83 (8)
Anaerobes 62 (6)
Enterococci 29 (3)
Other microorganisms 25 (2)
Total 1,033 (100)

aAll cases met case definition of definite infection. See text for discussion section IV.D.
bIncludes β-hemolytic streptococci and viridans group streptococci.
cIncludes cases in which there was no growth on routine bacterial cultures, routine bacterial cultures
were not obtained, or microbiological information was not available.
From Steckelberg JM, Osman DR. Prosthetic joint infections. In: Bisno AL, Waldvogel FA, eds. Infections
associated with indwelling medical devices, 2nd ed. Washington, DC: American Society for Microbiology,
1994:266, with permission.

by leukocytes and antibiotics. After the initial invasion of bacteria into tissue, host
defenses react within 2 to 5 hours to localize the infection and prevent spread to adja-
cent tissues. During this decisive period, antibiotics are successful in reducing the total
number of bacteria and tilting the balance in favor of host defenses, but after this time
their effect is very limited [159].

III. Microbiologic features. More than 50% of prosthesis-related infections are caused
by gram-positive organisms. Most of these appear to be due to staphylococci, with
coagulase-negative staphylococcal species outnumbering S. aureus in some series.
Streptococci, including the anaerobic Peptococcus species, cause most of the rest of
such infections. Enteric gram-negative bacteria account for 10% to 28% of infections
in various series [159]. Many of these agents are skin commensals or transient skin
contaminants (Table 5.7).

IV. Diagnosis
A. Clinical presentation. A high degree of clinical suspicion is required because

the presentation is generally indolent and the degree of pain and systemic symp-
toms often are considerably less pronounced than in septic arthritis of a native
joint. In addition, pain due to mechanical loosening (not due to infection) and that
due to sepsis can present with a similar clinical picture. In joint sepsis, pain is a
prominent feature, usually is constant, is exacerbated by weight-bearing, and in-
creases over time. It occurs in 90% of patients, although such hallmarks of infection
as fever, localized edema and erythema, and sinus tract drainage each occur in only
30% to 40% of patients. An acute or fulminant presentation is more common with
virulent organisms such as S. aureus or pyogenic β-hemolytic streptococci, whereas
a chronic indolent course is more typical of infection with less virulent organisms,
for example, coagulase-negative staphylococci [156].

B. Radiographic studies
1. Serial radiograph findings. Loosening or dislocation of the prosthesis in as-

sociation with cortical bone resorption or periosteal reaction is suggestive of in-
fection but may also be seen with mechanical loosening alone [161].

2. Bone scans. Recent studies of traditional three-phase 99mTc bone imaging
concluded that this test was “limited in its ability to discern between infection
and aseptic loosening as the incidence of false negative results is unacceptably
high” [162].

3. A summary of seven studies using 111In-labeled autologous leukocytes re-
ported somewhat better results, with an average sensitivity of 79% and a
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specificity of 81% [163]. 111In-labeled nonspecific IgG scintigraphy may be
slightly better still (i.e., overall sensitivity of 97% and specificity of 85%), but
both false-positive and false-negative results occur.

4. Conclusion. Although useful, none of these tests is entirely satisfactory
in defining whether joint sepsis is present in all cases. Therefore, tech-
netium bone scanning alone cannot usefully distinguish septic and aseptic loose
prostheses [158]. However, a positive scan may be highly suggestive of infection,
which can then be confirmed by aspiration and/or biopsy. Gallium scanning has
a high reported specificity, indicating that a positive result correlates well with
confirmation of infection at aspiration or biopsy but has a low sensitivity [158].

C. Laboratory studies
1. Aspiration of joint fluid and subsequent histologic and microbiologic

examination of tissue samples obtained at surgery remain the tests of
choice for a definitive diagnosis of prosthetic joint infection. In one re-
cent study, the sensitivity of fine-needle aspiration for detecting the infecting
microorganism was 87% and its specificity was 95%, compared with biopsy cul-
tures obtained at the time of surgery [164].
a. Cultures should be obtained without recent antibiotic therapy. Be-

cause of the critical importance of making a microbiologic diagnosis, in most
nonacute cases, antimicrobial therapy should be withheld until all aspirate
and/or intraoperative specimens have been obtained. If antimicrobial therapy
has already been started, it should be stopped when possible for 10 to 14 days
before any diagnostic procedure to avoid false-negative culture results [156].

b. Good aerobic and anaerobic cultures should be routinely processed. As
much fluid for culture as possible should be obtained at the time of a diagnostic
joint aspiration [156]. For chronic indolent infections, fungal and mycobacte-
rial cultures are advised.

c. When prosthesis debridement or removal is performed, the surgeon should
obtain multiple tissue samples for culture and histopathology. Intraoperative
cultures should include tissue from the bone–cement interface, if possible,
and samples of any purulence [156]. In chronic infections, mycobacterial and
fungal cultures are also advised.

d. Histopathologic examination for inflammation, granulomas, and tissue
stains for organisms can be very useful.

e. Careful susceptibility studies should be performed on any isolated bacterial
pathogens.

f. The predictive value of a single positive surveillance culture at the time of a
revision arthroplasty for a failed prosthesis is unknown; such a result requires
careful correlation with the clinical context [156].

g. Cultures of drainage from sinus tracts do not reliably identify the etiologic
microorganisms [156,158].

2. Blood cultures should routinely be obtained (e.g., two or three samples drawn
30–60 minutes apart).

3. Nonspecific tests such as the ESR and C-reactive protein may be of limited value
in raising the clinician’s level of suspicion and diagnosing the initial infection or
in monitoring the response to therapy.

D. In the recent Mayo Clinic summary, a definite prosthetic joint infection was
defined by at least one of the following criteria: (a) two or more cultures from ster-
ile joint aspirates or intraoperative cultures were positive for the same organism,
(b) purulence was observed at the time of surgical inspection, (c) acute inflammation
consistent with infection was present on histopathologic examination of intracapsu-
lar tissue, or (d) a sinus tract that communicates with the joint spaces was present
[156].

V. Therapy. The optimal approach to treatment of the infected arthroplasty remains
unclear. There are few randomized prospective studies reported, and virtually none
compares different treatment arms within a single well-controlled study.

A detailed discussion of the infectious disease considerations of the different surgical
approaches appears elsewhere [156,158]. To consistently achieve microbiology cure, it
is necessary to remove the prosthesis and all associated cement and completely debride
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devitalized tissue and bone. Issues about reimplantation that remain controversial in-
clude the optimal time to reimplantation, the role of antibiotic impregnated cement,
the need for antibiotic-impregnated polymethylmethacrylate spacers (e.g., in two-stage
reimplantation for total knee prosthetic infections), and the optimal type and duration
of administration of intravenous and oral antimicrobials [156]. Therefore, we sug-
gest close cooperation of the orthopedic surgeon and the infectious disease
consultant in managing these patients.
A. Nonetheless two-stage replacement, involving removal of the hip or knee pros-

thesis and a 6- to 8-week course of intravenous antibiotic therapy followed by reim-
plantation has been widely recommended [156,161,165]. Antibiotic-impregnated
cement spacers commonly are used as adjunctive therapy in arthroplasty for re-
placement of the infected knee, in preparation for reimplantation. Success rates for
microbiologic cure with this technique vary but average approximately 80% to 90%.

B. A growing number of reports have suggested that implant salvage, using either
antibiotic therapy alone or antibiotics plus surgical debridement, may be feasible
in selected patients. This approach has evolved out of multiple concerns, not the
least of which are the potential surgical and medical complications attending joint
removal and reimplantation in the generally elderly patients, many of whom have
other underlying medical illnesses and the risk factors outlined earlier.
1. In addition, new antimicrobial regimens may cure infections that previously were

believed to be untreatable without removal of the device [166]. Data from both
animal models [166,167] and human clinical trials now are available to support
consideration of this approach. Treatment regimens combining rifampin with ei-
ther quinolone or β-lactam antibiotics can be particularly effective with reported
success rates of more than 80% in some studies [166,167], although such success
also has been reported in some series not using such combinations [155,168,171].
Treatment durations have generally been prolonged (e.g., ≥6–12 months).

2. As encouraging as these recent studies may be, enthusiasm must be tem-
pered by numerous other studies demonstrating poorer outcomes (suc-
cess rates only in the 20%–40% range) [155,169,170,172–174]. The treatment
of these infections is clearly evolving.

3. In our opinion, patients who might be considered for an attempt at im-
plant salvage must meet at least the following criteria:
a. A loosened prosthesis is not present.
b. The microorganism is susceptible to antibiotics, including oral antibiotics that

the patient can tolerate.
c. The patient is not septic, requiring immediate removal of the infected pros-

thesis. It should be recognized that cure rates using this approach appear to
be higher with acute (generally defined as symptoms of less than 2–4 weeks’
duration) as opposed to chronic infections.

d. Finally, the patient must understand that failure may necessitate, but does
not preclude, standard therapy, including prosthesis removal and subsequent
reimplantation, arthrodesis, resection arthroplasty, or other treatment op-
tions. In contradistinction to others [160,169], we do not believe that infection
with S. aureus represents a contraindication to this approach. Experience
with gram-negative organisms is more limited.

C. Debridement with retention of the prosthesis procedures usually have been
unsuccessful for chronic well-established infections [156]. For early acute infections
(i.e., within less than 3 months of the primary surgery) in the presence of a draining
infected hematoma without cellulitis, thorough open surgical debridement, irriga-
tion, and antibiotics may salvage up to 70% of prosthetic hip or knee replacements
[158]. Recently, delivery of high concentrations of antibiotic via implantable pumps
has been used with promising success in acute prosthetic infections [158]. Further
evaluation and experience with this technique is needed.

D. Suppressive antimicrobial therapy without concomitant surgical interven-
tion is not considered standard therapy for prosthetic joint infection because
satisfactory functional outcomes are so low [158]. In some situations, antibiotic
suppression (long term) is combined with initial surgical debridement with the
goal of suppression of symptoms and maintenance of a functioning joint. This may
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be rational, and often the only option, in some carefully selected patients when
(a) removal of the prosthesis is not feasible, (b) the organism is of low virulence and
highly susceptible to oral antimicrobial agents, (c) the patient is not systemically
ill, (d) the patient is compliant, and (e) the prosthesis is not loose [156].

VI. Postoperative superficial wound infection, a major risk for subsequent pros-
thesis infection. Aggressive early local care and intravenous antibiotic therapy of
these infections have been highly successful in preventing the involvement and re-
moval of the prosthesis [173]. In view of the rapid evolution of treatment options in
infections of prosthetic joints, infectious disease consultation is advised.

VII. Prophylaxis Antibiotic prophylaxis reduces the frequency of deep wound infection
after total joint replacement, and short courses of cefazolin commonly are recommended
[175] (see Chapter 27). The use of operating rooms with ultraclean air has a similar
effect [160]. Antibiotic-impregnated cement may be equally as effective, but these data
are more preliminary. See related discussion in Chapter 27.

INFECTIOUS BURSITIS
I. Clinical presentation. Septic bursitis most commonly involves the prepatellar or ole-

cranon bursa.
A. History. The common background of patients is a history of either acute or chronic

repetitive trauma to the knee or elbow. A history of concurrent superficial skin in-
fection near to the involved area is frequently elicited. Infection is thought to occur
due to local spread from the skin.
1. Pain and swelling, usually acute over a few hours, occurs in the vast majority.
2. Fever occurs in one-half of cases.
3. History of recent intrabursal steroid injection is frequent in misdiagnosed

cases [176].
B. Physical examination

1. There is usually bursal swelling with maximal tenderness over the center of
the bursa. There is a varying degree of local inflammatory reaction.

2. Peribursal cellulitis is frequent.
3. Range of motion of the joint is preserved, unlike septic arthritis.

II. Diagnostic aids. Definitive diagnosis is via aspiration of bursal fluid that
should be performed in all cases. Frequently, sympathetic joint effusions oc-
cur with septic bursitis. These effusions must also be sampled to ensure no
concurrent joint infection exists.
A. Bursal fluid aspiration. Grossly, fluid may vary from appearance from thin serous

to frank pus.
1. Leukocyte counts are frequently less than 20,000 cell/mm3 and may range from

1,500 to more than 400,000 cells/mm3 with predominance of polymorphonuclear
leukocytes.

2. Glucose levels and protein levels are not helpful.
3. Gram stains are positive around 50% of the time. It is of particular importance

to guide therapy in patients who have received prior antibiotics in whom fluid
cultures may have been rendered negative.

4. Urate crystal examination should be performed because gout may mimic or
occur with septic bursitis.

5. Aerobic and anaerobic cultures should be obtained on all specimens [176].
B. Blood cell count. The peripheral WBC count and ESR range from normal to

markedly elevated and a leukocytosis greater than 10,000 cells/mm3 is seen in ap-
proximately 60% of cases.

C. Radiography is infrequently helpful.
D. Blood cultures are rarely positive when a single bursa is involved.

III. Bacteriology of septic bursitis. S. aureus is involved in as many as 90% of
cases. Streptococcal species, particularly Streptococcus pyogenes, is the next most fre-
quent. Coagulase-negative staphylococci account for 1% or 2%. Gram-negative bacteria,
mycobacteria, and fungi are infrequently reported.

IV. Differential diagnosis includes septic arthritis, gout, trauma, or hemorrhagic olecra-
non bursitis in patients with uremia.
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V. Therapy includes appropriate antibiotics and drainage, usually via repeated needle
aspirations.
A. Antibiotics. Most empiric therapy should be directed against S. aureus. Further

therapy is guided by results of culture and Gram stain. Oral therapy may be used
in immunocompetent patients without significant systemic symptoms (e.g., fever) or
overlying cellulitis.
1. For therapy of methicillin-susceptible S. aureus

a. Parenteral therapy. A semisynthetic penicillinase-resistant penicillin such
as nafcillin or oxacillin, 1.0 to 1.5 g every 4 to 6 hours, can be given to adults.
In children, 100 to 150 mg/kg/day in divided doses is given every 4 to 6 hours.

In the patient with a delayed penicillin reaction, a first-generation
cephalosporin (e.g., cefazolin, 1 g every 8 hours in adults) is recommended.
In patients with immediate type hypersensitivity to penicillin, clindamycin is
recommended.

b. Oral therapy. Antistaphylococcal agents such as dicloxacillin or cloxacillin,
500 mg four times a day in adults, can be given. In the adult patients with de-
layed type penicillin hypersensitivity, an oral cephalosporin such as cephalexin
or cephradine, 500 mg to 1 g four times day, can be used. Oral clindamycin may
be used in patients with immediate type hypersensitivity to penicillin.

2. If MRSA is suspected due to recent hospitalization or in patients receiving chronic
hemodialysis, vancomycin is used.

3. Duration of therapy. In immunocompetent patients with uncomplicated dis-
ease, therapy may be continued for 1 week after sterilization of bursal fluid as
determined by culture performed at the time of repeated aspiration. Immunocom-
promised patients require more prolonged therapy, generally in excess of 10 days
of parenteral therapy before sterilization of the bursa.

B. Adequate drainage is essential and should be performed via needle aspiration
every 1 to 3 days. Indications for surgical intervention include failure of needle aspi-
ration to provide adequate drainage, bursa inaccessible to needle drainage, pointing
abscess, foreign body or necrotic tissue removal, or recurrent or refractory disease.

VI. Response to therapy is determined by clinical improvement and demonstration of
conversion of bursal cultures from positive to negative [176].
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6. CENTRAL NERVOUS SYSTEM INFECTIONS

Allan R. Tunkel and W. Michael Scheld

MENINGITIS
Meningitis is inflammation of the meninges identified by an abnormal number of white
blood cells in the cerebrospinal fluid (CSF). The meningitis syndrome may be caused by a
wide variety of infectious and noninfectious diseases (Table 6.1). Here we review the common
infectious causes of meningitis.

I. Epidemiology and etiology
A. Viruses are the major cause of the acute aseptic meningitis syndrome, a term

used to define any meningitis, particularly one with a lymphocytic pleocytosis, for
which a cause is not apparent after initial evaluation and routine stains and cul-
tures of CSF [1]. The common viral agents that cause the acute aseptic meningitis
syndrome are as follows.
1. Enteroviruses are currently the leading recognizable cause of the aseptic

meningitis syndrome, accounting for 80% to 85% of all cases in which a pathogen
is identified [1,2]. Enteroviruses are worldwide in distribution and spread by the
fecal–oral, and perhaps respiratory, routes; periods of warm weather and sparse
clothing may facilitate spread. Enteroviruses may also be recovered from house-
flies, wastewater, and sewage [1]. The predominant enteroviruses isolated from
patients with meningitis during the years 1970 to 1983 in the United States were
(in decreasing order) echovirus 11; echovirus 9; coxsackievirus 115; echoviruses
30, 4, and 6; coxsackieviruses B2, B4, B3, and A9; echoviruses 3, 7, 5, and 21;
and coxsackievirus B1 [2]. In addition, the newly numbered enteroviruses 70 and
71 have been reported to commonly cause central nervous system (CNS) disease
[3–5].

Infants and young children are most susceptible because there is absence of
previous exposure and immunity, although enteroviruses are also the most com-
mon causes of aseptic meningitis among adults [6]. In one large cohort study
from Finland, children younger than 1 year of age had an annual incidence
of viral meningitis of 219 cases per 100,000 population versus an incidence of
19 cases per 100,000 population in children between the ages of 1 and 4 years [7].
Immunodeficiency and possibly physical exercise also predispose to enteroviral
meningitis [1].

2. Arboviruses. The most common vector-transmitted cause of aseptic meningitis
is St. Louis encephalitis virus, a flavivirus [1]. Aseptic meningitis accounts for
approximately 15% of all symptomatic cases of St. Louis encephalitis and may be
as high as 35% to 60% in children. These infections are more common in warmer
months when contact with the insect vector is more likely. Other arboviruses
reported to cause aseptic meningitis include the California encephalitis group of
viruses (e.g., La Crosse, Jamestown Canyon, and Snowshoe hare viruses, which
are bunyaviruses) and the agent of Colorado tick fever, an orbivirus, which is
seen in mountain and western regions of the United States and Canada.

3. Mumps virus infection commonly occurs in the winter and spring months. CNS
disease caused by mumps virus can occur in patients without evidence of paroti-
tis; 40% to 50% of patients with meningitis have no evidence of salivary gland
enlargement at presentation. In an unimmunized population, mumps is
one of the most common causes of aseptic meningitis and encephalitis,
with symptomatic meningitis occurring in 10% to 30% of patients [8]. Males are
affected two to five times more often than females, and the peak incidence is
in children aged 5 to 9 years. Although the incidence of mumps has decreased
markedly with widespread use of the attenuated live virus vaccine [1,8], vaccine-
associated mumps meningitis also has been reported [9].

4. Lymphocytic choriomeningitis virus was one of the earliest viruses associ-
ated with human aseptic meningitis, although it now is reported rarely [1]. It
is transmitted to humans by contact with rodents (e.g., hamsters, rats, mice) or
their excreta through ingestion of contaminated food or exposure of open wounds
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Table 6.1. Differential Diagnosis of the Meningitis Syndrome

Infectious etiologies
Bacteria

Haemophilus influenzae
Neisseria meningitidis
Streptococcus pneumoniae
Listeria monocytogenesa

Streptococcus agalactiae
Aerobic gram-negative bacilli
Staphylococci
Enterococci
Other streptococci
Anaerobes
Pasteurella multocida
Leuconostoc species
Stomatococcus mucilaginosus
Brucella speciesa

Chlamydia psittaci
Chlamydia trachomatis
Mycoplasma pneumoniaea

Mycoplasma hominisa

Ureaplasma urealyticum
Nocardia speciesa

Actinomyces speciesa

Mycobacterium tuberculosisa

Nontuberculous mycobacteria
Tropheryma whippelii
Bartonella species

Viruses
Nonpolio enterovirusesa,b

Mumps virusa

Arbovirusesa,c

Herpesvirusesa,d

Lymphocytic choriomeningitis virusa

Human immunodeficiency virusa

Adenovirusa

Influenza A and B virusesa

Parainfluenza viruses
Measles virus (rubella)a

Rubella virus (German measles)a

Poliovirusa

Rotavirus
Encephalomyocarditis virus
Vaccinia virus (cowpox)a

Rabies virus
Parvovirus B19
Sandfly fever virus serotype

Toscana
West Nile virusa

Hedraviruses (e.g., Nipah virus)a

Fungi
Cryptococcus neoformansa

Candida speciese

Coccidioides immitise

Histoplasma capsulatuma,e

Aspergillus speciese

Blastomyces dermatitidise

Sporothrix schenckiie

Paracoccidioides brasiliensise

Pseudallescheria boydiie

Cladosporium speciese

Zygomycetes species
Pneumocystis carinii

Spirochetes
Treponema pallidum (syphilis)a

Borrelia burgdorferi (Lyme disease)a

Leptospira speciesa

Borrelia recurrentis (relapsing fever)a

Spirillum minor (rat-bite fever)
Rickettsiae

Richettsia rickettsii (Rocky Mountain
spotted fever)a

Rickettsia conorii
Coxiella burnetii (Q fever)
Rickettsia prowazekii (epidemic or

louse-borne typhus)a

Rickettsia typhi (endemic or murine
typhus)a

Rickettsia tsutsugamushi (scrub typhus)a

Ehrlichia speciesa

Protozoa and helminths
Naegleria fowleria

Acanthamoeba speciesa,e

Angiostrongylus cantonensis
Baylisascaris procyonis

Toxoplasma gondiia,e

Taenia solium (cysticercosis)e

Trichinella spiralise

Trypanosoma speciesa,e

Paragonimus speciese

Echinococcus granulosuse

Strongyloides stercoralis (hyperinfection
syndrome)e

Schistosoma species
Entamoeba histolyticae

Gnathostoma spinigerume

Multiceps multicepse

Algae
Prototheca wickerhamii

Other infectious syndromes
Parameningeal foci of infection f

Infective endocarditisa

Bacterial toxinsg

Viral postinfectious syndromes
Postvaccinationh

Noninfectious etiologies and diseases
of unknown etiology

Systemic illnesses
Systemic lupus erythematosus
Sarcoidosis
Behçet diseasea

Sjögren syndrome
Mixed connective tissue disease
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Table 6.1. Continued.

Rheumatoid arthritis
Polymyositis
Wegener granulomatosis
Lymphomatoid granulomatosis
Polyarteritis nodosa
Granulomatous angiitis
Other cerebral vasculitides
Familial Mediterranean fever
Kawasaki syndrome
Vogt-Koyanagi-Harada syndrome

Medications
Antimicrobial agentsi

Nonsteroidal antiinflammatory agents j

Muromonab-CD3 (OKT3)
Azathioprine
Cytosine arabinoside (high-dose)
Carbamazepinek

Immunoglobulinl

Phenazopyridine
Ranitidine

Procedure related
Postneurosurgery
Spinal anesthesia

Intrathecal injectionsm

Chymopapain injection
Miscellaneous

Seizures
Migraine or migraine-like syndromes
Mollaret’s meningitis
Serum sickness
Heavy metal poisoning

Malignancies
Lymphomatous meningitis
Carcinomatous meningitis
Leukemia

Intracranial tumors and cysts
Craniopharyngioma
Dermoid or epidermoid cyst
Pituitary adenoma
Astrocytoma
Glioblastoma multiforme
Medulloblastoma
Pinealoma
Ependymoma
Teratoma

a May also present as encephalitis.
b Primarily echoviruses and coxsackieviruses.
c In the United States the major etiologic agents are the mosquito-borne California, St. Louis, Eastern
equine, Western equine, and Venezuelan equine encephalitis viruses and the tick-borne Colorado tick
fever.
d Primarily herpes simplex virus type 2 but also herpes simplex virus type 1, varicella-zoster virus, cy-
tomegalovirus, Epstein-Barr virus, and human herpesvirus-6.
e More commonly presents as chronic meningitis or focal central nervous system lesions.
f Brain abscess, sinusitis, otitis, mastoiditis, subdural abscess, epidural abscess, venous sinus throm-
bophlebitis, pituitary abscess, cranial osteomyelitis.
g Scarlet fever, streptococcal pharyngitis, toxic shock syndrome, pertussis, diphtheria.
h Mumps, measles, polio, pertussis, rabies, vaccinia.
i Trimethoprim, sulfamethoxazole, trimethoprim-sulfamethoxazole, ciprofloxacin, penicillin, isoniazid.
j Ibuprofen, sulindac, naproxen, tolmetin.
k In patients with connective tissue diseases.
l Aseptic meningitis can occur after high-dose intravenous immunoglobulin.
m Air, dyes, isotopes, antimicrobial agents, antineoplastic agents, steroids, dyes.

to dirt. The greatest risk is in pet owners, persons living in impoverished and
nonhygienic situations, and laboratory workers [10]. Human-to-human trans-
mission does not occur.

5. Herpesviruses include herpes simplex viruses (HSVs) types 1 and 2, varicella-
zoster virus, cytomegalovirus (CMV), Epstein-Barr virus, human herpesvirus 6,
and human herpesvirus 7. Neurologic complications associated with the HSVs
are the most significant [11]. HSVs account for 0.5% to 3.0% of all cases of asep-
tic meningitis. HSV aseptic meningitis is most commonly associated with
primary genital infection with HSV type 2 [12] and is less likely with re-
currences of genital herpes [13]. Primary genital infection with HSV type 1
and nonprimary genital infection with HSV of either type rarely result in menin-
gitis [12]. Cases of Mollaret recurrent meningitis have been associated with HSV
types 1 and 2 [14,15].

Acute aseptic meningitis has also been associated with herpes zoster in pa-
tients with or without typical skin lesions [16,17]. Single cases of Mollaret
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recurrent meningitis have been associated with Epstein-Barr virus [18]. Menin-
gitis from human herpesvirus 6 has been associated with roseola infantum
[19], encephalitis [20], recurrent seizures in children [21], and after bone mar-
row transplantation [22]. CMV and Epstein-Barr virus may cause aseptic
meningitis with a mononucleosis syndrome, particularly in immunocompromised
hosts.

6. Human immunodeficiency virus (HIV) can infect the meninges early and
persist in the CNS [23,24]. Meningitis associated with HIV may occur as part of
the primary infection or in an already infected patient; HIV has been isolated
from the CSF in some cases [25]. However, CNS infection often is clinically silent.
Retrospective studies have noted that 5% to 10% of HIV-infected patients develop
an acute meningoencephalitis during or after the mononucleosis-like syndrome
that heralds initial infection [23,26].

B. Bacteria. Bacterial meningitis is an important problem worldwide [27]. The overall
annual attack rate for bacterial meningitis in the United States from 1978 through
1981 was approximately 3.0 cases/100,000 population [28], although this varied
based on age, race, and gender. This compares with an attack rate of 45.8 cases
per 100,000 population in approximately 4,100 cases in Salvador, Brazil from 1973
through 1982 [29]. Bacterial meningitis is also a significant problem in hospitalized
patients. Forty percent of 493 episodes in adults aged 16 years or older at the Mas-
sachusetts General Hospital from 1962 through 1988 were nosocomial, and these
episodes had a high mortality [30].
1. Haemophilus influenzae. In the early 1980’s H. influenzae caused 45% to 48%

of bacterial meningitis in the United States, with an overall mortality of 3% to 6%
[28,31]. Most cases occurred in infants and children younger than 6 years, and
more than 90% were caused by capsular type b strains. The widespread use
of conjugate vaccines has profoundly reduced the incidence of invasive
H. influenzae type b childhood infections (see section VII.B.1.b) [32], and
it now causes 7% of bacterial meningitis in the United States. During 1995 in
22 counties of four states, the overall incidence of bacterial meningitis also was
dramatically decreased to 0.2 cases per 100,000 population [33]. H. influenzae
meningitis in older children and adults should suggest the presence of certain
underlying conditions, including sinusitis, otitis media, epiglottitis, pneumonia,
diabetes mellitus, alcoholism, splenectomy or asplenia, head trauma with CSF
leak, and immunodeficiency (e.g., hypogammaglobulinemia) [34,35].

2. Neisseria meningitidis causes 25% of cases of bacterial meningitis in the
United States, most commonly in children and young adults, with an overall
mortality of 3% to 13% [28,31,35]. Serotype B strains usually occur in sporadic
outbreaks, serogroups A and C may occur in epidemics, and type Y strains may
be associated with pneumonia. The incidence of serogroup C disease has been
increasing, with several recent outbreaks reported in the United States, Canada,
and Europe [36–38]; most cases have been caused by one strain of the elec-
trophoretic type 37, termed ET-15. Patients with deficiencies in the terminal
complement components (C5-C8, and perhaps C9), the so-called membrane
attack complex, have a markedly increased incidence of neisserial infec-
tions, although their meningococcal case fatality rate of 3% is lower than the
rate of 19% for the general population [39].

3. Streptococcus pneumoniae. Pneumococcal meningitis is most frequently ob-
served in adults, accounting for 47% of total cases in the United States and
carrying a mortality of 19% to 26% [28,31,35]. Patients often have contiguous or
distant foci of infection such as pneumonia, otitis media, mastoiditis, sinusitis,
and endocarditis. Risk factors for serious infection include splenectomy or func-
tional asplenia, multiple myeloma, hypogammaglobulinemia, alcoholism, mal-
nutrition, chronic liver or renal disease, malignancy, Wiskott-Aldrich syndrome,
thalassemia major, and diabetes mellitus [40,41]. The pneumococcus is the most
common etiologic agent of meningitis in patients who have a basilar skull frac-
ture with CSF leak [42].

4. Listeria monocytogenes causes 8% of cases of bacterial meningitis in the United
States [35] but has a high mortality of 15% to 29% [28,31,35]. Serotypes 1/2b and
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4b have been implicated in up to 80% of meningitis cases. Listerial infection is
most common in neonates (up to 10% of cases); pregnant women may har-
bor the organism asymptomatically in their genital tract and rectum and trans-
mit the infection to their infants. Other predisposing conditions include
older age (≥50 years), alcoholism, malignancy, immunosuppression (e.g., renal
transplant recipients), corticosteroid therapy, diabetes mellitus, liver disease,
chronic renal disease, collagen vascular diseases, and conditions associated with
iron overload [43,44]. Listeria meningitis is found only infrequently in patients
with HIV infection [45,46], despite its increased incidence in patients with de-
ficient cell-mediated immunity. Meningitis can also occur in previously healthy
adults.

5. Streptococcus agalactiae. In the United States, this organism accounts for
12% of bacterial meningitis, with a mortality ranging from 7% to 23% [28,31,35].
The group B streptococcus is a common cause of meningitis in neonates [47],
with 52% of cases reported during the first month of life [35]. The risk of trans-
mission from mother to infant is increased when the inoculum of organisms and
number of sites of maternal colonization is high; group B streptococcus has been
isolated from vaginal or rectal cultures of 15% to 40% of asymptomatic pregnant
women. Horizontal transmission has also been documented from the hands of
nursery personnel to the infant. Most cases of neonatal meningitis are caused by
subtype III organisms and occur after the first week of life. Group B streptococ-
cal meningitis in adults appears to be increasing in frequency, often is associated
with severe underlying diseases, and has a high mortality rate of 27% to 34%
[48–50]. Risk factors for adults include age older than 60 years, diabetes mellitus,
parturient women, cardiac disease, collagen vascular diseases, malignancy, alco-
holism, hepatic failure, renal failure, and corticosteroid therapy; no underlying
illnesses were found in 43% of patients in one study [49].

6. Aerobic gram-negative bacilli (e.g., Klebsiella species, Escherichia coli, Ser-
ratia marcescens, Pseudomonas aeruginosa, Salmonella species) have become in-
creasingly important etiologic agents for bacterial meningitis [30,51]; mortality
rates range from about 30% to 80%. Meningitis has occurred after head trauma
or neurosurgical procedures and may also be found in neonates, the el-
derly, immunosuppressed patients, and patients with gram-negative
septicemia. Some cases have been associated with disseminated strongyloidia-
sis in the hyperinfection syndrome, in which meningitis caused by enteric bacte-
ria occurs secondary to seeding of the meninges during persistent or recurrent
bacteremias associated with the migration of infective larvae [52]. Alternatively,
larvae that invade the meninges may carry enteric organisms on their surfaces
or within their own gastrointestinal tracts.

7. Staphylococci. Staphylococcus aureus accounts for 1% to 9% of cases of bac-
terial meningitis and is usually found in early postneurosurgical or posttrauma
patients and in those with CSF shunts [53,54]. Rarely, S. aureus meningitis
occurs as a complication of a temporary epidural catheter [55]. Other underlying
conditions include diabetes mellitus, alcoholism, chronic renal failure requiring
hemodialysis, injection drug use, and malignancies. Thirty-five percent of cases
occur in the setting of head trauma or neurosurgery, and an additional 20% have
infective endocarditis or paraspinal infection. Community-acquired sources also
include sinusitis, osteomyelitis, and pneumonia. Mortality from S. aureus menin-
gitis has ranged from 14% to 77%. Staphylococcus epidermidis is the most com-
mon cause of meningitis in patients with CSF shunts [54], accounting for 47% to
64% of cases.

8. Other bacteria. Nocardia meningitis usually occurs in the setting of predis-
posing conditions such as immunosuppressive drug therapy, malignancy, head
trauma, CNS procedures, chronic granulomatous disease, and sarcoidosis [56].
Enterococci are unusual pathogens [57], generally seen in pediatric patients
with CNS pathology and in adults with underlying illness (especially immuno-
suppressive therapy). Anaerobic meningitis is unusual, often polymicrobial,
and generally associated with a contiguous focus (e.g., otitis, sinusitis, pharyn-
gitis, brain abscess, head and neck malignancy, recent head and neck surgery
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or wound infection, posttrauma, postneurosurgery) [58,59]. Diphtheroids may
cause CNS shunt infections [54]. Streptococcal meningitis has complicated diag-
nostic myelography [60].

C. Tuberculosis. Virtually all mycobacterial infections of the CNS are caused by My-
cobacterium tuberculosis. Tuberculous meningitis accounts for approximately 15%
of extrapulmonary cases or approximately 0.7% of all clinical tuberculosis in the
United States [61]. A disproportionately increased rate of CNS tuberculosis occurs
in the U.S. homeless population and in nonwhite Americans. Most childhood cases
occur during the first 5 years of life, although it is uncommon among those younger
than 6 months. Other factors such as advanced age, immunosuppressive drug ther-
apy, lymphoma, gastrectomy, pregnancy, diabetes mellitus, and alcoholism may lead
to reactivation tuberculosis [62]. It is estimated that HIV infection accounts for
almost 6,000 to 9,000 new cases of tuberculosis annually in the United States [63].
Extrapulmonary disease occurs in over 70% of patients with acquired immunodefi-
ciency syndrome (AIDS) but in only 24% to 45% with less advanced HIV infection
[64].

D. Spirochetes
1. Treponema pallidum disseminates to the CNS during early infection and

can be isolated from the CSF of patients with primary syphilis. CSF laboratory
abnormalities are detected in 5% to 9% of patients with seronegative primary
syphilis [65]. However, the actual rate of CNS invasion during the early
stages is likely to be considerably higher. Clinical neurosyphilis can be divided
into four distinct syndromes: syphilitic meningitis, meningovascular syphilis,
parenchymatous neurosyphilis, and gummatous neurosyphilis. The incidence of
syphilitic meningitis is greatest in the first 2 years after initial infection and is
estimated to occur in only 0.3% to 2.4% of patients. In contrast, meningovascular
syphilis occurs months to years after syphilis acquisition (peak incidence is at
approximately 7 years) and is found in 10% to 12% with CNS involvement [65].
Parenchymatous neurosyphilis has two variants, general paresis and tabes dor-
salis, which are relatively rare and do not become apparent until 10 to 20 years
after acquisition of infection. Gummata are late manifestations of tertiary
syphilis and may occur anywhere, although gummatous neurosyphilis is rare.

The overall incidence of neurosyphilis has increased in association
with HIV infection [66,67]. In one report, 44% of patients with neurosyphilis
had AIDS and 1.5% of AIDS patients were found to have neurosyphilis at some
point during their disease [68]. In a review of neurosyphilis cases in San Francisco
from 1985 to 1992, 75% were either infected with HIV or in a high-risk group for
HIV [69] (see Chapters 16 and 18).

2. Borrelia burgdorferi is the etiologic agent of Lyme disease. The nervous system
is involved clinically in at least 10% to 15% of patients with Lyme disease [70,71],
either while erythema migrans is still present or 1 to 6 months later. Using
polymerase chain reaction (PCR), spirochetal DNA was detected in CSF samples
from 8 of 12 patients with acute (<2 weeks) disseminated Lyme borreliosis [72],
indicating that B. burgdorferi usually invades the CNS early in infection (see
Chapter 21).

E. Fungi
1. Cryptococcus neoformans is associated with bird droppings but can also be

found in fruits, vegetables, milk, and soil. C. neoformans is the most common
fungal cause of meningitis, usually occurring in persons who are immunosup-
pressed. Risk factors include reticuloendothelial malignancies (e.g., lymphoma),
sarcoidosis, collagen vascular diseases (e.g., systemic lupus erythematosus), dia-
betes mellitus, chronic hepatic failure, chronic renal failure, organ transplanta-
tion, and corticosteroids [73]. C. neoformans meningitis also occurs in apparently
healthy individuals. Patients with AIDS currently constitute the highest
risk group [74]; 5% to 10% of AIDS patients eventually develop cryptococcal
meningitis [75–77].

2. Candida are normal commensals of humans. Tissue invasion usually occurs
in persons with altered host defenses, including those with malignancies, neu-
tropenia, chronic granulomatous disease, diabetes mellitus, thermal injuries, or
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a central venous catheter and in those receiving corticosteroid therapy, broad-
spectrum antimicrobial agents, or hyperalimentation [78,79]. Candida meningi-
tis is uncommon, occurring in fewer than 15% of patients with CNS candidiasis
[80–82]. C. albicans is the species most commonly isolated in CNS disease.

3. Coccidioides immitis is endemic in the semiarid regions and deserts of the
southwestern United States (California, Arizona, New Mexico, Texas), where ap-
proximately one-third of the population is infected [83]. Less than 1% of patients
will subsequently develop disseminated disease, usually within the first 6 months
after infection. Of those with disseminated disease, one-third to one-half have
meningeal involvement [84,85]. Disseminated disease has been associated with
extremes of age, male gender, nonwhite race, pregnancy, and immunosuppression
(e.g., corticosteroid therapy, organ transplantation, and HIV infection) [83].

F. Protozoa and helminths
1. Amebae. Naegleria fowleri is the main cause of primary amebic meningoen-

cephalitis in humans [86,87]. Strains have been recovered from lakes, puddles,
pools, ponds, rivers, sewage, sludge, tap water, air-conditioner drains, and soil.
Sporadic cases of primary amebic meningoencephalitis occur when persons, usu-
ally children and young adults, swim or play in water containing the amebae
or when swimming pools or water supplies have become contaminated, often
through failure of chlorination. Several cases (often caused by Acanthamoeba
species or leptomyxid amebae) have been reported in patients [88–90] with ad-
vanced HIV.

2. Angiostrongylus cantonensis. Infection of humans by the larvae of the nema-
tode A. cantonensis can lead to an eosinophilic meningitis [52,91]. A. cantonensis
is widespread, and human infections are fairly common in many parts of the
world (e.g., Thailand, India, Malaysia, Vietnam, Indonesia, Papua New Guinea,
and the Pacific Islands, including Hawaii). The definitive hosts are rats, and they
may spread the parasites from port to port on ships. Larvae invade the brain ei-
ther directly from the bloodstream or after migrating through other organs. Once
there, they mature into adult worms that migrate through the brain. Baylisas-
caris procyonis is a newly recognized cause of eosinophilic meningoencephalitis
(see Chapter 21).

II. Clinical presentation
A. Viral meningitis

1. Enteroviruses. The clinical manifestations of enteroviral meningitis depend on
host age and immune status [1].
a. In neonates fever is ubiquitous and usually accompanied by vomiting,

anorexia, rash, or upper respiratory symptoms and signs. Neurologic involve-
ment may be associated with nuchal rigidity and a bulging anterior fontanelle,
although infants younger than 1 year are less likely to demonstrate meningeal
signs. Mental status may be altered, but focal neurologic signs are uncommon.
Meningoencephalitis in neonates may be severe, with morbidity and mortality
as high as 74% and 10%, respectively [92].

b. In contrast, the clinical findings of enteroviral meningitis beyond the
neonatal period are rarely those of severe disease and poor outcome [1,93].
The onset usually is sudden, with fever present in 76% to 100% of patients.
More than half have nuchal rigidity. Headache (often severe and frontal) is
nearly always present in adults; photophobia also is common. Nonspecific
symptoms and signs include vomiting, anorexia, rash, diarrhea, cough, up-
per respiratory findings (especially pharyngitis), and myalgias. Other clues
to enteroviral disease, in addition to time of year and known epidemic disease,
include the presence of exanthems, myopericarditis, conjunctivitis, and specif-
ically recognizable enteroviral syndromes such as pleurodynia, herpangina,
and hand-foot-and-mouth disease [6]. The duration of enteroviral meningi-
tis is usually less than 1 week, and many patients are improved after the
lumbar puncture [94], probably as a result of reduced intracranial pressure.
In contrast, a recent outbreak of enterovirus 71 infection in Taiwan involved
patients 3 months to 8.2 years of age, the chief neurologic complaint was
rhombencephalitis in 90%, and the case fatality rate was 14% [4].
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c. In children and adults with absent or deficient humoral immunity (e.g., agam-
maglobulinemia), which impairs clearance of enteroviruses, chronic enterovi-
ral meningitis or meningoencephalitis may develop and last several years,
often with a fatal outcome [95].

2. Mumps virus. The most frequent clinical presentation of mumps CNS infection
is the nonspecific triad of fever, vomiting, and headache [8]. The fever usually is
high and lasts 3 to 4 days. Salivary gland enlargement is present in only 50%
or so of patients. Other findings include neck stiffness, lethargy or somnolence,
and abdominal pain. Most patients have signs of meningitis without evidence
of cortical dysfunction and, in uncomplicated cases, recover within 7 to 10 days.
Mumps virus rarely causes encephalitis, seizures, polyradiculitis, polyneuritis,
cranial nerve palsies, myelitis, Guillain-Barré syndrome, and fatality.

3. Lymphocytic choriomeningitis virus infection begins with nonspecific symp-
toms. After a brief improvement, approximately 15% of patients develop se-
vere headache, photophobia, lightheadedness, lumbar myalgias, and pharyngitis.
Late manifestations such as orchitis, arthritis, myopericarditis, and alopecia are
also seen.

4. Herpesviruses. Meningitis caused by HSV type 2 usually is characterized by
stiff neck, headache, and fever [12]. Neurologic complications were found in 37%
of 27 patients with HSV type 2 meningitis and consisted of urinary retention,
dysesthesias, paresthesias, neuralgia, motor weakness, paraparesis, concentra-
tion difficulties of nearly 3 months’ duration, and impaired hearing [13]. All neu-
rologic findings, however, subsided within 6 months. Recurrent meningitis was
documented in five patients. Pharyngitis, lymphadenopathy, and splenomegaly
should suggest Epstein-Barr virus infection. A diffuse vesiculopustular rash may
be seen in patients with meningitis caused by varicella-zoster virus.

5. Human immunodeficiency virus. Acute HIV infection may cause a typical
aseptic meningitis syndrome [23,25,26]. In addition, some patients may present
with an atypical syndrome that is chronic, tends to recur, and often is associ-
ated with cranial neuropathies (usually V, VII, and VIII) or long tract findings.
The most common features are headache, fever, and meningeal signs. Illness is
self-limited or recurrent rather than progressive. HIV may occasionally cause a
dramatic self-limited encephalitis or encephalopathy during the acute phase of
infection.

B. Bacterial meningitis
1. Clinical presentation. Most patients have fever, headache, meningismus,

and signs of cerebral dysfunction (i.e., confusion, delirium, or a declining level
of consciousness ranging from lethargy to coma) [27,40,96]. In one review of
community-acquired bacterial meningitis in adults, the classic triad of fever,
nuchal rigidity, and change in mental status was found in only two-thirds of pa-
tients [30]. Another review found the absence of fever, neck stiffness, and altered
mental status effectively eliminated the likelihood of acute meningitis in adults
(sensitivity of 99% to 100% for the presence of one finding in the diagnosis of
acute meningitis) [97].

2. Meningismus may be subtle, marked, or accompanied by Kernig or Brudzinski
signs. These signs are elicited in only 50% or so of adult patients with bacterial
meningitis, and their absence does not rule out the diagnosis.
a. Kernig sign is elicited with the patient in the supine position. The thigh

is flexed on the abdomen with the knee also flexed, and the leg then is
passively extended. The patient resists leg extension if there is meningeal
inflammation.

b. Brudzinski sign is best known as the nape-of-the-neck sign in which passive
neck flexion results in flexion of the hips and knees.

3. Cranial nerve palsies (especially III, IV, VI, and VII) and focal cerebral signs
are seen in 10% to 20% of cases. Seizures occur in approximately 30% of patients.
Signs of increased intracranial pressure may develop, including coma, hyperten-
sion, bradycardia, and palsy of cranial nerve III. Papilledema is seen in fewer
than 5% of cases early in infection, and its presence should suggest an alternative
diagnosis.
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4. A specific etiologic diagnosis may be suggested by certain symptoms or
signs.
a. Characteristic skin rash. Nearly 50% of patients with meningococcemia,

with or without meningitis, present with a prominent rash located princi-
pally on the extremities [27,96]. The rash is typically erythematous and
macular early in the course of illness but quickly evolves into a petechial
phase and then further coalesces into a purpuric form (see Color Plate 4.8).
The rash often matures rapidly, with new petechial lesions appearing dur-
ing the physical examination. A similar rash may also be seen in patients
who have undergone splenectomy with rapidly overwhelming sepsis caused
by S. pneumoniae (Color Plate 4.7) or H. influenzae type b.

b. Rhinorrhea or otorrhea due to a CSF leak may result from a basilar skull
fracture that produces a dural fistula between the subarachnoid space and
nasal cavity, the paranasal sinuses, or middle ear. In these patients, menin-
gitis may be recurrent and is most commonly caused by S. pneumoniae.

c. Patients with L. monocytogenes meningitis have an increased tendency
to experience seizures and focal deficits early in the course of infection.
Some have ataxia, cranial nerve palsies, or nystagmus due to rhomben-
cephalitis [43,44], although there may be no evidence of parenchymal brain
involvement.

5. Some patients may not manifest the classic symptoms and signs of bac-
terial meningitis. For example, elderly patients, especially those with un-
derlying conditions (e.g., diabetes mellitus or cardiopulmonary disease), may
present insidiously with lethargy or obtundation, no fever, and variable signs
of meningeal inflammation [97]. In patients with head trauma, the symp-
toms and signs of meningitis may be present as a result of the underlying injury
[42]. In all these patients, an altered or changed mental status should not be
ascribed to other causes until bacterial meningitis has been excluded by CSF
examination.

C. Tuberculous meningitis
1. Children with tuberculous meningitis commonly present with nausea, vom-

iting, and behavioral changes [61]. Headache is observed in fewer than 25% of
cases. Seizures are infrequent (10% to 20% of cases) before hospitalization, al-
though more than 50% may develop seizures during hospitalization. Some chil-
dren develop an encephalitic course, characterized by stupor, coma, and convul-
sions without signs of meningitis.

2. Adults. In contrast, the clinical presentation in adults is usually more indo-
lent, with an insidious prodrome characterized by malaise, lassitude, low grade
fever, intermittent headache, and changing personality [98]. A meningitic phase
develops within 2 to 3 weeks characterized by protracted headache, meningis-
mus, vomiting, and confusion. A history of prior tuberculosis is obtained in
fewer than 20% of cases [99]. Adult patients may also present with a rapidly
progressive acute meningitis syndrome indistinguishable from bacterial menin-
gitis [62].

3. On physical examination, fever is an inconstant finding, observed in 50% to
98% of cases [61,100]. Meningismus and signs of meningeal irritation are absent
in 25% to 40% of children and adults with tuberculous meningitis, although 88%
of patients admitted to an intensive care unit had meningeal findings in a review
[101]. Up to 30% of patients have focal neurologic signs on presentation, usually
unilateral or, less commonly, bilateral cranial nerve palsies; most often affected
is cranial nerve VI, followed by cranial nerves III, IV, and VIII. Hemiparesis may
result from ischemic infarction, usually in the middle cerebral artery territory.
Chorea, hemiballismus, athetosis, myoclonus, and cerebellar ataxia are seen less
frequently. Choroidal tubercles may be observed on funduscopic examination
(∼10% of cases).

4. Coexisting HIV infection. The clinical manifestations are not modified signif-
icantly by HIV infection [102,103]. Fever, headache, and altered mentation are
the most frequent presenting symptoms; meningeal signs are absent in up to
50% of patients.
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D. Spirochetal meningitis
1. Treponema pallidum. Syphilitic meningitis usually presents with headache,

nausea, and vomiting. In one series these were present in 91% of patients [65].
Meningismus was seen in 59% and fever in fewer than half of patients. Seizures
occurred in 17% of patients, whereas cranial nerve palsies were found in 45% of
cases (most commonly cranial nerves VII and VIII, followed by II, III, V, and VI).
Focal abnormalities such as hemiplegia, aphasia, or mental status changes were
less common.

Meningovascular syphilis is distinguished temporally and on the basis of
focal neurologic findings as a result of focal syphilitic arteritis, which almost
always occurs in association with meningeal inflammation [65]. Most patients
experience weeks to months of an episodic prodrome that includes headache
or vertigo, personality changes (e.g., apathy or inattention), behavioral changes
(e.g., irritability or memory impairment), insomnia, or occasional seizures. Focal
deficits may also occur and, if untreated, may progress to a stroke syndrome with
irreversible neurologic deficits.

Coinfection with HIV may modify the clinical course of syphilis [66–
68]. Patients with HIV infection are more likely to progress to neurosyphilis
and to show accelerated disease courses. However, in one study of HIV-infected
and noninfected patients with syphilis at sexually transmitted disease clinics in
Baltimore [104], no significant differences were observed in clinical stage or in
disease progression.

2. Borrelia burgdorferi. Meningitis is the most important neurologic abnormal-
ity of acute disseminated Lyme disease. Headache is the single most common
symptom (30% to 90% of patients), whereas neck stiffness is seen in only 10% to
20% [70]. Photophobia, nausea, and vomiting are intermediate in frequency. Ap-
proximately two-thirds of patients have systemic symptoms, including malaise,
fatigue, myalgias, fever, arthralgias, and involuntary weight loss. If untreated,
symptoms last from 1 to 9 months. Patients typically experience recurrent at-
tacks of meningeal symptoms lasting several weeks, alternating with similar
periods of milder symptoms.

Approximately half of all patients with Lyme meningitis have mild cerebral
symptoms, usually consisting of somnolence, emotional lability, depression, im-
paired memory and concentration, and behavioral symptoms [70]. These symp-
toms may fluctuate in severity in untreated patients before they resolve. Trans-
verse myelitis, spastic paraparesis or quadriparesis, disturbances of micturition,
and Babinski sign are reported rarely during this stage. Approximately 50%
of patients have cranial neuropathies. Facial nerve palsy is the most common
(80% to 90%), is rapid in onset (often 1 to 2 days), and often is accompanied by
slight ipsilateral facial numbness or tingling or ipsilateral ear or jaw pain. It is bi-
lateral in 30% to 70% of cases, although the two sides are affected asynchronously
in most cases. Other cranial nerves affected less commonly are cranial nerves II
and III, the sensory portion of nerves V and VI, and the acoustic portion of nerve
VIII. Recovery usually occurs within 2 months.

E. Fungal meningitis
1. Cryptococcus neoformans. Cryptococcal meningitis presents differently in

non-AIDS and in AIDS patients [73,75–77].
a. In non-AIDS patients the presentation is typically subacute over days to

weeks. The most frequent complaint is headache; fever, meningismus, and per-
sonality changes also occur. Approximately 50% have confusion, irritability,
and other personality changes reflecting meningoencephalitis. Ocular abnor-
malities (e.g., papilledema and cranial nerve palsies) occur in nearly 40% of
cases; direct invasion of the optic nerve also may occur.

b. In contrast, the presentation in AIDS patients may be very subtle. The only
clinical findings may be headache, fever, and lethargy. Meningeal signs occur
in some patients. Photophobia and cranial nerve palsies often are absent. On
the African continent, AIDS patients with cryptococcal meningitis have higher
rates of neurologic compromise [105,106], possibly because of the advanced
stage of illness at the time of presentation.
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2. Candida meningitis may be abrupt or insidious in onset [80–82]. The most
common symptoms are fever, headache, and meningismus. Depressed mental
status, confusion, cranial nerve neuropathies, and focal neurologic signs may
also be seen.

3. Coccidioides immitis meningitis may present acutely, although it most of-
ten follows a subacute or chronic course [84,85]. Complaints include headache,
low grade fever, weight loss, and mental status changes. Approximately 50%
of patients develop disorientation, lethargy, confusion, or memory loss. Signs of
meningeal irritation usually are absent, although they have been reported in
as many as one-third of cases. Nausea, vomiting, focal neurologic deficits, and
seizures may also occur.

F. Protozoal and helminthic meningitis
1. Amebae. Primary amebic meningoencephalitis presents in two forms

[86,87].
a. Acute form. After an incubation period of 3 to 8 days, there is the sudden

onset of high fever, photophobia, headache, and progression to stupor or coma.
This is usually indistinguishable from acute bacterial meningitis, although fo-
cal signs and seizures are more common in amebic meningoencephalitis. Early
symptoms of abnormal smell or taste may be reported because of olfactory in-
volvement. Confusion, irritability, and restlessness progress to delirium, stu-
por, and coma. Death in untreated patients generally occurs within 2 to 3 days
from the onset.

b. Subacute or chronic form. Patients present more insidiously with low
grade fever, headache, and focal signs (e.g., hemiparesis, aphasia, cranial
nerve palsies, visual field disturbances, diplopia, ataxia, seizures); the ol-
factory bulbs usually are spared. Deterioration occurs over a period of 2 to
4 weeks until death. However, longer durations of illness have also been re-
ported (range, 5 to 18 months).

2. Angiostrongylus cantonensis. Symptoms of meningitis begin 6 to 30 days after
ingestion of raw mollusks or other sources of the parasite [52,91]. Findings in-
clude severe headache (90%), stiff neck (56%), paresthesias (54%), and vomiting
(56%). Moderate fever is present in approximately half of the cases.

III. Diagnosis. The diagnosis of meningitis ultimately is based on the findings in the
CSF.
A. Viral meningitis

1. Enteroviruses. CSF pleocytosis is almost always present in enteroviral menin-
gitis [1]. The cell count is usually 100 to 1,000/mm3, although counts in the
several thousands have also been reported; higher CSF white blood cell counts
have been associated with a greater likelihood of isolating the causative en-
terovirus. Neutrophils may dominate the CSF profile early in infection,
although this quickly gives way to a lymphocytic predominance over the
first 6 to 48 hours. However, in a recent retrospective chart review of 158 cases of
meningitis (138 aseptic and 20 bacterial), 51% of 53 patients with aseptic menin-
gitis and duration of illness of more than 24 hours had a neutrophil predominance
in CSF [107], suggesting that a CSF neutrophil predominance is not useful as
a sole criterion in distinguishing between aseptic and bacterial meningitis. An
elevated CSF protein and decreased CSF glucose, if present, are usually mild,
although extremes of both have been reported. A specific virologic diagnosis de-
pends on virus isolation from the CSF in tissue culture, although the sensitivity
for enteroviral serotypes is only 65% to 75%. Isolation of a non-polio enterovirus
from the throat or rectum of a patient with aseptic meningitis is suggestive, but
the mean shedding periods from those sites after infection are 1 week and sev-
eral weeks, respectively, so shedding from a past infection cannot be ruled out. In
addition, viral shedding can occur in 7.5% of healthy control subjects during en-
terovirus epidemics [1]. Rapid diagnosis by immunoassay techniques has been
hampered by the lack of a common antigen among the various serotypes and
the low concentrations of virus in body fluids. Recent advances in PCR technol-
ogy promise to greatly facilitate diagnosis and are 94% to 100% specific for the
diagnosis of enteroviral meningitis [6,108–110].
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2. Mumps virus. In mumps meningitis, there is almost always a CSF pleocytosis
(usually < 500/mm3) that is primarily mononuclear cells (>80% lymphocytes
in 80% to 90% of patients) [8]. The CSF protein is normal in more than half of
patients. The CSF glucose may be decreased in up to 25% of cases. A fourfold rise
in mumps antibody titer by complement fixation or hemagglutination inhibition
testing of paired acute and convalescent sera is diagnostic. Mumps virus can be
grown from CSF in tissue culture for at least a week after the onset of disease,
but sensitivity of this technique is highly variable (30% to 50% if collected from
CSF early during the course of mumps CNS infection). Use of molecular diagnos-
tic techniques, such as PCR, may have applicability in the diagnosis of mumps
meningitis in the future.

3. Lymphocytic choriomeningitis virus. The CSF typically shows a lymphocytic
pleocytosis (usually <750/mm3, although counts up to several thousand may be
seen). Hypoglycorrhachia is seen in up to 25% of cases. No rapid detection method
is available. The virus may be cultured from blood and CSF early in infection and
later from urine. The diagnosis usually is made by a fourfold rise from acute to
convalescent sera.

4. Herpesviruses. With HSV type 2 meningitis, there is a lymphocytic pleocytosis
(<500/mm3) and a normal glucose. The virus has been cultured from the CSF
and buffy coat of some patients. Using PCR, HSV type 2 was strongly associated
with typical cases of Mollaret meningitis in patients without symptoms or signs
of genital infection [15]. PCR also has confirmed the presence of varicella zoster
DNA in the CSF of patients with herpes zoster meningitis [111].

5. Human immunodeficiency virus. The CSF in HIV-infected patients typi-
cally shows a mild lymphocytic pleocytosis (20 to 300/mm3), mildly elevated
protein, and normal or slightly decreased glucose [26]. HIV has been isolated
from the CSF in some patients with neurologic disease, although it can be iso-
lated from HIV-infected patients without neurologic symptoms or signs as well
[112,113]. A few mononuclear cells and elevated protein in CSF are common in
HIV-positive patients throughout the course of infection. There is a correlation
between CSF concentrations of HIV RNA (the “CSF viral load”) and severity
of AIDS dementia complex [114,115], although there is considerable overlap in
CSF values of HIV RNA in relation to clinical neurologic severity. Thus, CSF viral
load cannot be used alone for diagnosis or to predict severity of AIDS dementia
complex [24].

B. Bacterial meningitis
1. Cerebrospinal fluid. The diagnosis of bacterial meningitis rests on CSF

examination by lumbar puncture [27,96,116]. The opening pressure is ele-
vated in virtually all cases, with values exceeding 600 mm H2O suggesting the
presence of cerebral edema, intracranial suppurative foci, or communicating hy-
drocephalus.
a. The white blood cell count usually is elevated in untreated bacterial

meningitis—commonly 1,000 to 5,000/mm3 (range of <100 to >10,000/mm3)
with a neutrophilic predominance—although approximately 10% of pa-
tients with acute bacterial meningitis present with a lymphocytic predom-
inance in CSF. This is more common in neonatal gram-negative bacillary
meningitis and L. monocytogenes meningitis (approximately 30%). Patients
with very low CSF white blood cell counts (0 to 20/mm3), despite high CSF
bacterial concentrations, have a poor prognosis. In up to 4% of cases, CSF
pleocytosis will be absent [117]. This is most common in premature
neonates (up to 15% of cases) and in infants younger than 4 weeks
(17% of cases). Normal CSF white blood cell counts also have been seen
with meningococcal meningitis [118], accounting for almost 10% of cases
in one study [119]. Therefore, a Gram stain and culture should be
performed on all CSF specimens even if the white blood cell count
is normal. A decreased CSF glucose concentration (<40 mg/dL) is found
in approximately 60% and a CSF-serum glucose ratio less than 0.31 in
nearly 70% of patients [120]. The CSF protein is elevated in virtually all
patients.
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b. Gram staining of CSF permits a rapid accurate identification of the
causative microorganism in 60% to 90% of patients; the specificity is nearly
100% [121]. The likelihood of detecting the organism by Gram stain correlates
with the specific pathogen and the concentration of bacteria in CSF: Concen-
trations of no more than 103 colony-forming units/mL yield positive Gram
stains approximately 25% of the time, whereas CSF concentrations of at least
105 colony-forming units/mL yield positive microscopy in up to 97% of cases.
The yield of Gram stain also depends on the bacterial pathogen [122]. Bacte-
ria are observed in 90% of cases of meningitis caused by S. pneumoniae, 86%
of cases caused by H. influenzae, 75% of cases caused by N. meningitidis, and
50% of cases caused by gram-negative bacilli; the CSF Gram stain is positive
in only one-third of patients with L. monocytogenes meningitis [44]. The prob-
ability of identifying organisms decreases with prior antimicrobial therapy
(40% to 60% and <50% positivity on Gram stain and culture, respectively). In
infants and children with bacterial meningitis, CSF cultures became sterile
in 90% to 100% within 24 to 36 hours of “appropriate” antimicrobial therapy
[117].

c. Rapid diagnostic tests [122]. Counterimmunoelectrophoresis (CIE) on
CSF detects specific antigens of meningococci (serogroups A, C, Y, or W135),
H. influenzae type b, pneumococci (83 serotypes), type III group B strepto-
cocci, and Escherichia coli K1. The sensitivity of CIE ranges from 50% to
95%, although the test is highly specific. CIE is rarely used today because it
requires high-quality antisera, stringent quality control, special equipment,
and an experienced technician for optimal sensitivity. Staphylococcal coag-
glutination and latex agglutination tests are more rapid (<15 minutes) and
10-fold more sensitive than CIE. Latex agglutination techniques detect
the antigens of H. influenzae type b, S. pneumoniae, N. meningitides, E. coli
K1, and the group B streptococci in CSF. However, many of the kits do not
include tests for group B meningococcus, and other kits probably are poor de-
tectors of this antigen because of its limited immunogenicity. One of these
tests should be performed on all CSF specimens from patients with
presumed bacterial meningitis, if the CSF formula is consistent with
the diagnosis and the CSF Gram stain is negative. However, a negative
test does not rule out infection by a specific pathogen. The routine use of CSF
bacterial antigen tests has been questioned [123], because positive results
have not modified therapy and false-positive and false-negative results may
occur.

PCR can amplify DNA from the common meningeal pathogens. In one small
study of meningococcal meningitis [124], the sensitivity and specificity of CSF
PCR were both 91%. A semi-nested PCR strategy for simultaneous detec-
tion of N. meningitidis, H. influenzae, and streptococci in 304 clinical CSF
samples [125] had a diagnostic sensitivity and specificity of 94% and 96%, re-
spectively, although some false-positive results occurred. Refinements in PCR
may improve its usefulness in the diagnosis of bacterial meningitis, partic-
ularly when the CSF Gram stain, bacterial antigen tests, and cultures are
negative.

Serum C-reactive protein has a high sensitivity (96%), high specificity
(93%), and high negative predictive value (99%) in distinguishing Gram stain
negative bacterial meningitis from viral meningitis on admission [126]. Ele-
vated serum concentrations of procalcitonin also are useful in distinguishing
between bacterial and viral meningitis; a serum procalcitonin concentration
of more than 0.2 ng/mL has a sensitivity and specificity of 100% for bacterial
meningitis [127].

2. Radiography. Cranial computed tomography (CT) and magnetic resonance
imaging (MRI) do not aid in the acute diagnosis but should be considered in
patients who have persistent or prolonged fever, clinical evidence of increased
intracranial pressure, focal neurologic findings or seizures, enlarging head cir-
cumference (in neonates), persistent neurologic dysfunction, or persistently ab-
normal CSF parameters or cultures [47,114]. Radiographic studies may be
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particularly useful in patients with meningitis as a result of a basilar skull frac-
ture with CSF leak [42,54], and CT may detect air-fluid levels, opacification of
the air sinuses, or intracranial air; CT with reconstruction can also be used to
document or localize fracture sites. Radioisotope cisternography, with cottonoid
pledgets placed at the outlet of the nasal sinuses, can be used to document a CSF
leak, although high-resolution CT with water-soluble contrast enhancement of
the CSF (metrizamide cisternography) is the best currently available test for
defining the site of leakage.

C. Tuberculous meningitis. Routine blood tests are not helpful in the diagnosis.
A syndrome of inappropriate antidiuretic hormone secretion, resulting in
hyponatremia, hypochloremia, and elevated urine osmolality and sodium, was docu-
mented in 17 of 24 children with tuberculous meningitis [128]. Chest radiographic
abnormalities (usually reflecting primary tuberculosis) are common in children
with CNS tuberculosis, whereas in adults the changes usually include apical scar-
ring, calcified Ghon complexes, and nodular upper lobe disease [61]. Miliary radio-
graphic disease has been documented in 25% to 50% of adults with tuberculous
meningitis. Children with CNS tuberculosis usually have reactive tuberculin skin
tests (positivity rates of 85% to 90%), although 35% to 60% of adults thought to
have tuberculous meningitis do not react to first- or second-strength purified protein
derivative (PPD) [99,100]. The rates of tuberculin reactivity are low in HIV-infected
patients with active disease, ranging from 33% to 71% [64].
1. CSF examination. The CSF appearance in tuberculous meningitis is typically

clear or opalescent. When the CSF is permitted to remain at room tempera-
ture or in a refrigerator for a short time, however, a cobweb-like clot, the classic
“pellicle” of tuberculosis, may form secondary to the high fibrinogen content
and presence of inflammatory cells [61]. A moderate CSF pleocytosis of more
than 5 cells/mm3 is present in 90% to 100% of patients, although the counts
seldom exceed 500/mm3 [100]. The initial differential count contains both lym-
phocytes and neutrophils, with conversion to a lymphocytic predominance over
several weeks. Conversely, in patients receiving antituberculous chemotherapy,
an initial lymphocytic predominance may become neutrophilic on subsequent
CSF examinations [62], the so-called therapeutic paradox. The CSF glucose
concentration usually is modestly depressed (median value, 40 mg/dL); hy-
poglycorrhachia has correlated with more advanced disease. Most patients have
elevated CSF protein concentrations (median values of 150–200 mg/dL); values
higher than 1,000 to 2,000 mg/dL have been reported usually in association with
spinal block. In contrast, normal CSF protein concentrations were found in 43%
of 37 HIV-infected patients with tuberculous meningitis [102].

Because of the low number of organisms in CSF, identification by specific
stains is difficult. In many series, fewer than 25% of specimens are smear
positive [61,99,101]. Staining any pellicle, layering the centrifuged sediment of
large CSF volumes onto a single slide with repeated applications until the entire
pellet can be stained at once, and obtaining repeated specimens may increase
yield. One study demonstrated an 86% rate of acid-fast smear positivity when up
to four separate CSF specimens were examined for each patient [100], although
this rate has not been duplicated consistently. False-negative CSF cultures are
common; even with four CSF specimens, almost 20% of patients have negative
CSF cultures.

Based on the inadequate yield of CSF stains and cultures, several
newer diagnostic modalities are being developed for the rapid diagno-
sis of tuberculous meningitis [61]. Some use biochemical assays to measure
some feature of the organism or the host response (e.g., bromide partition test,
adenosine deaminase assay), whereas others are immunologic tests that detect
mycobacterial antigen or antibody in CSF (e.g., tuberculostearic acid antigen,
enzyme-linked immunosorbent assay, latex agglutination). Despite the promise
of these immunodiagnostic tests for rapid diagnosis of tuberculous meningitis,
there are problems with cross-reacting antibodies against nonpathogenic my-
cobacteria and with the presence of bacterial or fungal antigenic moieties. PCR
to detect fragments of mycobacterial DNA in CSF is an equally promising tool
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[129]. The usefulness of these tests in the diagnosis of tuberculous meningitis
requires large-scale confirmatory studies.

2. Radiography. No radiologic changes are pathognomonic for tuberculous
meningitis [61]. On CT of the head, hydrocephalus frequently is present at di-
agnosis or develops during the course of infection. Contrast enhancement of the
basal cisterns, with widening and blurring of the basilar arterial structures, also
may be seen. Periventricular lucencies represent tuberculous exudate and tuber-
cle formation adjacent to the choroid and ependyma. MRI may be superior to CT
in identifying basilar meningeal inflammation and small tuberculoma formation.
MR angiography has been used to detect the characteristic vascular narrowing
and the rare complication of aneurysm formation [130].

D. Spirochetal meningitis
1. Treponema pallidum. For diagnosis of CNS syphilis, no single routine lab-

oratory test is definitive. Common nonspecific CSF abnormalities in syphilitic
meningitis include a mononuclear pleocytosis (>10 cells/mm3 in most patients),
elevated CSF protein concentrations (78% of patients), and mild decrease in CSF
glucose concentrations (<50 mg/dL in 55% of patients) [65]. Oligoclonal bands
and intrathecally produced antitreponemal antibodies frequently are present.

Serologic testing has been used to aid in the diagnosis of neurosyphilis, al-
though testing of CSF specimens in patients with syphilis is problematic [67]. For
example, CSF is subject to blood contamination in approximately 10% of lumbar
punctures, which may lead to a false-positive CSF serologic test result; the like-
lihood of a false-positive test depends on the relative amount of contamination,
the antibody titer in blood, and the sensitivity of the test. For patients with a
serum venereal disease research laboratory test (VDRL) of less than 1:256, suf-
ficient blood contamination to be visible to the naked eye is required to cause
false-positive CSF VDRL results. The specificity of the CSF VDRL for neu-
rosyphilis is high, but the sensitivity is low (reactive tests in only 50%
to 85% of patients). Therefore, a reactive CSF VDRL test in the absence of
blood contamination is sufficient to diagnose neurosyphilis, and a nonreactive
result does not exclude the diagnosis. A nonreactive CSF fluorescent treponemal
antibody absorption test effectively rules out neurosyphilis, although the speci-
ficity of the test is much less than the CSF VDRL because of the possibility of
leakage of small amounts of antibody from the serum into CSF. Furthermore, the
significance of a reactive CSF fluorescent treponemal antibody absorption as a
diagnostic tool for neurosyphilis is undefined. PCR can detect T. pallidum DNA
in CSF from patients with acute symptomatic neurosyphilis [131], although fur-
ther large-scale studies are needed to determine the sensitivity and specificity
of this technique. Based on the difficulties in the diagnosis of neurosyphilis, el-
evation of CSF concentrations of white blood cells or protein in the appropriate
clinical and serologic setting should lead to initiation of therapy (see Chapter 16).

2. Borrelia burgdorferi. Typical CSF changes in Lyme meningitis are a pleocyto-
sis (usually <500 cells/mm3), with more than 90% lymphocytes in 75% of cases
[70]; plasma cells may also be present. There is usually an elevated CSF protein
(up to 620 mg/dL) and a normal glucose, although the glucose can be low with
illness of longer duration.

The best available laboratory test for diagnosis is demonstration of specific
serum antibody to B. burgdorferi, which in a patient with a compatible neuro-
logic abnormality is strong evidence for the diagnosis [70,71]. Specific IgM, IgG, or
IgA antibody against B. burgdorferi also appears in CSF and indicates intrathe-
cal antibody synthesis [71]. However, antibody tests are poorly standardized, and
there is marked interlaboratory variability [132]. When the pretest probability of
Lyme disease is 0.20 to 0.80, sequential testing with enzyme-linked immunosor-
bent assay and Western blot is recommended (see Chapter 21) [133,134]. PCR
has occasionally identified B. burgdorferi DNA in CSF from patients with Lyme
neuroborreliosis [71,72]. Culture of CSF is insensitive [71].

E. Fungal meningitis
1. Cryptococcus neoformans. Most non-AIDS patients with cryptococcal menin-

gitis have a CSF pleocytosis (range, 20–500 cells/mm3), with the proportion of
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neutrophils usually lower than 50% [73]. AIDS patients may have very low
or even normal CSF leukocyte counts during active infection; as many
as 65% have fewer than 5 white blood cells/mm3 [75–77]. CSF protein con-
centrations usually are elevated, with concentrations in excess of 1,000 mg/dL,
suggesting subarachnoid block. CSF glucose concentrations may be normal in
two-thirds of AIDS patients. CSF India ink examination is a rapid effective test
(if the laboratory has significant experience) that is positive in 50% to 75% of
patients with cryptococcal meningitis. This yield increases up to 88% in AIDS
patients. Cryptococcal meningitis with completely normal CSF parameters has
been described in AIDS patients [135]; normal indices were found in 17% of HIV-
infected patients in one study from South Africa [105]. The yield of CSF culture
is excellent in both non-AIDS and AIDS patients.

Diagnosis is aided by the latex agglutination test for detection of cryp-
tococcal polysaccharide antigen [75–77]. The test is both sensitive and specific
when samples are first heated to eliminate rheumatoid factor. The cryptococcal
polysaccharide antigen may be positive in early infection even when the CSF cul-
ture is negative. In smaller laboratories, it may be a more reliable test than the
India ink examination. A presumptive diagnosis is made with a CSF titer of 1:8
or higher. Serum cryptococcal polysaccharide antigen may also be de-
tected, particularly in severely immunosuppressed patients (i.e., those
with AIDS) [77], although the value of the serum polysaccharide antigen for
screening patients suspected of having meningeal disease has not been estab-
lished. Antigen titers generally are higher in serum than in CSF of patients
with cryptococcal meningitis. Furthermore, extremely high CSF polysaccharide
antigen titers have been reported in AIDS patients; early reports suggested that
titers of 1:10,000 or higher predicted a poor outcome [76], although some patients
have responded well to antifungal therapy despite high initial titers.

2. Candida. Patients with Candida meningitis usually have a CSF pleocytosis,
with a mean of 600 cells/mm3; lymphocytes or neutrophils may predominate
[80,81]. Direct microscopy of CSF detects yeast cells in approximately 50% of
cases. Organisms are readily grown from CSF in most cases. A single positive
culture from a patient with risk factors or symptoms is considered significant
when CSF indices are compatible with meningitis and the fungus is isolated in
pure culture [79].

3. Coccidioides immitis. CSF pleocytosis is seen in coccidioidal meningitis and
may occasionally reveal a prominent eosinophilia [85,136]. Only 25% to 50% of
patients have positive CSF cultures. Serum complement-fixing antibody titers
in excess of 1:32 to 1:64 suggest dissemination [84,85]. CSF complement-fixing
antibodies are present in at least 70% of cases of early meningitis and from
virtually all patients as disease progresses. In fact, the antibody titers parallel the
course of meningeal disease, although in patients who relapse CSF pleocytosis,
elevated protein, or decreased glucose usually develop before detectable CSF
antibody recurs. Complement-fixing antibodies may fail to develop in serum or
CSF in patients with immunodeficiencies.

F. Protozoal and helminthic meningitis
1. Amebae

a. Acute form. The CSF formula in patients with the acute form of primary
amebic meningoencephalitis reveals a neutrophilic pleocytosis, low glucose,
elevated protein, and red blood cells [86,87]. The Gram stain is always neg-
ative. However, examination of fresh warm CSF specimens can reveal the
motile trophozoites.

b. Subacute or chronic form. In patients with the subacute or chronic form
of the illness, the CSF inflammatory response is less florid with a predom-
inant mononuclear leukocytosis [86]. The CSF protein concentration is el-
evated, and the glucose is often normal or slightly reduced. Because ame-
bae are not found in CSF, the diagnosis usually requires examination of a
biopsy or necropsy specimen revealing the characteristic cysts. The value of
serologic tests is variable. Serum immunofluorescence, amebic immobiliza-
tion titers, and complement-fixing antibodies support the diagnosis, although



P1: IML/SPH P2: IML/SPH QC: IML/ABE T1: IML

PB207A-06 PB207A-Betts/6678F August 29, 2002 11:43 Char Count= 0

6. Central Nervous System Infections 189

demonstration of rising titers is necessary as some normal persons have cir-
culating antibodies.

2. Angiostrongylus cantonensis. The combination of history of ingesting sus-
pected food, moderate to high peripheral eosinophilia, and CSF eosinophilia sug-
gests angiostrongyloidiasis [86]. The CSF leukocytosis is moderate, with 16%
to 72% eosinophils and increased protein concentration; CSF larvae are found
occasionally.

IV. Approach to the patient with meningitis. Initial management of presumed bac-
terial meningitis includes lumbar puncture to determine whether the CSF formula is
consistent with that diagnosis [27,96,137]. If purulent meningitis is present, empiric
antimicrobial therapy should be instituted based on results of Gram staining or rapid
bacterial antigen tests. However, if no etiologic agent can be identified by these means
or if there is a delay in performance of the lumbar puncture, empiric antimicrobial
therapy should be instituted based on the patient’s age and underlying disease status.
Antimicrobial therapy should be ordered on initial clinical impression; in critically ill
patients, the first dose may precede lumbar puncture. There are no prospective clinical
data on the optimal timing of antimicrobial therapy in bacterial meningitis. In a re-
cent retrospective study of 269 patients with community-acquired bacterial meningitis
[138], delayed initiation of antimicrobial therapy was associated with adverse clinical
outcome when the patient’s condition advanced from a low- or intermediate-risk stage
to a high-risk stage of prognostic severity, supporting the assumption that treatment
of bacterial meningitis before it advances to a high level of clinical severity improves
outcome. In patients with a focal neurologic examination or papilledema and
suspected bacterial meningitis, a CT of the head should be performed before
lumbar puncture to rule out the presence of an intracranial mass lesion because of
the risk of herniation [120]. The true incidence of this problem is unclear but has been
suggested to be much lower than 1.2% in patients with papilledema and approximately
12% in patients without papilledema but with elevated intracranial pressure. However,
the time involved in waiting for a CT significantly delays initiation of antimicrobial
therapy, with the potential for increased morbidity and mortality. Therefore, emer-
gent empiric antimicrobial therapy should be initiated before the CT. Blood
cultures should be obtained before empiric antibiotic therapy. Although CSF
cultures may be sterile after initiation of antimicrobial therapy, pretreatment blood cul-
tures and the CSF formula, Gram stain, or bacterial antigen tests will likely provide
evidence for or against bacterial meningitis. Our choices of empiric antimicrobial
therapy are shown in Table 6.2. Once the pathogen is isolated and susceptibility test-
ing is known, antimicrobial therapy can be modified for optimal treatment (Table 6.3).
Recommended dosages for CNS infections in adults are shown in Table 6.4; dosages for
infants and children are shown in Table 6.5.

V. Antimicrobial therapy
A. Viral meningitis. Currently, there is no specific antiviral chemotherapy for

the enteroviruses; treatment is supportive [2]. However, pleconaril has re-
cently been shown to have beneficial effects on the clinical, virologic, laboratory, and
radiologic parameters in patients with severe enterovirus infections [139]. Recovery
of patients with HSV type 2 meningitis usually is complete without neurologic se-
quelae; it is not clear whether antiviral treatment alters the course of mild HSV type
2 meningitis. However, treatment with acyclovir generally is indicated for primary
genital herpes infection [11]. Specific antiretroviral therapy should be considered
for acute HIV infection.

B. Bacterial meningitis
1. Haemophilus influenzae

a. Therapy for H. influenzae type b meningitis has been altered by the emer-
gence of β-lactamase–producing strains. Resistance to chloramphenicol has
also been described, more commonly from areas such as Spain (>50% of
isolates) than from the United States (<1% of isolates) [27,96]. A prospec-
tive study found chloramphenicol to be bacteriologically and clinically infe-
rior to ampicillin, ceftriaxone, or cefotaxime in the treatment of childhood
bacterial meningitis caused predominantly by H. influenzae type b, even
with chloramphenicol-sensitive isolates. The third-generation cephalosporins
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Table 6.2. Empiric Therapy for Purulent Meningitisa

Predisposing Factor Common Bacterial Pathogens Antimicrobial Therapy

Age
0–4 wk Streptococcus agalactiae,

Escherichia coli, Listeria
monocytogenes, Klebsiella
pneumoniae

Ampicillin plus cefotaxime;
or ampicillin plus an
aminoglycoside (see Chap. 3)

1–23 mo Streptococcus pneumoniae,
Haemophilus influenzae,
S. agalactiae Neisseria
meningitidis, E. coli

Third-generation
cephalosporinb; or ampicillin
plus chloramphenicolc

2–50 yr S. pneumoniae, N. meningitidis Third-generation
cephalosporinb ± ampicillinc

>50 yr S. pneumoniae, N. meningitidis,
L. monocytogenes, aerobic
gram-negative bacilli

Ampicillin plus a third-
generation cephalosporinb

Immunocompromised
host

S. pneumoniae, N. meningitidis,
L. monocytogenes, aerobic
gram-negative bacilli
(including Pseudomonas
aeruginosa), S. aureus

Vancomycin + ampicillin
+ either ceftazidime
or cefepime

Basilar skull fracture S. pneumoniae, H. influenzae,
group A β-hemolytic
streptococci

Third-generation cephalosporinb

Head trauma;
postneurosurgery

Staphylococcus aureus,
Staphylococcus epidermidis,
aerobic gram-negative bacilli
(including P. aeruginosa)

Vancomycin + either ceftazidime
or cefepime

Cerebrospinal fluid
shunt

S. epidermidis, S. aureus, aerobic
gram-negative bacilli
(including P. aeruginosa),
diphtheroids

Vancomycin + either ceftazidime
or cefepime

a Vancomycin should be added to empiric therapeutic regimens when highly penicillin-resistant or
cephalosporin-resistant strains of S. pneumoniae are suspected; see text for details.
b Cefotaxime or ceftriaxone.
c See text for details.

(cefotaxime or ceftriaxone) are as effective as the combination of ampicillin
plus chloramphenicol for bacterial meningitis. Thus, the third-generation
cephalosporins (cefotaxime or ceftriaxone) are recommended as em-
piric therapy for children with bacterial meningitis [137].

b. Several comparative trials have documented a slower rate of CSF sterilization
and a higher incidence of hearing impairment in patients receiving cefurox-
ime for bacterial meningitis [140,141]. Furthermore, there have been cases of
H. influenzae meningitis in patients receiving cefuroxime for nonmeningeal
H. influenzae disease. Therefore, cefuroxime is not recommended as first-
line treatment of bacterial meningitis. In addition, there have been case re-
ports of delayed CSF sterilization in H. influenzae meningitis treated with
ceftizoxime or ceftazidime. However, in vitro resistance of H. influenzae to
the third-generation cephalosporins and fluoroquinolones has not yet been
described.

c. In a prospective randomized comparison of cefepime with cefotaxime for treat-
ment of bacterial meningitis in infants and children, cefepime was found to
be safe and therapeutically equivalent to cefotaxime [142] and is a suitable
alternative.
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Table 6.3. Specific Antimicrobial Therapy for Meningitis

Microorganism Standard Therapy Alternative Therapies

Bacteria
Haemophilus influenzae

β-Lactamase negative Ampicillin Third-generation cephalosporina;
cefepime; chloramphenicol;
aztreonam

β-Lactamase positive Third-generation
cephalosporina

Chloramphenicol; cefepime;
aztreonam; fluoroquinolone

Neisseria meningitidis Penicillin G or
ampicillinb

Third-generation cephalosporina;
chloramphenicol;
fluoroquinolone; meropenem

Streptococcus penumoniae
Penicillin MIC <0.1 µg/mL Penicillin G or

ampicillin
Third-generation cephalosporina;

chloramphenicol
Penicillin MIC 0.1–1.0 µg/mL Third-generation

cephalosporina
Meropenem; cefepime

Penicillin MIC ≥2.0µg/mL Vancomycin + a
third-generation
cephalosporina,c

Meropenem; fluoroquinoloned

Enterobacteriaceae Third-generation
cephalosporina

Aztreonam; meropenem;
fluoroquinolone;
trimethoprim-sulfamethoxazole

Pseudomonas aeruginosa Ceftazidimee or
cefepimee

Aztreoname; meropeneme;
fluoroquinolonee

Listeria monocytogenes Ampicillin or
penicillin Ge

Trimethoprim-sulfamethoxazole;
meropenem

Streptococcus agalactiae Ampicillin or
penicillin Ge

Third-generation cephalosporina;
vancomycin

Staphylococcus aureus
Methicillin sensitive Nafcillin or

oxacillin
Vancomycin

Methicillin resistant Vancomycin
Staphylococcus epidermidis Vancomycinc

Mycobacteria
Mycobacterium tuberculosis Isoniazid +

rifampin +
pyrazinamide

Ethambutol f ; ethionamide f ;
streptomycin

Spirochetes
Treponema pallidum Penicillin G Doxycyclineg; ceftriaxoneg

Borrelia burgdorferi Third-generation
cephalosporina

Penicillin; doxycycline

Fungi
Cryptococcus neoformans Amphotericin Bh Fluconazole; itraconazoleg

Candida species Amphotericin Bh Fluconazoleg

Coccidiodes immitis Fluconazole Amphotericin Bi

Protozoa and helminths
Naegleria fowleri Amphotericin Bi+

rifampin +
doxycycline

a Cefotaxime or ceftriaxone.
b Some would use a third-generation cephalosporin for meningococcal strains that demonstrate intermediate
sensitivity to penicillin; see text for details.
c Addition of rifampin should be considered.
d Currently under investigation in patients with pneumococcal meningitis; value has not been established.
e Addition of an aminoglycoside should be considered.
f Add to standard therapy in cases of suspected drug resistance; see text for details.
g Value of these antimicrobial agents has not been established.
h Addition of 5-flucytosine should be considered.
i Intravenous and intraventricular administration.
MIC, minimum inhibitory concentration.

191
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Table 6.4. Maximum Recommended Dosages of Antimicrobial Agents for Central Nervous
System Infections in Adults with Normal Renal and Hepatic Functiona

Antimicrobial Agent Total Daily Dose Dosing Interval (hr)

Amikacinb 15 mg/kg 8
Amphotericin Bc 0.6–1.0 mg/kg 24
Amphotericin B lipid complex 5 mg/kg 24
Ampicillin 12 g 4
Aztreonam 6–8 g 6–8
Cefepime 6 g 8
Cefotaxime 8–12 g 4–6
Ceftazidime 6 g 8
Ceftriaxone 4 g 12–24
Chloramphenicold 4–6 g 6
Ciprofloxacin 800–1,200 mg 8–12
Doxycycline 200–400 mg 12
Ethambutole, f 15–25 mg/kg 24
Ethionamidee 1 g 12
Fluconazole 400–800 mg 24
Flucytosinee,g 100 mg/kg 6
Gentamicinb 3–5 mg/kg 8
Imipenem 2 gn 6
Isoniazide,h 300 mg 24
Itraconazole 800 mg 12
Liposomal amphotericin B 3–5 mg/kg 24
Meropenem 6 g 8
Metronidazole 30 mg/kg 6
Miconazole 1.5–3.0 g 8
Nafcillin 9–12 g 4
Oxacillin 9–12 g 4
Penicillin G 24 million units 4
Pyrazinamidee,i 15–30 mg/kg 24
Rifampin 600 mg 24
Streptomycin j,k 15 mg/kg 24
Sulfadiazinee 4–6 g 6
Tobramycinb 3–5 mg/kg 8
Trimethoprim-sulfamethoxazolel 10–20 mg/kg 6–12
Vancomycinb,m 2–3 g 8–12

a Unless otherwise indicated, therapy is administered intravenously.
b Need to monitor serum concentrations to ensure adequate peaks. See Chapter 27.
c Can increase dosage to 1.5 mg/kg/day in severely ill patients.
d Higher dose recommended for pneumococcal meningitis.
e Oral administration.
f Maximum daily dosage of 2.5 g.
g Maintain serum concentrations of 50–100 µg/mL.
h Initiate therapy at a dosage of 10 mg/kg/day (up to 600 mg/day).
i Maximum daily dosage of 2 g.
j Intramuscular administration.
k Maximum daily dosage of 1 g.
l Dosage based on trimethoprim component.
m May need to monitor cerebrospinal fluid concentrations in severely ill patients.
n In a patient with normal renal function, some clinicians may consider a higher dose. See Chapter 27.
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Table 6.5. Recommended Dosages of Antimicrobial Agents for Central Nervous System
Infections in Infants and Children with Normal Renal and Hepatic Functiona,b

Total Daily Dose in Infants and Children
Antimicrobial Agent (Dosing Interval in hr)

Amikacinc 20–30 mg/kg (8)
Amphotericin B 0.25–1.0 mg/kg (24)
Ampicillin 200–300 mg/kg (6)
Cefepime 50 mg/kg (8)
Cefotaxime 200 mg/kg (6–8)
Ceftazidime 125–150 mg/kg (8)
Ceftriaxone 80–100 mg/kg (12–24)
Chloramphenicol 75–100 mg/kg (6)
Ethambutold,e 15–25 mg/kg (24)
Ethionamided, f 10–20 mg/kg (12)
Flucytosined,g 100 mg/kg (6)
Gentamicinc 7.5 mg/kg (8)
Isoniazidd,h,i 10–20 mg/kg (12–24)
Metronidazole 30 mg/kg (12)
Nafcillin 200 mg/kg (6)
Penicillin G 0.25 mU/kg (4–6)
Pyrazinamided, j 15–30 mg/kg (12–24)
Rifampind,k 10–20 mg/kg (12–24)
Streptomycinl 20–40 mg/kg (12)
Tobramycinc 7.5 mg/kg (8)
Trimethoprim-sulfamethoxazolem 10–20 mg/kg (6–12)
Vancomycinc 50–60 mg/kg (6)

a Unless otherwise indicated, therapy is administered intravenously.
b See Table 3.2 for neonate dosages.
c Need to monitor peak and trough serum concentrations.
d Oral administration.
e Maximum daily dosage of 2.5 g.
f Maximum daily dosage of 1 g.
g Maintain serum concentrations of 50–100 µg/mL.
h Some clinicians initiate therapy at 30 mg/kg for the first several weeks.
i Maximum daily dosage of 300 mg.
j Maximum daily dosage of 2 g.
k Maximum daily dosage of 600 mg.
l Intramuscular administration.
m Dosage based on trimethoprim component.

2. Neisseria meningitidis. The antimicrobial agents of choice for N. meningitidis
meningitis are penicillin G or ampicillin, although these recommendations
may change in future years [27]. Meningococcal strains have been reported from
several areas (particularly Spain) that are relatively resistant to penicillin G,
with a minimum inhibitory concentration (MIC) range of 0.1 to 1.0 µg/mL, due
to altered penicillin-binding proteins 2 and 3 [143]. In one U.S. population-based
surveillance study for invasive meningococcal disease, 3 of 100 isolates had peni-
cillin MICs of 0.12 µg/mL [144]. In another active population-based surveillance
study in seven geographically dispersed areas of the United States during 1997,
3 of 90 isolates were intermediately resistant to penicillin (MIC 0.12 µg/mL)
[145]; 49 of the remaining 87 isolates had penicillin MICs of 0.06 µg/mL. The
clinical significance of these isolates is unclear because patients with meningitis
caused by these organisms recovered with standard penicillin therapy. However,
isolated reports of penicillin treatment failure have been described [146,147].
Based on these data, some authorities would treat meningococcal meningi-
tis with a third-generation cephalosporin (either cefotaxime or ceftriaxone)
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pending results of in vitro susceptibility testing. Chloramphenicol is the stan-
dard treatment for meningococcal meningitis in developing countries because
of its low cost and ease of administration. However, high-level chlorampheni-
col resistance (MIC ≥ 64 µg/mL) has recently been described [148], indicating
the importance of continued surveillance for resistant strains. Trovafloxacin was
found to be equivalent to ceftriaxone in children with meningococcal meningitis
in one report [149], although concerns of liver toxicity preclude its use in the
therapy of bacterial meningitis.

3. Streptococcus pneumoniae
a. The therapy for meningitis caused by pneumococci has been modified

based on current pneumococcal susceptibility patterns. Numerous re-
ports from throughout the world have documented strains relatively resistant
to penicillin, with an MIC range of 0.1 to 1.0 µg/mL, as well as strains highly
resistant to penicillin (MIC ≥ 2.0 µg/mL) [27,137,150–152]. The overwhelm-
ing majority of resistant strains are serotypes 6, 14, 19, and 23. The mech-
anism of this resistance is alterations in the structure and molecular size of
penicillin-binding proteins. Most multiresistant strains in the United States
have disseminated from a multiresistant serotype 23F clone of S. pneumoniae
isolated in Spain as early as 1978.

Based on these antimicrobial susceptibility trends and because sufficient
CSF concentrations of penicillin are difficult to achieve with standard high
parenteral dosages (initial CSF penicillin concentrations of approximately
1 µg/mL), penicillin is no longer recommended as empiric antimicro-
bial therapy when S. pneumoniae is considered a likely infecting
pathogen. Indeed, early reports documented clinical failure in most
patients with penicillin-nonsusceptible S. pneumoniae who were
treated with penicillin [153]. For patients in whom relatively resis-
tant strains are found, a third-generation cephalosporin (ceftriax-
one or cefotaxime) should be used [27]; vancomycin plus a third-
generation cephalosporin (either cefotaxime or ceftriaxone) should
be used when highly resistant strains are suspected or isolated (see
Chapter 27).

b. Although a third-generation cephalosporin is the antimicrobial agent of
choice for pneumococcal meningitis caused by isolates with intermediate
penicillin resistance, pneumococcal strains resistant to the third-generation
cephalosporins (MIC ≥ 2 µg/mL) have also been reported [27,154–156]. For
the third-generation cephalosporins, pneumococcal meningitis strains with
MICs no more than 0.5 µg/mL are defined as susceptible, 1.0 µg/mL as in-
termediate, and at least 2.0 µg/mL as resistant. However, some patients
have been treated successfully with only high-dose cefotaxime or ceftriax-
one when the MIC to the third-generation cephalosporin is no more than
1.0 µg/mL. Clinical failures with chloramphenicol have been reported in pa-
tients with penicillin-resistant isolates [157], likely due to poor bacterici-
dal activity against these strains. In one study, 20 of 25 children had an
unsatisfactory outcome (i.e., death, serious neurologic deficit, poor clinical
response). Chloramphenicol alone is not recommended for empiric therapy.
These data indicate the need to perform susceptibility testing of all
pneumococcal isolates, at which time optimal antimicrobial therapy can be
chosen.

c. Vancomycin may not be optimal therapy for patients with pneumo-
coccal meningitis [158]. Of 11 consecutive patients with pneumococcal
meningitis caused by relatively resistant strains who were treated with intra-
venous vancomycin, all improved and 10 were eventually cured, but 4 failed
vancomycin therapy [159]. Reasons for failure may have included variabil-
ity in serum vancomycin concentrations or impaired CSF vancomycin pen-
etration as a result of adjunctive dexamethasone administration. In addi-
tion, there are recent descriptions of S. pneumoniae strains that are tol-
erant to vancomycin [160,161]; tolerance may be a precursor phenotype to
the development of resistance. These data indicate the need for careful
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monitoring of, and perhaps even measurement of CSF vancomycin
concentrations in, adult patients receiving vancomycin therapy for
pneumococcal meningitis. Infectious disease consultation is advised. The
addition of intrathecal or intraventricular vancomycin should be considered
for treatment of unresponsive cases. Some investigators have recommended
the addition of rifampin (if the organism is susceptible) to vancomycin for
treatment of meningitis caused by highly resistant pneumococcal strains
[153], although there are no firm data to support this. Meropenem, a new car-
bapenem with less proconvulsive activity than imipenem, yields microbiologic
and clinical outcomes similar to either cefotaxime or ceftriaxone [162,163].
The newer fluoroquinolones (levofloxacin, moxifloxacin, gatifloxacin) are ac-
tive in vitro against resistant pneumococci and in animal models of penicillin-
resistant pneumococcal meningitis [27,164] but have not been studied in hu-
mans with this disease (see Chapter 27).

4. Listeria monocytogenes. The third-generation cephalosporins are inac-
tive in meningitis caused by L. monocytogenes. Therapy for patients with
Listeria meningitis should consist of ampicillin or penicillin G [43,44]; the addi-
tion of an aminoglycoside should be considered in proven infection because of in
vitro synergy and enhanced killing in a variety of animal models. In the penicillin-
allergic patient, trimethoprim-sulfamethoxazole, which is bactericidal against
Listeria in vitro, should be used. Chloramphenicol has been associated with an
unacceptably high failure rate in patients with Listeria meningitis. Vancomycin
is also unsatisfactory for Listeria meningitis, despite favorable in vitro suscepti-
bility results. However, intraventricular administration of vancomycin was suc-
cessful in a case of recurrent L. monocytogenes meningitis [165]. Meropenem is
active in vitro and in experimental animals and was successfully used in a pe-
diatric renal transplant patient with Listeria meningitis [166]; meropenem may
be a useful alternative in the future (see also Chapter 3).

5. Streptococcus agalactiae. Standard therapy for meningitis caused by the
group B streptococcus is the combination of ampicillin plus an aminoglyco-
side [47]. This combination is recommended due to in vitro synergy and re-
cent reports detailing the presence of penicillin-tolerant strains [49,50]. Alterna-
tive agents are the third-generation cephalosporins. Vancomycin is reserved for
penicillin-allergic patients in whom cephalosporins are contraindicated (see also
Chapter 3).

6. Aerobic gram-negative bacilli
a. The treatment of bacterial meningitis caused by enteric gram-negative

bacilli has been revolutionized by the availability of the third-generation
cephalosporins [27,137], with cure rates of 78% to 94%. Ceftazidime has en-
hanced activity against P. aeruginosa, and ceftazidime-containing regimens
have successfully cured adult and pediatric patients with P. aeruginosa menin-
gitis [167,168]. Concomitant intrathecal or intraventricular aminoglycoside
therapy should be considered in patients who are not responding to conven-
tional parenteral therapy. Although this rarely is needed at present, it was
associated with a higher mortality than systemic therapy alone in infants
with gram-negative meningitis and ventriculitis.

b. Other antimicrobial agents. Aztreonam attains excellent CSF concentra-
tions and has been efficacious in the treatment of gram-negative meningitis
[169]. Imipenem was effective in one case of Acinetobacter meningitis and
eradicated bacteria from CSF in a study of 21 children (most cases caused
by H. influenzae type b and N. meningitidis) [170]. However, a high rate of
seizure activity (33%) limits its usefulness for bacterial meningitis. High-
dose meropenem (2 g every 8 hours) given for 18 weeks was successful in
a lymphoma patient with P. aeruginosa meningitis in whom therapy with
ceftazidime plus gentamicin had failed [171] and in another patient with
posttraumatic P. aeruginosa meningitis [172]. Intravenous meropenem was
also successfully used in combination with intraventricular polymyxin B in a
patient with ventriculoperitoneal shunt-associated ventriculitis caused by a
ceftazidime-resistant K. pneumoniae [173]. The development of meropenem
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resistance during treatment of Acinetobacter meningitis [174] indicates the
need to consider emergence of resistance in patients who fail to respond de-
spite initially appropriate antimicrobial therapy.

The fluoroquinolones (e.g., ciprofloxacin, pefloxacin) have been used suc-
cessfully in some patients with gram-negative meningitis [27]. Their primary
usefulness is for treatment of multidrug-resistant gram-negative organisms
(e.g., P. aeruginosa) or when the response to conventional β-lactam therapy
is slow (e.g., meningitis caused by Salmonella species). These agents should
never be used as first-line empiric therapy in meningitis of unknown eti-
ology because of their variable in vitro activity against pneumococci and
L. monocytogenes.

7. Staphylococci. S. aureus meningitis should be treated with nafcillin or oxacillin
[53], with vancomycin reserved for patients allergic to penicillin or when
methicillin-resistant organisms are suspected or isolated. The addition of ri-
fampin should be considered in patients not responding to therapy. Meningitis
caused by coagulase-negative staphylococci, the most commonly encountered or-
ganism in CSF shunt infections, should be treated with vancomycin; rifampin
should be added if the patient fails to improve [54]. Removal of the shunt often is
necessary. Intraventricular teicoplanin, an investigational glycopeptide antimi-
crobial agent, was successful in seven patients with staphylococcal neurosurgical
shunt infection [54,175].

8. Duration of therapy. Traditionally, the duration of antimicrobial therapy in pa-
tients with bacterial nonmeningococcal meningitis has been 10 to 14 days [176].
However, 7 days of therapy are safe and effective for H. influenzae type b menin-
gitis, although treatment must be individualized and some patients may require
longer courses. Meningococcal meningitis can be treated for 7 days with intra-
venous penicillin, though some authors have suggested that 4 days of therapy
are adequate. In adults with meningitis caused by enteric gram-negative bacilli,
treatment should be continued for 3 weeks to minimize relapses. Ten to 14 days
are recommended for treatment of meningitis caused by S. pneumoniae, 14 to 21
days for S. agalactiae, and at least 21 days for L. monocytogenes, although these
regimens are based more on tradition and anecdotes than on rigidly standardized
clinical trials.

Completion of intravenous therapy for bacterial meningitis may be accom-
plished in the outpatient setting if several criteria are met: inpatient therapy for
6 days; afebrile 24 to 48 hours before discharge; no significant neurologic dys-
function, seizure activity, or focal findings; clinically stable or improving; taking
all fluids by mouth; received first dose of the outpatient antimicrobial agent un-
der medical supervision and without reaction; access to home health nursing;
reliable intravenous line and infusion device, if needed; daily examination by a
physician and reliable follow-up; patient and/or family compliance with the pro-
gram; and a safe environment with access to a telephone, utilities, food, and a
refrigerator [177,178].

C. Tuberculous meningitis. Until the advent of effective chemotherapy, CNS tuber-
culosis was a uniformly fatal disease. Even now, the optimal drug regimen, dosage,
route of administration, and duration of therapy remain undefined (for recommen-
dations, see Tables 6.3 through 6.5). Therapy for tuberculous meningitis should be
initiated on the basis of a strong clinical suspicion and should not be delayed until
proof of infection is obtained. The principles of therapy for tuberculous meningi-
tis are similar to those for treatment of tuberculosis elsewhere [61,62]. Isoniazid,
rifampin, and pyrazinamide have very good CSF penetration; in the presence of
meningeal inflammation, the peak CSF concentrations of isoniazid, rifampin, and
pyrazinamide are approximately 90%, 20%, and 100%, respectively, of peak serum
concentrations (see Chapter 11).
1. Isoniazid-rifampin–susceptible strains. In non-immunocompromised pa-

tients, a 6-month treatment regimen is recommended, consisting of isoniazid,
rifampin, and pyrazinamide for the first 2 months and isoniazid and rifampin
for an additional 4 months. Several studies have demonstrated the efficacy of
this short-course regimen in patients with tuberculous meningitis [179,180].
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However, some authors recommend 9 months of treatment, and we favor this ap-
proach [62]. Furthermore, HIV-infected patients usually require longer courses
of therapy [64]. Several studies have reported similar outcomes in patients with
or without HIV infection who have tuberculous meningitis. However, therapy for
tuberculous meningitis may need to be individualized, with longer durations of
therapy used in patients with a higher severity of illness.

2. Multidrug-resistant strains and empiric therapy. Drug-resistant tuber-
culosis has been increasing in frequency worldwide [61]. Risk groups include
immigrants from countries in Asia, Africa, and the Americas; known contacts
of drug-resistant cases; homeless and impoverished individuals; and residents
of certain geographic areas in the United States, particularly adjacent to the
Mexican border. In addition, secondary resistance may develop during chemo-
therapy if adherence is poor. In cases of suspected drug resistance or when the
rate of isoniazid resistance is not known to be less than 4%, ethambutol or
streptomycin should be added to the three-drug regimen outlined in
section 1 until susceptibility results have been obtained (see Chapter 11).

Therapy of tuberculous meningitis caused by resistant organisms should also
be guided by drug penetration into CSF [61]. Ethambutol penetrates poorly
into CSF except when the meninges are inflamed. There is good evidence,
however, that ethionamide crosses both healthy and inflamed meninges, with
peak CSF concentrations comparable with those achieved in serum. The fluoro-
quinolones (e.g., ciprofloxacin and ofloxacin) also penetrate well into CSF and
have good in vitro activity against M. tuberculosis. Amoxicillin-clavulanate or
imipenem has been used in individual cases of meningitis caused by multidrug-
resistant M. tuberculosis. Meningitis suspected to be caused by multidrug-
resistant M. tuberculosis should be treated with at least five drugs until sus-
ceptibility studies are performed. Infectious disease consultation is advised.
Preliminary data suggest that HIV-infected patients with meningitis caused by
rifampin- or multidrug-resistant M. tuberculosis are more likely to die in the
60 days after collection of CSF than HIV-infected patients with fully susceptible
or other resistant isolates [181].

D. Spirochetal meningitis
1. Treponema pallidium. With neurosyphilis, the goals are to arrest disease pro-

gression and to reverse clinical symptoms and signs [65]. Except for cranial nerve
abnormalities, syphilitic meningitis usually resolves without therapy. The gen-
eral prognosis for meningovascular syphilis after therapy is very good, except
for patients with larger neurologic deficits before therapy; in this situation, ther-
apy may halt progression and prevent further ischemic events caused by neu-
rosyphilis.

The preferred treatment of CNS syphilis is intravenous penicillin
G, 18 to 24 million units/day divided every 4 hours for 10 to 14 days
[65,67,181a]. Alternatively, procaine penicillin, 2.4 million units intramuscu-
larly daily, plus probenecid (500 mg orally four times a day) for 10 to 14 days
can be used. Some experts recommend follow-up therapy with three weekly in-
jections of benzathine penicillin G, although there are no data to support this
practice. No large studies have been performed to evaluate alternative antimi-
crobial agents for neurosyphilis. On the basis of case reports, clinical experi-
ence, and extrapolations from animal studies, other agents with potential util-
ity in the penicillin-allergic patient include the tetracyclines, chloramphenicol,
and ceftriaxone. Erythromycin is not recommended based on treatment failures.
HIV-infected patients with neurosyphilis need careful monitoring for response
to therapy [67,182]. Follow-up lumbar puncture should be performed every 6
months in all patients until CSF changes have normalized. Standard therapy
for neurosyphilis has failed in HIV-infected patients, probably because immuno-
logic responses play an important role in controlling infection even with adequate
antimicrobial therapy (see Chapters 16 and 18).

2. Borrelia burgdorferi. Intravenous ceftriaxone (2 g once daily) for 14 to 28 days
is preferred for the neurologic manifestations of Lyme disease, including menin-
gitis; cefotaxime (2 g every 8 hours) or penicillin G (20 to 24 million units/day)
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are acceptable alternatives [70,71]. Acute meningeal and systemic symptoms re-
solve within days or weeks, whereas chronic disease takes months to improve
[71]. CNS abnormalities are arrested by treatment, but some residual deficits
may occur. There is no evidence to support treatment durations of longer than
4 weeks. However, no regimen has proven to be universally effective (see Chap-
ter 21).

E. Fungal meningitis
1. Cryptococcus neoformans

a. Non-AIDS patients. Combination therapy with amphotericin B plus
5-flucytosine (5-FC) for 4 to 6 weeks is preferred. Untreated, crypto-
coccal meningitis was nearly always fatal. Amphotericin B improved the
prognosis dramatically, although morbidity, mortality, and relapse rates re-
mained high, especially in immunocompromised patients (cure rates ≤ 52%
after the first course of therapy). A large prospective trial in the pre-AIDS
era compared combination therapy with amphotericin B (0.3 mg/kg/day) plus
5-FC (150 mg/kg/day) for 6 weeks to amphotericin B (0.4 mg/kg/day) alone for
10 weeks [183]. Combination therapy produced fewer failures, fewer relapses,
more rapid CSF sterilization, and less nephrotoxicity than amphotericin B
alone; cure or improvement occurred in 67% of patients given the combina-
tion versus 41% given only amphotericin B. Mortality between the two groups
was not different. However, this study was criticized because of the low dose
of amphotericin B used in the single-agent arm. A later trial compared a 4-
week with a 6-week regimen of amphotericin B plus 5-FC therapy [184]. The
4-week regimen could be used in the subset of patients who, at presen-
tation, had no neurologic complications, no underlying diseases or immuno-
suppressive therapy, a pretreatment CSF white blood cell count more than
20/mm3, and a serum cryptococcal antigen titer less than 1:32 and who, at
4 weeks, had a negative CSF India ink test and a CSF cryptococcal antigen
titer less than 1:8. 5-FC toxicity was common (38%), indicating that 5-FC
concentrations may need to be monitored (keep levels of 50 to 100 µg/mL)
[185].

The optimal use of fluconazole is unclear. In a recently published re-
port of 157 non–HIV-infected patients with CNS cryptococcosis [186], patients
were more likely to receive an induction regimen with amphotericin B (∼90%)
and subsequent fluconazole (65%), suggesting a role for fluconazole in consol-
idation therapy for this population. However, pending further data non-
AIDS patients should receive 4 to 6 weeks of amphotericin B plus
5-FC (see Chapter 17).

b. AIDS patients. A double-blind multicenter trial randomly assigned patients
with a first episode of AIDS-associated cryptococcal meningitis to ampho-
tericin B (0.7 mg/kg/day) without or with 5-FC (100 mg/kg/day) for 2 weeks,
followed by 8 weeks of treatment with either itraconazole (400 mg/day) or flu-
conazole (400 mg/day) [187]. At 2 weeks, there were no significant differences
in clinical outcome or CSF sterilization. At 10 weeks, 72% of the fluconazole
recipients versus 60% of the itraconazole recipients had negative CSF cul-
tures, although the clinical response rate was similar in both groups. In a
multivariate analysis, the addition of 5-FC during the initial 2 weeks and
treatment with fluconazole for the next 8 weeks were independently associ-
ated with CSF sterilization. The preceding data support the initial use of
amphotericin B, with or without 5-FC, for a period of approximately
2 weeks; this period may need to be prolonged in patients who are
severely ill. This initial treatment period then is followed by flucona-
zole (400 mg/day) to complete a 10-week course. Dosages of fluconazole
up to 800 mg/day have benefited some AIDS patients with cryptococcal menin-
gitis who failed primary therapy or who relapsed [188]. Lipid formulations of
amphotericin B have been studied in AIDS patients with cryptococcal menin-
gitis [189,190]. When liposomal amphotericin (4 mg/kg/day) was compared
with amphotericin B (0.7 mg/kg/day), the median time to CSF sterilization
was shorter with amphotericin B and, at 14 days, significantly more patients
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had sterile CSF [190], although the time to clinical response and the failure
rate did not differ between groups. Further studies are needed before
liposomal amphotericin B can be recommended.

AIDS patients with cryptococcal meningitis have a high rate of
relapse once antifungal therapy is discontinued [75,76]; the prostate
gland may represent a sequestered reservoir for relapse. Fluconazole
(200 mg/day) is superior to amphotericin B (1 mg/kg/wk) and itracona-
zole (200 mg/day) in preventing relapses [191,192], and is the agent of
choice for secondary prevention (see Chapter 18).

2. Candida. The treatment of choice for Candida meningitis is amphotericin B
with or without 5-FC [80,81]. Although there are no studies comparing the ef-
ficacy of single and combination therapy, some investigators recommend com-
bination therapy based on more rapid CSF sterilization and possible reduction
of long-term neurologic sequelae in newborns. Cure rates with amphotericin B
alone have ranged from 67% to 89% in adults and 71% to 100% in neonates.
However, up to 56% of surviving neonates had psychomotor retardation and 50%
had hydrocephalus [80,81]. Increased mortality in adult patients is associated
with a delay of more than 2 weeks from the onset of symptoms to diagnosis, a
CSF glucose concentration less than 35 mg/dL, intracranial hypertension, and
focal neurologic deficits. Fluconazole may be an acceptable alternative agent for
the therapy of Candida meningitis [193,194].

3. Coccidioides immitis. Based on the results of a collaborative study [195], flu-
conazole is recommended as first-line therapy for coccidioidal meningitis.
Fluconazole (400 mg once daily) was given to 50 consecutive patients with coccid-
ioidal meningitis (including 9 with HIV) for up to 4 years (median of 37 months).
Of the 47 assessable patients, 37 (79%) responded to treatment, with most im-
provement occurring within 4 to 8 months. However, 24% had a persistent CSF
pleocytosis, indicating a need for careful follow-up. In nonresponders, increasing
the dose of fluconazole (commonly done by physicians in endemic areas) or insti-
tuting intrathecal amphotericin B might be required. Fluconazole therapy may
need to be continued indefinitely.

Amphotericin B was previously used, usually both intravenously and intrathe-
cally [84,85]. Intrathecal administration may be via the lumbar, cisternal, or ven-
tricular routes (i.e., through an Ommaya reservoir); the usual dosage is 0.5 mg
three times weekly for 3 months, although 1.0 to 1.5 mg combined with hydrocor-
tisone can be used. Mortality of 50% has been reported, although one study found
a survival rate of 91% over after 75 months if larger doses of intrathecal ampho-
tericin B (1.0 to 1.5 mg) were used [196]. Amphotericin is discontinued once the
CSF has been normal for at least 1 year on an intrathecal regimen of once every
6 weeks. However, intrathecal amphotericin B is poorly tolerated, often leading
to arachnoiditis.

F. Protozoal and helminthic meningitis
1. Amebae. Many antimicrobial agents have in vitro activity against free-living

amebae [87]. These include amphotericin B, the tetracyclines, the imidazoles,
qinghaosu, and rifampin. Only four patients reported in the literature have sur-
vived after therapy for primary amebic meningoencephalitis [86,87,197]. All re-
ceived amphotericin B along with various other antimicrobial agents. The best-
documented survivor received amphotericin B and miconazole intravenously and
intrathecally, as well as rifampin, sulfisoxazole, and dexamethasone. However,
no effective regimen has been established. Therapy with parenteral and intracis-
ternal amphotericin B combined with rifampin and tetracycline for 2 to 3 weeks
has been suggested.

2. Angiostrongylus cantonensis. Symptomatic treatment is indicated for
eosinophilic meningitis caused by A. cantonensis [86]. Most patients recover
within 1 to 2 weeks. Thiabendazole has been used in the early stages of larvae
migration, but the drug fails as soon as the worm reaches the CNS.

VI. Adjunctive therapy
A. Viral meningitis. Adjunctive measures have been used in seriously ill patients

with enteroviral meningitis [1]. Administration of gamma globulin by multiple
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routes (including directly into the CNS) has led to stabilization or improvement of
agammaglobulinemic patients with chronic enteroviral meningitis or meningoen-
cephalitis. Neonates with overwhelming enteroviral sepsis and meningitis have re-
ceived intravenous gamma globulin, maternal plasma, and exchange transfusions,
with occasional successes [198].

B. Bacterial meningitis
1. Antiinflammatory agents. Despite effective bactericidal antimicrobial

agents, morbidity and mortality from bacterial meningitis remain unacceptably
high.
a. Animal models. Studies in animal models have demonstrated that devel-

opment of a subarachnoid space inflammatory response is a major factor
contributing to morbidity and mortality [27,96,136,199]. Therefore, investi-
gators have examined whether attenuation of this response would improve
outcome. In an experimental rabbit model of H. influenzae type b menin-
gitis, treatment with ceftriaxone plus dexamethasone consistently reduced
brain water content, CSF pressure, and CSF lactate to a greater degree than
ceftriaxone alone, although the differences were not statistically significant.
However, it was suggested that adjunctive dexamethasone might be more
beneficial if administered early or even before the occurrence of antibiotic-
induced bacterial lysis and release of microbial products. Using the same an-
imal model, ceftriaxone administration led to a significant increase in CSF
endotoxin concentrations followed by a rise in CSF tumor necrosis factor
concentrations. Simultaneous administration of dexamethasone and ceftri-
axone did not affect release of endotoxin into CSF but markedly attenu-
ated CSF concentrations of tumor necrosis factor. Adjunctive dexamethasone
therapy also resulted in a significant decrease in CSF leukocytosis and a
trend toward earlier improvement in CSF concentrations of glucose, lactate,
and protein. These parameters improved without any decrease in bacterial
killing.

b. Clinical trials. Based on observations in animal models, several clinical tri-
als were undertaken in the late 1980’s and early 1990’s to determine the effects
of adjunctive corticosteroids on outcome in patients with bacterial meningitis
[27].
(1) A recently published meta-analysis of clinical trials from 1988 to

1996 [200] supported the routine use of adjunctive dexametha-
sone (0.15 mg/kg every 6 hours for 2 to 4 days) in infants and chil-
dren with H. influenzae type b meningitis and, if commenced with
or before antimicrobial therapy, suggested a benefit for pneumo-
coccal meningitis of childhood. Evidence was strongest for hearing
outcomes. In contrast, a retrospective nonrandomized study of children
with pneumococcal meningitis found that adjunctive dexamethasone was
not beneficial [201], although the dexamethasone was administered be-
fore or within 1 hour of the first antibiotic dose and children in the dexa-
methasone group had a higher severity of illness. When dexamethasone
is used, the timing of administration is crucial. Administration of
dexamethasone before or concomitant with antimicrobial ther-
apy is recommended for optimal attenuation of subarachnoid space
inflammation; patients should be carefully monitored for the possibility
of gastrointestinal hemorrhage.

However, vaccination against H. influenzae type b in infancy has de-
creased the incidence of serious infections due to H. influenzae type b by
more than 90%. Therefore, most future cases of bacterial meningitis in the
United States will be caused by bacteria for which there are only limited
data regarding the benefit of adjunctive steroid therapy [202].

(2) In adults or in patients with meningitis caused by other bacte-
rial organisms, the routine use of adjunctive dexamethasone is
not recommended pending results of ongoing studies. However,
some authors recommend its use in all cases of meningitis with a likely
bacterial etiology (i.e., demonstrable bacteria on CSF Gram stain, which
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may predict the patients at greatest risk of bacteriolysis-induced exacer-
bation of inflammation) [199], although there are no supportive clinical
data. In adults with severely impaired mental status (stupor or coma),
documented cerebral edema (e.g., by CT), or markedly elevated intracra-
nial pressure (i.e., high opening pressure on lumbar puncture, palsy of
cranial nerve VI), dexamethasone may be beneficial. Use of dexametha-
sone is of particular concern in patients treated with vancomycin
for pneumococcal meningitis, because this may significantly reduce CSF
vancomycin penetration (see section (4) following).

(3) In neonates, clinical trials on the role of corticosteroids in meningitis
have not been performed. Therefore, their use is not suggested (see Chap-
ter 3).

(4) Penetration of antibiotics into the CSF is becoming a greater con-
cern in treating meningitis caused by penicillin-resistant S. pneumoniae
(see section V.B.3 and Chapter 27). In particular, vancomycin penetrates
the CSF quite poorly. Furthermore, in a rabbit model, penetration of van-
comycin into the CSF was reduced with concomitant dexamethasone ther-
apy, with delayed CSF sterilization. Therefore, in areas where high-level
penicillin-resistant S. pneumoniae are prevalent and empiric vancomycin
is used, steroid therapy may prove harmful [202]. For any patient
receiving adjunctive dexamethasone who is not improving as
expected or who has a pneumococcal isolate for which the ce-
fotaxime or ceftriaxone MIC is at least 2.0 µg/mL, a repeat lum-
bar puncture 36 to 48 hours after initiation of therapy is recom-
mended to document the sterility of CSF [152].

2. Reduction of intracranial pressure. Several methods are available to re-
duce intracranial pressure [203], including elevation of the head of the bed to
30 degrees to maximize venous drainage with minimal compromise of cerebral
perfusion, the use of hyperosmolar agents (e.g., mannitol) to move water from
brain tissue into the intravascular compartment, and the use of corticosteroids.
In addition, hyperventilation to maintain the PaCO2 between 27 and 30 mmHg,
which causes cerebral vasoconstriction and reduction in cerebral blood volume,
has also been used, although some experts have questioned its routine use to
reduce intracranial pressure in patients with bacterial meningitis [204]. Infants
and children with bacterial meningitis who have initially normal CTs of the
head can be treated with hyperventilation to reduce elevated intracranial pres-
sure safely because it is unlikely that cerebral blood flow would be reduced to
ischemic thresholds. However, in children with cerebral edema on head CT, cere-
bral blood flow is more likely to be normal or reduced. Therefore, hyperventilation
might decrease intracranial pressure at the expense of cerebral blood flow, possi-
bly reducing the latter to ischemic thresholds. These patients would likely benefit
more from early use of diuretics, osmotically dehydrating agents (provided that
intravascular volume is protected), and corticosteroids, although controlled tri-
als have yet to be performed. Glycerol, an osmotic dehydrating agent that can
be given orally, has been evaluated in 122 infants and children with bacterial
meningitis [205]; 7% of the glycerol-treated patients and 19% of those not given
glycerol had audiologic or neurologic sequelae ( p = 0.052). However, further tri-
als are needed before glycerol can be recommended.

Patients in whom elevated intracranial pressures continue despite these mea-
sures may be treated with high-dose barbiturates to decrease cerebral metabolic
demands and cerebral blood flow [203]. Vasoconstriction in normal tissue also
occurs during barbiturate therapy, thereby shunting blood to ischemic tissue
and protecting the brain from ischemia. This is of unproven benefit, how-
ever, for meningitis and elevated intracranial pressure and must be considered
experimental.

3. Basilar skull fracture. Patients who have suffered a basilar skull fracture with
CSF leak may have persistent dural defects associated with recurrent episodes
of bacterial meningitis. Although many will cease spontaneously, surgery is in-
dicated for leaks that persist for several weeks or in patients who present with
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delayed or recurrent infection [42]. Surgery is not indicated in the acute phase
(<7 days) of leakage because there is no difference in outcome when patients with
acutely repaired leaks are compared with those whose leaks stop spontaneously
within 7 days.

4. Cerebrospinal shunt infections. All components of an infected CSF shunt
should be removed at the beginning of antimicrobial therapy [54] and an exter-
nal ventriculostomy placed to clear the ventriculitis and monitor CSF param-
eters. Many organisms can adhere to the prostheses and survive antimicrobial
therapy with the shunt left in situ. Furthermore, the propensity for the entire
shunt to be contaminated when one portion is infected argues against partial
revisions. With externalization, treatment success is usually greater than 90%
[54].

C. Tuberculous meningitis. Despite chemotherapy inflammation often continues at
the base of the brain, with subsequent organization of necrotic tissue and exudate,
fibroblastic proliferation, and formation of dense fibrocollagenous tissue compress-
ing adjacent structures and impeding circulation of CSF. Corticosteroids are the
most commonly advocated adjunctive agents for tuberculous meningitis [61,62,98];
patients frequently defervesce, with clearing of sensorium and improvement in well-
being even after only a few doses. Their primary value may be their ability to treat
or avert the development of spinal block, possibly by lowering the CSF protein
content; an improvement in overall mortality has been ascribed to their effect on
this poor prognostic sign. However, an increase in significant neurologic sequelae
has been observed in survivors who received corticosteroids. In contrast, a study
from Egypt found reduced neurologic complications and case fatality rates in pa-
tients who received dexamethasone with antituberculous chemotherapy [206]. An-
other prospective, controlled, randomized study from the republic of South Africa
found that corticosteroids improved survival and intellectual outcome in children
with tuberculous meningitis [207]. Despite the controversy, most authorities ad-
vocate the use of corticosteroids in selected cases with extreme neurologic
compromise, elevated intracranial pressure, impending herniation, or impending
or established spinal block [61,62]. Some authors also recommend corticosteroids
in patients with CT evidence of either hydrocephalus or basilar meningitis. Pred-
nisone (approximately 1 mg/kg/day, tapered over 1 month) often is given, although
other doses of dexamethasone or hydrocortisone have been used.

D. Fungal meningitis. Patients with cryptococcal meningitis may have several com-
plications despite antifungal therapy. Increased intracranial pressure and hydro-
cephalus has been noted in AIDS patients with cryptococcal meningitis, possibly
due to increased CSF outflow resistance. Ventriculoperitoneal shunting, frequent
high-volume lumbar punctures, acetazolamide, and corticosteroids have been used
for these complications. However, the precise roles of these adjunctive measures
(particularly corticosteroids) in the treatment of cryptococcal meningitis remain to
be established. Shunting procedures can ameliorate the sequelae of elevated in-
tracranial pressure in AIDS patients with cryptococcal meningitis [208–210].

VII. Prevention
A. Viral meningitis. The cornerstone of prevention of mumps is active im-

munization with the live attenuated mumps vaccine [8]. Widespread use of
the mumps vaccine has greatly reduced the incidence of mumps and mumps
meningoencephalitis. Mumps meningitis has been reported in children 11 days
to 2 months after vaccine administration, although it is not clear whether these
cases represented vaccine failure or meningitis due to the vaccine strain of mumps
virus.

B. Bacterial meningitis
1. Haemophilus influenzae

a. Chemoprophylaxis. Several studies have documented the transmission to
household contacts. Most secondary cases (75%) of H. influenzae type b menin-
gitis occur within 6 days of onset of the index case, although untreated
household contacts remain at increased risk for at least 1 month. The risk
is markedly age dependent and highest for children younger than 2 years.
Daycare outside the home may be another risk factor for transmission [27].
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The rationale for the use of chemoprophylaxis to prevent secondary
disease is eradication of nasopharyngeal colonization of H. influenzae type b,
thereby preventing transmission to young susceptible contacts [27]. The
chemoprophylactic agent of choice is rifampin (20 mg/kg/day, with a max-
imum dose of 600 mg, for 4 days) for all individuals, including adults, in
households with at least one unimmunized or incompletely immunized child
younger than 48 months or with an immunocompromised child of any age.
Chemoprophylaxis is not recommended for daycare contacts 2 years or older
unless two or more cases occur in the daycare center within a 60-day period.
For children younger than 2 years, the determination of whether to administer
prophylaxis needs to be individualized and should be considered more strongly
in daycare centers that resemble households where children have prolonged
contact. Rifampin is not recommended for pregnant women, because the risk
of rifampin to the fetus has not been established. The index patient should
also receive rifampin because some antibiotics (e.g., ampicillin) given for ther-
apy do not eliminate nasopharyngeal colonization. Unimmunized or partially
immunized children also should receive a dose of vaccine and be scheduled
for completion of the required series.

b. Immunoprophylaxis. The Immunization Practices Advisory Committee
[27] recommends that all children should be vaccinated with one of the li-
censed H. influenzae type b conjugate vaccines (see Chapter 23).

2. Neisseria meningitidis
a. Chemoprophylaxis is recommended for close contacts of the index

case, defined as household contacts, daycare contacts, nursery school con-
tacts, contacts who sleep or eat in the same dwelling, close contacts in a closed
community such as a military barracks or boarding school, and anyone directly
exposed to the patient’s oral secretions (e.g., kissing, mouth-to-mouth resusci-
tation, endotracheal intubation, or endotracheal tube management) [27,211].
Chemoprophylaxis should be administered to the index case before hospital
discharge unless ceftriaxone or cefotaxime were used for therapy.

b. Chemoprophylaxis regimens
(1) Rifampin. The Centers for Disease Control and Prevention currently

recommends rifampin at 12-hour intervals for 2 days in the following
dosages [27,211]: adults, 600 mg; children beyond the neonatal period, 10
mg/kg; and infants younger than 1 month, 5 mg/kg. However, there are
several problems with rifampin chemoprophylaxis, including efficacy of
only 80% or so, adverse events, need for multiple doses over 2 days, and
emergence of resistant organisms (up to 10%–27% of isolates).

(2) Alternatives. Ceftriaxone (250 mg intramuscularly in adults and
125 mg in children) was shown to eliminate the meningococcal serogroup
A carrier state in 97% of patients in one study for up to 2 weeks [212],
although parenteral administration is required. A single dose of oral
ciprofloxacin (500 or 750 mg in adults) is also very effective in elimi-
nating the nasopharyngeal carriage of N. meningitidis; ciprofloxacin may
well supplant rifampin for chemoprophylaxis in adults. Ciprofloxacin is
not recommended for persons younger than 18 years because of concerns
regarding cartilage damage. In pregnant patients, ceftriaxone is the
safest agent for chemoprophylaxis.

c. Immunoprophylaxis. The quadrivalent meningococcal vaccine (serogroups
A, C, Y, and W135) is currently recommended for certain high-risk pa-
tients, including those who are close contacts of the primary case as an
adjunct to chemoprophylaxis [27,211], although this is controversial and of
unproven efficacy. The vaccine is not recommended for routine use in the
United States because of the overall low risk of infection, inability to pro-
tect against serogroup B disease, and inability to provide lasting immunity
to young children. However, because of an increase in invasive meningococcal
disease in adolescents and young adults of high school and college age in the
United States, the Advisory Committee on Immunization Practices recom-
mends that college freshman dormitory residents and their parents are given
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information about meningococcal vaccination and that other undergraduate
students wishing to reduce their risk can also choose to be vaccinated [213] (see
Chapter 23).

Conjugate vaccines against serogroups A and C meningococci have been de-
veloped. The United Kingdom became the first country to implement routine
immunization with a monovalent serogroup C conjugate vaccine (three doses
for children aged 2 to 4 months, two doses for children older than 4 months
but younger than 1 year, and one dose for all others). In the first 9 months of
use in a catch-up immunization program [214], vaccine efficacy was 92% in
toddlers and 97% in teenagers.

3. Streptococcus pneumoniae
a. Chemoprophylaxis. The risk of secondary pneumococcal disease in contacts

of infected patients has not been defined, although outbreaks have been de-
scribed in closed populations such as gold miners, military recruits, and jail
inmates [27]. Further studies are needed before chemoprophylaxis is recom-
mended for contacts of patients with pneumococcal meningitis. Prophylaxis
with oral penicillin in patients with sickle cell disease is not usually needed
with the availability of the conjugate vaccine.

b. Immunoprophylaxis. The efficacy of the 23-valent pneumococcal vaccine in
preventing pneumococcal meningitis has never been documented, although
its use in high-risk patients would seem prudent. Vaccination for persons
traveling to an area with a significant incidence of resistant pneumococci may
also be warranted. The pneumococcal conjugate vaccine is 97.4% effective
in preventing invasive pneumococcal disease in children caused by vaccine
serotypes and is recommended for all infants less than 2 years of age [215,216].
See further discussion of the pneumococcal vaccine in Chapter 11.

4. Basilar skull fracture. Despite conflicting studies, a recent meta-analysis [217]
suggested that use of prophylactic antibiotics is not recommended for
patients with basilar skull fracture and CSF leak because they do not change
the incidence of meningitis and may result in selection of resistant organisms
(see Chapter 27).

ENCEPHALITIS
The syndrome of acute encephalitis shares many features with acute meningitis, although
the likelihood of mental status changes early in disease before the onset of obtundation
or coma is more common in encephalitis. Clinically, seizures are more likely to occur with
encephalitis, and associated systemic illness is more prominent [218–221]. Numerous infec-
tious and noninfectious agents have been reported to cause acute encephalitis (see Table 6.1
for agents of meningitis that may also cause encephalitis). Here we concentrate on en-
cephalitis caused by the herpesviruses, especially HSV, because these represent
the most common and only currently treatable forms of viral encephalitis. For a gen-
eral review of viral encephalitis, see Whitley [221]; for a discussion of CMV infections of the
CNS (which can include an encephalitis) in patients with AIDS, see McCutchan [221a].

I. Epidemiology and etiology
A. Herpes simplex virus. HSV infections of the CNS are among the most common

(10%–20% of encephalitis viral infections in the United States) and most severe of
all human viral infections of the brain and are associated with significant morbidity
and mortality (>70% with ineffective or no therapy) [218]. HSV encephalitis occurs
throughout the year (i.e., is nonseasonal) and in patients of all age groups, with
whites accounting for 95% of patients with biopsy-proven disease. Most cases (94%–
96%) are caused by HSV type 1.

B. Varicella-zoster virus. The actual incidence of CNS involvement during varicella
is unknown, although it has ranged from 0.1% to 0.75% [219]. Herpes zoster is a con-
sequence of reactivation of latent varicella-zoster virus; a direct correlation exists
between cutaneous dissemination and visceral involvement, including meningoen-
cephalitis. In general, the CNS complications of herpes zoster are associated with
a higher morbidity and mortality than those of acute varicella, possibly due to the
patient’s advanced age and underlying disease status. A variety of varicella-zoster
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virus–induced neurologic disorders have been described in AIDS patients, includ-
ing multifocal leukoencephalitis, ventriculitis, myelitis, myeloradiculitis, and focal
brainstem lesions [222].

II. Clinical presentation
A. Herpes simplex virus. Most patients with biopsy-proven HSV encephalitis present

with an encephalopathic process characterized by altered mentation and de-
creasing levels of consciousness with focal neurologic findings, including
dysphasia, weakness, and paresthesias [218]. Fever and personality changes are
uniformly present. Approximately two-thirds of patients with biopsy-proven disease
develop either focal or generalized seizures. HSV encephalitis may progress slowly
or with alarming rapidity; commonly, there is progressive loss of consciousness lead-
ing to coma. Although clinical evidence of a temporal lobe lesion often is believed to
be a result of HSV encephalitis, a variety of other diseases has been shown to mimic
this condition, including various infections (abscess/subdural empyema), tuberculo-
sis, cryptococcosis, toxoplasmosis, CMV, tumor, and subdural hematoma [177]. Im-
munocompromised patients with HSV encephalitis may develop more diffuse non-
necrotizing encephalitis involving the cerebral hemispheres and brainstem [223].

B. Varicella-zoster virus. The most common neurologic abnormality associated with
varicella-zoster virus is cerebellar ataxia; although meningoencephalitis and cerebri-
tis are less common, they frequently are more severe [222]. Headache, fever, and
vomiting often are accompanied by altered sensorium, with seizures occurring in
29% to 52% of patients. Focal neurologic abnormalities, including cranial nerve dys-
function, aphasia, and hemiplegia, have also been described. Encephalitis, the most
common CNS abnormality associated with herpes zoster, is most common in pa-
tients of advanced age, after immunosuppression, and in those with disseminated
cutaneous zoster. Some patients with ophthalmic zoster present with contralateral
hemiplegia; this finding is seen in up to one-third of CNS abnormalities in herpes
zoster. The zoster ophthalmicus usually precedes the hemiplegia by several weeks,
although it has been reported to occur as late as 6 months after the rash.

III. Diagnosis
A. Herpes simplex virus

1. Routine studies of CSF in patients with HSV encephalitis are not diagnostic
[218,221]. The CSF white blood cell count is elevated (mean of 100 cells/mm3)
in 97% of patients with biopsy-proven disease, with a lymphocytic predominance.
The presence of red blood cells in CSF suggests the diagnosis but is not defini-
tive. The CSF protein is elevated also (averaging approximately 100 mg/dL). Ap-
proximately 5% to 10% of patients with HSV encephalitis have normal CSF stud-
ies on first evaluation. Virus is isolated from CSF only 4% or so of the time.

2. PCR to detect HSV DNA is highly sensitive and specific for the diagnosis
of HSV encephalitis [224,225]. In one study, the sensitivity and specificity of PCR
were 91% and 92%, respectively, in patients with biopsy-proven disease [225];
specificity would have been higher except that some tissue specimens were fixed
in formalin, which killed the infectious virus. The PCR test for HSV in CSF is
now the optimal way to diagnose HSV encephalitis [218].

3. Noninvasive studies may be useful [218,221].
a. Electroencephalography is a sensitive test (approximately 84%) that re-

veals characteristic spike-and-slow wave activity and periodic lateralizing
epileptiform discharges located predominantly over the temporal and fron-
totemporal regions.

b. CTs show low density areas with mass effect localized to the temporal lobe in
50% to 75% of patients at some time during the course of their illness.

c. MRI (with enhancement) demonstrates lesions earlier and is superior to
CT in localizing these lesions to the orbital–frontal and temporal lobes; MRI
is considered by experts to be the most important and specific imaging tech-
nique for HSV encephalitis [226–228]. HSV encephalitis typically affects the
temporal lobes, predominantly their inferior aspects. Involvement is usually
asymmetric, and the deep white matter may demonstrate the earliest abnor-
malities. Some believe a normal MRI would be unusual even in early HSV
encephalitis [226].
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d. Radionuclide brain scans may reveal increased uptake in both temporal
lobes; brain scan is more sensitive than CT early in the disease course.

e. However, despite the availability of these diagnostic modalities, none is uni-
formly satisfactory for the diagnosis of HSV encephalitis.

4. In the past, the most specific means of diagnosing HSV encephalitis was a brain
biopsy [218]. The presence of Cowdry type A intranuclear inclusions supports
the diagnosis of viral infections, although these are found only in approximately
50% of cases. Brain tissue should also be subjected to immunofluorescence, which
is a rapid, sensitive, and reliable method for detecting herpes antigen; virus can
also be isolated from brain tissue. With the availability of PCR studies on CSF,
brain biopsy now is seldom indicated (see section 2).

B. Varicella-zoster virus. The CSF often is abnormal in varicella-associated en-
cephalitis with a lymphocytic pleocytosis and elevated protein [222]. The electroen-
cephalogram usually reveals diffuse abnormalities (e.g., diffuse slowing), although
focal abnormalities may occur even without seizure activity. With herpes zoster-
associated encephalitis, the CSF also usually reveals a lymphocytic pleocytosis and
elevated protein; however, up to 40% to 50% of patients with uncomplicated herpes
zoster (i.e., without CNS involvement) may have a mild CSF pleocytosis or elevated
protein. The virus has been cultured from brain tissue and CSF, detected by PCR,
and viral inclusions are well-described in autopsy series. In patients with zoster
ophthalmicus with contralateral hemiplegia, a unilateral arteritis or thrombosis of
involved vessels may be seen on cerebral angiography and cerebral infarction may
be seen on CT or MRI.

IV. Approach to the patient with viral encephalitis. Despite the number of viral organ-
isms that may cause encephalitis, herpes simplex remains the only viral CNS infection
for which therapy (i.e., acyclovir) is beneficial. Based on the ease of administration and
good safety profile of acyclovir, an empiric course should be administered for patients
with presumed viral encephalitis [221]. The availability of PCR will eliminate the need
for biopsy in most instances, although in unusual cases it may be indicated. MRI is
important when encephalitis is suspected [226,228]. Infectious disease consultation is
advised.

V. Antimicrobial therapy
A. Herpes simplex virus. In biopsy-proven HSV encephalitis, acyclovir reduced mor-

tality (19%) compared with vidarabine (55%), the previously accepted therapy [229].
Furthermore, 38% of patients in the acyclovir group returned to a normal level of
functioning compared with only 15% to 20% of patients in the vidarabine group. In a
recent study of 42 patients with HSV encephalitis, 30% died or had a severe neuro-
logic deficit [230]; of the remaining 70%, most had persistent neurologic signs and/or
symptoms. Acyclovir should be administered intravenously at a dosage of 10 mg/kg
every 8 hours in patients with normal renal function. Although many patients have
been treated for 14 days, many experts now prefer a 14- to 21-day course [231].

B. Varicella-zoster virus. Intravenous acyclovir is also the drug of choice for patients
with varicella-zoster virus–associated CNS infection who are at high risk for progres-
sive disease [232]. Although no clinical trial has established the value of antiviral
therapy of herpes zoster-associated encephalitis, we believe acyclovir should be used
in this setting.

C. Other viruses. Although ganciclovir or foscarnet commonly is given to HIV-infected
patients with CNS symptoms, proof of efficacy against cytomegaloviral CNS disease
is lacking. No therapy is of proven benefit for Epstein-Barr virus disease. The treat-
ment of arboviral infections (e.g., eastern or western equine encephalitis, St. Louis
encephalitis) is supportive.

BRAIN ABSCESS
I. Epidemiology and etiology

A. Bacteria. The likely bacterial species responsible for brain abscess formation de-
pends on the pathogenic mechanism involved [233–235]. The most common are strep-
tococci (aerobic, anaerobic, and microaerophilic), isolated in 60% to 70% of abscesses.
These bacteria, particularly the S. milleri (also called S. intermedius) group, are nor-
mal inhabitants of the oral cavity, appendix, and female genital tract and have a
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proclivity for abscess formation. S. aureus is isolated from brain abscess in 10% to
15% of patients, usually those with endocarditis or cranial trauma. The isolation
of anaerobes has increased with use of proper techniques; Bacteroides species are
isolated in 20% to 40% of cases, often in mixed culture. The enteric gram-negative
bacilli (e.g., E. coli, Klebsiella species, Pseudomonas species) are isolated in 23% to
33% of cases; these usually are seen with otitic foci of infection or in the immunocom-
promised patient. Other bacterial species are isolated much less frequently (<1% of
cases) and include H. influenzae, S. pneumoniae, and L. monocytogenes. In addition,
Nocardia species are more often isolated in patients with defects in cell-mediated
immunity, as in patients receiving corticosteroid therapy, in organ transplant recip-
ients, and in patients with neoplastic disorders; some Nocardia cases have also been
described in patients with AIDS.

B. Fungi. Many of the etiologic agents of fungal meningitis (see section I.E under
Meningitis) may also cause brain abscesses [185]. For example, although Candida
species may produce meningitis, focal CNS disease is more common. Indeed, Can-
dida is the most common fungal species to cause brain abscess (often multiple, not
macroscopic). However, several other fungal species need to be considered, especially
in the immunocompromised host. For further discussion see Chapter 17.
1. Aspergillus species. Intracranial seeding of Aspergillus species occurs during

dissemination of the organism from the lungs or by direct extension from a site
anatomically adjacent to the brain [236]. The brain is involved in 40% to 70%
of cases with disseminated disease. Most patients with Aspergillus brain ab-
scesses are neutropenic and have an underlying hematologic malignancy. Other
risk groups include patients with Cushing syndrome, diabetes mellitus, hepatic
disease, and chronic granulomatous disease. Injection drug users, postcraniotomy
patients, organ transplant recipients, HIV-infected patients, and patients receiv-
ing chronic corticosteroid therapy are also at risk.

2. Mucormycosis. Mucormycosis is one of the most fulminant fungal infections
known [236]. Predisposing conditions include diabetes mellitus (70% of cases),
usually in association with acidosis; acidemia from other profound systemic ill-
ness; hematologic neoplasia; renal transplantation; injection drug use; and use
of deferoxamine. Fewer than 5% of cases involve otherwise normal healthy pa-
tients. CNS disease may result from direct extension (i.e., the rhinocerebral form)
or by hematogenous dissemination from other sites of infection. Most infections
are caused by the genus Rhizopus, and the genera Absidia and Mucor also have
been isolated.

3. Pseudallescheria boydii. CNS disease may occur in both normal and immuno-
compromised hosts. This organism is being increasingly referred to as Scedospo-
rium apiospermum, the asexual form of P. boydii. The organism may enter the
CNS by direct trauma, by hematogenous dissemination from a primary site of in-
fection, via an intravenous catheter, or by direct extension from infected sinuses
[236,237]. Because of the presence of P. boydii in contaminated water and manure,
there is an association between near-drowning and subsequent illness [238,239].

II. Clinical presentation
A. Bacterial brain abscess may have either an indolent or fulminant course [233–

235].
1. The clinical manifestations occur secondary to the presence of a space-

occupying mass lesion rather than systemic signs of infection. Findings include
headache (70%), which may be moderate to severe and hemicranial or gener-
alized; nausea and vomiting (50%), presumably due to increased intracranial
pressure; seizures (25%–35%), which usually are generalized; and nuchal rigid-
ity and papilledema (25%). Most patients also have mental status changes,
ranging from lethargy to coma. Focal neurologic deficits are seen in approxi-
mately 50% of cases and will vary depending on the location of brain involved.

2. Fever is observed in only 45% to 50% of cases. Only approximately half of
patients present with the triad of headache, fever, and focal neurologic deficit.

3. The clinical presentation of brain abscess also depends on the intracranial
location [233]. For example, frontal lobe abscess often presents with headache,
drowsiness, inattention, and deterioration of mental status; hemiparesis with
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unilateral motor signs and a motor speech disorder also are common. Patients
with cerebellar abscesses present with ataxia, nystagmus, vomiting, and dysme-
tria. Temporal lobe abscesses may cause headache, aphasia, or a visual field defect
(e.g., upper homonymous quadrantanopia). Abscesses of the brainstem usually
present with facial weakness, fever, headache, hemiparesis, dysphagia, and vom-
iting [190].

B. Fungal brain abscess. The clinical presentation of fungal brain abscess is similar
to that caused by bacteria and depends on the intracranial location of the abscess and
the fulminant nature of the organisms [236]. However, patients with certain fungal
pathogens may present with specific symptoms and signs.
1. Aspergillus species. Patients most commonly present with signs of a stroke

referable to the area of involved brain. Headache, encephalopathy, and seizures
have also been described. Fever is not a constant finding, and meningeal irritation
is rare.

2. Mucormycosis. Symptoms from rhinocerebral mucormycosis are referable to
the eyes or sinuses and include headache (often unilateral), facial pain, diplopia,
lacrimation, and nasal stuffiness or discharge; fever and lethargy have also been
described [236]. Signs include development of a nasal ulcer, facial swelling, nasal
discharge, proptosis, and external ophthalmoplegia. Orbital involvement is seen
in two-thirds of patients. Cranial nerve abnormalities are also common. Because
of the proclivity of the organism for blood vessel invasion, thrombosis is a striking
feature of disease. Focal neurologic findings (e.g., hemiparesis, seizures, monoc-
ular blindness) suggest far-advanced disease. Invasion and occlusion of the cav-
ernous sinus and carotid artery can occur as the disease progresses.

3. Pseudallescheria boydii. CNS infection with P. boydii usually becomes mani-
fest 15 to 30 days after an episode of near-drowning but has varied [237–239].
Clinical presentation depends on localization in the CNS and includes seizures,
altered consciousness, headache, meningeal irritation, focal neurologic deficits,
abnormal behavior, and aphasia.

III. Diagnosis
A. Bacterial brain abscess. The diagnosis of brain abscess was revolutionized

by the availability of CT, which is excellent for examining the brain parenchyma
and the paranasal sinuses, mastoids, and middle ear [233,234]. Typically, CT re-
veals a hypodense lesion with a peripheral uniform ring of contrast enhancement.
There may also be a surrounding hypodense area of brain edema. MRI is now the
first imaging procedure of choice for patients suspected of having this disor-
der [240]. MRI offers significant advantages over CT, including the early detection
of cerebritis, detection of cerebral edema with greater contrast between edema and
brain, more conspicuous spread of inflammation into the ventricles and subarachnoid
space, and earlier detection of satellite lesions. Administration of the paramagnetic
agent gadolinium diethylenetriamine penta-acetic acid permits clear differentiation
of the central abscess, surrounding enhancing rim, and cerebral edema.

B. Fungal brain abscess. Noninvasive studies (e.g., CSF examination, CT, MRI) for
the diagnosis of fungal brain abscess usually are nonspecific, although some excep-
tions do exist [236]. For example, the finding of a cerebral infarct in a patient with risk
factors for invasive aspergillosis suggests that diagnosis; such an infarction typically
develops into either single or multiple abscesses. In rhinocerebral mucormycosis, CT
and MRI typically show sinus opacification, erosion of bone, and obliteration of deep
fascial planes; cavernous sinus involvement may also be seen on MRI. In injection
drug abusers with cerebral mucormycosis, the most frequent site of CNS disease is
the basal ganglia.

Definitive diagnosis of fungal brain abscess requires biopsy with appro-
priate fungal stains [236]. The mucicarmine stain will specifically identify C. neofor-
mans. Aspergillus species appear as septate hyphae with acute-angle dichotomous
branching, whereas typical nonseptate hyphae with right-angle branching are seen
in mucormycosis. P. boydii appears as septate hyphae in clinical specimens, although
the hyphae are narrower and do not show the dichotomous branching seen in as-
pergillosis. Fluorescent antibody staining is also a sensitive method for identifying
P. boydii.
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Table 6.6. Empiric Antimicrobial Therapy for Bacterial Brain Abscess

Predisposing Condition Usual Bacterial Isolates Antimicrobial Regimen

Otitis media or
mastoiditis

Streptococci (anaerobic or
aerobic), Bacteroides spp.,
Enterobacteriaceae

Metronidazole + a third-
generation cephalosporina

Sinusitis
(frontoethmoidal or
sphenoidal)

Streptococci, Bacteroides spp.,
Enterobacteriaceae,
Staphylococcus aureus,
Haemophilus spp.

Vancomycin +
metronidazole +
a third-generation
cephalosporina

Dental sepsis Mixed Fusobacterium and
Bacteroides spp., streptococci

Penicillin + metronidazole

Penetrating trauma or
postneurosurgery

S. aureus, streptococci,
Enterobacteriaceae,
Clostridium

Vancomycin + a third-
generation cephalosporina

Congenital heart disease Streptococci, Haemophilus spp. Penicillin + a third-
generation cephalosporina

Lung abscess, empyema,
bronchiectasis

Fusobacterium, Actinomyces,
Bacteroides spp., streptococci,
Nocardia asteroides

Penicillin + metronidazole +
a sulfonamideb

Bacterial endocarditis S. aureus, streptococci Vancomycin + gentamicin or
nafcillin + ampicillin +
gentamicin

a Cefotaxime or ceftriaxone; ceftazidime or cefepime is used if Pseudomonas aeruginosa is suspected.
b Trimethoprim-sulfamethoxazole; include if N. asteroides is suspected.

IV. Approach to the patient with brain abscess
A. Microbiologic diagnosis. When a brain abscess is suggested by radiologic studies,

a microbiologic diagnosis ideally should be made to guide antimicrobial therapy. CT
has made it possible to perform stereotactically guided abscess aspiration. Specimens
should be sent for Gram stain, aerobic and anaerobic cultures, Ziehl-Neelsen stain
for Mycobacteria, modified acid-fast stain for Nocardia, and silver stains for fungi.
Cultures for Mycobacteria, Nocardia, and fungi should also be performed.

B. Empiric antibiotic therapy. In patients with bacterial brain abscess, once a diag-
nosis is made either presumptively by radiologic studies or by CT-guided aspiration
of the lesion, antimicrobial therapy should be initiated [233–235]. If an aspiration
cannot be performed or if Gram staining is unrevealing, empiric therapy should
be initiated based on the presumed pathogenic mechanism of abscess for-
mation (Table 6.6).
1. Streptococci. Because of the high rate of isolation of streptococci, especially

the S. milleri group, from brain abscesses of different etiologies, high-dose intra-
venous penicillin G or another drug active against these organisms (e.g., a third-
generation cephalosporin, either cefotaxime or ceftriaxone) should be included.

2. Anaerobes. Although penicillin G is active also against most anaerobes, Bac-
teroides fragilis is an exception that may be isolated in a high percentage of cases.
Metronidazole is the agent of choice against B. fragilis in this setting. Metron-
idazole attains high concentrations in brain abscess pus, and its entry into brain
abscesses is not altered by concomitant administration of corticosteroids.

3. Enterobacteriaceae. A third-generation cephalosporin or trimethoprim-
sulfamethoxazole should be used when members of the Enterobacteriaceae family
are suspected. Ceftazidime or cefepime is the agent of choice for P. aeruginosa
brain abscess.

4. S. aureus. Nafcillin should be used when S. aureus is considered likely (e.g.,
staphylococcal endocarditis, cranial trauma); vancomycin is reserved for patients
allergic to penicillin or when methicillin-resistant organisms are suspected or
isolated.
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Table 6.7. Antimicrobial Therapy for Brain Abscess

Organism Standard Therapy Alternative Therapies

Actinomyces species Penicillin G Clindamycin
Aspergillus species Amphotericin Ba Itraconazoleb, voriconazolec

Bacteroides fragilis Metronidazole Chloramphenicol, clindamycin,
ampicillin-sulbactam

Candida species Amphotericin Ba Fluconazoleb

Cryptococcus neoformans Amphotericin Ba Fluconazole
Enterobacteriaceae Third-generation

cephalosporind
Aztreonam, trimethoprim-

sulfamethoxazole,
fluoroquinolone, meropenem

Fusobacterium species Penicillin G Metronidazole
Haemophilus species Third-generation

cephalosporind
Aztreonam, trimethoprim-

sulfamethoxazole
Listeria monocytogenes Ampicillin or penicillin Ge Trimethoprim-sulfamethoxazole
Nocardia asteroides Trimethoprim-

sulfamethoxazole
or sulfadiazine

Minocycline, imipenem, a third-
generation cephalosporind,
fluoroquinoloneb

Pseudallescheria boydii Voriconazole Fluconazoleb, itraconazoleb,
miconazole

Pseudomonas aeruginosa Ceftazidimee or cefepimee Aztreonamb, fluoroquinoloneb,
meropenemb

Staphylococcus aureus
Methicillin-sensitive Nafcillin or oxacillin Vancomycin
Methicillin-resistant Vancomycin

Streptococcus milleri,
other streptococci

Penicillin G Third-generation cephalosporind,
vancomycin

a Addition of flucytosine should be considered.
b Efficacy not yet proven in brain abscess due to this organism.
cMay become the agent of choice.
d Cefotaxime or ceftriaxone.
e Addition of an aminoglycoside should be considered.

5. Nocardia. When a Nocardia species is suspected or proven, trimethoprim-
sulfamethoxazole should be used [233]. Alternative agents include minocy-
cline, amikacin, imipenem, the third-generation cephalosporins, and the fluoro-
quinolones. Combination therapies have been used in Nocardia brain abscess, and
combination regimens containing a third-generation cephalosporin or imipenem
along with a sulfonamide should be considered for immunocompromised patients
or those in whom therapy fails [234] (see Chapter 17).

C. Modification of antibiotics after culture data. If positive cultures are obtained,
antimicrobial therapy can be modified for optimal treatment (Table 6.7). Dosages of
antimicrobial agents for CNS infections are shown in Tables 6.4 and 6.5.

D. Surgical therapy
1. Most bacterial brain abscesses require surgical excision for optimal ther-

apy (see section 2 below for exceptions) [233,234]. Abscess aspiration by stereo-
tactic CT guidance affords the surgeon rapid, accurate, and safe access to virtu-
ally any intracranial location and allows for swift relief of increased intracranial
pressure. However, aspiration has the major disadvantage of incomplete
drainage of multiloculated lesions. Complete abscess excision can be used
when aspiration is unsuccessful and when abscesses exhibit gas on radiologic
evaluation. Emergent surgery is indicated in patients developing worsening neu-
rologic deficits. Excision is contraindicated in the early stages before a capsule is
formed. All brain abscesses more than 2.5 cm in diameter should be aspirated or
excised for optimal management [241].
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2. Certain patients may require only medical therapy [242,243]. Among these
are patients with medical conditions that increase risk of surgery, multiple ab-
scesses, abscesses in a deep or dominant location, concomitant meningitis or
ependymitis, early abscess reduction with clinical improvement after antimicro-
bial therapy, and an abscess measuring less than 3 cm.

E. Duration of antibiotic therapy. High-dose intravenous antimicrobial therapy
should be continued for 6 to 8 weeks; this often is followed by oral antimicrobial
therapy if appropriate agents are available. A shorter course of therapy (i.e., 3 to
4 weeks) may be appropriate for patients who have undergone complete surgical
excision of the abscess.

Nocardial brain abscess should be treated for 3 to 12 months [233]. Surgical exci-
sion should also be performed for optimal therapy.

F. Fungal brain abscess. A combined medical and surgical approach usually is re-
quired for optimal treatment of fungal brain abscesses.
1. Aspergillus species. Successful management for Aspergillus brain abscess in-

cludes excisional surgery or drainage in combination with antifungal therapy.
Medical therapy is amphotericin B 0.8 to 1.25 mg/kg/day, with doses up to
1.5 mg/kg/day depending on the clinical response [244], although few instances
of survival have been reported. Total doses of 3 g or more of amphotericin B are
required. The addition of 5-FC may increase success rates, although no controlled
trials have demonstrated the efficacy of this approach. Itraconazole has in vitro
activity against Aspergillus, and high-dose therapy (800 mg daily for 5 months
followed by 400 mg daily for 4.5 months) resulted in resolution of cerebral ab-
scesses caused by A. fumigatus in an elderly asthmatic patient who was treated
with corticosteroids [245]. Voriconazole has had mixed (though favorable when
compared with historical data) results in open label trials [246].

2. Mucormycosis. Therapy of mucormycosis includes amphotericin B, correction of
underlying metabolic derangements, and aggressive surgical debridement [235].
Surgery is essential because of the propensity of this organism to invade blood
vessels and impede delivery of antifungal agents to the sites of infection. A pos-
sible adjunct to therapy is hyperbaric oxygen, although no prospective controlled
studies have been performed to assess its efficacy. Anecdotal experience with use
of granulocyte colony-stimulating factor has shown benefit; granulocyte colony-
stimulating factor needs to be explored as potential adjunctive therapy in this
disease.

3. Pseudallescheria boydii. P. boydii exhibits in vitro resistance to amphotericin
B. Miconazole has been the antifungal agent of choice [236,237], although intra-
venous or intrathecal administration is required and relapses are common. One
case of P. boydii brain abscess was successfully treated with voriconazole and ag-
gressive surgical intervention [247]. We consider voriconazole to be the agent of
choice (Table 6.7). Surgical drainage is the cornerstone of effective therapy.
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7. EYE INFECTIONS

Marlene L. Durand

Eye infections include infections of the globe of the eye (e.g., keratitis, endophthalmitis)
and infections of the surrounding tissues (e.g., lid infections, orbital cellulitis). The primary
care physician is often the first physician to see a patient with an eye infection, but for
conditions other than simple conjunctivitis, an ophthalmologist should be consulted. Many
eye infections produce loss of vision if not correctly diagnosed and treated.

EYELID INFECTIONS
I. Anatomy. Each eyelid contains glands of Zeis (sebaceous) and Moll (sweat) adjacent

to eyelash follicles (Fig. 7.1) and meibomian glands (sebaceous) within the tarsal plate
(Fig. 7.2). The tarsal plate is the fibrous “skeleton” of each eyelid.

II. Hordeolum
A. Clinical characteristics. A hordeolum is an acute infection of either a meibomian

gland (internal hordeolum) or a gland of Zeis (external hordeolum, also called a
stye). An internal hordeolum is a painful erythematous papule that points to the
inner surface of the lid, whereas a stye forms at the lid margin. The most common
pathogen is Staphylococcus aureus.

B. Treatment
1. Apply warm compresses every 4 to 6 hours.
2. Apply topical antibiotic ointment (e.g., bacitracin) daily at bedtime.
3. If no response, incision and drainage should be considered.

III. Chalazion
A. Clinical characteristics. A chalazion is a firm painless papule on the inner surface

of the eyelid. It arises within a meibomian gland as a result of a sterile inflamma-
tory response to a previous hordeolum or to inspissated sebum. Most resolve within
1 month, but some require an intralesional injection of steroids. A sebaceous cell
carcinoma of the eyelid may be mistaken for a recurrent chalazion.

B. Treatment. Intralesional steroids (triamcinolone acetonide) or surgical excision
may be required.

IV. Marginal blepharitis.
A. Clinical characteristics. Marginal blepharitis is a diffuse inflammation of the eye-

lid margins. It is usually due to hypersecretion of sebum by the meibomian glands;
superinfection with S. aureus may play a role. It may be mild, with only hyperemia
and scaling at the lid margins (seborrheic blepharitis), or more severe, with destruc-
tion of the lash follicles and tiny lid margin ulcerations (ulcerative blepharitis). It
is typically chronic and remitting and may be associated with seborrheic dermati-
tis or rosacea. Chronic blepharitis is one of the most common conditions seen by
ophthalmologists [1].

B. Treatment. Gently scrub eyelids with warm water and baby shampoo twice daily.
With acute inflammation, apply bacitracin ointment twice daily for 1 to 2 weeks.
If there is associated rosacea, give oral tetracycline, 250 mg once daily for several
months.

INFECTIONS OF THE LACRIMAL SYSTEM
I. Anatomy. Tears are produced primarily by the lacrimal gland (Fig. 7.3). They drain

through canaliculi into the lacrimal sac and then drain into the nose beneath the
inferior turbinate.

II. Dacryoadenitis
A. Clinical characteristics. Dacryoadenitis, or infection of the lacrimal gland, is rare.

Acute dacryoadenitis presents as a tender, warm, red swelling of the lateral por-
tion of the upper eyelid. Etiologies include S. aureus, Streptococcus pneumoniae,
Haemophilus influenzae, Moraxella catarrhalis, and Epstein-Barr virus, mumps, and
adenovirus. Epstein-Barr virus can cause unilateral or bilateral dacryoadenitis [2].
Chronic dacryoadenitis is very rare and presents as a painless swelling of the gland.
It is most often caused by viruses (e.g., mumps, Epstein-Barr virus, cytomegalovirus,
coxsackievirus) but may be due to tuberculosis or syphilis. More common causes of

222
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FIG. 7.1 Sagittal section of the eyelids and anterior eyeball.

chronic enlargement of the lacrimal gland are autoimmune disorders (e.g., Sjögren
syndrome or sarcoidosis) and tumors.

B. Treatment. For probable bacterial infections, an intravenous (i.v.) antibiotic (e.g.,
cefuroxime) active against the bacteria listed above is used for the first few days,
followed by an oral antibiotic (e.g., cefuroxime or amoxicillin-clavulanate) to complete
10 to 14 days of therapy.

FIG. 7.2 The meibomian, or tarsal, glands of the eyelids. (From Last RJ. Eugene Wolff ’s
anatomy of the eye and orbit. Edinburgh: Churchill Livingstone, 1976, with permission.)
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FIG. 7.3 The lacrimal system. (Modified from Barza M, Baum J. Ocular infections. Med Clin
North Am 1983;67:131–152, with permission.)

III. Canaliculitis
A. Clinical characteristics. Canaliculitis is an inflammation of the canaliculi. The

puncta are swollen, red, and pruritic (“pouting punctum”), and the involved eye
has epiphora (excessive tearing). The most common pathogen is Actinomyces is-
raelii. Yellow “sulfur granules” composed of aggregates of these organisms may be
expressed from the puncta.

B. Treatment. Irrigation through the involved punctum (performed by an ophthalmol-
ogist).

IV. Dacryocystitis
A. Clinical characteristics. The most common infection of the lacrimal system is

acute dacryocystitis (lacrimal sac infection). It usually results from obstruction of
the lacrimal duct. The patient typically has epiphora for several months and then
develops a painful, red, swollen, fluctuant area in the nasal corner of the eye. Com-
mon causes are S. aureus, Streptococcus pyogenes, S. pneumoniae (in infants), and
H. influenzae (in children).

B. Treatment
1. Apply warm compresses every 2 to 4 hours.
2. Give systemic antibiotics for S. aureus and streptococci and, in children, for those

plus S. pneumoniae and H. influenzae (e.g., Augmentin or i.v. Unasyn, depending
on severity).

3. Consult an ophthalmologist for possible incision and drainage.

RED EYE
Red eye is a sign rather than a clinical entity. It is the most common ocular condition
presenting to primary care physicians. Although it may be due to nonspecific conjunctivitis,
a red eye may be the first sign of a serious eye condition. Conjunctivitis is not characterized
by a decrease in vision or deep eye pain. If these symptoms are present, the patient should
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Table 7.1. Differential Diagnosis of the Common Causes of an Acute Red Eye

Conjunctivitis Iritisa Glaucomab
Corneal
Trauma/Infection

Incidence Extremely
common

Common Uncommon Common

Discharge Moderate to
copious

None None Watery or purulent

Vision No effect Slightly
blurred

Markedly
blurred

Usually blurred

Pain None Moderate Severe Moderate to severe
Conjunctival

injection
Diffuse; more

toward fornices
Mainly cir-

cumcorneal
Diffuse Diffuse

Cornea Clear Usually clear Steamy Change in clarity
related to cause

Pupil size Normal Small Moderately
dilated and
fixed

Normal

Pupillary light
response

Normal Poor None Normal

Intraocular
pressure

Normal Normal Elevated Normal

Smear Causative
organisms

No organisms No organisms Organisms found
only in corneal
ulcers due to
infection

aAcute anterior uveitis.
bAngle-closure glaucoma.
From Vaughan D, Asbury T, Riordan-Eva P, eds. General ophthalmology, 13th ed. Norwalk, CT: Appleton
& Lange, 1992, with permission.

see an ophthalmologist immediately. Table 7.1 lists the differential diagnoses of an inflamed
eye. Note the redness of conjunctivitis, due to dilation of the superficial conjunctival vessels,
is most intense peripherally. Redness that is most intense centrally around the corneal edge
(paralimbal injection or “ciliary flush”) is due to dilation of a deeper episcleral vascular plexus
and indicates serious eye disease.

CONJUNCTIVITIS
Infectious conjunctivitis is the most common eye infection seen by the primary care physi-
cian. Distinguishing viral from bacterial conjunctivitis is difficult. Equally important is dis-
tinguishing these from other causes of red eye, as noted earlier. Most cases of acute con-
junctivitis occur in young children, in whom H. influenzae, S. pneumoniae, and adenoviruses
account for most cases [3]. Chlamydiae are intracellular bacteria, but for purposes of clarity
chlamydial and bacterial infections are considered separately below.

I. Anatomy. The conjunctiva (Fig. 7.1) is a thin translucent mucous membrane that lines
the eyelids (palpebral conjunctiva) and covers the anterior sclera, or “whites of the eyes”
(bulbar conjunctiva). It does not cover the cornea but merges with the corneal epithelium
at the limbus (corneal–scleral border). Goblet cells scattered in the conjunctiva add
mucus to the tear film that lubricates the eye.

II. General clinical characteristics. Symptoms of conjunctivitis are similar regardless
of etiology. Initially, there is mild to moderate unilateral discomfort—itching, burning,
and discharge—that within a few days spreads to the other eye (except in hyperacute
conjunctivitis, when symptoms progress rapidly).
A. Significant pain is not present. A painful red eye suggests a different diagnosis.
B. True visual impairment is not present. A thick conjunctival discharge may cloud

vision, but this clears with blinking.
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C. Distinction between viral and bacterial conjunctivitis. Viral conjunctivitis
typically has a minimal conjunctival discharge that is clear, has follicles that are visi-
ble in the palpebral conjunctiva, and often has preauricular adenopathy. In bacterial
conjunctivitis, discharge is thick and causes lids to stick together in the morning, the
palpebral conjunctiva has papillae but not follicles, and preauricular adenopathy is
absent.
1. Follicles are foci of lymphoid hyperplasia within the palpebral conjunctiva that

give it a pebbly appearance. They are typical of viral or chlamydial infections.
Children younger than 3 years lack conjunctival lymphoid tissue. Follicles do not
form.

2. Papillae may be similar to follicles in appearance, but papillae have a central
tuft of blood vessels seen with magnification and follicles are encircled by a blood
vessel. Fine papillae, characteristic of bacterial or chlamydial infection, give the
palpebral conjunctiva a smooth, red, velvety appearance. Giant papillae suggest a
type of allergic conjunctivitis (vernal keratoconjunctivitis) or a reaction to contact
lenses.

III. Viral conjunctivitis
A. Clinical characteristics. Viral is more common than bacterial conjunctivitis in de-

veloped countries. Preauricular lymphadenopathy, conjunctival follicles, and a thin
watery discharge are characteristic of viral conjunctivitis.
1. Adenovirus is the most common cause of viral conjunctivitis. There are three

manifestations. Nonspecific follicular conjunctivitis is the typical mild aden-
oviral conjunctivitis that resolves in 7 to 10 days. Pharyngoconjunctival fever
is most often caused by serotypes 3, 4, and 7. It is transmitted through respira-
tory droplets, fomites, or through poorly chlorinated swimming pools. After an
incubation period of 5 to 12 days, patients develop fever, pharyngitis, and con-
junctivitis first in one eye followed in 1 to 3 days by disease in the other. Epi-
demic keratoconjunctivitis (EKC) is most often caused by serotypes 8 and 19.
It is highly contagious. Outbreaks have originated in eye clinics [4]. Virus may
by transmitted by unwashed hands [5] and can persist on doorknobs for up to
2 months. Incubation period is about 8 days. EKC usually affects young adults
during fall and winter months, and in contrast with pharyngoconjunctival fever,
conjunctivitis is unilateral in two-thirds of patients. There are no associated sys-
temic symptoms. EKC is often painful due to corneal involvement (keratitis) in
(80%) that occurs after 6 to 10 days [6]. Although conjunctivitis and pain resolve
in 2 to 3 weeks, the keratitis may cause photophobia and decreased vision for
months.

2. Herpes simplex virus (HSV) is a rare cause of follicular conjunctivitis alone,
because it usually involves the cornea as well. It may be mistaken for EKC in
the acute stage [7]. However, in HSV herpetic vesicles may often be found on the
eyelids and lid margins (see section III under Infectious Keratitis and Chapter 4).

3. Acute hemorrhagic conjunctivitis is caused primarily by highly contagious
enterovirus type 70 and a variant of coxsackievirus type A24. Recent outbreaks
have occurred primarily in humid climates (e.g., India, Singapore). A large out-
break occurred in fall 1998 in the U.S. Virgin Islands [8]. The incubation period
is short (8 to 48 hours), and disease lasts 5 to 7 days. It is characterized by
subconjunctival hemorrhages, marked eyelid edema, tearing, and foreign body
sensation.

4. Molluscum contagiosum is caused by an unidentified pox virus and is more
common in patients infected with human immunodeficiency virus. The umbili-
cated lesions are common on the eyelids and may cause a chronic follicular con-
junctivitis.

5. Miscellaneous. Conjunctivitis may be a component of other viral infections,
such as influenza, varicella, rubella, rubeola, infectious mononucleosis, cy-
tomegalovirus, and herpes zoster ophthalmicus. The conjunctival inflammation in
these conditions, however, is usually a minor manifestation of a more generalized
infection.

B. Diagnosis is based on clinical features (Table 7.2), although distinguishing viral
from bacterial conjunctivitis may be difficult. Viral cultures are rarely indicated in
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Table 7.2. Features That Distinguish the Common Causes of Conjunctivitis

Feature
Bacterial
Conjunctivitis

Viral
Conjunctivitis

Chlamydial
Conjunctivitis

Conjunctival injection Moderately severe Minimal Absent or minimal
Exudate Moderate to

profuse (poly-
morphonuclear)

Minimal (usually
mononuclear)

Minimal in adults,
copious in newborns

Sticking of lids on
awakening

Yes No Absent in adults,
present in newborns

Papillae (palpebral
conjunctiva)

Present Usually absent May be present

Follicles (palpebral
conjunctiva)

Usually absent Present Present in adults,
absent in newborns

Preauricular
lymphadenopathy

Absent Present Present in adults,
absent in newborns

Response to antibiotic
therapy

Yes No Yes

Duration of untreated
disease

Up to several weeks Several weeks Persistent

From Baum J, Barza M. Infections of the eye. In: Gorbach SL, Bartlett JG, Blacklow NR, eds. Infectious
diseases. Philadelphia: Saunders, 1992, with permission.

nonspecific viral conjunctivitis but may be helpful in suspected HSV conjunctivitis. In
EKC, viral cultures are positive in 80% of patients during the first week of symptoms.

C. Treatment. Except for HSV conjunctivitis, viral conjunctivitis without corneal in-
volvement warrants no specific therapy. These conditions usually are self-limited,
lasting 7 to 10 days unless bacterial superinfection occurs. Patients should be advised
to return immediately if symptoms worsen or if any eye pain develops. They should
also be educated about the importance of good hand-washing in preventing spread
of the disease to others. Patients with EKC should be advised that the infection is
highly transmissible, and they should stay out of work for 2 weeks. They should also
be reminded to wash their hands frequently and use a separate washcloth and towel.

HSV conjunctivitis may last 2 to 3 weeks. Patients with this diagnosis should
be followed by an ophthalmologist. Antiviral therapy, both topical (e.g., trifluridine
drops every 2 hours) and systemic (e.g., acyclovir 200 mg five times a day), is indi-
cated.

IV. Bacterial conjunctivitis
A. Hyperacute (purulent)

1. Clinical characteristics. Hyperacute bacterial conjunctivitis is the most severe
form of conjunctivitis and usually caused by Neisseria gonorrhoeae and rarely by
N. meningitidis. The patient presents with a purulent exudate that is so copious
it reaccumulates as soon as it is wiped away. There is usually marked eyelid
edema, chemosis (conjunctival edema), and tender preauricular nodes. A large
series of gonococcal conjunctivitis found bilateral eye involvement in over
one-third and keratitis (corneal infection) in two-thirds [9]. Keratitis may lead
to corneal perforation. Meningococcal conjunctivitis may mimic gonococcal
conjunctivitis but is followed by systemic meningococcal disease in nearly 20% of
patients [10].

2. Diagnosis. In a patient with hyperacute conjunctivitis, a Gram stain of conjunc-
tival exudate that shows gram-negative diplococci, many intracellular, should
prompt immediate therapy for Neisseria as soon as cultures are taken. Cultures
of exudate should be plated directly onto chocolate and Thayer-Martin plates
and these placed in a 5% carbon dioxide atmosphere as soon as possible. If
delay in transport is anticipated, use a “Jembec” Thayer-Martin plate and a
CO2-generating tablet.
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3. Treatment. For treatment of neonates, see section VI. For gonococcal conjunc-
tivitis in adults, the Centers for Disease Control and Prevention [11] recommends
a single 1-g dose of ceftriaxone (intramuscular or i.v.). For highly penicillin-
allergic patients, single-dose therapy with 500 mg oral ciprofloxacin will treat
genital or pharyngeal infection and would presumably be adequate therapy for
conjunctival disease in adults, although efficacy data are not available. Saline
eye drops may be given to clear the exudate. We would also culture and treat for
possible coexisting chlamydiae with either doxycycline (100 mg twice a day for
7 days) or azithromycin (1 g orally once) in adults. Patients with meningococcal
conjunctivitis should be evaluated and treated for systemic meningococcal
disease (see Chapter).

B. Acute
1. Clinical characteristics include a thick mucopurulent exudate that causes the

eyelashes to stick together when the patient awakens. Symptoms usually begin
in one eye but become bilateral 1 to 2 days later. In children, the most com-
mon etiologies are H. influenzae and S. pneumoniae. The average age of one
large series was 2 years, and conjunctivitis with acute otitis media was seen
in 40% of patients [12]. H. influenzae was the most common pathogen (60%) in
conjunctivitis-otitis cases. Outbreaks of bacterial conjunctivitis may occur, and
S. pneumoniae that cannot be typed is a common cause. Sporadic cases may be
related genetically to outbreak strains [13]. In adults, S. aureus, S. pneumoniae,
and H. influenzae are etiologic. In one study of adults in a chronic care facility,
bacteria were isolated in 38% of acute episodes, and S. aureus was the most com-
mon pathogen [14]. Gram-negative bacillary infections are rare except in patients
with abnormal corneas or patients in intensive care units; Pseudomonas is partic-
ularly destructive. Unusual causes include Borrelia burgdorferi and Bartonella
hensleae.

2. Diagnosis. Conjunctival cultures and Gram stains may be helpful in suspected
bacterial conjunctivitis and should always be obtained in patients with severe or
hyperacute conjunctivitis and in patients who fail to respond to initial therapy.
They should also be obtained in patients who have a filtering bleb from prior glau-
coma surgery, because these patients are at increased risk for endophthalmitis
(see section VI under Endophthalmitis).

3. Treatment. Except for Pseudomonas, treatment is topical only (Table 7.3). Oint-
ments can be given less frequently (every 4 to 6 hours) than eye drops (every 2 to
4 hours) and therefore are useful at bedtime but may transiently blur vision after
each application during the day. Therapy may be stopped 48 to 72 hours after
clearing of signs and symptoms (usually 7–10 days). Patients should be advised
to avoid contamination of the ointment tube or dropper tip and to return if they
are no better in 2 to 3 days.
a. Empiric. Begin broad-spectrum topical therapy while awaiting culture re-

sults. Erythromycin or bacitracin ointments are inexpensive and may be
used for mild infection in adults (these cover only gram-positive organ-
isms). Polytrim (trimethoprim and polymixin B) ophthalmic solution is a use-
ful broad-spectrum agent; Polysporin ointment (bacitracin and polymixin B)
and sulfonamides (e.g., 10% sulfacetamide or 4% sulfisoxazole) also pro-
vide broad-spectrum coverage. Topical gentamicin or tobramycin eye drops
have a narrower spectrum and are more irritating to the corneal surface.
Quinolone eye drops (e.g., ofloxacin) are well tolerated and provide broad-
spectrum coverage but are very expensive. Their use for trivial conjunc-
tival infections is discouraged because of concern for emerging bacterial
resistance.

b. Gram-positive infections. Bacitracin (500 units/g) or erythromycin (0.5%)
ointments, or any of the broad-spectrum agents listed, may be used for mild
infections. Pneumococcal infections may be resistant to erythromycin and may
require ofloxacin or levofloxacin eye drops. In severe pneumococcal conjunc-
tivitis due to a highly resistant strain, vancomycin eye drops are indicated,
but these must be compounded by the pharmacy because they are not com-
mercially available.
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Table 7.3. Some Commercially Available Antibiotic Eye Drops and Ophthalmic Ointments

Antibiotic Trade Namea Concentration

Bacitracinb AK-TRACIN 500 units/g
Ciprofloxacinc Ciloxan 0.3%
Ofloxacin Ocuflox 0.3%
Levofloxacin Quixin 0.5%
Erythromycinb (generic) 0.5%
Gentamicinb,c Genoptic, Gentacidin 0.3%
Sulfacetamide sodiumb AK-SULF, Cetamide 10%
Sulfacetamide sodiumc Ocu-Sul-10,-15; 30 10%, 15%, 30%
Sulfisoxazole diolaminec Gantrisin 4%
Tetracyclineb,c Achromycin 1%
Tobramycinb,c Tobrex 0.3%
Combinations

Bacitracin and polymyxin Bb Polysporin —
Neomycin, polymyxin B, Neosporin —

and bacitracinb or gramicidinc

Trimethoprim and polymyxin Bc Polytrim —

a The trade name list is not all-inclusive. In addition, most of these antibiotics are available also as gen-
eric preparations.
b Ointment available.
c Solution (eyedrops) available.

c. Gram-negative infections. Use ciprofloxacin or an aminoglycoside. Because
of high local concentrations achieved by topical application, aminoglycosides
also provide some coverage of S. aureus (but not streptococci).

C. Chronic
1. Clinical characteristics. Chronic conjunctivitis may be divided into follicular

and nonfollicular. Nonfollicular is usually caused by S. aureus or occasionally
Moraxella lacunata. It is often associated with chronic blepharitis. Anaerobes are
a rare cause of chronic conjunctivitis. Chronic follicular conjunctivitis is usually
caused by Chlamydia trachomatis (see below). Chronic conjunctivitis may also
have a noninfectious etiology, such as allergic conjunctivitis.

2. Diagnosis. Gram staining and cultures (including anaerobic) will identify the
underlying pathogen.

3. Treatment should be guided by culture results (see section B.3). Eyelid hygiene is
important if there is blepharitis. Evaluation of the lacrimal system (for organism
reservoir) may be indicated if symptoms recur.

V. Chlamydial conjunctivitis. C. trachomatis is responsible for two distinct ocular syn-
dromes: trachoma, a blinding disease, and inclusion conjunctivitis, a relatively benign
infection. Trachoma is caused by serotypes A–C, inclusion conjunctivitis by types D–K.
Inclusion conjunctivitis occurs in sexually active adults and neonates; the neonatal dis-
ease is discussed in section VI.
A. Trachoma

1. Clinical characteristics. Trachoma blinds 4.9 million people and is the second
most common cause (after cataracts) of blindness in the world [15]. It is endemic
in areas of Africa (e.g., Egypt, The Gambia, Tanzania), the Middle East (e.g.,
Saudi Arabia), and northern India. Initial infection may heal spontaneously, but
blindness occurs only after many years of infection and reinfection that causes
corneal vascularization and scarring. Person-to-person contact and flies are the
major modes of transmission. Young children are the main reservoir for infection,
and women are much more likely to have severe trachoma than men, probably
because of their contact with children.

Trachoma has four stages: conjunctivitis, corneal vascularization, scarring, and
scar retraction. Chronic recurrent follicular conjunctivitis, involving the upper
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eyelid and extending to the cornea, is typical of trachoma and is rare in other
ocular conditions.

2. Diagnosis. Giemsa stain, but not Gram stain, shows typical basophilic cyto-
plasmic inclusion bodies in conjunctival epithelial cells. However, the direct flu-
orescent monoclonal antibody stain [6] (e.g., MicroTrak), enzyme immunoassay
(e.g., Chlamydiazyme), or DNA probe (e.g., ligase chain reaction) are more sen-
sitive (87%–100%). Reference laboratories can isolate organisms but not routine
media.

3. Treatment. The World Health Organization Global Alliance for the Elimination
of Trachoma by the Year 2020 has adopted the “SAFE” strategy: surgery, antibi-
otic treatment, promotion of facial cleanliness, and environmental changes [16].
Village-wide treatment with azithromycin, one dose weekly for 3 weeks, resulted
in a 64% to 93% decrease in village-wide prevalence rates at 1 year follow-up in
three villages, a reduction superior to that achieved by 6-week daily therapy with
1% topical tetracycline [17].

B. Adult inclusion conjunctivitis
1. Clinical characteristics. Occurring in sexually active adolescents and adults,

adult inclusion conjunctivitis is typically a low-grade, chronic, bilateral follicu-
lar conjunctivitis with a minimal mucopurulent discharge. It begins 2 to 19 days
after exposure to infected genital or urinary tract secretions and occurs in ap-
proximately 1 in 300 patients with genital chlamydial infections. Indirect trans-
mission in poorly chlorinated swimming pools may occur. Conjunctival follicles
are present as in trachoma, but there is greater involvement of the lower palpe-
bral conjunctiva, and preauricular adenopathy is more common. Moreover, the
macropannus and scarring of trachoma are not present.

2. Diagnosis. See section V.A.2.
3. Treatment. Use oral erythromycin (500 mg four times a day) or a doxycycline

(100 mg twice a day) for 2 weeks in adults. Azithromycin has been used as single-
dose therapy for genital infections, but efficacy data for treating conjunctivitis
are unavailable. Untreated inclusion conjunctivitis may lead to chronic follicular
conjunctivitis lasting 3 to 12 months and to subepithelial corneal infiltrates.

VI. Ophthalmia neonatorum. Ophthalmia neonatorum (ON) refers to any conjunctival
inflammation in the newborn. Most cases occur in the first 2 weeks of life. Chlamydiae
are the most common infectious cause of ON, but gonococci are the most serious. Silver
nitrate eye drops, tetracycline ointment, or erythromycin ointment all are equally
effective in preventing gonococcal ON and equally poor at preventing chlamydial ON.
In a study from Kenya, a 2.5% ophthalmic solution of povidone-iodine as prophylaxis
against ON was more effective, less toxic, and less expensive than silver nitrate or
erythromycin [18].
A. General guidelines. Because gonococcal infections are rapidly destructive, con-

sider conjunctivitis in the newborn as an ophthalmic emergency and obtain
prompt ophthalmologic consultation. Do not rely on the timing of the infection or
the clinical appearance alone to make a specific diagnosis: There is too much overlap
with other conditions. Obtain Gram stain, immunofluorescent stain for chlamydiae,
routine cultures, and culture on chocolate and Thayer-Martin media for N. gonor-
rhoeae. If the stains are not diagnostic, begin topical erythromycin empirically while
awaiting culture results.

B. Chlamydial conjunctivitis (neonatal inclusion conjunctivitis)
1. Clinical characteristics. Onset is classically 5 to 14 days after birth. There

may be unilateral or bilateral involvement, with conjunctival hyperemia, eyelid
edema, and profuse exudate. Newborns lack lymphoid tissue and fail to develop
an acute follicular conjunctivitis, which is typical of the adult infection. C. tra-
chomatis types D–K are responsible (as is true for adult inclusion conjunctivitis).

2. Diagnosis. See section V.A.2. Polymerase chain reaction may be as sensitive and
specific as culture, though much faster, in detecting C. trachomatis in conjunctival
and nasopharyngeal specimens from infants with conjunctivitis [19].

3. Treatment. Oral erythromycin (50 mg/kg/day in divided doses) for 10 to 14 days
is the preferred agent. It eradicates nasopharyngeal carriage 80% of the time,
and a second course may be necessary [11]. Topical erythromycin therapy may be
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omitted if it is not tolerated. Parents should be treated for presumed chlamydial
genital infection.

C. Gonococcal conjunctivitis
1. Clinical characteristics. Onset is on days 2 to 5. Initially, the exudate may

be serosanguineous, frequently bilateral, with marked purulence and chemosis.
Complications are rare with adequate therapy but include corneal ulceration and
endophthalmitis.

2. Diagnosis. If the Gram stain shows gram-negative diplococci (many intracellu-
lar), the infant should be hospitalized, immediately evaluated for systemic dis-
ease (arthritis, meningitis, sepsis), and started on therapy as soon as cultures are
obtained.

3. Treatment. Although a single-dose of ceftriaxone (25 to 50 mg/kg intramus-
cularly or intravenously; maximum 125 mg) is effective for gonococcal ON, we
recommend daily therapy at this dose for at least 72 hours to ensure that cere-
brospinal fluid and blood cultures are negative. Cefotaxime (50 to 100 mg/kg/day
divided every 12 hours) may be used instead of ceftriaxone in neonates with hy-
perbilirubinemia. Prompt ophthalmologic consultation should be obtained in all
cases. Parents should be evaluated and treated for genital disease.

D. Other infections. S. aureus infection has a variable onset (usually days 4 to 7) and
results in an acute purulent conjunctivitis that is diagnosed by culture and Gram
stain (in the absence of other detectable ocular pathogens). Topical erythromycin
generally is effective for minor infections. For more serious infections, a systemic
semisynthetic penicillin (e.g., oxacillin) for 7 days is suggested. (See Chapter 3,
Table 3.2 for dosages of systemic antibiotics in neonates.) HSV type 2 may cause a
bilateral conjunctivitis in 15% to 20% of infected infants and may precede or follow
dissemination. Onset occurs on days 2 to 14 postpartum. Treatment is with systemic
acyclovir and topical antiviral therapy.

E. Chemical conjunctivitis is the most common noninfectious cause of ON, occurring
in 90% of infants treated with prophylactic silver nitrate drops. The appearance
of inflammation (eyelid edema, conjunctival hyperemia, watery discharge) within
24 hours of prophylaxis is diagnostic. Smears and cultures are negative. It resolves
(without treatment) in 24 to 48 hours.

INFECTIOUS KERATITIS (INFECTION OF THE CORNEA)
Infectious keratitis, or infection of the cornea, can lead to loss of vision either because of
the resulting corneal scarring or because of progression to perforation and endophthalmitis.
These infections should be managed by an ophthalmologist. Recognition of corneal
disease is the primary function of the generalist.

I. Anatomy. The cornea is the 1-mm-thick clear “window” of the eye that has a major
role in focusing light: It accounts for almost three-fourths of the total refractive power
of the eye. It has no blood vessels but has many sensory nerve fibers (cranial nerve V). It
is composed of three layers: the epithelium, stroma or interstitium, and endothelium.
The corneal epithelium is five cell layers thick and serves as a barrier to infection.
Breaks in the epithelium may lead to bacterial invasion of the corneal stroma.

II. General principles. Keratitis may involve only the epithelium (epithelial keratitis),
the stroma (interstitial keratitis), or both (ulcerative keratitis). The major signs and
symptoms of acute keratitis are a unilateral red eye with pain, photophobia,
tearing, decreased vision, and a corneal defect. A hypopyon (visible layer of
pus in the anterior chamber) may be present and, in keratitis but not endophthalmi-
tis, represents a sterile inflammatory response rather than intraocular infection. The
cornea often appears cloudy due to corneal edema. In eyes with large corneal ulcers,
the ulcer appears as a white defect in the corneal surface and may be seen with a
flashlight. Some corneal ulcers, however, can only be seen with a slit lamp.

III. Viral keratitis
A. Herpes simplex. HSV is the most common cause of keratitis in the United States,

with 500,000 cases diagnosed annually. Herpetic keratitis is third or fourth most
common diagnosis in patients requiring corneal transplants [6]. Most (95%) cases
of HSV keratitis are due to HSV type 1, with the exception of neonatal herpetic
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keratitis. HSV 1 is usually acquired in childhood and remains latent in the trigem-
inal ganglion, which innervates the eye.
1. Clinical characteristics

a. Primary HSV keratitis is rare, and the term refers to the first infection
with HSV in a nonimmune patient. Patients present with multiple herpetic
vesicles on the eyelids and periorbital area of one eye, and keratitis develops
in approximately two-thirds of these patients.

b. Recurrent HSV accounts for nearly all cases of HSV keratitis, including
initial episodes. Patients complain of eye irritation (foreign-body sensa-
tion), photophobia, and decreased vision. Initial episodes usually involve only
the corneal epithelium. On slit-lamp examination of the fluorescein-stained
cornea, the typical branchlike dendritic forms can be seen in the epithelium.
There is less discomfort than expected because diminished corneal sensa-
tion is part of this condition. Recurrent episodes occur in one-third of
patients within 2 years of the initial attack. Recurrences may involve only
the epithelium, but repeated attacks increase the risk of stromal involve-
ment, which may result in permanent corneal scarring. In one large study,
previous episodes of stromal keratitis increased the risk of subsequent stro-
mal keratitis 10-fold [20]. Long-term acyclovir prophylaxis decreases this
risk [21].

2. Diagnosis. The typical morphologic appearance of a dendritic ulcer (seen best
with fluorescein dye) will usually allow a diagnosis, but its absence does not ex-
clude HSV infection (especially in children). Viral cultures or direct fluorescent
antibody tests on corneal scraping may confirm the diagnosis.

3. Treatment. The patient should be followed by an ophthalmologist. Patients
with epithelial keratitis should be treated with oral antiviral agents active
against HSV (e.g., acyclovir, valacyclovir, or famciclovir). Topical antiviral
agents, such as 1% solution of trifluridine (Viroptic eye drops every 2 hours),
idoxuridine (Herplex eye drops every 1 hour), and vidarabine (Vira-A 3% oint-
ment five times daily) may also be used; trifluridine is the most effective. Topical
3% acyclovir ophthalmic ointment, not yet available in the United States, ap-
pears to be as effective as trifluridine. Topical steroids are contraindicated in
epithelial keratitis but, when used with topical trifluridine, may be helpful in
treating HSV stromal hepatitis [22]. Oral acyclovir does not seem to be effective
in treating stromal keratitis [23]. Patients with frequent recurrences of HSV
keratitis, or with stromal keratitis, should be given chronic prophylaxis with
acyclovir 400 mg orally twice a day, because this decreases the risk of stromal
recurrences [21].

B. Herpes zoster ophthalmicus is defined as herpes zoster involvement of the first
(ophthalmic) division of the trigeminal nerve. It is due to reactivation of latent
varicella and is most often seen in the elderly. Involvement of the eye occurs in
approximately 75% of cases, corneal involvement in 55% [24].
1. Clinical characteristics. In 25% of cases, the disease begins with severe uni-

lateral neuralgia. This is followed by typical skin lesions along the distribu-
tion of the first division of the trigeminal nerve. A rash on the tip of the nose
(Hutchinson sign) signifies involvement of the nasociliary branch of this divi-
sion. This is said to increase the risk of corneal involvement, although this has
not been substantiated by some studies [24]. Involvement of the cornea is often
stromal (deep), unlike HSV, which primarily involves the corneal epithelium.
Pseudodendrites may occur and may be confused with HSV dendrites. The ker-
atitis often is accompanied by an anterior uveitis (inflammatory cells in the
anterior chamber; see under Uveitis, section III). Loss of corneal sensation is
common and may persist for months. Herpes zoster and varicella-zoster virus
infections are discussed further in Chapter 4.

2. Treatment. Oral acyclovir for 10 days decreases the incidence of keratitis and
uveitis in patients with herpes zoster ophthalmicus while also decreasing the
duration of skin lesions [25]. Acyclovir should be dosed at 800 mg orally five
times daily, assuming normal renal function. Valacyclovir 1 g three times a day
or famciclovir 500 mg orally three times a day may be used in place of acyclovir.
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The role of topical antiviral agents in herpes zoster ophthalmicus is unclear.
Topical steroids should not be used except by an ophthalmologist.

IV. Bacterial keratitis
A. Etiology. More than 30,000 cases of ulcerative keratitis occur in the United States

annually [26]. Major risk factor for keratitis in a recent Swiss study were contact
lens wear (36%), blepharitis (21%), trauma (20%), and xerophthalmia (15%) [27].
Overnight wear of soft contact lenses increases the risk of keratitis 10- to 15-fold
[28,29].

Over 40% of keratitis cases are culture-negative but presumed bacterial. Most
culture-positive cases are due to gram-positive organisms (75%–80%) and gram-
negative bacilli in 20% to 25% [30]. However, a high proportion of gram-positive
isolates in these series are coagulase-negative staphylococci, diphtheroids, and Pro-
pionibacterium acnes, organisms that may be an ocular surface colonizers rather
than pathogens in keratitis. Assuming these are pathogens, the most common or-
ganisms are coagulase-negative staphylococci (39%), S. aureus (16%), P. acnes (9%),
Pseudomonas (6%), Serratia (6%), viridans streptococci (6%), and S. pneumoniae
(3%) [30]. Pseudomonas aeruginosa is the most common pathogen in contact lens-
related cases.

B. Clinical characteristics. Bacterial keratitis usually presents as a corneal ulcer
that is readily apparent as a gray–white well-circumscribed defect in the corneal
surface. Patients present acutely with a painful red eye; usually the redness is
most intense at the limbus rather than peripherally as in conjunctivitis.

C. Diagnosis. When bacterial keratitis is suspected, an ophthalmologist should see
the patient immediately and scrape the cornea (under slit-lamp visualization) for
Gram stain and culture (aerobic, fungal, and anaerobic, if possible). Because of the
paucity of material, the scrapings should be placed directly on slides and culture
media in the office and sent to the microbiology laboratory (rather than swabs).
Many culture-negative cases will respond to broad-spectrum antibacterial therapy.
However, failure of response to therapy in culture-negative cases warrants repeat
corneal scrapings or biopsy for culture of organisms including aerobes, anaerobes,
fungi, mycobacteria, and Acanthamoeba [31].

D. Treatment. The patient should be started on empiric broad-spectrum fortified
antibiotic eye drops given for the first 24 to 48 hours every half-hour or hour around
the clock. Severe cases should be admitted because they may require this regimen
for several days. If two different antibiotic drops are used, the second should be
given 5 minutes after the first to prevent washout. Frequency can be decreased
(especially at night) as the eye improves.

Nearly all antibiotic eye drops used for treating keratitis must be made up by
the hospital pharmacy, because they are more concentrated than commercially
available preparations (Table 7.4). The exceptions are the quinolone eye drops.
These are recent additions (ciprofloxacin eye drops approved 1990, ofloxacin 1996,
levofloxacin 2000). It is controversial whether initial empiric therapy should in-
clude traditional combination therapy with cefazolin plus fortified tobramycin or
a quinolone such as ofloxacin alone. Several studies have shown success rates
of 85% to 90% with either regimen [30,32]. The topical quinolones have demon-
strated safety and efficacy in adults [32]; safety in children younger than 12 years
has not been established. However, we prefer initial empiric combination ther-
apy (e.g., vancomycin plus tobramycin) for severe cases requiring hospitalization,
particularly if the patient is using a quinolone eye drop at the time of admission.
Ciprofloxacin-resistant bacterial keratitis cases have been reported, and resistance
may be increasing [33]. Once cultures are positive, therapy can be tailored to the
organism (Table 7.5).

Systemic antibiotics are rarely indicated, except for deep corneal ulcers with
impending perforation or extension into the sclera. Choice of antibiotic should be
made based on culture result.

V. Fungal keratitis
A. Etiology. Fungal keratitis (keratomycosis) is rare in the United States and Europe

but common in tropical countries such as India. In the United States keratomycosis
comprises less than 2% of infectious keratitis cases, and most cases of mold keratitis
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Table 7.4. Concentration of Fortified Topical Antibiotic Solutions
(Eye Drops) Used to Treat Bacterial Corneal Ulcers (Keratitis)

Antibiotica Concentration

Amikacin 20 mg/mL
Cefazolin 33, 50, or 133 mg/mL
Chloramphenicolb 5 mg/mL (0.5%)c

Ciprofloxacinb 3 mg/mL (0.3%)
Gentamicin 14 mg/mL
Levofloxacin 5 mg/mL (0.5%)
Ofloxacin 3 mg/mL (0.3%)
Ticarcillin 6 mg/mL
Tobramycin 14 mg/mL
Vancomycin 14 or 25 mg/mL

a Start with a loading dose of 1 drop/min for 5 min, then 1 drop q30 min.
b Available commercially at this concentration. All others must be made up
by the hospital pharmacist.
c Concentrations may be expressed either as milligrams per milliliter or as
a percentage: 10 mg/mL = 1%.

occur in the South. Many different fungi cause keratitis; Aspergillus, Fusarium,
and Candida have been most commonly reported, with Candida predominating in
northern climates and Fusarium in the southern United States. Mold keratitis is
more likely after corneal trauma with vegetable matter trauma (including from
use of nylon-line lawn trimmers) [34], whereas Candida species are more likely
pathogens in abnormal corneas (e.g., keratoconjunctivitis sicca), where they are
often colonizers, especially in eyes receiving topical steroids.

B. Clinical characteristics. Fungal ulcers are indolent and usually have a different
slit-lamp appearance than bacterial ulcers. Typically, there is a gray plaque-like
infiltrate and ulcer with an irregular border, often with several smaller satellites
and a sterile hypopyon.

C. Diagnosis. It may be difficult to isolate the causative organism. A fungal stain
(e.g., calcofluor) should be performed, and corneal scraping should be plated on
Sabouraud media for fungal cultures. If initial cultures are negative, repeat scrap-
ings must be done and a corneal biopsy may be necessary.

D. Treatment. Mold keratitis is much more difficult to cure than yeast or bacte-
rial keratitis. Topical antifungal therapy should be coordinated with the ophthal-
mologist (Table 7.6). For Aspergillus, give topical amphotericin, possibly with the

Table 7.5. Suggested Therapeutic Regimen for Bacterial Corneal Ulcers

Etiology Topical Drops (q30 min) Systemic (i.v.)

Empiric therapy Cefazolin or vancomycin plus
ciprofloxacin or tobramycin

If spread into sclera

S. aureus Vancomycin or cefazolin
(if oxacillin-sensitive strain)

S. pyogenes Cefazolin or vancomycin
S. viridans Cefazolin or vancomycin
S. pneumoniae Vancomycin (or cefazolin

if penicillin-sensitive strain)
N. gonorrhoeae Ciprofloxacin Ceftriaxone
Pseudomonas Ciprofloxacin plus tobramycin Ceftazidime or Ticarcillin plus
Moraxella Ciprofloxacin plus gentamicin
Nocardia Sulfacetamide
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Table 7.6. Topical Treatment of Fungal Corneal Ulcers

Organism Drug Topical Concentration

Candida Amphotericin 1.5 or 3 mg/mL (0.15% or 0.3%)
Flucytosine 10 mg/mL
Fluconazole 2 mg/mL

Aspergillus Amphotericin 1.5 or 3 mg/mL
Flucytosine 10 mg/mL

Fusarium Natamycin 5%

addition of 5-flucytosine. For Fusarium, natamycin has been more successful than
amphotericin. In England, topical econazole has proved useful, but this azole is
not available in the United States. Systemic therapy with amphotericin is not indi-
cated (benefit uncertain and significant toxicity). Oral itraconazole penetrates the
cornea and eye poorly but may prevent scleral extension in peripherally located
ulcers due to molds. For Candida keratitis, topical amphotericin is recommended,
possibly with the addition of 5-flucytosine. Oral fluconazole achieves excellent
corneal penetration, and both oral and topical therapy may be useful in treat-
ing Candida albicans keratitis. If lesions progress on topical and systemic ther-
apy, corneal transplantation (keratoplasty) may be considered early by the corneal
specialist.

VI. Parasitic keratitis
A. Etiology. Acanthamoeba is an amoeba that lives in tap water and is the most com-

mon cause of parasitic keratitis in industrialized countries. Over 90% of patients
with Acanthamoeba keratitis wear contact lenses [35]. Patients who wear soft con-
tact lenses or omit contact lens disinfection are especially at risk. The keratitis
is usually chronic. Typically, the patient has been treated for several weeks with
antibiotics before the diagnosis is considered. Hallmarks include a ring corneal
infiltrate, a lack of corneal neovascularization despite chronicity, and severe pain,
out of proportion to clinical findings. A ring infiltrate is a late sign, but nearly
pathognomonic. Earlier signs include a dendritiform keratitis similar to HSV or a
linear infiltrate starting near the center of the cornea and radiating to the limbus
(radial keratoneuritis).

B. Diagnosis. Cultures require special techniques. Corneal scrapings should be
placed in special transport media (Page saline) and on glass slides. In the micro-
biology laboratory, slides should be stained with calcofluor white to show the cysts
and trophozoites. Page saline solution should be plated on nonnutrient agar that
is overlain with an Escherichia coli “lawn.” The amoebae will grow on this me-
dia after 48 to 72 hours and may be readily viewed under a light microscope. If
these techniques fail, a corneal biopsy should be obtained for pathology and repeat
culture.

C. Treatment. Acanthamoeba keratitis is difficult to cure, and advanced infections
may fail medical therapy. Corneal transplant should be avoided in active infection,
if possible, as recurrence in the corneal graft is common [36]. The therapy of choice
is polyhexamethalene biguanide 0.02% (Baquacil), a cationic disinfectant used as
a swimming pool cleaner. Initially, this should be given hourly around the clock.
Ideally, a second topical solution, Brolene (propamidine isethionate 0.1%), should
be added hourly for double therapy [37]. Brolene 0.15% ointment is useful at night
after the patient has improved, when hourly treatment is no longer necessary.
Unfortunately, Brolene is almost impossible to obtain in the United States, where
it is investigational, but it is readily available in Great Britain. Neosporin drops
(neomycin-polymixin-gramicidin) may be used as a second agent in place of Brolene
but are much less effective.

VII. Interstitial keratitis refers to infection of the corneal stroma (interstitium). There
is no surface ulceration, and the corneal appears diffusely cloudy. Only limited agents
cause this type of keratitis. The most common are recurrent herpes simplex and
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syphilis. In the early 1900’s, interstitial keratitis was a classic manifestation of congen-
ital syphilis; patients often had no other stigmata of the disease. Interstitial keratitis
may occur in either secondary or tertiary syphilis. Therefore, both a nonspecific (rapid
plasma reagin [RPR]) and a specific (fluorescent treponemal antibody absorption [FTA-
ABS] or trepenema pallidum passive agglutination [TPPA]) test should be obtained,
because late syphilis frequently has a negative RPR (all cases will have positive TPPA
tests). All patients with ocular syphilis should be tested for human immunodeficiency
virus. Interstitial keratitis also occurs in tuberculosis, leprosy, and Lyme disease.

ENDOPHTHALMITIS
Endophthalmitis means intraocular infection, but in general usage it refers to bacterial or
fungal infection of the vitreous or aqueous. In nearly all cases, the vitreous is involved.
Because the vitreous is in contact with the retina, retinal destruction may follow. Bacterial
endophthalmitis usually presents over 12 to 24 hours, whereas fungal endophthalmitis is
typically more indolent. Any type of endophthalmitis can cause loss of vision and should be
treated as a medical emergency.

I. Anatomy. The vitreous body is a clear gel that fills the posterior segment of the eye
(Fig. 7.4). It has a volume of approximately 4 mL. It is not regenerated but may be
removed by vitrectomy and replaced with fluid. The aqueous occupies a smaller vol-
ume (0.25 mL) and is continuously regenerated, with a turnover time of 100 minutes.
Probably because of this rapid turnover, the aqueous is more resistant to infection
than the vitreous. The aqueous and vitreous are separated by the posterior capsule of
the lens. Breaks in this can lead to “wicking” of the vitreous into the anterior segment
of the eye, increasing the risk of endophthalmitis.

II. Etiology. Endophthalmitis is divided into six categories. The most common pathogens
for each category are noted in Table 7.7 [38]. Organisms gain entry either through
surgery, trauma, a filtering bleb, or the bloodstream, most commonly after cataract
surgery.

FIG. 7.4 The globe of the eye.
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Table 7.7. Endophthalmitis: The Most Common Pathogens and Recommended Initial
Empiric Intravitreal Antibiotics

Category Pathogens Empiric Intravitreal Antibiotics

Postcataract Coagulase-negative
Staphylococcus S. aureus,
streptococci

Vancomycin 1 mg plus
ceftazidime 2 mg or amikacin
0.4 mg (400 µg)

Chronic pseudophakic P. acnes Vancomycin 1 mg
Bleb related H. influenzae,

S. pneumoniae, viridans
streptococci

Vancomycin 1 mg plus
ceftazidime 2 mg

Posttraumatic Bacillus cereus,
coagulase-negative
staphylococci

Vancomycin 1 mg plus
ceftazidime 2 mg

Endogenous S. aureus, streptococci,
gram-negative bacilli

Vancomycin 1 mg plus
ceftazidime 2 mg or amikacin
0.4 mg (400 µg)

Fungal Candida, Aspergillus,
Fusarium

Amphotericin 10 µg

III. Diagnosis
A. Sampling techniques: vitrectomy versus needle aspirate. The aqueous can

be aspirated by an ophthalmologist (usually a retina specialist) in the office or
emergency room by inserting a needle into the aqueous and aspirating 0.1 mL of
fluid for culture. The vitreous may also be sampled in the office by needle aspirate,
using a 22- to 27-gauge needle, yielding 0.2 mL of vitreous gel for Gram stain and
culture. Alternatively, the vitreous gel may be “debrided” through a vitrectomy
procedure in the operating room. In this procedure, a 20-gauge vitrector, attached
to a ventrui-aspiration vitrectomy machine, cuts and aspirates the vitreous into
a collecting cannister, whereas a separate cannula provides continuous infusion
of balanced salt solution to maintain eye pressure. A vitrectomy can provide an
initial undiluted vitreous sample if a syringe is attached by three-way stopcock to
the vitrector tubing, but most of the vitreous is contained in dilute washings in the
collecting cannister.

B. Culture techniques. Vitreous and aqueous samples are cultured on blood agar,
chocolate agar, meat broth, and Sabouraud media. Samples sent in a syringe (usu-
ally 0.1–0.2 mL) should be plated directly, whereas the dilute washings (30–50 mL)
obtained at vitrectomy surgery should be vacuum filtered through a 0.45-µg filter
and the filter paper divided and placed on culture plates. An unusual feature of
Gram stains of the vitreous or aqueous is that they may contain pigment gran-
ules (a “dust” believed to come from the iris in inflammation or trauma). These
may resemble gram-positive cocci on Gram staining, although they appear
more refractile than bacteria and are more often football-shaped than spheri-
cal. Gram stains of the vitreous are positive in 50% of cases. Vitreous cultures
are more often positive than aqueous cultures, and cultures of vitrectomy wash-
ings are more often positive than vitreous needle aspirate cultures (76% vs. 43%)
[39].

IV. Acute postcataract endophthalmitis. There are over 2 million cataract operations
performed in the United States annually, and endophthalmitis occurs in 0.1% to 0.2%
of cases. Nearly all cases are due to bacteria that normally colonize the conjunctiva
and are introduced into the aqueous during surgery.
A. Clinical characteristics. Symptoms develop over 12 to 48 hours, within 1 week of

surgery in 75% and within 1 month in nearly all cases. Most patients present with
blurred vision (94%), red eye (82%), and eye pain or discomfort (74%) [40]. Patients
are otherwise well, afebrile, and have a normal or only slightly elevated white
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blood count. The eye is injected and has decreased vision. In most eyes (85%), a
hypopyon is visible. The view of the retina is poor, obscured by a cloud of intravitreal
cells.

B. Bacteriology. With rare exception, all cases are bacterial. About 30% have nega-
tive cultures. Of the culture-positive cases, 94% are due to gram-positive bacteria:
coagulase-negative staphylococci (70%), S. aureus (10%), streptococci (9%), and
other gram-positives (5%). Gram-negative bacilli cause only 6% of cases [40].

C. Treatment. Endophthalmitis is a medical emergency that requires initial empiric
therapy as soon as cultures are obtained. Note that the synthetic intraocular lens
placed at the time of cataract surgery does not need to be removed. There are
three components of therapy, and some remain controversial. Most ophthalmolo-
gists have changed their practice of treating endophthalmitis since 1995 as a result
of the Endophthalmitis Vitrectomy Study (EVS) [40], a multicenter, randomized,
prospective trial involving 420 patients. However, major flaws in this study’s design
have prompted some to question the results [41].
1. Intravitreal antibiotics. The need for intravitreal injection of antibiotics is

unquestioned. Vancomycin 1 mg plus either ceftazidime 2 mg or amikacin 0.4 mg
are given empirically, each antibiotic diluted by 0.1 mL and injected separately
into the vitreous after a vitreous sample is obtained (or at the end of the vitrec-
tomy case). Ceftazidime is less toxic to the retina than amikacin, so is favored
by many.

A single intravitreal injection of antibiotic may not kill all bacteria, however.
In the EVS, all patients received intravitreal vancomycin plus amikacin, but
some patients who were recultured several days later had persistently positive
cultures. Cultures were much less likely to be persistently positive (13% vs.
71%) if the patient’s initial procedure was a vitrectomy rather than an aspirate
biopsy [42].

2. Vitrectomy vs. needle aspirate. Vitrectomy (see section III) debrides the
vitreous, analogous to draining an abscess. Until the EVS was published, oph-
thalmologists performed emergency vitrectomies on nearly all suspected cases
for therapeutic reasons. Now, however, most ophthalmologists perform vitrec-
tomies only for patients who present with the worst vision, “light perception,”
and perform needle aspirates on all others. The EVS randomized patients to re-
ceive either a VIT (vitrectomy) or a TAP (aspirate-biopsy) and concluded that in
light perception patients, VIT was clearly beneficial. Only 20% of light percep-
tion patients in the VIT group were left with severe visual loss, versus 47% in
the TAP group. In patients presenting with better vision, there was no apparent
difference between VIT and TAP groups. However, this result of the EVS has
been questioned because the TAP group was not homogeneous. Only one-third
of the TAP group received a needle aspirate, whereas two-thirds had a vitreous
“biopsy,” performed using a vitrector in the operating room. Critics point out
that this biopsy was really a mini-vitrectomy, so that the VIT group and most
TAP patients were treated in a similar manner [41]. Of note, within the TAP
group, patients who received the mechanized “biopsy” had a much better visual
outcome than did patients who received needle aspirate alone [43]. We suspect
that if the EVS had randomized vitrectomy versus needle aspirate, vitrectomy
may have proven to be beneficial for many patients with endophthalmitis.

3. Systemic antibiotics. A blood–eye barrier exists that is similar to the blood–
brain barrier. There are numerous studies in animal models of antibiotic pen-
etration after intravenous therapy but few in humans. As in meningitis, in-
flammation greatly increases antibiotic penetration. Systemic antibiotics that
penetrate the inflamed eye well include vancomycin [44], ceftazidime (better
than other cephalosporins), and the quinolones (ciprofloxacin and ofloxacin
have been studied). Aminoglycosides do not achieve therapeutic vitreous lev-
els. Therefore, before the EVS, i.v. vancomycin plus i.v. ceftazidime had been
standard empiric antibiotic coverage for endophthalmitis. The EVS randomized
patients to receive either i.v. amikacin plus ceftazidime or no i.v. antibiotics and
found there was no difference between the two groups. As a consequence, oph-
thalmologists rarely give systemic antibiotics for endophthalmitis, and most
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publications report that they are not necessary. However, we believe systemic
amikacin plus ceftazidime were poor choices for postcataract endophthalmitis
(80% of culture-positive EVS cases were caused by staphylococci) and that the
benefit of systemic antibiotics is therefore still unknown. One approach would be
to treat all patients (after vitrectomy and intravitreal antibiotics) with i.v. van-
comycin plus ceftazidime for 48 hours until vitreous culture results are known
[45]. If cultures are negative or grow only coagulase-negative staphylococci and
the eye is improving, systemic antibiotics could be stopped. If streptococci, S. au-
reus, or gram-negative bacilli grow, a 7-day course of systemic antibiotics might
be appropriate.

4. Other therapies. Topical antibiotic drops are relatively harmless, although
their value in endophthalmitis is unknown. Subconjunctival antibiotic injec-
tions are also of unknown benefit but carry risk so are not recommended.

V. Chronic pseudophakic endophthalmitis
A. Clinical characteristics. The term “pseudophakic” refers to the synthetic in-

traocular lens placed during cataract surgery. This type of endophthalmitis is very
rare. Unlike acute postcataract endophthalmitis, patients present with weeks to
months of mild eye discomfort and mild decrease in vision. Examination reveals
mild intraocular inflammation and a white plaque in the residual lens capsular
sac.

B. Etiology. Propionibacterium acnes cause nearly all cases but often fail to grow
even with anaerobic cultures.

C. Treatment. Vitrectomy and intravitreal injection of vancomycin 1 mg are standard
therapy. Systemic antibiotics are not necessary. Removal of the intraocular lens and
remnant lens capsule are often required for cure.

VI. Bleb-related endophthalmitis
A. Clinical characteristics. A filtering bleb is created during glaucoma surgery to

allow excess aqueous humor to leak out of the eye and to be resorbed by the over-
lying conjunctiva. This bleb is a defect in the sclera in which only the conjunctiva
serves as a barrier between the aqueous and outside world. Occasionally blebs are
created as a complication of other types of eye surgery. A bleb is visible on gross
examination as a small swelling on the surface of the eyeball, usually beneath the
upper lid. Endophthalmitis results when virulent bacteria gain entry into the eye
via this thin-walled bleb. “Blebitis” may be the first sign of danger. Endophthalmitis
usually develops acutely, often months to years after bleb surgery. Patients present
with typical signs of acute endophthalmitis (eye pain, decreased vision). Because
of the virulence of the usual pathogens, visual outcome is poor [46].

B. Etiology. About 50% of cases are caused by H. influenzae or streptococci (viridans
streptococci, S. pneumoniae); Moraxella catarrhalis is a less common pathogen.

C. Treatment. Vitrectomy, intravitreal, and i.v. vancomycin plus ceftazidime is used.
Simplify once culture results are known.

D. Prevention. Because some cases are due to S. pneumoniae, we recommend that
all patients with blebs are vaccinated with the pneumococcal vaccine.

VII. Posttraumatic endophthalmitis
A. Clinical characteristics. Endophthalmitis develops acutely in 4% to 13% of

patients who suffer penetrating eye trauma (“ruptured globe”) [47]. To prevent
endophthalmitis, prophylactic systemic antibiotics (e.g., i.v. vancomycin and cef-
tazidime) are usually given for several days after the laceration has been re-
paired. Risk of endophthalmitis is much higher in lacerations caused by metal
objects than by glass or after blunt trauma. Risk is also increased if primary
closure is delayed more than 24 hours and if the lens has been disrupted [48].
With patients who develop endophthalmitis, symptoms and signs are the same as
for postcataract endophthalmitis (see section IV.A). Onset is usually in the first
3 days for virulent organisms (Bacillus, gram-negative bacilli) but may be weeks
to months for fungi. Bacillus cereus typically produces a ring-shaped corneal in-
filtrate and a fulminant endophthalmitis, with rapid loss of vision in the affected
eye.

B. Bacteriology. Bacillus species are uniquely important in posttraumatic endoph-
thalmitis, accounting for 15% to 30% of cases. Coagulase-negative staphylococci
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cause as many or more cases, but infection is much milder. Gram-negative bacilli
(e.g., Klebsiella, Pseudomonas) or fungi usually cause fewer than 20% of cases.
Streptococci were the major pathogens in children in one series [49].

C. Treatment. See section IV. Because of the virulence of the usual pathogens,
we believe all patients should receive vitrectomy, intravitreal vancomycin plus
amikacin, and i.v. vancomycin plus either ceftazidime or ciprofloxacin for the first
48 to 72 hours. Vancomycin is effective for B. cereus. Once cultures are finalized,
antibiotics may be simplified and continued for 7 to 10 days if a virulent organism
grows. A repeat intravitreal injection of vancomycin or ceftazidime (depending on
culture result) at 48 hours may be necessary for persistent inflammation.

VIII. Endogenous endophthalmitis
A. Clinical characteristics. Patients with endogenous bacterial endophthalmi-

tis complain of eye discomfort and decreased vision; 17% [50] have bilateral eye
involvement. Although endophthalmitis may be the initial manifestation of bac-
teremia, there are often signs and symptoms related to the source of the bacteremia
as well (e.g., endocarditis, urinary tract infection, gastrointestinal abscess, celluli-
tis, meningitis). However, systemic symptoms (fever, chills, weight loss, malaise)
were present in only about half of the patients in one recent series [50]. Endo-
carditis was the most common source of infection (approximately 40% of cases) in
this series. Endogenous fungal endophthalmitis, usually caused by Candida, is
discussed below (see section IX).

B. Diagnosis. Multiple blood cultures should be drawn. Unlike postcataract or
posttraumatic endophthalmitis, blood cultures are frequently positive (in 72% of
cases [50]).

C. Bacteriology. The single most common bacterial pathogen in a recent series [50]
was S. aureus, causing one-fourth of cases, whereas streptococci (including pneu-
mococci) and gram-negative bacilli each caused about one-third of cases.

D. Treatment. Patients should receive vitrectomy and intravitreal antibiotics, in ad-
dition to the systemic antibiotics that are indicated for their underlying infection.

IX. Fungal endophthalmitis
A. Clinical characteristics. Endophthalmitis due to Candida usually occurs in the

setting of candidemia and is usually due to C. albicans. The term “ocular candidi-
asis” includes both endophthalmitis, in which the vitreous is infected and cloudy,
and the more common chorioretinitis, in which tiny white “fluff balls” can be seen
in the retina but the vitreous is clear. The distinction is important, because treat-
ment differs. Symptoms are similar, and in both the onset is usually subacute, and
patients have decreased vision but rarely eye pain. The eye may be seeded during
unrecognized candidemia in hospitalized patients, but the patient may be asymp-
tomatic initially. In one prospective study, 9% of 118 patients with candidemia had
chorioretinitis on a screening exam (patients were asymptomatic); no patients had
endophthalmitis [51]. Symptoms may not become apparent until weeks later in
untreated ocular candidiasis.

Endophthalmitis due to molds (e.g., Aspergillus, Fusarium) is very rare and oc-
curs after penetrating trauma, eye surgery, or extension of fungal keratitis. Onset
is often weeks after the event. Patients complain of eye pain and decreased vision.
The vitreous is cloudy and appears to contain “cotton balls.”

B. Diagnosis. Vitreous cultures should be sent for fungal stain (e.g., calcofluor) and
culture.

C. Therapy. For patients with Candida chorioretinitis, treatment of the candidemia
with systemic antifungals nearly always cures the intraocular infection as well.
In Candida endophthalmitis, however, a vitrectomy plus intravitreal injection of
amphotericin (10 µg) is indicated in addition to systemic therapy. Systemic am-
photericin is indicated for candidemia until the species of yeast is known and
then can be changed to oral fluconazole if the isolate is a sensitive species (e.g.,
C. albicans). Treatment with fluconazole should be high dose (400 to 600 mg/day
orally) for 6 weeks, with monitoring of liver function tests. In patients with mold
endophthalmitis, a vitrectomy should be performed, any intraocular lens removed,
and intravitreal amphotericin (10 µg) injected. Weekly injections of amphotericin
may be required. Successful therapy is rare, but systemic amphotericin therapy is
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Table 7.8. Uveitis: Classification and the Most Common
Infectious Etiologies

Category Infection

Anterior uveitis Herpes simplex
Iritis Herpes zoster
Iridocyclitis Syphilis

Tuberculosis
Intermediate uveitis Lyme disease

Cyclitis
Vitritis
Pars planitis

Posterior uveitis Toxoplasmosis
Choroiditis Tuberculosis
Chorioretinitis Candida
Retinitis Herpes simplex, zoster (ARN)

Cytomegalovirus
Panuveitis Syphilis

Tuberculosis
Leptospirosis

Note that most causes of uveitis are not infectious but are autoimmune or
idiopathic. The list of infectious agents refers to each category rather than
subcategory.

not indicated because of lack of efficacy. Systemic azoles have not proved useful.
Fluconazole has good penetration into the eye but very poor activity against fila-
mentous fungi, whereas itraconazole has good in vitro activity against molds but
does not cross the blood–eye barrier.

UVEITIS
I. Anatomy. The eye has three concentric coats (Fig. 7.4): (a) a fibrous protective outermost

coat composed of sclera (posterior five-sixths) and cornea (anterior one-sixth); (b) the
highly vascular uvea, composed of iris, ciliary body, and choroid; and (c) the retina.
The retina is in direct contact with the choroid, and inflammation of the choroid often
involves the retina as well (chorioretinitis).

II. Classification. Uveitis classification is confusing because there are different classifi-
cation schemes [52] and because retinitis is usually included in posterior uveitis, even
though the retina is not part of the uvea. Table 7.8 gives one classification. Anterior
uveitis includes inflammation of the iris (iritis) or iris and ciliary body (iridocyclitis)
and accounts for 50% to 90% of uveitis cases. Intermediate uveitis includes cyclitis (in-
flammation of the ciliary body), vitreitis (inflammation of the vitreous), and pars planitis
(pars plana is the pigmented posterior zone of the ciliary body). It accounts for about
5% of uveitis cases. Posterior uveitis includes inflammation of the choroid (choroidi-
tis) or retina (retinitis) or both (chorioretinitis) and accounts for 15% of uveitis cases.
Panuveitis occurs in less than 10% of uveitis patients [52].

III. Anterior uveitis (iritis, iridocyclitis)
A. Clinical characteristics. Patients usually present with a painful red eye and

decreased vision. There may be pupillary constriction, photophobia, and tearing.
On slit-lamp examination, there are cells and “flare” (protein) in the anterior cham-
ber. The inner surface of the cornea may be speckled with keratic precipitates that
are either fine (“granular”) or globular (“granulomatous” or “mutton fat” keratic
precipitates). The term “granulomatous” is descriptive and does not refer to finding
granulomas on pathology. Granulomatous keratic precipitates are less common than
granular keratic precipitates and more often associated with sarcoidosis, syphilis,
or tuberculosis. Note that topical steroids may change granulomatous keratic
precipitates to granular keratic precipitates.
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B. Etiology. Almost 90% of cases are idiopathic or have a rheumatologic etiology (e.g.,
sarcoidosis, ankylosing spondylitis, Reiter syndrome). The most common infectious
cause is herpes (simplex and zoster), which accounts for 10% of anterior uveitis cases.
Rarely, anterior uveitis is associated with syphilis, tuberculosis, or Lyme disease.
1. HSV type I causes recurrent anterior uveitis in up to 40% of patients with a

history of herpetic keratitis. The virus may cause recurrent iritis or iridocyclitis
without active corneal disease. Disease is thought due mainly to the immune
reaction to the virus, and treatment with topical steroids and topical trifluridine
is effective. The benefit of adding oral acyclovir for iridocyclitis was not clear
in a prospective trial [53], although chronic suppressive therapy with acyclovir
400 mg orally twice a day reduced frequency of recurrence. Herpes zoster virus
may cause an anterior chamber inflammation from iridocyclitis as part of herpes
zoster ophthalmicus, and treatment is the same as for keratitis (see Infectious
Keratitis, section III).

2. Syphilis in the acquired form may cause an anterior uveitis, is usually bilateral,
and most often associated with secondary syphilis. In two-thirds of cases, the
patient has granulomatous rather than granular keratic precipitates. Syphilis
may also cause a posterior uveitis (see below) or panuveitis. This diagnosis
should be considered in any patient with uveitis and a positive RPR.
Syphilitic uveitis may also occur in latent and tertiary syphilis, so an FTA-ABS or
TPPA should be requested, because many of these cases will have negative RPRs.
A TPPA is preferred, as FTA-ABS may rarely be falsely positive in rheumatologic
diseases [54]. In patients with ocular syphilis, a lumbar puncture is indicated to
rule out coexistent neurosyphilis. Treatment for ocular syphilis is the same as for
neurosyphilis (10 days of intravenous penicillin at 24 million units/day) (see also
Chapter 16).

3. Tuberculosis may cause an anterior uveitis, but a more common manifestation
is multifocal choroiditis (see below).

IV. Intermediate uveitis. Most cases are idiopathic (70%) or due to sarcoidosis (20%) or
multiple sclerosis (8%). Lyme accounts for 0.6% of cases.
A. Lyme disease. Lyme disease is rarely associated with uveitis. Some reported cases

may be suspect because diagnosis is often based on serology. Uveitis usually occurs
in the later stages of the disease. Lyme can cause anterior uveitis, neuroretinitis,
retinal vasculitis, choroiditis, and panuveitis, but intermediate uveitis—especially
vitreitis—may be the most common manifestation [55]. The vitreitis is often severe
and accompanied by a granulomatous anterior chamber reaction and inflammation
of the optic disk (papillitis).

V. Posterior uveitis (including retinitis)
A. Clinical characteristics. Unlike patients with anterior uveitis, patients with pos-

terior uveitis usually have no pain and present with subacute decrease in vision.
Toxoplasmosis is the most common cause, accounting for 25% of posterior uveitis
cases, whereas cytomegalovirus was common in patients with acquired immunode-
ficiency syndrome (AIDS) before highly active antiretroviral treatment (HAART).

B. Viral etiologies
1. Cytomegalovirus produces a retinitis in immunocompromised patients. Though

now uncommon, it affected over 30% of patients with AIDS before the advent of
HAART (see Chapter 18,19).

2. Other herpesvirus infections. HSV and varicella-zoster virus can cause a
retinitis but more typically cause a keratouveitis (see section III.B). They are the
most common causes of acute retinal necrosis . First described 30 years ago,
acute retinal necrosis often starts as an iritis and then causes a fairly rapid (days
to weeks) destruction of the retina [56]. The retinal destruction characteristically
starts in the periphery. In one-third of patients, the other eye will become involved.
Treatment with high-dose i.v. acyclovir (10 mg/kg every 8 hours for 2 to 3 weeks)
is followed by oral therapy (e.g., valacyclovir for 4 to 6 weeks) to prevent disease
in the other eye.

C. Bacterial etiologies
1. Syphilis was the leading cause of chorioretinitis in the early 1900’s but is now

uncommon. The most common ocular finding in congenital syphilis is a bilateral
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chorioretinitis, whereas a patchy neuroretinitis with retinal hemorrhage is most
common in acquired syphilis (seen mainly in latent or tertiary stages). Treatment
is as described for syphilitic anterior uveitis (see section III.B.2).

2. Tuberculosis was once a common cause of posterior uveitis but is now rare.
The most common ocular manifestation is a multifocal choroiditis, with multiple
(five to several hundred) discrete lesions in the deep choroid. Vitreitis and an
anterior granulomatous uveitis may also be seen. The diagnosis of ocular dis-
ease is not difficult in patients with evidence of tuberculosis elsewhere (e.g., in
the lungs, lymph nodes, or renal system), because diagnosis may be confirmed
by biopsy and/or culture from these other sites. However, ocular disease often
occurs in patients with no other manifestations of tuberculosis. In these patients,
diagnosis is a dilemma. There is no good diagnostic test for ocular tuberculosis.
Cultures of the aqueous or vitreous are negative, and polymerase chain reaction
of the vitreous has an unknown sensitivity and specificity. In four of the six cases
in the literature with positive polymerase chain reaction for tuberculosis, there
were no other manifestations of the disease and diagnosis was presumptive [57].
Biopsy of the choroid can be done but is not indicated because the procedure
carries a high risk for loss of the eye. At present, diagnosis in patients with no
other evidence of tuberculosis must be based on clinical judgment. Not all pa-
tients with a positive purified protein derivative (PPD) and uveitis have ocular
tuberculosis, but some do. The diagnosis should be considered in patients with a
positive PPD who have classic manifestations of ocular tuberculosis (e.g., multi-
focal choroiditis). Treatment for ocular tuberculosis should be for 12 months (see
Chapter 11).

D. Fungal etiologies
1. Candida In a recent prospective study (see under Endophthalmitis), choriore-

tinitis developed in 9% of patients with candidemia. Treatment of the candidemia
(see Chapter 17) will also treat the chorioretinitis.

2. Cryptococcus may cause a chorioretinitis. This is almost always seen in patients
who also have cryptococcal meningitis (see Chapter 17).

3. Presumed ocular histoplasmosis syndrome is a syndrome of bilateral chori-
oretinal scars (“histo spots”), peripapillary atrophy, and maculopathy seen pre-
dominantly in patients who live in the Ohio and Mississippi River valleys of the
United States. Although presumed to be due to Histoplasma capsulatum, there
is no proof of this. No antifungal therapy is indicated.

E. Parasitic etiologies
1. Toxoplasma gondii is the leading cause of posterior uveitis. It produces a

retinochoroiditis, usually as a result of reactivation of latent infection. The classic
finding of ocular toxoplasmosis is of a yellow-white lesion adjacent to a brown-
black retinal scar. The view of the retina is often hazy due to accompanying vitreal
inflammation, so the funduscopic exam may have a “headlight in the fog” appear-
ance. In contrast, vitreal inflammation is almost never seen in cytomegalovirus
retinitis. In immunosuppressed patients, especially patients with AIDS, the reti-
nal lesions are multifocal and often bilateral, and there may be associated central
nervous system lesions. The diagnosis of ocular toxoplasmosis is clinical (i.e.,
by the appearance of the ocular lesions). There are no good laboratory tests.
Serology is usually positive, but this is nonspecific because of the high preva-
lence of seropositivity in the general population. Serology may also be falsely
negative.

Peripheral lesions that do not threaten vision may not require treatment. Treat-
ment for vision-threatening lesions in adults includes sulfa drugs (e.g., sulfadi-
azine 1 g orally every 6 hours), pyrimethamine (25 mg/day orally) with folinic
acid “rescue” (5 mg/day orally), and clindamycin (300 mg orally four times a day).
Prednisone is often added in cases with severe vitreous inflammation and le-
sions threatening the macula. Sulfadiazine probably is superior to trimethoprim-
sulfamethoxazole, although the latter (one Bactrim DS tablet orally twice a
day) has been used successfully in immunocompetent patients. Note that pa-
tients should have frequent complete blood counts while on pyrimethamine. Re-
cently, atovaquone has been successfully used to treat ocular toxoplasmosis [58].
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FIG. 7.5 The paranasal sinuses. (Modified from Lessner A, Stern GA. Preseptal and orbital
cellulitis. Infect Dis Clin North Am 1992;6:933–952, with permission.)

Because all available therapies treat only the tachyzoites but not the tissue cysts,
treatment suppresses but does not cure the infection, and recurrence of ocular
toxoplasmosis occurs in two-thirds of patients.

VI. Other infectious causes of uveitis. Very rare causes of uveitis include leptospirosis,
brucellosis, Pneumocystis carinii, Whipple disease, and Toxocara canis.

ORBITAL AND PERIORBITAL INFECTIONS
I. Anatomy. The orbit is surrounded by the paranasal sinuses (Fig. 7.5) and the bones of

the orbit and the sinuses are shared (e.g., the medial wall of the orbit is the very thin
lateral wall of the ethmoid sinus). The globe of the eye fills most of the anterior portion
of the orbit, whereas loose fatty tissue and muscle fill most of the posterior part. The
orbital septum is a fascial layer extending from the orbital rim periosteum to the
tarsal plates in the eyelids, and it is a major barrier preventing superficial (preseptal)
infection from extending posteriorly into the orbit. The orbital veins drain into the
cavernous sinus. They have no valves so they freely communicate with the veins of the
face and paranasal sinuses.

II. Etiology. Most orbital infections (50%–80%) are secondary to sinusitis, usually in-
volving the ethmoid or frontal sinuses. Other orbital infections may follow trauma,
surgery, dacryocystitis, or eyelid infections. Figure 7.6, adapted from the classic study by
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FIG. 7.6 The five main categories of orbital infection: (a) Preseptal cellulitis, (b) orbital cel-
lulitis, (c) subperiosteal abscess, (d) orbital abscess, (e) cavernous sinus thrombosis. (Modified
from Chandler JR, Langenbrunner DJ, Stevens FR. The pathogenesis of orbital complica-
tions in acute sinusitis. Laryngoscope 1970;80:1414, with permission.)

Chandler, Langenbrunner, and Stevens [59], illustrates the five main categories of or-
bital infection. With the exception of cavernous sinus thrombosis, ocular findings are
nearly always unilateral.

III. Preseptal (“periorbital”) cellulitis
A. Definition. Preseptal cellulitis is an infection that involves the entire eyelid and

surrounding tissues anterior to the orbital septum but does not extend to the
deeper contents of the orbit. Infection is secondary to sinusitis or upper respiratory
infection in more than 50% of patients and to eye trauma in 25% [59]. Most patients
are children younger than 10. S. aureus, streptococci, and H. influenzae are the most
common pathogens. A mixed infection including oral anaerobes may occur after an
animal or human bite to the lid area.
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B. Clinical characteristics. Pain, swelling, and erythema of the eyelid and low
grade fever are typical, although one-third of patients remain afebrile. The distensi-
bility of the periorbital tissues results in severe eyelid edema. It is important to note
that there are no signs of orbital involvement: no proptosis (anterior displacement of
the eye), ophthalmoplegia (limitation of eye movement), pain with eye movement,
or change in visual acuity. Proptosis may not be grossly apparent and should be
measured with an instrument (Hertel exophthalmometer). If any orbital signs are
present, orbital cellulitis must be considered.

C. Diagnosis. As in most cases of cellulitis, there is little to culture. Blood cultures
should be obtained, and any draining wound should be cultured. If there is no
obvious source, sinus disease should be excluded by sinus radiographs or computed
tomography (CT) or by otolaryngology evaluation. An ophthalmology consultation
should be obtained.

D. Treatment. In mild cases, oral antibiotics may be given with close (e.g., daily)
follow-up. In more severe cases, i.v. antibiotics should be given initially and the
patient observed in the hospital. Initial i.v. antibiotics include nafcillin (if a skin
source is suspected) and ampicillin-sulbactam (if there is concomitant sinusitis or
bite wound).

IV. Orbital cellulitis
A. Definition. Orbital cellulitis is diffuse infection of the orbital contents. Most infec-

tions follow sinusitis, but they may occur after trauma, preseptal cellulitis (and its
etiologies), or, rarely, surgery.

B. Clinical characteristics. In addition to the eyelid swelling, redness, warmth, and
tenderness seen in preseptal cellulitis, there is proptosis and pain with eye move-
ment. There is often orbital pain, conjunctival hyperemia, and chemosis (conjuncti-
val edema). Most patients are febrile and have elevated white blood cell counts. As
the infection progresses, there is limitation of ocular motility. Orbital abscess or sub-
periosteal abscess should be considered if there is inferior and lateral displacement
of the globe (i.e., the eye looks downward and outward).

The major pathogens are S. aureus, group A streptococci, S. pneumoniae, viridans
streptococci (e.g., S. intermedius), and H. influenzae. The incidence of H. influenzae
as a cause of orbital cellulitis has decreased markedly since the advent of the HiB
vaccine [60].
1. Noninfectious diseases that can mimic orbital cellulitis are rapidly enlarging

orbital neoplasms such as rhabdomyosarcoma or malignant melanoma.
C. Diagnosis. Cultures of blood, conjunctiva, and wounds (if present) should be ob-

tained. Needle aspiration of the orbital soft tissues is not indicated. A lumbar punc-
ture should be performed if there is any clinical suspicion of meningitis. A cranial CT
to determine whether sinusitis or an abscess is present is important. An ophthal-
mologist should be consulted regardless and an otolaryngologist if sinusitis is
present.

D. Treatment. Intravenous antibiotics should be started as soon as cultures are ob-
tained. Antibiotics that penetrate the blood–brain barrier should be chosen even
in the absence of signs of meningitis. Delay in treatment or inadequate antibiotics
may result in loss of vision or even death.
1. Posttraumatic. A semisynthetic penicillin (e.g., nafcillin).
2. Postsurgical. Broad-spectrum coverage (e.g., nafcillin and cefotaxime).
3. After bite wounds or anaerobic infection. Ampicillin-sulbactam is suggested.

See related discussion in Chapter 4 under Animal Bites.
4. Sinusitis-related (or nontraumatic). Nafcillin plus a third-generation cephalo-

sporin (e.g., cefotaxime or ceftriaxone).
E. Mucormycosis is a rapidly progressive necrotizing fungal infection of the

paranasal sinuses that may present initially as a bacterial orbital cellulitis. There
are subtle differences in presentation, however. In bacterial orbital cellulitis, the
lids are red, hot, and tender; pain is usually limited to the orbit; and there are no
paresthesias (except possibly decreased sensation in very swollen lids). In mucormy-
cosis, the lids are often very edematous, may be faintly pink, but are often not red
or hot. Patients with mucormycosis often have pain or paresthesias in the cheek,
temple, or forehead where there is no sign of cellulitis, and these symptoms may
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occur 1 to 2 days before any evidence of ocular or facial abnormality. Mucormycosis
is very rare, and most cases occur in insulin-dependent diabetics (70% of cases) or
immunocompromised hosts. Patients receiving desferrioxamine chelation therapy
are also at risk. The fungus invades blood vessels, causing ischemic necrosis of tis-
sues. It spreads rapidly (in days) from sinus focus to involve the orbit, followed by
the cavernous sinus and brain. The diagnosis is suspected in the appropriate host
by the appearance of an area of necrosis (e.g., black eschar) in the nasal mucosa on
endoscopic examination. However, very rarely and in early disease, the mucosa may
look normal, but deep surgical biopsy of the middle turbinate will show the invading
hyphae [61]. Diagnosis must be confirmed by biopsy of tissue (usually intranasal or
sinus), showing the characteristic nonseptate hyphae invading tissue. Therapy is
with aggressive surgical debridement and intravenous amphotericin (or liposomal
amphotericin).

V. Subperiosteal abscess
A. Definition. A subperiosteal abscess is a collection of pus between the periosteal

lining and the bony wall of the orbit. If pus ruptures into the orbit itself, it is an
orbital abscess (see section VI). A subperiosteal abscess usually results from the
extension of an infection within a sinus.

B. Clinical characteristics. As in orbital cellulitis there is redness and swelling of
the eyelids, proptosis, orbital pain, and usually a fever and an elevated white blood
cell count. In addition, there is ophthalmoplegia and displacement of the globe.
Because the ethmoid or frontal sinuses are most commonly involved, displacement
tends to be downward and laterally (“down and out”). S. aureus, streptococci, and
H. influenzae are the most common pathogens.

C. Diagnosis. Blood cultures should be obtained. Emergency consultations with an
ophthalmologist and an ear, nose, and throat surgeon should be obtained as well
as an emergency CT (the relative merits of CT vs. magnetic resonance imaging in
this setting have not been defined). Sinus cultures obtained endoscopically may be
helpful if surgery is delayed. At the time of surgery, aerobic and anaerobic cultures
should be obtained and the material should be Gram stained.

D. Treatment. As in orbital cellulitis, delay in treatment may result in loss of vision.
In most patients, immediate surgical drainage of the subperiosteal abscess and in-
volved sinus should be performed. Intravenous antibiotics should include a semisyn-
thetic penicillin and a third-generation cephalosporin (e.g., nafcillin and ceftriaxone)
and should be started as soon as initial blood and sinus cultures have been taken.

VI. Orbital abscess
A. Definition. An orbital abscess is a collection of pus within the orbit. It results

either from a consolidation of infection in orbital cellulitis or from rupture of a
subperiosteal abscess. Progression of infection in the patient with orbital cellulitis
despite adequate intravenous antibiotics or a decrease in either visual acuity or
extraocular movement suggests development of an intraorbital abscess.

B. Clinical characteristics. The eyelids are red, warm, and swollen, and there is
often marked chemosis. As in subperiosteal abscess, the globe often is displaced
downward and laterally. Eye mobility is severely limited, and there is usually
a marked decrease in vision. Fever and leukocytosis are common. S. aureus and
streptococci are the most common pathogens. The distinction between orbital and
subperiosteal abscess may be difficult to make clinically.

C. Diagnosis. Blood cultures should be drawn. An emergency CT and emergency
consultations with an ophthalmologist and an ear, nose, and throat sur-
geon should be obtained. At surgery, the abscess material should be sent for Gram
stain and aerobic and anaerobic cultures. In immunocompromised patients, smears
and cultures for acid-fast bacilli and fungus should also be done.

D. Treatment. In this condition, as in subperiosteal abscess, emergency surgical
drainage of the abscess is the most important component of therapy. Empiric i.v. an-
tibiotics should be given as soon as possible, however, while awaiting this surgery.
Delay in treatment may result in loss of vision. After blood cultures have been
taken, empiric i.v. therapy with a semisynthetic penicillin and a third-generation
cephalosporin (e.g., nafcillin and ceftriaxone) should be started. Antibiotics should
be adjusted when culture results are available.
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VII. Cavernous sinus thrombosis. Cavernous sinus thrombosis is a very rare but life-
threatening complication of orbital infection that can occur when a septic phlebitis of
the veins draining the orbit leads to thrombosis of the cavernous sinus. Because the
cavernous sinus drains both orbits, thrombosis leads to bilateral eye findings (prop-
tosis, periorbital edema, ophthalmoplegia). Because of the proximity of the cavernous
sinus to the meninges, meningeal signs and frank meningitis can also occur. The pa-
tient appears very ill and may have papilledema in addition to “frozen” globes. The
major pathogens are S. aureus and streptococci. Meningeal doses of broad-spectrum
antibiotics (e.g., nafcillin, metronidazole, ceftriaxone) should be used. The use of anti-
coagulants is controversial.
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8. UPPER RESPIRATORY TRACT INFECTIONS

Robert F. Betts

With the exception of β streptococcus group A, viruses cause most cases of upper respiratory
tract infection (URI). The term URI is somewhat of a misnomer. The respiratory viruses
infect all of the respiratory epithelial-lined respiratory system, producing rhinitis, pharyn-
gitis, otitis, laryngitis, and bronchitis. Clinical manifestations vary by age and somewhat by
specific virus subtype. However, any one of the many respiratory viruses can produce any
one of the several syndromes listed. Most of these syndromes are self-limited. What makes
them so important in the United States is that they consume so much medical attention and
so much of our medical resources. Approximately 20 million office prescriptions per year in
the United States are written for URIs [1,2]. The most common reason has been otitis me-
dia, but bronchitis and sinusitis are not far behind [1]. These infections accounted for more
than 75% of prescriptions written annually in physicians’ offices [1]. Therefore, a practical
approach to these common problems is essential.

I. The “common cold”: definition and pathophysiology
A. Definition. Although we strive to define this syndrome, there is certainly not common

agreement as to its definition, certainly not by the lay public. Some include only a
stuffy nose and a sore throat in the definition and call facial pain sinusitis and cough
bronchitis, believing they are somehow different. Others include all the above. Virus
in pure culture has been isolated from sinus puncture [3,4], from the middle ear [5],
and in animals from the trachea.

B. Pathophysiology. Over the last several years a great deal of information has accu-
mulated indicating that respiratory symptoms are caused by elaboration of inflam-
matory mediators in response to viral infection [6,7]. The viruses themselves, with
the exception of influenza and perhaps adenovirus, are not cytotoxic. Observations in-
dicate that rhinovirus can be detected in the nasal secretions without any symptoms
whatsoever. When cytokines are produced, the syndrome takes shape [6,7].

C. Anatomic changes. Computed tomographic studies on subjects with rhinovirus
caused by URI reveal abnormalities of the sinuses in more than 85% of
cases. These abnormalities resolve without antibiotics [8,9]. Mucopurulent rhini-
tis (thick, opaque, or discolored nasal discharge) frequently develops 1 to 3 days
after the onset of the common cold. Desquamated epithelial and polymorphonu-
clear cells in the nasal secretions provide this color change in the absence of virulent
bacteria [9].

II. Specific syndromes
A. Nasopharyngitis is characterized by rhinorrhea, sneezing, sore throat, cough,

and, in children, low-grade fever.
1. Frequency. Children may have three to eight and adults one to three colds per

year [9].
2. Etiology. Rhinoviruses and coronaviruses account for most infections in children;

rhinoviruses are especially important in adults.
3. Course. The usual duration is 6 to 7 days with peak symptoms on the sec-

ond and third days. It often begins with a mild sore throat, and within 24 hours
clear and copious nasal discharge develops, by which time the sore throat has
decreased. Accompanying the discharge is frequent sneezing with obstruction
of one or the other of the nasal passages. Mucopurulent discharge mentioned
above then evolves. Cough occurs by the second or third day due to release of
inflammatory mediators [7]. Systemic symptoms, but rarely fever, are present on
days 2 to 4.

4. Management: symptomatic therapy in rhinovirus colds (and probably
other etiologies).
a. Naproxen, and other nonsteroidal antiinflammatory drugs (NSAIDs), begun

at the very first symptoms in young adults significantly reduces symptoms of
headache, malaise, myalgia, and cough [10]. Virus shedding is not altered. This
suggests an important role for prostaglandin or cyclooxygenases in cough and
in systemic symptoms [7,10].

251
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b. First-generation antihistamines. Based on earlier studies, the role of an-
tihistamines in the therapy of common colds was controversial [11]. However,
if first-generation antihistamines are initiated at the onset of the very first
symptoms, they are very beneficial in adults. First-generation antihistamines
appear more beneficial than second generation [12]. Clemastine fumarate
reduces sneezing and rhinorrhea [13]. Likewise, brompheniramine maleate
(e.g., the antihistamine in Dimetapp) was similarly efficacious, and it also re-
duced cough [14]. Mild drowsiness, dry mouth, and dry throat are potential side
effects in some patients. The combination of naproxen and a first-generation an-
tihistamine are highly effective. It is hoped that a similar approach in children
would reduce otitis manifestations, but that awaits further study.

c. Intranasal ipratropium bromide (Atrovent) used for 4 days provides
specific relief of rhinorrhea and sneezing with common colds in adults [15,16].

d. Pseudoephedrine plus acetaminophen when given to subjects who had cold
symptoms for less than 48 hours led to improvement of “sinus” pain, pressure,
and congestion when compared with control subjects in a preliminary report.
The combination was well tolerated, except that 4% of the pseudoephedrine-
acetaminophen subjects complained of nervousness [17].

e. Other. Acetaminophen in children and acetaminophen or aspirin in adults have
been used, but these have not proven as effective as other NSAIDs. Cold-water
vaporization has been used.

f. Antimicrobial agents should not be given for the common cold. Con-
trolled trials of antibiotics have shown that treatment fails to change the course
and the outcome of the illness. Furthermore, they do not prevent bacterial com-
plications [9]. One well-conceived study (none in the study had received the
above outlined symptomatic therapy) indicated that a third of antibiotic re-
cipients and a third of placebo recipients were better in a week. However, a
higher percentage of the 10% from whom respiratory pathogens were isolated
pretreatment and had received placebo had progression of symptoms at 1 week
[18]. The results from this study support the approach of waiting 7 days be-
fore using antibiotics. By so doing, only the 5% to 10% with progression would
receive therapy.

g. Antiviral agents At the moment, there is no clear evidence that treatment of
common cold with an antiviral agent is useful. This may be because symptoms
are more due to host response than to viral replication. Prophylaxis during
either the season of heightened activity (September and May) or in the family
setting may prove more useful [19].

5. Complications. Otitis media or bacterial sinusitis may follow a cold that some-
times merits antibiotics. See below for specific discussions of these entities.

6. Transmission is from person to person, requires close contact, and probably in-
volves transfer of the virus from the hands of an infected person to an intermedi-
ate surface or directly to the hands of a susceptible person [20]. Therefore, good
handwashing can help prevent the spread of these viral infections. Ill-
ness in one family member should prepare others to initiate symptomatic therapy
outlined above at the earliest symptoms.

B. Acute pharyngitis and tonsillitis
1. Definitition. The onset of pain in the throat manifested especially on swallowing,

sometimes associated with tonsil exudates.
2. Etiology. Most pharyngitis is due to virus (usually >70%) and is not exuda-

tive. Pharyngitis produced by Epstein-Barr virus (EBV) is often the only respi-
ratory manifestation of this disease (see Chapter 9). The earliest manifestation of
both Mycoplasma pneumoniae and Chlamydia pneumoniae infection is pharyngi-
tis without rhinitis. Group A Streptococcus pyogenes (GAS) are the major cause
of bacterial pharyngitis. Arcanobacterium are an uncommon cause of bacterial
pharyngitis, and Corynebacterium diphtheriae is rare in the highly vaccinated.

3. Clinical presentation [21]. See Table 8.1.
a. Pharyngitis caused by viruses is suggested by a rapid progression to

include rhinorrhea, obstruction of the nasal passage(s), cough, conjunctivitis,
hoarseness (which have up to 80% negative predictive value), and absence
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Table 8.1. Differentiating Features of Pharyngitis Caused by Group A Streptococci
and Viruses

“Classic” Streptococcal Pharyngitis Viral Pharyngitis

Season Late winter or early spring All seasons
Age Peak: 5–11 yr All ages
Symptoms Sudden onset Onset varies

Sore throat, may be severe Sore throat, often mild
Headache Fever varies
Abdominal pain, nausea, vomiting Myalgia, arthralgia

Abdominal pain may occur with
influenza A or Epstein-Barr
virus

Signs Pharyngeal erythema and exudate Characteristic enanthems
Tender enlarged anterior cervical

nodes
Palatal petechiae
Tonsillar hypertrophy
Scarlet fever rash

Characteristic exanthems
Often with cough, rhinitis,

hoarseness, conjunctivitis,
or diarrhea

Absence of cough, rhinitis,
hoarseness, conjunctivitis, and
diarrhea

Modified from Tanz RR, Shulman ST. Pharyngitis. In: Long-SS, Pickering LK, Prober CG, eds. Principles
and practice of pediatric infectious diseases. New York: Churchill/Livingstone, 1997:202, with permission.

of fever. Viral infection is especially common in children less than age 3 [22].
Adenovirus can cause a syndrome that largely presents as pharyngitis with as-
sociated conjunctivitis. Exudate is commonly detected. EBV has exudates and
tonsil enlargement as a major component of its presentation (see Chapter 9).

b. The “classic” clinical features of GAS are onset in winter or spring; school-
aged child; abrupt onset of fever, sore throat, headache, and abdominal pain;
pharyngeal tonsil inflammation, often (but only 50% of the time) with yellowish
exudates; swollen uvula; and tender anterior cervical lymph nodes.

c. Differential diagnosis. Several experts have tried to differentiate the clinical
presentation of GAS versus viral infections (Table 8.1).

4. Laboratory testing should be performed when clinical and epidemiologic
features suggest GAS infection but not if viral infection is considered
likely (see section II.B.3). The exception would be for acute EBV infection.
a. Throat culture for GAS infection. The sensitivity of a single throat culture

is approximately 95%. Plates that are negative at 24 hours should be reexam-
ined at 48 hours [21]. Specimens should be obtained from the surface of both
tonsils (or tonsil fossae) and the posterior pharyngeal wall. Other areas of the
oropharynx and mouth are unacceptable [21].

About 50% of subjects with EBV mononucleosis harbor GAS in their pharynx.
In the winter, 30% to 35% of asymptomatic grade-school children are colonized
with group A streptococci. If these carriers acquire viral pharyngitis, a throat
culture will show GAS. This type of patient is assumed to have GAS infection
and is often treated. This is one reason those patients with a sore throat and
characteristics of viral illness only should not be cultured.

b. Rapid streptococcal antigen test. This test has excellent specificity (>95%),
so a positive test for clinical purposes establishes the diagnosis. How-
ever, the sensitivity of the antigen test is only positive in 80% to 90%
or even lower of those with a positive culture, so a negative antigen
test should be confirmed with conventional blood agar plate culture
[21,22]. An area of debate is whether those who are antigen negative and



P1: IML/SPH P2: IML/SPH QC: IML/ABE T1: IML

PB207A-08 PB207A-Betts/6678F August 2, 2002 21:48 Char Count= 0

254 8. Upper Respiratory Tract Infections

culture positive may simply be colonized. Rapid identification and treatment of
GAS pharyngitis can reduce the risk of spread of GAS infection, allowing these
patients to return to school, day care, or work sooner and can reduce morbidity
associated with this illness [21,22] (see section 4.d).

c. Antibody studies (antistreptolysin O [ASO], streptozyme) are not advised
except to confirm prior GAS infections in suspected acute rheumatic fever
or acute glomerulonephritis. It is also helpful in prospective epidemiologic
studies conducted to separate patients with acute infections from those who
are carriers [21]. Monospot serology for EBV is very helpful to confirm that
infection (see Chapter 9).

d. When to treat. To provide any symptomatic relief from the treatment, it must
be initiated immediately. However, prior studies have shown that therapy can
be safely postponed up to 9 days after onset of symptoms and still prevent acute
rheumatic fever [21,22]. In those with signs and symptoms highly suggestive of
GAS infection, empiric therapy can be started, and if the cultures are negative,
therapy can be discontinued. If the ill individual has a history of rheumatic
fever, treatment is indicated immediately. However, if not, GAS infection is
usually a self-limited disease: Fever and constitutional symptoms disappear
spontaneously within 3 to 4 days of onset even without therapy [21], which
has resulted in difficulty reaching statistical significance for penicillin therapy
in small placebo-controlled studies. Therefore the clinician has considerable
flexibility in initiating therapy.

e. Regimens. Unless contraindicated, penicillin remains the treatment of
choice for GAS pharyngitis [21,23], and twice daily regimens, if taken, are
effective and may help improve compliance. Resistance to penicillin has not
been described. Amoxicillin is an acceptable alternative to penicillin and is of-
ten used because it is more palatable and the cost is comparable. However,
because of its broader antimicrobial spectrum, use of amoxicillin results in
greater selective pressure for resistant bacteria [22]. Family members are not
usually treated unless they exhibit symptoms and have positive cultures or
strep screens or they have rheumatic heart disease [24]. Cultures after treat-
ment do not need to be obtained if symptoms clear with treatment. Common
regimens are shown in Table 8.2. In the penicillin-allergic patient,
erythromycin is the major alternative, or clindamycin can be used. The
more expensive second- and third-generation cephalosporins are 10 to 20 times
more expensive than penicillin, excessively broad spectrum, and, although
sometimes encouraged by the pharmaceutical industry, seldom indicated [25].
Tetracycline and sulfonamides are not used both because of resistance and be-
cause even with susceptible strains sulfonamides do not prevent rheumatic
fever.

f. Recurrent streptococcal pharyngitis [21,23,26]. Some individuals will im-
prove with penicillin but do not clear the organism and symptoms recur.
One explanation has been that β-lactamase–positive organisms present in the
oropharynx inactivate penicillin. If the organism is susceptible to clindamycin,
use of that drug leads to successful eradication. Outbreaks of GAS and “ping-
pong” spread within a family are discussed elsewhere [21].

C. Acute otitis media (AOM) can be classified as AOM or otitis media with ef-
fusion. The natural history of appropriately treated AOM includes persistent
middle ear effusions for several weeks in most children.
1. Definition. AOM is fluid in the middle ear in association with signs or symp-

toms of otalgia or otorrhea usually with fever [27]. A middle ear effusion is
virtually always present, except in rare circumstances when the practitioner
may observe signs of acute inflammation in the hours before fluid accumulates
in the middle ear [27]. Pneumatic otoscopy is used to assess position, color,
translucency, and mobility of the tympanic membrane [27].

2. Physical findings in AOM
a. Local signs such as otorrhea with evidence of middle ear origin, bulging tym-

panic membrane with cloudy or yellow fluid behind it or if tympanic membrane
is distinctly red, or local ear pain should be sought.



P1: IML/SPH P2: IML/SPH QC: IML/ABE T1: IML

PB207A-08 PB207A-Betts/6678F August 2, 2002 21:48 Char Count= 0

8. Upper Respiratory Tract Infections 255

Table 8.2. Treatment Regimens for Acute Streptococcal Pharyngitis in Children

Cost of
Regimen Coursea

Oral agents
Penicillin V 125 mg (if <27 kg) to 250 mgb

(if >27 kg) b.i.d. for 10 days
$3

Erythromycin
Ethylsuccinate 40 mg/kg/day (to max. of 1,000 mg/day)

in two to four divided doses for
10 days

$20

Estolate 20–40 mg/kg/day (to max. of
1,000 mg/day) in two to four divided
doses for 10 days

$11–22c

Cephalexin or Cephradine
(first-generation cephalosporin)

25–50 mg/kg/day in two or three
divided doses for 10 days

$10–80d

Clarithromycin 15 mg/kg/day (to max. of 500 mg/day)
divided b.i.d. for 10 days

$30–55c

Azithromycin 12 mg/kg once daily (with max. 500 mg
on first day, 250 mg subsequent
days) for 5 days

$28

Clindamycine 20 mg/kg day (max. 1.8 g/day) divided
t.i.d. for 10 days

$17.50

Parenteral agent
Benzathine penicillin G f 600,000 units if <27 kg and 1.2 million

units if >27 kg IM once only
$6

aActual wholesale costs (rounded off). 1999 Redbook.
b500 mg bid for adolescents.
cDepending on weight.
dWide range depending on weight and whether generic or trade.
eClindamycin has been used in patients with multiple antibiotic allergies and to eradicate the group
Astreptococcus “carrier state.”
f The single i.m. dose eliminates the problem of compliance, but the shot is painful.
Courtesy of Joseph S. Bertino, Jr. Pharm.D., Bassett Healthcare, Cooperstown, NY.

b. Fever is presumably indicative of AOM when there are associated local
signs; in the absence of these local signs, fever often may be unrelated to middle
ear effusion.

c. Nonspecific signs and symptoms that do not help make the diagnosis of
AOM include rhinorrhea, cough, irritability, anorexia, headache, vomiting, or
diarrhea.

3. Physical examination (PE) in otitis media with effusion. Fluid in the middle ear
in the absence of signs or symptoms of acute infection.

4. Diagnosis
a. Myringotomy is carried out by incision of the tympanic membrane. That or

tympanocentesis leads to recovery of the organisms [28].
b. Physical findings. Both redness and bulging should be present. Merely im-

mobility is not sufficient to make the diagnosis because this can be present in
secretory otitis media.

5. Etiology [27,28]. Bacteria are isolated from 50% to 60% of cases and include
S. pneumoniae (25%–50%), Haemophilus influenzae (most cannot be typed)
(15%–30%), and Moraxella catarrhalis (most are β-lactamase positive) (3%–
20%). Viruses have also been isolated in pure culture, including respiratory synci-
tial virus (RSV), rhinovirus, parainfluenza, and influenza [5]. Mycoplasma pneu-
moniae is a consideration and has been associated with bullous myringitis.

6. Treatment One of the most hotly debated topics is if, or when, to treat AOM.
Controlled trials show nearly identical outcome in treated or untreated subjects.
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There is spontaneous clearance of bacteria in at least 40% and perhaps as high
as 80% of cases [27,28]. Haemophilus is more likely to clear spontaneously than
is S. pneumoniae [29]. Additionally, virus in pure culture is isolated from the
middle ear, and these cases would not benefit from antibiotics [5]. Another fac-
tor is the increasing incidence of pneumococcus with minimal inhibitory con-
centrations (MIC) to penicillin of at least 1 µg/mL (see Chapter 11). Not only
are these organisms resistant to penicillin, they are also resistant to macrolides
(erythromycin/azithromycin), trimethoprim-sulfamethoxazole (TMP-SMZ), oral
cephalosporins, and tetracycline. Whereas the resistance to amoxicillin (amox-
icillin/clavulanate) is relative and can be overcome with higher doses [30], the
resistance to the macrolides is absolute.

Careful evaluation in prospective studies has raised the question of whether
antibiotics should be used at all [31,32]. Recognizing the high rate of spontaneous
resolution, investigators from Holland believed that lack of pain control rather
than persistent fever was the reason for apparent failure in most studies. The
rational for using antibiotics, to prevent mastoiditis or meningitis, is not supported
by data [33]. Thus, newer thinking is to use acetaminophen for 72 hours and
consider antibiotics if symptoms persist or consider continued observation [31–
35]. Exceptions to that rule would be for those children with severe symptoms or
perforation of the ear drum, which provides physicians some leeway [35]. Against
this background, a consensus group gathered by the Centers for Disease Control
and Prevention has made recommendations for treatment [36].
a. Amoxicillin is the antibiotic of choice. Most experts believe that the pneumo-

coccus not only is the most common pathogen in AOM, but also is the most likely
to cause severe or persistent symptoms or suppurative and systemic complica-
tions if treated inappropriately [29]. Consequently, treatment regimens must be
active against S. pneumoniae. The dose recommended has been increased from
40 to 80 or even 90 mg/kg because of the number of relatively resistant pneumo-
coccus with high MICs has been increasing (Table 8.3). This was done without
benefit of good studies, but in a trial comparing azithromycin to amoxicillin,
Dagan et al. [37,38] showed that amoxicillin at that dose eradicated carriage of
pneumococcus more frequently than did azithromycin, regardless of the MIC.
In addition, also without benefit of good studies, a dose for adults of 1.0 g every
8 hours has been suggested. Uncomplicated AOM may be treated with a short
course (5–7 days) in selected patients [28,39].

b. Amoxicillin clavulanate Because β-lactamase + Haemophilus and Morax-
ella are etiologic possibilities, this drug is often chosen. It is more effec-
tive than azithromycin in eradicating Haemophilus species. [30,37]. If used

Table 8.3. Antibiotics for Acute Otitis Media in Children (e.g., Child Weighing 18.5 kg)

Cost
Drug Daily Dosagea (10–Days Therapy)b

Amoxicillin 60–90 mg/kg in three doses $14c

Amoxicillin-clavulanate 90/12.5 mg/kg∗∗ in two doses $128c

Cefprozil 30 mg/kg in two doses $64
Erythromycin-sulfisoxazole 50/150 mg/kg in four doses $25
Trimethoprim-sulfamethoxazole 8/40 mg/kg in two doses $19
Clarithromycind 15 mg/kg in two doses $30
Ceftriaxone Single i.m. dose, 50 mg/kg (not

to exceed 1 g)
$40

Courtesy of Joseph S. Bertino, Jr. Pharm.D., Bassett Healthcare, Cooperstown, NY.
aDaily dose usually divided up into two or three doses each day.
bActual wholesale costs (rounded off), 1997 Redbook.
cActual costs will vary, depending on weight of child.
dAzithromycin is used in acute otitis media.
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at 90 mg/kg or 1.5 g every 12 hours, the incidence of diarrhea is less than
with a dose of 1.0 g every 8 hours. Amoxicillin remains first line because the
above two organisms are far more likely to clear spontaneously and are less
virulent.

c. Cephalosporins Parenteral ceftriaxone has a high cure rate. Many pediatri-
cians administer a single dose intramuscularly in the office (50 mg/kg max-
imum dose) [40]. By contrast, many of the oral cephalosporins have insuffi-
cient activity against the pneumococcus to be effective [41]. For example, in
the ferret model, amoxicillin is superior to cefuroxime [42]. Furthermore, oral
cephalosporins are relatively expensive.

d. Other. The macrolides have been used for the last several years. However,
the absolute resistance mentioned above [43] has led to two problems. First, al-
though macrolides eradicate susceptible pneumococcus quite well, they have no
effect on resistant organisms and failure results. Second and more importantly,
in day-care settings, macrolide susceptible organisms (that are also suscepti-
ble to penicillin) are eradicated and replaced by macrolide absolute resistant
organisms (that are also relatively resistant to penicillin) [38]. This does not
happen with amoxicillin use. TMP-SMZ resistance has become so frequent
that its failure rate is predicted to be unacceptable [44]. Quinolone antibiotics
(moxifloxacin, gatifloxacin) have excellent activity against all the middle ear
organisms but are not approved for children because of the theoretical interfer-
ence with cartilage development.

7. Persistent middle ear effusion 2 to 8 weeks after therapy does not require
retreatment [27]. Middle ear effusion persists for weeks to months (i.e., 70% of
children have fluid in the middle ear at 2 weeks, 50% at 1 month, 20% at 2 months,
and 10% at 3 months, despite appropriate therapy) [27]. If that child presents with
another fever, their effusion will still be present. To justify antibiotics, focal signs
should be present.

8. For chronic otitis media with effusion (lasting >3 months) accompanied by
significant bilateral hearing loss, bilateral myringotomy with insertion of tympa-
notomy tubes is effective [27,45].

9. Antibiotic prophylaxis. Because of the potential consequences of the emergence
of penicillin-resistant pneumococcus, experts advise prophylaxis only in special
settings.
a. Indications. Children with three or more well-documented and separate

episodes in the preceding 6 months or four or more episodes in the preced-
ing 12 months is the only indication for which beneficial effects of prophylaxis
is persistent and persuasive [27]. Duration of prophylaxis should be no longer
than 6 months, because longer courses are less effective and may be more likely
to promote colonization with resistant bacteria [27]. Agents that have been
used include sulfisoxazole (75 mg/kg/day in one or two divided doses). This
is the preferred agent and may be less likely than amoxicillin to produce
colonization with β-lactamase–producing bacteria or resistant pneumococcus.
Amoxicillin (e.g., 20 mg/kg once daily) has been used. Oral cephalosporins have
not been shown to be effective.

10. Other interventions that may reduce the incidence of AOM without the risks
of antibiotic exposure should be undertaken [27]: eliminating smoking at home,
eliminating pacifiers, and using influenza and conjugated pneumococcus vaccines
[46].

D. Acute bronchitis accompanies acute viral URI. Even though most of these cases
are viral in origin, antibiotics are commonly and unnecessarily prescribed for 66% of
adults and 75% of children with uncomplicated acute bronchitis [2,47].
1. Definitions/clinical diagnosis. Bronchitis is inflammation of the bronchial mu-

cosa, resulting in a productive cough. The definition in normal children is
not well established. Most clinicians believe that a child with cough, with or
without fever or sputum production, excluding pneumonia, bronchioli-
tis, and asthma [48], has bronchitis. Similarly, in adults without underly-
ing chronic lung disease, acute productive cough, no or low-grade temperature,
and no evidence of pneumonia on physical examination or chest x-ray makes the
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diagnosis of bronchitis. However, the lack of consensus regarding nomenclature
and clinical definition of cough illnesses leads to difficulty in comparing patient
populations and results in reported studies.

2. Etiology. Viruses cause most cases. In adults, rhinoviruses, influenza, parain-
fluenza, and adenoviruses are common. In children parainfluenza, RSV, and in-
fluenza virus are especially important. The role for Bordetella pertussis (whooping
cough) as a cause of protracted cough in adults is undergoing study. In children
most prolonged-cough illnesses are allergic, postinfectious, or viral and do not re-
quire antibiotics. Because reactive airway disease is common, even in the absence
of wheezing, many of these patients respond well to bronchodilator therapy [48].
Sputum or nasopharynx colonizers (e.g., S. pneumoniae, H. influenzae, S. aureus)
can be isolated in the laboratory even when the underlying process is viral in
origin.

Viruses can cause a protracted cough, but a protracted cough is less likely to be
viral in origin. In the absence of purulent sputum, M. pneumoniae and Chlamydia
pneumoniae should also be considered in older children, teenagers, and adults,
especially adults exposed to school-aged children or teenagers with prolonged res-
piratory illnesses (i.e., >10 days).

3. Clinical findings. Fever is common in viral bronchitis, especially when caused
by influenza and RSV, and in and of itself does not predict the need for antibiotics
[48]. However, if fever persists in adults it may be a clue to bacterial superinfection.
Examination of the chest may reveal sibilant rhonchi but no areas of consolidation.
Chest roentgenograms reveal no densities.

4. Diagnosis. Historical clues pointing to a virus are the simultaneous presence of
similar illness in close contacts. If the individual who seems to be the index case
for the presenting patient was ill 2 weeks earlier, that points to M. pneumoniae
and C. pneumoniae. Viral identification, especially by rapid diagnostic methods,
supports an etiology and may delay un-needed antibiotic therapy. Gram stain of
expectorated sputum may demonstrate organisms consistent with S. pneumoniae.
If fever has persisted, isolation of a pathogenic bacteria supports the use of an-
tibiotics and susceptibility studies directs therapy, but merely isolating an alleged
respiratory pathogen does not mandate use of antibiotics. Children with chronic
cough (>4 weeks) should be evaluated for reactive airway disease, tuberculosis,
pertussis, cystic fibrosis, aspiration of a foreign body, or sinusitis.

5. Therapy for normal subjects. Principles are published for children [48], and
these principles also apply to adults. Because bronchitis is part of the acute viral
URI, the principles of early use of antihistamines and NSAIDs discussed under
URI apply here and have the same clinical benefit.
a. Nonspecific cough in normal children or adults rarely warrants antibiotics

[48]. Studies of acute bronchitis in adults and cough illness/bronchitis in chil-
dren have shown no benefit of antibiotics. Furthermore, prophylactic use of an-
tibiotics in these patients does not prevent or decrease the severity of bacterial
complications after viral URI. Neither the character nor the culture results of
sputum or nasopharyngeal secretions is helpful in determining the need for an-
tibiotics. Virus- and bacteria-induced airway inflammatory changes can cause
“purulent” sputum with leukocytes. For protracted cough (>10 days) an-
tibiotics may be indicated. However, 20% of adults with culture-confirmed
rhinovirus colds continue to have cough for more than 14 days after onset of
symptoms if they do not receive antihistamines and NSAIDs at the time of first
symptoms [48]. If the clinical history supports mycoplasma or chlamydia, an
empiric course of a macrolide or doxycycline (in children >8 years of age) is
suggested. In children, pertussis and M. pneumoniae (see section D.2) benefit
from antibiotics.

6. Patients with underlying lung disease receive empiric antibiotics more
commonly. Children with cystic fibrosis and other severe lung disease (e.g.,
bronchopulmonary dysplasia, lung hypoplasia, chronic aspiration) are more
likely to benefit from antibiotics, and therapy must be individualized [48].
Adults with structural lung disease (e.g., bronchiectasis or obstructive lung dis-
ease/emphysema) also may benefit from antibiotics.
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E. Acute exacerbations of chronic bronchitis. Chronic bronchitis typically is de-
fined as the production of sputum on most days for at least 3 months per year for
more than 2 years.
1. Clinical presentation. An acute exacerbation of chronic bronchitis is a clinical

syndrome associated with an increase in cough and an increase of sputum (both
amount and purulence or a change in color). There is increased breathlessness
without evidence of clinical or chest roentgenographic pneumonia. Most do not
have systemic symptoms.

2. Causes of acute exacerbations include environmental factors, such as exposure
to cigarette smoke, pollutants, fumes, pollens, and the like; these are important
cofactors. Respiratory viruses appear to play a more important role in these acute
illnesses than does M. pneumoniae. Many of these patients are chronically colo-
nized with S. pneumoniae and H. influenzae. Presumably, these colonizing bacteria
become minimally invasive, and therefore patients are more symptomatic, in the
setting of sluggish white blood cell function caused by the virus infection. Viral
and bacterial etiologies cannot be distinguished clinically.

3. Diagnosis. Physical examination reveals wheezing and rhonchi but no evidence of
consolidation. The role of sputum cultures in this setting is unclear. Often empiric
antibiotics are used without a sputum culture. If in selected patients cultures are
desirable (e.g., the patient with multiple antibiotic allergies), a sputum culture
should be obtained before starting antibiotics, because cultures obtained after
antibiotics are difficult to interpret.

4. Therapy. The precise role of antibiotics in acute flare-ups is unclear [49,50]. Be-
cause minimally invasive bacterial infections are not well tolerated in patients
with chronic lung disease, antibiotics are often initiated. Many of these patients
seem to respond clinically, and some studies have shown that in the most
severely symptomatic patients, antibiotics help [49,50]. Therapy is directed pri-
marily against S. pneumoniae and H. influenzae. Various regimens have been rec-
ommended for adults (Table 8.4). Duration of therapy varies, but typically 5 days
of therapy is sufficient to reestablish host bacteria “equilibrium.” For recurrent
bouts, antibiotic regimens can be rotated with the hope of minimizing the
selection of resistant pathogens.

F. Acute sinusitis. As previously discussed, in adults, and presumably in children, well-
documented common colds are associated with changes of the sinuses, as revealed by
computed tomography (CT) [8]. (See the earlier discussion under URI.) These changes
reverse spontaneously in 80% of cases. Quite often, facial pain blamed on sinusitis
is instead an atypical migraine syndrome and responds to Imitrex or other similar
medications.
1. Pathogenesis. For viral respiratory infection (e.g., rhinovirus), the exact mecha-

nisms that lead to disease in the sinus cavity are not known, but it is speculated

Table 8.4. Antibiotic Options in Adults with Acute Exacerbations of Chronic Bronchitis

Daily Dosage
Drug (for 5 days) Comments

Amoxicillin 250 mg p.o. t.i.d. Commonly used
Trimethoprim- 1 DS tab b.i.d. Good sputum levels,

sulfamethoxazole commonly used
Erythromycina 250 mg q.i.d. Not as active against

H. influenzae
Cefuroxime axetil 250 mg b.i.d. Expensive
Tetracycline hydrochloride 250 mg p.o. q.i.d. On empty stomach
Doxycycline 100 mg b.i.d. Compliance is better

aFor patients who cannot tolerate the more cost-effective erythromycin preparations, azithromycin
(500 mg on day 1 and then 250 mg once daily on days 2–5) or clarithromycin (250–500 mg b.i.d.) can
be used.
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that it is similar to that which causes rhinitis. Presumably, a virus stimulates
inflammatory pathways and the parasympathetic nervous system, resulting in
engorgement of the capacitance vessels in the venous erectile tissue of the nasal
turbinate. Simultaneously, intercellular leakage of plasma into the nose and (pre-
sumably) sinuses, discharge of seromucous glands and goblet cells, and stimula-
tion of pain nerve and sneeze and cough reflexes occurs [51]. Abnormalities are
commonly seen on CT. Mucus and transudation of plasma into the sinus cavity
presumably add to the viscosity of the material accumulating within the sinuses.
Sinus disease may result from malfunction of the normal mucociliary clearance
process, in part due to the very viscous secretions and partial/total obstruction
(because of inflammation) of the usual drainage pathways of the sinuses. Further-
more, the opening of the osteomeatal complex is very narrow, and the walls of the
passage are bone and thus not compliant. Natural drainage is very slow.

2. Diagnosis. Physical examination, if the disease is in the maxillary sinus, will il-
licit facial tenderness accompanied by pain on striking the upper molars. Postnasal
drip may be conspicuous, and transillumination of the sinuses may be inhibited
by fluid. However, the latter is unreliable. Coronal CT of sinuses may reveal fluid
and/or thickened membranes, but this finding is present in both bacterial and viral
sinusitis.

3. Symptoms. Excess nasal secretions, posterior nasal drip, facial pain, and pain in
the vertex of the head are the classic complaints. If antihistamines and NSAIDs
are initiated early, these complaints are reduced in frequency and severity.

4. Complications. Acute bacterial sinusitis has been reported to follow viral URI
(sinusitis) in 0.5% to 5% of instances. Most cases of acute sinusitis resolve without
antibiotic treatment [8,51,52]. The specific factors that determine whether bac-
terial invasion of the sinus will occur after a viral URI are unknown. Sneezing,
coughing, and nose blowing may create pressure differentials that cause deposition
of bacteria-containing nasal secretions into the sinus. Once bacteria are deposited
into the cavity of an obstructed sinus, bacterial growth conditions are favorable;
granulocyte phagocytosis may be impaired by the reduced oxygen tension in the
obstructed sinus. This complication usually manifests about 7 days after onset.
This process may take weeks to resolve [51].
a. Other risk factors for acute bacterial sinusitis. Swimming and nasal ob-

struction due to polyps, foreign bodies, and tumor precede this process in a few
cases. An allergic cause can usually be established by a history of paroxysmal
sneezing, itching eyes, allergen exposure, and similar prior episodes. Patients
can often self-diagnose the problem [51]. Dental infection can be the source.
Other less common risk factors include acquired immunodeficiency syndrome,
abnormalities of white blood cell function, cleft palate, cystic fibrosis, and im-
mune deficiencies such as agammaglobulinemia [51].

b. Symptoms and signs. Fever occurs in only 40% to 50%. Facial pain and ten-
derness (along with tenderness of an upper molar) are often found. Although
some clinicians interpret mucopurulent rhinitis (thick, opaque, or discolored
nasal discharge), especially in children, as indicating the presence of bacterial
sinusitis, this sign is simply part of the natural course of a nonspecific uncom-
plicated URI. The nasal discharge in a cold changes from clear to purulent
during the first few days of illness. In addition, the color and characteristics
of the discharge do not predict whether bacteria will be isolated [52]. Cough
is common in children and adults. Hyposomia (decreased smell sensation) is
common. When the sinusitis follows a dental infection, a foul odor of the breath
and molar pain are additional characteristics [51].

c. Separating viral versus bacterial versus mixed is not possible, by clini-
cal parameters alone. CTs are not recommended because of their lack
of specificity. Patients with a common cold have sinus abnormalities most
of the time [8]. In his excellent review, Gwaltney [51] emphasized that
clinical parameters define classic bacterial sinusitis: “Classic” acute
bacterial sinusitis will have fever, facial pain, marked tenderness (over
the involved sinus), erythema, or swelling. Also in this group are patients
with molar pain or other evidence of an odontogenic cause of the infection. In
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children, fever more than 39◦C, periorbital swelling, and facial pain or dental
pain is suggestive [52].

d. Rarely, sinusitis can be complicated by meningitis, brain abscess, or
orbital infections.

e. Etiologic organisms. Nasopharyngeal cultures do not reflect the bacteriology
of the sinuses [52]. The gold standard is identification of organisms by
puncture of the sinuses. However, this is generally used only in complex cases,
and only about 60% of sinus aspirates in suspected cases of acute sinusitis
yield bacteria. [52]. Puncture studies have shown that S. pneumoniae and
H. influenzae account for 50% of cases in adults and children. M. catarrhalis
is more common in children (about 20% of isolates) than in adults. A recent
reviewer emphasizes that in children, acute sinusitis is usually caused by the
same bacterial pathogens that cause AOM [52]. S. aureus and streptococcus
group A cause less than 5% of cases. Anaerobic infections are infrequent in
children. In adults, most anaerobic sinusitis arises from infection of the roots of
premolar teeth, thus representing a pure bacterial infection [51]. Viruses alone
may account for 10% to 15% [51,52]. The etiology of the cases that are negative
on the bacterial culture has not been fully studied, but presumably viruses are
important in most. The role of C. pneumoniae and M. pneumoniae has not been
well established [51]. Fungi occasionally cause sinusitis and usually present
with pressure changes, such as proptosis, and bony erosion [51].

f. Roentgenographic studies are indicated when (a) episodes of sinusitis are
recurrent, (b) complications are suspected, (c) the diagnosis is unclear, (d) the
patient is responding poorly, or (e) sinus surgery is contemplated [52]. Most
clinicians have moved to coronal CTs or magnetic resonance imaging but only
after acute URI has resolved. Abnormalities include air-fluid levels, opacifica-
tion, or mucosal thickening of more than 4 mm [52]. Loss of bony markings
medially should not be interpreted as osteomyelitis. These changes are
simply pressure necrosis on a very thin wall. A classic air-fluid level usually
means an acute bacterial sinusitis [51]. Opacification and mucosal thick-
ening are often nonspecific and may be chronic or due to prolonged URIs. Until
about ages 5 to 6, the frontal and sphenoid sinuses do not appear and may
not be fully developed until adolescence. Misinterpretation of absent sinuses as
opacified can lead to the overdiagnosis of sinusitis. In particular, films should
be read with great caution in children less than 1 year of age [52].

5. Therapy. As with otitis media, acute sinusitis will often resolve even without
antimicrobial therapy [52]. Therefore only “classic” cases, or those with pro-
tracted symptoms (>8–10 days), or complex cases should be treated. Pro-
tracted sinonasal symptoms (>8–10 days) suggest that bacterial infection
has complicated a viral URI. The latter should have resolved or at least im-
proved by 10 days. In children, prolonged nonspecific URI signs and symptoms
without improvement for more than 10 to 14 days merit therapy, whereas children
with symptoms improving by 7 to 10 days of onset probably have an uncomplicated
viral URI.
a. Antibiotics. (See Table 8.5) Randomized placebo-controlled trials of antibi-

otics for acute community-acquired bacterial sinusitis with the use of pretreat-
ment and posttreatment sinus aspirate cultures have not been conducted. In
several nonrandomized studies, appropriate doses of antibiotics are highly ef-
fective in eradicating or substantially reducing bacterial titers in the sinus
cavity. When 10-day regimens are used, a bacteriologic cure rate of more than
90% has been achieved [51].
(1) Amoxicillin for initial management of acute uncomplicated is suc-

cessful in sinusitis as it is in otitis in most children [34–36,52], and
probably most adults, despite β-lactamase production by most isolates of
M. catarrhalis and some H. influenzae [52]. For adolescents and adults,
500 mg orally three times a day and for children 60 to 80 mg/kg/day can be
used.

(2) For those unresponsive to amoxicillin in 48 to 72 hours or for whom
amoxicillin is contraindicated or who are experiencing recurrent
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infections, a β-lactamase stable agent (e.g., amoxicillin-clavulanate) or a
β-lactamase stable cephalosporin active against pneumococci (e.g., cefurox-
ime axetil) is suggested [30,37,51].

(3) See Table 8.5. Antibiotics are usually given for 10 days [51] or for
7 days beyond the point of substantial improvement. Recently, in a report
from the Netherlands, adults with acute maxillary sinusitis and abnormal
conventional radiographs (mucosal swelling of more than 5 mm, complete
shadowing, or a fluid level) were randomized to receive either amoxicillin
750 mg three times a day for 7 days or placebo. Amoxicillin (used because
most of the organisms that they had identified in a preliminary study were
susceptible) did not improve clinical outcomes [53]. This preliminary study
is difficult to interpret because the critically important duration of sinus-
like symptoms was not specified, the number of patients with diagnostic
radiographic abnormalities (air-fluid level) was not specified, and it is well
known that some improve without antibiotics. However, at least it implies
that therapy in acute disease is not indicated.

(4) In severely ill patients with intracranial or orbital extension, intra-
venous therapy with ceftriaxone and vancomycin (to cover high-level
penicillin-resistant S. pneumoniae) should be started. Infectious disease
consultation is advised.

b. Ancillary therapy is directed at drainage of the nasal passages and sinuses
and relief of sneezing, coughing, and systemic symptoms [51].
(1) Decongestants. Although serial CTs show that decongestants have little

or no effect in promptly draining the sinuses, they are commonly used.
Oral decongestants are preferred over topical nasal decongestants,
which are often associated with rebound vasodilatation and obstruction and
pharyngeal irritation. Oral decongestants are safe for patients with stable
hypertension who are receiving appropriate antihypertensive treatment
[17,51].

(2) Topical steroids are useful if there is evidence of an allergic compo-
nent to the patient’s illness. The use of topical (or oral) steroids as decon-
gestants has not been rigorously evaluated. In volunteers with rhinovirus-
induced rhinosinusitis, topical steroids had little, if any, beneficial effect on
nasal symptoms [51].

(3) Mucoevacuant drugs (e.g., guaifenesin) are used on theoretical grounds,
but their usefulness has not been established [51].

(4) NSAIDs are useful in treating systemic symptoms such as fever and
malaise and may be helpful in reducing cough [51]. Acetaminophen is also
used as an analgesic.

(5) Cough suppressants with dextromethorphan or codeine may be needed
to control cough.

(6) Antihistamines. Although there may be a reluctance to use first-
generation antihistamines because of their anticholinergic activity and the
possibility of their drying secretions and impairing drainage, testing under
randomized, controlled, blinded conditions has shown a reduction of about
50% in sneezing and a reduction of about 30% in rhinorrhea and nasal mu-
cus weights in volunteers with experimental rhinovirus colds. There was
no evidence of other symptoms or prolongation of the overall illness, indi-
cating that drying of secretions and impairment of drainage were not prob-
lems [51]. Therefore the use of antihistamines (in adults) for symp-
tomatic improvement in the early phase seems reasonable. Whether
antihistamines, by reducing sneezing and nasal secretions, are truly ben-
eficial has not been proven. See related discussion under the common
cold.

c. Prevention [51]
(1) Prevention of viral URI may be minimized by avoiding contact with

people with colds. Carrying out handwashing when contact occurs between
infected and noninfected persons is useful. Covering the mouth with dis-
posable nasal tissues when coughing or sneezing is desirable.
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(2) Influenza vaccine reduces attack rate in all age groups and reduces sever-
ity in the elderly, but it is effective only against influenza and not other
viruses that cause respiratory illness.

(3) Prophylactic antibiotics to prevent recurrent acute bacterial sinusi-
tis are not recommended and will add to the selection of resistant
pathogens.

G. Chronic sinusitis (defined as symptoms persisting for 6 months). Patients
with chronic sinusitis need to be referred to an otolaryngologist for nasal endoscopy
and/or CT study and consideration for drainage procedures.
1. Etiology. The organisms isolated from chronic sinusitis patients differ substan-

tially from those isolated in acute sinusitis. In a small percent, Haemophilus
species are isolated but coagulase-negative staphylococcus, Pseudomonas aerug-
inosa, anaerobic bacteria, and fungi are more common [54]. Thus, although an-
tibiotics discussed in the section on acute sinusitis are used at times with pro-
tracted courses of 3 to 4 weeks, the rationale for that cannot be justified based
on the organisms identified. However, many times when there is an acute infec-
tion, no attempt at isolation of the etiologic organism is carried out and antibiotics
are administered with apparent response. No randomized studies have been con-
ducted to ascertain the value of such treatment, which leaves the matter largely
unresolved.

2. Management. Mechanical measures are the most important part of care of these
patients. Irrigation with normal saline three times a day is one of the most im-
portant steps. If this simple step is unsuccessful, endoscopic enlargement of the
openings will often prove useful. Unfortunately, loss of ciliary function is part of the
disease process so that even this step may not prove entirely successful. However,
overall, such procedures have proven to be quite cost-effective.

H. External otitis
1. External otitis is usually a superficial infection of the external auditory canal that

is typically initiated by moisture and is often referred to as “swimmer’s ear.” It is
most commonly caused by Pseudomonas species. Avoiding swimming and/or keep-
ing the ears dry and using topical treatment usually suffice. Often the condition
responds to careful cleaning of the canal by gentle suction or irrigation. In other
instances, antibiotic drops (polymyxin, neomycin, and hydrocortisone [e.g., Cor-
tisporin otic]) or dilute acetic acid or boric acid solutions (to lower the pH) suffice.
This topic has been reviewed in detail elsewhere [55].

2. Malignant external otitis is an important infection caused by P. aeruginosa and
is associated with a high mortality (20%), if untreated. This disease process begins
as an external otitis that may progress to involve the cartilaginous tissue and may
penetrate to the base of the brain. Cranial nerve (especially facial), sigmoid sinus
thrombosis, and meningitis have resulted in death [56]. This disease occurs almost
exclusively in elderly diabetics but has been described in nondiabetic patients who
have underlying malignancy or are immunocompromised, including patients with
acquired immunodeficiency syndrome. Ear, nose, and throat and infectious disease
consultation are advised.
a. Diagnosis is often difficult. One must have a high index of suspicion. Pa-

tients complain of progressively increasing pain and tenderness of the tis-
sues around the ear and mastoid region. They seldom have fever or systemic
symptoms or a peripheral leukocytosis. Cranial nerve abnormalities may de-
velop. Often there is persistent drainage from the external canal that yields
P. aeruginosa on culture. The presence of granulation tissue at the junc-
tion of the osseous and cartilaginous portions of the external ear is a highly
suggestive finding [56]. CTs can help detect early bone involvement and ex-
tent of the disease process. However, technetium phosphate radionucleotide
bone scans can identify early bony involvement when there is no destruc-
tion on CTs; gallium-67 citrate scans are also a sensitive indicator of infection
[56].

b. Treatment. Topical therapy is ineffective. Most patients require hospitaliza-
tion and, at least initially, for well-established infection combination parenteral
antibiotics to achieve synergy against P. aeruginosa. Ticarcillin or piperacillin
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is often combined with tobramycin (or another aminoglycoside to which the
pathogen is susceptible). In the penicillin-allergic patient, ceftazidime can be
combined with an aminoglycoside. Ciprofloxacin may be useful [56,57] in se-
lected cases (i.e., early disease or for completion of therapy if the organism
is susceptible). Serial gallium scans have been used to monitor response to
therapy [56].

I. Epiglottitis/supraglottitis. Epiglottitis is an acute and severe inflammation of the
epiglottis; some use the term supraglottitis for this condition, indicating inflamma-
tion not only of the epiglottis but also of the surrounding tissue [58]. Before the early
1990’s, epiglottitis was primarily an illness of children and due usually to invasive
H. influenzae b. Since the early 1990’s and widespread use of H. influenzae b vac-
cinations in children in the United States, studies have shown a significant change
in the epidemiology; epiglottitis now occurs almost exclusively in adults [58]. Al-
though invasive H. influenzae b remains an important etiologic pathogen in adults,
S. pneumoniae cause a significant number of cases; group A streptococci have also
been isolated [59].
1. Clinical presentation [57,60]. In children, the onset of epiglottitis with

H. influenzae b is classically abrupt, with sore throat, fever, and toxicity. The symp-
toms usually progress rapidly in such a manner that dysphagia, drooling, and res-
piratory distress with stridor become apparent. This diagnosis is still a concern
in children who have not been adequately vaccinated against H. influenzae. In
adults, recent series note that symptoms and signs may be more subacute: sore
throat, painful or difficulty with swallowing, and muffled voice occur in most, and
fever or chills, drooling, stridor, sitting erect, dyspnea, cough, and ear pain can also
occur [58,60].

2. Clinical diagnosis. This disease is a potential medical emergency and requires
a high index of suspicion on the basis of the history and clinical findings.
The diagnosis can be confirmed by visualization of the epiglottis and supra-
glottic area. This should only be performed by well-trained personnel; emergency
equipment must be available for maintaining the airway.

3. Laboratory and radiologic features. Lateral neck roentgenograms may be use-
ful early in less toxic patients who are not in respiratory difficulty. The epiglottis
appears as an enlarged rounded shadow resembling a thumb. Leukocyte count
is usually elevated to more than 15,000/mm3, often with a pronounced left
shift. Blood cultures should be obtained.

4. Management. Swift and careful management is essential in this disease and di-
rectly correlates with the outcome. In the acutely ill patient, valuable time may be
unnecessarily wasted obtaining roentgenograms. Ensuring an adequate airway
must take priority. In young children, nasotracheal intubation and thus
emergency consultation (e.g., otolaryngology, anesthesia) is often neces-
sary. In adults, need for intubation is less pressing. Factors predictive of the
need for airway intervention were stridor and sitting erect in one study [60].

5. Antibiotics. Parenteral cephalosporin (second- or third- generation agents; i.e.,
cefuroxime, ceftriaxone), which is effective against ampicillin-resistant H. influen-
zae or ampicillin-sulbactam or parenteral chloramphenicol in the patient in whom
penicillins and cephalosporins are contraindicated, should be initiated immedi-
ately. If not contraindicated, we favor ceftriaxone or ampicillin-sulbactam, which
are also very active against group A streptococcus, mostly S. pneumoniae and
S. aureus. In a critically ill adult and/or in an area with a high incidence of high-
level penicillin-resistant S. pneumoniae, we would add intravenous vancomycin
(along with ceftriaxone) until at least blood culture data are available because
more than 20% of adult cases may be due to S. pneumoniae. Corticosteroids may
be used briefly to help reduce the postintubation edema that develops, but their
efficacy has not been proven in this setting [60].
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9. INFECTIOUS MONONUCLEOSIS AND PRIMARY EPSTEIN-BARR
VIRUS INFECTION

John W. Sixbey

Infectious mononucleosis (IM) is an acute illness common in adolescents characterized by
the classic triad of fever, pharyngitis, and lymphadenopathy; serologically by the transient
appearance of heterophile antibodies (sheep or horse erythrocyte agglutinins); and hemato-
logically by an absolute lymphocytosis reflecting the unusually strong T-cell response elicited
by virally infected B-lymphocytes. The Epstein-Barr virus (EBV), or human herpesvirus 4,
is the primary etiologic agent. Acute infection is accompanied by immunoglobulin M (IgM)
antibodies specific to EBV. The exaggerated nature of the T-cell response suggests that the
syndrome is largely immunopathogenic in nature. Atypical cases highlight the protean
manifestations of EBV infection that can confound clinical diagnosis. Furthermore, other in-
fectious agents, specifically cytomegalovirus (CMV), acute human immunodeficiency virus 1
(HIV-1), and Toxoplasma gondii, can cause an IM-like syndrome that must be distinguished.
A clear understanding of age-related patterns of the disease, combined with knowledge
of serologic profiles characteristic of acute EBV infection, facilitates a diagnosis of
IM and institution of appropriate therapeutic measures [1,2].

I. Etiology. EBV is a DNA virus of the gammaherpesvirus subfamily. Its discovery in
Burkitt lymphoma, together with a demonstrated biologic capability to confer unlim-
ited growth potential on infected B cells in culture, led to its designation as the first
human tumor virus [3]. EBV manipulates the different phases of B-cell development
to establish lifelong infection of its host while promoting successful transmission to new
individuals. Aside from IM, the virus has a causal role in Burkitt lymphoma, Hodgkin
disease, nasopharyngeal carcinoma, posttransplantation lymphoproliferative disease,
gastric carcinoma, and oral hairy leukoplakia of acquired immunodeficiency syndrome
(AIDS). EBV’s ability to infect both lymphocytes and epithelial cells provides a patho-
biologic basis for these diverse disease associations.
A. The EBV link to IM was discovered serendipitously when a technician in the Henle

laboratory, who devised immunofluorescent assays to EBV-specific antibodies, sero-
converted after an episode of IM [4]. The finding was confirmed by large seroepidemi-
ologic studies in college students [5–8]. Heterophile-positive IM occurred in patients
without preexisting EBV antibody, and was followed by acquisition of EBV-specific
antibodies.

B. IM, from an evolutionary standpoint, is a disease of delayed primary infection
distinctive to upper socioeconomic groups. Most children in developing countries be-
come infected with EBV during the first 3 years of life, and 100% are infected at the
end of their first decade. Early primary infections, which are almost always asymp-
tomatic, probably reflect parent-to-child oral transmission of EBV. By contrast, up
to half of the children in Western countries are EBV seronegative at the end of their
first decade of life, and some 5% of adults are seronegative.

II. Clinical features of IM
A. Age at primary infection. Patient age can have a major impact on clinical man-

ifestations of primary EBV infection [9–16]. Most young children acquire the virus
asymptomatically, with fewer than 10% developing a syndrome resembling IM. When
primary EBV infection is delayed until adolescence, clinical manifestations occur in
up to 50% of cases. Primary infection of the elderly is uncommon, if only because 90%
to 97% of all population groups studied have seroconverted by adulthood. However,
cases in adults can be severe, with atypical clinical manifestations that may mislead
the clinician and provide a diagnostic challenge.

B. Viral acquisition and incubation period. EBV is an ubiquitous agent that, para-
doxically, is not highly contagious or efficiently spread. For instance, susceptible col-
lege roommates of students with IM undergo seroconversion at no greater frequency
than the general student population [7,17]. Transmission requires intimate personal
contact. Viral inoculation generally occurs via saliva passed between a susceptible
individual and an asymptomatic oropharyngeal shedder of EBV (hence, the “kissing
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disease”). In healthy EBV-seropositive adults followed prospectively over
15 months, 90% shed EBV in their saliva at least once, with 25% shedding
virus on every occasion [18]. Immunocompromised patients have still higher rates
of shedding. Symptomatic infection at adolescence may relate to a larger inoculum
of transmitted virus and the ensuing T-cell reaction. In young children the route of
transmission may be more indirect, with smaller virus inoculums and inapparent
symptomatology. Although EBV can be detected in the male and female genital tract,
the implications of this distribution for person-to-person spread has not been demon-
strated [19–22]. IM also has occurred subsequent to blood transfusion as well as bone
marrow and organ transplantation.

No seasonal pattern has been documented. The incubation period for primary
EBV infection is estimated to be 30 to 50 days. Little is known about early events
of infection since timing of an exposure to an asymptomatic shedder is difficult to
document. Onset of IM is usually preceded by several days of nonspecific prodromal
symptoms that include chills, sweats, fever, and malaise.

C. Signs and symptoms. The classical clinical triad in IM is prolonged fever
(10–14 days; 38◦–40◦C), sore throat, and lymphadenopathy. Additional com-
mon symptoms include malaise, headache, myalgias, sweats, and anorexia. Clinical
findings that help support a bedside diagnosis include the following:
1. Tonsillar enlargement, exudative tonsillitis, and pharyngeal inflamma-

tion. Tonsillar enlargement is common, with tonsils occasionally meeting at mid-
line. The pharynx is erythematous with an exudate present in a third of cases.
The pharyngitis is indistinguishable from that caused by group A streptococcus
or other viruses. Palatal petechiae occur in up to half.

2. Lymphadenopathy. Posterior and anterior cervical lymphadenopathy occurs
in 80% to 90%, with submandibular, axillary, and inguinal nodes frequently
enlarged.

3. Hepatomegaly is present in approximately 25%, with abnormal liver function
tests in 80% of patients. Clinical jaundice may occur in up to 5% of cases.

4. Splenomegaly is present in more than half the cases over the course of illness.
Vigorous abdominal palpation during examination should be avoided. Ab-
dominal pain due to splenic enlargement is relatively uncommon and should alert
one to the possibility of splenic rupture.

5. Rash. A rash, occurring in 5% to 10% of patients, is variable in presentation
(maculopapular, petechial, scarlitinaform, urticarial, or erythema multiforme-
like). Ampicillin administration produces a pruritic, maculopapular rash in
90% to 100% of patients, and may appear after cessation of the drug.

D. Hematologic abnormalities
1. Lymphocytes. The central hematologic manifestation of IM is an absolute and

relative lymphocytosis, with monocytes and lymphocytes accounting for 60% to
70% of the total white cell count, some 10% to 20% of which are atypical lympho-
cytes. Atypical lymphocytes represent activated T cells (EBV typically infects B
cells), are larger than the mature lymphocyte normally found in the circulation,
and have a vacuolated cytoplasm, lobulated and eccentrically placed nuclei, with
a cell membrane that is often indented by neighboring erythrocytes. Atypical lym-
phocytes are a hematologic hallmark of IM, but they are not pathognomonic; they
are also found in CMV infection, viral hepatitis, toxoplasmosis, rubella, mumps,
roseola, and drug reactions.

2. Total white blood cell (WBC) count. WBC counts generally range between
12,000 and 20,000/mm3, but WBCs up to 50,000/mm3 may occasionally be seen.
A mild, self-limited neutropenia (2,000–3,000 granulocytes/mm3) is present in a
majority of cases, although profound granulocytopenia also has been reported.

3. Thrombocytopenia (<140,000/mm3) may occur in half of the cases due to in-
creased destruction by an enlarged spleen or antiplatelet antibodies.

E. Heterophile antibodies and elevated serum inmmunoglobulins. The early
phase of acute IM is associated with mildly elevated levels of total serum IgG,
IgM, and IgA, consistent with a virus-driven polyclonal activation of the
B-cell system. Paralleling this general increase is the transient appearance of a
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Table 9.1. Divergent Features of Epstein-Barr Virus–Induced Infectious Mononucleosis
Related to Age at Onset

Age in Years

Feature <4a (%) 14–35b (%) >40c (%) >60b (%)

Fever 92 95 95 85
Pharyngitis 68 76 43 26
Lymphadenopathy 94 98 47 33
Hepatomegaly 64 23 42 33
Jaundice NR 8 27 26
Splenomegaly 82 65 33 15
Rash 34 NR 12 NR
Upper respiratory symptoms 51 NR NR NR
Eyelid edema 14 NR NR NR

aData from Sumaya CV, Ench Y. Epstein-Barr virus infectious mononucleosis in children. I. Clinical and
general laboratory findings. Pediatrics 1985;75:1011–1019.
bData from Schmader KE, van der Horst CM, Klotman ME. Epstein-Barr virus and the elderly host. Rev
Infect Dis 1989;11:64–73.
cData from Axelrod P, Finestone AJ. Infectious mononucleosis in older adults. Am Fam Physician
1990;42:1599–1606.
NR, not reported.

mix of heterophile and autoantibodies, usually of the IgM class. Heterophile anti-
bodies occur as a by-product of primary EBV infection in about 90% of cases
but do not react with EBV antigens. Originally described by Paul and Bunnell as
sheep erythrocyte agglutinins, they form the basis for the commonly used rapid spot
assays diagnostic for IM. Agglutinating antibodies to horse, goat, and camel ery-
throcytes as well as beef erythrocyte hemolysins are also demonstrable in serum of
patients with IM. Other nonspecific antibody responses observed in patients include
rheumatoid factors, antinuclear factors, antiplatelet and antineutrophil antibodies,
cryoglobulins, and cold reactive antibodies to i antigen on RBCs.

F. Atypical presentations. Primary infection with EBV has been defined largely by
the syndrome of IM. The spectrum of illness is quite broad, however, and individual
cases may have all, some, or none of the classic triad mentioned above (Table 9.1)
[23]. Attempts to exclude cases with unusual features or those that fail to meet all the
classic criteria for IM may result in delayed diagnosis or misdiagnosis, particularly
in infants and the elderly [9–16].

Although generally asymptomatic in younger children, primary EBV infection
can produce symptomatology that when present is atypical for acute IM. Among 17
infants reported by Fleisher with serologic evidence of primary EBV infection, none
developed signs or symptoms that were suggestive of acute IM [11]. Initial diagnoses
varied from respiratory tract infection (43%) to otitis media (29%), pharyngitis (21%),
and gastroenteritis (7%). Sumaya and Ench noted that in children under 4 years of
age signs of upper respiratory tract infection were found in 51% versus 15% of older
children [9]. Cutaneous rashes occur more frequently in younger children as does
eyelid or periorbital swelling. A palpable spleen and liver were more frequent in
children under 4 years of age.

Of the well-known triad of fever, pharyngitis, and lymphadenopathy, elderly pa-
tients are much less likely to have lymphadenopathy and pharyngitis than are
younger patients [13–16]. Fever is present in almost all older patients, and abdominal
pain, hepatomegaly, and liver function abnormalities occur in substantial numbers,
frequently leading to an initial clinical impression of hepatitis. Older adults have
fewer atypical lymphocytes and less significant lymphocytosis. Splenomegaly is less
evident. The illness tends to be more prolonged in older adults.
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III. Diagnosis. The clinical manifestations of fever, sore throat, lymphadenopathy together
with atypical lymphocytosis and a positive heterophile test establish the diagnosis of
EBV-induced IM.
A. Differential diagnosis. A variety of infectious agents can produce some of the clini-

cal signs and symptoms of EBV-induced IM. Because they do not invoke a heterophile
antibody response, these entities have been dubbed heterophile-negative mononu-
cleosis and constitute some 10% to 15% of all cases. With careful attention to clinical
and serologic features of the illness, IM-like entities can generally be differentiated
from primary EBV infection.
1. CMV infection. CMV is responsible for about 8% of IM cases, or approximately

half of the heterophile-negative cases. By comparison to those with EBV-induced
disease, patients with the CMV mononucleosis-like syndrome tend to be older
(25–35 years, although the syndrome also occurs in children [24]), pharyngitis
and cervical lymphadenopathy is less frequent, and atypical lymphocytosis may
be less intense. Acute CMV infection can be diagnosed by testing for the presence
of IgM antibody to CMV.

2. Acute retroviral syndrome. Differentiating acute retroviral syndrome from
IM is crucial and has obvious public health implications. Because acute HIV-1
infection may be particularly contagious, initiation of counseling may prevent
further transmission. Early treatment also may reduce the incidence of HIV-1
complications. Acute retroviral syndrome presents with a broad array of signs
and symptoms, with less than 20% of cases having classic features of IM [25].
A more acute onset and absence of exudative tonsillitis or tonsillar hypertrophy
may help differentiate the syndrome from IM. A maculopapular rash (40%–80%
of patients) and mucocutaneous ulceration are more characteristic of the acute
retroviral syndrome. On the likelihood that health-care providers would perform
testing for heterophile antibodies on patients that actually had acute retroviral
syndrome, 563 heterophile antibody negative patient samples were retrospec-
tively tested for HIV-1 RNA and p24 antigen. Approximately 1% were determined
to have primary HIV-1 infection [26]. A rare false-positive heterophile test has
been reported during the acute retroviral syndrome, probably as a consequence
of EBV reactivation [27,28]. Clinicians considering a diagnosis of IM should also
evaluate the patient’s HIV risk behaviors and at least consider the diagnosis of
primary HIV infection.

3. Toxoplasmosis. In the mononucleosis-like syndrome caused by acute toxoplas-
mosis, pharyngitis is not a prominent feature, the degree of lymphocytosis is
mild, and liver functions are normal even in the presence of hepatomegaly.
A history of ingestion of raw or undercooked meat or exposure to oocysts
from cat feces may provide clues implicating this etiologic agent. The IgM im-
munofluorescent antibody test for Toxoplasma gondii is useful in diagnosing this
disease.

4. Streptococcal pharyngitis may mimic IM in early stages. Throat cultures for
β-hemolytic streptococci are positive in up to 30% of patients with IM. There-
fore, isolation of this organism does not exclude a diagnosis of IM. Splenomegaly
is absent in streptococcal sore throat, and normal hepatic enzymes serve as a
differentiating factor.

5. Hepatitis A. Atypical lymphocytosis is of a lesser magnitude (<10% atypi-
cals). Transaminase enzymes are disproportionately higher than levels of al-
kaline phosphatase, whereas the reverse is true of EBV and CMV hepatitis.
Generally in EBV-induced disease, liver function test results are elevated two
to three times the upper limit of normal (>10 times normal suggests another
diagnosis).

6. Rubella virus. Rubella may be manifested by fever, sore throat, lymphadenopa-
thy, and a mild atypical lymphocytosis, but the characteristic exanthem and
shorter clinical course are generally not confused with IM.

7. Other miscellaneous causes include human herpes virus 6, adenovirus, diph-
theria, Mycoplasma species, Bartonella henselae (cat scratch disease), leptospiro-
sis, and brucellosis. Various hematologic neoplasms can present with features
mimicking IM.



P1: IML/SPH P2: IML/SPH QC: IML/ABE T1: IML

PB207B-09 PB207A-Betts/6678F August 19, 2002 11:2 Char Count= 0

9. Infectious Mononucleosis and Primary Epstein-Barr Virus Infection 273

B. Serologic diagnosis. Laboratory diagnosis of acute EBV infection depends pri-
marily on serologic testing. EBV-induced IM results in the production of antibodies
against both unrelated antigens as well as EBV-specific antigens.
1. Heterophile antibodies are detected as sheep and horse red cell agglutinins

and beef cell hemolysins. The classic heterophile antibody titer is read as the
greatest serum dilution at which sheep erythrocytes agglutinate, after preab-
sorption of test serum against guinea pig kidney to eliminate cross-reaction
with Forssman and serum sickness antibodies. Commercially available spot tests
(Monospot, Mono-Test, Mono-Latex, Monosticon) and solid-phase immunoassays
(Immunocard Mono, Monolert) have largely replaced the classic Paul-Bunnell
sheep cell agglutination assay because of ease of use.
a. Heterophile antibody responses are generally present in 80% to 90% of cases

by the third week of illness. Repeat testing at weekly intervals may be
necessary in some patients, since up to 15% may not have detectable levels of
heterophile antibody at presentation, then become positive on retesting in the
second or third week of illness. Titers remain elevated for 3 to 6 months, but
occasionally for as long as 1 year.

b. False-negative rates with the rapid test kits are 10% to 15 % [29]. False-
negative results are common in children under 4 years of age, with
fewer than 20% testing positive by the rapid slide test [9]. Hence, age of the
patient is a critical consideration in the evaluation of heterophile-negative IM.

c. False-positive results, although rare, have been reported in patients with lym-
phoma, hepatitis, and other viral infections.

2. EBV-specific antibody studies should be reserved for the approximately 10% of
cases of IM that are heterophile-negative, for diagnosis in children under 4 years
of age, or for diagnosis in patients with atypical presentations. The antibodies are
measured either by immunofluorescence or enzyme-linked immunosorbent assay.
Antibody profiles allow the differentiation of recent from remote infection.
a. Presence of IgM antibodies to viral capsid antigen (VCA) is virtually

diagnostic of acute EBV infection and is the most useful titer for general clinical
purposes. VCA IgM usually disappears within 1 to 2 months. VCA IgG is also
apparent at clinical presentation and is maintained for life. Detection of VCA
IgG on a single sampling indicates only that infection with EBV has occurred
sometime in the past.

b. Antibodies to Epstein-Barr nuclear antigen 1 (EBNA1) appear later in the
course of IM (2–4 weeks) and persist for life. VCA IgM/VCA IgG in the ab-
sence of EBNA1 antibodies, followed by the appearance of EBNA1 antibod-
ies in convalescent serum (at 4–6 weeks), is diagnostic of acute EBV infection.
Failure to develop EBNA1 antibodies, or loss of a preexisting titer, has been
associated with chronic active EBV infection.

c. Antibody to EBV early antigen (EA) may be detected in the majority of patients
with IM, then falls to a low or undetectable level.

d. Healthy carriers of virus are consistently VCA IgG and anti-EBNA1 positive.
A significant number of virus carriers also maintain antibodies to EA. Titers
can differ markedly among healthy individuals, and differences tend to be
stable over time.

C. Virus isolation and molecular diagnostic techniques. Culture of Epstein-Barr
virus from oropharyngeal secretions or peripheral blood is possible, but impracti-
cal in the clinical laboratory. The lymphocyte transformation assay requires 4 to
6 weeks, and viral isolation does not necessarily indicate acute infection, given the
life-long carrier state established in all infected individuals. Quantitative PCR for
estimating viral load in peripheral blood has been shown to be useful in the diagnosis
and management of aberrant EBV infections, with high viral burdens demonstrated
in peripheral blood of patients with chronic active EBV and posttransplantation
lymphoproliferative disease [30,31]. The technique is unlikely to be helpful for the
routine diagnosis of IM.

IV. Complications. Diagnostic confusion can result from the varied complications accom-
panying primary EBV infection, manifestations that in some cases are the sole presen-
tation of illness. Most complications resolve fully, although rare fatalities do occur.
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A. Hematologic.
1. Autoimmune hemolytic anemia occurs in up to 3% of cases, generally medi-

ated by cold-agglutinin antibodies of anti-i specificity. The anemia resolves with-
out treatment over a 1- to 2-month period in most individuals. Hemophagocytic
syndrome also has been described.

2. Mild thrombocytopenia is common, but platelet counts of less than 1,000/mm3

with associated intracerebral bleeding can occur.
3. Granulocytopenia is usually mild and self-limiting, but deaths associated with

bacterial sepsis have been reported.
B. Neurologic manifestations (<1% of cases) can be the first (and sometimes the

only) manifestation of IM, with the heterophile antibody often being negative. Nerve
palsies and encephalitis are the most common neurologic complications. En-
cephalitis seen with IM is acute in onset, rapidly progressive, and severe, but is usu-
ally associated with complete recovery. An “Alice-in-Wonderland” syndrome, char-
acterized by metamorphopsia (distortion of size, shape, and spatial relations of ob-
jects), has been described. Aseptic meningitis, Guillain-Barré syndrome, Bell palsy,
and transverse myelitis also have been reported.

C. Splenic rupture (0.2% of cases) must be considered whenever abdominal pain oc-
curs. History of preceding trauma can be elicited in only half the cases, suggesting
spontaneous rupture.

D. Upper airway obstruction is estimated to occur in up to 1% of cases.
E. Other complications rarely observed include myositis, myocarditis, pneumonitis,

pancreatitis, acute renal failure, and death. Death is most commonly associated with
neurologic complications, splenic rupture, or airway obstruction. A familial syndrome
passed in an X-linked–recessive pattern (X-linked lymphoproliferative disease or
Duncan syndrome) may result in overwhelming infection at primary infection with
death (typically from a fulminant hepatic failure) in up to 40% of affected males.

V. Management. No therapy is indicated for the vast majority of cases of EBV-
induced IM. Treatment is primarily supportive, but corticosteroid or antiviral therapy
may be considered in special settings.
A. Specific antiviral therapy is not indicated for most cases of IM. Acyclovir (ACV),

a nucleoside analogue that blocks EBV replication through inhibition of viral DNA
polymerase, has little if any effect on the disease course, but is capable of prevent-
ing viral shedding from the oropharynx [32,33]. Symptoms are therefore unlikely
to be the result of viral replication per se, and IM most likely represents an im-
munopathologic disease. (Contrast this to the effect of drug in oral hairy leukoplakia
of AIDS, where ACV effectively resolves lingual lesions associated with exuberant
EBV replication [34]). Use in immunocompromised patients at risk for EBV-induced
lymphoproliferative disease with the idea of limiting additional B-cell recruitment
by infectious virus may be ineffective. Elimination of EBV replication as an endoge-
nous source of infectious virus does not translate into a reduced load of latently
infected B cells in the circulation [35]. However, other considerations favoring ther-
apy of primary EBV infections in specific immunocompromised hosts may exist [36].
Ganciclovir and cidofovir have demonstrated in vitro activity against EBV, but there
are no clinical indications for their use in IM.

B. Salicylates or other analgesics are appropriate for control of fever, headache, and
sore throat.

C. Corticosteroids have been useful in management of specific complications, al-
though their value has not been confirmed in controlled studies. Prednisone at a
dosage of 40 to 60 mg/day for 7 to 10 days, to be rapidly tapered once a clinical
response is achieved, can be considered for the following complications:
1. Impending airway obstruction due to severe tonsillitis and pharyngeal edema
2. Severe thrombocytopenia
3. Acute hemolytic anemia
4. Myocarditis
5. Neurologic complications

D. Precautionary measures to protect against splenic rupture in the first few weeks
after diagnosis might include care in splenic palpation and attention to constipation.
Contact sports should be avoided until the spleen has resumed normal size.
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E. Control measures
1. Physical isolation of patients is not indicated in hospital or home settings,

given that intimate contact is required for virus transmission. Standard precau-
tions are sufficient.

2. Individuals with acute EBV infection should not be selected as tissue or blood
donors when possible, due to the enhanced cell-associated viral load accompa-
nying primary infection.

VI. Prognosis Most cases of IM resolve spontaneously over a 3- to 6-week period, with
periods of well-being interrupted by recrudescence of symptoms. Associated malaise is
more gradual in its resolution, lasting up to 3 to 4 months in some individuals. As with
all human herpesviruses, primary infection is followed by establishment of a life-long
carrier state characterized by asymptomatic oropharyngeal shedding and the possibility
for reactivation disease.
A. Self-assessed failure to recover completely from IM has been reported by 38% of

patients at 2 months and 12% at 6 months, with persistent symptoms characterized
mainly as fatigue and impaired functional status but without objective markers of
disease [37].

B. Chronic active EBV infection [38–40] is a rare outcome of primary EBV infec-
tion that is characterized by severe illness lasting greater than 6 months and is
associated with fever, major organ involvement (interstitial pneumonitis, bone
marrow hypoplasia, hepatosplenomegaly, persistent hepatitis and hepatic failure,
lymphadenitis, uveitis), a highly unusual serologic profile to EBV (IgG to VCA
>1:5120, EA >1:640, and a low to undetectable EBNA1 titer), persistently high EBV
loads in peripheral lymphocytes, and occasional development of natural killer cell
or T-cell lymphoproliferative disease.

C. The chronic fatigue syndrome is not specifically related to EBV infection [41,42].
D. Reinfection, or serial acquisition of EBV strains, does occur [43,44]. Whether there

are clinical manifestations or serologic responses characteristic of repeat infections
remains to be resolved [45].

E. A history of IM has been linked epidemiologically to a threefold increased risk for
Hodgkin disease in younger adults [46]. Although about half of all Hodgkin
disease tumors contain EBV-positive Reed-Sternberg cells, a history of IM has not
been predictive of which tumors will contain the virus [47].
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10. INFLUENZA AND INFECTIONS OF THE TRACHEA, BRONCHI,
AND BRONCHIOLES

John J. Treanor and Caroline Breese Hall

INFLUENZA
Influenza is a relatively specific syndrome resulting from infection with any influenza A or
B virus. Infection with other respiratory viruses occasionally may result in influenza-like
illness, but other viruses do not cause epidemics that affect all age groups. Infection with
influenza A or B virus may result in any of the other viral syndromes discussed in this chapter.
Influenza C virus infection results in only a small proportion of common cold illnesses and
is not discussed in this chapter.

I. Etiology. Influenza viruses are medium-sized enveloped viruses with a segmented
RNA genome and are classified into types A, B, and C. The envelope of influenza A and
B viruses contains two glycoproteins: the hemagglutinin (H) and the neuraminidase
(N). Multiple subtypes of H and N exist for influenza A viruses, and standard nomen-
clature for these viruses includes the type, location, and year of isolation, strain des-
ignation, and H and N subtype for influenza A viruses.

II. Epidemiology. Influenza occurs in yearly epidemics, with occasional worldwide epi-
demics referred to as pandemics. In a community, an epidemic due to a single subtype
generally lasts 5 to 6 weeks, but more prolonged epidemics may occur. Attack rates
may be as high as 10% to 20% and are usually highest in young children, whereas
hospitalization rates are highest in the elderly. Yearly epidemic activity is manifested
by increases in school absenteeism, visits to health- care facilities, admissions to hos-
pitals for pneumonia, and deaths [1].

Influenza viruses have a high degree of antigenic variability, which allows for recur-
rent epidemics despite widespread prior exposure to influenza viruses in the popula-
tion. Two forms of this antigenic variation are recognized: antigenic drift and antigenic
shift.
A. Antigenic drift, which occurs in both A and B viruses, is a relatively minor

antigenic change within the H or N due to the accumulation of point mutations.
The antigenically variant virus is able to infect individuals and spread within
the population despite the presence of antibody to previous strains of virus, and
epidemics of variable extent result.

B. Antigenic shift refers to major antigenic change within the H or N, resulting
in a new subtype. These viruses enter a population that is immunologically naı̈ve.
Worldwide pandemics result (Table 10.1). Antigenic shift occurs only with influenza
A viruses.

III. Clinical manifestations. Characteristically, the onset of influenza is abrupt after an
incubation period of 1 to 2 days. Many patients can recall the exact hour of onset.
A. Symptoms. Systemic symptoms predominate and include feverishness, chill-

iness or occasionally frank shaking chills, headaches, myalgias, malaise, and
anorexia [2]. Malaise and fatigue may be quite prolonged. Myalgias may involve the
extremities or the long muscles of the back, and may be accompanied by arthral-
gias. Respiratory symptoms, particularly dry cough or nasal discharge, also are
usually present at the onset, but they are overshadowed by the systemic symptoms.
Nasal obstruction, hoarseness, and dry or sore throat may be present as well, and
these symptoms tend to become more prominent as the disease progresses. Oc-
ular symptoms, although less commonly present, are helpful diagnostically and
include photophobia, tearing, burning, and pain on moving the eyes. In the young
infant, influenza mimics sepsis (fever and no localizing findings). Even in older
children, influenza may be manifest occasionally as an undifferentiated febrile ill-
ness without respiratory or localizing symptoms. In the elderly, fever may be
low grade or absent, and myalgias and feverishness minimal. The presentation is
dominated by severe fatigue, malaise, and listlessness.

B. Signs. Early in the course of illness, the patient appears toxic, the face is flushed,
and the skin is hot and moist. Eyes are watery and reddened.

278
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Table 10.1. Major Antigenic Shifts and Pandemic Influenza

Interval Changes in Indicated
Year (years) Designation Surface Proteins Results

1889 — H3N2 — Moderate pandemic
1918 29 H1N1 H, N Most severe pandemic
1957 39 H2N2 H, N Severe pandemic
1968 11 H3N2 H Moderate pandemic
1977 9 H1N1 H, N Mild

H, hemagglutinin; N, neuraminidase.

1. Fever is the most important finding. It usually rises rapidly to a peak of 100◦ to
106◦F (38◦–41◦C) within 12 hours of onset of systemic symptoms. It usually is
continuous but may be intermittent, especially if antipyretics are administered.
On the second and third days of illness, the fever is usually 0.5◦ to 1.0◦F (0.5◦C)
lower, and as the fever subsides, so do the systemic symptoms. Fever may last
from 1 to 5 or more days.

2. Nasal and other respiratory findings. Clear nasal discharge is common.
Nasal obstruction occurs less frequently. The mucous membranes are hyper-
emic, but exudate is not observed. Small, tender cervical lymph nodes may be
present. Transient, scattered rhonchi or localized areas of rales are found in
fewer than 20% of cases.

As systemic signs and symptoms diminish, respiratory complaints and find-
ings become more apparent. Cough is the most frequent and troublesome symp-
tom and may be accompanied by substernal discomfort or burning. Nasal ob-
struction and discharge and pharyngeal pain and injection also are common.
Such symptoms and signs usually persist 3 to 4 days after fever subsides.
Cough, lassitude, and malaise may last 1 to 2 weeks after disappearance of other
manifestations.

IV. Laboratory findings are nonspecific. Leukocytosis of up to 15,000 cells/mm3 may
be observed early in the illness, usually without a shift to the left. Mild leukope-
nia may be observed later. Pulmonary findings seen on radiography are described in
section VII.A.

V. Diagnosis
A. Viral cultures. Specific diagnosis is best made by viral culture techniques.

Separate swab specimens of throat and nose are ideal and should be placed imme-
diately into viral transport media for good results. In cases of tracheobronchitis or
pneumonia, sputum constitutes the best specimen in adults, whereas in children a
nasal wash is best. Specimens tested in cell cultures or embryonated chicken eggs
may yield positive results as early as 3 days. For isolated or complicated cases,
viral diagnosis is essential.

B. Direct antigen detection tests have become available in which the presence
of influenza-specific antigens in respiratory secretions is detected immunologi-
cally. These tests include the Directigen Flu A + B (Becton-Dickinson), Quickvue
Flu (Quidel Corporation), and Flu OIA (Biostar). In addition, the Zstat Flu test
(Zymtek) identifies influenza through detection of viral neuraminidase activity.
Each of these tests has a turnaround time of 30 minutes or less, with reported
sensitivities of 60% to 90% compared with cell culture [3]. Generally, performance
is better with nasopharyngeal swabs, washes, or sputum than with throat gargles
or swabs [4,5].

C. Epidemiologic data are sufficient to make the diagnosis in most uncompli-
cated cases in adults. If influenza is prevalent in the community, most adults and
older children with acute febrile respiratory illness, especially with nonproductive
cough, have influenza [6]. However, in children, multiple respiratory viruses such
as respiratory syncytial virus (RSV) and parainfluenza,virus which may be present
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concurrently, confound the clinical diagnosis. Elderly patients may not manifest the
systemic symptoms seen in younger adults. A specific viral diagnosis should always
be sought in hospitalized patients with complications of influenza.

VI. Treatment
A. Symptomatic. Symptomatic therapy such as that described for common colds,

pharyngitis, and tracheobronchitis may be advised for fever, headache, myalgias,
and cough. Salicylates and salicylate-containing medications are not ad-
vised for children with influenza. The use of salicylates in children has
been associated with Reye syndrome. Acetaminophen and ibuprofen are com-
monly used as antipyretic agents.

B. Antiviral agents
1. Neuraminidase inhibitors: oseltamivir and zanamivir. These agents work

through inhibition of the viral neuraminidase, an enzyme with critical roles in
penetration of respiratory tract mucus and in the release of virus from infected
cells. The neuraminidase inhibitors are active against both influenza A and
influenza B viruses at millimolar concentrations or less [7]. Activity against
influenza viruses include avian viruses with all nine known neuraminidase
subtypes.

Both zanamivir and oseltamivir have been shown to be effective in the treat-
ment of uncomplicated influenza of healthy adults, resulting in an approxi-
mately 30% more rapid resolution of illness and a more rapid return to normal
activities [8,9]. Both drugs also have resulted in significantly reduced rates of
influenza complications, such as pneumonia and bronchitis, and early treatment
with oseltamivir also may result in less frequent subsequent hospitalizations.
Treatment should be begun within 48 hours of symptom onset, and continued
for 5 days, at dosages shown in Table 10.2.

Oseltamivir therapy in children results in more rapid resolution of fever and
clinical symptoms, and reduced rates of otitis media [10]. Oseltamivir is ap-
proved for children as young as 1 year. Studies of neuraminidase inhibitors
in elderly individuals and those with high-risk conditions have also generally
shown a trend toward more rapid reduction of symptoms and possibly reduced
complications.

Both oseltamivir and zanamivir are well tolerated when used for therapy. Ap-
proximately 10% of treated individuals experience mild nausea with the first
dose of oseltamivir, particularly when administered on an empty stomach. Be-
cause food does not interfere with absorption, when possible, oseltamivir should
be administered with food. In controlled trials of zanamivir, side effects have
not been different from placebo. However, there have been multiple reports of
significant bronchospasm when zanamivir has been administered to patients
with acute influenza.

Resistance to neuraminidase inhibitors arises in approximately 3% of treat-
ment courses with oseltamivir and less often with zanamivir. Resistance arises
either through mutations within the neuraminidase site, which decreases bind-
ing, or through mutations in the hemagglutinin, which decrease the affinity of
the virus for its receptor [11–13]. Both types of resistance appear to decrease
the replication efficiency of the virus, and the resistant viruses have attenuated
virulence in animals.

2. M2 inhibitors: amantadine and rimantadine. These chemically related
agents act by inhibiting the influenza A virus M2 protein, an ion channel that
is critical for viral uncoating. Both drugs are active only against influenza
A viruses [14]. Treatment should be begun within 48 hours of symptom onset,
and continued for 2 to 5 days, at dosages shown in Table 10.2.

Controlled trials of uncomplicated influenza in healthy adults showed that
both drugs resulted in more rapid reductions in symptoms, more rapid return to
normal activities, and reduced levels and duration of viral shedding when com-
pared with placebo, aspirin, or acetaminophen [15,16]. The efficacy of the two
drugs is similar. Treatment of children with either drug also has been shown to
reduce the duration and severity of fever and other symptoms, but only aman-
tadine is approved for this indication in the United States. Neither drug has
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been evaluated in high-risk subjects or for treatment of complicated influenza
(e.g., hospitalized patients or those with pneumonia).

Both amantadine and rimantadine are generally well tolerated when used for
treatment, although minor central nervous system (CNS) disturbances such as
difficulty concentrating and sleeping may be seen with amantadine. Amanta-
dine may lower the seizure threshold and should be avoided in individuals with
a history of seizures or seizure potential. Dosage reductions are recommended
in the elderly (Table 10.2).

Viruses may become resistant to M2 inhibitors through single point mutations
in the M2 protein [17], and such resistant viruses arise frequently (∼30% of
treatment courses or more) in treated individuals [18]. Resistant viruses are
fully virulent in animal models and can be transmitted to and cause typical
influenza in contacts.

C. Antibiotics should not be used in uncomplicated influenza because they
are of no benefit and potentially harmful by causing resistant secondary
bacterial infections to occur. Antibiotic therapy should be reserved for con-
firmed bacterial infections.

VII. Complications. The majority of influenza cases are not associated with any signifi-
cant complications. However, a spectrum of complications has been well described.
A. Two kinds of pulmonary complications are well recognized: primary influenza

viral pneumonia and secondary bacterial pneumonia. Comparative features of the
secondary pulmonary complications of influenza are shown in Table 10.3.
1. Primary influenza viral pneumonia occurs predominantly in persons with

cardiovascular disease (especially rheumatic heart disease with mitral stenosis)
or in pregnant women. Cases rarely occur in young healthy adults, however.
a. Clinical manifestations. Following onset of symptoms, there is rapid pro-

gression of fever, cough, dyspnea, hypoxemia, and cyanosis [20]. Physical ex-
amination and chest radiography reveal bilateral findings, consistent with
pulmonary edema, but no consolidation is seen. There are no pathognomonic
findings.

b. Course and prognosis. These patients often show a progressive down-
hill course unresponsive to antibiotics. Serial arterial blood gases show
progressive hypoxemia. Despite supportive care with artificial ventilation
(including extracorporeal oxygenation), the mortality rate is high. At au-
topsy, findings include tracheitis, bronchitis, diffuse hemorrhagic pneumo-
nia, hyaline membrane lining alveolar ducts and alveoli, and a paucity of
inflammatory cells within the alveoli.

c. A relatively mild form of viral interstitial pneumonia may occur in
young children that is clinically similar to the lower respiratory tract dis-
ease produced by other common respiratory viruses in infants, such as respi-
ratory syncytial and parainfluenza viruses. These infants may present with a
fever, mild cough, and upper respiratory tract symptoms, and may be admit-
ted with the diagnosis of possible sepsis. Chest radiography typically shows
interstitial infiltrates in one or more lobes. This type of lower respiratory
tract involvement is part of the acute influenza syndrome rather than a sec-
ondary complication.

2. Secondary bacterial pneumonia is more common than primary viral pneu-
monia.
a. Clinical manifestations. This is encountered more frequently in the el-

derly or those with preexisting pulmonary disease. It starts with a typi-
cal influenza illness, often followed by a period of improvement lasting 1 to
4 days, and then a relapse. New fever is associated with symptoms and signs
of bacterial pneumonia such as cough, sputum production, and often consoli-
dation on physical examination and chest radiography. However, the period of
improvement may not occur, and the course is variable. Gram stains and cul-
tures of sputum may reveal predominance of a pathogen, most often Strepto-
coccus pneumoniae or Haemophilus influenzae. Mixed bacterial pneumonias
and Staphylococcus aureus secondary pneumonia also occur more frequently
after influenza [21].
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b. Course and prognosis. These patients respond to specific antibiotic
therapy and supportive measures.

c. Therapy. Therapy should be guided by the results of sputum Gram stain
and culture. Because the spectrum of bacterial etiologies is similar to that
seen with community- acquired pneumonia (CAP), guidelines for CAP are
reasonable [22]. This includes an oral macrolide such as azithromycin or
clarithromycin or an oral fluoroquinolone with antipneumococcal activity
in outpatients, and intravenous (i.v.) ceftriaxone (1 g every 24 hours), in
hospitalized adults with normal renal function. In children, therapy should
be directed against S. pneumoniae and group A streptococcus.

3. Other pulmonary complications. During an outbreak of influenza, many
cases are observed that do not fit clearly into either of the preceding
categories. Many of these patients have mixed viral and bacterial infection of
the lung (Table 10.3), and most of these mixed infections respond to antibiotics.
In addition, milder forms of influenza viral pneumonia involving only one lobe
or segment have been described, which do not invariably lead to death and are
often confused with pneumonia due to Mycoplasma pneumoniae.

4. Otitis media occurs in up to 30% of children 3 to 4 days after onset of influenza.
B. Reye syndrome is a rare hepatic and CNS complication occurring primarily in

children who ingest salicylates after influenza B viral infection, but also after
varicella and influenza A infection. It presents as encephalopathy and fatty degen-
eration of the liver. Since intensive educational campaigns began, the syndrome
has almost disappeared.

C. Myositis and myoglobinuria with tender leg muscles and elevated serum crea-
tine phosphokinase levels have been reported (mostly in children) after influenza A
and influenza B infection, most commonly the latter. Symptoms may be sufficiently
severe to prevent walking, but neurologic changes are not evident.

D. Guillain-Barré syndrome (GBS) has been reported to occur after influenza A
infection, numerous other infections, and rarely after influenza immunization.

E. Both myocarditis and pericarditis have been associated rarely with influenza
A and B viral infection. However, neither myocarditis nor pericarditis is observed
commonly on autopsy of those dying of primary influenza viral pneumonia.

F. Neurologic complications besides Reye syndrome also may occur with influenza,
such as encephalopathy and ataxia. Febrile convulsions are a relatively frequent
complication of influenza in preschool children. A rapidly progressive encephalopa-
thy with bilateral thalamic necrosis has been reported in children in Japan [23,24].

VIII. Prevention
A. Inactivated influenza vaccines are 70% to 90% effective in the prevention of in-

fluenza illness when there is a good antigenic match between vaccine and epidemic
viruses [25–27]. Vaccination of young adults is also associated with decreased ab-
senteeism from work or school and is significantly cost saving in working adults
[28]. Inactivated vaccine also is effective in prevention of influenza in children, with
prevention of asthma exacerbations [29] and reductions in the rate of acute otitis
media [30], and has substantial economic benefit in this age group [31,32]. Rela-
tively few prospective trials of protective efficacy have been conducted in high- risk
populations. In one recent randomized placebo-controlled trial in an elderly popula-
tion, inactivated vaccine was approximately 58% effective in preventing laboratory-
documented influenza [33]. In addition, numerous retrospective case-control stud-
ies have documented the effectiveness of inactivated influenza vaccines in these
individuals. Vaccine is protective against influenza and pneumonia-related hospi-
talization in the elderly, and is accompanied by a decrease in all-cause mortality
[34].
1. Formulation. Inactivated influenza vaccines consist of inactivated whole virus,

disrupted virus (split-product), or purified H and N (subunit) vaccines. The im-
munogenicity of each is similar. Because of the frequent antigenic changes, the
virus strains to be included in the vaccine must be updated regularly. The triva-
lent formulation of influenza vaccine contains one H3N2, one H1N1, and one
B virus.
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Table 10.4. Target Groups for Influenza Vaccination

Groups at increased risk for influenza-related complications
Persons ≥65 years of age
Residents of nursing homes and other chronic-care facilities that house persons of any

age who have chronic medical conditions
Adults and children who have chronic disorders of the pulmonary or cardiovascular

systems, including asthma
Adults and children who have required regular medical follow-up or hospitalization

during the preceding year because of chronic metabolic diseases (including diabetes
mellitus), renal dysfunction, hemoglobinopathies, or immunosuppression (including
immunosuppression caused by medications or by human immunodeficiency [HIV]
virus)

Children and teenagers (6 months to 18 years of age) who are receiving long-term aspirin
therapy and therefore might be at risk for developing Reye syndrome after influenza
infection

Women who will be in the second or third trimester of pregnancy during the influenza
season.

Persons 50–64 years of age and those who can transmit influenza to those at high risk
Physicians, nurses, and other personnel in both hospital and outpatient-care settings,

including emergency response workers
Employees of nursing homes and chronic-care facilities who have contact with patients

or residents
Employees of assisted living and other residences for persons in groups at high risk
Persons who provide home care to persons in groups at high risk
Household members (including children) of persons in groups at high risk

Adapted from Centers for Disease Control and Prevention. Prevention and control of influenza: recom-
mendations of the Advisory Committee on Immunization Practices (ACIP). MMWR 2001;50(RR-4):1–32;
with permission.

2. Indications. Target groups for influenza vaccination [19] include (a) those who
are at increased risk for influenza-related complications, (b) persons who can
transmit influenza to those at high risk, and (c) individuals between the ages
of 50 and 64. This last group contains a significant proportion of the individu-
als under the age of 65 who have high-risk conditions. An age-based strategy
represents the most effective way to reach these patients, and vaccination begin-
ning at age 50 is consistent with recommendations for annual physician visits
(Table 10.4). In addition, vaccine may be used in any individual who wishes to
avoid an unpleasant influenza illness.

3. Administration. A single dose of vaccine is sufficient for most individ-
uals, but two doses of vaccine are required in those who have not been
primed by previous infection or vaccination with similar antigen type, such
as children under 9 years of age, or in the event of antigenic shift. Whole-
virus vaccine should not be used in children under 12 years of age because
of increased systemic reactions. Because the duration of protective immunity
afforded by influenza vaccine appears to be limited and vaccine formulations
change frequently, annual vaccination, usually in the late fall (e.g., late October
or November) is recommended. Vaccine may be administered at the same visit
as pneumococcal vaccine, which, although not given yearly, is also recommended
for many of the same groups of individuals.

4. Side effects of influenza vaccine are minimal, consisting of mild soreness
at the injection site in a minority of recipients. Systemic symptoms following
vaccination are rare and occurred at approximately the same rate in vaccine and
placebo recipients in controlled trials. In some years, GBS has been associated
with influenza vaccine. The risk of GBS following vaccination is estimated at
approximately one excess case of GBS for every million doses of vaccine [35].
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B. A live attenuated influenza vaccine (FluMist) is also being considered for li-
censure in the United States for use in children and healthy adults. This vaccine
has excellent efficacy in children under 6 years of age, in which a two-dose vac-
cine schedule provided 96% protection against influenza A and 90% protection
against influenza B [36]. The vaccine also protected against a significant antigenic
variant [37], suggesting that the live attenuated vaccine induces a broadly cross-
reactive antibody response in children. Efficacy studies of FluMist have not been
conducted in adults. However, a trial of a related monovalent vaccine in adults
showed approximately equal efficacy to inactivated vaccine in the prevention of
laboratory-confirmed influenza illness [38]. In addition, FluMist reduced the rates
of severe febrile illness in adults during the influenza season [39]. Although the
vaccine is well tolerated in high-risk and elderly subjects, there are insufficient
data suggesting efficacy to recommend use in these populations.

C. Chemoprophylaxis with the drugs described in section VI.B above is also ef-
fective for prevention of influenza. All four agents appear to have similar levels
of efficacy, with the proviso that amantadine and rimantadine are only effective
against influenza A viruses, and that zanamivir, while shown to be effective for
prevention of influenza in controlled studies, is not licensed for this indication in
the United States. Studies of chemoprophylaxis have generally dealt with two situ-
ations: seasonal prophylaxis, in which an antiviral agent is administered through-
out the influenza season, and postexposure prophylaxis, in which drug is given
for a relatively shorter period of time following a known exposure to an influenza-
infected person. Antiviral prophylaxis cannot substitute for vaccination, but can
be considered for several situations listed below:
1. Seasonal prophylaxis. Administration of amantadine, rimantadine,

zanamivir, or oseltamivir for 4 to 6 weeks during influenza epidemics results
in reductions of 70% to 90% in the rates of laboratory confirmed influenza
[40–42]. In a comparative trial, the efficacies of amantadine and rimantadine
were identical, but rimantadine was associated with a lower frequency of CNS
side effects than was amantadine [40]. Zanamivir and oseltamivir have not
been compared directly. Although seasonal prophylaxis has been the basis for
many clinical trials, the circumstances in which this would be used clinically
are rare. However, seasonal prophylaxis can be considered in high-risk patients
in whom vaccination is not possible or is contraindicated, for immunodeficient
individuals who do not respond to vaccination, or for unvaccinated individuals
who care for high-risk patients.

2. Postvaccination prophylaxis. Development of a protective immune response
following influenza vaccine can take as long as 2 weeks, so short-term prophy-
laxis should be used in high-risk patients who are not vaccinated until after
influenza epidemic activity has begun. None of the four available agents are
known to interfere with the immune response to inactivated vaccine.

3. Family prophylaxis. Many studies have demonstrated that short-term pro-
phylaxis of family members with amantadine [43], rimantadine [44,45],
zanamivir [46], or oseltamivir [47] following identification of an index case can
reduce the rate of secondary family cases during the period in which prophy-
laxis is administered. An important observation of these studies has been that
resistant influenza A viruses have emerged rapidly and have been transmitted
to contacts when amantadine or rimantadine were used both for treatment of
index cases and prophylaxis of contacts [48]. In contrast, resistant viruses have
not been isolated in studies where the index case has received treatment and
contacts have received prophylaxis with either zanamivir or oseltamivir.

4. Outbreak prophylaxis in chronic care institutions. Where a volatile mix
of high- risk populations and crowding exists, explosive and devastating out-
breaks of influenza can occur. Thus, once an outbreak of influenza is recognized,
potentially exposed individuals should receive prophylaxis with an appropriate
antiviral agent for a minimum of 2 weeks, or for 1 week after the last recog-
nized case [49]. Amantadine-resistant viruses emerge rapidly in this setting,
and where possible, amantadine- (or rimantadine-) treated patients should be
isolated from those receiving prophylaxis. The neuraminidase inhibitors may
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offer some advantages in this setting because of the less frequent resistance
[50], but they are significantly more expensive.

5. Dosing and administration. Dosing and administration of available
chemotherapeutic agents are described in Table 10.2.

LARYNGITIS AND CROUP (ACUTE LARYNGOTRACHEOBRONCHITIS)
I. Acute viral laryngitis is an afebrile, self-limited illness characterized by hoarseness

or sometimes loss of voice. Visualization of the larynx reveals erythema and some edema,
with little involvement of the pharynx and nose. As an isolated syndrome, acute viral
laryngitis occurs much less frequently than does acute viral rhinitis or pharyngitis. How-
ever, some degree of laryngitis occurs in 10% to 20% of patients with common colds, and
a somewhat higher incidence exists in patients with acute viral pharyngitis. The viruses
most frequently isolated are parainfluenza virus types 1, 2, and 3. Although presumably
all the remaining respiratory viruses occasionally may be involved, none of these has
been isolated regularly. Bacteria are not a cause of this syndrome. There is no spe-
cific treatment, but resting the voice and inhalation of steam or cold-water vapor often
are helpful.

II. Acute viral laryngotracheobronchitis (croup) [51]. Acute laryngotracheobronchi-
tis, or viral croup, is a clinically distinctive syndrome characterized by respiratory dis-
tress, inspiratory stridor, and subglottic swelling that occurs predominantly in children
6 months to 5 years of age.
A. Etiology. As discussed in Chapter 8, parainfluenza virus type 1 is the most frequent

cause of croup [52]. Parainfluenza viruses types 2 and 3 and influenza A also are major
agents. Influenza A is particularly important, for although it is a less frequent cause of
croup than parainfluenza type 1, it tends to cause more severe disease. Less common
causes of croup are RSV, influenza B virus, rhinoviruses, adenoviruses, enteroviruses,
rubeola virus, and M. pneumoniae. Overall, viruses may be recovered from croup cases
more frequently (40%–75%) than from other types of respiratory illnesses.

B. Epidemiology of croup mirrors that of its major viral agents, occurring when parain-
fluenza type 1 is prevalent, which often is in the fall of every other year. Fewer up-
surges of croup are seen with parainfluenza type 2 activity, which, although less
predictable than type 1, also occurs in the fall [53]. The number of croup cases may
increase with influenza A outbreaks (which usually occur between December and
April). In contrast, parainfluenza type 3 viruses often cause outbreaks of infection in
spring [54].

C. Clinical manifestations [51]. An upper respiratory tract infection usually precedes
the onset of croup, which is heralded by a distinctive cough with a deep, brassy tone,
called a seal’s bark. Laryngitis and fever are common, particularly with influenza A
and parainfluenza viral infections.
1. Stridor. The development of inspiratory stridor is usually abrupt, often occur-

ring at night, and is associated with respiratory distress. Obstruction of air flow
occurs during both inspiration and expiration but is greater on inspiration because
the negative inspiratory pressure tends to further narrow the subglottic area.

2. Respiratory findings. Retractions of the accessory muscles of the chest wall
are common, and the respiratory rate is increased but usually to no more
than 50 to 60 breaths per minute. Inspiration is prolonged and, on auscultation,
rales, wheezes, and rhonchi may be heard. With increasing obstruction, the breath
sounds may diminish and cyanosis may appear. The course of croup is variable and
fluctuating.

3. Hypoxemia occurs in the hospitalized patients with croup. It arises from involve-
ment of the lung parenchyma. Subglottic inflammation, which is most evident clin-
ically, does not contribute to the hypoxemia until fatigue and hypercapnia ensue.

D. Diagnosis. The diagnosis is made on the basis of the characteristic clinical features
and can be confirmed by a posteroanterior radiograph of the neck, which in viral
croup shows the narrowing of the tracheal air shadow in the subglottic region. Viral
cultures can be performed on respiratory secretions. It is important to distinguish
this syndrome from other causes of airway obstruction, such as epiglottitis.

E. Treatment. Many and varied therapies have become legendary, their success being
based on grandmothers’ trials and the characteristic fluctuating course of croup.
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1. Oxygen is the mainstay of treatment for the severely affected.
2. The value of mist therapy has not been proved. Water from the standard

home- use vaporizer cannot reach the lower respiratory tract because of the large
particle size.

3. Nebulized racemic epinephrine gives symptomatic relief by diminishing air-
way obstruction. However, the clinical improvement is transitory (<2 hours) and
generally is not associated with an improvement in the arterial oxygen satura-
tion. Side effects such as tachycardia may occur. Recommended doses are 0.25 mL
of a 2.25% solution for children less than 6 months of age, and 0.5 mL for older
children.

4. Corticosteroids. Steroids have been shown to confer significant benefits in the
management of mild, moderate, and severe croup, including more rapid improve-
ment in symptoms, reduced length of hospital stay, and reduced rates of intubation.
Parenteral dexamethasone in doses over 0.3 mg/kg, nebulized corticosteroids, and
oral dexamethasone (0.15–0.6 mg/kg) have all been shown to be equally effective
[55]. Administration of single-dose steroid therapy in this setting has not been as-
sociated with significant side effects, and should probably be used on any patient
with significant enough illness to require an emergency room or clinic visit [56].

5. Croup is largely a viral illness, so antibiotics are not beneficial and should only
be used when concomitant bacterial infection is present.

6. Ventilatory support may be necessary for the rare hospitalized patients with
significant obstruction not responsive to corticosteroids.

BACTERIAL TRACHEITIS
I. Bacterial tracheitis is a relatively rare syndrome that mimics epiglottitis or severe

viral croup [57]. Although this syndrome has been recognized only recently, and has been
described mostly in children, it may occur at any age. It is important to differentiate
bacterial tracheitis from viral croup because of its potential for rapid progression that
necessitates intubation and because of the need for prompt antibiotic therapy.

II. Etiology. Bacterial tracheitis usually is caused by S. aureus and H. influenzae type
b, but group A streptococci and S. pneumoniae also have been associated with this
syndrome.

III. Clinical manifestations. Bacterial tracheitis affects those who have had previous tra-
cheal injury or compromise, such as by intubation or sometimes by a preceding viral
infection. The onset is acute, with stridor, dyspnea, and sometimes high fever. Abun-
dant purulent sputum or secretions are usually evident and may cause rapid airway
obstruction as in epiglottitis.

IV. Diagnosis is made by direct laryngoscopy, which shows localized inflammation
and membranous exudate in the subglottic area, and sometimes by a lateral soft tissue
radiograph of the neck, demonstrating the subglottic narrowing with a shaggy, exuda-
tive membrane. The epiglottis is usually normal, however. Blood cultures are generally
negative.

V. Treatment. Therapy should be initiated as soon as possible with antibiotics for the
most likely organisms, such as ceftriaxone. Cultures of the exudative membrane should
subsequently allow the antibiotic regimen to be narrowed to cover the isolated pathogen.

BRONCHIOLITIS
Bronchiolitis is confined to children (mainly ages 1–24 months). It is due primarily to
infection with RSV [58], but occurs with other viruses.

I. Symptoms. After several days of typical upper respiratory tract illness, the infant
develops a deepening cough and the onset of dyspnea and wheezing.

II. Signs. The infant’s respiratory rate increases, and retraction of the intercostal muscles
is seen due to respiratory obstruction. On auscultation, rales, rhonchi, and expiratory
wheezing are present and may fluctuate in intensity. Cyanosis may be present; even
without overt cyanosis, however, hypoxemia is commonly present [59].

III. Chest radiography shows hyperaeration with or without infiltrates. The infiltrates
result either from the atelectasis, which is part of the pathology of bronchiolitis, or from
a concomitant viral pneumonia, which is frequently also present.
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IV. Diagnosis. Rapid diagnostic tests of respiratory secretions to detect RSV as well
as other respiratory viruses such as parainfluenza and influenza viruses are widely
available (see Chapter 25). Lacking those, a clinical diagnosis can be made, particularly
during an outbreak of RSV infections, by the characteristic findings of acute respiratory
signs with wheezing and hyperaeration in a child in the first 2 years of life. The major
entities in the differential diagnosis are asthma, gastroesophageal reflux, and aspiration
of a foreign body.

V. Therapy.
A. Antiviral therapy is available for some of the viruses responsible for bronchiolitis,

but the use of such therapy for the most common etiology, RSV, remains controver-
sial. Ribavirin therapy has resulted in diminished clinical severity and improved
oxygenation in all of the randomized, placebo-controlled studies in which these out-
comes were assessed. However, the numbers of subjects in such studies have been
small, and studies have not confirmed significant long-term benefits in treated chil-
dren. The high cost, difficult aerosol administration, and concern about potential
toxicity among exposed health-care workers, combined with the conflicting results
of clinical trials, have contributed to the controversy over its use. The American
Academy of Pediatrics currently recommends that ribavirin be considered, primar-
ily in selected high-risk infants, with the decision individualized according to the
particular clinical circumstances [60].

B. Bronchodilators may produce modest short-term clinical improvements, but their
use is controversial because benefit is not consistently observed in all infants and
treatment may be associated with side effects such as tachycardia. Because a sub-
group of infants with bronchiolitis appear to benefit from nebulized bronchodilators,
a monitored trial may be warranted in infants with moderate to severe disease.

C. Corticosteroids are generally ineffective and are not indicated in previously
healthy infants with bronchiolitis [61,62].

D. Antibiotics are not warranted, and bacterial suprainfections are rare. The
mainstay of supportive therapy is the monitoring and maintenance of adequate
oxygenation.

VI. Prevention. Prophylaxis against RSV lower respiratory tract disease, including bron-
chiolitis, may be provided by i.v. administration of RSV-IGIV (intravenous immune glob-
ulin), which contains high titers of RSV neutralizing antibody from selected donors, or
intramuscular administration of palivizumab, a humanized mouse monoclonal antibody
to RSV. Controlled studies of these agents have demonstrated significant reductions in
hospital admissions in infants receiving monthly prophylaxis for 5 months during RSV
season [63,64]. The American Academy of Pediatrics recommends that palivizumab or
RSV-IGIV prophylaxis should be considered for infants under 2 years of age with chronic
lung disease who required medical therapy within 6 months prior to the onset of the
RSV season. Palivizumab is preferred because of its easy intramuscular administration
and safety. Infants born at 32 weeks’ gestation or earlier who do not have chronic lung
disease also may be considered for such prophylaxis depending on other risk factors
[65]. In general, decisions for use within both groups of infants must be individualized.

VIRAL PNEUMONIA
Pneumonia is covered in Chapter 11. However, because viral pneumonia is due to the
same viruses responsible for other respiratory tract syndromes, see Chapter 8 for further
discussion.
I. Infants and children. In infants and children under 5 years of age (especially under

age 2), viruses are the most common cause of pneumonia. RSV, the parainfluenza
viruses, and influenza A virus are the most important pathogens.

II. Otherwise healthy adults seldom have true viral pneumonia [66].
A. Young adults. The majority of cases are associated with influenza viruses (see sec-

tion VIII). Adenoviruses also have been described as causes of significant outbreaks
of atypical pneumonia in military recruits, and less often, in civilians. Adenovirus ill-
ness is typically mild, but more severe disseminated infections and deaths have been
reported [67]. Chest radiographs taken in adults with varicella reveal infiltrates in
10% to 20%, most frequently with a nodular infiltrate with peribronchial distribu-
tion involving both lungs. RSV occasionally causes pneumonia in otherwise healthy
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adults [68]. Clinical features of the hantavirus pulmonary syndrome include onset of
severe pulmonary dysfunction after a 2- to 3-day prodrome of nonspecific influenza-
like symptoms, fever, myalgias, cough, gastrointestinal symptoms, and headache [69].
Laboratory abnormalities include leukocytosis, increased hematocrit due to hemocon-
centration, and thrombocytopenia with coagulopathy.

B. Older adults are much more likely to have bacterial pneumonia, although influenza
virus can cause pneumonia, and RSV has recently been associated with pneumonia
and exacerbations of chronic lung disease in the elderly [70]. It has been estimated
that 2% to 4% of pneumonia deaths among the elderly in the United States may be
due to RSV [71]. Parainfluenza viruses also have been reported as occasional causes
of pneumonia in adults and in the elderly [72].

C. Patients infected with the human immunodeficiency virus. Cytomegalovirus
(CMV) often is isolated from the respiratory secretions (or lung biopsies) of these
patients. How often CMV is a primary pathogen (if ever) in this setting is unclear
(see Chapter 18).

D. Other immunosuppressed patients may develop severe, life-threatening pul-
monary infections with RNA and DNA viruses, including both viruses that are typical
causes of lower respiratory tract disease in normal hosts, and other, more opportunis-
tic viral pathogens. CMV is etiologic, particularly in lung and marrow transplant
recipients. The highest risk is 1 to 3 months posttransplantation, with the peak in-
cidence at 8 weeks. The presence of neutropenia, abnormalities of liver function test
results, and mucosal ulcerations may be clinical clues to the diagnosis. Herpes simplex
pneumonia has been reported largely in immunocompromised or debilitated individ-
uals. The majority of cases present as a focal pneumonia as a result of contiguous
spread from the upper respiratory tract; diffuse interstitial disease resulting from
hematogenous spread occurs in up to 40% of cases [73]. Varicella-zoster virus is an
important problem in individuals with hematologic malignancies and others with ia-
trogenic immunosuppression, with the greatest risk seen in organ transplantation.
Adenoviruses are significant causes of morbidity and mortality in immunocompro-
mised patients, particularly after transplantation. In contrast to infection in normal
hosts, infection in immunocompromised subjects tends to be disseminated, with iso-
lation of virus from multiple body sites including lung, liver, gastrointestinal tract,
and urine [74].

RNA viruses have also received increasing recognition as potential causes of signifi-
cant morbidity and mortality in this population [75]. RSV is well recognized as a cause
of pneumonia in recipients of bone marrow [76] and solid organ transplantation [77].
Many cases are nosocomial. The illness typically begins with upper respiratory tract
infection symptoms that progress over several days to severe, life-threatening lower
respiratory tract involvement. Mortality rates of 50% or higher are typical if pneu-
monia supervenes, particularly if disease occurs in the preengraftment period [78].
Parainfluenza viruses also have been reported as a less frequent lower respiratory
tract pathogen in both solid organ and bone marrow transplantation [75]. Influenza
virus also may cause severe disease in transplant recipients [79] and leukemics. Rhi-
novirus infections in this population are also common, but tend to be associated less
frequently with lower respiratory tract disease [80]. Measles giant cell pneumonia
is a severe, usually fatal form of pneumonia in immunosuppressed individuals [81],
who may present without rash or other typical manifestations of measles, and a high
index of suspicion must be maintained.
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11. LOWER RESPIRATORY TRACT INFECTIONS
(INCLUDING TUBERCULOSIS)

Robert L. Penn and Robert F. Betts

Virtually any type of infectious agent can cause pneumonia. It develops when the host is
confronted by a virulent organism for which he or she has no specific defense, or when the
usual lung defense mechanisms are impaired regardless of the virulence of the organism.

Pneumonia can be induced by aspiration of minute quantities of virulent organisms, or
by aspiration of larger quantities of virulent or nonvirulent organisms. In addition, aspi-
ration of noninfectious gastric contents or inhalation of toxic fumes can produce an in-
flammatory pneumonitis that is sometimes followed by secondary bacterial infection. An-
other mechanism is inhalation of microorganisms in small-particle aerosols, as occurs in
tuberculosis.

Occasionally microorganisms can embolize to the lung through the bloodstream, and fre-
quently without evidence of airway disease. This most often occurs from right-sided endo-
carditis or from sites drained by the inferior or superior vena cava, for example the jugular
vein.

GENERAL CONCEPTS OF ORGANISM–HOST INTERACTION
I. The organism

A. Availability. Colonization by an organism or acute exposure to an organism in the
environment is an essential precondition for the development of pneumonia.

B. Virulence. The virulence of most bacterial respiratory pathogens is related to their
ability to adhere to receptor sites on respiratory epithelial cells and pneumocytes,
and to resist natural host defenses in the lung.
1. The virulence of the pneumococcus is related to its ability to adhere to recep-

tor sites on respiratory epithelial cells and pneumocytes. Receptor sites on the
pneumocyte for the pneumococcus increase twofold when there is associated in-
flammation (e.g., influenza).

2. Importance of the capsule. The ability of the pneumococcus to resist phago-
cytosis via its capsule enables it to survive and replicate in the alveolus. All
species of Streptococcus pneumoniae that cause disease are encapsulated, and
frequency and severity of disease are related to the quantity of capsule. Encap-
sulated Haemophilus influenzae type b can cause pneumonia that is associated
with bacteremia, whereas nonencapsulated H. influenzae usually causes only ex-
acerbations of bronchitis and occasionally bronchopneumonia. Its capsule and its
ability to adhere to respiratory epithelium probably explain why Klebsiella pneu-
moniae causes pneumonia. Klebsiella species also elaborate cytotoxic enzymes.

C. Other factors. Unencapsulated organisms can cause pneumonia if the quantity as-
pirated is sufficiently high. For example, decaying teeth harbor high titers of anaero-
bic bacteria. Impairment of host defenses also favors the establishment of infection.
Loss of ciliary activity is an important risk factor, as may occur from viral infection of
the lower respiratory tract, drugs such as alcohol, airway obstruction from a tumor
or a foreign body, or exposure to an irritant such as cigarette smoke.

II. Host defense mechanisms [1]
A. Upper airway defenses

1. Mechanical defenses such as air filtration, the epiglottic reflex, upper airflow
turbulence, cough, and mucociliary clearance protect the lower airway. Neurologic
or esophageal diseases enhance access to the bronchial tree. Inhaled toxins, ab-
normal bronchial secretions (e.g., cystic fibrosis), viral infections, endobronchial
tumors, or foreign bodies (e.g., an endotracheal tube) impair these mechanical
defenses.

2. Secretory immunoglobulin A (IgA) impairs microbial adherence and neutral-
izes viruses.

B. Lower respiratory defenses
1. IgG and secretory IgA antibodies both diffuse into mucosal secretions, while

IgG predominates in the alveolar milieu. Vaccines or previous infections stimulate
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antibody production. Mucosal applied vaccines more effectively stimulate IgA.
Absence of antibodies is a risk factor, as occurs in multiple myeloma and agam-
maglobulinemia. Deficiencies of IgG2 or IgG4 predispose to recurrent sinus and
bronchial infections, especially if combined with IgA deficiency.

2. Complement activation generates opsonins, chemotactic molecules, and lytic
activity. The functional absence of complement in sickle cell disease and certain
inherited deficiency states leads to increased incidence of sinopulmonary infec-
tions.

3. Phagocytic defenses consist of alveolar macrophages and neutrophils.
Alveolar macrophages are the initial phagocytic defense and play a central role
in recruiting neutrophils and other aspects of lung inflammation [1]. Either a
quantitative or a qualitative defect in phagocytes may contribute to pyogenic
infection. Impaired migration of phagocytes is a risk factor. For example, high al-
cohol concentrations impair neutrophil migration. Organisms such as Legionella
and Mycobacterium species can survive within nonimmune alveolar macrophages.
Optimal defense against facultative intracellular pathogens requires activation
of macrophages via specific T-lymphocyte immunity.

4. Other antibacterial substances in the lower airways include lysozyme, fi-
bronectin, free fatty acids, iron-binding proteins, defensins, cathelicidins, and
collectins, including surfactant proteins [1].

CLINICAL APPROACH TO COMMUNITY-ACQUIRED PNEUMONIA (CAP)
I. Important history and epidemiologic data include the following points, as well

as the season of the year [2–6]. Influenza, pneumococcal, and haemophilus etiologies
are more prevalent in the winter.
A. Family history. Respiratory syncytial virus, influenza, Mycoplasma pneumoniae,

and Chlamydophila (Chlamydia) pneumoniae are just a few examples of pneumo-
nia that may spread within families, although Mycoplasma and Chlamydophila
spread more slowly than the viruses.

B. Travel history. A history of travel to or residence in certain areas of the country
is essential for acquisition of coccidioidomycosis, histoplasmosis, or blastomycosis
(see Chapter 17). Travel to Southeast Asia or the South Pacific at any time should
raise the possibility of infection with Pseudomonas pseudomallei, for illness can
develop years after exposure.

C. Unusual contacts. Occupational exposures, outdoors activities, or contact with
animals and birds or their excreta suggest such entities as hantavirus pulmonary
syndrome, histoplasmosis, Legionnaires disease, plague, psittacosis, Q fever, and
tularemia.

D. Recent hospitalization, institutionalization, or antibiotic therapy. Gram-
negative pneumonias and infections caused by antibiotic-resistant organisms, in-
cluding resistant pneumococci, are much more frequent in these patients.

E. Infection with the human immunodeficiency virus (HIV) or the presence
of HIV risk factors suggests the possibility of both gram-negative and gram-
positive bacterial pneumonias [7], as well as a variety of opportunistic pathogens
such as Pneumocystis carinii and Rhodococcus equi (see Chapter 18).

F. Age is an important factor.
1. In the neonatal period, Streptococcus agalactiae is an important cause of pneu-

monia acquired through contact in the birth canal (see Chapter 3).
2. The infant

a. Respiratory syncytial virus (RSV), parainfluenza, and influenza are com-
mon in infancy and may occur in epidemics.

b. Encapsulated bacteria. Both S. pneumoniae and H. influenzae type b may
cause pneumonia in children 5 to 18 months of age. This is related both to loss
of maternal antibody and to the failure of children in this age group to form
antibody to polysaccharide antigens. The incidence of invasive H. influenzae
type b infections has declined among infants since the introduction of the
H. influenzae type b conjugate vaccines in 1988. Hopefully, the pneu-
mococcal conjugate vaccine will have the same effect on S. pneumoniae
infections.
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3. In children (3 months old to teenagers) with CAP, the most frequently identified
causes are S. pneumoniae, M. pneumoniae, RSV, Chlamydophila pneumoniae,
nontypable H. influenzae, and Moraxella catarrhalis [8]. RSV is more common in
children under 5 years of age, and M. pneumoniae and C. pneumoniae are more
common in older children. Recent studies have found the frequent occurrence
of mixed infections [8].

4. In young adults (18–45 years) Mycoplasma species and Chlamydophila pneu-
moniae are the most common causes year round, but influenza predominates
during epidemics.

5. Older ambulatory adults are just as likely as younger adults to have pneu-
mococcal pneumonia and influenza [9]. However, one review noted an increased
proportion of haemophilus, staphylococcal, and gram-negative pneumonias in
the elderly [10].

6. Institutionalized older adults are often colonized with gram-negative rods.
Thus, when pneumonia develops, gram-negative pneumonia is more likely,
although pneumococcal disease still is prevalent. Staphylococci (including
methicillin-resistant strains), haemophilus, moraxella, anaerobes, viruses, and
Mycobacterium tuberculosis also regularly cause pneumonia in this group [9].

G. Predisposing conditions
1. In alcoholics, S. pneumoniae is the most prevalent organism, but anaerobes,

H. influenzae, K. pneumoniae, and M. tuberculosis also are regularly encoun-
tered.

2. Aspiration pneumonia occurs in patients with alcoholism, drug abuse, recent
general anesthesia, trauma, other causes for mental obtundation, stroke, swal-
lowing problems, esophageal dysmotility (e.g., scleroderma, stricture, or acha-
lasia), tracheoesophageal fistula, gastroparesis, feeding tubes, tracheotomy,
seizure disorders, and other serious underlying diseases. Anaerobes are com-
mon pathogens in this setting, often as part of a mixed infection, unless the pa-
tient is edentulous. Nosocomial aspiration pneumonias also may involve aerobic
gram-negative bacilli and Staphylococcus aureus. (See section II under Specific
Therapy and Special Considerations.)

3. Chronic obstructive pulmonary disease (COPD) is associated with H. in-
fluenzae, S. pneumoniae, M. catarrhalis, and Legionella pneumonias.

4. Cystic fibrosis predisposes to staphylococcal, mucoid strains of Pseudomonas
aeruginosa, Stenotrophomonas maltophilia, and Burkholderia cepacia infection.
The latter gram-negative organisms usually appear after repeated courses of
antibiotics.

5. Postinfluenza bacterial pneumonias are commonly caused by staphylococci,
H. influenzae, or S. pneumoniae.

6. Sickle cell disease is an important risk factor for pneumococcal pneumonia.
7. Immunosuppression predisposes to a wide variety of potential organisms.

H. Hospital-acquired pneumonias [11,12]. Oropharyngeal colonization by gram-
negative organisms, especially Klebsiella species, increases in the infirm elderly,
and with severe acute illness, prolonged hospitalization, diabetes, renal failure,
intubation, or prior antibiotic exposure. Gram-negative organisms must be
considered when pneumonia develops in these settings. Other important
nosocomial pathogens include S. aureus, anaerobes from aspiration, Legionella
species, fungi, and some viruses.

II. Symptoms and signs. For CAP, the individual often has had a recent, mild upper
respiratory tract infection and then develops chills, fever, cough associated with pleu-
ritic chest pain, dyspnea, and purulent sputum. However, the complete spectrum of
these symptoms may be lacking, depending on the host and the organism.
A. Host considerations

1. Neonates with Chlamydia pneumonia usually are mildly ill and do not have
fever (see Chapter 3).

2. Young infants with viral pneumonia almost always present with respiratory
distress and fever but, at times, infants may appear septic.

3. Elderly patients often develop a change in eating habits or mental function
with a minimum of respiratory symptoms [9]. Other important clues include
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unexplained diminished activity, a fall, new incontinence, or the decompensation
of an underlying medical problem. Fever may be minimal or absent. Tachypnea
or tachycardia may be the first evidence of pulmonary involvement. Abnormal-
ities on the chest radiograph may be difficult to interpret because of underlying
heart and lung disease.

4. Patients with chronic bronchitis may exhibit a change in the quantity and
type (color and general appearance) of sputum as the first sign of pneumonia.

5. Neutropenic patients may not produce sputum and may have few chest ra-
diograph abnormalities.

B. Special considerations by organism
1. Anaerobic infections, tuberculosis, and pulmonary mycoses usually have a more

gradual onset of symptoms than pyogenic bacterial pneumonias.
2. Some pneumonias characteristically have scant and nonpurulent sputum pro-

duction, although this has proven to be nonspecific [2,6].
a. M. pneumoniae and C. pneumoniae usually have a gradual onset charac-

terized by fever, protracted cough, and minimal sputum.
b. Legionnaires disease characteristically causes only a modest amount of

sputum production and nonspecific systemic symptoms [13]. Other manifes-
tations include relative bradycardia, renal abnormalities, delirium, diarrhea,
and hyponatremia.

c. Q fever, psittacosis, and viral pneumonias are nonbacterial pneumonias
discussed in section V under Specific Therapy and Special Considerations.
A history of occupational or other exposure to animals and birds or a local
epidemic of influenza may help increase one’s index of suspicion for these
diagnoses.

III. Physical examination. In addition to examination of the chest, special emphasis
should be placed on a search for signs of nonpneumonic infection such as endocardi-
tis, meningitis, and salpingitis. Evidence of an associated pleural effusion should be
sought. Other relevant findings include deep venous thrombosis leading to pulmonary
embolism, lymphadenopathy, or clubbing, suggesting neoplasia.

IV. Radiologic evaluation [14]. Chest radiography is always indicated [2]. Although
the x-ray film yields useful clues, it seldom identifies a specific etiologic
diagnosis.

The compromised host, the very young, and the very old pose special di-
agnostic problems. In some, the physical findings may be minimal, but the radio-
graph may clearly reveal the pneumonia. In others, particularly neutropenic patients,
the initial radiograph may fail to show any infiltrates despite clinical findings of
pneumonia.
A. Location of infiltrates

1. Infiltrates in the apical segment of the lower lobe or in the posterior seg-
ment of the upper lobe suggest aspiration while recumbent, whereas in-
filtrates in the basal segment of the lower lobe suggest aspiration while
more upright [15]. However, aspiration in different postures may lead to pneu-
monia in other dependent locations.

2. Upper lobe involvement can occur in any pneumonia, but it is particularly
common in tuberculosis, Klebsiella infection, and melioidosis. Lower lobe in-
filtrates in an immunocompetent host make tuberculosis less likely, but do not
exclude this possibility. Involvement of the anterior segment of an upper lobe
by itself usually is considered nontuberculous and possibly related to other in-
fection or tumor.

B. Cavitation. Cavities must be distinguished from pneumatoceles or infiltration
around a bulla. Comparison with the uninvolved lung can be helpful in the latter
instance.
1. Cavities without air-fluid levels are suggestive of tuberculosis, but also

may occur in fungal infections.
2. Cavities with air-fluid levels suggest abscess formation from staphylococci,

anaerobes, gram-negative bacilli, coccidioidomycosis, nocardiosis, or melioido-
sis. Occasionally, loculated pleural effusion in association with a bron-
chopleural fistula can mimic an abscess.
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C. Volume loss. If there is evidence of associated volume loss, correctable bronchial
obstruction must be excluded.

D. Pleural fluid. Sampling pleural fluid may lead to a specific diagnosis and chest
tube drainage. In addition, the presence of an effusion is suggestive of certain
pathogens. (See the discussion on pleural effusions later in this chapter under
Pleural Effusion versus Empyema.)
1. Pleural effusion without pneumonia suggests tuberculosis, tumor, or a subdi-

aphragmatic process.
2. M. pneumoniae and C. pneumoniae infections may have small effusions that are

not readily detected.
3. Pneumococcal pneumonia frequently is associated with effusion. The fluid may

be sterile or may represent a frank empyema. Thoracentesis is indicated to
exclude an associated empyema if the effusion volume is sufficient.

4. Anaerobic organisms, Streptococcus pyogenes, and Escherichia coli, as well as
staphylococcal pneumonia in children, commonly produce pleural fluid.

5. M. tuberculosis that has produced cavities, K. pneumoniae, and P. pseudomallei
may be associated with pleural fluid.

6. Influenza viral infections rarely are associated with effusion.
7. Legionnaires disease may cause a pleural effusion, although large effusions are

uncommon [13,16].
E. Mediastinal adenopathy is seen with lung cancer, and in acute pneumo-

nias caused by tuberculosis, fungal infections, tularemia, and M. pneumoniae in
children.

F. Miscellaneous findings. Pericardial effusion, widening of the mediastinum, evi-
dence of a bronchopleural fistula, and free air under the diaphragm require further
evaluation. Chemotherapy, radiation, drug reactions, pulmonary embolism, heart
failure, vasculitis, and cancer can mimic the radiographic appearance of pneumo-
nia [3,17].

G. Follow-up chest radiography. Rapid changes in infiltrates (e.g., over 5–36
hours) seldom occur in pneumonia, and suggest pulmonary edema or at-
electasis. Although repeat radiologic evaluation may assist in management, this
is often overused.
1. If the patient is clinically improving, follow-up radiography should be post-

poned. Infiltrates due to pneumonia often take a month to clear com-
pletely, and this varies with host factors and the microbial etiology [17]. Clear-
ing may take even longer in the elderly (1–12 weeks). Therefore, it is wise
to postpone a follow-up radiographic examination in the patient whose clinical
response is appropriate. If at least partial clearing does not occur after 6 weeks,
or pneumonias recur in the same location, then fiberoptic bronchoscopy should
be considered [17].

Fibrosis or scarring may be present despite clearing of the infiltrate, par-
ticularly after aerobic gram-negative or anaerobic infections. More extensive
scarring often is associated with tuberculosis and histoplasmosis.

2. If the patient is not improving or develops a new fever, increasing pulmonary
symptoms, or sputum production, follow-up radiography is important [17].
Radiographs may identify bronchial obstruction, a new pulmonary infection,
an associated effusion that may be infected, an abscess, or noninfectious com-
plications.

V. Identification of the pathogen. Recent guidelines for CAP support empiric manage-
ment without diagnostic studies for those otherwise healthy adults with mild illness
who are being treated as outpatients [2,4,6]. However, identifying the pathogen
provides a diagnosis and is of primary importance in further management
[2]. Every effort should be made to obtain diagnostic specimens (not be left
to the untrained) before initiating antibiotic therapy [2]. Sputum for smear and
culture, blood cultures, culture of any pleural fluid, and cerebrospinal fluid (CSF) if
meningitis is a possible complication should be obtained.
A. Normal mouth flora. Common, normal colonizers of the oropharynx are listed in

Table 11.1. These are often observed on Gram staining and routinely recovered on
sputum cultures. Isolation of these organisms from expectorated sputum
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Table 11.1. Common Colonizers of the Oropharynx

Organism Incidence Range (%)

Staphylococcus aureus 35–40
Streptococcus pyogenes (group A) 0–9
Streptococcus pneumoniae 0–50
Neisseria meningitidis 0–15
Haemophilus influenzae 5–20
Gram-negative aerobic bacilli 2a

aApproximate percentage isolated by using routine culture techniques.
With special broth cultures, more than 10% of normals may have gram-
negative colonizers. Of elderly nursing home patients, 6%–40% may be
found to be colonized with gram-negative organisms (as revealed by rou-
tine culture techniques).
Adapted from Sommers HM. The indigenous microbiota of the human host.
In: Youmans GP et al., eds. The biologic and clinical basis of infectious
diseases 2nd ed. Philadelphia: WB Saunders, 1980; with permission.

does not prove they are pathogens in the lower respiratory tract. (See the
discussion of colonization vs. infection in section VIII.)

B. Methods of sputum collection [2,4,6]
1. Coughed specimens. Sputum from a deep cough, not saliva, must be stud-

ied to minimize contamination by oropharyngeal colonizers. In at least 20% to
30% of cases, adequate sputum is not available; this is particularly true in the
elderly and the acutely ill [18].

2. Nasotracheal aspirations are always contaminated with some oral colonizers.
However, the procedure may stimulate deep expectorations that produce an
adequate specimen.

3. Bronchoscopy. Passing the bronchoscope through the upper airway picks
up colonizers unless special techniques are used (see further discussion in
section VI).

4. Other. Transtracheal aspiration (TTA), direct lung aspiration, and open lung
biopsy bypass normal oropharyngeal colonizers. Thus, these specimens are suit-
able for anaerobic cultures. Organisms seen in or cultured from these spec-
imens usually represent lower respiratory tract pathogens. (See further
discussion in section VI.)

C. Gram staining of sputum[19]. The technique and interpretation of Gram stains
is discussed in Chapter 25. This helpful procedure always should be attempted,
although this view is not held by all clinicians [2,4,6]. The sputum Gram stain
assists in several ways.
1. Gram staining helps assess the adequacy of the sputum specimen. If more

than 10 squamous epithelial cells are seen per low-power field, the sam-
ple is contaminated with oral secretions. A repeat sputum should be ob-
tained, or an invasive method of specimen collection should be considered.

2. A predominance of gram-positive cocci or gram-negative bacilli is helpful.
3. Gram staining of pleural fluid, TTA, protected brush specimens, or percutaneous

lung aspirates are even more valuable, because normal colonizers are absent.
D. Acid-fast smears and cultures should be obtained when upper lobe disease is

present or when tuberculosis is otherwise suspected. The methods are described
in Chapter 25.

E. Sputum: special studies.
1. During epidemics, virus identification should be attempted.
2. In a normal young adult, attempts at isolation of viruses and M. pneumoniae

are reasonable. Viruses other than influenza are rare in normal adults.
3. The compromised host usually should undergo mycobacterial, fungal, and viral

studies.
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4. Legionella studies should be performed on appropriate specimens when this
is a possible diagnosis [3]. (See section VI under Specific Therapy and Special
Considerations.)

5. Fungal smears and cultures should be sent when patients from endemic regions
present with compatible illness.

F. If sputum is not available and the patient is not ill enough for an invasive
procedure, the clinician must use empiric antibiotics (see section B above and
section IX) [2,4,6].

VI. Invasive procedures [20]. Fiberoptic bronchoscopy with a protected specimen brush
(PSB) or bronchoalveolar lavage (BAL) is most widely used. Their diagnostic value
is significantly reduced by prior antibiotic therapy. Percutaneous thin-needle
lung aspiration is best reserved for accessible enigmatic lesions [21]. Open lung biopsy
usually is considered only after other methods have proven nondiagnostic or in im-
munocompromised hosts.
A. Indications. Most patients with CAP are successfully managed without an

invasive procedure [2,4,6]. The value of these tests for nosocomial and ventilator-
associated pneumonias is unclear [12,22]. Consider an invasive procedure if
the severity of the illness or its rate of progression is significant enough
to warrant the risks, and when:
1. Adequate specimens are unobtainable using noninvasive techniques.
2. The resulting specimens will be properly and quickly processed.
3. There are no absolute contraindications present.

B. Transtracheal aspiration is used only infrequently at present and should be
performed only by experienced personnel.

C. Fiberoptic bronchoscopy methods. Fiberoptic bronchoscopy has become
widely available. Oral contamination is unavoidable using fiberoptic bron-
choscopy alone without additional appropriate culture techniques.
1. The PSB consists of a double-sheathed tube sealed at the distal end [20]. After

the bronchoscope is positioned, the whole PSB is pushed through the inner
channel several centimeters beyond the bronchoscope. The inner sheath then is
pushed beyond the plug, and a sterile brush is advanced through the open inner
sheath, collecting 0.001 mL of secretions.
a. Quantitative cultures are necessary because contamination is in-

evitable. Organisms, including anaerobes, growing at ≥103/mL are consid-
ered significant.

b. This procedure is useful in diagnosing acute nosocomial pneumonia
in the mechanically ventilated patient [23–25].

c. The risks are low and include pneumothorax, transient fever or infiltrates,
and decreased oxygenation.

2. Bronchoalveolar lavage [20]. BAL is performed by wedging the fiberoptic
bronchoscope in a distal airway and injecting and aspirating 50 mL (mini-BAL)
to 150 mL (standard BAL) of sterile normal saline through the bronchoscope.
BAL samples a larger area of lung than the PSB and thus offers a theoretic
advantage.
a. Quantitative cultures of BAL fluid are necessary to distinguish infect-

ing from contaminating bacteria. Organisms, including anaerobes, growing
at ≥104/mL are considered significant.

b. Gram stain of BAL fluid sediment to detect intracellular organisms
may provide a rapid indication of potential pathogens [26]. Cytology
and other stains also should be performed on samples from immunocompro-
mised patients.

c. BAL is useful in evaluating immunocompromised patients with pul-
monary infiltrates, and in the diagnosis of ventilator-associated
pneumonia [24,26,27].

d. Risks include fever, infiltrates, and decreased oxygenation.
D. Nonbronchoscopic methods of bronchial aspiration, BAL, and PSB sampling

in ventilated patients offer promise [28]. These blinded (nonvisualized) procedures
are performed through an endotracheal tube without radiographic guidance, and
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require quantitative cultures. Their diagnostic yield and risks are similar to those
for bronchoscopic methods [28].

VII. Other laboratory testing depends in part on the site of care and the likely po-
tential etiologies, and often is needed to determine the need for hospitalization (see
section IX.A).
A. Patients who are otherwise healthy and suitable for outpatient care may

be managed with no additional testing [2,4,6].
B. Patients requiring emergency room evaluation or hospitalization should

routinely have additional tests [2,4,6].
1. White blood cell (WBC) and differential count. Leukocytosis or left shift is

nonspecific. Leukopenia has been linked to a poor prognosis.
2. Abnormal renal or liver function tests have been associated with bacterial

and nonbacterial types of infection, and have implications for medication use.
3. Oxygen saturation. Pulse oximetry should be performed on all patients re-

quiring emergency room evaluation or hospitalization. Arterial blood gas lev-
els should be determined on patients with severe illness or underlying obstruc-
tive lung disease [4,6].

4. HIV testing may be indicated.
C. Serologic studies may be useful for epidemiologic purposes, to retrospectively

determine an etiology, or to evaluate chronic pneumonia.
1. Mycoplasmal pneumonia. Cold agglutinins are not specific for My-

coplasma, as discussed in section V.D.2 under Specific Therapy and Special
Considerations. Antibodies to M. pneumoniae reach a diagnostic titer only
after a delay.

2. Chlamydophila pneumoniae and Legionella. Diagnostic antibody titers de-
velop only weeks after the patient is symptomatic. (See Specific Therapy and
Special Considerations.)

3. Influenza. Changes in antibody titers between acute and convalescent speci-
mens can make a retrospective diagnosis. (See Chapters 10 and 25.)

4. Fungal serologic studies. These may help to support a diagnosis of a
pulmonary mycosis, especially in patients with a chronic pneumonia (see
Chapter 17).

5. Q fever and psittacosis are often diagnosed serologically.
D. Antigen detection. A positive antigen test establishes a specific etiology, but a

negative test does not exclude a possible etiology. (See Chapter 25 for discussion of
these techniques.)
1. Latex agglutination test results to detect bacterial antigens in urine

and serum are infrequently positive in patients with pneumonia. De-
tection of antigen in pleural fluid may be helpful in patients pretreated with
antibiotics. A commercial immunochromatographic test for pneumococcal anti-
gen in urine may be helpful as an adjunct to smears and cultures for rapid
diagnosis, but there is limited experience with this assay at present [2,29].
The Quellung reaction also is useful for the rapid diagnosis of S. pneumo-
niae, but the required expertise and reagents are not generally available
[2].

2. Legionella urine antigen test is useful for the rapid diagnosis of Legionella
pneumophila serogroup I infection.

3. Influenza, RSV, and other respiratory viruses may be rapidly diagnosed with
commercially available antigen assays [2].

4. Serum cryptococcal antigen is helpful in compromised hosts, including HIV
infection (see Chapter 18).

E. Nucleic acid detection. Polymerase chain reaction (PCR) and probe techniques
offer promise for rapidly identifying Mycoplasma, Chlamydophila (Chlamydia),
Legionella, tuberculosis, hantavirus, and some agents of biologic warfare. How-
ever, their utility for routine use in clinical laboratories for the rapid diagnosis of
pneumonia is untested [30].

F. Tuberculosis skin test. The tuberculosis skin test is not particularly helpful
in a patient with CAP. A positive test result does not mean that the pneumonia
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is tuberculous, and a negative test result does not rule out tuberculosis. (See
section III under Tuberculosis: Basic Concepts for additional discussion of skin
testing.)

VIII. Colonization versus infection. Colonization refers to the presence of organ-
isms that are not causing disease. The clinician must determine which organisms
growing from a sputum or tracheal aspirate culture are colonizers so as to avoid un-
necessary antibiotic therapy.
A. Clinical settings in which respiratory colonization must be distinguished

from infection
1. Elderly patients have an increased incidence of colonization by S. aureus and

gram-negative organisms, making it difficult to ascertain the true cause of a
pneumonia [9].

2. Debilitated hospitalized patients.
a. Fever not due to pneumonia is frequent in patients who are hospitalized

for another reason (e.g., surgery or myocardial infarction) or who require
intensive care [12].

b. The chest radiograph often is abnormal but not because of a pneu-
monia. Atelectasis, congestive heart failure (CHF), and pulmonary infarc-
tion may mimic pneumonia.

3. After antibiotics have been given. Sputum cultures from febrile patients be-
ing treated with antibiotics frequently grow gram-negative organisms or staphy-
lococci. In this circumstance culture data alone should not dictate therapy
in the absence of supportive clinical findings.

B. Key points to help differentiate colonization from superinfection
1. Findings that support sputum colonization are a clinical course that is

stable or improving, and an absence of marked sputum production [31]. If the
recovering individual develops fever or leukocytosis and yet has stable respira-
tory signs with no increase in sputum, there will usually be another explanation
such as phlebitis, line infection, candidemia, urinary tract infection, wound in-
fection, Clostridium difficile, drug fever, or myocardial infarction.

2. Findings that support respiratory superinfection are fever, leukocytosis,
and worsened respiratory status [31].
a. Respiratory changes are the key findings.

(1) Ventilatory status. Even minor additional pulmonary infection can
precipitate respiratory deterioration [31], and when absent, superinfec-
tion is unlikely. However, respiratory deterioration also may result from
other causes such as distant infection, CHF, or embolism.

(2) Production of nonpurulent sputum. If sputum is nonpurulent with-
out many polymorphonuclear leukocytes, bacterial superinfection
is unlikely unless the patient is leukopenic [31].

b. A chest radiograph that reveals a new infiltrate in the presence of wors-
ened respiratory status and fever supports the diagnosis of pulmonary super-
infection. However, in practice the radiograph is not always helpful.
New infiltrates may not be noticeable because of diffuse lung injury, may lag
behind the onset of superinfection, or may have a noninfectious cause.

3. Specific microbiologic diagnosis. When superinfection is suspected, blood
cultures and sputum smears and cultures should be obtained. If not contraindi-
cated, an invasive procedure may help differentiate between colonization
and infection (see section VI).

IX. General concepts of therapy. Treatment of pneumonia usually is started prior to
defining a specific etiology, and the clinician must consider several key factors when
planning the initial management. The reader is referred to the latest versions of sev-
eral published guidelines for adults with CAP for further information [2,4,6,32]. These
guidelines exclude immunoincompetent patients, including those with HIV.
A. When to hospitalize. The Pneumonia Patient Outcomes Research Team (PORT)

study defined a prediction rule for mortality in CAP [33]. This and other stud-
ies identified certain factors associated with a poor outcome from CAP
(Table 11.2). When present, particularly if multiple factors are present
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Table 11.2. Risk Factors for a Poor Outcome from Pneumonia

Age ≥65 years
Serious underlying conditions

Chronic lung, heart, liver, or renal disease
Malignancy
Diabetes mellitus
Malnutrition
Cerebrovascular disease, or recurrent aspiration
Alcoholism
Cystic fibrosis, or bronchiectasis
Immunodeficiency (including splenectomy)

Hospitalization for pneumonia within 1 year
Physical findings

Tachypnea ≥30 breaths/min
Hypotension
Fever ≥40◦C (104◦F)
Hypothermia <35◦C (95◦F)
Distant sites of infection
Altered level of consciousness

Laboratory findings
Leukocytosis >30,000 cells/mm3

Leukopenia <4,000 cells/mm3

Neutropenia <1,000 cells/mm3

Hypoxemia (room air PaO2<60 mm Hg)
Hypercapnia (room air PaCO2 >50 mm Hg)
Anemia
Renal insufficiency

Complications
Mechanical ventilation required
Adult respiratory distress syndrome
Sepsis syndrome

Radiographic findings
Two or more lobes involved
Significant pleural effusion
Cavitation
Rapid spread

These factors have been associated with either death or a complicated
course, particularly if multiple ones are present simultaneously [6].

together, hospitalization should be strongly considered [6]. However, pre-
diction rules should not override the judgment of the clinician about the
need for hospitalization [2,4,6]. Other considerations include emesis, risks for
complications (increased by splenectomy, neuromuscular disorders, and immuno-
suppression), ability to follow instructions, home support, substance abuse, likeli-
hood of follow-up, and patient preference. Furthermore, we strongly consider hos-
pitalization for the clinical diagnosis of influenza-related pneumonia because of
the risk for rapid deterioration.

B. Antibiotic principles. Antibiotics should be started as soon as possible
[2,6]. Initial therapy is based on the clinical presentation, site of care, certain
patient risk factors, and any organisms seen on Gram stains of sputum and pleural
fluid.
1. Narrow-spectrum versus broad-spectrum initial coverage. Antibiotics

with narrow coverage are indicated for patients who are only mildly ill and
at least risk. Broader empiric coverage may be necessary for severely ill pa-
tients, those at greatest risk for complications (see Table 9.2), or those with
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nondiagnostic smears and infection of uncertain etiology. Antibiotics should
be modified based on cultures, susceptibility data, other diagnostic stud-
ies, and the initial response.
a. If the initial evaluation suggests pneumococcal pneumonia the possi-

bility of drug-resistant S. pneumoniae (DRSP) must be kept in mind. Unless
there is a high level of penicillin resistance, mild DRSP pneumonia usu-
ally responds to appropriate β-lactam therapy [32]. However, a macrolide or
antipneumococcal fluoroquinolone should be added for moderate or severe
infections. Gatifloxacin, moxifloxacin, and levofloxacin are the fluoro-
quinolones considered to have enhanced pneumococcal activity [32]. How-
ever, treatment failures associated with levofloxacin resistance have
been reported [34].
(1) Outpatients may be given an oral β-lactam with reliable antipneumo-

coccal activity such as amoxicillin, amoxicillin-clavulanate, cefuroxime,
or cefpodoxime.

(2) Inpatients not critically ill may be given parenteral ceftriaxone or
cefotaxime. Cefuroxime and ampicillin-sulbactam also may be used but
are less active than the third-generation cephalosporins against DRSP
[32].

(3) Critically ill inpatients should be given parenteral ceftriaxone or cefo-
taxime because of their superior activity against DRSP, plus a macrolide
or an antipneumococcal fluoroquinolone. This is because combination
therapy may be superior to a β-lactam alone for severe pneu-
mococcal pneumonia [35]. Vancomycin should not be used routinely
except in patients with suspected meningitis [32].

b. If gram-negative pneumonia is suggested, then broad-spectrum cover-
age for resistant organisms such as Pseudomonas aeruginosa should be given
(e.g., piperacillin-tazobactam or cefepime).

c. If the clinical presentation is highly suggestive of mycoplasmal pneumonia,
a macrolide (e.g., erythromycin) or tetracycline is sufficient.

2. Site-of-care and patient risk factors
a. Outpatients. A macrolide, doxycycline, or an antipneumococcal fluoro-

quinolone are appropriate because they cover the most commonly iden-
tified pathogens: pneumococci, M. pneumoniae, and C. pneumoniae. Clar-
ithromycin or azithromycin are recommended over erythromycin if H.
influenzae is suspected [2]. For patients under 50 years of age without comor-
bidities, a macrolide or doxycycline is preferred. For patients over 50 or those
with comorbidities, an antipneumococcal fluoroquinolone is suggested. Be-
cause of concerns about the development of resistance, the fluoroquinolones
are best reserved for this latter group. A combination of a reliable oral an-
tipneumococcal β-lactam (amoxicillin, amoxicillin- clavulanate, cefuroxime,
or cefpodoxime) plus a macrolide or doxycycline is an alternative [6].

b. Inpatients receiving care on a routine ward. A third-generation
cephalosporin (cefotaxime or ceftriaxone) or a β-lactam/β-lactamase in-
hibitor (ampicillin-sulbactam or piperacillin-tazobactam) plus either an an-
tipneumococcal fluoroquinolone or a macrolide are recommended for this
group [2,6]. An antipneumococcal fluoroquinolone alone is an alternative.
Patients without risk factors for DRSP or enteric gram-negative bacilli may
be given intravenous (i.v.) followed by oral azithromycin as monotherapy
[36,37]. However, macrolide resistance is increasing among pneumococci,
making this regimen less attractive [32].

c. Inpatients requiring intensive care. Intravenous therapy with an
extended- spectrum cephalosporin (cefotaxime or ceftriaxone) or β-lactam/β-
lactamase inhibitor (ampicillin-sulbactam or piperacillin-tazobactam) plus a
macrolide or an antipneumococcal fluoroquinolone is usually sufficient [2,6].
Patients with risk factors for pseudomonas infection (structural lung dis-
eases including bronchiectasis and cystic fibrosis, >10 mg/day of prednisone,
broad-spectrum antibiotics for at least 1 week during the prior month, and
malnutrition) should be given a fluoroquinolone plus either piperacillin,
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piperacillin-tazobactam, a carbapenem, or cefepime. When piperacillin-
tazobactam is chosen, the dose must be increased to assure adequate
antipseudomonal activity. (Aspiration is discussed in section II and Le-
gionella in section VI under Specific Therapy and Special Considerations.)

3. Reevaluating initial regimens
a. Response to therapy varies with the infecting organisms. In addition, host

factors such as increasing age, underlying illnesses, extent of lung involve-
ment, bacteremia and immunosuppression lengthen this process [2,6]. Many
patients remain ill or even continue to worsen within the first 48 to 72 hours
despite appropriate therapy, but once improvement begins, it should progress
without complications [6]. The expected responses in an otherwise healthy
adult with CAP are listed below.
(1) Subjective feelings of improvement usually occur within 1 to 3 days

[2].
(2) Fever usually responds within 2 to 4 days in nonbacteremic pneumococ-

cal pneumonia. Patients with Mycoplasma may become afebrile within
1 to 2 days, whereas patients with Legionella may take 5 days or longer
to become afebrile [2].

(3) Abnormal chest examination findings may persist for longer than a
week in up to 40% of patients [6].

(4) Leukocytosis usually has begun to resolve within the first 3 to 4 days.
(5) Bacteremia should no longer be present after 24 to 48 hours of appro-

priate antibiotics [2].
(6) Radiographic improvement takes longer to occur than does clin-

ical improvement, and radiographs may initially progress even though
clinical improvement has begun [2,6]. The role for follow-up radiographs
is discussed in section IV.G under Clinical Approach to Community-
Acquired Pneumonia.

b. Known etiology. Isolates from blood, pleural fluid, or lower respiratory
tract secretions are presumed etiologic agents. Once a specific cause of
pneumonia has been identified, therapy should be adjusted to the
most effective narrow-spectrum regimen with the least toxicity and
cost [2,4,6]. This is true even for patients who initially responded to an
empiric broad-spectrum regimen [38].

c. Unknown etiology. Initial diagnostic studies are negative in up to 50% of
cases [6].
(1) If patients have responded to empiric therapy, it may be con-

tinued. Pneumococci and several other treatable causes (Mycoplasma,
Chlamydophila, and Legionella) are difficult to prove with standard spu-
tum studies.

(2) If gram-negative bacteria were not isolated from well-collected
sputum, the diagnosis of endobronchial gram-negative pneumo-
nia essentially has been excluded. In these patients it is safe to stop
specific gram-negative therapy after only a few days [38]. The exceptions
are neutropenic patients and those with embolic pneumonia. In embolic
pneumonia the blood cultures are often positive even when the sputum
is negative.

d. Patients not responding to initial therapy should be further evaluated
for the following circumstances [2,4,6]:
(1) The diagnosis of pneumonia was incorrect and another illness is

present, such as heart failure, atelectasis, adult respiratory distress syn-
drome (ARDS), or infarction.

(2) The diagnosis of pneumonia was correct, but the chosen antibi-
otics failed. This could be from inadequate dosing caused by patient
nonadherence, poor absorption, vomiting, or drug interactions. In addi-
tion, there may be a resistant pathogen, such as DRSP, methicillin-
resistant S. aureus (MRSA), many gram-negative bacilli, Nocardia, My-
cobacterium species, and viral or fungal pathogens that do not respond
to antibiotics.
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(3) Thoracic complications may delay the clinical response. These include
lung necrosis or abscess formation, empyema, and airway obstruction
from tumor, secretions, or a foreign body. Suppurative pericarditis is an
uncommon complication.

(4) Metastatic infections from the lung include meningitis, septic arthri-
tis, peritonitis, endocarditis, and solid organ abscess.

(5) A new nosocomial infection may cause deterioration. Examples are
urinary infection, i.v. catheter–related sepsis, and C. difficile colitis.

4. Switching from i.v. to oral therapy, usually by day 3, is endorsed by the
published guidelines [2,4,6]. Eligible patients must be improved, stable, taking
oral agents, and have normal gastrointestinal function. The American Thoracic
Society (ATS) recommends that four specific criteria be met: improved cough
and dyspnea, decreasing WBC count, a functioning gastrointestinal tract, and
no fever; however, patients do not have to be afebrile if they meet the other
criteria [6].

Antibiotics chosen for oral therapy should achieve levels adequate
for the suspected or proven pathogens, and when possible are based on
susceptibility test results. If the etiology is unidentified, providing simi-
lar oral coverage is easiest when a single agent or a narrow-spectrum
i.v. regimen was chosen at the outset. Otherwise, an antipneumococcal flu-
oroquinolone or a combination of oral agents usually is required. Patients may
be discharged the same day that oral therapy is instituted [6]. Follow-up
is used to reinforce adherence, identify side effects or intolerance, and to assure
continued clinical improvement.

5. Duration of therapy. There is a paucity of data to guide the optimal
duration of therapy for patients without an identified etiology, and the
published guidelines do not specifically address this issue [2,4,6]. Suggestions
range from 7 to 14 days for CAP based on the clinical response [4], 3 afebrile
days [2] to 7 to 10 days [6] for pneumococcal pneumonia, and 10 to 14 days [6]
to a minimum of 14 days [2] for other bacterial pneumonias, M. pneumoniae, C.
pneumoniae, or Legionnaires disease in immunocompetent hosts [2].

SPECIFIC THERAPY AND SPECIAL CONSIDERATIONS
I. Pneumococcal pneumonia is the most common bacterial pneumonia in adults.

Transient bacteremia occurs in 20% to 30% of patients.
A. Risk groups [39]. Cigarette smoking is a major risk factor for invasive disease in

immunocompetent adults [40]. Immunosuppression from any cause is important,
including acquired immunodeficiency syndrome (AIDS) [41], asplenia, and sickle
cell disease. The elderly (particularly institutionalized), children under 2 years of
age (particularly in day care), and patients with alcoholism, uncontrolled diabetes,
and chronic lung, heart, or kidney diseases are at increased risk. Influenza may
predispose to pneumococcal pneumonia (see Chapter 10).

B. Clinical manifestations. Pneumococcal pneumonia is the prototype of acute lo-
bar pneumonia. Although there may be a preceding upper respiratory infection,
“classic” pneumococcal pneumonia is usually so abrupt in onset that patients
recall the exact time their pneumonia began. They initially experience chills, rigor,
fever, dyspnea, dry cough, and pleuritic chest pain. There usually is a single rigor
unless intermittent antipyretics are taken. Cough becomes productive of purulent
sputum within the first 6 to 24 hours; a pinkish or rusty coloration indicates alveo-
lar bleeding and is common. Examination reveals an acutely ill patient in obvious
respiratory distress, with splinting of the involved chest and signs of consolidation
with or without a friction rub. Radiographs show alveolar filling with air bron-
chograms in the affected lobes, unless there is significant underlying emphysema.
Subsegmental infiltrates are less common.

This classic presentation is not the most common. A subacute presentation
may occur more frequently [42], and in many cases it is difficult to clinically distin-
guish pneumococcal pneumonia from “atypical” pneumonia. Increased sputum pro-
duction, pleural involvement, and leukocytosis favor a pneumococcal etiology [43].
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1. Complications include shock, respiratory failure, empyema, meningitis, septic
arthritis, purulent pericarditis, and endocarditis.

2. The differential diagnosis includes other bacteria, including S. aureus,
S. pyogenes, H. influenzae, K. pneumoniae, and other gram-negative bacilli.
Gram stains of sputum and pleural fluid help to rapidly identify the most likely
organism.

C. Prognosis. Pneumococcal pneumonia continues to be associated with a significant
rate of mortality [44]. In their study of bacteremic pneumonia, Austrian and Gold
[45] found that overall mortality exceeded 15%. Those with preexisting cardiac
disease, carcinoma, cirrhosis, and hematologic malignancies had a mortality rate
of approximately 30%, compared with 7% among those without these comorbidities.
Risk also was increased in patients over 50 years of age and those with multilobe
involvement. Feikin et al. [44] found that β-lactam resistance did not increase
mortality unless the organism had a penicillin minimum inhibitory concentration
(MIC) of 4.0 µg/mL or higher.

D. Antibiotic therapy. Antibiotic selection is critical because penicillin-
resistant pneumococci, due to altered penicillin-binding proteins, are
prevalent and there is evidence that combination therapy is superior to
a β-lactam alone [35,46]. A survey of United States strains in 1999 to 2000 found
intermediate penicillin resistance (a penicillin MIC of 0.12–1.0 µg/mL) in 12.7%
and high-level resistance (MIC = 2.0 µg/mL) in 21.5% [47]. High-level resistance is
associated with resistance to cephalosporins, chloramphenicol, trimethoprim- sul-
famethoxazole (TMP-SMX), erythromycin, and clindamycin [46,47]. Infections
with penicillin-resistant pneumococci are associated with the extremes
of age, residence in or exposure to an institutional setting, including nursing
homes and day care, close exposure to an infected person, recent antimicrobial
therapy, comorbidities including immunosuppression, and alcoholism [6,48]. (See
Chapter 27.)
1. Empiric treatment recommendations are summarized in section IX.B.1.a.

under Clinical Approach to Community-Acquired Pneumonia, and should not
routinely include vancomycin [32].

2. Subsequent therapy should be based on susceptibility tests.
a. For penicillin-susceptible strains, 2.4 million units per day of i.v. peni-

cillin G is suggested; cefazolin (500 mg every 12 hours) or ceftriaxone once
daily are alternatives for patients with a delayed penicillin reaction.

b. For strains with a penicillin MIC of less than 4 µg/mL, a penicillin or
cephalosporin can be successful if the dose is raised to provide higher levels
of drug [32].

c. Infections caused by S. pneumoniae with an MIC of 4 µg/mL or
higher can be treated with vancomycin, gatifloxacin, or moxifloxacin.
There is limited outcome data using a fluoroquinolone for highly resistant
infections.

3. Patients with significant penicillin allergy should be treated with van-
comycin, gatifloxacin, or moxifloxacin. Alternatives with limited clinical experi-
ence include linezolid and quinupristin/dalfopristin [2].

4. Meningeal infections caused by pneumococci with any degree of penicillin
resistance should be treated with vancomycin.

5. Resistance to fluoroquinolones has been found at a low rate in the United
States, but the isolates also often are resistant to penicillin and other drugs
[47,49,50]. Fluoroquinolone resistance seems to be increasing in Canada and
may increase in the United States with increasing prescriptions for fluoro-
quinolones [49]. Resistance is based on mutations in DNA gyrase or topoiso-
merase subunits, or reduced drug penetration [49,50]. Ofloxacin, levofloxacin,
and ciprofloxacin are least active in vitro against S. pneumoniae, whereas gati-
floxacin and moxifloxacin are more active [47]. Because levofloxacin resistance
has been associated with treatment failures and death [34], gatifloxacin or mox-
ifloxacin is preferred.

6. For therapy of meningitis, see Chapter 6.
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E. Vaccines
1. Rationale for pneumococcal vaccination

a. Prevention of disease is important because of its frequent occurrence,
associated mortality, and increasing antibiotic resistance [51,52].

b. S. pneumoniae contains an antiphagocytic capsule of highly polymerized
polysaccharides, and there are at least 90 distinct antigenic serotypes. Spe-
cific humoral immunity that leads to opsonophagocytosis is an important host
defense against the pneumococcus. This is the basis for the current vaccines,
which stimulate the production of type-specific antibodies against the
capsule.

2. Vaccine composition. Two types of vaccine are currently available.
a. The two purified polysaccharide vaccines contain the same 23 polysac-

charide antigens (25 µg each). These 23 serotypes have been shown to cause
approximately 87% of bacteremic pneumococcal pneumonia in adults, virtu-
ally 100% of childhood bacteremia and meningitis, and 85% of acute otitis
media [53]. The polysaccharide antigens are not immunogenic in children
age 2 years and younger, and some serotypes are not reliably immunogenic
until age 5 years [54]. In addition, the polysaccharide vaccine has not reduced
nasopharyngeal carriage of the pneumococcus [52].

b. The 7-valent protein conjugate vaccine was licensed in February 2000.
It includes serotypes that, together with cross-reacting serotypes, accounted
for 86% of bacteremia, 83% of meningitis, and 65% of acute otitis media in
children age 5 years and younger [54]. The protein conjugate vaccine can be
administered to infants as young as 6 weeks of age [54]. It reduces mucosal
carriage of pneumococcal serotypes contained in the vaccine [51,52,54].

c. Both types of vaccine include important serotypes associated with
antibiotic resistance, although resistance is increasing among strains not
contained in the protein conjugate vaccine [51,52].

3. Antibody response
a. Purified polysaccharide vaccines. Because responsiveness to purified

polysaccharide antigens is T-cell independent and under genetic control,
it is not associated with long-term memory cells, children age 2 years and
younger do not respond, and some healthy adults do not respond even after
repeat immunization [39]. Antibody responses comparable with most
healthy young adults, and with presumed partial protection for disease,
have been demonstrated in patients with asplenia caused by splenec-
tomy or sickle cell disease [39].

Lower antibody responses occur in the elderly, and patients with
nephrotic syndrome or chronic renal failure, COPD, and insulin-dependent
diabetes [39]. In general, patients who are immunocompromised from
any cause have a poor or absent response; this includes patients with
leukemia, lymphoma, multiple myeloma, and transplantation [39]. If pa-
tients with Hodgkin disease are vaccinated at least 2 weeks before
splenectomy, radiation therapy, or chemotherapy, they manifest a better an-
tibody response, although it declines during subsequent chemotherapy [39].
Response in HIV-infected patients relates to the degree of immuno-
suppression; those with AIDS or CD4+ counts of less than 500 cells/µL
have reduced antibody responses [39] that are improved by at least 1 month
of zidovudine. Thus, persons with HIV should be vaccinated as soon
as possible in the natural course of their infection. Vaccination to-
gether with antiretroviral therapy may improve responsiveness to the puri-
fied polysaccharide vaccine [52].

b. Protein conjugate vaccine. This vaccine is more immunogenic in induc-
ing type- specific antibody responses in healthy young children, and results
in an anamnestic response to subsequent purified polysaccharide vaccine
[52,54]. Similar good responses occur in children with sickle cell disease
and HIV infection, and in Alaska Native and American Indian children
[54].
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4. Effectiveness
a. Purified polysaccharide vaccines. Their overall effectiveness in pre-

venting invasive pneumococcal disease in immunocompetent per-
sons ranges from 56% to 81% [39]. Protection varies markedly within
certain populations, and a protective effect in immunocompromised
patients was difficult to measure [55]. Efficacy is highest in immunocom-
petent adults under 55 years of age (93% protective), and declines with age
at vaccination and time since vaccination [55]. Vaccine efficacy averages
75% in immunocompetent patients 65 years and older, and is cost
effective [39]. Efficacy has ranged from 65% to 84% among patients
with moderate risk from underlying medical conditions such as diabetes,
CHF, COPD, and asplenia [39,52].

b. Protein conjugate vaccine. This vaccine was 97.4% effective in prevent-
ing invasive disease from vaccine serotypes in a prelicensing trial [54].
A large Finnish trial in children found that vaccine reduced all pneumococ-
cal otitis media episodes by 34%, serotype- specific pneumococcal episodes by
57%, and cross-reactive serotype pneumococcal episodes by 51% [56]. How-
ever, episodes from other serotypes of pneumococci increased by 33% [56].

5. Side effects
a. Purified polysaccharide vaccines. Their safety has been well estab-

lished [39]. Mild local reactions of pain, erythema, or discomfort occur
in approximately 50% of recipients and last less than 48 hours. Systemic
reactions are rare and include transient chills, fever to 40◦C (104◦F), and
weakness. When current guidelines are followed, reactions to repeat vaccina-
tion are similar in type and frequency to initial vaccination [39,54]. There is
no increase in reactions when purified polysaccharide vaccine is given after
protein conjugate vaccine [54].

b. Protein conjugate vaccine [54]. In prelicensing evaluations, 10% to 13%
of infants given a full four-injection vaccine series had erythema, 10% to
12% had induration, and 15% to 23% had local tenderness. Only erythema
increased in size with subsequent doses. Fever of greater than 100.4◦F oc-
curred in 15% to 24%, and fever of greater than 102.2◦F ranged from 0.9% af-
ter the first dose to 2.5% after the second dose. The rate of seizures within the
first 72 hours was 1 per 7,000 doses, well below the rate previously seen with
whole-cell pertussis vaccine. Older children generally had higher rates of
local reactions, fussiness was their most common systemic effect, and fever of
greater than 100.4◦F after one dose occurred in 7% to 37%. Experience with
the safety of giving protein conjugate vaccine after purified polysaccharide
vaccine is limited.

6. Precautions and contraindications
a. Purified polysaccharide vaccines. Their safety has not been ade-

quately studied during the first trimester of pregnancy, but no ad-
verse outcomes have been reported [39]. Therefore, vaccine should be given
to high-risk women prior to pregnancy. They are contraindicated in pa-
tients with a prior hypersensitivity reaction to the vaccine or one of its
components.

b. Protein conjugate vaccine. It is best to delay vaccine until resolution of
moderate or severe illness, although it may be given with minor illness [54].
Vaccine is contraindicated in patients with a prior hypersensitivity reaction
to the vaccine or one of its components. Simultaneous administration of the
protein conjugate vaccine with a purified polysaccharide vaccine is not rec-
ommended [54]. The current formulation (Prevnar, Wyeth Lederle Vaccines)
should be used with caution in patients with latex sensitivity because its
packaging contains natural rubber. There is no published information about
the use of this vaccine in pregnancy.

7. Indications for use. Recipients should be informed that the vaccine does not
entirely eliminate the risk of pneumococcal pneumonia.
a. Purified polysaccharide vaccines are approved for use in adults and chil-

dren at least 2 years of age at risk for invasive pneumococcal disease and who
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are capable of responding [39,52]. Note that the protein conjugate vaccine
should be used initially in children up to age 5 years (see section I.E.7.b).
(1) Persons 65 years of age or older. Everyone in this group should be

vaccinated, including those with an unknown vaccination status and
those who received vaccine before reaching 65 years of age but who have
not been revaccinated in the prior 5 years.

(2) Splenectomized patients, including autosplenectomy from sickle cell
anemia. Vaccine should be given at least 2 weeks prior to an elective
splenectomy.

(3) Patients with alcoholism, COPD, CHF, cyanotic congenital
heart disease, cirrhosis, diabetes, nephrotic syndrome, or renal
failure.

(4) HIV-infected adults and adolescents.
(5) Immunocompromised patients, including those with leukemia, lym-

phoma, Hodgkin disease, multiple myeloma, generalized malignancy,
solid organ or bone marrow transplants, immunosuppressive chemother-
apy, and long-term steroid use. Both the physician and the patient
must recognize that response to the vaccine may be limited. Pa-
tients with Hodgkin disease and others about to undergo immuno-
suppression should be vaccinated at least 2 weeks before im-
munosuppressive therapy (see section I.E.3.a).

(6) In special settings or populations with a known increased risk,
such as residents of nursing homes or long-term care facilities, Alaska
Natives and American Indians, and those with CSF leak.

(7) Children 24 to 59 months of age previously given the protein
conjugate vaccine and who are in one of the above high-risk
groups [54]. The purified polysaccharide vaccine should be given at least
2 months after the last dose of the protein conjugate vaccine.

b. Protein conjugate vaccine is indicated for infants and children be-
tween 2 and 59 months of age [54]. Note that the protein conjugate vaccine
should not replace purified polysaccharide vaccine for adults and children age
5 years and older.
(1) All children up to 23 months of age.
(2) High-risk children 24 to 59 months of age. This includes those with

sickle cell hemoglobinopathies, anatomic or functional asplenia, HIV
infection, congenital immunodeficiencies, renal failure, nephrotic syn-
drome, chronic cardiac diseases, chronic lung diseases, CSF leaks, di-
abetes, and immunocompromising conditions such as leukemia, lym-
phoma, Hodgkin disease, chemotherapy, radiation therapy, long-term
steroid use, and solid organ transplants.

(3) Other children 24 to 59 months of age who should be considered
for vaccination include all those 24 to 35 months of age, Alaska Native
or American Indians, African Americans, and those who attend day-care
centers.

(4) High-risk children 24 to 59 months of age previously given a pu-
rified polysaccharide vaccine. The protein conjugate vaccine should
be started at least 2 months after the purified polysaccharide vaccine.

8. Dosage [39,54]
a. Purified polysaccharide vaccines. The usual dose is a single 0.5-mL in-

tramuscular (i.m.) or subcutaneous injection given at any time during the
year. The pneumococcal vaccine may be given simultaneously with
influenza vaccination at separate sites.

b. Protein conjugate vaccine. Each dose is 0.5 mL administered i.m., given
in schedule with other recommended vaccines. Children who begin vacci-
nation up to 6 months of age are given a primary series of three doses at
least 1 to 2 months apart, followed by an additional dose at 12 to 15 months
of age and at least 2 months after the primary series. Children who be-
gin vaccination at 7 to 11 months of age are given a primary series of
two doses at least 1 to 2 months apart, followed by an additional dose at 12
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to 15 months of age and at least 2 months after the primary series. Chil-
dren who begin vaccination at 12 to 23 months of age are given only
a primary series of two doses at least 2 months apart. High-risk children
who begin vaccination at 24 to 59 months of age are given only a pri-
mary series of two doses at least 2 months apart. Healthy children who
begin vaccination at 24 to 59 months of age are given only a single
dose.

9. Revaccination currently is recommended only with the purified polysaccha-
ride vaccines [39,54]. Candidates are highest risk patients and those with a poor
antibody response (asplenia, HIV infection, leukemia, lymphoma, Hodgkin dis-
ease, multiple myeloma, malignancy, nephrotic syndrome, renal failure, organ or
bone marrow transplants, and immunosuppression from chemotherapy or corti-
costeroids). All those 65 years of age and older who received the vaccine at least
5 years previously and were under 65 years old when initially vaccinated also
should be revaccinated. The interval between doses should be at least 5 years,
except in high-risk children age 10 years and under, who should be revaccinated
3 years after a prior dose of purified polysaccharide vaccine. Revaccination is
contraindicated if there was a severe reaction to the initial dose.

II. Aspiration pneumonia [15] refers to pneumonia caused by macroaspiration. Pa-
tients with obtundation or a defective cough-epiglottic reflex are at highest risk.
A. Aspiration pneumonitis develops after sterile gastric acid aspiration, resulting

in a chemical injury to the lung.
1. No antibiotic therapy is usually required. Institution of pulmonary

drainage and careful observation are indicated. Early therapy does not prevent
infection but instead selects for resistant organisms.

2. For patients at risk for gastric colonization with pathogenic bacteria
(those with small-bowel obstruction, antacid or antisecretory use, gas-
troparesis, and gastric tube feedings), antibiotic therapy may be considered
after specimens for Gram stain and culture are obtained. An invasive diagnostic
procedure may help.

B. Community-acquired aspiration pneumonias account for 5% to 15% of
CAP. The typical patient risk factors are discussed in section I.G.2 under Clinical
Approach to Community-Acquired Pneumonia. Oral anaerobes, penicillin-sensitive
pneumococci [57], and many other aerobic organisms are involved. Clindamycin
is a traditional agent for anaerobic aspiration pneumonia. If used, at least
10 to 15 million units/day of i.v. aqueous penicillin G should be given because of
increasing penicillin resistance among non-fragilis Bacteroides species, fusobacte-
ria, other oral anaerobes, and the pneumococci [32,58–62]. However, the optimal
dosage of penicillin for aspiration pneumonia is unknown. Although Marik [15]
recommends levofloxacin or ceftriaxone, this is controversial [63]. Gatifloxacin and
moxifloxacin, but not levofloxacin, have anaerobic activity and should be adequate
for these infections, but there is little clinical experience with their use for this pur-
pose. Seriously ill patients should be given a broad-spectrum regimen that includes
coverage for anaerobes.

C. Hospital-acquired aspiration pneumonia. Hospitalized patients are at risk for
gram-negative pneumonia. Gastric and pharyngeal colonization by gram-
negative bacilli and S. aureus may be important in the pathogenesis
[11,64]. Continuous gastric feedings or prophylaxis for stress ulcers with antacids
or histamine (H2) blockers are risk factors by overcoming the normal gastric acid
barrier permitting bacterial growth in the stomach. Stress-ulcer prophylaxis with
sucralfate, as compared with agents that raise gastric pH, has lowered the inci-
dence of nosocomial pneumonia in some but not all studies [65,66]. Initial empiric
therapy for patients hospitalized longer than 4 days or with severe illness should
include an antipseudomonal β-lactam (e.g., piperacillin-tazobactam, cefepime, or
imipenem) plus either an aminoglycoside or a fluoroquinolone to cover enteric
gram-negative bacilli and pseudomonas [11,67]. Anaerobic coverage should be in-
cluded for any patient with severe gum or dental disease, foul sputum, necrotizing
pneumonia, or lung abscess [15]. If an antipseudomonal drug without useful anaer-
obic activity (ceftazidime, cefepime, and aztreonam) is chosen, then clindamycin or
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metronidazole should be added. See section IX for further discussion of nosocomial
pneumonias.

III. H. influenzae causes bronchitis in patients with chronic lung disease (see Chapter 8).
Primary pneumonia usually occurs in the elderly, patients with chronic lung diseases,
and in HIV infection. Rapidly fatal pneumonia in younger adults with normal im-
mune systems and ventilator-associated pneumonia also have been described [68,69].
In children under 5 years of age, the incidence of invasive disease has dramatically
decreased since the introduction of the conjugated H. influenzae type b vaccines.
However, in developing countries H. influenzae type b is still an important problem
[70].
A. Diagnosis. A positive blood culture for H. influenzae confirms the diagnosis. In

addition to type b, other encapsulated non–type b and nontypable strains occur
and may be complicated by bacteremia [71]. Thus, latex agglutination for type b
antigen in serum and urine is insensitive.

B. Therapy. Beta-lactamase production accounts for the frequent occurrence of ampi-
cillin resistance.
1. Unknown ampicillin susceptibility or known ampicillin resistance. If

a well-obtained sputum shows pleomorphic gram-negative rods on Gram stain,
ceftriaxone or cefotaxime should be used because they are active against β-
lactamase–positive strains. Therapy can be modified when cultures become
available.

2. Known ampicillin-susceptible strains. If the isolate is β-lactamase nega-
tive, penicillin or ampicillin is satisfactory. Most authorities recommend ampi-
cillin, 1 to 2 g i.v. every 4 hours in adults, because of clinical experience. Ther-
apy usually is continued for 10 to 14 days, and may be completed with oral
amoxicillin. Cefuroxime, ceftriaxone, and cefotaxime also are very active. Fluo-
roquinolones, clarithromycin, azithromycin, and TMP-SMX are alternatives for
the penicillin-allergic patient. (See further discussion in Chapter 27.)

C. Prognosis. In bacteremia, mortality may approach 36% in older adults [71]. The
mother usually survives infection during pregnancy, but fetal loss is common [71].

IV. Gram-negative pneumonias. Most are hospital acquired, although community-
acquired gram-negative pneumonias occur.
A. Setting and etiology. Important etiologies include the Enterobacteriaceae (Kleb-

siella, Enterobacter, and Serratia), P. aeruginosa, and other Pseudomonas species,
and less common pathogens such as Acinetobacter species. Although uncommon
overall, K. pneumoniae is the most commonly identified community-acquired gram-
negative pneumonia [72].
1. Community-acquired gram-negative pneumonias occur in the elderly from

nursing homes, and patients with underlying lung disease, alcoholism, or
chronic debilitating disease.

2. Hospital-acquired gram-negative pneumonia usually occurs with mechanical
ventilation or aspiration, and in compromised hosts.

B. Diagnosis. Diagnosis can be difficult, and the clinician must distinguish coloniza-
tion from true infection. (See section VIII under Clinical Approach to Community-
Acquired Pneumonia.)

C. Therapy. Most authorities use two agents known to be synergistic in vitro, al-
though definitive studies are lacking (see Chapter 27). We believe this is essential
for patients with necrotizing infections or abscess formation. Partially because of
poor antibiotic activity in sputum, treatment is given for at least 2 weeks. (See
also section IX.E.2.) Empiric antibiotics should cover Pseudomonas aeruginosa,
and may be narrowed when an organism is recovered.
1. Klebsiella. Ceftriaxone, cefotaxime, and cefepime are active against K. pneu-

moniae in vitro, and monotherapy can be used [12]. Other potentially use-
ful agents include imipenem, meropenem, piperacillin-tazobactam, the fluo-
roquinolones, and aztreonam. Nosocomial Klebsiella species can be multiply
resistant; imipenem is often active against these isolates. (See discussion in
Chapter 27.)

2. Pseudomonas. Combination i.v. therapy commonly is used to prevent the
development of resistance, and to achieve synergy if possible. Recommendations
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for suspected Pseudomonas pneumonia are given in section IX.B.2.c under Clin-
ical Approach to Community-Acquired Pneumonia [2,4,6]. Hatchette et. al. [73]
made similar recommendations based on their review of community-acquired
Pseudomonas pneumonia. Monotherapy with an antipseudomonal β-lactam or
quinolone is not optimal initial therapy (see related discussions in Chapter 27).
When the infection is under good control, oral ciprofloxacin may be used for sus-
ceptible organisms to complete therapy. When aminoglycosides are used, serum
levels should be monitored carefully as much to ensure adequate levels as to
avoid toxicity.

3. Compromised hosts with pneumonia are discussed separately in
section VIII.

V. “Atypical pneumonia” [74]
A. Historical view. Atypical pneumonia originally referred to those pneumonias

that had clinical features distinct from classic lobar pneumonia.
1. A subacute illness, with onset over several days.
2. Early nonspecific systemic manifestations of fever, headache, and myal-

gias.
3. Cough is often the most prominent early respiratory symptom and ini-

tially nonproductive. Dyspnea and pleuritic chest pain are rare.
4. Initially scant and mucoid sputum, which may be purulent as illness pro-

gresses.
5. Chest physical findings that often underestimate the extent of radiographic

changes.
6. Leukocytosis usually less than or equal to 15,000/mm3.

B. Distinguishing between atypical and typical etiologies on the basis of clin-
ical and radiographic features alone is not reliable [2,6,74]. Thus, the clini-
cian must be familiar with many possible etiologies to appropriately manage CAP
[74].

C. There are numerous potential etiologies for atypical pneumonia. M. pneumo-
niae and C. pneumoniae are discussed in detail since they cause the syndrome most
frequently, and a few of the others are briefly reviewed [74]. Legionella species are
discussed in section VI.

D. Mycoplasma pneumoniae is the most common cause of “atypical pneumonia”
[75]. The illness spreads in families with an incubation period of 2 to 3 weeks.
Those at greatest risk for infection are 5 to 20 years of age, although it oc-
curs in all age groups [76]. Outbreaks may occur in the community or in institu-
tional settings [77,78]. Only partial immunity follows infection, and repeated
infections in the same patient have been documented. In addition, patients with
hypogammaglobulinemia have an increased susceptibility [79].
1. Clinical manifestations [80]

a. Pharyngitis is much more prominent than rhinitis and may be the earli-
est symptom. Protracted cough with minimal sputum production is
the most common symptom, although occasional individuals will produce
significant quantities of sputum. Bullous myringitis is a traditional clue in
the diagnosis, but it is infrequent and may be present in other pneumonias.
Pleurisy and easily demonstrable pleural effusions are unlikely to be due
to mycoplasmal pneumonia. Occasionally, M. pneumoniae produces se-
vere illness, especially in patients with sickle cell disease.

b. Extrapulmonary manifestations may occur either with or without the
respiratory component [80,81]. These include vomiting or diarrhea, morbil-
liform skin rashes, erythema multiforme, arthritides, and several central
nervous system (CNS) syndromes such as aseptic meningitis.

c. A history of a similar illness 2 weeks earlier in a family member may
be elicited. In contrast, with viral illness contacts are usually ill at the same
time.

d. Radiographic findings include segmental and subsegmental infiltrates
that may be bilateral [14]. Features suggesting mycoplasmal pneumonia in-
clude the absence of consolidation, limited progression, relatively rapid res-
olution, and in some reports hilar adenopathy [82]. Computed tomography



P1: FUY

PB207-11 PB207A-Betts/6678F September 3, 2002 7:7 Char Count= 0

11. Lower Respiratory Tract Infections 315

(CT) scans may show ground-glass infiltration and nodules not readily seen
on plain films [83].

2. Diagnosis. The organism grows slowly and is difficult to isolate, so most labo-
ratories do not offer cultures for Mycoplasma. The diagnosis most often is made
serologically.
a. Cold agglutinins develop in approximately half of patients, but are not

specific. They have been seen in influenza, mononucleosis, other infections,
and lymphoproliferative diseases. A titer of 1:128 or more is suggestive of
Mycoplasma infection. Hemolytic anemia is an uncommon complication.

b. Commercially available enzyme immunoassay has replaced complement
fixation (CF) as the preferred serologic test [77,84]. Major disadvantages to
serodiagnosis are that information is unavailable during the acute illness,
IgM antibodies may persist for prolonged periods, and reinfection may result
in a poor IgM response. A fourfold or greater antibody increase occurring
between acute and convalescent sera collected 4 weeks apart is diagnostic.

c. Rapid diagnostic tests undergoing evaluation include antigen capture
assays, nucleic acid hybridization, and PCR. Particularly intriguing is the
use of multiplex PCR for the simultaneous testing of multiple respiratory
pathogens on the same specimen [85]. Studies to clarify their usefulness are
needed because they can detect the carrier state that exists in the absence
of active disease.

3. Differential diagnosis. It may not be possible to differentiate between other
infections, such as C. pneumoniae, Legionnaires disease, and even atypical pre-
sentations of bacterial pneumonia. Clinical features suggesting Mycoplasma in-
fection include spread in family members or close contacts, the extrapulmonary
findings cited previously, and absence of pleuritic symptoms [86].

4. Therapy. Either erythromycin or tetracycline for 14 to 21 days will
shorten the duration of illness and reduce the frequency of relapse. However, the
organism may be shed for up to 4 months even with therapy. Erythromycin and
tetracycline are equally effective; the adult doses are either 250 mg four times
daily or 500 mg three times daily. Erythromycin 30 to 50 mg/kg/day in divided
doses is given to children weighing under 25 kg, and no more than 1 g daily to
those weighing over 25 kg. Clarithromycin and azithromycin have fewer side
effects, but are much more expensive. Tetracycline should not be used during
pregnancy, in nursing mothers, or in children under 8 years of age. Doxycycline
can be used in place of tetracycline; the adult dose is 100 mg twice daily, and
for children age 8 years and older 1 to 2 mg/kg twice daily. Levofloxacin and
other newer fluoroquinolones are active in vitro, but they are more expensive
and should not be used in children. Prophylactic antibiotics have been suggested
during outbreaks in closed populations; five days of azithromycin helped control
an outbreak in a long-term care facility [78]. (See Chapter 27.)

E. Chlamydophila (Chlamydia) pneumoniae. C. pneumoniae is the second
most common cause of atypical pneumonia. It occurs year round, is worldwide
in its distribution, and may cause outbreaks [87,88]. Antibodies to C. pneumoniae
are rare in preschool-aged children but increase rapidly in prevalence through ado-
lescence and young adulthood. Seropositivity is high, up to 75%, among the elderly
[88]. Aerosol transmission from human to human predominates, but environmen-
tal contamination and fomite spread also is possible [88]. The average person may
have several infections over their lifetime [87], although these may represent re-
activation of latent C. pneumoniae during another infection.
1. Clinical manifestations. Most infections are asymptomatic or produce

only mild illness. C. pneumoniae accounts for approximately 10% of CAP,
and nosocomial pneumonia is also possible. Combined infections have been fre-
quent [87], but these may represent reactivation of C. pneumoniae during an
unrelated pneumonia. Pneumonia, bronchitis, pharyngitis, otitis, and sinusitis
are the most common syndromes. Many patients have a “biphasic” illness with
early fever, and may be afebrile when they eventually seek medical care. Initial
symptoms may include gradual onset of sore throat, pharyngitis, and hoarse-
ness [87]. Pneumonia with nonproductive cough is delayed by 1 to 4 weeks in
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primary infection, and approximately 1 week longer in reinfection [87]. Bron-
chitis with or without pneumonia may be subacute in onset, and may have a
prolonged recovery phase. Pharyngitis and sinusitis, with or without otitis, also
may occur by themselves or as part of pneumonia [87,88].

An elevated erythrocyte sedimentation rate (ESR) and a normal WBC count
are the rule. The most common radiographic picture is unilateral subsegmental
or segmental infiltrates indistinguishable from mycoplasmal infection or other
etiologies for CAP that resolve rapidly [87]. Convalescence may be prolonged,
but most patients recover. Severe pneumonia is more likely with increasing age
and mixed infections; death is rare and occurs most frequently in the elderly
and in those with underlying illness or mixed infection [88].

C. pneumoniae has been implicated in several other clinical syndromes. These
include bronchospastic disease, endocarditis, myocarditis, and atherosclerosis
[88].

2. Diagnosis. Cultures are not available in most centers. Serologic diagnosis
uses the microimmunofluorescence test for C. pneumoniae IgM and IgG antibod-
ies [88]. In primary infection IgM antibodies appear after a 2- to 4-week delay,
so that acute and convalescent specimens should be separated by no less than
4 weeks. In reinfection cases IgM may not appear but IgG titers increase within
1 to 3 weeks. The older chlamydial CF test is nonspecific. Rapid diagnosis by
specific antigen or DNA detection is not widely available [87,88].

3. Differential diagnosis. Prospective studies have not identified any feature
distinctive of C. pneumoniae infection. Hoarseness and sore throat may be a
consistent finding with illness, but many other prevalent respiratory agents
also cause these symptoms.

4. Therapy. Clinical experience suggests that macrolides, tetracyclines, and
newer fluoroquinolones are effective [2]. We favor doxycycline in adults,
100 mg twice daily, for 10 to 14 days. Clarithromycin, azithromycin, and the
newer fluoroquinolones are active in vitro. Treatment failures and relapses oc-
cur. Relapses are treated with either the same or a different antibiotic. Excretion
of the organism for up to 1 year after therapy has been described [88].

F. Chlamydia psittaci causes psittacosis. Psittacosis (or ornithosis) is a systemic
infection acquired from occupational or home contact with infected birds,
including parrots, parakeets, turkeys, and others. The onset may be abrupt, and the
illness is potentially fatal. Diagnosis depends on acute and convalescent serologic
studies. Tetracyclines are the agents of choice [89], and are given for 1 to 2 weeks
after clinical improvement to minimize relapses.

G. Coxiella burnetii. This obligate intracellular parasite causes Q fever [90].
1. Epidemiology. Although C. burnetii is found on five continents and in at least

51 countries, the rates of Q fever vary widely from region to region [90]. Q fever
is endemic to Nova Scotia, accounting for 5% of ambulatory patients with an
identified cause of CAP [75]. Infections occur most commonly after exposure (of-
ten occupational) to infected aerosols from products of conception or from milk,
wool, or fresh cheese from infected animals. Several outbreaks have occurred
that were unrelated to traditional animal reservoirs for C. burnetii, involving
exposure to stillborn kittens or parturient cats, sheep used in research, wild
rabbits, manure, and living along a road used for a sheep drive [91,92].

2. Clinical findings. Acute Q fever may include pneumonia, hepatitis, or both.
Illness begins abruptly with rigors, fever, headache, and myalgias. Nonproduc-
tive cough is present in at least half of the patients with pneumonia. There
may be relative bradycardia for the degree of fever. Chest examination often is
unremarkable despite obvious radiographic infiltrates. Hepatomegaly indicates
liver involvement; splenomegaly is much less frequent. Radiographic infiltrates
usually are subsegmental or segmental, may have a pleural base, and are in-
distinguishable from other types of CAP. However, rounded opacities should
suggest the possibility of Q fever pneumonia. Other laboratory findings are
equally nonspecific. Chronic Q fever may rarely involve the lungs, present-
ing as pseudotumor or fibrosis [90]. Serologic methods are the mainstay of
diagnosis [93].
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3. Treatment is suggested for all symptomatic acute C. burnetii infections
because of the potential for later chronic Q fever. In adults, 2 weeks of oral
doxycycline, 100 mg twice daily, is the regimen of choice. Chloramphenicol
is an alternative, but the newer fluoroquinolones are also effective [90]. Ery-
thromycin treatment failures for pneumonia have occurred, but the addition of
rifampin has been effective [94].

H. Viral pneumonia. In infants and children, RSV, parainfluenza viruses, aden-
oviruses, influenza, and varicella-zoster virus are most common. In adults, viral
pneumonia is uncommon but influenza is the most important cause. Ade-
novirus may cause outbreaks in military recruits and sporadic community cases.
Respiratory infections in adults that cause hospitalization include RSV and in-
fluenza, particularly in the elderly and in contacts of children with RSV infec-
tion (e.g., adult family members and hospital personnel). In addition, nursing
home outbreaks of RSV illness have been documented. For further discussion, see
Chapter 10.

I. Pneumocystis carinii pneumonia should be considered in patients with HIV
infection.

VI. Legionnaires’ and related diseases. A great deal has been learned about Legionella
since the July 1976 outbreak of Legionnaires disease at the American Legion conven-
tion in Philadelphia [13].
A. Microbiology. There are at least 42 species and 64 serogroups of Legionellaceae,

and at least 20 of them are proven human pathogens [95–97]. However, L. pneu-
mophila serogroup 1 is responsible for 70% to 80% of Legionella pneumonias in the
United States, and L. micdadei is the next most common cause [74,96]. Thus, the
clinical aspects of these two species will be stressed.
1. Legionella pneumophila is an aerobic, gram-negative, fastidious organism

that grows best in 2.5% to 5.0% carbon dioxide on special media (e.g., charcoal
yeast extract agar supplemented with α-ketoglutarate) containing cysteine [97].
Visible growth may take up to 10 days. Although this is a gram-negative bacillus,
it does not stain well with ordinary Gram stain. Special silver stains (e.g.,
Dieterle) are used to demonstrate the organism in tissue.
a. The organism produces a β-lactamase and is resistant to penicillins and

cephalosporins. It contains an endotoxin (not highly active biologically), and
produces many enzymes and potential toxins whose role in virulence is un-
certain [97].

b. At least 15 serologic types have been identified [96].
2. Legionella micdadei is recognized as causing “Pittsburgh pneumonia” and

infections previously believed to be due to Rickettsia-like organisms (i.e., the
Tatlock and HEBA organisms) [95]. These organisms also grow on charcoal
yeast extract agar. L. micdadei is weakly acid-fast, which may lead to a
mistaken diagnosis of tuberculosis. It does not regularly produce β-lactamases.

3. Legionella longbeachae infection has been associated with gardening and the
use of potting soil [98].

4. Other Legionella species causing disease in humans continue to be retrieved
from new infections or recovered from samples of previously unidentified pneu-
monias [95] .

B. Incidence. The exact incidence of infections due to L. pneumophila and related
species is unknown; estimates show wide variation with locale and time. Overall,
2% to 9% of CAP is due to these bacteria [13]. The rates of hospital-acquired
pneumonias caused by Legionella also vary, depending on the medical center and
the patient population.
1. L. pneumophila causes 2% to 15% of pneumonias requiring hospitalization,

and an even higher proportion of severe pneumonias requiring admission to the
intensive care unit (ICU) [13].

2. L. micdadei causes nosocomial infections in the compromised host, al-
though community-acquired infections and outbreaks may occur [95,99,100].
Predisposing factors include transplantation, hematologic malignancy, high
doses of corticosteroids, previous surgery, and underlying chronic lung disease
or other serious illness.
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C. Epidemiology. Legionella are aquatic organisms transmitted by water and air
through airborne droplets or microaspiration [13,101]. Human-to-human trans-
mission does not occur. Environmental reservoirs frequently contain algae that
provide nutrients and amebae and protozoa that support intracellular multiplica-
tion; growth in water is further favored by elevated temperatures, iron, and limited
bacterial competition.

Soil excavation, air-conditioning systems, water evaporative condensers, and
potable water have been point sources for outbreaks, especially in summer months.
Sporadic cases occur year round. Following environmental exposure, the pneumo-
nia attack rate is low and in the range of 0.1% to 5% [102], but the attack rate for
Pontiac fever is higher [99].

D. Host factors. Legionellosis is seen in any age group. Elderly or compromised
patients may develop fatal infection. Patients at greatest risk [13,95,97] are
as follows:
1. Immunocompromised patients, including organ transplant recipients and

persons receiving chemotherapeutic agents, radiation therapy, or corticosteroids
are at risk for nosocomial Legionella infection. Legionellosis is uncommon
in HIV- infected individuals.

2. Dialysis patients.
3. Late-middle-aged to elderly men.
4. Hosts with chronic underlying disease (e.g., organic heart disease, lung

disease, renal disease, and diabetes).
5. Alcoholics and smokers, particularly in the presence of COPD.
6. Patients undergoing major surgery.
7. Neonates with ventilator-associated pneumonia.

E. Clinical manifestations [13,95,97]. There is a broad spectrum of disease due
to L. pneumophila and L. micdadei.
1. Asymptomatic infection is well described, including in the outbreak setting

[102].
2. Pontiac fever is a non-pneumonic disease named after an outbreak in Pontiac,

Michigan, in 1968. After a 1- to 2-day incubation period, there is an abrupt onset
of fever, chills, headache, myalgias, and malaise. Acute symptoms usually last
less than a week, the illness being self-limited even without specific therapy.

3. Pneumonia is the most common symptomatic problem. Clinical and labo-
ratory manifestations of Legionella pneumonia are not distinctive, al-
though a scoring system has been used at one institution to identify patients
with legionellosis [3]. Mixed infections have been reported.
a. Pulmonary manifestations. The spectrum of disease is highly variable.

Mild to moderate illness (e.g., bronchitis or an atypical pneumonia syndrome)
or moderate to severe pneumonia with adult respiratory distress syndrome
may occur. Illness usually begins with nonspecific symptoms of malaise,
myalgias, headache, and fever, after an incubation period of 2 to 10 days.
An initially dry and nonproductive cough is present in approximately 90%
of patients, and often progresses to produce purulent sputum. Temperatures
of 39◦ to 40◦C (102◦–104◦F) are common, as are shaking chills. Pulmonary
symptoms steadily progress over several days. Chest pain and hemoptysis
may falsely suggest pulmonary embolism. Early physical findings are often
nonspecific and may include a pulse-temperature deficit [3] that may have
been overemphasized [13]. Signs of consolidation develop, but pleural fric-
tion rubs are uncommon. Radiologic findings are nonspecific. Infiltrates
that are initially unilateral and patchy frequently progress to bilateral con-
solidation. Nodular lesions, diffuse alveolar patterns, cavitation, and abscess
formation may be seen. Small pleural effusions may develop, but large effu-
sions are uncommon.

b. Other manifestations of pneumonic infections may include abdominal
pain, nausea, vomiting, and diarrhea. Neurologic findings include headache,
confusion, disorientation, delirium, and, although rare, focal neurologic find-
ings. Results of lumbar puncture studies are normal. Hyponatremia is
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found more commonly in Legionella pneumonia than with other etiolo-
gies of pneumonia.

c. Miscellaneous findings. Hepatomegaly and liver function test abnormali-
ties, disseminated intravascular coagulation, hypophosphatemia, and hema-
turia occur no more frequently than in other types of pneumonia.

4. Extrapulmonary infections have included bacteremia, lymphadenitis, pros-
thetic valve endocarditis, sinusitis, osteomyelitis, hemodialysis shunt
infections, peritonitis, pancreatitis, pericarditis, myocarditis, cellulitis, wound
infection, and abscesses in organs and soft tissues. These can result from
hematogenous seeding or from direct inoculation with contaminated water.

F. Diagnosis [96,103]. Legionellosis should be sought in any at-risk hospital-
ized patient with limited sputum, sputum Gram stain showing leukocytes
but few organisms, or a poor response to β-lactam antibiotics [13].
1. Routine Gram stains of sputum frequently show moderate to large numbers

of polymorphonuclear leukocytes (and monocytes), often with no bacteria.
2. Cultures for Legionella have a diagnostic specificity of 100%, and should

be performed whenever possible. They require special media, so the labora-
tory should be alerted to their possibility, and growth takes several days.
In centers with experience sputum culture has a sensitivity of 80% [13]; how-
ever, in routine clinical practice it may be 10% or less [96]. Bronchial washings,
bronchoalveolar lavage, and lung tissue have sensitivities similar to sputum or
higher [97]. The yield from pleural fluid culture is less. Legionella organisms
also have been isolated from blood but the yield is low.

3. Direct fluorescent antibody (DFA) testing of respiratory secretions, pleural
fluid, or lung tissue is technically difficult. Results may not be reliable in inexpe-
rienced laboratories or when the screened serogroups do not reflect the locally
prevalent Legionella [96]. Thus, the sensitivity of this test ranges from 33%
to 68% [96]. Organisms may remain detectable by DFA for several days after
starting antibiotics. Although specific, false-positive results have occurred in the
presence of other bacteria, and from Legionella contamination of test reagents
[96].

4. Antigen detection in urine of serogroup 1 only is commercially available
in kits. These tests have high specificity and a sensitivity of approximately 70%
[13]. They may be positive well into the patient’s illness and even after therapy
has been started. Antigenuria may be prolonged so that a positive test may result
from an unrelated prior infection. Also, false-negative results may be obtained
from infection with other Legionella species. The tests can be used with other
specimens, including pleural fluids [97].

5. PCR is promising but not widely available [96]. PCR is capable of detecting
any Legionella species, is very sensitive, and is rapid enough to affect empiric
therapy.

6. Serologic studies (immunofluorescence assay, enzyme-linked immunosorbent
assay [ELISA], counterimmunoelectrophoresis, or agglutination tests) are 40%
to 60% sensitive and have good specificity [13]. Sensitivity is highest for
L. pneumophila (75%–80%), and is 50% or less for non-pneumophila species [96].
Because serum antibody may be delayed, samples should be obtained every 2 to
3 weeks for 4 to 12 weeks. False-positive results have been reported from cross-
reaction with other organisms [96]. Thus, serology is useful for epidemio-
logic purposes but does not influence initial patient management.

With paired sera, a fourfold increase in either IgM or IgG titer to 1:128 or
more is considered diagnostic of disease. A single titer of 1:256 or more has
a low positive predictive value and should not be used for diagnosis in an
individual patient.

G. Therapy. In vitro antibiotic susceptibility tests for Legionella do not reliably
predict clinical efficacy [16,95,97]. Thus, most therapeutic information has come
from clinical experience, animal studies, or in vitro models of intracellular in-
fection. In these models, erythromycin, tetracycline, rifampin, TMP-SMX, and
the fluoroquinolones are effective; erythromycin is bacteriostatic. The penicillins,
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cephalosporins, and aminoglycosides are ineffective. In fact, a pneumonia that
progresses during treatment with the latter should suggest the possibil-
ity of Legionella infection. Treatment failures and relapses have been reported
with erythromycin but also may occur with other agents.
1. Isolation. Special precautions are not required.
2. Mildly ill and previously healthy individuals may receive outpatient treatment

with any of the alternatives listed below.
3. In hospitalized adults, i.v. therapy should be given initially but may be

finished orally. Most authorities no longer consider erythromycin the
drug of choice [2]. Recommended agents include the following:
a. Azithromycin 1,000 mg on the first day and 500 mg daily for the next

4 days can be given [13]. The duration is extended to 10 to 14 days with
life-threatening infection or in immunocompromised hosts.

b. A fluoroquinolone (ciprofloxacin, levofloxacin, or gatifloxacin) may be given
for 10 to 14 days, and extended to 21 days for life-threatening infection or in
immunocompromised hosts. A quinolone is preferred in transplant patients
to avoid potential drug interactions with cyclosporine or tacrolimus [95,104].

c. Doxycycline is given in a dose of 100 mg i.v. every 12 hours after a single
200-mg loading dose. The duration of therapy is the same as for the fluoro-
quinolones.

d. Rifampin is active in vitro and in animals, but is never used alone. It
may be added (300–600 mg every 12 hours) when azithromycin or a fluoro-
quinolone are not used for immunocompromised hosts or severe infections;
there is no benefit to adding rifampin to azithromycin or a fluoroquinolone
[104]. The potential for drug interactions should be evaluated before using
rifampin.

e. Other agents with reports of success include TMP-SMX (adult dose of
160 mg TMP and 800 mg SMX every 8–12 hours), imipenem, and clindamycin
[13].

H. Prognosis is related to the underlying disease and the early institution of ap-
propriate therapy. In nonimmunosuppressed patients, the mortality rate is low. In
immunosuppressed patients, mortality may be as high as 50% if specific therapy
is delayed [97].

I. Prevention. There is no vaccine for legionellosis. Routine cultures of the hospi-
tal water supply have been recommended, particularly in institutions caring for
transplant and other immunosuppressed patients [97,100].

VII. Hantavirus pulmonary syndrome (HPS) [105]. Found worldwide, hantaviruses
are enveloped negative-sense RNA viruses in the family Bunyavirudae. Hantavirus
illnesses are most common in Asia and Europe and include syndromes of hemorrhagic
fever with renal failure (e.g., Korean hemorrhagic fever) and nephropathia epidemica.
In May 1993, an outbreak of unexplained ARDS in otherwise healthy adults was
reported in the Four Corners area of Arizona, Colorado, New Mexico, and Utah. Intense
investigation revealed a new hantavirus, the Sin Nombre virus. HPS has since been
caused by at least four other new hantaviruses (New York, Monongahela, Bayou, and
Black Creek Canal viruses) in different areas of the United States [106].
A. Epidemiology

1. Rodents are the primary reservoir for HPS viruses, including the deer
mouse, white-footed mouse, rice rat, and cotton rat. The predominant modes
of transmission to humans are ingestion or inhalation of aerosolized rodent
excreta, and direct contact with rodents, rodent excreta, or rodent saliva. The
majority of exposures have occurred in and around the home [106].

2. Human-to-human spread has not occurred in the United States, but has
been implicated in an outbreak in Argentina [107].

3. As of April 2001 there were a total of 283 cases from 31 states,
and since then the first case was reported from Vermont [106]. Most cases
have occurred in the Southwest, and 60% have occurred in men. Ages
ranged from 10 to 75 years with a mean of 37 years. Case fatality since
the 1993 outbreak has been 38%. Updated information is available at
www.cdc.gov/ncidod/diseases/hanta/hantvrus.htm.

http://www.cdc.gov/ncidod/diseases/hanta/hantvrus.htm
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B. Clinical manifestations. Classic HPS is described, although mild and asymp-
tomatic infections occur.
1. A brief prodrome usually lasts 3 to 6 days. Common symptoms include

fever, chills, myalgias, headache, dizziness, abdominal discomfort, nausea, and
vomiting. Cough is not prominent initially. Pharyngitis and coryza are not
common features of this syndrome.

2. Pulmonary involvement is marked by the onset of cough, dyspnea, and
tachypnea. There may be rapid progression to respiratory failure. Fever, hy-
poxia, hypotension, and volume depletion become prominent. Noncardiogenic
pulmonary edema and depressed myocardial function occur. Radiographs
show bilateral interstitial edema, and pleural effusions are common.

3. Laboratory abnormalities have included leukocytosis with early myeloid
forms and atypical lymphocytes, hemoconcentration, thrombocytopenia,
proteinuria, microscopic hematuria, hypoalbuminemia, elevated blood urea
nitrogen and creatinine, elevated lactate dehydrogenase (LDH) and transami-
nases, coagulopathy, and lactic acidosis [105,106].

4. Improvement is marked by diuresis, resolution of hemoconcentration, and
increased oxygenation. Recovery may proceed rapidly, or may take weeks
[105,106].

C. Diagnosis must rest on clinical suspicion early in the hantavirus pulmonary
syndrome. HPS should be considered for patients with a febrile illness and unex-
plained respiratory failure. Information about diagnostic tests is available from
local and state public health agencies, and the Centers for Disease Control and
Prevention (CDC).
1. Culture is difficult and not readily available.
2. Serology. Specific IgM and IgG are detected in acute and convalescent samples

using an ELISA. Either acute-phase IgM or a fourfold increase in IgG titer is
diagnostic.

3. Immunohistochemical staining of tissue detects hantavirus antigens in tis-
sue.

4. PCR can identify virus in tissue, serum, or blood and may be positive very early.
D. Therapy

1. Rapid institution of supportive therapy in an ICU has been critical to sur-
vival. Extracorporeal membrane oxygenation has been helpful in two of three
reported cases.

2. There is no evidence that ribavirin is effective but a trial is underway.
E. Prevention involves minimizing exposure to rodents and their excreta. No vaccine

is available.
VIII. Pneumonia in the compromised host [108–112]. Pneumonia is common in the

compromised host, rapid deterioration may occur, and mortality of 40% to 50% is
frequently reported. Patients at risk include those on immunosuppressive chemother-
apy or moderate- to high-dose corticosteroids; those with transplants; patients with
congenital or acquired immune deficits; HIV-infected patients; and those with malig-
nancy, especially myeloproliferative or lymphoproliferative disorders (see Chapters 18
and 20).
A. The clinical dilemma

1. Urgent problem. Rapid evaluation before the patient deteriorates is necessary.
2. Multiple infectious and noninfectious causes may have the same clinical

presentation. An invasive procedure often is necessary for diagnosis.
3. Routine laboratory data often are nonspecific. Many of the infectious

agents causing the pneumonia cannot be diagnosed from routine sputum sam-
ples. Radiography cannot provide specific diagnoses.

4. Multiteam approach. Management requires the cooperative efforts of subspe-
cialists in oncology, infectious disease, pulmonary disease, thoracic surgery, and
pathology. If facilities are not available for such a multiteam approach, consid-
eration should be given to transferring such patients to another institution.

B. Host factors
1. Humoral deficiencies include congenital or acquired hypogammaglobuline-

mias and hypocomplementemias. Humoral deficiencies commonly accompany
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multiple myeloma, chronic lymphocytic leukemia, bone marrow transplanta-
tion, and cancer chemotherapies. These patients are at highest risk for infections
caused by S. pneumoniae and H. influenzae, among other pyogenic bacteria.

2. Neutropenia. The neutropenic host may not produce sputum, exhibit
the expected findings on physical examination, or initially demonstrate
radiographic abnormalities. Frequent bacterial pathogens include strepto-
cocci, staphylococci, Enterobacteriaceae, and P. aeruginosa. Zygomycetes and
Aspergillus species are common after prolonged antibiotic therapy.

3. Impaired cell-mediated immunity may be part of a congenital immunodefi-
ciency or may be acquired as a result of lymphomas, cytotoxic drugs, corticos-
teroids, radiation therapy, HIV infection, and malnutrition. Defective cellular
immunity predisposes to Nocardia species, Legionella species, mycobacteria,
Cryptococcus neoformans, Histoplasma capsulatum, cytomegalovirus (CMV),
varicella-zoster virus, Pneumocystis carinii, and Strongyloides stercoralis.
Corticosteroids are an important predisposing factor for many pathogens but
particularly for Nocardia, Legionella, M. tuberculosis, most fungi, P. carinii, and
S. stercoralis.

4. Combinations of the conditions cited in sections VIII.B.1–3, in addition to
impairments to nonimmune pulmonary defenses, are commonly present.

C. Differential diagnosis is extensive. The major considerations include the follow-
ing:
1. Infection. With the exception of some viruses, most infections can be treated

specifically if a particular organism or agent can be demonstrated.
a. Bacteria. Aerobic gram-negative bacteria (Klebsiella species, E. coli, Pseu-

domonas species) are common pathogens. S. aureus may be increasing in
relative frequency as initial therapies have focused on gram-negative bacilli
[108]. L. pneumophila and L. micdadei (see section VI) also must be consid-
ered.

b. Tuberculosis may reactivate during immunosuppression.
c. Pneumocystis carinii pneumonia occurs in AIDS, lymphocytic leukemia,

Hodgkin disease, systemic lupus erythematosus, bone marrow or organ
transplants, and newborns with agammaglobulinemia.

d. Fungi
(1) Aspergillus species and Zygomycetes (including Mucor species)

(a) Most patients are granulocytopenic and often are febrile de-
spite broad-spectrum antibiotic therapy. Other clues to the
diagnosis include pleuritic chest pain, bloody sputum, nasal and
sinus abnormalities, and rapidly progressive nodular or cavitary in-
filtrates.

(b) Fungal elements invade vascular channels and cause thrombosis
and pulmonary infarction. Dissemination to other organ systems,
particularly the CNS, occurs. Aspergillus invasive tracheobronchitis
is seen in lung transplant patients, and occasionally in heart, renal,
or liver transplants [112].

(c) Repeated isolation of aspergilli from sputum is sufficient to initi-
ate antifungal therapy, although false-negative results are common.
Because there may be commensal organisms in the airways, partic-
ularly if there is underlying chronic lung disease, demonstration
of invasion of tissue by transbronchial biopsy or open lung
biopsy is necessary to establish a definitive diagnosis. How-
ever, this is often difficult in these very ill and frequently thrombocy-
topenic patients. In the bone marrow transplant patient, a positive
sputum culture is 95% predictive for invasive disease [109].

(d) Early therapy, including amphotericin B and surgical debridement,
is essential to increasing survival.

(2) Other fungi, such as C. neoformans, H. capsulatum, and Coccidioides
immitis can cause pulmonary infection but are less common (see Chap-
ter 17).
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e. Viruses
(1) CMV is commonly reactivated in the compromised host, and almost al-

ways in transplant recipients [113]. However, reactivation is far more
commonly asymptomatic than symptomatic. Thus, one needs to distin-
guish CMV infection from CMV disease. CMV is transmitted by fresh
blood transfusion, WBC transfusion, or allografts. If an individual has
no previous immunity, a primary infection develops. CMV pneumonia is
most common in recipients of allogeneic bone marrow transplants, heart
transplants, and liver transplants (see Chapter 20).

(2) RSV, varicella-zoster virus, influenza, parainfluenza, and aden-
oviruses are other important causes of viral pneumonias in compro-
mised patients. Herpes simplex virus pneumonia is rare.

f. Nocardia causes pulmonary infection in patients with cardiac or renal
transplantation and steroid use, among others (see Chapter 17).

g. Other infectious agents. Toxoplasma gondii and certain roundworms, es-
pecially S. stercoralis, may cause pneumonia in the compromised host.

2. Tumor infiltration can mimic pneumonia [114], particularly from lymphomas,
leukemias, and alveolar cell carcinoma. Leukostasis with subsequent vascular
occlusion in the lung can occur with high WBC counts.

3. Drug-induced infiltrates must be considered. Drugs that can induce lung
disease include bleomycin, busulfan, methotrexate, mitomycin (with or without
vinca alkaloids), the nitrosoureas (e.g., carmustine), cyclophosphamide, and the
taxanes. Pulmonary edema may result from the use of i.v. cytosine arabinoside,
or from cardiac toxicity secondary to anthracyclines.

4. CHF may, at times, be difficult to distinguish from diffuse interstitial pneumo-
nia.

5. Alveolar hemorrhage may cause an infiltrate and predispose the patient to
develop a superimposed bacterial pneumonia. Most patients are thrombocy-
topenic, with or without other coagulopathies.

6. Idiopathic interstitial fibrosis of any type may be present, including bronchi-
olitis obliterans with organizing pneumonia. Blood and bone marrow transplant
patients also may have the idiopathic pneumonia syndrome with bilateral
interstitial infiltrates and no cardiac or infectious cause [114].

7. Radiation pneumonitis may mimic an infectious process.
8. Pulmonary infarction is difficult to distinguish from acute infection.
9. Collagen vascular diseases. Pulmonary involvement mimicking pneumonia

is most common in systemic lupus erythematosus, Goodpasture syndrome, and
Wegener granulomatosis. It may be difficult to differentiate disease progres-
sion from infection, particularly if patients are receiving immunosuppressive
therapy.

10. Lung transplant patients have noninfectious pulmonary infiltrates for sev-
eral other reasons. Reperfusion injury in the donor lung may occur in the first
few days after transplantation. Acute rejection usually presents within the first
3 months, and may recur during the first 1 to 2 years. Bronchiolitis obliterans
usually presents later after transplantation and is marked by airway obstruc-
tion and not by lung infiltrates.

D. Initial clinical approach. The possibility of an infectious process should be as-
sessed quickly because early effective therapy may be life saving [109,110].
1. Diagnostic studies have recently been reviewed [111].

a. Spontaneous or induced sputum stains for Pneumocystis and smears
and cultures for bacteria, mycobacteria, fungi, and Legionella should be
performed.

b. An invasive procedure to obtain lower respiratory tract secretions may
be required (see section VI under Clinical Approach to Community-Acquired
Pneumonia).
(1) Bronchoscopy with BAL, PSB, or transbronchial biopsy provides

a specific diagnosis in many patients (25%–98%) [111], but is con-
traindicated in patients requiring mechanical ventilation or with severe
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hypoxemia, and in those with bleeding diatheses. Major complications
occur in fewer than 5% when biopsy is not performed, but increase signif-
icantly with biopsy; significant complications from biopsy include hem-
orrhage and pneumothorax [111].

(2) Open lung biopsy has a diagnostic yield of 37% to 85% [111]. Open lung
biopsy may be preferred for focal infiltrates not accessible by transtho-
racic biopsy or in whom the latter is contraindicated, in patients sus-
pected of having certain noninfectious diagnoses (e.g., interstitial pneu-
monitis or drug reactions), in those with a rapidly advancing illness,
and when other biopsies (e.g., transbronchial) are nondiagnostic. Open
lung biopsy permits control of ventilation and bleeding, and provides a
larger tissue sample that can be processed for rapid interpretation (e.g.,
frozen sections). In some patient populations, however, the results have
infrequently influenced therapy or improved the eventual outcome, so
appropriate patient selection is critical [111].

(3) An alternative to open lung biopsy is video-assisted thoracoscopic
surgery (VATS). VATS has a similar yield to open lung biopsy and may
be particularly useful to assess pleural involvement. It can be performed
after platelet transfusion if the patient is thrombocytopenic [111].

c. Blood cultures should be obtained for every patient and, for some patients
(e.g., those with AIDS), special media for mycobacteria and fungi may be
included.

d. Pleural fluid should be examined when present if it can safely be obtained.
e. Mucocutaneous lesions should be scraped or examined via biopsy for mi-

croorganisms.
f. Other specimens (e.g., bone marrow, joint fluid, CSF, and urine) may be

helpful.
g. Serologic studies may be obtained for Legionella, Mycoplasma, fungi, and

viruses, but are rarely helpful in choosing initial therapy.
h. Serial evaluations of respiratory status should be monitored, including

chest roentgenograms and arterial blood gases or oximetry. Progressive hy-
poxia may be the only early clue to the presence of Pneumocystis infection or
other interstitial pneumonias.

2. Host factors and the setting in which the infection arose can help to narrow
the possible etiologies. The specific underlying disease may predispose to specific
pathogens, as discussed in section VIII.B.

3. The tempo of the illness and the type of radiographic abnormality may
be of some help in narrowing the diagnostic possibilities [110]. An acutely pro-
gressive illness favors gram-positive and gram-negative bacteria, pulmonary
edema, embolism, hemorrhage, and leukoagglutinin reactions. A subacute to
chronic illness should suggest CMV, Pneumocystis, Mycoplasma, Nocardia, and
Mycobacterium species, and fungi, among other infections; radiation pneumoni-
tis and drug toxicity would be among the noninfectious possibilities. Radio-
graphic patterns (e.g., consolidative, nodular, or diffuse infiltrates) may help
support certain infectious and noninfectious etiologies, but many pathogens are
associated with more than one pattern. Thus, the roentgenographic appearance
is best used in conjunction with an assessment of the tempo of the illness. A
“wedge defect” or nodular defect in a febrile leukopenic patient, despite broad-
spectrum antibiotics, raises the possibility of an invasive fungus, especially As-
pergillus species.

E. Initial therapy. It is imperative that a specific diagnosis is reached as
quickly as possible. Empiric antiinfectives should be started while awaiting
the results of cultures. If the results of sputum stains and other rapid diagnostic
studies are negative, therapy is based on host factors, setting, tempo of illness
progression, and radiographic pattern.
1. Neutropenic patients with pneumonia require combination therapy di-

rected against gram-negative bacilli. A β-lactam or newer fluoroquinolone
plus an aminoglycoside is appropriate. Coverage for Legionella can be assured
by adding a macrolide to regimens not including a fluoroquinolone. Vancomycin
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may be added where MRSA is frequent. In patients already on antibiotics,
adding amphotericin should be considered. When a cause is identified, specific
therapy is substituted.

2. In the very ill patient with diffuse infiltrates, we empirically add TMP-
SMX for P. carinii to an antibiotic combination directed against common bacteria
and Legionella. If the infiltrate is focal and the patient is very ill, Legionella
coverage is essential. Amphotericin B also may be given if Aspergillus or other
fungal infections are likely. An invasive diagnostic procedure should be
planned within the first 24 to 48 hours.

F. Reassessment of the management plan.
1. If the initial studies are nondiagnostic and there is no response to em-

piric therapy within 48 to 72 hours, then an invasive diagnostic procedure
should be performed if not already done. An early multidisciplinary approach
will help prevent unnecessary delays in this evaluation. Whether to perform
an open lung biopsy or VATS initially, rather than begin with a transthoracic
or transbronchial biopsy and then proceed to an open lung biopsy if negative,
requires case-by-case assessment.

2. If patients have clearly and quickly responded to the initial regimen
and an alternative noninfectious diagnosis (e.g., pulmonary edema) is
not established, then continuing empiric therapy without an invasive proce-
dure is acceptable. This also may be appropriate for patients with far-advanced
underlying disease expected to be rapidly fatal even in the absence of infection,
for patients in whom invasive procedures are contraindicated, or in patients
who refuse the procedures.

G. Prevention. Prevention of pneumonia in the compromised host generally has in-
volved strategies to prevent colonization, prophylactic antibiotics to prevent clinical
infection, immunoprophylaxis, and modulation of the immune system. Avoidance
of situations that lead to aspiration also is of value.
1. Hand-washing is the most important measure to prevent colonization in hos-

pitalized immunocompromised hosts. Total protected environments with HEPA
(high-efficiency particulate air) filtration of room air are useful for bone marrow
transplant patients and others with prolonged neutropenia.

2. TMP-SMX prophylaxis has been shown to be of value in preventing
P. carinii pneumonia in HIV-infected patients and in children with lymphatic
leukemia. It has been more difficult to establish that antibacterial prophylaxis
is reliably effective in preventing other pulmonary infections.

3. Antifungal prophylaxis with oral fluconazole has reduced invasive yeast in-
fections, but resistant yeasts and Aspergillus infections may emerge.

4. Antiviral agents are effective as prophylaxis in certain specific populations
such as kidney and bone marrow transplant recipients.

5. Immunization is important and should be given before immunosuppressive
chemotherapy. Pneumococcal vaccine is indicated for elderly, asplenic, and other
compromised hosts. Influenza vaccines, by reducing the frequency of influenza,
should help prevent the secondary complication of pneumonia. Immunoglobulin
may be given to patients with immunoglobulin deficiency or impairment, par-
ticularly from chronic lymphocytic leukemia, myeloma, or bone marrow trans-
plantation in the postengraftment period.

6. Growth factors, such as granulocyte colony-stimulating factor (G-CSF) or
granulocyte-macrophage colony-stimulating factor (GM-CSF), speed recovery
from cytopenias and can reduce the frequency of infections by shortening the
period of neutropenia.

IX. Nosocomial pneumonia, pneumonia that develops after at least 72 hours of
hospitalization, has the highest mortality rate of all hospital-acquired infections
[11,12,64,65,115,115a].
A. Etiologies

1. Bacteria are the most frequent cause, and many infections are polymicrobial.
Aerobic gram-negative bacilli are found in at least 55% to 85% of cases gram-
positive cocci in 20% to 30% of cases, and 40% to 60% are mixed infections [11].
H. influenzae and S. pneumoniae have been recognized as causes of early
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nosocomial pneumonia. Anaerobic bacteria are important in nursing home-
associated pneumonia [116] and aspiration, but not in ventilator-associated
pneumonias [117]. The incidence of Legionella infection varies, depending on
the hospital and patient population. (See section VI.)

2. Fungi are important in immunocompromised hosts. Aspergillus species and
other filamentous fungi are the most common isolates in this population.

3. Viral etiologies for nosocomial pneumonia often are unrecognized because spe-
cial studies for their detection are performed only infrequently. RSV, influenza
A and B, parainfluenza, and adenovirus are most important.

B. Pathogenesis. Nosocomial bacteria gain access to the lungs most often through
endotracheal tubes and aspiration. Inhalation of contaminated aerosols, hematoge-
nous spread, and direct inoculation also occur but are less frequent.
1. Colonization of the pharynx by gram-negative bacilli is more common in

aged, debilitated, or institutionalized patients, and this accounts for the high
incidence of these organisms in nosocomial pneumonias (see also section II.C).

Clinical conditions that increase the pharyngeal carriage of gram-
negative bacilli include endotracheal intubation, coma, acidosis, alcoholism,
uremia, diabetes mellitus, prior antimicrobial therapy, and nasogastric tubes
[65]. An increase in the adherence of gram-negative bacilli to oropharyn-
geal and tracheal cells may accompany many of these conditions; this can
arise in part from antibiotic-induced reduction in normal flora, reduced sali-
vary flow, increased salivary protease content, and changes in cellular surface
carbohydrates.

2. Gastric colonization also may be an important reservoir for gram-negative
bacilli and S. aureus (see section II.C). This is associated with conditions
that raise intragastric pH over 4.0, including aging, achlorhydria, enteral
feedings, antacids, and H2-blockers.

3. Bacteria in aerosols from contaminated nebulizers, certain types of hu-
midifiers, and anesthesia equipment may be directly inhaled into the lower
airways.

C. Risk factors for bacterial nosocomial pneumonia have been identified [11,64,65,
115a]. Endotracheal tubes impair coughing and provide access to the lung. They
also become coated with a biofilm of organisms that may be a reservoir for potential
pathogens.
1. Host-related factors include age over 65 to 70 years, obesity, smoking, and

underlying illnesses such as COPD, alcoholism, malnutrition, and prior im-
munosuppression.

2. Type of illness also influences the risk for nosocomial pneumonia. Thoracic
and abdominal surgical procedures are important predisposing events
[118]. Other risk factors include a depressed level of consciousness, neurosur-
gical trauma, admission to an ICU, shock, and need for mechanical venti-
lation.

3. Other management practices and devices, in addition to endotracheal in-
tubation, increase risk. These include stress-ulcer prophylaxis that increases
intragastric pH, insertion of a nasogastric tube, large-volume tube feedings,
reflux of ventilator tube condensate into the trachea, changing ventilator tub-
ing on a daily basis, improper care of respiratory devices, breaks in common
infection-control practices that carry organisms from one patient to another,
and inappropriate use of antibiotics.

D. Diagnosis. The steps differ depending on whether there is underlying lung dis-
ease and whether the patient is intubated. A diligent search for noninfectious
causes of fever and pulmonary infiltrates, particularly in ventilated patients,
must be made.
1. Clinical criteria often are used in nonintubated patients. These include the

presence of fever, leukocytosis, cough, purulent sputum, and a new or progres-
sive radiographic infiltrate. Caution must be used when applying these clinical
criteria to patients with underlying lung diseases, because the criteria are non-
specific [12].
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2. The diagnosis of ventilator-associated pneumonia (VAP) may be very
difficult, particularly in patients with accompanying ARDS [67]. VAP should
be suspected and a chest radiograph obtained if at least two of the following are
present: fever or hypothermia, leukocytosis or leukopenia, purulent sputum,
and decreased oxygenation [22]. If the chest radiograph is abnormal, the patient
should be treated for VAP [22]. We feel that if oxygenation is unchanged, another
cause should be vigorously sought. Because clinical and radiographic criteria are
nonspecific [119,120], expert practitioners apply additional diagnostic methods
when available [115a,121].
a. Quantitative cultures of tracheal aspirates. Direct tracheal aspirate

cultures cannot be used to make this distinction in the diagnosis of ventilator-
associated nosocomial pneumonia. Using threshold concentrations of 105 or
106 organisms per milliliter or greater, quantitative tracheal aspirate cul-
tures have varied and low sensitivity and specificity [122]. Because of the
problems with false-positive and false-negative results and an incomplete
understanding of the effects of antibiotic therapy on interpreting results,
quantitative (and nonquantitative) cultures of tracheal aspirates are of lim-
ited value [122].

b. The detection of microscopic elastin fibers in sputum may be associated
with any cause of lung necrosis. Thus, this study is not recommended [122].

c. Quantitative cultures of PSB or BAL specimens offer the most
promise [23,25,26,28,121]. Gram stain to detect intracellular organisms
on BAL specimens is specific but not as sensitive. Techniques are avail-
able to obtain these specimens with or without bronchoscopy. The effects
of prior antibiotics are incompletely understood, but overall they have not
been shown to alter the diagnostic yield. However, in an individual patient
they may result in a false-negative culture by suppressing growth of true
pathogens. For these reasons, quantitative cultures of PSB or BAL speci-
mens should be obtained before making any changes in antibiotic therapy.
It has not been demonstrated that the use of these procedures has an im-
pact on patient outcome, although they may help promote the prudent use of
antibiotics [115a].

d. Open lung biopsy is almost never necessary.
E. Therapy. Effective therapy involves ensuring airway patency and adequate oxy-

genation, using pressors and other supportive measures, draining secretions,
and administering antibiotics. Administration of empiric antibiotics should
not be delayed, and must take into consideration local resistance patterns
[115a,121]. The best outcome occurs when initial antibiotics are active
against the infecting organisms [11,67]. Gram stains of reliable specimens
are useful to help direct initial therapy. Whenever possible, specific antibiotics
should be substituted as specific pathogens become known. The ATS has
published recommendations for empiric therapy [115], but these must be
individualized to the specific institution, setting, patient characteristics,
and local resistance patterns [121,123]. Most regimens should have activity
against S. pneumoniae, H. influenzae, and the gram-negative bacilli noted in sec-
tion IX.A. (See also section IV.C.)
1. Early illness (<5 days) in patients without risk factors for resistant or-

ganisms may be treated with ticarcillin-clavulanate, piperacillin-tazobactam,
carbapenems, or an antipneumococcal fluoroquinolone. Ciprofloxacin monother-
apy should not be used because it is less active against pneumococci and anaer-
obes. See Chapter 27 for a discussion of inducible β-lactamase resistance from
cephalosporin overuse.

2. Patients with risk factors for resistant organisms and those with se-
vere illness or necrotizing infection should be treated with a combination
regimen. Preliminary results suggest an improved outcome for an aminogly-
coside plus piperacillin-tazobactam when compared with the aminoglycoside
plus either ceftazidime or imipenem, particularly for Pseudomonas aeruginosa
infections [11,67]. If S. maltophilia is a concern, then TMP-SMX is used.
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3. Nafcillin or vancomycin should be included when S. aureus is suspected. Van-
comycin is preferred if MRSA is possible.

4. A macrolide or fluoroquinolone should be added whenever Legionella organisms
are possible. See section VI.G for treatments of legionellosis.

F. Prevention. Strategies to prevent nosocomial pneumonias are based on an un-
derstanding of their pathogenesis and risk factors (see sections IX.B and XI.C).
Guidelines for the prevention of nosocomial pneumonia have been pub-
lished [64,65].
1. The use of systemic antibiotics for pneumonia prophylaxis is not rec-

ommended.
2. Hand washing and other routine infection-control practices are es-

sential.
3. If possible, elevate the head of the bed to 30 to 45 degrees to prevent aspi-

ration. Discontinue tube feedings, nasogastric tubes, and endotracheal tubes
as soon as possible. Continuous aspiration of subglottic secretions in
intubated patients should be considered. Chlorhexidine oral care is also
effective [64].

4. Effective pain control and chest physiotherapy (e.g., coughing, deep
breathing, incentive spirometry) should be priorities in postoperative pa-
tients.

5. Stress-ulcer prophylaxis that does not elevate gastric pH (e.g., sucral-
fate) is preferred.

6. Immunizations should be updated and smoking curtailed, particularly prior
to elective surgery.

7. Sterile equipment and water should be used for procedures that contact
mucous membranes. The internal parts of mechanical ventilators do not need
to be sterilized.

8. Ventilator tubing condensate should not be allowed to drain into the
patient’s airway, and tubing should be changed no more frequently than
every 48 hours.

9. Small-volume nebulizers should be filled with sterile fluids and not used for
more than one patient unless sterile or high-level disinfected.

10. Selective decontamination remains a promising strategy [124], but is not
recommended for routine use because of lack of standardization and concern
about promoting resistant organisms [125].

X. Pneumonia in children (1-month-olds to teenagers). Certain aspects of childhood
pneumonia warrant emphasis [5,8,126,127]. For example, a very young child may
have only fever and tachypnea, and rarely produces sputum. Neonates are discussed
in Chapter 3.
A. Age is of great importance in the likely etiologies and their mode of presen-

tation.
1. Infants 1 to 3 months of age are most likely to have pneumonia of viral origin

(RSV, parainfluenza virus). Occasionally, the etiology will be bacterial, including
group B streptococci, H. influenzae, S. pneumoniae, S. aureus, S. pyogenes, and
Bordetella pertussis. Afebrile pneumonia in infants 1 to 3 months of age usually
is caused by Chlamydia trachomatis. This illness is indolent and marked by
poor feeding, failure to thrive, a chronic cough, conjunctivitis, tachypnea, and
diffuse rales.

2. Between the ages of 3 months and 5 years, S. pneumoniae and viruses pre-
dominate. RSV, parainfluenza virus, influenza types A and B, and adenovirus
are most important. Mixed infections are common in younger children hospital-
ized with pneumonia. Encapsulated organisms (S. pneumoniae, H. influenzae,
and Neisseria meningitidis) are more frequent in children over 3 months of age
as maternal antibodies wane. Other bacteria and Mycoplasma are occasional
pathogens in this age group. H. influenzae type b is important in unimmunized
children.

3. The causes of pneumonia in children over 5 years of age are more like
those in young adults. Pneumococcal, mycoplasmal, and Chlamydophila pre-
dominate. As in adults, anaerobes occur in patients prone to aspiration. Group
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A streptococci, M. catarrhalis, and Legionella species are less common in child-
hood pneumonias.

B. Radiographic clues
1. Pneumonia with effusion most likely has a bacterial etiology unless the

tuberculin skin test is positive or there is a contact history for tuberculosis.
2. Lobar consolidation implies a bacterial process. S. pneumoniae is the most

likely pathogen, although S. pyogenes and K. pneumoniae may produce a similar
picture.

3. Abscesses are caused by staphylococci or, if putrid, anaerobic infection. Pneu-
matoceles may be seen with staphylococcal and other bacterial childhood pneu-
monias, and gram-negative infection in newborns.

4. Bronchopneumonias (diffuse, patchy infiltrates) are usually nonbacterial
in origin.

C. Management often is empiric because clinical, laboratory, and radiographic
features often cannot be used to distinguish between the possible causes.
1. Diagnosis

a. Sputum culture is not useful in infants and young children.
b. Nasopharyngeal secretions are used for antigen detection and viral cul-

tures. Tests to detect bacterial antigens in the urine are not useful because
they lack both sensitivity and specificity. PCR is promising but not widely
available.

c. Serologic studies can provide a retrospective diagnosis.
d. Cultures of blood and pleural fluid are specific, but infrequently positive.
e. Bronchoscopy is reserved for those with serious illness, underlying dis-

eases such as immunosuppression, and suspected obstruction or foreign body
aspiration.

2. Hospitalization. The decision to hospitalize often is difficult. It should be con-
sidered for the very young, and those with immunosuppression, serious under-
lying disease, toxicity or hypoxemia, multilobar bacterial infection, significant
pleural effusion, inadequate oral intake, failed outpatient care, or a family that
is unable to cope.

3. Antibiotic selection is based on the chest radiograph, age of the child, host
characteristics, and the Gram stain results of any pleural fluid or other available
material. Amoxicillin, amoxicillin-clavulanate, a macrolide, or cefuroxime are
appropriate for outpatients. Hospitalized patients should be given i.v. cefotaxime
or cefuroxime; high-dose ampicillin and ampicillin-sulbactam are alternatives.
Vancomycin is used if high-level penicillin-resistant pneumococci (see sec-
tion I.C), MRSA, or meningitis are suspected [32]. A macrolide is added if atypi-
cal pathogens are suspected. Tetracyclines should not be used in children under
8 years of age, and the fluoroquinolones should not be given to patients under
18 years of age [128]. If viral infection is suspected, antibiotics should be
withheld.

4. Children with recurrent severe bacterial infections or infection with an unusual
organism may need to be evaluated for the presence of an immunologic defect.

XI. S. aureus causes only 1% to 10% of CAP, but up to 16% of hospital-acquired pneumo-
nias [129]. It deserves emphasis because of its high mortality.
A. Settings

1. Most cases of staphylococcal CAP occur as a complication of influenza (see Chap-
ter 10), in the elderly, or in those with significant underlying pulmonary or other
illness; some patients may be nursing home residents.

2. Nosocomial S. aureus pneumonia occurs in hospitalized, debilitated pa-
tients. Risk factors favoring MRSA are prolonged hospitalization, serious
underlying cardiopulmonary disease, and prior antibiotic use [129].

B. Radiographic manifestations of staphylococcal pneumonia are varied. Chil-
dren with a rapidly progressive pneumonia, pneumatoceles or abscesses,
and early pleural involvement are likely to have staphylococcal infections. In
adults, infiltrates are often bilateral and multilobar. Pleural effusions are common,
as are empyemas. Embolic pneumonias often have a circular appearance and
may progress to central cavitation.
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C. Therapy is given i.v. for 2 to 3 weeks. Vancomycin is used initially, but proven
methicillin-sensitive S. aureus infection should be treated with oxacillin or naf-
cillin, 9 to 12 g/day in the adult and 200 mg/kg/day in children divided every 4 to
6 hours. Cefazolin may be used if it is not contraindicated for penicillin-allergic pa-
tients (see Chapter 27). Vancomycin is used for serious penicillin allergy or MRSA,
which generally responds less well [129]. Linezolid and quinupristin/dalfopristin
are alternatives to vancomycin.

D. Isolation. Droplet precautions are indicated during the first 24 to 48 hours of
therapy.

PNEUMONIA AND BIOTERRORISM
The United States suffered its first use of anthrax for bioterrorism in the wake of
the terrible events of September 11, 2001 [130]. Although this event used the mail
to target journalists and politicians, future episodes may not be confined to the
same risk groups. This section briefly reviews the features of those bacterial respiratory
infections most likely to be used as part of a bioterrorist event [2]. Updated information is
available on the CDC website (www.bt.cdc.gov), and local authorities.

I. Anthrax is caused by the spore-forming aerobic gram-positive rod Bacillus anthracis.
Aerosol delivery provides the most danger, with the majority of cases presenting as
inhalational anthrax. Cutaneous (see Chapter 4) and gastrointestinal anthrax also
occur.
A. Pathogenesis [131,132]. Inhalation of B. anthracis endospores does not usu-

ally cause a true pneumonia [2]. The minimal infectious dose is unknown but must
be relatively low, particularly when compared with the median lethal dose (LD50) of
2,500 to 55,000 inhaled spores [132]. Spores are 1 to 5 µm in diameter, and if pro-
cessed correctly may be dispersed for long distances by wind or other air currents.
After gaining access to the alveoli they are transported to mediastinal and other
regional nodes by alveolar macrophages. Germination and bacterial multiplication
ensue, and hematogenous dissemination may lead to sepsis and meningeal involve-
ment. The organism possesses an antiphagocytic capsule, protective antigen, lethal
factor, and edema factor. Lethal toxin, formed by lethal factor binding to protective
antigen, stimulates the release of inflammatory mediators and inhibits intracellular
signaling by inactivating mitogen-activated protein kinase. Edema toxin, formed by
edema factor binding to protective antigen, impairs cellular water homeostasis and
can inhibit neutrophil function. Hemorrhage, edema, and necrosis ensue.

B. The incubation period is variable, but may be prolonged. Most cases that fol-
lowed the accidental airborne release of anthrax spores in the 1979 outbreak in
Sverdlovsk occurred 9 to 10 days after exposure [133]. However, fatal cases also oc-
curred up to 6 weeks later. This and primate data led to recommendations of 60 days
of prophylactic or therapeutic antibiotics [130].

C. Clinical manifestations [131,134–136]. Inhalational anthrax is a biphasic ill-
ness.
1. Early signs and symptoms suggest an influenza-like illness (ILI). Combi-

nations of fever, chills, fatigue or malaise, nonproductive cough, nausea or vomit-
ing, weakness, and chest discomfort predominate. Laboratory studies are equally
nonspecific. Clinical features, in addition to the epidemiologic setting, help dis-
tinguish ILI from anthrax [137]. Sore throat and rhinorrhea are common
in ILI, whereas chest discomfort, pleuritic chest pain, and nausea or vomiting
are more frequent in anthrax. Chest radiographs are usually normal in ILI, but
abnormal in anthrax (see section I.D).

2. The next phase is heralded by progressive respiratory signs and symp-
toms, which may occur after a short period of improvement. Patients have dys-
pnea, worsened cough, and diaphoresis. Sepsis syndrome and evidence of
meningitis may be present. Laboratory studies may reveal leukocytosis with
left shift, elevated transaminases, and hypoxemia. In this phase death may
occur within hours or days.

D. Radiographic studies provide important diagnostic clues and may be abnor-
mal early.

http://www.bt.cdc.gov
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1. Chest radiographs were abnormal on admission in each of the initial 10
bioterrorism-related cases in the United States, although abnormalities may be
overlooked [135]. Characteristic findings include mediastinal widening, para-
tracheal or hilar enlargement, and pleural effusions. Infiltrates may be
present, particularly in the sickest patients [134,135]. Effusions or infiltrates
may occur initially without mediastinal widening.

2. Chest CT is more sensitive than chest radiography in detecting the
extent of mediastinal involvement. Based on the initial experience, early
CT scanning is encouraged when inhalational anthrax is considered possible
[130,136].

E. Diagnosis [138]. Inhalational anthrax can be diagnosed quickly only with a high
degree of suspicion.
1. Blood cultures should be obtained on all patients before the initiation of antibi-

otics.
2. Gram stain of buffy coat smears may provide a rapid clue to the diagnosis,

but the sensitivity of this procedure is unknown [134].
3. Pleural fluid should be obtained when effusions are present, and Gram stained

and cultured. Fluid is characteristically hemorrhagic with elevated protein and
relatively few leukocytes. A positive Gram stain rapidly suggests the diagnosis.
PCR is performed and a cell block for immunohistochemistry analysis is taken if
results of other studies are negative.

4. CSF should be obtained when there is a question of meningeal involvement. Fluid
is frequently bloody with positive Gram stains [131].

5. Bronchoscopy may provide a diagnosis if there are radiographic infiltrates
[135].

6. Special studies for nonculture diagnosis, including immunohistochemistry
and PCR, are available through local public health authorities and the CDC.
Serologic testing for IgG antibodies to the protective antigen is also available at
the CDC and may be helpful in difficult cases.

7. Rapid diagnostic tests for influenza should be considered.
8. Nasal swab cultures are of no value for diagnosis or exclusion of this disease

[139].
F. Therapy for inhalational anthrax. Early effective therapy is essential in im-

proving outcome. The choice of antibiotics depends on the extent of illness and the
susceptibility profile of the infecting strain. All the strains involved in the fall of
2001 had the same sensitivity pattern. This is in part the basis for the following
recommendations [132,140].
1. A cephalosporinase and an inducible penicillinase are included in the B. anthracis

genome, so that cephalosporins and penicillins should not be used alone
[130].

2. Initial therapy. Combination i.v. antibiotics are recommended for initial
treatment of all patients with inhalational anthrax. The same treatment regi-
mens listed below also are indicated for immunocompromised and pregnant hosts
[132,140]. With mass casualties, oral therapy may be the only option [132].
a. Adults [140]

(1) Either ciprofloxacin 400 mg every 12 hours or doxycycline 100 mg
every 12 hours should be used with one or two additional drugs (see
below). Ciprofloxacin is preferred if meningitis is present because of better
penetration.

(2) Other active agents that may be used in combination with ciprofloxacin
or doxycycline include rifampin, vancomycin, penicillin, ampicillin, chlo-
ramphenicol, imipenem, clindamycin, and clarithromycin. It has been
suggested but not proven that clindamycin has an antitoxigenic effect
[136].

(3) A successful initial regimen is ciprofloxacin, rifampin, and clindamycin
[136].

b. Children [132,141]. Because of the gravity of the infection and potential for
penicillin failure, i.v. ciprofloxacin or doxycycline are also recommended for
children.
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(1) Either ciprofloxacin 10 to 15 mg/kg every 12 hours (maximum of
1 g/day) or doxycycline should be used with one or two additional drugs
[see section I.F.2.a.(2)]. Ciprofloxacin is preferred if meningitis is present,
as noted above. The dose of doxycycline is 100 mg every 12 hours for
children over 8 years of age and weighing over 45 kg, and 2.2 mg/kg every
12 hours for children weighing less than 45 kg or those under 8 years of
age (maximum dose of 100 mg).

(2) Experience with other fluoroquinolones in children is limited.
3. Continued therapy and duration. All patients should receive antibiotics for

a total of 60 days because of the potential for late germination of persistent
spores.
a. Adults may be switched to oral therapy when there has been continued

clinical improvement [140]. Ciprofloxacin 500 mg twice daily or doxycycline
100 mg twice daily to finish the 60 days is acceptable alone [135] or with
rifampin [141].

b. Children also may be switched to oral therapy when there has been clin-
ical improvement [141]. Either ciprofloxacin 10 to 15 mg/kg every 12 hours
(maximum of 1 g/day) or doxycycline (oral doses equivalent to i.v. doses
above) should be continued for the first 14 to 21 days, with or without
another agent. Amoxicillin may be used for sensitive isolates to finish
the remainder of the 60 days because of the potential for side effects with
prolonged use of ciprofloxacin or doxycycline in children [141].

4. Adjunctive measures include drainage of pleural effusions, and mechani-
cal ventilation or other support in an intensive care unit. Steroids have been
used for patients with extensive edema, respiratory compromise, and meningitis
[140].

5. Since person-to-person transmission does not occur, patients with inhala-
tion anthrax may be cared for in routine hospital rooms using standard precau-
tions.

G. Prognosis. The outcome from inhalational anthrax has been dismal, with a mortal-
ity rate in prior reports of 86% to 97% [130]. However, only 4 of the initial 10 United
States patients in 2001 died [135]. Possible reasons for the improved survival rate
include heightened awareness, use of newer diagnostic studies, early antibiotic com-
bination therapy, and modern supportive care [135]. Patients who postpone seeking
therapy, who are seriously ill at presentation, or who have effective treatment de-
layed have a worse prognosis [134].

H. Antibiotic prophylaxis is indicated following airborne exposure because of
the serious nature of this illness. The standard duration of prophylaxis is 60
days for individuals with a proven exposure risk because of the potential for
a prolonged incubation period. Because the inoculum is low, penicillins are ex-
pected to be effective for prophylaxis even though they are not recommended
for treatment [141]. At least 32,000 individuals began prophylaxis after September
2001, and 5,000 were candidates for the full 60-day course [142]. Appropriate law
enforcement and public health authorities should be notified [139].
1. Adults may be given either ciprofloxacin 500 mg orally twice daily or doxy-

cycline 100 mg orally twice daily [143]. However, some prefer doxycycline be-
cause of concern about fluoroquinolone resistance with long-term and widespread
ciprofloxacin use.

2. Pregnant women should be given ciprofloxacin in the doses above, and
doxycycline should be avoided [144]. If the isolate is penicillin sensitive, then
amoxicillin 500 mg orally three times daily is an alternative.

3. Infants and children should be given oral amoxicillin 80 mg/kg/day in three
divided doses (maximum of 500 mg per dose) for penicillin-sensitive isolates [141].

4. Breast-feeding women should be given amoxicillin 500 mg orally three
times daily if the isolate is penicillin susceptible [141]. If amoxicillin is contraindi-
cated, then ciprofloxacin or doxycycline may be used and the breast milk discarded
[141].

5. Initial surveillance efforts found adherence and side effects with prophy-
laxis to be similar to prior reported experience [142].



P1: FUY

PB207-11 PB207A-Betts/6678F September 3, 2002 7:7 Char Count= 0

11. Lower Respiratory Tract Infections 333

6. Three options can be offered at the end of the 60-day course, particularly
for those individuals with high-level exposure and who were adherent with an-
tibiotics [145]:
a. Monitoring for illness after finishing 60 days of antibiotic prophylaxis.
b. Continued antibiotic until day 100, with monitoring for illness and adverse

drug reactions, because of the theoretic risk for illness up to 100 days after
exposure.

c. Anthrax vaccine (three doses given over 4 weeks) plus an additional 40
days of antibiotic prophylaxis. Vaccine is available only as an “investiga-
tional new drug” through designated clinics. Informed consent and follow-up
investigations are required.

7. Future events may result in modification of these recommendations; up-
to-date information should be obtained from local, state, and federal public health
officials.

II. Plague is caused by the gram-negative coccobacillus Yersinia pestis. Pneumonic
plague is a potentially lethal disease that can be transmitted from person to person.
This makes it useful for bioterrorism, which was recognized long before the biology of
plague was understood [146]. Other forms of the disease are septicemic and bubonic
plague.
A. Pathogenesis of pneumonic plague. Plague persists as a worldwide enzootic in-

fection of rats and other rodents [146]. Y. pestis is transmitted to its human host
as bubonic plague through the bite of a flea. The majority of cases develop fever
with acutely inflamed regional lymph nodes (buboes) 2 to 8 days after the original
flea bite. A few patients develop primary septicemic plague with or without buboes.
Direct inhalation of the organism, from bioterrorism or via droplets from a pa-
tient with plague pneumonia, leads to primary pneumonic plague. Secondary
pneumonic plague occurs when the lung is involved by hematogenous spread
from either bubonic or septicemic plague.

B. Clinical manifestations [147]. Primary pneumonic plague usually has an incuba-
tion period of 2 to 4 days, ranging from 1 to 6 days [147]. Illness begins abruptly,
and may have a fulminant course. Patients may have fever, chills, rigors, dyspnea,
cough, malaise, and myalgias. Nausea, vomiting, diarrhea, or abdominal pain may
be prominent in some patients. Sputum is often bloody. Physical examination
would be expected to reveal a bubo only in secondary pneumonic plague. Chest ra-
diographs are nonspecific, showing patchy infiltrates or consolidation that
may be bilateral. Progression to death may be rapid, with sepsis, disseminated in-
travascular coagulation, and multisystem organ failure; this is not specific for plague
but may be seen in any severe pneumonia.

C. Diagnosis of primary plague pneumonia depends on a high index of suspi-
cion.
1. Clinical clues to the possibility of plague pneumonia as the result of bioterrorism

include the clustered occurrence of severe pneumonias, the presence of hemoptysis
and sepsis, and the rare finding of a cervical bubo [147].

2. Microbiological studies are very helpful. Gram stains (or Wright, Giemsa,
and Wayson stains) of sputum, blood, or bubo aspirate may reveal the character-
istic bipolar staining of this small gram-negative bacillus or coccobacillus. The
organism grows on standard media and in routine blood cultures.

3. Immunofluorescent stains are diagnostic when available through public
health laboratories. Immunoassay to detect the F1 antigen also may be helpful
but is not readily available. PCR can be diagnostic as well but is not standardized.

D. Management [147]. Presumptive therapy should be started as quickly as
possible for exposed patients who have a compatible illness. Failure to re-
spond may be an indication of antibiotic resistance, rare in natural infection.
1. With contained casualties, streptomycin (30 mg/kg/day in 2 i.m. doses) or

gentamicin (5 mg/kg/day i.v. or i.m., or 2 mg/kg load followed by 1.7 mg/kg every
8 hours i.v. or i.m.) are preferred for adults and children with normal renal
function. Acceptable alternatives include i.v. doxycycline, ciprofloxacin, or chlor-
amphenicol. Gentamicin is preferred in pregnancy. Immunocompromised pa-
tients are given one of these same treatment regimens. The duration of therapy
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is 10 days, and may be finished orally (see section II.D.2) after the patient has
clearly improved.

2. With mass casualties, only oral therapy may be available. Ten days of
doxycycline or ciprofloxacin should be used to treat adults and children,
with chloramphenicol an alternative except in children under 2 years of age.
The doxycycline dosage is 100 mg twice daily for adults and children weighing at
least 45 kg, and 2.2 mg/kg twice daily for children weighing less than 45 kg [147].
Ciprofloxacin dosage is 500 mg twice daily in adults, and 20 mg/kg twice daily in
children. Doxycycline should be avoided if possible in children under 8 years of
age. Doxycycline is preferred for the treatment of pregnant women in the setting
of mass casualties.

3. Prophylactic oral antibiotics should be given to all asymptomatic ex-
posed individuals. Doxycycline is preferred for this purpose, with the same
restrictions and alternatives as listed for treatment of mass casualties. Pa-
tients should take prophylaxis for 7 days, and immediately report any fever or
cough. The same prophylaxis is recommended for immunocompromised patients
[147].

4. All patients with plague should be placed in droplet isolation until after
the first 48 hours of effective therapy and there is clinical improvement,
or until pulmonary involvement is excluded.

5. Supportive care in a critical care setting is often required.
6. Public health authorities should be notified immediately so that contacts

may be traced and any needed vector control measures instituted.
III. Tularemia is caused by the pleomorphic gram-negative coccobacillus Francisella

tularensis. The United States and former Soviet Union weaponized this agent, although
the United States destroyed its biologic weapons arsenal by 1973 [148]. Clinical forms
include ulceroglandular, glandular, oculoglandular, typhoidal, pneumonic, and oropha-
ryngeal [149].
A. Pathogenesis. Tularemia is a widespread zoonosis of small mammals, including

rabbits. The organism may be transmitted to a human host by the bite of a tick
or fly, and by direct contact with or ingestion of infected animals, excreta, water,
soil, and vegetation. Tularemia pneumonia may result from direct inhalation of the
organism (primary pneumonia), or from hematogenous spread to the lungs as a
consequence of one of the other clinical forms. Bioterrorist use would result in
aerosol exposure, and most subsequent cases are expected to be primary
pneumonic tularemia [148]. However, such an exposure also could result in other
forms of tularemia by the organism penetrating the skin (ulceroglandular, glandular,
or typhoidal), conjunctivae (oculoglandular), or oral mucosa (oropharyngeal). Natu-
ral outbreaks of primary tularemia pneumonia are more likely to occur in a rural
setting [148,150].

B. Clinical manifestations from a bioterrorism aerosol exposure [148]. The in-
cubation period for primary tularemia pneumonia is expected to be 3 to 5 days, and
ranges from 1 to 14 days [148]. There would be a cluster of patients with the abrupt
onset of a nonspecific febrile illness. Progression to frank clinical pulmonary
involvement may be rapid or subacute, with the onset of dyspnea, cough with-
out prominent sputum, and pleuritic chest pain. Chest radiographs often show
subsegmental or lobar infiltrates that may involve more than one lobe, pleural
effusions, and hilar adenopathy. Rounded densities, miliary changes, or cavita-
tion are less common [149]. Pleural fluid studies are often similar to those found in
tuberculous effusions [149]. Respiratory failure, sepsis, multisystem organ failure,
and death may occur.

C. Diagnosis. Results from routine laboratory studies are nonspecific, and rapid diag-
nostic tests for tularemia are not readily available [149].
1. Clinically, the occurrence of a cluster of patients with unexplained atypical pneu-

monia, pleural involvement, and hilar adenopathy should raise suspicion.
2. Routine microbiologic specimens including blood cultures should be submit-

ted, and the laboratory alerted to the possibility of F. tularensis infection because
it is fastidious and potentially dangerous to them. Gram-stained smears of
respiratory secretions may help differentiate this illness from inhalational
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anthrax and plague pneumonia [148]. Definitive diagnosis is established by cul-
ture identification of the organism in clinical specimens.

3. Fluorescent antibody stains, antigen detection, and PCR techniques are available
in only a few specialized laboratories but can provide a specific and rapid diagnosis
[148].

4. Serologic assays are not useful acutely, because increasing titers require 10
or more days. With a longer duration of illness, a diagnostic fourfold or greater
increase in titer may occur between acute and convalescent specimens. A single
tube agglutination titer of at least 1:160 or a microagglutination titer of at least
1:128 supports the diagnosis in the presence of a compatible clinical illness.

D. Management of tularemia resulting from a bioterrorism event [148]. Treat-
ment regimens may need to be adjusted if susceptibility studies reveal antibiotic
resistance.
1. With contained casualties, therapy is similar to that listed for plague. The

total duration of treatment is 10 days with the aminoglycosides or ciprofloxacin,
and is 14 days with doxycycline or chloramphenicol to reduce relapses. Treatment
may be finished orally.

2. With mass casualties, oral therapy with doxycycline or ciprofloxacin is
similar to that listed for plague, except the duration is 14 days. Ciprofloxacin
is preferred for the treatment of pregnant women in the setting of mass casualties
[148]. Streptomycin or gentamicin is preferred for immunocompromised patients
if possible.

3. Asymptomatic exposed individuals seen in the incubation period for tu-
laremia should receive prophylaxis with 14 days of either doxycycline or
ciprofloxacin, with the same restrictions as listed for treatment of mass casual-
ties. However, delayed discovery of a covert tularemia bioterrorism event may be
more likely. In this circumstance prophylaxis is withheld and antibiotic treatment
begun if a potentially exposed person develops an unexplained fever or flu-like
illness within 2 weeks of the last presumed exposure [148].

4. Person-to-person transmission does not occur, so standard precautions are
used.

5. Hospital infection control and local public health authorities should be
notified immediately of any case of suspected or confirmed tularemia.

PARAPNEUMONIC EFFUSION AND EMPYEMA
Parapneumonic pleural effusion is pleural fluid found in association with pneumonia,
lung abscess, or bronchiectasis [151]. An empyema is grossly infected or purulent fluid
(pus) in the pleural space. All complicated parapneumonic effusions and empyemas
require drainage.

I. Parapneumonic effusions
A. Parapneumonic effusions progress through three pathologic stages [151].

The initial stage is the exudative stage, when fluid is free-flowing and with rela-
tively low numbers of neutrophils. Early exudative parapneumonic effusions are
often sterile, and appropriate therapy in this stage will avoid the necessity for tube
drainage. The fibropurulent stage occurs next with an increase in fluid, the influx
of neutrophils, and an increasing chance for bacterial invasion. Glucose and pH de-
crease, and LDH increases. Fibrin is deposited on pleural surfaces with a tendency
for fluid loculation, making effective bedside drainage very difficult. The final stage
is organization. Pleural fluid is thick, and fibroblast growth into loculations results
in a visceral pleural peel entrapping lung and requiring surgical decortication.

B. Thoracentesis should be performed when there is at least 10 mm of pleural
fluid on a lateral decubitus film, and fluid sent for the following studies [151].
1. Differential cell counts. High counts of polymorphonuclear leukocytes

suggest bacterial infection, and an alternative etiology should be sought if this
is not found [151]. A high percentage of small lymphocytes may be seen in tubercu-
losis and malignancies. Mesothelial cells are uncommon in tuberculous effusions.
Uncommonly, 5% to 20% eosinophils are seen, but this is a nonspecific finding
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associated with pneumothorax, hemothorax, Hodgkin disease, Churg-Strauss
syndrome, benign asbestos effusion, drug reactions, and paragonimiasis.

2. Chemistries. Glucose may be reduced with pneumonia, malignancy, tuber-
culosis, hemothorax, paragonimiasis, and Churg-Strauss syndrome; it may be
very low in effusions from rheumatoid arthritis. Tuberculous effusions may, on
occasion, have normal glucose levels. LDH levels help classify parapneumonic
effusions [151].

3. pH. The pH of the pleural fluid may help distinguish complicated from benign
effusions (see section D). Pleural fluid samples should be placed in wet ice, trans-
ported to the laboratory, and processed immediately. A pleural fluid pH of less
than 7.2 occurs in effusions associated with bacterial infections, tuberculosis,
esophageal rupture, malignancy, rheumatoid arthritis, hemothorax, urinothorax,
paragonimiasis, Churg-Strauss syndrome, and systemic acidosis. The cause of
pleural fluid acidosis in the absence of systemic acidosis is primarily leukocyte
metabolism, but bacterial metabolism also may contribute. In empyemas caused
by some Proteus species, the pH may be normal or high because of the urea-
splitting activity of the bacteria.

4. Cultures. Gram stains with aerobic and anaerobic cultures should be per-
formed routinely. If tuberculosis and fungal infections are considered, one should
obtain and centrifuge large volumes of fluid and then culture the sediment.

C. Thoracic CT scanning will help determine whether fluid is loculated or whether
pleural fibrosis has occurred, localize fluid for drainage, and assess the underlying
lung.

D. Classification and management [151,152]. Parapneumonic effusions are classi-
fied using radiographic and pleural fluid results. All effusions at least 10 mm thick
on the lateral decubitus film require thoracentesis.
1. Class 1 effusions are termed nonsignificant. These are free-flowing effusions

that are less than 10 mm thick on the lateral decubitus film. No thoracentesis is
indicated.

2. Class 2 effusions are termed typical parapneumonic. Fluid is free flowing
and not purulent, with negative smears and cultures, a glucose level of greater
than 40 mg/dL, pH greater than 7.2, and LDH less than 1,000 IU/L. Therapeutic
thoracentesis should be done, and repeated if fluid rapidly recurs or the patient
remains ill with a significant effusion.

3. Class 3 effusions are termed borderline complicated. These have either a
fluid pH between 7.0 and 7.2, an LDH of greater than 1,000 IU/L, or loculations
even though the glucose level is greater than 40 mg/dL and smears and cul-
tures are negative. Serial therapeutic thoracentesis should be performed
if the fluid is not loculated. Tube drainage is indicated if the pH and glu-
cose levels decrease and the LDH level increases, but not if these values nor-
malize. If a previously loculated fluid persists or the patient remains ill
after an initial therapeutic thoracentesis, then chest tube drainage is re-
quired. A thrombolytic can be instilled into the tube to try to improve tube
drainage.

4. Class 4 effusions are termed simple-complicated. These effusions are not
loculated and do not appear purulent. However, the glucose level is less than
40 mg/dL, pH is less than 7.0, and results of Gram stain or culture are posi-
tive. Either repeated thoracentesis or chest tube drainage is indicated.
If glucose, pH and LDH are improving on repeat thoracentesis, then serial thora-
centesis can suffice. If glucose and pH remain low, tube drainage is needed.

5. Class 5 effusions are termed complex-complicated. They are loculated, but
otherwise meet the description of simple-complicated effusions. They should be
managed with chest tube insertion and intrapleural thrombolytics. If
drainage is not complete after one to two thrombolytic doses, surgical intervention
is needed.

6. Class 6 effusions are termed simple empyemas. These are either free flowing
or confined to a single loculus. Large-bore chest tube drainage is indicated.
Surgical decortication will be needed if an empyema cavity persists despite tube
drainage.
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7. Class 7 effusions are termed complex empyemas. Initial management of
these multiloculated empyemas includes multiple large-bore chest tubes with in-
trapleural thrombolytics. Nonetheless, thoracoscopy or thoracotomy is often
required.

II. Pleural empyema [153,154]. An empyema is pus in the pleural space. Some patients
may be very toxic with an empyema, while others may have only low-grade fever. When
frank pus is found, pleural fluid gram stain and cultures are important but glucose, pH,
and LDH are not needed.
A. The underlying causes for empyemas include the following:

1. Pulmonary infections (pneumonia, aspiration pneumonia, and lung abscess)
2. Postthoracotomy
3. Direct spread of infection (e.g., from an abdominal or orofacial source)
4. Esophageal rupture, suggested by a fluid pH less than 6.0 or an increased

amylase [155]
5. Idiopathic, believed to be the result of a pneumonia that has since resolved
6. Hematogenous spread (uncommon in adults but more frequent in children)

B. Bacteriology. Bacteria vary with age and predisposing conditions. Mixed infections
are frequent, and organisms producing β-lactamases are often isolated.
1. Anaerobes play a significant role in empyemas complicating aspiration pneumo-

nia, lung abscess, oropharyngeal infection, and intestinal infection. These include
Bacteroides species, Prevotella species, Fusobacterium nucleatum, and Peptostrep-
tococcus species, often in combination. Mixed aerobic and anaerobic infections are
common.

2. Aerobic bacteria. Although once common, S. pyogenes is now seen less fre-
quently. In contrast, pneumococci continue to be an important cause of empyema.
S. aureus and aerobic gram-negative bacilli are common pathogens in postthora-
cotomy patients and in patients with nosocomial pneumonias. The importance of
H. influenzae type b empyemas in children has been diminished by the protein-
conjugate vaccine.

C. Management. The principles of empyema management are to control infection,
minimize morbidity and hospitalization, and maximize resultant lung function.
1. Adequate drainage. Because pus in the pleural cavity represents infection in a

closed space, drainage is always necessary. Only rarely is adequate drainage
achieved by daily thoracentesis. Usually fluid is too thick or loculated, and image-
guided chest tube drainage is necessary. If there is poor response in the first 24
hours and the patient is stable, then instillation over 2 to 3 days of intrapleural
thrombolytics may be tried. Repeat imaging studies should be followed to as-
sure complete drainage and a reduction in the cavity size. When this fails, early
surgical intervention is indicated.

Video-assisted thoracoscopy may help break down loculations, provide for
thorough irrigation, allow visual placement of drainage tubes, and may obviate
the need for open thoracotomy. Even with careful patient selection, 10% to 20%
of VATS procedures need to be converted to thoracotomy [154].

2. Antibiotics are initiated on the basis of the Gram stain findings and the clinical
setting, and altered on the basis of culture results [153,155]. Empiric regimens for
empyemas associated with pneumonia should provide aerobic and anaerobic cov-
erage, while postthoracotomy empyemas require coverage for S. aureus, P. aerug-
inosa, and other aerobic gram-negative bacilli. In general, if adequate drainage
can be achieved quickly, the authors will use i.v. antibiotics for approximately
14 days. However, the actual duration of therapy will depend on the underlying
source, causative organisms, clinical response, and duration of significant pleu-
ral drainage or effusion. Because antibiotics achieve adequate levels, there is no
need for intrapleural antibiotics [153]. However, bioavailability of aminoglyco-
sides and some β-lactams in empyema fluid is poor [153,155]. Thus, it is best that
aminoglycosides not be used alone to treat gram-negative empyemas.

3. Bronchopleural fistula may occur in association with empyemas or complicated
parapneumonic effusions. Rapid adequate percutaneous drainage is essen-
tial to prevent escape of purulent material into the bronchial tree and
for cure. The initial clue is an air-fluid level in the pleural cavity. Other
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causes of an air-fluid level in infection include a ruptured esophagus and rup-
ture of an underlying lung abscess. Gas formation from microbial growth is an
uncommon cause, so that another explanation should be sought. CT scans are
helpful in separating pleural from intraparenchymal air-fluid levels. Confirma-
tion is achieved by placing the chest tube to water seal (i.e., bubbling is seen).
Thoracic surgical consultation is advised.

LUNG ABSCESS
Lung abscess is a suppurative cavitary lesion in the lung parenchyma surrounded by inflam-
mation and necrosis. Most lung abscesses are at least 2 cm in diameter when recognized, and
may not contain an air-fluid level. Necrotizing pneumonia, an earlier manifestation of the
same pathophysiologic process, consists of multiple small cavities within areas of acute con-
solidation. Pulmonary gangrene, the extreme manifestation of this process, is distinguished
by extensive lung necrosis [156]. Mycobacteria and fungi (e.g., histoplasmosis and coccid-
ioidomycosis) also can cause cavitating lung disease. Tuberculosis is discussed later in this
chapter, and fungal infections are discussed in Chapter 17.

I. Types of lung abscesses. Primary lung abscess is due to a primary necrotizing lung
infection. Secondary lung abscess is the result of an extrapulmonary infection that has
spread to involve the lung, such as embolic abscesses from right-sided endocarditis.
Lung abscesses can be further separated into the following categories:
A. Anaerobic. These are due to aspiration of oropharyngeal organisms. Most in-

volve two to three anaerobes, and may include a nonanaerobic species. Bacteroides
species, Prevotella intermedia, P. melaninogenica, other Prevotella species, F. nu-
cleatum, Veillonella, and peptostreptococci are common. Frequent nonanaerobes are
Streptococcus intermedius, and other microaerophilic and aerobic streptococci.

B. A specific abscess follows a necrotizing pneumonia due to a single organism, such
as K. pneumoniae, P. aeruginosa, other gram-negative bacilli, Legionella species, S.
aureus, Nocardia species, or Actinomyces. Melioidosis and paragonimiasis are more
important causes of lung abscess in parts of the world other than the United States.

C. Septic emboli may result in abscess formation. Important sources include intravas-
cular, pelvic, orofacial, gastrointestinal, and urinary infections. Organisms include
Fusobacterium necrophorum from septic jugular vein phlebitis (Lemierre syndrome),
Bacteroides fragilis from pelvic or intraabdominal infections, and E. coli from uri-
nary, biliary, or gastrointestinal tract infections.

D. Infected lung bullae pose a special clinical problem [157]. Infection is a secondary
phenomenon and does not cause lung necrosis. Illness is milder than with lung ab-
scess; duration of symptoms is shorter, putrid sputum is rare, and normal leukocyte
counts are common. The radiographic hallmark is an air-fluid level in a preexist-
ing emphysematous bulla with minimal surrounding infiltrate. Response to peni-
cillin suggests that oral anaerobic and aerobic bacteria are the causative organisms.
Improvement with oral antibiotics and chest physiotherapy is prompt, and bron-
choscopy and other invasive procedures are not indicated [157].

II. Clinical presentation and microbiology
A. Anaerobic lung abscesses often occur with poor dental hygiene and risks for as-

piration (see section I.G.2 under Clinical Approach to Community-Acquired Pneu-
monia).
1. Poor dental hygiene allows for a high-titered inoculum with aspiration [158].

After aspiration, chest film evidence of an abscess takes 7 to 16 days to appear.
Anaerobic abscess is uncommon in the edentulous patient unless there is
a predisposing pulmonary disorder.

2. Predisposing pulmonary disorders include bronchogenic carcinoma or other
bronchial obstructions, bronchiectasis, and pulmonary infarction [158]. COPD
does not predispose to anaerobic lung infections.

3. Symptoms of cough, production of sputum (which often has a foul odor), weight
loss, and malaise may be present for several days to weeks or months. Symp-
toms are insidious and prolonged compared with those of the typical bacterial
pneumonia.
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4. The patient with a lung abscess on roentgenography that does not fit the preceding
description may have one of the secondary forms discussed next.

B. Aerobic lung abscesses most often result from necrotizing pneumonia. Patients
with S. aureus or gram-negative pneumonias (which may be nosocomial) are usually
acutely ill. Occasionally, the presentation is indolent and similar to an anaerobic
abscess.

C. Embolic pneumonias are suggested by the clinical setting and blood culture re-
sults.

D. Other causes. Unusual bacteria, tuberculosis, other mycobacteria, fungi, and non-
infectious causes are considered when patients do not fit the preceding categories.

III. Diagnosis. Useful diagnostic studies are those that verify the clinical impression and
help identify infections due to resistant or unusual organisms.
A. Radiographic appearance. Aspiration-induced anaerobic abscesses involve the

right lung more often than the left, and usually are found in dependent segments.
These are the posterior segments of the upper lobes and the superior segments of
the lower lobes when supine, and the basal segments of the lower lobes when up-
right. Embolic abscesses are suggested by multiple round cavities in the lower
lobes (higher blood flow). Airway obstruction is suggested by atelectasis, a mass,
or a foreign body. Hilar adenopathy, parapneumonic effusions, empyemas, and bron-
chopleural fistulas occur with any type. Prior films may demonstrate evolution of
acute infiltrates to abscess formation.

Concealed lung abscesses are not evident on routine chest radiographs because
of extensive infiltrates or effusions, inadequate drainage, or failure to obtain an
upright view. They comprise up to 18% of lung abscesses, and are found by CT
scan, surgery, or autopsy [159,160]. Delay in recognizing the true nature of the lung
pathology may prove fatal [159].

B. Elastin fibers in sputum indicate a necrotizing infection [122], but this has not
found wide clinical utility. One cannot predict which pneumonia will lead to a lung
abscess.

C. Sputum collection and evaluation
1. Expectorated sputum

a. Sputum and breath often have a foul odor in anaerobic lung abscess.
b. Gram-stained smears of expectorated sputum are useful. Findings with

anaerobic abscess include neutrophils, and a mixture of gram-positive and
gram-negative organisms with no predominant type. In contrast, aerobic ab-
scesses show a predominant morphology (e.g., S. aureus or aerobic gram-
negative bacilli).

c. Cultures of expectorated sputum are of little value because they are
inadequate for anaerobes and often contaminated with potentially pathogenic
aerobes [158].

d. Specimens for mycobacteria, fungi, and Legionella studies may be neces-
sary in selected patients with an unclear etiology or an atypical clinical course.

2. Invasive procedures. Transtracheal aspirates, bronchoscopy with PSB or BAL
for quantitative cultures, and percutaneous lung or abscess puncture provide
specimens suitable for both anaerobic and aerobic cultures. Appropriate specimen
handling is critical [158].

Invasive procedures usually are unnecessary with anaerobic abscess be-
cause the clinical diagnosis is reliable and the microbiology is predictable [161].
They may be helpful if an adequate expectorated specimen is unobtainable, if a de-
lay in specific therapy is potentially life threatening, or if an unusual or resistant
organism is suspected. Pulmonary consultation is advised.

D. Blood cultures should be obtained in febrile patients or when embolic pneumo-
nia is possible (e.g., addicts, endocarditis, and intraabdominal or pharyngeal space
infections).

E. Acid-fast smears help exclude Mycobacterium, although air-fluid levels are in-
frequent in tuberculosis. Some patients at risk for aspiration are also at risk for
tuberculosis (e.g., alcoholics). The diagnosis of fungal pneumonia is discussed in
Chapter 17.
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F. Thoracentesis should be performed if sufficient quantities of pleural fluid are de-
tected.

G. Fiberoptic bronchoscopy should not be routine [162], but is indicated for sus-
pected cavitating carcinoma or bronchial obstruction, and significant hemoptysis.
Absence of fever or systemic symptoms, no predisposing factors for lung abscess,
no leukocytosis, and minimal or no surrounding infiltrate suggest underlying lung
cancer [162].

IV. Management. Successful treatment is initially indicated by a rapid decrease in
any foul odor to the sputum, an improved appetite, and the return of a subjective sense
of well-being. Fever from anaerobic abscess should abate within the first week [58],
but this may take up to 2 weeks. Large amounts of purulent sputum may continue for
several weeks, but Gram stains should reveal a marked decrease in organisms. Chest
radiographs first show a reduction in the surrounding infiltrate and a decrease in cavity
fluid, but initially the cavity may enlarge as necrotic lung is expectorated.
A. Abscess drainage is essential.

1. Drainage usually occurs through the tracheobronchial tree. If the patient
is raising sputum and is improving clinically and radiologically, drainage is ade-
quate. Cautious chest physiotherapy and postural drainage should be reserved for
patients having difficulty with secretions to minimize the risk for endobronchial
spread of infection and respiratory failure.

2. Percutaneous catheter drainage [163]. This is particularly suitable when ur-
gent drainage is needed because of life-threatening sepsis or a large fluid-filled
abscess (≥4–6 cm) with a significant risk for aspiration of cavity contents, cough
is ineffective, medical therapy fails, or the risk of surgical intervention is too
great. Image guidance permits placement to avoid uninvolved pleura and lung,
the detection of loculations, and an assessment of the drainage.

3. Surgery is required in only a few circumstances. Common indications include
significant hemoptysis, suspected or proved lung cancer, abscess rupture with
pyopneumothorax, and failure of medical therapy or catheter drainage.

4. Obstruction to drainage is suspected with unexplained deterioration, abrupt
decrease in sputum production or tube output, or increasing amounts of cavity
fluid.

B. Antibiotics are the mainstay of therapy (adult doses shown below).
1. Anaerobic abscess. Many oral anaerobes are increasingly resistant to peni-

cillin due to penicillinase production.
a. Penicillin G alone has proven inferior in prospective, randomized trials

[58].
b. Clindamycin resistance occurs in some Peptostreptococcus, Sutterella, Fu-

sobacteria, non-perfringens Clostridia, and Bacteroides species [158].
c. Metronidazole should not be used alone because of a high clinical fail-

ure rate [58,158]. Metronidazole is relatively inactive for some Sutterella,
anaerobic cocci, microaerophilic streptococci, Actinomyces, and Proprionobac-
terium strains [158]. Long-term metronidazole may be complicated by its
disulfuram-like interaction with alcohol, and peripheral neuropathy (see
Chapter 27).

d. Alternative agents active against anaerobes but with less published clin-
ical experience include ampicillin-sulbactam, amoxicillin-clavulanate, ticar-
cillin-clavulanate, piperacillin-tazobactam, cefoxitin, imipenem, meropenem,
gatifloxacin, moxifloxacin, and chloramphenicol. Disadvantages include their
very broad coverage, expense, and potential for uncommon but serious toxici-
ties (e.g., seizures with imipenem, and aplasia with chloramphenicol).

e. Drugs that have limited anaerobic activity include the antistaphylococcal
penicillins, ceftazidime, erythromycin and other macrolides, fluoroquinolones
other than gatifloxacin and moxifloxacin, TMP-SMX, the tetracyclines, aztre-
onam, and the aminoglycosides [58,158].

f. Suggested regimens include higher doses of i.v. penicillin G (10–20 mil-
lion units/day) to cover relatively resistant organisms [158]) plus either oral
or i.v. metronidazole (500 mg every 6 hours) or i.v. clindamycin (600 mg ev-
ery 8 hours). In one study 21% of anaerobes were resistant to penicillin, 12%
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resistant to metronidazole, and 5% resistant to clindamycin; however, almost
all the anaerobes were susceptible to the combination of penicillin and metron-
idazole [161]. When the patient has been afebrile for at least 3 to 5 days, one
can switch to oral therapy with penicillin V (750 mg four times daily), and
either metronidazole or clindamycin (300–450 mg four times daily).

2. Aerobic lung abscesses. Combination i.v. therapy is used initially for aer-
obic gram-negative necrotizing lung infections, and based on local resis-
tance patterns. Infectious disease consultation is advised. Coverage for MRSA
and resistant gram-negative bacilli such as P. aeruginosa are often necessary.
Antibiotic therapy should be narrowed when susceptibility studies are available.
Therapy for embolic abscesses depends on the organism and the underlying focus
(i.e., endocarditis).

3. Duration of therapy. Oral therapy may be substituted when there is clear
and sustained improvement. In general, aerobic abscesses require longer i.v. ther-
apy than anaerobic abscesses. Antibiotics are continued until there is a return
to the usual state of health, sputum is minimal and not purulent, there is no in-
filtrate surrounding the cavity, the cavity has healed or is a stable thin-walled
scar, and the ESR or C-reactive protein is normalized. The optimal duration
of total antibiotic therapy must be individualized, and several months may
be required to meet these goals.

C. Complications and outcome
1. Empyema can complicate lung abscess, with or without a bronchopleural fis-

tula.
2. Hemorrhage into the cavity is suggested by hemoptysis and rapidly fluctuat-

ing air-fluid levels. An obstructing blood clot may be present, although hemor-
rhage alone may mimic obstruction.

3. Aspiration of abscess contents can cause rapid deterioration or sudden death.
4. Brain abscess, clubbing, and amyloidosis are rare in the antibiotic era.
5. Prognosis depends on the underlying conditions and etiologic agents. In anaero-

bic lung abscess, mortality has been as low as 4% in the antibiotic era; the average
time to maximum cavity closure is estimated at 65 days [58]. Mortality in aerobic
lung abscess is higher, particularly in immunocompromised hosts. Risk factors
for a worse outcome include multiple abscesses, an abscess larger than 6 cm,
prolonged symptoms, obstruction, old age, and debilitating chronic disease.

TUBERCULOSIS: BASIC CONCEPTS
Tuberculosis remains a worldwide health problem and presents with sufficient variability
to cause diagnostic confusion [164,165]. The focus of this chapter is on Mycobacterium tu-
berculosis in the United States and four important presentations: primary pneumonia, post-
primary disease, pleurisy, and disseminated disease. Other extrapulmonary manifestations,
therapeutic agents and their toxicity, and chemoprophylaxis also are discussed.

I. Epidemiology
A. In the United States, M. tuberculosis infects an estimated 15 million persons.

Tuberculosis reemerged between 1985 and 1992, and approximately 67,000 more
cases occurred than would have been anticipated had the earlier rate of decline
continued [166]. Each year since 1992 the number of tuberculosis cases have
declined, to 16,377 cases in the year 2000 for a rate of 5.8 cases per 100,000
population [164,166]. At the same time the numbers of foreign-born persons
with tuberculosis, and their proportion of the total cases, have continued
to increase. Disease risk is highest within the first years after immigration [167].
Thus, control of tuberculosis in foreign-born individuals will be of major importance
in meeting the goals for eliminating tuberculosis in this country [167,168].

B. Outside the United States, tuberculosis remains a tremendous problem. It is
estimated that one-third of the world’s population, almost 2 billion persons, is in-
fected with M. tuberculosis. From this reservoir come 8 million new tuberculosis
patients and approximately 3 million deaths each year [164]. Thus, 95% of tubercu-
losis disease occurs in developing countries, where there are few medical or public
health resources and where concomitant HIV infection is common [164].
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II. Pathogenesis of tuberculosis
A. Overview

1. Reservoir. Although some animals are susceptible to M. tuberculosis infection,
humans are the only important natural reservoir for this organism.

2. Transmission. Spread of M. tuberculosis is almost exclusively by small-
particle aerosols termed droplet nuclei, and rarely by contaminated dust
or fomites. Airborne particles bearing organisms are generated by coughing,
sneezing, and even speaking or singing [164]. Inhaled droplet nuclei, each con-
taining two to three bacilli, are of sufficiently small size (1–5 µm) to be deposited
into the alveolar space [164]. Although a single organism is sufficient to infect
animals, most human infections follow exposures to many more droplet nuclei
and bacilli. Transmission depends on the numbers of bacilli expelled, their con-
centration in the air over time, the duration of an exposure to contaminated air,
and host immunity [164].

3. Primary infection results from exposure to airborne organisms produced by
someone with active pulmonary tuberculosis. Organisms reach the alveoli (most
often in the middle or lower lung zones), multiply intracellularly in alveolar
macrophages, and silently spread through lymphatics to hilar or other
regional lymph nodes, and then through the bloodstream to many sites
[169]. M. tuberculosis bacilli continue to grow at some of these sites for 2 to
12 weeks until, in an immunocompetent host, cell-mediated immunity de-
velops [164]. At this time granulomas are formed and growth of organisms is
inhibited, but they are not killed. Consequently, organisms that have been dor-
mant can become reactivated [170]. In approximately 5% of normal hosts
the original infection cannot be contained, and clinical disease devel-
ops rapidly or within the first 2 years [164]. In the remaining 95% the
original infection is controlled and remains subclinical.

4. Postprimary reactivation infection. Clinical disease develops in 5% of im-
munocompetent persons at a time remote from the initial infection as a result of
endogenous reactivation of a previously established quiescent focus [164]. The
preferential sites for reactivation are those of persistently high oxy-
gen tension. These include the superior lung segments (except anterior),
kidneys, bones, and CNS.

5. Postprimary exogenous reinfection occurs because protection following a
previous infection is incomplete and may wane over time, even in immunocom-
petent patients [171]. The frequency of exogenous reinfection varies with the
risk for infection [172]. With low risk, postprimary tuberculosis almost always
is reactivation disease [172]. However, reinfections contribute to tuberculosis
in HIV-infected persons, and may account for a significant proportion of adult
disease in areas of the world with high rates of tuberculosis [173,174].

B. The role of cellular immunity. Impairment of cellular immunity predis-
poses to development of clinical disease due to progressive primary infection,
exogenous reinfection, or from reactivation infection. The major host defense
against M. tuberculosis is the macrophage-lymphocyte system, which is in-
fluenced by host genetic factors [169,175,176]. M. tuberculosis infection elicits a
Th1-type immune response involving interferon-γ and tumor necrosis factor
α (TNF-α) that activates macrophages to become more bactericidal through the
generation of reactive nitrogen intermediates, and leads to granuloma formation
[169,170]. The importance of TNF-α has been emphasized by the recognition that
use of infliximab, an anti–TNF-α monoclonal antibody, is associated with the de-
velopment of active tuberculosis, including extrapulmonary and disseminated dis-
ease [177]. Analogous immunologic events also are responsible for many
of the clinical findings in tuberculosis [169]. Fever, anorexia, and weight loss
may be mediated by cytokines induced by the infection. Tissue destruction and
caseous necrosis are caused by altered cellular reactivity to the organism, or tissue
delayed-type hypersensitivity. Understanding the critical differences in the path-
ways leading to protective immunity and tissue destruction will be essential for
vaccine development.
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C. Organism factors play a role in the development of disease, but these are poorly
understood. Strains vary in their ability to be transmitted and cause infection,
elicit cytokines, and grow in animals and macrophages [178–180]. However, genetic
analysis of at least one hypertransmissible M. tuberculosis strain has not yielded
clues to strain virulence [178].

III. Purified protein derivative (PPD) skin test [164,181]. Cellular immunity is in-
ferred from a positive reaction to an intradermal antigen (delayed-type hypersensi-
tivity). Antigen stimulates memory cells, which elaborate factors that attract uncom-
mitted mononuclear cells to the area. These begin to accumulate at 24 hours and are
fully manifest after 48 and 72 hours, accounting for the time the test is read.
A. The recommended method for skin testing is intradermal inoculation into

the forearm of tuberculin PPD. This is available in only the 5-TU strength. In
the United States and Canada, this strength is measured in tuberculin units (TU)
and is based on achieving a biologic equivalence to the standard PPD preparation,
PPD-S.
1. Intermediate-strength PPD contains 5 TU in the 0.1 mL injected. All rec-

ommendations for interpreting skin testing are based on using this
strength.

2. Multiple puncture devices should not be used for diagnostic purposes [164].
B. The maximum diameter of induration at 48 to 72 hours is measured trans-

versely to the long axis of the forearm using palpation and inspection in
oblique and direct light. A ballpoint pen method may be used to reduce inter-
observer variation [164].

C. Interpreting the reaction. False-negative responses occur on initial test-
ing in up to 25% of patients with active pulmonary tuberculosis [164]. False-
positive reactions may result from infection with nontuberculous mycobacteria or
from recent bacille baliéde Calmette-Guerin (BCG) vaccination. Thus, three sep-
arate cut points for positivity have been defined to optimize sensitivity and
specificity for the test in different patient populations.
1. Five millimeters or more of induration is considered positive in persons

with the highest likelihood of developing active disease. These include
patients with close contact with active tuberculosis, radiographic findings con-
sistent with old tuberculosis, HIV infection, organ transplants, and immuno-
suppression equivalent to taking more than 15 mg of prednisone daily for at
least 4 weeks.

2. Ten millimeters or more of induration is considered positive in those
who do not meet the preceding criteria but who are at high risk for tu-
berculosis. These include recent (<5 years) immigrants from countries where
tuberculosis is prevalent; HIV-negative injection drug users; residents and em-
ployees of high-risk congregate settings such as prisons, nursing homes, health-
care facilities, residential facilities for persons with HIV/AIDS, drug treatment
centers, and homeless shelters; mycobacteriology laboratory personnel; persons
with high-risk medical conditions, including silicosis, diabetes, chronic renal
failure, leukemias and lymphomas, carcinoma of the head or neck and lung,
more than 10% loss of ideal body weight, gastrectomy, and jejunoileal bypass;
children under 4 years of age; infants, children, and adolescents exposed to
high-risk adults; those with a recent (within 2 years) conversion of their skin
test result; and any other locally identified high-prevalence population.

3. Fifteen millimeters or more of induration is considered positive in any-
one.

D. Booster effect. A prior skin test in a previously sensitized individual may provide
an immunologic boost that leads to an increase in induration from a negative to a
positive interpretation (see section III.C), and thus mimic a skin-test conversion
from recent infection. The booster effect may be seen within 1 week of an initial
test, and the effect may persist for 1 year or longer. It may be found in individuals
who have latent tuberculosis and waned PPD responsiveness, those who have pre-
viously received the BCG vaccine, or those previously exposed to nontuberculous
mycobacteria [164]. It rarely occurs in children and becomes more important with
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increasing age. The clinician needs to be particularly aware of the booster
effect in annual screening programs involving serial skin tests, and serial skin
tests performed for diagnostic or other purposes.

A two-step skin test to detect the booster effect is recommended for use in pro-
grams where repeated skin testing is anticipated [164]. If the initial PPD skin test
result is negative, it is repeated in 1 to 3 weeks. The second skin test serves as the
baseline response.

E. Causes of negative skin test reactions [164]. Subcutaneous or other inadequate
injections, and use of impotent tuberculin preparations, should be excluded.
1. The most common cause is the absence of infection with M. tuberculo-

sis.
2. False-negative skin test results may occur with recent or overwhelming

tuberculosis; tuberculous pleurisy; acute nontuberculous infections (especially
acute viral infection); live virus vaccinations; lymphoma or leukemia; sarcoido-
sis; other immunosuppressive diseases or drugs; renal disease; poor nutrition;
newborn or advanced age; surgery; and burns.

3. Anergy testing is no longer recommended to identify tuberculosis infection
or to help interpret a negative PPD test result [164,181].

F. Skin-test conversion
1. Conversion from a negative to positive reaction is an increase of 10 mm or

greater induration on a subsequent test [164,181]. For persons who un-
dergo repeated testing (e.g., health-care workers), recent conversion is de-
fined as an increase of 10 mm or greater induration within a 2-year period
and indicates recent tuberculous infection [164,181].

2. False skin test conversion may occur from the booster effect (see section
III.D), concurrent infection with Brucella or other intracellular organisms re-
sulting in nonspecific enhancement of tuberculin skin test reactivity, or correc-
tion of the cause for a prior false-negative skin test result giving the erroneous
impression of skin test conversion even when there has simply been a return to
baseline skin test reactivity.

G. Skin testing is targeted for populations at high risk for tuberculosis and
thus candidates for preventive therapy [164,181]. These include groups at risk
for recent M. tuberculosis infection, and those at increased risk for progression to
active disease no matter the duration of infection (see sections III.C.1 and III.C.2).
It also is appropriate for patients with findings compatible with tuberculosis but
no definitive diagnosis. Skin testing is discouraged for low-risk persons.

IV. Diagnosis. The cornerstone of diagnosis is the presence of acid-fast bacilli (AFB) on
smears from sputum and other clinical specimens, and the isolation of M. tuberculosis
on culture.
A. Smears and cultures [164]. Early morning sputum is best, and three speci-

mens are sufficient. All specimens usually test positive in untreated patients.
1. Sputum induction using nebulized saline is helpful for those unable to

expectorate.
2. Fiberoptic bronchoscopy with bronchial washings, BAL, or biopsy may be

needed when spontaneous or induced sputums fail to provide diagnostic speci-
mens. Expectorated sputums also should be collected in the immediate
postbronchoscopy period, the next morning, and on subsequent days
when available because they may be the only positive samples.

3. AFB smears are discussed in Chapter 25. At least three AFB must be seen
to consider a smear positive, using either a fluorochrome or a carbol-fuchsin
method. Screening with the fluorochrome stain is preferred because it is
easier and faster to read.

Sputum must contain 5,000 to 10,000 bacilli/mL before smears are reliably
positive [164]. The estimated organism burden is 102 to 104 in fibronodular
lesions, and 107 to 109 in cavitary lesions. Thus, cavitary disease is usually
smear positive and contagious.

4. Gastric aspirates and urines for smear and culture. Aspiration of early
morning gastric contents before the patient has eaten or arisen from bed may
be used for children and adults from whom sputum cannot be obtained. The
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first voided morning urine is the preferred specimen, and should be repeated on
three separate days [164]. Because smears cannot distinguish saprophytic from
pathogenic mycobacteria, smears of gastric aspirates and urines usually are
not used. A review of a 10-year experience that excluded HIV-infected patients
found only one possible false-positive urine smear and no false-positive smears
of gastric aspirates, suggesting that positive acid-fast smears of gastric aspirates
or urines are helpful [182]. However, smears from urine frequently test negative
and may not be cost effective [164].

5. Cultures may be positive when smears test negative because cultures
require only 10 to 100 viable organisms to become positive [164]. Thus, patients
with negative smear results but positive cultures are four to five times less
infectious than patients with positive smear results [183]. Nonetheless, smear-
negative patients may still transmit tuberculosis [183].

6. Time delay of cultures
a. Solid media. Approximately 3 to 8 weeks are required for visible growth

on traditional solid media, and another 3 to 4 weeks for susceptibility test
results.

b. Automated liquid culture systems reduce the average detection time
to 1 to 3 weeks [164]. These systems also provide results for susceptibility
testing to commonly used drugs in much shorter times than when using solid
media [164].

7. Rapid identification of any acid-fast growth is generally accomplished us-
ing DNA probes to hybridize with mycobacterial ribosomal RNA. Probes are
commercially available that identify the M. tuberculosis complex, the M. avium
complex, M. kansasii, and M. gordonae. High-performance liquid chromatogra-
phy also may be used but is not as widely available. Investigational techniques
include spoligotyping, polymerase chain restriction analysis, and DNA sequence
analysis [164].

B. Newer rapid diagnostic methods include nucleic acid amplification techniques,
immunologic techniques, and tests to detect mycobacterial cellular components
[164,184].
1. Nucleic acid amplification (NAA) tests are available to detect M. tubercu-

losis directly in clinical specimens [164,184,185]. The amplified mycobacterium
tuberculosis direct test (MTD, Gen-Probe) and the Amplicor mycobacterium tu-
berculosis test (Roche Diagnostic Systems) use different techniques but have
similar utility. Both detect nearly all sputum smear-positive and half of the
smear-negative cases of culture-proven pulmonary tuberculosis [164,184]; only
the MTD test has been approved by the U.S. Food and Drug Administration
(FDA) for use with smear-negative sputum specimens [185]. Although a neg-
ative NAA test never excludes the possibility of tuberculosis, patients whose
sputum is repeatedly AFB smear positive and NAA negative may be pre-
sumed to have nontuberculous mycobacterial infection if inhibitors are not found
[185].

NAA tests should not replace routine AFB smears and cultures or
clinical judgment [185]. The best way to use these expensive and technically
demanding tests has not been defined, but the CDC and others have made pre-
liminary proposals [184,185]. NAA tests may yield positive results even after
successful chemotherapy because they can amplify nucleic acids from dead or-
ganisms [164]. Thus, they should be used only for diagnosis and not to follow
therapy.

2. Immunologic techniques for diagnosis are being pursued in order to im-
prove on the detection of both latent and active tuberculosis. These techniques
include developing improved antigen mixtures for skin testing, identifying
in vitro lymphocyte responses to M. tuberculosis, and developing improved meth-
ods of serodiagnosis [184,186]. It is hoped that current investigations will lead
to improved immunodiagnosis for tuberculosis, and that this will help in future
vaccine trials [186].

V. Clinical forms of tuberculosis. Four important forms of tuberculosis are discussed
below: primary tuberculous pneumonia, postprimary (reactivation) disease, pleurisy,
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and disseminated (miliary) disease. Some of these can appear in combination. Therapy
is discussed in section VII.
A. Primary tuberculous pneumonia. After initial inhalation (see section II.A.3), a

symptomatic primary pneumonia, often with ipsilateral hilar adenopathy, occa-
sionally develops, particularly at the extremes of age. Atelectasis may result from
lymph node enlargement, particularly in young children. If the primary pneumonia
progresses despite delayed hypersensitivity, it may be associated with cavitation
or dissemination infection (progressive primary disease) [164,169].
1. Clinical manifestations. Patients may have only a cough or may be very ill

with high fever and inanition, depending on their age [169]. Sputum volume
may be large and often contains abundant polymorphonuclear leukocytes.

2. Diagnosis. Skin test results frequently are negative. Sputum AFB smear
results often are highly positive. Radiographic features may include lo-
bar consolidation, cavitary disease with middle or lower zone infiltration, hilar
adenopathy, and atelectasis.

3. Communicability is potentially high because of the large numbers of organ-
isms in the sputum. Thus, proper respiratory isolation is essential.

B. Postprimary (reactivation) tuberculosis is marked by upper lobe disease
that often includes cavitation. This usually occurs many months or years af-
ter the primary infection. Upper lobe disease also may quickly follow a primary
infection if host immunity is insufficient, either with or without lower lobe involve-
ment [169]. Infiltration is most common in the apical and posterior segments of
the upper lobes and the apical segments of the lower lobes, and usually evolves to
include air-filled cavities. Noncavitary nodules or infiltrates are more common in
the elderly and the immunosuppressed. At this stage, the process almost always
steadily progresses unless treated. Bronchogenic spread may involve lower and
middle lobes, and may be bilateral.
1. Clinical manifestations. Most individuals are moderately ill with anorexia,

fatigue, productive cough, night sweats, fever, weight loss, and weakness. Spu-
tum may be blood streaked. In some, the illness can be very severe, whereas
in others with extensive parenchymal involvement, symptoms are minimal or
nonexistent. Physical findings are nonspecific, and abnormalities in the chest
may be minimal despite extensive disease. Large cavities may produce amphoric
breath sounds.

2. Diagnosis. The chest roentgenogram may not readily show early infiltrates
or distinguish active from inactive disease, and cannot yield a specific diag-
nosis; chest CT can provide further supportive information in difficult cases.
A first-morning sputum sample should be sent for acid-fast smear and cul-
tures (see Chapter 25); if the initial smear is negative, then a total of three
(but no more than five) specimens should be examined. Sputum should be in-
duced using nebulized hypertonic saline when spontaneous specimens are not
produced. If this is unsuccessful, then fiberoptic bronchoscopy should be consid-
ered (see section IV.A). If bronchoscopy is not an option, then gastric aspirates
should be sent. Three first-morning urine specimens also should be obtained
when genitourinary involvement is suspected or when sputum smears are
negative.

3. Communicability is high before therapy because of the large numbers of
organisms in cavitary disease. These patients should be placed in respira-
tory isolation.

C. Tuberculous pleurisy may be a manifestation of either primary infection or post-
primary disease. It also occurs as part of disseminated disease either alone or with
simultaneous effusions in the pericardial and peritoneal spaces (tuberculous poly-
serositis). In the past, tuberculous pleurisy was more common in younger individ-
uals as a consequence of recent infection. However, at present it is more common in
older individuals [169]. Tuberculous pleural effusions are due to the breakdown of
a subpleural focus releasing its contents into the pleural space, followed by acute
inflammation from a cell-mediated hypersensitivity reaction [187]. In contrast, tu-
berculous empyema results when a bronchopleural fistula spills the contents of a
cavity or other parenchymal focus into the pleural space [164].
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1. Clinical manifestations. Onset of pleural involvement may be insidious or
abrupt, and occasionally patients are very ill. Symptoms may be minimal
or include some combination of cough, fever, pleuritic chest pain, and
dyspnea [187]. Evidence for pleural effusion may be present on chest examina-
tion, although a pleural friction rub is usually not present. On chest radiography
the effusion usually is unilateral and small, and infiltrates are not seen in ap-
proximately 30% of patients [164].

Tuberculous pleural effusions are self-limited, resolving spontaneously within
several months. Without treatment the risk of subsequent clinical tuberculosis
is high, developing in up to two-thirds of patients within the next 5 years [187].
Thus, antituberculous chemotherapy is always indicated to prevent ac-
tive disease at other sites even though it may not shorten illness from pleurisy.
A short course of corticosteroids has been proposed to speed recovery and fluid
resorption, and prevent pleural fibrosis [169]. However, a recent systematic lit-
erature review failed to find sufficient evidence of a benefit from steroids [188],
and complete thoracoscopic drainage leads to rapid improvement independent
of corticosteroid use [189]. For these reasons we do not recommend the rou-
tine use of corticosteroids for tuberculous pleurisy.

2. Diagnosis. Unless pulmonary tuberculosis is also present, diagnosis of tuber-
culous pleurisy requires thoracentesis and usually a pleural biopsy. Diagnosis
may be delayed if the patient has other potential causes for an effusion [190].
a. Pleural fluid is an exudate with a predominance of lymphocytes; neu-

trophils may be prominent, however, particularly early in the illness
[169,187]. Mesothelial cells should not constitute more than 5% of the total
cell count. Glucose levels are most often normal but may be low. Acid-fast
smears of the pleural fluid are almost always negative. The yield from
pleural fluid cultures is usually less than 25%, but is highest when large-
volume specimens are submitted and centrifuged [164,187].

b. Pleural biopsy. A single biopsy procedure (collecting three or four tissue
samples) sent for histology, and acid-fast stains and cultures will
provide positive findings in approximately 67% of cases. This increases to
approximately 90% after a second biopsy [190]. A combination of pleural
fluid studies plus pleural biopsies for histology, acid-fast stains, and cultures
should establish the diagnosis in 90% to 95% of patients. Biopsy directed by
pleuroscopy increases the yield from a single procedure [164].

c. Skin tests. The intermediate PPD is usually positive but may be nega-
tive in up to 30% of patients [187]. However, most patients with an initial
negative test result eventually develop a positive reaction during therapy.

d. Other pleural fluid diagnostic tests that have been proposed include
PCR, measurement of adenosine deaminase levels, and interferon-γ levels
[191]. These tests are not generally available and their value is uncertain,
particularly in the United States where tuberculosis accounts for only a small
proportion of exudative pleural effusions [164,187].

3. Communicability depends on the presence of concomitant pulmonary tuber-
culosis.

D. Disseminated (miliary) tuberculosis implies widespread disease due to fail-
ure to contain the organism. This can occur either as part of a primary infection
or as a manifestation of postprimary tuberculosis. In the former, M. tuberculo-
sis hematogenously spreads from the primary lung focus and continues to grow
in multiple organs. In the latter, previously contained foci break down and allow
hematogenous dissemination (see section II). On pathologic examination these
sites are granulomatous nodules 1 to 2 mm in size that grossly resemble millet
seeds, and thus the term miliary tuberculosis was applied to mean disseminated
disease [164]. Factors predisposing to dissemination include extremes of age,
minority race, malnutrition, measles, pertussis, AIDS, alcoholism, diabetes, preg-
nancy, malignancies, and immunosuppressive diseases or therapies [169].
1. Clinical aspects. There are no pathognomonic clinical features of dissemi-

nated disease, and the onset of illness may be abrupt or very insidious. Al-
though cough and other respiratory symptoms may be present, constitutional
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symptoms usually predominate. Patients may simply exhibit fever, night
sweats, anorexia, weight loss, and weakness [164]. Prominent headache sug-
gests meningitis, pleuritic chest pain suggests pleurisy, and abdominal pain
suggests peritonitis. Physical findings are variable, but common abnormali-
ties (in decreasing order) are fever, wasting, hepatomegaly, chest findings, lym-
phadenopathy, and splenomegaly [164]. The presence of skin lesions, and scrotal
or genital masses should be sought. Choroidal tubercles may be seen on retinal
examination and are very supportive of the diagnosis (see Chapter 7). Occa-
sional patients will be profoundly ill and may have respiratory failure or other
signs of sepsis.

2. Diagnosis
a. Chest radiography

(1) The miliary radiographic pattern is diffuse, 2- to 4-mm nodular
lesions, but this may not be visible initially. Thus, repeat chest films
should be obtained if the initial film is unremarkable.

(2) Nondiagnostic chest films. Overall 15% of patients with dissem-
inated tuberculosis do not have the classic miliary pattern, but
in some series this has been as high as 50% [164]. Unfortunately, the
diagnosis is often delayed because it is not considered unless
the miliary radiographic pattern is present. This frequently has
been observed in older patients with reactivation of a nonpulmonary fo-
cus (late generalized tuberculosis) presenting with fevers and no clear
etiology [169].

b. Acid-fast smears and cultures. Because the organism is often grow-
ing in inaccessible sites, invasive procedures are frequently required. See
Chapter 25.
(1) Sputum AFB smear results are positive in approximately 33% and,

at best, sputum cultures are positive in only 50% to 76% of patients with
disseminated disease. Bronchoscopy with transbronchial biopsy should
be considered in patients with abnormal chest radiographs but negative
sputums.

(2) Gastric cultures are positive in 33% to 75% of patients.
(3) Urine cultures are positive in 25% to 59%, even with a normal urinal-

ysis.
(4) Results of bone marrow biopsy for cultures may be positive in up to

33% of patients. Histopathologic examination may reveal granulomas in
more than 80%.

(5) Liver biopsy cultures are helpful, as is histologic appearance.
Supportive diagnostic material usually is found, provided there is some
abnormality suggesting hepatic involvement prior to biopsy.

(6) Lymph node biopsy should be considered whenever accessible
adenopathy is present. This procedure is associated with little morbid-
ity and frequently reveals caseating granulomas or positive acid-fast
smears.

(7) CSF examination should be performed in patients with headaches
or neurologic symptoms suggestive of tuberculous meningitis (see
Chapter 6).

c. Histologic study of organs sampled for biopsy may be very helpful. Typical
granulomas with central necrosis may be seen, and acid-fast organisms may
be visible.

d. Skin test results are often negative.
e. Blood tests. The WBC count is usually normal [169], but can range from

leukopenia to a leukemoid reaction so striking as to suggest leukemia. Mono-
cytosis, lymphopenia, thrombocytopenia, and anemia also may be present.
Alkaline phosphatase and transaminases may be elevated, but jaundice is
uncommon. Hyponatremia occurs with meningeal involvement or adrenal
insufficiency.

3. Relationship to fever of unknown origin (FUO). Disseminated tuberculosis
should be considered in the evaluation of FUO (see Chapter 1).
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4. Communicability depends on the presence of significant pulmonary involve-
ment.

VI. Extrapulmonary tuberculosis. When extrapulmonary tuberculosis occurs in the
absence of disease in the lung, the extrapulmonary infection is responsi-
ble for the major clinical manifestations. It also may occur with simultaneous
pulmonary tuberculosis or as part of disseminated infection (see section V.D). Extra-
pulmonary tuberculosis did not decline in frequency when pulmonary disease was
declining. It is found most often in children, ethnic and racial minorities, women,
foreign-born individuals, and patients with HIV infection.
A. Clinical presentation

1. Symptoms or signs usually are localized, with minimal or absent constitu-
tional symptoms. Often the diagnosis is reached during evaluation of a specific
problem such as pyuria, ascites, pericardial effusion, or lymphadenopathy.

2. Systemic illness. A small percentage of patients have constitutional symp-
toms associated with extrapulmonary disease. These patients usually have more
widespread disease, or also have pulmonary involvement.

3. Chest radiographic evidence of pulmonary disease is not always seen
when active infection is present in an extrapulmonary focus. Fewer than 50%
of patients with lymph node, renal, CNS, or bone tuberculosis have chest film
changes.

B. Forms of extrapulmonary disease. Pleural and disseminated tuberculosis are
discussed in section V.
1. Meningitis. See Chapter 6.
2. Pericarditis. See Chapter 12 under Pericarditis and Myocarditis.
3. Renal disease. See Chapter 15 under Genitourinary Tuberculosis.
4. Bone disease. See Chapter 5 under Special Forms of Osteomyelitis.
5. Lymph node disease. Lymphatic tuberculosis is found in all age groups, al-

though it is most common in children under 15 years of age, women, and foreign-
born individuals.
a. Clinical manifestations vary with the extent of nodal involvement and

underlying host characteristics [192].
(1) Isolated lymph nodes are usually nontender and firm, although

there may be overlying erythema. The most common sites of involve-
ment are the cervical (scrofula) and supraclavicular areas, but medi-
astinal, mesenteric, or retroperitoneal nodal tuberculosis is also possi-
ble [164,169]. Cervical lymph node disease, including breakdown and
drainage, can occur with either minimal or no constitutional symptoms.
Hilar adenopathy can develop without obvious lung disease, and patients
are usually symptomatic [193].

(2) Generalized lymph node involvement usually is part of dissemi-
nated disease. Constitutional symptoms, fever, and weight loss are com-
mon. The initial clinical impression may be of a lymphoreticular neo-
plastic process.

(3) Lymph node involvement due to drainage of an infected organ
is a more common cause of lymph node infection than is primary lymph
node disease. Children with hilar or other mediastinal adenopathy may
develop atelectasis.

(4) Lymph node involvement with atypical mycobacteria is more com-
mon than with M. tuberculosis. Submandibular or cervical adenopathy
is often due to M. scrofulaceum in young children, and to M. avium com-
plex in older children. This is distinct from lymph node involvement with
disseminated M. avium complex infection in AIDS (see Chapter 18).

b. Diagnosis. Fine-needle aspiration biopsy is now advocated over total ex-
cisional biopsy as the initial procedure because it frequently supports a pre-
sumptive diagnosis with limited risk for complications when combined with
modern chemotherapy. However, the microbiologic yield is low [164,169].
(1) Histologic features. Biopsy and culture of the lymph nodes often re-

veal the diagnosis. Although fine-needle aspiration may reveal epithe-
lioid cells and granuloma, AFB stains are usually negative. PCR may
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improve the ability to demonstrate M. tuberculosis in fine-needle aspi-
ration specimens [194].

(2) Tuberculin skin test. Lymph node disease is more common in younger
than in older patients, and the skin test result is often positive.

6. Serous surface involvement (pleural effusion, pericardial effusions, and peri-
tonitis) usually results from breakdown of a contiguous focus with discharge of
its contents into the serous cavity of a previously sensitized individual. A signif-
icant inflammatory reaction ensues despite the presence of relatively few intact
organisms.
a. Clinical manifestations. Serous involvement can mimic serositis of unex-

plained etiology. The peritoneum, the pericardial sac, and, as already men-
tioned, the pleura may be involved either singly or in any combination.
(1) Pleural effusions are discussed in section V.B.
(2) Pericardial effusions are discussed in Chapter 12.
(3) Peritonitis. Patients with tuberculous peritonitis usually present with

insidious onset of fever, abdominal pain or swelling, anorexia, weight
loss, and an exudative ascites. The ascitic fluid protein content usually
exceeds 2.5 g/100 mL, the serum ascites albumin gradient (SAAG) is
less than 1.1 g/100 mL, and the ascites contains fewer than 3,000 white
cells with a lymphocyte predominance. Many patients with tuberculous
peritonitis have preexisting ascites from liver cirrhosis so that symp-
toms are attributed to that process and the diagnosis delayed [164,169].
In cirrhotic patients with tuberculous peritonitis the ascitic fluid may
retain many of the characteristics of ascites due only to portal hyperten-
sion (e.g., total protein <2.5 g/100 mL and SAAG >1.1 g/100 mL); how-
ever, an elevated ascitic fluid LDH level may be a useful clue [195]. It
also should be considered in chronic peritoneal dialysis patients with re-
fractory peritonitis [196]. In women, tuberculous peritonitis may mimic
ovarian carcinomatosis, including elevation of CA-125 [197].

b. Spontaneous resolution. Serous effusions that develop in tuberculosis
may resolve spontaneously and, at least temporarily, leave no evidence of
overt disease. However, very frequently (usually within a few months but
occasionally as long as a few years) additional focal disease develops.

c. Diagnosis
(1) Pleural effusions. See section V.C.
(2) Pericardial effusions. See Chapter 12 under Pericarditis and My-

ocarditis.
(3) Peritonitis. Organisms are seldom seen on smears of peritoneal fluid.

Large volumes of fluid can be centrifuged and cultured, but even this
method results in a suboptimal yield. The diagnosis depends on demon-
stration of caseous granulomas in peritoneal tissue. Laparoscopy to ob-
tain peritoneal biopsy specimens is the procedure of choice [164]. As-
sociated pulmonary parenchymal abnormalities are seen in fewer than
50% of patients, although coexisting pleural effusions are not uncom-
mon. Results of liver function tests usually are normal, and liver biopsies
generally are not helpful. The PPD skin test result may or may not be
positive. Therefore, tuberculous peritonitis should be considered
in any unexplained exudative ascites regardless of the skin test re-
sult. Adenosine deaminase activity in ascitic fluid and PCR may be useful
adjuncts to the diagnosis of tuberculous peritonitis.

7. Skin. Most often the skin is involved by direct spread from an underlying tu-
berculous focus such as epididymitis or adenitis. Hematogenous involvement of
the skin is rare and usually occurs in patients with AIDS [169].

VII. Tuberculosis and HIV Infection. HIV-infected patients are at increased risk for re-
activation infection, progressive primary infection, and reinfection [173]. Thus, coun-
seling and HIV antibody testing should be considered for almost all patients
diagnosed with M. tuberculosis infection. This is particularly true for patients
with extrapulmonary disease or unusual manifestations of pulmonary tuberculosis.
Furthermore, documentation of a positive PPD test result in an asymptomatic patient
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should serve as a stimulus to assess the risks for HIV, and to offer HIV education,
counseling, and antibody testing. See Chapter 18 for a further discussion of my-
cobacterial infections in HIV-infected patients.

VIII. Tuberculosis in the elderly [198,199]. The growing elderly segment of our popula-
tion contains a significant reservoir of latent tuberculosis acquired when the disease
was more prevalent. Reactivation of these infections accounts for approximately 90%
of tuberculosis disease in the elderly, although reinfections and new infections are also
possible [199].
A. Several risk factors for active tuberculosis may be present in the elderly. These

include immunosenescence and concomitant predisposing diseases or conditions.
Another risk is confinement in a nursing home, where reactivation tuberculosis
occurs in 2% to 3% of skintest–positive individuals.

B. Atypical clinical manifestations and delayed diagnosis are common in the
elderly. Awareness of the possibility of tuberculosis is essential to prompt
diagnosis. Symptoms often are poorly articulated, and coexistent illness may pro-
vide alternative explanations for anorexia, cough, and weight loss. Radiographic
findings are frequently atypical and misinterpreted, including midlung or basal
infiltrates. Miliary disease and many of the forms of extrapulmonary tuberculosis
are more frequent in the elderly than in younger patients, and the mortality rate
is higher in the elderly.

IX. Tuberculosis in pregnancy poses special problems. It is current opinion that preg-
nancy does not increase the risk for active tuberculosis, alter the manifestations
of infection, change the outcome from clinical infection, or change the response to
chemotherapy [200]. Active tuberculosis may have an adverse impact on maternal
morbidity and pregnancy outcome if there is delayed diagnosis, advanced pulmonary
disease, extrapulmonary disease in sites other than lymph nodes, and no or inade-
quate therapy [200]. However, with early diagnosis and effective treatment the
outcome for both mother and child is equal to that for nonpregnant patients.
Thus, tuberculosis during pregnancy is not an indication for therapeutic abortion. Con-
genital tuberculosis is rare; most neonates with tuberculosis acquire their infection in
the postpartum period from an adult.

Skin testing is the mainstay of screening during pregnancy because of the
need to avoid radiographic studies. Skin testing is recommended in pregnancy
only for women with risk factors for latent infection or for progression to
active disease [181]. Pregnancy does not significantly alter the skin test response,
and tuberculin is safe during gestation [181]. A chest radiograph with appropriate
shielding is indicated if the skin test result is positive. See also section X.

X. Management of tuberculosis. Practice guidelines have been published by the In-
fectious Diseases Society of America [201] for implementing recommended antituber-
culous therapy [166,181,202]. Current treatment is based on the observations that
certain combinations of agents given for shorter periods of time are as effective as
older regimens, and intermittent dosing is an effective alternative to daily therapy.
Directly observed therapy is important to achieve adherence and reduce the
risk for developing drug resistance.
A. Principles of tuberculosis therapy

1. Comprehensive management must include public health efforts. These
involve monitoring for adherence, toxicity, efficacy, and relapse; tracing contacts
and evaluating the home; and community surveillance for outbreaks and drug
resistance.

2. Importance of combination therapy. Mutations causing resistance to
antituberculous agents are infrequent, unlinked phenomena. The rate of
spontaneous resistance is approximately 1 in 106 organisms for INH (INH), 1 in
108 organisms for rifampin, only 1 in 1014 organisms to both INH and rifampin
simultaneously, 1 in 104 organisms for ethambutol, and 1 in 106 organisms for
streptomycin. Thus, resistance is avoided by using combination regimens.

3. Microbiologic diagnosis should be attempted on all patients, and
M. tuberculosis isolates should routinely undergo susceptibility studies
[164,201].

4. Drug resistance. Inadequate therapy is the most common explanation.
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a. Factors favoring the development of resistance include the use of a sin-
gle agent for active infection, erratic adherence to proper therapy, suboptimal
drug dosing, malabsorption of drugs, or the failure to include enough ac-
tive agents for partially resistant organisms. Patients previously treated
with regimens not containing both INH and rifampin are presumed
to harbor strains of M. tuberculosis resistant to the previously used
drugs until proven otherwise [202].

b. Detecting resistance may be done using agar media (results take many
weeks) or using the liquid BACTEC method for faster results. With the agar
proportion method, resistance is defined as the growth on drug-containing
media of 1% or more of the number of organisms growing on control media
[164]. Laboratories may report results at both a “critical concentration” of
drug (the concentration that reliably inhibits wild-type bacilli but not resis-
tant mutants in the same inoculum) and a higher concentration. Although
resistance is determined at the critical concentration, results at the higher
concentration may be useful to assess the degree of resistance [164]. Rapid
methods to identify genetic resistance determinants have been developed,
and an assay detecting the rpoB gene mutations for rifampin resistance is
commercially available in Europe [184]. However, resistance genotyping is
not ready for clinical application in the United States at present [164].

5. Multidrug-resistant (MDR) tuberculosis in the United States has de-
clined since 1993, both in patients previously untreated and in those with prior
tuberculosis [203]. However, MDR tuberculosis is prevalent and increasing in
other parts of the world [204].
a. Definitions. MDR refers to organisms resistant to both INH and ri-

fampin. In primary resistance, the patient from whom the isolate is ob-
tained has never received the involved drugs. In secondary resistance, the
patient has been treated with the drugs to which the isolate is resistant.

b. Epidemiology. Contributing to MDR strains are poor adherence to therapy,
homelessness, crowding in jails and other institutions, the HIV epidemic,
diminished public health resources, and immigration from areas with high
rates of drug resistance. Past outbreaks of MDR tuberculosis have occurred
in hospitals, prisons, congregate settings (e.g., homeless shelters), and other
facilities. Nosocomial MDR tuberculosis in major urban areas has centered
around HIV-infected patients (see Chapter 18). Failure to identify and isolate
patients promptly, as well as premature discontinuation of isolation, has
contributed to outbreaks.

c. At least three active new agents should be used when MDR tuberculosis
is suspected or proven [202].

6. Directly observed therapy (DOT) is optimal for all patients [166]. In DOT
a health-care worker or other reliable person watches the patient take his or
her medications.

B. Treatment regimens. The choice of agents depends on the local incidence of drug
resistance. A four-drug regimen is used initially for the first 8 weeks of therapy
when INH resistance is 4% or greater [202]. The continuation phase of therapy
should include INH and rifampin for susceptible organisms. Recommended treat-
ment regimens are effective for pulmonary and extrapulmonary forms of tubercu-
losis.
1. Regimens for initial empiric therapy

a. Four drugs are preferred for almost all patients [169]. INH, rifampin,
pyrazinamide, and either ethambutol or streptomycin are given for the first
8 weeks.

b. Three drugs may be used when local INH resistance rates are lower than
4% [202]. INH, rifampin, and pyrazinamide are given for the first 8 weeks.

c. When resistance to multiple agents is prevalent, five or six drugs should
be used based on the known patterns of susceptibility in the community.

2. Options to continue therapy for susceptible organisms (i.e., organisms
susceptible to INH, rifampin, and standard drugs)
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a. INH and rifampin may be used for the remaining 4 months of a minimum
6-month regimen. See section IX.C.2 for the use of intermittent therapy.

b. Intermittent therapy with the initial four-drug regimen may be used to com-
plete a minimum of 6 months of treatment (see section IX.C.2).

3. Continuation therapy when susceptibilities are unavailable is based on
the clinical and radiographic response to treatment and the probability for re-
sistance. Consultation with a tuberculosis expert is advised.

4. Treatment for resistant organisms must be individualized. Patients with
isolated INH resistance may be treated with rifampin, pyrazinamide, and
ethambutol for a minimum of 6 months [166]. Patients with isolated rifampin
resistance may be treated with INH, pyrazinamide, and streptomycin for a
minimum of 9 months, or INH and ethambutol for a minimum of 18 months
[166]. Isolated resistance to pyrazinamide is rare in M. tuberculosis, and should
suggest infection with M. bovis because this organism is inherently resistant
to this agent. However, M. tuberculosis strains resistant only to pyrazinamide
have been reported recently in North America [205]. Resistance to both INH
and rifampin poses particular difficulties because simultaneous resistance
to other drugs is common. Most cases of MDR tuberculosis can be cured with
intensive and prolonged chemotherapy combined with surgery when needed
[166,206]. Consultation with an expert in the therapy of MDR tubercu-
losis is advised.

5. Addition of drugs to an existing regimen. When there is concern about
resistance or an inadequate response, at least two, and preferably three, new
drugs should be added together. The addition of only one drug to a regimen to
which resistance has occurred may result in resistance to the new drug as well.

C. Frequency of drug administration
1. Daily therapy was the standard for many years. Oral agents usually are given

once daily in the fasting state in the morning.
2. Intermittent therapy may be given 2 or 3 times weekly. Because fewer

doses of medications are used, all patients receiving intermittent regimens
must be carefully supervised using DOT to ensure adherence. The toxic-
ities of intermittent and daily regimens appear similar. Because fewer doses and
less monitoring for efficacy are needed, the cost of intermittent regimens usu-
ally is less than that of daily therapy. There are three options for intermittent
therapy [166,202].
a. After daily therapy for the first 8 weeks with three or four drugs (see

section X.B.1), INH and rifampin may be given two or three times weekly
for a minimum of 16 weeks. This is used only when isolates are known to be
susceptible to both of these drugs.

b. After daily therapy for the first 2 weeks, the four-drug regimen may be given
twice weekly for the next 6 weeks. Twice-weekly INH and rifampin may be
continued for a minimum of 16 more weeks, when isolates are known to be
susceptible to both of these drugs.

c. The four-drug regimen may be given three times per week for a minimum of
6 months when isolates are known to be susceptible to INH and rifampin.

D. Duration and type of therapy
1. Standard short-course regimens. These have replaced longer courses as the

treatments of choice for tuberculosis for organisms susceptible to INH
and rifampin. The success of the 9-month regimen depends on the use of INH
and rifampin together, and the 6-month regimen depends on the inclusion of
pyrazinamide for the initial 2 months. The optimal use of short-course ther-
apy requires familiarity with those situations for which it is not suitable (see
section X.D.2).
a. Six-month therapy. The ATS and CDC have adopted minimum 6-month

regimens as standard therapy for pulmonary tuberculosis [202]. This dura-
tion also is suggested for most cases of extrapulmonary tuberculosis. Treat-
ment is given for a minimum of 6 months and for at least 3 months after
sputum cultures become negative.
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b. Nine-month therapy. Experience with the 9-month regimen has shown it
to be effective for pulmonary and most extrapulmonary tuberculosis. It is
used for susceptible organisms when INH and rifampin must be given alone
or without the initial use of pyrazinamide.

2. Exceptions. Standard regimens should not be used in the following
circumstances:
a. Suspected or proved INH resistance. This may include patients from

countries with a high incidence of primary INH resistance, those failing stan-
dard therapy, those who relapse after taking INH without rifampin, and close
contacts of a patient with INH-resistant tuberculosis [202].

b. When rifampin is not used. An older regimen should be chosen for these
patients when isolates are susceptible (see section X.D.4).

c. When INH is not used. Rifampin plus ethambutol for a minimum of
12 months is recommended for susceptible organisms [202].

d. When neither INH nor rifampin is used. Three or four drugs to which
the organism is susceptible are required for a minimum of 18 months.

e. In the presence of significant hepatic disease. In such a case, etham-
butol plus either INH or rifampin may be chosen. However, studies to date
indicate minimal additive hepatic toxicity when patients with lesser degrees
of liver disease are treated with INH plus rifampin [202].

f. With renal insufficiency. Pyrazinamide is not recommended in patients
with severe renal insufficiency, and blood levels of INH or ethambutol may be
required [202]. Drugs to be avoided in patients with any impairment of renal
function include streptomycin, kanamycin, capreomycin, and cycloserine.

g. When symptoms persist or sputum smears or cultures remain posi-
tive after 2 months of therapy, this indicates treatment failure. Patients
should be assessed for adherence and drug resistance. Expert consultation
is advised [202].

h. When severe illness, miliary tuberculosis, or tuberculous os-
teomyelitis and arthritis are present at any age, treatment is extended
to a minimum of 12 months [202]. Infants and children with meningeal tu-
berculosis should be treated for at least 12 months [202]. Infectious disease
consultation is advised.

i. In immunosuppressed patients. These patients may receive any of the
preceding options for initial and follow-up therapy, including intermittent
regimens [169]. However, the duration of therapy must be determined
by the individual response to treatment. See Chapter 18 for therapy of
HIV-infected patients.

3. MDR tuberculosis is treated for longer periods, depending on the extent of
resistance and the clinical response [206].

4. Older (traditional) regimens. Before the advent of the short-course regimens
just outlined, combinations used for susceptible organisms had to be given for
longer periods of time. Previously, therapy consisted of INH and ethambutol
given for at least 18 months; streptomycin was added for the first 1 to 2 months.
INH and streptomycin given for the full 18 months of treatment is an acceptable
alternative but is potentially more toxic and requires many injections. Either of
these regimens may be administered daily or twice weekly.

5. Pregnancy. The 9-month regimen should be chosen in a pregnant patient, and
ethambutol is added initially to INH and rifampin. Pyrazinamide is not ad-
vised for use in the United States during pregnancy because its teratogenic
potential is undefined, although it is recommended elsewhere [200,202]. Pyri-
doxine should be given with any INH-containing regimen. Streptomycin has doc-
umented harmful effects on the fetus and should not be used (see Chapter 27).
Kanamycin, capreomycin, cycloserine, and ethionamide also should be avoided
because of their potential risk to the fetus [202]. Breast-feeding is permissible
during treatment. Steps should be taken to prevent and detect transmission of
maternal tuberculosis to the neonate. See also section IX.

E. Infection control aspects. Nosocomial tuberculosis is a recognized risk to pa-
tients and employees in health-care facilities. Transmission is most likely to occur



P1: FUY

PB207-11 PB207A-Betts/6678F September 3, 2002 7:7 Char Count= 0

11. Lower Respiratory Tract Infections 355

from patients who have unrecognized pulmonary or laryngeal tuberculosis, are
not on effective antituberculous therapy, and have not been placed in proper (res-
piratory) isolation. Patients who have MDR tuberculosis can remain infectious for
prolonged periods, increasing the risk for nosocomial or occupational transmission
[207].
1. Guidelines for preventing the transmission of M. tuberculosisin health-

care facilities have been presented in detail elsewhere [207].
2. Isolation should be continued until the patient is noninfectious

[201].
a. The length of time required for a patient to become noninfectious after start-

ing antituberculous therapy varies considerably. Isolation should be discon-
tinued only when the patient is on effective therapy, is improving clinically,
and has had three consecutive negative sputum smears collected on three
separate days [207].

b. Patients who are improving may go home with positive smear results if public
health authorities have completed their household evaluation, no continued
contact is at increased risk for tuberculosis (e.g., immunosuppressed persons
or infants), the patient agrees not to have any outside contacts with poten-
tially susceptible persons, and arrangements for DOT and follow-up have
been completed [201].

c. Isolation can be discontinued if the diagnosis of tuberculosis is ruled out.
F. Specific agents [166,202,208,209]. Although there is significant experience with

older agents, new drugs are needed to further improve efficacy, reduce toxicity, and
shorten therapy [210].
1. INH remains the single most important antituberculous agent. It is bactericidal

and penetrates tissue well, including the CNS. It is metabolized primarily by
the liver. Doses are reduced only in advanced renal failure, and ideally guided
by serum levels.
a. Dosage. The usual daily dosage in adults is 5 mg/kg up to 300 mg orally

given once each day. An intramuscular form is available. In life-threatening
disease (e.g., meningitis or miliary disease), dosages of 10 mg/kg/day (up to
600 mg/day) often are recommended. The usual daily dosage in children
is 10 mg/kg once each day (300 mg maximum), although higher doses in
meningitis may be used [208]. Dosages for intermittent regimens are
15 mg/kg two or three times weekly for adults, and 20 to 30 mg/kg twice
weekly for children, up to a maximum of 900 mg [202,208].

b. Side effects
(1) Hepatitis is the major side effect of INH. Ten percent or more of

patients on INH have transaminase elevations, but only 1% overall have
significant hepatitis (deaths have been reported). Risk factors for the
development of hepatitis include alcoholic liver disease, increasing over
age 30 years, being a woman of a minority race, malnutrition, pregnancy
and the post-partum period, and acetaminophen use [209]. There is a
fourfold increased risk of hepatitis when INH and rifampin are used
together [169].

Any patient on INH should be warned about the symptoms of
hepatitis. Mild hepatic dysfunction (e.g., alcoholism) does not preclude
the use of INH (and rifampin). If possible, we avoid INH (and rifampin)
when baseline transaminases are six to eight times the normal level until
these levels improve. Most experts advocate monthly testing of high-risk
patients and those with abnormal test results prior to the start of therapy.
Liver function tests should be performed if suggestive symptoms occur,
and the drug discontinued if hepatitis is present. Monitoring of serial
aspartate aminotransferase (AST) and alanine aminotransferase (ALT)
levels may help prevent serious sequelae of INH-induced hepatitis prior
to symptoms. Elevations of the transaminases more than three to five
times normal should lead to consideration of stopping INH [202].

(2) Neurologic toxicity can occur but is uncommon at the usual INH dose
of 5 mg/kg [202]. Peripheral neuropathies usually can be prevented by
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the concomitant administration of pyridoxine 10 to 25 mg/day. After an
INH-induced neuropathy has occurred, pyridoxine 50 to 100 mg/day can
be used as treatment. Routine prophylactic use of pyridoxine with
INH should be reserved for patients predisposed to neurologic toxicity
because of higher INH doses, pregnancy, diabetes, uremia, alcoholism,
malnutrition, or prior seizures [181]. Children and adolescents on milk-
and meat-deficient diets also should be given pyridoxine [208]. Seizures,
optic neuritis, encephalopathies, and the hand-shoulder syndrome rarely
occur.

(3) Hypersensitivity reactions with fever, rash, and rheumatoid syn-
dromes occur. Positive antinuclear antibodies and lupus erythematosus
cell preparations may be seen.

(4) Concomitant phenytoin use. Doses of phenytoin may have to be re-
duced when INH is used because INH delays renal clearance of pheny-
toin sodium. Levels of phenytoin should be measured and doses adjusted
[202].

2. Rifampin is bactericidal for M. tuberculosis, and it penetrates tissues well,
including the CNS. The spectrum of activity, pharmacokinetics, and adverse
reactions are discussed in detail in Chapter 27.
a. Dosages

(1) The usual daily adult dosage is 10 mg/kg up to 600 mg once daily (two
300-mg capsules), 1 hour before or 2 hours after meals. In children, the
dosage is 10 to 20 mg/kg once daily, not to exceed 600 mg. Dosages are
the same for the intermittent regimens [202,208]. In renal failure, the
dose is not reduced.

(2) Fixed-dose combinations. A combination of rifampin 120 mg, INH
50 mg, and pyrazinamide 300 mg (Rifater) has FDA approval for the
initial 2 months of daily therapy. The dosage is four tablets each day
for patients weighing 44 kg or less, five tablets for those weighing 45 to
54 kg, and six tablets for those weighing 55 kg or more. The combination
of rifampin 300 mg and INH 150 mg (Rifamate) has been licensed in the
United States since 1975.

b. Adverse reactions. Patients should be warned in advance that their urine,
tears, sweat, and saliva may have a red-orange, harmless discol-
oration; soft contact lenses may become permanently discolored [202]. Other
side effects include hepatotoxicity, which is the major concern; adverse drug
interactions with a variety of agents; immunologic reactions, including hy-
persensitivity reactions and a flulike illness with sporadic use; and renal
failure, thrombocytopenia, or hemolysis, which occur rarely. These are dis-
cussed in detail in Chapter 27. Rifampin may reduce the effectiveness of
oral contraceptives.

The potential for hepatotoxicity deserves comment. Rifampin can
cause mild liver function abnormalities and, at times, severe hepatitis. Se-
vere hepatotoxicity may develop rapidly after the start of INH in combination
with rifampin [169]. Risk for rifampin-induced hepatitis is increased in pa-
tients with preexisting alcoholic liver disease [209]. If hepatitis develops in
a patient on INH and rifampin, both agents must be stopped. A primarily
cholestatic pattern is most likely caused by rifampin, whereas either drug
may cause transaminase elevations. See also section XI.B.3.

c. Other rifamycins. Two other agents related to rifampin are available in
the United States. Rifapentine, approved in 1998, is a long-acting analogue
of rifampin that can be given once or twice weekly. Rifabutin has less ef-
fect on the hepatic cytochrome P-450 system, and is used in place of ri-
fampin for treatment of HIV-infected patients taking protease inhibitors (see
Chapter 18).

3. Ethambutol is an oral agent that penetrates tissue well. Although CSF levels
are 10% to 50% of plasma levels in the presence of meningeal inflammation,
they are low relative to the critical concentration of ethambutol. Ethambutol is
bacteriostatic.
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a. Dosages. Tablets are available in 100- and 400-mg strengths. In prolonged
therapy, 15 mg/kg to a maximum of 2.5 g, given once daily, usually is rec-
ommended. Some authorities use 25 mg/kg/day for no longer than the first
2 months of therapy and then reduce the dosage to 15 mg/kg/day. The twice-
weekly dose for children and adults is 50 mg/kg, and for three times per week
in adults is 25 to 30 mg/kg, up to a maximum of 2.5 g [202,208]. Doses must
be reduced in renal failure.

b. Side effects. Ethambutol can cause retrobulbar optic neuritis. The first
manifestation may be loss of color vision. Thus, ethambutol should be avoided
when possible in children too young to assess color discrimination [208]. This
appears to be dose related and rarely occurs when the 15-mg/kg/day regimen
is used. Hypersensitivity reactions, hyperuricemia, and gastrointestinal in-
tolerance can occur.

4. Pyrazinamide has been used in both initial therapy and retreatment regimens.
It is bactericidal and works well in an acid environment and intracellularly
[202]. It is well absorbed orally and penetrates the CNS when the meninges are
inflamed.
a. Dosages. The usual dosage in children is 20 to 40 mg/kg given once daily,

up to a maximum of 2 g [208]. One recommended daily dosing schedule for
adults is 1.5 g for those weighing 50 kg or less, 2 g for those weighing 51
to 74 kg, and 2.5 g for those weighing 75 kg or more [166]. Suggested twice
weekly doses for adults are 2.5 g for those weighing 50 kg or less, 3 g for those
weighing 51 to 74 kg, and 3.5 g for those weighing 75 kg or more; suggested
three times weekly doses for adults are 2 g for those weighing 50 kg or less,
2.5 g for those weighing 51 to 74 kg, and 3 g for those weighing 75 kg or more
[166]. The twice-weekly dose in children is 50 mg/kg up to a maximum of
2 g/dose [208].

b. Toxicity. Nausea and vomiting are the most common adverse effects. Pyrazi-
namide does not significantly increase the risk for hepatotoxicity when used
for the first 2 months in short-course regimens, and hepatotoxicity is less
common with the currently recommended doses [202,209]. Hyperuricemia is
common and may be used as an indication of compliance; acute gout is uncom-
mon, although arthralgias may occur in adolescents and adults [202,208].

5. Streptomycin. This injectable agent is bactericidal at an alkaline pH and, like
other aminoglycosides, poorly penetrates into the CNS.
a. Dosages. The dosage for adults is 15 mg/kg i.m. once daily, up to 1 g;

10 mg/kg up to a maximum of 500 to 750 mg is used for patients over
60 years of age. The daily and twice-weekly dose for children is 20 to 40 mg/kg
i.m. up to a maximum of 1 g [208]. The intermittent dose for adults is 25 to
30 mg/kg up to a maximum of 1.5 g for twice-weekly and thrice-weekly regi-
mens [202]. The total amount administered should be less than 120 g [202].
Doses must be reduced in renal failure.

b. Side effects. Ototoxicity is the most serious side effect, and vestibular dam-
age is more common than auditory loss. Renal toxicity is much less common
than with other aminoglycosides. Hypersensitivity reactions can occur. (See
Chapter 27.)

6. Second-line drugs. Paraaminosalicylic acid (PAS), cycloserine, ethionamide,
capreomycin, kanamycin, amikacin, ciprofloxacin, ofloxacin, levofloxacin, ri-
fabutin, and rifapentine are all useful drugs under appropriate circumstances
[166,202,208]. Some are particularly useful for resistant forms of tubercu-
losis, and in treating atypical mycobacterial infections. Because side effects
are common, the reader is advised to seek consultation before using these
agents.

G. Therapy for specific problems
1. Smear-negative, culture-negative pulmonary tuberculosis presents with

clinical and radiographic tuberculosis and a positive PPD skin test but negative
smear results and cultures. Although their mycobacterial burden is low, these
patients, if untreated, have a high rate of disease progression over the ensuing
5 years. Patients with negative smear results should begin standard therapy
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while awaiting culture results. If cultures are negative and there is no concern
about drug resistance, then it is appropriate to continue INH and rifampin for
a total of 4 months of therapy [202].

2. Extrapulmonary disease. Extrapulmonary tuberculosis due to susceptible or-
ganisms can be treated in the same way as pulmonary tuberculosis if INH and
rifampin can be used [166,202]. Extrapulmonary sites usually contain smaller
numbers of bacilli than do pulmonary sites, and INH and rifampin penetrate
these sites well. Exceptions that require longer therapy have been discussed in
section X.D.2.h, and infectious disease consultation is advised. HIV infection
should be considered in any patient presenting with extrapulmonary tubercu-
losis (see Chapter 18).

3. Drug-resistant cases. Drug resistance should be suspected in patients who re-
lapse after receiving a regimen not containing both INH and rifampin [202]. At
least two, and preferably three, new agents should be used pending the results
of susceptibility tests. Relapses that follow INH with rifampin in short-course
therapy for susceptible organisms often are caused by susceptible organisms
and are retreated using the same regimen [202]. Complicating the decision re-
garding treatment options is evidence that reinfection may occur, particularly
in immunosuppressed patients. Treatment of patients who are close contacts
of persons with proven drug-resistant tuberculosis, of those who contracted the
disease in countries with a high incidence of drug resistance, and of those who
fail therapy is best guided by the results of susceptibility tests. See related
discussions in sections X.A and X.B.

4. HIV-infected patients. Therapy for tuberculosis should be started whenever
acid-fast bacilli are found in patients with HIV infections, because it is impossi-
ble to distinguish between M. tuberculosis and M. avium complex without cul-
tures. The use of rifampin will increase the methadone dose needed to prevent
withdrawal symptoms in patients on methadone maintenance. See Chapter 18.

5. Tuberculosis in pregnancy. The risks from tuberculosis during pregnancy
to the mother and fetus far outweigh the risks from chemotherapy. See section
X.D.5 and section IX.

6. Tuberculosis in children. Following the principles in adult therapy, short
course therapy has been recommended for use in children [202,208].

7. Therapy in renal failure. Antituberculous medications cleared by the kidney
include streptomycin, kanamycin, capreomycin, ethambutol, and cycloserine. If
one needs to use these drugs in renal failure, dosage should be adjusted and
levels monitored.

H. Miscellaneous issues related to therapy
1. Adjunctive corticosteroids have been used in various forms of tuberculosis

but are controversial. They are beneficial for outcome in tuberculous meningitis
and pericarditis [211]. They are useful in patients with associated adrenal in-
sufficiency, and also may provide a short-term benefit in severely toxic patients
(e.g., with disseminated tuberculosis) [211]. Preliminary evidence from endemic
areas suggests a benefit in patients with tuberculous peritonitis, but their rou-
tine use for this problem is not recommended until any benefit is proven to
outweigh risks [212,213].

2. Hospitalization is often necessary for diagnostic evaluation and initiation
of therapy, particularly for patients with severe disease or suspected drug
resistance. Hospitalization also is necessary in severe drug reactions, life-
threatening infections, coexisting illnesses requiring hospital care, and the rare
circumstance in which there is a special threat to the community. Uncomplicated
pulmonary disease occasionally can be managed entirely as an outpatient. See
section X.E for duration of isolation.

3. Follow-up cultures. Guidelines for follow-up are available from state or
county health departments. Usually sputum smears and cultures are performed
monthly until three specimens test negative, and then cultures monitored at 2-
to 3-month intervals during therapy. Patients successfully completing a stan-
dard regimen of INH and rifampin for susceptible organisms do not need routine
follow-up [202].
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4. Follow-up radiography. A repeat chest radiograph after 2 to 3 months of ther-
apy helps assess response to treatment. More frequent films may be needed to
adequately follow patients whose initial sputum smears were negative. In addi-
tion, a film taken at completion of therapy provides a useful baseline for future
comparison. Routine annual radiography is not recommended for patients who
remain well.

5. Public health follow-up. The local public health department should screen
contacts of index cases, arrange for DOT, and follow up on discharged patients.

XI. Treatment of latent tuberculosis. Patients with a positive intermediate PPD test
result but without active disease are considered to have latent tuberculosis, mean-
ing that persistent dormant and viable bacilli are present with the potential for later
reactivation. Both skin testing and treatment for latent tuberculosis are in-
dicated only in patients with a high risk for developing active tuberculosis
[181]. This includes those with recent infection and those at increased risk
for progression to active disease regardless of the duration of latent infection
(see section III.C). Recommendations recently have been updated [181,214,215].
A. Hepatotoxicity

1. INH. Before one initiates INH, the potential risks of INH-related hepatitis must
be considered [see section X.F.1.b.(1)]. Hepatotoxicity increases with age and
alcohol consumption. Patients with active liver disease, end-stage liver disease,
or documented INH-related hepatotoxicity should not receive INH. We with-
hold INH if transaminases are three times normal or higher in patients with
symptoms, and five times normal or higher in patients without symptoms [181].

2. Rifampin plus pyrazinamide for 2 months. Severe and fatal liver injury has
been reported in HIV-negative patients receiving this regimen [181,214,215]. A
few patients were given this regimen after recovering from INH-induced hep-
atitis. Fatal cases had onset of hepatitis in the second month of treatment.

B. Current treatment options may be given using DOT [181,215].
1. INH for 9 months. This regimen is preferred for most adults and chil-

dren, including those with HIV. The daily dose is 5 mg/kg in adults and 10 to
20 mg/kg in children, up to a maximum of 300 mg. The twice-weekly dose is
15 mg/kg in adults and 20 to 40 mg/kg in children, up to a maximum of 900 mg.
Pyridoxine (10 to 25 mg/day) may be given simultaneously to selected patients
(see section X.F.1.b.(2)).

2. INH for 6 months. This regimen, dosed as above, provides a shorter option that
may be used in selected patients at the discretion of public health authorities and
providers. It is not recommended for children, those with radiographic
changes of prior tuberculosis, and HIV-infected patients.

3. Rifampin plus pyrazinamide daily for 2 months. Trials in HIV-infected
persons showed that 2 months of this combination is effective and safe. However,
the potential for hepatotoxicity precludes its widespread use at present [215].
Caution is urged, particularly in those taking other potentially hepatotoxic
drugs and those with alcoholism. It should not be used in children, patients with
underlying liver disease, or for patients with previous INH-induced hepatitis.
It may be considered for patients judged unlikely to complete a longer regimen,
if monitoring can be assured. The pyrazinamide dose is 15 to 20 mg/kg and not
more than 20 mg/kg, to a maximum of 2 g daily [215]. The rifampin dose is 10
mg/kg to a maximum of 600 mg daily. Close monitoring is required, and no
more than 2 weeks of medication should be dispensed at any one visit.
Treatment should be stopped permanently for transaminase elevation over five
times normal without symptoms, any transaminase elevation with hepatitis
symptoms, or any bilirubin elevation [215]. Women taking oral contraceptives
with rifampin should use an additional form of contraception.

4. Rifampin daily for 4 months. This regimen may be used as an alternative for
patients intolerant to INH, and for contacts of patients with INH-resistant and
rifampin-susceptible isolates. The dose is 10 mg/kg to a maximum of 600 mg
daily in adults, and is 10 to 20 mg/kg to a maximum of 600 mg daily in children.
Rifabutin in adjusted doses may be substituted for rifampin in HIV-infected
patients taking certain antiretroviral agents [181]. However, rifapentine use is
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not recommended at this time [181]. Women taking oral contraceptives with
rifampin should use an additional form of contraception.

C. Monitoring. Patients receiving INH or rifampin should be seen at least monthly
[181], and every 2 weeks if receiving rifampin plus pyrazinamide [215].
1. Patients should be cautioned about the symptoms of hepatitis (anorexia,

nausea, vomiting, malaise, abdominal pain, jaundice, etc.), and advised to in-
terrupt therapy and seek medical evaluation if these symptoms develop
[181,215]. This is especially important in patients who drink alcoholic beverages
daily.

2. Baseline liver function tests should be performed in patients whose initial
evaluation suggests an underlying liver disorder, those with a known liver dis-
ease, those with HIV infection, pregnant women and those within 3 months of
delivery, regular users of alcohol, and anyone judged at risk for chronic liver
disease [181].

3. Serial monitoring of liver tests should be performed in all patients whose
baseline levels were elevated, and for patients at risk for hepatotoxicity (see
section XI.C.2). Transaminases and bilirubin should be checked every other
week in patients receiving rifampin plus pyrazinamide [215].

4. Liver function tests should be checked in patients with hepatitis-like
symptoms.

5. Uric acid may be checked in patients with arthritis while receiving pyrazi-
namide.

D. Special considerations
1. HIV infection. The 9-month INH regimen is preferred. HIV-infected persons

with negative skin tests do not benefit from treatment for latent tuberculosis
unless they are contacts of an active case of tuberculosis [181]. See Chapter 18.

2. Pregnancy. Because the risk for active tuberculosis is not increased by preg-
nancy, many patients can safely wait until after delivery and the early postpar-
tum period. This will prevent the increased risk for INH hepatitis during this
time [181]. Women with recent infection and those with HIV, however, should
receive treatment for latent tuberculosis during pregnancy [181]. An INH regi-
men is preferred; rifampin is considered an acceptable alternative despite lim-
ited experience [181]. Breast-feeding can continue during treatment. Pyridoxine
is indicated for all pregnant and nursing women taking INH, and for nursing
infants whose mothers are taking INH [208].

3. Children who are contacts of contagious tuberculosis should be evaluated
for active disease. If the initial PPD is negative and active disease is excluded,
then INH is given for 3 months. At this time the child should be reevaluated
for active disease and the PPD repeated. If the repeat PPD remains negative,
INH may be stopped [208]. If the repeat PPD is positive and active disease is
excluded, then INH is continued to finish a total of 9 months of therapy [208].

4. Immunosuppressed patients who are contacts of active tuberculosis
cases should receive full treatment for latent tuberculosis (after active disease
is excluded) even if repeat skin test results remain negative [181].

5. Contacts of patients with INH-resistant tuberculosis that is susceptible
to rifampin should receive the 4-month regimen of rifampin (or rifabutin) [181].

6. Contacts of patients with MDR tuberculosis will not benefit from treat-
ment with INH or rifampin. Their treatment should be individualized on the
basis of susceptibility results. High-risk patients may be given pyrazinamide
and ethambutol, or pyrazinamide and a fluoroquinolone for 6 to 12 months; the
longer duration should be used for immunosuppressed patients [181]. Pyrazi-
namide and ethambutol are preferred in children because of the need to avoid
long-term treatment with fluoroquinolones in this age group [181]. Consultation
with an expert in resistant tuberculosis is advised.

E. BCG vaccine. BCG vaccination has very limited usefulness in the United
States [216].
1. It is considered for infants and children with negative skin tests who are

repeatedly exposed to infectious cases of tuberculosis and cannot receive pre-
ventive therapy or cannot be separated from the index patient, or are repeatedly
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exposed to a patient with infectious MDR tuberculosis and they cannot be sep-
arated from the index patient [208,216]. BCG vaccine should be considered for
health-care workers in settings where exposure and transmission of MDR tu-
berculosis is likely and this cannot be controlled by other measures [216]. BCG
is contraindicated in immunosuppressed hosts (including those with HIV infec-
tion) and pregnant women [216].

2. A history of previous BCG vaccination does not alter the interpretation
of the PPD skin test result or the decision process to give treatment for latent
tuberculosis [181].

3. New vaccines being developed include attenuated, subunit, and DNA vaccines.
They are needed to help eliminate tuberculosis as a worldwide problem [217].

XII. Nontuberculous mycobacteria (NTM). Although NTM are less virulent than
M. tuberculosis, their importance has been highlighted by the frequent occurrence
of M. avium complex infections in patients with AIDS (see Chapter 18). It often is
difficult for the clinician to determine whether the isolation of these mycobacteria is
clinically significant. The ATS has published guidelines to help with their manage-
ment [218]. A few general points warrant emphasis.
A. Incidence. Infections caused by NTM are not reportable in the United States.

In association with the AIDS epidemic, NTM isolates became more common than
isolates of M. tuberculosis [218]. In the pre-AIDS era, approximately 2% to 10% of
all mycobacterial infections in the United States were due to NTM.

B. Classification. At least 50 species of NTM are considered potential pathogens.
1. Bacteriologic methods for classification traditionally have used growth rates

and pigment production (e.g., Runyon group). The time needed for a mycobac-
terium to grow may provide the first clue to the presence of NTM infection.

2. NTM also can be grouped clinically according to their likelihood of caus-
ing different types of infection [219]. For example, M. avium complex and
M. kansasii are common causes of chronic pulmonary infections, whereas M.
fortuitum, M. chelonae, M. abscessus, and M. marinum are common causes for
skin infections.

3. Molecular methods will become more important in the future.
C. Epidemiology and pathogenesis

1. Sources. Environmental sources are the likely reservoir for NTM infections.
These include water for M. avium complex, M. marinum, M. kansasii, and many
rapid growers [218]. Most NTM also have been isolated from soil.

2. Transmission. Person-to-person spread does not occur. Humans presum-
ably acquire disease by inhalation or aspiration, which leads to pulmonary dis-
ease; local inoculation, which causes skin or subcutaneous infections; and in-
gestion, leading to mucosal entry with cervical adenitis or disseminated disease
in AIDS.

3. There is usually some underlying host defense impairment, either local
or systemic, in patients with NTM infection. Many, but not all, chronic pul-
monary infections from M. avium complex and M. kansasii occur in patients
with underlying structural lung disease, and those from rapid growers are asso-
ciated with esophageal disorders predisposing to aspiration [220]. Cystic fibrosis
patients with structural lung changes are also at risk for pulmonary NTM in-
fection. With the exception of the strong association of AIDS with disseminated
M. avium complex infections, however, specific immunodeficiencies have been
postulated but not proven [220].

D. Diagnosis can be difficult because these organisms are both saprophytes and
true pathogens. Furthermore, underlying disease can account for the presenting
symptoms.
1. Skin tests. Antigens similar to the PPD previously prepared for some species

showed considerable cross-reactivity and are not readily available. Most experts
believe that they were not useful in diagnosing the individual patient.
However, preliminary results using the M. avium sensitin antigen for skin test-
ing are promising [220].

2. Acid-fast smears. One cannot reliably distinguish M. tuberculosis from an
NTM or identify a specific NTM by smear characteristics.
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3. Mycobacterium studies. Cultures should be performed as discussed in Chap-
ter 25. Commercial probes are available for identifying M. avium complex, M.
kansasii, and M. gordonae growing in cultures.

4. Clinical criteria for the diagnosis of infection caused by NTM have been
published [218]. These are most relevant for pulmonary infections caused by M.
avium complex, M. kansasii, and M. abscessus and may not fit the diagnosis of
infections caused by other species. The diagnosis of pulmonary NTM infection
requires fulfillment of clinical, radiographic, and microbiologic criteria.
a. A compatible clinical illness and the exclusion of other diseases.
b. Compatible persistent or progressive changes on chest radiograph

or high-resolution chest CT.
c. Supportive microbiological results consisting of at least three sputums

or bronchial washes within 1 year with positive cultures and negative AFB
smear results, or two sputums or bronchial washes within 1 year with posi-
tive cultures and 1 with a positive AFB smear result; or, a single bronchial
wash with at least 2+ growth or at least 2+ AFB smear-positive results; or,
a lung biopsy showing any degree of growth, or showing granulomas or AFB
on smear with at least one culture-positive sputum or bronchial wash, or a
normally sterile site outside the lung showing any growth on biopsy [218].
These criteria are the same for immunosuppressed patients except that 1+
or greater growth is accepted.

E. Clinical syndromes. These are briefly summarized to emphasize the variety of
possible clinical presentations [218,219].
1. Mycobacterial lymphadenitis in children is usually caused by M. avium

complex, and less often by M. scrofulaceum, which together account for 90%
of cases; the remainder are caused by M. tuberculosis. However, in adults M.
tuberculosis causes at least 90% of cases and NTM the remainder.

2. Pulmonary NTM infections may not be distinguishable from tuberculosis.
Patients usually complain of cough, sputum production, and fatigue but also
may have fever, weight loss, and hemoptysis. M. kansasii and M. avium com-
plex are most frequently involved. Many patients with chronic cavitary changes
have underlying COPD, bronchiectasis, or other structural lung disorders. Older
patients, often women, without underlying lung disease are more likely to have
midzone nodular infiltrates.

3. Cutaneous infections, for example from M. marinum, can present with slowly
enlarging papules or verrucae, which may go on to ulcerate.

4. Bone and joint infections may occur as a result of trauma, surgery, or other
sources of direct inoculation.

5. Disseminated disease similar to miliary tuberculosis may occur and is more
likely to be seen in immunocompromised patients, particularly those with AIDS
in whom M. avium complex can be isolated from blood or bone marrow cultures
(see Chapter 18).

6. Nosocomial NTM infections often involve rapid growers and are device-
related, such as peritoneal and central i.v. catheters and indwelling CNS shunts.

F. Therapy is individualized based on the species involved, susceptibility results, and
host characteristics. Localized disease (e.g., a single lymph node or skin nodule)
usually is treated by complete surgical excision alone. Documented pulmonary
infections require multidrug regimens. Review of recent guidelines and expert
consultation is advised. Treatment of M. avium complex in AIDS patients is
discussed in Chapter 18.
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INFECTIVE ENDOCARDITIS
Infective endocarditis (IE) is a microbial infection of an endothelial surface of the heart.
Valves are the most commonly involved structures, but infection may occur at the site of
a septal defect, on chordae tendonae, or on mural endocardium. The term infective endo-
carditis includes infections of vascular endothelium such as may occur with patent ductus
arteriosus, arteriovenous fistulas, and coarctation of the aorta. The syndrome can be caused
by a broad array of bacterial species, fungi, mycobacteria, chlamydia, rickettsia, and my-
coplasma. Bacterial endocarditis (BE) is the most commonly recognized form of the disease
and is often characterized as acute (ABE) or subacute (SBE) on the basis of clinical presen-
tation. Streptococci, staphylococci, enterococci, and fastidious gram-negative coccobacilli are
responsible for the majority of cases of IE.

Endocarditis in intravenous drug users (IVDU) or in association with prosthetic heart
valves presents special clinical and microbiologic features and is discussed in separate sec-
tions in this chapter. Antibiotic prophylaxis to prevent bacterial endocarditis is discussed in
Chapter 27, section B.

I. Pathogenesis [1,2]. The characteristic lesion of IE is the vegetation, a variably sized
amorphous mass of platelets and fibrin in which a dense population of bacteria and
only a few inflammatory cells are enmeshed.
A. Endothelial damage. The hydrodynamics leading to endothelial damage include

the impact of a high-velocity jet, flow from a high to low pressure chamber, and high-
velocity flow across a narrow orifice. A platelet and thrombin complex forms at the
site in response to the damage. It is at the same location as this sterile thrombus
formation that principles of hydrodynamics also allow the maximum deposition
of bacteria during bacteremia, that is, just beyond the low-pressure side of the
orifice, or at the site of jet stream impact on the endothelium. IE is uncommon in
association with low-pressure flow abnormalities such as an isolated atrial septal
defect or pure mitral stenosis.

B. Bacteremia. Bacteremia allows the conversion of the sterile thrombus to a vege-
tation. Bacteremia rates are highest for events that traumatize the oral mucosa,
especially the gingiva, and progressively decrease with procedures involving the
genitourinary tract and the gastrointestinal tract [3]. A further increased risk of
bacteremia occurs in the presence of a diseased mucosal surface, especially an
infected one.

C. Bacterial factors. Bacterial adherence to the thrombus is crucial in order for
infection to occur. Multiple factors that enhance adherence, including the ability
to produce dextran, cause aggregation of platelets, and bind to fibronectin, appear
to be important for most of the gram-positive organisms that commonly cause IE.
Resistance to host defense mechanisms is also pivotal. The ability of many gram-
negative bacilli to cause IE is limited by complement-mediated bactericidal activity
of serum [2].

D. Intact endothelium. Staphylococcus aureus is the most common gram-positive
organism of ABE able to infect intact vascular endothelium. The reasons for this
are incompletely understood.

II. Clinical presentation
A. Patient population

1. Underlying heart disease. Fifty-five percent to 75% of patients with IE of na-
tive valves have predisposing conditions, including rheumatic heart disease,
congenital heart disease, mitral valve prolapse, degenerative heart disease,
asymmetric septal hypertrophy, or intravenous (i.v.) drug abuse [4–6]. As the
population at risk has been decreasing in recent decades, rheumatic heart dis-
ease has become a less important predisposing condition, accounting for fewer
than 20% of cases [7]. Mitral valve prolapse accounts for 7% to 30% of IE in native
valves not related to drug abuse or nosocomial infection. The frequency of this
underlying etiology for IE likely reflects the high frequency of the lesion in the
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general population (2%–4% of healthy persons and 20% among young women).
Increased risk of IE in patients with mitral valve prolapse occurs in those with
both prolapse and a mitral regurgitation murmur [8]. Congenital heart disease
is identified in approximately 10% of patients with IE. One-fourth to one-half
of all cases of IE occur in patients with no identifiable underlying heart lesion.
It is possible that clinically undetectable degenerative change is present.

2. Nosocomial risk. A substantial number of cases of nosocomial endocarditis
associated with bacteremia from i.v. catheters, postoperative wound infections,
genitourinary manipulation, hyperalimentation lines, and hemodialysis shunts
have been described in patients hospitalized or treated for a variety of other
illnesses [9].

3. Age. The median age range of patients with IE has increased to 47 to 69 years
in recent decades compared with 30 to 40 years in the preantibiotic and early
antibiotic eras [2]. This likely reflects a larger number of older persons at risk
and a smaller number of young people with rheumatic heart disease.

B. Signs and symptoms [10]. The presenting signs and symptoms of BE are vari-
able and often nonspecific. The possibility of this diagnosis should be considered
whenever a patient presents with fever of more than several days’ duration with
no other apparent cause and in association with a significant heart murmur. The
type of clinical presentation can have practical implications with regard to
probable bacterial etiology and the degree of urgency in instituting therapy; it is
therefore useful to attempt to classify suspected BE as acute or subacute.
1. SBE. Patients with typical SBE have an insidious and poorly defined onset of a

variety of symptoms that may include weakness, fatigue, anorexia, night sweats,
weight loss, arthralgias, myalgias, fever, and neurologic symptoms. Symptoms
may be present for weeks or months at the time of presentation. The onset may
be related to antecedent events such as dental work, although in most cases no
definite antecedent event is apparent.

2. ABE. In contrast, patients with ABE usually have a more circumscribed and
acute onset of chills, fever, back pain, arthralgia, and myalgia, and often look
acutely ill. The patient may be seen within several days to a week from the onset
of illness. Infections that antedate the onset of endocarditis may be identified,
although, as in SBE, they often are not apparent. Some patients fall between
these extremes and cannot be classified easily.

3. Peripheral signs of BE, many of which are immunologically mediated, can
include splenomegaly, petechiae, clubbing, and retinal and subungual (splin-
ter) hemorrhage. Janeway lesions are small hemorrhagic or erythematous, non-
tender macules on the palms and soles due to septic emboli. They occur more
often in ABE. Osler nodes are small, subcutaneous, tender nodules found on
the pulp of digits and are due to septic emboli or, possibly, vasculitis. Roth spots
are pale-centered, oval, retinal hemorrhages, usually near the optic disk. More
common in the preantibiotic era, these signs, which increase in incidence with
increasing duration of untreated illness, are now seen in fewer than 20% of cases
of BE.

4. Fever. Because fever is almost always present in the patient who is not on
antipyretics or antiinflammatory agents, a normal temperature pattern under
reliable observation makes the diagnosis doubtful. Occasional exceptions to this
rule occur in elderly patients or those with debilitating illness.

5. Cardiac signs
a. Murmurs. A heart murmur is apparent in 85% or more of cases, and the ab-

sence of both fever and murmur makes the probability of BE slight, although
it does not rule out the possibility entirely.
(1) Valvular lesions. The distribution of valvular lesions, as expected,

varies with the type of underlying heart disease reported. If IVDUs are
excluded, the vast majority of patients have either aortic or mitral valve
involvement (in approximately equal proportions), or both. Tricuspid in-
volvement is rare except in IVDUs, in whom it is common. Occasional
cases of right-sided endocarditis have been described secondary to in-
fected central venous catheters or pulmonary artery catheterization [11].
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(2) Changing murmurs. New murmurs or striking changes in the intensity
of murmurs are the exception rather than the rule in patients with BE.
Some change in intensity due to tachycardia, anemia, or fever is fairly
common. If new murmurs or significant changes in murmur intensity
occur, they are likely to represent either aortic or mitral insufficiency
and are frequently associated with congestive heart failure (CHF).

(3) BE without a murmur tends to be seen (a) early in the course of acute
endocarditis that involves previously normal valves, (b) with infection
that involves mural endocardium rather than valves, (c) with congenital
bicuspid aortic valves, (d) in isolated tricuspid valve involvement, and
(e) in some elderly patients.

b. Other cardiac signs
(1) CHF results primarily from progressive valvular insufficiency, although

associated myocarditis also may contribute.
(2) Heart block and arrhythmias might occur if there is involvement of

the conducting system.
(3) Pericarditis rarely complicates BE but can result from extension of a

mural or valvular ring abscess.
6. Embolic phenomena. In either ABE or SBE, signs and symptoms of embolic

phenomena may occur. These manifest as episodes of vascular occlusion that
cause pain in the abdomen (mesenteric or splenic arterial involvement), chest
(coronary or pulmonary emboli), or extremities. Hematuria may result from em-
boli to the kidneys, blindness from retinal artery involvement, and acute neu-
rologic symptoms (including stroke) from cerebrovascular involvement. These
signs and symptoms in combination with fever or a murmur should always
suggest the strong possibility of underlying BE.

7. Central nervous system. Approximately one-third of patients with BE
exhibit neurologic disturbances as a major presenting symptom or as
a later complication of BE [12,13]. Stroke is a common presenting neuro-
logic problem, and toxic encephalopathy manifesting as a variety of severe
mental disturbances without focal neurologic defects also is common. Menin-
gitis, headache, visual impairment, mononeuritis, convulsions, brain abscess,
mycotic aneurysm, and intracerebral bleeds also are seen. The possibility of
BE should be considered in patients of any age when fever or a murmur
accompany these neurologic signs or symptoms.

8. Rheumatologic manifestations. Twenty-five percent to 40% of patients with
BE have myalgias, especially low back pain, or arthralgias as a presenting or
predominant symptom [14]. Arthritis is less common and is typically a nonspe-
cific inflammatory response. Septic arthritis can be seen in ABE, especially with
S. aureus infection.

9. The elderly. Within this large group of patients, the diagnosis of BE is par-
ticularly prone to be missed or inordinately delayed. CNS or cardiac signs and
symptoms frequently are ascribed to progression of underlying arteriosclerotic
disease, and the possibility of BE thus is overlooked. The onset of symptoms
often is insidious, fever may not be prominent, and a murmur may be absent
[15,16]. The systolic murmurs that are common in elderly individuals may be
erroneously regarded as insignificant.

III. Diagnosis. With the exception of microbiologic studies, laboratory findings are vari-
able, nonspecific, and of little definitive value in the diagnosis of endocarditis.
A. Nonspecific findings

1. Erythrocyte sedimentation rate and C-reactive protein are elevated in
almost all patients with SBE [17].

2. A mild to moderate normocytic-normochromic anemia is common. The severity
tends to be related to the duration of the illness, and patients with ABE often
are not anemic.

3. Peripheral leukocyte counts usually are normal or moderately elevated, al-
though prominent leukocytosis may be seen in acute infection.

4. Thrombocytopenia may be seen in patients with ABE and in those with
splenomegaly accompanying more chronic infections.
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5. On urinalysis, microscopic hematuria and proteinuria are common, whereas
red blood cell casts may appear if glomerulonephritis complicates the course.

B. Blood cultures and bacteremia. Blood cultures must be obtained whenever
the diagnosis of BE is suspected; they will be positive in 85% to 95% of cases.
(See Chapter 25 for the technique of obtaining blood cultures.) In endocarditis, as
in other intravascular infections, bacteremia (when present) is persistent in the
great majority of cases. The finding of intermittent bacteremia in a suspected case
of endocarditis should suggest some other focus as a source.
1. In suspected ABE. When acute endocarditis is suspected and prompt therapy

is believed to be indicated, three blood cultures, taken from separate venipunc-
ture sites at 15- to 30-minute intervals over 1 to 2 hours, are adequate for iden-
tifying more than 90% of bacteremic patients with ABE; at the same time, they
provide enough samples to minimize confusion over possible contamination.

2. In suspected SBE. When the presentation of endocarditis is subacute and the
need for therapy is not so urgent, three blood cultures over a 24-hour period are
sufficient. If these cultures remain negative after 24 to 48 hours, another two or
three sets should be obtained [18,19]. Culture of arterial blood or bone marrow
offers no advantage over culture of venous blood.

3. In suspected fungal endocarditis. Blood cultures for fungi should be ob-
tained using a specific method such as lysis-centrifugation.

4. Laboratory involvement. The laboratory should be advised that endocardi-
tis is a possible diagnosis and told if any unusual bacteria are suspected that
might require special processing. In addition, once a causative organism is iden-
tified, the laboratory should be requested to save the isolate until therapy has
been completed. Special culture techniques that may help in diagnosis are
discussed in Chapter 25.

5. Serologic tests may be useful in diagnosis of IE due to Bartonella species,
C. burnetii, Chlamydia species, Legionella species, or Brucella species.

C. Resected emboli. Resection of large emboli may be of diagnostic as well as ther-
apeutic value in patients with suspected endocarditis and with negative blood cul-
tures. Resected emboli should be cultured and examined histologically for bacteria
and fungi. Polymerase chain reaction may be especially useful in this circumstance
[20].

D. Spinal fluid. Purulent meningitis is rare in BE but can be seen in ABE due to
a virulent organism such as S. aureus or Streptococcus pneumoniae. Spinal fluid
in BE due to other organisms with signs of meningeal irritation typically has an
aseptic profile, albeit with a slight predominance of polymorphonuclear cells, and
cerebrospinal fluid (CSF) cultures are typically negative. With neurologic involve-
ment, the CSF may show a mild pleocytosis (predominantly leukocytic), elevated
protein level, and normal glucose level.

E. Echocardiography. Among patients with clinical and microbiologic evidence of
endocarditis, two-dimensional echocardiography (2D echo) used across the chest
wall (transthoracic echo, or TTE) identifies vegetations in approximately 65% of
patients. In contrast, 2D echo with biplane imaging from the esophagus (trans-
esophageal echo, or TEE) visualizes vegetations in 85% to 90% of these patients
[21]. The ability to identify vegetations varies with vegetation size and location as
well as body habitus and underlying diseases. TEE is particularly useful in patients
with suboptimal TTE (e.g., those with pulmonary disease, obesity, chest wall de-
formities, and ventilator dependency). Furthermore, TEE is the approach of choice
for evaluating the tricuspid and pulmonic valves and a prosthesis in the mitral
position. In his editorial, Jameison concludes that TEE is better than TTE in find-
ing evidence of vegetations, quantifying valvular dysfunction, and diagnosing the
spread of infection; this advantage is especially noted in patients with prosthetic
valve endocarditis [22]. Nevertheless, 2D echo, regardless of the approach, cannot
distinguish between marantic and infective endocarditis (healed vs. actively in-
fected vegetations) or thrombus and vegetation. Furthermore, in some patients 2D
echo may not distinguish between vegetations and noninfective valve abnormali-
ties (i.e., valve thickening or calcification). Given its less than 100% sensitivity for
detecting vegetations as well as these other limitations, 2D echo cannot be used
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to exclude BE, especially when the diagnosis is likely based on clinical
information [21]. It also is generally an inadequate approach to screening for
BE among patients in whom the clinical index of suspicion is not high. Whereas
2D echo–demonstrated vegetations are not required to establish the diagnosis of
BE in a patient with positive blood cultures and a clinical syndrome indicative of
endocarditis, the echocardiogram may provide clinically useful information among
patients with a BE syndrome and negative blood cultures. The major utility of TEE
over TTE in the diagnosis of native valve endocarditis arises when the TTE is a
technically inadequate study or indicates an intermediate likelihood of endocardi-
tis [22a,22b]. In patients with suspected endocarditis involving prosthetic valves,
TEE is a superior diagnostic test. In patients with a moderate probability of en-
docarditis but with chest configuration or lung disease limiting the utility of TTE
or those with relatively low probability of endocarditis (6%–10% likelihood), for
example S. aureus catheter-related bacteremia, initial evaluation by TEE is cost
effective [23]. Furthermore, 2D echo, particularly using the transesophageal ap-
proach, supplemented by pulsed, continuous, and color flow Doppler, may provide
information regarding intracardiac complications of BE and cardiac hemodynamic
status that is important in assessing prognosis and the role of surgical intervention
in therapy [21,24] (see section VIII.H). See related discussions in section IV.D and
section V.B, under Endocarditis Associated with Prosthetic Valves.

F. Diagnostic criteria. The von Reyn criteria established in 1981 to assist in diag-
nosis of infective endocarditis have largely been replaced by the now well-accepted
Duke criteria [25], which have recently been modified by Li et al. [26]. These are
summarized in Tables 12.1 and 12.2.
1. In 1981 von Reyn and colleagues published a set of criteria to help diagnose

“definite,” “probable,” “possible,” and “rejected” cases of infective endocarditis.
Limitations include the criteria’s retrospective nature and lack of prospective
validation, the lack of inclusion of echocardiographic findings, the nonrecogni-
tion of i.v. drug use as an important predisposing condition for infective en-
docarditis, and the requirement for histopathologic confirmation of infective
endocarditis [27].

Table 12.1. Definition of Infective Endocarditis According to the Modified Duke Criteria,
with Modifications Shown in Italics

Definite infective endocarditis
Pathologic criteria

Microorganisms: demonstrated by culture or histologic examination of a vegetation, a
vegetation that has embolized, or an intracardiac abscess specimen; or

Pathologic lesions: vegetation or intracardiac abscess confirmed by histologic
examination showing active endocarditis

Clinical criteria
2 major criteria, or
1 major and 3 minor criteria, or
5 minor criteria

Possible infective endocarditis
1 major criterion and 1 minor criterion; or
3 minor criteria

Rejected
Firm alternate diagnosis for manifestations of endocarditis; or
Resolution of infective endocarditis syndrome with antibiotic therapy for ≤4 days; or
No pathologic evidence of infective endocarditis at surgery or autopsy, with antibiotic

therapy for ≤4 days; or
Does not meet criteria for possible infective endocarditis, as above

Adapted from Li JS, et al. Proposed modifications to the Duke criteria for the diagnosis of infective
endocarditis. Clin Infect Dis 2000;30:633–638; with permission.
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Table 12.2. Definition of Terms Used in the Modified Duke Criteria for the Diagnosis of
Infective Endocarditis (IE), with Modifications Shown in Italics

Major criteria
Blood culture positive for IE

Typical microorganisms consistent with IE from 2 separate blood cultures:
Viridans streptococci, Streptococcus bovis, HACEK groupa Staphylococcus aureus; or
Community-acquired enterococci, in the absence of a primary focus; or

Microorganisms consistent with IE from persistently positive blood cultures, defined
as follows:

At least 2 positive cultures of blood samples drawn >12 h apart; or
All of 3 or a majority of ≥4 separate cultures of blood (with first and last sample

drawn at least 1 h apart)
Single positive blood culture for Coxiella burnetii or anti-phase I IgG antibody titer

>1:800
Evidence of endocardial involvement
Echocardiogram positive for IE (TEE recommended in patients with prosthetic valves,

rated at least “possible IE” by clinical criteria, or complicated IE [paravalvular
abscess]; TEE as first test in other patients), defined as follows:

Oscillating intracardiac mass on valve or supporting structures, in the path of
regurgitant jets, or on implanted material in the absence of an alternative
anatomic explanation; or

Abscess; or
New partial dehiscence of prosthetic valves

New valvular regurgitation (worsening or changing or preexisting murmur not sufficient)
Minor criteria

Predisposition, predisposing heart condition or injection drug user
Fever, temperature >38◦C
Vascular phenomena: major arterial emboli, septic pulmonary infarcts, mycotic

aneurysm, intracranial hemorrhage, conjunctival hemorrhages, and Janeway lesions
Immunologic phenomena: glomerulonephritis, Osler nodes, Roth spots, and rheumatoid

factor
Microbiologic evidence: positive blood culture but does not meet a major criterion as

noted aboveb or serologic evidence of active infection with organism consistent with IE
Echocardiographic minor criteria eliminated

aHACEK, Haemophilus species Actinobacillus actinomycetemcomitans, Cardiobacterium hominis,
Eikenella species, and Kingella kingae.
bExcluding single positive cultures for coagulase-negative staphylococci and organisms that do not cause
endocarditis.
Adapted from Li JS, et al. Proposed modifications to the Duke criteria for the diagnosis of infective
endocarditis. Clin Infect Dis 2000;30:633–638; with permission.

2. Modified Duke criteria for infective endocarditis are summarized in
Tables 12.1 and 12.2. When used carefully over the entire clinical evaluation
period (i.e., not limited to initial findings only), the criteria appear to be sensi-
tive and specific.
a. Erroneous rejection of the diagnosis of endocarditis is unlikely.
b. When using these criteria to guide therapy in an individual patient, pa-

tients who are categorized as having possible infective endocarditis should
be treated as having infective endocarditis. This may lead to treatment of
some individuals who do not have the infection. The potential for overdiag-
nosis and excess treatment has been reduced by modifications that now re-
quire at least one major criterion or three minor criteria to designate possible
endocarditis [26].

c. The findings of echocardiography are important major criteria in the Duke
diagnostic schema. TEE compared with TTE improved the sensitivity of
the Duke criteria to establish definite endocarditis by 25%. The enhanced
diagnostic effect of TEE was greatest when prosthetic valve endocarditis
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was suspected and when the clinical likelihood of endocarditis was inter-
mediate. In 4% the TEE finding resulted in alterations in therapy (rejected
diagnoses became definite) [28]. See related discussion of echocardiography
in section III.E and related discussions under Endocarditis Associated with
Prosthetic Valves.

IV. Microbiologic features
A. Organisms

1. Streptococci account for approximately 55% of all cases of native valvular BE
in the nonaddict population [2].
a. Approximately 35% of all cases are due to viridans streptococci, the single

most common organism.
b. Approximately 10% are caused by enterococci.
c. Approximately 10% are caused by other nonhemolytic, microaerophilic,

anaerobic, or nonenterococcal group D streptococci. Group A β-hemolytic
streptococci are a rare cause.

2. Staphylococci (approximately 35% of cases) [2]. Most staphylococci causing BE
are coagulase-positive. Coagulase-negative staphylococci are common in pros-
thetic valve endocarditis but infrequently cause disease on native valves.

3. Miscellaneous organisms (10% of cases). This includes HACEK organ-
isms (Haemophilus, Actinomyces, Cardiobacterium, Eikenella, Kingella), pseu-
domonas [29], gram-negative enteric bacilli [30], pneumococci [31], and gono-
cocci. Reports can be found of endocarditis caused by almost any bacterium
[2,32]. Bartonella species [33] and C. burnetii [34,35] have emerged as causative
organisms. Tropheryma whippelli, the cause of Whipple disease, can rarely
cause IE [36,37].

B. Culture-negative endocarditis [38,39]. A small proportion of patients with BE
have persistently negative blood cultures. In some series, this comprised 15% or
more of all patients; however, the true proportion is probably less than 5%. The
diagnosis usually is suspected in patients with fever of undetermined cause who
have underlying heart disease or a newly discovered murmur.

The usual cause is prior antibiotic therapy, the effect of which can last
for days and, if therapy was prolonged, even for weeks, rendering blood cultures
negative. Fungi and organisms that are difficult to culture might also be respon-
sible. A search for pathogens such as C. burnetii, Chlamydia species, Bartonella
species and Legionella species may be worthwhile. Diagnosis may require serologic
or other nonculture techniques.

C. Fungi [40]. Fungal IE can be seen in prosthetic valve endocarditis (PVE), where
the most common cause is Candida albicans, and in the IVDU population, where
nonalbicans Candida infections are most often seen.

D. Microbiologic and clinical correlations. Although overlap exists, there is a cor-
relation between clinical presentation and the infecting organism. Bacteria with
low inherent virulence such as viridans streptococci usually infect previously dam-
aged heart valves. Damage due to infection tends to progress slowly, and patients
are likely to have a subacute or chronic course.

More virulent organisms, such as S. aureus, may infect previously normal valves,
and tend to produce acute systemic toxicity as well as rapid valve destruction.
S. aureus is the most commonly isolated organism in patients presenting
with ABE.

V. Treatment: basic principles
A. General considerations. Prolonged administration of relatively high doses of

bactericidal antibiotics is indicated. Dense populations of metabolically dormant
organisms exist on vegetations. The avascularity of the center of the lesion also
contributes to the difficulty in achieving its permanent sterilization.

B. Laboratory aids
1. Serum bactericidal titer (SBT). The SBT is the highest dilution of the pa-

tient’s serum during antibiotic therapy that kills 99.9% of the standard inoculum
of the patient’s infecting organism in vitro. Peak titers of 1:64 or 1:32 and trough
titers of 1:32 obtained with a standardized SBT method correlate with bacterio-
logic cure. SBT is a poor predictor of bacteriologic failure. When using regimens
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considered optimal on the basis of clinical experience, monitoring therapy using
the SBT is not recommended [41]. It may be useful when treating patients with
IE caused by organisms for which optimal therapy is not established or when
using unconventional antimicrobial regimens.

2. Antibiotic levels. Vancomycin and aminoglycoside levels should be monitored.
C. Initiating treatment. When a patient has suspected BE, a decision must be made

as to the urgency of initiating therapy on a presumptive basis before blood culture
results are available. In the severely ill patient in whom ABE is suspected, it is
reasonable to take three blood cultures over a 1-hour period and to institute therapy
promptly because of the rapid progression of this disease. In the patient who has
a subacute or chronic illness and a nonspecific clinical picture, it often is
best to await blood culture results before starting antibiotics.

D. Outpatient therapy [42,43]. Patients who have responded to initial therapy and
are afebrile, who are not experiencing threatening complications, who will be com-
pliant with therapy, and who have a suitable home situation can be considered
for outpatient therapy. Close laboratory and clinical monitoring should continue.
Antibiotic choices should not be compromised.

VI. Antibiotic therapy for specific types of endocarditis. The following recom-
mendations assume normal renal function; drug doses may have to be adjusted
for renal insufficiency, as is described in Chapter 27. The doses given here are for adult
patients. Treatment in penicillin-allergic patients is discussed in section VII. Consen-
sus recommendations for therapy from the American Heart Association writing group
are published elsewhere [41].
A. Viridans streptococci

1. Penicillin-susceptible viridans streptococci and Streptococcus bovis
(minimum inhibitory concentration [MIC] ≤ 0.1 µg/mL).
a. Penicillin alone. A four-week course of aqueous penicillin G 12 to 18 million

units per day i.v. by continuous infusion or divided into doses given every
4 hours achieves bacteriologic cure in up to 99% of patients.

b. Short course (2-week) combination therapy with penicillin (see a)
and gentamicin 1mg/kg every 8 hours has been associated with bacte-
riologic cure rates as high as 98% [43]. This regimen is appropriate for un-
complicated cases of endocarditis due to highly penicillin susceptible viridans
streptococci occurring in patients at low risk for aminoglycoside toxicity. This
course is not recommended for patients with complications such as
shock, intracardiac abscess, or extracardiac foci of infection.

c. Ceftriaxone once daily. Ceftriaxone 2 g once daily plus either gentamicin
(3 mg/kg) [44] or netilmicin (4 mg/kg) [45] given as a single daily dose for
14 days has been shown to be effective. However, experience with single
daily dosing of aminoglycosides in the treatment of IE is limited, and these
regimens are not currently recommended.

2. Viridans streptococci relatively resistant to penicillin (MIC >0.1 to
<0.5) is treated with penicillin plus an aminoglycoside. This combina-
tion synergistically kills viridans streptococci in vitro. Although streptomycin
has been used in classic studies, gentamicin is the standard in clinical practice.
An appropriate course consists of aqueous penicillin G 18 million units daily
by continuous infusion or divided into six equal doses and gentamicin 1 mg/kg
intramuscularly (i.m.) or i.v. every 8 hours for 2 weeks, followed by penicillin
alone for an additional 2 weeks.

3. Abiotrophia species (previously called nutritionally variant strepto-
cocci), Streptococcus adjacens, and Streptococcus defectivus. These or-
ganisms are generally more resistant to penicillin than are other viridans strep-
tococci [46]. They should be treated with enterococcal IE regimens. Bacteriologic
cure may be difficult, and relapse rates high.

4. Viridans streptococci with penicillin MIC of ≥0.5 [47]. Enterococcal IE
regimens should be followed.

B. Streptococcus bovis is treated the same as viridans streptococci.
C. Streptococcus pyogenes, Streptococcus pneumoniae, and groups B, C, and

G streptococci. IE caused by these organisms has been either refractory to
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antibiotic therapy or associated with extensive valvular damage. Penicillin G
3 million units i.v. every 4 hours for 4 weeks is recommended for treatment of en-
docarditis due to group A streptococci and pneumococci. Until a pneumococcus has
been demonstrated to be sensitive to penicillin (MIC < 0.1 µg/mL) treatment with
ceftriaxone plus vancomycin may be preferable [48]. Endocarditis due to group G,
C, or B streptococci is more difficult to treat than that due to penicillin-susceptible
viridans streptococci. Therefore, the addition of gentamicin to the first 2 weeks
of a 4-week high-dose penicillin regimen is often recommended [49]. Surgery is
commonly required.

D. Enterococci. Ninety percent of enterococcal endocarditis [50] is due to Entero-
coccus faecalis, with the remainder due almost entirely to Enterococcus faecium.
Enterococci are less susceptible to killing by penicillin alone than are other strep-
tococci and are resistant to clinically applicable levels of gentamicin. Effective
bactericidal therapy requires the use of a cell wall–active agent such as
penicillin, ampicillin, or vancomycin with an aminoglycoside to achieve
synergy. Gentamicin 1 mg/kg i.v. or i.m. every 8 hours should be combined with
one of these agents. Synergistic combination therapy results in cure rates of ap-
proximately 85% [41].
1. MICs to penicillin vary from 1 to 2 µg/mL, with most in the range of 1.0 to

4.0 µg/mL. Eighteen to 30 million units of i.v. penicillin G daily is appropriate
when renal function is normal (see Chapter 27). Ampicillin 12 g per 24 hours
i.v. given by continuous infusion or every 4 hours in six equally divided doses
may be substituted. Peak gentamicin levels need only be in the range of
3 µg/mL for synergy to occur. Although there is ample in vitro evidence for
the role of gentamicin, most clinical evidence comes from using streptomycin in
combination with penicillin. However, the ototoxicity of streptomycin, the need
for intramuscular administration, and the substantial percentage of in vitro
resistance has led to the standard use of gentamicin instead. The recommended
duration of therapy is at least 4 weeks with both agents and 6 weeks if the
symptoms were present for more than 3 months before appropriate antibiotic
therapy was begun or in complicated disease [41].

2. The incidence of high-level gentamicin-resistant strains of enterococci
(MIC ≥500 µg/mL) [51] warrants routine laboratory screening of clin-
ically significant isolates. This characteristic is seen in 25% of E. faecalis
and 50% of E. faecium infections. Of isolates with this gentamicin resistance,
30% to 40% are sensitive to streptomycin, whose resistance is mediated by a
distinct genetic element. There are few well-documented cases of endocarditis
due to aminoglycoside-resistant enterococci. Infectious disease consultation is
advised. Optimal duration of antibiotic therapy is unknown. Successful ther-
apy may include valve replacement. If high-level resistance to both gentamicin
and streptomycin are found, therapy can be attempted with an 8- to 12-week
course of a cell wall–active agent alone if susceptibility is demonstrated. See
section D.4 below for other therapeutic considerations.

3. High-level penicillinase production, especially among E. faecium, has been
documented [52]. Screening for the production of this β-lactamase should be
undertaken if therapy is to include ampicillin or penicillin. Vancomycin activity
is not influenced by the enzyme. Unfortunately, many penicillinase-producing
strains are also highly resistant to aminoglycosides, thus precluding the use of
a known synergistic combination.

4. Enterococci resistant to vancomycin and variably resistant to other gly-
copeptides are reported [53], as are isolates resistant to all available antibiotics.
(See related discussion in Chapter 27.) There is some experience in the use of
newer agents such as quinupristin/dalfopristin (susceptible E. faecium only)
[54] and linezolid [55,56].

E. Staphylococci [41]
1. Penicillinase-resistant semisynthetic penicillins. Oxacillin or nafcillin

2 g i.v. every 4 hours is indicated. If the organism is ultimately found to be sus-
ceptible to penicillin (MIC ≤ 0.1 µg/mL), aqueous penicillin G 18 to 24 million
units per 24 hours should be used instead.
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2. Combination therapy. There is in vitro and experimental in vivo evidence
that low-dose gentamicin in combination with a semisynthetic penicillin effects
more rapid killing of staphylococci and sterilization of valves than does penicillin
alone. This suggests that addition of gentamicin 1 mg/kg every 8 hours for
the first few days of treatment may be of value. Because clinical trials have
failed to show an improved outcome with combined therapy [57], gentamicin
generally should be omitted in patients with relative contraindications to its
use, as is described for gentamicin use in cases of viridans streptococci (see
section A.1.b).

From a practical standpoint, it may be reasonable to use combination ther-
apy (if not contraindicated) for the first 3 to 5 days, in an attempt to clear the
bacteremia rapidly and minimize damage to the heart valve [41]. The more
long-term addition of gentamicin (1 mg/kg i.v. or i.m every 8 hours) or rifampin
(300 mg orally every 8 hours), or both, in patients who are not responding to
a β-lactam alone has been suggested [57]. Determination of serum bactericidal
levels may be useful in this circumstance.

3. Methicillin-resistant S. aureus (MRSA) BE is treated with vancomycin. The
usual initial dose is 1.0 g every 12 hours (see Chapter 27). Infectious diseases
consultation is suggested.

4. Coagulase-negative staphylococci account for 1% to 3% of native valve en-
docarditis [58]. Therapeutic options are similar to those for S. aureus, and there
may be a role for combination therapy. Sensitivity testing should guide treat-
ment decisions.

5. Duration of therapy. Treatment should be continued for 4 to 6 weeks. The
6-week course often is suggested for patients with an initial delayed clinical
response or complicated course.

6. Indications for surgery are discussed in section VIII.G.1.
F. Other forms of BE. Infectious disease consultation is recommended.

1. HACEK organisms usually are treated with ampicillin or ceftriaxone plus gen-
tamicin for 4 weeks. Ceftriaxone alone can be used [41].

2. Enteric gram-negative BE is difficult to treat. The most potent agent, as
determined by in vitro sensitivity testing, should be used and serum bactericidal
levels followed. It is wise to combine most agents, especially the β-lactams, with
gentamicin. Duration of therapy is 4 to 6 weeks [30].

3. Pseudomonas aeruginosa endocarditis is seen almost exclusively in IVDUs.
Tobramycin 5 to 8 mg/kg/day combined with an antipseudomonal penicillin (e.g.,
mezlocillin or piperacillin), ceftazidime, or ciprofloxacin for 6 weeks is usual
therapy [29]. (See section VIII.G.2.)

4. Miscellaneous. The reader is referred to recent articles dealing with endocardi-
tis due to C. burnetii [34,35] and therapy for Bartonella species infections [33].
Published experience in the form of case reports or small series dealing with a
specific causative agent should be reviewed when dealing with endocarditis due
to unusual organisms.

G. Initial treatment of suspected ABE prior to culture results. Therapy should
be directed to S. aureus because it is the most common organism in patients who
have ABE. Vancomycin plus gentamicin is appropriate and also provides coverage
for possible enterococcal infection. Oxacillin or nafcillin 2 g every 4 hours may
be substituted for vancomycin in the patient at increased risk for nephrotoxicity.
Antibiotic therapy aimed at both staphylococci and enterococci will cover, with few
exceptions, any other bacteria that are likely to be present.

H. Blood culture–negative endocarditis [39]. Recommended therapy includes
ampicillin plus an aminoglycoside as outlined in section D.1 on treatment of ente-
rococcal endocarditis. Given that in the absence of confounding antibiotic therapy
enterococci and staphylococci are unlikely to be causes of culture-negative IE, cef-
triaxone may be used instead of ampicillin. (See section VIII.G.3.)

I. Fungi. Fungal endocarditis almost always requires a combined chemother-
apeutic and surgical approach [59]. Amphotericin B is administered at
0.5 mg/kg/day. Most Candida and Torulopsis species are sensitive to flucytosine,
and 150 mg/kg/day orally may be added to the amphotericin; flucytosine, however,
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should not be used alone. The best results have been reported with early surgi-
cal intervention and prolonged postoperative antifungal therapy (see Chapter 17).
Prolonged or indefinite fluconazole has been suggested for patients treated either
medically or surgically [40,60]. There are reports of a subset of patients with can-
dida IE cured by prolonged fluconazole administration. Infectious disease consul-
tation is advised.

VII. Treatment of patients with a history of penicillin allergy. If the results of prop-
erly performed skin tests for penicillin allergy are negative, the chance of a serious
immediate or accelerated reaction to penicillin administration is negligible. Most pa-
tients with a history of penicillin allergy have negative skin test results and can receive
penicillin. Cephalosporins are often a useful alternative in penicillin-allergic patients,
but a possibility of cross-reactivity does exist. This subject is covered in detail in Chap-
ter 24. The doses outlined here are for adults who have normal renal function.
A. Sensitive viridans streptococci. For some patients it may be preferable to per-

form skin tests for penicillin allergy and to give penicillin G if the results are
negative. If the patient has a history of a delayed penicillin allergy, cephalosporins
can usually be administered (see Chapter 24). In these patients, ceftriaxone 2 g i.v.
once daily can be used [41]. If the patient has a history of an immediate, severe
reaction to penicillins, or if skin tests to a cephalosporin also are positive, or if one
is waiting for skin tests to be performed, vancomycin 0.5 g every 6 hours or 1 g
every 12 hours can be given. (See Chapter 27 for dosing regimens for vancomycin.)
Therapy should continue for 4 weeks.

B. Penicillin G–susceptible S. aureus. Proceed in the same manner as for viridans
streptococci. However, if a cephalosporin can be administered, a first-generation
cephalosporin (e.g., cefazolin) should be used.

C. Penicillin G–resistant S. aureus. Most patients can be treated with semisyn-
thetic penicillin after appropriate skin tests. If alternative drugs are necessary,
either a first-generation cephalosporin, for example, cefazolin 2 g every 8 hours
(in the patient with delayed allergy) [41] or vancomycin 0.5 g every 6 hours or 1 g
every 12 hours (see Chapter 27), can be used. Therapy should continue for 6 weeks
if possible. Some clinical failures are observed when vancomycin has been used as
an alternate therapy in S. aureus endocarditis [61]. Therefore, in the penicillin-
allergic patient, infectious disease consultation is advised to help determine the
optimal antibiotic regimen.

D. Enterococci and other highly penicillin-resistant streptococci. Every effort
should be made, including appropriate skin testing and consideration of desensi-
tization procedures if necessary (see Chapter 24), to give penicillin or ampicillin
to patients with endocarditis due to these pathogens. If neither of these drugs can
be given, vancomycin 0.5 g every 6 hours or 1 g every 12 hours (see Chapter 27
for dosing regimens) for 6 weeks, is the best alternative. Although the MIC of
vancomycin for enterococci averages approximately 3 µg/mL or less, it usually
is not bactericidal in vitro against enterococci, and the addition of gentamicin or
streptomycin is advisable. The toxic effects of vancomycin plus an aminoglycoside
may be additive, and it is important to observe the patient closely for any evidence
of renal or eighth nerve toxicity. Should these occur, the aminoglycoside should be
stopped. Serum levels should be monitored (see Chapter 27).

E. Streptococci with penicillin MIC between 0.2 and 0.5 µg/mL. Patients with
immediate hypersensitivity reactions to penicillin should be treated with van-
comycin alone for 4 weeks. For those with nonimmediate hypersensitivity, either
vancomycin or ceftriaxone for 4 weeks combined with gentamicin for the first
2 weeks are appropriate regimens.

F. Other infections. The general principles outlined in sections A through D are
applicable. The choice of alternative drugs should be guided by results of in vitro
testing. Bactericidal antibiotics or antibiotic combinations should be used, and
serum bactericidal levels should be monitored, if possible, when in vitro MBCs
imply that it may be difficult to achieve adequate blood levels. For unusual or
resistant bacteria, infectious disease consultation is advised.

VIII. Role of surgery in endocarditis [22].Clinical judgment is an integral part of deci-
sions regarding surgery.
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A. Progressive or significant heart failure that does not resolve with medical
therapy. Severe CHF in this setting carries a very high mortality rate with medical
therapy alone. Heart failure that resolves with medical therapy is not considered
an absolute criterion for prompt surgical intervention, although in conjunction
with other problems it may contribute to a decision for surgical intervention.

B. Fungal endocarditis is a strong indication for surgery.
C. Persistent bacteremia (7–10 days) despite appropriate antibiotic therapy is con-

sidered a strong indication for surgery. Metastatic extracardiac foci of infection such
as osteomyelitis, septic pulmonary emboli, and intraabdominal abscesses should
be excluded. A TEE is indicated to look for a perivalvular or myocardial abscess
[62].

D. Emboli. A single major embolic episode raises the question of surgery, and some
have suggested that two major embolic episodes are a strong indication. However,
the risk of further embolization in these patients is unknown, and precise recom-
mendations are difficult. The size of the residual vegetation by echocardiography
and the presence or absence of other clinical and ehcocardiographic findings that
would benefit from surgery should weigh heavily in this decision.

E. Relapse of infection. Surgery may be indicated if relapse occurs after a single
course of antibiotic therapy, particularly if infection involves a prosthetic valve and
maximal therapy has been given. It is almost certainly indicated if relapse occurs
after a second extended therapeutic course.

F. Evidence of extension of infection. The development of persistent heart
block or bundle branch block strongly suggests extension of infection (see
section IX.C.2); the onset of pericarditis suggests rupture of an annular abscess into
the pericardial space. These, as well as detection of valvular ring or myocardial ab-
scesses, left-to-right shunts with septal infection, and ruptured chordae tendineae
or papillary muscle, all suggest the need for surgery, although they may not indi-
vidually be absolute indications. See related discussion of myocardial abscess in
section V.B.1 under Endocarditis Associated with Prosthetic Valves.

G. Microbiologic considerations
1. Staphylococcus aureus endocarditis often is complicated by heart failure and

periannular abscess [62,63]. It is also an independent predictor of in-hospital
mortality [64]. Early surgery should be considered in the presence of
CHF or a perivalvular abscess or if bacteremia fails to clear within 7 to
10 days.

2. Pseudomonas aeruginosa has been difficult to cure with medical therapy
alone and has been regarded as an indication for early valve replacement [65].
However, with the advent of more potent antipseudomonal antibiotics, particu-
larly the fluoroquinolones, this tenet is no longer absolute. (See section VI.F.3.)

3. Culture-negative endocarditis. Persistent unexplained fever while on em-
piric antibiotics likely represents ineffective antimicrobial therapy or unappre-
ciated perivalvular infection.

H. Echocardiographic findings as indications for cardiac surgery. The
echocardiogram can provide information regarding hemodynamic status and in-
tracardiac complications of endocarditis, which is very useful in assessing the po-
tential role of surgery in the therapy of BE [21,24]. See related discussion under
section III.E.
1. Echocardiographic quantitation of regurgitant flow across valves damaged by

BE, combined with echocardiographic assessment of left ventricular function
and clinical findings, allows accurate identification of patients who will benefit
from surgical correction of valve dysfunction.

2. Similarly, judgment regarding the timing of surgical intervention is facilitated
by echocardiographic findings. Simultaneous reading of the electrocardiogram
(EKG) and an M-mode image of the mitral valve can identify premature closure
(before the onset of systole) of the valve, which is a sign of left ventricular
overload with cardiac decompensation and indicates a need for prompt surgical
intervention.

3. The Doppler studies can reveal aberrant flow through fistulous connections,
thereby identifying patients with invasive extravalvular disease. Similarly, the
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TEE has been shown to be highly sensitive and specific, in comparison with TTE,
for identifying paravalvular and septal myocardial abscesses (see section III.E)
[62]. Also, by identifying pericarditis and pericardial effusion in patients with
aortic valve BE, a finding often associated with aortic ring abscess, the echocar-
diogram may call attention to this intracardiac complication. These findings
suggest the need for surgical intervention.

4. The demonstration of vegetations, especially large ones in patients with BE,
often raises anxiety about serious emboli and the advisability of valve replace-
ment. In many studies, patients with vegetations detectable by echocardiog-
raphy have had higher rates of CHF and systemic embolization than patients
without detectable vegetations, and in some series these rates are particularly
increased when vegetations are greater than 10 mm in diameter.

Vegetation mobility and valve location also may be important factors in
the rate of embolization [66,67]. However, studies relating imaged vegetations
to embolic complications have not routinely distinguished whether complica-
tions preceded or followed echocardiography. In some studies echocardiogra-
phy does not demonstrate vegetation characteristics that are associated with
subsequent embolization [68]. Furthermore, the rate of embolic events in endo-
carditis decreases rapidly (over 2–3 weeks) with effective antimicrobial therapy.
Additionally, decision analyses that weigh the risks of surgical intervention
against the hazards of continued medical therapy are not available for these
situations.

As a result, there is no general agreement as to the predictive value
of demonstrable vegetations, whatever the size or location, in terms of the
need for prompt surgical intervention. Decisions for surgery are based primar-
ily on assessment of valve dysfunction, hemodynamics, antibiotic efficacy, and
intracardiac complications, although the presence, size, mobility, and location
of vegetations may be important additional considerations when, despite the
primary assessment, the role of surgery remains uncertain [69].

I. Timing of surgery
1. Hemodynamic considerations. If there is valvular regurgitation and signif-

icant impairment of cardiac function, surgical intervention before the develop-
ment of severe intractible hemodynamic dysfunction is recommended regardless
of the duration of preceding antimicrobial therapy [65,70]. In those patients with
valvular dysfunction but in whom infection is controlled and cardiac function
maintained, surgery can be put off until a course of antibiotics is completed. If a
patient will require a valve replacement in the near future and has a large veg-
etation that will put him or her at risk for systemic embolization, early surgery
is indicated. (See section H.4.)

2. Neurologic considerations. The presence of recent neurologic injury may
require modification of a planned surgery schedule. When control of infection
and maintenance of cardiac function permit, it has been suggested that cardiac
surgery should be delayed for 2 to 3 weeks after a significant embolic infarct
and for at least a month after intracerebral hemorrhage [71]. Not all authorities
agree [72], however, and the reader is referred elsewhere for a more complete
discussion [2].

J. Postoperative antibiotics. Duration of antibiotic therapy following valve re-
placement is not clearcut. It has been suggested that the full course of antibiotics
be given postoperatively if cultures of the blood or the valve are positive at the time
of operation or if results of Gram staining of resected tissue are positive. Otherwise,
the usual course should be completed, but a minimum of 2 weeks of postoperative
antibiotic therapy should be given.

K. Survival after surgery for culture-positive active endocarditis has recently been
reviewed [73–75]. Mortality rates of 20% to 30% or more have commonly been
reported in the acute perioperative phase. However, the long-term outcome of hos-
pital survivors is excellent. Subsequent reoperations for periprosthetic leak are
common, but recurrent infection is uncommon.

L. See related discussions about the indications for surgery in section V.B under
Endocarditis Associated with Prosthetic Valves.
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IX. Course and complications of BE [76]
A. General. When appropriate antibiotic therapy is begun, symptomatic improve-

ment, decline in fever, and reversion of blood cultures to negative are usually
prompt. With sensitive organisms, this is likely to occur in 24 to 48 hours, but
with more resistant ones, such as S. aureus, it may take several days to a week
before definite improvement is noted, and it may be 2 weeks or more before the
patient is afebrile. Many patients who have become afebrile will continue to be so
through a course of therapy, without further difficulty.

Anemia usually persists during the course of therapy, and it may take weeks
or months for the hematocrit to return to normal. Splenomegaly also tends to
resolve very slowly. Some patients will continue to have petechiae or Osler nodes
during or after a course of successful therapy. The occurrence of these does not nec-
essarily reflect antibiotic failure. Significant arterial emboli also may occur up
to months after completion of therapy, in the absence of any bacteriologically
active disease.

B. Fever. One of the most common problems seen during the course of therapy is
persistence or recurrence of fever after an afebrile period [77,78]. If the infecting
organism is known to be sensitive and appropriate doses of antibiotics are being
administered, simple bacteriologic failure is rarely the cause.
1. Causes of recurrent or persistent fever

a. Failure to control infection. If the infecting organism has a relatively
high degree of antibiotic resistance, fever and positive blood cultures may
persist despite optimal antimicrobial therapy. Failure to control infection in
this circumstance indicates that valve replacement is necessary.

In one study, extensive cardiac infection with discrete abscesses extending
from the valvular ring or with widespread tissue destruction without local-
ized abscesses was the most common cause of persistent or recurrent fever;
valve replacement was required [78]. More than half the cases were caused
by viridans streptococci, and most were not accompanied by pericarditis or
conduction defects.

b. Intravenous-related phlebitis (sterile or septic) can occur, particularly
with indwelling catheters.

c. Metastatic abscess formation is more likely to occur in staphylococcal in-
fection than in infection by other organisms. Splenic abscess occurs in 3% to
5% of patients with IE [76]. Drainage, which can often be accomplished per-
cutaneously, is generally necessary for successful therapy [79]. It is desirable
to treat abscesses as completely as possible before valve replacement [27].

d. Recurrent emboli from the endocardium or from deep venous thrombosis
can occur.

e. Superimposed infections involving the urinary tract, respiratory tract, or
other sites are not uncommon.

f. Drug fever is a common cause of recurrent fever in this setting (see
Chapters 1 and 24).

2. Approach to the patient with recurrent or persistent fever
a. A careful reevaluation of symptoms and physical findings, aided by

appropriate laboratory and other diagnostic procedures directed toward the
possibilities listed in section 1, is indicated.

b. Drug fever is reviewed in Chapter 1.
C. Cardiac effects

1. CHF occurring during or after treatment of endocarditis is the most common se-
rious cardiac complication of the disease and the major cause of mortality. CHF
usually results from destruction of valves during the course of active disease or
from subsequent shrinkage or scarring of valves or their supporting structures,
although myocarditis also may contribute. Patients who develop aortic insuf-
ficiency are especially prone to rapid and severe cardiac decompensation. The
role of surgery in these circumstances has been discussed previously.

2. Conduction abnormalities may occur. The appearance of new or changing
conduction block suggests extension of infection to the myocardium and is as-
sociated with aortic valve involvement in most cases. It has been recommended
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that valve replacement be considered in patients who develop conduction
abnormalities that persist for more than a week during medical therapy and
that are not secondary to drugs or ischemic heart disease [80].

3. Coronary embolization with myocardial infarction can occur and may con-
tribute to CHF.

4. Valvular obstruction due to large vegetations occasionally is seen and gener-
ally involves the mitral valve.

D. Mycotic aneurysms can be seen in 5% to 10% of cases of BE in autopsy series
[81]. These can occur at any site in the arterial vasculature, usually at points of
bifurcation. There is a 1% to 3% incidence of intracranial mycotic aneurysms [82].
There may be prodromal symptoms, such as headache before rupture, that warrant
investigation such as arteriography. Mycotic aneurysms may resolve during antibi-
otic therapy. They should be monitored angiographically. Urgent repair should be
considered for those that enlarge during or after antibiotic therapy. Repair of a
ruptured aneurysm is indicated if anatomically feasible [2].

E. Renal complications [83,84]—specifically, focal or diffuse glomerulonephritis—
may be seen in the course of endocarditis. Both types of glomerulonephritis are
probably immunologically mediated by renal deposition of circulating immune com-
plexes, often with decreased levels of serum complement.
1. Focal glomerulonephritis is the more common form and results in protein-

uria and hematuria but rarely in renal insufficiency.
2. Diffuse glomerulonephritis can cause significant renal failure. The picture

sometimes is complicated by concomitant administration of nephrotoxic antibi-
otics or by the possibility of interstitial nephritis from penicillins. The occur-
rence of diffuse glomerulonephritis is related to duration of disease and is less
common today than in the preantibiotic era. Renal insufficiency secondary to dif-
fuse glomerulonephritis is likely to improve with appropriate therapy, although
it may not respond well after extensive damage has occurred.

F. Complications of antibiotic therapy
1. Drug fever is discussed in Chapter 1.
2. Allergic drug reactions. In addition to fever, prolonged administration of

high-dose penicillins or cephalosporins results in a significant rate of allergic
drug reactions (see Chapter 24).

3. Aminoglycoside toxicity is discussed in Chapter 27.
4. Acute interstitial nephritis, often accompanied by renal insufficiency, may

be seen with the use of almost any penicillin or cephalosporin, although the
incidence is much higher with methicillin (see Chapter 27).

5. Neutropenia is relatively common secondary to β-lactams, especially after
15 days of therapy [85].

X. Evaluating sustained bacteremia. Diagnostic criteria should be applied to assess
the likelihood of IE (see section III.F). Among patients with S. aureus bacteremia,
the risk of IE is highest in community-acquired infection, in the absence of a periph-
eral focus, in IVDUs, in diabetics with chronic skin infections, and in patients with
preexisting valve abnormalities [2,86,87]. The risk of nosocomial IE due to S. aureus
bacteremia secondary to an i.v. catheter is significant [88]. Patients with S. aureus
bacteremia who have known cardiac valve disease, develop a new significant murmur,
or have persistent fever or bacteremia for 3 or more days after removal of a presumed
primary focus of infection (e.g., intravascular catheter or abscess) and initiation of
therapy merit echocardiographic evaluation because they are at high risk for IE [2].

A review found IE in 12 of 34 cases of enterococcal bacteremia that were community
acquired, but in only 1 of 118 that were of nosocomial origin [89].

See section IV. B under Endocarditis Associated with Prosthetic Valves for discus-
sion involving prosthetic valves.

ENDOCARDITIS ASSOCIATED WITH PROSTHETIC VALVES
The incidence of PVE is highest during the initial 6 to 12 months after valve replacement
but continues at a low rate thereafter. By 4 to 5 years postoperatively, as many as 3% to
6% of patients may have had PVE. In most series, the rate of infection in mechanical and
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bioprosthetic valves is similar. Rates of infection are similar for prostheses at the mitral or
aortic position [90].

I. Time of onset of PVE
A. PVE occurring within 12 months (especially that within 2 months) of valve re-

placement presumably is likely to have been acquired at the time of operation or
in the early postoperative period. Potential sources of contamination accounting for
these cases are the heart-lung machine itself, coronary suction lines, other sources
of intraoperative contamination, postoperative i.v. and urinary catheters, postop-
erative pneumonias, and sternal wound infections. In individual cases, however, a
definite source of infection often is not identified.

B. PVE presenting more than 12 months postoperatively. Late infections pre-
sumably are caused by bacteremia unrelated to the initial surgical procedure and
often occurring in a community setting.

II. Pathologic features. With mechanical valves, infection involves the valve annulus at
the site of attachment, resulting in ring abscesses, with frequent extension to adjacent
structures [90]. With aortic valve involvement, prosthetic detachment often leads to
severe regurgitation, and extension of infection to conducting tissue may cause serious
conduction defects. With mitral prosthesis involvement, severe regurgitation or con-
duction defects are less common, but obstruction by vegetative material may be encoun-
tered. With bioprosthetic valves, ring abscesses occur when infection arises in the
year after valve replacement. Infection beginning later is more typically (but not always)
confined to the valve leaflets. Infection may destroy the leaflets of bioprosthetic valves
or may cause delayed-onset leaflet stiffness with later development of stenosis [90].

III. Microbiologic features. S. epidermidis and S. aureus together account for almost half
the total cases of PVE. The microbiologic profile of PVE within 12 months of surgery
differs from that of later onset.
A. In early PVE, S. epidermidis is the most common organism, with occasional infec-

tions by S. aureus, diphtheroids, gram-negative rods, and fungi.
B. In later-onset PVE, viridans streptococci, enterococci, S. aureus, and fastidi-

ous gram-negative coccobacilli often are encountered. Coagulase-negative staphy-
lococci may cause 20% of these later infections. Importantly, coagulase-negative
staphylococci that cause PVE within 12 months of surgery often are methi-
cillin resistant (>75%), whereas those causing later-onset PVE are less commonly
methicillin resistant (<30%) [90,91].

C. Culture-negative PVE occurs occasionally. Most often, it is the result of recent
antimicrobial therapy. However, PVE due to Legionella species, mycelial fungi, C.
burnetii, Mycoplasma species, mycobacteria, and occasional fastidious bacteria may
cause PVE with negative routine blood cultures [90].

IV. Diagnosis
A. Clinical features. The clinical picture may be nonspecific or atypical, and precise

diagnosis may be difficult, particularly during the initial weeks after surgery.
1. Fever. An unexplained and persistent fever in patients with prosthetic valves al-

ways raises the possibility of endocarditis. Therefore, serial blood cultures should
routinely be drawn in febrile patients with prosthetic valves.

2. Cardiac findings of either a new regurgitant murmur (indicating a paravalvular
leak) or unexplained refractory heart failure are important clues to the diagnosis
of PVE.

3. The presence of embolic phenomena or immunologically mediated vasculitic
lesions helps support the diagnosis, but their absence does not exclude the diag-
nosis.

B. As the time after surgery increases (>6 months), the clinical features usually are
similar to those of BE in patients without prosthetic valves. However, the diagnosis
of endocarditis in the early postoperative period often presents considerable difficul-
ties, with multiple other nosocomial events confounding the evaluation of postoper-
ative bacteremia. Patients with no cardiac or peripheral evidence of endocarditis are
particularly problematic in this respect.
1. If sustained bacteremia is caused by relatively avirulent organisms that are not

otherwise expected to be invasive (e.g., S. epidermidis, micrococci, or diphtheroids)
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or if there is no apparent extracardiac source for bacteremia, the patient should
be treated for endocarditis.

2. Transient bacteremia, with gram-negative rods especially, may or may not in-
dicate endocarditis in this setting. It has been suggested that the postoperative
patient with gram-negative rod bacteremia associated with an obvious extracar-
diac focus of infection and no clinical evidence of endocarditis need not be placed
on prolonged therapy for presumed valvular infection. If bacteremia recurs after
a course of therapy sufficient to eradicate the extracardiac focus, endocarditis
must be seriously considered.

Some prefer to treat all valve recipients with bacteremia for presumed endo-
carditis. In one study, only 16% of valve recipients with nosocomial bacteremia
(not due to PVE itself) went on to develop subsequent PVE [92]. Staphylococcal
bacteremia and the presence of a prosthetic mitral valve was associated with an
increased risk for PVE [92]. Infectious disease consultation is advisable.

3. Sustained S. aureus bacteremia should be treated as endocarditis.
4. Nosocomial candidemia in patients with prosthetic valves is not always associ-

ated with nor results in PVE. In one study of 44 patients, approximately 15%
had obvious PVE when candidemia was identified and another 10%, often with
early postoperative candidemia, subsequently developed PVE. The interval from
candidemia to overt PVE may be long (26–690 days) [93].

C. Blood cultures
1. In the absence of antibiotic therapy, most patients with prosthetic valve BE (85%–

95%) have positive blood cultures [90].
2. With some causes of PVE, however, blood cultures may be negative (see section

III.C). Infections with Candida species can occasionally result in intermittent
fungemia or negative cultures. With Aspergillus or other mycelial fungi causing
PVE, blood cultures are usually negative. Fungal PVE may result in emboli to
large vessels, and the diagnosis often depends on the demonstration of fungi in
resected large emboli (see Chapter 17).

3. It is important that the etiology of PVE not be obscured by premature antibiotic
treatment [90].
a. Indolent endocarditis, in the absence of hemodynamic instability that man-

dates surgical intervention, does not require immediate antimicrobial therapy.
Antibiotics should be withheld briefly pending the isolation of an organism
from blood culture [90].

b. If oral antibiotics that might render initial blood cultures sterile have been
given, this delay (3–5 days) is particularly important because it allows blood
cultures to be repeated without the interference of additional therapy [90].

c. Presentations of PVE that are acute or complicated by hemodynamic instabil-
ity due to prosthetic valve dysfunction require that blood cultures be obtained
and antibiotics administered promptly.

D. Other aids to diagnosis. EKG demonstration of conduction defects, such as in-
creasing P-R interval, complete heart block, or left bundle branch block, suggest
infection invading the conduction system. Echocardiography may be useful in
detecting large vegetations, prosthesis detachment, perivalvular abscess, or peri-
carditis. TEE, which is exceptionally useful in evaluating prostheses in the mitral
position, is indicated when investigating patients with possible PVE. TEE provides
excellent views of the posterior portion of the aortic prosthesis; the anterior aortic
root area is better visualized from a transthoracic approach. In patients at high risk
of PVE, repeat studies may detect abnormalities not noted on the initial echocar-
diogram. TEE is strikingly more sensitive in the detection of myocardial abscess in
patients with PVE than is TTE [90]. Nondiagnostic TTE evaluations are insufficient
to exclude the diagnosis of PVE [21,24,67].

V. Therapy for PVE
A. Antibiotic therapy follows the same general principles previously outlined for na-

tive valve endocarditis [90]. Bactericidal antibiotics are used and administered par-
enterally. Because antibiotics are often given for 6 weeks, recovery of the causative
organism and careful determination of susceptibility data are essential [90] (see
section IV.C).
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1. S. epidermidis. Most S. epidermidis isolates from patients with PVE are resis-
tant to semisynthetic penicillins such as methicillin (see section III), although
this may not be apparent by routine disk diffusion tests or automated MIC tests
using a low bacterial inoculum. Careful evaluation of these isolates using proper
methods is necessary [90]. Strains that are resistant to methicillin are also resis-
tant to cephalosporins and other β-lactam antibiotics when studied carefully.

The best results have been obtained with a combination antimicrobial regi-
men that includes rifampin and gentamicin if the organism is sensitive to these
agents. The usual recommended dosages, assuming normal renal function, are
vancomycin (see Chapter 27 for dosage regimens); rifampin 300 mg orally every
8 hours; and gentamicin 1.0 to 1.3 mg/kg every 8 hours. To prevent emergence of
rifampin resistance, it has been suggested that vancomycin be adjusted to give
peak levels of 25 to 35 µg/mL and trough levels of 10 to 15 µg/mL and that gen-
tamicin dosage be adjusted to give a 5-µg/mL peak and 1-µg/mL trough [41,90].
Additive nephrotoxicity may result from simultaneous vancomycin and gentam-
icin administration; therefore, renal function should be monitored carefully (see
Chapter 27). Ideally, the vancomycin and rifampin are given for 6 weeks and the
gentamicin (if the strain is susceptible) for the first 2 weeks. If a strain is resis-
tant to gentamicin and other aminoglycosides, a fluoroquinolone with enhanced
gram-positive activity (if the strain is susceptible to it) may be used in lieu of the
aminoglycoside [90]. Most patients require valve replacement in addition
to antibiotic therapy.

For treatment of PVE caused by methicillin-susceptible S. epidermidis, a β- lac-
tam antibiotic should be substituted for vancomycin in the combination regimen
[41,58,90].

The treatment of PVE caused by S. aureus uses the same regimens recom-
mended for treatment of S. epidermidis PVE. The decision to use vancomycin or
a semisynthetic penicillinase-resistant penicillin is based on whether the isolate
is methicillin resistant or whether the patient has a therapy-limiting penicillin
allergy.

2. Other organisms are treated with high doses of i.v. antibiotics guided by sensi-
tivities, as discussed earlier in section VI under Infective Endocarditis. Antibiotics
usually are administered for at least 6 weeks; a longer course may be required
for patients who do not respond promptly. In the setting of PVE, every ef-
fort should be made to attain maximum bactericidal blood levels. For
example, it probably is best to add an aminoglycoside to penicillin for sensitive
viridans streptococci infection, even though this may not be necessary for native
valve infection.

3. Initial therapy while awaiting culture results. The decision to start antibi-
otic therapy before a microbiologic diagnosis has been established should be based
on the clinical findings. Of particular importance is the possible need for urgent
surgical intervention. In selecting antibiotics for empiric therapy, the clinical and
epidemiologic circumstances must be weighed. The time that has elapsed since
valve replacement may provide insight into potential causes of PVE (see sec-
tion III) and should be carefully considered. In general, therapy should include
vancomycin, gentamicin, and to provide coverage for HACEK organisms, a third-
generation cephalosporin.

Antibiotics are adjusted when culture results become available. If blood cul-
tures remain negative, the causes of culture-negative PVE should be sought. For
patients with culture-negative PVE who remain febrile during empiric therapy,
surgery should be considered. Infectious disease consultation is advised.

B. Surgery
1. Indications for surgery in PVE are similar to those previously discussed for

native valve endocarditis [22,65] (see section VIII under Infective Endocarditis),
and they have been summarized in Table 12.3. Some of these indications are
not absolute but rather serve to prompt careful consideration of surgical therapy.

Because invasive infection unlikely to respond to antibiotics alone is often
a feature of PVE beginning within 12 months after valve implantation, these
patients often benefit from surgical intervention. Evidence of invasive disease



P1: HDS/2 P2: IML/SPH QC: IML/ABE T1: IML

PB207B-12 PB207A-Betts/6678F September 3, 2002 7:10 Char Count= 0

390 12. Cardiac Infections

Table 12.3. Indications for Cardiac Surgery in Patients with Prosthetic Valve Endocarditis
(PVE)

Moderate to severe heart failure due to prosthesis dysfunction (incompetence or
obstruction)

Invasive and destructive paravulvular infection
Partial valve dehiscence
New or progressive conduction system disturbances
Fever persisting 10 or more days during appropriate antibiotic therapy
Purulent pericarditis
Sinus of Valsalva aneurysm or intracardiac fistula

Uncontrolled bacteremic infection during therapy
Infection caused by selected organisms

Fungi
Staphylococcus aureusa

Coagulase-negative staphylococcia
Pseudomonas aeruginosa

Relapse after appropriate antimicrobial therapy
Persistent fever during therapy for culture-negative PVE in absence of other causes of fever
Recurrent arterial embolib

Renal failure with severe aortic regurgitationc

aAlthough not a uniformly accepted indication for surgical treatment of PVE, several investigators favor
surgical therapy for PVE caused by S. aureus or coagulase-negative staphylococci [90,95]. This may
especially apply to patients who do not respond rapidly to antibiotic therapy.
bRather than an indication for surgery, the potential for additional systemic emboli is often viewed as a
factor that, in combination with other considerations, might help to justify surgery. Reviews suggest that
recurrent emboli are rare in patients who are receiving appropriate antibiotics [90].
cThe presence of deteriorating renal function in patients with endocarditis associated with severe aortic
regurgitation is indicative of low cardiac output and should, in itself, stimulate urgent operation [22].
Modified from Karchmer AW. Infections of prosthetic heart valves. In: Bisno AL, Waldvogel FA, eds.
Infections associated with indwelling medical devices. 3rd ed. Washington, DC: American Society for
Microbiology, 2000: 145–72; Jamieson SW. Surgical therapy for infective endocarditis. Mayo Clin Proc
1995;70:598; with permission.

even in the absence of CHF warrants surgery [90,94]. PVE caused by S. aureus
is unusually lethal, with low cure rates attributed to antibiotic therapy alone;
affected patients should be considered for early surgical intervention [90]. Fail-
ure to achieve an afebrile status with appropriate antibiotic therapy, assuming
drug fever and metastatic infection have been ruled out, is evidence of invasive
disease and should prompt consideration of surgery.

Similarly, relapse after appropriate medical therapy usually is due to invasive
disease; patients who experience such a relapse should be treated surgically. Fail-
ure of a patient with culture-negative PVE to become afebrile in 10 days indicates
either inappropriate empiric therapy or invasive disease. Such patients should
undergo surgery to clarify the etiology of PVE and debride invasive infection.
Surgical intervention is appropriate and probably beneficial in as many as 40%
to 50% of patients with PVE [90].

2. Results of PVE surgery have been reviewed elsewhere, and operative mortality
rates range from 20% to 30% [73]. However in a recent series, those who survived
the surgical period had a good 5- to 10-year survival rate with about 70% at 5 years
and 60% at 10 years [73]. There appears to be no striking difference in survival
whether a valve replacement is with tissue or mechanical prostheses [22,73].

In a recent report, operative mortality was related to the presence of an abscess
at the time of operation. Formation of an abscess cavity was commonly associated
with staphylococcal infections, PVE, and the aortic site [22,73].

VI. Prevention of PVE. See Chapter 27.
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ENDOCARDITIS IN INTRAVENOUS DRUG USERS
I. Clinical characteristics and diagnosis. Symptoms of endocarditis in IVDUs are

usually of 1 to 2 weeks’ duration at the time of presentation, and fever is almost always
observed. Endocarditis often is difficult to predict on clinical grounds in the febrile IVDU,
and it differs from that in nonaddicts in several respects [96,97].
A. Preexisting valvular abnormalities are usually absent.
B. Tricuspid valve involvement approximates 50% to 75% of episodes. Repeated injec-

tions of particulate foreign material may damage the tricuspid endothelium, predis-
posing it to infection during a bacteremic episode. With isolated tricuspid involve-
ment, a murmur is often undetectable. Neurologic and peripheral manifestations
of endocarditis are relatively infrequent. Symptoms of cough, hemoptysis, dyspnea,
and pleuritic chest pain associated with pneumonia or septic pulmonary emboli are
common.

C. Aortic or mitral valves are involved in roughly 25% to 33% of patients. Pulmonic
valve involvement is rare. Left-sided endocarditis produces a clinical pattern similar
to that seen in nonaddicts.

D. There is a high rate of recurrence, presumably due to continued parenteral drug use
[98].

II. Microbiologic features. S. aureus, the single most common organism responsible for
endocarditis in IVDUs, accounts for approximately 60% of the total isolates and 80% of
those in right-sided disease. Streptococci and enterococci comprise approximately 20%
and cause left-sided endocarditis in the great majority of cases. P. aeruginosa and other
aerobic gram-negative bacilli account for 10% to 15% and can display marked regional
variation. Fungi, mainly Candida species, cause predominantly left-sided endocarditis
and account for approximately 5%. Polymicrobial blood cultures are reported in nearly
5% and negative blood cultures in fewer than 10%.

III. Treatment. Antimicrobial therapy for endocarditis in drug addicts follows the same
principles outlined earlier for the nonaddict population, except that presumptive ther-
apy should include gram-negative coverage; indications for a surgical approach to left-
sided disease also are similar. A short course (2 weeks) of a penicillinase-resistant peni-
cillin and an aminoglycoside has been effective in uncomplicated right-sided IE caused
by methicillin-sensitive S. aureus in drug users [99]. Dosing is as for standard staphylo-
coccal IE therapy. Vancomycin should not be substituted in this setting [99]. Cloxacillin
alone for 2 weeks also has been effective [100]. Patients with S. aureus tricuspid valve
involvement usually do well, but occasional cases that are refractory to antimicrobial
therapy require valvulectomy with or without valve replacement.

IV. Prognosis. The mortality rate among addicts with staphylococcal endocarditis is con-
siderably lower than that of the general population. This probably reflects the younger
population involved, a lower incidence of underlying heart or other serious diseases,
and the frequency of isolated tricuspid valve involvement. However, the mortality for
repeated bouts of endocarditis and of gram-negative or fungal endocarditis remains
high.

The course of BE in IVDUs who are HIV positive is similar to that in HIV-negative
patients [101]. However, mortality is increased for those with a CD4 count below 200/mm
[102].

PERICARDITIS AND MYOCARDITIS
I. Pericarditis [103]

A. Clinical characteristics. Pericarditis, sometimes accompanied by clinically signif-
icant myocarditis, may present as the sole or major manifestation of an infectious
illness, or it may occur as a minor or incidental finding. The patient is usually febrile,
and the diagnosis is suggested by symptoms of substernal pain or discomfort, which
sometimes is relieved by sitting up and leaning forward; the presence of a pericardial
rub is confirmatory. Occasionally, pericarditis may present with signs and symptoms
of cardiac tamponade. Roentgenographic findings of an enlarged cardiac silhouette
may be seen. Typical EKG changes are generalized ST segment elevations without
reciprocal ST depression except in leads V1 and aVR. Low-voltage QSR complexes
may be seen with sizable pericardial effusions. Echocardiography is a sensitive and
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reliable noninvasive procedure for demonstrating the presence of significant amounts
of pericardial fluid.

B. The cause often is difficult to establish. Numerous noninfectious as well as infectious
causes must be considered.
1. Noninfectious causes. Among these are uremia, neoplasm, trauma, myocardial

infarction, postmyocardial infarction (Dressler syndrome), connective tissue dis-
eases (e.g., lupus erythematosus, rheumatoid arthritis), and rheumatic fever. His-
tory, physical examination, and appropriate laboratory studies should be directed
toward ruling these out.

2. Infectious causes [104,105]. Although their true incidence is not known, viral
agents probably are the most common cause of infectious pericarditis in the
United States. Among proved or highly suspect viral agents, the most important
are enteroviruses, especially coxsackievirus B, coxsackievirus A, and echovirus.
Numerous other viral agents have been implicated. The most common diagno-
sis, especially in young patients without other apparent cause, is idiopathic or
nonspecific pericarditis. This is often equated with viral pericarditis, although in
most cases a definite viral cause cannot be proved. Much less common are cases
of pyogenic or tuberculous pericarditis; nonetheless, it is important to rule these
out in suggestive clinical settings. Other infectious agents known or suspected to
cause pericarditis are fungi, rickettsiae, chlamydiae, mycoplasmas, protozoa, and
Legionella pneumophila.

C. Differential diagnosis. Although the patient’s history, physical findings, and ancil-
lary diagnostic tests may help, specific diagnosis of presumed infectious pericarditis
usually will depend on examination of pericardial fluid or on pericardial biopsy. How-
ever, these procedures often are not diagnostic and, in most patients, are not indicated.
In a case of pericarditis in which the cause is still unknown after the usual diagnostic
studies, one often needs to decide whether pericardiocentesis or pericardial biopsy
should be performed. This decision must be individualized. Should any evidence of
impending tamponade appear, a procedure is necessary for therapeutic purposes, and
diagnostic information can be obtained at the same time.

In the case of the typical idiopathic pericarditis that appears to follow a relatively
benign course, it usually is best to observe the patient and treat symptomatically.
Should fever persist for more than a few weeks, or should the clinical course appear
to be one of continued toxemia or deterioration, open drainage of the pericardium,
with pericardial biopsy, may be indicated.

D. Specific infections
1. Viral, idiopathic, or nonspecific pericarditis

a. Presentation. In the case of viral, idiopathic, or nonspecific pericarditis, the
illness tends to present acutely. In some cases, a history is obtained suggesting
a viral respiratory or gastrointestinal infection that began 2 to 3 weeks previ-
ously. Signs and symptoms may be those of pericarditis alone, or there may be
accompanying pleural effusions or pulmonary infiltrates.

b. Course and complications. The illness usually follows a benign course, re-
solving in 2 to 6 weeks, but symptoms may recur in 15% to 30% or more of pa-
tients [106]. The latent period between the preceding viral infection and the first
symptoms of pericarditis, as well as the continued relapsing course observed
in some patients, suggests a postinfectious, immunologically mediated process.
Associated myocarditis, reflected by EKG changes, is frequent and occasionally
is severe enough to cause cardiomegaly and CHF. Chronic cardiomyopathies
have been observed in some patients. Hemorrhagic pericardial effusions, car-
diac tamponade, and chronic constrictive pericarditis also have been described.

c. Diagnosis. The diagnosis often is presumptive and depends on observation of
the clinical course after specific etiologies have been ruled out as carefully as
possible.
(1) Cultures and serologic studies. Viral cultures of the pharynx, fecal spec-

imens, and pericardial fluid may be performed, but in most cases the results
are negative. Examination of acute and convalescent sera for a fourfold or
greater increase in antiviral antibody may be helpful if a specific virus has
been isolated. Screening for antibody to all possible viruses is not practical.
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(2) Pericardial drainage and biopsy may be indicated in some patients for
diagnostic purposes. Cardiac tamponade, or impending tamponade, occurs
occasionally and requires drainage through an open surgical procedure or
pericardiocentesis. Open drainage, which is preferred by many, offers an
opportunity for examination of pericardial tissue. This is useful primar-
ily in ruling out nonviral causes such as tuberculosis or tumor. The fluid
and tissue can be cultured for virus and the tissue examined by histologic
and immunofluorescent techniques. Histology is nonspecific, however, and
viruses are isolated infrequently.

(3) Treatment. Other than pericardial drainage when indicated, management
for idiopathic and viral pericarditis consists of bed rest, pain control, and
monitoring for evidence of hemodynamic compromise. Animal model data
suggests nonsteroidal antiinflammatory agents, and prednisone may exac-
erbate the myocarditis that can accompany viral pericarditis [104]. These
agents should thus be avoided if there is any clinical suspicion or chemical
evidence of myocarditis. Idiopathic and viral pericarditis typically run a be-
nign and self-limited course. Relapses may occur. Colchicine may be useful
in these settings [107]. Steroids and other immunosuppressive regimens
are sometimes used [108].

2. HIV-related pericarditis [109,110] is common enough that risk factors should be
assessed in the presentation of pericarditis. When large symptomatic pericardial
effusions in patients with HIV were aggressively investigated, two-thirds were
found to have an identifiable cause [111]. Approximately one-third of HIV-positive
patients with tamponade will have mycobacterial disease (M. tuberculosis or
M. avium-intracellulare) [111].

3. Purulent pericarditis [112,113].
a. Presentation. Purulent pericarditis almost always occurs in the setting of

other serious disease or a surgical procedure and results from postopera-
tive infections after thoracic surgery (commonly open heart surgery); contigu-
ous spread of infection from pleural, mediastinal, or pulmonary foci; contigu-
ous spread from intracardiac infections (endocarditis, myocardial abscess); or
hematogenous spread of infection from distant foci. Although the patient is ob-
viously ill, specific signs of pericarditis such as chest pain, pericardial rub, or
EKG changes often are absent. The disease is likely to follow a rapidly progres-
sive course and carries a high mortality rate.

b. Microbiologic features. In the preantibiotic era, Streptococcus pneumoniae,
usually associated with pneumonia, caused more than 50% of cases of puru-
lent pericarditis; staphylococci and streptococci were the next most common
causative agents. More recently, staphylococci and gram-negative bacilli ac-
count for the majority of cases, usually occurring after major surgery or in
patients with uremic pericarditis, cancer, myocardial infarction, diabetes, and
immunosuppressed states. Meningococci, streptococci, gonococci, H. influenzae,
and a variety of other bacteria as well as fungi [114] also are reported.

c. Diagnosis and treatment. Prompt drainage of pericardial fluid is es-
sential for diagnostic and therapeutic purposes. This may be attempted
with pericardiocentesis, but surgical intervention with drainage through a peri-
cardial window usually is preferable due to the thick nature of the infected fluid
and should not be delayed. Antibiotic therapy is guided by results of Gram stains
and cultures of pericardial fluid or tissue. High doses of parenteral antibiotics,
equivalent to endocarditis regimens, are used. The role of early pericardiectomy
is controversial.

4. Tuberculous pericarditis [115]
a. Presentation. Tuberculous pericarditis may occur as the only clinically ev-

ident manifestation of tuberculosis, or it may be accompanied by pulmonary
or other (extrapulmonary) disease. Tuberculous pericarditis has its origins in
extension from adjacent pulmonary, bone, or lymph node disease; retrograde
lymphatic spread from tracheobronchial nodes; or hematogenous dissemina-
tion. The presentation may be acute, subacute, or chronic. The acute disease
may be productive and granulomatous, with little effusion, or it may present
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with abrupt accumulation of fluid and may cause tamponade. The presenta-
tion usually is insidious, however, with slow accumulation of pericardial fluid.
Chronic constrictive pericarditis may result.

b. Diagnosis. If pericarditis occurs in association with proven active pulmonary
or extrapulmonary tuberculosis, the presumptive diagnosis usually is made and
the patient is treated accordingly. Otherwise, specific diagnosis depends on ex-
amination of pericardial fluid or on pericardial biopsy. Acid-fast organisms usu-
ally are not seen in pericardial fluid, and diagnosis is made mainly on the basis of
cultures of fluid and pericardial tissue and histologic examination of biopsy ma-
terial. Granulomatous pericarditis should be regarded as tuberculous if no other
cause can be found, even if acid-fast bacilli are not demonstrable histologically.

c. Treatment is with specific antituberculous agents. Optimal regimens
have not been clearly established. Data reviewed in Chapter 11 suggest that
extrapulmonary tuberculosis due to susceptible organisms can be treated in
the same way as pulmonary tuberculosis if isoniazid and rifampin are not con-
traindicated. (If alternate drugs must be used, infectious disease consultation is
advised.) For additional discussion and specific dosage regimens, see Chapter 11
under Tuberculosis.

The indications for corticosteroid therapy and pericardiectomy are
controversial. Steroids may hasten symptom resolution and decrease fluid
reaccumulation [116].

II. Myocarditis [117]
A. Viral. Most infectious myocarditis in the United States is of viral origin. Coxsackie

B virus is the most common specific organism. It is suspected that many cases of
myocarditis that are classified as idiopathic are also due to an undiagnosed viral
etiology. Numerous other viruses have been reported to cause myocarditis.
1. Pathophysiology. In recent years, it has been concluded that the myocardial in-

jury stems not from the virus itself, but from immunologic responses initiated by
the virus. The responses leading to the immune-mediated injury are incompletely
defined. Some individuals may be especially prone because of inherent immunoreg-
ulatory defects.

2. Clinical presentation. Sixty percent of individuals complain of an antecedent
flulike illness. The spectrum of presenting symptoms ranges from malaise and
mild chest pain to cardiogenic shock. Typical complaints include palpitations and
chest pain that may be pericardial, ischemic, or atypical sounding by description.
Heart block and syncope may be seen.

3. Diagnosis. No blood tests are diagnostic, and viral testing has the same limita-
tions as in pericarditis. Nonspecific ST and T-wave changes on EKG are common.
Supraventricular and ventricular arrhythmias are frequently seen. Echocardio-
graphy can show a broad array of abnormalities, including wall thickening and
segmental wall motion abnormalities. Indium 111–labeled antimyosin anti-
body imaging can detect myocardial necrosis. Contrast-enhanced magnetic
resonance imaging may be helpful.

The gold standard for diagnosis has long been the endomyocardial biopsy, but
many experts now feel it is not routinely warranted [118].

4. Treatment. Neither immunosuppression nor immunomodulation have been of
consistent benefit. At present, therapy consists of control of symptoms and poten-
tial cardiac complications.

5. Prognosis. One-third of patients may have persistent abnormalities ranging from
mild EKG changes to CHF. Although the association between acute myocarditis
and dilated cardiomyopathy has almost been taken for granted for many years, the
causal relationship has not been proven. It is unknown if any of those individuals
with dilated cardiomyopathy represent end-stage viral myocardial infection.

B. Lyme disease. The carditis associated with Lyme disease typically presents as con-
duction abnormalities. Related dilated cardiomyopathy has not been demonstrated
outside of Europe [119]. See Chapter 21.

C. Chagas disease. American trypanosomiasis is the world’s leading cause of CHF. In
the United States, it needs to be considered in immigrant populations from South
America. [120].
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D. HIV-related myocarditis [121]. Dilated cardiomyopathy is a well-recognized fea-
ture of HIV. It may be due to HIV infection of myocardial cells, coinfection with other
viruses such as CMV, or an immune-related response. Cardiotoxicity from illegal sub-
stances or HIV-related therapy also may play a role [122,123].

INFECTIONS OF PERMANENT CARDIAC PACEMAKERS AND
IMPLANTABLE CARDIOVERTER DEFIBRILLATORS
I. Permanent cardiac pacemaker infections [124,125]. Pacemaker systems consist of

a generator, which sits in a surgically created pocket below the subcutaneous or subfas-
cial tissue in the chest or abdominal wall, and electrode leads, which may be epicardial
or, more commonly, transvenous (in which case the electrodes are attached to the endo-
cardium). The generator pocket and the intravascular and intracardiac portions of the
leads eventually become encased in dense layers of endothelialized fibrous tissue.
A. Location

1. Generator units or the lead wires in their subcutaneous position. These
infections are commonly seen soon after pacemaker placement or generator ex-
change. Later infections may be seen as a result of necrosis of the skin overlying
the generator or trauma to the generator. There may be signs of swelling, ery-
thema, and pain over the generator. Drainage is more commonly seen in infections
soon after implantation. Systemic signs and bacteremia may be present.

2. Epicardial electrodes may become infected from spread from the generator
pocket or direct contamination at placement. In addition to clinical findings noted
above, pericarditis and mediastinitis may occur.

3. Intravascular portion of the transvenous electrode (pacemaker endo-
carditis) [126,127]. This usually arises because of intravascular tracking of infec-
tion of the subcutaneous portion of the pacing device. An incidence of 0.5% has been
noted. Bacteremic seeding from a remote site of infection can lead to this process.
Unless infection occurs after recent pacemaker implantation or manipulation with
obvious acute pocket infection and systemic toxicity, the diagnosis can be elusive.
TEE is especially useful in demonstrating vegetations on the electrodes, tricuspid
valve, or ventricular endocardium. Symptoms can range from fever and chills to
overt septic shock.

B. Predisposing factors [128].
1. Skin necrosis overlying the generator can predispose to infection. This is less

common with subfascial than subcutaneous placement of the generator. Skin ero-
sion can occur for multiple reasons, including body build, shift in generator place-
ment, or poor nutrition.

2. Self-induced trauma, such as from heavy lifting, repetitive movements involving
the chest wall, or a direct blow to the generator pocket area, can occur.

3. Bacteremia from a source other than an infected pacemaker can cause infec-
tion of the system in rare circumstances. The pacemaker is at greatest risk
for infection associated with bacteremia during the first few weeks after
insertion. The offending organisms would typically be staphylococci or strepto-
cocci from a remote site of infection. Therefore, it is important to treat promptly
any infections, especially those of the skin or teeth, in patients with a pacemaker.
Antibiotic prophylaxis to prevent pacemaker infection is not recommended.

4. Dermatologic conditions may predispose the patient to pacemaker infection if
the skin overlying the generator is not intact as a consequence [129].

5. Replacement or repositioning of the generator or electrodes appeared to
be a predisposing factor for infection in older studies. However, more recent stud-
ies have not borne this out, perhaps because current generators are smaller and
lighter.

C. Microbiologic features
1. S. aureus and S. epidermidis are responsible for about 75% of generator pocket

infections. Other common skin flora as well as Enterobacteriaceae and Candida
species can be seen. Infections in the initial 2-week postoperative period are
most commonly due to S. aureus and are frequently associated with bacteremia
[129].
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2. Pacemaker endocarditis is also most frequently caused by staphylococcal species,
but a wide variety of organisms can be seen. Of note, in the early postoperative pe-
riod, an S. aureus bacteremia from a remote site is likely to cause pacemaker
endocarditis. However, bacteremia with any organism months and years after
placement can be treated as the uncomplicated bacteremia itself would be because
pacemaker endocarditis would be unlikely [130].

D. Diagnosis [131] is based on the clinical picture as well as culture results from blood
or a generator pocket abscess. Criteria include the following:
1. Local inflammation or abscess of the pocket, or
2. Secondary infection of the skin after erosion of the generator, or
3. Fever and positive blood culture results in a patient with a pacemaker and no other

identifiable source of infection. TEE is a useful diagnostic tool [132].
E. Therapy [124,125]

1. Explantation and reimplantation.
a. When infection is limited to the generator pocket or subcutaneous electrode

without bacteremia, a one-step direct exchange of the pacing system can be
performed while the patient is on antibiotics. In some cases, a two-step proce-
dure is performed wherein the infected device is removed and the new pacer
inserted at a different time while the patient is maintained with a temporary
transvenous device.

b. Pacemaker endocarditis or bacteremia accompanying pacemaker infection is
best treated by removing the generator and the electrodes. This may be accom-
plished by traction or, in more difficult cases, by the Cooks electrode extraction
system. However, surgical removal requiring cardiotomy may be necessary. A
temporary pacing system should be used. Antibiotics aimed at the causative
organism and dosed for endocarditis should be given for a minimum of 2 weeks
before a new permanent electrode is placed. There should be evidence of clinical
response. If a patient’s health status does not permit manipulations necessary
to remove the entire system, prolonged courses of initial i.v. therapy followed
by chronic suppressive oral antibiotics can be tried.

2. Antibiotics. Empiric choice of therapy should include an antistaphylococcal drug.
If the patient is extremely ill, it is prudent to include gram-negative coverage while
awaiting culture results.

II. Implantable cardioverter defibrillator (ICD) infections [124,125]. The technology
of ICD systems continues to evolve. The technique of surgical placement of the pulse
generator, extrapericardial or epicardial defibrillation patches, and a transvenous rate-
sensing electrode has been largely supplanted by the use of a transvenously planted
rate-sensing lead and a superior vena caval coil electrode as well as subcutaneous or
epicardial electrodes all connected to a pulse generator that is placed subcutaneously
or submuscularly. Infection rates have decreased from 2% to 11% [132] with the older
technology to 0.8% to 1.5% with the newer systems [133,134].
A. Timing. The majority of ICD infections typically present within 6 months, and specif-

ically within the initial 3 months, after placement.
B. Symptoms. Pain and erythema around the generator occur. Fluid collection or

drainage may be present. These same findings may occur at the infraclavicular wound
or subcutaneous patch wound. Epicardial patch infection may be accompanied by sys-
temic toxicity and evidence of pericarditis.

C. Bacteriology. Patients are frequently bacteremic, especially if infection is due to
S. aureus [135]. Cultures of the generator pocket may be positive even if the site looks
normal. S. aureus and coagulase-negative staphylococci are the most frequently in-
fecting organisms [133,135,136]. Multiple other bacteria, and on rare occasion atyp-
ical mycobacteria or yeast, can be the causative organisms. Polymicrobial infection
occurs [135,136].

D. Therapy. Guidelines regarding therapy do not exist and management is complex.
Removal of the entire ICD system appears necessary to eliminate infection, espe-
cially in the presence of systemic toxicity, bacteremia, or infection due to S. aureus.
Infections involving only the generator site have been managed much as in the par-
allel situation in pacemaker infections. In cases where a patient’s health status pre-
cludes removing the entire system and no virulent organisms are responsible for the
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infection, i.v. antibiotics followed by continuous oral suppressive antibiotic regimens
has been advocated [137–139]. Duration of parenteral therapy beyond that typically
needed for soft tissue infection, regardless of whether the entire system is removed
or not, should be determined by the potential for endocardial involvement and the
implications of bacteremia (e.g., sustained S. aureus bacteremia). Decisions about
replacing the ICD system after complete removal need to consider the risks and ben-
efits of reimplantation versus antiarrhythmic drug therapy. Timing of replacement
is in reality generally determined by the perceived threat of persistence of inducible
arrhythmias.
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13. GASTROINTESTINAL AND INTRAABDOMINAL INFECTIONS

Paul S. Graman and Robert F. Betts

GASTROENTERITIS AND FOOD POISONING
Acute onset of diarrhea is a common complaint. Whether a patient needs special evaluation,
antibiotic therapy, or hospitalization must be routinely evaluated. Several reviews of this
topic are available [1–10].

Adapted from a chapter by Richard E. Reese and Jerome F. Hruska.

I. Background
A. Prevalence and impact

1. In developing countries, diarrheal illness is the most common infectious dis-
ease, primarily affecting children under 5 years of age. Up to 1 billion cases oc-
cur annually in this age group, with an associated 4 to 6 million deaths world-
wide [5]. Children experience approximately six bouts of diarrhea per year, and
an estimated 10% of these episodes result in dehydration that requires therapy
[4,10].

2. In the United States, it is estimated that there are up to 99 million cases
of diarrhea or vomiting per year with an associated 10,000 deaths. Each child
has two to three episodes of acute diarrhea annually [2,4]; the incidence among
adults in developed countries averages one episode per year [6]. Among the total
U.S. population, approximately 50% of persons with diarrhea or gastroenteri-
tis restrict their activities for more than a full day, 8.2 million seek medical
attention, and 250,000 require hospitalization. Despite the far greater num-
ber of episodes of diarrheal illness among children compared with adults, most
deaths from diarrheal illness in the United States occur in the elderly. The
death rate due to gastroenteritis is 2 to 3 per 100,000 population among chil-
dren and young adults and approximately 15 per 100,000 for persons over
age 74 [4].

B. Definitions
1. Acute diarrhea is defined as illness of less than 2 weeks’ duration. Diarrhea

lasting 2 to 4 weeks is considered persistent. Infectious agents commonly cause
acute and persistent episodes. The term chronic diarrhea is often restricted to
illness lasting at least 1 month [6].

2. Mild diarrhea is three or fewer stools per day without abdominal or systemic
symptoms, resulting in little or no alteration in daily activities [10].

3. Moderate or severe diarrhea is four or more loose stools per day, usually associ-
ated with abdominal symptoms (cramps, nausea, vomiting, tenesmus, or systemic
symptoms of fever, malaise, dehydration), and causing significant restriction of
normal activity [6].

4. Dysentery is a generic term that refers to a variety of disorders marked by
cramping abdominal pain, tenesmus, and frequent stools, often of small volume.
Stools contain blood and mucus, indicative of invasion or injury of the mucosa by
a pathogen or its toxin (e.g., amebic, bacillary, Shigella dysentery) [10].

5. Gastroenteritis refers to enteric infection characterized by vomiting as a pre-
dominant symptom with or without diarrhea.

6. Tenesmus refers to straining, especially painful or ineffectual straining with a
bowel movement or straining on defecation owing to spasms of an inflamed rectal
sphincter as occurs in shigellosis [11].

C. Pathogenesis in infectious diarrhea. See reports published elsewhere [1–6,10]
for a detailed discussion of this topic. However, a few basic points deserve em-
phasis for understanding clinical presentations and evaluations of patients with
acute bacterial diarrhea. Many pathogens use more than one mechanism to
overcome host defenses and cause illness.
1. Adherence. Bacteria colonize the bowel by resisting the clearing action of peri-

stalsis. Some pathogens circumvent this by attaching or adhering to the mucosal
surface. Attachment may increase the toxicity of enterotoxins by decreasing the
distance they have to travel to reach target intestinal cells [2].
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a. Bacterial surface protein structures (pili or fimbria) bind to specific lig-
ands or receptors on intestinal epithelial cells. This is an important mecha-
nism for enterotoxigenic Escherichia coli (ETEC) [2].

b. Adherence factor. A distinctly different mechanism of enteroadherence is
seen with enteropathogenic E. coli (EPEC). Bacteria intimately adhere
to intestinal epithelial cells based on a plasmid-conferred EPEC adher-
ence factor, with effacement and destruction of microvilli and disruption of
the cytoskeleton of underlying cells. No extensive intracellular invasion oc-
curs, and the exact mechanism of diarrhea with EPEC remains unknown
[2,3].

2. Invasion. Certain enteroinvasive organisms can adhere to and invade mucosal
epithelial cells. Invasion and multiplication elicits an intense inflammatory
response followed by cell death. The mucosal inflammatory reaction is not
clearly understood but probably involves the release of inflammatory mediators,
including kinins, interleukins, leukotrienes, and other vasoactive agents. Clini-
cally, one sees fever, abdominal cramps, malaise, and dysentery.

Shigella (which also forms a toxin called Shiga toxin) is the classic example.
Enteroinvasive E. coli and Salmonella may use similar mechanisms [2].

3. Enterotoxin production. Vibrio cholerae binds to the intestinal mucosa and
produces cholera toxin, which stimulates an increased amount of intracellu-
lar adenosine 3′ 5′-monophosphate (cyclic adenosine monophosphate) through
the adenylate cyclase system. In response, an active secretion of electrolytes and
fluid into the intestinal lumen occurs. It is the classic prototype enterotoxin and
stimulates production of voluminous quantities of watery stools, leading to po-
tentially life-threatening dehydration. The intestinal mucosa appears mor-
phologically intact and is believed to be capable of absorbing electrolytes in a
normal behavior because of the empiric observation that oral solutions supple-
mented with glucose can be used to treat these patients. The overall effect leads
to marked increase in the luminal small-bowel fluid that is delivered to the colon,
and this fluid overwhelms colonic absorption capacity, thereby causing watery
diarrhea [2]. ETEC has a similar mechanism.

4. Cytotoxins. Some organisms secrete a toxin that causes cytotoxicity in tissue
culture.
a. Shigella dysenteriae. Shiga toxin is the classic prototype cytotoxin.
b. Enterohemorrhagic E. coli (EHEC) of serotype 0157:H7 produce Shiga-

like toxins that cause hemorrhagic colitis with bloody diarrhea. The toxin
cleaves adenosine from host cell ribosomal RNA and inhibits protein synthe-
sis [1]. Absorption of toxin into the systemic circulation also may mediate the
associated hemolytic-uremic syndrome (HUS) [12].

c. Enteropathogenic E. coli and Vibrio parahemolyticus also secrete Shiga
toxin.

D. Intestinal factors that may help prevent acquisition of diarrheal disease include
gastric acidity and the normal bacterial flora.
1. Gastric acid destroys enteric bacteria and is an important factor in decreasing

susceptibility to infection. Patients with gastric resections and achlorhydria have
increased susceptibility to infection. In addition, bicarbonate taken orally has
been documented to increase the attack rate of experimental Shigella, E. coli,
and cholera.

2. Normal bacterial flora of the bowel is believed to compete for space and
nutrients with pathogenic organisms. In addition, short-chain fatty acids pro-
duced by many intestinal flora may be inhibitory of pathogens. It has been
demonstrated that pretreatment with streptomycin lowers the required infective
dose of experimental Salmonella typhi infections [1], presumably by changing
bowel flora. See also the discussion of antibiotic-related diarrhea in Chapter 27,
section A.

II. Clinical approach to the patient with diarrhea
A. History. A careful history may provide clues to the type of infection involved [9].

1. High-risk groups or settings. There are several settings in which patients are
at greater risk than the general population for developing diarrhea [2,4].
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a. Recent travel, especially international travel and camping (e.g., using
water from mountain streams), or travel to coastal areas, is a risk factor. For
a discussion of travelers’ diarrhea, see Chapter 22.

b. Day-care children or family members are at risk because there is close
contact between children who are not toilet trained. The mode of transmission
appears to be either from child to child or through fomites such as toys. Cur-
rently in the United States, it is estimated that more than 10 million children
attend day-care centers [2]. Viruses commonly are identified in outbreaks, as
are organisms that colonize at a low inoculum (e.g., Shigella, Giardia, and
Cryptosporidium [4].

c. Chronic care facilities. Patients appear to be at increased risk, often due
in part to their debilitated state, fecal incontinence, or suppressed immune
response [2].

d. Homosexuals and patients with acquired immunodeficiency syn-
drome (AIDS) are at especially high risk for infectious diarrheas. See
Chapter 18 for a detailed discussion of diarrhea in AIDS patients.

e. Other family members or very close contacts of an index case of acute
infectious gastroenteritis are at risk for similar illness.

2. Medication exposure
a. Antibiotic use currently or in the preceding 4 to 6 weeks can be associated with

Clostridium difficile diarrhea.
b. Excessive use of laxatives, antacids, or alcohol. Chemotherapy causes di-

arrhea.
3. Common-source outbreak. The clinician should inquire about picnics, ban-

quets, fast-food restaurants, and associates with similar illnesses.
4. Pets. Turtles, iguanas, and dogs have been implicated in cases of infectious

diarrhea.
5. Seafood or shellfish may have been improperly handled or prepared.
6. Certain symptoms may be helpful. Even the number of episodes and type of

diarrhea may provide clues to the pathogens involved (Table 13.1) [9].
a. When vomiting is the predominant symptom, viral gastroenteritis or a

food-borne illness is suggested. Food poisoning due to preformed toxin (e.g.,
Staphylococcus aureus, Bacillus cereus) causes vomiting within 4 hours of in-
gesting the food [4]; see section IV.

b. Mucus in the stool, if in small amounts, raises the question of irritable bowel
syndrome, but large amounts can be seen with invasive bacterial diarrheas.

Table 13.1. Clinical Features of Acute Diarrhea

Clinical Anatomic
Observation Consideration Pathogens to Consider

Passage of few,
voluminous stools

Diarrhea of small
bowel origin

Vibrio cholerae, enterotoxigenic
Escherichia coli, Shigella strains
early in the infection, Giardia

Passage of many
small-volume stools

Diarrhea of large
bowel origin

Shigella, Salmonella, Campylobacter,
Entamoeba histolytica

Tenesmus, fecal urgency,
dysentery

Colitis Shigella, Salmonella, Campylobacter,
E. histolytica

Vomiting as the
predominant symptom

Gastroenteritis Viral agents (rotavirus, calicivirus,
e.g., Norwalk virus) or intoxication
(Staphylococcus aureus, Bacillus
cereus)

Fever as a predominant
finding

Mucosal invasion Shigella, Salmonella, Campylobacter,
viral agents (rotavirus, calicivirus)

Adapted from Bandres JC, Dupont HL. Approach to the patient with diarrhea. In: Gorbach SL, Bartlett
JG, Blacklow NR, eds. Infectious diseases. Philadelphia: WB Saunders, 1992:572–575; with permission.
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c. Blood in the stool indicates the possibility of inflammatory mucosal disease
of the colon. EHEC (E. coli O157:H7) is the most common cause of bloody di-
arrhea in the United States [5]. Blood often is evident on gross examination
of the stool. Usually there is no fever with 0157:H7. Occult blood testing is
more sensitive but less specific. Noninfectious causes, such as ischemic bowel
disease, diverticulitis, ulcerative colitis, and radiation injury, are in the differ-
ential diagnoses.

Organisms that produce enterotoxins and are invasive such as Campylobac-
ter species, Aeromonas species, Shigella species, and V. parahemolyticus, may
initially cause watery diarrhea followed by bloody diarrhea.

d. Watery diarrhea is more likely seen in those infections in which organisms
adhere, infect, or colonize but do not destroy the epithelium (parasites, EPEC,
enteric viruses) [4], and when the small bowel is affected.

e. Fever suggests a mucosal invasive pathogen.
f. Systemic illness with HUS, characterized by acute hemolytic anemia, renal

failure with uremia, and disseminated intravascular coagulation, occurs with
shigellosis and EHEC [5].

7. A prior history of inflammatory bowel disease should be assessed in case the
acute symptoms represent an exacerbation of this prior, more chronic problem.

B. Physical examination does not usually help determine the cause of the
diarrhea.
1. Fever suggests an invasive bacterial organism.
2. Signs of dehydration in severe cases, especially in children, include dry mucous

membranes, lethargy, postural hypotension, tachycardia, sunken fontanelles,
skin with decreased turgor, and dry eyes [5]. Severe dehydration requires
hospitalization.

3. Stool occult blood. In the patient with multiple episodes of diarrhea and mu-
cosal irritation, occult blood might be present without representing a true invasive
process.

C. Laboratory aids in diagnosis [8,13]
1. Gram staining of the stool usually is not helpful because most pathogens cannot

be differentiated from the normal gram-negative bowel flora. Campylobacter may
be suggested by Gram stain findings in stool specimens (see section V.D.2). Rarely
is S. aureus a cause of colitus, but if it is, Gram stain is helpful. Stool culture also
should be performed if the latter is suspected.

2. Fecal leukocytes give a clue as to the cause. Mucus can be examined. The pres-
ence of only a few leukocytes usually is an indeterminate result.
a. Fecal leukocytes occur in (a) bacterial infections that invade the in-

testinal wall, such as invasive E. coli and Shigella and Salmonella species;
(b) ulcerative colitis and Crohn disease; and (c) C. difficile diarrhea, in
which fecal leukocytes appear in nearly 50% of cases.

b. Fecal leukocytes are not seen in (a) viral gastroenteritis, (b) parasitic
diarrhea, (c) enterotoxigenic bacterial diarrheas (V. cholerae, Bacillus
cereus, ETEC, etc.), or (d) Salmonella carrier states.

c. Fecal lactoferrin is a sensitive marker for fecal leukocytes. A simple, rapid
latex agglutination test for lactoferrin is available [5].

3. Stool cultures. Special media are needed to culture many of the bacterial agents
that cause diarrhea. If one suspects a particular pathogen, discussion with
the microbiology laboratory supervisor leads to appropriate studies.
Special enriching techniques or media are required to isolate other agents such
as V. cholerae and V. parahemolyticus (e.g., after exposure to coastal areas or sea-
food), Yersinia enterocolitica, Campylobacter jejuni, and EHEC. In addition, one
should carefully mark the suspected agents on the laboratory specimen sheet [8].

4. Rotavirus detection is particularly useful for children under 3 years of age.
5. Ova and parasite (O&P) examination are discussed in section D and in sec-

tion II.A under Gastrointestinal Parasites. In patients with chronic diarrhea,
international travelers, homosexual men, and contacts of day-care centers with
protracted symptoms, these specimens are especially useful to examine.
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6. Clostridium difficile toxin assay is useful for patients who are on or who have
been on antibiotics in the preceding 4 to 6 weeks.

7. Proctosigmoidoscopy examinations seldom are indicated except as follows:
a. In homosexual men and in some cases of AIDS-related illness (see

Chapter 18).
b. In chronic or recurrent diarrhea for possible inflammatory bowel disease.
c. In possible C. difficile diarrhea to provide an immediate answer.
d. In a potential case of Entamoeba histolytica, because ulcerations of the intesti-

nal wall may be characteristic in this setting. Rectal mucosal biopsy also may
help [5].

8. Radiographic studies usually are not indicated.
a. If toxic megacolon is a potential concern as a complication—for example, with

C. difficile diarrhea—radiographic plain films are useful.
b. In chronic diarrhea, pancreatic calcifications suggest chronic pancreatitis.
c. Results of barium contrast studies of stool samples are nondiagnostic for the

presence of O&P [5].
9. Miscellaneous studies

a. Peripheral white blood cell (WBC) counts are nonspecific. Although it
may be elevated in acute infectious diarrhea (e.g., Salmonella or Shigella)
or C. difficile colitis, the WBC count also may be elevated in patients with
dehydration due to nonbacterial processes.

b. Blood cultures. In the febrile patient with gastroenteritis, blood cultures may
be positive when other sources, including stool cultures, are negative.

c. Bone marrow cultures. Biopsy specimens often are positive in typhoid fever.
This may be useful in the workup of an unclear chronic fever.

d. Rose spots (the transient skin rash of typhoid fever) can be sampled for biopsy
and cultured.

e. Serologic studies. In acute gastroenteritis, serologic studies offer little help
except in the following special circumstances:
(1) Amebiasis. Indirect hemagglutination and other antiamebic antibody

tests are a useful adjunct in the diagnosis of extraintestinal amebiasis
(99%+ by day 7) or active intestinal infection (80%–90% positive) but not
for the asymptomatic patient who is passing cysts (see section IV.E
under Gastrointestinal Parasites).

(2) Salmonella O antigen applies only to S. typhi. [14]. Of infected patients,
50% convert to seropositivity after 1 week and only by the fourth week
do 90% to 95% of patients show an elevated titer. Often acute Salmonella
gastroenteritis remits before there is any seroconversion making the test
not useful in most cases. They may be helpful when persistent infection
has allowed time for a host antibody response. The carrier state produces
very little response.

Caution should be exercised in the interpretation of a single
value. Previous seroconversion, typhoid immunization, and cross-reaction
with Enterobacteriaceae O antigens can cause an isolated antibody
elevation.

D. Diagnostic workup. Because pathogens are recovered from fewer than 10% of uns-
elected stool samples, the cost per positive stool culture exceeds $1,000, an extremely
cost-ineffective workup. See reports published elsewhere [1,2,4,5] for a rational ap-
proach. After laboratory workup, 20% to 40% of all acute infectious diarrheas remain
undiagnosed [4].
1. If the history suggests a food-borne toxin–related illness, with nausea and vomit-

ing a few hours after eating, see Table 13.2 for a summary of important pathogens
and presentation. Food-borne toxins are discussed in section IV.

2. Afebrile stable patients with nonbloody diarrhea of short duration can be ob-
served and treated conservatively with oral hydration and no extensive laboratory
workup.

3. Determine risk factors (e.g., travel, camping, day care, antibiotic use, seafood
exposure, sexual contact, etc.) that may suggest a specific etiology.
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4. Further medical evaluation is indicated in patients with more severe
diarrheal illness, as evidenced by one or more of the following [6]:
a. Fever (≥38.5◦C)
b. Profuse watery diarrhea with dehydration
c. Bloody diarrhea or dysentery
d. Passage of at least six unformed stools over 24 hours
e. Prolonged diarrhea (lasting >48 hours)
f. Severe abdominal pain
g. Age at least 70 years
h. Immunocompromised state (AIDS, transplantation, cancer chemotherapy)

5. Laboratory evaluation may proceed in a stepwise fashion:
a. Step 1: If the patient has mucus or blood in the stool or if fecal leuko-

cytes (or lactoferrin) is present, a stool culture that looks for Shigella,
Salmonella, and Campylobacter is indicated. This screening approach can dra-
matically increase the yield of positive stool cultures and decrease the cost
of workup [1,4]. Bloody diarrheal stools also should be cultured for E. coli
O157:H7.

The clinician should alert the microbiology laboratory (see section
II.C). With a history of antibiotic use, either currently or in the preceding 4 to
6 weeks, obtain a stool for C. difficile toxin before obtaining the stool culture.
This is particularly important in the patient with onset of diarrhea more than
72 hours after admission to the hospital.

b. Step 2: If stools do not contain blood, mucus, or fecal leukocytes (or
lactoferrin), examination for O&P is suggested if history is support-
ive.
(1) It is usual to obtain three stools for O&P examination.
(2) If Giardia species are likely, the Giardia antigen test should be performed

(see section IV.A.2).
(3) In children under 3 years of age in whom the fecal leukocyte test result

is negative, an early examination for rotavirus is suggested (see section
VI.A).

c. Step 3: If no parasites are found, then the differential diagnosis is
narrowed to include viruses and certain difficult-to-culture bacteria
(e.g., Yersinia, V. cholerae, ETEC, EPEC, Aeromonas hydrophila, Plesiomonas
shigelloides).
(1) Special media for V. cholerae should be used only for travelers to endemic

areas.
(2) Discuss the microbiology workup with your laboratory supervisor.

III. Therapy. In most cases of infectious diarrhea, therapy consists of supportive
care.
A. Fluid replacement

1. Oral fluids will suffice in most patients [15]. The World Health Organization has
developed an oral solution that is inexpensive, easy to administer, and effective
in all types of diarrhea and all age groups. The formula is based on the principle
that glucose absorption in the small bowel facilitates sodium and fluid resorption
from the intestinal lumen into the intravascular compartment [1,16].
a. See Table 13.3. Premeasured packets of dry salts with a long shelf life,

available in developing countries, are mixed with water to reconstitute the
solution.

b. Commercially available premixed oral electrolyte solutions (Pedialyte, others)
are available in the United States for use in infants and children with mild
to moderate diarrhea. A comparable solution can be made with 3 tablespoons
corn syrup, 3/4 teaspoon salt, and 1/2 teaspoon sodium bicarbonate in 1 cup
orange juice diluted with water to make 1 liter (1.05 quart) [5]. When there is
associated nausea and vomiting, the patient can often be given small volumes
of oral fluids on an hourly basis [16–17].

c. Otherwise healthy persons with acute diarrhea and minimal or no dehydration
will do well with sport drinks, dilute fruit juices, and other flavored soft drinks
supplemented with saltine crackers, soups, and broth [6].
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Table 13.3. Composition of World Health
Organization Oral Rehydration Solution for
Diarrheal Illness

Ingredient Amount

Sodium chloride 3.5 g/L
Potassium chloride 1.5 g/L
Glucose 20.0 g/L
Trisodium citratea 2.9 g/L

aAn earlier formulation used sodium bicarbonate
2.5 g/L, had a shorter shelf life, but was physiologi-
cally equivalent and may still be produced in some
countries.
Data from Centers for Disease Control. Health in-
formation for international travel 2001–2002. (the
“Yellow Book”). Atlanta, GA: U.S. Department of
Health and Human Services. Also available online at
www.cdc.gov/travel/yb/index.htm.

d. Oral replacement therapy is contraindicated only in patients with uncontrolled
vomiting, with ileus, or where hospitalization and intravenous (i.v.) fluid are
indicated.

2. Intravenous fluids (normal saline with potassium chloride supplementation or
Ringer solution) are used in patients who are severely dehydrated.

B. Antimotility agents [18–20]
1. Natural opiates such as paregoric or tincture of opium, diphenoxylate, or lop-

eramide provide symptomatic relief of acute diarrhea and cramps. The
latter are safer, come in convenient dosage forms, and are generally preferred.
They should be used only in adults with noninflammatory diarrhea and
not with high fever or bloody stools because these agents may potentiate the
effects of bacterial disease by delaying clearance of the pathogen or its toxin. How-
ever, when used in conjunction with ciprofloxacin for bacillary dysentery in adults,
loperamide has proved to be safe and effective. Treatment with diphenolyate pro-
longs fever in shigellosis. HUS occurs more often in E. coli O157:H7 following
antimotility drugs, and the neurologic manifestations may be more severe.

2. Loperamide (Imodium) as short-course therapy for adult travelers’ diar-
rhea (see Chapter 22) has a good safety record, expected efficacy in reducing
stool number by approximately 80%, and availability over the counter. Diphe-
nolylate with atropine (Lomotil) has central opiate effects that may endanger
children who accidentally ingest the drug, and atropine side effects that may be
unpleasant [6,17].

3. These agents are not recommended for infants and young children.
C. Antibiotics generally are not indicated. The need depends on (a) the clinical

course superimposed on underlying medical problems and age and (b) the pathogen
involved.
1. In the patient who is toxic and profoundly dehydrated without evidence of

a self-limited process, empiric antibiotics are indicated while awaiting cultures.
Antibiotics are essential for patients whose history suggests a bacteremia. Fever,
bloody stool, and fecal leukocytes suggest a bacterial cause that warrants treat-
ment. Very young and very old patients should receive empiric therapy if they are
toxic or significantly dehydrated. Ceftriaxone or fluoroquinolones are options.

2. For further discussion of therapy of individual pathogens, see section V.
D. Miscellaneous agents

1. Antisecretory agents. The gastrointestinal (GI) peptide somatostatin and
its synthetic analogues (octreotide and vapreotide) are powerful inhibitors
of intestinal secretion. These agents have been used in controlling chronic

http://www.cdc.gov/travel/yb/index.htm
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AIDS-related diarrhea of unknown etiology or diarrhea caused by microsporidia
or cryptosporidiosis [6] (see Chapter 18).

2. Absorbent agents. Cholestyramine is a nonabsorbable exchange resin that has
been used to absorb toxin, in C. difficile and chronic diarrhea.

E. Bismuth subsalicylate (Pepto-Bismol) has been used primarily in the prevention
and therapy of travelers’ diarrhea (see Chapter 22) or in conjunction with oral re-
hydration for diarrhea in young children [21], or for vomiting in patients with viral
gastroenteritis [6].

F. Antiemetics used orally, parenterally, or rectally. Some examples are as follows:
1. Prochlorperazine (Compazine). For adults, 25 mg rectal suppository twice daily,

or 5- or 10-mg tablets three or four times daily; or 5 to 10 mg intramuscularly
(i.m.) every 4 hours not to exceed 40 mg/day when given i.m.

2. Trimethobenzamide (Tigan). For adults, 200 mg rectal suppository three or
four times daily; oral capsules, 250 mg three or four times daily; or 200 mg i.m.
three or four times daily.

IV. Agents causing rapid onset of illness (<12 hours after ingestion) (see Table 13.2)
A. Staphylococcal food poisoning is due to a preformed enterotoxin that is

heat stable and not destroyed by ordinary rewarming. Foods implicated are
cream-filled pastries, custards, milk products, and meats that have been improperly
refrigerated.
1. Symptoms. Severe nausea, vomiting, abdominal pain, diarrhea, and prostration

occur 1 to 6 hours after ingestion, last less than 1 day, and remit spontaneously.
2. Diagnosis is confirmed by isolation of S. aureus in the contaminated food.
3. Therapy is supportive. No antibiotic is indicated for this self-limited disease.

B. Bacillus cereus contamination resembles staphylococcal food poisoning and is
caused by preformed enterotoxin in foods such as cereal (especially rice), dried
foods, and dairy products. Illness is self-limited (abates in <24 hours) and not
severe.
1. B cereus contamination can lead to two syndromes[22]. The emetic syn-

drome is caused by a high temperature–stable toxin. Fried rice subsequently
held at room temperature is the leading cause. The diarrheal syndrome is
mediated by a heat-and acid-labile enterotoxin.

2. Diagnosis of B. cereus contamination can be confirmed by the isolation of at least
105 B. cereus organisms per gram from implicated food [22,23]. Special cultures
are necessary.

C. Clostridium perfringens food poisoning results from ingestion of foods harbor-
ing the organisms. The ingested C. perfringens multiply in the small intestine and
produce the diarrhea-forming enterotoxin. Treatment is supportive. Anaerobic
cultures and Gram staining of the incriminated food will establish the di-
agnosis.

D. Fish and shellfish poisoning is caused by toxins present in the tissues of fish. The
topic has been reviewed elsewhere [24]. See Table 13.2 for a summary.

In ciguatoxic fish (barracuda, red snapper, and grouper), the toxin is acquired in
the food chain of the fish; large fish weighing more than 2.8 kg are more likely to
be toxic [25]. Scombroid fish poisoning (tuna, mackerel, bonito, skipjack) is due to
production of a histamine-like toxin by marine bacteria that grow when these fish
are improperly refrigerated or preserved [26]. Shellfish poisoning (mussels, clams,
oysters, and scallops) occurs because toxic dinoflagellates usually associated with
red tide are ingested by the mollusks and concentrated in their tissues. All these
toxic substances have no effect on the fish or shellfish and are heat stable
to cooking temperatures.
1. Symptoms including abdominal cramps, nausea, vomiting, and diarrhea occur

within minutes to several hours after ingestion. Neurologic symptoms in ciguat-
era and shellfish poisoning include numbness, paresthesia, and nerve palsies.
Case fatalities, which in some series are as high as 10%, have been due to respi-
ratory paralysis.

2. Diagnosis is suggested by the epidemiologic features.
3. Therapy is primarily symptomatic. Inducing emesis, performing gastric

lavage, and administering a cathartic agent should remove unabsorbed toxin.
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V. Diseases causing delayed onset of GI symptoms (Table 13.4) [7]
A. Salmonella infections [14,27]. Salmonella organisms are motile, flagellated, aer-

obic or facultative anaerobic, gram-negative bacilli that do not ferment lactose or
sucrose.
1. Nomenclature and serotyping. Serotyping is relevant both clinically and epi-

demiologically. Certain serotypes are associated with specific clinical syndromes,
and serotyping of isolates serves as an important tool in defining and control-
ling epidemics [8,14]. Salmonella serotype typhimurium is conveniently writ-
ten as Salmonella typhimurium. Alternatively, all nontyphoidal Salmonella or-
ganisms are classified as Salmonella enterica and further identified by serotype
(e.g., Salmonella enterica serotype typhimurium). Salmonella organisms possess
both somatic O antigens and flagella H antigens serotypes. More than 2,300
Salmonella serotypes are found in nature. Many are named for the city in which
they were defined.

2. Epidemiology. Cases of salmonellosis must be reported to the state health
department. In the United States, 800,000 to 4 million cases of salmonellosis
occur each year, and approximately 500 are fatal [28]. An increasing number
of cases are attributable to an increase in outbreaks associated with the mass
production of food products and to an increase in reporting.
a. More than 98% of isolates are nontyphoidal, with important animal

sources of human food (e.g., meat, poultry, eggs, dairy products) frequently
contaminated with these organisms. Infection results from consumption of
foods that are undercooked or cross-contaminated with these products [29].

S. enteritidis and S. typhimurium are the most common serotypes in the
United States. Chickens may transmit S. enteritidis through infected oviducts
that contaminate the egg before the shell is formed [30]. About 0.01% to more
than 0.1% of eggs contain S. enteritidis, although the percentage may be higher
in the northeastern United States [31]. When these eggs are used raw (such
as in dressing for Caesar salad) or are undercooked (such as in “soft” scram-
bled eggs) the Salmonella organisms proliferate in the food. Eggs have been
associated with 82% of S. enteritidis outbreaks in the United States [32].

b. Other common serotypes include S. heidelberg, S. newport, and S. agona.
c. The incidence of cases peaks during the summer and fall picnic season. Con-

tamination of food-processing equipment and manufactured food products
can result in large outbreaks of disease. About 224,000 persons developed
S. enteritidis gastroenteritis in 1994 after eating a nationally distributed ice
cream [33]. Less commonly, person-to-person spread via the fecal-oral route
can occur.

d. Exotic pets, especially reptiles (snakes, turtles, iguanas), are a growing source
of human salmonellosis, accounting for an estimated 3% to 5% of all cases [34].
Up to 90% of reptiles may be carriers of Salmonella organisms.

e. Antibiotic-resistant Salmonella organisms. Subtherapeutic concentra-
tions of antibiotics put in the animal feed as nonspecific growth factors promote
the emergence of antibiotic-resistant bacteria, including Salmonella species.
During slaughtering this antibiotic-resistant gut flora contaminates the ani-
mal meat. A recent survey of ground meats in supermarkets found Salmonella
organisms in 20% of samples, with 84% of the isolates resistant to at least
one antibiotic and 53% resistant to three or more agents [35,36]. Multidrug-
resistant strains of S. typhimurium (DT104) in the United States increased
from 0.6% of isolates in 1980 to 34% in 1996 [28].

f. S. typhi is the most frequent isolate in developing countries but is uncommon
in the United States. Animals do not serve as a reservoir of S. typhi. Food is
infectious only if contaminated by humans during processing. In developing
countries, transmission occurs primarily by direct fecal-oral spread between
individuals or by fecal contamination of drinking water or food. In the United
States, transmission is primarily by contamination of foodstuffs with human
feces. In the United States, more than half of the cases occur in travelers.

3. Clinical syndromes of Salmonella disease include gastroenteritis, enteric fever,
metastatic infection, and the carrier state.
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a. Gastroenteritis. S. enteritidis, S. newport, and S. anatum usually cause gas-
troenteritis. Salmonella organisms cause 10% to 15% of food poisoning cases
in the United States [14]. There is an intestinal invasion with the produc-
tion of fecal leukocytes and low-grade fever. In addition, an enterotoxin causes
intestinal fluid secretion.
(1) Symptoms develop 8 to 48 hours after ingestion of contaminated food;

they include colicky abdominal pain, nausea and vomiting, and then loose,
watery diarrhea. There may be fever to 38◦ to 39◦C. Symptoms usually
subside spontaneously in 2 to 5 days without sequelae. Certain underlying
conditions (AIDS, achlorhydria, prior gastric surgery, and inflammatory
bowel disease) predispose the patient to more severe disease [14].

(2) Diagnosis is made by isolating the organism from the stool or the ingested
food. Stool leukocytes often are seen.

(3) Treatment of uncomplicated gastroenteritis due to nontyphoidal
Salmonella species is primarily supportive. The disease is usually self-
limited. Antibiotics have no proven value and use may result in a higher
rate of chronic carriage and relapse [37,38]. Bacteremia occurs in
fewer than 5% of patients with Salmonella gastroenteritis. Use
of antibiotics should be limited to preemptive therapy among pa-
tients at high risk for invasive disease: (a) newborn infants, probably
up to 3 months of age; (b) the elderly, because of the high risk for atheroscle-
rosis or aneurysms; (c) those with AIDS, organ transplants, lymphoprolif-
erative disease, or other immunosuppression; (d) patients with prosthetic
joints, prosthetic vascular grafts, aneurysms, or prosthetic heart valves;
and (e) those with underlying sickle cell disease [14,27]. A brief course
of treatment (72 hours or until resolution of fever), usually with an oral
fluoroquinolone, is appropriate.

b. Enteric (typhoid) fever usually is caused by S. typhi but, infrequently, other
Salmonella organisms, such as S. paratyphi or S. choleraesuis, are etiologic.
(1) Symptoms. Enteric fever is characterized by sustained fever, often of 2

to 4 weeks duration, hepatosplenomegaly, headaches, abdominal tender-
ness, and rose spots, which are slightly raised, discrete, irregular, blanch-
ing pink macules 2 to 4 mm wide and often seen on the anterior thorax.
Leukopenia may be seen, as may sustained bacteremia without endothe-
lial or endocardial seeding, but sometimes with metastatic seeding and
immune complex deposition that leads to multiorgan dysfunction. Intesti-
nal hemorrhage or perforation may result from the hyperplasia of the
Peyer patches in the terminal ileum [14,27]. Surprisingly, diarrhea oc-
curs in as few as 50% of cases, and then only as an early symptom.
Constipation may be a frequent complaint later in the illness.

(2) Diagnosis. Culture of stool specimens, blood, bone marrow, or rose spots
for S. typhi or other Salmonella species is useful. A serologic increase
of febrile agglutinins against the somatic or O antigen for group D
Salmonella is supportive. Serologic studies may be useful in epidemiologic
evaluation.

(3) Therapy. The current agent of choice for S. typhi and Salmonella species is
a fluoroquinolone or third-generation cephalosporin (e.g., ceftriaxone or ce-
fotaxime) [39]. Alternative agents include trimethoprim-sulfamethoxazole
(TMP-SMX), amoxicillin, and ampicillin after susceptibility studies re-
turn. Drug resistance is a recognized problem in countries such as Mexico.
Azithromycin is effective in treating children with typhoid fever [40,41].

Treatment for uncomplicated enteric fever is 10 to 14 days, with exten-
sion to 4 weeks for metastatic foci. Oral ciprofloxacin 500 mg twice daily
may obviate the need for prolonged i.v. therapy (see Chapter 27G).

(4) Prevention. Oral or parenteral typhoid vaccine are available (see Chap-
ter 22).

c. Metastatic infection. Salmonella organisms metastasize to distant sites,
particularly to intravascular lesions, the skeletal system, and the meninges
[14,27].
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(1) High-grade bacteremia (>50% of three or more blood cultures) strongly
suggests focal intravascular infection. Salmonella organisms have a
predilection for arterial atherosclerotic plaques and aneurysms. Infectious
disease consultation is advised.

(2) Osteomyelitis or suppurative arthritis can occur at any skeletal site.
Patients with sickle cell anemia or skeletal prostheses are predisposed.

(3) Meningitis occurs principally in young children, especially newborn in-
fants. Hence, in young children with salmonella gastroenteritis,
early therapy is indicated [14].

(4) Antibiotic therapy is the same as for enteric fever except that therapy is
prolonged for endocarditis, osteomyelitis, or abscesses. Failures have oc-
curred with oral fluoroquinolone therapy for these conditions, particularly
when drainage is not optimal

d. Chronic carriers. The chronic carrier state (i.e., positive stool or urine
cultures for more than 12 months) develops in approximately 1% to 4% of
adults with typhoid fever. In other Salmonella infections, the development of
the carrier state occurs much less frequently (0.2%–0.6%). The carrier state
may follow symptomatic disease or may be the only manifestation of infection;
it may be the consequence of the ingestion of a small inoculum [27].
(1) The persistence of the organism, in many cases, is due to biliary tract

carriage. If biliary calculi are present, cholecystectomy and a 10- to
14-day course of antibiotics most often is required to cure the carrier state.
This invasive approach eradicates infection in 90% of cases and may be ap-
propriate for food handlers, medical personnel, and individuals with poor
personal hygiene, and for other public health reasons. Antibiotics alone
are unlikely to eradicate infection in patients with biliary calculi [14].

If gallbladder function is normal, cure of the carrier state may be at-
tempted with a 4- to 6-week course of amoxicillin (6 g/day for 28 days) [42]
or ciprofloxacin (500–750 mg orally twice daily for 28 days) [43]. Other flu-
oroquinolones such as norfloxacin (400 mg orally twice daily for 28 days),
ofloxacin (200 mg twice daily), or TMP-SMX (160 mg TMP and 800 mg
SMX twice daily in adults) have been used successfully [14]. However,
even with use of the fluoroquinolones, eradication of the carrier state may
be impossible (see Chapter 27G).

(2) Chronic urinary tract carriage can occur. Predisposing factors include
obstructive uropathy from renal stones, strictures, hydronephrosis, tu-
mors, and schistosomiasis.

e. Special considerations
(1) Salmonella causes severe infection with repeated recurrences in patients

with AIDS (see Chapter 18).
(2) Other patients with an increased susceptibility to Salmonella infections

include patients with leukemia, lymphoma, renal transplants, underlying
inflammatory bowel disease, and underlying schistosomiasis.

B. Shigellosis (bacillary dysentery). Shigella are nonmotile, gram-negative bacilli
that do not ferment lactose. There are four serogroups: group A (S. dysenteriae),
group B (S. flexneri), group C (S. boydii), and group D (S. sonnei). Most disease in
the United States is produced by S. sonnei or S. flexneri.
1. Pathogenesis and epidemiology. Shigellosis is highly communicable; inges-

tion of as few as 200 viable bacteria will produce illness. This organism is spread
in a family setting or in confined settings, such as a day-care center. Food-borne
or waterborne transmission, although less common, is associated with large out-
breaks [44] Shigella strains invade mucosal epithelial cells (see section I.C.2).
The HUS that occasionally follows S. dysenteriae is due to Shigella toxin.

2. Symptoms. Many patients will have the classic biphasic illness in which initially
a small-bowel type of diarrhea occurs, characterized by passage of a small number
of voluminous watery stools. Approximately 24 to 48 hours after ingestion of the
microbe, abdominal pain, high fever, and diarrhea occur, marking large bowel
involvement. In a large percentage of cases, gross blood in the stool develops.
Stools containing blood and mucus are passed accompanied by tenesmus [44].
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3. Diagnosis usually is made by stool cultures. Bacteremia is rare. A sigmoido-
scopic examination may be suggestive of this diagnosis when diffuse inflammation
and shallow ulcers are seen. Leukocytes often are seen in stool smears.

4. Therapy. Although mild disease often has responded to supportive care, antibi-
otics are indicated because they shorten the duration of illness and decrease the
relapse rate. In vitro susceptibility tests should be performed because of the in-
creasing problem of resistance to ampicillin and TMP-SMX. Currently, the agents
of choice are the fluoroquinolones [39] (see Chapter 27G). Recommended duration
of therapy ranges from one dose to 5 days of therapy [45]. Ciprofloxacin (500 mg
twice daily for 3–5 days) can be used in adults. A single dose is effective in mild
illness. Alternative regimens include TMP-SMX (160 mg TMP and 800 mg SMX
twice daily in adults), ampicillin, azithromycin [46], and ceftriaxone [41,44].

C. Yersinia enterocolitica is a gram-negative coccobacillus formerly classified as
a Pasteurella species. Although first recognized in 1933 in New York State, dis-
ease caused by this organism is more frequently reported in Scandinavia, northern
Europe, Japan, and Canada than in the United States. Because the culture requires
special techniques, the incidence of disease in the United States probably is under-
estimated [47–49].
1. Symptoms. Fever, abdominal pain, and diarrhea commonly appear together,

but the latter is present only 50% of the time. Erythema nodosum, reactive
arthritis, exudative pharyngitis, septicemia, and terminal ileitis or mesenteric
lymphadenitis also occur. The latter two mimic appendicitis. However, at
operation the appendix appears normal. A clustering of cases of mesenteric lym-
phadenitis should lead to the suspicion of Y. enterocolitica infection. The diarrheal
illness is indistinguishable from that of other enteric pathogens. Symptoms com-
monly last 2 weeks on average.

2. Diagnosis. Special cold enrichment of cultures is necessary to increase the
isolation of Yersinia. Even then, isolation may take several days or may be missed.
The laboratory must be alerted. Appendiceal tissue also can be cultured.

3. Treatment. In most cases, resolution occurs spontaneously. The value of antimi-
crobial agents in Y. enterocolitica diarrhea or mesenteric adenitis has not been
established. Therapy for mesenteric adenitis is symptomatic [47].
a. Intestinal infection usually is self-limited, and there have been few clini-

cal studies of efficacy. Treatment of diarrhea should focus on appropriate man-
agement of fluid replacement.

b. Treatment of extraintestinal disease or complications should be based
on in vitro susceptibility data. Most isolates have been shown to be sensi-
tive to TMP-SMX, third-generation cephalosporins, aminoglycosides, fluoro-
quinolones, and tetracyclines [47]. In a retrospective review of 43 cases of bac-
teremic patients, fluoroquinolones alone or third-generation cephalosporins
plus aminoglycosides or fluoroquinolones constituted the most effective treat-
ment [50].

4. Epidemiology. Infection occurs by ingestion of contaminated food or water. Nat-
ural reservoirs include pigs, sheep, cattle, horses, dogs, and cats. The ability of
Yersinia to grow at low temperatures potentiates its ability to contaminate re-
frigerated meats and other food products. Isolates have been cultured from meat,
mussels, poultry, oysters, cheese, and ice cream. Food-borne outbreaks of Yersinia
in the United States have been associated with contaminated chocolate milk and
pasteurized milk. Person-to-person transmission also may occur [47–49].

D. Campylobacter. Campylobacter is the most common bacterial cause of acute gas-
troenteritis in the United States, identified two to seven times more frequently than
Salmonella, Shigella, or E. coli O157:H7. An estimated 2.4 million cases occur an-
nually in the United States, affecting nearly 1% of the population [51]. C. jejuni is
the most frequently isolated species (>99%). Most cases of Campylobacter diarrhea
are sporadic, but outbreaks can occur. Special techniques are required for iso-
lation. This may account for the failure in the past to discover the organism by
routine culture [8].
1. Symptoms. Diarrhea, cramping abdominal pain, fever, and constitutional

symptoms predominate. Grossly bloody stools or occult blood may be seen
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in the majority of patients. Most patients are symptomatic only for a few days,
although enteric symptoms may last up to several weeks. The incubation period
is usually 48 to 72 hours after ingestion of the organism. Less than 1% of patients
have bacteremia. The clinical presentation mimics other forms of acute bacterial
diarrhea, and the diagnosis can be established only by culture. Guillain-Barré
syndrome is a rare postinfectious complication of C. jejuni infection, estimated to
occur fewer than 0.1% of cases [51,52].

2. Diagnosis. A special selective medium is required to identify Campylobacter
jejuni from stool cultures (which may take 72 to 96 hours), but routine blood
cultures support growth of the organism. Methylene blue fecal smears commonly
show leukocytes.

Fresh stools can be screened for Campylobacter by direct microscopy. Leuko-
cytes and red blood cells (RBCs) in the presence of bacteria with characteristic
darting motility lead to a presumptive diagnosis. On Gram staining of stool, the
presence of many small curved rods and reduced amounts of normal flora suggests
Campylobacter.

3. Treatment. Gastroenteritis is usually self-limited, and antibiotic treatment is
not required for the majority of cases.
a. Treatment should be considered in patients with high fevers, bloody stools,

prolonged illness (>1 week), pregnancy, human immunodeficiency virus (HIV)
infection, and other immunocompromised states. In patients with protracted
symptoms, treatment with antibiotic appears to shorten the illness and pre-
vent relapses [51].

b. Treatments of choice are oral erythromycin (500 mg twice daily for
5 days in adults), azithromycin (500 mg on day 1; 250 mg on days 2–5), or
clarithromycin. Alternatives include fluoroquinolones, clindamycin, aminogly-
cosides, or imipenem [39,41,51].

c. Rapidly increasing resistance to fluoroquinolones has been observed world-
wide; 10% of isolates in the United States were resistant in 1998. Fluoro-
quinolones should not be used unless susceptibility is confirmed [53].

d. Bacteremic patients deserve full therapeutic courses.
4. Epidemiology. C. jejuni is a known enteric pathogen in cattle, dogs, and fowl.

Animals, symptomatic and nonsymptomatic, are the source of most human infec-
tions. In developed countries, 50% to 70% of infections are attributed to under-
cooked chicken. Cross-contamination during food preparation easily occurs. Spo-
radic infections from red meats, contaminated water, and contact with pets also
occur. Large outbreaks, although unusual, have been associated with consump-
tion of unpasteurized milk. Person-to-person transmission is unusual [51,52].

E. E. coli O157:H7. E. coli has emerged as an important cause of both bloody
diarrhea and HUS, the most common cause of acute renal failure in children [54–
59]. In the United States alone, E. coli O157:H7 is estimated to cause more than
20,000 infections and as many as 250 deaths each year [57]. The organism has
been referred to as an enterohemorrhagic strain (EHEC) because of its frequent
production of bloody diarrhea in infected patients [55]. The E. coli serotype O157:H7
is designated by its somatic (O) and flagella (H) antigens.
1. Pathogenesis. These E. coli produce large amounts of toxins (Shiga-like) that

are specified by bacteriophages that have infected the bacterial cells. A multi-
state epidemic in the western United States in 1993 was traced to contaminated
hamburger patties that were undercooked by a fast-food restaurant chain. Sub-
sequent U.S. Food and Drug Administration (FDA) recommendations call for in-
creasing internal temperature for cooked hamburgers to 155◦F such that the
interior is no longer pink [54]. In addition to undercooked ground beef, foods such
as roast beef, unpasteurized milk, lettuce, and apple cider have been implicated,
as well as poorly chlorinated municipal water [56], person-to-person transmis-
sion in child day-care centers [60], and swimming in a fecally contaminated lake
[57,61].

E. coli O157:H7 live in the intestines of about 1% of healthy cattle and can
contaminate meat during slaughter. Grinding of beef is likely to transfer contam-
ination from the surface to the interior of the meat [54,57].
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2. Clinical syndrome. The incubation period usually is 3 to 5 days. Although
asymptomatic carriage occurs, watery diarrhea, often bloody, is the promi-
nent symptom in 90% of cases. Vomiting can occur. Fever is infrequent. The ab-
sence of fever may lead clinicians to suspect a noninfectious cause for the diarrhea
[57]. Abdominal cramps or pain can be severe in some patients, and most illness
resolves in 5 to 7 days. E. coli O157:H7 also causes a spectrum of other ill-
nesses, including HUS in 6% to 14% of patients under 10 years of age. It causes
some cases of thrombotic thrombocytopenia purpura in adults, which has features
similar to those of HUS in children. These clinical syndromes have been reviewed
elsewhere [12,55,57,59]. HUS develops on average 1 week after the onset of di-
arrhea. Because patients clear the organism from the GI tract rapidly, up to two
thirds of patients with HUS will not have E. coli O157:H7 in stools [55]. Children
and the elderly are at highest risk for complications, with 5% to 10% of patients
developing HUS. This is characterized by hemolytic anemia, thrombocytopenia,
and renal failure, with a fatality rate of 3% to 5% [58].

3. Diagnosis is made by culture on special sorbitol-MacConkey agar, which is com-
mercially available. Colonies of E. coli O157:H7, which does not ferment the sor-
bitol, can readily be identified and confirmed by serotyping with specific antisera
[55]. Most laboratories do not culture for this organism unless requested
to do so. Because of the increasing importance of this pathogen, microbiology
laboratories now are encouraged to routinely culture for this organism in bloody
and nonbloody diarrheal specimens [55,57]. Tests for rapid detection of E. coli
O157:H7 antigens and Shiga-like toxin in stool are being developed. Antibodies
to O157 lipopolysaccharide are positive in the first several months after the on-
set of HUS, although serologic testing is currently performed only in research
laboratories [55].

4. Therapy is supportive. Antibiotic-treated patients may be more likely to
develop HUS [57]. Even though most strains of E. coli O157:H7 are sensitive
to antibiotics used to treat infective gastroenteritis, no clinical benefit has been
demonstrated.
a. Most experts suggest antibiotics not be used [12,55,57,62]. In a recent

prospective study of E. coli O157:H7 in 71 children under 10 years of age, HUS
developed in 56% of children treated with antibiotics and in 8% of untreated
children [12,59].

b. Antimotility agents or narcotics are contraindicated because they may
delay clearance of the pathogen and toxin. Use of antimotility agents has been
associated with increased risk for the development of HUS and increased sever-
ity of neurologic manifestations of the syndrome [57].

c. Intravenous hydration with isotonic saline is advised to correct hypov-
olemia that in turn may reduce toxemic injury to the kidneys. Oral fluid
increases crampy abdominal pain, whereas i.v. fluid administration reduces
symptoms [55].

5. Prevention
a. Thorough cooking kills E. coli O157:H7. Optimally, ground beef should be

cooked thoroughly until the interior is no longer pink and the juices are
clear [45,58].

b. Patients infected with E. coli O157:H7 should be considered highly conta-
gious and should not return to day care or school unless illness has resolved.
Some authorities have recommended that infected children be excluded un-
til two consecutive stool cultures are negative for E. coli O157:H7. However,
shedding of the organism may be intermittent. Supervised handwashing is the
most important preventive measure [55,57,60]. The dose of E. coli O157:H7
that leads to symptomatic infection, like Shigella, is low.

c. All cases of confirmed E. coli O157:H7 infection should be reported
immediately to appropriate public health authorities. Early detec-
tion can lead to measures that will help prevent additional cases from
occurring.

F. Vibrio parahemolyticus is a gram-negative, halophilic, marine organism that was
first isolated in 1950 as a cause of self-limited gastroenteritis [3,63]. It is common in
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Japan, where it may account for up to 70% of recognized causes of gastroenteritis.
It occurs rarely in the United States, in such coastal areas as eastern Maryland, the
gulf coast of Louisiana and Florida, and on cruise ships sailing between Florida and
the Caribbean [64].
1. Symptoms. Diarrhea, cramps, weakness, nausea, chills, headache, fever, and

vomiting occur 3 to 76 hours after ingestion of contaminated raw or im-
properly cooked shellfish. The mean duration of illness is approximately
3 days [63].

2. Diagnosis. Isolation is achieved on special media. Stool specimens may be tinged
with blood and contain fecal leukocytes indicative of invasive disease. Sigmoid-
oscopy demonstrates superficial ulceration in some cases.

3. Treatment. Resolution occurs spontaneously in most cases and therapy is not
indicated. No studies on the efficacy of antibiotics in gastroenteritis have been
reported, but most are sensitive to tetracycline and TMP-SMX.

G. Clostridium difficile (antibiotic-related) diarrhea. This diagnosis should be
considered in any patient with a new onset of diarrhea while taking antibi-
otics or within 4 to 6 weeks after completing a course of antibiotics. Fever,
abdominal tenderness, leukocytosis, and fecal leukocytes are common findings.

H. Travelers’ diarrhea is discussed in Chapter 22.
I. Miscellaneous

1. Other Vibrio species can cause diarrhea and may be linked epidemiologically to
the consumption of raw or undercooked shellfish [64].

2. Cholera, infection due to V. cholerae, is rare in the United States. Domestically
acquired cholera has been reported from an endemic Gulf Coast focus involving
shellfish or imported foods; international travelers also can acquire cholera [64–
66].

3. Aeromonas hydrophila may be pathogenic at times and is found in fresh water
in the United States, coastal waters, shellfish, and even farm animals [3,63,67,
68].

4. Plesiomonas shigelloides also may cause diarrhea from contaminated shellfish
(e.g., raw oysters). Rare waterborne outbreaks occur in the United States [3,63,
69–71].

J. Parasitic disease may mimic bacterial gastroenteritis, Giardia species, and Enta-
moeba histolytica. See related discussions under Gastrointestinal Parasites.

VI. Viral gastroenteritis occurs commonly, producing an estimated 30% to 40% of the
cases of infectious diarrhea in the United States. A study of diseases affecting
families in Cleveland over a 10-year period found that infectious nonbacterial gastroen-
teritis was second in frequency to the common cold and accounted for 16% of illnesses
[71,72].
A. Etiology. Four major categories of human gastroenteritis viruses have been defined

since the discovery of the Norwalk virus in 1972. Well-established medically impor-
tant pathogens include rotavirus, enteric adenovirus, calicivirus (including
Norwalk or Norwalk-like viruses), and astrovirus (Table 13.5). The specific
cause of many bouts of gastroenteritis cannot be determined [3,8,72–74].
1. Rotavirus is the agent responsible for 30% to 60% of all cases of severe wa-

tery diarrhea in children. It is a double-stranded RNA virus that can undergo
gene reassortment, leading to new serotypes. There are at least seven distinct
antigenic groups (A to G), four of which cause most disease. Group A rotavirus
is most common and is the single most important cause of dehydrating di-
arrhea necessitating hospitalization in children under 2 years of age in
both developed and less developed countries. Virtually all children are infected
in the first 3 to 5 years of life. In the United States approximately 1 million cases
of rotavirus infection occur annually, resulting in over 50,000 hospitalizations of
children and 20 to 40 deaths per year [3,75]. Mild disease is seen in older chil-
dren, and at times adults may acquire disease, especially after close contact with
infected infants. Infants under 3 months of age seem less likely to be infected,
presumably because of immunity by passive transplacental transfer of maternal
antibody. Breast-feeding has not been proven to prevent infection but may be
associated with milder disease and should be encouraged [76].
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a. Transmission is probably by the fecal-oral route. Rotavirus is shed in large
numbers in the feces, and fecal infiltrates are infectious to volunteers [72]. Ro-
tavirus can be found on toys and hard surfaces in day-care centers, suggesting
fomites as a mechanism of spread. Respiratory transmission also may play a
role. Waterborne transmission may occur in less developed countries [76].

b. Infection is more common in cooler, winter months in the United States,
with spread typically from the Southwest to the Northeast each year.

c. Clinical syndrome. Rotavirus infection frequently is asymptomatic. In
symptomatic infection, the incubation period is 1 to 3 days, with illness
lasting 5 to 7 days in normal hosts, but the course may be more protracted
in the immunocompromised host. It is not possible to differentiate
rotavirus-associated gastroenteritis from illness caused by other en-
teric pathogens on the basis of clinical criteria. Vomiting is common,
as is dehydration.

d. Diagnosis. Because large amounts of the rotavirus are in the stool, a wide
variety of assays able to detect rotavirus antigen in the stool are sensitive
and specific. Enzyme immunoassays (EIAs) and latex agglutinations assays
are commercially available.

e. Treatment is symptomatic, preferably with oral rehydration fluids.
f. Vaccine to prevent rotavirus infection and disease is not currently available. A

rhesus rotavirus tetravalent vaccine was incorporated into the routine child-
hood immunization schedule in 1999, but was withdrawn from the market
the same year because of an association of this vaccine and intussusception
[75,76].

2. Enteric adenovirus is second to the rotavirus in causing pediatric gastroenteri-
tis, especially in children under 1 year of age. Estimates suggest that this virus
accounts for 4% to 10% of pediatric diarrhea in children under 2 years of age
[72].
a. Transmission is from person to person.
b. No seasonal peak occurs.
c. Serotypes 40 and 41 cause diarrheal disease, usually without respiratory

symptoms.
d. Clinical syndrome. The incubation period is 8 to 10 days. Asymptomatic in-

fection may be observed, but watery diarrhea may last 5 to 12 days, with 1 to
2 days of vomiting. Low-grade fever and dehydration occur. Nosocomial and
day-care center outbreaks are common, during which high rates of asymp-
tomatic infections occur; spread to adults is uncommon.

e. A presumptive diagnosis can be made if large numbers of adenoviral parti-
cles are seen on electron microscopic examination of diarrheal stool; the virus
cannot be cultured with conventional cell culture. Immunoassays and dot blot
hybridization assays for adenoviruses 40 and 41 are available [74].

f. Treatment is symptomatic.
3. Calicivirus (including Norwalk virus and serologically related Norwalk-like

viruses) cause approximately 40% of the outbreaks of gastroenteritis that
occur in every situation where people gather in social, health-related, or recre-
ational circumstances. Outbreaks also result from the ingestion of contaminated
drinking or swimming water, poorly cooked clams and oysters from contaminated
waters, and contaminated foods such as salads and cake frosting. These viruses
cause explosive epidemics of diarrhea that can sweep through a community with
a high attack rate, affecting all age groups [3,72,74,77,78].
a. Transmission is by the fecal-oral route.
b. Clinical syndrome. The incubation period is 12 to 48 hours. Nausea and

vomiting are common but watery diarrhea is the main symptom. Mild de-
grees of small intestinal malabsorption can persist for 2 weeks after the acute
episode [72]. Disease caused by calicivirus in infants and young children is
clinically indistinguishable from mild rotavirus illness, typically with vomit-
ing and diarrhea lasting 1 to 2 days. Approximately 3% of the cases of diar-
rhea among infants and young children at U.S. day-care centers are caused by
calicivirus.



P1: HAG

PB207B-13 PB207A-Betts/6678F September 3, 2002 7:20 Char Count= 0

424 13. Gastrointestinal and Intraabdominal Infections

c. Diagnosis. Because the calicivirus cannot be cultivated in the laboratory, the
diagnosis can be established only by identifying viral antigen in the stool, and
these tests are available only in research laboratories. Virus can be seen in
fecal effluent by immune electron microscopy using serum from a convales-
cent subject. A monoclonal antibody–based enzyme-linked immunoabsorbent
assay (ELISA) and a polymerase chain reaction (PCR) assay have been devel-
oped that can detect Norwalk virus in stool specimens, but these are not yet
commercially available [74,78].

d. Nomenclature. Caliciviruses are often named after the locations of outbreaks
of diarrheal illness attributed to these viruses (e.g., Norwalk, Hawaii, Snow
Mountain).

4. Astrovirus is a single-stranded RNA virus that is a major cause of diarrheal
illness in children from infancy to 7 years of age. Antibody develops to many
of the seven viral serotypes by about 4 years of age, indicating that this virus
probably causes frequent infections in childhood. Although similar to rotavirus
illness, it is less severe. The incubation period is 1 to 4 days. Nausea, vomiting,
and occasionally fever may occur, but watery diarrhea lasting 2 to 3 days is the
prominent symptom. Outbreaks have been described in residential homes for
the elderly. Serum antibodies whose levels may decline with age may protect
young adults. The virus can be recognized in stool specimens by means of electron
microscopy, specific immunoassays, RNA probe hybridization, and PCR [3,72,74].

B. Diagnosis
1. In adults, the diagnosis of viral gastroenteritis is, for all practical purposes, a

diagnosis of exclusion because techniques are not routinely available to isolate
the virus from stool [8].
a. History. There is no obvious history suggesting a bacterial or parasitic process

(e.g., no recent international travel, no high fever or rigors, no recent seafood
ingestion). The patient may well have been exposed to a friend or family mem-
ber with similar GI symptoms.

b. Stool examination. The diagnosis of a viral process is supported, although
not proven, by the absence of fecal leukocytes. The results of stool culture or
O&P examination will be negative, and the decision of whether to order these
tests must be individualized.

2. In children, similar principles hold, but stools can be examined for rotavirus
and, at times, enteric adenovirus.

C. Therapy is supportive with fluid replacement.

HELICOBACTER PYLORI AND PEPTIC ULCER DISEASE
Helicobacter pylori (formerly called Campylobacter pylori) has emerged as a major causative
factor in the pathogenesis of peptic ulcer disease. Most peptic ulcers not caused by nons-
teroidal antiinflammatory drugs (NSAIDs) are now thought to be associated with H. pylori
infection. The organism’s clinical role has been reviewed extensively [79–83].

I. The organism H. pylori is a curved, motile, microaerophilic gram-negative bacillus
with flagella at one end that is found in the mucous layer overlying the epithelium of
the gastric mucosa, and within the epithelial cells.
A. H. pylori infection is found worldwide. Prevalence of infection increases with

age and is highest in disadvantaged socioeconomic groups. In developing countries,
the prevalence of H. pylori colonization of gastric mucosa is nearly universal by the
age of 20. Developed countries typically have a lower prevalence of H. pylori, partic-
ularly among younger persons. In North America more than 50% of asymptomatic
persons over 60 years of age show evidence of active or past H. pylori infection [79].
Patients with active or inactive peptic ulcer disease, especially duodenal but also
gastric, have H. pylori infection more often than age-matched controls, with an odds
ratio of approximately 3:1 to 4:1 [84]. The only known important reservoir of H. pylori
is humans. Although H. pylori has been cultured from domestic cats, there is no
evidence that it is transmitted to humans from cats or other pets. Transmission
is thought to occur person to person by fecal-oral or oral-oral exposures, although
the route of transmission has not been confirmed. A higher prevalence of H. pylori
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antibodies has been found among institutionalized adults relative to age-matched
controls, suggesting person-to-person transmission in the institutional setting [85].

B. Virtually all persons with H. pylori infection in the antral mucosa have focal epithe-
lial cell damage and inflammation in the lamina propria.
1. H. pylori produces urease, which seems important in colonization and is cytotoxic

to human epithelial cells.
2. Other cytotoxins produced by certain strains of H. pylori may function as virulence

factors that damage epithelial cells and exacerbate the inflammatory process in
susceptible hosts [81,86].

C. The importance of H. pylori in the pathogenesis of peptic ulcer disease is
evident in the high incidence of infection among patients with peptic ulcer disease
and the lower relapse rates of ulcers after eradication of H. pylori.
1. H. pylori infection is present in greater than 90% of patients with duodenal ulcers

and 70% to 90% of those with gastric ulcers, excluding patients taking NSAIDs
[81].

2. The strongest evidence for the pathogenic role of H. pylori in peptic ulcer
disease is the marked decrease in recurrence rates of ulcers following
the eradication of H. pylori [82,83]. Among patients with duodenal ulcer and
H. pylori infection, ulcer recurred in only 12% of those treated with triple an-
tibiotics plus ranitidine, compared with recurrence in 95% of those treated with
ranitidine alone [87].

3. Overall, H. pylori appears to be a strong risk factor for development of ulcer
disease, but its presence is not sufficient to cause ulcers. Only 15% to 20% of
people infected with H. pylori develop an ulcer during their lifetime.
Why H. pylori infection leads to peptic ulcer disease in a minority of infected
persons is not known [81].

4. The mechanism whereby infection with H. pylori results in peptic ulcer disease
is not well understood. Physiologic factors in the host, such as increased acid
secretion in response to infection, may enhance mucosal injury. Other host factors,
such as concomitant smoking, the use of NSAIDs, and stress, may play synergistic
roles [81,86].

II. Diagnosis of H. pylori infection [81]
A. Invasive techniques require endoscopy.

1. Culture is not indicated for diagnosis. Culturing for H. pylori involves obtain-
ing the sample by endoscopy, and culture techniques are difficult. Culture is less
sensitive than routine histologic analysis of tissue. Cultures are used in research
studies to determine the susceptibility of H. pylori to antimicrobial agents.

2. Endoscopy with biopsy
a. The organism may have a patchy distribution in the stomach, espe-

cially in the body and fundus. Taking multiple biopsy samples improves the
diagnostic yield.

b. Campylobacter-like organism (Clo) test on endoscopic biopsy samples.
Mucosal tissue is directly inoculated into medium containing urea and phenol
red, which turns pink if the pH rises above 6.0. This change occurs when urea
in the gel is metabolized to ammonia by the urease produced by H. pylori. The
test is commercially available and inexpensive, and can provide a diagnosis
within 1 hour of inoculation of the biopsy specimen. Sensitivity and specificity
are as high as 90% and 100%, respectively. The low cost and excellent
reliability of this test make it the endoscopic method of choice for
diagnosis [81,83].

c. Histologic examination. Experienced pathologists can diagnose H. pylori
on hematoxylin and eosin staining, but false-negative results occur. Giemsa
and Warthin-Starry stains permit easier visualization [83]. Histology is much
more expensive than urease (Clo) testing; it is reasonable to obtain biopsy
samples and perform the histologic examination only if results of the Clo test
are negative [81,83].

B. Noninvasive tests
1. The urea breath test is a sensitive, specific, noninvasive test to detect

H. pylori infection. A carbon 13– or 14–labeled urea solution is ingested. If
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H. pylori is present in the stomach, urease produced by the organism will
hydrolyze the urea to form ammonia and radiolabeled carbon dioxide. The latter
is absorbed rapidly into the bloodstream and can be detected in the expired
breath [81,88].
a. The urea breath test is sensitive and specific in the initial diagnosis of H. pylori

infection and the assessment of response to antimicrobial therapy.
b. Because antimicrobial drugs and proton pump inhibitors temporarily cause

false-negative results, an interval of at least 4 weeks after completion of anti–
H. pylori therapy should be allowed before breath tests are used for confirma-
tion of cure.

2. Serologic tests are available, based on ELISA and other methods, which have
very high sensitivity and specificity for detecting immunoglobulin G (IgG) anti-
body to H. pylori.
a. An elevated antibody titer to H. pylori indicates current infection in

the untreated patient, because spontaneous clearance of infection is rare.
b. Serology is not useful for early follow-up testing after therapy. Al-

though the antibody titer decreases after eradication of H. pylori, the rate of
decline is uncertain. Titers must be followed for at least 6 months to determine
a decline [81].

3. Because of their excellent accuracy and low cost, serology and urea breath
test are the methods of choice to document infection with H. pylori in
patients who do not otherwise require endoscopy.

C. The optimal strategy for evaluation and management of patients with dys-
pepsia, only 15% to 30% of whom have peptic ulcer disease, remains contro-
versial [80,83,89].
1. Noninvasive tests for H. pylori are commonly used in conjunction with

endoscopy. Some experts advocate that patients with dyspepsia undergo non-
invasive testing for H. pylori followed by anti–H. pylori antibiotic therapy in
H. pylori–positive subjects. Endoscopy is reserved for nonresponders. The safety
and cost effectiveness of this approach are under investigation [80,83,90].

2. Endoscopy is still required to establish a diagnosis of ulcer disease. Endoscopy
is indicated in patients with dyspepsia associated with “alarm” markers for gas-
tric or esophageal neoplasia (e.g., anemia, GI bleeding, anorexia, early satiety,
vomiting, dysphagia, weight loss, or onset after age 50) [83,89].

III. Treatment of H. pylori associated with peptic ulcer disease
A. Consensus has evolved that H. pylori is:

1. A cause of acute and chronic active gastritis.
2. A cofactor in the pathogenesis and recurrence of peptic ulcer diseases

(see section I.A).
3. A Possible cofactor in gastric carcinoma. However, there is no evidence

that treatment of H. pylori infection prevents development of gastric carcinoma
[91].

4. Not conclusively established as a factor in nonulcer dyspepsia. Eradica-
tion of H. pylori does not consistently result in resolution of symptoms [92,93].

B. Treatment to eradicate H. pylori is advocated for selected patients [79–83].
1. All patients with gastric or duodenal ulcers who are infected with

H. pylori should receive antimicrobials, whether on initial presentation or on
recurrence.

2. H. pylori–infected patients with peptic ulcer disease who are receiving mainte-
nance therapy with antisecretory agents or who have a history of complicated or
refractory disease should be treated.

C. Do not treat asymptomatic carriers and nonulcer dyspepsia.
1. Prophylactic antibiotics are not recommended to prevent future ulcers or gastric

neoplasia in asymptomatic infected patients without ulcers.
2. Treatment is not routinely advised for patients with nonulcer dyspepsia. Patients

may be tested for H. pylori on a case-by-case basis, and treatment offered to those
with a positive result [80,92,93].

3. Mucosa-associated lymphoid tumors (MALTomas) of the stomach appear to
regress in patients treated for H. pylori with antibiotics (see section IV.B.)
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D. Treatment regimens. The optimal regimen has not been defined.
1. Attempts to eradicate H. pylori with single agents have not been effective and

may lead to antimicrobial resistance [80,82].
2. Multidrug regimens are suggested. Antimicrobials used to treat H. pylori

include bismuth subsalicylate (Pepto-Bismol), amoxicillin, metronidazole, clar-
ithromycin, and tetracycline in various combinations of two or three agents, usu-
ally in addition to a histamine (H2)-blocker (e.g., ranitidine) or a proton pump
inhibitor (e.g., omeprazole). Regimens given for 7 to 14 days have been successful
in eradicating H. pylori in 60% to 95% of cases. The longer duration of treatment
is usually more efficacious. Obstacles to effective treatment include the presence
of antibiotic-resistant H. pylori, poor patient compliance with complex regimens,
and occurrence of side effects [79–83,94,95].
a. Antimicrobial resistance of H. pylori to metronidazole and clarithromycin

is reported frequently; resistance to tetracycline and to amoxicillin is rare.
b. The topical action of effective antibiotics is important.
c. The efficacy of many antibiotics is enhanced at increased gastric pH

levels, which may help to explain the higher rates of eradication of H. pylori
when antimicrobial agents are combined with H2-blockers or proton pump
inhibitors.

d. Reinfection after eradication is uncommon and appears to occur at rates as
low as 1% annually in developed counties [81].

e. Side effects are common with a triple-drug regimen and occur in up to 30% of
recipients [82]. Nausea and vomiting may be seen in 20%. Alcohol should be
avoided. Oropharyngeal or vaginal fungal infections can occur and may require
topical therapy. Diarrhea may be reduced if tetracycline is used instead of
amoxicillin. Rash is seen in 5% or fewer patients. C. difficile diarrhea has
been reported in less than 1% of treated patients. Clarithromycin can cause a
disturbance in taste that some patients find intolerable.

3. Examples of common treatment regimens are provided below. Options for
treatment continue to evolve. See earlier reports [79–81,83,94,95] for a more de-
tailed discussion.
a. Clarithromycin 500 mg twice daily plus metronidazole 500 mg twice daily (or

amoxicillin 1 g twice daily) plus omeprazole 20 mg twice daily (or lansoprazole
30 mg twice daily) for 7 to 14 days.

b. Clarithromycin 500 mg twice daily plus metronidazole 500 mg twice daily (or
amoxicillin 1 g twice daily or tetracycline 500 mg twice daily) plus ranitidine
bismuth citrate (Tritec) 400 mg twice daily for 7 to 14 days.

c. Bismuth subsalicylate (Pepto-Bismol) two tablets (525 mg) four times daily
plus metronidazole 250 mg four times daily plus tetracycline 500 mg four
times daily for 14 days.

d. Regimen c plus omeprazole 20 mg twice daily for 7 days.
IV. Relationship of H. pylori to other GI diseases

A. Gastric carcinoma. Several prospective and retrospective studies of gastric cancer
have identified H. pylori colonization as a risk factor for this disease. This finding is
not surprising, because chronic gastritis and atrophic gastritis, which are known to
be associated with H. pylori, are also recognized risk factors for gastric carcinoma.
However, the presence of H. pylori colonization is neither necessary nor sufficient for
oncogenesis, and other factors also must be involved in the pathogenesis of gastric
carcinoma [79,91].

B. Mucosa-associated lymphoid tumors are non-Hodgkin lymphomas of the stom-
ach that arise from B-lymphocytes. H. pylori colonization is strongly associated with
gastric MALTomas. Recent studies suggest that eradication of H. pylori results in
tumor regression in most patients [79].

GASTROINTESTINAL PARASITES
A detailed discussion of the epidemiology, clinical features, and treatment of intestinal
parasitic diseases is beyond the scope of this book. However, basic concepts of diagnosis
and therapy of the most common pathogens are presented here. Table 13.6 lists the vectors,
most common clinical symptoms, sites of involvement in the host, and laboratory tests
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commonly used to make the diagnosis of intestinal parasitic infestation. For details, the
reader is referred to texts and recent reviews devoted to this topic [96–98].

I. Pathogenesis of symptoms usually is related to one of the following:
A. Physical presence of organisms in the GI tract with loss of nutrients or blood (as

in hookworm, Ascaris, Strongyloides, fluke, and protozoa infestations)
B. Inflammatory reaction by the host to some parasite-related protein (as in schis-

tosomiasis and trichinosis)
C. Migration of parasite (as in creeping eruption and visceral larva migrans)

II. Diagnosis
A. Stool examination is the most common means of identifying the

pathogen.
1. The clinician should contact the diagnostic parasitology or microbiology

laboratory for assistance.
2. Fresh stool specimens are required to preserve the trophozoites of some para-

sites such as E. histolytica. The diagnostic laboratory often will reject a specimen
unless it is fresh or placed in appropriate fixatives.

3. Many drugs and materials interfere with the stool examination for para-
sites. Iron, Bismuth, castor oil or mineral oil, and particulate substances such as
Metamucil, can interfere for up to 1 week after ingestion. Barium, gallbladder
dye, antibiotics, iodine preparations, bismuth, antiamebic drugs, and some an-
timalarial drugs may make the stool difficult to examine correctly for as long as
3 weeks after ingestion.

4. Stool specimens should be collected before any medications or purga-
tives for radiologic procedures are given.

5. Macroscopic examination of the stool may reveal nematodes or proglottids.
Adult worms may be washed in warm sodium chloride and examined fresh or
fixed. Proglottids may be visualized clearly by mounting in 5% acetic acid [96].

6. Saline and iodine wet mounts for microscopic examination are useful for tropho-
zoites, cysts, ova, and certain helminth larvae.

7. Three stool samples for O&P microscopic examination are suggested in se-
lected patients, because a single examination may yield false-negative results.
The specimen should be collected in a clean dry surface such as a bedpan or col-
lection cup and should not be taken from the toilet or be contaminated with urine.
O&P microscopic examination is time consuming and requires a skilled clinical
parasitologist. O&P examination is recommended only in selected patients:
a. EIAs for detection of Giardia lamblia and Cryptosporidium antigen

in stool have largely replaced O&P examination. O&P examination
should be reserved for patients in whom there is a high clinical sus-
picion of parasitic infection caused by organisms other than Giardia
or Cryptosporidium. These would include immigrants or returning travelers
from tropical regions that have a high prevalence of endemic parasitic disease,
or immunocompromised patients or others with persistent diarrhea in whom
exclusion of other causes has been accomplished by laboratory testing [8,99].

b. O&P examination is usually not appropriate in patients who develop
diarrhea after 3 days of hospitalization. In this setting, C. difficile colitis
or antibiotic-associated diarrhea are far more common than parasites [8,99].

8. Artifacts or other objects can be mistaken for parasites. This is especially
true in old specimens. It is best to confirm one’s observation by consulting with
an expert.

9. Diagrams of common helminth eggs are shown in Figure 13.1 and in Neva’s
text [96].

B. Geographic exposure is useful when considering a parasitic diagnosis. For exam-
ple, hookworms survive poorly in cold, northern environments, and Echinococcus
cysts are found primarily in sheepherders of Basque origin in the western United
States. The Centers for Disease Control and Prevention conducted a survey of
stool specimens examined by public health laboratories in 1987. A total of 216,275
specimens were examined; parasites were found in 20.0%. Percentages were highest
for protozoans: Giardia lamblia (7.2%), Entamoeba coli and E. nana (4.2% each),
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Blastocystis hominis (2.6%), and E. histolytica (0.9%). The most commonly identi-
fied helminths were nematodes: hookworm (1.5%), Trichuris trichiura (1.2%), and
Ascaris lumbricoides (0.8%) [100].

C. Scotch tape technique for pinworms is the test of choice for E. vermicularis infes-
tations. The sticky side of clear tape is pressed against several areas of the perineum
of a child with pruritus. Next the tape is placed sticky side down onto a clean glass
slide, smoothed out with cotton gauze, and examined under the microscope.

D. Eosinophilia occurs in many, but not all, parasitic infestations. Its presence should
raise one’s suspicion of parasitic tissue infestation. The following organisms usu-
ally elicit eosinophilia: (a) Trichinella species, (2) visceral larva migrans, (3) fi-
laria, (4) hookworms, (5) Schistosoma species, and (6) whipworms.

E. Serologic tests
1. Amebiasis serologic tests are discussed in section IV.E.4.
2. Trichinella spiralis infection can be confirmed by sending a blood specimen to the

state or reference laboratory.
F. Duodenal aspirates have been useful in making the diagnosis in a small number

of cases of giardiasis and strongyloidiasis when stool specimens were not positive
for cysts, trophozoites, or larvae, and the diagnosis was strongly suspected.

G. Giardia antigen is discussed in section IV.A.2.
III. Therapy. A summary of the recommended drugs for treatment is given in Table 13.7.
IV. Discussion of selected parasitic diseases

A. Giardiasis. Giardia lamblia is the most frequently isolated intestinal parasite in
the United States. The most common mode of transmission has been through con-
taminated surface water. However, person-to-person transmission in day-care cen-
ters and custodial institutions, transmission between male homosexuals via sexual
contact, and food-borne transmission via fecal contamination can occur. Young chil-
dren attending day care may spread infection to a parent or caregiver. Large-scale
waterborne outbreaks have occurred in Leningrad, Colorado, New Hampshire, New
York, Oregon, Utah, and Washington [97,101–103].
1. Symptoms and life cycle. Chlorination does not destroy the cystic stage, A week

or two after the ingestion of contaminated water, explosive diarrhea, abdominal
cramps, flatulence, nausea, vomiting, and low-grade fever may occur. Patients do
not pass gross pus, blood, or mucus. Chronic infections result in milder, inter-
mittent symptoms and malaise. The spectrum of disease varies widely from
asymptomatic cyst passing to patients with acute symptoms to patients with per-
sistent steatorrhea and weight loss. Weight loss occurs in approximately 50% of
patients with chronic symptoms and averages 10 pounds [101].

Lactase deficiency after infection is common, especially in children. Patients
who recover from giardiasis should be counseled to avoid lactose-containing prod-
ucts for approximately 1 month. Because hypogammaglobulinemic patients often
have Giardia infection, and because achlorhydria patients are more susceptible
to infection, it is believed that IgG and stomach acid both play a role in host
defense.

2. Diagnosis
a. History of prolonged diarrhea without blood or mucus, weight loss, surface

water exposure, exposure to day-care children, or a homosexual lifestyle, and
mild malabsorption or lactose intolerance should raise suspicion for this diag-
nosis.

b. Stool examination. There are only two stages in the life cycle of this par-
asite: the trophozoites, which exist freely in the small bowel, and the cyst,
which is passed into the environment [101,103]. Fecal leukocytes are not
present.
(1) Giardia antigen stool assays have become the preferred test in many

laboratories. A polyclonal or monoclonal antibody against cyst or tropho-
zoite antigens is used to detect Giardia by EIAs or immunofluorescence;
intact organisms are not required. The sensitivity is 85% to 98%, and the
specificity is 90% to 100%. These tests are more sensitive than microscopic
examination of the stool; a single stool tested by EIA may be sufficient to
exclude giardiasis [8,101].
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Table 13.7. Treatment of Common Parasitic Infections

Organism Drug Choice Adult Dose Pediatric Dose

Giardia lamblia Metronidazolea,b 250 mg t.i.d. for 5 days 15 mg/kg/day in
3 doses for 5 days

Furazolidone 100 mg q.i.d for 7–10
days

6 mg/kg/day in 4 doses
for 7–10 days

Paromomycinb,c 25–35 mg/kg/day in
3 doses for 7 days

Trichuris trichiura Mebendazole
or
Albendazoleb

100 mg b.i.d for 3 days
or 500 mg once

400 mg onced

Same

Same
Ascaris

lumbricoides
Mebendazole
or
Pyrantel pamoateb

or
Albendazoleb

100 mg b.i.d for 3 days
or 500 mg once

11 mg/kg once (max 1 g)

400 mg once

Same

Same

Same
Enterobius

vermicularis
Pyrantel Pamoate
or
Mebendazole
or
Albendazoleb

11 mg/kg once (max 1 g);
repeat after 2 wk

100 mg once; repeat
after 2 wk

400 mg once; repeat
after 2 wk

Same

Same

Same

Entamoeba
histolytica

Asymptomatic Iodoquinole
or

650 mg t.i.d. for 20 days 30–40 mg/kg/day in
3 doses for 20 days
(max 2 g/day)

Paromomycin 25–35 mg/kg/day in
3 doses for 7 days

Same

Intestinal
disease f

Metronidazolea 500–750 mg t.i.d. for
10 days

35–50 mg/kg/day in
3 doses for 10 days

Hepatic
abscess f

Metronidazolea 750 mg t.i.d. for 10 days 35–50 mg/kg/day in
3 doses for 10 days

Dientamoeba
fragilis

Iodoquinolg

or
650 mg t.i.d. for 20 days 40 mg/kg/day in

3 doses for 20 days
(max 2 g/day)

Tetracyclineb,h

or
500 mg q.i.d for 10 days 40 mg/kg/day in

4 doses for 10 days
(max 2 g/day)

Paromomycinb 25–30 mg/kg/day in
3 doses for 7 days

25–30 mg/kg/day in
3 doses for 7 days

Blastocystis
hominish

Iodoquinole
or
Metronidazolea

650 mg t.i.d. for 20 days

750 mg t.i.d. for 10 days

—

—

t.i.d., three times daily; q.i.d., four times daily; b.i.d., twice daily.
aAvoid in pregnant women, especially first trimester.
bApproved drug but considered investigational in this condition by the U.S. Food and Drug Administration.
cNot absorbed. May be useful for treatment in pregnancy.
dIn heavy infection, it may be necessary to extend therapy to 3 days.
eDosage and duration of administration should not be exceeded because of the possibility of causing optic
neuritis. Maximum dose 2 g/day.
f Treatment should be followed by a course of iodoquinol or paromomycin (intraluminal drugs) in the
dosage used to treat asymptomatic amebiasis.
gContraindicated in patients under 8 years of age and in pregnant women.
hWhether this organism is a true pathogen is controversial.
Adapted from The Medical Letter. Drugs for parasitic infections. Med Lett Drugs Ther 1998;40:1–12; with
permission. (See this source for details of drug use, regimens for less common parasites, and summary of
adverse effects of antiparasitic drugs.)

433



P1: HAG

PB207B-13 PB207A-Betts/6678F September 3, 2002 7:20 Char Count= 0

434 13. Gastrointestinal and Intraabdominal Infections

(2) O&P examinations are appropriate for evaluating an international trav-
eler. Three serial liquid stools, if examined properly, will demonstrate the
organism in 90% of cases. Three stools over several days are preferred be-
cause cysts may be shed intermittently. Fresh and preserved specimens
are examined. Because the organisms reside in the small bowel, in a mi-
nority of patients symptoms may precede stool positivity by 1 to 2 weeks
[101].

c. Duodenal sampling. Occasionally patients with persisting symptoms sug-
gestive of Giardia infestation have negative antigen tests and negative O&P
examination results. In these patients, a string test or Entero-Test (HDC Cor-
poration, San Jose, CA), duodenal aspirate, or duodenal biopsy may be consid-
ered [101].

d. Serum anti-Giardia antibody tests usually are not available and are used
more in epidemiologic studies.

3. Therapy. All symptomatic patients deserve treatment. Although some
cases resolve spontaneously over 3 to 4 days, most persist until intervention with
treatment.
a. Metronidazole, although not FDA approved for this indication, is the drug

of choice for treatment of giardiasis. Efficacy is 80% to 95% (see Table 13.7).
b. Furazolidone, available in liquid suspension, is an alternative for children.

It is well tolerated. Because it is only 80% effective, follow-up is important.
It causes mild hemolysis if there is glucose-6-phosphate dehydrogenase defi-
ciency [101].

c. Tinidazole (Fasigyn) is effective in a single dose of 2 g (not available in the
United States).

d. Albendazole has been shown to have efficacy similar to metronidazole and
fewer side effects, but clinical experience with this agent is limited [103].

e. Therapy in pregnancy remains an unclear issue. The suggested approach
is as follows [101]:
(1) Avoid treatment altogether in the first trimester if possible.
(2) Women with mild disease may delay therapy until after delivery. Nutrition

and hydration must be maintained.
(3) For women with persisting symptoms of weight loss, nausea, or dehydra-

tion necessitating therapy, use of paromomycin, an oral aminoglycoside
that is excreted in the feces nearly 100% unchanged, is advised, although
its efficacy may be in the 60% to 70% range [101] (see Chapter 27I). The
use of metronidazole in pregnancy remains debated (see Chapter 27Q),
but it is a potential option in the third trimester (see Table 13.7).

f. Persisting symptoms may be due to lactose intolerance, and this warrants
therapy as well as careful repeat stool examination.

4. Therapy of asymptomatic infection (asymptomatic cyst passer) is contro-
versial. Therapy may be indicated in the setting of an outbreak (e.g., in a child-
care center or custodial institution) if reinfection is unlikely. Asymptomatic food
handlers and day-care workers should be treated [97].

5. Empiric therapy sometimes is used in situations where the clinical suspicion is
high but stool examinations are negative.

6. Prevention requires proper handling and treatment of community water sup-
plies, appropriate disposal of human and animal waste, and good personal hygiene
[102].
a. Wilderness hikers or international travelers must pay attention to

preparing drinking water. Water needs to be boiled for at least 1 minute. An
alternative is to use a filter system, but the pore size should be 1 µm or less.
Halogenation of water with chlorine or iodine tablets is a less reliable treat-
ment because it is highly dependent on the temperature, pH, and cloudiness
of the water [102,103].

b. Handwashing is important before handling food and after every diaper change.
B. Trichuris trichiura (whipworm) infestation

1. Life cycle. Infection occurs in humans by ingestion of embryonated eggs on
contaminated hands, food, soil, or fomites. After a 10- to 30-day period in
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the small intestine, the larvae migrate primarily to the cecum and appendix,
where they embed their anterior end into the mucosa, with the posterior end
free to “whip” in the lumen. These mature adults lay eggs, which pass to the
soil and repeat the cycle. The distribution of whipworm is similar to that of
A. lumbricoides.

2. Symptoms are correlated with the worm burden in the large bowel. Light
infections may be asymptomatic. Infections produce their damage by mechan-
ical and lytic damage to the mucosa, with petechial hemorrhages and dis-
ruption of integrity of the GI tract by bacteria. Heavy worm burdens pro-
duce diarrhea, abdominal pain, anemia, weight loss, weakness, and even rectal
prolapse.

3. Diagnosis is made by examination of fecal specimens by direct smear,
formalin-ether centrifugal sedimentation, or flotation techniques. Sigmoidoscopy
can demonstrate adult worms attached to the colonic mucosa in severe infection.

4. Treatment (see Table 13.7). Stool examination should be performed 3 weeks
after treatment to confirm eradication. A second treatment course should be un-
dertaken if necessary.

C. Ascaris lumbricoides infestation
1. Life cycle. Infection results from ingestion of second-stage larvae that usually

are contaminants of hands or soil. The larvae hatch in the small intestine, pene-
trate the intestinal wall, and are carried to the lungs through the portal vein or
indirectly through the lymphatics. In the lung, they live and molt in the alveoli
for 10 to 14 days. Subsequently, they migrate up the bronchi to the pharynx, are
swallowed, and mature sexually in the small intestine 6 to 10 weeks later. The
adult phase persists for approximately 9 months. Eggs are laid daily during this
period. To become infectious to humans these eggs must be deposited in an exter-
nal environment with adequate shade and moisture and a temperature conducive
to hatching. In the United States, the endemic areas include southeastern
parts of the Appalachian mountain range and areas of the southern and Gulf
Coast states.

2. Symptoms are related primarily to the mechanical presence of the par-
asites. During the transient pulmonary stage, Loffler syndrome (pulmonary
infiltrates with eosinophilia, dyspnea, cough, and fever) may occur. The adult
worm’s presence in the intestine usually is asymptomatic, except in cases where
the worm migrates into various organs, causing obstruction of the common bile
duct, pancreatic duct, appendix, or even the bowel itself if the mass of worms
is large. At times, a patient, especially a child, may report having coughed up a
worm or passed one through the rectum.

3. Diagnosis. Identification of Ascaris eggs in the stool is the primary means of di-
agnosis. Direct smears usually are sufficient, although concentration techniques
may have to be used occasionally. In the patient with partial bowel obstruction
due to a mass of Ascaris organisms, an upper GI barium study may demonstrate
small bowel worms.

4. Treatment is summarized in Table 13.7.
D. Enterobius vermicularis (pinworm) infestation

1. Symptoms. Intense pruritus ani and, occasionally, pruritus vulvae are caused
by the presence of adult worms and embryonic eggs. The 15-day life cycle is initi-
ated by the ingestion of eggs on contaminated hands or in food or drink. Because
the eggs are infectious when laid, autoinoculation can occur from anal scratching
then oral transmission. The larvae emerge in the upper intestine, temporarily
attach themselves, copulate in the lower small intestine, and then migrate to the
anus to deposit their sticky eggs on the perianal skin. Irritability, restlessness,
anorexia, and insomnia (in children) with enterobiasis have been attributed to a
heavy worm infestation.

2. Diagnosis. Eggs are not found in stool. The Scotch tape test is used (section
II.C) for diagnosis. Occasional worms may be seen on the perineum and identified.

3. Treatment is summarized in Table 13.7. Often, pinworm is epidemic among the
entire family, and it is judicious to consider treating all members simultane-
ously.
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E. Entamoeba histolytica infestation [97,104].
1. Life cycle. Amebiasis is acquired by the ingestion of cysts in contaminated

water or in food that has been soiled by a cyst carrier or contaminated by
houseflies or cockroaches that have fed on human feces. The cysts undergo ex-
cystation in the small bowel. The trophozoites reach the large bowel and divide
by binary fission. Some trophozoites may invade the colon and produce the char-
acteristic flask-shaped ulcers. Others may invade the portal vein, lodge in the
liver, and form a hepatic abscess. The trophozoites metamorphose into cysts as
they are passed in the stools. If the diarrhea is loose and intestinal transit short,
trophozoites may be seen in the stool.

2. Pathophysiology. Virulent strains of E. histolytica have significant cytopathic
properties in vitro, consistent with their ability to cause invasive colitis in vivo.
The majority of individuals infected with E. histolytica are asymptomatic. The dif-
ference between commensal and invasive E. histolytica infection is attributable
to the existence of distinct pathogenic and nonpathogenic strains. Nonpathogenic
strains (E. histolytica variant dyspar) have never been found to cause amebic
colitis or liver abscess. Nearly 10% of persons infected with E. histolytica harbor
pathogenic strains. Although almost all these patients will mount a serum an-
tibody response to pathogenic E. histolytica infection, only 1 of 10 patients with
pathogenic strains have symptomatic disease [104].

3. Clinical symptoms vary widely [104].
a. E. histolytica has a number of diverse clinical presentations (Table 13.8).
b. The most common finding is asymptomatic intestinal infection with-

out evidence of tissue invasion, as defined by the absence of serum anti-
bodies, blood in the stool, and mucosal ulcerations on colonoscopy.

c. Amebic colitis has a subacute onset of bloody, mucoid diarrhea (onset over
7 days, duration 3–4 weeks), with abdominal pain, tenesmus, fecal leuko-
cytes, fever, and positive serology for antiamebic antibodies (in 90% by day 7
of illness). Fecal occult blood test results are positive.

d. Liver abscess classically presents with fever, right upper quadrant abdom-
inal pain, and liver tenderness. Returning international travelers usually
present within 5 months of their exposure. Diarrhea is seen in only 30% to
40% of those with liver abscess, and finding amebae in the stool is even less
common [104].

Table 13.8. Clinical Syndromes Due to Infection by Entamoeba Histolytica

Intestinal
Asymptomatic cyst passers (colonization)
Symptomatic cyst passers
Acute rectocolitis
Fulminant colitis

Toxic megacolon
Perforation with peritonitis

Chronic nondysenteric colitis
Ameboma

Extraintestinal
Liver abscess
Lung abscess, empyema
Pericarditis
Brain abscess
Venereal disease
Cutaneous disease

Reprinted from Aucott JN, Ravdin JI. Amebiasis and “nonpathogenic” intestinal protozoa.
Infect Dis Clin North Am 1993;7:467–485; with permission.
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4. Diagnosis of amebic colitis
a. A freshly passed liquid stool is examined to identify the motile tropho-

zoites of E. histolytica. Refrigeration at 4◦C or storage in a fixative may allow
some preservation (check with the parasitology laboratory). Three separate
specimens should be examined (see section II.A.3). Formed stools in saline
and iodine preparations are examined for amebic cysts. The formalin-ether
concentration technique may help increase the yield.

b. Serum antiamebic antibodies develop only with pathogenic strains, and
the absence of antibodies after 7 days of infection is strong evidence against
invasive amebiasis.

c. Colonoscopy with scraping or biopsy of mucosal ulcers provides definitive
diagnosis. Special stains (e.g., periodic acid-Schiff [PAS]) demonstrate the or-
ganism. A tissue diagnosis is especially indicated if corticosteroid therapy is
being considered for the patient who has inflammatory bowel disease.

5. Diagnosis of amebic abscess [104]
a. Ultrasonography of the liver and biliary tract is suggested. Computed to-

mography (CT) can be used in patients with nondiagnostic findings.
b. Serum antiamebic antibodies are present in 99% of patients with amebic

abscess within 7 to 10 days of onset of illness.
c. If the clinical setting and evaluation are nondiagnostic, fine-needle aspira-

tion under ultrasonographic or CT guidance can be performed. Aspiration
of a liver abscess yields an “anchovy paste” fluid containing neither polymor-
phonuclear leukocytes nor amebae. The amebae occasionally are seen in the
wall of the abscess.

6. Therapy. Treatment is summarized in Table 13.7 [104].
a. Asymptomatic E. histolytica infection. It is unclear whether this condi-

tion routinely requires therapy. Treatment is recommended in asymptomatic
persons from nonendemic areas, especially if the patient has underlying HIV
infection or a positive test result for serum antiamebic antibodies that suggests
infection with a pathogenic strain [104].

b. If metronidazole is the preferred agent (see Table 13.7) but is contraindicated
or not tolerated, alternative regimens are available [104].

c. Amebic abscess usually responds to metronidazole therapy without the need
to drain the abscess. It should be noted that metronidazole has excellent an-
tibacterial activity against anaerobes, and several reports have warned that a
metronidazole therapeutic trial cannot be used to differentiate an amebic ab-
scess from an anaerobic liver abscess. (See the discussion in section V.C under
Intraabdominal Infection.)

7. Prevention. Avoiding fecal-oral contamination is the only effective means of
preventing E. histolytica infection. Boiling is the only certain means of eradicating
E. histolytica cysts in water [104].

F. Cryptosporidium parvum is a protozoan that has emerged as a major cause of
chronic diarrhea in patients with AIDS and a common cause of waterborne out-
breaks of diarrhea in immunocompetent persons. Transmission occurs by ingestion
of oocysts that are excreted in the feces of infected humans or animals. Ingestion of
as few as 30 oocysts is known to cause infection. Because infection is ubiquitous in
mammals, and the oocysts are chlorine resistant, small, and difficult to filter, con-
tamination of water sources for drinking or recreation may readily occur, resulting
in large outbreaks of illness [97,105,106].
1. In patients with AIDS, Cryptosporidium, Microsporidia, Isospora belli, cy-

tomegalovirus (CMV), and Mycobacterium avium complex infections are causes
of chronic, often intractable, diarrhea. These are discussed in Chapter 18.

2. Outbreaks of cryptosporidiosis are most often waterborne. In recent out-
breaks of gastroenteritis associated with drinking water in the United States,
Cryptosporidium caused 20% of the epidemics in which an infectious agent was
identified. Cryptosporidium was also implicated in 50% of gastroenteritis out-
breaks associated with recreational swimming pools, wade pools, lakes, or foun-
tains [107,108]. A huge waterborne outbreak of cryptosporidiosis in Milwaukee
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in 1993 resulted from contamination of municipal water supplies, affecting an
estimated 403,000 persons (attack rate of 52%). Watery diarrhea was the pre-
dominant symptom (93%), but abdominal pain, low-grade fever, and vomit-
ing were not uncommon, and 75% of infected immunocompetent patients ex-
perienced weight loss averaging 10 pounds. The mean duration of illness was
12 days [105,109]. Food-borne outbreaks have been attributed to contaminated
apple cider, chicken salad, and uncooked vegetables. Person-to-person transmis-
sion is evidenced in numerous outbreaks of cryptosporidiosis in day-care centers
and institutions, and secondary cases within households [105] (see related dis-
cussion in Chapter 18).
a. Diagnosis. Many laboratories use an immunofluorescent assay or EIA to de-

tect Cryptosporidium in stool. Microscopic examination is also performed.
b. Treatment. Illness in immunocompetent patients is self-limited, and treat-

ment is symptomatic.
G. Dientamoeba fragilis is an intestinal protozoan parasite that infects the cecum

and ascending colon. Only the trophozoite forms are found in stool samples, and the
organism does not invade tissue. Symptoms have been reported more frequently in
children than in adults, although the pathogenic role of D. fragilis has been contro-
versial. Surveys indicate prevalence of infection ranging from 0.5% in the United
States (highest on the West Coast) to 4% in Canada. Asymptomatic carriers ex-
ist. D. fragilis is transmitted by the fecal-oral route. It has been hypothesized that
D. fragilis is transmitted by the pinworm, Enterobius vermicularis, because D. frag-
ilis has been observed in E. vermicularis eggs [97].
1. Clinical manifestations

a. Acute dysentery with mild to moderate diarrhea, abdominal pain, anorexia,
nausea, vomiting, occasional fever, and malaise can occur.

b. Chronic, vague, nonspecific, abdominal pain that is dull, crampy, colicky,
and usually in the lower abdomen can occur. It may occur after meals and last
for hours. Symptoms may persist for months to years.

2. Diagnosis
a. Stool specimens. The diagnosis relies on observation of the binucleate

trophozoites in a stained sample of fresh or preserved stool. At least three
stool samples should be examined before any barium studies are performed.
An immunofluorescence assay is being developed.

b. Routine laboratory and radiographic studies are nonspecific. No sero-
logic test is available for diagnosis. Peripheral eosinophilia has been observed
in 50% of cases. Concomitant E. vermicularis infection should be ruled out
[97].

3. Therapy is summarized in Table 13.7. Stool specimens should be examined 3 to
4 weeks after therapy to determine whether the parasite has been eliminated.

H. Blastocystis hominis may be found in up to 25% of stool specimens examined. Only
occasional patients have mild diarrhea. It is unknown whether B. hominis is a true
pathogen or a commensal organism, or both. Controlled studies of an association
between B. hominis and diarrhea are lacking [97,110–112].

Rarely, B. hominis has been implicated as a pathogen in AIDS patients, or pa-
tients on corticosteroids. Symptoms are nonspecific, including diarrhea, flatulence,
abdominal pain, and anorexia. A trial of therapy in this setting may be reasonable
if no other pathogen has been demonstrated (see Table 13.7).

INTRAABDOMINAL INFECTION
I. Clinical findings. In patients who present with abdominal pain, fever, abdominal

tenderness, and leukocytosis, the question of an intraabdominal infection is raised.
A. The history and physical examination provide important clues. The reader is

referred to basic surgical texts for detailed information on this topic [113]. A few
points:
1. Percussion tenderness on examination is a useful indicator of focal infec-

tion. Right upper quadrant percussion tenderness suggests biliary source. Right
lower quadrant tenderness suggests appendicitis or, in women, a focal pelvic
infection. Left lower quadrant tenderness suggests diverticulitis; and so on.



P1: HAG

PB207B-13 PB207A-Betts/6678F September 3, 2002 7:20 Char Count= 0

13. Gastrointestinal and Intraabdominal Infections 439

Diffuse abdominal percussion tenderness, often with rebound tenderness, re-
flects a diffuse peritoneal irritation. Corticosteroids and analgesia may mask
these findings.

2. A rectal and, in women, a pelvic examination should routinely be per-
formed, especially in patients with mid- to lower abdominal pain.

3. Fever may be modified by analgesics, NSAIDs, corticosteroids, and old age.
4. Leukocytosis and a left shift are commonly, but not always, present.

B. Serial clinical evaluations and surgical evaluation are indicated.
C. Empiric antibiotic therapy is started before a specific diagnosis has been es-

tablished, to help contain the infection and prevent the clinical septic syndrome
described in Chapter 2.

Knowledge of the normal flora of the colon helps determine empiric regimens for
peritonitis (see section II). Knowledge of the flora in the obstructed biliary tract
helps to determine antibiotic regimens for cholangitis (see section I.D.3.a. under
Biliary Tract Infections).

D. Cultures
1. Blood cultures. Three sets drawn at 10- to 30-minute intervals often help.
2. Peritoneal fluid cultures. Adequate quantities of infected fluid or tissue

should have aerobic and anaerobic cultures. Immediately after the abdominal
cavity has been opened, a syringe is used to take up as much pus and fluid free of
air as can be obtained. If air bubbles are present, they should be removed from
the syringe by injection into a sponge saturated with alcohol. Pus is the best
transport medium to maintain viability of bacteria. Dry or wet swabs
should be used only if pus or fluid is not available from the peritoneal
cavity. The syringe containing pus can be taken immediately to the laboratory
for processing, or 3 to 4 mL can be injected into the proper anaerobic culture
tube (e.g., Port-a-Cult) and sent to the laboratory.

E. Diagnostic studies are reviewed later. See section III.D.4 and section IV.C.2
under Peritonitis for the role of abdominal CT scanning.

II. Antibiotic therapy for intraabdominal infections has recently been reviewed
[114–116].
A. Microbiology. The source of infecting microorganisms in most patients with in-

traabdominal infection is the microflora of the GI tract.
1. Normal GI flora. More than 400 different species of bacteria are found in a

single fecal specimen. Under healthy conditions, the stomach and small bowel
harbor a sparse microflora generally not exceeding 105 bacteria per milliliter
of contents. The number of bacteria increases in the middle and lower ileum,
and there is an even greater augmentation across the ileocecal valve. The colon
harbors approximately 1011 organisms per milliliter, a number that ap-
proaches the theoretic limit that can fit into a given mass [114].

2. Damage to the intestinal wall, either spontaneous perforation, sharp injury, or
surgery with a later anastomotic leak, leads to contamination of the abdominal
cavity.
a. Cultures typically reveal a mixture of organisms—on average, two

aerobes and three anaerobes. Common bacterial isolates are shown in
Table 13.9. Animal model studies show that E. coli is responsible for the
initial peritonitis and septicemia phase that causes high mortality initially
if not treated appropriately. Abscess is caused primarily by the anaerobes,
particularly Bacteroides species. They have both a virulence factor (a polysac-
charide capsule) and resistance to peroxide that could explain the emergence
of these organisms as important pathogens in abscess formation [117].

b. The site of perforation of the GI tract is significant because an injury to the
large bowel carries a high risk of abscess but so does injury to other parts of
the intestinal tract [114].

B. Antibiotic therapy [114–122]. This should be directed at both aerobic and anaero-
bic bacteria. Otherwise, clinical failure is common. Monotherapy [114,117,119,120]
is effective.
1. Piperacillin-tazobactam. This treatment is effective because it is active

against the majority of infecting organisms [120]. Ticarcillin-clavulanate
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Table 13.9. Bacteriology of Intraabdominal Infections

Frequency of Isolation
(%)

Aerobes
Escherichia coli 65
Proteus species 25
Klebsiella species 20
Pseudomonas species 15
Enterococci 15
Streptococcus species (other than group A or D) 10

Anaerobes
Bacteroides fragilis 80
Bacteroides species (other) 30
Clostridium species 65
Peptostreptococcus speciesa 25
Peptococcus speciesa 15
Fusobacterium species 20

aSometimes grouped as anaerobic gram-positive cocci.
Reprinted from Gorbach SL. Treatment of intra-abdominal infections. J Antimicrob Chemother 1993; 31
(suppl A): 67; with permission.

(Timentin) has been used in this setting also. See the discussion of this agent
in Chapter 27E.

2. Cefoxitin alone has been most widely studied. It was compared with either
an aminoglycoside-containing regimen or a single broad-spectrum antibiotic
regimen in 13 studies, which showed that cefoxitin alone is as effective as
the comparative regimen [114,117]. Fewer studies have been conducted with
cefotetan, which presumably is a reasonable alternative to cefoxitin. See
Chapter 27 for a discussion of these two agents.

3. Cefotaxime has been shown to be superior to cefoxitin in one large series
[119].

4. Imipenem in eight studies has been shown to be as good or even better than
regimens containing an aminoglycoside [177,122]. However, it is not superior
to piperacillin/tazobactam [120] nor to ciprofloxacin plus metronidazole [121].
The newer agent, ertapenem, is more appropriate for community acquired
infection because its spectrum includes all of the enterobacteriaceae but not
Pseudomonas aeruginus and other nosocomial organisms [123]. This saves
imipenem for the hospital-acquired infections.

5. Ampicillin-sulbactam should not be used in this setting. A significant per-
centage of community-acquired E. coli are resistant to this agent; in the very ill
patient, it may be more appropriate to use combination therapy (e.g., metron-
idazole and cefazolin). Ampicillin-sulbactam is reviewed in Chapter 27.

6. Aminoglycosides. Although historically ampicillin, clindamycin, or metron-
idazole, and an aminoglycoside were commonly used [124], the current trend
is away from this [119–122]. See Chapter 27I for details about aminoglyco-
sides.
a. Limitations. Ampicillin’s only use is for enterococci that may be unim-

portant. Gentamicin is relatively inactive under conditions of reduced pH.
Associated nephrotoxicity is an unacceptable risk, and the potential for in-
adequate serum levels because of the underdosing that is used to “protect”
the kidney [114,117,124] yields inferior antibiotic activity. In addition, for
community-acquired organisms, cephalosporins and broad-spectrum peni-
cillin agents with β-lactamase inhibitors offer better options.

b. Gorbach in a review [117] concluded, “There is now sufficient evidence
to support the position that aminoglycosides are not needed and
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should not be used for the initial treatment of uncomplicated intra-
abdominal infection.” Other reviewers have reached similar conclusions
[124], and we concur with these recommendations.

c. Aminoglycosides are indicated in the therapy for intraabdominal
infection when resistant gram-negative bacilli are suspected [117].
In that situation, adequate serum levels must be achieved. These exceptions
represent the minority of cases. They include (a) previous use of antibiotics,
especially broad-spectrum antibiotics, in the past 30 days; (b) isolation of
gram-negative bacilli resistant to β-lactam antibiotics and susceptible to
aminoglycosides; (c) reoperation or recurrence of infection; and (d) pro-
longed hospitalization or nursing home stay preoperatively. The latter is
especially important if these institutions have a background incidence of
resistant gram-negative bacilli.

7. Clindamycin and metronidazole both have excellent anaerobic activity
and have been used extensively in combination regimens for intraabdom-
inal infection. In several comparative studies, both clindamycin and metron-
idazole performed equally well [117]. These agents are reviewed in detail in
Chapter 27. Metronidazole may be a more cost-effective agent and possibly is
associated with less C. difficile toxin diarrhea. Metronidazole is also more con-
sistently active in vitro against B. fragilis than clindamycin (see Chapter 27Q).
Metronidazole should be avoided in the first trimester of pregnancy and prob-
ably throughout pregnancy. In the past, these agents commonly have been
combined with aminoglycosides. More recently, they have been combined with
a first-generation cephalosporin (cefazolin) or a third-generation cephalosporin
(e.g., ceftriaxone, ceftazidime, or cefotaxime) or aztreonam, but the aztreonam
and metronidazole combination lacks activity against gram-positive organisms
[115,125]. See Table 13.10.

8. Coverage for enterococci. There is debate about whether empiric regimens
should cover enterococci. If enterococci are isolated from an intraabdominal
source in a mixed culture, is specific therapy needed?
a. Gorbach and others [114,116,118] have recently reviewed this question. Al-

though enterococci are relatively common isolates (see Table 13.9), a review
of multiple studies using combination therapy without specific activity
against enterococci did not reveal clinical failure due to persistent entero-
coccal infection. Feliciano observed a low rate of complications caused by
enterococcus when he used cephalosporins with no activity against entero-
coccus [119]. However, Barie argued to the contrary [126].

Based on his review of accumulated studies, Gorbach [114,117] concluded,
“There appears to be no justification for the inclusion of specific

Table 13.10. Empiric Antibiotics in Intraabdominal Infection, Including Peritonitis

Severity and Setting Antibiotic Regimen (Assumes Normal Renal Function)

Community-acquired
Mild-moderate Cefazolin (1 g q8h) + metronidazole (500 mg q6h)a

Cefoxitin (2 g q6h–q8h)
Severe Piperacillin-tazobactam (3.75 g q6h)

Ceftriaxone (2 g q24h) + metronidazole (500 mg q6h)
Clindamycin (600 mg q8h) + gentamicin
Imipenem (500 mg q6h or 1 g q8h)

Hospital-acquired Piperacillin (3 g q4h or 4 g q6h) + metronidazole + an
aminoglycoside

Imipenem ± an aminoglycoside

q8h, every 8 hours; q6h, every 6 hours; q4h, every 4 hours.
aCost-effective regimen.
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anti-enterococcal therapy in the initial treatment of mixed infec-
tions. Furthermore, even the isolation of enterococcus in mixed cul-
tures initially does not necessitate specific enterococcal antibiotic
therapy.”

The triple antibiotic regimen of ampicillin, clindamycin, and gentamicin
discussed above was used because of activity against enterococci as well
as other bowel flora, but enterococcal therapy is not necessary. Inclusion
of enterococci, in fact, leads to reduced activity against the more impor-
tant gram-negative organisms for reasons discussed in section 6.a–c above.
Gorbach stated that clinicians have “almost mythical adherence to the belief
that this organism has some special pathogenic powers in intra-abdominal
infections,” [117] and, therefore, it is hard not to want to “cover” for this
pathogen.

b. When should one cover enterococci [114,116,117]? The following clin-
ical situations serve as a guide:
(1) Patients with persistent positive cultures of these organisms in

the absence of clinical improvement on nonenterococcal treatment
regimens.

(2) Patients with multiple enterococcal positive blood cultures.
(3) Other reviewers suggest life-threatening intraabdominal sepsis with

Enterococcus species isolated in pure culture or a predominance of
gram-positive cocci in chains on the Gram stain of peritoneal fluid
[115].

c. The role that vancomycin-resistant enterococci (VRE) may play in noso-
comially acquired intraabdominal sepsis is not well defined but is of po-
tential concern in the patient at risk for VRE (see related discussions in
Chapter 27P).

9. When should one cover for Candida species? Candida is considered nor-
mal flora of the GI tract and consequently is commonly isolated. Its precise
role in infection has been debated and recently reviewed [115,118].
a. When Candida is the sole isolate, or Candida is isolated from cultures of

both peritoneal (or abscess) fluid and blood, or Candida invasion is iden-
tified on histologic examination of tissue, antifungal therapy is essential
[115]. Other clinicians suggest that if Candida is isolated in high concen-
trations or increasing concentrations with sequential cultures, treatment
is indicated, especially when host defenses are impaired [115,118]. Isola-
tion of Candida from the peritoneum in acute pancreatitis also probably
warrants specific therapy because these patients are more likely to have
invasive disease than simple contamination [115].

b. When Candida is one of the multiple organisms contaminating the peri-
toneum after surgical repair of a perforated viscus, antifungal therapy is
not required.

c. Therapeutic options include amphotericin B or fluconazole (see Chapter 17).
Infectious disease consultation is advised.

10. Significance of Pseudomonas aeruginosa isolated from appendiceal
specimens or specimens collected after penetrating trauma. Rates of
isolation vary from 5% to 20%. Clinical significance of the data is unclear, as
is the need for antipseudomonal antibiotic therapy. Further data are needed
[117].

11. Summary. For empiric antibiotics for intraabdominal infection, many options
are possible based on the principles and data presented here. See the sum-
mary in Table 13.10.
a. Monotherapy with cefoxitin or combination therapy with cefazolin plus

metronidazole is rationale for mild to moderate community-acquired
infection.

b. For severe community-acquired infection, a broader combination such as
piperacillin-tazobactam and metronidazole seems rational.

c. For hospital-acquired infection or complex recurrent infections, aminogly-
cosides often are used in combination (see section II.B.6.C).
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III. Peritonitis is a localized or general inflammation of the peritoneum. Microorganisms
(e.g., bacteria, fungi) and irritating chemicals (bile salts, gastric contents, or talc) are
the causes.
A. Classification. A classification system commonly used is shown in Table 13.11.
B. The pathogenesis of peritonitis is complex [127]. Some of the common ways it can

occur are listed here.
1. Primary peritonitis refers to inflammation of the peritoneum from a sus-

pected extraperitoneal source, often via hematogenous spread.
a. Spontaneous peritonitis usually occurs in patients with underlying as-

cites and is seen most frequently in patients with cirrhosis, nephrotic syn-
drome, and systemic lupus erythematous (see section F.1).

b. Peritonitis in patients with continuous ambulatory peritoneal dialysis
(CAPD) is discussed in section F.2.

c. Tuberculous peritonitis. See Chapter 11, section VI, under Tuberculosis: Ba-
sic Concepts.

2. Rupture of a viscus can occur by innumerable means, including the follow-
ing:
a. Traumatic injury to the abdomen, including both sharp and blunt trauma
b. Ulcerated lesions of the colon or upper tract, typhoid fever, necrotizing

enterocolitis, or perforation of colonic diverticula
c. Ischemia, vascular insufficiency, incarcerated hernias, volvulus, or neopla-

sia
d. Ingestion of foreign bodies (e.g., toothpicks, bones, pins)

3. Pelvic inflammatory disease, including salpingitis and endometritis, can pro-
duce localized lower abdominal peritonitis indistinguishable from appendicitis.

Table 13.11. Classification of Intraabdominal Infections

I. Primary peritonitis
A. Spontaneous peritonitis in children
B. Spontaneous peritonitis in adults
C. Peritonitis in patients with CAPD
D. Tuberculous, fungus and other granulomatous peritonitis
E. Other forms

II. Secondary peritonitisa

A. Acute perforation peritonitis (acute suppurative peritonitis)
1. Gastrointestinal tract perforation
2. Bowel wall necrosis (intestinal ischemia)
3. Pelvic peritonitis
4. Other forms

B. Postoperative peritonitis—surgical anastomotic breakdown
C. Posttraumatic peritonitis–blunt versus penetrating

III. Tertiary peritonitis—no clear pathogenic organism
IV. Other forms of peritonitis

A. Aseptic or sterile peritonitis
B. Granulomatous peritonitis
C. Metabolic such as drug or hyperlipemic-related peritonitis
D. Periodic peritonitis or porphyric peritonitis

V. Intraabdominal abscess
A. Associated with primary peritonitis
B. Associated with secondary peritonitis

CAPD, continuous ambulatory peritoneal dialysis.
aSecondary peritonitis is often defined as the presence of purulent exudate in the abdominal cavity from
an enteric source.
Adapted from Wittman DH, Walker AP, Condon RE. Peritonitis and intra-abdominal infection. In:
Schwartz SI et al., eds.) Principles of surgery, 6th ed. New York: McGraw-Hill, 1994:1449; with permission.
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4. Surgical postoperative leaks and anastomotic breakdowns can occur.
5. Tertiary peritonitis [113] occurs after successful elimination of bacteria by

antibiotics. Normally activated host defense systems continue to act through
failure of autoregulation, resulting in an autoaggressive devastation of organ
system functions. The clinical picture mimics occult sepsis. There is no effective
therapy.

6. Noninfectious forms of peritonitis are reviewed elsewhere [113].
7. Rupture of an abscess can occur, such as of the pancreas or rarely a distended

gallbladder.
C. Flora. Bacterial peritonitis typically is caused by multiple organisms of the large

bowel (see section II and Table 13.9).
D. Diagnosis

1. The patient’s history, remote and recent, is useful in delineating the present
problem.
a. A remote medical history of diverticulitis, past surgery, and so forth should

be noted.
b. Travel and family history with exposure to typhoid fever or tuberculosis

should be noted.
c. Accidents with blunt trauma, such as a steering wheel–related injury

should be noted.
d. Recent surgical procedures should be noted.
e. History of appendectomy will help eliminate the appendix as the cause.

2. Symptoms can be grouped into two classes: reflex and toxic. Corticosteroid
use by a patient may mask typical signs and symptoms.
a. Reflex symptoms include localized or generalized pain, nausea and vom-

iting (especially with an obstruction), and muscular rigidity. Rigidity com-
monly is seen in the early stages of an acute peritonitis.

b. Toxic symptoms from bacterial toxins, exudates, and intraperitoneal fluid
include the following: distention, intestinal paresis, fever, and general tox-
emia.

3. For physical examination, see section I.
4. Laboratory tests that should be evaluated are as follows:

a. Leukocyte count usually is elevated but is nonspecific.
b. Liver function tests should be performed and the serum amylase

level determined.
c. Radiographic examination of the abdomen may reveal air under the

diaphragm (in the case of a ruptured viscus), paralytic ileus, intestinal ob-
struction, volvulus, or intussusception (barium enema). Findings suggestive
of paralytic ileus are common [113]. A chest radiograph should be obtained
to rule out any chest process that may be causing peritoneal signs and to
demonstrate air.

d. Scans. Although it may only delay needed operative management [113], CT
is indicated when there is suspicion of an intraabdominal abscess.

e. Aspiration of peritoneal fluid is a routine part of the workup of peritonitis
in the setting of ascites or if trauma with hemorrhage into the peritoneal cav-
ity is a concern. Fluid should be examined for leukocytes (with a differential
count), bacterial and fungal organisms, amylase, gastric acid, and RBCs, as
indicated by the particular case. Aerobic and anaerobic cultures of the fluid
should be obtained.

f. Laparoscopy is used by some surgeons to avoid unnecessary open surgery.
In some patients with superficial stab wounds, blunt trauma, or suspected
pelvic inflammatory disease or appendicitis, it also may help localize an ec-
topic pregnancy or a ruptured spleen.

5. The differential diagnosis of peritonitis is complex and reflects the many
diagnoses raised in Table 13.11.

E. Treatment principles
1. Supportive care is necessary in the patient with peritonitis. Use of nasogastric

suction and i.v. fluid are routine.
2. Cause of the peritonitis. Surgical consultation is imperative.
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a. Surgical repair of a ruptured viscus is essential.
b. Contaminating secretions, pus, or fecal material should be drained, and then

the peritoneal cavity should be lavaged copiously.
3. Systemic antibiotics (see section II) to cover coliforms and anaerobes should

be started preoperatively. Nonbacteremic patients receive 7 to 10 days of antibi-
otics, first intravenously and then orally. Shorter regimens may be effective
in uncomplicated cases. In penetrating trauma–related peritonitis, 2 days of
treatment may sometimes be adequate [117]. Another approach is to continue
antibiotic therapy until fever is absent for 48 to 72 hours, all systemic signs of
sepsis have resolved, and appetite and sense of well-being have returned [113].
Bacteremic patients receive a total of 14 days of i.v. and oral therapy to prevent
complications at metastatic sites.

F. Special considerations
1. Spontaneous bacterial peritonitis (SBP). Spontaneous peritonitis is now

more common in adults than in children and shows no predilection for one gen-
der or the other. Formerly, children (girls < 10 years of age) with nephro-
sis were the most commonly affected due to pneumococci or hemolytic
streptococci. Now adults with cirrhosis or systemic lupus erythemato-
sus are afflicted more commonly [128].
a. Adults. Spontaneous peritonitis usually is seen in patients with ascites,

primarily with underlying cirrhosis [129]. Single organisms are the rule,
with E. coli and Klebsiella species the major pathogens, accounting for 70%
of infections. Gram-positive cocci may be seen in 10% to 20% and anaerobes
in less than 5% [128,129]. (See section II.)

b. Pathogenesis [130]. The balance between host defenses and transmigration
of enteric organisms, primarily gram-negative bacilli, determines whether
SBP develops. There is a decreased ability to kill bacteria in low-protein, low
complement ascites in these patients.

c. Clinical features of SBP: a high index of suspicion is necessary.
(1) Fever and abdominal pain are seen in 60% to 80% of patients.
(2) Onset or worsening of hepatic encephalopathy (60% of patients).
(3) Abdominal tenderness or rebound tenderness occurs in only 50%.

d. Diagnosis. A peritoneal tap is the most useful diagnostic test [128].
(1) Peritoneal fluid cell count. An absolute neutrophil count of greater

than 250 cells/mm3 is a likely indication of peritoneal infection. However,
patients with other inflammatory disease of the abdomen, such as tuber-
culous peritonitis, pancreatitis, secondary bacterial peritonitis due to
perforation, and even cancer also will show elevated granulocyte counts.
(a) SBP classically has been defined by an ascitic neutrophil count of

at least 250 cells/mm3, a positive ascitic fluid culture, and no obvious
intraabdominal source of infection.

(b) Culture-negative neutrocytic ascites (CNNA) is a variant of
SBP. An ascitic fluid neutrophil count of at least 500 cells/mm3, nega-
tive ascitic cultures with no prior antibiotics in the preceding month,
absence of an intraabdominal source of infection, and no alternative
explanation of the elevated neutrophils in the ascitic fluid defines
CNNA. About one-third of patients with suspected SBP have CNNA.
Response to antibiotics and mortality rates showed no statistically
significant differences between SBP and CNNA. Therefore, CNNA
patients should be treated aggressively with i.v. antibiotics
as would be done for SBP patients [128].

(2) Ascitic fluid pH is low in spontaneous peritonitis, whereas in sterile
ascitic fluid the pH is the same as for serum [113].

(3) Gram stains of ascitic fluid reveal organisms in only one-third of fluids
that are subsequently culture positive [113,128]. If either gram-positive
cocci or gram-negative rods are seen as single pathogen types, the di-
agnosis of spontaneous peritonitis is supported. If mixed gram-positive
and gram-negative bacteria are seen, an intestinal perforation is more
likely.
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(4) Cultures of peritoneal fluid; both aerobic and anaerobic cultures are
essential. To maximize results, 10 mL of ascitic fluid should be routinely
inoculated at the bedside in blood culture media.

(5) Blood cultures are positive in about one-third of patients with spon-
taneous peritonitis. Urine cultures are routinely suggested (see sec-
tion b).

(6) Protein content is not very useful in diagnosing SBP because it is
usually less than 2.5 g/dL. However, protein content may be a useful
parameter in the differential diagnosis of pancreatic ascites and tuber-
culous peritonitis because these conditions generally are associated with
ascitic protein levels of 3.0 g/dL or greater.

e. Therapy [128]. Once the diagnosis of SBP is made or highly suspected, i.v.
antibiotics are indicated. See Chapter 27 for details.
(1) Cefotaxime in adult patients with normal creatinine clearance (2 g ev-

ery 8 hours) is suggested [128]. Ceftriaxone is also a useful agent (e.g.,
1–2 g every 24 hours).

(2) Cefoxitin or piperacillin/tazobactam are other options. Cipro-
floxacin has been effective [131].

(3) Monotherapy with aztreonam is not recommended because it does not
cover gram-positive organisms, nor is ampicillin/sulbactam because 30%
of E. coli are resistant. Aminoglycosides produce excess nephrotoxicity
in liver disease.

(4) A repeat paracentesis at 48 hours to document decreased cell counts
and negative cultures is often suggested [128,132].

(5) Duration of antibiotic therapy. Standard therapy has been 10 to
14 days, but a 5- to 7-day course of i.v. antibiotics appears to be effective.
Some clinicians advocate determination of ascitic fluid polymorphonu-
clear count at 48 hours of treatment to determine duration of therapy
[132].

f. Prognosis. A mortality rate of 30% to 40% has been observed in SBP. The
probability of recurrence at 1 year is 70%, and recurrent episodes are as-
sociated with high mortality rates [128]. Many patients with SBP may be
candidates for liver transplantation [129].

g. Prevention of recurrent episodes of SBP [128,129,133–135]. Norfloxacin
(400 mg orally daily) and ciprofloxacin 750 mg weekly have reduced the
1-year recurrence rate. TMP-SMX also has been used in this setting [133].
There is no proven value for prophylaxis to prevent the initial case of SBP,
although short-term prophylaxis has been useful in cirrhotic patients with
an acute GI bleed [134].

2. For peritonitis in CAPD, see reviews published elsewhere [113,136–138].
Several points deserve emphasis.
a. Incidence. An overall average is 1.3 episodes per patient per year.
b. Clinical presentation. Abdominal pain, abdominal tenderness (often with

rebound), and a cloudy appearance of the drainage dialysate fluid are com-
mon. Dialysate turbidity is often the earliest sign and sometimes the only
sign. Fever is present in a few patients.

c. Bacteriology. Staphylococcus organisms (coagulase-negative) and S. au-
reus (often methicillin resistant) predominate. Streptococcus species are iso-
lated 10% to 15% of the time. Gram-negative bacteria or yeast occur in pa-
tients with recurrent episodes. A single organism usually is isolated. Gram
stains of the effluent generally are negative, with 9% to 40% reported pos-
itive in several series. If multiple species or anaerobes are isolated, bowel
perforation should be suspected.

d. Diagnosis. Peritonitis can be assumed when the dialysate contains more
than 100 leukocytes/mm3. This dialysate should be cultured and almost al-
ways is positive. Blood cultures usually are negative.

e. Therapy. Intraperitoneal instillation of antibiotics helps facilitate outpa-
tient therapy (Fig. 13.2) [138]. Some clinicians prefer the i.v. route. While
awaiting cultures, a single i.v. dose of cefepime and vancomycin could be
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FIG. 13.2 Treatment of peritonitis, 1993 update. IP, intraperitoneal administration; MAINT,
maintenance dose. (Reprinted from the Ad Hoc Advisory Committee on Peritonitis Man-
agement. Peritoneal dialysis–related peritonitis treatment recommendations. Perit Dial Int
1993;13:14; with permission.)

used. See Chapter 27A for antibiotics in renal failure. The catheter should
be removed for severe skin catheter site infection, if peritonitis persists de-
spite adequate therapy, or for fungal or Pseudomonas aeruginosa peritonitis
[113,136–138].

f. Sclerosing encapsulating peritonitis occurs in 1% to 5% of patients with
recurrent prior bouts of bacterial peritonitis, although the exact cause is
unknown. Treatment is directed at such complications as bowel obstruction
[113].

IV. General concepts of intraabdominal abscesses [139]. Onset may be insidious.
The mortality rate associated with undrained hepatic, pancreatic, and retroperitoneal
abscesses is 45% to 100%. The clinician should always search for intraabdominal ab-
scess in febrile patients without any obvious cause of fever, especially in those who
have a potential predisposing cause such as inflammatory bowel disease, diverticulitis,
or a history of abdominal surgery or abdominal trauma.
A. Etiology and pathophysiology. The GI lesions or events that typically predis-

pose to secondary peritonitis and intraabdominal abscess include Crohn disease,
perforation of a viscus, extension of preexisting infection (e.g., secondary
to pancreatitis), surgical procedure or trauma (e.g., anastomotic leak stab
wound,) or intraabdominal ischemia. Many abscesses are postoperative com-
plications of biliary tract or GI surgery [139]. The use of laproscopic procedures
has led to a higher incidence of abscess after appendectomy [140] or due to spilled
stones after laparoscopic cholecystectomy [141].
1. Abscess formation creates an environment that readily supports the prolifera-

tion of anaerobic bacteria and produces conditions that impair the microbial
activity of infiltrating neutrophils and of humoral factors, such as complement.
Antibiotic transport to the suppurative focus is inhibited, and drugs within the
abscess often are inactivated by a reduced local pH (e.g., aminoglycosides) [139].
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2. Abscesses can be found anywhere within the abdomen, including the
retroperitoneal space. Location may correlate with the original contamination,
but may develop at distant sites such as subphrenic from a perforated appen-
dicitis (Fig. 13.3).

B. Microbiology. Intraabdominal abscess reflects both quantitative and qualitative
aspects of the microflora of the intestinal tract. This was discussed earlier in
section II.A.

C. Diagnosis
1. Fever, chills, anorexia, weight loss, and, in some patients, abdominal pain are ob-

served. An unexplained fever may be the only sign of an occult intra-abdominal
abscess.

2. An abdominal CT examination is the most efficient means of diagnosing an
abscess [113]. Because of the technical aspects and time delays, indium scans
are used less frequently than CT scans. In an unusual setting (e.g., in the patient
with an abnormal CT scan of the spleen in which multiple abscesses vs. multiple
infarcts is the major differential diagnosis), a gallium or indium scan may be
helpful [115,142].

D. Management.
1. Drainage, either percutaneously or operatively, is the primary mode of ther-

apy. Patients with an undrained abscess do not do as well and may even
die. The risk of complications due to delayed rupture of the abscess increases
markedly. Abscesses cannot be eradicated by antibiotics alone (see section A.1)
[113,115,118,143].
a. Percutaneous aspiration, using CT and ultrasonographic guidance,

is usually successful if the following criteria are met: (a) There is a
well-established, unilocular fluid collection; (b) a safe percutaneous route
of access is available (e.g., abscess adjacent to the body wall); and (c) joint
evaluation by a surgeon and a radiologist is performed so that there is imme-
diate operative backup available in case of failure or complications [113]. The
catheter is placed for drainage via gravity on low suction until the drainage
volume is minimal (<10 mL/24 hours). Percutaneous is preferred to op-
erative drainage of most intraabdominal abscesses [144]. Repeat scanning
should show complete collapse of the abscess cavity [115].

b. Pelvic abscesses are drained through the rectum or vagina [113] (see Chap-
ter 16).

c. Open surgical drainage is indicated when (a) percutaneous drainage can-
not be accomplished safely; (b) percutaneous drainage fails; (c) infected pan-
creatic necrosis or carcinomatous abscess is present; (d) the abscess is as-
sociated with a bowel fistula; (e) multiple isolated, interloop abscesses are
present [113]; or (f) there is a coagulopathy.

d. Cultures should be taken carefully at the time of drainage, with special
attention to culturing anaerobically as well as aerobically.

2. Empiric antibiotics [113–122,124,125]. When an intraabdominal abscess is
drained, empiric therapy should cover most of the common abdominal flora,
until the culture results return. Several regimens have been summarized
previously (see section II.B and Table 13.10). Most experts use antibiotics
active against anaerobes as well as gram-negative aerobes. The optimal du-
ration of therapy for a drained abscess is not well defined. Antibiotic
administration should continue until all systemic signs of sepsis have resolved
and the patient’s appetite and sense of well-being have returned. It is not neces-
sary to continue antibiotic therapy simply because drains remain in place. Oral
therapy can be used to complete a course of therapy. Although some surgical
reviews suggest that in uncomplicated cases, antibiotics can be stopped 48 to
72 hours after drainage has been established [113], a combination of i.v. and oral
antibiotics for 7 to 10 days after drainage to ensure that contiguous soft-tissue
cellulitis has been adequately treated is usually chosen. In bacteremic patients,
a 14-day course is used to prevent complications at sites of metastatic spread.

3. Nutritional support. Often these patients are nutritionally depleted and may
need parenteral or enteral nutrition. The enteral route is preferred, if possible.
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FIG. 13.3 Areas of abscess formation within and adjacent to the peritoneal cavity are noted.
They include the subphrenic space (1) and the subhepatic space (2); the lesser sac (3); in-
terstices between loops of the small and large intestine (4); and the pelvic space (5). In the
retroperitoneal space, abscesses may be perinephric (6); they also may be adjacent to or in-
volve the pancreas, duodenum, or rectum. Because of intraabdominal circulation of infected
material, abscesses may develop far from the original site of contamination. (Reprinted from
Murray HW. Secondary peritonitis and intra-abdominal abscess. Hosp Pract 1990;25:109;
with permission. Illustration by Laura Duprey.)
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E. Special issues. Uncommon intraabdominal abscesses are discussed in section V.
F. Pancreatic abscess is discussed under section X.

V. Special types of intraabdominal abscess
A. Diverticulitis-related abscess.
B. Pancreatic abscess.
C. Hepatic abscesses [145–147] are usually due to pyogenic bacteria (discussed

below) or to E. histolytica and only rarely to other organisms such as chlamy-
dia.
1. Incidence. Pyogenic abscess is uncommon. Its incidence in hospital admis-

sions ranges from 0.013% to 0.035% in reported series.
2. Pathogenesis. Liver abscess develops as a metastatic infection from an in-

traabdominal source to the liver, as a blood-borne infection, or from biliary tract
ascending infection. Historically, the appendix and colon were the major sources
of pyogenic abscesses, seeding the liver via the portal vein [145]. Recent reviews
implicate the biliary tract in 20% to 35% of cases; appendicitis, diverticulitis,
and so forth in approximately 25%; and idiopathic causes in 30% to 35%. Mul-
tiple liver abscesses are more likely to generate from the biliary duct system
[148]. Other sources of hematogenous spread include urinary tract, pneumonia,
or endocarditis in 3% to 25% of cases.

3. Clinical presentation. Symptoms are nonspecific or secondary to the original
pyogenic source and include fever, chills, anorexia, nausea and vomiting, and
weight loss. Signs may include an enlarged liver, right upper quadrant tender-
ness, jaundice, and right-sided pleural effusion.

4. Diagnosis
a. Leukocytosis, elevated alkaline phosphatase, and other liver function tests

are nonspecific. Results of liver function studies may be absolutely
normal.

b. Radiographic chest examination may show elevation or paralysis of the right
hemidiaphragm or right pleural effusion.

c. CT usually is considered the procedure of choice, with a sensitivity of
100% in some series [145]. However, a CT scan may be falsely interpreted
as malignancy. Ultrasonography has a sensitivity of 82% to 96% [145]. It
may be the preferred initial test because it often identifies associated biliary
tract abnormality.

d. Blood cultures are positive in up to 60% of patients but may not reflect all
the bacterial pathogens involved when compared with liver abscess aspirates.

e. Aspiration of the abscess with good aerobic and anaerobic cultures pro-
vides both diagnostic and therapeutic roles.

f. Amebic abscesses are seen more frequently in men born abroad and in
international travelers. These patients tend to have more focal right up-
per quadrant abdominal pain and less leukocytosis and left shift [146,149].
A serologic workup is diagnostically helpful (e.g., amebic hemagglutination
test). (See section IV.E under Gastrointestinal Parasites.)

5. Microbiology. Either CT-guided or ultrasonographically guided aspiration will
provide material for aerobic and anaerobic culture. Bacteria include aerobes
and anaerobes in mixed or pure cultures [145,147]. E. coli, Klebsiella, and En-
terobacter are the most common aerobic gram-negative rods. Proteus species,
and P. aeruginosa are less common. Klebsiella is particularly common in Taiwan
and Singapore [150]. Streptococci include enterococci, viridans streptococci, and
microaerophilic species. Streptococcus milleri is an important pathogen [151].
S. aureus also can be isolated, usually in bacteremic patients. Anaerobic organ-
isms, especially Fusobacterium and Bacteroides species are found in as many
as 45% [145,152].

6. Treatment. Drainage of the abscess is critical. Antibiotics are adjunctive
[153,154].
a. Drainage of abscess. The optimal approach by which to drain the

abscess is debated. In recent years, ultrasonographically guided or CT-
guided percutaneous catheter drainage has been favored. Surgical drainage
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may be needed in selected patients and in patients who fail attempts at
percutaneous drainage [145,148,153,154].

The mortality rate associated with multiple small abscesses is higher than
with a solitary large abscess. Attempts should be made to drain all abscesses,
including the small satellite abscesses through the larger ones, if feasible.

b. Antibiotics [113–125]. Empiric therapy uses regimens aimed at mixed
aerobic- anaerobic GI-biliary flora. See options in Table 13.10 and section
II.B.1–11.

For protracted therapy, antibiotic regimens should be individually fash-
ioned according to the results of the cultures and sensitivities. Many clin-
icians recommend prolonged therapy (1–2 months) for a drained solitary
abscess and no less than 4 months’ therapy for multiple liver abscesses, to
prevent relapses [145]. Many of these patients may be candidates for home
i.v. antibiotic regimens if a good oral agent is not available.

7. Prognosis. Mortality rates for hepatic abscesses have been reported to be in
the 10% to 20% range, depending on underlying conditions.

D. Splenic abscesses are rare [155–159]. The incidence in autopsy series ranged
from 0.2% to 0.7%, being higher in immunocompromised patients and those with
AIDS [156].
1. Pathogenesis. The causes can be divided into (a) metastatic infections associ-

ated with bacteremia, (b) contiguous infection, (c) embolic noninfectious events
causing ischemia and subsequent super infection (e.g. sickle cell anemia), (d)
trauma with subsequent infection of a hematoma, and (e) immunodeficiency.

2. Clinical presentation often is subtle, regardless of the cause. Fever (93% of
cases), vague abdominal pain (58%), and pain, often pleuritic in nature in
the left hypochondria (40%), occur. Splenomegaly is seen in slightly more than
half of patients. Unexplained thrombocytosis in a septic intensive care
unit patient with persistent left pleural effusion is suggestive of splenic
abscess.

3. Diagnosis
a. Leukocytosis usually is seen but is nonspecific.
b. The chest radiograph is surprisingly sensitive, showing abnormalities in

82%. Findings include left pleural effusion, elevation of the left hemidi-
aphragm, left lower lobe infiltrate, and mass effect in the left upper quadrant.

c. Blood cultures. Approximately 50% of blood cultures are positive.
d. CT scanning has a sensitivity of 96%, which proved significantly superior

to ultrasonography (76% sensitivity) and gallium scanning (71%).
e. The entity of hepatosplenic candidiasis is reviewed in Chapters 17 and 20.

4. Microbiology [156,158]. Approximately 30% of cases are due to gram-positive
aerobes (staphylococci, streptococci); up to 25% to fungi (usually Candida), vary-
ing according to the number of immunocompromised patients in the series; 20%
to 30% to gram-negative bacteria, including Salmonella; 20% to anaerobes; and
up to 10% of specimens may be sterile.

5. Treatment
a. Splenectomy is the treatment of choice [156–158]. Radiologically guided

percutaneous drainage has been used, but treatment failure occurred in 30%
in one series [156], though it was more successful in other small series [160].

b. Antibiotic therapy is directed against the isolated organisms. Duration of
therapy should be sufficient to treat the original source of the bacteremia.
The treatment of fungal abscesses (e.g., hepatosplenic candidiasis) in-
volves long-term systemic antifungal therapy (see Chapters 17 and 20).My-
cobacterium avium-intracellulare treatment in AIDS patients is discussed
in Chapter 18.

6. Potential complications. The most frequent complication of splenic abscess
is rupture into the peritoneal cavity that causes an acute peritonitis [156,158].

E. Retroperitoneal abscesses are uncommon [161,162]. Because of their insidious
presentation and delays in diagnosis, the mortality rate in modern series ranges
from 25% to 45%.
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1. Etiology and pathogenesis. The kidneys, ureters, pancreas, abdominal aorta,
and inferior vena cava are in the retroperitoneum. The ascending colon courses
through the retroperitoneum, and the duodenum and descending colon are con-
tiguous with it. The bladder, uterus, and rectum are located in the pelvic ex-
traperitoneal space. The most common causes of isolated retroperitoneal space
abscess are renal infections and postoperative infections. Other causes include
osteomyelitis of the spine with rupture into the retroperitoneal space, seeding
of posttraumatic pelvic hematoma, acute cholecystitis, perforated appendicitis,
diverticulitis, perforated colon carcinoma, ischiorectal abscess with penetration
to the pelvic retroperitoneum, and a cryptogenic origin [162]. Tuberculosis is
now uncommon.

2. Nonspecific presentation with nonlocalized abdominal pain and variable GI
symptoms occurs in the majority of cases. Chills occur in approximately 20%;
fever is documented in nearly 80%. Abdominal tenderness is noted in the ma-
jority of cases.

3. Diagnosis [162]
a. Routine laboratory tests are not specific. Even with a renal origin, re-

sults of urinalysis are often normal.
b. Blood cultures are positive in approximately 25% of cases, E. coli and Bac-

teroides species being the most common isolates.
c. CT scanning is the most useful test. The role of magnetic resonance imag-

ing (MRI) awaits further clinical experience.
4. Microbiology reflects the primary process.
5. Treatment involves drainage and i.v. antibiotics [162,163].

a. The retroperitoneal approach (flank incision) and the pelvic approach (pre-
sacral) are more effective surgical approaches than the transperitoneal ap-
proach.

b. Percutaneous drainage may be the preferred approach for drainage.
c. Antibiotic coverage is based on blood and drainage cultures, as well as

on clinical setting. Aerobic and anaerobic cultures should be performed on
any percutaneous or surgical specimens. Infectious disease consultation is
advised.

F. Psoas abscesses are uncommon [164–166]. These were formerly synonymous
with tuberculous disease of the spine or sacroiliac joint. Now most cases are a com-
plication of intestinal disorders. The psoas muscle is subject to any infectious
process of the ureters, renal pelvis, spine, appendix, and ascending colon.
1. Etiology [164,165]. In the United States, adults with psoas abscess have an

underlying intestinal disease, especially Crohn disease, but also divertic-
ulitis, osteomyelitis, or intraabdominal abscess. In fewer than 10%, there is a
primary staphylococcal psoas abscess. In children, staphylococcal psoas ab-
scess is more likely (up to 75% of cases). Children are more likely to have a
history of preceding trauma or cutaneous staphylococcal abscess, which may
seed the psoas.

2. Pathogenesis. Organisms may enter the retrofascial space directly by exten-
sion from adjacent infection (e.g., in Crohn disease). In primary psoas abscess,
hematogenous spread of staphylococci is most likely, with trauma playing a role
in some cases [165].

3. Clinical presentation [164–166]
a. In adults, symptoms often are nonspecific, but pain in the iliac fossa, groin,

or hip, and tenderness of the iliac fossa are clues. Fever and leukocytosis
may not be present. A positive psoas sign (pain on extension and elevation
of the leg) is common, especially if there is underlying Crohn disease. The
patient may complain of a limp. Frequently, the patient will lie with the hip
flexed at all times. Weight loss is common. Psoas abscess rarely occurs in
the elderly, and secondary abscesses usually are seen in 10- to 40-year-old
patients.

b. In children, often there is hip or abdominal pain, more on the right than
the left side. Many have fever and a limp or decreased use of the affected
leg, and some have malaise, anorexia, or history of trauma. Usually there is
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no discomfort on flexion or rotation of the hip. Children present similarly to
adults.

4. Diagnosis. CT and ultrasonography are the most accurate tests for di-
agnosis, although neither reliably differentiates abscess in the muscle from
hematoma or neoplasm. Clinical correlation and ultrasonographically guided
or CT-guided aspiration of the mass with culture (aerobic and anaerobic) is
useful diagnostically and therapeutically [88–90]. The role of MRI awaits defi-
nition by further clinical experience.

5. Treatment [164–166]
a. Open or percutaneous drainage is necessary. An open surgical procedure

is required if the underlying pathogenesis is gastrointestinal (e.g., Crohn
disease). A primary psoas abscess responds well to percutaneous drainage.

b. Antibiotics. For known or highly suspected primary abscesses, antibiotics
aimed at S. aureus are used (see Chapter 27D and P). If it is unknown
whether the abscess is primary or secondary or if a secondary abscess is
present, broad-spectrum antibiotics for the underlying condition can be used
until specific culture results are available. For example, if an underlying GI
source is suspected or known, Table 13.10 suggests antibiotic options.

6. Prognosis. With appropriate therapy, the prognosis is generally good, espe-
cially with a primary psoas abscess. Secondary psoas abscesses have been as-
sociated with mortality rates as high as 18%, primarily because of delayed or
inadequate therapy.

VI. Appendicitis and perforation. Appendicitis is best treated by surgical removal
of the appendix before perforation occurs. Diagnosis is made primarily on clinical
grounds. It is of interest that the incidence of acute appendicitis in the United States
has decreased significantly in the past two to four decades. The reasons for this are
unclear [167].
A. Pathogenesis. Obstruction predisposes the appendiceal wall to bacterial inva-

sion by intraluminal bacteria. The common obstructions include fecaliths, enlarged
lymphatic follicles, tumors, inspissated barium, and other foreign bodies such as
worms. With distention, the mucosal lining is susceptible to impairment of its blood
supply, and bacterial invasion of deeper tissues occurs. As this sequence worsens,
tissue infarction can occur, with the potential for perforation at the antimesenteric
border [167].

B. Microbiologic features. Cultures reveal polymicrobial involvement, with 5 to
10 different species typically isolated. Bacteroides fragilis and E. coli are almost
universally isolated. Pseudomonas species may be seen in up to 40% of cultures
[167] (see section II.B.10).

C. Clinical presentation is reviewed elsewhere [167]. Acute appendicitis in
the elderly is a much more serious disease than in younger adults: 60% to
90% of elderly patients are found to have a ruptured appendix at operation. Fewer
than 10% of patients undergoing surgery for acute appendicitis are over 60 years
of age, but more than 50% of all deaths from appendicitis are in this age group.
This is due to the delay in definitive treatment, greater frequency of progressive
uncontrolled infection, and the high incidence of concomitant disease. The clinical
presentation may be subtle, and fever or leukocytosis may be blunted in the elderly.
Diagnostic accuracy for acute appendicitis is considerably lower in children than
in adults. Appendicitis in pregnancy does not occur frequently, but diagnosis
may be difficult because of displacement of the appendix [167]. Appendicitis in
AIDS patients may not be associated with leukocytosis.

D. Ultrasonography has reduced the unnecessary appendectomy rate to 7% and
the delay in operation beyond 6 hours to 2%. An inflamed appendix is visualized
in 86% of cases. Enlarged mesenteric nodes and mural thickening of the ileum
suggest bacterial enteritis due to Y. enterocolitica and C. jejuni. Laparoscopy is used
to distinguish gynecologic disease and ileitis from appendicitis [167]. Laproscopic
appendectomy is associated with a higher rate of abscess formation than open
appendectomy [140].

E. Complications. The major complication is appendiceal rupture. This occurs
in 20% to 30% of city hospital patients versus approximately 15% in private
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hospitals. The incidence of rupture is higher in two population groups: geriatric
and pediatric. Patients with appendiceal rupture tend to be quite ill, toxic, and
dehydrated, with persisting local peritonitis. Usually there is obvious percussion
and rebound tenderness of the right lower quadrant [167].

F. Therapy
1. Surgical intervention is routinely indicated for acute appendicitis and

its complications. Schwartz cautions that to attempt to treat appendicitis with
antibiotics alone is misguided because it ignores the obstructive cause of appen-
dicitis. The timing of surgical intervention is discussed by Schwartz [167].

2. Antibiotics
a. For acute appendicitis without rupture, short courses of antibiotics to

prevent wound infection (e.g., either a single dose of cefoxitin [2 g in adults]
or up to three doses) are adequate in uncomplicated cases [113–125,167,
168].

b. For appendiceal rupture with local peritonitis, see section II for an-
tibiotic options. The optimal duration of therapy is unclear [117], but it seems
prudent that the patient be treated until he or she is afebrile for 47 to
72 hours and is clinically improving. Oral antibiotics can be used to com-
plete the course.

VII. Intraabdominal infections in the immunocompromised host (e.g., acute ab-
domen) have been reviewed elsewhere [115,169]. Certain issues deserve special em-
phasis.
A. Processes that can occur in any host (e.g., appendicitis) may occur. Peptic ulcer

disease after renal transplantation is common if excess corticosteroids are used or
H2-blockers are not used. Acalculous cholecystitis (see section IX.E under Biliary
Tract Infections) and acute cholecystitis with perforation appear with increased fre-
quency in immunocompromised hosts [169]. Diverticulitis or CMV infection with
colon perforation may be seen more frequently after renal transplantation. Ap-
pendicitis infrequently occurs in the immunocompromised host, except perhaps in
children [169].

B. Special conditions in immunocompromised hosts
1. Neutropenic enterocolitis is a rare but well-recognized GI complication dur-

ing therapy for acute and chronic leukemia, lymphoma, and solid tumors. It
is the most common cause of acute abdomen in patients with acute
leukemia [169]. The diagnosis is based on a high index of suspicion in pa-
tients with profound neutropenia, abdominal pain, and fever. Plain abdominal
radiographs may show thickened air-filled loops of bowel, an obstructive pat-
tern, or pneumatosis intestinalis (see section 8). In most patients the condition
does not progress to necrosis, perforation of the bowel, or peritonitis. Medical
management consists of bowel rest, i.v. fluids, and broad-spectrum antibiotics.
Indications for operation include persistent or worsening abdominal tender-
ness or a worsening clinical course.

2. Acute graft-versus-host disease [169] may present as an acute ab-
domen in bone marrow recipients. The syndrome of acute graft-versus-host
disease usually starts 3 to 4 weeks (range 2–10 weeks) after marrow trans-
plantation and consists of dermatitis (a red maculopapular rash on the trunk,
palms, soles, and ears), crampy abdominal pain that may be aggravated by food,
and profuse watery diarrhea. Abdominal features usually follow skin manifes-
tations, but they can precede them. Patients may have abdominal distention
and peritoneal signs on examination, probably due to transmural edema of the
small intestine. Free perforation is rare. The treatment is increased doses of
immunosuppressive agents.

3. Venoocclusive disease. See Chapter 20.
4. Hepatitis with right upper quadrant abdominal pain can occur. Hepatitis C

virus, CMV, and Epstein-Barr virus may be seen in these patients.
5. Cytomegalovirus GI disease can occur [170].
6. Hepatosplenic candidiasis is discussed in Chapters 17 and 20 and is asso-

ciated with persisting fever, despite broad-spectrum antibiotics and resolution
of leukopenia.
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7. Liver transplantation recipients may experience surgical technical compli-
cations (see Chapter 20).

8. Pneumatosis intestinalis is an uncommon problem consisting of multi-
ple gas-filled cysts in the wall of the small or large intestine. Radiologically,
translucencies are found parallel to and just outside the gas-filled bowel lumen.
Pneumoperitoneum can result if the cysts burst into the intestinal cavity. The
patient is asymptomatic because no peritonitis results from the sterile gas.
This condition is associated with a variety of conditions, including GI infec-
tions, lymphoma, leukemia, ischemic bowel disease, and intestinal obstruction.
Surgical consultation is advised.

9. Polymicrobial sepsis in the immunocompromised host suggests possible in-
traabdominal pathology (e.g., abscess), and CT is recommended.

10. Cholangitis is caused by Cryptosporidium, by microsporidia such as Entero-
cytozoon bieneusi or Encephalitozoon intestinalis, or by CMV [170–173].

VIII. Diverticulitis and related complications [173,174]
Diverticulosis is common. It afflicts approximately 30% of the population over

45 years of age and 60% of those over 70. It is estimated that approximately 10% to 20%
of these people with diverticulosis will develop either hemorrhage or diverticulitis.
A. Pathogenesis [173,174]

1. Diverticula form as outpouchings of mucosa through weak portions of the
colonic wall where branches of the marginal artery penetrate the colonic tunica
muscularis.

2. The pathogenesis of diverticular disease is unknown. Aging, elevation of
colonic intraluminal pressure, decreased dietary fiber, and increased dietary
beef fat appear to be related. Decreased luminal fiber requires more colonic
segmentation to propel the material aborally. Diverticula are seen in the right
colon of Asians and the sigmoid and left colon of Occidentals.

3. Forms of the disease
a. Simple diverticulosis is generally asymptomatic. Although there may be

shortening and narrowing of the bowel, there is no muscle thickening, and
the diverticula frequently are reducible.

b. Spastic colon diverticulosis and painful diverticular disease are
names given to symptomatic diverticulosis. Pathologic findings show a thick-
ened sigmoid wall but no inflammation.

c. Diverticulitis results from a large or small perforation in the fundus that
produces pericolic inflammation. Some perforated diverticula proceed to
spontaneous healing, with fibrosis and granuloma formation next to a di-
verticulum.

B. Clinical presentation and evaluation [173,174]. See Table 13.12.
1. Clinical presentation. Diverticulitis presents like left-sided appendicitis. In-

flamed diverticula of the transverse colon may simulate ulcer pain, whereas
diverticulitis of the cecum and redundant sigmoid may mimic appendicitis.
a. The severity and persistence of pain, fever, leukocytosis, and elevated ery-

throcyte sedimentation rate (ESR), help to distinguish diverticulitis from
benign conditions. It may be difficult to distinguish mild diverticulitis from
irritable bowel syndrome with coincidental diverticula. However, the WBC
count and ESR may be within normal limits.

b. True diverticulitis in patients under 40 years of age occurs and may be
severe.

c. Abdominal findings may be minimal in the elderly and in those on corticos-
teroids.

d. Diverticulosis can present with GI hemorrhage, but bleeding usually is
not seen in diverticulitis [173].

e. Signs of diverticulitis include left lower quadrant tenderness, tenderness on
rectal examination in the left cul-de-sac, and occasionally a tender mass if
an abscess or phlegmon has formed.

2. Diagnosis. In the face of known diverticulosis, fever, left lower quadrant ab-
dominal pain and tenderness, leukocytosis, and an elevated sedimentation rate,
a clinical diagnosis can often be made (see section I.A).
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Table 13.12. A Practical Approach to the Evaluation and Diagnosis of Acute Diverticulitis

Clinical
Usually >60 years of age

Left lower quadrant localized tenderness and unremitting abdominal pain
Fever, leukocytosis

Differential diagnosis
Elderly

Ischemia, Penetrating ulcer
Carcinoma
Volvulus
Obstruction
Nephrolithiasis or urosepsis

Middle-aged and younger
Appendicitis
Salpingitis
Inflammatory bowel
Penetrating ulcer
Urosepsis

Qualifiers
Extremes of age (more virulent), oriental ancestry (right-sided symptoms),
Corticosteroids, immunosuppressives, and chronic renal failure (abdominal examination

insensitive)
Evaluations

Plain radiographs: Good first step; may show ileus, obstruction, mass effect, perforation.
Contrast enema: In mild to moderate disease when the diagnosis uncertain. Use

water-soluble contrast. Otherwise delay examination for 6–8 wk.
Endoscopy: Relative contraindication. Perform only if necessary to exclude ischemic

bowel, carcinoma, or perforation.
CT scan: Very helpful in staging, evaluating for other diseases. Should be considered in

all cases of diverticulitis with a palpable mass or clinical toxicity, failure of medical
therapy, and corticosteroid use. The test of choice to evaluate acute
diverticulitis in most centers.

Ultrasonography: Can be a safe and helpful noninvasive test to evaluate acute
diverticulitis. Examinations suboptimal due to intestinal gas in 15%, very examiner
dependent.

Reprinted from Freeman SR McNally PR. Diverticulitis. Med Clin North Am 1993;77:1149–1167; with
permission.

a. Plain films of the abdomen are useful to exclude extracolonic air in an
abscess or evidence of colonic obstruction.

b. CT scanning has become the test of choice, especially if the clinical
diagnosis is not clear or a complication is suspected [173] or if there is
poor response to medical care [98]. Any patient with a palpable abdomi-
nal mass should have a CT scan. CT diagnostic criteria include localized
colonic wall thickening (>5 mm) and inflammation of pericolic fat (poorly
marginated, stranding, increased attenuation) or localized wall thickening
and presence of periodic abscess [173]. CT scanning has the additional advan-
tage of delineating extraluminal complications of diverticulitis and suggest-
ing other diseases: tuboovarian abscess, colonic ischemia, mesenteric throm-
bosis, and pancreatitis, which at times may present like diverticulitis.

c. Contrast enema. The safety and utility of a contrast enema to evaluate
acute diverticulitis is controversial. Water-soluble contrast, but not bar-
ium, may be safe and useful in patients with mild to moderate diverticulitis
[173]. No preparation of the bowel should precede a water-soluble contrast
enema. Communication with the radiologist to limit the study to the segment
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of colon in question with careful attention to the amount of pressure being
applied is essential [174].

d. Endoscopy. Most authorities consider uncomplicated diverticulitis a con-
traindication because of the risk of diverticular perforation with insufflations
of the bowel during the procedure [173].

e. Ultrasonography. False-negative results were noted in 15% of the 54 pa-
tients examined. The effectiveness of this examination is very examiner de-
pendent [173].

f. Blood cultures should be obtained in hospitalized patients to detect bac-
teremia.

3. Complications [173]
a. Fistulas. With repeated attacks of diverticulitis, a fistulous tract can form

among the bowel, bladder, integument, pelvic floor, and vagina.
b. Obstruction occurs usually after repeated episodes of subclinical divertic-

ulitis. The colon becomes fixed, fibrotic, and stenosed. It is important to rule
out other causes of colonic stricture such as carcinoma, Crohn disease, and
ischemia.

c. Perforation of a diverticulum may cause peritonitis, although free peri-
toneal air on plain films is uncommon because the perforations are walled
off.

d. Abscess. Failure of response to medical therapy within 24 to 48 hours or the
palpation of an abdominal mass should prompt CT scanning.

e. Frank rectal bleeding is not seen with diverticulitis. If it is observed,
other causes should be investigated.

C. Microbiologic evaluation of diverticulitis and related abscesses is reflective of
colon flora (see section II.A under Intraabdominal Infection).

D. Therapy depends on severity and duration of illness, as well as on comorbid dis-
ease [96,98].
1. Asymptomatic diverticulosis. A high-fiber diet and bulk laxatives such as

Metamucil are recommended. This type of diet reduces intraluminal pressure
and usually produces a satisfactory subjective response. Foods with high-fiber
content include fruits, vegetables, lettuce, and unrefined wheat. Unprocessed,
or miller’s, bran can be added to water, cereal, or milk. Harsh laxatives and high
enemas should be avoided.

2. Mild acute diverticulitis can often be handled on an outpatient basis.
Typically, these involve patients with recurrent mild symptoms [173].
a. Clear liquid diets are suggested until symptoms improve.
b. Oral antibiotics are based on GI flora. TMP-SMX and metronidazole or

ciprofloxacin and metronidazole (or clindamycin) are an alternative combi-
nation. A 1-week course often is effective (see Table 13.9).

3. Moderately to severely ill patients should be hospitalized.
a. GI rest. Nothing should be taken by mouth for 48 to 72 hours or until symp-

toms improve, then liquid and semisolid foods may be taken as tolerated.
Nasogastric suctioning is used if the patient is vomiting or has abdominal
distention or obstruction.

b. Intravenous fluids.
c. Antibiotics aimed at mixed aerobic-anaerobic abdominal flora should be

given (see options in Table 13.10). In moderately severe diverticulitis, ce-
foxitin appears to be as effective as gentamicin plus clindamycin [175]. The
optimal duration is unclear, but some clinicians suggest 1 week [174].

d. Pain control. Meperidine may be used for severe pain. Morphine should be
avoided because it increase intracolonic pressure.

e. Clinical course. Most patients improve in 48 to 72 hours, with a decrease
in abdominal pain, leukocytosis, and fever. Failure to improve or worsening
is an indication for possible surgical intervention. If not done initially, CT is
indicated to determine if an abscess that could be drained is present.

f. Surgery for the initial attack is required in 20% to 30% of cases. Indica-
tions are reviewed elsewhere [173,174] but include failure to improve or
deterioration with medical therapy; complications such as sepsis, fistula, or
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obstruction; and recurrent disease. Early surgery is recommended for those
under 40 years of age, for the immunocompromised, and for those with pre-
sumed right-sided diverticulitis [173].

IX. Biliary tract infections
A. Introduction. The anatomy of the gallbladder and the extrahepatic biliary sys-

tem and the microbiology of the obstructed biliary system are important to the
understanding of biliary tract infections.

B. Anatomic considerations are reviewed in detail elsewhere [176], but a few im-
portant features are highlighted here (Fig. 13.4).
1. The gallbladder is richly innervated and lies on the undersurface of the liver

adjacent to the duodenum, pylorus, hepatic flexure of the right colon, and kid-
ney. Diseases of these adjacent organs may clinically mimic diseases of the
gallbladder-biliary system.

2. The cystic duct connects the gallbladder to the common bile duct. Its config-
uration and length are variable, and anomalies in this structure are common.

3. Bile ducts. The extrahepatic biliary tree begins with the Y-shaped right and
left hepatic ducts, which join at the hilum of the liver, forming the common
hepatic duct.

FIG. 13.4 Normal anatomy. The diagram depicts the relationships in the porta hepatis. The
triangle of Calot is bordered by the edge of the liver, the cystic duct, and the hepatic duct.
(Reprinted from Roslyn JJ, Zinner MJ. Gallbladder and extrahepatic biliary system. In:
Schwartz SI, et al., eds. Principles of surgery, 6th ed. New York: McGraw-Hill, 1994:1368;
with permission.)
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The common bile duct is approximately 8 cm long and begins at the junc-
ture of the cystic duct and the common hepatic duct and courses through the
pancreas. It can be the site of involvement for benign and malignant disease.
It empties into the duodenum at the papilla of Vater. Typically there is a
common channel, created by the joining of the pancreatic and the distal com-
mon bile duct, which empties through a single orifice into the duodenum. This
is important in the pathogenesis of gallstone pancreatitis.

4. Related terminology
a. Cholelithiasis: the presence of gallstones in the gallbladder.
b. Choledocholithiasis: the presence of stones in the common bile duct.

C. Diagnostic tests [176–179]
1. Plain roentgenograms of the abdomen are of limited value. Only 15% to 20%

of gallstones comprise enough calcium to show up on routine films.
2. Ultrasonography has a diagnostic accuracy of 95%. The patient should be

fasted for at least 6 hours prior to examination. Obesity interferes with ad-
equate visualization. Ultrasonography is useful in identifying intrahepatic
and extrahepatic ductal dilatation as well as masses that may cause biliary ob-
struction. Sonographic signs include gallstones (impacted in the neck or cystic
duct), a thickened gallbladder wall, and intraluminal sludge. A positive Murphy
sign, maximum tenderness over the ultrasonographically localized gallbladder,
plus gallstones have a positive predictive value of more than 90%. The sensitiv-
ity of ultrasonography for acute cholecystitis is not as great as for stones. The
presence of stones does not diagnose acute cholecystitis. Dimethyl iminodiacetic
acid (HIDA) scans can be more helpful (see section 5).

3. CT scanning is only sensitive in identifying gallstones if thin cuts are used.
However, it demonstrates biliary dilatation and masses in and around the biliary
tract and pancreas. It is more useful than ultrasonography for evaluating the
jaundiced patient.

4. MRI’s role in the evaluation of hepatobiliary disease is still being analyzed.
5. Biliary scintigraphy. The HIDA scan uses technetium 99 labeling to assess

cystic duct patency. It is sensitive in diagnosing acute cholecystitis.
a. The patient must fast for at least 4 hours because two-thirds of non-

fasted normal individuals have a contracted gallbladder and decreased gall-
bladder flow of tracer.

b. Patterns. In a normal pattern, the gallbladder, common bile duct, and duo-
denum are all visualized within 60 minutes. In a nonvisualization pattern,
the gallbladder is not seen, even on delayed views or after morphine sulfate
administration. This strongly implies acute cholecystitis because it indi-
cates cystic duct obstruction. The gallbladder may not be visualized in 60% to
90% of alcoholics, or among those on parenteral nutrition or the severely
ill. Active hepatitis or pancreatitis also may yield a false-positive scan
[178]. In delayed visualization, the gallbladder is seen after 1 to
4 hours despite intestinal visualization at 1 hour. This suggests chronic
cholecystitis, although such a test is fairly insensitive in this setting
and is abnormal only 45% of the time. This pattern also can be seen
in acute cholecystitis. In the persistent hepatocyte phase, nonvisu-
alization of the gallbladder and common bile duct and absent or de-
layed bowel activity is seen most commonly with common duct obstruction
[178].

c. An HIDA scan is a functional test, whereas ultrasonography is an anatomic
test [176].

6. Cholangiography [178]. Endoscopic retrograde cholangiopancreatography
(ERCP) and percutaneous transhepatic cholangiography have replaced i.v.
cholangiograms.
a. ERCP uses a side-viewing endoscope, permitting the biliary tract and pan-

creatic duct to be cannulated and visualized. ERCP has been especially useful
in obstructive jaundice, in both benign and malignant disease.

b. Percutaneous transhepatic cholangiography is useful in patients with
more complex problems, including duct strictures or tumors.
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D. Acute cholecystitis
1. Pathogenesis

a. Calculi lead to inflammation in 85% to 95% of cases. Pathogenesis includes
stone obstruction of the cystic duct. Pressure on the mucosa by a calculus pre-
sumably causes impairment of venous return, ischemic necrosis, ulceration,
gangrene, or perforation.

b. Bacteria have been cultured from 50% to 70% of acute cholecystitis cases.
The origin of inflammation in the 30% or so without bacteria is felt to be
chemical or physical.

2. Clinical presentation. Acute onset of right upper quadrant pain, nausea,
vomiting, and fever are the most frequently presenting symptoms. Right up-
per quadrant tenderness, fever, and leukocytosis are common. Elevated liver
function tests are less common.

3. Microbiology [179–181]. Healthy biliary tracts usually are sterile. In acute
cholecystitis, infection appears to be a secondary phenomenon. Most bile cul-
tures usually reveal a mixture of organisms [179]. Frequency is higher in the
elderly, with jaundice in acute cholecystitis (vs. chronic), and when the common
duct is obstructed.
a. Microbiology. GI bacteria predominate (see Table 13.9). Polymicrobial in-

fections are the rule [180,181]. Isolation of Klebsiella or Enterobacter species
plus enterococci point to the gallbladder. Anaerobes are more frequent af-
ter common duct or complex prior biliary procedures (especially biliary-
intestinal anastomosis) and in the elderly.

b. The source of bacteria is assumed to be ascending spread from the duo-
denum.

4. Antibiotic therapy.
a. Empiric antibiotic regimens are aimed primarily at gram-negative bac-

teria. Cefazolin, ceftriaxone, and piperacillin/tazobactam are all equally ef-
fective. The need for antienterococci therapy is unclear. Anaerobes, when
isolated, are in a low inoculum compared with the high inoculum associated
with colon perforation. Therefore, in mild to moderately ill patients, antibi-
otics with optimal bowel anaerobic activity are not required. In the elderly or
critically ill patient and the patient with prior common bile duct or complex
biliary procedures, a therapeutic regimen that includes anaerobic activity is
reasonable (Table 13.13).

b. Antibiotic regimens can be tailored on the basis of susceptibility data.
5. Management [179–181]

a. Initial therapy consists of fluids, nothing by mouth, parenteral analgesics,
and antibiotics. If the patient is vomiting or there is gastric distention or

Table 13.13. Empiric Antibiotic Therapy in Biliary Tract Infections (When Renal Function
Is Normal)

Setting Antibiotic Regimen

Mild-moderate Cefazolin (1–2 g q8h)
Cefoxitin (2 g q6h–q8h)
Piperacillin-tazobactam (3.75 g q6h)
Ceftriaxone 2g q24h

Severea Ceftriaxone + metronidazoleb

Piperacillin-tazobactam + gentamicin
Imipenem (500 mg q6h or 1 g q8h)

Complex nosocomial Piperacillin, an aminoglycoside, + metronidazole or
clindamycin; imipenem + an aminoglycoside

q8h, every 8 hours; q6h, every 6 hours; q24h, every 24 hours.
aFever >102.5 bilirubin >3.
bNeeded for anaerobic organisms.
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ileus, placement of a nasogastric tube is indicated. Most patients respond to
this treatment in 24 to 48 hours.

b. Cholecystectomy remains the treatment of choice for acute cholecystitis.
Timing and the potential role of laproscopic cholecystectomy are reviewed
elsewhere [176,181].

E. Acalculous cholecystitis. Acute inflammation of the gallbladder can occur with-
out stones (5%–15% of cholecystitis cases) [181–183]. It has been recognized with
increased frequency in recent years. Risks include debilitated hospitalized
patients who have had major surgical procedures, major trauma, burns, sepsis,
multiple transfusions, hyperalimentation, inadequate nutrition or multiorgan fail-
ure, or associated disease such as diabetes or malignancy.
1. Etiology and pathogenesis. The cause may involve bile stasis, cholecysto-

paresis, or gallbladder ischemia [182]. Histologically, there is intense injury to
the blood vessels of the gallbladder tunica muscularis and serosa, possibly due to
activation of Hageman factor, which occurs after transfusions, in endotoxemia,
and after trauma [182,183].

2. Symptoms and findings are similar to those of calculous cholecystitis.
3. Diagnosis. HIDA scanning, ultrasonography, and CT scanning are used. Be-

cause each test has certain limitations, multiple complementary techniques may
be necessary [183].

Preoperative diagnosis is difficult, and therapeutic intervention often is
delayed with subsequently high morbidity and mortality [181].

4. Therapy. Urgent temporizing percutaneous transhepatic cholecystostomy or,
preferably, cholecystectomy is advised [176]. Broad-spectrum antibiotics are
used.

5. Prognosis. High mortality results from underlying disease, multiorgan failure,
and sepsis.

F. Ascending cholangitis is due to infection of the biliary duct system. It is a po-
tentially lethal disorder requiring prompt treatment [181,184].
1. Etiology. Obstruction is an important feature [181,185].

a. Choledocholithiasis. Stones that have migrated from the gallbladder and
infection associated with stones are the most common causes of acute cholan-
gitis.

b. Obstruction also can be due to pancreatic cancer, cholangiocarcinoma, can-
cer of the papilla of Vater, portahepatic metastases, biliary stricture, pancre-
atitis, and A. lumbricoides.

2. Pathogenesis. Bacteria enter the bile duct from the intestine or the blood-
stream and infect the bile under pressure. Bile in a normal-pressure bile duct
is difficult to infect.

3. Clinical presentation. Abdominal pain, fever, and jaundice are common symp-
toms. Charcot’s triad of fever, right upper quadrant pain, and jaundice occurs
in only 50% to 60% of patients. Septic shock is common, especially if therapy is
delayed [186].

4. Diagnosis
a. Leukocytosis and elevated liver function tests (obstructive pattern) are com-

mon.
b. Blood cultures should be drawn.
c. Radiologic diagnosis. See IC 1–6 above.

5. Therapy
a. Supportive care includes i.v. fluids.
b. Broad-spectrum antibiotics may be administered, with optimal regimens

for very ill patients (see Chapter 2).
c. Surgical consultation for biliary decompression. Approximately 85% to

90% of patients respond to antibiotics and supportive care alone. Those who
fail or who deteriorate on medical therapy or even those who respond may
require urgent bile duct decompression. Options for decompression include
the following [177,181]:

1. Percutaneous transhepatic biliary drainage (PTBD) is not definitive and
is associated with significant complications, including bleeding, bile leak,
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fistulous communications between the biliary tree and vascular tree, and
sepsis.

2. Endoscopic sphincterotomy in conjunction with decompression or biliary
drainage with a nasobiliary catheter or endoprosthesis may be used when en-
doscopic extraction of a stone has failed.

3. Surgical decompression with bile duct exploration, with or without cholecys-
tectomy, T-tube drainage, or biliary-enteric anastomosis, also may be used.

4. Summary. PTBD or endoscopic sphincterotomy is believed to be the treatment
of choice in the seriously ill and high-risk patient. Elective surgery can be per-
formed once the patient has stabilized; endoscopy treatment may be defini-
tive for patients with previous cholecystectomy and retained common bile duct
stones [181].

G. Miscellaneous infections
1. Gallstone pancreatitis. See the discussion under section X.
2. Emphysematous cholecystitis affects primarily diabetic men [176,187]. Gas

within the wall or lumen of the gallbladder is characteristic. Pathogenesis is
felt to be due to obstruction of the cystic duct with subsequent development of
acute ischemia and proliferation of gas-forming bacteria. Patients are acutely
ill and septic appearing. Plain abdominal radiographs show gas bubbles in the
right upper quadrant or outlining the biliary tract. CT scans may be the most
accurate study. Early surgery is indicated to control sepsis and avoid gallbladder
perforation.

3. Perforation of the gallbladder [176] occurs in 3% to 10% of cases of acute
cholecystitis. Local ischemia, advanced age, and immunosuppression may be
contributing factors.
a. Free perforation (rare), an acute abdomen, and septic presentation can

occur.
b. With pericholecystic abscess formation, subacute presentation is com-

mon.
c. Secondary fistula. Communication between the gallbladder fundus and

duodenum can occur, especially in chronic cholecystitis. This may be asymp-
tomatic unless a gallstone enters the GI tract via the fistula and causes
obstruction (gallstone ileus), usually in the terminal ileum. The combina-
tion of small bowel obstruction and air in the biliary tract is characteristic.
Treatment consists of enterotomy proximal to the obstruction, removal of the
impacted stone, and cholecystectomy [176].

4. Acute cholecystitis as a postoperative complication. Many different an-
tecedent operations are associated and need not be bowel procedures. Bile stasis
and inspissation of the bile in the gallbladder leads to gallstones followed by ob-
struction. Disease occurs with the resumption of oral feedings, suggesting that
contractions of the gallbladder in response to food may be a contributing factor.
See section IX.E.

5. Post-ERCP cholangitis sometimes occurs [188]. Presumably the procedure
may introduce bacteria along with contrast media. The risk for sepsis is higher
for patients with malignant causes of biliary obstruction. Antibiotics should in-
clude therapy for P. aeruginosa and other nosocomial pathogens while awaiting
culture data.

6. Ceftriaxone can cause gallbladder crystals and symptoms mimicking chole-
cystitis. Symptoms resolve after ceftriaxone therapy is discontinued. See
Chapter 27F.

X. Acute necrotizing pancreatitis, pancreatic abscess, and infected pancreatic
pseudocyst. Acute pancreatitis is usually a sterile inflammatory process caused
by autodigestion of the pancreas. This section emphasizes infectious complications of
acute pancreatitis [189–192].
A. Etiology [189–192]. In up to 10% of cases, the cause may not be recognized.

1. Alcohol. Seven to ten years of drinking usually occurs before pancreatitis
develops.

2. Gallstones or biliary sludge are etiologic more frequently in private hospitals,
whereas alcohol is more common in Veterans’ Administration hospitals.
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3. Miscellaneous causes
a. Hypertriglyceridemia. Pancreatitis is associated with triglyceride levels

usually in excess of 1,000 mg/dL. Appropriate therapy can prevent recur-
rences.

b. Abdominal trauma (e.g., automobile accident) can result in pancreatitis.
c. Postoperative pancreatitis occurs after upper abdominal, renal, or car-

diovascular surgery. Perioperative medications, not pancreatic trauma, are
strongly implicated.

d. Hypercalcemia has been associated with pancreatitis.
e. Pregnancy. In the third trimester and in the first 6 weeks postpartum,

pancreatitis can occur and probably is related to alcohol abuse or gallstone
disease.

f. Anatomic causes. Tumors of the ampulla or pancreas, pancreatic or am-
pullary strictures, and periampullary diverticula can precipitate pancreati-
tis. Pancreatitis is the initial clinical presentation of 3% of patients with
pancreatic cancer and 1.3% of patients with acute pancreatitis are found to
have pancreatic carcinoma. Therefore, for patients over 45 years of age with
idiopathic pancreatitis, duct visualization is mandatory.

g. Infections. Viruses (including mumps, rubella, coxsackie B virus, Epstein-
Barr virus, CMV, and acute hepatitis A, B, and C), parasites (e.g., Ascaris),
and Mycoplasma pneumoniae have been associated with pancreatitis. Acute
pancreatitis for patients with AIDS is most often secondary to drug use [189]
(see section 9).

h. Complications of ERCP.
i. Drugs. NSAIDs, erythromycin, thiazides, didanosine (ddI), pentamidine, es-

trogens, sulfonamides, and L-asparaginase are among the agents implicated
[189].

j. Systemic vasculitis can be the cause of pancreatitis.
B. Prognosis of acute pancreatitis. Criteria have been developed (e.g., Ranson

criteria, APACHE [Acute Physiology and Chronic Health Evaluation II] criteria)
to help predict the survival of a given patient based on the severity of acute pan-
creatitis. They are reviewed elsewhere [189,190,192]. Patients with three or more
Ranson signs either have severe pancreatitis or are at risk for severe disease. Re-
lated points deserve special emphasis.
1. Approximately 80% of patients have mild disease; most of these patients

recover uneventfully. Pancreatic and peripancreatic necrosis are minimal [189].
2. Approximately 20% have severe pancreatitis with pancreatic or peripan-

creatic necrosis or pancreatic fluid collections [192]. Necrosis of either
the duct system or the pancreatic parenchyma is the initiating event
in most of the complications of acute pancreatitis and occurs in the
absence of bacteria. Necrosis occurs early in the clinical course, typically on
the first day of symptoms.
a. About 10% of patients have fluid collections due to extravasation from the

ductal system.
b. Another 10% of the total group has extensive necrosis (>10%–15% of the

gland). Of these, nearly 50% (5% of the total group) will become infected. In
the absence of necrosis, infection is rare, but the more extensive the necrosis,
the higher is the risk for infection. Between 40% and 70% of patients with
more than 30% necrosis will become infected. Infection increases until the
third week and peaks in the fourth week. A high mortality rate (80% of all
deaths result from these difficult-to-treat infections) occurs with early
infection, with extensive necrosis, and in the very ill.

C. Assessing infection
1. Sterile pancreatitis or peripancreatic necrosis causes leukocytosis and fever.

Clinically it is uncertain when or if there is superimposed infection. Also, 50%
of patients with infection may not show clinical signs of an active infection [193].

2. CT scan with contrast predicts who is at risk for infection. Poorly enhanced
pancreatic tissue correlates well with the presence of pancreatic necrosis [193].
If gas bubbles are seen in the pancreatic region on the scan, infection is
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Table 13.14. Frequency of Bacteria in Pancreatic Infection

Escherichia coli 25%
Pseudomonas species 15%
Staphylococcus aureus 17%
Klebsiella species 9%
Proteus species 9%
Streptococcus faecalis 3%
Enterobacter species 3%
Anaerobes 16%
Candida species 3%
Monomicrobial 76%
Polymicrobial 24%

Reprinted from Schmid SW, et al. The role of infection in acute pan-
creatitis. Gut 1999; 45:311–316; with permission.

presumed to be present. CT scan–guided aspirations of necrotic tissue for Gram
stains and aerobic and anaerobic cultures will clarify whether infection actually
exists. Commonly isolated organisms are shown in Table 13.14 [194]. Organisms
resemble intestinal flora.

3. The mechanism by which colonic bacteria reach the injured pancreatic tissues
is unclear. Infection of the injured pancreatic tissues appears to be a secondary
phenomenon, thus raising the possibility that prophylactic antibiotics can pre-
vent or limit infection [195].

D. Prophylactic antibiotics to prevent infectious complications. Recent stud-
ies suggest a benefit but the topic is complex [195–200].
1. Mild pancreatitis. Because most cases of pancreatitis are mild and there is no

necrosis, antibiotics are not necessary in the majority of cases of pancreatitis.
2. Moderate to severe pancreatitis includes those cases associated with

necrosis.
a. Timing of antibiotic initiation. The approach that has been argued is

to initiate antibiotics early, before infection develops [195]. Although this
approach is logical, there are two factors that need to be weighed. First, the
frequency of infection increases over the first 3 weeks and peaks at week 4
(see section X.B above). Second, almost a third of infecting organisms are not
the typical bowel flora and those (including Pseudomonas species, S. aureus,
and Candida species) are more difficult to treat. Perhaps they became a
factor because typical gut flora was suppressed by early prophylaxis, allowing
them to overgrow and invade. This issue is not resolved and needs further
evaluation.

b. Antibiotic penetration into pancreatic tissue [194].
(1) Piperacillin, cefotaxime, and ceftizoxime penetrate pancreatic tis-

sue and are active against the gram-negative bacteria that occur but less
so against anaerobes.

(2) Imipenem penetrates pancreatic tissue well and is active against com-
mon bacterial isolates.

(3) The fluoroquinolones (e.g., ciprofloxacin) penetrate well and are active
against the colonic gram-negative bacteria but not the anaerobic isolates.

(4) Aminoglycosides do not penetrate pancreatic tissue well in usual
dosage regimens and therefore are not preferred agents.

(5) Metronidazole shows good penetration into pancreatic tissue. Because
it is active against anaerobes, it is often combined with an antibiotic
effective against the gram-negative bacteria.

c. Efficacy trials. Imipenem recently was studied in a randomized multicen-
ter clinical trial of antibiotic prophylaxis in 74 patients with a Ranson mean
score of 3.7 [196] due to severe necrotizing pancreatitis. Disease originated in
the biliary tract in 37, from alcoholism in 24, and from miscellaneous causes
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in 13. Forty-one patients received medical therapy plus 500 mg of imipenem
every 8 hours for 14 days, beginning at the time of CT demonstration of
pancreatic necrosis. The other 33 patients received medical therapy alone.
Pancreatic infection was proven by percutaneous aspiration or intraopera-
tive cultures. The incidence of pancreatitis-related sepsis was much lower
in treated patients (12.2 vs. 30.3%, p < 0.01) [196]. Neither the incidence of
multiorgan failure that developed in 25 patients nor mortality nor the need
for surgical intervention was affected by antibiotic therapy. That there is no
effect on change of management has led some to conclude that prophylaxis
is not beneficial [197]. Several other analyses found benefit [198–200].

d. Commentary. Because patients with severe necrotizing pancreatitis with
infectious complications are prone to have protracted courses and often re-
quire repeated surgical intervention, they may acquire infections due to
resistant bacteria [197]. Hence, one might want to save a broad-spectrum
antibiotic such as imipenem for later use rather than early use in these high-
risk patients. Studies comparing imipenem to other agents would be worth-
while. A compromise approach may be to use prophylactic antibiotics (e.g.,
a third-generation cephalosporin and metronidazole) in severe cases of necro-
tizing pancreatitis for 7 to 10 days and save imipenem for future infectious
complications when resistant bacteria may be a problem.

E. Related issues
1. Surgical intervention. The optimal approaches are still being evaluated

[189,192,193], but when infection occurs, surgery is usually indicated. Typically,
a surgical team directs the management of these patients. Aggressive surgical
debridement (often requiring serial procedures) with open drainage in selected
patients with extensive pancreatic and peripancreatic necrosis is advised. En-
hanced CT scanning is very useful [192]. Percutaneous drainage of an area of
infected necrosis, as a primary therapy, is believed by some to be an exercise in
futility [192]. Further discussion of surgical indications is published elsewhere
[193].

2. Large fluid collections can occur early in acute pancreatitis, within days or
weeks of the onset of symptoms [192]. These fluid collections, unlike a pseu-
docyst, lack a wall of granulation or fibrous tissue. More than 50% of these
collections disappear spontaneously. Therefore, aspirating before 4 to 6 weeks
is unnecessary. Percutaneous CT-guided aspiration is a useful technique if in-
fection is a concern.

3. Fluid resuscitation is important. Monitoring with a Swan-Ganz catheter of-
ten is essential in the care of the severely ill patient [192]. Acute renal failure
is a common consequence of poor fluid resuscitation in pancreatitis. The hyper-
dynamic cardiovascular state is similar to that seen in patients with the septic
syndrome (see Chapter 2). Patients with severe pancreatitis have diminished
peripheral vascular resistance and decreased intravascular volume. Blood flow
to the pancreas is reduced. It is believed that trypsin released into the surround-
ing tissues and the circulation triggers the complement cascade and kinin re-
lease. Furosemide should not be used because this leads to organ hypoperfusion
followed by multiple organ failure [192].

4. Biliary pancreatitis. Patients with severe biliary pancreatitis and persistent
signs and symptoms of obstruction or with cholangitis should undergo endo-
scopic or surgical relief of the biliary obstruction within the first 48 hours.
Many clinicians prefer the endoscopic approach if skilled personnel are avail-
able [193]. Some clinicians feel that ERCP is indicated in all cases of biliary
pancreatitis.

5. Associated complications. Fistulas from the bowel or pancreas, or bleeding
from the retroperitoneal structures, are common. Multiorgan system failure,
often as a consequence of underlying sepsis, is a common complication and is
frequently associated with a fatal outcome. The overall mortality rate varies
from 0% to 25%.

F. Pancreatic abscess. It may be difficult to distinguish between infected necro-
sis and early abscess formation. A true pancreatic abscess is a collection of pus
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Table 13.15. Bacteriology of Pancreatic Abscesses

Organism No. of Patients/Total Percentage Range (%)

Escherichia coli 164/494 33 11–49
Enterobacter 60/284 21 7–43
Klebsiella 26/189 14 7–42
Proteus 50/430 12 5–21
Serratia 8/162 5 2–11
Pseudomonas 16/386 4 3–29
Enterococcus 57/260 22 6–18
Streptococcus 58/323 18 4–36
Staphylococcus 69/499 14 0–38
Bacteroides 31/285 11 5–29
Candida (yeast) 15/158 9 2–9
Polymicrobial 140/380 37 21–57
Monomicrobial 207/380 54 29–78

Summary of 16 series from specimens obtained intraoperatively or by percutaneous needle aspiration.
Anaerobic cultures may not have been optimal.
Reprinted from Witt MD, Edwards JE Jr. Pancreatic abscess and infected pancreatic pseudocyst: diagnosis
and treatment. Curr Clin Top Infect Dis 1992;12:111; with permission.

and necrotic pancreatic tissue surrounded by an ill-defined wall (capsule), which
occurs either within the pancreatic parenchyma or expands into the lesser sac and
retroperitoneum. Although not common, pancreatic abscess is associated with a
high mortality rate, between 2% and 5% [191,201–206].
1. Etiology. The cause of pancreatitis that led to the abscess was alcohol in 32%,

biliary tract in 25%, postoperative causes in 19%, and miscellaneous causes in
25% [203].

2. Pathogenesis. As with infected pancreatitis, risk increases with the degree of
necrosis.

3. Clinical presentation is nonspecific. Following the episode of pancreatitis,
there may be improvement and then deterioration. The presentation may be
indolent, and some patients may not be febrile or have leukocytosis [204]. How-
ever, pancreatic abscess should be suspected in any patient with an acute or
resolving pancreatitis whose course is complicated by persistent fever, abdom-
inal pain, and leukocytosis, especially about 3 to 4 weeks after the onset of the
initial attack [202].

4. Diagnosis
a. CT scanning is the best method to demonstrate the abscess [203,205]. CT

may reveal a fluid collection that is indistinguishable from a pseudocyst.
The presence of air within fluid collections or within the pancreas itself is
strongly suggestive of a pancreatic abscess harboring gas-forming organisms.
However, retroperitoneal air within peripancreatic fluid also may be seen in
uninfected patients who develop a fistulous tract between the pancreas and
an adjacent viscus. It is also seen in the postoperative patient, or in patients
with a perforated duodenal ulcer [203].

b. CT-guided thin-needle aspiration and culture of the fluid will clarify the
diagnosis. Aerobic and anaerobic cultures should be performed routinely.

c. The role of MRI is undergoing clinical evaluation. Only limited data are
available with this technique [203].

d. Blood cultures may occasionally be positive.
5. Microbiology in pancreatic abscesses are only partially studied (Table 13.15).

Many infections are polymicrobial, and the infrequency of anaerobic isolations
may reflect poor culture technique [203].

6. Therapy
a. Surgical drainage is essential for a true pancreatic abscess [203–206].
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In Altemeier’s series in 1963 [206], 86% of those whose abscesses were
drained surgically and treated with antibiotics survived. By contrast, if
the diagnosis was missed and no surgical drainage was performed, 100%
died. More recent data confirm a near 100% death rate without surgical
drainage.
(1) Percutaneous catheter drainage at times is regarded as a temporary

maneuver until patients can tolerate definitive surgery. However, if the
abscess fluid is thin in consistency and there is little particulate matter
in it, percutaneous drainage may be adequate treatment.

(2) Open surgical drainage is indicated if the fluid is thick, if rapid im-
provement does not occur after percutaneous drainage, or if there is CT
evidence of considerable surrounding tissue necrosis in addition to the
abscess [202].

b. Nutritional support with enteral or total parenteral nutrition is favored.
c. Antibiotics are useful to prevent bacteremia and aid in healing, and when

used in conjunction with surgical drainage. The antibiotics should be selected
on the basis of sensitivity testing against any organism isolated from blood
or the abscess cavity at the time of surgery or on the basis of prior aspiration
culture data. In the absence of culture data, therapy should be instituted as
outlined in section II.B.

7. Prognosis. Despite aggressive surgical therapy coupled with antibiotics and
nutritional support, the mortality rate in patients with pancreatic abscess is
still 20% or more [201–203].

G. Pancreatic pseudocysts [203]. Despite considerable information generated by
CT scanning and ultrasonography over the past 20 years, the natural history of
pancreatic pseudocysts remains poorly understood, their classification system re-
mains vague, and their nomenclature is controversial. Classically, the term pan-
creatic pseudocyst has been used to refer to all intrapancreatic and peripancreatic
fluid collections, usually within a nonepithelialized capsule, arising in the setting
of acute or chronic pancreatitis.

Fluid collection should be followed for change in size or the development of signs
of infection. Such changes will determine appropriate therapy.
1. Epidemiologic features. Pseudocysts almost always arise in the setting of

acute or chronic pancreatitis. In a summary of 11 series, the underlying condi-
tion was alcohol in 65%, biliary disease alone in 10%, both alcohol and biliary
disease in 9%, postoperative trauma in 9%, and miscellaneous conditions in
14%.

2. Pathogenesis. The origin is not well understood. Presumably, pseudocysts de-
velop as a result of the disruption of the ductal system, with subsequent leakage
of activated pancreatic enzymes leading to necrosis of the gland and surround-
ing tissue. This is accompanied by the production of large volumes of exudate
that dissect along retroperitoneal planes. Multiple pseudocysts occur in 10% of
cases.

3. Clinical presentation [203]
a. Abdominal pain (60%–100%), nausea or vomiting (20%–70%), weight loss

(30%–60%), palpable abdominal mass (20%–50%), jaundice (10%–20%), and
abdominal tenderness (10%–60%) are seen. Probably 50% of cysts are non-
palpable, and up to 50% of palpable masses in patients with pancreatitis
simply represent inflammation and edema rather than a pseudocyst.

b. Routine laboratory tests (WBC count, amylase levels, etc.) are nondiag-
nostic.

4. Diagnosis. CT scanning is the most accurate imaging technique, although the
CT scan does not differentiate between a sterile and an infected fluid collection.

5. Natural history of pancreatic cysts. When serial ultrasonography or CT
scanning is performed, 8% to 43% of the pseudocysts undergo spontaneous
resolution, usually within 6 weeks after onset. Therefore, it is suggested that
drainage procedures be postponed until either the pseudocyst persists for more
than 6 weeks or a complication arises. Some clinicians suggest prolonged obser-
vation unless the patient is symptomatic.
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6. Complications of pancreatic pseudocysts [203]
a. Obstructive jaundice. Pseudocysts at the head of the pancreas may ob-

struct the duodenum or compress the common bile duct.
b. Chemical pancreatitis can occur if the pseudocyst ruptures acutely. This

is associated with a high mortality rate.
c. Pancreatic ascites can occur with a slow leak into the peritoneal cavity.
d. Hemorrhage can occur, either within the cyst itself or as a result of the cyst

eroding into a major artery or perforating into the GI tract.
e. Chronic pancreatic cysts may be drained internally (e.g., cystogastros-

tomy, Roux-en-Y cystojejunostomy, anastomosis, or cystoduodenostomy).
f. Secondary cyst infection can occur (see section C).

H. Infected pancreatic pseudocyst [203]
1. Incidence. The exact incidence is unclear; 0 to 25% of pseudocysts become

infected. Further data gleaned from good aspiration culture studies are needed.
Overall, this is believed to be an uncommon complication [203].

2. Pathogenesis. Secondary infection presumably results from (a) hematogenous
seeding, (b) direct transmural passage of bacteria from adjacent bowel, and (c)
possibly bacterial seeding after ERCP.

3. Diagnosis. Although persisting fevers, abdominal pain, and an abdominal
mass in a patient with a known pseudocyst is suggestive, not all patients
with infected pancreatic pseudocysts have these features. Laboratory tests are
nondiagnostic.
a. CT scanning will demonstrate whether a pseudocyst exists.
b. CT-guided or ultrasonographically guided percutaneous needle as-

piration with aerobic and anaerobic cultures will clarify whether the
fluid is infected.

4. Bacteriologic data are limited [203]. Polymicrobial infection due to GI gram-
negative and gram-positive organisms are typical.

5. Therapy [203]. When planning appropriate therapy for an infected pancreatic
fluid collection, it is critically important to differentiate an infected pseudocyst
from a pancreatic abscess. Whereas an infected pseudocyst can be treated suc-
cessfully by drainage alone, this intervention would be completely inadequate
for an abscess, for which open drainage and extensive debridement often are
necessary.
a. External drainage is preferred if the cyst is infected. A large-bore catheter

is placed into the infected cyst cavity, and the catheter then is brought
out the abdominal wall. Percutaneous drainage has been used as an
alternative.

b. Internal drainage may be a consideration in selected patients [207].
I. Pancreatic disease in AIDS (see Chapter 18).

1. Drug-induced pancreatitis can occur (see section I.A.3.i).
2. Neoplasms of the pancreas, including Kaposi sarcoma and lymphoma, have

been seen in up to 8% of patients in autopsy series.
3. Infectious agents have been demonstrated in autopsy series, and microorgan-

isms involved include CMV, Cryptosporidium, cryptococci, T. gondii, Candida
species, and M. tuberculosis. These are typically seen in the setting of dissemi-
nated infections.
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14. HEPATITIS VIRUSES

James R. Burton, Jr. and Thomas A. Shaw-Stiffel

I. Introduction. Hepatitis denotes an inflammation of the liver. The causes of hepati-
tis are varied and include viruses, bacteria, protozoa, drugs, toxins, and autoimmune
disease. The clinical symptoms and course can be similar regardless of the etiology.
A. Hepatitis viruses. Viral hepatitis is the most common cause of chronic liver disease

(Table 14.1).
1. Hepatitis A virus (HAV), also referred to as “infectious hepatitis.”
2. Hepatitis B virus (HBV), also known as “serum hepatitis.”
3. Hepatitis C virus (HCV), formerly known as “non-A, non-B hepatitis.”
4. Hepatitis D virus (HDV), also known as the “delta agent,” requires coinfection

with HBV.
5. Hepatitis E virus (HEV), similar to HAV in many respects but with a different

geographic distribution.
B. Systemic viral illnesses with a hepatitis-like component

1. Epstein-Barr virus (see Chapter 9)
2. Cytomegalovirus (see Chapter 9)
3. Yellow fever virus (see Chapter 22)
4. Varicella-zoster virus (see Chapter 20)
5. Herpes simplex virus (see Chapter 20)
6. Miscellaneous (e.g., rubella, rubeola, Coxsackie B virus, adenovirus, etc.)

C. Nonviral etiologies
1. Infectious hepatitis (e.g., toxoplasmosis and leptospirosis)
2. Alcoholic hepatitis
3. Nonalcoholic steatohepatitis
4. Drug-induced hepatitis (e.g., acetaminophen, halothane, isoniazid)
5. Toxin-induced hepatitis (e.g., mushrooms, phosphorus, carbon tetrachloride)
6. Autoimmune hepatitis

II. Approach to viral hepatitis. Determining the specific etiologic agent of viral hep-
atitis depends primarily on the patient’s epidemiologic setting and clinical history, as
well as the use of laboratory tests to detect specific viruses and rule out other causes.

III. HAV
A. Classification and structure. HAV is a picornavirus with a nonenveloped single-

stranded RNA strand and a diameter of 27 nm. Humans are the natural hosts.
B. Epidemiology

1. Transmission occurs almost always via the fecal–oral route, either sporadically
or in epidemics after ingestion of contaminated food, water, or milk. Uncooked
shellfish (e.g., clams, mussels, and oysters) from contaminated water are a com-
mon source. Fecal shedding of HAV can last for months after resolution of
symptoms, and such patients could be a source of further viral spread in the
community [1].

2. HAV is found worldwide with the highest prevalence in regions with low stan-
dards of sanitation, where asymptomatic infections occur early in life. As sanita-
tion standards improve exposure is reduced, thus increasing the risk of acquiring
HAV if exposed later in life when the clinical course can be more complicated.

3. Parenteral transmission is rare. Although roughly paralleling viral levels in the
stool, systemic viremia is 100- to 1,000-fold lower in magnitude [2]. Viremia
is likely the source of HAV spread among illicit intravenous drug users and
hemophiliacs receiving solvent-detergent inactivated factor VIII preparations.

4. Sexual transmission is not a significant problem. However, men who have sex
with men, especially those with oral–anal sexual contact, are at increased
risk.

C. Pathogenesis
1. After HAV is ingested, it first replicates within the crypt cells of the small intes-

tine before entering the bloodstream to spread to the liver.
2. HAV then enters the hepatocyte, sheds its coat, and initiates viral replication.

The resulting new viral particles are released into the bile.
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3. Hepatocyte necrosis is thought to occur via cell-mediated immunity in response to
viral antigens expressed by hepatocytes rather than by direct cytopathic damage
[3].

4. HAV may be found in the stool for 2 weeks before the onset of jaundice and
then 1 week afterward [4]. Fecal shedding of HAV reaches its height just before
the onset of hepatocellular disease, at which point the patient is also maximally
infectious.

D. Clinical disease
1. HAV results in a wide range of clinical manifestations, from subclinical infection,

to overt infections with or without jaundice, to acute liver failure and death.
However, most cases are self-limited.

2. The mean incubation period of 15 to 50 days (mean, 30 days) [5] is followed
by the acute onset of malaise, anorexia, nausea, vomiting, abdominal pain, and
fever, all of which characterize “symptomatic” disease. Symptoms can last up
to a week in jaundiced patients. Cigarette smokers tend to lose interest in
smoking.

3. The liver can be enlarged and tender. Serum aminotransferases (alanine amino-
transferase [ALT] and aspartate aminotransferase [AST]) are elevated during
the symptomatic phase followed by an elevated total bilirubin.

4. Age at acquisition of HAV is a major determinant of the severity of illness [6].
Symptomatic icteric hepatitis occurs in most infected adults but is less common
in children and rare under the age of 2. Jaundice is associated with symptomatic
improvement. Jaundice typically resolves after 2 weeks.

5. Fulminant HAV is relatively rare, yielding about 100 deaths each year in the
United States [6]. The risk increases with advancing age, especially over the age
of 40.

6. Patients with chronic hepatitis B and C who acquire acute HAV may be more
likely to have an adverse outcome, including fulminant hepatitis [7,8].

7. A small proportion of patients may develop a protracted, but usually self-limited,
cholestatic phase after the acute illness. Short-course corticosteroids may help
[9].

8. A tiny percentage of patients experience recurrent signs and symptoms of acute
HAV [9]. This is self-limited, and full recovery is invariably the case.

E. Diagnosis
1. The diagnosis of acute HAV is made by detecting IgM-specific antibody to the

virus (anti-HAV-IgM). This antibody is present before symptom onset. It peaks
during the acute phase and becomes undetectable in most cases by 6 months,
except in those with relapsing hepatitis in whom it usually remains present
throughout the course.

2. The presence of IgG-specific antibody to the virus (anti-HAV-IgG) indicates ei-
ther prior HAV infection or vaccination against HAV. This also implies protection
if exposed once again to HAV. The level of this antibody peaks during the conva-
lescent period and remains detectable for many years.

F. Management. Currently, there is no specific treatment for HAV other than sup-
portive care. Corticosteroids are often helpful for the prolonged cholestatic form of
HAV. Any patient with severe symptoms and/or signs of acute HAV should be mon-
itored closely for a prolongation of the prothrombin time and/or the onset of hepatic
encephalopathy, both of which suggest acute liver failure [10]. These should prompt
early transplant referral.

G. Passive immunization
1. Passive immunization remains the intervention of choice for postexposure pro-

phylaxis. Antibody response after active immunization (see below) takes 2 weeks
to develop fully and does not provide effective early protection.

2. Because a substantial proportion of the population has been infected with HAV,
pooled lots of gamma globulin (human immunoglobulin [HIG]) contain sufficient
antibody for this purpose.

3. A single dose of HIG, 0.02 mL/kg in the gluteus muscle, confers immunity that
lasts up to 6 months [9]. This is recommended for those exposed (or potentially
exposed) to HAV who have no prior history of HAV infection.



P1: HAG/HBT P2: HAG/HBT QC: HAG/FLX T1: IML

PB207B-14 PB207A-Betts/6678F September 3, 2002 7:23 Char Count= 0

480 14. Hepatitis Viruses

4. Candidates for prophylaxis include household contacts of those with acute HAV,
those known to have eaten uncooked food prepared by an infected individual,
and those who will be traveling to at-risk areas of the world within 2 weeks, time
insufficient for active HAV immunization.

5. Once clinical symptoms of HAV infection have developed, the patient is already
producing antibody, and the administration of IG is not indicated.

6. It is important to note that the simultaneous administration of active and passive
immunization reduces the ultimate antibody level by 50%.

H. Active immunization
1. Two recombinant inactivated HAV vaccines (Havrix, GlaxoSmithKline, Research

Triangle Park, NC, and VAQTA, Merck, Whitehouse Station, NJ) have been avail-
able in the United States since 1995 and 1996, respectively. Both vaccines have
been shown to be safe and effective. After vaccination, the levels of protective an-
tibody approach the levels seen after natural HAV infection. A combination hep-
atitis A and B vaccine (Twinrix, GlaxoSmithKline) was approved in the United
States in 2001.

2. The current HAV vaccine schedule involves an initial dose followed by a booster
6 to 12 months later. The vaccines are safe in children over the age of 2 years.
Their safety in pregnancy is not known.

3. The following should receive HAV vaccination: children living in areas of the
United States where the rates of HAV infection are at least two times the national
average (e.g., ≥20 cases per 100,000 population), persons traveling to countries
with intermediate endemicity, men who have sex with men, persons with clot-
ting disorders, persons who use illegal drugs, and personnel in HAV research
laboratories [11].

4. Side effects of vaccine include injection site soreness, erythema, and induration.
Systemic reactions, including fever, occur in less than 5% of subjects.

5. Patients with chronic liver disease due to HBV and HCV should also be vacci-
nated, because they are at risk of more severe disease if they contract HAV [7].
Seroconversion rates after two doses of the HAV vaccine are the same in these in-
dividuals as in healthy subjects [12]. However, efficacy of vaccination in patients
with advanced cirrhosis and in liver transplant recipients is currently unknown.

IV. HBV
A. Classification and structure

1. HBV is a DNA virus that belongs to the family of hepadnaviruses. The intact
virion (or Dane particle) is a 42-nm sphere that contains the nucleocapsid, with its
DNA of approximately 3,200 base pairs. HBV replicates via an RNA intermediate
using viral-encoded reverse transcriptase.

2. The HBV genome consists of four open reading frames encoding for the surface
envelope (pre-S/S), core (pre-core/core), polymerase, and X proteins. The S open
reading frame encodes for the viral envelope protein, hepatitis B surface antigen
(HBsAg), the hallmark of HBV infection. The X protein is crucial for viral life cycle
in vivo and probably functions by interacting with multiple cellular pathways.

3. Seven genotypes of HBV (A through G) have been identified. Currently, there
are insufficient data to correlate differences in clinical outcomes or responses to
treatment with genotype.

B. Epidemiology
1. Worldwide, close to 400 million people are infected with HBV [13]. In the United

States, HBV infection causes 5% to 10% of chronic liver disease and cirrhosis
[14].

2. The distribution of HBV infection varies greatly throughout the world. Areas
with the highest prevalence include southeast Asia, China, and sub-Saharan
Africa, where approximately 10% of the population are chronic carriers [14]. In-
termediate prevalence areas (3%–5%) include Mediterranean countries, Japan,
Central Asia, the Middle East, Latin and South America, and indigenous pop-
ulation groups in the Arctic [15]. Low prevalence areas (0.1%–2%) include the
United States, Canada, western Europe, Australia, and New Zealand [16].

3. The wide range of carrier rates in different parts of the world relates primarily
to the individual’s age at time of infection. The rate of progression to chronic



P1: HAG/HBT P2: HAG/HBT QC: HAG/FLX T1: IML

PB207B-14 PB207A-Betts/6678F September 3, 2002 7:23 Char Count= 0

14. Hepatitis Viruses 481

hepatitis approximates 90% for perinatally acquired infection, 20% to 50% for
infection between the ages of 1 and 5 years, and less than 5% for infection acquired
in adulthood [15].

4. Most infections in developed countries occur as a result of sexual activity, in-
travenous drug use, or occupational exposure. Less common causes include
household contact, hemodialysis, and recipients of solid organs or blood prod-
ucts. No clear risk factors are identified in 20% to 30% of infected individuals
[13].

C. Serologic markers of HBV infection
1. HBsAg is the hallmark of HBV infection. It is usually detectable 1 to 10 weeks

after acute infection and 2 to 6 weeks before clinical symptoms. Patients who
recover from acute infection clear HBsAg within 4 to 6 months. Persistence of
HBsAg for more than 6 months implies chronic infection.

2. Hepatitis B surface antibody (anti-HBs) is a neutralizing antibody that con-
fers protective immunity against HBV. Anti-HBs is found in patients who have
recovered from HBV infection or responded to HBV vaccination.

3. Hepatitis B core antigen is the nucleocapsid that encloses the viral DNA. It
is an intracellular antigen, not detected in the serum.

4. Hepatitis B core antibody (anti-HBc). Anti-HBc-IgM develops initially and
appears within 1 month after HBsAg. Anti-HBc-IgG develops later and is found
in association with anti-HBs in those who have recovered from hepatitis B or with
HBsAg in chronic HBV, between the disappearance of HBsAg and the develop-
ment of anti-HBs, and for many years after recovery of acute HBV. Transmission
of HBV occurs via organ donors with isolated anti-HBc.

5. Hepatitis B e antigen (HBeAg) signifies HBV replication and infectivity.
HBeAg is a peptide derived from the core gene, modified and exported from the
cell. It is associated with serum HBV DNA. In the recovery phase of infection,
HBeAg is cleared, ahead of HBsAg. In chronic HBV, HBeAg remains detectable
for years. With seroconversion from HBeAg to anti-HBe, HBV DNA disappears
and liver disease remits. Spontaneous seroconversion occurs at a rate of 5% per
year in the West but much less so in the Far East [17]. During seroconversion,
some develop HBeAg-negative variants due to mutations of the HBV genome.
These patients have anti-HBe but have low or undetectable levels of HBeAg.
Transcription of pregenomic RNA is not affected, so viral replication and liver
disease persist [18]. The highest prevalence of HBeAg-negative variants is in the
Mediterranean region followed by Asia, whereas they are uncommon in North
America and western Europe.

6. HBV DNA assays used to assess HBV replication include hybridization,
branched DNA, and polymerase chain reaction (PCR) assays. Each differs in its
detection limits. Detection of HBV DNA may precede HBsAg. Serum HBV DNA
levels determine candidacy for treatment and response to therapy in chronic
HBV. HBV DNA is often associated with HBeAg. Seroconversion to anti-HBe
leads to the loss of HBV DNA, although it may remain detectable by more sen-
sitive PCR assays.

D. Pathogenesis
1. HBV is not cytopathic for hepatocytes. Liver injury occurs via T cells cytotoxic for

hepatocytes expressing surface hepatitis B core antigen. A successful immune
response occurs if all infected cells are destroyed, viral replication ceases, and
anti-HBs is generated (which prevents reinfection of hepatocytes). Alternatively,
immune responses may inhibit viral replication without killing infected cells and
minute amounts of virus remain in hepatocytes indefinitely, even if HBsAg and
HBV DNA are not detectable [19].

E. Acute hepatitis B
1. The incubation period is 1 to 4 months, which may be followed by anorexia,

malaise, nausea and vomiting, and right upper quadrant tenderness. As these
symptoms subside, jaundice ensues and lasts up to 1 to 3 months.

2. Nearly 70% of patients with acute HBV infection have anicteric hepatitis
(Fig. 14.1), whereas 30% develop jaundice. Acute liver failure develops in less
than 1%. [15].
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FIG. 14.1 A typical case of acute hepatitis B. HbsAg, hepatitis B surface antigen; HBV-
DNA, hepatitis B virus DNA; HbeAg, hepatitis B e antigen; ALT, alanine aminotransferase;
Anti-HBe, antibody to hepatitis e antigen; Anti-HBc, antibody to hepatitis core antibody;
Anti-HBs, antibody to hepatitis B surface antibody.

3. Elevations in aminotransferases to 1,000 to 2,000 IU/mL are common. Normal-
ization occurs in 1 to 4 months, then bilirubin. Enzyme elevation for more than
6 months usually indicates chronic infection. Prothrombin time is the best prog-
nosticator [20].

F. Chronic hepatitis B
1. Patients who develop chronic HBV infection usually have a mild or subclini-

cal presentation. Others manifest fatigue and right upper quadrant discomfort.
Some have exacerbations mimicking acute hepatitis. Others develop end-stage
liver disease characterized by ascites, encephalopathy, and variceal bleeding.

2. A National Institutes of Health Workshop [21] defined chronic HBV as persistent
HBV infection causing necroinflammatory liver disease with (a) positive HBsAg
for more than 6 months, (b) serum HBV DNA levels higher than 105 copies/mL or
positive hepatitis B core antigen by immunostaining, (c) persistent or intermit-
tent elevation in AST/ALT levels, and (d) a liver biopsy showing chronic hepatitis.

3. Predictors of progression to cirrhosis and hepatocellular carcinoma (HCC) in-
clude the state of the immune system, age, sex, geography, and genetics [22,23].
The overall reported incidence of HCC in surveillance studies is 0.8% to 4.1%
[23].

4. Patients with inactive hepatitis B (previously a “healthy carrier”) have detectable
HBsAg for more than 6 months without any ongoing necroinflammatory disease.
Most have lost HBeAg and developed anti-HBe, with HBV DNA levels less than
105 copies/mL and a persistently normal ALT/AST. In some, disease relapses
after a period of inactivity.

G. Therapy. The goal of treatment is to suppress HBV replication (disappearance
of HBeAg and HBV DNA), thereby preventing the progression to cirrhosis and
HCC.
1. Interferon-α(IFN-α) therapy was approved in 1992 for immunocompetent pa-

tients at doses of 5 to 10 million units (MIU) daily or three times a week for
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16 weeks. A meta-analysis of 15 studies [24] demonstrated a sustained loss of
HBV replication in those treated for at least 3 months (33% lost HBeAg vs. 12%
of control subjects and 37% lost HBV DNA vs. 17% of control subjects). Eight per-
cent lost all markers, including HBsAg, compared with 2% of control subjects.
Favorable response factors included a negative human immunodeficiency virus
(HIV) test, chronic active hepatitis on liver biopsy, moderately high ALT levels
(>100 U/L), HBV DNA levels less than 200 pg/mL, and a history of acute hepati-
tis [25]. Wild-type virus (HBeAg positive) is associated with improved response
rates compared with the situation with HBV variants (see section IV.C.5 above).
In a 5-year follow-up of 103 patients treated with IFN-α, survival without clin-
ical complications was significantly prolonged in patients who cleared HBeAg
[26]. IFN-α is also associated with a decreased incidence of HCC [27]. IFN-α
treatment of patients with decompensated cirrhosis (ascites, variceal bleeding,
encephalopathy) is contraindicated because benefit is limited, severe adverse ef-
fects are common, and, most of all, during treatment significant flares in liver
enzymes are seen and this may precipitate acute decompensation and the need
for urgent liver transplantation.

2. Lamivudine (Epivir-HBV, GlaxoSmithKline) is a nucleoside analogue that in-
hibits HBV reverse transcriptase, thus inhibiting HBV replication. It has neg-
ligible side effects. Treatment-naive patients or nonresponders to IFN-α with
elevated AST/ALT and HBeAg and HBV DNA treated for 12 months were more
likely to have HBeAg seroconversion (see section IV.C.5 above), sustained ALT
normalization, and improvement on biopsy than placebo recipients [28–30]. Pro-
longing treatment to 2 years yields a further improvement in necroinflammation
[31] and an increase in the sustained seroconversion rate [32]. Unlike IFN-α,
lamivudine is effective against HBV variants (see section IV.C.5 above) [33] and
is safe and effective in decompensated HBV cirrhosis [34].

3. After 1 year, 15% to 30% of patients may develop mutations in the YMDD motif
of the HBV polymerase gene [14]. Patients with this mutation have lower (but
not undetectable) serum levels of HBV DNA than before treatment but improved
ALT and histology, similar to patients without the YMDD mutation. Because
the lamivudine-resistant mutants do not replicate as proficiently as the wild-
type virus, stopping the drug results in a rapid reversion to wild-type that may
be associated with a marked rise in HBV DNA and ALT levels [35].

4. Combination of lamivudine and interferon appears to enhance the HBeAg
seroconversion rate, particularly for treatment-naive patients with moderately
elevated baseline ALT levels [36]. However, this approach was not recommended
at the recent National Institutes of Health Workshop on HBV [21].

5. The observations with lamivudine monotherapy suggest that combining various
antivirals in a cocktail as for HIV may lead to improved response and/or less
resistance. Other nucleoside analogues (e.g., adefovir, entecavir, emtricitabine)
are being investigated.

H. HBV after transplantation. HBV recurrence after transplantation has been re-
duced significantly with the use of long-term high-dose intravenous hepatitis B
immune globulin (HBIG). Now lamivudine added to HBIG has led to further im-
provements in allograft and patient survival [37]. A cost-effective alternative is
low-dose intramuscular HBIG in combination with lamivudine [38].

I. Prevention/HBV vaccine
1. HBV vaccine prevents disease and sequelae such as HCC. It is safe and effective.

The most common side effect is pain at the injection site.
2. Universal vaccination of newborns is routine in many countries, especially for in-

fants born to HBsAg-positive mothers. Adults who should be vaccinated include
health-care workers, sexual partners and family members of HBsAg-positive
cases, patients with chronic liver disease, patients on hemodialysis, persons in
institutions for the developmentally disabled and long-term correctional facili-
ties, travelers staying for more than 6 months in countries with high endemic
rates of HBV, and drug users.

3. Current HBV vaccines consist of HBsAg produced in yeast using recombinant
DNA technology. The vaccine is given intramuscularly, usually at 0, 1, and
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6 months, at a dose for adults of 10 to 20 µg and for children 2.5 to 10 µg. In 1999
the U.S. Food and Drug Administration approved an optional two-dose schedule
of Recombivax HB (Merck & Co., Inc., West Point, PA) for 11 to 15 year olds.
For adults, the dose of Recombivax HB is 10 µg with the second dose given 4 to
6 months later.

4. An anti-HBs titers higher than 10 IU/L is deemed protective. Maximum anti-
body response occurs 6 weeks after the last dose, so testing is done 1 to 2 months
after completing the series, except in infants born to HBsAg-positive mothers, in
whom testing should be performed at ages 9 to 15 months. In normal subjects,
a favorable response occurs in 90% to 95%, but in the elderly or the immuno-
suppressed, response can be as low as 40% to 60% [39]. Additional doses (one to
three) are recommended for nonresponders. This yields a 25% to 50% response
after one additional dose and 50% to 75% after three [39].

5. Although anti-HBs titers decrease over time, the duration of protection is prob-
ably lifelong, because most responders mount an amnestic anti-HBs response
upon rechallenge. Booster doses of HBV vaccine are indicated only in hemodial-
ysis patients. Serologic testing to monitor antibody levels is not recommended.

J. Postexposure prophylaxis should be provided for individuals known to be anti-
HBs negative, those never vaccinated, and nonresponders to prior HBV vaccination.
Individuals who have been vaccinated but whose anti-HBs status is unknown should
have anti-HBs testing, and if titers are less than 10 mIU/mL they should undergo
prophylaxis. The Centers for Disease Control and Prevention suggests administer-
ing both a single dose of HBIG and initiating a course of HBV vaccination.

V. HCV
A. Classification and structure. HCV is the only member of the genus Hepacivirus

in the Flaviviridae family of viruses. It is an enveloped virus about 50 nm in diameter
that contains a positive-sense single-stranded RNA genome.

B. Epidemiology
1. HCV was the most common blood-borne infection in the United States in the

1980’s, but the incidence of HCV had declined by more than 80% to 36,000 in
1996 [40–42].

2. Some 3.9 million people (1.8%) have positive HCV antibody and 74% have de-
tectable HCV RNA by PCR, indicating chronic infection [43,44]. In African
Americans, the prevalence rate is 3.2%, compared with 1.5% for non-Hispanic
whites. The highest prevalence is in men aged 30 to 49 years with large or
repeated direct percutaneous exposures to blood [43].

3. After introduction of the sensitive ELISA II screening antibody in 1992, the
risk for HCV infection has fallen to 0.001% per unit of blood transfused [45,46].
Another common source for HCV was the use of clotting factor concentrates
before 1985. Transplantation of organs from infected donors also carried a high
risk before HCV screening was initiated in the early 1990’s.

4. Intravenous drug use now accounts for most cases of HCV transmission in
the United States. For current users, the rate of HCV may be as high as 79%
[40]. After 5 years of injecting, as many as 90% are infected with HCV [40].

5. Intranasal cocaine use (“snorting”) may also serve as a route for transmis-
sion, probably due to nasal ulceration and/or bleeding and the sharing of con-
taminated straws [47]. However, intranasal cocaine use in the absence of intra-
venous drug use is relatively uncommon.

6. In contrast to HBV, sexual transmission is relatively infrequent. Sexual part-
ners of patients with HCV reveal a low rate of HCV, ranging from 0 to 4.4%
(mean, 1.5%) [40]. The risk of HCV transmission from men to women and from
men to men is greater than that transmission from women to men, but it is still
less common than that for HBV or HIV.

7. The rate of HCV infection among health-care workers is no higher than that
found in the general population [40]. The risk of acquiring HCV from a needle-
stick injury is approximately 0.1%, but it rises to approximately 5% to 10% if
the index case is confirmed to have viremia by PCR [48]. HCV transmission
is particularly high in patients on hemodialysis in whom the prevalence is ap-
proximately 10% but occasionally is as high as 60% [49].
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8. The rate of vertical transmission of HCV from mother to child is approxi-
mately 5%, but it may be 14% or more if the mother is HIV positive [40]. Elective
cesarean section before membrane rupture is associated with lower HCV trans-
mission rates compared with vaginal delivery or emergency cesarean section
(0 vs. 7.4%; p = 0.04) [50]. The sensitivity of HCV RNA by PCR in infants is
only 22% before 1 month of age, rising to 97% thereafter, which suggests that
HCV infection occurs at the time of delivery [50].

9. Nonsexual household contacts (e.g., via razor blades, toothbrushes, or other
household items) represent very low risk for HCV transmission.

10. HCV infection related to procedures (e.g., tattooing) is reported in other coun-
tries, but case studies have failed to reveal such an association in the United
States [40].

C. Pathogenesis
1. Hepatocellular injury occurs from nonspecific immune mechanisms and a virus-

specific immune response (both humoral and cellular), not from viral cytotoxicity.
2. HCV has great genetic heterogeneity. Isolates from around the world have been

classified into six major genotypes. Individual isolates consist of closely related
yet heterogeneous populations of viral genomes (i.e., quasi-species). This genetic
diversity probably accounts for the ease with which HCV escapes the host’s im-
mune system and leads to chronic infection.

D. Acute hepatitis C
1. Acute hepatitis C is almost always asymptomatic and therefore rarely recognized.
2. HCV RNA typically becomes detectable in the serum by PCR about 7 to 21 days

after exposure. Specific HCV antibodies appear within 20 to 150 days (mean,
50 days) [51].

3. Clinical symptoms (e.g., jaundice, fatigue, lethargy, myalgias, and right upper
quadrant discomfort) occur in less than 20% of patients [41]. They occur within
2 to 12 weeks (mean, 7 weeks) after exposure [41]. Elevation in ALT is usually
mild. Fulminant hepatitis is very rare. Those with clinical hepatitis are much
more likely to completely clear HCV, probably due to a more vigorous immune
response.

E. Chronic hepatitis C
1. After acute infection, approximately 15% appear to resolve infection with no

detectable HCV RNA, a normal ALT, and no sequelae [52]. In the remain-
ing 85%, chronic hepatitis develops [44]. HCV currently accounts for 40% of
chronic liver disease in the United States, resulting in approximately 8,000 to
10,000 deaths each year [40]. The Centers for Disease Control and Prevention
predicts that the mortality rate from HCV will triple by 2020. HCV-related end-
stage liver disease is now the most common reason for liver transplantation in
the United States [53].

2. The natural history of HCV remains a controversial issue because strategies
to examine disease progression are complicated by both recall and selection
bias. However, despite this it is estimated that 15% to 20% of persons who ac-
quire HCV infection progress to end-stage liver disease (and its sequelae) dur-
ing a 20- to 30-year period [54] and approximately 1% to 5% will develop HCC
[40].

3. Risk factors for more rapid disease progression include the consumption
of at least 50 g of alcohol on a daily basis, HCV acquisition after age 40, male
gender, immunosuppression, and/or coinfection with HIV [55,56].

4. A key feature of chronic HCV infection is its seemingly indolent course with
minimal, if any, symptoms and its discovery on routine blood studies. About
60% to 70% of patients with chronic HCV have a persistently elevated ALT. The
remainder have either intermittently elevated or persistently normal ALT levels.
On liver biopsy, patients with a persistently normal ALT tend to have less severe
histologic findings and a lower rate of progression to cirrhosis.

5. Chronic HCV infection has been associated with numerous extrahepatic man-
ifestations, the most common of which are thyroid dysfunction, porphyria cu-
tanea tarda, Sjögren syndrome, vasculitis, and/or renal disease secondary to cryo-
globulinemia and membranoproliferative glomerulonephritis.
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F. Diagnosis
1. The first step is to detect test for antibodies to HCV using an enzyme im-

munoassay. After HCV exposure, the average time to develop antibodies is ap-
proximately 8 to 9 weeks [57]. Because the symptoms of acute HCV infection
usually begin at 7 weeks, a negative anti-HCV antibody does not rule out hep-
atitis C. HCV RNA by PCR is more helpful in high risk situations (see below).

2. The recombinant immunoblot assay is rarely used today except to confirm posi-
tive ELISA II tests during blood donation screening.

3. HCV RNA by PCR is used to confirm viremia. It may be qualitative (viremia
present or absent) or quantitative (which is slightly less sensitive but detects
viremia in the vast majority of infected individuals). PCR is useful after a needle-
stick injury, because this becomes positive within 6 to 8 weeks of exposure.

4. Determining HCV genotype does not aid in the diagnosis, but it does help decide
on the duration of treatment, whenever deemed necessary (see below).

G. Therapy
1. In the past, a biochemical response (normalization of serum aminotransferases)

to treatment was the primary end point, but currently the goal of treatment is
the eradication of HCV RNA from the serum (i.e., a virologic response).

2. End-of-treatment virologic response indicates viral clearance from the blood
at the end of treatment, whereas a sustained virologic response (SVR) indi-
cates the absence of virus at 6 months after the end of treatment. Of patients who
achieve an SVR, 96% will have undetectable HCV RNA in the serum and no his-
tologic progression on serial liver biopsy when followed for a mean of 4 years [58].

3. Relapsers achieve an end-of-treatment virologic response but subsequently re-
develop viremia. Nonresponders fail to clear HCR RNA after completing a
course of treatment. A subcategory of nonresponders initially respond with a fall
in HCV RNA titer (even to undetectable levels) only to “break through” despite
ongoing treatment. Their outcome is similar to other nonresponders.

4. Predictors of response to antiviral therapy include HCV genotypes other than
type 1 or 4, pretreatment levels of HCR RNA by PCR less than 2 million copies/mL
or less than 850,000 IU/mL using the new World Health Organization system,
absence of bridging fibrosis or cirrhosis, age less than 40 years, and female gender
[59]. HCV genotype is the most important.

5. Monotherapy with IFN-α, once the mainstay of HCV treatment, is now used
only when combination treatment with ribavirin is not tolerated or contraindi-
cated. For details see previous reports [60–64].

6. Consensus interferon alfacon-1 (Infergen, Amgen, Thousand Oaks, CA) com-
bines the most common amino acid sequences from 11 naturally occurring IFNs.
In treatment-naive patients, consensus interferon 9 µg subcutaneously three
times a day leads to an SVR similar to that with standard-dose IFN-α monother-
apy [65]. However, high-dose consensus interferon (15 µg subcutaneously three
times a day for 48 weeks) enhances SVR to 13% in prior nonresponders and to
58% in relapsers after prior IFN-α [66].

7. Since its introduction in 1998, ribavirin in combination with IFN- α2b (Re-
betron, Schering-Plough, Kenilworth, NJ), so-called combination therapy, has
become the gold standard. Patients must be able to tolerate the hemolysis and
other side effects associated with ribavirin and have no specific contraindications
to its use (see below). Ribavirin (1,000–1,200 mg orally in two divided doses a
day) is an oral guanosine analogue and does not ameliorate viremia on its own,
but when used in combination with IFN-α2b it leads to a significant increase in
SVR in treatment-naive patients. After 48 weeks of combination therapy SVR
is 38% compared with only 13% after 48 weeks of IFN-α2b monotherapy [59].
Recent evidence suggests that the SVR can be improved further when the dose
of ribavirin is based on body weight (and at least 10.6 mg/kg/day is given) [63].
This also appears to be the case if patients take 80% of their IFN-α2b and 80% of
their ribavirin for 80% of the time (the so-called 80-80-80 rule) [64]. Combination
therapy also improves SVR in relapsers (48%) and nonresponders (35%).

8. Pegylated IFN-α was recently developed to overcome the rapid absorption
and clearance of IFN-α. Pegylation involves the addition of a 40-kDa branched
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polyethylene glycol (PEG) polymer to IFN-α2a (PEG-IFN-α2a, PEGASYS, Hoff-
man LaRoche Laboratories, Nutley, NJ) or a 12-kDa linear PEG polymer to
IFN-α2b (PEG-IFN-α2b, PEG-Intron, Schering-Plough). Both are dosed once
weekly. In a recent pivotal trial in treatment-naive patients, PEG-IFN-α2a 180
µg subcutaneously for 48 weeks led to an SVR of 39% compared with 19% in
patients treated with INF-α2a [67]. In compensated cirrhotics, PEG-IFN-α2a
achieved an SVR of 30% compared with 8% with standard IFN-α2a, both given for
48 weeks [68]. In contrast, PEG-IFN-α2b 1.5 µg/kg subcutaneously once weekly
for 48 weeks led to an SVR of only 23% versus 12% with standard IFN-α2b [69].
There is additional benefit when ribavirin is added. In a recent phase III open-
label trial, patients treated with PEG-IFN-α2b 1.5 µg/kg subcutaneously once
weekly plus ribavirin 800 to 1,200 mg/day had an SVR of 54% compared with
46% with standard IFN-α2b plus ribavirin [63].

9. Contraindications to the use of IFN-α include decompensated liver disease,
severe depression or bipolar illness, autoimmune disease, active drug or alcohol
use, pregnancy, and significant comorbid disease (e.g., unstable coronary artery
disease, epilepsy, diabetes, or hypertension). Contraindications to the use of rib-
avirin include anemia (hemoglobin less than 11 g/dL), hemolysis, renal insuffi-
ciency, coronary artery disease, and cerebral vascular disease. Because of rib-
avirin’s teratogenic risk, it is contraindicated during pregnancy. It should also
not be administered to any women at risk of becoming pregnant or their male
partners without advising two forms of contraception while on ribavirin and for
at least 6 months after it is stopped. Serial pregnancy tests are required.

H. HCV after liver transplantation. HCV recurrence is almost universal, but over-
all graft and patient survival for the first decade at least after liver transplantation
appears to be unaffected [70]. By the second decade, the prevalence of HCV-related
graft failure may begin to increase. The natural history of HCV infection appears
accelerated in transplant recipients as compared with immunocompetent individu-
als [71]. Optimal antiviral strategies for hepatitis C after transplantation have yet
to be developed.

I. Postexposure prophylaxis. Immunoglobulin is not effective to prevent HCV [40].
Although IFN-α begun early in the course of HCV infection is associated with a
high rate of success [72], no data exist that treatment during the acute phase af-
ter exposure is more effective than treatment begun early in the course of chronic
infection.

J. Prevention. Currently there is no vaccine for HCV. Efforts to develop one are not
without formidable challenges because of high rates of mutation in the hypervari-
able region of the envelope protein, slow antibody response to envelope proteins
with only modest titers during primary infection, and the lack of an appropriate
animal model.

VI. HDV
A. Classification and structure. HDV is an unusual infectious agent (the so-called

delta” agent) that requires HBsAg for its survival. Although HDV can replicate in-
dependently, HBV must be present for complete HDV virion assembly and secretion.
As a result, individuals with HDV are always dually infected with HDV and HBV.
The 36-nm virion consists of a 1.7-kb single-stranded RNA genome (the smallest
known to infect humans), the hepatitis delta antigen (delta-Ag), and an envelope
composed of lipid and HBsAg. The envelope, which is required for virion formation
and infection, is the only helper function provided by HBV.

B. Epidemiology
1. HDV is transmitted in the same fashion as HBV.
2. About 5% of HBV carriers worldwide are infected with HDV [16]. However, the

geographic distribution of HDV does not parallel that of HBV because there
are three distinct genotypes with differing geographic distributions and disease
severity [73]. The most widespread is genotype I, associated with a broad spec-
trum of chronic disease.

3. Slowly progressive liver disease appears to predominate in some HDV-endemic
areas such as the Mediterranean region, where transmission occurs by inappar-
ent permucosal, percutaneous, or intrafamilial spread.
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4. Despite the high prevalence of HBV in Asia, the prevalence of HDV infection
(genotype II) is generally low and is associated with milder disease. Transmission
usually occurs sexually or via intravenous drug use.

5. The most severe forms of HDV infection are seen in low prevalence areas (North
America and northern Europe) among intravenous drug users.

6. Outbreaks of acute HDV infection (genotype III) have been seen in northern parts
of South America where the disease often has a rapidly progressive course [74].

C. Clinical features
1. Acute coinfection with HBV and HDV occurs with simultaneous exposure to

both viruses. Usually, coinfection is self-limited. As the immune response clears
HBsAg, HDV infection also resolves. A small number become chronically infected
with both.

2. Superinfection develops in those infected with HBV. Because HBsAg expres-
sion is established before HDV exposure, there is a more rapid course, with high
levels of HDV RNA and delta-Ag. In at least 70%, HDV becomes chronic [75].
Chronic HDV is associated with rising titers of antibodies to hepatitis D, which
are not protective because the delta-Ag is an internal virus component.

D. Diagnosis
1. Total HDV antibody (anti-HDV) assays are the only commercially available

tests for HDV infection in many countries. Anti-HDV-IgM levels are transient
and delayed if the course of HDV is self-limited. In chronic cases, anti-HDV-IgM
is long lasting, present in high titers, and correlates with the severity of disease
[16]. Anti-HDV-IgG titers are high in chronic HDV infection.

2. Serum HDV RNA is an early sensitive marker of HDV infection in patients with
acute hepatitis D. and most cases with chronic HDV infection have a positive
PCR.

3. Tissue markers of HDV infection (delta-Ag) detected by immunohistochem-
ical staining of liver tissue are considered the gold standard to confirm ongoing
HDV.

E. Therapy. Current options are limited. Controlled trials [76–78] have shown that in
certain groups IFN-α normalizes ALT, eradicates serum HDV RNA, and improves
liver histology. However, high doses of IFN-α (5 MIU daily or 9–10 MIU three times
day) for 1 to 2 years are usually needed. Most patients relapse once therapy is
stopped. With lamivudine, neither HDV viremia nor liver disease activity are im-
proved [79].

F. Prevention of HDV infection involves the use of vaccination against its helper virus
HBV. Vaccines specifically against HDV superinfection have not been successful.

VII. HEV
A. Classification and structure. HEV is a nonenveloped single-stranded RNA virus

32 nm in diameter. Viral particles were first isolated from the stool in 1983 and
named HEV in 1988. Originally classified in the family Caliciviridae (e.g., Norwalk
agent), HEV was recently found to be more similar to the rubella virus and beet
necrotic yellow vein virus [80]. HEV remains unclassified at present. A number of
different HEV strains have been identified, and the divergence appears to be based
on geography.

B. Epidemiology
1. HEV is transmitted via the fecal–oral route. Risk factors include poor hygiene

and contaminated water supplies. Person-to-person transmission accounts for
few cases.

2. Unlike HAV, which has a worldwide distribution, HEV is restricted to tropical
and subtropical developing countries. The highest endemic areas are the Middle
East and northeast Africa, followed by India, Asia, and Mexico [81].

3. HEV causes epidemics of acute hepatitis [82,83]. In India, 90% of epidemic hep-
atitis is due to HEV, which follows a 10-year cycle for unknown reasons.

4. HEV mainly affects older children and adults. Serious disease seems to primarily
occur in young adults from developing rather than developed countries, again for
unknown reasons. In India, fewer than 5% of children under the age of 10 are
seropositive [84] compared with the seropositivity rate for HAV (>90%) in the
same population.
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5. In the United States and northern Europe, up to 2% of the population has anti-
bodies to HEV [85]. The prevalence of HEV antibody increases with age, and it
is rarely found in those less than 30 years of age. The incidence of symptomatic
disease is even lower. Cases in the United States usually have history of travel to
HEV-endemic areas elsewhere in the world. Higher rates of HEV seropositivity
in the United States have been reported in men who have sex with men and in
intravenous drug users.

6. HEV may be zoonotic [86]. In the United States, swine and rodents infected
with an attenuated strain may be the source of infection of humans. This might
explain the high prevalence of antibody in certain groups who have never had
symptomatic disease.

7. The greatest impact of HEV is on pregnant women, who have a high mortality
rate (up to 20%–25%), especially during the second and third trimesters [87].

C. Pathogenesis. Like HAV, HEV enters through the gastrointestinal tract, reaching
the liver via the portal vein, before being excreted in bile. Pathogenesis is poorly
understood but probably involves both cytotoxic and immunologic mechanisms. The
reason for the high mortality rates seen in pregnant women remains uncertain.

D. Diagnosis. As with HAV, acute HEV is diagnosed by the presence of the IgM class
of HEV antibodies, typically present for 3 to 4 months. The IgG class is also usually
detectable, and titers may rise to very high levels during the convalescence period.
These IgG antibodies diminish over time and their ability to sustain immunity is
unproven.

E. Clinical features
1. HEV infection is self-limited and does not progress to chronic liver disease.
2. The incubation period is 15 to 60 days (mean, 40 days). One to 3 weeks after

exposure, HEV is detected in the blood and feces. Fecal excretion may last ap-
proximately 3 to 5 weeks.

3. Acute HEV resembles HAV, with low mortality rates except in pregnant women.
F. Prevention and control measures

1. In HEV-endemic regions, travelers should avoid water of unknown purity, un-
cooked shellfish, and fruits and vegetables not peeled by the travelers themselves.

2. Passive immunoprophylaxis with IG has been shown to be effective in controlled
clinical trials [88], but commercially available lots of IG from donors collected in
regions where HEV is endemic probably lack sufficient antibody to be efficacious.

3. HEV vaccines are currently under clinical evaluation.
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15. GENITOURINARY TRACT INFECTIONS

Thomas T. Ward and Stephen R. Jones

Urinary tract infections (UTIs) are the most prevalent infection of adults for which an-
timicrobials are used. UTIs are most often an infection of otherwise healthy people and
usually are treated on an outpatient basis. In the United States, symptoms of dysuria, ur-
gency, or frequency result in three to four clinic visits per 100 women, and 80% or more
of such episodes lead to the use of laboratory tests or to the prescription of drug ther-
apy, or both. In addition to the inconvenience and cost posed by UTIs, infections occasion-
ally result in protracted illness and serious disease, including gram-negative sepsis and
death.

GENERAL APPROACH TO URINARY TRACT INFECTIONS
I. Terminology. The term urinary tract infection is a general one, referring only to

the presence of bacteria in the urine. More appropriate terminology should indicate the
anatomic area actually involved in infection.
A. Lower UTIs. In women, dysuria and increased urinary frequency may be seen with

cystitis, urethritis, or vaginitis. As discussed later, attention to the patient’s history,
with detailed characterization of dysuric symptoms, may help differentiate the site
of infection.
1. Cystitis refers to infection of the bladder and is itself frequently called lower

UTI. This most common site of UTI is a superficial mucosal infection and is
much easier to eradicate than renal parenchymal infection.

2. Urethritis, or inflammation of the urethra, frequently is caused by sexually
transmitted pathogens.
a. Urethritis in men is associated with urethral discharge or dysuria, or both,

but without increased frequency. This entity is discussed in detail in Chap-
ter 16 under Urethritis.

b. Urethritis in women is associated with the same symptoms as cystitis. These
patients often complain of dysuria and increased frequency, but their urine
cultures are sterile or show small numbers of bacteria.

3. Prostatitis and epididymitis. Infections of the prostate may be associated with
syndromes of acute and chronic disease. Chronic bacterial prostatitis is the prin-
cipal cause of recurrent cystitis in men. Complications of prostatitis such as epi-
didymitis may uncommonly occur.

B. Upper UTIs
1. Acute pyelonephritis refers to an inflammatory process of the renal

parenchyma. This is most often due to bacteria but occasionally may be
caused by fungi. These deep tissue infections are more difficult to eradicate than
cystitis.

2. Chronic pyelonephritis refers to a histopathologic pattern of diffuse, intersti-
tial, inflammatory disease of the kidneys that is not specific for infection. When
related to infection, it is not possible to differentiate changes of active disease
from residuum of past infection. Although this term continues to be used, it has
little clinical meaning. Relapsing infection from presumptive, silent, persistent
renal parenchymal infection is better termed subclinical pyelonephritis.

C. Uncomplicated versus complicated UTI
1. Uncomplicated UTI generally refers to cystitis in nonpregnant young adult

to middle-aged women without underlying anatomic (structural) abnormality or
neurologic dysfunction. These patients represent the largest single group with
UTI. They are characterized by the ease with which their infections respond to
antimicrobial therapy. Recently, sexually active young men with acute dysuria
and uncomplicated cystitis have been described (see discussion under Urinary
Tract Infection in Men, below).

2. Complicated UTI includes those UTIs that occur at sites other than the bladder
(e.g., pyelonephritis) and those in children, most men, and pregnant women, as
well as UTIs associated with obstruction, foreign body (e.g., catheter), elevated
postvoiding residual volume (see section II.C.3.a), renal transplant recipients,
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Table 15.1. Overview of the Epidemiology of Urinary Tract Infection by Age Group

Females Males

Age
Group
(yr)

Period
Prevalence
(%) Risk Factors

Period
Prevalence
(%) Risk Factors

<1 1 Anatomic or
functional
urologic
abnormalities

1.0 Anatomic or
functional
urologic
abnormalities

1–5 4–5 Congenital
abnormalities,
vesicoureteral
reflux

0.5 Congenital
abnormalities,
uncircumcised
penis

6–15 4–5 Vesicoureteral
reflux

0.5 None

16–35 20 Sexual intercourse,
diaphragm use

0.5 Homosexuality

36–65 35 Gynecologic
surgery, bladder
prolapse

20.0 Prostatic
hypertrophy,
obstruction,
catheterization,
surgery

Over 65 40 As above, plus
incontinence,
chronic
catheterization

35.0 As above, plus
incontinence,
long-term
catheterization

From Stamm WE. Approach to the patient with urinary tract infection. In: Gorbach SL, Bartlett JG,
Blacklow NR, eds. Infectious disease. Philadelphia: Saunders, 1992; with permission.

and surgically created ileal loop [l,2]. Some have further suggested a “high-risk”
group, which includes a patient with immunosuppression, pregnancy, diabetes
mellitus, sickle cell anemia, or UTI caused by an organism resistant to most
antibiotics [2]. Complicated UTIs are characteristically more difficult to treat
and may deserve radiographic or urologic investigation.

II. Epidemiology and pathophysiology. In early infancy (<3 months of age), UTIs occur
more frequently in boys than in girls, but the ratio reverses thereafter; elderly men and
women have about the same prevalence of infection (Table 15.1).

The normal urinary tract in men and women is bacteriologically sterile, with the
exception of the distal urethra, which may be colonized with a variety of gram-positive
and gram-negative bacteria.
A. Ascending infection. Work by Stamey [3] showed that the ascending route of

infection (i.e., urethral organisms spreading to or invading the bladder) is the most
important means by which the urinary tract becomes infected.
1. Microorganisms causing initial and recurrent infections in women are coliform

bacteria that colonize the vaginal introitus, the urethra, and, subsequently, the
bladder.

2. In men, the prostate plays a major role in recurrent UTIs. These infections
may or may not be associated with obstruction of the urinary tract.

B. Hematogenous infection is much less common. UTIs secondary to bacteremia
may occur but are rare.
1. Renal abscess. The kidney may be the site of the UTI in patients with bacteremia

or endocarditis due to Staphylococcus aureus, as discussed under Intrarenal and
Perinephric Abscess, later in this chapter.

2. Acute pyelonephritis can occur by the hematogenous route as a result of gram-
negative bacteremia, but this is rare.
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C. Determinants of infection. The inoculum of bacteria present, virulence of the
organism, and defense mechanisms inherent in the urinary tract will determine
whether infection is established [4,5].
1. Inoculum size. Size of the inoculum is particularly important and has been best

studied in hematogenous infections. Experimental evidence has shown that de-
livery of large numbers of organisms to the kidney is required to initiate infection.

2. Virulence of the organism. The ability of bacteria to establish infection within
the urinary tract varies with the individual strain. Nearly any species of bac-
terium or fungus can produce lower UTI. Only certain species, however, are likely
to cause pyelonephritis. These include Enterobacteriaceae, Pseudomonas species,
enterococci, and certain fungi.

Fimbria-mediated adherence (i.e., the ability to attach to a mucosal surface)
by uropathogenic Escherichia coli to vaginal and uroepithelial cells determines
infectivity and, in some cases, the propensity to develop upper UTI. Studies have
characterized several specific bacterial protein ligands and host cell carbohy-
drate receptor sites. Cranberry juice has been purported to prevent adherence of
uropathogens to uroepithelial cells, and regular use may decrease the frequency
of bacteriuria [6,7].

3. Host defense mechanisms. As many as one-third of patients with bacteriuria
undergo spontaneous cure. Defense mechanisms are present throughout the uri-
nary tract and contribute to resistance of the tract to infection. Some examples
follow.
a. Complete bladder emptying is one of the most important defense mecha-

nisms. When residual urine volumes are high, large numbers of bacteria may
remain in the urine. The ability to expel bacteria is complete when voiding is
complete. This concept is important in understanding the association between
urinary infection and neurologic or urologic diseases (e.g., diabetes with neuro-
genic bladder or obstruction) that allow bacteria to grow in the residual urine
[3]. A postvoiding residual urine volume of more than 100 mL is considered
severe enough urinary retention to be associated with UTI [2].

b. High fluid intake and frequent voiding may also be important. These may
allow for washout of bacteria and form the basis for recommendations that
patients with UTI increase their fluid intake and void frequently. Theoretically,
such advice seems sound, but there is no evidence that hydration improves the
results of appropriate antibiotic therapy.

c. The vesicoureteral valve also may provide a barrier to the spread of infec-
tion by preventing reflux of bacteria once bladder bacteriuria is established.

d. Length of the urethra. The relatively long urethra is believed to protect
against infection in men. The shorter female urethra probably allows entry of
bacteria from urethra to bladder, and this, in part, may account for the higher
frequency of UTI in women.

e. Vaginal flora. Vaginal colonization with lactobacilli appears to prevent vagi-
nal colonization and bacteriuria with E. coli and other uropathogens. By al-
tering the normal vaginal flora, contraceptive diaphragm and spermi-
cide use, as well as postmenopausal vaginal atrophy, increase introital
colonization with Enterobacteriaceae and result in an increased likelihood of
recurrent UTIs [8].

4. Urinary tract abnormalities. A number of urinary tract abnormalities inter-
fere with the defense mechanisms just noted [4,5].
a. Obstruction anywhere in the urinary tract increases susceptibility of the

kidney to infection. The exact role of urinary stasis in obstruction-related
infection, however, has not been defined. Specific types of obstruction in-
clude ureteral obstruction (ureteral calculi and congenital abnormalities
such as stenosis and ureteral valves) and urethral obstruction (prostatic
hypertrophy).

b. Vesicoureteral reflux increases the susceptibility of the kidney to infection
by providing a route for ascending infection and interfering with the normal
flow of urine. Reflux can be either the cause of infection or its result. Endotoxin
from gram-negative bacteria inhibits ureteral peristalsis. During acute lower
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UTI in adults, reflux from bladder to ureter often is present and resolves as
the acute infection resolves.

c. Incomplete bladder emptying. Because urine acts as a culture medium for
bacterial growth, residual urine can serve as a source of infection.

d. Foreign bodies also serve as a nidus for infection. Renal calculi and in-
dwelling bladder catheters are the foreign bodies implicated most fre-
quently in UTI.

5. Diabetes mellitus in women appears to increase the frequency of UTI, includ-
ing upper tract infections and nosocomial infections [9]. The cause of the high
prevalence of UTI with upper tract involvement is speculative, and a combina-
tion of factors is probably involved, including bladder dysfunction as a result of
diabetic neuropathy, structural abnormalities (e.g., cystocele, rectocele), recurrent
vaginitis, and underlying vascular disease [9].

III. Clinical manifestations. Localization studies make it clear that clinically it is very
difficult, if not impossible, to distinguish upper from lower UTIs. Urinary frequency,
dysuria, lower abdominal–suprapubic discomfort, and even costovertebral angle (CVA)
or flank discomfort are nonspecific and may be seen both in upper and lower UTI [5].
A. Lower UTIs. Clinically, it is not possible to distinguish cystitis from ure-

thritis in women; vaginitis may also cause dysuria. UTI symptoms in men
should direct attention to excluding concurrent prostate disease.
1. Acute cystitis

a. Dysuria, or burning during or just after urination, and urgency and increased
frequency of urination often are associated with cystitis. Suprapubic pain, full-
ness, or a sensation of pressure may also be present. Gross or microscopic
hematuria occurs in approximately 50% of women with acute cystitis [2] but is
uncommon with other causes of dysuria. Obstructive symptoms may predom-
inate in men. The patient may complain of CVA or flank discomfort, making
these latter findings unreliable in distinguishing upper from lower UTI.

Physical examination often is unremarkable; the patient may complain only
of pain on suprapubic palpation. Patients should be examined for CVA tender-
ness. Inspection and palpation of the external genitalia along with rectal ex-
amination should be performed in men. In women, vaginal examination may
be indicated.

Ordinarily, no systemic symptoms are present in uncomplicated lower UTI.
Fever generally is absent, although low-grade temperature elevations are not
uncommon. In women, prior episodes of confirmed cystitis and diaphragm use
suggest a diagnosis of cystitis [8].

b. Vaginitis also must be considered because it may present with dysuria caused
by irritation of the mucosal surface by the urine stream. Vaginitis should
be suspected when patients complain of perineal, labial, or external
dysuria, which may be accompanied by odor, itching, or vaginal dis-
charge. Patients may describe the pain on urination as being more delayed
than the discomfort that often begins before or at initiation of voiding with
cystitis or urethritis. If these symptoms are present, a pelvic examination
should be performed and appropriate vaginal, cervical, and urethral cultures
obtained. See Chapter 16 for a discussion of vulvovaginitis.

2. Urethritis
a. Urethritis in women is a very common problem. Studies have shown that

as many as one third of women presenting with symptoms of lower
UTI have urethritis without cystitis. These patients exhibit symptoms of
increased frequency and dysuria, and therefore the clinical presentation is
identical to that in cystitis. Patients usually are afebrile. Urinalysis demon-
strates pyuria but not bacteriuria. Clues in the history that suggest a sexually
transmitted cause of urethritis include suspected or proved sexually transmit-
ted disease in a sex partner or the presence of a new or multiple sex partners.

b. Urethritis in men frequently is suggested by concurrent dysuria and ure-
thral discharge. Urinalysis may demonstrate pyuria. Historic clues to sexually
transmitted disease should be sought, as discussed above. Urethritis in men
is discussed in Chapter 16.
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3. Prostatitis symptoms may be those of cystitis, with dysuria, frequency, and ur-
gency, or symptoms of bladder outlet obstruction may predominate, with hesi-
tancy, diminished stream, nocturia, or postmicturition dribbling. Perineal or low
back pain may, on occasion, be the only manifestation. Physical examination
findings that help differentiate acute from chronic prostatitis are discussed in
section III under Urinary Tract Infection in Men, below. Examination should in-
clude inspection and palpation for evidence of urethral discharge, penile lesions,
local epididymal or testicular disease, and inguinal adenopathy [10].

B. Upper UTIs. Clues from the history that suggest an increased likelihood of up-
per UTI include a prior history of pyelonephritis or structural abnormalities of the
urinary tract, UTIs in childhood, diabetes, prolonged symptoms with the current
episode (7 or more days), and failure to respond to short-course therapy adminis-
tered for presumed cystitis.
1. Pyelonephritis [11]. Some patients with acute pyelonephritis have character-

istic findings of high fever (39.5◦–40.5◦ [103◦–105◦F]), shaking chills, and lumbar
pain. Many authorities argue that fever may be the most reliable clinical
finding in differentiating between upper and lower UTI. Presence of shaking
chills implies that the UTI may be complicated by bacteremia. These findings
may develop rapidly over a period of a few hours or 1 to 2 days and occur with
or without antecedent or concurrent symptoms of lower UTI. Nausea, vomiting,
and diarrhea or constipation also may be seen. Examination often reveals CVA
and flank tenderness, but this may be a nonspecific finding. Urinalysis in most
patients reveals significant pyuria (at least 10 leukocytes/mm3 or per high power
field of the unspun sediment), but 4% to 5% of cases of pyelonephritis do not
involve pyuria [12].

Some authors have subdivided syndromes of pyelonephritis [11].
a. Uncomplicated pyelonephritis, which usually refers to pyelonephritis in

women, includes many episodes of acute pyelonephritis, pyelonephritis in preg-
nancy, and silent (subclinical) pyelonephritis.

b. Complicated pyelonephritis is generally the result of structural and func-
tional abnormalities (e.g., obstruction, including prostate hypertrophy, calculi,
reflux, neurogenic bladder) and/or urologic manipulations (catheters, renal
transplantation) and is seen in those with underlying disease (e.g., diabetes,
immunosuppression, cystic renal disease) and the elderly.

2. Renal abscesses present with signs and symptoms identical to pyelonephritis
and should be considered in the patient with upper UTI whose fever persists
beyond 48 to 72 hours despite appropriate antimicrobial therapy [13].

IV. Laboratory diagnosis of UTI focuses on the determination of the presence or absence
of pyuria and bacteriuria. Rapid tests for the detection of leukocytes and bacteria in
urine are available. Comprehensive laboratory testing in every patient is not needed
for clinical management; indiscriminate use of urine cultures results in unnecessary
costs. The management of UTI, the most common infection for which adults receive
antimicrobial agents, should emphasize cost-effective strategies.
A. Microscopic examination of urine. Laboratory diagnosis in the patient with sus-

pected UTI should usually begin with microscopic examination for leukocytes in the
urine sediment. Pyuria still is considered a useful indicator of UTI, and its
absence should suggest an alternative diagnosis. Pyuria in the elderly may
be a nonspecific finding, but its absence means that bacteriuria is unlikely (see
section V.C under Urinary Tract Infection in the Elderly, below).

When a health-care provider has a long-standing relationship with a reliable pa-
tient who has recurrent uncomplicated UTIs, it is reasonable and cost-effective not
to do a urinalysis (or culture) but rather to treat empirically.
1. Pyuria. Unspun or spun urine (2,000 rpm, for 5 minutes) can be used. The most

accurate method for diagnosis is counting leukocytes in unspun urine using a
chamber method [2,14], although many clinical laboratories find this a cumber-
some technique. Although different levels for pyuria have been proposed, a white
blood cell (WBC) count of 10 cells/mm3 by the counting chamber method seems
to be the best diagnostic cutoff [2]. When examining spun urine sediment, more
than 10 WBC per high power field indicates pyuria.
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a. The leukocyte esterase dipstick is used widely as a rapid alternative office
test for the detection of pyuria; it is 75% to 95% sensitive in detecting pyuria
associated with infection. Although not as reliable as the chamber method to
define pyuria, the leukocyte esterase dipstick is an acceptable alternative [14].
(See related discussion in section C.)

b. The WBC count may vary depending on urine flow, state of hydration, previous
antibiotic treatment, and method of specimen collection.

c. “Sterile pyuria” may be associated with acute urethritis, renal tuberculosis,
foreign body or tumor of the urinary tract, nonbacterial infections in the genital
tract [12], and a poorly understood entity called interstitial cystitis, which is
typically seen in women with chronic dysuria and urgency. (The etiology and
treatment of this problem remains unclear [15].)

d. The absence of pyuria in the symptomatic patient suggests that cys-
titis is not the cause of dysuria, and urethritis or vaginitis should be con-
sidered as alternative diagnoses.

2. Bacteria seen on microscopic examination, especially of the unspun urine, can
be a useful test for the presumptive diagnosis of UTI. Generally, bacterial counts
of fewer than 105 colony-forming units (CFU)/mL cannot be seen microscopically
in unspun urine. Falsely elevated numbers of bacteria may be noted if the spec-
imen was improperly collected or if the specimen was allowed to stand at room
temperature for long periods of time. Numbers of bacteria may be decreased by
the same factors that cause low numbers of WBCs in urine.
a. A Gram stain of one drop of freshly voided unspun urine can be done quickly

and easily. The finding of one bacterium or more in each oil-immersion field
suggests the presence of at least 105 CFU/mL urine. When several fields must
be searched for the presence of bacteria, the quantitative counts are generally
lower, ranging from approximately 104 to 105 CFU/mL. With experience in
its use, this Gram stain technique has been shown to correlate well with the
quantitative urine culture.

Gram stains of urine are especially useful in patients with presumed
urosepsis, severe pyelonephritis, and in those at risk for enterococ-
cal UTI (e.g., elderly men). If the Gram stain of the unspun urine shows
gram-positive cocci, enterococci may be the pathogen and empiric therapy
should be active against enterococci. By contrast, if the Gram stain of unspun
urine reveals gram-negative bacilli, empiric therapy aimed at enterococci is not
necessary.

b. Microscopic examination of spun urine for WBCs and bacteria can be
done under high dry power. With this method, the presence of more than one
bacteria on a Gram stain correlates well with more than 104 bacteria/mL [16].

3. Hematuria, as detected by rapid dipstick methods within the office setting, oc-
curs in approximately 50% of women with acute cystitis but is uncommon in ure-
thritis or vaginitis. Thus, microscopic hematuria in acutely dysuric young women
is a marker of cystitis.

4. The nitrate test is sensitive for detecting more than 105 CFU/mL of Enterobac-
teriaceae, but it may miss cases of cystitis with lower colony counts and it will
not detect enterococci and staphylococci.

B. Urine culture. Urine is normally a sterile body fluid. Care in urine collection for
culture is important to prevent contamination from the urethra, vagina, or per-
ineum. It is to be emphasized that obtaining a clean-catch, midstream, voided urine
is cumbersome and difficult for many patients.

It has become common practice and is more cost effective in women who have
uncomplicated UTIs (i.e., symptoms of cystitis and urinalysis findings of pyuria) to
prescribe treatment without an initial or follow-up urine culture [17,18]. Urine cul-
tures still are advised in pyelonephritis, complicated UTI (see section I.C),
and in recurrent UTI (except in recurrent episodes of UTI that are clearly as-
sociated with sexual activity) [2]. Cultures are also suggested to help assess for
asymptomatic bacteriuria in certain settings, including pregnancy, before and after
urologic manipulation, and after definitive removal of a chronic indwelling Foley
catheter [2].
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1. Clean-catch urine specimen. Collection of the urine specimen should be done
with care. The specimen can be split, with a portion being used for urinalysis and
the rest for culture.
a. Female patients can be instructed to wash their hands, straddle or squat

over the toilet, and spread the labia with the nondominant hand. Then, using
the dominant hand, they should swab the vulva three times, front to back, with
sterile gauze pads soaked in sterile water or with a sponge soaked in a mild
nonhexachlorophene soap. The first 10 mL of voided urine is the urethral spec-
imen and is discarded, unless it is saved to help diagnose urethritis. The urine
specimen collected in a sterile cup during the middle of voiding (midstream
sample) is used for culture. It should be quickly processed or refrigerated
[2].

b. Male patients can be instructed to retract the foreskin and clean the glans
penis three times using gauze pads or sponges. However, some studies have
questioned the necessity of these steps in a male, when only a midstream
collection is necessary [2]. (See related discussion under section III.A.1 under
Urinary Tract Infection in Men, below.)

c. Other collections. In the very obese, acutely ill, or infirm, a single
straight (in-and-out) catheterization may be performed to obtain a
clean sample for urinalysis and culture. Suprapubic aspirations also can
be performed and may be particularly useful in children.

2. Urine culture interpretation. It is important for physicians and microbiol-
ogy laboratory personnel to work together in interpreting how the bacteriologic
workup of urine should be approached in the laboratory.
a. Clean-catch urine. The older criterion proposed that urine counts exceed-

ing 100,000 CFU/mL (i.e., ≥105 bacteria/mL) were significant, and counts of
10,000 CFU/mL or less from clean-catch specimens were generally consid-
ered contaminants. Studies from Stamm [14], Stamm et al. [19,20], and Kunin
[21] emphasized that approximately one-third of women with acute lower UTI
have colony counts in midstream urine of between 102 and 104 CFU/mL. In
acutely dysuric women with confirmed pyuria, therefore, the thresh-
old for significant bacteriuria should be 102 CFU/mL or more of a sin-
gle or predominant uropathogen (e.g., E. coli, Pseudomonas aeruginosa,
Staphylococcus saprophyticus). Low colony counts of diphtheroids, lactobacilli,
Gardnerella vaginalis, and Staphylococcus epidermidis are consistent with
contaminants [14].

In men, only limited data on the significance of lower colony counts in
voided urine are available; in one study comparing voided urine with blad-
der specimens, approximately one-third of men with bladder bacteriuria had
colony counts in midstream urine of greater than 103 CFU/mL but less than
105 CFU/mL [22]. In dysuric men, growth of 103 CFU/mL or more of a
single or predominant uropathogen should be regarded as significant
for presumptive UTI.

b. Multiple isolates. Voided urine cultures revealing two or more species of
bacteria with no predominant organism are seen frequently. In people with
normal urinary tracts, these usually represent contaminated urine samples;
therefore, the culture should be repeated, with meticulous care in the collection
of the specimen.

c. Straight catheter and suprapubic aspiration specimens. Colony counts
are considered to be significant if greater than 102 CFU/mL of a single or
predominant uropathogen are cultured.

d. Indwelling catheter. Culture of urine specimens obtained by indwelling
catheter frequently yields multiple isolates that change rapidly over time.
Identification and susceptibility testing is most commonly performed on the
one or two organisms that are clearly predominant at 104 CFU/mL or more.

e. Limitations of urine culture [12]
(1) Transport time. Delays in transport from collection of the urine speci-

men to processing in the laboratory can affect colony counts considerably.
In general, a urine culture should be processed as soon as possible after
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collection. Urine specimens may be stored at room temperature for 1 hour
or in a refrigerator for up to 48 hours without appreciable changes in bac-
terial counts. Storage at room temperature for 2 hours or more will
result in significant increases in bacterial counts, and the results
of such specimens cannot be reliably interpreted.

(2) Fastidious microorganisms. Standard urine culture procedures are di-
rected toward routine uropathogens. Unusual microorganisms should be
considered in patients with unexplained pyuria or when there is sus-
picion of sexually transmitted disease. Mycobacteria, fungi, gonococci,
chlamydiae, and viruses require special transport media or special culture
techniques.

C. Rapid diagnostic tests. Multiple tests have become available to detect pyuria and
bacteriuria more rapidly. The most reliable chemical measurement of pyuria is the
leukocyte esterase dipstick test; although somewhat less sensitive than microscopic
examination for leukocytes, it is a useful alternative for the detection of pyuria when
urine microscopy is unavailable [23] (see section A.1.a.).

Newer bacteriuria screening tests use nephelometry, bioluminescence, or a colori-
metric filtration system. They yield comparable results, and all have a sensitivity
similar to the urine Gram stain; none of the tests detect fewer than 104 CFU/mL.
Because a urine culture is often not done in young to middle-aged women with
uncomplicated UTI, the need for these rapid culture screens has diminished. For
recurrent UTI or complicated UTI, a urine culture with susceptibilities is advised
(see section B).

D. Blood cultures. As many as 30% to 40% of patients with pyelonephritis will have
positive blood cultures. In general, blood cultures should be obtained in those pa-
tients with a fever and a history of rigors, as well as in patients sufficiently ill to be
hospitalized, especially if prior antibiotic therapy may have selected out resistant
pathogens. The need for blood cultures has been debated by some in this cost con-
scious era. If complex UTIs (e.g., pyelonephritis) with or without bacteremia are to
be treated for 2 weeks, the need for blood cultures may be superfluous [15]. However,
the availability of potent oral agents has led to the use of shorter courses of therapy
in some patients with mild disease. This is an unresolved issue, and the approach
needs to be individualized.

V. Microbiologic features of UTIs. Organisms causing UTI are derived primarily from
the aerobic members of the fecal flora. In women these microorganisms colonize the
perineum as a way station to the urinary tract, and in men the prostate may be colonized
or subclinically infected.
A. Bacteria. Bacteria involved include members of the family Enterobacteriaceae:

E. coli and Klebsiella, Enterobacter, Serratia, Proteus, and Providencia species are
most frequently seen in uncomplicated UTI. Of these, E. coli accounts for up to 80%
of all infections. Pseudomonas species and group D streptococci account for approx-
imately 5% to 10% of uncomplicated infections and are associated most often with
instrumentation of the urinary tract.

Coagulase-negative staphylococci (e.g., S. saprophyticus) may be
pathogenic more often than was previously realized. Formerly believed to
be urinary contaminants, S. saprophyticus have been documented in urine by supra-
pubic catheterization, ureteral aspiration, and renal biopsy culture. Generally, pa-
tients with UTI due to S. saprophyticus are young female patients aged 16 to
25 years old, have pyuria, and have symptoms of lower UTI. S. saprophyticus is
rarely the cause of UTI in hospitalized patients unless there has been instrumenta-
tion of the genitourinary tract. The organism will be recovered on serial cultures if
it is a significant pathogen. Cefixime and certain other oral cephalosporins have rel-
atively poor in vitro activity against S. saprophyticus, yet in limited clinical studies
they have appeared active.

See Table 15.2 for a list of microbial species commonly associated with UTIs.
B. Fungi. The presence of fungi in the urine often presents a diagnostic dilemma.

For the purpose of this and later discussions, the term fungi will refer to yeasts
such as Candida albicans, other Candida species, and Torulopsis glabrata (Candida
glabrata). Fungi are isolated most frequently in diabetics, in patients with indwelling
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Table 15.2. Microbial Species Most Often Associated with Specific Types of Urinary Tract
Infections (UTIs)

Acute Acute Catheter-
Uncomplicated Uncomplicated Complicated Associated
Cystitis (%) Pyelonephritis (%) UTI (%) UTI (%)

E. coli 79 89 32 24
S. saprophyticus 11 0 1 0
Proteus 2 4 4 6
Klebsiella 3 4 5 8
Enterococci 2 0 22 7
Pseudomonas 0 0 20 9
Mixed 3 5 10 11
Other 0 2 5 10
Yeast 0 0 1 28
S. epidermidis 0 0 15 8

From Falagas ME, Gorbach SL. Practical guidelines: urinary tract infections. Infect Dis Clin Pract
1995;4:242; with permission.

bladder catheters, in those receiving antibiotics, and, occasionally, in patients who
have had previous instrumentation of the urinary tract.

C. Viruses. Viruria occurs in a variety of systemic illnesses such as measles, mumps,
and infections with herpes simplex virus, cytomegalovirus, and adenovirus. There is
indirect evidence to suggest that viruses may also be responsible for certain renal le-
sions, including glomerulonephritis. The role of varicella-zoster virus in hemorrhagic
cystitis is well documented, and adenovirus has been strongly implicated as a cause
of a similar syndrome. Adenovirus type 8 has been associated with hemorrhagic
cystitis in children.

D. Chlamydia trachomatis, Neisseria gonorrhoeae, and herpes simplex virus.
These are the major causes of urethritis in women, an infection in which dysuria
may falsely suggest a diagnosis of cystitis [19].

E. Trichomonas vaginalis and Candida species. These are the principal pathogens
associated with vaginitis, an alternative cause of dysuria in young women that may
be confused with UTI (see Chapter 16).

VI. Indications for urologic workup. In treating patients with UTIs, the question of
when to perform a urologic evaluation often arises. The goals of radiologic imaging
studies and urologic evaluation are to identify correctable anatomic abnormalities (e.g.,
obstruction) that may predispose to recurrent UTIs and/or prevent adequate response
without urologic intervention. It is indicated when urinary lithiasis is suspected or
proven and to evaluate persistent hematuria.

Although the intravenous pyelogram was commonly used in the past [24], in recent
years renal ultrasound and abdominal computed tomography (CT) have com-
monly replaced the intravenous pyelogram [2,14,15]. Renal ultrasound is very
useful to assess noninvasively for obstructive uropathy. CT will help identify renal
abscesses.
A. UTI in male patients. UTIs in men are infrequent compared with their incidence

in women, and bacteriuria in men may be the first sign of an anatomic or functional
abnormality.
1. In boys, the first UTI warrants ultrasonographic evaluation of the kidneys (to

detect malformation or scarring) and voiding cystography (to detect vesicoureteral
reflux and urethral obstruction) [25]. See related discussion under Urinary Tract
Infection in Children, below.

2. In young men, there has been recent recognition that uncomplicated cystitis
can occur and that urologic evaluation usually is unrewarding in those who re-
spond to a 7-day course of therapy (see Urinary Tract Infection in Men, below).
In older men, persistent or recurrent bacteriuria is frequently an indication of
prostatic enlargement and obstruction or of chronic prostatitis. In addition to a
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physical examination of the prostate, intravenous pyelogram and cystoscopy may
also be useful. For further discussion, see sections II and III under Urinary Tract
Infection in Men, below.

B. UTI in female patients. When to initiate investigation in female patients is
controversial, particularly in the highly prevalent group of middle-aged to older
women with recurrent UTIs, a group who rarely exhibit anatomic or functional
abnormalities.
1. Imaging studies should be performed after the first UTI in girls younger than

5 years of age, older girls with recurrent UTIs, and in any child with pyelonephri-
tis. As in boys, renal ultrasonography and voiding cystography are indicated;
however, radionuclide voiding cystography can be substituted as a screening test
to detect the presence of vesicoureteral reflux. If the facilities are available, ra-
dionuclide cystography greatly reduces ovarian radiation exposure in comparison
with conventional fluoroscopic voiding cystourethrography. See related discussion
under Urinary Tract Infection in Children later in this chapter.

2. Most recurrent UTIs in women are exogenous reinfections rather than relaps-
ing infections due to the same organism. Documented relapsing infections
should prompt urologic evaluation to exclude a treatable anatomic defect. Post-
menopausal women should be evaluated for increased postvoiding residual asso-
ciated with bladder or uterine prolapse.

C. Pyelonephritis. Upper UTI should manifest a clinical response within 72 hours
of initiation of appropriate antimicrobial therapy. If flank pain or fever persists for
longer than 72 hours, ultrasonography or CT should be performed to exclude unrec-
ognized obstruction or intrarenal or perinephric abscess. Routine radiologic imag-
ing studies for all cases of pyelonephritis are generally unrewarding and unneces-
sarily expensive. Patients with a prolonged clinical course, recurrent upper UTI,
or a childhood history of infection should be evaluated for anatomic or functional
abnormalities.

GENERAL MANAGEMENT PRINCIPLES OF URINARY TRACT
INFECTIONS

I. Nonspecific treatment [26]
A. Hydration. Forcing fluids has long been advocated in the initial treatment of UTI.

There are theoretic reasons for and against it. The benefit of hydration has never been
critically documented in clinical studies; it probably is not necessary once appropriate
antimicrobial treatment has been instituted.

B. Urinary analgesics. Such pain relievers as phenazopyridine hydrochloride (e.g.,
Pyridium, 200 mg orally three times a day after meals) may be useful to relieve
symptoms of severe dysuria or urethral irritation but generally are necessary only for
the first 24 to 48 hours of treatment if they are used at all. It is best to prescribe only
a small number of tablets, for a 1- or 2-day period, because many patients mistakenly
will use the drug as primary treatment and will avoid consulting a physician in the
event of relapse or reinfection. It should be stressed to the patient that this drug
is only adjunctive treatment and is not an antibiotic. Phenazopyridine should be
avoided in pregnancy and probably in nursing mothers also.

II. General principles of antimicrobial therapy [26]. The choice of therapy in UTI
will depend on the patient’s age and gender, on whether the infection is symptomatic
or asymptomatic, on the presumed site of infection (upper vs. lower), and on whether
the UTI is recurrent. Specific treatment guidelines based on these consid-
erations are discussed in this section and are summarized in Table 15.3.
Factors such as whether the infection is community or hospital acquired and host consid-
erations such as the presence of impaired renal function or abnormal collecting systems
often influence the likely causative pathogen, the severity of illness, and the response
to therapy and therefore will influence the choice of antimicrobial agent.
A. Choice of antimicrobial agent. Many antimicrobial agents with a broad gram-

negative spectrum of activity are effective in the treatment of UTI [27]. Most UTIs
are localized to the collecting system, and active urine levels are achieved after oral
administration of essentially all commonly used antimicrobial agents. Bacteriostatic
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and bactericidal drugs are of equal efficacy. Given the availability of several drugs
microbiologically active against known or suspected uropathogens, considerations
in choosing empiric antimicrobial therapy are the patient’s history of drug allergy,
relative drug toxicities, and cost of available agents.
1. Resistance to sulfonamides, ampicillin, and amoxicillin is now present in

25% to 35% of E. coli strains causing outpatient cystitis, making these agents no
longer the standards for empiric therapy of gram-negative UTIs [28].

Although resistance to trimethoprim and trimethoprim-sulfamethoxazole
(TMP-SMX) has been increasing nationwide, in some geographic areas it still
is sufficiently uncommon that these two antimicrobial agents remain the em-
piric therapies of choice on the basis of cost. Resistance to nitrofurantoin and
to the fluoroquinolones among E. coli remains below 5% in most areas. If a geo-
graphic area has a high incidence of TMP resistance to common urinary pathogens
(e.g., >15%–20%), then a fluoroquinolone is a reasonable alternative (see
Chapter 27).

2. UTIs are the most common indication for which antimicrobial agents are pre-
scribed. Small increments in cost of individual therapies have the potential for
large aggregate expense. Because of cost and concern with emergence of resis-
tance, the fluoroquinolones should be reserved for UTIs in which resistance to
older less expensive agents has been demonstrated or is likely. For this reason,
fluoroquinolones are usually not the agents of choice for first episodes of uncom-
plicated cystitis (see Chapter 27).

3. With renal functional impairment, dosage modification is necessary for agents
that are primarily renally excreted (see Chapter 27).

UTIs in patients with end-stage renal disease pose a therapeutic challenge
because of the lack of the usual high concentration of antimicrobial agents in the
urine. In general, the penicillins and cephalosporins have little nephrotoxicity,
attain adequate urine levels despite severe renal functional impairment, and
may be the agents of choice in renal failure.

4. Oral and parenteral therapies are equally effective in the treatment of UTI
provided that the patient is able to take and absorb oral medication adequately.
Most patients with pyelonephritis who are ill enough to require hospitalization
should be treated initially with parenteral agents until there is symptomatic
improvement and fever subsides. (See section III.A under Urinary Tract Infection
in Women.) Then, therapy can be completed with an oral regimen.

B. Duration of therapy. This primarily depends on the presumed site of infection.
For cystitis in women, short-course therapy, usually for 3 days, is preferable to the
historic 7- to 14-day therapeutic regimen because it is equally efficacious, costs less,
is associated with fewer side effects, has a lower incidence of emergence of resistant
gastrointestinal flora, and allows for better compliance. The authors support the
Infectious Diseases Society of America guidelines advocating 3-day regi-
mens as more effective than single-dose therapy. (For single-dose therapy, the
best results have been observed with TMP-SMX, 320/1,600 mg, as a single dose.
Single-dose therapy with drugs such as amoxicillin and the oral cephalosporins,
which are excreted rapidly, has been less efficacious.) Short-course regimens of doc-
umented efficacy are shown in Table 15.3 and are discussed in section II.D.2 under
Urinary Tract Infection in Women. For pyelonephritis, a 2-week course of antibi-
otics is advised [11].

Extended-duration antimicrobial therapy may be indicated for recurrent infection
(as discussed later) and in pyelonephritis failing a 14-day regimen. See section III.A
under Urinary Tract Infection in Women.

III. Determinants of specific antimicrobial therapy. Asymptomatic and symp-
tomatic, acute and recurrent, upper and lower UTIs in children, in men and
women, in the elderly, and in catheterized patients are discussed separately
and in detail later in this chapter. General comments regarding several of these
major determinants of therapy follow.
A. Age and gender. Children with UTIs and severe vesicoureteral reflux are at high

risk for progressive renal scarring and eventual functional impairment. Most UTIs
in women represent cystitis, which is easily treated. UTI in men is usually related
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Table 15.3. Antibiotic Therapy for Adults with Symptomatic Urinary Tract Infection (UTI)

Syndrome Duration Route Medication Dosea (mg) Interval

Cystitis, females,
uncomplicatedb

3 d p.o. TMPc

TMP-SMXc
100
160/800

q12h
q12h

Tetracycline 500 q6h
Norfloxacind 400 q12h
Ciprofloxacind 250 q12h
Levofloxacin 250 q24
Cefixime 400 q24h
Cefpodoxime

proxetil
100 q12h

7 d (see text) Nitrofurantoin 100 q6h
Amoxicillin +

clavulanate
500 q12h

1 d Fosfomycine 3000 Single dose
Cystitis

complicated f
10–14 dg p.o. Same as 3-d

regimens for
uncompli-
cated cystitis
(shown
above)

Also:
Lomefloxacind 400 q24h
Enoxacind 400 q12h

Urethritis, female See Chapter 16
Urethritis, male See Chapter 16
Prostatitis, acuteh 4 wkg,i p.o. TMPc 100 q12h

TMP-SMXc 160/800 q12h
Ciprofloxacin j 500 q12h
Levofloxacin j 250 q24h

Prostatitis, 6–12 wkg p.o. TMPc 100 q12h
chronich TMP-SMXc 160/800 q12h

Ciprofloxacin j 500 q12h
Levofloxacin j 250 q24h

Pyelonephritis,
outpatientk

14 dg p.o. TMPc

TMP-SMXc
Same as 3-d

regimens
Amoxicillin +

clavulanate
for uncom-
plicated
cystitis

Ciprofloxacin 500 q12h
Enoxacin 400 q12h
Gatifloxacin 400 q24h
Levofloxacin 250 q24h

Pyelonephritis,
hospitalized
patientk

14 daysg i.v.
and
p.o.l

See footnotem

aSee individual chapter discussions for dose modification in renal failure and details of intra-
muscular and intravenous regimens.
bShort-course therapy (3 days) is preferable to single-dose regimens [1,27]; therefore, the 3-day regimens
are emphasized. Uncomplicated UTI is cystitis in nonpregnant adult women (young to middle-age),
without genitourinary tract structural abnormality or bladder neurologic dysfunction.
cPreferred antibiotic selections on the basis of cost; empiric use limited to those geographical areas where
frequency of resistance is less than 20%.
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(Table Footnote Continued.)
dThe fluoroquinolones are reserved for regions having a higher frequency of more resistant
pathogens (see Chapter 27). These agents should be avoided in pregnancy, nursing mothers, and ado-
lescents younger than 17 years of age.
eFosfomycin single dose therapy has comparable efficacy to 7-day nitrofurantoin therapy.
f See definition of uncomplicated UTI in footnote b. Other UTIs, including those in men, are, by definition,
complicated.
gSusceptibility of pathogen to selected antibiotic must be confirmed with in vitro susceptibility testing.
hIn acute prostatitis, symptoms included fever, acute perineal pain and discomfort, and, usually, signs
of an acute lower UTI such as dysuria, frequency, and urgency. The rectal examination reveals a swollen
prostate that often is exquisitely tender on palpation, and prostatic massage may precipitate bacteremia.
In chronic prostatitis, the prostate can remain a persistent source of UTI, with recurrent episodes of
UTI. Symptoms are variable, including asymptomatic bacteriuria, perineal or low back discomfort, and
relapsing UTI. For further discussion, see text.
iSome experts prefer to treat both acute and chronic prostatitis for protracted periods of time (e.g., 4–6+
weeks) to eradicate the infection clearly.
jOther fluoroquinolones are potentially useful agents in this setting, but there is less experience with
their use in prostatitis (see Chapter 27).
kThe decision regarding outpatient or in-hospital treatment of acute pyelonephritis is primarily one of
clinical judgment. It is influenced by the patient’s clinical condition, age, underlying disease, and potential
compliance. In general, older or frail patients, bacteremic patients, toxic patients, and noncompliant
patients will require inpatient therapy initially [5].
lChange from intravenous to oral therapy when the patient has clinically improved and is afebrile at least
24–48 hours.
mThe optimal regimen for a patient admitted with acute pyelonephritis depends on many factors. Ente-
rococci can be in part ruled out if a Gram stain of the urine shows no gram-positive cocci.
� In patients without prior UTI and only moderate illness, cefazolin, 1 g q6–8h, is reasonable.
� In patients who are very ill or who have a history of prior UTI (therefore the potential of a resistant gram-

negative infection), ampicillin-sulbactam (3 g q6–8h) with or without an aminoglycoside or ampicillin
(1.5 g q4h) and an aminoglycoside (see Chapter 27) can be used, especially if enterococci are a concern.
Vancomycin (see Chapter 27) can be used instead of ampicillin in the penicillin allergic patient.

� If Pseudomonas aeruginosa is a concern, an aminoglycoside should be used initially until culture data
are available. In addition to the above regimens, it may be given with an anti-pseudomonal penicillin
(e.g. piperacillin or ticarcillin) or carbapenem (e.g. imipenem or meropenem). Ceftazidime or cefepime
with an aminoglycoside may be used initially when enterococci are not also a concern.

� In patients in whom enterococci is not a concern, a third-generation cephalosporin (e.g., ceftriaxone 2 g
q24h) can be used.

� Intravenous TMP-SMX, fluoroquinolones, and aztreonam are options for the patient unable to receive
the aforementioned regimens. Neither TMP-SMX nor aztreonam is active against enterococci.

� For activity against enterococci, ampicillin, ampicillin-sulbactam, or vancomycin is preferred. The flu-
oroquinolones also are active against many enterococci.

TMP, trimethoprim; SMX; sulfamethoxazole.
Adapted from Hooton TM, Stamm WB. Diagnosis and treatment of uncomplicated urinary tract infection.
Infect Dis Clin North Am 1997;11:551; and Warren JW, Abrutyn E, Hebel JR, et al. Guidelines for an-
timicrobial treatment of uncomplicated acute bacterial cystitis and acute pyelonephritis in women. Clin
Infect Dis 1999;29:745, with permission.

to prostatic enlargement or infection. Women have many more UTIs than men until
approximately age 65, after which time the prevalence of bacteriuria rises with age
and functional status in both men and women.

B. Asymptomatic versus symptomatic bacteriuria. Detection of asymptomatic
bacteriuria is often the result of laboratory screening procedures because, as the
term implies, such patients are indeed symptomless. Asymptomatic bacteriuria is
likely to occur in patients with indwelling catheters, patients with urologic abnor-
malities, pregnant women, the elderly, and approximately 5% of school-aged girls.

Because of the problems of contamination of clean-catch specimens, this diagnosis
should not be based on the results of a single urine culture.
1. Criterion to establish the diagnosis of asymptomatic bacteriuria

a. Two consecutive clean-catch specimens having greater than 100,000 organ-
isms/mL, with the same organism in both specimens.

b. Alternatively, a single urethral catheter specimen with greater than 100
organisms/mL.
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2. Approach to the treatment of asymptomatic bacteriuria depends on an apprecia-
tion of the prognosis of the untreated infection and the long-term results that are
anticipated from therapy. The side effects and cost of therapy are of paramount
importance.
a. Screening for asymptomatic bacteriuria in children is controversial.

Although bacteriuria can be associated with hypertension and renal insuffi-
ciency, these complications are rare as is asymptomatic bacteriuria, occurring
in only 1% to 2% of children. Although there is up to a 3% prevalence of asymp-
tomatic bacteriuria in premature infants, the difficulties in obtaining a clean
urine specimen make screening neonates impractical. (See related discussion
in section IV.D under Urinary Tract Infection in Children, below.)

b. Screening for asymptomatic bacteriuria in adults is of particular
value in two situations: before urologic surgery and during preg-
nancy. Postoperative infectious complications are reduced by treating bac-
teriuria preoperatively. The importance of routine screening during the first
trimester is discussed in section 1.C under Urinary Tract Infection in Women,
below.

C. Localization of the site of infection. It is well recognized that upper UTI
(pyelonephritis) requires longer duration therapy than lower UTI (cystitis). As pre-
viously discussed, the clinical presentation may not be reliable enough to make an
accurate distinction between upper and lower infection. Although several methods
have been developed to help distinguish upper from lower UTI, such methods are
either invasive with resultant considerable patient discomfort or are not widely avail-
able for clinical application. They are sometimes used in clinical research studies.
1. Invasive techniques include ureteral catheterization with direct culturing and

the bladder washout technique with sequential sampling of bladder and ureteral
urine. Both techniques are complex urologic and microbiologic procedures, requir-
ing close cooperation between physicians and the clinical laboratory.

2. The noninvasive technique that has received most attention is the antibody-
coated bacteria test [29]. The test detects antibodies against infecting bacteria
that are believed to form when tissue infection (upper tract or prostatitis) is
present (in contrast to cystitis). Because it is not widely available, the test has
been used primarily as an epidemiologic and research tool and, to date, has not
had a major role in influencing management of UTI in a given patient.

3. In most clinical settings, therapy is based on clinical manifestations,
recognizing that most UTIs are lower tract infections. Patients with fever and
flank pain are likely to have upper tract disease.

The outcome of therapy has implications about whether upper versus lower
tract infection may be present. Relapse of infection after short-course ther-
apy in women is associated with upper UTI.

D. Recurrent UTI. Repeated episodes of UTI can be either reinfection (i.e., new in-
fections with new organisms) or relapse (i.e., a recrudescence of a prior partially
treated infection). The distinction is an important one to make because it has impli-
cations both for the type and extent of workup indicated for therapy. Reinfections
tend to occur more than 2 weeks after completion of therapy for the initial episode
and are more frequent after uncomplicated cystitis. Relapses tend to occur within
2 weeks after completion of therapy of complicated UTI [2].
1. Reinfection is more common than relapse in women; conversely, in men most

recurrent infection is due to relapse. After successful therapy of a prior infection,
recurrence of symptoms and evidence of clinical infection with a new organ-
ism (either a new bacterial species or a new serologic type of E. coli) indicates
reinfection. In general, most reinfections occur within weeks to months of the
preceding UTI.
a. Reinfection in women (of childbearing age to middle age) is common. As dis-

cussed under Urinary Tract Infection in Women (see below), it is recommended
that women with three or more symptomatic lower UTIs within a 6-month pe-
riod should receive extended-duration (6- to 12-month) prophylactic therapy.

b. Reinfection in men is a much less common cause of recurrent infection than
is relapse and, as discussed under Urinary Tract Infection in Men (see below),
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is most commonly related to prostatic enlargement causing partial urethral
obstruction.

2. Relapse refers to the recurrence of symptoms and clinical infection after the ces-
sation of treatment. Implied in this definition is that relapse involves the same
organism or same serotype of E.coli that caused the initial infection. Most re-
lapses occur shortly after the patient has completed a course of therapy (i.e.,
perhaps within a few days and certainly within 1 month).
a. Setting. Relapse is likely to occur if there is persistent infection in the renal

parenchyma or prostate gland, if the patient does not receive the proper an-
tibiotic therapy, or if there is an underlying renal pathologic process, such as
renal calculi.

b. Implications. Relapse often implies underlying urologic abnormality.
Therefore, urologic evaluation is mandatory, particularly if previous an-
tibiotic therapy was adequate on the basis of susceptibility data.

c. The approach should be directed initially at defining the underlying urologic
defect, if possible. If no correctable urologic defect is found and the pa-
tient has failed conventional 10- to 14-day therapy, one may presume
there is a deeply seated tissue infection. In this group of patients,
prolonged therapy (e.g., 4–8 weeks) may eradicate the infection.

d. Suppressive therapy. If a prolonged course of therapy also fails, chronic
suppressive therapy may be necessary. In vitro susceptibility results should
be used to determine the choice of chronic suppressive antibiotic therapy. The
agent should be administered in full therapeutic dose. In recurrent UTI, there
are limited indications for this approach. The major use is in patients with
urologic abnormalities that cannot be corrected surgically. This approach
should not be taken in patients with indwelling urethral catheters.

URINARY TRACT INFECTION IN WOMEN
Women constitute the largest group of patients with UTI [5]. Most such UTIs represent
cystitis, but the overlapping clinical symptoms of urethritis or vaginitis may cause confusion.
In most patients, short-course antibiotic therapy (3 days) may be administered
empirically on the basis of symptoms along with urinalysis confirmation of pyuria,
without the use of pretherapy or posttherapy urine cultures. Recurrent UTI poses a
frequent and troublesome problem.

I. Asymptomatic bacteriuria
A. Significance. There are insufficient data regarding the long-term effects of asymp-

tomatic bacteriuria in young or middle-aged nonpregnant women. Many patients in
this group will clear their bacteriuria spontaneously and will not require treatment.

B. Approach. The current consensus is that this entity in the nonpregnant
adult patient does not require treatment, provided there is no urinary tract
obstruction.

C. Pregnancy. It is important to screen for and treat asymptomatic bacteriuria in
women only during pregnancy because morbidity associated with UTI in pregnant
women has been clearly demonstrated [5,30]. Asymptomatic bacteriuria occurs in
about 5% of pregnant women with the most common onset between weeks 9 and 17
of pregnancy. Approximately 40% of pregnant women with asymptomatic bacteriuria
will develop acute pyelonephritis in their pregnancy if not treated [2]. Pyelonephritis
in the mother and low birth weight in the infant are sufficiently common complica-
tions to warrant mandatory screening for bacteriuria during gestation. Treating
pregnant bacteriuric patients lowers the subsequent incidence of symptomatic UTIs
by 80% to 90% [30]. Increased rates of premature labor have been seen in pregnant
women with symptomatic UTI. The mechanisms for premature labor developing in
patients with symptomatic infection are not completely clear but may be related,
in part, to microorganism production of phospholipase A2. Human term labor is
believed to be initiated by amniotic and chorionic phospholipase A2 [30].
1. All pregnant women should be screened for the presence of bacteriuria

on the first prenatal visit and again at the 28th week in women with a history



P1: HAG/HCN P2: HAG/HBT QC: HAG/FLX T1: IML

PB207B-15 PB207A-Betts/6678F September 3, 2002 7:27 Char Count= 0

508 15. Genitourinary Tract Infections

of frequent UTIs. If only a single cost-effective screening culture is done, the
16th gestational week may be an optimal time [30]. Cultures with colony counts
exceeding 105 bacteria warrant therapy. The significance of lower colony counts
of clean-catch samples is less well defined [10].

2. Treatment. Because of the risk of pyelonephritis and subsequent stillbirth or
prematurity, asymptomatic bacteriuria in pregnant women should be
treated. Oral antimicrobials that are safe to give during pregnancy in-
clude amoxicillin, cephalosporins, nitrofurantoin, and sulfonamides. (The use of
sulfonamides should be avoided in the third trimester.) Recommended
duration of therapy is 7 to 10 days [30].

3. Follow-up. Eradication of bacteriuria is the goal. This should be confirmed
with follow-up cultures at 1 and 4 weeks after therapy ends.

If infection returns with the same bacterium, a relapsing infection from an
occult source should be suspected. In this setting, a second course of antibiotics
for a longer duration and an agent based on susceptibility data may be tried.
If infection is present on further follow-up cultures, then a short course of an-
tibiotics to which the bacterium is susceptible can be used to suppress the in-
fection, followed by nitrofurantoin, 50 to 100 mg daily at bedtime, until delivery,
with the hopes of suppressing recurrent infection. (For susceptible pathogens,
chronic suppression with amoxicillin or a cephalosporin is also a potential reg-
imen.) Serial urine cultures should be performed to detect the possibility of a
resistant pathogen. Follow-up urine cultures should be performed after deliv-
ery, and urologic evaluation should be undertaken 3 to 6 months after delivery
[30].

4. See related discussion in section V.
D. Diabetes mellitus in women. Although studies are limited, many experts believe

that asymptomatic bacteriuria in diabetics without obvious anatomic abnormalities
should be treated when detected because of the frequency of upper UTI in diabetics
when bacteriuria is present [9].

II. Lower UTI [5,31]. Women with dysuria but without fever constitute the largest group
of UTI patients and the largest group of adults for whom antimicrobials are prescribed.
With such women, the first step is to exclude vaginitis from the differential diag-
nosis. Women with vaginitis usually experience dysuria as an external discomfort, and
those with cystitis have a deeper and more visceral dysuria. If vaginitis is suspected,
a pelvic examination should be done. Clinical and laboratory evaluation of vaginitis or
cervicitis should be performed as described in Chapter 16.
A. Cystitis. Women with lower UTIs form a homogenous group of patients who are

appropriately managed as outpatients. As a common outpatient illness, this type of
UTI presents a challenge to the primary care provider. Because a UTI generally is
seen more as a nuisance and an inconvenience than a harmful state, the practitioner
may be lulled into unwarranted indifference and may thus not acknowledge uncom-
mon but significant events (e.g., the presence of occult or subacute pyelonephritis
with or without mechanical or neurologic dysfunction). However, with confirmation
of pyuria on urinalysis, there is an opportunity for use of cost-effective antimicrobial
therapy. The absence of comorbidity and the limited extent of the infection makes
this bacterial infection particularly appropriate for short-course therapy, now the
standard of management for lower UTI (see section D.2). The microbial agents
responsible include E. coli (60%), other Enterobacteriaceae organisms (20%), and
S. saprophyticus (10%).

B. Urethritis. Acute onset of dysuria along with pyuria also occurs with urethritis.
Previously discussed clues about the nature of the dysuria may help distinguish
cystitis from urethritis (see section III under General Approach to Urinary Tract
Infections, above). Recent onset of dysuria in patients who have a new coital partner
in the month before onset of symptoms and who have not had symptoms of a UTI in
the preceding 2 years may signal urethritis due to a sexually transmitted infection.
C. trachomatis, trichomoniasis, gonorrhea, and herpes simplex virus may be the
etiologic agent (see Chapter 16).

Strong consideration should be given to performing a pelvic examination
in sexually active women with dysuria.
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1. Obtain a culture or Gram stain for the gonococcus.
2. If ulcerations are present, herpes simplex virus cultures should ideally be

performed.
3. Testing of a first-void urine sample by nucleic acid amplification methods is at

least as sensitive as culture for C. trachomatosis; choice of the most appropriate
diagnostic test will depend on local test availability and cost.

C. Vaginitis as a cause of dysuria should be suspected in the patient who lacks pyuria;
has vaginal discharge, odor, pruritus, or dyspareunia; relates external dysuria; or
has dysuria without frequency or urgency.

D. Clinical approach to acute dysuria. If vaginitis is excluded, the next step is to
examine the urine sediment for leukocytes.
1. Diagnostic clues

a. A positive leukocyte esterase test or the presence of more than 10 WBCs within
a high power field of spun urine is consistent with but not diagnostic of UTI
or urethritis.

b. In the patient with acute dysuria, if pyuria is not present the probability of
infection is less than 5%. The diagnosis of vaginitis should be considered in
the absence of pyuria.

c. If pyuria is present, the unspun urine should be examined carefully using
a Gram stain for bacteria, and if bacteria are seen in most fields under oil
immersion, it is likely that the urine contains 100,000 bacteria or more per
milliliter. If bacteria are not seen, then the infection may still be bacterial
with low colony counts or it may be nonbacterial.

2. Therapy
a. Most authorities advocate administering empiric short-course antibi-

otic therapy for uncomplicated UTI without obtaining an initial urine
culture. Indeed, treatment decisions are made and completed before culture
results would be available, and this approach is supported by cost-effectiveness
studies [18].

b. Not all antimicrobials have been shown to be effective in short-course
therapy, and only the doses and agents with proven efficacy should be used
(Table 15.3). Overall, most experts favor the 3-day regimen over the
single-dose regimen [2,15].
(1) Short-course (3-day) therapy is indicated for only those women

with uncomplicated infections.
(2) Contraindications for short-course therapy include pregnancy, sus-

pected upper UTI or known prior pyelonephritis, relapsing infection, re-
cent antibiotic use or bladder instrumentation, suspected or known uri-
nary tract structural abnormality, childhood UTIs, symptoms for longer
than 7 days, recent diaphragm use [2], and inability to provide follow-
up. Because of the high rate of upper UTI in diabetic women, many
experts do not recommend 3-day regimens for acute uncomplicated UTI
in diabetic women; a 7-day regimen is preferred [l,9]. Furthermore, use
of the β-lactams in 3-day regimens is less effective than other
3-day regimens (e.g., TMP-SMX, quinolones), and therefore experts prefer
7- to 10-day courses of cephalosporins rather than use of a 3-day course,
even for uncomplicated cystitis [15,26,32]. Macrodantin, likewise, is not
quite as effective in 3-day regimens when compared with TMP-SMX or
the quinolones [15]; a 7-day course of therapy is recommended.

3. Indications for urine culture
a. Urine culture should be obtained in acutely dysuric women who lack

pyuria, in situations when urethritis and cystitis are not clearly distinguished
clinically, in patients with relapsing or frequent recurrent infections, in com-
plicated UTIs, and in pregnant women.

b. In women with sterile cultures, acute dysuria, and pyuria, chlamydial ure-
thritis should be suspected. The sexually active woman should have a pelvic
examination with appropriate urethral or cervical cultures. Empiric therapy
with tetracycline, 500 mg orally every 6 hours for 7 days (or doxycycline,
100 mg orally twice daily), or azithromycin, 1 g orally as a single dose (see
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Chapter 16), should be administered if not contraindicated (see Chapter 27),
and test-of-cure cultures should be obtained as appropriate.

4. Follow-up
a. If symptoms resolve with short-course therapy, no follow-up culture

is necessary.
b. If short-course therapy fails or symptoms recur, then a urine culture should

be obtained.
(1) Such patients should be suspected of having occult or subclinical

pyelonephritis [2]. See section VI under General Approach to Urinary
Tract Infections (above) for decisions on urologic evaluation.

(2) Significant bacteriuria (>102 CFU/mL) should be treated with at least
14 days of antibiotics directed by susceptibility testing.

5. It is unclear how to treat dysuric patients with negative cultures and with no
pyuria. Vaginitis should be excluded in all such patients. Observation and a short
course of phenazopyridine hydrochloride (e.g., Pyridium) may be reasonable.

E. Recurrent cystitis requires that urine cultures be obtained and susceptibility tests
be performed.
1. Antibiotic therapy directed by susceptibility test results should be adminis-

tered for 7 to 14 days.
2. Follow-up urine cultures should be obtained at 1 and 4 weeks after the end of

therapy.
III. Upper UTI

A. Pyelonephritis. The syndrome of acute pyelonephritis includes dysuria and in-
creased frequency accompanied by fever (temperature usually exceeds 102◦F) or def-
inite CVA tenderness; the patient may also appear septic. However, upper UTI may
be difficult to distinguish from lower UTI or so-called silent (subclinical) pyelonephri-
tis. Up to 30% of women in a primary care setting and up to 80% of indigent pa-
tients suffering from clinically apparent cystitis in emergency rooms also have silent
invasive bacterial infections of renal parenchyma; this infection is indistinguish-
able from lower UTI because most patients have dysuria and pyuria but not back
pain. (See section III.B under General Approach to Urinary Tract Infections, above.)
Women who fail short-course antibiotic therapy for presumed lower UTI
should be assumed to have subclinical or occult pyelonephritis [2]. Subclin-
ical pyelonephritis is more common in pregnant women with UTI, in patients who
have had a UTI before age 12, and those who have had previous pyelonephritis or
more than three UTIs in the past year. Patients with UTI and positive blood cultures
have pyelonephritis with invasive tissue infection.

Painless complicated pyelonephritis, which in fact is a different entity than
subclinical pyelonephritis, can be observed in diabetics, renal transplant patients,
and alcoholics. These patients have minimal symptoms due to autonomic ner-
vous system damage associated with underlying disease but often have severe
pyelonephritis [11].
1. Microbiologic features. E. coli causes approximately 85% of all cases of

community-acquired pyelonephritis. Other members of the family Enterobacteri-
aceae cause approximately 10%, and gram-positive bacteria such as Streptococ-
cus faecalis or S. saprophyticus the remainder. More antibiotic-resistant gram-
negative aerobes, including P. aeruginosa, should be anticipated in patients with
hospital-acquired infection and in women who have had recurrent UTIs or who
have recently failed antimicrobial therapy (Table 15.2).

2. Principles of antibiotic therapy. The best way to treat pyelonephritis is poorly
defined in the literature, and despite initial therapy with 2 weeks of an antibi-
otic effective in vitro, approximately 20% of patients may fail this therapy (i.e.,
patients may have relapsing infection) [11].
a. The relatively high failure rates reported may in part be due to the absence of

sufficient levels of antibiotic in renal tissue to sterilize the infected medulla.
Whether or not the antibiotic must reach inhibitory concentrations in the
bloodstream and urine and renal tissue to be effective in pyelonephritis is de-
bated, but some reviewers believe it is important for inhibitory levels to be at-
tained in both the kidney tissue and urine of patients with pyelonephritis [11].
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b. Laboratory studies have suggested that pyelonephritic and endotoxemic kid-
neys accumulate more aminoglycosides (e.g., gentamicin, tobramycin) and
quinolones than β-lactams (e.g., cephalosporins). TMP-SMX penetrates renal
tissue adequately [11]. Furthermore, renal tissue levels of aminoglycosides
are prolonged, and their effectiveness in treating pyelonephritis is confirmed
in the animal model [11].

Therefore, especially while awaiting susceptibility data, when parenteral
therapy is needed for acute gram-negative bacilli pyelonephritis, aminogly-
cosides are clinically effective and cost effective if not contraindi-
cated (see Chapter 27). Because of their prolonged tissue levels, even 48 to
72 hours of initial aminoglycoside therapy may be effective; therapy can then
be narrowed based on susceptibility data [14].

3. Outpatient versus inpatient therapy. The decision regarding outpatient or in-
hospital treatment of acute pyelonephritis is primarily one of clinical judgment.
It is influenced by the patient’s clinical condition, age, underlying disease, and
potential for compliance. In general, patients who are older or more frail, bac-
teremic, toxic, or immunocompromised will require inpatient therapy initially. In
mild cases in which the actual diagnosis of upper or lower UTI may be unclear,
outpatient therapy is reasonable [33].
a. Outpatient therapy. Empiric therapy with oral antibiotics should be

started as outlined in Table 15.3 pending receipt of urine culture results and
susceptibility data. Antibiotics usually are given for 2 weeks because
renal parenchymal infections are more difficult to treat than superficial
bladder infections.

b. Inpatient therapy with empiric, parenteral, antimicrobial treatment is in-
dicated for many patients with pyelonephritis.
(1) Initial antibiotic therapy should include agents that are known to be active

against anticipated pathogens. Doses should be appropriate to provide
sufficient drug levels within the renal parenchyma and at distant nonrenal
sites, as indicated in Table 15.3. Intravenous ampicillin alone probably is
inadequate. Up to 30% of organisms may be resistant, even in community-
acquired infections [4].

(2) However, ampicillin (or vancomycin in the penicillin-allergic patient)
should be used when urine Gram staining suggests the possibility of en-
terococcal infection (i.e., gram-positive cocci).

(3) Patients in whom multiple antibiotic-resistant isolates are anticipated
(e.g., hospital-acquired infection) should be given agents that have broad
gram-negative coverage, to include P. aeruginosa. Often, the most cost-
effective agent is an aminoglycoside, unless contraindicated. Aztreonam,
ceftazidime, cefepime, and imipenem may be used as alternatives to an
aminoglycoside. See Chapter 27 for a discussion of these agents.

(4) Therapy should be modified to the narrowest spectrum agent possible and
to a less expensive antibiotic when the results of susceptibility tests are
available.

(5) Once the infection is well controlled with intravenous therapy, outpatient
therapy with either oral or intravenous antibiotics is reasonable.

4. Duration of therapy. In pyelonephritis, antibiotics usually are given for a
total of 14 days [34]. Because of the occasional difficulties in eradicating renal
tissue infection in patients failing 14-day therapy, longer courses of therapy (e.g.,
4–6 weeks) should be used. For the hospitalized patient, parenteral therapy
usually is continued until the patient has clinically improved and is afebrile for
24 to 48 hours. Then the patient can be placed on oral antibiotics. This decision
must be individualized, particularly in a patient with complications such as
obstruction or bacteremia.

5. Response to therapy. It is important to recognize and treat the complications of
acute pyelonephritis. Nearly all patients with uncomplicated acute pyelonephri-
tis are afebrile after 3 days of effective antimicrobial therapy, and the remainder
are afebrile by 4 days [13,35]. The persistently febrile patient may have a
collection of undrained pus in or around the kidney, a metastatic site
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of infection, or obstruction with pyonephrosis, or she may have received in-
effective therapy. If fever or toxicity persists beyond 48 hours of appropriate
therapy, an obstructive uropathy or renal abscess should be excluded (e.g., with
renal ultrasonography). Intrarenal and perinephric abscesses are discussed
later in this chapter. Diabetics have an increased incidence of these complications
[9].

6. Follow-up. Approximately 48 hours after initiation of therapy, results of suscep-
tibility testing will be available. If the organism isolated is not susceptible to the
treatment given, treatment should be changed to the most appropriate drug.
a. The urine should become sterile 2 or 3 days after initiation of appropriate

therapy, with no bacteria noted in the urine sediment. Some authorities rec-
ommend routine culturing of the urine at 2 to 3 days to assess response to
therapy. This rarely is done in outpatient settings but may be indicated in
hospitalized patients, especially if there is a question of resistant organisms,
if the infection is complicated by mechanical or neurologic obstruction, or if
the patient is not responding clinically.

b. Whereas antibiotic treatment may relieve or reduce the patient’s symptoms,
such treatment does not always result in bacteriologic cure. For this reason,
follow-up after treatment is important. Recommendations of experts in the
field vary with regard to the extent of follow-up, but the minimum follow-
up should be a repeat urine culture 1 to 2 weeks after completion of
antimicrobial therapy in all patients. In patients with frequent UTIs, repeat
cultures at 4 to 6 weeks after treatment may be useful.

7. Urologic evaluation generally is indicated for any patient with relapsing
pyelonephritis.

B. Infection in patients with known urinary tract abnormalities. In patients
with known renal calculi, obstructive uropathies, or other abnormalities, antibiotic
therapy may suppress infection temporarily but may not eradicate it. Treatment
of these patients therefore should be directed toward correction of the underlying
abnormality if this is possible.

C. Miscellaneous. UTIs in patients with polycystic kidney disease are difficult to treat,
in part because of the poor penetration of antibiotics (e.g., aminoglycosides) into
cystic fluid [36]. Infectious disease consultation is advised in these difficult cases.
UTI in the setting of renal transplantation is discussed in Chapter 20.

IV. Recurrent infections. The healthy young woman who has had two UTIs within the
last 6 months and is now presenting with her third is a candidate for long-term prophy-
lactic therapy to prevent recurrent symptomatic bacteriuria [37].
A. The source of the recurrent bacteriuria is usually reinfection from the periurethral

flora, or less commonly it may be the result of persistent or relapsing infection in the
upper urinary tract—that is, smoldering pyelonephritis. Some women will clearly
indicate sexual intercourse as a causal factor for recurrent infections [38].

B. Prophylactic therapy. In patients with reinfection, 6 to 12 months of continu-
ous preventive or antibiotic therapy has been shown to decrease recurrences by
95% during the period of active treatment [39,40]. Prophylactic therapy should
be initiated only after the acute episode is bacteriologically cured. For in-
dividuals with reinfection immediately after discontinuation of prophylactic ther-
apy, more extended duration of prophylaxis (2 or more years) has been shown to be
effective.

C. Recommended prophylactic antibiotics of equal efficacy include TMP-SMX,
one-half regular tablet at bedtime every other night; TMP, 100 mg/day at bed-
time; or nitrofurantoin, 50 or 100 mg/day at bedtime (see related discussions in
Chapter 27).

D. Alternative approaches
1. Some prefer patient-administered short-course therapy at the onset of

symptoms, which may be more efficacious, economical, and desirable than con-
ventional prophylactic therapy [41]. This approach probably is justified only for
the highly motivated, compliant, and well-educated patient with uncomplicated
infection.
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2. Postintercourse, single-dose prophylactic therapy can be effective inpa-
tients who identify intercourse as a precipitating factor [38].

3. In postmenopausal women, topically applied intravaginal estradiol cream is
a possible alternative to antimicrobial prophylaxis [42].

4. Drinking cranberry juice daily may reduce the frequency of UTI [6,7].
E. Behavioral changes may be important [15]

1. Voiding after intercourse has been suggested as a way of reducing UTI episodes
related to sexual intercourse.

2. If a diaphragm and spermicide are used for contraception, an alternative method
[8] may reduce the frequency of recurrent UTI.

3. Voiding when the urge to void occurs rather than delaying may help some indi-
viduals (e.g., school teachers who postpone voiding during school hours).

F. Urologic evaluation
1. When accurate classification is possible, women with recurrent infections charac-

terized as relapse should be examined at least once for the presence of mechani-
cal (e.g., obstruction or stones) or neurologic dysfunction of the urinary tract. The
role of suppressive long-term antibiotic therapy in these patients is discussed in
section III.D under General Management Principles of Urinary Tract Infections,
above.

2. Women with sporadic reinfections that respond to short-course therapy or low-
dose prophylaxis usually do not have urologic abnormalities. Therefore, invasive
evaluation is not warranted.

V. UTI in pregnancy [30]
A. The overall prevalence of bacteriuria in pregnancy ranges from 4% to 7% in most

studies but is as high as 11% in socially indigent multiparas and as low as 2% in
private patients [30]. Pyelonephritis in pregnancy occurs in 3% to 7% of pregnant
women who have asymptomatic bacteriuria [11]. Sickle cell trait has been associated
with bacteriuria also. Catheterization should be avoided in the pregnant patient
because pregnancy sets the stage for the development of symptomatic infection [30].

B. Physiologic changes with pregnancy
1. The most impressive changes involve dilatation of the collecting system, called

hydroureters of pregnancy. This is a normal condition in pregnancy and ex-
tends to the level of the pelvic brim. The changes are more pronounced on the
right side. Dilatation begins as early as the seventh week of gestation and gradu-
ally progresses until term. Although the precise explanation for the development
of hydroureters is unclear, both mechanical and hormonal factors are involved.

2. In the third trimester, the bladder undergoes a relative change in position,
becoming an abdominal rather than a pelvic organ, and undergoes a progressive
decrease in tone due to hormonal changes.

3. The net effect of these changes is to increase the risk of UTI, especially in the
third trimester.

4. After delivery, in the absence of infection, the hydroureters return to normal in
66% of patients by 1 month and in most patients by 2 months [30].

C. Therapy
1. Asymptomatic UTI. See discussion in section I.C.
2. Symptomatic UTI deserves 7 to 10 days of antibiotic therapy based on suscepti-

bility data. (Antibiotic use in pregnancy is discussed in Chapter 27.) Short 3-day
courses are not recommended.

3. Pyelonephritis. Hospitalization is usually advised. Empiric therapy with a
broad-spectrum cephalosporin (e.g., ceftriaxone) is appealing until culture data
are available that may allow one to use a narrower spectrum cephalosporin. Aztre-
onam is another possible parenteral β-lactam antibiotic [2,11]. There is some con-
cern about using aminoglycosides in pregnancy because of the potential of ototox-
icity for the fetus [11] (see Chapter 27). The duration of therapy for pyelonephritis
has not been well studied. After a 2-week course of an appropriate antibiotic based
on susceptibility data, suppression with nitrofurantoin until delivery is rational
[30] (see section I.C).

D. Follow-up. See related discussion in section I.C.
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URINARY TRACT INFECTION IN MEN
UTI in men [43] occurs most commonly in those with prostatic hypertrophy and partial
urethral obstruction or in association with persistent infection of the prostate gland. UTIs
in children and the elderly are discussed separately (see below).

I. Asymptomatic infections. Bacteriuria is uncommon without symptoms in the healthy
man, although it is relatively common in the elderly man (see section I under Urinary
Tract Infection in the Elderly, below).
A. Screening for bacteriuria in asymptomatic healthy men is not suggested.
B. Therapy. If bacteriuria is found by chance, it should lead to an investigation to

exclude predisposing structural or functional abnormalities of the urinary tract,
especially chronic prostatitis. Routine antibiotic treatment in asymptomatic men is
not supported by available data. Patients should be treated before genitourinary
instrumentation.

II. Lower UTI
A. It is important to recognize the concept of the relationship between lower

UTI in men and prostatitis. Prostatitis may cause symptomatic infection with or
without bladder infection. Bladder infection in the man with a mechanically normal
urinary system often is associated with bacterial prostatitis [44,45]. However, un-
complicated cystitis alone can also occur (see section B.1.c). Instrumentation is the
most common identifiable cause of infection, but in most cases the events leading
to infection are not clear. Obstruction is often coexistent with and inseparable from
instrumentation.

B. General approach to lower UTI in men
1. Clinical presentation. The history is important.

a. Dysuria alone (with or without urethral discharge). Initially, one should
identify patients having dysuria alone, with or without a urethral discharge,
because these patients usually have urethritis rather than a true UTI. Most
men between the ages of 15 and 30 years will have either nonspecific urethritis
or gonococcal urethritis. The clinical approach to this problem is discussed in
Chapter 16 under Urethritis.

b. Patients may have dysuria, frequency, and urgency, symptoms similar to
those seen in uncomplicated UTI in women. Acute perineal pain and discomfort
may occur in patients with prostatitis, as discussed in section III. Prostatitis
is particularly common in men between 40 and 45 years of age who
present with a UTI.

c. Uncomplicated cystitis can occur in sexually active young men with
acute dysuria. Risk factors include homosexuality with anorectal inter-
course, lack of circumcision, human immunodeficiency virus infection with
a CD4 lymphocyte count of less than 200 cells/mm3, or a sexual partner with
vaginal colonization with uropathogens [2,31]. Urethritis should be excluded
and/or treated (see Chapter 16).

2. Diagnosis
a. Examination of any urethral discharge should be performed if possible,

as discussed in Chapter 16 under Urethritis. This will usually allow one to
make the distinction between nonspecific urethritis and gonococcal urethritis.

b. Routine urinalysis and quantitative urine culture are essential for
proper evaluation of patients with no urethral discharge but with symptoms
of a UTI.

c. Rectal examination. If the prostate gland is swollen, firm, and exquisitely
tender, an associated acute prostatitis is likely; this entity is discussed in
section III.

d. Prostatic localization technique. A technique for localizing the site of UTI
in men is discussed in section III.B. This technique is seldom performed at
present, and the methodologic validity of testing is questionable. However, it
may be useful in the diagnosis of chronic prostatitis and in the evalu-
ation of men with relapsing UTI [45]. It appears to be used with diminishing
frequency, even by urologists. It is not appropriate in acute prostatitis.
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3. Treatment
a. Antimicrobial therapy

(1) Urethritis alone. The approach to and treatment of this problem is dis-
cussed in Chapter 16 under Urethritis.

(2) Prostatitis therapy is discussed in section III.
(3) Initial therapy in the adult man who presents with his first UTI believed

to be unrelated to a prostatic focus is uncertain. (This may be a par-
ticular problem in the young or middle-aged man compared with the older
man, who is more likely to have a prostatic focus.) A subclinical prostatic
focus still is possible, as is an occult genitourinary structural problem.
With recurrent UTI, the prostatic localization test (see section III.B)
sometimes is performed to help localize the problem. It is reasonable to
use TMP-SMX (which penetrates the prostate well) because of the possi-
bility of a prostatic focus in all men with UTI. Alternatively, one may use
TMP alone in the sulfa-allergic patient or a fluoroquinolone because these
agents also penetrate the prostate well (see Chapter 27).

(4) For that subgroup of sexually active young males (see section 2.c) a
7-day course of TMP-SMX, TMP, or fluoroquinolone is suggested [2] once
urethritis is excluded. Failure of this regimen necessitates more careful
evaluation, including consideration of a prostatic focus [2].

b. Urologic evaluation. In addition to antimicrobial therapy, urologic evalua-
tion to determine whether a urinary tract abnormality exists should be con-
sidered. It is reasonable to treat a first UTI in a man who has no history of
prior genitourinary abnormalities, then watch closely, and eventually proceed
with a urologic workup when and if a second UTI or relapse occurs. Cystoscopy
usually is indicated in patients with recurrent infections. In patients with a
typical initial episode of cystitis or acute prostatitis responding to an-
tibiotics, a complete urologic evaluation is not necessary. The approach
to patients with an enlarged prostate (compatible with benign prostate hyper-
trophy) is an evolving area, with the increased availability of medical therapy
for some forms of benign prostate hypertrophy. Also, stents can be inserted in
the prostatic urethra segment (instead of conventional prostatic surgery) only
in carefully selected patients. Urologic consultation is therefore important [15].

III. Bacterial prostatitis [10,43,46] can present as either an acute or a chronic disease.
It has been estimated that prostatitis constitutes approximately 25% of annual office
visits for genitourinary complaints by men. Unfortunately, many aspects of prostatitis
have been poorly understood, and both patients and clinicians often become confused
and frustrated in dealing with this condition [10].

The common forms of prostatitis are summarized in Table 15.4. Bacterial prostati-
tis is associated with a UTI, positive cultures localizing the bacterial pathogen to the
prostatic fluid, and excessive numbers of inflammatory cells (WBCs and macrophages
containing fat) in the prostatic secretion [10,46]. Studies suggest that nearly 90% of
patients with prostatitis symptoms have nonbacterial prostatitis or prostato-
dynia [10,47].
A. Acute bacterial prostatitis is an abrupt febrile illness. Symptoms include fever,

chills, and low back and acute perineal pain and discomfort. In addition, symptoms
of acute lower UTI such as dysuria, frequency, and urgency usually are present.
1. Diagnosis. The signs and symptoms are sufficiently abrupt, severe, and typical

that the clinician seldom has difficulty in making the diagnosis [10].
a. Rectal examination often is not necessary, thereby avoiding the discomfort

and potential risk of prostate massage, because symptoms and urinalysis usu-
ally support the diagnosis of acute bacterial prostatitis. If a single gentle rectal
examination is performed, it reveals a swollen prostate that often is exquisitely
tender on palpation.

b. Urinalysis usually demonstrates pyuria and bacteriuria.
c. Prostatic localization studies, as discussed later, require prostatic massage

and are unnecessary to support the clinical diagnosis in patients with acute
prostatitis. Massage may precipitate bacteremia and causes considerable pa-
tient discomfort.
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d. Clean-catch urine culture. Because acute cystitis usually is associated with
acute prostatitis, the infecting pathogen generally can be identified by
routine culture of a clean-catch urine specimen. Data suggest a clean-
catch culture may not be necessary in men. Neither meatal cleansing nor mid-
stream sampling generally is needed to obtain urine for culture [43].

2. Therapy. The inflammation of acute bacterial prostatitis allows most antibiotics
to achieve high prostatic concentration, and patients generally respond rapidly
to antibiotic therapy. Most infections are caused by enteric gram-negative bacilli
(75%), particularly E. coli (25%), although gram-positive infections occur in the
other 25% [10,43].
a. Antibiotic choice. Currently, TMP-SMX, or TMP alone, is the treatment

of choice for acute bacterial prostatitis because of cost and the good penetra-
tion of prostatic tissue by TMP (Table 15.3) [10,48]. TMP alone may be admin-
istered in the sulfa-allergic patient. Comparable results have been published
with the fluoroquinolones, and these agents are the drugs of choice for TMP-
SMX–resistant organisms or as another alternative in sulfa-allergic patients
(see Chapter 27). There are few data to support the use of oral carbenicillin
indanyl.

b. Other antibiotics. Some patients with acute prostatitis are systemically ill
and may require therapy with parenteral antibiotics initially. Ampicillin and
aminoglycosides have commonly been used in combination while awaiting
cultures, especially if enterococci are a concern. Broad-spectrum penicillins,
cephalosporins, and aminoglycosides are effective in many patients with acute
prostatitis, even though these drugs are generally not believed to penetrate
the prostate well. The inflammation in acute prostatitis allows these drugs to
penetrate the prostate to a greater extent in acute infections than in chronic
prostatitis.

c. Duration of therapy. The optimal duration of therapy is not well defined.
Conventionally, treatment spans a minimum of 14 days. However, continuing
therapy for prolonged durations in an attempt to treat a focus of chronic pro-
statitis has often been advocated [10,44]. If the antibiotic is well tolerated, we
tend to treat acute infection for a 4-week course, and chronic infection for 6 to
12 weeks.

3. Prognosis. Most patients recover from acute prostatitis with appropriate treat-
ment. Relapse may occur in some cases, or the prostate may remain a persistent
source of infection, as discussed next.

B. Chronic bacterial prostatitis is a more subtle condition than acute prostatitis.
Bacterial organisms in this disease are difficult to eradicate despite antibiotic
therapy, and the prostate can remain a persistent source of UTI. The prostatic focus
can repeatedly infect the bladder urine and is believed to be responsible for most
relapsing lower UTIs in men. Infection usually is due to gram-negative bacilli but
occasionally may be due to gram-positive organisms (e.g., enterococci). The role of
other gram-positive bacteria is unclear. S. aureus at times may be a pathogen, but
S. epidermidis, micrococci, and diphtheroids probably are not pathogens [10].

Infected prostate calculi that cannot be appreciated by rectal examination or
simple plain-film radiographic studies may function as infected foreign bodies, ex-
plaining in part why it may be difficult to eradicate infection in chronic bacterial
prostatitis.
1. Symptoms are highly variable, and some patients are detected because of asymp-

tomatic bacteriuria. Many patients may not have a history of acute prostatitis.
Some complain of perineal or low back discomfort. Periodic episodes of cystitis
symptoms or irritative voiding dysfunction, such as urgency, frequency, nocturia,
and dysuria, may occur. The best clue to this diagnosis is that prostatitis is
the most common cause of relapsing UTIs (with the same pathogen) in men.
Because many antibiotics penetrate the prostate poorly, the pathogen remains vi-
able in the prostatic tissue. Some antibiotic regimens will eradicate concomitant
cystitis and sterilize the patient’s urine, temporarily providing relief of symptoms,
but symptoms return when the antibiotic is discontinued, because the prostatic
infection persists.
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2. Diagnosis
a. Rectal examination reveals no characteristic findings on prostatic palpation.

An enlarged or slightly boggy prostate is a nonspecific finding.
b. Localization studies. The historical method of diagnosis was to per-

form prostatic localization studies, with careful microscopic and culture
examination of the segmented urine and the prostatic fluid. Localiza-
tion studies are now regarded as seldom if ever necessary; the proce-
dure is time-consuming, fairly expensive, and uncomfortable for patients and
therefore is infrequently performed [49]. They should not be performed in
bacteriuric patients in whom the causative agent is already identified.
A justifiable alternative to performing prostatic localization studies is to treat
bacteriuric men with prolonged courses of antibiotics known to penetrate the
prostate. Studies may be useful in the patient who is not bacteriuric, to distin-
guish bacterial from nonbacterial prostatitis, to confirm a prostatic focus of in-
fection for patients in whom prostatic surgery is contemplated because of recur-
rent UTI, or to help confirm the diagnosis in patients with recurrent symptoms.

The prostatic localization method requires that the patient is well hydrated
and has a full bladder before starting. The glans must be cleaned as previ-
ously noted, and the foreskin must be fully retracted during the procedure.
The specimens collected usually are examined microscopically and cultured
immediately after collection, using methods that allow quantitation of small
numbers of bacteria. Careful microscopic examination alone can pro-
vide useful information (see section (6)).
(1) The patient first voids 20 mL urine (VB1) into one container.
(2) A midstream specimen then is obtained in a second container (VB2).
(3) During prostatic massage, expressed prostatic secretions (EPS) are

collected.
(4) Finally, 10 mL of urine is collected after prostatic massage (VB3).
(5) Interpretation. Meares [10] reviewed the interpretation of this technique

in detail, including illustrative cases. Briefly, if colony counts in specimen
VB1 exceed those in VB3, the bacteria are localized to the anterior urethra.
If VB1 and VB2 are negative or have low counts of bacteria and the EPS
and VB3 have larger numbers of bacteria, bacterial prostatitis must be
considered. If the specimens all yield more than 105 CFU/mL, interpreting
the test is not possible. In this instance, the patient should be treated
with a 2- to 3-day course of nitrofurantoin, which will eradicate bladder
bacteriuria but will not penetrate the chronically inflamed prostate; then
the four-specimen test should be repeated.

(6) In chronic prostatitis, the prostatic fluid (EPS) should reveal more
than 15 WBCs per high power field. Culture of prostatic fluid should re-
veal the offending organism. Colony counts of fewer than 100,000 CFU/mL
generally are seen, with counts of 1,000 CFU/mL or fewer on occasion.

Provided that the urethral and midstream specimens show in-
significant pyuria, more than 15 WBCs per high power field in the
prostate expressate is diagnostic of prostatic inflammation. The
most convincing sign of prostatitis is the finding of both excessive WBCs
and macrophages containing fat droplets (ovoid fat bodies) in EPS.

3. Treatment. Eradication of a persistent prostatic focus of infection often is dif-
ficult. Except for TMP (alone or in combination with SMX), erythromycin (for
gram-positive bacteria), and the quinolones, most antibiotics useful against gram-
negative bacteria diffuse poorly into the prostatic fluid. Therefore, despite pro-
longed 6- to 12-week courses of appropriate antibiotics, cure rates of only about
30% to 40% are reported [10], but these rates are better than those for short-course
regimens.
a. TMP-SMX or a quinolone (Table 15.3) has been reported to be most suc-

cessful for chronic prostatitis when used for prolonged periods. Therapy with
TMP-SMX (one double-strength tablet twice daily) should be continued for a
minimum of 6 weeks and preferably for 12 weeks. Optimal duration of therapy
with the quinolones awaits further study. Ciprofloxacin (500 mg twice a day),
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norfloxacin (400 mg twice a day), or ofloxacin (300 mg twice a day) for 30 days
has been suggested [10].

b. Even prolonged courses of antibiotics may be unsuccessful, particularly if there
are prostatic calculi. Further urologic evaluation and partial prostatectomy
may be indicated in refractory cases. Complete prostatectomy may result in
incontinence or sexual impotency and therefore is contraindicated. Chronic
suppressive therapy with TMP-SMX (one tablet daily) or TMP alone is appro-
priate in patients who continue to relapse after a 12-week course of full-dose
therapy. Nitrofurantoin (100 mg/day) has been used [10]. The quinolones also
are used for chronic suppression, but these agents are far more expensive than
TMP or TMP-SMX (see Chapter 27).

C. Nonbacterial prostatitis is far more common than chronic bacterial pro-
statitis. It is defined as symptomatic prostatic inflammation with negative culture of
urine and prostatic secretions. It has also been referred to as prostatosis [50]. Some
authorities believe that prostatosis is merely bacterial prostatitis caused by small
numbers of organisms. The etiology remains unclear; it is an inflammatory condition
of unknown cause [10]. Systematic reviews have recently questioned the method-
ologic quality of historical diagnostic standards for chronic abacterial prostatitis [51].
1. Symptoms. Complaints are similar to those of patients with chronic bacterial

prostatitis. The patient often has no prior history of a UTI.
2. Diagnosis. Physical examination generally is unremarkable, although some

patients may complain of prostatic tenderness on palpation. EPSs show more
than 10 to 15 WBCs per high power field, but routine urine cultures and
prostatic localization cultures show no bacterial etiology.

3. Treatment. There is no accepted approach to therapy because the etiology of
this disease is unknown. Empiric treatment directed toward chlamydiae, with a
2-week trial of tetracycline (500 mg four times a day), doxycycline (100 mg twice
a day), or erythromycin (250–500 mg four times a day), may provide symptomatic
relief, and a partial response in some patients may justify longer therapy with
these agents (e.g., 4–6 weeks).

Other antibacterial agents are neither effective nor indicated [10,52]. Sitz
baths, therapy with nonsteroidal antiinflammatory agents, and, in some patients,
prostatic massage also may provide symptomatic relief. Surgical intervention is
not indicated. Some patients have greater relief from aspirin than from nons-
teroidal antiinflammatory agents, which may aggravate the problem.

D. Prostatodynia. Patients with this condition have no associated UTI, noninflamma-
tory prostatic secretions with negative cultures of EPS, and no excessive inflamma-
tory cells in their prostatic secretions. This is a common condition [10].
1. The typical patient is a young to middle-aged man with irritative voiding symp-

toms (frequency, urgency, and nocturia) and symptoms of abnormal urinary flow
(hesitancy, diminution of stream force and size, postvoid dribbling).

2. General physical and neurologic examinations are normal except that many pa-
tients have “tight” anal sphincters and tender prostates and paraprostate tissues
on rectal examination [10].

3. Cystoscopic examination often suggests mild to moderate bladder neck obstruc-
tion and variable bladder trabeculation. Meares [10] believed that these patients
have “spastic” dysfunction of the bladder neck and prostate urethra and therefore
called this the bladder neck–urethral spasm syndrome.

Smooth-muscle spasm and high prostatic urethral pressures during voiding
probably lead to intraprostatic reflux of urine and an associated chemical pro-
statitis. α-Blocking agents are beneficial in some patients [10,52].

4. Most men with this syndrome admit to stress and emotional tension. Whether
stress is a cause or merely an effect of prostatodynia is unclear [10].

IV. Epididymitis. This condition is diagnosed readily by physical examination. Most in-
fections in sexually active men are caused by C. trachomatis and N. gonorrhoeae; ure-
thritis and prostatitis may occur concurrently [53,54]. Infection in older men is caused
by the usual uropathogens, gram-negative bacilli, and, infrequently, enterococci; infec-
tion may occur as a complication of concurrent prostatitis. Etiologic agents generally
are recovered from culture of the urethra, urine, or prostatic secretions; alternatively,
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direct aspiration of the epididymis may be required. Therapy is directed at the etiologic
agent and, if present, concurrent sites of infections.

V. Upper UTI. The approach to pyelonephritis in the normal man does not differ from that
in the normal woman. See section III under Urinary Tract Infection in Women, above.

VI. Recurrent infections. The definition of recurrent UTIs in men differs from that used
for women. The defining, but arbitrary, time limit set for repeated infections in women
is 6 months. For men, because UTIs are much less common and less likely to occur as
a sporadic event, two or more UTIs at any time within a 3-year period has been
used to define the syndrome [44].
A. Predisposing factors. The association of prostatitis and recurrent UTIs is even

stronger than for sporadic lower UTIs. Unlike women, men with recurrent UTIs
almost always have evidence of tissue-invasive disease. Most men with recurrent
UTIs will be found to have structural defects of the urinary tract. In those
without structural defects, most will be found to have chronic bacterial prostatitis.
Urologic evaluation is essential in these patients.

B. Therapy
1. The ideal antimicrobial agent is one that penetrates the prostate–blood barrier.

TMP and TMP-SMX are agents with an appropriate antimicrobial spectrum. The
dosages given in Table 15.3 are appropriate for recurrent infection. The best
chance for cure is with 6 weeks of therapy. The quinolones are other commonly
used agents (see Chapter 27).

2. If recurrences are frequent and severe, it may be appropriate to give chronic
suppressive therapy, as discussed in section III.D under General Management
Principles of Urinary Tract Infections. Treatment should be with full therapeutic
dosages (not the low-dose suppressive regimens used in women) in an attempt
to eradicate the focus of tissue infection and, therefore, cause cessation of symp-
tomatic episodes.

URINARY TRACT INFECTION IN THE ELDERLY
Although many of the basic principles in the understanding and treatment of UTI in the
elderly are similar to those for younger patients, several differences are noted in the elderly,
and these deserve emphasis [55–63].

I. Asymptomatic bacteriuria is much more common in the geriatric population than
in younger patients [55–58]. Among young to middle-aged women, the prevalence of
bacteriuria is less than 5% and, among young to middle-aged men, less than 0.1%. By
contrast at least 20% of women and 10% of men who are older than 65 years and are
living at home have bacteriuria. Some, but not all, studies suggest the incidence of
bacteriuria in the elderly rises with increasing age [56].
A. Factors [56–58]

1. The place of residence is a major factor in determining the prevalence of
bacteriuria. Approximately 25% of women and 20% of men living in nursing
homes or extended-care facilities have bacteriuria; even higher percentages of
hospitalized elderly patients have bacteriuria.

2. Debilitated state (i.e., the frail elderly). The higher rates of bacteriuria are
related to the more debilitated state of patients (e.g., after cerebrovascular ac-
cidents, presence of decreased functional status), perineal soiling, poor hygiene,
less complete bladder emptying, and more frequent catheterization.

B. Serial studies show that although at one point in time an elderly patient may
not have bacteriuria, at another point in time he or she will. It seems likely that
most elderly persons experience episodes of asymptomatic bacteriuria at some
time [56].

C. Significance of asymptomatic bacteriuria [56–58]
1. Therapy of asymptomatic bacteriuria in the elderly to prevent renal insuf-

ficiency is not justified. No causal relationship between uncomplicated UTI
and worsening of renal function has been shown.

2. Therapy of asymptomatic bacteriuria is unlikely to result in improvement of
incontinence when present; asymptomatic bacteriuria rarely, if ever, causes
incontinence.
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3. Bacteriuria and mortality. Although it has been suggested that the elderly
with asymptomatic bacteriuria die earlier than their noninfected cohorts, ran-
domized controlled trials have shown that therapy does not provide a perma-
nently sterile urine and has no effect on mortality [57–63].

D. Treatment. In recent reviews, the authors conclude that the treatment of asymp-
tomatic bacteriuria is best avoided because the bacteriuria cannot usually be erad-
icated, therapy is associated with side effects, and treatment is not cost effective
[56–58].

Available data do not support routinely treating asymptomatic bac-
teriuria in the frail elderly [58,63]. Asymptomatic bacteriuria may be
treated, however, before perioperative urethral catheterization or genitourinary
instrumentation.

II. Pathogenesis. The same principles for UTI in adults apply to the elderly. A few
points warrant special emphasis. Most UTIs in the elderly follow invasion of the uri-
nary tract with bacteria by the ascending route. The inoculum size probably is
increased by a shift of the normal vaginal flora toward coliforms, by soiling of the
perineum from fecal incontinence in women, and by catheterization. Lack of estrogen
effect may be important in elderly women (see section II.C under General Approach
to Urinary Tract Infections). Prostatitis is a very important cause of recurrent UTI
in men.

Micturition with complete emptying of the bladder often is impaired in the elderly
due to prostate disease in men, bladder prolapse in women, and neurogenic bladder
in either gender.

III. Microbiologic features [56–58]
A. E. coli is still the most common pathogen infecting the elderly.
B. S. saprophyticus is uncommon in the elderly compared with its incidence in

young women.
C. Elderly men have a higher incidence of gram-positive isolates (e.g., enterococci) for

unclear reasons.
D. Elderly patients have often had prior therapy for UTI or other infections and often

are infected with other gram-negative bacteria (e.g., Proteus, Klebsiella, Enter-
obacter, Pseudomonas species). Frequently, these bacteria are more resistant to
antibiotics than bacteria isolated from younger patients.

E. The frequency of true polymicrobial infections is unclear.
IV. Clinical presentation. Catheter-related infections are discussed separately later in

this chapter under Cather-associated Urinary Tract Infection.
A. Lower UTIs. These usually are easy to recognize if patients are capable of ex-

pressing complaints of dysuria, frequency, and urgency [58].
B. Upper UTls. Acute pyelonephritis in the frail elderly, like other intraabdomi-

nal processes, may present in an atypical fashion. Elderly patients may not have
the classic presentation of high fever, chills, flank pain, and symptoms of lower
UTI. At times, gastrointestinal (nausea or vomiting, abdominal tenderness) or res-
piratory symptoms may be the patients’ initial complaint, even though they do
not have another underlying gastrointestinal or respiratory infection. Clinicians
must always exclude UTIs in the differential diagnosis of disease in septic-
appearing elderly patients. Because of the nonspecificity of pyuria in this age
group and the coexistence of asymptomatic bacteriuria with other causes of sep-
sis, some ambiguity will always have to be accepted. The criteria for diagnosis,
however, do not differ from those described earlier (see section V).

Absence of fever in the elderly does not exclude upper UTI because elderly pa-
tients may have difficulty mounting a fever. Peripheral leukocytosis may also be
absent. Bacteremia and shock are more common in the elderly with pyelonephritis
than in young adults [56]. Blood cultures should be routinely obtained.

V. Diagnosis. In general, the same diagnostic principles that apply to younger patients
apply also to the elderly, with a few noteworthy differences [56–58].
A. Urine collection. It may be difficult to obtain a reliable midstream clean-catch

urine sample for culture in the elderly woman. A single straight-catheter sample
is a reasonable approach in symptomatic patients.

B. Significant urine culture colony counts (midstream collections)
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1. For symptomatic infections, Enterobacteriaceae in at least 105 CFU/mL, and
probably more than 102 CFU/mL, are significant [58].

2. For asymptomatic bacteriuria, more than 105 CFU/mL of the same organism in
two sequential specimens are needed [58].

C. Nonspecificity of pyuria [58]. Unlike younger people, in the elderly the presence
of pyuria does not correlate highly with bacteriuria. In a population-based study in
Finland, 47% of residents had pyuria, but only half of those had bacteriuria [59].
Other studies have shown even higher rates of pyuria in elderly women.

The presence of pyuria is a poor predictor of the presence of bacteriuria, but the
absence of pyuria is a good indicator of the absence of bacteriuria.

D. Necessity of routine urine culture [56–58]
1. For elderly women with typical symptoms of lower UTI, urine culture at the

time of first presentation is suggested but not mandatory [57]. If pyuria
is present, empiric therapy is rational; if the patient does not respond, a urine
culture should be done as an aid to future antibiotic choices. However, urine
culture is recommended in the frail elderly prior to therapy for UTI
[57,58].

2. In recurrent UTI in the elderly woman, urine cultures are advisable to help
guide antibiotic therapy choices.

3. In men, routine cultures are advised [58].
E. Blood cultures. Obtain blood cultures in febrile patients or in any elderly pa-

tient who may have pyelonephritis because bacteremia is relatively common in the
elderly with upper urinary tract disease.

F. Urologic evaluation. Consider urologic evaluation in
1. Men to help assess for obstructive uropathy. (A residual urine volume or bladder

sonogram is a useful screen.)
2. Women with bacteremia or pyelonephritis that does not respond well to anti-

biotics.
VI. Therapy. Asymptomatic bacteriuria should not be treated, as previously discussed.

A. Lower UTI
1. Women. Although some experts recommend that elderly women are treated

initially with 3-day regimens, a more conventional 7-day regimen is favored
[57,58]. Anyone who fails a 3-day regimen should be tried on a 2-week course for
presumed upper UTI. Because of the drug’s spectrum of activity and low toxicity,
TMP alone, norfloxacin, or ciprofloxacin is favored by Baldassarre and Kaye [56];
a more recent review suggests TMP-SMX or nitrofurantoin [57]. For elderly
women with recurrent UTI, a trial of local vaginal topical estrogen therapy may
be beneficial by normalizing vaginal flora (see section IV.C.1 under Urinary
Tract Infection in Women, above).

2. Men deserve at least the conventional duration of therapy (e.g., 10–14 days)
and consideration of underlying structural abnormality or prostatitis, which
may warrant protracted therapy, especially if recurrent infections occur [58].

3. Long-term suppressive therapy may be indicated for patients with frequently
recurring symptomatic infections.

B. Upper UTI. Elderly patients with pyelonephritis are more likely to have bac-
teremia and hypotension, and hospitalization usually is indicated [56].

Although E. coli remains the most common bacterium, more resistant bacteria
are more often found in the frail elderly. For those patients who have acquired their
infection in a long- term care facility, the likelihood of a multiple antibiotic-resistant
bacterium is appreciable [57,58].

A Gram stain of the unspun urine will help guide therapy, in part by helping
to determine whether enterococci are a concern. This is more likely in men.
1. Empiric choice of an agent. Most frail elderly will have some degree of re-

nal impairment, whether recognized or covert (see Chapter 27). If an amino-
glycoside is used in a very ill patient, careful serum level monitoring is
advised. Once susceptibility data are available, alternative safer agents may
often be selected. Alternatives are indicated in Table 15.3. Careful attention
to dosage modification of antibiotics for renal impairment is important (see
Chapter 27).
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For empiric therapy of pyelonephritis with or without urosepsis, intravenous
ampicillin and gentamicin have commonly been used, especially if enterococci
are suggested on the Gram stain of an unspun urine or if urine Gram staining
has not been performed. If only gram-negative bacilli are seen on a Gram stain,
an aminoglycoside or a third-generation cephalosporin alone is a rational choice.
If P. aeruginosa or a multiresistant gram-negative organism is a concern, an
aminoglycoside can be used with another agent while awaiting culture data.

2. Definitive therapy. Once the bacterium is isolated, therapy can be modified
based on the susceptibility data of the causative agent. Complete eradication of
bacteriuria often is not a reasonable goal for the frail elderly, and in the absence
of bacteremia, we sometimes use a shorter course of therapy—that is, 3 days
beyond the time the patient has become afebrile if the patient has responded
well to therapy. Otherwise, a routine 10- to 14-day course of therapy seems
prudent [57,58].

C. Urologic evaluation. An evaluation for the exclusion of obstructive disease is
important for men but is not cost effective for frail elderly women responding to
therapy. However, in both men and women, if the patient is not clinically responding
after 72 hours of appropriate antibiotic therapy, renal ultrasonography is suggested
to help rule out an obstructive uropathy (see under Urinary Tract Infection in Men,
above). A CT is indicated if renal abscess is a concern.

VII. Recurrent infections. Because they have not been studied in a focused manner,
recurrent infections in the frail elderly should be managed as described in section VI
under Urinary Tract Infection in Men and in section IV under Urinary Tract Infection
in Women (see above).

VIII. Foley catheter-related infections. These are discussed separately later in this
chapter under Catheter-associated Urinary Tract Infection.

URINARY TRACT INFECTION IN CHILDREN
Neonatal UTIs are discussed in Chapter 3 under Selected Specific Infections in the Newborn.
Both acute and chronic UTIs in children are relatively common. Several points deserve
special emphasis [64–66].

I. Incidence. UTI occurs in as many as 5% of female and 1% to 2% of male children [64].
II. Pathogenesis. Hematogenous spread of infection to the kidney is the most common

mode of infection in neonates. In older children, the ascending route of infection is most
common.
A. Obstruction with urinary stasis predisposes to UTI. Posterior urethral valve,

obstruction at the ureteropelvic junction or ureterovesical junction, and ectopic
ureterocele are the main causes of anatomic obstruction in children [64].

B. Vesicoureteral reflux is the most common underlying abnormality. The like-
lihood of parenchymal scarring and renal damage is related to the severity of vesi-
coureteral reflux.

C. Risk groups. Children who are at increased risk for bacteriuria or symp-
tomatic UTI with subsequent renal damage include
1. Premature infants discharged from neonatal intensive care units (see Chapter 3).
2. Children with systemic or immunologic diseases.
3. Children with urinary tract abnormalities, renal calculi, neurogenic bladder,

voiding dysfunction, constipation, or a family history of UTI with anomalies such
as reflux.

4. Girls younger than 5 years with a previous history of UTI.
5. Uncircumcised males [15].

III. Etiology is essentially the same as in adults, with at least 80% of infections due to
E. coli. Patients with underlying structural abnormalities and recurrent infections are
more likely to demonstrate other pathogens (Klebsiella, Proteus, and Pseudomonas
species) over time.

IV. Asymptomatic bacteriuria
A. Incidence. Approximately 1% of preschool children, 1.2% to 1.8% of school-aged

girls, and 0.03% of school-aged boys have asymptomatic bacteriuria [64].
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B. Diagnosis is made when, in an asymptomatic child, cultures of two properly ob-
tained, clean-voided, midstream urine specimens grow at least 105 organisms (of
one bacterial type)/mL.

C. Implications [64]. Asymptomatic bacteriuria in children is associated with in-
creased risk of recurrent symptomatic infections that may result in renal scarring.
Hypertension or renal insufficiency, however, is unusual.
1. In 20% to 30% of school-aged girls with asymptomatic bacteriuria, radio-

graphic investigation will reveal upper tract damage, vesicoureteral reflux, or
both. Most of the kidney damage occurs before 5 years of age.

2. Most prospective studies of school-aged girls older than 5 years with asymp-
tomatic bacteriuria have failed to demonstrate decreased glomerular filtration
rates, impaired renal growth, or progressive parenchymal damage in kidneys
that are normal at the start, even if the bacteriuria is left untreated.

3. Bacteriuria in neonates and infants, and in boys beyond infancy, is associated
with a high incidence of urinary tract abnormalities and necessitates prompt
diagnosis and early treatment.

D. Screening neonates and infants for asymptomatic bacteriuria is not practical be-
cause of the difficulties of obtaining a clean urine specimen in this age group. The
only children who should definitely be screened at 6- to 12-month inter-
vals are those at high risk for bacteriuria and subsequent renal damage
(see section II.B).

E. Radiographic studies. Appropriate imaging studies should be performed in boys
of any age with bacteriuria, in girls younger than 5 years, and in older girls with
recurrent episodes of bacteriuria. (See detailed discussion of this in section V.E.)

F. Treatment of asymptomatic bacteriuria. Some have argued that therapy of
asymptomatic bacteriuria may eradicate organisms of low virulence and facilitate
UTI with more resistant bacteria or, alternatively, may be associated with unneces-
sary antibiotic side effects. Although this remains a controversial area, we agree
with recent reviewers who suggest the use of antibiotic therapy in chil-
dren younger than 5 years, with underlying structural abnormalities, and who
progress to symptomatic UTI. A 7- to 10-day course of therapy is suggested, and
failure to respond suggests noncompliance, improper antibiotic therapy, or under-
lying structural defect requiring radiographic evaluation [64].

V. Symptomatic bacteriuria
A. Clinical manifestations. The usual signs and symptoms of lower UTIs in adults

(e.g., dysuria and frequency) often are not present, and patients may have a variety
of symptoms depending on their age. Fever may not be present, and by history,
examination, and routine tests, it often is difficult to distinguish upper from lower
UTI in children.
1. See Table 15.5.

Table 15.5. Signs and Symptoms of Urinary Tract Infections in Different Age Groups

Age Presentation

Neonate and infant Hypothermia, hyperthermia, failure to thrive, vomiting, diarrhea,
sepsis, irritability, lethargy, jaundice, malodorous urine

Toddler Abdominal pain, vomiting, diarrhea, constipation, abnormal
voiding pattern, malodorous urine, fever, poor growth

School-aged child Dysuria, frequency, urgency, abdominal pain, abnormal voiding
pattern (including incontinence or secondary enuresis),
constipation, malodorous urine, fever

Adolescent Dysuria, frequency, urgency, abdominal discomfort, malodorous
urine, fever

From Sherbotic JR, Cornfeld D. Management of urinary tract infections in children. Med Clin North Am
1991;75:328; with permission.
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2. When fever is present in a child, the diagnosis of UTI should routinely be con-
sidered [66].

3. Dysuria, especially without bacteriuria, when present may be attributable
to other causes such as vaginitis, local perineal irritation, use of bubble baths,
masturbation, and pinworm infections. At times, it may be a clue to sexual
molestation [64,66].

B. Physical examination. A careful abdominal examination, gentle rectal examina-
tion, and inspection of the genitals are suggested [64]. Growth failure or hyperten-
sion may be present in a child with renal insufficiency.

C. Diagnosis. A positive urine culture that is properly obtained is essential for
the diagnosis [64,65].
1. Pyuria (≥5 WBCs per high power field) may be absent in centrifuged urine

sediment in 30% to 50% of children with UTI [64,66]. If pyuria is present, it is
strong supportive evidence of a UTI.

2. The leukocyte esterase and nitrite tests on a urinalysis may be falsely nega-
tive or positive in 15% to 30% of childhood cases [64].

3. Urine culture is advised. A properly collected sample may be difficult to obtain
but is essential.
a. For neonates, see Chapter 3.
b. For infants and toddlers, either urethral catheterization (growth of ≥1,000

CFU/mL is significant) or suprapubic bladder aspiration (any growth on cul-
ture is significant) is suggested.

“Bagged” urine specimens frequently are contaminated and, when positive
for growth, are difficult to interpret. A negative urine culture from a bagged
sample is useful in ruling out a UTI [64].

c. For older and cooperative children, clean-voided midstream collection
for urinalysis, Gram stain, and culture is suggested. Significant colony counts
have already been reviewed under Urinary Tract Infection in Men and Uri-
nary Tract Infection in Women and in section IV.B.2 under General Approach
to Urinary Tract Infections (see above).

4. Gram stain (or unstained examination) of unspun urine under a
40-power microscope lens. If bacteria and leukocytes are seen, UTI is likely
[64,66].

D. Antimicrobial therapy. In general, children who appear ill or who are at signifi-
cant risk of becoming seriously ill because of their age (e.g., young infants) or who
have urinary tract abnormalities should be admitted to the hospital and treated
aggressively.
1. Neonates. See Chapter 3.
2. Infants are at risk for serious sequelae of UTI (e.g., sepsis) and so should be

treated with intravenous antibiotics. Initial therapy with intravenous ampi-
cillin plus gentamicin or a third-generation cephalosporin alone is appropriate
(Table 15.6).
a. A repeat urine culture 48 hours after starting therapy is advised. It should

be negative.
b. Intravenous antibiotics are continued until there is clinical improvement and

consistent oral intake [65]. If the patient improves rapidly, a switch may be
made to oral antibiotics after 24 to 48 hours; a total course of 7 to 14 days of
antibiotics (intravenous plus oral) is advised [65].

c. Radiographic evaluation is advised, as below.
d. A repeat urine culture 1 week after completion of therapy is suggested.

3. Children
a. Uncomplicated UTI. Children older than 6 to 12 months of age with nor-

mal urinary tracts who are not toxic can be treated with oral outpatient
regimens.
(1) Ideally, a urine culture at 48 hours is suggested to ensure that the urine

has become sterile.
(2) A conventional 7- to 14-day course of therapy is advised [64–66] (Table

15.6). Ampicillin or amoxicillin still is commonly used in children with
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Table 15.6. Suggested Antimicrobial Therapy for Urinary Tract Infections: Dosages and
Alternatives

Parenteral therapy (suspected upper UTI or sepsis)
Neonates and infants <4–6 mo old

Ampicillin, 75–200 mg/kg/d divided into 4 doses
plus

Gentamicin, 5–7.5 mg/kg/d divided into 2–3 doses
Older children

Ampicillin, 100 mg/kg/d divided into 4 doses
plus

Gentamicin, 7.5 mg/kg/d divided into 3 doses
or

A third-generation cephalosporin alone (e.g., cefotaxime, 100–200 mg/kg/d divided into
3–4 doses)

Oral therapy (acute cystitis, resolving upper UTI)
Neonates and infants <4–6 mo old

Amoxicillin, 40 mg/kg/d divided into 3 doses
or

TMP-SMX,a 6–12 mg/kg/d TMP with 30–60 mg/kg/d SMX, divided into 2 doses
or

Cephalexin, 50 mg/kg/d divided into 3 doses
Older children

TMP-SMX, 6–12 mg/kg/d TMP with 30–60 mg/kg/d SMX, divided into 2 doses
or

Amoxicillin, 40 mg/kg/d divided into 3 doses
Prophylaxis (for recurrent infections)

TMP-SMX, based on 2 mg/kg/d of TMP as a single nighttime dose
or

Nitrofurantoin, 2 mg/kg/d as a single nighttime dose

aSulfonamide agents (e.g., TMP-SMX) should not be used in children younger than 6 weeks.
Antibiotic dosages should be adjusted for the level of renal function, and serum levels should be followed
where appropriate.
UTI, urinary tract infection; TMP, trimethoprim; SMX, sulfamethoxazole.
Modified from Sherbotic JR, Cornfeld D. Management of urinary tract infections in children. Med Clin
North Am 1991;75:335; with permission.

initial uncomplicated UTI, because resistance to E. coli occurs less in
childhood UTI than in adult UTI.

(3) Single-dose regimens are not advised in children.
(4) The use of short-course therapy for UTI in children remains controver-

sial. Until further data are available, 3-day regimens should be reserved
only for selected patients with asymptomatic bacteriuria and girls older
than 5 years with clinical findings of lower UTI, a documented normal
genitourinary tract, and poor compliance (in which case a short course
would be beneficial) [64].

b. Complicated UTI. For patients with fever, chills, CVA tenderness, or gas-
trointestinal upset (i.e., presumed pyelonephritis); those who have undergone
recent instrumentation; or those with significant anatomic abnormalities, ag-
gressive intravenous antibiotics are suggested [64,66].
(1) Empiric therapy with ampicillin and gentamicin or a third- generation

cephalosporin can be started (Table 15.6). Regimens can be revised after
susceptibility data are available.

(2) Clinical improvement with a decrease in the fever usually begins within
48 hours. If this does not occur, obstruction or a resistant pathogen should
be sought [65].
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(3) Intravenous therapy is continued until the patient improves clinically,
with completion of treatment orally based on susceptibility studies
[64,65].

(4) A follow-up urine culture is advised 1 week after therapy and, when pos-
sible, 4 to 6 weeks after therapy.

E. Radiographic evaluation. In children with UTI, radiographic evaluation of the
urinary tract is indicated to identify vesicoureteral reflux, obstruction, or other
urinary tract abnormalities. In approximately 30% to 50% of young children with
their first symptomatic UTI, a structural abnormality will be found. Most commonly
this is vesicoureteral reflux, which is rare in children without UTI.
1. Indications [64–66]

a. Any male or female child younger than 5 years with asymptomatic UTI
or asymptomatic bacteriuria.

b. Any male child with a first episode of UTI or asymptomatic bacteriuria.
c. Recurrent UTI or recurrent asymptomatic bacteriuria in female chil-

dren older than 5 years who have not been previously evaluated. A sexually
active adolescent girl with recurrent lower UTI does not need radiographic
evaluation.

d. A child with his or her first UTI and a family history of urinary tract
abnormalities (e.g., reflux) or recurrent UTI and abnormal voiding pattern,
poor growth, or hypertension.

Data suggest that siblings of patients with known vesicoureteral reflux
should have a screening study done for early detection of reflux, which may
be found in as many as 45% of these children. This is a somewhat controversial
recommendation [64].

e. Any child with pyelonephritis.
2. The choice of radiographic examinations depends on the facilities avail-

able, the skills and experience of the radiologist, and clinical findings
[64–66]. The clinician should review options and plan studies after discussion
with the radiologist.
a. Voiding cystourethrography will detect vesicoureteral reflux, grade the

severity of reflux, and provide anatomic and functional information of the
lower urinary tract.

b. Intravenous urogram has been the time-honored method to evaluate upper
tract abnormalities but exposes the patient to more radiation than other op-
tions. Sonography and radionuclide scintigraphy provides similar data more
safely.

c. Renal ultrasonography is noninvasive and free of ionizing radiation. It
can reveal obstruction, renal size and contour, stones, size of the collect-
ing system, and bladder anatomy. Upper tract infection may be associated
with increases of renal volume of more than 30%. Ultrasonography provides
anatomic information only, and often must be combined with a functional
study.

d. Radionuclide scans
(1) Direct radionuclide voiding cystography will detect reflux with a

50- to 100-fold decrease in gonadal radiation exposure when compared
with voiding cystourethrography, but anatomic detail is not sufficient
enough to grade the severity of reflux [64]. If this test is used as a screen
and is abnormal, then a more definitive voiding cystourethrogra-
phy can be done. Periodic radionuclide cystography examinations can
be performed to assess the degree of reflux over time.

(2) Technetium succimer (Tc-99m dimercaptosuccinic acid [DMSA])
accumulates in functional renal cortex and provides exquisite renal im-
ages. When available, this test is preferred over intravenous urog-
raphy. It is useful in demonstrating acute pyelonephritis and evaluating
focal parenchymal scarring.

e. A reasonable approach for the radiographic evaluation of UTI in children
is shown in Figure 15.1 [64].
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VCUG and ultrasonography

Renal scintigraphy
or IVU

Renal scintigraphy
or IVU

Quit Renal scintigraphy
or IVU

Urologic
evaluation

Follow-up radionuclide cystography
and ultrasonography every 1–2 yr

Normal

Normal Reflux

Normal

Mild ⁄moderate reflux
(normal renal
morphology)

Abnormal Abnormal

Severe reflux
(abnormal renal morphology) Obstruction or

other anatomic
abnormality

Abnormal renal
morphology

FIG. 15.1 The protocol for radiologic evaluation of urinary tract infection in children. IVU,
intravenous urography; VCUG, voiding cystourethrography. (From Zelikovic I, et al. Urinary
tract infections in children: an update. West J Med 1992;157:558; with permission.)

(1) Immediate sonography can be done in the acutely ill child to exclude ob-
struction [64,65].

(2) The optimal timing of radiographic studies. Because transient reflux
can be masked or overestimated during an acute UTI, it was previously
believed that the ideal time for imaging studies was 4 to 6 weeks after
antibiotic therapy. However, it is now recommended that radiographic
studies should be done when infection is controlled and there is no longer
evidence of bladder irritability [65]. If radiographic studies are delayed,
it is prudent to continue low dose prophylactic agents until the urinary
tract anatomy has been defined [65,66].

(3) Patients with abnormalities deserve careful evaluation by a specialist in
this area.

3. Follow-up studies. Mild to moderate reflux usually disappears with in-
creasing age. The goal of management of reflux is to prevent recurrent UTI
and the resultant potential for renal scarring. In patients with documented re-
flux, repeated ultrasonography every 1 to 2 years is indicated to follow renal
growth, and radionuclide cystograms should be used (e.g., every 1–2 years) seri-
ally to determine the resolution of reflux so that antimicrobial prophylaxis can
be discontinued when appropriate [66].

VI. Sequelae [64,66]
A. As many as 80% of children with uncomplicated UTI will have recurrences.
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B. Renal parenchymal infection and renal scarring are well-established com-
plications of UTI in children. Parenchymal scarring is found in 10% to 15% of
children with UTIs. It has been estimated that nearly 10% may develop hyperten-
sion and a smaller percent renal insufficiency [64]. The risk is especially great
in infants and neonates. To reduce the risk of renal damage, the diagnosis and
therapy of UTI must be prompt. Most of the damage to the kidney caused by vesi-
coureteral reflux occurs in infancy and early childhood, and therefore careful workup
to prevent sequelae in this age group is essential.

C. Recurrent infections. The approach to these patients depends on whether there
is an underlying structural abnormality and on the degree of symptomatology.
1. Patients with normal urinary tract anatomy and recurrent UTI. Usually,

three documented UTIs in a 1-year period indicate the need for prophylactic ther-
apy. After a conventional course of antibiotics aimed at the susceptible pathogen,
either TMP-SMX (10 mg/kg/day of the SMX component, given nightly or every
other night) or nitrofurantoin (1–2 mg/kg/day, given nightly) is administered
[64]. These agents are very effective and have few side effects. Usually prophy-
lactic antibiotics are given for 6 to 24 months and are discontinued if the patient
remains free of infection.

2. Children with structural abnormalities, especially vesicoureteral reflux, are
best managed with continuous use of prophylactic antibiotics after the urine has
been successfully sterilized with a conventional course of antibiotics. Antibiotic
regimens similar to those listed in section C.1 can be used. A prophylactic an-
tibiotic is used to prevent UTIs and possible renal damage secondary to reflux of
infected urine.

Prophylaxis often is continued for 12 to 24 months or longer while waiting for
mild to moderate reflux to resolve spontaneously. Serial ultrasonography and
scanning studies will help determine optimum duration of prophylactic antibi-
otics for patients with vesicoureteral reflux.

VII. Surgical intervention
A. Mild to moderate vesicoureteral reflux will resolve spontaneously with growth of

the child in most patients [64,66].
B. High-grade vesicoureteral reflux, nonresolving vesicoureteral reflux, or reflux in

those children unable to take prophylactic antibiotic therapy may require surgical
intervention. These patients should be carefully followed by an experienced pedi-
atric urologist and pediatric nephrologist with a special interest and expertise in
these problems.

Even in patients with high-grade vesicoureteral reflux, conservative management
with prophylactic antibiotics often is attempted and frequently is successful. Over-
all, in approximately 70% of patients with vesicoureteral reflux that is managed
conservatively, the condition resolves spontaneously.

CATHETER-ASSOCIATED URINARY TRACT INFECTION
The most common nosocomial infections are of the urinary tract, accounting for approxi-
mately 40% of all nosocomial infections [67–72]. Most patients with nosocomial UTI have
had genitourinary manipulation, usually urethral catheterization (approximately 80%) or
urologic manipulation (about 20%) [71]. Foley catheters are commonly used in hospitalized
patients and in aged nursing home residents.

I. Methods of catheterization and risk of UTI
A. Single (straight) catheterization. After this procedure, bacteriuria develops in

approximately 1% to 5% or more (up to 20%) of patients. The risk of infection is
lowest in healthy outpatients and greatest in certain high risk patients such as dia-
betics, prepartum or postpartum patients, and especially in the elderly, debilitated,
hospitalized patient [71].

Indications for single catheterization include (a) providing relief of temporary
obstruction or inability to void; (b) obtaining urine from patients who are unable to
provide a clean specimen because of weakness, debility, or other medical problems;
(c) determining the amount of residual urine; and (d) conducting a urologic study of
urethral anatomy.
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B. Intermittent catheterization. This method has been helpful in avoiding long-
term catheterization, especially in young patients with spinal cord injuries
[73,74]. The technique, as originally described after World War II, was a “no-touch”
technique performed by a nurse or urologic technician wearing mask, sterile gown,
and gloves. Using this technique, approximately 65% of male patients and 50% of
female patients were discharged from the hospital with sterile urine [73]. In recent
years, a “clean” (as opposed to “sterile”) technique has been taught to paraplegic
patients who have been able to learn the procedure rather easily. Quadriplegics
have been successfully catheterized by a caregiver using a similar technique. This
has become a very useful approach for treating spinal cord-injured patients [73,74].
Intermittent catheterization might also be useful in the postoperative patient who
is unable to void.

Intermittent catheterization should not be used in circumstances in which
traumatic catheterization may be a problem, such as in obstruction of the urinary
tract due to benign prostatic hypertrophy or carcinoma of the prostate. In these
cases, an indwelling urethral or suprapubic catheter generally is indicated.

There is little, if any, role of prophylactic antibiotics in this setting. An attempt
to use TMP-SMX in patients with spinal cord injuries demonstrated little benefit
[75]; likewise, although limited published data suggest that fluoroquinolones might
be effective, this is not an established practice. This approach is likely only to delay
episodes of bacteriuria and pose a concern for selecting resistant pathogens.

C. Short-term catheterization. This may be necessary for monitoring acutely ill pa-
tients who are unable to void or who are incontinent and in whom measurement
of urine output is mandatory (e.g., postoperative patients or selected patients in in-
tensive care areas). The catheter should be removed as soon as possible to avoid
increasing the risks of nosocomial UTI.
1. Risk factors associated with catheter-related infection [71]

a. Unalterable factors that increase the risk of infection include female gender,
older or debilitated patients, and patients with meatal colonization.

b. Potentially alterable factors, such as duration of catheterization, catheter
care techniques, type of drainage system (a closed system is preferred), and
whether the patient is receiving systemic antibiotics or not affect infection
rates.

2. The per-day risk of developing bacteriuria is approximately 3% to 6%, and the
cumulative risk increases with duration of catheterization. Therefore, nearly
50% of hospitalized patients catheterized for longer than 7 to 10 days
develop bacteriuria [71].

D. Chronic catheterization. The patient with a long-term indwelling catheter is at
high risk of morbidity due to this procedure. The risk of bacteriuria increases with
the duration of catheterization, at a rate of approximately 5% per day. With pro-
tracted catheterization (>30 days) bacteriuria with at least one bacterial strain
is universal, and many patients have at least two bacterial strains [58,67].
1. Indications for long-term bladder catheterization

a. Patients with atonic bladders, such as those with diabetes or other chronic
neurologic disorders.

b. Patients with obstructive uropathy preoperatively, or patients who are not
surgical candidates but who have benign prostatic hypertrophy, prostatic car-
cinoma, and the like.

2. Chronic catheterization should be avoided in the chronically ill inconti-
nent patient if at all possible. When other methods of incontinent management
such as nursing care, behavioral modification, medication, special clothes, and
special bed linens are not successful, there may be no alternative to long-term
urethral catheterization in an attempt to prevent skin maceration and resultant
decubitus ulcers. Condom catheters are an option for the incontinent male patient.

II. Pathogenesis of catheter-associated UTI. Bacteria can enter the urinary tract by
either the periurethral or the intraluminal route [67,70,72].
A. Periurethral or transurethral route. This route of entry is especially impor-

tant in catheterized women, probably accounting for 70% of episodes of bacteriuria.
Bacteria involved in UTI emanate from the rectal flora and organisms colonize the
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periurethral zone. Then organisms enter the urinary tract via the external surface
of the catheter in the mucous sheath between the catheter and urethral mucosa,
similar to the pathogenesis of UTI in noncatheterized women [67,70,71]. This route
may be less important in men.

B. Intraluminal route. Microorganisms can ascend through the lumen of the urinary
catheter into the bladder.
1. In approximately 15% to 20% of infected patients, the infecting organism appears

in the collecting bag before entry into the bladder, which occurs 24 to 48 hours
later.

2. Once in the bladder, small numbers of microorganisms (e.g., 100 organisms/mL)
can increase to large numbers (e.g., >105) in 24 to 48 hours.

3. Two populations of bacteria exist in the catheterized urinary tract.
a. Planktonic growth (bacteria growing in the urine itself). Particularly ad-

herent strains of E. coli (to uroepithelial cells) may be more likely to cause
UTI.

b. Biofilm growth (those bacteria growing on the surface of the catheter). The
growth of a bacterial biofilm progresses in an orderly fashion: Bacteria at-
tach to the catheter and initiate a biofilm form of growth in which organisms
coat the catheter and secrete an extracellular matrix of bacterial glycoca-
lyces in which they become embedded. Host urinary proteins such as Tamm-
Horsfall protein and urinary salts can be incorporated into this biofilm growth,
which eventually leads to encrustation of the inner surface of the catheter [66–
72].
(1) Certain bacteria (e.g., Proteus and Pseudomonas species) appear especially

to contribute to biofilm growth.
(2) In general, biofilm seen on the inner surface of the catheter is much thicker

and of a different nature than that seen on the external surface [67–72].
(3) Implications of the biofilm [67]

(a) To retard bacterial growth within the catheter biofilm, sil-
ver and silver alloy coated catheters have been developed. Such
catheters have been effective in decreasing the frequency of bacteri-
uria and symptomatic UTIs [68]. However, because of the greater ac-
quisition costs, it is not clear whether routine use of silver coated
catheters is cost effective [69].

(b) Urine cultures obtained from the catheter may not reflect bladder
bacteriuria in patients who have organisms in a biofilm on the in-
ner surface of the catheter. Bladder urine could be sterile, but organ-
isms from the catheter biofilm may contaminate the aspirated urine
culture.

(c) Biofilms have been demonstrated to retard the activity of antimicro-
bials. Therefore, if bacteriuria is treated in a given patient, it
may be prudent to replace the catheter.

4. Breaking the connection at the junction of the catheter and drainage tube or
contamination by improper manipulation of the collection bag may facilitate ret-
rograde migration.

C. Catheter insertion. Only occasionally do nosocomial UTIs result from direct in-
troduction of urethral microorganisms at the time of catheter insertion, assuming
proper technique is used [71].

III. Complications arising in use of urinary catheters. Before using indwelling
catheters in a patient, one should be thoroughly familiar with the complications as-
sociated with their use. Whenever possible, an indwelling catheter should be avoided,
and when used it should be left in place for the shortest time possible.
A. Bacteriuria. The incidence of bacteriuria with a bladder catheter depends on the

host and the method and duration of catheterization, as discussed previously [71].
1. Most episodes of bacteriuria are asymptomatic. Criteria have not been estab-

lished for differentiating asymptomatic colonization of the urinary tract from
symptomatic infection [67,71].

2. Pyuria accompanies most episodes of symptomatic infection, and its presence
suggests host invasion rather than simple bladder colonization.
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B. Pyelonephritis. The association between bacteriuria and subsequent pyelonephri-
tis is well documented in both clinical and research settings.
1. The incidence of bacteriuria associated with upper tract disease has not been well

defined or studied.
2. In studies using the antibody-coated bacterial test, as many as 25% of episodes of

catheter-associated bacteriuria were positive, suggesting upper UTI [71]. Fever,
flank pain, or other symptoms of pyelonephritis are uncommon in these patients.

3. Patients with prolonged use of catheters (>10 days) are at increased risk.
C. Bacteremia or gram-negative sepsis. In hospitalized patients, approximately

30% to 40% of all nosocomial gram-negative bacteremias originate from a UTI, usu-
ally catheter associated [71]. It is estimated that 30,000 deaths per year occur as a
result of catheter-related sepsis due to gram-negative bacilli [71].

D. Increased mortality. Epidemiologic studies have related nosocomial bacteriuria to
an approximate threefold relative increase in death. The exact explanation for this
is not known but may involve unrecognized episodes of bacteremia [67,71].

E. Other complications of prolonged urinary catheterization include urinary stones,
vesicoureteral reflux, and local periurethral complications such as prostatitis, pro-
static abscesses, epididymitis, and scrotal abscesses. The frequency of these infec-
tions remains ill defined.

IV. Catheter care. Once the decision to use a catheter has been made, the following
guidelines may be useful in decreasing or minimizing the risk of infection. Catheters
should be used only when absolutely necessary and then for the shortest time
possible.
A. For short-term use, two or three single straight catheterizations (every 6 hours) over

a 24- to 72-hour period may be preferable to an indwelling catheter because of the
lower risk of infection. Repeated straight catheterizations are not advisable in the
patient who may be difficult to catheterize (e.g., patients with prostatic hypertrophy,
prostatic cancer, or urethral strictures).

B. Insertion of the catheter should be performed under aseptic conditions, with
the use of sterile gloves, sterile catheter, liquid antiseptic soap or an iodophor for
perineal cleaning, and sterile water-soluble lubricating jelly for the catheter. Studies
of siliconized or silver ion-coated catheters in comparison with latex catheters have
given mixed results. We believe that the limited value, if any, of newer catheters does
not warrant their added cost.

C. A sterile closed drainage system with a disposable plastic bag and connecting
tubes should be used. The junction of the catheter and drainage tube should
not be disconnected unless irrigation of an obstructed catheter is necessary, and
irrigation should be done with sterile technique. Urine for culture should be aspirated
from the aspiration port or distal-most portion of the catheter.

D. Maintain adequate urine flow at all times. Ideally, sufficient fluid to maintain a
urine output of greater than 100 mL/h should be given if it is not contraindicated by
the patient’s clinical condition. Such a urine flow may prevent the ascent of bacteria
through the collecting system.

E. Gravity drainage should be maintained, with the collection bag lower than the level
of the bladder at all times. The bag should never touch the floor and should have a
valve adequate to prevent reflux of urine into the bladder if the bag is accidentally
raised above the level of the bladder. Urine in the collection bag may have very high
bacterial colony counts. The downward drainage will help prevent retrograde spread
of bacteria to the patient’s bladder. The catheter should not be clamped except when
the patient must be separate from his or her drainage bag or temporarily when a
culture specimen is being collected.

F. Although some have suggested routine catheter change every 2 to 3 weeks [2], we
concur with other experts [15] who suggest that a chronic catheter should not be
changed on a routine schedule. Indications for catheter change include
(a) malfunction or leakage; (b) obstruction of the catheter; (c) contamination of
the system (e.g., breaking the connection between catheter and drainage tube);
(d) concretions felt in the catheter lumen, which may precede obstruction of the
catheter; (e) bacteriuria requiring antibiotic therapy as previously discussed in
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section II.B.3; and (f) in candiduria, catheter-change may be associated with clearing
of the candiduria [15] (see Chapter 17).

G. To minimize the risks of cross-contamination, a patient with an indwelling
catheter should not be placed in the same room as another patient with
an indwelling catheter. Likewise, it is important that hospital personnel wash
their hands before and after handling any portion of the collection system. Gloves
should be used whenever the collection bag is handled, because the bag may be
contaminated.

H. After the catheter has been removed, a follow-up urine culture should be done. Symp-
tomatic or persistent bacteriuria should be treated.

I. Urinary catheters should not be used as a matter of convenience for the
nursing staff or physician.

J. Cleansing the periurethral area with povidone-iodine solution or daily cleansing
with soap and water are not recommended. These forms of meatal care may, in fact,
cause meatal irritation and increase the risk for retrograde extraluminal bacterial
migration. In addition, they are expensive.

K. Additional measures have been used. Attempts to prevent collection bag–related
infection using a variety of bag antibacterial substances (e.g., hydrogen peroxide)
have demonstrated no difference in the incidence of bacteriuria among patients
whose bags were treated and those whose bags were not. Attempts to modify the
catheter by incorporating a vent or by coating the catheter with various antibacte-
rial substances require further study before they can be recommended for routine
use.

L. Condom catheters are a preferred alternative in selected alert cooperative patients
who can receive meticulous skin care to prevent meatal ulceration. See discussion
in section VI.

M. Chronic catheterization. Prevention of infection is very difficult in these patients,
who universally develop bacteriuria over time.

V. Management of catheter-associated bacteriuria. While the catheter is in place,
systemic antimicrobial treatment of asymptomatic catheter-associated bacteri-
uria is not recommended [58,67,71]. Because complications of long-term catheteri-
zation are primarily infectious in nature, there is a temptation to treat all patients with
catheter-associated bacteriuria; such treatment during catheterization is not helpful
in eradicating infection for prolonged periods of time and serves only to select popu-
lations of organisms that are resistant to the antibiotics being used. Therefore, while
the catheter is in place, antibiotic treatment is recommended only for symp-
tomatic infection (i.e., bacteremia, pyelonephritis, epididymitis) [58,67,71].
A. Short-term catheterization. Not all patients who have been catheterized for short

periods of time require a urine culture after the catheter is removed. Most patients
who have bacteriuria immediately after catheter removal are asymptomatic and
many patients, especially younger women, will have cleared the bacteria on repeat
culture 1 to 2 weeks later. If symptomatic bacteriuria is present or if the patient is at
high risk for symptomatic infection (pregnancy, diabetes, age over 65, or prolonged
catheterization over 10 days), a urine culture should be obtained and appropriate
antibiotic treatment based on susceptibility data should be instituted. The optimal
antibiotic regimen in this setting is unclear. In one study of women, persistent bac-
teriuria after short-term catheterization (e.g., 4–6 days) that was asymptomatic or
associated with lower UTI symptoms only was treated as effectively with single doses
of TMP-SMX (320–1,600 mg) as with a 10-day course of TMP-SMX (160–800 mg
twice a day) in women younger than 65 years old [76]. For older women, patients
with upper tract symptoms, and males (with possible prostatic involvement), we
favor conventional therapy (i.e., 10–14 days of antibiotic therapy based on suscepti-
bility studies).

B. Long-term catheterization. Certain guidelines are helpful in monitoring and
managing these patients.
1. Urine cultures in patients with chronic indwelling catheters often reveal mul-

tiple species of organisms, frequently with counts of 100,000 CFU/mL or more.
These results are difficult to interpret and frequently change over short periods
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of time. Routine urine cultures are not recommended if the catheter is
draining properly.

2. Antibiotic irrigation of the catheter and bladder is of no advantage. Although
bacteria can be suppressed, the beneficial effect is canceled by the contamination
that occurs by periodically opening the collecting system.

3. Asymptomatic bacteriuria should not routinely be treated. This condition
is very common, as was indicated previously. Because of the presence of a foreign
body (i.e., the catheter), one cannot sterilize the bladder for prolonged periods of
time. Unnecessary or prolonged use of antibiotics will only increase the likelihood
of selecting out more resistant organisms.

4. Systemic antibiotics should be used for catheterized patients who are
febrile and ill-appearing, presumably from a UTI, with signs or symp-
toms suggesting a possible UTI-related bacteremia or pyelonephritis.
Causes of fever other than a urinary tract source should be evaluated, the
catheter should be assessed for partial or complete obstruction, the patient should
be examined for periurethral complication of urethral catheterization, and a urine
culture should be aseptically obtained. Because these are hospital-acquired
infections, relatively resistant bacteria should be anticipated when se-
lecting empiric antibiotic therapy. Definitive antibiotic therapy should be
adjusted based on susceptibility studies once they are available.
a. Bacteremic patients. If bacteremia is suspected or known, broad-spectrum

antibiotics are indicated while one is awaiting results of urine and blood cul-
tures. For the hospitalized patient, enterococcal bacteremia would be uncom-
mon and could, for all practical purposes, be excluded if an unspun urine Gram
stain showed no gram-positive cocci. While awaiting cultures, an aminoglyco-
side, extended-spectrum penicillin or cephalosporin, or a fluoroquinolone alone
could then be chosen on the basis of local antibiotic susceptibility patterns.

These patients usually require a full 10- to 14-day course of antibiotics be-
cause of the associated bacteremia. Once culture data are available, initial
empiric therapy can be tailored based on susceptibility data.

b. Nonbacteremic UTI. If no bacteremia is suspected or documented, these
patients should be treated with less than 10 days of antibiotics, and shorter
courses (e.g., 5–7 days) are suggested [58]. This will usually sterilize the urine
without selecting out more resistant bacteria. The optimal duration of ther-
apy for a UTI in a male with a chronic catheter is not established. Prolonged
therapy may only select out resistant organisms. However, a 3- to 5-day course
may allow a prostatic focus to persist. While awaiting further guidelines in
this setting, a 7-day course may be a reasonable compromise.

For a patient who has just a low-grade temperature and is clinically stable,
observation may be reasonable as the low-grade temperature may be transient.

c. Catheter change. When antibiotics are to be given for catheter-related in-
fections, the catheter should be changed and the urine cultured from the new
catheter, as discussed in section II.B.3.

5. Chronic antibiotic suppressive therapy is not effective in these patients.
Because the catheter acts as a foreign body, the urine of these patients cannot
be sterilized for a prolonged period. Therefore, there are no data to support the
use of daily TMP-SMX, quinolones, or other antibiotics in this group of patients.
In addition, chronic use of methenamine and ascorbic acid is not effective in
these patients. Methenamine requires 30 to 90 minutes to form formaldehyde,
the active urinary suppressant. If the catheter is providing adequate drainage,
the necessary “contact time” is not provided in the catheterized patient. (See
methenamine discussion in Chapter 27.)

6. Follow-up therapy. When the catheter is discontinued, the urine should be
cultured and persistent or symptomatic bacteriuria should be treated (see
section V.A).

VI. Condom catheters. To obtain adequate urinary outputs, to maintain dryness of the
patient with urinary incontinence, or to prevent soiling of an adjacent wound of the
sacrum or perineum, a condom catheter system is an excellent alternative to indwelling
urethral catheters in the male patient without outlet obstruction. This avoids problems
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associated with having a catheter within the bladder; however, bladder bacteriuria may
still develop in condom-catheterized patients [77].
A. The risk for bladder bacteriuria in condom-catheterized patients is increased in

uncooperative patients who frequently manipulate their condom drainage system.
B. Other complications of condom catheterization include local skin maceration,

breakdown, and ulceration.
C. These problems should not occur if (a) constriction by the condom roller ring is

avoided; (b) kinking of the collection roller ring or the collection system, which would
result in urine retention, is prevented; and (c) the condom is removed once or twice
daily to wash and dry the skin. Circumcision may be necessary if the prepuce is
macerated and inflamed.

D. Physicians should be aware of the potential for bladder distention and vesicoureteral
reflux in some patients with neurogenic bladders, including spine-injured patients.

FUNGAL URINARY TRACT INFECTIONS
The presence of fungi in the urine often presents a diagnostic dilemma. C. albicans and
other Candida species in the urine are seen most frequently in diabetics, in patients with
indwelling bladder catheters, in patients receiving antibiotics, and occasionally in patients
who have had previous instrumentation of the urinary tract.

The presence of fungi in the urine is most often due to colonization of the bladder
and does not represent true infection. This topic is discussed in Chapter 17.

INTRARENAL AND PERINEPHRIC ABSCESS
Intrarenal abscess occurs either as an uncommon consequence of ascending UTI, usually in
patients with pyelonephritis and underlying obstructive urinary tract abnormalities; dia-
betes [9]; or hematogenous spread of bacteria from an extrarenal primary focus of infection
[78]. Intrarenal abscess also may result from spontaneous infection of preexisting renal
cysts. Perinephric abscess usually is the result of rupture of an intrarenal abscess into the
perinephric space [78]. These are uncommon complications of UTI, and because the onset of
symptoms is characteristically insidious, they may be overlooked as a cause of fever and
flank or abdominal pain.

I. Clinical manifestations
A. Setting. Intrarenal and perinephric abscesses are most frequently associated with

pyelonephritis in patients with underlying obstructive urinary tract abnormalities.
Sometimes, intrarenal abscess is caused by S. aureus. Although one-third of patients
with hematogenously derived S. aureus intrarenal abscesses will have no discernible
primary focus of infection, most will have clinically apparent skin and soft tissue in-
fections due to S. aureus; predisposing conditions are those that increase the risk
for S. aureus bacteremia, including hemodialysis, intravenous drug abuse, and dia-
betes mellitus. Renal cyst infection in patients with polycystic kidney disease usually
follows ascending UTI; however, on occasion, infection may be iatrogenic after cyst
instrumentation.

B. Signs and symptoms. Intrarenal and perinephric abscesses usually present with
fever, chills, and flank or abdominal pain [78]. Confusion and resultant delay in
diagnosis occur when no localized signs or symptoms are present; when nausea,
vomiting, or abdominal symptoms predominate; and because of the usual insidious
nature of the onset of symptoms. Flank and CVA tenderness are the most common
physical findings, with some patients demonstrating a tender flank or abdominal
mass. Dysuria may or may not be present.

II. Diagnosis
A. Signs and symptoms. Clinical findings of fever, chills, and back pain are nonspecific

and may be seen with pyelonephritis, renal and perirenal abscesses, and, occasion-
ally, with renal tumor. An abscess or other space-occupying lesion and pyelonephritis
complicated by obstruction should be considered in the patient with UTI when
fever persists beyond 48 to 72 hours despite appropriate antimicrobial
therapy.

B. Urinalysis. Pyuria, proteinuria, bacteriuria, or hematuria usually are present in
patients whose infections originate from ascending infection; however, in one-third
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of patients, abscess collections will not be in communication with the col-
lecting system and urinalysis will be normal [78]. Patients with intrarenal
abscesses due to S. aureus bacteremia and those with infected cysts often will have
a normal urinalysis.

C. Urine culture. Two-thirds of patients will have urine cultures positive for aerobic
gram-negative bacilli, most commonly E. coli, Klebsiella species, and Proteus species.
However, urine cultures frequently are sterile in patients with infected
renal cysts. Low colony counts (102 to 104 CFU/mL) of S. aureus are present in
one-half of patients with bacteremic intrarenal abscesses; urine cultures positive
for S. aureus in patients who have neither been catheterized nor treated
by instrumentation should suggest an underlying S. aureus bacteremia
and, if clinical manifestations are present, possible secondary intrarenal abscess
[78].

D. Blood cultures. Bacteremia is confirmed in fewer than one-third of patients [78].
Sustained S. aureus bacteremia suggests concurrent endocarditis (see Chapter 12).

E. Radiographic studies. Ultrasonography and CT are the imaging tests preferred
for definite diagnosis. Ultrasonography can identify associated urinary obstruc-
tion, and CT allows precise anatomic information on the extent of extrarenal soft
tissue extension. Both imaging procedures provide guidance for percutaneous aspi-
ration and drainage. Infected intrarenal cysts may be identified by gallium scanning.
Scan-guided percutaneous cyst aspiration and culture provide the definite diagno-
sis. Excretory urography is used less frequently today for diagnosis; abnormalities
suggestive of intrarenal or perinephric abscess include decreased renal mobility, di-
minished renal function, calyceal abnormalities, and displacement of the kidney or
ureter.

III. Therapy
A. Intrarenal abscesses often respond to antimicrobial therapy alone, and surgi-

cal intervention generally is not required. Empiric antimicrobial therapy should
be directed against aerobic gram-negative bacilli and S. aureus. An aminoglyco-
side (gentamicin or tobramycin) or aztreonam in combination with a semisyn-
thetic penicillinase-resistant penicillin (nafcillin or oxacillin) or a first-generation
cephalosporin (cephalothin, cephapirin, or cefazolin) provide appropriate therapy
pending the results of culture and susceptibility testing. Intravenous antibiotics are
suggested in doses used for bacteremic patients, because high renal and extrarenal
tissue levels of antibiotics are desirable.

Once susceptibility data are available, a conservative course of therapy of 6 to
8 weeks usually is begun; however, longer term therapy may be necessary based on
the clinical response. Treatment of patients with polycystic disease is complicated by
the unpredictable penetration of antibiotics into infected cysts [79], and infectious
disease consultation is advised. Percutaneous drainage is indicated in a patient with
a large intrarenal abscess, persistent fever, and no clinical improvement after 5 to
7 days of appropriate antimicrobial therapy. Prompt percutaneous nephrostomy
drainage of obstructive lesions should be performed acutely, with delayed perma-
nent corrective surgery.

B. Perinephric abscesses usually require percutaneous or open drainage, and fre-
quently nephrectomy is necessary for definitive therapy. Along with early drainage,
empiric antibiotic therapy, as stated in section A, should be instituted. Despite
improved diagnostic and surgical techniques, the mortality for perinephric ab-
scesses remains high [78]. Early urologic and infectious disease consultations are
advised.

GENITOURINARY TUBERCULOSIS
I. Renal tuberculosis. As in most forms of extrapulmonary tuberculosis, renal tubercu-

losis is the result of blood-borne dissemination from a primary focus elsewhere in the
body, usually the lung but occasionally the gastrointestinal tract. The tubercle bacilli
may be dormant for many years and may reactivate at a later time, with subsequent for-
mation of caseous and cavitary necrosis of the kidney, prostate, or other genitourinary
organs [80–82]. Tuberculosis is discussed in detail in Chapter 11.
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A. Clinical presentation
1. Symptoms of dysuria, frequency, nocturia or urgency, and flank or back pain are

frequently reported, but fever and constitutional symptoms generally are absent.
2. Approximately one-third of patients with renal tuberculosis have a history of

tuberculosis elsewhere in the body that occurred many years previously. Sites of
concurrent infection include the lung, bones, joints, other genitourinary organs,
and adrenal glands.

B. The tuberculin skin test generally is positive in these patients.
C. The urinalysis frequently is abnormal, demonstrating the presence of pyuria or

hematuria or both. Proteinuria also may be present. Routine bacterial cultures of
urine are characteristically negative—hence, the so-called sterile pyuria that often
is associated with renal tuberculosis.

D. Abnormal chest roentgenograms may be obtained in as many as 75% of such
patients, most of whom have inactive pulmonary disease. Some patients have active
pulmonary tuberculous infection concurrently.

E. Special studies
1. Smears. Urine smears for acid-fast bacilli may have false-positive results because

of saprophytic mycobacteria present in the urine of healthy patients.
2. PCR is a sensitive and specific rapid diagnostic test [83]. However, it may not be

widely available.
3. Acid-fast bacilli cultures. Three first-morning clean-catch specimens of urine

are preferred over 24-hour collections, which often are contaminated samples.
The urine culture will be positive in as many as 90% of patients.

4. Intravenous pyelogram. The radiographic appearance may support the diag-
nosis but is nonspecific. In addition, autonephrectomy is common in renal tuber-
culosis, and often there is secondary calcification.

F. Therapy. Extrapulmonary tuberculosis is treated in a manner similar to pulmonary
tuberculosis if isoniazid and rifampin can be used for sensitive isolates, with 6 to
9 months of therapy sufficient for most patients. If isoniazid and rifampin can-
not be used together, more protracted therapy (18–24 months) is indicated (see
Chapter 11).

Surgery was the mainstay of treatment before the advent of antituberculous
chemotherapy. At present, surgery generally is reserved for complications of renal
tuberculosis, such as hemorrhage, sepsis, pain, inability to sterilize the urine, or
ureteral stricture [84].

G. Prognosis with chemotherapy is good, with few relapses occurring in patients com-
pleting a full course of chemotherapy. Complications may result even though bacteri-
ologic cure has been achieved. Hypertension, bacterial UTI, and ureteral obstruction
may be seen.

II. Male genital tuberculosis. Tuberculosis of other portions of the male genitourinary
tract may be present concurrently with renal tuberculosis. This suggests that infec-
tion may occur directly from the urine itself, although hematogenous spread can occur.
Epididymitis is the most common form of male genital tuberculosis. A palpable painful
lesion is characteristic of this disease, and the tuberculin skin test generally is positive.
Diagnosis is made by biopsy and culture of the mass.

III. Female genital tuberculosis. Tuberculosis of the female genital tract is the result
of hematogenous spread of tubercle bacilli. The fallopian tubes are most commonly
involved. Common complaints are chronic pelvic and abdominal pain, menstrual disor-
ders, and infertility. The tuberculin skin test generally is positive, and constitutional
symptoms and fever are absent. The demonstration of tubercle bacilli is necessary for
diagnosis. Endometrial curettage may reveal granulomas in half the patients with tu-
berculous endometritis. However, monthly sloughing of the endometrium in the men-
struating patient may make histologic diagnosis difficult. Culdoscopy, laparoscopy, and
laparotomy ultimately may be required to establish the diagnosis.

REFERENCES
1. Preheim LC. Complicated urinary tract infections. Am J Med 1985;79:62.
2. Falagas ME, Gorbach SL. Practice guidelines: urinary tract infections. Infect Dis Clin

Pract 1995;4:241.



P1: HAG/HCN P2: HAG/HBT QC: HAG/FLX T1: IML

PB207B-15 PB207A-Betts/6678F September 3, 2002 7:27 Char Count= 0

538 15. Genitourinary Tract Infections

3. Stamey TA. Pathogenesis and treatment of urinary tract infections. Baltimore: Williams
& Wilkins, 1980.

4. Stamm WE, et al. Urinary tract infections: from pathogenesis to treatment. J Infect Dis
1989;159:400.

5. Kunin CM. Urinary tract infections in females. Clin Infect Dis 1994;18:1.
6. Avorn J, et al. Reduction of bacteriuria and pyuria after ingestion of cranberry juice.

JAMA 1994;271:751.
7. Kontiokari T, Sundqvist K, Nuutinen M, et al. Randomised trial of cranberry-lingonberry

juice and Lactobacillus GG drink for the prevention of urinary tract infections in women.
BMJ 2001;322:1571.

8. Hooton TM, et al. Escherichia coli bacteriuria and contraceptive method. JAMA
1991;265:64–69.

9. Patterson JE, Andriole VT. Bacterial urinary tract infections in diabetes. Infect Dis Clin
North Am 1995;9:25.

10. Meares EM, Jr. Prostatitis. Med Clin North Am 1991;75:405.
11. Bergeron MG. Treatment of pyelonephritis in adults. Med Clin North Am 1995;79:619.
12. Stamm WE. Measurement of pyuria and its relation to bacteriuria. Am J Med

1983;75:53.
13. Mears EM. Renal abscess. In: Gorbach SL, Bartlett JG, Blacklow NR, eds. Infectious

diseases. Philadelphia: Saunders, 1992:805–808.
14. Stamm WE. Quantitative urine cultures in infectious disease diagnosis: use and abuse.

Symposium on quantitative cultures in infectious disease diagnosis: use and abuse. 35th
Interscience Conference on Antimicrobial Agents and Chemotherapy. San Francisco,
California, Sept. 19, 1995.

15. Stamm WE, Warren JE. Meet the Professor Session: Urinary Tract Infection. Infectious
Disease Society of America 33rd Annual Meeting. San Francisco, California, Sept. 16,
1995.

16. Jenkins RD, Fenn JP, Matson JM. Review of urine microscopy for bacteriuria. JAMA
1986;255:3397.

17. Komaroff AL. Urinalysis and urine culture in women with dysuria. Ann Intern Med
1986;104:212.

18. Stamm WE. When should we use urine cultures? Infect Control 1986;7:431.
19. Stamm WE, et al. Causes of acute urethral syndrome in women. N Engl J Med

1980;303:409.
20. Stamm WE, et al. Diagnosis of coliform infection in acutely dysuric women. N Engl J

Med 1982;307:463.
21. Kunin CM. A reassessment of the importance of “low-count” bacteriuria in young women

with acute urinary symptoms. Ann Intern Med 1993;119:454.
22. Lipsky BA, et al. Diagnosis of bacteriuria in men: specimen collection and culture inter-

pretation. J Infect Dis 1987;155:847–854.
23. Scheer WE. The detection of leukocyte esterase activity in urine with a new reagent

strip. Am J Clin Pathol 1987;87:86.
24. American College of Physicians. Common uses of intravenous pyelography in adults. Ann

Intern Med 1989;111:83. [See also Mushlin AL, Thornbury JR. Intravenous pyelography:
the case against its routine use. Ann Intern Med 1989;111:58.]

25. Belman AB. Urinary imaging in children. Pediatr Infect Dis J 1989;8:548.
26. Sobel JD, Kaye D. Urinary tract infections. In: Mandell GL, Bennett JE, Dolin R, eds.

Principles and practice of infectious diseases, 5th ed. New York: Churchill Livingstone,
2000:773–805.

27. Warren JW, Abrutyn E, Hebel JR, et al. Guidelines for antimicrobial treatment of un-
complicated acute bacterial cystitis and acute pyelonephritis in women. Clin Infect Dis
1999;29:745.

28. Gupta K, Sahm DF, Mayfield D, et al. Antimicrobial resistance among uropathogens that
cause community-acquired urinary tract infections in women: a nationwide analysis.
Clin Infect Dis 2001;33:89.

29. Jones SR, Smith JW, Sanford JP. Localization of urinary tract infections by detection of
antibody-coated bacteria in urine sediment. N Engl J Med 1974;290:591.

30. Andriole VT, Patterson TF. Epidemiology, natural history, and management of urinary
tract infections in pregnancy. Med Clin North Am 1991;75:359.



P1: HAG/HCN P2: HAG/HBT QC: HAG/FLX T1: IML

PB207B-15 PB207A-Betts/6678F September 3, 2002 7:27 Char Count= 0

15. Genitourinary Tract Infections 539

31. Stamm WE, Hooton TM. Management of urinary tract infections in adults. N Engl J
Med 1993;329:1328–1334.

32. Norrby SR. Short-term treatment of uncomplicated lower urinary tract infections in
women. Rev Infect Dis 1990;12:458.

33. Safrin S, et al. Pyelonephritis in women: inpatient vs. outpatient treatment. Am J Med
1988;85:793.

34. Stamm WE, McKevitt M, Counts GW. Acute renal infection in women: treatment with
trimethoprim-sulfamethoxazole or ampicillin for two or six weeks. A randomized trial.
Ann Intern Med 1987;106:341.

35. Behr MA, Drummond R, Libman MD, et al. Fever duration in hospitalized acute
pyelonephritis patients. Am J Med 1996;101:277–280.

36. Schwab SJ, Bander SJ, Klahr S. Renal infection in autosomal dominant polycystic kidney
disease. Am J Med 1987;82:714.

37. Nicolle LE, Ronald AR. Recurrent urinary tract infection in adult women: diagnosis and
treatment. Infect Dis Clin North Am 1987;1:793–806.

38. Stapleton A, et al. Postcoital antimicrobial prophylaxis for recurrent urinary tract infec-
tion: a randomized, double-blind, placebo-controlled trial. JAMA 1990;264:703–706.

39. Stamm WE, McKevitt M, Toberts NJ. Natural history of recurrent urinary tract infec-
tions in women. Rev Infect Dis 1991;13:77–84.

40. Stamm WE, et al. Antimicrobial prophylaxis of recurrent urinary tract infections. A
double-blind, placebo-controlled trial. Ann Intern Med 1980;106:341–345.

41. Gupta K, Hooton TM, Roberts PL, et al. Patient-initiated treatment of uncomplicated
recurrent urinary tract infections in young women. Ann Intern Med 2001;135:9–16.

42. Raz R, Stamm WE. A controlled trial of intravaginal estriol in postmenopausal women
with recurrent urinary tract infections. N Engl J Med 1993;329:753–756.

43. Lipsky BA. Urinary tract infections in men. Epidemiology, pathophysiology, diagnosis
and treatment. Ann Intern Med 1989;110:138–150.

44. Smith JW, et al. Recurrent urinary tract infections in men. Characteristics in response
to therapy. Ann Intern Med 1979;91:544.

45. Meares EM Jr, Stamey TA. Bacteriologic localization patterns in bacterial prostatitis
and urethritis. Invest Urol 1968;5:492.

46. Krieger JN, Nyberg L Jr, Nickel JC. NIH consensus definition and classification of pro-
statitis. JAMA 1999;282:236.

47. Nickel JC, Downey J, Hunter D, et al. Prevalence of prostatitis-like symptoms in a pop-
ulation based study using the National Institutes of Health chronic prostatitis symptom
index. J Urol 2001;165:842.

48. Meares EM Jr. Prostatitis and related disorders. In: Walsh PC, et al., eds. Campbell’s
urology, 7th ed. Philadelphia: Saunders, 1998:615–630.

49. McNaughton Collins M, Fowler FJ Jr, Elliott DB, et al. Diagnosing and treating chronic
prostatitis: do urologists use the four-glass test? Urology 2000;55:403.

50. Meares EM, Jr. Bacterial prostatitis versus “prostatosis.” A clinical and bacteriological
study. JAMA 1973;224:1372.

51. Collins MM, MacDonald R, Wilt TJ. Diagnosis and treatment of chronic abacterial pro-
statitis: a systematic review. Ann Intern Med 2000;133:367–381.

52. Nickel JC, Downey J, Johnsto B, et al. Predictors of patient response to antibiotic ther-
apy for the chronic prostatitis/chronic pelvic pain syndrome: a prospective multicenter
clinical trial. J Urol 2001;165:1539.

53. Ireton RC, Berger RE. Prostatitis and epididymitis. Urol Clin North Am 1984;11:
83–93.

54. Berger RE, Kessler D, Holmes KK. Etiology and manifestations of epididymitis in young
men: correlations with sexual orientation. J Infect Dis 1987;155:1341–1343.

55. Vorland LH, Carlson K, Aalen O. An epidemiological survey of urinary tract infections
among outpatients in Northern Norway. Scand J Infect Dis 1985;17:277–283.

56. Baldassarre JS, Kaye D. Special problems of urinary tract infection in the elderly. Med
Clin North Am 1991;75:375.

57. Nicolle LE. Urinary tract infection in long-term-care facility residents. Clin Infect Dis
2000;31:757–761.

58. Nicolle LE. Urinary tract infections in long-term-care facilities. Infect Control Hosp Epi-
demiol 2001;22:167–175.



P1: HAG/HCN P2: HAG/HBT QC: HAG/FLX T1: IML

PB207B-15 PB207A-Betts/6678F September 3, 2002 7:27 Char Count= 0

540 15. Genitourinary Tract Infections

59. Heinamaki P, et al. Urinary characteristics and infection in the very aged. Gerontology
1984;30:403.

60. Yoshikawa TT. Unique aspects of urinary tract infection in the geriatric population.
Gerontology 1984;30:339–344.

61. Ouslander JG, Schapira M, Schnelle JF, et al. Does eradicating bacteriuria affect the
severity of chronic urinary incontinence in nursing home residents? Ann Intern Med
1995;122:749.

62. Nicolle LE, et al. The association of bacteriuria with resident characteristics and survival
in elderly institutionalized men. Ann Intern Med 1987;106:682–686.

63. Boscia JA, et al. Epidemiology of bacteriuria in an elderly ambulatory population. Am J
Med 1986;80:208–214.

64. Zelikovic I, Adelman RD, Nancarrow PA. Urinary tract infections in children, an update.
West J Med 1992;157:554–561.

65. American Academy of Pediatrics. Practice parameter: the diagnosis, treatment, and
evaluation of the initial urinary tract infection in febrile infants and young children.
Pediatrics 1999;103:843–852.

66. Carmack MA, Arvin AM. Urinary tract infections-navigating complex currents. West J
Med 1992;157:587–588.

67. Stamm WE. Catheter-associated urinary tract infections: epidemiology, pathogenesis,
and prevention. Am J Med 1991;91[Suppl 3B]:65–71.

68. Saint S, Elmore JG, Sullivan SD, et al. The efficacy of silver alloy-coated urinary
catheters in preventing urinary tract infection: a meta-analysis. Am J Med 1998;105:
236.

69. Saint S, Veenstra DL, Sullivan SD, et al. The potential clinical and economic benefits
of silver alloy urinary catheters in preventing urinary tract infection. Arch Intern Med
2000;160:2670.

70. Tambyah PA, Halvorson KT, Maki DG. A prospective study of pathogenesis of catheter-
associated urinary tract infections. Mayo Clin Proc 1999;74:131.

71. Stamm WE. Nosocomial urinary tract infections. In: Bennett JV, Brachman PS, eds.
Hospital infections, 4th ed. Philadelphia: Lippincott-Raven, 1998:477–485.

72. Warren JW. The catheter and urinary tract infection. Med Clin North Am 1991;75:481.
73. Perkash I, Giroux J. Clean intermittent catheterization in spinal cord injury patients: a

follow-up study. J Urol 1993;149:1068.
74. Kamitsuka PF. The pathogenesis, prevention, and management of urinary tract infec-

tions in patients with spinal cord injury. Curr Clin Top Infect Dis 1993;13:1.
75. Gribble MJ, Putterman ML. Prophylaxis of urinary tract infection in persons with recent

spinal cord injury: a prospective, randomized, double-blind, placebo controlled study of
trimethoprim-sulfamethoxazole. Am J Med 1993;95:141.

76. Harding GKM, et al. How long should catheter-associated urinary tract infections in
women be treated? A randomized controlled study. Ann Intern Med 1991;114:713.

77. Hirsh DD, Fainstein V, Musher DM. Do condom catheter collecting systems cause uri-
nary tract infection? JAMA 1979;242:340.

78. Dembry LM, Andriole VT. Renal and perirenal abscesses. Infect Dis Clin North Am
1997;11:663–680.

79. Andriole V. Intrarenal and perinephric abscess. In: Hoeprich PD, Jordan MC, Arnold
AR, eds. Infectious diseases, 5th ed. Philadelphia: Lippincott, 1994:617.

80. Simon HB, et al. Genitourinary tuberculosis: clinical features in a general hospital pop-
ulation. Am J Med 1977;63:410.

81. Garcia-Rodriguez JA, et al. Genitourinary tuberculosis in Spain: a review of 81 cases.
Clin Infect Dis 1994;18:557.

82. Lenk S, Schroeder J. Genitourinary tuberculosis. Curr Opin Urol 2001;11:93–98.
83. Hemal AK, Gupta NP, Rajeev TP, et al. Polymerase chain reaction in clinically suspected

genitourinary tuberculosis: comparison with intravenous urography, bladder biopsy, and
urine acid fast bacilli culture. Urology 2000;56:570–574.

84. Carl P, Stark L. Indications for surgical management of genitourinary tuberculosis.
World J Surg 1997;21:505–510.



P1: HDS/2 P2: IML/SPH QC: IML/ABE T1: IML

PB207B-16 PB207A-Betts/6678F August 19, 2002 13:15 Char Count= 0

16. SEXUALLY TRANSMITTED DISEASES AND OBSTETRIC
AND GYNECOLOGIC INFECTIONS

Eric R. Houpt and Michael F. Rein

GENERAL PRINCIPLES IN MANAGEMENT
I. Definition. The sexually transmitted diseases (STDs) are grouped together because

sexual contact is epidemiologically significant, although it is not the only mechanism
through which the diseases are acquired.

II. Consequences
A. Sexual partners of patients with STDs are at high risk of infection and must be

evaluated. The risk of infection may be so high that such partners are treated when
first evaluated, even if their infection has not yet been confirmed. This is termed
epidemiologic treatment and is a cornerstone of STD management [1].

B. Coprevalence
1. Patients with one STD are significantly likely to have others. A patient in

whom one STD has been diagnosed should be carefully evaluated for others that
may be clinically silent but of much greater eventual medical consequence (e.g.,
human immunodeficiency virus [HIV]) [2].

2. Patient education regarding risk reduction is an important aspect of
management.

C. Management of an STD always involves dealing with more than one patient.
1. All patients must have completed treatment before resuming unprotected sexual

contact.
2. Several STDs (syphilis, gonorrhea, chancroid, lymphogranuloma venereum, ac-

quired immunodeficiency syndrome [AIDS], and, in some states, asymptomatic
HIV infection) must be reported to local health departments.

III. A careful and complete sexual history must be obtained from each patient.
A. The history must be taken in terms understandable to the patient. Thus, the exam-

iner must become desensitized to using street terms (e.g., “Do you take your partner’s
penis into your mouth?” or “Do you give head?”) rather than technical jargon (e.g.,
“Do you practice fellatio?”).

B. Never make assumptions regarding your patient’s sexual orientation. Ob-
tain a sexual history in gender-neutral terms (e.g., “Have you had sex with any new
partners in the past month?” rather than “Have you had sex with any new women
[men] in the past month?”) until the patient’s sexual preferences have been defined
explicitly.

IV. A history of recent antibiotic use is critical, because antibiotics may mask clinical
features of disease without producing a cure.

URETHRITIS
Urethritis is a common presenting syndrome. Initial evaluation requires differentiating
gonococcal from nongonococcal urethritis.

I. Epidemiology. The major single specific etiology of acute urethritis is Neisseria gon-
orrhoeae, producing gonococcal urethritis (GCU). Urethritis of all other etiologies
is collectively referred to as nongonococcal urethritis (NGU).
A. NGU is twice as common as GCU in the United States, especially among higher

socioeconomic groups [3].
B. GCU is relatively more common among homosexual than heterosexual men with

acute urethritis [4].
II. Clinical features in men. GCU and NGU cannot be differentiated reliably on

clinical features alone. A significant proportion of men with GCU or NGU may be
asymptomatic [5–7].
A. Incubation period can sometimes be assessed if the patient has had a single

sexual exposure or sex with a new partner within the preceding several weeks.
1. Seventy-five percent of symptomatic men with GCU develop symptoms within

4 days and 80% to 90% within 2 weeks [7].

541



P1: HDS/2 P2: IML/SPH QC: IML/ABE T1: IML

PB207B-16 PB207A-Betts/6678F August 19, 2002 13:15 Char Count= 0

542 16. STDs and Obstetric and Gynecologic Infections

2. Fifty percent of symptomatic men with NGU develop symptoms within 4 days,
but the incubation period ranges from 2 to 35 days [7].

3. An incubation period of less than 1 week has no differential diagnostic signifi-
cance.

4. Incubation periods can be prolonged by subcurative doses of antibiotics.
B. Urethral discharge. Discharge is described by 75% of men with GCU but by only

11% to 33% of men with NGU [7].
1. Discharge present at the meatus without stripping suggests GCU.
2. Mucopurulent discharge (purulent flecks in a mucoid matrix) is seen in 50% of

cases of NGU but also in 25% of cases of GCU.
3. A completely clear urethral discharge suggests NGU.
4. The discharge in NGU may be so slight as to be present only as a meatal bead

or a crust noted when the patient first arises.
C. Dysuria is common in both GCU and NGU.

1. Urethral discomfort may occur at other times and be described as itching or
irritation.

2. Urethral symptoms may mimic those of cystitis, particularly in women.
D. Onset. Symptoms usually begin fairly abruptly with GCU, whereas the onset of

NGU may be less acute.
E. Natural history. The clinical features of acute urethritis will eventually resolve

without treatment.
1. Ninety-five percent of patients with GCU will become asymptomatic within

6 months.
2. Chronic gonorrhea sometimes manifests as gleet, a thin discharge containing

only small numbers of gonococci.
3. Of patients with NGU, 30% to 70% become asymptomatic over 1 to 3 months

[7].
III. Diagnosis and differential diagnosis in men

A. Examination of the patient. Men should stand before the seated examiner, and
the entire genital area should be examined.
1. It is preferable that the patient be examined at least 2 hours after micturition.
2. The underwear may reveal stains of discharge.
3. Erythema around the meatus may indicate urethritis, but some degree of per-

imeatal blush is often a normal finding.
4. If discharge is not spontaneously present, the urethra should be gently stripped

by placing the gloved thumb along the ventral surface of the penis with the fin-
gers above, applying gentle pressure, and moving the thumb forward to deliver
discharge.

B. Examination of the urethral specimen
1. If no discharge is expressed from the meatus, urethral material must be recov-

ered by inserting a small swab into the urethra.
a. The patient should be warned about the brief discomfort that will result.
b. A 1- to 2-mm calcium alginate or rayon swab on a metal shaft is inserted

approximately 1.5 to 2.0 inches into the urethra and removed while the shaft
is being rotated.

2. The swab is rolled across a microscope slide and then rolled across a plate of
medium selective for N. gonorrhoeae.

3. The slide is fixed and Gram stained using standard methods.
4. The slide is examined using the oil-immersion objective (950–1,000 × X).

a. The proximal urethra has cuboidal epithelium.
b. The distal urethra supports a normal bacterial flora consisting primarily

of gram-positive cocci and rods, which have no clinical significance.
c. Spermatozoa sometimes are present in physiologic secretions. The heads

are gram-positive and characteristically fade out toward the acrosomal cap.
Gram-negative tails are sometimes observed.

d. The diagnostic criterion of five polymorphonuclear neutrophils (PMNs) per
oil-immersion field is insensitive, and 16% to 50% of men with acute urethri-
tis will fail to show this number of PMNs in the densest portion of the slide
[7]. The number of PMNs observed is reduced by recent micturition. Even
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the presence of a few PMNs on a urethral smear provides objective
evidence of urethritis.

e. The complete absence of PMNs argues against urethritis. The discom-
fort of symptomatic patients may persist from adequately treated urethritis
or reflect psychosomatic symptoms or perhaps discomfort resulting from ex-
cessive consumption of urethral irritants such as caffeine or alcohol. Such
patients are best managed with reassurance and reexamination if symptoms
persist.

f. The presence of PMNs supports the diagnosis of urethritis. If, in addition,
one sees characteristic gram-negative, intracellular diplococci, the di-
agnosis of gonorrhea is established. If such organisms are not observed, the
patient is said to have NGU. This test is more than 95% accurate in men
with symptomatic acute urethritis. The presence of extracellular organisms
with the same morphology has no diagnostic significance [7,8].

5. One cannot diagnose concurrent NGU by Gram staining in the presence
of gonorrhea. Thus, one should assume that patients with gonorrhea
are coinfected with nongonococcal pathogens.

IV. Microbiologic features in men
A. Gonorrhea

1. N. gonorrhoeae is a gram-negative kidney-shaped diplococcus with flattened
opposed margins. Some strains of N. gonorrhoeae are susceptible to the van-
comycin contained in selective media and will not grow thereon. A negative
culture in the face of a positive Gram stain does not rule out GCU.

2. Nonculture diagnostic techniques. Newer techniques have supplanted the
culture in many clinical settings.
a. Ligase chain reaction has a sensitivity of 99% and a specificity of 98% [9].
b. Nonamplified DNA probe has a sensitivity of 96% and a specificity of 98%

[10].
c. Antigen detection tests are insensitive compared with culture and genetic

probes.
3. Antimicrobial susceptibility. The gonococcus has developed resistance to an-

timicrobial agents by two mechanisms.
a. Chromosomal mutations. are additive, and strains with relatively high

resistance to many classes of antibiotics, including fluoroquinolones, are now
widely observed [11–13].

b. Plasmids. Gonococci bearing plasmids coding for penicillinase produc-
tion and tetracycline resistance are prevalent in the United States [11].

B. NGU
1. NGU is caused by any of several organisms. The cause of perhaps 20% of cases

has not been identified.
2. Chlamydia trachomatis causes 15% to 50% of cases of NGU in various studies

[3,4,7].
a. The organism is an obligate intracellular parasite, which possesses both DNA

and RNA; replicates by binary fission, like bacteria; and is sensitive to a
variety of antimicrobials [3,13,14].

b. The organism can be grown only in tissue culture, but its presence in urogen-
ital specimens can be detected with new techniques, such as the polymerase
chain reaction (PCR) and the ligase chain reaction, both of which will detect
95% of cases from urethral swabs or from urine specimens [15–17].

c. The spectrum of diseases caused by C. trachomatis closely parallels that
caused by N. gonorrhoeae. Coinfection with these two organisms is very
common and affects management strategies.

3. Ureaplasma urealyticum causes about 15% to 30% of NGU [3,7,18,19].
a. Ureaplasmas are free-living agents that can be grown in broth or on culture

plates, although cultures are rarely performed in clinical practice.
b. Some ureaplasmas are resistant to the tetracyclines and must be treated

with a macrolide or a fluoroquinolone [20–22].
4. Mycoplasma genitalium is a recently characterized mycoplasma, which ap-

pears to be associated with up to 30% of NGU. Although its precise contribution
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remains to be defined, it may be more strongly associated with chronic
or recurrent than with acute urethritis. It is sensitive to the tetracyclines
[23–26].

5. Trichomonas vaginalis usually is carried asymptomatically by men but may
cause NGU that fails to respond to standard antibacterial treatment [27–29].

6. Herpes simplex virus (HSV) can infect the urethra and cause dysuria, which
is usually far more severe than the amount of discharge would suggest [30]. The
urethritis usually occurs in the setting of external lesions.

7. Other organisms, such as Enterobacteriaceae, adenovirus, Neisseria meningi-
tidis, Streptococcus pneumoniae, microsporidia (in AIDS), and possibly Staphy-
lococcus saprophyticus, Haemophilus species, and Bacteroides are rare causes
of NGU but are not sexually transmitted [7].

V. Treatment in men
A. Gonorrhea. Because of increasing resistance of N. gonorrhoeae to antimicrobials,

the treatment for uncomplicated anogenital gonorrhea has changed. Examples of
currently acceptable regimens include
1. Ceftriaxone 125 mg intramuscularly (i.m.) made up in 1% lidocaine as a single

dose.
2. Ciprofloxacin, 500 mg orally as a single dose.
3. Ofloxacin, 400 mg orally as a single dose.
4. Cefixime, 400 mg orally as a single dose.
5. Cefpodoxime, 200 mg orally as a single dose.
6. Azithromycin 2 g orally as a single dose. Although this regimen will cure coinci-

dent chlamydial infection, it is very costly, and resistance is developing rapidly
in several parts of the country.

7. Gatifloxacin, 400 mg orally as a single dose.
B. Because 10% to 30% of heterosexual men and 40% to 60% of women with

gonorrhea (in STD clinics) are also infected with Chlamydia, treatment
for gonorrhea should include a second regimen effective against this
organism.

C. NGU. Because it is impossible to differentiate among the common etiologies of
NGU, the condition is treated syndromically, including in the initial treatment
regimen those drugs effective against the common causative agents. There is no
advantage to extending the initial regimen beyond 7 days [31]. Examples of regi-
mens useful in the treatment of NGU include the following:
1. Azithromycin 1 g orally provides the only single dose regimen for chlamydial

infections [32,33].
2. Doxycycline 100 mg orally twice a day for 7 days.
3. Tetracycline hydrochloride 500 mg orally four times a day for 7 days.
4. Erythromycin 500 mg orally four times a day for 7 days or, if the larger dose is

not tolerated, 250 mg orally four times a day for 7 days.
5. Ofloxacin 300 mg orally twice a day for 7 days. One may use equivalent (approx-

imately half) doses of levofloxacin.
6. Minocycline 100 mg orally at bed time (qhs) for 7 days [34].

D. The following additional regimens may be used if the infection is known
to be chlamydial. These regimens are not active against mycoplasmas.
1. Clindamycin, 450 mg orally three times a day for 10 days [35].
2. Amoxicillin 500 mg orally three times a day for 7 days [36].
3. Sulfisoxazole, 500 mg orally four times a day for 10 days. Trimethoprim-

sulfamethoxazole has no greater efficacy.
E. Epidemiologic treatment of sexual partners of men with urethritis is essential.

The practice of testing such partners for chlamydial infection and basing therapy
on the result is erroneous, because NGU is very likely to be nonchlamydial [7,37].

VI. Management of recurrent disease. A careful sexual history regarding reexposure
and adequate treatment of sexual partners is critical, because reinfection is the
most common cause of recurrence. The pattern of recurrence of NGU can be of
great value in deciding further management.
A. Response, reexposure, recurrence. Initial response suggests infection with a

sensitive agent. Reexposure followed by recurrence strongly suggests reinfection,
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supports retreatment with an effective regimen, and demands careful investigation
of possible sources of reinfection.

B. Failure to respond. Lack of response to doxycycline suggests infection with
a tetracycline-resistant agent (see section IV.B.3–5) such as U. urealyticum or
T. vaginalis.
1. The persistence of urethritis is documented by observing PMNs on a ure-

thral smear. The absence of PMNs suggests resolution of the infectious process
with a persistent pain syndrome that does not require further treatment with
antimicrobials.

2. Patients with documented persistent urethritis should be empirically treated
for both organisms with metronidazole, 2 g orally as a single dose, and ery-
thromycin, azithromycin, or an appropriate fluoroquinolone.

C. Response with relapse in the absence of reinfection is poorly understood. Such
patients are disproportionately those men who are initially culture negative for
chlamydiae and ureaplasmas [22]. Appropriate treatment is not clearly defined.
1. Of such patients, 50% to 75% may respond to a 3- to 6-week course of ery-

thromycin or a tetracycline [38,39].
2. Patients relapsing after this treatment should probably be referred for urologic

evaluation [40].
3. These patients do not develop complications, and their sexual partners have no

clinical evidence of infection.
4. Patients who relapse after an initial 3- to 6-week treatment course may be ren-

dered asymptomatic with a standard regimen and then placed on long-term
suppressive doses of a tetracycline [7,39]. Tetracycline hydrochloride is pre-
ferred because it is more economical, and one should use the lowest dose that
keeps the patient free of symptoms, often 500 mg orally once daily. Treatment
for 6 to 12 months is well tolerated and might be followed by discontinuation of
the drug and reevaluation [7,39].

VII. Urethritis in women
A. Clinical features

1. Women are usually unaware of urethral discharge, and urethritis
presents as dysuria and frequency.

2. Women with dysuria should be asked whether it is external or internal. Internal
dysuria is associated with urethritis or cystitis, whereas external dysuria is
more frequently associated with vulvovaginitis.

3. Infected women usually manifest pyuria.
4. If routine urine cultures are negative, affected women are said to have the acute

urethral syndrome [41,42].
B. Etiology

1. Some women have cystitis caused by small numbers of Enterobacteriaceae [41]
or urethritis caused by Enterobacteriaceae [43].

2. Some patients have GCU or NGU [41,42], which may respond initially to
standard urinary tract treatments. Recurrence of such an apparently culture-
negative urinary tract infection may result from reinfection with sexually trans-
mitted urethritis.

C. Treatment of GCU or NGU in women is the same as treatment in men.
Treatment in pregnancy involves the following [35–37]:
1. Tetracyclines and fluoroquinolones are contraindicated.
2. Gonorrhea can be treated with a cephalosporin or, in the setting of β-lactam

allergy, with 2 g of azithromycin; the latter is followed by a test-of-cure 1 to
2 weeks later.

3. Chlamydial infection can be treated with erythromycin, azithromycin, amoxi-
cillin, or clindamycin.

VIII. Asymptomatic urethritis
A. GCU or NGU can occur without symptoms [5,6].
B. Asymptomatic urethritis is prevalent among the male partners of women whose

gonococcal or chlamydial infections are detected on routine screening or who
present with symptoms or complications [6,44]. Asymptomatic male partners
of infected women should be treated on initial presentation.
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C. Many men with asymptomatic urethritis have PMNs on a Gram-stained smear of
a urethral specimen [5,6,44]; thus, a urethral smear should be part of the workup
of asymptomatic men.

D. The sensitivity of the urethral smear for gonococci in asymptomatic GCU is prob-
ably only 70% [6].

E. Most men harboring trichomonads are asymptomatic [27].

CERVICITIS
I. Etiology. Major pathogens include N. gonorrhoeae, C. trachomatis, and herpes sim-

plex. However, most infected women do not have mucopurulent cervicitis (MPC)
[13,45].
A. N. gonorrhoeae is most frequently isolated from the endocervix of infected women.
B. C. trachomatis can be recovered from the endocervix of 60% to 90% of the sexual

partners of men with chlamydial urethritis, and cervical abnormalities, often subtle,
have been observed in 80% to 90% of infected women [45–49].

C. HSV is isolated from the cervix in 88% of women with primary infection but from
only 12% of women with recurrent herpetic infection [30,50]. Herpetic cervicitis
may be present without external lesions.

D. Certain types of human papillomavirus (HPV) preferentially infect the cervix
[51].
1. Several lines of evidence support the contention that certain types of HPV cause

cervical cancer [16,18,31,33,35,39,45,51,52].
a. Cervical cancer behaves epidemiologically as an STD [52].
b. HPV DNA, particularly types 16 and 18, is found in more than 90% of cervical

cancers [53].
c. Prospective data indicate that acquisition of cervical HPV confers a high risk

of premalignant lesions developing within 1 to 2 years [54].
d. A molecular mechanism for malignant transformation is currently being de-

fined [55].
2. Cervical carriage of HPV is, however, self-limited, with a median persistence of

about 8 to 10 months [56–60].
E. Other organisms [45] that occasionally cause cervicitis include adenovirus,

measles virus, cytomegalovirus, Enterobius vermicularis, amoebae, Mycobacterium
tuberculosis, group B streptococci, Neisseria meningitidis, and actinomycetes, the
last usually in association with the use of intrauterine contraceptive devices.

II. Diagnosis. The clinical features of specific cervical infections overlap too much to permit
an accurate etiologic diagnosis without laboratory assistance [46,47]. Multiple infec-
tions are common [48].
A. Clinical features. About one-third of infected women note a discharge from the

vagina that actually originates in the inflamed cervix. Inguinal adenopathy is rare
unless the disease is accompanied by lesions of the external genitalia, because
lymphatic drainage of the cervix involves the external iliac rather than the in-
guinofemoral nodes.

B. Examination
1. Erythema around the cervical os may indicate infection or may merely

represent cervical ectropion, migration of endocervical epithelium over the
surface of the cervix, which is symmetric about the os and is not particularly
friable. It is often impossible on clinical grounds alone to differentiate ectropion
from true infection. Normal cervical discharge is clear and mucoid. Purulent or
mucopurulent discharge (MPC) is associated with gonococcal, chlamydial, or, less
frequently, herpetic infection [46–49].

2. Chlamydiae have been isolated from 50% to 90% of sexually active patients
with hypertrophic cervicitis. Only 19% to 32% of women with chlamydial cervi-
cal infection manifest hypertrophic cervicitis, an intensely erythematous, raised,
irregular lesion that bleeds easily [45–49], and only 30% or so have a mucopu-
rulent or purulent cervical discharge [45–49,61]. On examination, 20% to 70%
of infected women have a completely normal cervix [62–65]. Therefore,
physical examination never adequately excludes chlamydial or gonococ-
cal cervicitis.
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3. Cervicitis is seen on physical examination in approximately 90% of women
whose cervical cultures are positive for HSV [30,50]. Cervical discharge is usu-
ally mucoid but is occasionally mucopurulent, and in one series herpetic cervical
infection caused 8% of cases of MPC [46].

C. Laboratory tests
1. Microscopy

a. Observation of 10 to 30 PMNs per oil-immersion field in the densest portion
of a Gram-stained specimen of cervical discharge correlates statistically with
the presence of gonococci or chlamydiae [46,63,66–69], but the sensitivity and
positive predictive value of the observation (both 25%–45% in a high risk pop-
ulation) are far too low for a definitive diagnosis.

b. In the setting of MPC, a Gram stain diagnosis of gonorrhea mandates treat-
ment for both gonococci and chlamydiae. A Gram stain negative for gonococci
rules out the infection with a sensitivity of only 50%, and so such patients must
still be treated for both gonococcal and nongonococcal cervicitis. The cervical
Gram stain has very limited utility in the management of MPC.

2. Culture and other tests
a. Gonorrhea. The standard method for detecting N. gonorrhoeae is culture

(sensitivity approximately 90%). The organism can also be detected by DNA
hybridization (sensitivity approximately 92%) and the ligase chain reaction
(sensitivity approximately 97%) [70–72].

b. C. trachomatis. Culture of the organism is an expensive and time-consuming
procedure. Chlamydiae can be identified in cervical specimens using im-
munofluorescence microscopy (sensitivity 75%–95%), enzyme immunoassays
(sensitivity 65%–95%), DNA probes (sensitivity 60%–80%), PCR (sensitivity
approximately 88%) or ligase chain reaction (sensitivity approximately 93%)
[15,73–75].

c. HSV. The sensitivity of diagnostic tests is poorly defined, but all are rela-
tively specific. The diagnosis may be made by observing multinucleate giant
cells, often with intranuclear inclusions on Papanicolaou (Pap) smear; by re-
covering the virus in tissue culture; by immunofluorescent staining; or by PCR
[76,77].

III. Therapeutic approach
A. Specifically diagnosed gonococcal or chlamydial cervicitis should be treated in the

same manner as gonococcal and chlamydial urethritis.
B. Mucopurulent cervicitis in patients at risk for STD should be treated with a regimen

that is effective against both N. gonorrhoeae and C. trachomatis. In a patient whose
history suggests she is at very low risk for STD and in whom compliance is good, one
could await the results of the screening tests.

C. Female partners of men with NGU and male partners of women with MPC
should be treated epidemiologically.

D. HSV. Management of cervicitis due to HSV is identical to that of other genital herpes
infections.

PHARYNGEAL INFECTIONS AND SEXUALLY
TRANSMITTED PHARYNGITIS
The oropharynx can be infected by N. gonorrhoeae, C. trachomatis, Treponema pallidum,
HSV, or HPV.

I. Gonococcal pharyngeal infection [78]
A. Epidemiology. The major risk factor is fellatio. Cunnilingus is less likely to transmit

infection, and transmission by kissing is very rare.
B. Most infected patients are asymptomatic, although erythematous and exuda-

tive gonococcal pharyngitis does occur.
C. The identity of N. gonorrhoeae on culture must be confirmed by biochemical or im-

munologic testing because N. meningitidis, will also grow on selective media and
resembles gonococcus.

D. Workup for disseminated gonococcal infection should include pharyngeal cultures.
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E. Treatment
1. Ceftriaxone, 125 to 250 mg i.m. as a single dose
2. Cefixime 400 mg orally as a single dose
3. For β-lactam–allergic patients in whom fluoroquinolones are not contraindicated:

ciprofloxacin 500 mg, ofloxacin 400 mg, or levofloxacin 400 mg orally as a single
dose

II. Chlamydial pharyngeal infection
A. C. trachomatis is occasionally isolated from the pharynx of the patient who practices

fellatio [79].
B. Such infection is usually but not always asymptomatic.
C. Treat with those regimens effective for genital chlamydial infection.

III. Pharyngeal herpetic infection [30,50]
A. Epidemiology. In adults, this syndrome generally is associated with primary gen-

ital infection.
B. Clinical features. Patients usually are symptomatic, and one may see erythema or

frank ulcers on the oropharynx. Fever and anterior cervical adenopathy are common.
C. Treatment is the same as for genital lesions.
D. Herpetic pharyngitis may recur and be particularly severe in immunocompromised

patients, in whom extension to the esophagus is frequent.

GENITAL LESIONS
I. Significance. Genital lesions present problems in differential diagnosis because of

clinical overlaps in presentation. The issue is further complicated by the frequency with
which different infections coexist. Ulcerative genital lesions probably predispose to the
transmission of HIV infection by acting as the portal of exit or entry for the virus [2].
The morphology of genital lesions may be greatly modified in AIDS [2].

II. Initial approach. The initial approach to genital lesions in the sexually active patient
involves taking a careful history, including the following information [80–82].
A. The incubation period can be assessed by inquiring about new or recent sexual

contacts.
1. A very short incubation period of minutes to hours suggests trauma or an allergic

reaction to a topical chemical used by a partner. Infectious diseases do not have
such short incubation periods.

2. An incubation period of 2 to 5 days is seen with most cases of chancroid or HSV
infection, although the mean incubation period for the latter is approximately
6 days [30,50,76,77].

3. Longer incubation periods of 1 to 3 weeks are seen with syphilis, 4 to 12 weeks
with venereal warts, and approximately 4 weeks for pubic lice and scabies.

4. The incubation periods for some conditions such as molluscum contagiosum [83]
and donovanosis [84] are poorly defined, but the latter may be 1 to 12 weeks.

B. A travel history influences the likelihood of various etiologies. Lymphogranuloma
venereum is far more common in Africa and the Far East than in the United States.
Donovanosis is endemic in India, New Guinea, the West Indies, and some parts of
Africa and South America, but it is distinctly rare in the United States. Chancroid has
become more common in the United States, particularly in major metropolitan areas.

C. Pain usually accompanies the lesions of herpes and chancroid. Although not classi-
cally painful, the lesions of primary syphilis cause some discomfort in up to 30% of
patients [85]. Intense pruritus is characteristic of crabs and scabies.

D. A history of STD in a partner is an important clue to the differential diagnosis.
E. Recurrence at intervals is characteristic and highly suggestive of herpes.
F. The morphologic features of the lesions are key to the differential diagnosis.
G. Recent use of antimicrobials or other drugs may dramatically modify the mor-

phology of lesions, and drugs may cause fixed drug eruptions, which are commonly
limited to the genitals.

III. Ulcerative lesions
A. General principles

1. A clinical differential diagnosis of genital ulcers is the most challenging aspect of
venereal dermatology [80–82].
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2. Chancroid has become more common in the United States and must be considered
in differential diagnosis [86].

3. Rare causes of genital ulceration include tuberculosis, amebiasis, and histoplas-
mosis.

4. Although the classic descriptions of lesions have high specificity, only about one-
third of patients present with “classic” lesions [82].

B. Genital herpes simplex infection
1. Epidemiologic considerations

a. Approximately 70% to 95% of genital herpes infections are caused by HSV
type 2 [30]. Type 1 genital infections may result from orogenital sexual
contact.

b. Serologic studies suggest that 20% of young adults in the United States are
infected with HSV type 2 [87,88].

c. Initial infections are classified as primary if the patient has had no prior
exposure to HSV (either type 1 or type 2); otherwise the episode is referred to
as nonprimary initial infection. Patients with prior exposure to HSV have
milder initial episodes than do those patients suffering true primary genital
infection.

d. Approximately 70% to 90% of patients have asymptomatic initial and
recurrent genital infections [89–94]. Most infections appear to have been
contracted from sexual partners who are asymptomatic shedders of virus. Be-
cause asymptomatic shedding only occurs about 3% to 7% of the time, an
asymptomatically infected individual may transmit infection to a sexual part-
ner only after years of regular contact.

e. The rate of recurrence decreases over time [95].
f. The rate of transmission of HSV type 2 from symptomatic to uninfected part-

ners who have been advised not to have unprotected intercourse when the
infected partner is symptomatic is approximately 10% per year [96].

2. Clinical features. Because only about 20% of infected patients present
with typical clinical features, standard clinical evaluation can never rule
out genital herpes [91].
a. Lesions appear 2 to 20 days after exposure, but the mean incubation period

is approximately 6 days. Classical lesions are initially vesicular, grouped,
sometimes umbilicated, and surmount an erythematous base. Particularly in
women, the vesicles quickly rupture to form clean, shallow, markedly painful
ulcers, which are usually all about the same size and are not indurated. Ulcers
may coalesce.

b. Lesions are usually located on the penis or on the labia or vulva. The adult
vagina is involved in only about 5% or so of cases and the cervix in nearly 90%
of primary infections [30].

c. Involvement of the urethra is common.
d. Regional lymphadenopathy, usually tender, generally develops toward the

end of the first week of illness.
e. Lesions heal by crusting over. Primary disease often lasts 3 weeks.
f. Extragenital manifestations. Fever, malaise, and anorexia are common

in primary infection. A true aseptic meningitis without encephalitis accom-
panies some primary infections with HSV type 2. These manifestations are
rare in recurrent disease [30].

g. Within the first year after infection, recurrent disease is seen in approxi-
mately 90% of symptomatic patients with HSV type 2 genital infections but in
only about 25% to 50% of those infected with HSV type 1 [94,95]. Recurrences
with HSV type 2 appear four to eight times per year, whereas recurrences
with HSV type 1 are, on average, nearly 10 times less frequent. The rate of
recurrence varies dramatically from patient to patient. Many patients give a
history of recurrences triggered by stress.
(1) Recurrent disease may be preceded by a prodrome of itching, tingling, or

burning that begins 6 to 24 hours before lesions appear [30].
(2) Recurrences generally last 7 to 10 days and proceed through the same

stages as primary disease.
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3. Direct diagnosis can usually be made clinically in classic cases, but most cases
are not classic.
a. A dark-field examination may be performed if syphilis is suspected. Mul-

tiple chancres may be seen in almost half of patients with primary syphilis
[85,97].

b. The Tzanck smear is prepared by making a smear of a fresh vesicular le-
sion, which then is stained with Wright or Giemsa stain and examined for the
presence of characteristic multinucleated giant cells. The sensitivity of the test
is only 40% for ulcers, for which clinical differential diagnosis is more difficult
[81,90].

c. HSV antigen detection tests, such as direct immunofluorescence and
ELISA, vary in sensitivity and specificity from about 70% to 90% [90,98].

d. Viral DNA can be detected by PCR with 100% specificity and sensitivity, which
is higher than any other direct technique [90,99,100].

e. Culture has been the gold standard for diagnosis, but its sensitivity
rapidly diminishes in recurrent disease, and it is often negative if taken from
lesions that are just a few days old [91]. DNA amplification techniques are
more sensitive.

4. Serologic diagnosis has been used in many epidemiologic studies but is of lim-
ited clinical utility.
a. Older tests do not reliably differentiate between type 1 and type 2 virus. Even

with type-specific tests, many sexually active patients are HSV 1 an-
tibody positive, and HSV 1 genital infection cannot be excluded in
these patients.

b. An ELISA based on glycoprotein gG can differentiate between HSV types and
is about 95% sensitive [101,102].

c. A Western blot assay, also capable of differentiating among HSV types, is
highly sensitive and specific but is available only from research centers
[90].

d. A new commercially available ELISA specific for HSV 2, the POCkit HSV-2
Rapid Test [103], can be performed in the clinic and becomes positive in 80%
of infected patients after 4 weeks [104].

5. Treatment. Oral antiherpetic agents are the treatment of choice. Topical ther-
apy is far less effective [13,105,106], and occlusive topical treatment increases
the risk of maceration and delays healing. The lesions should be kept clean and
dry. Valacyclovir is a prodrug of acyclovir and is therefore a more convenient
but more expensive means of administration of acyclovir. Famciclovir is a pro-
drug of penciclovir. Various clinically equivalent oral regimens include the
following:
a. Initial infection: 7 to 10 days of oral therapy with one of the following: 400 mg

acyclovir three times a day, 200 mg acyclovir five times daily, 250 mg famci-
clovir three times a day, or 1 g valacyclovir twice a day.

b. Recurrent episodes may be treated with one of the following 5-day oral
regimens: 400 mg acyclovir twice a day, 200 mg acyclovir five times per day,
acyclovir 800 mg twice a day, famciclovir 125 mg twice a day, or valacyclovir
500 mg twice a day. The effect on recurrent disease is substantially less
than that observed with initial infection, and its value depends on start-
ing the drug early in the course of the relapse, preferably during the prodrome.
In this setting, the patient should keep a supply of the drug at home so that
therapy can be started immediately.

c. Frequently recurring disease can be controlled with long-term suppres-
sive oral therapy consisting of acyclovir 400 mg twice a day; famciclovir
250 mg twice a day; or valacyclovir 250 mg twice a day, 500 mg/day, or
1,000 mg/day [13,106–108]. After 1 year of continuous daily therapy, the drug
should be discontinued and the frequency and severity of recurrences should
be reassessed. Approximately 75% of patients will remain free of symptomatic
recurrences. Such suppressive therapy prevents symptomatic recur-
rences and reduces but does not eliminate viral shedding. Patients
should be warned that they may still be contagious.
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6. Special considerations
a. Intravenous (i.v.) acyclovir is used for serious infection, in immuno-

compromised patients, or when accompanying clinical problems make oral
administration inadvisable. The drug is given as 5 to 10 mg/kg i.v. every
8 hours for 5 to 7 days or until clinical resolution occurs [13]. Adequate hy-
dration reduces the risk of nephrotoxicity caused by tubular precipitation.

b. AIDS patients suffer from chronic necrotizing herpetic infection, and infection
may disseminate. Longer term, higher dose, or i.v. therapy may be required.
Resistance has developed and should be suspected if lesions persist among
patients undergoing acyclovir therapy. An alternative regimen for resistant
infections is foscarnet, 40 mg/kg body weight i.v. every 8 hours until clinical
resolution is obtained [13].

c. Pregnancy poses problems for mother and baby, and management remains
controversial [109]. The risk to the newborn is highest among women with
their first episode of genital herpes near the time of delivery and is lower among
women with recurrent herpes. The likelihood that a completely asymptomatic
individual is shedding virus at the time of delivery is probably as low as 1%.
Antepartum cultures are not useful, but women should be carefully examined
for the presence of active lesions, which are considered by many to be an indi-
cation for cesarean section. The safety of acyclovir in pregnancy has not been
completely defined, and its use should probably be restricted to treatment of
initial genital herpes in this setting [13,106].

C. Syphilis in the United States is now at its lowest levels in the history of reporting
[110].
1. Microbiologic features. T. pallidum is a spirochete 5 to 15 µm long and less

than 0.5 µm wide. Living organisms are visualized by reflected light using dark-
field microscopy. The organism can also be identified by silver staining or by
direct immunofluorescence [111].

2. Epidemiology
a. From 1986 to 1990, an epidemic of syphilis occurred in the United States. How-

ever, in 1991 the number of reported cases of primary and secondary syphilis
declined for the first time since 1985 and has declined yearly since that time
[112,113]. The reasons are uncertain but may include the use of ceftriaxone
for treatment of gonorrhea, HIV prevention education with personal protec-
tion measures being followed (e.g., condom use), or HIV partner notification
(which may allow for early therapy of new cases of contacts).

b. Rates of infection remain highest in the rural South [114] and among lower
socioeconomic inner-city populations. Several studies have found a strong epi-
demiologic association between syphilis and crack cocaine use, probably due
to crack cocaine–associated changes in sexual behavior, such as sex-for-drugs
prostitution [115–117].

c. After an initial drop, syphilis has reappeared among some groups of gay men
[118].

d. Sexual transmission occurs by direct contact with a moist lesion, and transpla-
cental transmission is the second major route of acquisition. Transfusion
syphilis is no longer a problem.

3. Clinical manifestations. Syphilis is a chronic infection, usually latent, the
course of which is punctuated by clinically apparent stages.
a. The incubation period averages approximately 3 weeks but is said to range

from 10 to 90 days. During this interval, infected patients have, by definition,
neither clinical nor serologic evidence of disease.

b. Primary syphilis consists of one or more ulcerated lesions, called chan-
cres, which appear at the site of initial infection and multiplication by the
spirochetes [85]. There are multiple lesions in many cases. Chancres usually
are minimally painful or tender (compared, most dramatically, with chancroid
or herpes, both of which produce tender ulcers) and are usually clean ulcera-
tions with distinctly indurated edges. Regional adenopathy develops within
the first week and usually consists of several discrete nodes that are rela-
tively nontender and rubbery. Inguinal adenopathy generally is bilateral. The
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cervix, proximal third of the vagina, and the glans penis are drained by deep
iliac nodes, and regional lymphadenopathy is not detected on physical exami-
nation of patients infected at these sites. Although most chancres occur on the
genitalia, the examiner must maintain a high index of suspicion for lesions
about the mouth or anus as well. Untreated, the manifestations of primary
syphilis usually resolve in 3 to 6 weeks. Nontreponemal serologic tests for
syphilis are positive in only approximately 50% of patients at the time
the chancre first appears. A nonreactive test does not rule out syphilis in
such patients.

c. Secondary syphilis. T. pallidum disseminates throughout the body even
before the appearance of the chancre. Approximately 3 to 6 weeks after the
appearance of the chancre (indeed, often after its resolution) this dissemina-
tion manifests as a generalized rash, commonly involving the palms and soles
and almost always involving the oral mucous membranes and the genitalia.
The rash is highly variable, and differential diagnosis is often challenging
[119,120]. The rash generally is maculopapular, bilaterally symmetric,
and nonpruritic or minimally pruritic and is described classically as having
a “sinister” coppery or boiled-ham color [121]. It may, however, be papular or,
rarely, papulopustular. The rash may resemble pityriasis rosea. The dry le-
sions of secondary syphilis are not contagious, because they contain very few
organisms. Arguing against secondary syphilis in the adult is sparing of the
mouth and genitalia, a markedly pruritic eruption, or bullous lesions [121].
(1) Secondary syphilis generally begins with a nonspecific constitutional ill-

ness that commonly includes a sore throat and myalgias.
(2) Patchy alopecia is frequent.
(3) Generalized lymphadenopathy is observed in approximately 75% of

patients.
(4) Condylomata lata are hypertrophic lesions, resembling flat warts, that

occur in moist areas (e.g., around the anus) and are highly contagious.
(5) Painless shallow ulcers of the mucous membranes—mucous patches—

are highly contagious.
(6) Serologic tests are almost always reactive in secondary syphilis,

usually in high titer. Therefore, a negative test can be used to rule out
secondary syphilis. Rarely, patients have such high levels of antibody that
the nontreponemal tests are falsely negative, a so-called prozone phe-
nomenon. One can avoid this by performing quantitative nontreponemal
tests, in which serial dilutions of serum are examined.

(7) The manifestations of secondary syphilis resolve without treatment.
(8) Nearly 25% of patients will again develop the manifestations of secondary

syphilis, termed mucocutaneous relapse, during the first year of infec-
tion. Such patients are again contagious to sexual partners.

d. Latent syphilis is clinically silent, and diagnosis can be made only on the
basis of serologic tests.

e. Late (tertiary) syphilis eventually develops in approximately one-third of in-
fected patients. A discussion of late syphilis is beyond the scope of this chapter,
but good descriptions are available elsewhere [122]. Briefly, tertiary syphilis
should be suspected in the following clinical settings:
(1) Lymphocytic meningitis may be a manifestation of secondary syphilis

or may appear somewhat later as meningovascular syphilis. A cere-
brovascular accident without other cause in a young person should raise
suspicion. See further related discussions in Chapter 6.

(2) Destructive lesions of skin and bones may represent so-called late
benign syphilis.

(3) Dementia may be due to general paresis.
(4) Posterior column disease may result from tabes dorsalis. Stabbing

(lightning) pains are suggestive.
(5) Disease of the aorta or incompetence of the aortic valve for which

other etiologies are not documented may represent cardiovascular
syphilis.
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(6) The diagnosis of late syphilis is confounded by the lack of sensitivity of the
nontreponemal tests in these conditions. A nonreactive nontreponemal
test should be confirmed with a treponemal test in the workup of
patients with suspected late syphilis.

f. Approximately one-third of patients will remain seroreactive but will not de-
velop late manifestations of syphilis. Nearly one-third remain well and become
nonreactive on nontreponemal testing.

4. Diagnosis of syphilis is undergoing a true revolution, as newer molecular
techniques are applied.
a. Syphilis can be diagnosed by identifying T. pallidum in lesions. The tradi-

tional method is the dark-field examination in which material from a lesion
is examined using a microscope that sends light rays obliquely through the
specimen, illuminating the organism by reflected light against a dark back-
ground. Obtaining the specimen and interpreting the test require experience
and are more difficult in areas such as the mouth, where other spirochetes
may be part of the normal flora. Direct immunofluorescence has the same
sensitivity, but specimens may be sent to a central laboratory [123]. Silver
staining is less sensitive and specific. PCR methods are far more sensitive and
are available in a research setting [124,125]. Because syphilis is subclinical
for much of its course, we have come to rely heavily on serologic diagno-
sis. Potential pitfalls in serodiagnosis must be recognized [123,124,
126].

b. Nontreponemal tests. Screening tests for syphilis exploit the observation
that patients with syphilis develop IgG antibodies, traditionally termed rea-
gin, reactive with a variety of poorly defined lipids. Classical tests include the
VDRL (Venereal Disease Research Laboratory), RPR (rapid plasma reagin),
ART (automated reagin test), and TRUST (toluidine red unheated serologic
test), among others. An ELISA for antiphospholipid antibody, the Spirotek
Reagin II, is about 95% sensitive in early syphilis [127].
(1) Nontreponemal tests are nonspecific, reacting in a variety of acute

and chronic conditions such as acute viral illnesses, collagen vascular dis-
ease, pregnancy, i.v. drug use, old age, and leprosy. A nontreponemal test
is diagnostic in the setting of a highly suggestive clinical syndrome (e.g.,
chancre) but cannot be used to diagnose latent syphilis without confirma-
tion by a treponemal test.

(2) The tests often are quantitated and reported as the highest twofold
dilution of serum eliciting a positive reaction. Titers of 1:8 or higher are
unusual among false positives. The highest titers (1:128) may be seen in
secondary syphilis.

(3) The tests are relatively insensitive in primary (except for the ELISA)
and late syphilis, and here it may be prudent to order a treponemal test
even when the nontreponemal test is nonreactive.

(4) The titer of the test diminishes after adequate treatment of
syphilis. A fourfold drop in titer is considered evidence of ade-
quate treatment [127–130] and should occur within 3 months of treat-
ment of early syphilis and within 6 months of treatment of latent syphilis.

(5) After treatment, one should follow serologic tests at 3 and 6
months and then every 6 months thereafter until titers stabilize
or disappear.

(6) The RPR converts to nonreactive within 2 years in only 72% or so of pa-
tients treated for primary syphilis and approximately 56% of patients
treated for secondary syphilis [129]. The VDRL is more likely to revert
to nonreactive after treatment.

(7) The failure of the nontreponemal test titer to drop fourfold requires careful
follow-up but is not associated with clinical relapse within 12 months [130].

(8) A subsequent reappearance or fourfold rise in titer of nontreponemal tests
is considered evidence of relapse or reinfection.

(9) It is essential that the same nontreponemal tests are used in
follow-up as were used for the original testing, because the RPR
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can yield two- to eightfold higher titers on the same specimen than
does the VDRL. Switching between tests invites confusion.

c. Treponemal tests. Confirmatory tests for syphilis use T. pallidum, or frac-
tions thereof, as antigen. The treponemal tests are more specific and
more sensitive than the nontreponemal tests, particularly in very early
primary and late syphilis. They are not quantitated but are reported as
reactive or nonreactive.
(1) The fluorescent treponemal antibody absorption test has been regarded as

the most sensitive test for syphilis, but it is less sensitive than the newer
DNA-based tests.

(2) The microhemagglutination test for T. pallidum has been superseded by
tests using particulate gelatin or latex, such as the Serodia TP-PA and
the PK-TP, which are suitable as screening tests and now used extensively
by blood banks [124,131–134]. They are not subject to misreading due to
heterophile antibodies and are about 97% specific.

(3) Several treponemal ELISA tests are now available, the most commonly
used being the Captia syphilis G test, [132,134], which is 98% sensi-
tive and about 100% specific. Several ELISA tests use cloned T. pallidum
antigens and have high sensitivity and specificity [135–137].

(4) Western blot tests have very high specificity and may be used in problem
cases [124,138].

(5) Treponemal tests may be used to confirm a diagnosis of past or
present treponemal infection in patients with reactive nontre-
ponemal tests.

(6) The treponemal tests remain positive for extended periods, prob-
ably for life, even after adequate treatment of syphilis in most
(but not all) patients. A persistently reactive treponemal test
does not indicate inadequate treatment, relapse, or reinfection
[119].

(7) Although they are highly specific, the treponemal tests are reactive in
other treponemal diseases (e.g., yaws, pinta, bejel) and in some other
spirochetal diseases (e.g., Lyme disease) [139].

5. Treatment. Penicillin remains the drug of choice for all stages of syphilis,
unless the patient is hypersensitive [13,140,141]. All patients being treated
for syphilis should be strongly advised to undergo testing for HIV
antibody.
a. Contact to syphilis (epidemiologic treatment, incubating syphilis). Infection

is present in 25% to 50% of the sexual partners of patients with syphilitic
lesions. Syphilis may take up to 90 days to become clinically or serologically
manifest. Thus, all patients presenting as contacts to syphilis within the
past 90 days (the so-called critical period) are treated with a regimen
effective for early syphilis. Patients whose exposure was more than 90 days
previously may be evaluated serologically to determine whether they need
treatment.

b. Early syphilis (primary, secondary, and latent syphilis of <1 year’s dura-
tion)
(1) Recommended: benzathine penicillin G, 2.4 million units i.m., in one

treatment.
(2) In penicillin allergy: doxycycline, 100 mg orally twice a day for 2 weeks,

or tetracycline, 500 mg orally four times a day for 2 weeks.
(3) The pregnant woman with severe penicillin allergy ideally should

be desensitized to penicillin so she can receive penicillin, because tetra-
cyclines are contraindicated in pregnancy and erythromycin should not
be used because it cannot be relied on to cure an infected fetus (see
Chapter 24).

(4) Ceftriaxone may be a suitable alternative in patients whose allergy to
penicillin is not manifested by anaphylaxis [140,141]. It is not advised in
pregnancy [13].
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c. Latent syphilis of unknown duration or of more than 1 year’s duration,
late benign syphilis, or cardiovascular syphilis
(1) Recommended: benzathine penicillin G, 7.2 million units total, admin-

istered as three doses of 2.4 million units i.m., given 1 week apart for
3 consecutive weeks.

(2) Alternatively for penicillin-allergic nonpregnant patients: doxycy-
cline, 100 mg orally twice a day for 4 weeks, or tetracycline, 500 mg orally
four times a day for 4 weeks.

(3) Management of the penicillin-allergic pregnant woman is uncertain
and should probably involve desensitization to penicillin.

(4) Examination of cerebrospinal fluid is recommended in the follow-
ing situations [141]:
(a) Neurologic signs or symptoms;
(b) Treatment failure;
(c) Other evidence of active syphilis (e.g., aortitis, gumma, iritis);
(d) Nonpenicillin therapy planned;
(e) Concurrent HIV infection.

d. Neurosyphilis (see related discussion in Chapter 6)
(1) Recommended: aqueous crystalline penicillin G, 12 to 24 million

units/day i.v. for 10 to 14 days, administered 2 to 4 million units every
4 hours or by continuous drip. In the HIV-positive patient, neurosyphilis
may be particularly difficult to treat, and failures of therapy can occur
despite optimal therapy with high dose i.v. aqueous penicillin [141–143].

(2) Alternatively, procaine penicillin G, 2.4 million units/day i.m., and
probenecid, 500 mg orally four times a day, both for 10 to 14 days.

(3) An alternative for which data are limited: ceftriaxone, 1 g/day i.m. for
14 days [143]. This might be used in patients whose allergy to penicillin is
not manifested by anaphylaxis.

(4) It is believed by many workers that the benzathine penicillin G
regimen formerly recommended for neurosyphilis is inadequate.
Because the currently recommended regimen is shorter than that recom-
mended for late syphilis in the absence of neurosyphilis, some experts
administer one or more doses of benzathine penicillin, 2.4 million
units i.m., after completion of regimen (1) or (2) [13].

e. The Jarisch-Herxheimer reaction occurs 1 to 6 hours after beginning
treatment for syphilis and is seen in approximately 50% of patients with
primary syphilis and in most patients with secondary syphilis. It manifests
as fever, increased rash, adenopathy, and sometimes hypotension. The mecha-
nism is not fully defined, but it probably results from the release of treponemal
antigens on lysis of the organisms. The Jarisch-Herxheimer reaction is self-
limited and usually requires only treatment with antipyretics, but patients
should be warned of the likelihood of its occurrence.

f. Serologic follow-up (see section 4.b)
g. Syphilis in pregnancy should be managed according to the maternal stage

of syphilis. Monthly serologic follow-up is required to ensure that treatment
has been effective and reinfection has not occurred. The tetracyclines are to
be avoided in pregnancy [144].

h. The effect of HIV infection on the clinical course of syphilis is incompletely
defined. Such patients may present with multiple and persistent chancres
[2,145]. It is unclear whether HIV infection affects the serologic manifesta-
tions, the natural history, or the response to therapy in patients coinfected
with T. pallidum [146,147]. However, many clinicians remain particularly
concerned about reports suggesting that neurosyphilis may occur
more rapidly in patients with HIV [148,149]. Some experts recommend
that cerebrospinal fluid examination be performed on all HIV-infected
patients with syphilis, regardless of clinical stage.

D. Chancroid is an infection with the gram-negative rod Hemophilus ducreyi. The
incidence of chancroid has increased in the United States, and small epidemics have
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occurred, usually associated with prostitutes [150–152]. Chancroid is a major public
health problem in the developing world, and its significance is compounded by its
striking association with HIV infection [2,153]. Patients should be tested for
HIV at the time of diagnosis.
1. Clinical manifestations [82,151,152,154]

a. The incubation period is 4 to 7 days.
b. Presents as painful ragged ulcers on the genitalia. The ulcers often are dirty

or appear necrotic, are not indurated, and may vary in size. So-called kiss-
ing lesions of the thighs may occur by autoinoculation. Painful inguinal
adenopathy occurs in more than 50% of patients, and the nodes may become
fluctuant and rupture. Occasionally, one sees superinfection with mixed anaer-
obic organisms.

2. Diagnosis. The major differential diagnoses are herpes simplex genital in-
fection and syphilis. Clinical differential diagnosis is notoriously unreliable
[81,82,154].
a. Dark-field examination helps to rule out syphilis. Serology is less helpful

because the diseases may coexist, and nontreponemal tests are insensitive
early in primary syphilis.

b. Gram staining of the lesions may reveal chains of gram-negative strepto-
bacilli, but the technique is insensitive and nonspecific and is not recom-
mended [155].

c. Culture of the organism is definitive but difficult [155,156] and, at best, is
only 80% sensitive.

d. Newer tests under development include PCR (sensitivity approximately
90%) and antigen detection (sensitivity approximately 90%) and will be-
come the tests of choice [155–157]. Multiplex PCR can be used to diagnose
simultaneous infections, which are not rare.

3. Treatment [158] is complicated by recent development of resistance to tradi-
tional agents.
a. Uniformly effective in the United States are (a) ciprofloxacin, 500 mg orally

twice a day for 3 days; (b) ceftriaxone, 250 mg i.m. as a single dose; (c) erythro-
mycin, 500 mg orally four times a day for 7 days; and (d) azithromycin, 1 g orally
as a single dose. Trimethoprim-sulfamethoxazole should not be used
[159].

b. Cure rates in other parts of the world, such as Africa, may be somewhat lower
[160], and single-dose thiamphenicol, 5 g orally, appears to remain effective in
South America.

c. Patients coinfected with HIV may require longer courses of therapy [2].
E. Donovanosis (granuloma inguinale) is very rare in the United States, al-

though it is far more common in other parts of the world, including India and
Latin America. Caused by an intracellular gram-negative rod, Calymmatobacterium
granulomatis, which is related to Klebsiella, it manifests as painless destruc-
tive ulcers characterized by exuberant tissue formation and healing with scar-
ring. Diagnosis is made by biopsy of involved tissue. Treatment with azithromycin
1 g orally weekly appears effective [161] and may replace older regimens
[13,162].

IV. Papular lesions
A. Pearly penile papules are regular white papules that form in one to five rows on

the penile corona or in the coronal sulcus. They have no pathologic significance but
sometimes precipitate a consultation.

B. Molluscum contagiosum is seen frequently in children, among whom it is spread
by nonvenereal contact. After 2 to 8 weeks, infected adults usually develop 1- to
5-mm lesions around the genitalia, thighs, and buttocks. The infection is caused by
a poxvirus that has not been cultured. The painless papules are easily identified
clinically by their central umbilications. Treatment is by curettage, cryotherapy,
or laser ablation. Patients should be warned to avoid squeezing the lesions and touch-
ing other areas of the body, which presents the risk of autoinoculation. Disseminated
cutaneous disease, seen in AIDS [163], must be differentiated from disseminated
cryptococcosis and may be treated with cidofovir [164].
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C. Venereal warts (condylomata acuminata)
1. Etiology. Warts are caused by HPV, double-stranded DNA viruses that have

not been cultured. Nearly 90 types have been identified. Types 6 and 11 cause
benign genital warts, but types 16, 18, 31, 33, and 35, among others, cause
cervical cancer [51–55]. Gestational HPV infection is associated with laryngeal
lesions in vaginally delivered offspring.

2. Natural history. Cervical HPV is self-limited in women with normal im-
mune systems, with a median duration of about 8 to 10 months [56–60].
Premalignant lesions often develop within 1 to 2 years of infection [54] and inva-
sive carcinoma of the cervix within about 10 years [2].

3. Clinical features. The incubation period probably is approximately 4 to 6 weeks.
Lesions are soft papules with irregular verrucous surfaces. They are usually lo-
cated around the external genitalia or inside the urethra or vagina and on the
cervix. Perianal warts in women may result from spread from a primary geni-
tal focus, but perianal warts in men strongly suggest receptive anal intercourse.
Daughter lesions appear near older lesions. Subclinical infection is extremely
important, with most infected patients having papillomavirus DNA identified in
normal epithelium near visible lesions.

4. Diagnosis of overt external lesions usually is made clinically. Warts in
other locations, including flat warts of the cervix, may require biopsy, which
reveals characteristic koilocytosis, clear zones around the nuclei of infected cells.
Subclinical infections may be suspected by swabbing the vagina, cervix, or penis
[165] with 3% to 5% acetic acid, which turns infected areas white. This test is
nonspecific and requires histologic confirmation. DNA hybridization kits are
now commercially available and can supplement or replace standard cervical
cytology [166,167].

5. Treatment is largely unsatisfactory and generally controversial. The benefit
of treating subclinical infection has not been demonstrated [13]. Thus, the goal of
therapy is the elimination of overt warts.
a. Cryotherapy with liquid nitrogen or cryoprobe is preferred because of its

lack of toxicity, its usefulness in pregnancy, and its destruction of warts with
a single treatment.

b. Podofilox 0.5% solution is applied by the patient twice daily for 3 days fol-
lowed by a 4-day rest interval. The cycle may be repeated up to four times. The
response rate is essentially identical to that with podophyllin, but podofilox is
much more expensive [168].

c. Trichloroacetic acid, 80% to 90%, can be applied carefully to warts, followed
by an application of sodium bicarbonate. Treatment can be repeated at weekly
intervals. This regimen is safe in pregnancy.

d. Podophyllin, 10% to 25% in tincture of benzoin, is widely used. It is ap-
plied directly to the warts at weekly intervals and washed off after about
6 hours. Absorption occurs, and so the regimen is contraindicated in
pregnancy.

e. Imiquimod 5% cream (Aldara), an immunostimulator, can be applied by the
patient three times weekly. The response rate is the same as with podophyllin,
but it is far more costly [169].

f. Intralesional interferon has been used to treat warts [170], but the tech-
nique is expensive and time consuming and is inapplicable to patients with
many warts.

g. The relapse rate with the treatments listed in this section approaches 75%.
h. The cervix should not be treated before cytologic studies have ruled out

malignancy.
V. Pustular lesions (disseminated gonococcal infection). Dissemination is reported

to occur in approximately 1% to 3% of patients infected with gonococci and manifests
most commonly as a rash and arthritis or tenosynovitis [171,172].
A. Epidemiology

1. Deficiency in the terminal components of complement, most frequently of
C8, predisposes to disseminated gonococcal infection and disseminated meningo-
coccal infection.
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2. The organism resists killing by serum [171–173].
B. Clinical features [171,172)

1. Bacteremia usually manifests as fever, accompanied by pustular or hemor-
rhagic skin lesions, usually distributed primarily on the distal portions of
the extremities.
a. The classic lesion is a tiny pustule, sometimes with a central eschar, surmount-

ing a hemorrhagic base.
b. Vesicular lesions sometimes are observed.
c. Although most patients have few lesions, some have hundreds [173].
d. Differential diagnosis includes meningococcemia [173], staphylococcal en-

docarditis, Rocky Mountain spotted fever, or dengue.
2. Arthritis

a. Most patients, particularly early in their course, will have a polyarthritis, of-
ten accompanied by prominent tenosynovitis. Effusion usually is absent. Skin
lesions are common and may continue to form.

b. Some patients present with one or very few joints manifesting effusion, a septic
joint picture. Skin lesions are no longer forming at this stage.

c. Differential diagnosis includes septic arthritis of other etiologies. One must
consider Reiter syndrome, which consists of urethritis, arthritis (usually
asymmetric), dermatitis, and conjunctivitis.

C. Diagnosis is initially made clinically.
1. Cultures for N. gonorrhoeae should be obtained for all sites used for

sexual contact (urethra, anorectum, cervix, pharynx) even if asymptomatic.
2. Blood cultures are positive in only approximately 40% of patients.
3. Joint effusions should be cultured but will be positive in only approximately

20% of cases.
4. Skin lesions are rarely positive by culture or by Gram stain. Direct fluorescent

antibody staining may be useful.
5. In many patients, all cultures are negative, and diagnosis depends on clinical

impression and response to therapy.
D. Treatment must take into account new patterns of gonococcal resistance [13].

1. Initial therapy should consist of any of the following:
a. Ceftriaxone, 1 g i.m. or i.v. every 24 hours.
b. Ceftizoxime, 1 g i.v. every 8 hours.
c. Cefotaxime, 1 g i.v. every 8 hours.
d. In β-lactam allergy, use ciprofloxacin, 500 mg orally or i.v. every 2 hours or an

equivalent newer fluoroquinolone.
2. Intravenous therapy may be discontinued 24 to 48 hours after symptoms

resolve, and 1 week of total therapy may be completed with:
a. Cefixime, 400 mg orally twice a day, or
b. Ciprofloxacin, 500 mg orally twice a day (contraindicated in pregnancy

and in children younger than 16 years).
3. Special considerations

a. Sexual partners must be evaluated and treated, even if asymptomatic.
b. Patients with disseminated gonococcal infection should also be treated for

chlamydial infection.
c. Meningitis or endocarditis rarely complicates this infection. These condi-

tions require longer duration treatment [13,171,172].
VI. Ectoparasites. Infected patients should be evaluated for other STDs. Sexual partners

should be treated.
A. Pubic (crab) lice (Phthirus pubis) infestation is markedly pruritic and has an

incubation period of approximately 4 weeks [174,175). Signs include observation of
the lice, 1- to 2-mm-long gray-brown organisms; nits, 0.5-mm brown or white ovoids
attached to the hair shafts; excreta, tiny red dots on the skin among the hair; or
rarely, maculae ceruleae, blue-gray macules [176]. Infestation may include the
pubic and perianal, abdominal, chest, axillary, and superciliary hair.
1. Various treatment regimens are equally effective [13,175,177,178).

a. Permethrin (e.g., Nix) 1% creme rinse, applied to affected areas and washed
off after 10 minutes.
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b. Pyrethrins and piperonyl butoxide (e.g., RID) applied to affected areas and
washed off after 10 minutes.

c. Lindane (γ -benzene hexachloride) (e.g., Kwell) 1% shampoo applied for 4 min-
utes and then washed off.

2. Additional measures. Clothing or bed linen contaminated within the past
48 hours should be washed before reuse. The eyelids should be carefully
examined.

3. Follow-up. Patients should be reevaluated after 1 week if they remain symp-
tomatic. The presence of any lice or the presence of nits at the base of the hair
shafts is an indication for retreatment.

B. Scabies is caused by infestation with the itch mite, Sarcoptes scabiei [175]. After an
incubation period of approximately 4 weeks, most patients develop severe pruritus
of the infected areas, usually worse at night or after bathing.
1. Diagnosis is confirmed by demonstrating the mite in unexcoriated papules

or burrows. The mites often are difficult to demonstrate. The female adult has a
rounded body with four pairs of legs and is less than 0.5 mm long.
a. A hand lens is used to identify suspicious lesions. The classic linear burrows,

occurring most frequently in the interdigital spaces and on the penis, are the
best sites from which to take the scrapings.

b. With a needle or a scalpel blade, a superficial epidermal shave biopsy is
performed.

c. The specimen is suspended in immersion oil and covered with a glass coverslip.
d. The mite or its products will, one hopes, be visible under the high dry lens of

a light microscope.
2. Treatment for adults

a. Recommended [13,175,177–180]. Permethrin 5% cream applied to all ar-
eas of the body below the chin and washed off after 8 to 14 hours; or

b. Lindane (γ-benzene hexachloride) 1% lotion or cream applied to all ar-
eas of the body below the chin and washed off after 8 hours. Application
must be complete, including the interdigital spaces. Patients should
be cautioned not to wash their hands after applying the medication.
Avoid in pregnant or lactating women, people with dermatitis, or in children
under the age of 2.

c. Alternatively, one can use crotamiton 10%, applied to all areas of the body
below the chin for two successive nights and washed off thoroughly 24 hours
after the second application. This regimen appears less effective than those
above [181].

d. Ivermectin as a single oral dose of 200 µg/kg has been used successfully in
patients with standard and severe crusted scabies [182–184]. The drug has
been used topically in a small number of cases [185].

3. Additional measures
a. Clothing or bed linens contaminated within the previous 48 hours should be

washed before reuse.
b. Sexual and close household contacts should be treated.

4. Follow-up. Pruritus may persist for several weeks after adequate treatment. A
single retreatment may be indicated if pruritus is not improved after 1 week.

5. HIV-infected patients, especially those with advanced HIV disease, may
present with atypical and severe forms of scabies that may not respond to
first-line agents [186,187]. Management may include repeated applications and
should be done in consultation with a dermatologist.

VULVOVAGINITIS
Vulvovaginitis is a common clinical syndrome and is diagnosed in more than one-fourth of
women attending STD clinics (Table 16.1) [188].

I. Differential diagnosis of vulvovaginitis
A. Candidiasis

1. Epidemiology
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Table 16.1. Typical Features of Common Vaginal Infections

Trichomoniasis Candidiasis Bacterial Vaginosis

Epidemiology
Sexual transmission Yes Very rarely, if ever Often but not always

Symptoms
Relation to menses Often

postmenstrual
Often

premenstrual
None

Vulvar irritation Mild to marked Mild to marked Absent to mild
Dysuria Internal and

external
External Absent

Odor Sometimes Absent Fishy, aminelike
Signs

Labial erythema Variable Variable No
Satellite lesions No Yes No
Vaginal tenderness Yes Yes No
Rugal hypertrophy Yes Sometimes No
Adnexal tenderness Occasionally No No

Discharge
Consistency Frothy 25% Sometimes curdy Homogeneous, frothy
Color Yellow-green (25%) White Gray, white
Adherent to vaginal

walls
No Yes Yes

PH Usually ≥4.7 ≤4.5 ≥4.7
Microscopy

Epithelial cells Normal Normal Studded with
coccobacilli (clue
cells)

Polymorphonuclear
neutrophils

Usually increased Variable Not increased

Bacteria Gram-positive rods Gram-positive rods Gram-variable
coccobacilli

Pathogens Trichomonads
(70%)

Yeasts or
pseudohyphae
(50%)

Coccobacilli and
short motile rods

a. Vulvovaginal candidiasis (VC) accounts for approximately one-third of the
vaginitis cases seen in private practice. It is estimated that 75% of adult women
suffer at least one episode of VC during their lifetimes [189].

b. Candida albicans is isolated from nearly 80% to 90% of cases of VC, but
infection due to other species (C. glabrata approximately 10%, C. tropicalis
approximately 1%–5%) is apparently increasing and is associated with higher
failure and relapse rates [190–193].

c. Inhibition of normal bacterial flora by broad-spectrum antibiotics favors
the growth of yeasts and predisposes to the development of VC.

d. Overgrowth of yeast is favored by high estrogen levels [194]. This
may explain the observation that VC is more common in pregnancy. Some
nonpregnant women note recurrent or increasing symptoms preceding each
menstrual period. The prevalence of vaginal carriage of Candida is higher
among women using oral contraceptives compared with those using other
methods of birth control [195].

e. There is some evidence that tight, insulating clothing predisposes to VCiasis
by increasing vulvar warmth and moisture [196].

f. Patients with AIDS often experience severe and recalcitrant disease
[2,197].
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2. Clinical features
a. Symptoms. Patients generally complain of perivaginal pruritus, often with

little or no discharge. Dysuria, if noted, is likely to be vulvar rather than
urethral.

b. Physical findings. The labia may be pale, erythematous, or excoriated. Shal-
low linear fissures, especially on the posterior portion of the introitus, are
common. Tiny satellite papules or papulopustules just beyond the main area
of erythema are helpful diagnostically. The vaginal walls may be erythema-
tous. Candidal discharge may be thick, adherent, and curdy or thin and loose.

3. Diagnosis
a. A wet mount to which 10% to 20% KOH is added will reveal fungi in 50%

to 70% of infected women. If negative, a presumptive diagnosis must be made
on the basis of clinical features, pH, “whiff test,” and microscopy negative for
other pathogens.

b. The vaginal pH generally is normal (approximately 4.5) in women with VC,
in contrast to trichomoniasis and bacterial vaginosis (BV), in which it is char-
acteristically elevated.

c. The whiff test (see section II.B.2.b) is characteristically negative in VC.
d. The discharge usually contains relatively few PMNs.
e. A commercially available latex agglutination test has a limited sensitivity of

approximately 60% [198].
B. Trichomoniasis. Trichomonas vaginalis is an anaerobic, flagellated, motile proto-

zoan, approximately the size of a polymorphonuclear leukocyte.
1. Epidemiology

a. An estimated 3 million American women contract trichomoniasis every year.
Its incidence has declined, possibly because of the widespread use of metron-
idazole for BV, but it remains common in populations at risk for other STD
[199–201].

b. Trichomoniasis is only rarely acquired nonvenereally. Sexual partners should
be treated and infected patients should be evaluated for other STD [201].

2. Clinical features
a. History. The incubation period in women is 5 to 28 days [202]. Infected women

usually note vaginal discharge and vulvovaginal soreness or irritation.
Dysuria and dyspareunia are common. Although up to two-thirds of in-
fected women complain of a disagreeable odor, this symptom may actually be
more suggestive of BV. Symptoms often begin or exacerbate during the men-
strual period. Abdominal discomfort is described by only 5% to 12% of in-
fected women and should prompt careful evaluation for a second process, such
as pelvic inflammatory disease (PID). Approximately 10% to 50% of infected
women attending STD clinics carry the organism asymptomatically.

Most men infected with T. vaginalis are asymptomatic [29].
b. Physical findings

(1) Examination usually reveals a copious rather loose discharge pooling in
the posterior vaginal fornix, often yellow or green. Bubbles are observed in
10% to 33% of cases, and as many as half have a relatively thick discharge
that may be confused with VC.

(2) There is usually inflammation of the vaginal walls and the exocervix.
Punctate hemorrhages (colpitis macularis), including the so-called straw-
berry cervix, are observed colposcopically in 45% of infected women but
in only 2% by visual inspection alone [202].

(3) Vaginal discharge from 90% of women with trichomoniasis has a pH level
elevated above the normal value of 4.5.

c. Diagnosis. The accurate diagnosis of trichomoniasis depends on demon-
strating the organism in genital specimens.
(1) Trichomonads may be identified in vaginal secretions using the wet-

mount technique, which will detect their characteristic movements in
nearly 60% of infected women [203]. The wet mount generally also reveals
large numbers of white blood cells, although asymptomatic women may
have very few.
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(2) Direct fluorescent antibody staining [203], latex agglutination [204], and
ELISA techniques [205] are more sensitive than a wet mount (80%–90%)
but less sensitive than culture. More sensitive, however, are newly devel-
oped DNA probes [206] and PCR [207,208] that are becoming available.

(3) Culture remains the most sensitive technique, and commercially
available kits have increased the ease with which the organism can be
cultured [209].

(4) Serologic testing has no current role in the evaluation of the indi-
vidual patient.

(5) The Pap smear is specific but insensitive.
C. BV is the most common vaginal infection in the United States. Seen primar-

ily in sexually active women, it is characterized by a nonirritating malodorous
vaginal discharge. Though previously called nonspecific vaginitis and originally
attributed to infection with Gardnerella vaginalis, there is now considerable evi-
dence that BV is actually a synergistic infection involving not only G. vaginalis
but also certain anaerobic bacteria [210,211]. Loss of hydrogen peroxide-producing
lactobacilli, possibly through the action of a recently described bacteriophage [212],
probably sets the stage for this infection [210,211].
1. Epidemiology

a. BV is common in populations with a high prevalence of STDs. The precise
contribution of sexual transmission to the overall epidemiology of the
condition remains controversial.

b. Recurrence in the absence of sexual reexposure is well described. It is not
demonstrably necessary to treat male sexual partners initially, but some
women with frequent recurrences will benefit if sexual partners are treated
well [213].

2. Clinical features
a. History. Affected women usually are sexually active and often complain pre-

dominantly of vaginal odor. Approximately 90% of patients also notice a
mild to moderate discharge. If present, inflammation and perivaginal irri-
tation are mild. Dysuria and dyspareunia are rare. Abdominal discomfort, if
present, is usually mild and should prompt evaluation for coincident infections
including salpingitis.

b. Physical findings. Discharge often is present at the introitus and is visible
on the labia minora. The labia and vulva generally are not erythematous or
edematous. On speculum examination, the vaginal walls are uninflamed. The
vagina often contains a grayish-white, thin, homogeneous discharge manifest-
ing small bubbles. This discharge differs from normal physiologic discharge
in that the latter has a floccular appearance, and bubbles are absent. Because
it is relatively thin but adherent to the vaginal walls, this discharge is
often apparent only as an increased light reflex. The endocervix is unaffected
by the process.

3. Diagnosis. BV is perhaps most easily differentiated from trichomoniasis on the
basis of direct microscopic examination of vaginal discharge.
a. A wet mount of the discharge reveals clue cells, which are vaginal epithelial

cells studded with tiny coccobacilli. Some clue cells are seen in more than
90% of patients with BV.

b. The pH of vaginal discharge is elevated above the normal of 4.5 in approx-
imately 90% of cases.

c. A positive whiff test is found in nearly 70% of cases.
d. Bacterial flora can also be assessed on a wet-mount slide. In healthy women,

the predominant morphotype is a large rod (presumably Lactobacillus species).
In the discharge from a patient with BV, these rods have been completely
supplanted by clumps of coccobacilli.

e. Discharge in BV contains few PMNs.
f. It has been suggested [214] that the clinician look for (a) a pH greater

than 4.5; (b2) homogeneous, white, adherent vaginal discharge; (c) a
positive whiff test; and (d) clue cells. Finding any three of these four
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signs strongly supports the diagnosis of BV; the finding of clue cells is
the most specific of the criteria [214].

g. Culture for G. vaginalis does not prove that the patient has BV or suggest a
need for treatment.

4. BV and pregnancy. BV has been associated with adverse outcomes of pregnancy
(e.g., preterm labor, preterm delivery, premature rupture of membranes, postpar-
tum endometritis) [215]. Treatment of BV in pregnant women apparently reduces
the risk of adverse pregnancy outcomes [216,217].

5. BV is associated with an increased risk of PID [218,219].
D. Other vaginal conditions to consider include vaginitis due to foreign bodies, HSV,

HPV, and, much less commonly, Mycobacterium tuberculosis, salmonellae, actino-
mycetes, schistosomes, and pinworms. N. gonorrhoeae and C. trachomatis can
cause true vaginitis in prepubescent girls [45].

E. Noninfectious causes of vulvovaginal complaints include genital neoplasms,
chemical irritation, or focal vulvitis. Physiologic vaginal fluid can sometimes be per-
ceived by the patient as vaginal discharge.

II. Approach to the patient with vaginal complaints [45]
A. Historical features

1. Mode of onset. An abrupt and identifiable time of onset of symptoms suggests
infection. Symptoms beginning during or immediately after the menstrual period
are somewhat suggestive of trichomoniasis, whereas a premenstrual onset more
frequently accompanies VC.

2. Perineal irritation. Pruritus with a scanty or absent discharge frequently is
seen in VC and is less common with trichomoniasis. Perineal discomfort is an
infrequent complaint in BV. Severe episodic perineal pain sometimes preventing
urination strongly suggests herpes genitalis, which affects the labia but usually
spares the vagina per se. Chronic discomfort, often interfering with sexual
activity, should prompt consideration of focal vulvitis.

3. Abdominal pain. Abdominal discomfort is rare in uncomplicated vulvo-
vaginitis except for occasional cases of trichomoniasis. Women complaining of
abdominal pain should be examined carefully for evidence of coincidental cystitis
or PID.

4. Medication. Use of antibiotics, corticosteroids, or oral contraceptives
predisposes to VC.

5. New or multiple sexual contacts increases the risk of trichomoniasis or BV.
B. Examination of the female genitalia

1. A complete pelvic examination should be performed.
2. Other bedside evaluation

a. After the speculum is withdrawn, the pH of vaginal secretions can be de-
termined by inserting a strip of indicator paper into the material collected in
the lower lip of the speculum. A normal pH of 4.5 is seen in most patients
with VC, whereas a pH elevated to 5.0 or higher is associated with BV or
trichomoniasis.

b. Several drops of 10% KOH are then added to the material on the speculum.
A resultant pungent, fishy, aminelike odor constitutes a positive whiff test.
The whiff test is positive in more than 90% of patients with BV and in many
patients with trichomoniasis. This test may also be evaluated on a slide that
has been prepared for KOH microscopic examination.

C. Laboratory examination
1. A wet mount is of greatest value in the differential diagnosis of a vaginal

discharge, and the specimen may be prepared in several ways. A swab of vaginal
discharge may be agitated in a tube containing approximately 0.5 mL of normal
saline. One drop of the resulting suspension is put on a microscope slide, and a
coverslip is applied. Alternatively, the examiner may place a drop of saline on the
slide and mix in a loopful of vaginal material, after which a coverslip is applied.
The slide is examined at 400 × with the substage condenser racked down and
with the substage diaphragm closed. Phase-contrast microscopy is an excellent
means of evaluating vaginal wet mounts.
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a. The relative numbers of epithelial cells and PMNs should be noted.
Finding more than one PMN per epithelial cell should raise the examiner’s
suspicion of cervical or vaginal inflammation. The relative absence of PMNs
is characteristic of the discharge of BV.

b. The wet preparation should be scanned for motile trichomonads. Tri-
chomonads are best recognized by their characteristic twitching motility. Tri-
chomonad motility is improved by gently warming the preparation. Unfortu-
nately, the wet mount is negative in approximately 30% of the women with
trichomoniasis, and a negative wet mount does not rule out this infection,
particularly in relatively asymptomatic women.

c. Normal squamous epithelial cells have transparent cytoplasm and small nu-
clei. Epithelial cells covered with tiny coccobacillary forms are clue cells
and are associated with BV. Clue cells are best recognized by observ-
ing the edges of epithelial cells, which may be obscured by the adherent
coccobacilli.

d. The bacterial flora can be assessed on the wet mount. Normal vaginal flora
consists primarily of rods. In BV, the predominant flora is tiny coccobacilli.

e. Combining a drop of 10% or 20% KOH with the vaginal material on a mi-
croscope slide, applying a coverslip, and gently heating will destroy cellular
elements but leave the bacteria and fungi unscathed.

2. A Gram stain of vaginal material can be used for the diagnosis of BV
[220], but trichomonads are very difficult to identify.

III. Treatment
A. Candidiasis

1. Topical therapy. VC usually is treated with the topical application of an an-
tifungal agent. Commercially available preparations are characterized by high
patient acceptability and safety in pregnancy. The choice of an agent is based
primarily on cost, the patient’s preference for cream versus suppository, and the
availability of agents. We prefer 3- or 7-day regimens.
a. One 14-day regimen is nystatin, a 100,000-unit suppository at bedtime. The

cure rate exceeds 90%.
b. Seven days of treatment with an imidazole yields cure rates ranging from

80% to 94% [45].
(1) Miconazole 2% cream, 5 g daily at bedtime
(2) Miconazole, 100-mg vaginal suppository daily at bedtime
(3) Clotrimazole, 100-mg vaginal suppository daily at bedtime
(4) Clotrimazole 1% cream, 5 g daily at bedtime
(5) Terconazole 0.4% cream, 5 g daily at bedtime
(6) Fenticonazole 2% cream, 5 g daily at bedtime

c. Three-day regimens. Some reviews suggest marginally better results with
7 days of therapy [221]. Patient compliance is likely to be better [222].
(1) Miconazole, 200-mg vaginal suppository daily at bedtime
(2) Clotrimazole, 200-mg suppository daily at bedtime
(3) Butoconazole 2% cream, 5 g daily at bedtime
(4) Tioconazole 2% cream, 5 g daily at bedtime
(5) Econazole, 150-mg suppository daily at bedtime
(6) Terconazole 0.8% cream, 5 g daily at bedtime
(7) Terconazole, 80-mg suppository daily at bedtime

d. Single-dose regimens with large amounts of imidazoles may be preferred
for the sake of convenience in the treatment of mild infections, but cure rates
obtained in some of these studies have not quite matched those obtained with
longer courses. Treatment in pregnancy is more often unsuccessful, and so the
longer course regimens may be preferred in this setting [223].
(1) Clotrimazole, 500-mg vaginal tablet at bedtime (single dose)
(2) Tioconazole 6.5% ointment, 4.6 g at bedtime (single application)
(3) Miconazole 1200 mg suppository at bedtime (single administration)

2. Oral therapy. Considerable data support the value of oral imidazoles and tria-
zoles in treating VC [45]. Results do not appear to be substantially superior
to those obtained with topical regimens, and the clinician must consider
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carefully the need for systemic therapy for VC in view of the potential
toxicities and possible teratogenicity of the drugs. Only the fluconazole
single-dose regimen is approved for this use by the U.S. Food and Drug
Administration.
a. Single-dose fluconazole, 150-mg single oral dose, is at least as effective as

intravaginal treatment of VC, and many patients may prefer the convenience
of a single-dose oral regimen.

b. Other oral regimens (not U.S. Food and Drug Administration approved)
with very limited clinical data include (a) ketoconazole, 200 mg orally twice
a day for 3 to 5 days; (b) ketoconazole, 200 mg orally every day for 3 days;
(c) itraconazole, 200 mg orally twice a day for 1 day; and (d) itraconazole,
200 mg orally every day for 3 days.

3. Recurrent infection. The optimal therapy for recurrent VC has not been
defined. Several approaches have been tried with limited success in individual
cases.
a. Replacement of lactobacillary flora by diet. This is ineffective. Vaginal

lactobacilli are not Lactobacillus acidophilus, women with recurrent candidia-
sis do not lack vaginal lactobacilli, and a double-blind trial of live versus killed
yogurt failed to show any differences in recurrences [224,225].

b. Monthly premenstrual treatment with an antifungal. Although this is
effective, many women with somewhat less frequent symptoms prefer to use
therapy only when they become symptomatic, and efficacy disappears when
the regimen is discontinued [226,227].

c. Treatment of sexual partners. This too is ineffective in most cases [228,229].
d. Elimination of a rectal focus. This is ineffective. Note the large number of

studies of the new oral regimens, which would eliminate a rectal focus but are
not associated with a delay in next recurrence [229,230].

e. Higher dose or alternative treatment for Candida species other than
C. albicans, many of which are resistant to the imidazole/triazoles. Note that
C. glabrata may require treatment with fluconazole 150 mg orally on days 1
and 4 or may be better treated with 7 days of a topical imidazole. Boric acid
powder, 600 mg in a gelatin capsule per vaginum daily for 14 days, is effective
against highly resistant yeasts [231,232].

f. Long-term, continuous, suppressive therapy for 6 months [223,233].
This is effective for the duration of suppression and in some women for the
long term. This approach may work by allowing women to become desensitized
to yeast products. Regimens tested include ketoconazole 100 mg orally daily;
itraconazole 50 to 100 mg orally daily; fluconazole 150 mg orally weekly;
and clotrimazole suppositories 500 mg per vaginum once per week. Because of
its potential toxicity, the ketoconazole regimen is not recommended.
The fluconazole regimen is the most convenient. Cost of any of these
regimens is a major consideration.

B. Trichomoniasis. The index case and all sex partners should be treated. Cure rates
of 95% have been achieved when recommended metronidazole regimens are used
[13,201].
1. The standard treatment is metronidazole, 2 g, as a single oral dose.
2. An alternative regimen is metronidazole, 250 mg orally three times a day or

500 mg orally twice a day for 7 days. Note: Metronidazole gel has been approved
for treatment of BV but it is ineffective for trichomoniasis.

3. Metronidazole may be used in pregnancy.
4. Metronidazole resistance is increasing in prevalence. Treating

metronidazole-resistant trichomoniasis usually involves the administration
of high doses of metronidazole, which can be associated with toxicity [201].
Usually, retreatment with metronidazole, 500 mg twice a day for 7 days, is tried.
If repeated failure occurs, the patient can be treated with a single 2-g dose
of metronidazole once daily for 3 to 5 days. Patients with culture-documented
infection who do not respond to these regimens and in whom reinfection has been
excluded should be referred for consultation with an expert, so that susceptibility
of the T. vaginalis to metronidazole can be determined.
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C. BV. Successful regimens have been aimed at the anaerobic bacteria that participate
in the infection. Male sexual contacts do not require therapy [13] for the initial
episode. In women with recurrent episodes of BV, it would be prudent also to treat
sexual contacts.
1. Oral regimens

a. Metronidazole, 500 mg orally twice a day for 7 days.
b. Metronidazole, 250 mg orally three times a day for 7 days.
c. Clindamycin, 300 mg orally twice a day for 7 days. This regimen has the ad-

vantage of being safe in pregnancy [234].
d. Cefadroxil, 500 mg orally twice a day for 7 days. This regimen is safe in preg-

nancy but is supported by very limited data [235].
2. Topical regimens appear to have acceptable cure rates, although data are

limited.
a. Clindamycin 2% vaginal cream, 5 g (one full applicator) vaginally at bedtime

for 7 days [236–238]. This regimen should not be used in pregnancy be-
cause it is less effective than metronidazole in preventing gestational
complications [13,239,240].

b. Metronidazole 0.75% vaginal gel, 5 g (one full applicator) vaginally twice a day
or qhs for 5 days [237,241–243].

SEXUALLY TRANSMITTED INTESTINAL INFECTIONS
Sexually transmitted intestinal infections (e.g., due to Salmonella species, Campylobacter
jejuni, Shigella species, Cryptosporidium species) are discussed in Chapters 13 and 18.

OBSTETRIC/GYNECOLOGIC INFECTIONS
I. Basic concepts

A. The lower genital tract (cervix and vagina) contains a complex flora of more than
100 species of bacteria, viruses, and fungi.

B. The upper genital tract (uterus, fallopian tubes, ovaries, pelvic peritoneum) is
normally sterile.

C. When the upper genital tract is anatomically disrupted (e.g., by STDs, surgery, or
the trauma of delivery) and local defense mechanisms are impaired, the “normal
flora” of the lower genital tract can ascend and cause disease [244]. Accordingly,
most gynecologic and obstetric infections are polymicrobial with these nor-
mal flora (Table 16.2). Conversely, some “pathogens” are readily isolated from the
healthy woman’s vagina [245].

II. Bacteria
A. There are 108 to 109 colony-forming units of bacteria per milliliter of vaginal

secretions.
B. Anaerobes predominate over aerobes by a ratio of approximately 10:1.
C. Staphylococcus aureus and Streptococcus pyogenes (group A streptococcus) are rarely

found in normal flora; thus, their presence in the setting of toxic shock syndrome is
important.

D. Mycoplasma hominis and U. urealyticum are frequently found in the vaginas of sex-
ually active women. In the absence of illness they do not warrant therapy, but there
is speculation as to their role in the development of PID.

III. Fungi
A. Yeasts are the only fungi of importance regularly isolated from the normal genital

tract.
B. C. albicans is the most common species, although C. glabrata may be found.

IV. Viruses
A. Cytomegalovirus has been recovered in the healthy lower genital tract, particularly

in highly sexually active individuals [246].

PELVIC INFLAMMATORY DISEASE
I. Definition. PID refers to infection of the upper female genital tract, anywhere from

the endometrium to the fallopian tubes to the ovaries to the peritoneum. Various
combinations of C. trachomatis, N. gonorrhoeae, and mixed bacteria of the
lower genital tract are the causal organisms.
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Table 16.2. Normal Flora of the Lower Female Genital Tract

Isolate Approximate %
of Normal Carriage

Lactobacillus ∼45
Anaerobic gram-positive cocci ∼25
Prevotella species ∼20
Ureaplasma urealyticum ∼18
Gardnerella vaginalis ∼12
Streptococcus agalactiae (group B

streptococcus)
∼11

Escherichia coli ∼7
Anaerobic gram-negative rods ∼5
Candida species ∼5
Mycoplasma hominis ∼3
Bacteroides fragilis ∼3
Other gram-negative rods ∼1

Note: The compendium of “normal flora” changes dramatically with menses, postopera-
tively, with tampon usage, with bacterial vaginosis, and with other sexually transmitted
diseases.
From Eschenbach DA, Thwin SS, Patton DL, et al. Influence of the normal menstrual
cycle on vaginal tissue, discharge, and microflora. Clin Infect Dis 2000;30:901–907, with
permission [245].

II. Risk factors
A. Heterosexual activity (young at first intercourse, multiple partners, recent new

sexual partner, frequency of intercourse, etc.)
B. Prior STD (gonorrhea, Chlamydia, probably BV)
C. Age: incidence peaks among 15 to 24 year olds.
D. Intrauterine device (IUD, especially the Dalkon shield) or no contraception greater

than barrier methods or oral contraceptives
E. Invasive gynecologic procedures
F. Menstruating women (PID is rare during pregnancy and after menopause)

III. Diagnosis
A. Gold standards for diagnosis are often impractical to achieve in the outpatient

setting [13].
1. Endometrial biopsy showing changes consistent with PID
2. Transvaginal ultrasound showing thickened fluid-filled tubes
3. Laparoscopic evidence of PID

B. Clinical diagnosis
1. Symptoms classically include fever (temperature > 101◦F) and lower abdomi-

nal or adnexal tenderness.
2. Examination may reveal cervical motion tenderness or abnormal cervical

discharge.
3. Laboratory values may include elevated C-reactive protein or erythrocyte

sedimentation rate and cervical culture of N. gonorrhoeae or C. trachomatis.
4. Clinical diagnosis is insensitive and nonspecific. Many patients with these

findings will not have true PID [247], and likewise many patients without such
findings will have PID. Sole endometritis can have particularly mild symptoms
[248].

5. Gonococcal PID is usually relatively acute with significant symptoms, high
fever, peritoneal signs, and vaginal discharge.

6. Chlamydial PID usually displays mild to moderate symptoms (e.g., chronic
pain, irregular bleeding) but severe inflammation on laparoscopy.

7. Nongonococcal/nonchalmydial PID is often marked by abscess formation.
IV. Therapy. The Centers for Disease Control and Prevention (CDC) rec-

ommend empirical treatment for all sexually active women with lower
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abdominal/adnexal tenderness and cervical motion tenderness on examina-
tion with no other explanation [13].
A. There are no large-scale trials that support one therapeutic regimen over

another.
B. All treatment regimens should be effective against gonorrhea, chlamydia, and

anaerobes, regardless of endocervical or other cultures. The rationale is that
negative endocervical cultures for N. gonorrhoeae and C. trachomatis do not pre-
clude upper tract infection and anaerobes are likely pathogenic and therefore also
should be treated [249].

C. Failure rates of 15% to 20% are documented for single drug regimens; thus, most
authorities recommend multiple-drug regimens. These provide clinical and mi-
crobiologic cure rates of approximately 90%.

D. Whether to hospitalize and use i.v. therapy relies on clinical judgment, but most
authorities suggest hospitalization in the following scenarios:
1. Tubo-ovarian abscess (see below)
2. Peritonitis (cannot rule out other abdominal processes)
3. Pregnant patients (because of high rates of preterm labor, stillbirths, and ma-

ternal morbidity)
4. Immunosuppressed patients (including HIV patients, who often have more se-

vere presentations)
5. The patient cannot tolerate oral medications
6. Possibly in young adolescents when compliance is in question

E. The CDC recommends any of the following parenteral regimens:
1. Cefotetan 2 g i.v. every 12h + doxycycline 100 mg orally every 12h
2. Cefoxitin 2 g i.v. every 6 hours + doxycycline 100 mg orally every 12 hours
3. Clindamycin 900 mg i.v. every 8 hours + gentamicin 2 mg/kg i.v. loading dose,

then 1.5 mg/kg every 8 hours
Note: Limited trials also suggest that parenteral ofloxacin + metronidazole,
ampicillin/sulbactam + doxycycline, or ciprofloxacin + doxycycline + metron-
idazole are effective.

F. Duration of i.v. therapy. Most trials on inpatients have used parenteral treat-
ment for at least 48 hours, after which the patient is switched to oral doxycycline
100 mg twice a day to complete a 14-day course.

G. Stable patients who do not require hospitalization can be managed with
outpatient therapy with any of the following regimens:
1. Ofloxacin 400 mg orally twice a day + metronidazole 500 mg orally twice a

day for 14 days
2. Ceftriaxone 250 mg i.m. × 1 + doxycycline 100 mg orally twice a day for

14 days
3. Cefoxitin 2 g i.m. + probenecid 1 g orally once + doxycycline 100 mg orally

twice a day for 14 days
4. Ceftizoxime or cefotaxime i.m. once + doxycycline 100 mg orally twice a day

for 14 days
Note: Amoxicillin/clavulanate plus doxycycline may also be effective. There are
no data on oral cephalosporins nor azithromycin (instead of doxycycline) in the
treatment of PID.

H. IUD-associated PID. The need to remove an IUD has not been proven, but
clinical response seems to be faster with removal. It is recommended for mild
IUD-associated PID that oral antibiotics are started before removal to reduce the
likelihood of bacteremia upon instrumentation. IUDs are also associated with Acti-
nomyces israelii colonization and infection (see below).

V. Follow-up. All patients with PID whether given i.v. or oral therapy should have a
follow-up examination in 2 to 3 days. Male partners who have had sexual contact
with the PID patient in the preceding 60 days should be seen and treated empirically
for both C. trachomatis and N. gonorrhoeae.

VI. PID sequelae:
A. Disease recurrence (approximately 43%).
B. Chronic pelvic pain (approximately 24%) [250].
C. Infertility (20%–40% in some series of PID patients).



P1: HDS/2 P2: IML/SPH QC: IML/ABE T1: IML

PB207B-16 PB207A-Betts/6678F August 19, 2002 13:15 Char Count= 0

16. STDs and Obstetric and Gynecologic Infections 569

D. Ectopic pregnancy (2.5%–10%) [251].
E. PID is also associated with premature rupture of membranes, preterm delivery,

and amnionitis [252].
VII. Prevention. Strategies revolve around aggressive screening for chlamydial infection

[253].
VIII. Tubo-ovarian abscess

A. Epidemiology. Tubo-ovarian abscess is a major complication of PID and occurs
in up to one-third of hospitalized PID patients. The microbiology is generally the
same as for PID.

B. Clinical presentation. Like PID, symptoms are insensitive and nonspe-
cific. In a large review 89% of tubo-ovarian abscess patients had abdominal pain,
50% a history of fever/chills, 28% vaginal discharge, 26% nausea, and 21% abnor-
mal vaginal bleeding. Fever may be present in only 60% and leukocytosis in only
70% [254].

C. Diagnosis requires demonstration of an inflammatory mass on imaging (usually
ultrasound or computed tomography [CT]).

D. Management
1. Antibiotics. Approximately 75% to 80% of tubo-ovarian abscesses re-

spond to antibiotic therapy alone, especially when small (<7 cm) [255].
a. The i.v. clindamycin + gentamicin regimen detailed above for PID has com-

monly been used.
b. In retrospective reviews, many patients receive 7 to 10 days of i.v. antibiotics

before switching to oral therapy. Oral clindamycin or metronidazole is often
added to the oral doxycycline to complete the 14-day PID treatment course.

2. Surgery is required for tubo-ovarian abscesses that rupture (approximately
3%).

3. Surgery is usually performed for
a. Poor response despite i.v. antibiotics
b. In the setting of an enlarging abscess
c. With bilateral tubo-ovarian abscess
d. In cases of chronic pain

4. Unilateral adnexectomy, often under laparoscopy, with continued an-
tibiotics is accepted treatment (vs. total abdominal hysterectomy/bilateral
salpingo-oophorectomy)[256]. Percutaneous and endovaginal ultrasound-
guided drainage are also used.

IX. Actinomycotic salpingitis [257]
A. Actinomyces israelii is an anaerobic, gram-positive, branching, non–acid-fast rod.
B. Colonization of the lower genital tract occurs most often in the setting of IUDs

(especially in long-time users) and colonization portends an increased risk of
PID.
1. Colonization is usually diagnosed by Pap smears showing characteristic “sul-

fur granules.”
2. Colonization management. Patients either can be followed expectantly with

repeat Pap smears or treated for 10 to 14 days with oral penicillin. Rarely does
the IUD need to be removed for colonization [257].

C. Infection ensues in a small percentage of colonized women.
1. Clinical presentation may be irregular vaginal bleeding or mild pelvic dis-

comfort.
2. Pathology can reveal significant destruction, fibrosis, and stricturing of

pelvic/retroperitoneal structures.
3. Management. If there is a concern of active actinomycotic endometri-

tis/salpingitis in an IUD user, the patient should receive i.v. penicillin (plus the
i.v. therapy for PID), the IUD should be removed, and surgery may be required.

4. Note: The tetracyclines, erythromycin, and clindamycin are also effective
against Actinomyces.

X. Genital tract tuberculosis
A. Most common in developing countries.
B. Usually results from hematogenous spread from pulmonary infection, rarely

from contiguous intraperitoneal disease or direct sexual inoculation.
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C. Clinically, an indolent infection. Chief presentation is infertility and also vaginal
bleeding or chronic pelvic pain.

D. Diagnosis: Hysterosalpingogram may show characteristic changes; however, en-
dometrial or fallopian tube histology, which demonstrates granulomas, positive
acid-fast stains, or positive culture of endometrial aspirates, is required.

E. Therapy. Antibiotics (see Chapter 27) and surgery (often TAH/BSO) if symptoms
persist.

INFECTIONS AFTER GYNECOLOGIC SURGERY OR PROCEDURES
It is helpful to realize that animal models of intraabdominal infection reveal an early and
late-onset clinical pattern with early infection marked by gram-negative peritonitis with
sepsis and late infection marked by abscess formation caused by anaerobes.

I. Risk factors for postgynecologic surgical infections
A. Hysterectomy, especially vaginal
B. Lower socioeconomic status
C. Duration of surgery
D. BV at the time of surgery
E. Increased age

II. Pelvic cellulitis is the most common infection after hysterectomy.
A. Clinical presentation. Fever and abdominal and pelvic pain (usually more severe

on one side), typically on postoperative days 2 to 3, with parametrial tenderness on
bimanual examination.

B. Diagnosis is clinical. The value of obtaining cultures is controversial.
C. Therapy: cefotetan, cefoxitin, ampicillin/sulbactam, ticarcillin/clavulanate. An al-

ternate regimen is clindamycin plus gentamicin. Intravenous therapy is typ-
ically continued until the patient is afebrile for 24 to 36 hours and then
stopped.

III. Pelvic abscess. This occurs rarely but is the most serious postoperative complication.
A. Epidemiology. Risk is greatest after hysterectomy, particularly vaginal hysterec-

tomy. There need not be preceding pelvic cellulitis. It is most common in pre-
menopausal women.

B. Clinical presentation: May present weeks after surgery (average 18 to 20 days)
with high fever (usually late in the afternoon), leukocytosis, elevated erythrocyte
sedimentation rate, and often a palpable mass high in the pelvis.

C. Diagnosis. Ultrasound or CT to confirm presence of the mass/loculations/
relationship to bowel.

D. Microbiology. Abscess pus and abscess tissue should be inoculated into anaerobic
transport vials for culture. Such anaerobic cultures will be adequate for aerobes,
fungi, and mycobacteria as well.

E. Therapy
1. Antibiotic therapy alone is often successful.
2. Surgery should be considered because of the high mortality of abscess rupture.
3. Bacteroides fragilis is most frequently isolated; thus, anaerobic coverage with

i.v. clindamycin or metronidazole is recommended. Failure to respond to
antibiotics usually attests to the need for surgical drainage and not antibiotic
resistance.

4. Drainage can be performed percutaneously or via colpotomy or laparotomy.
There are numerous reports of ultrasound-guided drainage procedures. The ab-
scess should be completely evacuated and a pigtail or equivalent catheter left in
place until drainage ceases, usually 4 to 8 days.

5. Duration. Intravenous antibiotics should be administered until temperature,
white blood cell count, and symptoms normalize. Some clinicians treat these pa-
tients for 7 days after discharge with oral amoxicillin/clavulanate or metron-
idazole.

6. Follow-up. Patients are often reexamined at 2 weeks.
IV. Vaginal cuff cellulitis. Inflammation at the vaginal cuff incision is normal after hys-

terectomy, but frank infection at this site is relatively rare.
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A. Clinical presentation: Usually presents after discharge from the hospital with
lower abdominal/pelvic pain, increased vaginal discharge, and low-grade fever. On
bimanual examination only the superior vaginal surgical area is tender.

B. Therapy. Oral therapy such as amoxicillin/clavulanate is usually effective within
72 hours.

V. Vaginal cuff abscess
A. Clinical presentation. Cuff abscess generally presents acutely on postoperative

days 2 to 3 with fullness in the lower abdomen, often pain with defecation, and a
well-localized collection above the vaginal cuff.

B. Management. Therapy requires surgical drainage, which can usually be accom-
plished through the vagina, and i.v. antibiotics (e.g., clindamycin + gentamicin) until
the patient is afebrile for 24 to 36 hours.

VI. Osteomyelitis pubis. A rare infection that usually results from contiguous extension
after urethral suspension, radical vulvectomy, pelvic exenteration, or, rarely, hematoge-
nous seeding.
A. Clinical presentation. Patients usually present approximately 8 weeks after the

operation with pubic bone pain, avoidance of ambulation, and pain on abduction.
Wound drainage, low fever, and elevated erythrocyte sedimentation rate and alkaline
phosphatase may be present.

B. Diagnosis. Plain films, bone scans, CT, or magnetic resonance imaging can confirm
the presence of osteomyelitis.

C. Therapy. Intravenous coverage for both S. aureus and gram-negative rods should
be started after surgical debridement is performed. Coverage can then be narrowed
based on operative cultures. Duration of therapy is 6 weeks.

MATERNAL INFECTIONS AFTER DELIVERY
I. Postpartum fever. Fever (oral temperature >38.0◦C) in the first 24 hours after deliv-

ery is common but usually due to breast engorgement, atelectasis, aspiration pneumonia
(particularly after cesarean section), or urinary tract infection. In the setting of vaginal
delivery, only approximately 20% of fevers on postdelivery day 1 are due to pelvic infec-
tion; in the setting of cesarean section, the percentage rises to approximately 70%. Fever
after postdelivery day 1 is then generally due to pelvic infection. Such infections are
an important cause of maternal death, accounting for between 8% and 13% of maternal
deaths.

II. Episiotomy infections
A. Epidemiology. Only 0.1% to 0.3% of episiotomies become infected overall, highest

for third- or fourth-degree tears (1%–2%).
B. Risk factors: Cigarette smoking, coagulation disorders, HPV infection.
C. Classification

1. Simple episiotomy infection
2. Infection of the superficial fascia without necrosis
3. Infection of the superficial fascia with necrosis
4. Myonecrosis, most commonly caused by Clostridium perfringens

D. Clinically presents as a wound with red swollen edges, often with dysuria.
E. Management includes opening and exploration of the wound with adjunctive antibi-

otics for the usual vaginal flora.
III. Postcesarean section wound infections

A. Epidemiology. Incidence averages approximately 6%, with prophylactic antibiotics
2%.

B. Risk factors: obesity, diabetes mellitus, corticosteroid therapy, immunosuppression,
or hematoma formation.

C. Clinical presentation. Fever on about postoperative day 4, often preceded by en-
dometritis. Erythema and drainage are found on examination.

D. Diagnosis. Wound cultures are almost always positive, and the organisms are usu-
ally the same as those that cause endometritis. Hospital-acquired gram-negative
pathogens may be considered, however.

E. Therapy. Surgical drainage and antibiotics; if fascia not intact (i.e., wound dehis-
cence), secondary closure.
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IV. Postpartum endometritis. “Postpartum endometritis” technically involves not only
the endometrium but also the myometrium and parametrium.
A. Risk factors [258]

1. Cesarean delivery
2. Poor socioeconomic status
3. Prolonged rupture of membranes
4. Prolonged labor
5. Multiple cervical examination
6. Internal fetal monitoring
7. Midforceps delivery
8. Vaginal colonization with certain organisms (group B streptococcus, C. trachoma-

tis, M. hominis, G. vaginalis, U. urealyticum)
9. Chorioamnionitis

B. Clinical presentation. Any postpartum fever should be evaluated for endometri-
tis. Classically entails fever on postpartum days 1 to 2 (temperature >38–39◦C),
chills (may suggest bacteremia), abdominal pain, fundal tenderness, parametrial
tenderness, foul-smelling lochia, and leukocytosis.

C. Microbiology. Typically multiple organisms of the normal vaginal flora are isolated
from the endometrium (approximately 2.5 on average), including
1. Anaerobes: Peptostreptococcus, Peptococcus, Bacteroides, Clostridium.
2. Aerobes: Enterococcus, group B streptococcus, E. coli.
3. Gardnerella vaginalis.
4. M. hominis.
5. U. urealyticum.
6. Note: The utility of endometrial cultures in routine cases is controversial, because

results will not likely affect antibiotic choice.
7. An estimated 10% to 20% will have documentable bacteremia, often with group B

streptococcus or G. vaginalis. Bacteremia does not predict the severity of illness.
D. Special pathogens to consider

1. C. trachomatis: implicated as a cause of late-onset (2–6 days postpartum), indo-
lent, postpartum endometritis.

2. Group A streptococcus causes severe presentation with high fever, erythroderma,
desquamation, and sepsis (“toxic shock”) and carries a more than 55% mortality.
Organisms are often associated with transmission from a caregiver, and the CDC
recommends screening caregivers. Consider i.v. immunoglobulin.

E. Therapy. An antimicrobial regimen effective for all putative pathogens is impracti-
cal, but empirical therapy against a broad range of anaerobes and aerobes tends to
be effective.
1. After vaginal delivery: i.v. clindamycin + gentamicin is effective in 95%.
2. If fever persists at 48 to 72 hours, most add ampicillin as enterococcus has been

implicated in this setting.
3. After cesarean section: Many include ampicillin along with clindamycin and

gentamicin.
4. β-Lactams have less of a track record, but extended-spectrum penicillins with

β-lactamase inhibitors such as ampicillin/sulbactam or piperacillin/tazobactam
could be considered.

F. Duration of therapy. Typically antibiotics are stopped after the patient is afebrile
for 24 hours. Improvement should follow in 48 to 72 hours in 90%. Bacterial re-
sistance and drug fever are extremely rare in this population, and persistence of
fever after 72 hours should prompt a search for complications such as parametrial
phlegmons, incisional or pelvic abscesses, infected hematomas, and septic pelvic
thrombophlebitis.

G. Prevention. Prophylactic antibiotics decrease the postcesarean endometritis
rate.
1. For routine cesarean section: cefazolin 1 g for one dose after cord-clamp
2. For cesarean section plus chorioamnionitis: clindamycin plus gentamicin (every

8 hours for three doses postoperatively)
V. Phlegmon is an extensive induration of the parametrium within the leaves of the broad

ligament.
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A. Presentation. Should be considered when fever persists after 72 hours despite
standard antibiotic therapy. Usually unilateral, may stay limited to the base of the
broad ligament or extend laterally or posteriorly.

B. Therapy is with i.v. antibiotics; fever may persist for more than 7 days; surgery
is reserved for women in whom uterine incisional necrosis is suspected. Surgery
usually requires hysterectomy and debridement is difficult.

VI. Necrotizing fasciitis
A. Epidemiology. Extremely rare but may complicate episiotomy incisions and per-

ineal lacerations
B. Risk factors: diabetes mellitus, obesity, hypertension
C. Clinically. Symptoms usually begin at 3 to 5 days.
D. Diagnosis. Histopathology consistently reveals panniculitis and can help confirm

the diagnosis [259].
E. Microbiology: polymicrobial with streptococci, coliforms, and anaerobes or mo-

nomicrobial with group A streptococci.
F. Therapy. Prompt wide debridement in the operating room and antibiotics, usually

clindamycin plus a β-lactam. High mortality (approximately 100% without surgi-
cal treatment, 50% with aggressive excision), particularly in obstetric/gynecologic
patients [260].

INTRAPARTUM INFECTIONS
I. Chorioamnionitis, also known as intraamniotic infection syndrome, is an ascend-

ing infection of the uterus and its contents (placenta, amniotic membranes, umbilical
cord) during pregnancy. It occurs in 1% to 2% of women with full-term pregnancies but
increases to over 25% with the following risk factors.
A. Risk factors

1. Prolonged rupture of membranes
2. Prolonged labor with multiple vaginal examinations
3. Preterm labor
4. Meconium staining of amniotic fluid
5. Obstetric procedures (cervical cerclage, amniocentesis, cordocentesis)
6. Young age
7. Low socioeconomic class
8. Nulliparity
9. Preexisting BV

B. Clinically: maternal fever, tachycardia, uterine tenderness. Occasionally foul or pu-
rulent amniotic fluid. Fetal heart rate abnormalities.

C. Diagnosis: based largely on clinical findings, especially tachycardia. Amniotic fluid
obtained in the setting of intact membranes (e.g., preterm labor unresponsive to to-
colytics) that reveals a positive Gram stain, positive leukocyte esterase, or low glucose
is suggestive.

D. Microbiology. With the rare exception of hematogenous listerial amnionitis, this
ascending infection is polymicrobial with organisms similar to other gynecologic in-
fections: anaerobes, streptococci (group B streptococcus, viridans group), E. coli, Gard-
nerella, Mycoplasma, and so on.

E. Management is antibiotic therapy with the understanding that delivery is required
for cure. Antibiotics seek to prevent neonatal pneumonia and therefore antibiotics
which target group B streptococcus and E. coli (such as ampicillin plus gentamicin)
are common initial regimens. Antibiotics provide a better cure rate when given imme-
diately upon diagnosis of chorioamnionitis rather then postpartum. With cesarean
delivery, clindamycin should be added after cord clamping because 20% to 30% of
these patients will fail ampicillin plus gentamicin. Cephalosporins and β-lactam/
β-lactamase inhibitor combinations may also be successful.

II. Postabortion infections
Maternal mortality from septic abortion is a huge problem worldwide, annually account-
ing for over 100,000 deaths [261].
A. Risk factors

1. Increased gestational age
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2. Method of termination (intraamniotic injection or hysterotomy higher risk than
suction curettage)

3. Untreated gonorrhea or chlamydial cervicitis, possibly BV
4. IUDs

B. Clinical. Typical symptoms of fever, chills, tachycardia, and lower abdominal/pelvic
pain develop within 4 days of the procedure. Exceptions are S. aureus or group
A streptococcal infections, which typically present within 24 hours. Examination
may reveal an enlarged uterus, foul-smelling exudate, and an open or bleeding os
(indicating retained products). Septic shock occurs in 5% to 15%, usually in the set-
ting of delayed treatment.

C. Diagnosis. A positive pregnancy test will rule in a recent (4–6 week) pregnancy.
Gram stains of endometrial smears may be useful in fulminant cases, if gram-positive
cocci, suggestive of staphylococcus or streptococci, or Gram-positive rods, suggestive
of Clostridium, are present. Cultures should be performed. Abdominal plain films
are used to exclude intraperitoneal air or (rarely) gas in the myometrium. Massive
hemolysis is a clue to infection with C. perfringens.

D. Microbiology. As with PID, usually a polymicrobial infection consisting of lower
genital tract flora +/− gonococci or chlamydia [261].

E. Management: Except for rare instances, patients should be admitted for
1. Intravenous antibiotics

a. In mild to moderate infection, therapy with cefoxitin, cefotetan, or ampi-
cillin/sulbactam can be adequate.

b. In severe infection with septic shock, clindamycin or metronidazole + gentam-
icin + ampicillin has commonly been used. Depending on local methicillin-
resistant S. aureus (MRSA) rates, vancomycin may be substituted for ampicillin.
A third-generation cephalosporin + metronidazole or imipenem alone are other
options. Penicillin has the largest track record for known clostridial infection.

2. Evacuation of the uterus. Evacuation should ideally be performed by suction
curettage after adequate serum levels of antibiotics are obtained. Laparotomy is
required with free intraperitoneal air, failure to respond to uterine evacuation, or
myometritis and often entails hysterectomy.

SEPTIC PELVIC THROMBOPHLEBITIS
Septic pelvic thrombophlebitis is a complication of postpartum or postoperative infections,
occurring in about 0% to 2% of cases. Heparin alone is often not successful for therapy, and
bacteria can be demonstrated in resected thrombi. Septic pulmonary emboli complicate up
to 30% of untreated cases.

I. Postpartum septic pelvic thrombophlebitis can be due to superficial, deep pelvic,
or ovarian vein thrombophlebitis, but ovarian vein thrombophlebitis is the “classic”
obstetric infection. It occurs in 1 in 2,000 deliveries, most commonly in the setting of
postcesarean endometritis.
A. Clinically. Patients can be well or ill appearing with fever, tachycardia, and lower

abdominal pain. Patients classically have a “ropelike” abdominal mass on examina-
tion.

B. Diagnosis. Doppler ultrasonography, CT, or magnetic resonance imaging can make
the diagnosis, visualizing clot extending to one or both ovarian vein plexi or the
inferior vena cava (occurs in one-fourth). Blood cultures are usually negative.

C. Therapy consists of antibiotics against the common pelvic pathogens (third-
generation cephalosporin plus clindamycin or metronidazole; clindamycin plus gen-
tamicin) and, historically, heparin anticoagulation. A recent large study, however,
showed no benefit in women treated with heparin plus antibiotics over antibiotics
alone [262]. Most clinicians use a course of 7 to 10 days of both antibiotics with or
without heparin.

D. Surgery is reserved for persistent fever or persistent pulmonary emboli to remove
the associated infected area.

II. Postoperative septic pelvic thrombophlebitis
A. Clinical. Generally develops 4 to 8 days after gynecologic surgery, almost always

with an operative site infection. The typical presentation is when the patient with



P1: HDS/2 P2: IML/SPH QC: IML/ABE T1: IML

PB207B-16 PB207A-Betts/6678F August 19, 2002 13:15 Char Count= 0

16. STDs and Obstetric and Gynecologic Infections 575

an operative infection improves clinically on antibiotic therapy but fever persists
(“enigmatic fever”). Physical findings are minimal.

B. Diagnosis. Blood cultures are positive in 35%. The diagnosis is supported by defer-
vescence after anticoagulation with heparin.

MATERNAL INFECTIONS DURING PREGNANCY
Though pregnancy is often considered a semi-immunosuppressed state due to maternal
tolerance to the allogeneic fetal “graft,” significant changes in maternal immunoglobulin,
cell-mediated immunity, and polymorphonuclear cell function are difficult to demonstrate.
Nonetheless, certain viral, bacterial, and protozoal infections are particularly severe in preg-
nancy and bear mentioning.

I. Varicella-zoster virus
A. Clinical. Varicella infection is severe in adults and probably even more severe in

pregnancy. Approximately 10% of varicella-zoster virus–infected pregnant women
develop pneumonitis.

B. Prevention. Varicella-zoster immune globulin can prevent or attenuate infection
in nonimmune individuals upon exposure to varicella-zoster virus if administered
within 96 hours. Most individuals (90%) who report never having had chickenpox
are seropositive (i.e., immune) upon testing. Many authors recommend varicella-
zoster immune globulin administration for all nonimmune pregnant women if
exposed to chickenpox. An ideal preventive strategy would be to screen women
of childbearing age for a history of varicella and administer the vaccine before
pregnancy.

II. Influenza
A. Clinical. Influenza infection is common in pregnancy and may be associated with

pregnancy complications [263].
B. Prevention. Vaccination against influenza is recommended by the CDC for all

pregnant women after the first trimester. There is no evidence of teratogenicity.
III. Parvovirus

A. Epidemiology. Approximately 50% of pregnant women are seropositive (immune)
for parvovirus; the remainder are at risk. The virus is associated with outbreaks,
during which the attack rate is 20% to 30%, often asymptomatic. In infected preg-
nant women, the fetal loss rate is approximately 5% to 10%, due to miscarriage or
hydrops fetalis. Term infants appear to develop normally [264].

B. Management. For women with positive IgM, ultrasound examination is indicated.
If there is hydrops, fetal transfusion is recommended by some.

IV. Rubella
A. Epidemiology. Despite widespread immunization in the United States, 6% to 25%

of women are susceptible.
B. Clinically. Maternal rubella infection is asymptomatic in about 25%; in the 75%

of symptomatic infections, viremia precedes symptoms (usually a rash) by about
1 week.

C. Management. Given the profound teratogenicity of rubella, preconception vacci-
nation is a priority. The use of immunoglobulin is not recommended for exposure.

V. Cytomegalovirus
A. Epidemiology. Cytomegalovirus is the most common perinatal infection, usually

acquired from reactivated (not primary) infection in the mother.
B. Clinically. There is no evidence that pregnancy increases the risk or severity of

maternal cytomegalovirus infection.
C. Management. Serologic screening is not recommended by the American College

of Obstetrics and Gynecology, there is no effective preventive strategy, and there
is no vaccine.

VI. Group B streptococcus
A. Epidemiology. Asymptomatic vaginal carriage of group B streptococcus is com-

mon, occurring in 15% to 20% of pregnant women. The organism has been impli-
cated in preterm labor, premature rupture of membranes, chorioamnionitis, post-
partum sepsis, and severe fetal/neonatal infections.
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B. Management. Guidelines for prevention are published by the American College of
Obstetrics and Gynecology, the CDC, and the Association of American Physicians
using either a risk-based (treat the high-risk mother intrapartum) or screening-
based (treat colonized mothers intrapartum) strategy. Implementation of either
protocol diminishes group B streptococcus neonatal sepsis from 1.5 to 0.2 per 1,000.

VII. Listeria
A. Epidemiology. Infection with L. monocytogenes is uncommon, with approxi-

mately 2,500 infections in the United States annually, but over one-third occur
in pregnant women.

B. Clinically. Infection in the pregnant woman may be asymptomatic or a nonspecific
febrile illness. Maternal listeremia causes amnionitis/fetal infection, and neonatal
mortality approaches 50%.

C. Management. Therapy is with ampicillin.
VIII. Toxoplasmosis

A. Epidemiology. Maternal infection occurs through ingestion of infected raw or
undercooked meat, through ingestion of toxoplasma oocysts, and transplacentally.
Prior infection confers immunity, so maternal infection must be primary for fetal
infection. About one-third of American women have preexisting immunity, and
the CDC estimates that 0.1% to 0.5% of pregnancies are complicated by acute
toxoplasmosis.

B. Clinical. Maternal infection is usually asymptomatic but can include fatigue, mus-
cle pains, and lymphadenopathy. Maternal infection in the first trimester leads to
a severe infection in 10% of infants, whereas infection in the third trimester leads
to a milder infection in 60% of infants.

C. Management. The American College of Obstetrics and Gynecology does not rec-
ommend routine prenatal screening except with concurrent HIV infection. For the
woman with active disease (diagnosed by a rise in IgG titer or PCR), treatment is
with pyrimethamine plus sulfadiazine or with spiramycin.

MASTITIS
I. Postpartum mastitis may or may not be infectious. Bacteria enter through fissures and

cracks in the nipple and cause infection in the setting of an inflamed breast.
A. Clinical presentation. Typically begins weeks to months after delivery (average

5.5 weeks) with abrupt fever, chills, and breast soreness. Usually a cellulitis is visible,
classically V-shaped, extending from the nipple.

B. Diagnosis. Samples of breast milk may be obtained for leukocyte count and culture.
Leukocyte count more than 106/mL of milk plus high bacterial counts in milk
confirms infectious mastitis. If pus can be expressed, it should be cultured and Gram
stained. Blood cultures may be obtained if the patient appears systemically ill. The
neonate should also be examined for evidence of infection.

C. Microbiology. S. aureus is the most common organism. Less common organisms
include S. epidermidis, β-hemolytic streptococci, enterococci, and E. coli.

D. Therapy. Infectious mastitis may resolve with simple emptying of the breast, but
antibiotics are recommended to prevent abscesses that otherwise develop in 11% of
patients. Most patients are managed with oral antistaphylococcal antibiotics such as
dicloxacillin (250–500 mg orally four times a day) or a first-generation cephalosporin
such as cephalexin (500 mg orally four times a day). In severe cases or with sys-
temic toxicity, i.v. oxacillin or nafcillin (1–1.5 g every 4 hours) or cefazolin (1 g
every 8 hours) can be used. In the penicillin-allergic patient, erythromycin, clar-
ithromycin, or clindamycin is acceptable. Adjunctive measures such as breast
emptying (continued nursing is not problematic [265]) and anti-inflammatories are
important.

E. Duration of therapy is usually 10 days.
F. Abscess. In the unusual scenario when an abscess develops, nursing should be in-

terrupted. In addition to therapy with parenteral antibiotics, prompt incision and
drainage should be performed.

II. Mastitis in the nonlactating breast is uncommon.
A. Breast abscess may rarely occur in premenopausal and postmenopausal women and

is often polymicrobial, including anaerobes.
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Treatment consists of surgical incision or excision, in conjunction with antimicro-
bial therapy based on culture results.

B. Granulomatous mastitis presents as firm hard masses and may mimic carcinoma.
This condition has been attributed to chronic bacterial abscess, tuberculous disease,
or fungi but may be idiopathic. Diagnosis requires biopsy and culture.
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17. INFECTIONS DUE TO FUNGI, ACTINOMYCES, AND NOCARDIA

Harold M. Henderson and Stanley W. Chapman

An organized approach to fungal infections is outlined in this chapter, which is divided into
sections that describe each mycosis. The epidemiologic settings, host status, skin tests, and
serologic information associated with the major fungal diseases are listed in Table 17.1 and
should assist the reader in narrowing down the diagnostic possibilities in a given patient. The
decision to initiate systemic antifungal chemotherapy may be difficult, and infectious disease
consultation is strongly recommended to help determine the indications for the potentially
toxic antifungal agents and to assist in their administration. Actinomycosis and nocardiosis
are caused by organisms that are no longer classified as fungi. They are discussed separately
at the end of this chapter.

CANDIDIASIS
Candida species are normal inhabitants of mucocutaneous body surfaces and com-
monly cause superficial skin disease and vaginitis. Under certain circumstances, they may
cause invasive disease if alterations in host defenses occur. The incidence of Candida
infections has increased markedly with the widespread use of antibiotics and immunosup-
pressive therapy, increased numbers of patients in critical care settings, and infection with
human immunodeficiency virus (HIV) [1].

I. Growth and identification characteristics. Many Candida species cause infec-
tion in humans, including C. tropicalis, C. krusei, C. parapsilosis, and C. glabrata, but
the most common cause of clinical infection is C. albicans. Candida species are
yeasts and can be cultured easily on blood agar and Sabouraud dextrose agar in 24 to
48 hours. Presumptive identification of C. albicans can be made in 2 to 3 hours by a
positive germ tube test (i.e., characteristic morphologic change seen on incubation of
the yeast colony in serum). Definite species identification requires an additional 2 to
8 days.

II. Epidemiologic and host factors. Candida species are found worldwide and are nor-
mal commensals of humans.
A. Colonization. Candida is commonly cultured from the female genital tract, gas-

trointestinal (GI) tract, diseased skin, and from the urine of patients with indwelling
Foley catheters. Colonization is more prevalent in hospitalized patients than in
healthy individuals and is promoted by antibiotics that suppress normal bacterial
growth.

B. Host defense. Intact skin, phagocytic cells such as neutrophils and monocytes, and
the cell-mediated immune system are all important components of the host’s resis-
tance to infection by Candida species. Alterations in host defenses may lead to
a change in the organism’s normal commensal status, with subsequent tissue in-
vasion and clinical disease. These alterations may be naturally occurring as in the
cases of diabetes mellitus and acquired immunodeficiency syndrome (AIDS).
More often, iatrogenic factors predispose to invasive candidiasis. The use of broad-
spectrum antibiotics and corticosteroids, mucosal damage from instrumentation or
chemotherapeutic agents, or a breach in the integrity of the skin by intravenous
catheters or pressure-monitoring devices increases the risk of invasive disease.

III. Clinical aspects
A. Cutaneous infections. Candida commonly causes infection in warm moist areas

of the skin such as the axillary, inguinal, and intergluteal regions. Perineal infec-
tion with involvement of the perianal area, thighs, scrotum, and penis (balanitis) is
common. Diaper rash in infants often is caused by Candida, and angular cheilitis
at the corners of the mouth may be caused by the organism as well. Each of these
conditions is characterized by erythematous papules or macules that may be
confluent and are very pruritic. Infection tends to be more extensive in the pres-
ence of immunosuppression. The diagnosis can be made by wet-mount examination
of scrapings from the infected area with 10% to 20% KOH. Candida may also cause
nail infection in the forms of paronychia or onychomycosis. Persons who frequently
immerse their hands in water or wear occlusive gloves are particularly susceptible,
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and diabetics have a higher incidence of paronychia than does the general population.
Therapy with topical agents such as nystatin or miconazole creams are usually very
effective for cutaneous infection in the normal host. Onychomycosis and more exten-
sive cutaneous disease in the immunocompromised host requires treatment with an
oral azole, such as fluconazole or itraconazole. Itraconazole 200 mg twice daily for
1 week repeated monthly for 3 to 4 months is recommended for onychomycosis [2].

B. Mucosal infections
1. Oral candidiasis. Thrush may occasionally occur in normal hosts such as

neonates and denture wearers but is most common in persons with recent
antibiotic treatment, inhaled or systemic steroid use, other immunosuppressive
therapy, cancer, and AIDS [3]. The lesions most often appear as raised white
plaques on the tongue and other oral mucosal surfaces. Oral candidiasis may also
present with an atrophic appearance or as angular cheilitis. The diagnosis may
be made by examining scrapings under light microscopy, which reveals masses of
yeasts and pseudohyphae.

2. Esophageal candidiasis. Esophagitis generally occurs in immunocompro-
mised patients, particularly patients with hematologic malignancy or AIDS.
Dysphagia and retrosternal pain with swallowing are the most common
symptoms. Oral candidiasis is often but not always present. Many clinicians ini-
tiate empiric therapy for esophageal candidiasis in high-risk patients who have
typical symptoms in the presence of thrush [4]. Definitive diagnosis requires
endoscopy.

3. Nonesophageal involvement of the GI tract by Candida is diagnosed most
commonly in cancer patients [5]. The stomach is the organ most often involved.
Candida may cause significant gastritis, invade ulcer beds, and cause superficial
ulcerations in the small and large intestine. Disseminated candidiasis frequently
is present in these settings.

4. Vulvovaginal candidiasis (see Chapter 16).
5. Therapy

a. Oral candidiasis may be treated initially with either nystatin oral suspen-
sion 5 mL four times a day or clotrimazole troches four times a day for 7 to
10 days. Oral azoles are also effective; fluconazole 100 mg daily for 7 to 14 days
was more effective than topical therapy in some studies. Oropharyngeal can-
didiasis that does not respond to fluconazole may be treated with itraconazole
solution 200 mg/day [4,6].

b. Esophagitis. Systemic therapy is required for esophageal candidiasis. Flu-
conazole 100 to 200 mg/day is highly effective and is a reasonable first choice.
Esophageal disease refractory to fluconazole can be treated with itraconazole
oral solution 200 mg/day or amphotericin B intravenously (i.v.) [4,6,7].

Recurrence of oral and/or esophageal candidiasis is common in immunosup-
pressed hosts, particularly patients with HIV infection. Chronic suppressive
therapy with fluconazole is effective at preventing recurrences but unfortu-
nately is associated with the emergence of resistance [8,9]. It is therefore rec-
ommended that suppressive therapy is used only in the setting of very frequent
severe recurrences [4] (see Chapter 18).

C. Chronic mucocutaneous candidiasis. This group of disorders is typified by per-
sistent and recurrent Candida infections of the skin, nails, and mucous membranes
[10]. Chronic mucocutaneous candidiasis may occur in young children or adults and
is associated with large disfiguring cutaneous lesions. Disseminated candidiasis usu-
ally is not seen, but other infections with bacteria or dermatophytes may occur. En-
docrinopathies, such as Addison disease, hypothyroidism, or hypoparathyroidism,
are present in some patients. Various immune defects have been documented in pa-
tients with chronic mucocutaneous candidiasis, but the most consistent finding is
that of abnormal T-lymphocyte function, as shown by anergy to delayed hypersensi-
tivity testing. Treatment of chronic mucocutaneous candidiasis centers around ther-
apy for the individual Candida infections. The oral azoles are the drugs of choice,
and chronic suppressive therapy for many years has proven safe and successful.

D. Disseminated candidiasis. Once a rare disease, disseminated candidiasis
has become a very important nosocomial infection because of the increased
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numbers of susceptible hosts. Candida species are now the fourth most common
cause of bloodstream infections in hospitalized patients in the United States [11].
The clinical spectrum ranges from widespread involvement of multiple organs in a
severely ill patient to isolated candidemia in a minimally symptomatic patient. Most
cases are caused by C. albicans, but disseminated candidiasis caused by non-albicans
species is becoming more common [12].
1. Risk factors. Several risk factors have been identified in patients with dissemi-

nated candidiasis: recent abdominal surgery, neutropenia, broad-spectrum
antibiotics, indwelling intravenous catheters, peripheral alimentation,
cancer chemotherapy, immunosuppressive therapy in transplant recip-
ients, and colonization with Candida species [12–14]. In addition, recent
evidence suggests the acquisition of candidal infection from hospital environ-
mental sources [15,16]. Multiple risk factors are often present simultaneously in
an individual patient.

2. Manifestations. Dissemination may present as fever of unclear etiology or as
the sepsis syndrome with chills, spiking fevers, hypotension, and prostration.
Multiple organs are usually involved with the formation of diffuse microabscesses.
Dissemination to brain, lungs, liver, and spleen reflects a major and often
preterminal breakdown in host defense. Spread to any organ may occur in this
setting, but infections of the eye and skin are particularly important, because
they may provide important diagnostic clues.
a. Macronodular skin lesions represent embolic foci but are seen in only some

patients. They are 0.5 to 1.0 cm in diameter, pink or red, and single or multi-
ple and generalized. Punch biopsy may reveal the fungi on histopathologic
study and culture. Candida may also produce lesions that resemble ecthyma
gangrenosum or purpura fulminans.

b. Endophthalmitis [17] occurs in approximately 20% to 50% or more of dis-
seminated candidiasis patients and correlates closely with multiple visceral
organ involvement. Endophthalmitis may cause blurry vision, scotomas, or
ocular pain, but extensive disease may be present without symptoms. En-
dophthalmitis is a clinical diagnosis made in the proper setting and at times
requires serial funduscopic examinations, which reveal white, cotton-like,
circumscribed exudates with filamentous borders in the chorioretina extend-
ing into the vitreous. A good ophthalmologic examination is an impor-
tant part of the evaluation of a patient with risk factors for disseminated
disease.

3. Diagnosis is problematic. The definitive diagnosis of disseminated candidiasis
can be made only by histopathologic demonstration of the organism invading
tissue or by the isolation of Candida species from normally sterile body sites
such as blood. Positive blood cultures are the most common way to make the
diagnosis, but unfortunately blood cultures are negative in many patients with
disseminated infection, and the rate of premortem diagnosis is only 10% to 40%.
Thus, a presumptive clinical diagnosis based on the presence of typical
signs and symptoms in a high-risk patient is often the basis for initiating
antifungal therapy, because time is of the essence if the underlying disease
is severe. The most important diagnostic technique in a high-risk patient is a
thorough daily physical examination.
a. Serologic tests to detect Candida antibodies or antigens such as arabinotol

or enolase as an aide to diagnosis have been reviewed extensively elsewhere
[18,19]. Current serologic tests lack sensitivity for the diagnosis of invasive
candidiasis and cannot reliably differentiate colonization and invasive dis-
ease. As noted by Edwards [1], the decision to initiate antifungal therapy in
a patient with suspected disseminated candidiasis should not be made on the
basis of serologic test results alone, but in the context of a comprehensive
evaluation of a high-risk patient. Because of their limitations, serologic
tests have not become widely used in clinical practice as of this writing.

b. Colonization often precedes dissemination. Positive cultures of urine,
sputum, or stool are common in patients with disseminated disease. Isola-
tion of Candida species from these specimens has some predictive value but
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is not diagnostic. Only a small proportion of patients who are colonized by
C. albicans develop invasive disease due to this organism [20]. The isolation
of C. tropicalis from an immunocompromised patient, however, has
been shown to be more predictive of disseminated disease [21].

c. Polymerase chain reaction assays using universal fungal primers, multi-
copy gene targets, and species specific probes are currently being developed
for the early diagnosis of invasive fungal infections, including candidiasis. The
sensitivity, specificity, and predictive value of these polymerase chain reaction-
based assays need to be established in prospective clinical trials and correlated
with clinical outcome [21a].

4. Therapy. Systemic candidal infection must be treated with systemic antifungal
chemotherapy. The most effective currently available systemic antifungal agents
for the treatment of invasive candidal infections are amphotericin and flucona-
zole. The choice of therapy is dependent on the clinical status of the patient and
knowledge of the particular infecting Candida species.
a. Amphotericin B (0.5–0.7 mg/kg/day) has broad activity against various Can-

dida species and has traditionally been the drug of choice in treating patients
with disseminated disease, but recent comparative studies have shown that
therapy with fluconazole provides comparable efficacy with less toxicity [22–
24]. Most experts now recommend initiating treatment with fluconazole
400 to 800 mg/day in patients infected with an unknown Candida species
who are clinically stable and have not recently been treated with azoles [4,25].
Because of concern for the presence of azole-resistant Candida species, am-
photericin B is recommended for patients recently treated with flu-
conazole [25]. For patients who are clinically unstable (hypotension, rapidly
worsening condition, multiorgan failure), high-dose amphotericin B 0.7 to
1.5 mg/kg/day is recommended as initial therapy.

Disseminated infection with C. albicans, C. parapsilosis, or C. tropi-
calis may be treated with either fluconazole or amphotericin B at usual doses,
because these species are generally broadly susceptible to both azoles and
amphotericin in most clinical settings. C. krusei strains are resistant to
fluconazole and should be treated with amphotericin B. Most experts also
recommend amphotericin B as treatment for infections due to C. glabrata,
although high-dose fluconazole (800 mg/day) has been suggested [4]. Many
strains of C. lusitaniae are resistant to amphotericin B, and fluconazole
400 to 800 mg daily is recommended as therapy for infections with this species.
Infectious disease consultation is advised.

b. Lipid-based preparations of amphotericin B may be used in patients
who are intolerant or refractory to amphotericin B deoxycholate or are at
high risk for nephrotoxicity due to amphotericin B. Three lipid formulations
are currently available: amphotericin B lipid complex (ABLC, Abelcet), am-
photericin B colloidal dispersion (ABCD, Amphotec), and liposomal ampho-
tericin B (L-AMB, Ambisome). Doses of 3 to 5 mg/kg/day are recommended
[26]. For further discussion of amphotericin lipid formulations, see section II
under Antifungal Chemotherapy later in this chapter.

c. Flucytosine. Flucytosine may be used for selected patients in combination
with amphotericin B or fluconazole for its synergistic effect against Candida
species. Candidates for dual therapy include those patients with endocardi-
tis, meningitis, and endophthalmitis. Patients whose blood cultures remain
positive after therapy with amphotericin or fluconazole is started may also be
candidates for combination therapy. Bone marrow suppression may be a com-
plication of flucytosine therapy. The recommended flucytosine dose is 25 mg/kg
every 6 hours, but this should be adjusted in the presence of renal insufficiency
[25].

d. New therapeutic options are on the horizon for the treatment of invasive
candidiasis.
(1) Caspofungin (Cancidas) is the first commercially available echinocan-

din. This new class of antifungal agents interferes with fungal cell wall
synthesis and, as the case with caspofungin, is fungicidal against Candida
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species [27,28]. The results of initial clinical trials using caspofungin for
the treatment of candidal infections appear to be promising. See section V
under Antifungal Chemotherapy later in this chapter.

(2) Voriconazole is a new triazole recently approved. Voriconazole has excel-
lent in vitro activity against Candida species and has proven efficacious
in several animal models of candidal infection [29]. Large-scale clinical
trials are currently ongoing to study the effectiveness of voriconazole in
the treatment of invasive candidiasis in neutropenic and non-neutropenic
patients. See section IV.E. under Antifungal Chemotherapy later in this
chapter for further discussion.

e. The presence of intravascular catheters is a risk factor for the development
of disseminated candidiasis, and data indicate that all intravenous lines
should be changed as soon as candidemia is detected, if possible [30].

f. The recommended duration of therapy is 2 weeks after the last positive blood
culture for Candida and resolution of signs and symptoms of disseminated
infection [4].
(1) Isolated catheter-related candidemia. Candidemia frequently occurs

in patients with indwelling catheters but in whom signs of disseminated
disease are minimal or absent. Several reports have documented late com-
plications of disseminated candidiasis in such patients who did not receive
antifungal chemotherapy, particularly immunocompromised patients but
also normal hosts. Most authorities recommend removal of the catheter
and a course of antifungal chemotherapy in patients in this setting
[25,30]. The principles of therapy are as outlined for disseminated can-
didiasis (see section D.4).

E. Empiric therapy for suspected disseminated candidiasis is considered most
commonly in two situations:
1. Neutropenic patients, after chemotherapy, with persisting fever despite treat-

ment with antibiotics. The approach to these patients is discussed in section I.H
under Antifungal Chemotherapy, below.

2. Critically ill intensive care unit patients. In febrile patients who lack an
obvious focal infection and have risk factors for disseminated candidiasis (e.g.,
broad-spectrum antibiotics, hyperalimentation, surgery, Candida colonization of
multiple sites), empiric antifungal therapy with fluconazole or amphotericin B
may be warranted.

F. Specific deep organ infections
1. Hepatosplenic candidiasis is seen typically in patients with acute leukemia

and prolonged leukopenia that has resolved [31]. This condition is characterized
by widespread microscopic and macroscopic abscesses in the liver, spleen, kidney,
and lungs.
a. Manifestations include persistent fevers, abdominal pain, hepatospleno-

megaly, increased alkaline phosphatase levels, and leukocytosis.
b. Diagnosis. Computed tomography (CT), magnetic resonance imaging (MRI),

and ultrasonography reveal multiple hepatosplenic (and occasionally renal)
filling defects and/or abscesses. CT is the most specific diagnostic tool.
The lesions are hypodense, and ring enhancement often is seen. Definitive
diagnosis requires biopsy with culture and histopathologic examination or, if
possible, aspiration of one or more of these abscesses in an attempt to identify
the infecting organism.

c. Treatment requires long-term antifungal therapy. Fluconazole 400 to
800 mg/day for months is recommended by most experts [4]. Some authori-
ties would initiate therapy with a short course of amphotericin B followed by
a prolonged course of fluconazole. Therapy should be continued until radio-
graphic resolution of all lesions has occurred. Infectious disease consultation
is advised.

2. Candidal endocarditis is particularly common in heroin addicts, in patients
with prolonged intravenous catheterization, and after recent cardiac surgery [32].
Most cases are caused by C. albicans. Addicts have a predilection for tricuspid
involvement (see Chapter 12).
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a. Manifestations are similar to those of bacterial endocarditis, except for a
propensity toward large valvular vegetations. Many patients suffer major
embolic episodes with occlusion of medium-size arteries (brain, extremities,
lungs, mesentery). Invasion of the myocardium may occur and generally is
irreversible.

b. Diagnosis. Although early diagnosis is crucial in preventing significant
morbidity or death, only 50% of patients have positive blood cultures
(up to 75% are positive in prosthetic valve endocarditis), and fever and leuko-
cytosis may be absent. Clinical clues strongly suggestive of the diagno-
sis include the presence of endophthalmitis, major embolic episodes, or large
vegetations demonstrated by echocardiography. Biopsy of skin lesions may be
diagnostic.

c. Therapy combines early surgical intervention with amphotericin B (0.5–
0.8 mg/kg/day). Prolonged intravenous therapy and careful follow-up are vital
because relapse is common (see also Chapter 12).

d. Prognosis has been poor, especially in patients treated with medical ther-
apy alone. Successful therapy is being described with increasing frequency,
however, due mostly to earlier diagnosis and surgical intervention. With am-
photericin B and surgical therapy, 50% of patients may survive.

3. Genitourinary infection. Candiduria is common in hospitalized patients,
especially in an intensive care setting. Risk factors include diabetes, broad-
spectrum antibiotics, indwelling urinary catheters, and immunosup-
pressive therapy. The most commonly involved species is C. albicans.
a. Colonization versus infection. There are no established criteria that re-

liably distinguish urinary colonization with Candida species from invasive
infection, although the absence of pyuria makes invasive infection less likely
[33]. Urinary colonization is asymptomatic and usually associated with an in-
dwelling urinary catheter and may not require antifungal therapy. Invasive
disease is more likely in the presence of risk factors such as neutropenia
and immunosuppression and does require antifungal therapy.

b. Manifestations. Lower tract infection (cystitis) is usually asymptomatic,
but symptoms when present include dysuria, hematuria, and frequency. Up-
per tract infection presents with typical signs and symptoms of bacterial
pyelonephritis: fever, elevated white count, and costovertebral angle tender-
ness. The presence of granular casts with hyphal elements on urinalysis
indicates involvement of the renal parenchyma. Hematogenous spread is the
most common route resulting in renal infection, but urinary obstruction may
on occasion lead to upper tract candidiasis via ascending infection.

c. Therapy. Asymptomatic candiduria does not generally require anti-
fungal therapy [4,25]. Most patients with asymptomatic candiduria do not
have invasive disease, and antifungal therapy does not necessarily result in
long-term eradication of Candida species. Catheter removal alone resulted
in eradication of candiduria in 41% of patients in a recent study and can be
generally recommended if possible [33,34].

Symptomatic patients and those with risk factors for invasive
disease—renal transplant recipients, neutropenic patients, or pa-
tients about to undergo a genitourinary tract procedure—should be
treated with antifungal therapy. Fluconazole 200 mg/day is recom-
mended [4,25]. Amphotericin B is an alternative and may be given either
i.v. or as a bladder irrigation 50 to 200 µg/mL for 3 to 5 days [4,35]. Catheters
and other urinary tract instruments should be removed if possible. Persis-
tence of candiduria in an immunocompromised host despite antifungal
therapy should prompt abdominal CT or ultrasound to rule out focal renal
abscess or fungus ball.

4. Central nervous system (CNS) infection is usually a complication of dissem-
inated disease in critically ill adults or neonates. Most cases have occurred in
the setting of immune suppression, trauma, neurosurgery, and, more recently,
AIDS [36,37]. The diagnosis is generally made on the basis of isolation of Can-
dida species from cerebrospinal fluid (CSF). Therapy with amphotericin B and



P1: HAG/HAG P2: IML/SPH QC: IML/ABE T1: IML

PB207B-17 PB207A-Betts/6678F September 2, 2002 16:28 Char Count= 0

17. Infections due to Fungi, Actinomyces, and Nocardia 597

flucytosine is recommended [4]. Shunts, if present, should be removed if possible.
The role of fluconazole in therapy of CNS infection is unknown. Infectious disease
consultation is advised. See related discussion in Chapter 6.

5. Pulmonary infection is usually secondary to hematogenous dissemination and
results in fever and cough. Although positive sputum cultures are common in hos-
pitalized patients, this usually represents colonization. Definitive diagnosis relies
on biopsy, with demonstration of tissue invasion. Primary Candida pneumonia
is rare except in the compromised host, and even in this setting it is uncommon
[38].

6. Peritonitis caused by Candida species is generally a complication of peritoneal
dialysis or GI surgery [39,40]. Dissemination is uncommon in patients under-
going chronic ambulatory peritoneal dialysis but may occur in association with
bowel surgery. All patients with candidal peritonitis should be treated with ei-
ther amphotericin B or fluconazole, and in chronic ambulatory peritoneal dialysis
patients the dialysis catheter should be removed [4]. See additional discussion in
Chapter 13.

7. Musculoskeletal infection with Candida species is another complication of
disseminated disease. Arthritis may be acute or chronic and presents in a fashion
similar to bacterial arthritis [41]. Bone disease usually involves the vertebral
spine in adults or the long bones in children [42]. Diagnosis requires aspiration of
the infected area. Treatment of osteomyelitis generally requires initial surgical
debridement combined with systemic antifungal therapy. Both amphotericin B
and fluconazole have been used successfully, and some experts recommend an
initial 2 to 3 weeks of amphotericin B followed by a prolonged course of fluconazole
[4]. Joint drainage combined with a lengthy course of systemic antifungal therapy
is indicated in the management of candidal arthritis.

8. Ocular infection due to hematogenous dissemination of Candida was discussed
in section D.2.b. Exogenous infection after trauma or surgery may also occur. Sys-
temic therapy with fluconazole or amphotericin B with or without flucytosine is
indicated [4]. The role of vitrectomy is unclear. Infectious disease and ophthalmo-
logic consultation is recommended.

9. Septic thrombophlebitis of the peripheral or great vessels may occur in associa-
tion with intravenous catheters. Fever, signs of sepsis, and persistent candidemia
are characteristic of peripheral thrombophlebitis caused by Candida species. If
suppuration is found with a peripheral phlebitis, the vein should be excised and
antifungal therapy initiated. Septic thrombophlebitis of the great vessels has
been treated successfully with amphotericin B [43].

HISTOPLASMOSIS
Histoplasma capsulatum is a dimorphous fungus that causes histoplasmosis, the most
common systemic fungal infection in the United States. Inhalation of the infectious spores
of H. capsulatum usually results in asymptomatic infection. Symptomatic pulmonary dis-
ease may occur in the normal host, and the organism may occasionally produce chronic
progressive pulmonary infection or disseminated disease in some patients. H. capsulatum is
an important opportunistic pathogen in the immunocompromised host, especially
persons infected with HIV [44].

I. Growth and identification characteristics. H. capsulatum can be grown on rou-
tine fungal culture media, although growth is augmented on enriched agar such as
brain-heart infusion. The mycelial phase requires 10 to 21 days to grow at room tem-
perature and can be identified in the laboratory by characteristic large tuberculate
spores. Conversion to the yeast phase at 37◦C requires another 7 to 14 days. Biopsied
tissue specimens should be stained and cultured; Gomori methenamine silver and peri-
odic acid–Schiff preparations may reveal characteristic small intracellular yeasts. The
organism may also be detected by Wright stain of sputum or blood.

II. Epidemiologic features
A. Endemic areas. Although histoplasmosis occurs throughout the world, the dis-

ease is endemic in the central United States, particularly in the Ohio and



P1: HAG/HAG P2: IML/SPH QC: IML/ABE T1: IML

PB207B-17 PB207A-Betts/6678F September 2, 2002 16:28 Char Count= 0

598 17. Infections due to Fungi, Actinomyces, and Nocardia

Mississippi River valleys. In areas of Tennessee and Kentucky, more than 90% of
the adult population has been infected with H. capsulatum, as manifested by posi-
tive skin test reactions. As far east as Maryland and Virginia, 85% of those tested
have been exposed.

B. Sources of infection. H. capsulatum is found in nature in the soil. The organism
grows particularly well in soil contaminated with excreta of birds (e.g., starlings,
chickens, and blackbirds) and bats. Persons involved in cleaning chicken houses or
blackbird roosts and in exploring caves are at risk for heavy exposures, and these
conditions provide the setting for epidemic outbreaks [45]. Histoplasmosis may also
be seen in urban residents. Foci of H. capsulatum spores may be present in open
fields, parks, or old buildings, and an outbreak of acute pulmonary histoplasmosis
may result if these foci are disturbed by construction or demolition [46,47].

III. Pathogenesis
A. Agent. Infection occurs via inhalation of airborne spores. The spores are de-

posited in pulmonary alveoli, where conversion to the yeast form and phagocytosis
by macrophages occur. Infected macrophages spread through lymphatic channels to
regional lymph nodes, followed by hematogenous spread to organs of the reticuloen-
dothelial system, liver, spleen, and bone marrow.

B. In the normal host, cell-mediated immunity develops within 7 to 21 days of primary
exposure [44]. T lymphocytes secrete cytokines that activate macrophages to kill
intracellular yeasts, eventually resulting in caseating or noncaseating granulomas at
infected sites. This response controls the infection. The granulomas become calcified
with time, resulting in the characteristic Gohn complex and splenic calcifications
commonly seen on roentgenography.

C. In some persons, effective cellular immunity never develops. The infection
is not contained, and disseminated histoplasmosis occurs. Persons at greatest
risk for disseminated disease include the elderly and very young children and im-
munosuppressed patients, such as those with leukemia or lymphoma, transplant
recipients, and patients receiving corticosteroids. Persons with AIDS are at very
high risk for developing disseminated histoplasmosis.

IV. Clinical presentation, diagnosis, and therapy
A. Acute pulmonary histoplasmosis

1. Manifestations
a. In the normal host, infection after a mild inhalational exposure is

usually subclinical and asymptomatic. Uncommonly, mild exposure re-
sults in symptomatic illness, usually in children or infants. Rarely, pulmonary
infection may result in disseminated disease.

b. Infection after a heavy inhalational exposure to spores may cause
symptomatic disease, referred to as acute pulmonary histoplasmosis [45–
47].
(1) Acute illness in those without prior exposure often presents with

an influenza-like picture (chills, fever, malaise, headache, myalgias,
nonproductive cough, and chest pain) after an incubation period of 10 to
18 days. Erythema nodosum, erythema multiforme, and migrating poly-
arthritis have been described in this setting. The chest x-ray gener-
ally reveals bilateral, patchy, nodular infiltrates with hilar or mediastinal
adenopathy. Pleural effusion is uncommon. Symptoms in most patients
resolve within 2 to 3 weeks.

(2) Acute disease in a previously exposed individual follows a slightly
different pattern. Symptoms are similar but milder in degree and occur
after a shorter incubation period (3–7 days). The chest roentgenogram may
be different in that nodules are fine and miliary and there is no adenopathy,
pleural involvement, or late calcification.

2. Diagnosis
a. Subclinical infections are diagnosed retrospectively by skin test conversion

or by characteristic x-ray patterns of calcification.
b. Acute symptomatic pulmonary histoplasmosis can be diagnosed by cul-

ture and examination of sputum in no more than 10% of patients. Additional
diagnostic aids include the following:



P1: HAG/HAG P2: IML/SPH QC: IML/ABE T1: IML

PB207B-17 PB207A-Betts/6678F September 2, 2002 16:28 Char Count= 0

17. Infections due to Fungi, Actinomyces, and Nocardia 599

(1) The chest x-ray may be suggestive, as noted previously.
(2) Skin tests generally are not useful to diagnose acute infection because

most individuals in endemic areas will react due to prior exposure.
(3) Complement fixation tests detect antibodies to either yeast or mycelial

antigens. If either or both tests are performed, more than 90% of patients
with acute disease will have titers of 1:8 or greater, and 70% will have titers
of at least 1:32 [48]. Titers of 1:8 to 1:16 are suspect because false-positive
results in healthy persons often fall into this range, particularly in endemic
regions. False-positive results, generally titers of 1:8 or 1:16, are also seen
in 20% to 40% of persons with other fungal or granulomatous diseases.
A complement fixation titer of at least 1:32, or a fourfold rise in titer, in
conjunction with a compatible clinical syndrome is strongly suggestive of
acute pulmonary histoplasmosis.

The immunodiffusion test for precipitins to the H and M antigens
is more specific than complement fixation but is not very sensitive. An-
tibodies may be undetectable for more than 3 weeks after exposure, and
the immunodiffusion and complement fixation tests often are negative if
performed early in the course of infection.

(4) Antigen test. The polysaccharide antigen of H. capsulatum may be de-
tected in the urine or serum in up to 20% of patients with acute pulmonary
infection [49].

3. Therapy. Most normal hosts have benign self-limited infection and require no
therapy. Treatment with itraconazole 200 mg daily for 6 to 12 weeks is recom-
mended for patients whose symptoms persist for more than 2 to 4 weeks [50].
Amphotericin B 0.5 to 0.7 mg/kg/day should be used initially in patients who
have respiratory failure and require ventilatory support. Infectious disease con-
sultation is advised.

B. Progressive disseminated histoplasmosis [51,52] is uncommon, occurring in
approximately 1 of 2,000 to 5,000 acute infections and generally in an immunocom-
promised host (e.g., AIDS, transplant recipients). On occasion, it has been reported
in an otherwise healthy adult. Disseminated disease may occur soon after an acute
exposure or years later, after the patient has left an endemic region and subse-
quently developed immunosuppression. Infection with HIV should be excluded
in patients with disseminated disease who have no apparent predisposing
condition.
1. Clinical manifestations may vary from very severe illness (usually seen in

infants and patients with AIDS) to more chronic disease, extending over months
to years [52].
a. Systemic symptoms of fever, chills, malaise, anorexia, and weight loss are

common. Symptoms that follow an acute inhalational exposure and last more
than 3 weeks may indicate systemic involvement.

b. Hepatosplenomegaly and abnormal liver tests are common and may be
striking in infants.

c. Mucosal ulcerations occur in 35% to 40% of patients throughout the GI
tract, especially the ileum, causing anorexia, nausea, abdominal pain, diar-
rhea, frank bleeding, or perforation. Oropharyngeal, nasal, labial, gingi-
val, and laryngeal ulcers provide excellent biopsy sites for diagnosis.

d. The adrenal glands are frequently infected and adrenal insufficiency can
occur early or even years after initial infection. The incidence of clinically
significant adrenal insufficiency is unclear.

e. Chest x-rays may be normal or show interstitial or nodular infiltrates.
f. Anemia and leukopenia are common, especially in patients with severe

disease.
g. Uncommon manifestations include meningitis, skin lesions (papules, nod-

ules, or ulcers), endocarditis, and lytic bone lesions.
h. Patients with AIDS and disseminated histoplasmosis frequently have

severe disease and may present with shock, adult respiratory distress
syndrome, disseminated intravascular coagulopathy, and CNS involvement
[51,52].
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2. Diagnosis
a. Complement fixation tests are positive in 50% to 70% of patients but should

be interpreted with caution, as previously discussed (see section A.2.b.(3)).
b. Antigen detection. H. capsulatum polysaccharide antigen may be detected

in the blood of more than 50% and in the urine of more than 90% of patients
with disseminated histoplasmosis [48]. Serial antigen measurements are
helpful in following treatment response because the antigen disappears
with treatment and reappears with relapse.

c. Cultures of bone marrow are positive in more than 75% of patients with
disseminated disease, and blood cultures are positive in 40% to 70% of cases
[51,52]. The lysis-centrifugation technique improves the yield from blood cul-
tures and is particularly useful in AIDS patients. The organism can be isolated
from sputum and urine cultures in more than half of the patients.

d. Special stains. Demonstration of organisms by methenamine silver stain
from specimens such as bone marrow or sputum provides a diagnosis within
24 to 48 hours in many patients. A Wright stain of the peripheral blood
may reveal organisms within leukocytes in patients with severe disease.
Biopsy specimens may also be obtained from oral lesions, the liver, and lymph
nodes.

3. Therapy. Antifungal therapy is clearly indicated in all cases of progres-
sive disseminated histoplasmosis.
a. In the immunocompromised HIV-negative patient with symptoms severe

enough to require hospitalization, amphotericin B 0.7 to 1.0 mg/kg/day is rec-
ommended [50,52]. A total dose of 30 to 35 mg/kg should be given to adults. Al-
ternatively, amphotericin may be discontinued when symptoms have resolved
and antifungal therapy may be completed with itraconazole, 200 to 400 mg
daily for 6 months [52,53]. Itraconazole alone may be used at the indicated
dose in patients with mild disease not requiring hospitalization.

b. Patients with AIDS who have CNS involvement or immediately life-
threatening disease should receive an induction course of amphotericin
B. Induction therapy may be completed with itraconazole 200 mg twice daily
for 8 to 12 weeks after resolution of symptoms [50,53,54]. AIDS patients with
mild to moderate disease may be treated with itraconazole 300 mg twice
daily for 3 days and then 200 mg twice daily for 8 to 12 weeks as induction
therapy [50,53,54]. To prevent relapse, all AIDS patients should be placed on
maintenance therapy with itraconazole (200–400 mg/day) indefinitely after
resolution of the acute illness [55]. Itraconazole prophylaxis (200 mg daily)
to prevent disseminated histoplasmosis may be considered for AIDS patients
with CD4 counts less than 100/mm3 who live in an area with a high incidence
of histoplasmosis [56,57].

c. In immunocompetent HIV-negative patients, itraconazole, 200 mg/day
for 6 months, is well tolerated and very effective [50,53]. Fluconazole 400 to
800 mg daily and ketoconazole 200 to 400 mg daily are alternatives for pa-
tients who do not tolerate itraconazole [50,58]. Patients with severe disease
or involvement of the CNS should be treated with amphotericin B. Infectious
disease consultation is advised.

4. Prognosis. Without treatment, mortality is approximately 90%. In HIV-negative
patients, treatment with amphotericin B decreases the mortality rate to 7% to
15%. The prognosis in AIDS patients is related to the severity of the histoplas-
mosis on presentation. Most relapses occur within 1 year of treatment.

C. Chronic pulmonary histoplasmosis [59] occurs in the setting of preexisting
chronic lung disease. It manifests initially as a lingering segmental interstitial pneu-
monitis. Approximately 10% to 20% of cases progress to chronic cavitary disease.
1. Early noncavitary pneumonitis

a. Manifestations. Malaise, fever, cough, and pleuritic pain are common, but
some patients may be asymptomatic. Chest x-ray shows an interstitial infil-
trate occurring typically in the apical-posterior area of the lung. The infiltrate
disappears in 2 to 3 months, and the infarct-like necrotic areas become larger,
leading to contraction and volume loss.
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b. Diagnosis. Sputum cultures are positive in about one-third of cases.
c. Therapy. Early pneumonitis episodes usually are self-limited and generally

follow a benign course but may result in the destruction of significant amounts
of lung tissue, thereby exacerbating any existing respiratory insufficiency. In
some patients, large air spaces, or bullae, become infected, and this progresses
to chronic cavitary disease. When patients show evidence of clinical progres-
sion and/or progressive pulmonary infiltrates, treatment should be initiated
as outlined for cavitary histoplasmosis (see section 2.c).

2. Cavitary infection
a. Manifestations. Cough and sputum production are prominent and are usu-

ally accompanied by weight loss, low-grade fever, and easy fatigability. Hemop-
tysis is common, and in general there is an acceleration of the manifestations
of the underlying chronic lung disease. Chest x-ray reveals cavitation, usu-
ally immediately adjacent to a pneumonic lesion and at the extreme apex. If
inflammation subsides, cavitary walls often remain thin, but active infection
leads to wall thickening. Continuing infection is probable if wall thickness
exceeds 2 mm.

b. Diagnosis
(1) Definitive bacteriologic diagnosis by culture or Wright stain of sputum

may be achieved in 35% to 60% of patients, but positive cultures do not
necessarily indicate active disease or threat of relapse.

(2) The chest x-ray affords a better index of disease activity than do micro-
biologic data.

(3) Complement fixation tests are positive in 75% of patients but should
be interpreted with caution.

c. Therapy. Many cases, especially those with thin-walled lesions (<2 mm), may
regress spontaneously. Such cases can therefore be managed with an initial
period of observation. Without treatment, 30% to 40% of thin-walled cavities
persist and enlarge, and progressive pulmonary insufficiency results. If cavi-
tation progresses and clinical improvement does not occur, antifungal therapy
is indicated [50,53]. Oral therapy with itraconazole (200–400 mg/day) or ke-
toconazole (400 mg/day) for 6 months or more yields response rates of 65% to
80% [50,53], which compare favorably with results seen with amphotericin B.
The indications for surgical resection are not well defined, and underlying lung
disease often precludes a surgical approach. Infectious disease consultation is
advised.

D. Uncommon manifestations of histoplasmosis
1. Histoplasmomas may form during the healing phase of a primary lung infection.

These asymptomatic lesions may appear as solitary pulmonary nodules (1–4 cm in
diameter) that have central calcification. No antifungal therapy is indicated.

2. Mediastinal fibrosis is the term used to describe a very thick (> 1 cm) fibrotic
capsule in the mediastinal perihilar region, with actual invasion or compression
of adjacent structures [60]. The process tends to be slowly but relentlessly pro-
gressive, and no therapeutic approach has proven to be reliably effective.

3. Mediastinal granuloma refers to large caseous lymph nodes that mat together
and become encapsulated after primary infection. These may occasionally result
in symptoms due to compression of adjacent structures in the mediastinum [60].
Treatment with amphotericin B 0.7 to 1.0 mg/kg/day or itraconazole 200 to 400 mg
daily may be beneficial [50].

CRYPTOCOCCOSIS
Cryptococcus neoformans is a saprophytic fungus that may cause disease in normal hosts
as well as in the immunosuppressed. Meningitis and pulmonary infection are the most
common manifestations, and C. neoformans is a common cause of meningoencephalitis in
AIDS patients [61].

I. Growth and identification characteristics. Clinical cryptococcal isolates are encap-
sulated yeast and often are identifiable on India ink and Wright stain. Visualization in
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clinical specimens may yield an early presumptive diagnosis. Standard culture tech-
niques are used. Media used for isolation should not contain cycloheximide because it
inhibits growth of the organism. Growth generally occurs in 3 to 7 days, with identifi-
cation in 3 to 4 days. Occasionally growth is slower, however, and incubation should be
continued for 4 to 6 weeks before the culture is discarded as negative.

II. Epidemiologic features and host factors. C. neoformans is an ubiquitous fungus
that is found worldwide in avian feces, particularly pigeon droppings. It has also been
found in soil, certain fruits, contaminated milk, and food products [62]. Disease gener-
ally occurs after inhalation of the organism. Many patients have no demonstrable
underlying immune defect. Patients who are immunocompromised, however, espe-
cially those with defective cell-mediated immunity, are prone to more serious infections,
with rapid progression and dissemination. Patients at highest risk for severe dis-
ease include those with AIDS and lymphoma or leukemia, transplant recipients, and
those receiving corticosteroids [61,63].

III. Pulmonary involvement [64,65]. The respiratory tract is presumed to be the primary
portal of entry of C. neoformans. Pulmonary cryptococcosis is probably the most com-
mon form of the disease, although it is diagnosed less often than meningoencephalitis
because it is usually transient and often subclinical.
A. Clinical presentation. Pulmonary infection usually results in few sequelae, and

many patients are asymptomatic. If a patient inhales a large inoculum of or-
ganisms or if host defenses are compromised systemically or locally (because of a
chronic respiratory disorder), the occurrence of symptomatic pulmonary disease is
more likely. Clinically significant illness typically manifests as a subacute process
with dull chest pain, cough with scant sputum production, and dyspnea. Low-grade
fever and weight loss may occur with illness of longer duration.

B. Diagnosis. The manifestations of cryptococcal infection are nonspecific, and diagno-
sis depends on a high index of suspicion. Patients who are immunocompromised
are especially at risk. Because of the lack of a vigorous inflammatory response, the
routine indices of infection, such as leukocytosis and sedimentation rate elevations,
may be absent.
1. Sputum cultures will isolate the organism in only 10% to 30% of patients with

invasive disease. Because saprophytic colonization of the respiratory tract may
result in a positive sputum culture, definitive diagnosis often requires open lung
or bronchoscopic biopsy and demonstration of tissue invasion. Characteristic
yeasts are readily seen with methenamine silver, periodic acid–Schiff, or Mayer
mucicarmine stains.

2. Chest x-ray findings are variable and may range from solitary nodules in
asymptomatic individuals to focal or lobar infiltrates with symptomatic infection.
Patients may present with diffuse interstitial infiltrates and the adult respiratory
distress syndrome. Cavitation and pleural effusion are uncommon.

3. In all patients suspected or proven to have pulmonary cryptococcosis,
the spinal fluid and blood should also be cultured for C. neoformans, and
the cryptococcal antigen test should be performed on CSF and serum to rule out
disseminated disease [61].

C. Therapy. Pulmonary cryptococcosis does not need to be treated in every patient.
1. A 2- to 4-month period of observation without therapy is acceptable in a

normal host if the following conditions are met: (a) Extrapulmonary lesions are
absent; (b) cultures of blood, CSF, and urine are negative; (c) cryptococcal antigen
is negative in the CSF and the serum titer is absent, low, stable, or falling; and
(d) pulmonary lesions are small, few, stable, or regressing.

2. Antifungal therapy should be instituted if (a) the radiographic picture wors-
ens, (b) increasing ventilatory impairment is evident, (c) dissemination is evi-
dent, or (d) the patient is immunocompromised. Patients who are immuno-
suppressed need antifungal therapy because the risk of dissemination
is high [63,64]. Fluconazole 200 to 400 mg daily for 3 to 12 months may be used in
immunocompetent hosts with mild to moderate symptoms [65,66]. Amphotericin
B 0.5 to 0.7 mg/kg/day is recommended for severe disease in the normal host and
in the case of fluconazole treatment failure. In immunosuppressed patients with
pulmonary disease, initial therapy with amphotericin B 0.7 to 1.0 mg/kg/day for
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2 weeks followed by fluconazole 400 to 800 mg daily for 8 to 10 weeks and then
fluconazole 200 mg daily for 6 to 12 months has been suggested [66]. Infectious
disease consultation is recommended.

IV. Disseminated disease. Blood-borne cryptococcal yeast may disseminate from the lung
to any organ but has a predilection for the CNS. Skin and bone involvement may
also occur. All patients with disseminated disease require antifungal therapy.
A. CNS. Meningoencephalitis is the most common clinical manifestation of infection

with C. neoformans. Most persons with cryptococcal CNS infection are immunocom-
promised. See related discussion in Chapters 6 and 18.
1. The clinical manifestations of cryptococcal meningitis are highly variable. Pa-

tients may present with acute symptoms of only a few days’ duration, particularly
if they are very immunosuppressed (e.g., HIV-infected persons). Conversely, oth-
ers may have subtle symptoms for weeks or months before the diagnosis is made.
The most common signs and symptoms include headache, fever, nuchal rigidity
(often absent), cranial nerve palsies, impaired memory and judgment, lethargy,
obtundation, and coma [67].

2. Diagnosis
a. CSF

(1) Standard tests. Of symptomatic patients, 90% demonstrate some ab-
normality of the CSF—increased opening pressure, elevated protein, de-
creased glucose, or a lymphocytic pleocytosis—although on occasion the
CSF may be normal. Normal or only slightly abnormal CSF parameters
are common in AIDS patients, and greater reliance should be placed on
more specific tests [67].

(2) India ink stains. Cryptococcal yeast may be demonstrated on India ink
stain in at least 50% of non-AIDS patients with CNS involvement and in
more than 70% of AIDS patients. False-positive results may occur, however,
if yeasts are confused with artifact or lymphocytes. Organisms may also
be seen on Gram stain of the CSF.

(3) Definitive diagnosis generally requires isolation of the organism in cul-
ture of the CSF. Centrifuged sediments from large volumes of CSF (4–
8 mL) should be used.

b. Cryptococcal polysaccharide antigen may be detected by the latex agglu-
tination slide test. The cryptococcal antigen test is particularly useful
for making a presumptive diagnosis of cryptococcal meningitis, with
virtually all patients demonstrating titers of 1:8 or higher in the CSF. The
test is more than 90% sensitive and specific for cryptococcal infection when
performed properly. Rarely, false-positive results may occur in the presence of
rheumatoid factor or the opportunistic fungus Trichosporon beigelii. Crypto-
coccal antigen may also be detected in serum and urine. The serum antigen
test is usually positive in persons with AIDS and cryptococcal menin-
gitis and is therefore a useful screening test in this cohort of patients.

3. Therapy. Cryptococcal meningoencephalitis is an absolute indication for
systemic antifungal chemotherapy.
a. In patients with AIDS and cryptococcal meningitis the primary goal of treat-

ment is to gain control of the acute illness and then continue therapy with
an easily tolerated agent that will suppress continuing cryptococcal in-
fection and allow patients to maintain their functional status. An aggres-
sive induction course of amphotericin B (0.7 mg/kg/day) with flucytosine
(25 mg/kg every 6 hours) for the initial 2 to 3 weeks is recommended by most
experts [66,68]. Amphotericin effects more rapid sterilization of the CSF than
does fluconazole. If induction therapy is successful, consolidation therapy with
fluconazole 400 mg daily for 8 weeks may then be administered. Infectious dis-
ease consultation is suggested.

b. Maintenance therapy in AIDS patients is critical to prevent the otherwise
inevitable relapse. When consolidation therapy has been completed, patients
should receive fluconazole 200 mg/day indefinitely. This is both a highly ef-
fective and well-tolerated maintenance regimen. Fluconazole is preferred over
itraconazole for maintenance [69].
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c. HIV-negative immunocompetent patients may be treated successfully
with the traditional combination of amphotericin B 0.3 mg/kg/day and flucy-
tosine 25 to 37.5 mg orally every 6 hours for 4 to 6 weeks [70]. However, given
the relative toxicity and inconvenience of this regimen, many experts advocate
an induction course of amphotericin B 0.5 to 1.0 mg/kg/day with flucytosine
25 mg/kg every 6 hours for 2 weeks followed by fluconazole 400 mg daily for
another 8 to 10 weeks [66]. Lumbar puncture should be repeated to document
CSF sterilization.

d. HIV-negative immunosuppressed patients (e.g., transplant recipients) re-
quire prolonged therapy. Amphotericin B 0.7 to 1.0 mg/kg/day for 2 weeks fol-
lowed by fluconazole 400 to 800 mg daily for 8 to 10 weeks and then fluconazole
200 mg daily for 6 to 12 weeks has been recommended [71].

e. Elevated intracranial pressure is common in patients with cryptococcal
meningitis and is associated with increased morbidity and mortality [72].
Treatment options include lumbar puncture repeated daily or the placement
of a lumbar drain ar a ventriculoperitoneal shunt [72,73]. Infectious disease
consult is recommended.

f. See additional discussion in Chapter 6.
B. Non-CNS extrapulmonary disease

1. Skin. Nearly 10% to 15% of patients with disseminated disease have skin in-
volvement, which occurs most frequently on the face and scalp. Although rare
reports suggest the occurrence of primary skin cryptococcosis, essentially all pa-
tients with cryptococcal skin lesions should be considered to have dis-
seminated disease. Cryptococcal skin involvement should be suspected in any
immunosuppressed patient with erythematous papules, pustules, warts with a
molluscum contagiosum-like appearance, subcutaneous nodules, or ulceration.
Mucosal lesions are uncommon. Skin biopsy with fungal stains and cultures may
be diagnostic.

2. Bone. Approximately 5% of patients with disseminated disease manifest osseus
lesions. The prominences of long bones, cranial bones, and vertebrae are involved
most commonly. Radiographs reveal round lytic areas without sclerosis. Biopsy
with culture is necessary for diagnosis.

3. Spread to most organs has been documented at postmortem examination in pa-
tients with disseminated disease. Detection of cryptococcal organisms in
any organ always mandates a search for the presence of cryptococcal
infection elsewhere in the body. Patients infected with HIV may have a syn-
drome of disseminated cryptococcal infection without specific organ localization.
These patients have fever, chills, myalgias, lethargy, and a positive serum cryp-
tococcal antigen.

4. The therapeutic approach to patients with non-CNS extrapulmonary crypto-
coccosis should be similar to that described above for CNS disease [66]. Prolonged
treatment may be required.

COCCIDIOIDOMYCOSIS
Coccidioides immitis is a highly infectious fungus that frequently causes pulmonary infection
in endemic areas of the United States. Although most disease caused by this organism
is benign and self-limited, infection may occasionally result in chronic pulmonary
or skin disease, meningitis, or disseminated illness [74,75].

I. Growth and identification characteristics. Routine culture methods are used, with
presumptive identification in 2 to 5 days. The fungus grows readily on most culture me-
dia. All culture plates should be handled with extreme care, because they are
highly infectious to laboratory personnel. Direct human-to-human transmis-
sion is not known to occur, however. C. immitis spherules may be identified in
sputum, drainage material, or infected tissue. It is doubly refractile and thick walled,
measures 20 to 80 mm, and is typically seen in several stages of development. Sev-
eral preparations may be used to identify spherules, including potassium hydroxide,
hematoxylin and eosin, methenamine silver, and periodic acid–Schiff stain.
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II. Epidemiologic features. Coccidioidomycosis is endemic in the southwestern United
States, Mexico, and parts of Central and South America. Cases may be seen outside
endemic areas in persons who have traveled through these regions or as reactivation
of infection acquired years earlier by a former resident of an endemic area. Because
infection is caused by inhalation of airborne arthrospores, outbreaks may occur
in dry weather in association with fresh diggings, newly plowed ground, and dust storms.

III. Clinical aspects
A. Acute pulmonary coccidioidomycosis. Most persons with primary infection by

C. immitis have an acute self-limited infection in the lungs.
1. Subclinical or asymptomatic illness occurs in approximately 60% of patients.

Prior infection in these persons can be detected only by skin testing.
2. Symptomatic illness. Forty percent of patients develop flulike symptoms after

an incubation period of 7 to 28 days (average, 10–16 days).
a. Signs and symptoms. Fever, malaise, dry cough, shortness of breath, night

sweats, anorexia, and pleuritic chest pain are common. Within the first few
days of the onset of symptoms, a fine, generalized, erythematous maculopapu-
lar rash, sometimes urticarial in appearance, develops in 10% to 40% of pa-
tients. Peripheral eosinophilia may be present. The development of cutaneous
hypersensitivity may be manifest as erythema nodosum or erythema mul-
tiforme, which occurs in fewer than 25% of infected individuals. This finding
often is accompanied by arthralgias and, in association with pneumonitis, con-
stitutes the classic picture of so-called valley fever.

b. Roentgenographic findings. The most common radiologic manifestation of
acute coccidioidal pneumonitis is a segmental pneumonia, seen in approxi-
mately 50% of cases. Minimal infiltrates occur in nearly 30%, whereas hilar
adenopathy and pleural effusion, sometimes massive, are seen in approxi-
mately 20%. In addition, solitary or multiple nodules, thin- or thick-walled
cavities, and mediastinal lymphadenopathy may occur. Chest x-ray abnormal-
ities usually resolve in 1 to 3 weeks.

3. Diagnosis
a. Sputum. Approximately 40% to 70% of primary infections will yield positive

cultures [76]. A positive sputum culture is virtually diagnostic of pulmonary
coccidioidomycosis, because this organism rarely colonizes the oropharynx.

b. Skin tests cannot differentiate between acute and remote infection and of-
ten are negative in persons with disseminated disease. They are, therefore,
primarily useful only in epidemiologic evaluations.

c. Serologic tests often are diagnostic in primary coccidioidomycosis. Serum
precipitins, as detected by tube precipitin, immunodiffusion, or latex aggluti-
nation testing, are IgM antibodies that are demonstrable in more than 75% of
patients within 3 weeks of the onset of symptoms. Precipitins usually cannot
be detected after 4 weeks. Complement fixation detects IgG antibodies,
which appear more slowly but persist longer than IgM precipitins. More than
50% of patients will have a positive complement fixation titer, usually less
than 1:32 by 3 months after the occurrence of clinical disease. More than 90%
of patients with symptomatic acute pulmonary disease will have detectable
antibodies by either precipitin testing or complement fixation [74,75]. Rising
or persistently high complement fixation titers are a poor prognostic sign,
whereas decreasing titers indicate improvement.

4. Treatment. In many patients with acute coccidioidomycosis, the disease
resolves within 6 to 8 weeks without specific therapy. However, systemic
antifungal therapy should be considered in the following settings: de-
bilitation, pregnancy, immunosuppression, racial groups predisposed to dissem-
inated disease (see section C), rising or persistently high (>1:16) complement
fixation titers, progressive pulmonary disease, and persistent symptoms for more
than 2 weeks [74]. For uncomplicated acute pulmonary coccidioidomycosis, most
experts recommend itraconazole 200 mg twice daily or fluconazole 400 to 800 mg
daily for 3 to 6 months [74,77]. If diffuse infiltrates are present, therapy with am-
photericin B is recommended until significant clinical improvement has occurred,
followed by oral azole therapy for at least 1 year.
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B. Other pulmonary manifestations may occur.
1. Chronic pulmonary coccidioidomycosis. In some patients, symptoms of the

acute pneumonia may persist for months or years. These patients have low-grade
fever, weight loss, and cough. Serum complement fixation titers are positive, and
sputum cultures often grow C. immitis. Therapy with itraconazole or fluconazole
for at least 1 year is recommended [77].

2. Solitary pulmonary nodules due to C. immitis are common in endemic ar-
eas. In the absence of symptoms or immunosuppression no antifungal therapy is
indicated.

3. Cavitary disease may be seen after acute primary infection and usually re-
solves spontaneously, but persistent cavitation sometimes occurs. Patients may
be asymptomatic or have hemoptysis and low-grade fever. Sputum cultures often
are positive. The course of persistent coccidioidal cavities is unpredictable, but
most will resolve spontaneously over a period of 1 to 2 years. In a few patients,
complications such as hemoptysis or rapid expansion with involvement of the
adjacent lung may require some combination of azole drug therapy and surgery
[77].

C. Disseminated coccidioidomycosis. Fewer than 1% of infected individuals will
develop disseminated (extrapulmonary) infection. This complication most often
occurs in immunocompromised hosts such as transplant recipients, pa-
tients with hematologic malignancies, or those receiving immunosuppres-
sive chemotherapy [74]. AIDS patients are at increased risk for dissemi-
nated disease, although focal pulmonary disease may also be seen [78,79]. Dis-
semination appears to be more common during pregnancy, particularly in the third
trimester. In addition, persons of non-white ethnic groups (e.g., Filipino, Hispanic,
African American) more commonly have disseminated disease than do whites. Dis-
semination may occur within a few weeks of the primary infection or years later,
after reactivation of quiescent disease.
1. Osteoarticular disease. More than one-third of patients with disseminated dis-

ease have involvement of the bones or joints [74]. The bones most commonly
affected are the skull and vertebrae and the bones of the hands and feet. Lytic
lesions are typical and frequently involve the overlying soft tissue, producing
abscesses or draining sinuses. Articular lesions usually are limited to a single
joint, generally the knee or ankle.

2. Cutaneous disease. The skin is commonly involved in patients with dissemi-
nated coccidioidomycosis. The lesions may vary in appearance from pustules or
plaques to verrucous wart-like growths. Rarely, skin lesions may result from the
direct inoculation of C. immitis.

3. Meningitis. CNS involvement by C. immitis usually is subtle and nonspecific
and generally occurs within several months of the primary infection. Headache,
fever, and weight loss are common symptoms [80]. Examination of the CSF typi-
cally reveals a mononuclear pleocytosis with an elevated protein. Peripheral blood
eosinophilia has been noted (see also Chapter 6).

4. Other less common manifestations of dissemination include involvement of
the genitourinary tract in the form of prostatitis or epididymitis. Coccidioidal
peritonitis and lymphadenitis have been described, and, rarely, the eyes may be
involved. Miliary disease, as manifested by diffuse reticular infiltrates on chest
x-ray, is a common presentation in AIDS patients [78] (see Chapter 18).

5. Diagnosis. Definitive diagnosis requires histopathologic evidence and/or
culture of the organism from infected tissue or fluid. Positive blood or urine
cultures are uncommon. CSF cultures are positive in approximately one-third of
patients with meningitis. Elevated complement fixation titers are the rule
in disseminated coccidioidomycosis. Most patients have serum titers of 1:32 or
higher [74,75]. The exception to this generalization is meningitis, in which serum
titers tend to be much lower. Complement-fixing antibodies are detectable in
the spinal fluid in more than 75% of patients with meningitis. Complement
fixation titers show considerable variation between laboratories. The reporting
laboratory’s experience with these assays should thus be borne in mind when
assessing the significance of a particular result.
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6. Therapy. Systemic antifungal therapy is indicated in all forms of dissem-
inated disease.
a. Treatment of nonmeningeal forms of disseminated disease is usually

initiated with an oral azole, generally itraconazole or fluconazole 400 mg
daily. Duration of treatment should be at least 1 year and for 6 months beyond
the point at which the disease has become inactive. Amphotericin B 0.5 to
0.7 mg/kg/day may be used as an alternative, especially for severe disease
with rapidly progressive lesions [74,75].

b. Oral fluconazole 400 to 800 mg daily is now recommended by most experts
as the preferred treatment for coccidioidal meningitis [81]. Response
rates with fluconazole are comparable with those seen with intrathecal am-
photericin B with much less toxicity. Itraconazole 400 to 800 mg daily has also
been used successfully. Relapse rates are unfortunately quite high, and an in-
definite duration of treatment is indicated [82]. Infectious disease consultation
is recommended. See further discussion in Chapter 6.

ASPERGILLOSIS
Aspergillus species are common contaminants in the bacteriology laboratory, and the re-
lationship of a positive culture to clinical disease must always be questioned. However,
Aspergillus may cause a variety of illnesses, from hypersensitivity pneumonitis to dis-
seminated overwhelming infection in immunosuppressed patients.

I. Growth and identification characteristics. Aspergillus species are easily grown
on routine fungal culture media, with identification possible within 48 to 72 hours.
The species most frequently associated with human infections are A. fumigatus and A.
flavus. Although a positive culture may suggest a causative relationship in the setting
of a typical clinical syndrome, it may also represent benign colonization. Definitive
diagnosis of Aspergillus infection depends on demonstration of the organism
invading tissue. Staining with periodic acid–Schiff and methenamine silver permits
ready identification of Aspergillus organisms in clinical specimens by visualization of
their acutely branching septate hyphae.

II. Epidemiologic features. Aspergillus species are ubiquitous soil saprophytes that are
found in all parts of the world. Aspergillus frequently is cultured in hospital wards
from unfiltered outside air circulating through open windows. Aspergillosis usually is
acquired through the inhalation of airborne conidia by a susceptible host.

III. Clinical aspects. Infection with Aspergillus species may result in one of several forms
of a broad range of illnesses known as aspergillosis.
A. Tracheobronchial colonization. Aspergillus may colonize ectatic bronchi or cav-

ities in the lungs of patients with chronic pulmonary disease without invasion of the
surrounding pulmonary parenchyma, and therefore the organism may be isolated
in the absence of associated clinical illness. In these instances, allergic or invasive
aspergillosis is not present. In most cases no specific therapy is required. Some-
times, however, slowly progressive pulmonary infiltrates develop in some patients,
and treatment is required.

B. Allergic aspergillosis may involve either the alveoli (extrinsic allergic alveolitis)
or the airways (allergic bronchopulmonary aspergillosis [ABPA]).
1. Extrinsic allergic alveolitis is a hypersensitivity pneumonitis that occurs

in nonatopic individuals who are repeatedly exposed to conidia of Aspergillus, as
in farmers who work in close proximity to moldy grain. Cough, dyspnea, fever,
chills, and malaise typically develop 4 to 8 hours after exposure. Repeated attacks
can lead to granulomatous disease and pulmonary fibrosis.

2. ABPA results from a hypersensitivity reaction of the airways to Aspergillus
fungal antigens present in the bronchial tree [83]. The pathophysiology of this
disorder is complex and only partially understood. The immediate hypersensi-
tivity (type I) reaction is believed to be IgE-mediated, probably accounting for
the bronchospastic symptoms that are so characteristic of this disorder. A type
III reaction (mediated by immune complexes) is most likely responsible for the
roentgenographic features and more destructive changes of the bronchi [84].
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a. Manifestations. ABPA is characterized by symptoms of broncho-
spasm, particularly episodic wheezing and dyspnea. Cough that produces mu-
copurulent sputum, low-grade fever, peripheral eosinophilia, and pulmonary
infiltrates are common. Pleuritic chest pain and hemoptysis may also be seen.
The illness may be mild and without sequelae, but recurrent episodes fre-
quently result in progression to bronchiectasis and pulmonary fibrosis.

b. Diagnosis. ABPA is highly likely in a patient if several diagnostic criteria are
present [84].
(1) Patients will have a history of episodic asthma.
(2) Peripheral blood eosinophilia is a nearly universal feature.
(3) The skin test with Aspergillus antigenic extract usually is positive but is

nonspecific, because it may be positive in patients who do not have ABPA.
(4) Serum precipitating antibodies to Aspergillus antigens are present in

70% to 100% of cases.
(5) Total serum IgE levels are markedly elevated. Both total IgE and IgE

specific for Aspergillus antigens are increased in active ABPA and decrease
with remissions.

(6) Chest x-rays show a wide variety of abnormalities from small, patchy,
fleeting infiltrates (commonly in the upper lobes) to lobar consolida-
tion, atelectasis, or cavitation. Most patients eventually develop central
bronchiectasis.

(7) Sputum cultures often are positive for A. fumigatus and are suggestive
but not diagnostic.

c. Differential diagnosis. Tuberculosis may be suggested by the upper lobe
infiltrates or cavitation. Cystic fibrosis has features in common with ABPA,
and this disorder must be excluded before treatment with steroids is begun.
Carcinoma of the lung and eosinophilic pneumonia or bronchiectasis
of other etiologies are additional considerations [83].

d. Therapy is determined by the severity and frequency of attacks. Mild disease
may not require specific treatment.
(1) Corticosteroids are the mainstay of therapy for ABPA. During acute

exacerbations, large daily doses of prednisone (0.5–1.0 mg/kg) have been
recommended until the chest x-ray has cleared, followed by alternate-day
therapy at 0.5 mg/kg. This is continued for 3 to 6 months and then gradu-
ally tapered [83]. Aggressive treatment of early episodes may halt or delay
progression to the final fibrotic stage.

(2) Bronchodilators and physiotherapy with postural drainage may help
prevent mucous plugging.

(3) Serial chest x-rays and monitoring of IgE levels are helpful in guiding
corticosteroid therapy and detecting exacerbations.

(4) Preventive aspects. Patients should avoid locations (e.g., compost heaps
and grain silos) and activities (e.g., smoking marijuana) in which exposure
to Aspergillus spores is likely.

(5) A recent randomized study demonstrated an additional benefit of itra-
conazole 200 mg twice daily for 16 weeks to that of steroids in patients
with ABPA [85], so itraconazole can now be recommended as a steroid-
sparing agent [86].

C. Aspergillomas (“fungus balls”) generally represent secondary saprophytic col-
onization of preexisting pulmonary cavities, most commonly in patients with
a history of chronic lung disease such as tuberculosis, sarcoidosis, or emphysema
[87,88]. Aspergillomas may occur as a late consequence of invasive aspergillosis and
have been described, on occasion, in patients with ABPA. Aspergillomas are masses
of tangled hyphal elements, fibrin, and mucus.
1. Manifestations. Hemoptysis is the most common symptom associated with

aspergilloma, occurring in 55% to 85% of cases. Hemoptysis may vary from
blood-streaked sputum to active bleeding that requires urgent surgical resection.
Chronic cough is not uncommon. Many patients are asymptomatic.

2. Diagnosis can be established by a typical radiologic picture, sputum culture, and
serologic tests.
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a. Chest x-rays or CTs usually show the characteristic intracavitary mass
partially surrounded by a crescent of air.

b. Sputum cultures are positive in one-half to two-thirds of patients.
c. Serum precipitins are present in more than 90% of cases and are suggestive

of the diagnosis when accompanied by the characteristic x-ray appearance.
3. Therapy and prognosis. The natural history of aspergilloma is variable, and

therapy must be individualized based on symptoms and underlying pulmonary
status. A conservative approach is prudent, with observation alone indicated
for asymptomatic patients and those with mild infrequent hemoptysis. Sponta-
neous disappearance or lysis of aspergillomas has been reported in 7% to 10%
of cases. Surgical resection is indicated for patients with severe hemoptysis [89].
A beneficial role of antifungal therapy has not been demonstrated definitively
[86].

D. Invasive aspergillosis. Aspergillus is a common opportunistic pathogen in
the compromised host and occasionally occurs in those whose immuno-
compromise is not obvious. Cancer patients with prolonged neutropenia from
cytotoxic chemotherapy are particularly prone to infection. Patients receiving high-
dose corticosteroids or other immunosuppressive agents or those with chronic gran-
ulomatous disease of childhood are also at increased risk [90]. Invasive aspergillosis
occurs in AIDS patients, especially those patients who are leukopenic and on multi-
ple antibiotics (azithromycin, trimethoprim-sulfamethoxazole) [91,92].
1. Manifestations

a. Pulmonary involvement is by far the most common manifestation of inva-
sive aspergillosis [90]. The lungs typically manifest a necrotizing bronchopneu-
monia, ranging from small areas of infiltrate to intensive bilateral hemorrhagic
infarction. The most common presentation is that of unremitting fever and a
new pulmonary infiltrate despite broad-spectrum antibiotic therapy
in an immunosuppressed patient. Dyspnea and nonproductive cough are
common. Hemoptysis is uncommon. Chest x-ray may reveal patchy broncho-
pneumonia, nodular densities, consolidation, or cavitation. In immunocompro-
mised patients, invasive pulmonary aspergillosis (IPA) generally is acute and
evolves over days to weeks. Less commonly, patients with normal or only mild
abnormalities of their immune systems may develop a more chronic slowly
progressive form of IPA [93].

b. Extrapulmonary dissemination is found at autopsy in many patients with
IPA [90].
(1) Involvement of the CNS may occur after either hematogenous dissem-

ination or direct extension of invasive disease in the sinuses and results
in infarction or abscess. The CSF may show a pleocytosis and increased
protein content, but cultures of CSF usually are negative.

(2) Necrotizing skin ulcers, usually on the extremities, may occur sec-
ondary to hematogenous dissemination or after direct inoculation from
an environmental source.

(3) Osteomyelitis due to Aspergillus typically involves a rib or the vertebral
column and is most common in the immunosuppressed patient.

c. Rapidly invasive infections of the paranasal sinuses may occur in im-
munocompromised hosts and may extend into the orbit or cranial vault. A
chronic form of invasive Aspergillus sinusitis typically occurs in normal hosts
[90].

2. Diagnosis of invasive aspergillosis. Definitive diagnosis requires the
demonstration of tissue invasion seen on a biopsy specimen or a positive
culture from tissue obtained by an invasive procedure such as transbronchial
biopsy. These patients often are severely ill, however, and invasive procedures
may be associated with a high morbidity. Noninvasive tests in the presence
of an appropriate clinical syndrome may suggest the diagnosis. For ex-
ample, pulmonary invasive disease is probable in patients with chest ra-
diographs that show new nodules or new cavities in the context of neutropenia,
cytotoxic chemotherapy, or chronic corticosteroid therapy and sputum cultures
or bronchoalveolar lavage washings or brush cultures for Aspergillus species or
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cytologic examination on bronchoalveolar lavage that reveals characteristic sep-
tate hyphae.
a. Sputum and nasal cultures are positive in some patients with invasive

aspergillosis, and the organisms can sometimes be isolated from these sites
in the absence of invasive disease. In the high-risk patient, isolation of
Aspergillus from sputum, bronchoalveolar lavage fluid, or bronchial
washings is strongly suggestive of invasive aspergillosis [94,95].

b. Serologic studies. The standard Aspergillus precipitin assay, usually ele-
vated in ABPA, rarely is elevated in patients with invasive disease and in
general is not helpful.

c. Blood cultures usually are negative.
d. Lung biopsy usually is necessary for definitive diagnosis of IPA, be-

cause parenchymal invasion of lung tissue must be demonstrated to confirm
the diagnosis. Most investigators recommend open lung biopsy to ensure ad-
equate tissue for histopathologic evaluation. The transbronchial biopsy ap-
proach has also been used. Unfortunately, lung biopsy cannot be performed
safely in many patients at high risk for invasive aspergillosis. Therefore, if
the suspicion for IPA is very high, based on the clinical syndrome and
positive sputum or nasal cultures, empiric antifungal therapy may be
indicated. Infectious disease consultation is advised.

e. Biopsy and culture of extrapulmonary lesions will provide the diagnosis
in patients with invasive disease outside the lungs.

3. Therapy. Invasive aspergillosis is often a fulminating illness that results in
death. With early therapy, many patients have survived [96]. Prognosis is highly
dependent on the course of the underlying disease. Infectious disease consultation
is advised.
a. Amphotericin B has traditionally been standard treatment. Most clin-

icians prescribe high daily doses (0.8–1.0 mg/kg/day). Doses as high as
1.5 mg/kg/day have been given to patients who respond poorly. The optimal
duration of therapy has not been defined and should be individualized based
on the severity of illness and the degree of immunosuppression. Lipid prepa-
rations of amphotericin may be preferred in patients with renal dysfunction
or in those receiving other nephrotoxic agents [86,97].

b. Studies of itraconazole in the treatment of invasive aspergillosis have demon-
strated similar response rates to those of amphotericin B [98,99]. Therapy
with itraconazole 300 mg twice daily for 4 days and then 200 mg twice
daily is an alternative to amphotericin B for selected patients not receiving
other agents that may interact with itraconazole [86].

c. An initial course of treatment with intravenous itraconazole or amphotericin
B until disease stabilization or regression has occurred followed by prolonged
oral therapy with itraconazole has been suggested by some clinicians [86].

d. Caspofungin is the first of the new echinocandin class of antifungal agents
and was recently approved by the U.S. Food and Drug Administration (FDA)
for the treatment of invasive aspergillosis (70 mg i.v. on day 1, then 50 mg
i.v. daily) in patients who have failed or have been intolerant to amphotericin
and/or itraconazole. It has not been studied as initial therapy [100].

e. Voriconazole, is a newly approved triazole that has been used in open-labeled
studies of invasive aspergillosis. Complete or partial response rates of 50% or
greater have been reported for patients treated with voriconazole who have
been intolerant to or failed other therapies for invasive aspergillosis [86]. Other
investigational triazoles such as posaconazole also exhibit excellent activity
against Aspergillus species [101].

f. Combination therapy. Because of the high mortality rates of invasive as-
pergillosis treated with single antifungals, a variety of combination therapies
using amphotericin B with azoles, flucytosine, or rifampin has been evaluated
both in vitro and in animal models. A combination of caspofungin and itracona-
zole has been used successfully in the treatment of invasive aspergillosis in a
small number of patients [102]. The combination of caspofungin with newer
azoles, such as voriconazole and posaconazole, appears to be promising.



P1: HAG/HAG P2: IML/SPH QC: IML/ABE T1: IML

PB207B-17 PB207A-Betts/6678F September 2, 2002 16:28 Char Count= 0

17. Infections due to Fungi, Actinomyces, and Nocardia 611

g. Reduction of corticosteroids or cytotoxic chemotherapy, if possible, ap-
pears to improve prognosis.

h. Surgical resection may be useful in selected patients with focal lesions.
4. Prognosis is improved with early diagnosis and aggressive therapy, remission of

the underlying disease, and reversal of chemotherapy-induced bone marrow sup-
pression. Resolution of neutropenia is particularly important if a favorable
response to therapy is to be seen.

5. Future chemotherapy if the patient survives. Patients who have survived
a prior episode of invasive aspergillosis are at risk for reactivation of invasive
disease during subsequent myelosuppression with repeat courses of chemother-
apy. Some studies suggest at least a 50% rate of reactivation during chemother-
apy in patients who have recovered from prior invasive aspergillosis. Prophy-
lactic amphotericin B (1 mg/kg/day) beginning at least 48 hours before
chemotherapy and continuing until the time of granulocyte recovery to prevent
relapse of invasive disease in patients undergoing repeat chemotherapy has been
recommended [103].

E. Rare manifestations of aspergillosis
1. Aspergillus endocarditis mimics Candida endocarditis in that it occurs most

commonly on prosthetic heart valves and is associated with large vegetations
that embolize to medium-sized vessels. Diagnosis is difficult because blood
cultures are rarely positive. Early valve replacement is essential if cure is to
be achieved.

2. Allergic Aspergillus sinusitis is a recently recognized form of sinusitis that
occurs primarily in young atopic persons [104]. Nasal polyps and mucoid material
containing eosinophils and fungal hyphae are found commonly. Optimal therapy
requires corticosteroids and surgical debridement.

BLASTOMYCOSIS
Blastomyces dermatitidis is a dimorphous fungus that causes the acute and chronic illness
blastomycosis. Infection with B. dermatitidis occurs via the lungs and then may be followed
by hematogenous dissemination. Pulmonary disease is most common, followed by disease of
skin, bone, and genitourinary tract. Widely disseminated disease is most common in
immunocompromised hosts, especially those with AIDS.

I. Growth and identification characteristics. B. dermatitidis mycelial colonies are
usually visible 1 to 2 weeks after clinical specimens are incubated at 30◦C. Conversion
to the yeast phase at 37◦C is necessary for definitive diagnosis and usually occurs within
another 10 days of culture. Microscopic examination of sputum, pus, or drainage from
skin lesions is a rapid method for presumptive diagnosis of blastomycosis. When seen
in a wet preparation or after digestion with KOH, the characteristic yeast forms are
as spherical cells with a diameter of 8 to 15 µm, have a highly refractile thick cell wall,
are multinucleate, and reproduce by a single broad-based bud. These same character-
istics allow identification of the organism in histopathologic specimens with the use of
special stains such as periodic acid–Schiff, Gomori methenamine silver, Papanicolaou,
and Giemsa stains.

II. Epidemiologic and host characteristics. Infection caused by B. dermatitidis has
been reported only occasionally outside of North America. Most patients reside in the
southeastern and south central states, especially those bordering the Mississippi and
Ohio River valleys, and the midwestern states and Canadian provinces that border
the Great Lakes [105–107]. Isolates from the environment indicate that B. dermati-
tidis exists in nature in warm moist soil that is rich in organic material, usu-
ally decaying vegetation [108,109]. When these microfoci are disturbed, either during
work or recreational activities, the aerosolized spores (conidia) are inhaled into the
lungs. Disease at other body sites is the result of dissemination from this initial pul-
monary infection. Primary cutaneous disease, however, has been reported after dog
bite and after accidental inoculation injury. A rare case of vaginal infection trans-
mitted sexually from a man with genitourinary blastomycosis has been described
[105].
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B. dermatitidis is a primary pathogen that causes disease primarily in normal hosts.
Virulence is probably mediated to some extent by the rapid conversion of conidia to the
yeast form after inhalation into the lung. The yeast form is more resistant to phagocy-
tosis and killing by leukocytes. Additionally, the elegant work of Klein and coworkers
[110–114] has clearly documented a 120-kDa protein antigen on the cell wall surface,
designated WI-1, which is not only a major immunodominant epitope for humoral and
cellular immunity but also is an important virulence factor for B. dermatitidis.

III. Clinical manifestations. Blastomycosis is a systemic disease with both pulmonary
and extrapulmonary manifestations. Pulmonary disease may be acute or chronic. Ex-
trapulmonary disease occurs most commonly during the chronic form of illness.
A. Acute blastomycosis often is unrecognized and is characterized by pneumonitis

that occurs after a median incubation time of 30 to 45 days. Analysis of point source
outbreaks indicate that only 50% or so of infected individuals become symptomatic
[108,109].
1. Symptomatic patients usually have an influenza-like syndrome with fever,

chills, arthralgias, myalgias, cough, fatigue, and pleuritic chest pain. The symp-
toms may be mild or severe. Spontaneous resolution of disease is well recognized,
and the duration of illness in these cases is generally less than 4 weeks [115].

2. Chest roentgenograms usually show lobar or segmental consolidation. Small
pleural effusions are seen occasionally. Hilar adenopathy usually does not occur
[116].

B. Chronic blastomycosis is indolent in onset and follows a widely variable course.
Recent clinical experience indicates that extrapulmonary disease occurs in only ap-
proximately one-fourth of patients with blastomycosis [117]. Infection has been docu-
mented in almost every body organ, but skin, bone, and genitourinary sites of disease
are most common [105,106].
1. Pulmonary manifestations. Most patients have signs and symptoms of a

chronic pneumonia that mimics tuberculosis. The most frequent symptoms
are cough, sputum production, hemoptysis, pleuritic chest pain, and weight loss.
Fever tends to be low grade. The chest roentgenogram is nonspecific, with a wide
variety of findings [116]. Lobar or segmental alveolar infiltrates, especially of
the upper lobes are most common. These infiltrates may progress to cavitation.
Masslike infiltrates that mimic lung cancer occur nearly as often as alveolar in-
filtrates. Other radiologic findings include solitary cavities, lung nodules, and
fibronodular infiltrates, with or without cavities. Pleural thickening and small
pleural effusions occur, whereas large pleural effusions are uncommon. Miliary
disease and diffuse pneumonitis, often associated with respiratory failure, are
occasionally reported and are associated with a high mortality.

2. Skin lesions are the most common form of extrapulmonary blastomy-
cosis. Skin disease usually occurs in conjunction with pulmonary disease but
may occur alone. Skin lesions tend to occur on exposed parts of the body. The
characteristic lesion begins as a small papule or pustule that gradually enlarges
over a period of weeks or months, becoming elevated, verrucous, and crusted
(Color Plate 4.6). Outer borders are well demarcated and indurated. Older le-
sions commonly exhibit central healing and scarring at the same time that the
outer border of the lesion is active and advancing. Removal of the crust reveals a
granulomatous base with numerous small abscesses exuding purulent material.
Less frequently, the lesion may begin as a small pustule that ulcerates. These ul-
cerative lesions bleed easily. Subcutaneous abscesses that sometimes drain spon-
taneously are seen in a minority of patients. The organism easily is seen and
is cultured from pus aspirated from these abscesses.

3. Bone infection has been reported in 10% to 50% of patients. Lesions are oste-
olytic and often painless. The long bones, vertebrae, and ribs are most commonly
involved. Some patients present with a contiguous soft tissue abscess or draining
sinus. Contiguous spread to joints may cause a pyarthrosis. Diagnosis is made
by biopsy of the involved bone or aspiration of the contiguous soft tissue abscess.

4. Genitourinary disease has been noted in 10% to 30% of patients. The prostate
and epididymis are most commonly involved. The kidney usually is spared.
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Patients may note a painful swelling of the testis or epididymis, a perineal ache,
or symptoms of urinary obstruction. The prostate may be tender and enlarged.
Cultures of urine or prostatic secretions obtained after massage frequently are
positive.

5. CNS disease is reported in fewer than 5% of cases. However, CNS complications
of blastomycosis are more common in AIDS patients, noted in 40% of patients
with blastomycosis and AIDS in one series [118]. Abscesses are most common
and present as mass lesions. Meningitis is usually a late complication and is
frequently associated with multiorgan disease.

6. Other sites of disease are reported less frequently and include the lymph nodes,
spleen, larynx, esophagus, thyroid, pituitary, and heart.

C. Infections in the compromised host. Blastomycosis in the immunocompromised
host is more severe and more often disseminated and is associated with greater
mortality than in immunocompetent patients [118,119]. As noted in the preceding
section, CNS infection is especially common in AIDS patients. Death rates of 30% to
40% are reported despite treatment with amphotericin B.

IV. Diagnosis. Definitive diagnosis is established by culture. A presumptive diagnosis
can be made by visualizing the distinctive yeast forms in clinical specimens and is
often sufficient to initiate antifungal therapy. Serologic studies must be interpreted
with caution because of their high false-positive and false-negative rates.
A. Culture. Clinical specimens should be cultured on Sabouraud or more enriched agar.

Sputum, pus from soft tissue abscesses, scrapings from skin lesions, and prostatic
secretions may all be cultured successfully.

B. Direct examination of clinical specimens
1. Wet preparation. Sputum, scrapings from skin lesions, pus, or pleural fluid

should be examined microscopically as a fresh wet preparation. The use of 10%
KOH to digest cellular debris may facilitate seeing the organism. Occasionally,
multiple specimens must be collected before the organism can be seen on smear.
Bronchoscopy is helpful in patients who are unable to produce sputum. Visual-
ization of the yeast form on cytology preparations is facilitated by Papanicolaou
stain.

2. Histopathology. The typical inflammatory response is characterized by pyogran-
ulomas. Yeast forms usually are not seen with hematoxylin and eosin stains but
may be demonstrated with special stains, as noted earlier in section I.

C. Skin tests. No skin test reagent is currently available for the diagnosis of blasto-
mycosis in patients with suspected disease.

D. Serologic tests for the diagnosis of blastomycosis are complicated by their lack
of sensitivity and specificity [120]. Thus, negative tests should never be used to
rule out disease. Neither should an isolated positive test prompt antifungal therapy.
Rather, a positive result should stimulate the clinician to search diligently
for evidence of disease.
1. Complement fixation tests are neither sensitive nor specific. Fewer than 50% of

patients with blastomycosis will develop a positive test, and cross-reactions with
H. capsulatum and C. immitis are common.

2. Immunodiffusion tests. The detection of precipitating antibodies is highly spe-
cific for blastomycosis, but sensitivity is variable. Positive results have been re-
ported in up to 80% of patients with blastomycosis. However, lower rates of posi-
tivity (33%) have been reported in patients with localized disease [120]. Positive
results are most frequently noted in patients with symptoms lasting 50 days or
longer. Thus, immunodiffusion is not helpful in acute disease.

3. Radioimmunoassays and enzyme immunoassays that are highly sensitive
have been developed [121]. False-positive results, however, are well documented.
An enzyme immunoassay is now commercially available and may prove useful
for initial screening of specimens. Positive results should be confirmed with the
more specific immunodiffusion test.

4. Recent advances in the characterization of the yeast antigens of B. dermatitidis
may facilitate the development of more reliable serologic tests. A novel 120-kDa
surface protein, designated as WI-1, has been described by Klein and Jones [110].
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Preliminary results using this antigen in a radioimmunoassay appear promising,
but currently this test is investigational [121].

V. Therapy. Although amphotericin B was previously considered the primary drug for
treating all clinical forms of blastomycosis, recent studies have proven that either ke-
toconazole or itraconazole is an effective alternative for the treatment of immunocom-
petent patients with mild to moderate disease. Neither azole is indicated for patients
with CNS disease.
A. Acute blastomycosis. Some patients may not require therapy. Because the

acute form may be a benign self-limited illness, it has been suggested that patients
with acute blastomycosis should be followed, without specific chemotherapy but with
prolonged observation [115]. However, illness progresses in some patients to chronic
infection with significant morbidity. Because there are no known clinical characteris-
tics that predict which patients are susceptible to chronic involvement, some author-
ities recommend that all patients with acute blastomycosis receive chemotherapy.
The indication for antifungal therapy in this group remains controversial,
and infectious disease consultation is advised.

B. Chronic blastomycosis
1. Amphotericin B is the drug of choice for patients with life-threatening

disease, patients who are immunocompromised, and patients with CNS dis-
ease [122]. A total dose of at least 1.5 g is recommended. For selected patients
treated initially with amphotericin B who are immunocompetent and who do not
have CNS disease, an azole may be substituted for amphotericin B after clinical
improvement is noted. Cure rates of greater than 90% are reported in immuno-
competent patients who complete a full treatment course of amphotericin B, and
relapse rates are less than 5%. Relapse is more frequently reported in immuno-
compromised patients, especially those with AIDS. Maintenance therapy with an
oral azole has thus been advocated after successful primary therapy of blastomy-
cosis in AIDS patients [118].

2. Ketoconazole. Two clinical trials have documented cure rates of approximately
80% for patients treated with a daily dose of 400 mg ketoconazole [123,124]. For
patients who do not respond satisfactorily, the dose may be increased in 200-
mg increments to a maximum of 800 mg/day. At least 6 months of treatment is
recommended.

3. Itraconazole is highly effective against B. dermatitidis both in vivo and in vitro.
At doses of 200 to 400 mg/day, itraconazole was effective in 90% to 95% of patients
with blastomycosis [53,122]. Because efficacy rates were similar at both doses,
the initial recommended daily dose of itraconazole is 200 mg. For patients who
fail this initial therapy, the dose may be increased in 100-mg increments to a
maximum daily dose of 400 mg. Itraconazole generally has fewer side effects
than ketoconazole and is the preferred agent for the treatment of blastomycosis
at the authors’ medical center.

4. Fluconazole has been studied in only a limited number of patients. In studies
using daily doses of 400 to 800 mg, a successful outcome was noted in 80% of a
cohort of 39 patients [125,126]. These results indicate that fluconazole and ke-
toconazole are essentially equivalent when administered at equivalent doses of
more than 400 mg/day. Adverse events are less common with fluconazole. Flucona-
zole penetrates well into the CNS and therefore may have a role in the treatment
of blastomycotic meningitis and cerebral abscesses in patients who are intolerant
to amphotericin B.

5. Surgery has a limited role in the treatment of blastomycosis.
6. Special patient populations

a. Pediatric blastomycosis. Blastomycosis is reported less commonly in chil-
dren. However, the clinical spectrum of disease and therapeutic and treatment
considerations are similar to adults. That is, children with life-threatening or
CNS disease should be treated with amphotericin B. Children with mild to
moderate disease without CNS involvement have been successfully treated
with itraconazole daily dose of 5 to 7 mg/kg/day.

b. Pregnancy. Amphotericin B is the drug of choice for the treatment of blasto-
mycosis in pregnant women.
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7. Prognosis. Most patients (≥90%) with chronic blastomycosis are cured with ther-
apy. Mortality is greatest in patients with AIDS and those with respiratory failure
or CNS disease.

MUCORMYCOSIS
Mucormycosis (or zygomycosis) is the term for infection caused by fungi of the order Mu-
corales. A number of families of this order are associated with disease, but the Mucoraceae
(which include the genera Absidia, Mucor, Rhizomucor, and Rhizopus) are the most common
[127]. Mucoraceae may produce severe disease in susceptible individuals, notably
patients with diabetes and leukemia. Mixed infections with other fungi and with bacte-
ria are common.

I. Growth and identification characteristics. The Mucorales are cultured on routine
fungal media, and growth is abundant in 24 to 72 hours. A saline preparation will re-
veal broad nonseptate hyphae with right-angle branching. The laboratory should be
alerted when mucormycosis is a diagnostic possibility. Microscopic examination
of smears and histopathologic evaluation of scrapings and biopsy material often reveal
the diagnosis when cultures are negative. The organisms stain readily with periodic
acid–Schiff, methenamine silver, and routine hematoxylin and eosin stains.

II. Epidemiologic and host characteristics. The organisms that cause mucormyco-
sis are ubiquitous molds commonly found in the soil and on decaying organic debris.
They are infrequent contaminants in the laboratory. Occasionally, Mucorales species
have been isolated from sputum or sinus specimens in the absence of invasive dis-
ease. There is no evidence for person-to-person transmission. Certain condi-
tions predispose to tissue invasion by these normally saprophytic fungi, including
diabetes mellitus, leukemia, lymphoma, corticosteroid therapy, severe malnu-
trition, organ transplantation, extensive burns, and uremia. Several cases of
mucormycosis have been reported in dialysis patients who were being treated with the
chelating agent deferoxamine [128].

III. Clinical aspects. Mucormycosis is usually an acute fulminant infection characterized
pathologically by the invasion of major blood vessels, with resultant ischemia
and infarction of adjacent tissue.
A. Rhinocerebral mucormycosis most commonly manifests in the setting of poorly

controlled diabetes, especially with ketoacidosis. The causative organism in
most cases is Rhizopus arrhizus. The organisms invade through the palate or the
mucous membranes of the nose or paranasal sinuses. Subsequently, invasion through
the ethmoids may occur, with direct extension into the orbital region and the frontal
lobes of the brain. Progression of disease is usually rapid, although it may become
indolent if ketoacidosis resolves.
1. Clinical manifestations. Local symptoms of sinusitis and palatal or orbital

cellulitis may be present. The nasal septum may be ulcerated, necrotic, or
even perforated, and dark bloody nasal discharge commonly results. The
nasal turbinate bones often are black and necrotic. Soft periorbital or perinasal
swelling may progress to induration and discoloration. Neurologic sequelae
evolve after a few days and usually are rapidly progressive. Ptosis, proptosis, and
dilatation or fixation of the pupil may occur. Drainage of black pus from the eyes
sometimes is seen. Progressive neurologic deficits ensue, with ophthalmoplegia,
blindness, cranial nerve involvement, and, finally, contralateral hemiplegia due
to thrombosis of the internal carotid artery. Progressive lethargy develops despite
control of the diabetes, and coma follows.

2. Diagnosis requires a high degree of suspicion to permit early therapy.
a. A tissue biopsy or wet preparation of the necrotic areas may demonstrate

the characteristic nonseptate hyphae. This is the best rapid diagnostic pro-
cedure because cultures require 1 to 3 days and are often negative.

b. The CSF usually shows nonspecific findings with a mononuclear pleocytosis
and slight elevation of protein. CSF cultures typically are negative.

c. Radiologic examination may demonstrate sinusitis or findings suggestive
of osteomyelitis. CT or MRI may be useful to demonstrate tissue or bone
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destruction, cerebritis, or retro-orbital disease. Arteriograms may reveal filling
defects, narrowing, occlusions, and infarction.

3. Therapy. Because of the rapidity with which this disease progresses,
prompt and aggressive therapy is essential [127]. Surgical and infectious
disease consultations are advised.
a. Treatment directed toward reversing the underlying condition (e.g.,

diabetic ketoacidosis) or decreasing immunosuppressive therapy is necessary.
b. Amphotericin B is the only truly effective agent. The dosage should be

rapidly advanced to 1 to 1.5 mg/kg/day. If there is a favorable clinical response,
an alternate-day regimen can be adopted. A total dosage of 2 to 3 g given
over 2 to 3 months usually is required, depending on the clinical course and
control of the underlying disease. A lipid formulation of amphotericin may be
used in the presence of renal dysfunction. Cases have occurred where lipid
formulations at doses as high as 16 mg/kg/day have been used and succeeded
when amphotericin appeared to be failing.

c. Surgical debridement. Extensive surgical extirpation or debridement of de-
vitalized tissue and adequate drainage of sinuses and abscesses are essential
elements in controlling infection.

4. Prognosis. With aggressive combined chemotherapy and surgery, the mortality
is approximately 50%. Survivors often have significant neurologic deficits. Rapid
diagnosis and treatment may improve prognosis.

B. Pulmonary mucormycosis may occur after inhalation of fungal spores or from
hematogenous or lymphatic spread during dissemination. Most patients have hema-
tologic malignancy, severe neutropenia, or are transplant recipients, and most have
received steroids.
1. Manifestations. Fever is common with pulmonary infiltration or cavitation

that progresses despite antibiotic therapy. Occasionally, subacute cases oc-
cur in diabetics, with progression over weeks to months.

2. Diagnosis. The diagnosis of pulmonary mucormycosis requires histopathologic
evidence of pulmonary invasion. Cultures of respiratory secretions are usu-
ally negative. The chest x-ray is nonspecific.

3. Therapy. Most patients in whom pulmonary mucormycosis is diagnosed have had
advanced disease with extensive tissue destruction, and results of treatment have
been disappointing. Early diagnosis, reversal of the underlying disease, and high-
dose amphotericin B may improve the prognosis. Surgical resection of pulmonary
lesions may be beneficial in selected patients.

C. Gastrointestinal mucormycosis has been diagnosed primarily in patients with
severe malnutrition or in transplant recipients [129]. Any part of the GI tract may
be involved, but the stomach and large bowel are the most common sites of infection.
Abdominal pain and bloody diarrhea are typical, and signs of peritonitis may ensue
if the intestinal wall is perforated. The disease is usually acute and rapidly fatal. Di-
agnosis requires biopsy of involved tissue. A combination of surgical resection
and antifungal chemotherapy with amphotericin B is indicated as treatment.

D. Cutaneous mucormycosis. Involvement of the skin with the Mucorales may be
primary (after direct inoculation of organisms during minor trauma) or secondary
(after dissemination from another site) [130]. Extensive involvement of burn wounds
may result in disseminated disease. Diagnosis depends on the demonstration of
tissue invasion in biopsy specimens. For patients with primary localized cuta-
neous disease, surgical debridement may be adequate for cure. However, in patients
with evidence of disease distant to the cutaneous site of infection or invasion of hy-
phal forms into the subcutaneous tissue, systemic therapy with amphotericin B is
required.

E. Disseminated mucormycosis usually occurs in debilitated patients with hemato-
logic malignancies [131]. Dissemination is most often from the lungs or GI tract and
may involve any part of the body. Multiple areas of infarction and abscess forma-
tion are common. Cutaneous lesions that resemble ecthyma gangrenosum have been
described. The clinical course is acute and rapidly progressive. Biopsy of involved
tissue is required to make the diagnosis. Intensive therapy with amphotericin B is
indicated, but the outcome is generally poor.
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SPOROTRICHOSIS
Sporothrix schenckii is a saprophytic fungus found widely in nature. Infection due to S.
schenckii generally is limited to the skin and regional lymphatics, although systemic and
disseminated disease occasionally occur.

I. Growth and identification characteristics. S. schenckii is a dimorphous fungus. The
mycelial phase can be grown and identified on routine culture media in 3 to 5 days. Con-
version to the yeast phase is desirable for definitive diagnosis. Isolation of S. schenckii
in the laboratory usually indicates infection, because it is not a normal commensal
of humans.

II. Epidemiologic features. S. schenckii is found worldwide. The organism is found in the
soil and on rose and barberry bushes, sphagnum moss, tree bark, and other vegetation.
Infection usually occurs after inoculation injury after contact with thorny
plants [132].

III. Clinical aspects. Sporotrichosis can be divided into cutaneous and extracutaneous
infection.
A. Cutaneous disease accounts for 75% to 80% of cases of sporotrichosis. Transmis-

sion to humans typically occurs through a break in the skin, often after minor or
unrecognized injuries. Cutaneous sporotrichosis is therefore an occupational dis-
ease of gardeners, farmers, horticulturists, nursery workers, and florists.
1. Manifestations. The fungus usually gains entry in the fingers or hands, where

a small papule or raised, erythematous, subcutaneous nodule develops.
The lesion may be evident at any time from 1 week to 6 months after inoculation.
Spread to regional lymphatics results in progression of secondary nodules
up the arm, which often ulcerate and drain but do not produce significant pain
or disability. Localized cutaneous infection without lymphatic spread is less com-
mon; these lesions may be nodular, crusted, or fungating and may occur anywhere
at a site of trauma. Lesions may wax and wane for months or years.

2. Diagnosis. Although the clinical appearance may be very suggestive of sporotri-
chosis, other infectious diseases may cause identical lesions, including nontu-
berculous mycobacterial infection, nocardiosis, blastomycosis, and leishmaniasis
[132]. Culture of drainage or aspirated material should reveal the causative
organism and is diagnostic. Histopathologic examination of punch biopsy speci-
mens reveals granulomatous lesions with fungal cells confined to the dermis. The
fungal cells may be surrounded by an aggregation of material that stains with
periodic acid–Schiff, the so-called asteroid body.

3. Therapy
a. Oral potassium iodide remains an effective inexpensive treatment for cu-

taneous and lymphatic sporotrichosis. However, it is associated with frequent
allergic reactions and GI intolerance.
(1) Mode of administration. Saturated potassium iodide solution is given

orally in doses of 3 to 4 mL (maximum) every 8 hours, beginning with 1 mL
per dose and gradually increasing the dose while monitoring for toxicity.
Some advise putting the drug in root beer to disguise the taste. Treatment
is continued until 1 month after the skin lesions disappear.

(2) Toxicity. Nausea, vomiting, parotid swelling, iodism (acne) or other skin
lesions, coryza, sneezing, eyelid swelling, and depression generally re-
spond to discontinuing the drug for a few days and restarting it at a lower
dosage.

(3) Application of local heat to the lesions may also be helpful.
b. Treatment with itraconazole results in response rates of greater than 90%

[133,134]. Itraconazole 200 mg daily for 3 to 6 months is well tolerated and
more convenient than potassium iodide and can now be recommended as the
treatment of choice [135].

B. Extracutaneous disease represents approximately 20% of cases of sporotrichosis.
Therapy with potassium iodide is ineffective in all forms of extracutaneous disease.
Treatment with itraconazole or amphotericin B is required.
1. Pulmonary sporotrichosis is uncommon. It may be a primary infection af-

ter inhalation of S. schenckii spores or may occur secondary to dissemination



P1: HAG/HAG P2: IML/SPH QC: IML/ABE T1: IML

PB207B-17 PB207A-Betts/6678F September 2, 2002 16:28 Char Count= 0

618 17. Infections due to Fungi, Actinomyces, and Nocardia

[136]. Many patients have a history of chronic obstructive pulmonary disease,
diabetes, alcohol abuse, or some other chronic medical condition. Symptoms in-
clude the insidious onset of cough, sputum production, malaise, weight loss, and
fever. Chest x-rays generally reveal parenchymal infiltration progressing to cav-
itation, and hilar adenopathy may be marked. Infection is usually indolent but
progressive. Diagnosis depends on isolation of the fungus from sputum,
bronchial washings, or lung tissue. Amphotericin B is recommended for life-
threatening disease. Mild to moderate disease may be treated with itraconazole
200 mg twice daily [135,137].

2. Osteoarticular sporotrichosis is an extremely indolent infection that primar-
ily involves the joints and bones. Involvement of a single joint is typical. Cuta-
neous disease usually is absent. Most patients have pain, effusion, and decreased
mobility of the affected joint. Cultures of joint fluid are frequently negative, and
synovial biopsy may be required for diagnosis. Itraconazole 200 mg twice daily
is effective and recommended for most patients [135]. Amphotericin B may be used
in cases of itraconazole treatment failure.

3. Disseminated sporotrichosis is rare, usually occurring in an immunosup-
pressed host. Involvement of multiple sites, including the skin, lungs, joints,
bones, and CNS, has been reported. Risk factors for dissemination include alco-
holism, diabetes, chronic obstructive pulmonary disease, and AIDS [138]. Clinical
manifestations depend primarily on the organ systems involved. Skin lesions, of-
ten ulcerative, are found in most patients. Lymphatic spread generally is not seen
due to hematogenous dissemination. Multifocal joint involvement is common,
in contrast to the normally unifocal osteoarticular disease. Nodular pulmonary
lesions are present in 10% to 20% of patients. Meningitis is a rare manifestation
of infection with S. schenckii.
a. The diagnosis may be suspected on the basis of the characteristic skin and

joint lesions. Culture of the fungus from an infected lesion generally is not
difficult, although multiple cultures occasionally are required. Recovery of the
organism from blood cultures has been reported. Repeated culture of the CSF
often is necessary to isolate the organism in patients with meningitis, and
serologic tests of serum and CSF may be useful [139].

b. Amphotericin B is the preferred therapeutic agent for disseminated sporotri-
chosis, including meningitis. Itraconazole may have a role as maintenance
therapy in patients with AIDS after initial treatment with amphotericin [132].
Infectious disease consultation is advised.

MISCELLANEOUS FUNGAL INFECTIONS
I. Paracoccidioidomycosis is a systemic infection caused by the dimorphous fungus

Paracoccidioides brasiliensis [140]. The disease is endemic in Latin America, par-
ticularly Brazil, and is diagnosed only rarely in North America. Pulmonary infection
is the most common manifestation, but involvement of the mucous membranes, skin,
and lymph nodes after dissemination occurs frequently. Itraconazole is the drug of
choice for treatment.

II. Mycetoma (Madura foot) is a localized noncontagious infection involving cutaneous tis-
sue, fascia, and bone [141]. The disease is reported most frequently in patients who live
in tropical or temperate zones. Mycetoma may be caused by either aerobic actinomycetes
or various species of fungi and generally occurs after the traumatic implantation of the
organisms into the subcutaneous tissue of a healthy host. Most cases involve the foot
or hand and progress very slowly over months to years. Combined surgical–medical
treatment is the best therapeutic approach for mycetoma caused by fungi.

III. Dematiaceous fungi are a group of darkly pigmented organisms that cause infections
termed phaeohyphomycoses. These infections occur most frequently in immunocompro-
mised hosts and manifest clinically as subcutaneous, sinus, or cerebral infection [142].
Surgical resection of localized lesions is crucial for diagnosis and treatment, but the
prognosis is usually poor.

IV. Penicillium marneffei is a dimorphic fungus endemic in southeast Asia that
causes disseminated infection with papular skin lesions in persons with AIDS [143,
144]. Disseminated penicilliosis may be treated effectively with amphotericin B
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followed by itraconazole 200 mg twice daily for 10 weeks and then 200 mg daily as
maintenance therapy to prevent relapse [145].

V. Emerging opportunistic fungal infections. Many fungal species that formerly were
considered nonpathogenic or only rarely were associated with invasive disease are now
causing increasingly common infections in immunosuppressed hosts. Trichosporon and
Malassezia species are common causes of superficial dermatologic infections but may
cause disseminated disease in immunocompromised or debilitated patients [146,147].
Fusarium species cause disseminated infection primarily in patients with hematologic
malignancies or severe burns [148]. Pseudallescheria boydii is an agent of mycetoma
and may cause more deep-seated infections such as pneumonia or disseminated disease
in the immunocompromised host [149]. There is no standard well-defined antifungal
treatment for most of these infections, and infectious disease consultation is suggested.

ANTIFUNGAL CHEMOTHERAPY
The agents currently available for the systemic therapy of mycotic infections are presented
in Table 17.2. The decision regarding whether to initiate systemic antifungal chemotherapy
must be based in part on consideration of the toxicity of these drugs (Table 17.3). Infectious
disease consultation is recommended to help determine the indications for therapy
and to assist in administration of the drugs. The following general guidelines provide an
introduction to systemic antifungal chemotherapy.

I. Amphotericin B (Fungizone) has been the most reliable agent against most of the
invasive fungal pathogens [150,151].
A. Mode of action. Amphotericin binds to ergosterol, the primary sterol in the mem-

brane of susceptible fungi, resulting in the opening of pores in the membrane and
leakage of cellular constituents followed by cell death [152].

Table 17.2. Systemic Antifungal Agents

Class Route Daily Dose Action

Polyenes
Amphotericin B

deoxycholate i.v. 0.5–1.0 mg/kg Membrane: binds to
Lipid formulations i.v. 3.0–6.0 mg/kg fungal sterols

Azoles
Ketoconazole p.o. 200–400 mg Membrane: interferes
Fluconazole p.o., i.v. 400–800 mg with ergosterol synthesis
Itraconazole p.o., i.v. 200–400 mg
Voriconazole p.o., i.v. 200–400 mg

Allylamines
Terbinafine p.o. 250 mg Membrane: interferes with

ergosterol synthesis
Echinocandins

Caspofungin i.v. 50–70 mg Cell wall: glucan synthesis
inhibitor

Nucleic acid analogues
5-Fluorocytosine p.o. 100–150 mg/kg Nuclear: interferes with

DNA and RNA synthesis
Griseofluvin p.o. 500 mg Nuclear: interferes with

microtubules
Iodides

SSKI p.o. Titrate Unknown
5–40 drops t.i.d.

SSKI, saturated solution of potassium iodide.
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B. The pharmacokinetics of amphotericin B are poorly understood. Amphotericin
B is poorly absorbed from the GI tract. Systemic infections must be treated intra-
venously. No metabolism of the drug has been identified, and elimination occurs
slowly via the biliary tract.

C. Distribution. The highest concentrations of amphotericin B are achieved in the
liver, spleen, lung, and kidneys [153]. Distribution into spinal fluid, parotid gland
fluid, aqueous humor, urine, and hemodialysis solutions is poor. Plasma levels do
not predict treatment success.

D. Dosage and administration. The method of calculating the dose of ampho-
tericin B remains controversial. Many experts maintain that duration of ther-
apy is the best predictor of therapeutic success and advocate, for example, low doses
daily for 6 to 12 weeks. Other experts advocate administration of high daily doses,
if tolerated, until a specific total dose is achieved. There is no consensus as to
the optimal regimen, total dose, or total duration of therapy. General guide-
lines are available, however, and depend on the clinical response, site of infection,
identity of the fungus, and the patient’s tolerance of the drug [150,151].
1. Some authorities suggest an initial test dose of 1 mg i.v. over 30 minutes to

1 hour because rarely patients experience an idiosyncratic reaction of hypoten-
sion or an anaphylaxis-like reaction. The necessity of this test dose has been
questioned [154] because it delays therapeutic doses. We do not routinely use a
test dose.

2. Several dosage regimens are used. The dose may be gradually increased daily
(by increments of 5–10 mg/day), or full-dose intravenous administration (e.g.,
0.5 mg/kg/day) may begin immediately. In seriously ill patients we prefer this
latter approach. The dose may be increased to as much as 0.7 to 1.0 mg/kg/day,
although some prefer not to exceed a maximum daily dose of 50 mg.

3. The daily dose is typically infused over 4 to 6 hours; we prefer 4-hour in-
fusion. Some authors believe a more rapid infusion of 1 to 2 hours may decrease
the incidence or intensity of side effects (e.g., fever, chills, nausea, and vomit-
ing). Studies suggest that more rapid infusions in patients with normal renal
function are as well tolerated as the traditional 6-hour infusion [155]. Ampho-
tericin B binds to some degree to cholesterol of mammalian cells, causing release
of intracellular potassium, potentially resulting in severe hyperkalemia, espe-
cially in patients with renal failure. Therefore, rapid infusion rates should
not be used in patients with renal insufficiency [156]. Arrhythmias have
additionally occurred during amphotericin B administration, and rapid infusion
rates should thus not be used in patients with cardiovascular disease [156]. In
general, we favor a 4-hour infusion for most patients.

4. Alternate-day or thrice-weekly regimens may be used to minimize side ef-
fects. Thrice-weekly therapy facilitates outpatient or home administration. The
usual maximum individual dose in these regimens is 50 to 80 mg.

5. If serum creatinine rises to exceed 2.5 to 3.0 mg/dL or blood urea nitrogen exceeds
40 mg/mL, many experts suggest lowering the dose, discontinuing the drug until
renal function improves, or switching to alternate-day therapy. However, dimin-
ishing renal function does not affect the rate of elimination. Although ampho-
tericin B is nephrotoxic, it does not accumulate in renal failure. Dosage adjust-
ments are made to minimize toxicity, but hemodialysis patients usually receive
full doses.

6. Intrathecal or intraventricular amphotericin B may be indicated for coccidioidal
meningitis and in some refractory cases of cryptococcal meningitis [157]. Admin-
istration is technically complicated, and neurosurgical and infectious disease
consultations are suggested.

E. Toxicity
1. Fever and rigors during infusion are common in the first week of therapy and

usually diminish thereafter. Fever and chills may be the result of amphotericin
B-induced release of interleukin-1 and tumor necrosis factor from mononuclear
cells [158,159], which leads to a secondary release of prostaglandin E2. Be-
cause they alter the hypothalamic set point of the brain, prostaglandins have
been implicated as a cause of fever and rigors. Some physicians premedicate
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patients with a standard dose of acetaminophen (e.g., 650 mg orally for adults),
diphenhydramine hydrochloride (Benadryl) (e.g., 25–50 mg i.v./orally for adults),
and meperidine (e.g., 25–50 mg i.v. in adults) approximately 30 minutes before
the infusion of amphotericin B. Because 25% of patients who have not received
premedication fail to experience an adverse event with amphotericin B infusion,
we do not advocate the routine pretreatment regimens. However, if ad-
verse reactions occur, use of pretreatment regimens in subsequent in-
fusions of amphotericin B is advised [160]. If the patient has additional
chills during the infusion, the dose of meperidine may be repeated at
3-hour intervals. This routine decreases the incidence of fever and rigors in
many patients. Ibuprofen (a single dose of 10 mg/kg up to a maximum dose
of 600 mg) is also useful as premedication [159]. Because protracted use of
this agent should be associated with nephrotoxicity, ibuprofen may be helpful for
the initial 1 to 2 weeks of therapy while tolerance to side effects is developing.
Simultaneous administration of hydrocortisone, 25 to 50 mg i.v., may be effective
when fever is particularly troublesome. Corticosteroids alone for pretreatment
are not advised.

2. Anorexia, nausea, and vomiting are common but usually diminish as therapy
progresses. Pretreatment with antiemetics may be helpful.

3. Nephrotoxicity is the major dose limiting factor in amphotericin adminis-
tration [160]. Early toxicity is dose dependent, whereas later toxicity is related
to the total dose. Renal function returns to nearly normal in most patients sev-
eral months after therapy is stopped, but irreversible renal failure occurs. Renal
function should be monitored at least every other day during the early stages
of therapy. In the stable patient who is receiving intravenous amphotericin B at
home or in an outpatient setting, serum creatinine (and potassium levels) should
be monitored at least 2 to 3 times per week. Other renal abnormalities such as
cylindruria and mild renal tubular acidosis are not used as guides to dosage but
may be predictors of renal dysfunction.

The incidence of renal failure may be reduced if a saline infusion is
given before each dose or if a high salt intake is maintained [161]. In patients
who can tolerate the sodium load, we often give 500 mL to1 L of normal saline
over 1 to 2 hours before amphotericin B administration.

4. Anemia develops in more than 75% of patients, due to the inhibition of erythro-
poietin production and direct bone marrow suppression [162]. Leukopenia and
thrombocytopenia are rare.

5. Hypokalemia from a renal tubular defect develops in 25% of patients and may
require potassium supplementation. Serum potassium levels should be mon-
itored serially. Hypomagnesemia may also occur.

6. Infusion-related phlebitis is common. Limiting the concentration of ampho-
tericin to no more than 0.1 mg/mL reduces the incidence of phlebitis. The simul-
taneous infusion of heparin may also help to ameliorate phlebitis [160].

7. Serious pulmonary reactions with acute dyspnea, hypoxemia, and interstitial
infiltrates on chest films have been described in patients receiving combined
amphotericin B and leukocyte transfusions [163]. Therefore, it is advised that
the interval between the infusion of amphotericin B and the leukocyte infusion
is as long as possible.

8. A preprinted order sheet, including the saline load and premedications de-
scribed in section E.1, and preprinted flow sheet are used by some institutions
to monitor the daily and cumulative doses of amphotericin B, serum creatinine,
and other therapies.

F. Pregnancy. Amphotericin B has been used during pregnancy for the treatment of
systemic fungal infections, without any adverse effects on fetal development.

G. Combination chemotherapy. Addition of flucytosine may be synergistic, espe-
cially for cryptococcal infection in non-AIDS patients. Preliminary studies report-
ing the enhanced efficacy of amphotericin B in combination with other agents are
encouraging but have been only studied in animal models of infection.

H. Empiric amphotericin B therapy in the persistently febrile granulocy-
topenic patient. The source of fever in neutropenic patients often defies careful
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physical and laboratory examination (including multiple cultures), and fever fre-
quently persists despite broad-spectrum antibiotic therapy. Because the early diag-
nosis of disseminated fungal infection (e.g., candidemia) is very difficult, the empiric
addition of a systemic antifungal agent is a consideration. Typically, if fever persists
beyond 5 to 7 days despite negative blood cultures and broad-spectrum antibiotic
therapy, empiric amphotericin B (commonly 0.5 mg/kg/day) often is started and con-
tinued until the leukopenia resolves [164]. Empiric amphotericin B sometimes is ini-
tiated even more rapidly (within hours) in the hospitalized leukopenic patient who
has been stable for several days on broad-spectrum antibiotics and then becomes
febrile and acutely ill. In addition to reculturing and broadening antibiotic therapy
if indicated, empiric amphotericin B may be added for a possible disseminated fun-
gal infection. The role of fluconazole as a substitute for amphotericin B in febrile
neutropenic patients has been established in large prospective trials [4,22–24]. See
discussion under Candidiasis, section III.D.4.a. Infectious disease consultation
is advisable in this setting.

I. Cost (Table 17.4)
II. Lipid formulations of amphotericin B. With conventional amphotericin B, dosage

is often limited by adverse effects. Targeted drug delivery systems using liposome tech-
nology has made it possible to give more amphotericin and to attain much higher drug
level concentrations in some organs without any increase in systemic toxicity. Three
lipid preparations are currently commercially available (26,165,166) (Table 17.4).
A. Mechanisms for improved therapeutic index

1. The mechanisms by which lipid formulations may enhance efficacy with a reduc-
tion in toxicity is unknown. However, the following is postulated:
a. Lipid-associated amphotericin B may be targeted preferentially to organs rich

in macrophages that are commonly the site of fungal infection (i.e., liver,
spleen, lungs).

b. The rapid uptake in tissue macrophages may spare the kidneys from the
higher dose that is seen with the amphotericin B deoxycholate administration.

c. There may also be the selective transfer of amphotericin B from the donor
lipid to the fungal cell membrane.

Table 17.4. Comparative Cost of Common Antifungal Agents

Agent Route Typical Daily Dose Approximate Daily Cost

Amphotericin B
Deoxycholate i.v. 50 mg $ 23.28
Lipid preparations

Abelcet i.v. 5 mg/kg/daya $ 920.00
Ambisome i.v. 3 mg/kg/day $ 942.00

6 mg/kg/day $1,413.00
Amphotec i.v. 4 mg/kg/day $ 559.98

Flucytosine p.o. 100 mg/kg/day $ 112.40
Ketoconazole p.o. 200 mg $ 2.78

400 mg $ 5.96
Fluconazole p.o. 400 mg $ 26.49

i.v. 400 mg $ 191.29
Itraconazole p.o. 200 mg $ 15.56

i.v. 200 mg $ 184.97
Voriconazole i.v. 400 mg $ N/A

p.o. 400 mg $ N/A
Terbinafine p.o. 250 mg $ 8.68
Caspofungin i.v. 50 mg $ 360.00

a All mg/kg doses were calculated for a 70-kg adult with normal renal function.
From 2002 Drug topics red book. New Jersey: 2000. Thomson Medical Economics, with permission.
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d. In vitro data indicate that lipid preparations of amphotericin B do not elicit the
release of pyrogenic cytokines to the same degree as amphotericin B deoxy-
cholate. For further discussion on these proposed mechanisms, see the recent
review by Slain [26].

B. Pharmacokinetics. Pharmacokinetic studies have been limited with lipid-based
amphotericin B products. Further, no single clinical pharmacokinetic study has
systematically compared the three commercially available lipid-based products with
deoxycholate amphotericin B. Although these lipid formulations alter amphotericin
B pharmacokinetics, it is uncertain if and how these changes affect clinical efficacy or
toxicity. A compilation of pharmacokinetic studies with the lipid-based amphotericin
B formulations is presented in a comprehensive review by Slain [26].

C. Clinical indications and dosage. These preparations are given i.v. once daily.
1. Ampotericin B lipid complex (Abelcet, ABLC) is approved for the treatment

of invasive fungal infections in patients intolerant or refractory to amphotericin
B [167]. The recommended dose is 5 mg/kg.

2. Lipsomal amphotericin (Ambisome, L-AMB) is approved for the empiric ther-
apy of presumed fungal infections in febrile neutropenic patients [168]. It is also
approved for the treatment of patients with serious fungal infections who are
refractory to or intolerant to amphotericin B deoxycholate. Recommended daily
dose is 3 to 5 mg/kg.

3. Amphotericin B colloidal dispersion (Amphotec, ABCD) is approved only for
the treatment of invasive aspergillosis in patients who fail treatment with or are
intolerant to amphotericin B. The recommended daily dose is 3 to 4 mg/kg [169].

D. Clinical efficacy and toxicity
1. Although there is paucity of large, prospective, randomized trials, the cumulative

data indicate that all the lipid formulations of amphotericin B have significantly
less renal toxicity than amphotericin B deoxycholate. Infusion-related toxicity is
still seen with lipid preparations but appears mildest with Ambisome. Abelcet
and Amphotec appear to have a similar infusion-related toxicity and are inter-
mediate between AmBisome and amphotericin deoxycholate.

2. The lipid formulations appear to be equally or more effective compared with treat-
ment with amphotericin B deoxycholate. The ability to give higher dosages with
less nephrotoxicity may take advantage of the drug’s concentration-dependent
pharmacodynamic effects.

3. Because of the high mortality of invasive aspergillosis and mucormycosis in the
compromised host, it is our practice to initiate treatment with a liposomal AMB
at the highest dose for these patients.

4. Because of their high costs, the lipid-based formulations should be reserved as an
alternative therapy for patients who fail treatment with other antifungal agents,
cannot tolerate deoxycholate amphotericin B, or are at great risk of developing
renal failure if given amphotericin B.

III. Flucytosine (5-fluorocytosine, Ancobon) is an effective antifungal drug, but be-
cause drug resistance develops it rarely is used alone. It is active against C. neoformans,
Candida species, and Torulopsis species in particular.
A. Mode of action. Flucytosine is converted within susceptible fungal cells to 5-

fluorouracil and 5-fluor-2-deoxyuredylic acid, which inhibit the function of RNA
and DNA, respectively, and result in subsequent cell death [170].

B. Distribution is excellent into all body water spaces, particularly the CSF, where
60% to 80% of the serum drug level is achieved.

C. Elimination. Approximately 90% of the drug is excreted unchanged in the urine,
and so reduced renal function will lead to accumulation of the drug.
In contrast, reduced hepatic function does not alter drug excretion. Protein bind-
ing is negligible, and flucytosine is removed by hemodialysis and peritoneal
dialysis.

D. Mode of administration and dosage. This oral agent is well absorbed (>90%)
from the GI tract. Only oral capsules (250 and 500 mg) are available.
1. Patients with normal renal function usually receive 12.5 to 37.5 mg/kg orally

every 6 hours (i.e., 50–150 mg/kg/day). Most infectious disease consultants rec-
ommended a maximum daily dose of 100 mg/day.
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Table 17.5. Recommended Dosages of Flucytosine in Patients with Renal Insufficiency

Creatinine Clearance Dosage Interval Total Daily
(mL/min) (mg/kg) (h) Dose (mg/kg)

>40 25 6 100
20–40 25 12 50
<20 25 24 25
<10 a a a

Hemodialysis 25 After each —
hemodialysis

a Avoid or adjust use to maintain peak serum level between 40 and 60 µg/mL. See text discussion.
From Patel R. Antifungal agents. Amphotericin B preparations and flucytosine. Mayo Clin Proc 1998;73:
1205–1225, with permission.

2. Dosage is reduced in the presence of renal impairment. The dose should
be regulated by monitoring serum levels,which should be maintained at
less than 100 µg/mL (preferably 40–60 µg/mL). Stamm et al. [171] published a
nomogram to guide therapy. Also, see dose reductions in Table 17.5.

E. Toxicity is noted most often in patients with blood concentrations exceeding
100 µg/mL.
1. Hepatic abnormalities (e.g., elevation in transaminases) are seen in approx-

imately 5% to 7% of patients and are generally asymptomatic and reversible.
Fatal hepatic necrosis has been reported, and so weekly liver function panels are
suggested.

2. Leukopenia and thrombocytopenia are potentially lethal complications
[171] and occur more commonly in those with previous bone marrow damage. In
initial reports, many AIDS patients who receive flucytosine along with ampho-
tericin B for the treatment of cryptococcal meningitis were reported to develop
significant bone marrow suppression. Therefore, flucytosine use was advised with
caution in AIDS patients; amphotericin B is often used alone in the treatment of
HIV-related cryptococcal meningitis. Additional clinical studies, however, have
determined that the combination of flucytosine and amphotericin B result in
significant improvement in outcome without excess toxicity in the treatment of
AIDS-associated cryptococcal meningitis as compared with amphotericin B alone
[68]. Flucytosine has also been used successfully in combination with fluconazole
to treat cryptococcal meningitis in patients with AIDS [172,173].

3. GI intolerance usually is limited to mild diarrhea, but in severe cases patients
have had copious diarrhea, anorexia, nausea, vomiting, and abdominal pain.

4. Teratogenic effects. Flucytosine has been shown to be teratogenic in animals
and therefore should be avoided during pregnancy unless the potential benefit
is greater than the potential risk to the fetus.

5. Nursing mothers. It is not known whether flucytosine is excreted in breast milk.
Mothers should be advised to discontinue nursing if flucytosine is administered.

F. Combination chemotherapy. Although many isolates of Candida and Cryptococ-
cus are sensitive to flucytosine, the rapid emergence of drug resistance pre-
cludes the use of the drug as a single agent in serious infections. The combi-
nation of flucytosine with amphotericin B has an additive or synergistic effect, both
in vitro and in vivo, against Candida and Cryptococcus. The additive effects may not
only offer increased efficacy but may also allow amphotericin B to be given in lower
doses, thus decreasing the toxicity of this agent. Unfortunately, amphotericin B
may increase the toxicity of flucytosine by impairing its renal excretion.
Therefore, serum concentrations of flucytosine must ideally be monitored
in patients who are taking this combination and the dosage lowered or the drug
stopped if flucytosine accumulates. This combination is frequently recommended for
cryptococcal meningitis [66,68] and, occasionally, for systemic candidiasis.

G. Cost (Table 17.4)
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IV. Azoles. The azoles are safe and effective alternatives to amphotericin B for the treat-
ment of many of the systemic mycoses [174]. They are also useful in the management
of superficial mycoses recalcitrant to topical therapy. The azoles are chemically clas-
sified by the number of nitrogen atoms in their five-membered azole rings as either
imidazoles (miconazole and ketoconazole) or triazoles (itraconazole or fluconazole).
All the azoles exert their fungistatic activity by the same mechanism: inhi-
bition of the biosynthesis of ergosterol, the main sterol in the fungal cell membrane,
via interference with the cytochrome P450-dependent fungal enzyme C-14 lanosterol
demethylase. This results in altered membrane permeability with inhibition of cell
growth and replication. Unfortunately, the azoles may also interact with mam-
malian enzymes that are dependent on the cytochrome P450 system, and this
interaction may induce major toxicities and drug interactions. The triazoles, as
compared with the imidazoles, have much greater affinity for fungal rather than mam-
malian cytochrome P450 enzymes and, in general, have less toxicity and fewer drug
interactions.
A. Miconazole (Monistat) is an imidazole that is available only in the United States

as a topical preparation. See Chapter 16 for its topical uses. Its usage as a systemic
antifungal agent was limited by its toxicity and by the development of more
effective and less toxic systemic azoles.

B. Ketoconazole (Nizoral), an oral imidazole, was the first azole to prove clinically
useful as a systemic antifungal drug.
1. Antifungal activity. Ketoconazole is active against clinical isolates of Candida,

C. immitis, H. capsulatum, B. dermatitidis, and Paracoccidioides brasiliensis.
2. Pharmacokinetics. Only an oral preparation is available. Ketoconazole is well

absorbed if there is enough gastric acidity. The administration of antacids, pro-
ton pump inhibitors, or H2-blocking agents reduces absorption. Other situations
that reduce gastric acid secretion (and that may reduce absorption) include ag-
ing, gastric surgery, and AIDS gastropathy. Because of the uncertainty of
absorption in these settings, many clinicians may prefer to use flucona-
zole when appropriate. Sucralfate does not affect absorption.

The drug is extensively degraded in vivo, and very little active drug is excreted
by either the renal or biliary pathway. Therefore, the dose does not have to be
changed in renal failure. Whether dosage should be adjusted in hepatic fail-
ure is unknown. Isoniazid, phenytoin, and rifampin increase the metabolism of
ketoconazole, and concurrent use of these drugs may result in treatment failure.
Ketoconazole does not penetrate well into the CSF.

3. Clinical uses [175]
a. Chronic mucocutaneous candidiasis. Ketoconazole has been very effec-

tive in treating this uncommon disease [10]. Chronic maintenance therapy
over many years has been effective and well tolerated.

b. Dermatophyte infections. Ketoconazole is indicated for the treatment of
severe or recalcitrant cutaneous dermatophyte infections that have not re-
sponded to topical therapy or oral griseofulvin or for patients who are unable
to take griseofulvin. It has also been used with success in onychomycosis due to
Trichophyton species, Microsporum species, and Epidermophyton floccosum.

c. Oral thrush and candidal esophagitis. These conditions in AIDS patients
and others often respond well to ketoconazole. Treatment failure may result
from the concomitant use of antacids, proton pump inhibitors, or H2-receptor
antagonists because an acid gastric pH is necessary for adequate absorption.
Patients with AIDS frequently have gastric hypochlorhydria, which impairs
ketoconazole absorption and may result in clinical failure.

d. Systemic fungal infections. Ketoconazole may be used for the treatment of
a variety of systemic fungal infections in immunocompetent patients who do
not have life-threatening or CNS disease, including histoplasmosis, blasto-
mycosis, coccidioidomycosis, and paracoccidioidomycosis. (Itracona-
zole due to enhanced efficacy and less toxicity has supplemented the use of
ketoconazole in most clinical situations.) Infectious disease consultation is
recommended.
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e. Miscellaneous
(1) Vaginal candidiasis. The therapy of vaginal candidiasis is discussed

elsewhere (see Chapter 16). Ketoconazole is not indicated in the routine
management of this problem.

(2) Prophylaxis of fungal infections in neutropenic patients with ke-
toconazole is not advised.

(3) Candida balanitis often responds well to a 7- to 10-day course of keto-
conazole.

4. Dosage. Ketoconazole is available in a scored 200-mg tablet.
a. Adults. The usual starting dose for superficial candidal or dermatophyte in-

fections is 200 mg/day. Higher doses (400–800 mg/day) are used in the treat-
ment of histoplasmosis, blastomycosis, and coccidioidomycosis [50,122]. In a
patient with candidal esophagitis and AIDS, 400 mg/day may be necessary.
Achlorhydria or concurrent administration of agents that decrease
gastric acidity (e.g., antacids, anticholinergics, proton pump inhibitors, or
H2 blockers) decreases the absorption of ketoconazole. Administering
ketoconazole with cola or another liquid with an acid pH (e.g., orange juice)
may improve its absorption. In such circumstances, however, fluconazole,
which does not require an acid pH for absorption, is preferable.

b. Children. In small numbers of children older than 2 years, ketoconazole
in a single daily dose of 3.3 to 6.6 mg/kg has been used successfully (see the
package insert). The potential benefits should outweigh the risks before using
ketoconazole in children.

c. The duration of treatment must be individualized depending on the pres-
ence of associated diseases and response to therapy. Usually only 1 or 2 weeks
of treatment are necessary for the management of superficial Candida in-
fections. A minimum treatment period of 6 months is recommended for the
systemic mycoses [50,122].

d. In renal failure dose modification is not necessary. Ketoconazole is not sub-
stantially removed by hemodialysis or peritoneal dialysis.

e. In hepatic insufficiency no dose adjustment is necessary for mild to mod-
erate hepatic insufficiency. In patients with severe liver failure, ketoconazole
should be avoided or the dose reduced and serum levels monitored if no alter-
native agent is available.

f. Cost (Table 17.4)
5. Contraindications or drug interactions

a. Pregnancy. Ketoconazole is teratogenic in the rat model and should be
avoided in pregnancy.

b. Nursing mothers who must receive ketoconazole should not breast-feed for
the duration of treatment.

c. Drug interactions
(1) Ketoconazole increases the blood levels of cyclosporine, digoxin, and

phenytoin. Serum levels of these drugs should be carefully monitored.
(2) The coadministration of ketoconazole with terfenadine or astem-

izole is contraindicated. When ketoconazole is administered with ei-
ther of these antihistamines, it may prolong the QT interval, sometimes
causing life-threatening ventricular arrhythmias [175,176]. A similar in-
teraction has been described in patients receiving cisapride (Propulsid)
for upper gastrointestinal motility problems.

(3) Isoniazid, rifampin, and phenytoin increase the metabolism of ke-
toconazole. These drugs should not be used concomitantly. Monitoring
serum ketoconazole levels may be helpful.

(4) The anticoagulant effect of coumadin may be enhanced by ketocona-
zole. The patient’s prothrombin time should be followed closely.

(5) Ketoconazole may potentiate the hypoglycemic effect of some oral hypo-
glycemic agents.

6. Adverse effects. In general, ketoconazole is well tolerated (Table 17.3)
[175,177].
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a. Nausea is the most common side effect. It can be reduced when ketoconazole
is taken with food or at bedtime. Abdominal pain may occur.

b. Pruritus and skin rashes are not uncommon. Anaphylaxis after the first
dose has been reported rarely.

c. Hepatotoxicity due to hepatocellular damage may occur, and rare fatal-
ities damage have been reported. Liver damage usually is reversible when
the drug is discontinued. Liver function tests should be obtained before
starting therapy and at frequent intervals during drug administra-
tion, especially in patients on prolonged therapy or those receiving other
potentially hepatotoxic agents. Transient minor liver function test elevations
often occur during ketoconazole therapy. The drug should be discontinued if
elevated levels of transaminases persist or are three to five times greater than
normal.

d. Miscellaneous. Gynecomastia in men, rashes, dizziness, constipation, and
diarrhea have occurred. Temporary suppression of serum testosterone levels
and of adrenal cortisol production in response to adrenocorticotropic hormone
has been described. Rarely, adrenal crisis has been reported in the setting of
high-dose ketoconazole therapy [178]. Oligospermia may occur at high daily
doses, especially if the dosage exceeds 400 mg/day. Loss of libido and loss of
potency also have been reported [179].

C. Fluconazole (Diflucan) is a bis-triazole antifungal that was released in 1990.
Fluconazole is indicated for the treatment of candidal infections and for initial
treatment (of selected patients) and prevention of cryptococcal meningitis in AIDS
patients. It is available in both an intravenous and an oral preparation.
1. Pharmacokinetics

a. Absorption from the GI tract is excellent, with oral bioavailability exceed-
ing 90% [179–181]. Serum levels are similar after oral and intravenous ad-
ministration. Gastric acid is not required for absorption. Absorption is
not reduced by concomitant use of H2 blockers on antacids.

b. There is little metabolism of fluconazole, and renal excretion accounts for
approximately 80% of its elimination as unchanged drug. Therefore, dosage
reduction is necessary in patients with renal failure.

c. Urine concentrations of fluconazole are high. Thus, it may be an effective
agent in urinary tract candidiasis [181].

d. Fluconazole has excellent penetration into the CSF, with levels reaching
60% to 80% of serum levels.

e. Fluconazole diffuses well into sputum, saliva, skin, and the vitreous and aque-
ous humor of the eye. Pharmacokinetics are similar in healthy young adults
and in the elderly [180].

2. Clinical uses
a. Fluconazole has proven useful for cryptococcal meningitis in AIDS pa-

tients as both initial therapy and maintenance therapy. Amphotericin B,
however, is preferred as initial therapy in those patients who are seriously
ill or confused or who have other poor prognostic findings. In these patients,
fluconazole may be substituted for amphotericin B once the patient has clin-
ically stabilized and the CSF parameters have improved (see Cryptococcosis,
above, and Chapters 6 and 18). For maintenance therapy of AIDS patients,
oral fluconazole (200–400 mg/day) is the treatment of choice.

b. Fluconazole is effective in the treatment of oropharyngeal and esophageal
candidiasis in immunocompromised hosts [6,179].

c. Fluconazole is not recommended for the routine management of vaginal can-
didiasis. However, it may be helpful in selected patients who fail topical ther-
apy or who have frequent recurrences (see Chapter 16).

d. The use of fluconazole for patients with candidemia and systemic candidi-
asis has been controversial. However, recent studies indicate that fluconazole
has equivalent efficacy to amphotericin B for treating these syndromes in pa-
tients with and without neutropenia. See section III.D under Candidiasis,
above.
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e. Fluconazole has also been used successfully to prevent candidiasis in patients
undergoing bone marrow transplantation. Unfortunately, an increased rate
of infections due to fluconazole-resistant C. krusei was noted in these stud-
ies [182,183]. Many AIDS patients receive fluconazole either continuously or
intermittently over long periods of time. Concomitant with its widespread
use (over 15 million patients since 1988), there have been increasing re-
ports of fluconazole resistance. This topic has been reviewed elsewhere
[184].

f. The role of fluconazole in the treatment of coccidioidomycosis, histoplasmo-
sis, blastomycosis, and sporotrichosis is currently under investigation. Initial
studies indicate that fluconazole will be a useful agent in treating coccidioidal
meningitis.

g. Hepatosplenic candidiasis has responded to fluconazole (see section III.F.1
under Candidiasis, above).

3. Dosages. Because fluconazole is well absorbed after oral therapy, the daily
doses for oral and intravenous therapy are the same. Intravenous admin-
istration is preferred when GI motility is impaired or nasogastric suction is used.
Tablets are available in 50, 100, or 200 mg. A suspension is also available.
a. For oropharyngeal candidiasis, 200 mg on the first day followed by 100 mg

once daily is continued until infection has subsided. Most patients respond in
a few days, and treatment for longer than 1 week usually is not necessary.
Frequent relapses of disease are noted in AIDS patients, and maintenance
therapy has proven helpful in these instances. We found a dose of 100 mg
once weekly is effective in preventing relapse in most of our patients [7].

b. For esophageal candidiasis, 200 mg on the first day followed by 100 mg
once daily is routinely suggested. Higher doses (up to 400 mg/day) may be
necessary. Patients should be treated for a minimum of 2 weeks.

c. Systemic candidiasis or candidemia. Two recent randomized trials indi-
cate that non-neutropenic patients treated with fluconazole, 400 mg/day, have
similar outcomes to those treated with amphotericin B [22,23]. However, some
non-albicans species, such as C. krusei, are resistant to fluconazole, and am-
photericin B should be used in individuals infected with these organisms.

d. For cryptococcal meningitis
(1) For suppression of relapse in patients with AIDS, 200 mg once daily

is suggested [67–69].
(2) For primary therapy of cryptococcal meningitis in patients with

AIDS, after an initial 400 mg on the first day, 200 to 400 mg once daily
may be effective in selected low-risk patients [65]. However, most experts
recommend an initial course of amphotericin, followed by fluconazole once
the patient has clinically stabilized and the CSF parameters have im-
proved. Infectious disease consultation is advised in this setting. See sec-
tion IV.A.3 under Cryptococcosis, above.

(3) The role of fluconazole in the treatment of cryptococcal meningitis in HIV-
negative individuals is yet to be defined.

e. Dosage needs to be reduced in patients with renal failure. After the
initial loading dose, the following dose reductions are suggested: For a creati-
nine clearance in excess of 50 mL/min, give the normal dose; if the clearance
is 21 to 50 mL/min, give 50% of the usual dose; if the clearance is 11 to 20
mL/min, give 25% of the usual dose. In patients on regular hemodialysis, give
the usual dose once after each dialysis treatment.

f. Intravenous fluconazole is used in patients who cannot take the oral, less
expensive, route, as in patients who have nausea and vomiting, are taking
nothing by mouth, and so on. Otherwise, there is no advantage of the intra-
venous preparation, which provides serum concentrations similar to the oral
preparation. For dosages see section 3.

g. Pregnancy. The package insert notes that there are no adequate and well-
controlled studies in pregnant women; this agent should be used in pregnancy
only if the potential benefit justifies the possible risk to the fetus.
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h. Nursing. The package insert notes that fluconazole is excreted in human
milk at concentrations similar to plasma. Therefore, the use of fluconazole in
nursing mothers is not recommended.

4. Side effects. Fluconazole has been well tolerated, with reports of toxicity most
frequent in AIDS patients (Table 17.2) [179,180].
a. Rash occurs in fewer than 5% of recipients.
b. Nausea and vomiting occur in 2% to 10% of recipients. Nausea is less fre-

quent with fluconazole than with ketoconazole.
c. Stevens-Johnson syndrome and hepatotoxicity are reported rarely.

Transient elevations of liver function tests are relatively common in AIDS
patients.

d. Fluconazole affects adrenal steroid synthesis much less than does ketocona-
zole. Endocrine side effects, including impotence, gynecomastia, and men-
strual disturbances, are reported less frequently.

5. Drug interactions. Drug interactions are less frequent and less pronounced as
compared with ketoconazole. When another agent is administered with flucona-
zole, the following drug interactions may occur.
a. Rifampin decreases serum concentrations of fluconazole.
b. The hypoglycemic effects of oral agents, especially tolbutamide, may be en-

hanced.
c. Warfarin, phenytoin, rifabutin, and cyclosporine levels are variably in-

creased, especially with higher doses of fluconazole [185]. Monitoring the
prothrombin time or serum drug levels is important in patients receiving
fluconazole.

d. The potential interaction between fluconazole and terfenadine or
astemizole has not been adequately studied. Until these data are
available, it seems prudent to avoid these combinations. Fluconazole
may interact with cisapride (Propulsid), and these two agents should not be
used together.

6. Cost. Fluconazole is expensive (Table 17.4).
D. Itraconazole (Sporanox) is a triazole that was originally released as an oral agent

for the systemic treatment of fungal infections. It has subsequently been formulated
with a β-cyclodextrin as an oral suspension and intravenous agent [186–188]. It is
approved for primary therapy of histoplasmosis and blastomycosis. Recent approval
has been obtained for the treatment of invasive aspergillosis.
1. Pharmacokinetics

a. Absorption of the capsules while fasting is only 30% to 40%. Bioavailabil-
ity is significantly enhanced by food, and it is recommended that the drug
be taken with meals. Absorption is also enhanced by the presence of gastric
acid and is reduced by antacids [187].

b. The oral suspension is better absorbed on an empty stomach and is less
dependent on acid for absorption.

c. Itraconazole is highly protein bound (99.8%), and there is little or no CSF
penetration.

d. The drug is lipophilic, and tissue levels exceed serum concentrations.
The drug can be detected in tissue, including the skin and nails, for longer
periods of time than in serum after the drug has been discontinued.

e. Extensive hepatic metabolism occurs, but one of the major metabolites has
antifungal activity. Less than 1% of active drug is excreted in the urine.

f. Renal failure, hemodialysis, and peritoneal dialysis do not alter serum levels
or metabolism of itraconazole when given as capsules or suspensions. Note,
however, that the β-cyclodextrin present in the intravenous preparation is
excreted by the kidneys [188].

2. Clinical uses
a. Itraconazole currently is approved for the treatment of histoplasmosis and

blastomycosis [50,122] and as an alternative agent in aspergillosis [96]. See
individual discussions of these topics earlier in this chapter.

b. Itraconazole has a broad range of in vitro antifungal activity, including Can-
dida species, C. immitis, S. schenckii, C. neoformans, and Aspergillus species.
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c. Itraconazole has proven helpful in the management of selected patients with
chronic skin and nail infections due to dermatophyte fungi. The role of itra-
conazole for onychomycosis was recently reviewed; doses of 200 mg once a day,
with a meal, for 3 months are suggested [189,190].

3. Dosage. Itraconazole is available in 100-mg capsules, which should be taken
with meals. An oral suspension is also available and has enhanced bioavailabil-
ity. The availability of an intravenous preparation has proven useful in patients
unable to tolerate oral medications. Doses above 200 mg/day should be given in
divided doses.
a. Histoplasmosis and blastomycosis. In a recent prospective trial, pa-

tients treated with 200 mg/day had a similar outcome to those treated
with 400 mg/day. Thus, the initial recommended daily dose of itraconazole
is 200 mg. Patients whose disease progresses on therapy should have their
dose increased in 100-mg increments to a maximum daily dose of 400 mg.
A minimum of 6 months’ therapy is recommended, but the successful treat-
ment of histoplasmosis frequently requires treatment for 1 year or longer
[50,122].

b. Aspergillosis. Itraconazole was later approved for use in the treatment of
pulmonary and extrapulmonary aspergillosis in patients who are intolerant of
or refractory to amphotericin B therapy. A loading dose of 200 mg three times
day should be given for the first 3 days (in severe infection) and then 200 to
400 mg/day is suggested. Itraconazole has also been used for the treatment
of ABPA and mycetomas [85,86].

c. Although not FDA approved for sporotrichosis, initial studies indicate that
itraconazole is an effective alternative to potassium iodide in this setting.
For cutaneous or lymphocutaneous disease, the usual dose is 200 mg/day for
3 to 6 months. Higher doses (200 mg twice daily) are used for osseous or
articular disease and pulmonary disease [133,135]. Therapy for 1 or 2 years
may be required in extracutaneous disease. Infectious disease consultation is
recommended.

d. Pediatric use. The safety and efficacy of itraconazole in children has not
been established.

e. Renal failure. Dosage adjustments of the capsules and suspension are not
necessary in renal failure. Neither hemodialysis nor peritoneal dialysis alters
serum levels of itraconazole. The β-cyclodextrin contained in the intravenous
formulation is cleared by the kidneys. As such, dose should be adjusted in
patients with renal insufficiency. It is recommended that intravenous itra-
conazole should not be used in patients with a creatinine clearance of less
than 30 mL per minute.

f. Hepatic dysfunction. Whether dosage adjustment is necessary in patients
with hepatic dysfunction is unclear. Plasma concentrations should be moni-
tored in patients with severe hepatic insufficiency.

4. Toxicity. Itraconazole is generally well tolerated in the currently recommended
doses of 200 to 400 mg/day. Toxicity is reported more frequently at doses of 600 mg
or higher.
a. Nausea and vomiting are seen in approximately 10% of patients but usually

do not necessitate discontinuation of therapy. Giving the dose with the evening
meal or dividing the daily dosage into two equal doses may be helpful.

b. Liver function abnormalities are mild and transient; symptomatic hep-
atitis is rare.

c. Less common side effects include pruritus, skin rash, headache, hyper-
tension, hypokalemia, pedal edema, and congestive heart failure.

d. Impotence, usually reversible, has been reported despite normal testos-
terone levels.

e. At doses of less than 600 mg/day, itraconazole has little or no effect on adrenal
cortisol production.

5. Drug interactions have been well documented between itraconazole and a va-
riety of other medications. Compared with ketoconazole, it is not as potent an
inhibitor of liver microsomal enzymes.
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a. Antacids, and possibly proton pump inhibitors and H2-receptor an-
tagonists, will decrease peak serum levels and so should be avoided if
possible.

b. Rifampin and phenytoin will induce the metabolism of itraconazole and re-
sult in decreased serum levels. The dosage of itraconazole may need to be
increased in patients failing therapy when these agents are used concurrently.
Some suggest that concurrent use of rifampin, phenytoin, carbamazepine,
and phenobarbital should be avoided in patients receiving itraconazole for
life-threatening infection (e.g., invasive aspergillosis) [86].

c. The coadministration of itraconazole and terfenadine, or astemizole,
is contraindicated. A prolonged QT interval and life-threatening ven-
tricular arrhythmias have been reported [191]. A similar potential in-
teraction has been noted for cisapride (Propulsid).

d. Itraconazole will raise the levels of cyclosporine, digoxin, and phenytoin
when coadministered with these agents. Levels should be monitored.

e. The anticoagulant effect of warfarin may be increased by itraconazole.
f. The hypoglycemic effect of oral sulfonylurea drugs, especially tolbutamide,

may be enhanced when coadministered with itraconazole.
6. Pregnancy. Itraconazole is teratogenic in rats and should not be given during

pregnancy unless benefits outweigh potential risks. The drug is secreted in breast
milk and should not be administered to nursing mothers.

7. Cost. Itraconazole is an expensive agent (Table 17.4).
E. Voriconazole is a new triazole antifungal agent recently approved for the treat-

ment of invasive aspergillosis. In addition, it has also been approved for the treat-
ment of serious fungal infections caused by Scedosporium apiospermum (the asex-
ual form of Pseudallescheria boydii) and Fusarium species in patients intolerant
or refractory to other therapies. Voriconazole also has good activity in vitro against
many other pathogenic fungi, including Candida species, Cryptococcus species, and
Dermatophyte species [192–194]. Voriconazole can be administered either orally
or parenterally and has a favorable adverse events profile. The most commonly
reported adverse effects are visual disturbances and elevation in liver function
tests.
1. Pharmacokinetics [195,196]. Voriconazole is available for both oral and intra-

venous administration and has a wide tissue distribution, including the CNS.
The drug is hepatically metabolized with the renal excretion of metabolites and
exhibits nonlinear pharmacokinetics.
a. The oral tablets contain 50 or 200 mg of voriconazole. The bioavailabil-

ity of these tablets is approximately 96% in humans, and peak concentrations
occur within 2 hours after an oral dose. Other pharmacokinetic properties of
voriconazole are similar after intravenous and oral administration.

b. The intravenous formulation contains a sulfobutyl ether
β-cyclodextrin. This cyclodextrin is not excreted by the kidneys and thus
may accumulate in patients with renal failure. Dosage adjustment is
necessary for patients with renal failure.

c. Approximately 58% of voriconazole in the blood is protein bound.
d. The distribution of voriconazole is rapid and extensive; the volume of distri-

bution is 4.6 L/mg. Concentrations have been measured in the CSF between
30% and 68% of simultaneous serum concentrations.

e. Voriconazole is metabolized in the liver by the cytochrome P450 enzyme
system. The pharmacokinetics of voriconazole are nonlinear due to saturation
of its metabolism. A dosage adjustment is necessary in patients with hepatic
insufficiency.

f. Peak plasma concentrations approach steady-state levels in the first 24 hours
of dosing if a loading dose is administered.

2. Clinical usage
a. Voriconazole is approved for the treatment of invasive aspergillosis, both as

primary or salvage therapy. As primary therapy for invasive aspergillo-
sis, a satisfactory response rate of 53% was reported for voriconazole as com-
pared with 32% in amphotericin B-treated patients. In the combined clinical
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data on salvage therapy (no comparator group), an overall favorable response
rate of 44% was noted. (Data submitted to FDA and cited in the product
insert.)

b. Although the cohort of patients treated was small, voriconazole has been
shown to be effective against Scedosporium apiospermum and Fusarium
species, with favorable response rates reported of 63% and 43%, respectively.
(Data submitted to FDA and cited in the product insert.)

c. Potential future uses of voriconazole include the treatment of invasive can-
didiasis, candidemia, and as an alternative to amphotericin for the treatment
of febrile neutropenic patients [197].

3. Dosage. A loading dose should be given on day 1 to achieve plasma concentra-
tions close to steady state. A loading dose of 6 mg/kg every 12 hours for two doses
is recommended.
a. Maintenance dose. The maintenance dose is 4 mg/kg every 12 hours. If pa-

tients are started on intravenous therapy, they should be switched to tablets
once they can tolerate oral medications. When administered orally, for pa-
tients who weigh more than 40 kg the recommended maintenance dose is
200 mg every 12 hours. For smaller adults weighing less than 40 kg, 100 mg
every 12 hours is recommended.

b. A dosage adjustment is necessary in patients with hepatic insuffi-
ciency. It is recommended that the standard loading dose is a given but the
maintenance dose reduced by 50% in patients with mild to moderate hep-
atic disease (Child-Pugh class A or B). Voriconazole has not been studied in
patients with severe hepatic cirrhosis (Child-Pugh class C).

c. Use of patients with renal failure. The pharmacokinetics of oral voricona-
zole is not significantly effected by renal insufficiency and no dosage ad-
justment is necessary for oral therapy. In contrast, the sulfobutyl ether
β-cyclodextrin in the intravenous formulation will accumulate in patients
with moderate or severe renal insufficiency (e.g., 50 mL/min). Voriconazole is
hemodialyzed, but the sulfobutyl ether β-cyclodextrin is not.

4. Toxicity. The most commonly reported side effects include visual distur-
bances, dermatologic reactions, and elevations in liver function tests.
(Data on file with manufacturer.)
a. Visual disturbances have been reported in approximately 30% of patients en-

rolled in clinical trials. The mechanism of action of the visual disturbances is
unknown but is most likely due to direct effects on the retina and appears to
be associated with higher plasma concentrations and doses. The visual distur-
bances reported to date have generally been mild and transient. Discontinu-
ation of the drug due to visual changes has been rare. Visual hallucinations
that are distinct from other visual perception changes also may occur in up
to 4% of patients [197].

b. Dermatologic reactions are reported in approximately 6% of voriconazole-
treated patients. For those exposed to the sun, significant sun sensitivity
develops. Most of the reactions are mild, although serious cutaneous reac-
tions have been reported.

c. Clinically significant transaminase elevations were noted in approximately
13.4% of patients treated in prerelease clinical trials. Most abnormal liver
function tests resolved during treatment with or without a dosage adjustment.
Liver function tests should be monitored at the start of and routinely during
the course of voriconazole treatment.

5. Drug interactions. Voriconazole is hepatically metabolized. Drugs cleared by
the cytochrome P450 system have been investigated for potential interactions
with voriconazole.
a. Voriconazole has been shown to significantly increase the serum lev-

els of the following agents to such a degree that concurrent use is con-
traindicated: sirolimus, terfenadine, astemizole, cisapride, pimozide,
quinidine, and the ergot alkaloids.

b. The coadministration of voriconazole with cyclosporine, tacrolimus, warfarin,
statins, benzodiazepines, calcium channel blockers, sulfonylureas, and the
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vinca alkaloids will result in increased activity of these drugs. Although not
contraindicated, careful monitoring or dosing adjustment of these drugs is
required.

c. Some drugs when given concurrently will result in significant reduction in
voriconazole serum/tissue levels and may adversely effect clinical outcome.
These include rifampicin, rifabutin, and phenytoin. Increasing the voricona-
zole dose in patients receiving these agents is suggested. Avoiding the use of
these agents in patients with life-threatening infections seems more prudent.

d. Although not well studied, carbamazepine and long-acting barbiturates are
also likely to decrease plasma voriconazole concentrations.

e. Little or no significant interactions have been noted between voriconazole and
cimetidine, ranitidine, digoxin, macrolide antibiotics, or indinavir.

6. Voriconazole is Pregnancy Category D and should not be used in preg-
nant women.

7. Pediatric experience is limited but promising [198], and the safety of
voriconazole in children has not been adequately established.

V. Echinocandins are a new class of antifungal drugs that inhibit the synthesis of
B-(1,3)-d-glucan, an integral component of the fungal cell wall. Caspofungin acetate
(Cancidas) is the first glucan synthesis inhibitor commercially available [100]. Caspo-
fungin acetate is currently indicated only for the treatment of invasive aspergillosis
in patients refractory or intolerant to other therapies. Because of its excellent in vitro
and in vivo activity against isolates of Candida species (including non-albicans Can-
dida), caspofungin will assume a prominent role in the treatment of patients with inva-
sive candidiasis and candidemia. Caspofungin has little or no activity in vitro or
in vivo against Cryptococcus neoformans or Mucor species.
A. Pharmacokinetics of caspofungin

1. Caspofungin acetate is only available as an intravenous formulation.
2. Caspofungin is extensively bound to albumin (approximately 97%).
3. Caspofungin is slowly metabolized by hydroxylation and N-acetylation. Thus,

dosing adjustments are necessary in patients with liver failure.
4. Dosing in patients with renal failure. No dosage adjustment is necessary for

patients with renal insufficiency. Caspofungin is not dialyzed, and supplemental
dosing after hemodialysis is not necessary.

B. Clinical uses
1. Caspofungin is currently indicated only for the treatment of invasive aspergillo-

sis in patients refractory or intolerant to other therapies, including amphotericin
B, lipid formulations of amphotericin B, or itraconazole. Studies using caspofun-
gin as initial therapy for invasive aspergillosis have not been completed. Al-
though this is the only approved use, observations in disseminated candidiasis
and refractory candida esophagitis in AIDS suggest that approval for these uses
will occur very soon.

2. Caspofungin exhibits good in vitro activity against Aspergillous fumigatus, As-
pergillus flavis, and Aspergillus tereus.

3. Sixty-nine patients were enrolled in an open-label noncomparative study of
caspofungin in patients with invasive aspergillosis intolerant or refractory to
other therapies. Sixty-three patients met entry criteria and had outcome data.
Overall, 41% (26 of 63) receiving at least one dose of caspofungin had a favorable
response. For those patients who received greater than 7 days of therapy, 50%
had a favorable response. The favorable response rate for patients intolerant to
previous therapy was 70% as compared with 36% of those who failed previous
therapy.

4. Combination therapy with caspofungin and itraconazole has been used
successfully in the treatment of patients with invasive aspergillosis who have
failed monotherapy. We believe that combination therapy may be especially im-
portant in patients with prolonged immunosuppression.

C. Dosage
1. For the treatment of invasive aspergillosis a single 70-mg intravenous dose is

given on day 1 followed by 50 mg/day thereafter. Limited safety data indicate that



P1: HAG/HAG P2: IML/SPH QC: IML/ABE T1: IML

PB207B-17 PB207A-Betts/6678F September 2, 2002 16:28 Char Count= 0

17. Infections due to Fungi, Actinomyces, and Nocardia 635

a 70-mg daily dose is also well tolerated. Doses above 70 mg/day are currently
undergoing evaluation but have not been adequately studied for either safety or
efficacy.

2. No dosage adjustments are needed in patients with renal failure.
3. Dosing in patients with hepatic insufficiency. No dosage adjustments are

needed for patients with mild hepatic insufficiency (Child-Pugh class A). For
patients with moderate hepatic insufficiency (Child-Pugh class B) the daily dose
(after the initial 70-mg loading dose) should be reduced to 35 mg. There is no clin-
ical experience in treating patients with severe hepatic insufficiency as defined
by Child-Pugh class C.

D. Toxicity. Caspofungin is generally well tolerated in the currently recommended
doses of 50 to 70 mg/day.
1. Histamine-mediated symptoms during infusion have been reported. Symp-

toms include rash, facial swelling, pruritus, and the sensation of warmth. Ana-
phylaxis has also been rarely reported.

2. Other reported adverse effects include fever, rash, nausea, vomiting, and
phlebitis at the injection site.

3. Elevations in hepatic transaminases have also been reported especially when
caspofungin and cyclosporine are given concurrently.

E. Drug interactions. Caspofungin is not an inhibitor of any of the enzymes in the
cytochrome P450 system. Additionally, caspofungin does not appear to induce the
CYP 3A4 metabolism of other drugs.
1. Although caspofungin is not metabolized by the hepatic cytochrome system, its

concurrent use with other drugs that broadly activate hepatic enzyme systems
may accelerate the metabolism of caspofungin. This may have an adverse effect
on clinical outcome. Thus, increasing the dose of caspofungin is warranted when
administered with efavirenz (Sustiva), nelfinavir (Viracept), phenytoin, dexam-
ethasone, rifampin, and carbamazepine.

2. Serum levels of tacrolimus are reduced by approximately 25% when caspofungin
is coadministered.

F. Special considerations
1. Caspofungin is Pregnancy Category C and should only be used in pregnant

women if the potential benefits of therapy justifies the potential risk to the
fetus.

2. Safety in pediatric patients has not been adequately established.
VI. Allylamines. The allylamines exert their antifungal activity by inhibition of the fungal

squalene epoxidase. Inhibition of this enzyme not only decreases ergosterol synthesis
but also results in the accumulation of squalene, which is toxic to the fungus and
is responsible for the fungicidal action seen with this class of agents [199]. The first
of these compounds available for systemic use is terbinafine (Lamisil). Terbinafine is
the most active antifungal agent in vitro against the dermatophyte fungi. Hence, its
primary use is for treatment of onychomycosis of the toenails or fingernails due to the
dermatophytes (tinea unguium).
A. Pharmacokinetics [199]

1. Terbinafine is well absorbed from the GI tract (>70%) with a peak plasma con-
centration occurring within 2 hours after an oral dose.

2. Terbinafine is greater than 99% bound to plasma proteins.
3. The drug is also lipophilic and keratophilic, which results in a depot effect in

the skin and nails. A terminal elimination half-life of 200 to 400 hours has been
reported and represents the slow elimination of terbinafine from skin and adipose
tissue.

4. Before excretion, terbinafine is extensively metabolized in the liver. Most metabo-
lites (70%–80%) are excreted in the urine.

B. Clinical indications and dosage [199]. Terbinafine tablets are currently indi-
cated only for treatment of onychomycosis of the toenails or fingernails. Antifungal
activity has been established in vitro against other fungi, including S. schenkii and
C. albicans. Clinical efficacy in treating lymphocutaneous sporotrichosis has also
been documented, but this usage is not currently FDA approved.
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1. Onychomycosis [190,199,200]
a. Fingernails. A dose of 250 mg/day given over 6 weeks is currently recom-

mended for onychomycosis of the fingernails. Clinical and mycologic cure rates
are reported in up to 60% of patients.

b. Toenails. For treatment of toenail infections, the same daily dose is extended
for 12 weeks. Clinical and mycologic cure rates of 38% to 59% have been
reported.

c. Relapse of infection (especially of toenails) after apparent successful therapy
is significant and remains problematic.

d. Alternative treatment regimens that take advantage of the high con-
centrations achieved in the nails and skin (depot effect) have been
developed. In these “pulse therapy” protocols, 500 mg of terbinafine is given
daily for 1 week for 4 successive months for toenail infections and 3 months
for fingernail infections. Cure rates for patients treated with terbinafine pulse
therapy was similar for that reported in patients treated with daily terbinafine
or pulse with itraconazole.

2. Sporotrichosis. Terbinafine has also shown clinical efficacy in the treatment
of lymphocutaneous sporotrichosis. In open-label studies, terbinafine in a daily
dose of 250 to 500 mg had a favorable clinical response [135].

C. Toxicity. In general, terbinafine has been well tolerated. The most frequently re-
ported toxicities are as follows [199]:
1. GI symptoms (nausea, abdominal pain, diarrhea) are most common and are dose

dependent.
2. Skin reactions, headache, and dysgeusia are also uncommonly reported.
3. Elevated hepatic transaminases are also reported. Rare cases of liver failure,

some leading to death or transplantation, have been reported. Thus, liver func-
tion studies should be monitored regularly.

D. Drug interactions. Terbinafine is metabolized in the liver by the cytochrome P450
enzyme system. However, it has only moderate affinity for these enzymes and has
less drug interaction than noted for the azoles.
1. Terbinafine does not effect the clearance of digoxin, warfarin, or terfenadine.
2. Terbinafine does increase clearance of cyclosporine by approximately 15% and

monitoring drug levels is prudent.
3. Rifampin increases the clearance of terbinafine by 100%, and this combination

of drugs should be avoided.
4. Cimetidine decreases the clearance of terbinafine by approximately one-third.

E. Special considerations.
1. Terbinafine is Pregnancy Category B and should not be initiated during

pregnancy.
2. The safety and efficacy of terbinafine has not been established in pediatric

patients.
VII. Other agents

A. Potassium iodide has long been an effective agent for the treatment of the
cutaneous-lymphatic form of sporotrichosis. See the discussion in section III un-
der Sporotrichosis.

B. Griseofulvin is produced by a species of Penicillium. It exerts its fungicidal activ-
ity by inhibiting fungal mitosis, most likely due to the polymerization of cell micro-
tubules and disruption of the mitotic spindle [201]. Griseofulvin is active against
the dermatophytes (Trichophyton, Epidermophyton, and Microsporum species) that
cause ringworm of the skin, hair, and nails. It has no clinically significant activity
against Candida species or any other pathogenic fungi.
1. Mode of administration. Griseofulvin is sold in a microsize form in capsules

(125 and 250 mg), in an ultramicrosize form in tablets (165 and 330 mg), and as
a pediatric suspension (125 mg/5 mL) [201].
a. The usual adult dose is 500 mg/day of the microsize preparation or 330 mg

of the ultramicrosize preparation given as a single daily dose. In severe or
more recalcitrant cases of disease, these doses may be doubled.

b. The duration of therapy varies depending on the site of infection and clini-
cal response. For skin infections, treatment courses of 4 to 8 weeks usually
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are curative. Nail infections are more difficult to treat and usually require a
minimum of 4 months for fingernails and 6 months for toenails.

2. Toxicity and drug interactions. Griseofulvin is generally well tolerated.
Headache is common but usually resolves during the first week of therapy. A vari-
ety of skin reactions has been reported and may necessitate stopping the drug. Oc-
casionally nausea, vomiting, a bad taste in the mouth, paresthesias of the hands
and feet, insomnia, confusion, or dizziness may occur. Reversible granulocytope-
nia and hepatotoxicity have been reported. Patients on high-dose or prolonged
therapy should have blood count and liver tests followed on a routine basis.

ACTINOMYCOSIS
Actinomyces species are gram-positive filamentous bacteria that once were classified
as fungi. These organisms cause subacute and chronic granulomatous inflammations that
closely resemble true fungal infections.

I. Growth and identification characteristics. Clinical actinomycosis is almost always
caused by Actinomyces israelii [202]. Actinomyces can be grown on routine culture media
with augmentation using brain–heart infusion. The primarily anaerobic character
of Actinomyces requires rapid transport of abscess material to the laboratory
or direct inoculation into an anaerobic container. Mature colonies may be present
after 3 to 7 days of incubation. In some cases, however, growth may take up to 21 days.
Prior antibiotic use may dramatically decrease culture yields. We recommend notifying
the laboratory to hold all cultures for at least 21 days when the diagnosis of actinomy-
cosis is suspected. A. israelii is seen on Gram stains of exudates or tissue sections as
pleomorphic, beaded, branching gram-positive rods. Infection with Actinomyces may re-
sult in the formation of yellow, white, gray, or brown macroscopic particles called sulfur
granules, which represent conglomerate masses of organisms.

II. Epidemiologic features. Actinomyces is worldwide in distribution and is a common
saprophyte of the oral cavity, pharynx, and intestines. Therefore, simple recovery
of the organism from culture does not necessarily establish the presence of
infection.

III. Pathogenesis. The normal commensal status of Actinomyces is altered when the or-
ganism gains entrance to deeper tissues through a break in intact mucous membranes.
Once it enters a microaerophilic or anaerobic atmosphere, Actinomyces produces a sub-
acute or chronic granulomatous infection with a tendency to cause externally draining
sinuses.

IV. Clinical syndromes. Actinomycosis most commonly involves the cervicofacial, tho-
racic, or abdominal regions and on occasion the CNS.
A. Cervicofacial actinomycosis commonly occurs one to several weeks after dental

extraction or minor trauma to the oral mucous membrane or in association with poor
oral hygiene.
1. Manifestations. The patient usually has a bluish swollen lesion at the angle of

the mandible or in the neck. The lesion may enlarge slowly and may be painless
or may progress rapidly and cause considerable pain. A visible sinus tract or
fistula may be present. Sulfur granules may be seen in the exudate. Nonspecific
symptoms of fever, weight loss, chills, and trismus may occur. Infection spreads
without regard to fascial tissue planes and may involve the salivary and lacrimal
glands, mandible, orbit, or paranasal sinuses.

2. Diagnosis. Definitive diagnosis is made by culture of the organism from biopsy
specimens or exudate. Pus should be collected by aspiration from closed lesions,
transferred to an anaerobic environment quickly, and examined for the presence
of sulfur granules. X-rays may reveal bony changes ranging from a minor subpe-
riosteal reaction to overt lytic destruction.

B. Thoracic actinomycosis may result from oropharyngeal aspiration of the organ-
ism, direct extension from the neck into the mediastinum, or spread from the ab-
dominal cavity. Severe periodontal disease is commonly present.
1. Manifestations. Nonproductive cough, low-grade fever, and weight loss are

common, gradually progressing to mucopurulent sputum production, occasional
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hemoptysis, and pleuritic chest pain. Local chest wall spread may involve
pleura and ribs and may produce externally draining cutaneous sinuses.
Extension of a pulmonary lesion through the thoracic wall may occur. Infection
may extend to the pericardium, heart, and thoracic vertebrae or through the di-
aphragm, producing subphrenic or subhepatic abscesses. Hematogenous dissem-
ination may result in spread to other organs, particularly the skin. Chest x-rays
may show mass lesions, dense infiltrates, cavities, or pleural disease. Draining
sinus tracts through the chest wall are particularly suggestive of acti-
nomycosis.

2. Diagnosis. Because A. israelii may colonize the upper respiratory tract, defini-
tive diagnosis requires isolation of the organism from a resected speci-
men, growth in culture from an empyema cavity, or recovery from a draining
sinus.

C. Abdominal infection occurs most frequently after appendectomy, appendiceal ab-
scess, or traumatic perforation of the bowel and represents 20% to 50% of all cases
of actinomycosis [203].
1. Manifestations. Infection occurs most commonly in the ileocecal area and pro-

duces abdominal discomfort, fever, and a palpable mass. The process may localize
or spread directly into the peritoneal cavity, abdominal wall, or pelvis. The course
is usually subacute to chronic. Sinuses may appear in the abdominal wall. Exten-
sion to the urinary tract, pelvic organs, or vertebral bodies may occur. Anorectal
involvement may result from secondary extension or may arise primarily through
a break in an anal crypt. Pelvic actinomycosis may occur in women in association
with an intrauterine device.

2. Diagnosis is by culture of specimens at the time of exploratory laparotomy, un-
less draining sinuses are present in the abdominal wall. Culture isolation may
be frequently lacking, and diagnosis is made on the basis of sulfur granules on
histopathology along with the characteristic clinical syndrome.

D. Involvement of the CNS is usually in the form of brain abscess and generally
results from hematogenous spread of primary infection from the lung or abdomen
[202]. Diagnosis requires culture of the organism from a biopsy specimen.

V. Therapy. Penicillin remains the drug of choice for actinomycosis [203]. Prolonged
treatment with large doses is required to ensure adequate penetration into areas of
fibrosis. Intravenous aqueous penicillin G (10–20 million units/day) for 4 to 6 weeks, fol-
lowed by oral penicillin for 6 to 12 months, is suggested. Some recommend probenecid
along with oral penicillin. Tetracyclines may be used in the nonpregnant penicillin-
allergic patient. Other alternative agents include erythromycin and clindamycin. Surgi-
cal drainage of abscesses and excision of sinus tracts are important aspects of treatment.
Infectious disease consultation is advised.

NOCARDIOSIS
Nocardiosis is a localized or disseminated disease most commonly caused by Nocardia as-
teroides and less often by Nocardia brasiliensis and Nocardia caviae. Nocardia species are
gaining increased recognition as opportunistic pathogens, although they also cause
illness in normal hosts. Although originally believed to be fungi, Nocardia are now clas-
sified as higher order bacteria and are related to the Actinomyces.

I. Growth and identification characteristics. Nocardia species are gram-positive, aer-
obic, weakly acid-fast bacilli and are readily isolated on routine bacterial, fungal, and
mycobacterial media. Colonies usually appear within 4 days but in some instances may
require 2 to 4 weeks of culture. Nocardia can be difficult to isolate by culture, particu-
larly because of overgrowth by nonpathogenic colonizers. If nocardiosis is suspected
clinically, the bacteriology laboratory should be informed and cultures should
be kept longer than usual. Gram-stained preparations reveal delicately branching,
gram-positive, beaded filaments. With a modified Ziehl-Neelsen or Kinyoun stain, No-
cardia organisms are weakly acid-fast, a characteristic that helps to distinguish them
from Actinomyces. However, the histologic appearance of Nocardia is not unique,
and culture is necessary for definitive diagnosis.
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II. Epidemiologic and host factors. Nocardia species are soil saprophytes with world-
wide distribution. N. brasiliensis most often causes primary cutaneous disease. Infec-
tion with N. asteroides most frequently occurs after inhalation of the organism into the
lungs of predisposed individuals. The organism is an opportunistic invader in the
setting of compromised host defenses: patients with leukemia, lymphoma, solid tumors,
AIDS, dysgammaglobulinemia, collagen vascular disease, and chronic granulomatous
disease and individuals on steroids or immunosuppression for organ transplantation are
especially susceptible. In addition, prior pulmonary disease, including chronic obstruc-
tive lung disease and pulmonary alveolar proteinosis, are risk factors. Nevertheless,
approximately 15% of patients with nocardiosis have no underlying disorder
[204,205].

III. Clinical aspects. Although a few cases of skin or subcutaneous disease may occur by
primary inoculation, clinical infection usually begins in the lungs, with 75% of patients
exhibiting a primary pneumonitis. Secondary dissemination occurs by hematogenous
spread and is almost always due to N. asteroides.
A. Pulmonary and systemic nocardiosis usually follows a subacute to chronic

course, spanning weeks to months. Fulminant disease may occur in severely im-
munosuppressed patients. Pulmonary disease may be much more common than pre-
viously reported. Sputum cultures obtained for Legionella pneumophila in perplex-
ing pneumonia often yield Nocardia.
1. Manifestations. Constitutional symptoms of fever, night sweats, malaise,

anorexia, and weight loss are reported in most cases. Leukocytosis is not con-
sistently present.
a. Pulmonary findings. Cough may be dry but usually is productive of thick

mucopurulent sputum. Hemoptysis and pleuritic chest pain also are reported.
Chest roentgenograms are variable and nonspecific. Localized infiltrates,
often in the upper lobes, are common. Single or multiple nodules, cavities,
diffuse infiltrates, consolidation, abscesses, large masses, and pleural effusions
have all been reported.

b. CNS involvement has been noted in approximately 25% of patients. This is
usually in the form of a brain abscess, and the diagnosis may be suspected on
the basis of CT or MRI. Meningitis has been reported. Decreased mental status,
unsteadiness, headaches, nausea and vomiting, seizures, or focal neurologic
deficits may occur. (CSF does not reveal Nocardia on smear or culture, and
brain biopsy may be necessary.)

c. Skin and subcutaneous abscesses are present in approximately 10% of
patients.

d. Pleural and chest wall invasion from a contiguous pneumonic infection
occurs in 10% of cases. Patients may complain of pleuritic pain or may manifest
sinus tracts. Pleural effusions may become infected, with the development of
empyema.

e. Metastatic infection to virtually every organ has been documented.
2. Diagnosis. Nocardiosis should be considered in any chronic pneumonia

that persists despite conventional antimicrobial therapy. The combina-
tion of pulmonary and CNS or skin infection in a compromised host is
particularly suggestive.
a. Sputum or pulmonary specimens. Positive sputum cultures are diagnos-

tic, but false-negative results are common. Invasive procedures such as tho-
racentesis, transtracheal aspiration, lung aspiration, or lung biopsy may be
necessary.

b. Blood cultures are rarely positive.
c. Smears and culture material obtained from skin lesions, sinus tracts, and

tissue biopsy specimens are important sources. Histologic examination is sug-
gestive but not diagnostic.

d. Skin and serologic tests are not available.
3. Therapy. Sulfonamide-based regimens have proven to be the most effective treat-

ment for nocardiosis. Infectious disease consultation is advised.
a. Trimethoprim-sulfamethoxazole is considered to be the treatment of

choice for nocardiosis [205–207]. This rationale is supported by the in vitro
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synergy, the excellent tissue levels achieved (including the CNS), and their
excellent bioavailability when given orally. Sulfa levels in serum should be
monitored to achieve concentrations of 12 to 15 mg/dL [207].

b. Sulfonamides as single agents are also very effective against Nocardia. For
example, sulfadiazine, 8 to 12 g/day, can be used (see Chapter 27). The dosage
should be monitored to achieve peak serum concentrations of approximately
15 mg/dL.

c. Other regimens may be necessary if the organisms are resistant or if pa-
tients are intolerant to sulfa drugs. Susceptibility testing is difficult and ideally
should be performed at reference laboratories. Minocycline, doxycycline,
and amoxicillin-clavulanate have been effective. Many Nocardia strains
are susceptible to amikacin, and this drug may be added to a sulfa regimen
or an alternative regimen [208]. Imipenem may be another alternative agent.

d. The duration of therapy is not well defined, but most authorities recom-
mend a prolonged course of treatment. For minor infections and in im-
munocompetent hosts, therapy is given for at least 2 to 3 months. For severe
infections or in immunosuppressed individuals, therapy for up to 1 year is rec-
ommended. Some experts suggest maintenance therapy to prevent relapse in
transplant recipients or in patients continuing on immunosuppressive therapy
[205,206].

e. Surgical drainage and excision should be performed on abscesses, if pos-
sible.

4. Prognosis. Mortality varies with the site of disease and the severity of the pa-
tient’s underlying immunosuppression. Survival definitely is improved if therapy
is initiated early and before hematogenous seeding occurs. Individuals with CNS
infection have the highest mortality, approximately 40%. Mortality in patients
with isolated pulmonary disease ranges between 10% and 29%, the higher rate
being reported in transplant recipients and other immunocompromised patients
[204,205].

B. N. asteroides is a rare laboratory contaminant, and isolation from sputum
usually indicates active disease. However, positive sputum cultures have been
found in asymptomatic patients, individuals with mild upper respiratory tract in-
fections, and some persons with bronchitis. In patients with malignancies or im-
munosuppressive disorders, the isolation of Nocardia from clinical specimens should
prompt the initiation of therapy. On the other hand, in immunocompetent individ-
uals a positive culture for Nocardia should stimulate further investigation but may
not mandate therapy if solid evidence of invasive disease cannot be found. Infectious
disease consultation is advised.
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18. OPPORTUNISTIC INFECTIONS IN HIV DISEASE

Jin S. Suh and Kent A. Sepkowitz

This chapter focuses on current diagnostic and treatment modalities against opportunistic
infection, updates of preventive strategies, and the changing spectrum of disease associated
with immune reconstitution. The U.S. Public Health Service/Infectious Diseases Society of
America (USPHS/IDSA) guidelines for preventing opportunistic infections have been pub-
lished in Morbidity and Mortality Weekly Reports [1] and Clinical Infectious Diseases [2];
updated information is available as a “living document” on the AIDS Treatment Information
Service (ATIS) website at www.hivatis.org. A comprehensive review of the pathophysiology
and treatment of acquired immunodeficiency syndrome (AIDS), and of its complications, is
beyond the scope of this chapter. The reader is directed to excellent reference sources that are
both practical and useful for keeping up with progress in this disease [3–5]. Antiretroviral
therapy is reviewed in Chapter 19.

I. HIV in the HAART era
A. Introduction. Since the recognition of the first cases of AIDS in 1981, there

have been an estimated 21.8 million deaths worldwide from the devastating hu-
man immunodeficiency virus (HIV) pandemic. UNAIDS and the World Health
Organization (WHO) estimated that the number of people living with HIV or
AIDS at the end of the year 2001 was 40 million, including 5 million who became
infected within the preceding year. The virus has spread to all of the continents
of the world. The bulk of the epidemic resides in sub-Saharan Africa, where
some epicenters report an adult prevalence rate as high as 33% [6]. HIV con-
tinues to be spread by sexual contact, by exposure to infected blood or blood
products, and by transmission from mother to child.

There has been much progress toward understanding the pathogenesis, clin-
ical presentation, treatment, and prevention of HIV [7]. The hallmark of in-
fection is immune suppression, making patients susceptible to oppor-
tunistic infections (OIs) [8]. The CD4 cell count remains the single most
important predictor of risk for OIs. Although the measurement of HIV vi-
ral load has led to a greater understanding of the natural history of HIV as
well as therapeutic monitoring, no useful scale of viral load exists to determine
when patients are at risk for developing specific OIs. It is clear that prevention
and treatment of OIs remain priorities in reducing the morbidity and mortality
associated with HIV/AIDS. The introduction of highly active antiretroviral
therapy (HAART) has exerted a profound effect on the epidemiology,
natural history, clinical manifestations, and responses to treatment of
OIs [9–11]. HAART is defined as at least three medications with activity against
HIV, including either a protease inhibitor or a non-nucleoside reverse transcrip-
tase inhibitor.

B. Effects of HAART on opportunistic infections and mortality. The in-
cidence of nearly all AIDS-defining opportunistic infections decreased signifi-
cantly in the United States between 1992 and 1998 [12]. Decreases in the most
common OIs, including Pneumocystis carinii pneumonia (PCP), esophageal can-
didiasis, and disseminated Mycobacterium avium complex (MAC), were most
pronounced during this period when HAART was introduced (Fig. 18.1). The
incidence of major OIs in eight U.S. cities declined from 21.9/100 person-years in
1994 to 3.7/100 person-years by mid-1997 [13]. Mortality declined from 29.4/100
person-years in 1995 to 8.8/100 person-years in 1997 [14], after remaining con-
stant during 1994 and 1995. Several reports have described reductions in mor-
tality and in the rate of hospitalization of HIV-infected patients [15,16]. There
were reductions in mortality regardless of sex, race, age, and risk factors for
transmission of HIV [13,14,17]. Overall mortality nationally has declined an
estimated 21% or a rate of 4.6 deaths per 100,000 in 1998, the lowest rate since
1987. HIV mortality has declined more than 70% since 1995 (Fig. 18.2).

C. Prophylaxis for OIs. The success of HAART in reducing the incidence of AIDS-
related OIs has led to a reassessment of the role of prophylaxis against these

649

http://www.hivatis.org


P1: HDS/2 P2: HAG/SPH QC: IML/ABE T1: IML

PB207B-18 PB207A-Betts/6678F September 4, 2002 7:57 Char Count= 0

650 18. Opportunistic Infections in HIV Disease

FIG. 18.1 Trends for opportunistic infections in HIV-infected adults and adolescents, Adult
and Adolescent Spectrum of Disease Project, 1992–1998. (Reprinted from Kaplan JE,
Hanson D, Dworkin MS, et al. Epidemiology of human immunodeficiency virus–associated
opportunistic infection in the United States in the era of highly active antiretroviral therapy.
Clin Infect Dis 2000;30(suppl):2–15, with permission.)

FIG. 18.2 Mortality and frequency of use of combination antiretroviral therapy including a
protease inhibitor among HIV-infected patients with fewer than 100 CD4+ cells/mm3, ac-
cording to calendar quarter, from January 1994 through June 1997. (Reprinted from Palella
FJ, Delaney KM, Moorman AC, et al. Declining morbidity and mortality among patients
with advanced human immunodeficiency virus infection. N Engl J Med 1998;338:853–860,
with permission.)
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infections [18–20]. Previously, prophylaxis was continued based on the lowest,
or nadir, CD4 cell count [21]. This was based on a concern that recovery of the
immune system was incomplete, and patients who lost specific immunity would
not regain it even as the CD4 cell count rose. There are now sufficient data to
recommend that for patients who have CD4 T-lymphocyte count responses, pri-
mary or secondary prophylaxis for some OIs can be discontinued. Consequently,
in 2001 the USPHS/IDSA amended their prophylaxis guidelines to include pro-
phylaxis discontinuation [1].

D. The declining rates of morbidity and mortality, as well as improvement in qual-
ity of life, have been well documented among HIV-infected individuals who
have access to diagnostic monitoring and potent combinations of antiretrovi-
ral drugs. But despite the encouraging trends in incidence of OIs, patients
are still dying from HIV and associated OIs. This is most notable in yet
undiagnosed patients not receiving antiretroviral therapy, patients who cannot
adhere to regimens, and those who fail therapy. These three groups pose an
important challenge in management, especially because the best treatment for
many OIs may be effective antiretroviral therapy. Thus, the treatment of OIs
may depend heavily on the effectiveness and tolerability of future antiretroviral
regimens.

II. Immune reconstitution
A. Phases of immune reconstitution with HAART. It is important to keep

in mind that antiretroviral medications, in general, have no intrinsic antimi-
crobial effect; therefore, the change in rates of opportunistic infections
are mostly a consequence of improvements in immune function, usu-
ally accompanied by viral suppression and an elevation in CD4 cell count. Sev-
eral previously untreatable opportunistic infections have responded to HAART,
presumably due to immune system recovery, including progressive multifocal
leukoencephalopathy (PML), cytomegalovirus (CMV), and AIDS-associated mi-
crosporidiosis and cryptosporidiosis. Immune restoration from HAART can be
divided into two distinct phases. The initial increase of CD4 cell count after
initiation of HAART, which is observed within the first 8 weeks, is believed
to be due to the release of trapped memory cells from lymphoid tissues to
the blood. There is a minimal increase in these cells as time progresses. De-
creased risk of OIs has been demonstrated in this early period [22]. Later,
there is a slower, more modest increase in naive cells that have matured in
the thymus and extrathymic sites. During this period, both CD4-naive cells
and CD8-naive cells tend to increase while memory CD4 cells stabilize or in-
crease modestly and memory CD8 cells tend to decrease [23]. Naive cells re-
spond to newly encountered antigens, and memory cells are capable of rapid
responses to previously encountered antigens. It is not clear whether and for
how long immune reconstitution persists after the loss of viral suppression. It
is also not known whether immune recovery is more effective with earlier an-
tiretroviral intervention [22]. However, it is abundantly clear that the increase
in CD4 cell count is associated with clinical evidence of recovery of the immune
system.

B. Immune reconstitution syndromes. Paradoxically, some patients who have
virologic and immunologic responses to HAART develop inflammation at sites of
preexistent or subclinical infection by opportunistic pathogens. These episodes
of unexpected exacerbation of disease while on appropriate therapy have been
seen within the first 3 months on HAART as the immune response against the
specific pathogens is restored.
1. MAC lymphadenitis has been described in patients with localized disease

who develop fever and painful generalized adenopathy, associated with
initiation of HAART. This has been linked to the restoration of mycobacteria-
specific cell-mediated immune responses. Patients may appear systemically
ill with severe abdominal pain, malaise, and leukocytosis. Mediastinal or
mesenteric adenopathy with associated endobronchial lesions, pulmonary in-
filtrates, and inflammatory skin lesions have been reported [24,25]. Biopsies
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of involved lymph nodes may demonstrate granulomatous inflammation.
Adenopathy may persist for months despite appropriate therapy. Cortico-
steroids have been used once other possibilities, including lymphoma, have
been ruled out.

2. Paradoxic reactions with tuberculosis (TB) have been reported in 36%
of patients receiving concomitant therapy for both HIV and TB [26]. Manifes-
tations include fever, intrathoracic and cervical lymphadenopathy, and wors-
ening pulmonary infiltrates. Treatment involves the use of antiinflammatory
agents, including corticosteroids or pentoxyfylline, along with continuation of
antitubercular therapy. Corticosteroid-responsive cerebral tuberculoma and
relapsing corticosteroid-dependent focal cerebritis also have been reported
[27], giving support to the assumption that these exacerbations are distinct
from TB treatment failure due to resistance or noncompliance.

3. CMV vitritis has occurred in patients with and without retinitis who be-
gin HAART. This appears related to the restoration of T-cell responses
against CMV antigens. Vitreal inflammation may occur even though retini-
tis, if present, undergoes remission. This is usually associated with mac-
ular edema and epiretinal membrane formation; retinal detachment also
can occur [28]. One study reported an annual incidence of CMV vitritis at
83 cases per 100 person-years [29]. It is not possible to predict which pa-
tients are at risk for a relapse of CMV retinitis or vitritis, although use of
markers for anti-CMV T-cell response is under investigation. Antiinflam-
matory therapy should be considered for patients with evidence of vitreal
inflammation.

4. Hepatitis C virus (HCV)–or hepatitis B virus–related hepatitis has
been reported in patients being treated with HAART [30–32]. It may be
asymptomatic or present with nausea, abdominal pain, and jaundice. Ab-
normalities in liver function test results may resolve with discontinuation
of HAART. This syndrome must be distinguished from medication-related
hepatotoxity, although the clinical symptoms are similar.

5. Other syndromes of immune reconstitution recently described include her-
pes zoster [33,34], and inflammatory folliculitis [35]. According to one
study, the incidence of herpes zoster associated with HAART was estimated
at 9 episodes per 100 patient-years. Case patients were more likely than con-
trols to manifest an increase in CD8 cell count immediately before clinical
disease appeared.

6. Strategies for the prevention of immune reconstitution syndromes
are poorly defined at present. Withdrawal of effective antiretroviral therapy
most often is inappropriate. Options include continuation of HAART with
the addition of antimicrobial therapy to suppress the OI, and antiinflam-
matory agents for symptoms of pain or organ dysfunction. Discontinuation
of HAART, even temporarily, should be reserved as a last resort. Prospec-
tive studies using measurement of pathogen-specific immune response are
needed to distinguish immune reconstitution syndromes from new OIs, treat-
ment failures, or adverse effect of antiretroviral drugs, which currently pose
a diagnostic challenge.

III. Prevention of opportunistic infections. Whenever possible, preventing an OI
is preferred to treating an active infection. Guidelines for preventing OIs in
persons infected with HIV were first published in the summer of 1995 following
a year-long effort by federal authorities, professional societies, researchers, clini-
cians, community groups, and HIV-infected persons, with comments invited from
the general public [21]. Because important new data concerning the prevention of
opportunistic diseases have emerged since 1995, they were revised in 1999 and
2001. The guidelines are posted on the Internet as a “living document”
where the latest update is available [1]. Health-care providers actively in-
volved in the care of HIV-infected patients are encouraged to review this
excellent source material. The guidelines provide background information and
recommendations on those behavioral changes, drug regimens, and immunizations
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that are most likely to be beneficial, safe, feasible, and cost effective
(Tables 18.1–18.13). The most recent version discusses 19 OIs or groups of OIs,
including human herpesvirus 8 (HHV-8) and HCV, two pathogens not previously
considered, and provide criteria for discontinuing prophylaxis [1].

Recommendations in the tables designated “A” are supported by evidence that is
both statistically and clinically persuasive; the measures designated are strongly
recommended, should always be offered, and are considered standard of care. Those
designated “B” are recommended for consideration; such measures should be gen-
erally offered, but their use should involve some discussion of the “pros and cons”
between the provider and patient. Those designated “C” are considered optional,
those designated “D” generally should not be offered, and those designated “E”
are contraindicated [1]. Recommendations are further rated as I (evidence from at
least one properly reported controlled trial), II (evidence from at least one well-
designed clinical trial without randomization, or case-controlled studies), or III
(evidence from opinions of respected authorities based on clinical experience, from
descriptive studies, or from expert communities) [1].
A. For prophylaxis for OIs in adults and adolescents, see Tables 18.1 and 18.2.

For prophylaxis for OIs in infants and children, see Tables 18.3 and 18.4.
B. For criteria for discontinuing and restarting prophylaxis for adults and

adolescents whose CD4 counts increased because of HAART, see Table 18.5.
C. For suggestions to help patients avoid OIs, see Table 18.6.
D. For important drug interactions, see Tables 18.7 through 18.9.
E. For adverse effects of commonly used drugs to prevent OIs, see

Table 18.10.
F. For recommended dosing in renal insufficiency of commonly used drugs

to treat or prevent OIs, see Table 18.11.
G. For a summary of the costs of various prophylactic regimens, see

Table 18.12.
H. For recommended immunizations in HIV-infected children, see

Table 18.13.
IV. Pneumocystis carinii pneumonia. In the pre-AIDS era, PCP was seen uncom-

monly in patients with impaired cellular immunity: premature, debilitated infants;
children with primary immunodeficiency states, particularly severe combined im-
munodeficiency; and patients receiving immunosuppressive drugs for cancer or or-
gan transplantation. During this period, P. carinii was misidentified as a protozoan
due to its morphology, failure to grow on fungal media, and its response to drugs
used to treat protozoan infections. Molecular analysis of its ribosomal RNA and
mitochondrial DNA revealed that it is phylogenetically related to the ascomycetes
yeast, and thus is now classified as a fungus.
A. Epidemiology. Reports of PCP in previously healthy men heralded the onset of

the AIDS epidemic [36,37]. In the following two decades, PCP gained notoriety
as the most common opportunistic infection associated with HIV and the most
common infection among persons who died with AIDS. The best predictor of
PCP occurrence in HIV-infected patients is the CD4 lymphocyte blood
count. The majority of AIDS patients have CD4 cell counts in the range of
50 to 70/mm3 at the time of their first episode of PCP, and more than 90% of
episodes occur when counts are below 200/mm3 [38]. Clinical manifestations
including a history of thrush, herpes zoster, unexplained fever, and weight loss
are correlated with an increased risk independent of the CD4 cell count.

Even in the HAART era, PCP continues to be the most common complication
of HIV infection. According to the Centers for Disease Control and Preven-
tion (CDC) Surveillance Report, from 1992 through 1997, PCP was the most
common AIDS-defining OI, accounting for 36% of AIDS index cases, the most
common incident AIDS-defining OI (87.9 cases per 1,000 person-years), and the
most common OI among persons who had died of AIDS (53%) [17]. Although
the incidence of PCP declined from 108 cases per 1,000 person-years in 1992
to 46 cases per 1,000 person-years in 1997, largely attributed to widespread
prophylaxis and HAART, the absolute rates of these infections were still high.

(Text continues on p. 663.)
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18. Opportunistic Infections in HIV Disease 663

FIG. 18.3 Reasons why persons developed Pneumocystis carinii pneumonia, from the Adult
and Adolescent Spectrum of Disease Project, 1996–1998 (N = 1,837). (Reprinted from Ka-
plan JE, Hanson D, Dworkin MS, et al. Epidemiology of human immunodeficiency virus–
associated opportunistic infection in the United States in the era of highly active antiretro-
viral therapy. Clin Infect Dis 2000;30(suppl):2–15; with permission.)

PCP still occurs, particularly among individuals who are unaware of their HIV
seropositivity or adhere poorly to prophylaxis, or those with poor access to ade-
quate health care (Fig. 18.3). Even with appropriate prophylaxis, PCP is one of
the most common serious opportunistic infections among HIV-infected persons,
because prophylaxis failure may occur. Thus, PCP continues to be a substantial
cause of morbidity and mortality during the HAART era.

B. Clinical manifestations
1. Symptoms are often present for weeks and are accompanied by weight loss

and malaise. Slowly worsening exertional dyspnea, nonproductive cough,
fever, and hypoxemia are common. Some patients may have pleuritic chest
pain, but rigors, chills, and hectic fevers are uncommon. Results of the
lung examination are usually normal, although fine bibasilar inspiratory
rales may occasionally be heard. Tachypnea and tachycardia may be present,
depending on the severity of illness. Findings that reflect the degree of CD4
depletion also may be noted, including thrush.

2. Laboratory findings often include an elevated serum lactate dehydroge-
nase (LDH) level, although this abnormality is neither sensitive nor specific
for PCP. Some studies have suggested a strong correlation between the de-
gree of LDH elevation and survival [39,40]. The best indicator of progno-
sis is the alveolar-arterial gradient at the time that specific therapy
is initiated.

3. Chest radiographs classically reveal a diffuse bilateral, interstitial, and
then alveolointerstitial infiltrate progressing from perihilar to peripheral
regions. Pneumatoceles are associated with more prolonged, indolent dis-
ease. Apical disease, often confused with TB, has been associated with use
of aerosol pentamidine prophylaxis [41]. Pleural effusions and intrathoracic
adenopathy are rare, whereas spontaneous pneumothorax is more common,
in PCP. Normal chest radiographs have been reported in the range of 0% to
40% [4], particularly early in the process.

4. Extrapulmonary disease is rarely encountered in patients receiving sys-
temic chemoprophylaxis. Reported sites of disseminated P. carinii infection
include the lymph nodes, liver, spleen, bone marrow, intestine, peritoneum,
adrenal gland, pancreas, skin, eye, ear, and meninges [42,43]. Most case

(Text continues on p. 673.)
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Table 18.6. Recommendations to Help Patients Avoid Exposure to or Infection with
Opportunistic Pathogens

Sexual exposures
Patients should use a latex condom during every act of sexual intercourse to reduce the

risk for acquiring cytomegalovirus, herpes simplex virus, and human papillomavirus,
as well as other sexually transmitted pathogens (AII). Condom use also will,
theoretically, reduce the risk for acquiring human herpesvirus 8, as well as
superinfection with an HIV strain that has become resistant to antiretroviral drugs
(BIII) and will prevent transmission of HIV and other sexually transmitted pathogens
to others (AII). Data regarding the use and efficacy of female condoms are incomplete,
but these devices should be considered as a risk-reduction strategy (BIII).

Patients should avoid sexual practices that might result in oral exposure to feces (e.g.,
oral-anal contact) to reduce the risk for intestinal infections (e.g., cryptosporidiosis,
shigellosis, campylobacteriosis, amebiasis, giardiasis, and hepatitis A) (BIII). Latex
condom use alone may not reduce the risk of acquiring these fecal-orally transmitted
pathogens, especially those that have low infectious doses. Persons wishing to reduce
their risk of exposure might consider using dental dams or similar barrier methods for
oral-anal and oral-genital contact, changing condoms after anal intercourse, and
wearing latex gloves during digital-anal contact. Frequently washing hands and
genitals with warm soapy water during and after activities which may bring these
body parts in contact with feces may further reduce risk of illness (CIII).

Hepatitis B immunization is recommended for all susceptible (anti-HBc–negative)
HIV-infected patients (BII).

Hepatitis A immunization is recommended for all susceptible men who have sex with
men, as well as others at risk for infection with hepatitis A virus (BIII).

Injection drug use exposures
Injection drug use is a complex behavior that puts HIV-infected persons at risk for

hepatitis B virus and hepatitis C virus infection, other possibly drug-resistant strains
of HIV, and other blood-borne pathogens. Providers should assess the individual’s
readiness to change this practice and encourage efforts to provide education and
support directed at recovery. Patients should be counseled to stop using injection drugs
(AIII) and to enter and complete substance-abuse treatment, including relapse
prevention programs (AIII).

If they are continuing to inject drugs, patients should be advised (BIII):
to never reuse or share syringes, needles, water, or drug preparation equipment; if,

nonetheless, injection equipment that has been used by other persons is shared, to
first clean the equipment with bleach and water (U.S. Public Health Service. HIV
prevention bulletin: medical advice for persons who inject illicit drugs. May 8, 1997.
Rockville, MD: CDC, 1997)

to use only sterile syringes obtained from reliable source (e.g., pharmacies or syringe
exchange programs)

to use sterile (e.g., boiled) water to prepare drugs; if not possible, to use clean water
from a reliable source (e.g., fresh tap water); to use a new or disinfected container
(“cooker”) and a new filter (“cotton”) to prepare drugs

to clean the injection site with a new alcohol swab before injection
to safely dispose of syringes after one use

All susceptible injection drug users should be immunized against hepatitis B (BII) and
hepatitis A (BIII).

Environmental and occupational exposures
Certain activities or types of employment might increase the risk for exposure to

tuberculosis (BIII). These include volunteer work or employment in health-care
facilities, correctional institutions, and shelters for the homeless, as well as other
settings identified as high risk by local health authorities. Decisions about whether to
continue with such activities should be made in conjunction with the health-care
provider and should be based on such factors as the patient’s specific duties in the
workplace, the prevalence of tuberculosis in the community, and the degree to which
precautions designed to prevent the transmission of tuberculosis are taken in the



P1: HDS/2 P2: HAG/SPH QC: IML/ABE T1: IML

PB207B-18 PB207A-Betts/6678F September 4, 2002 7:57 Char Count= 0

18. Opportunistic Infections in HIV Disease 669

Table 18.6. (Continued )

workplace (BIII). These decisions will affect the frequency with which the patient
should be screened for tuberculosis.

Child-care providers and parents of children in child care are at increased risk for
acquiring CMV infection, cryptosporidiosis, and other infections (e.g., hepatitis A and
giardiasis) from children. The risk for acquiring infection can be diminished by good
hygienic practices, such as hand washing after fecal contact (e.g., during diaper
changing) and after contact with urine or saliva (AII). All children in child-care
facilities also are at increased risk for acquiring these same infections; parents and
other caretakers of HIV-infected children should be advised of this risk (BIII).

Occupations involving contact with animals (e.g., veterinary work and employment in
pet stores, farms, or slaughterhouses) might pose a risk for cryptosporidiosis, toxoplas-
mosis, salmonellosis, campylobacteriosis, or Bartonella infection. However, the avail-
able data are insufficient to justify a recommendation against work in such settings.

Contact with young farm animals, especially animals with diarrhea, should be avoided to
reduce the risk for cryptosporidiosis (BII).

Hand washing after gardening or other contact with soil might reduce the risk for
cryptosporidiosis and toxoplasmosis (BIII).

In areas endemic for histoplasmosis, patients should avoid activities known to be
associated with increased risk (e.g., creating dust when working with surface soil;
cleaning chicken coops that are heavily contaminated with compost droppings;
disturbing soil beneath bird-roosting sites; cleaning, remodeling, or demolishing old
buildings; and cave exploring) (CIII).

In areas endemic for coccidioidomycosis, when possible, patients should avoid activities
associated with increased risk, including those involving extensive exposure to
disturbed native soil (e.g., at building excavation sites or during dust storms) (CIII).

Pet-related exposures
Health-care providers should advise HIV-infected persons of the potential risk posed by

pet ownership. However, they should be sensitive to the possible psychologic benefits
of pet ownership and should not routinely advise HIV-infected persons to part with
their pets (DIII). Specifically, providers should advise HIV-infected persons of the
following precautions.

General
Veterinary care should be sought when a pet develops diarrheal illness. If possible,

HIV-infected persons should avoid contact with animals that have diarrhea (BIII). A
fecal sample should be obtained from animals with diarrhea and examined for
Cryptosporidium, Salmonella, and Campylobacter.

When obtaining a new pet, HIV-infected patients should avoid animals aged
<6 months (or <1 year for cats; see Cats section, which follows), especially those
with diarrhea (BIII). Because the hygienic and sanitary conditions in pet-breeding
facilities, pet stores, and animal shelters are highly variable, the patient should be
cautious when obtaining a pet from these sources. Stray animals should be avoided.
Animals aged <6 months, especially those with diarrhea, should be examined by a
veterinarian for Cryptosporidium, Salmonella, and Campylobacter (BIII).

Patients should wash their hands after handling pets (especially before eating) and
avoid contact with pets’ feces to reduce the risk for cryptosporidiosis, salmonellosis,
and campylobacteriosis (BIII). Hand washing for HIV-infected children should be
supervised.

Cats
Patients should be aware that cat ownership increases their risk for toxoplasmosis and

Bartonella infection, as well as enteric infections (CIII). Those who elect to obtain a
cat should adopt or purchase an animal that is aged >1 year and in good health to
reduce the risk for cryptosporidiosis, Bartonella infection, salmonellosis, and
campylobacteriosis (BII).

Litter boxes should be cleaned daily, preferably by an HIV-negative, nonpregnant
person; if the HIV-infected patient performs this task, he or she should wash hands
thoroughly afterward to reduce the risk for toxoplasmosis (BIII).

Continued
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To reduce the risk for toxoplasmoisis, HIV-infected patients should keeps cats indoors,
not allow them to hunt, and not feed them raw or undercooked meat (BIII).

Although declawing is not generally advised, patients should avoid activities that
might result in cat scratches or bites to reduce the risk for Bartonella infection (BII).
Patients should also wash sites of cat scratches or bites promptly (CIII) and should
not allow cats to lick the patients’ open cuts or wounds.

Care of cats should include flea control to reduce risk for Bartonella infection (CIII).
Testing cats for toxoplasmosis (EII) or Bartonella infection (DII) is not recommended.

Birds
Screening healthy birds for Cryptococcus neoformans, Mycobacterium avium, or

Histoplasma capsulatum is not recommended (DIII).
Other

Contact with reptiles (e.g., snakes, lizards, iguana, and turtles) as well as chicks and
ducklings should be avoided to reduce the risk for salmonellosis (BIII).

Gloves should be used during the cleaning of aquariums to reduce the risk for infection
with Mycobacterium marinum (BIII).

Contact with exotic pets (e.g., nonhuman primates) should be avoided (CIII).
Food- and water-related exposures

Raw or undercooked eggs (including foods that might contain raw eggs [e.g., some
preparations of hollandaise sauce, Caesar and certain other salad dressings, some
mayonnaises, uncooked cookie and cake batter, eggnog]); raw or undercooked poultry,
meat, and seafood (especially raw shellfish); unpasteurized dairy products;
unpasteurized fruit juice; and raw seed sprouts (e.g., alfalfa sprouts, mung bean
sprouts) should not be eaten. Poultry and meat are safest when adequate cooking is
confirmed with a thermometer (internal temperature of 180◦F for poultry and 165◦F
for red meats). If a thermometer is not used, the risk for illness is decreased by
consuming poultry and meat that have no trace of pink. Color change of the meat (e.g.,
absence of pink) does not always correlate with internal temperature. Produce should
be washed thoroughly before being eaten (BIII).

Cross-contamination of foods should be avoided. Uncooked meats should not be allowed
to come in contact with other foods; hands, cutting boards, counters, knives, and other
utensils should be washed thoroughly after contact with uncooked food (BIII).

Although the incidence of listeriosis is low, it is a serious disease that occurs frequently
among HIV-infected persons who are severely immunosuppressed. An
immunosuppressed HIV-infected person who wishes to reduce the risk of acquiring
listeriosis as much as possible may choose to do the following:
Avoid soft cheeses (e.g., feta, Brie, Camembert, blue-veined, and Mexican-style cheese

such as queso fresco). Hard cheeses, processed cheeses, cream cheese (including
slices and spreads), cottage cheese, or yogurt need not be avoided.

Cook leftover foods or ready-to-eat foods (e.g., hot dogs) until steaming hot before eating.
Avoid foods from delicatessen counters (e.g., prepared salads, meats, cheeses) or

heat/reheat these foods until steaming before eating.
Avoid refrigerated pates and other meat spreads, or heat/reheat these foods until

steaming if eaten. Canned or shelf-stable pate and meat spreads need not be avoided.
Avoid raw or unpasteurized milk (including goat’s milk) or milk products, or foods that

contain unpasteurized milk or milk products (CIII).
Patients should not drink water directly from lakes or rivers because of the risk for

cryptosporidiosis and giardiasis (AIII). Water-borne infection also might result from
swallowing water during recreational activities. Patients should avoid swimming in
water that is likely to be contaminated with human or animal waste and should avoid
swallowing water during swimming (BII).

During outbreaks or in other situations in which a community “boil water advisory” is
issued, boiling water for 1 minute will eliminate the risk for acquiring cryptosporidiosis
(AI). Using submicron, personal-use water filters (home/office types) and/or drinking
bottled water might also reduce risk (CIII). Current data are inadequate to support a
recommendation that all HIV-infected persons boil or otherwise avoid drinking tap
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water in nonoutbreak settings. However, persons who wish to take independent action
to reduce their risk from water-borne cryptosporidiosis may choose to take precautions
similar to those recommended during outbreaks. Such decisions are best made in
conjunction with a health-care provider. Persons who opt for a personal-use filter or
bottled water should be aware of the complexities involved in selecting the appropriate
products, the lack of enforceable standards for destruction or removal of oocysts, the
cost of the products, and the difficulty of using these products consistently. Patients
taking precautions to avoid acquiring cryptosporidiosis from drinking water should be
advised that ice made from contaminated water also can be a source of infection (BII).
Such persons should be aware that fountain beverages served in restaurants, bars,
theaters, and other public places might also pose a risk, because these beverages, as
well as the ice they might contain, are made from tap water. Nationally distributed
brands of bottled or canned carbonated soft drinks are safe to drink.

Commercially packaged noncarbonated soft drinks and fruit juices that do not require
refrigeration until after they are opened (i.e., those that can be stored unrefrigerated
on grocery shelves) also are safe. Nationally distributed brands of frozen fruit juice
concentrate are safe if they are reconstituted by the user with water from a safe
source. Fruit juices that must be kept refrigerated from the time they are processed to
the time of consumption might be either fresh (unpasteurized) or heat-treated
(pasteurized); only juices labeled as pasteurized should be considered free of risk from
Cryptosporidium. Other pasteurized beverages and beers are also considered safe to
drink (BII). No data are available concerning survival of Cryptosporidium oocytes in
wine.

Travel-related exposures
Travel, particularly to developing countries, might result in significant risks for the

exposure of HIV-infected persons to oppotunistic pathogens, especially for patients
who are severely immunosuppressed. Consultation with health-care providers or with
experts in travel medicine will help patients plan itineraries (BIII).

During travel to developing countries, HIV-infected persons are at even higher risk for
food-borne and water-borne infections than they are in the United States. Foods and
beverages—particularly raw fruits and vegetables, raw or undercooked seafood or
meat, tap water, ice made with tap water, unpasteurized milk and dairy products, and
items purchased from street vendors—might be contaminated (AII). Items that are
generally safe include steaming hot foods, fruits that are peeled by the traveler, bottled
(especially carbonated) beverages, hot coffee or tea, beer, wine, and water brought to a
rolling boil for 1 minute (AII). Treating water with iodine or chlorine might not be as
effective as boiling but can be used, perhaps in conjunction with filtration, when
boiling is not practical (BIII).

Water-borne infections might result from swallowing water during recreational
activities. To reduce the risk for cryptosporidiosis and giardiasis, patients should avoid
swallowing water during swimming and should not swim in water that might be
contaminated (e.g., with sewage or animal waste) (BII).

Antimicrobial prophylaxis for traveler’s diarrhea is not recommended routinely for
HIV-infected persons traveling to developing countries (DIII). Such preventive therapy
can have adverse effects and can promote the emergence of drug-resistant organisms.
Nonetheless, several studies (none involving an HIV-infected population) have shown
that prophylaxis can reduce the risk for diarrhea among travelers (CDC. Health
information for international travel, 1999–2000. Atlanta, GA: U.S. Department of
Health and Human Services, 1999:202). Under selected circumstances (e.g., those in
which the risk for infection is very high and the period of travel brief), the provider and
patient may weigh the potential risks and benefits and decide that antibiotic
prophylaxis is warranted (CIII). For those persons to whom prophylaxis is offered,
fluoroquinolones (e.g., ciprofloxacin [500 mg daily]) can be considered (CIII), although
fluoroquinolones should not be given to children or pregnant women. Trimethoprim-
sulfamethoxazole (TMP-SMX) (one double-strength tablet daily) also has been shown

Continued
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to be effective, but resistance to this drug is now common in tropical areas. Persons
already taking TMP-SMX for prophylaxis against Pneumocystis carinii pneumonia
(PCP) might gain some protection against traveler’s diarrhea. For HIV-infected
persons who are not already taking TMP-SMX, health-care providers should be
cautious in prescribing this agent for prophylaxis of diarrhea because of the high rates
of adverse reactions and the possible need for the agent for other purposes (e.g., PCP
prophylaxis) in the future.

All HIV-infected travelers to developing countries should carry a sufficient supply of an
antimicrobial agent to be taken empirically should diarrhea develop (BIII). One
appropriate regimen is 500 mg of ciprofloxacin twice a day for 3–7 days. Alternative
antibiotics (e.g., TMP-SMX) should be considered as empirical therapy for use by
children and pregnant women (CIII). Travelers should consult a physician if their
diarrhea is severe and does not respond to empirical therapy, if their stools contain
blood, if fever is accompanied by shaking chills, or if dehydration develops.
Antiperistaltic agents (e.g., diphenoxylate and loperamide) are used for the treatment
of diarrhea; however, they should not be used by patients with high fever or with blood
in the stool, and their use should be discontinued if symptoms persist beyond 48 hours
(AII). Antiperistaltic agents are not recommended for children (DIII).

Travelers should be advised about other preventive measures appropriate for anticipated
exposures (e.g., chemoprophylaxis for malaria, protection against arthropod vectors,
treatment with immune globulin, and vaccination) (AII). They should avoid direct
contact of the skin with soil or sand (e.g., by wearing shoes and protective clothing and
using towels on beaches) in areas where fecal contamination of soil is likely (BIII).

In general, live-virus vaccines should be avoided (EII). One exception is measles vaccine,
which is recommended for nonimmune persons. However, measles vaccine is not
recommended for persons who are severely immunosuppressed (DIII); immune
globulin should be considered for measles-susceptible, severely immunosuppressed
persons who are anticipating travel to measles-endemic countries (BIII). Another
exception is varicella vaccine, which may be administered to asymptomatic
nonimmunosuppressed children (BII). Inactivated (killed) poliovirus vaccine should be
used instead of oral (live) poliovirus vaccine, which is contraindicated for HIV-infected
persons. Persons at risk for exposure to typhoid fever should be administered an
inactivated parenteral typhoid vaccine instead of the live attenuated oral preparation.
Yellow fever vaccine is a live-virus vaccine with uncertain safety and efficacy in
HIV-infected persons. Travelers with asymptomatic HIV infection who cannot avoid
potential exposure to yellow fever should be offered the choice of vaccination. If travel
to a zone with yellow fever is necessary and vaccination is not administered, patients
should be advised of the risk, instructed in methods for avoiding the bites of vector
mosquitoes, and provided with a vaccination waiver letter.

In general, killed and recombinant vaccines (e.g., diphtheria-tetanus, rabies, hepatitis A,
hepatitis B, Japanese encephalitis vaccines) should be used for HIV-infected persons
just as they would be used for non–HIV-infected persons anticipating travel (BIII).
Preparation for travel should include a review and updating of routine vaccinations,
including diphtheria-tetanus for adults and all routine immunizations for children.
The currently available cholera vaccine is not recommended for persons following a
usual tourist itinerary, even if travel includes countries reporting cases of cholera (DII).

Travelers should be informed about other area-specific risks and instructed in ways to
reduce those risks (BIII). Geographically focal infections that pose a high risk to
HIV-infected persons include visceral leishmaniasis (a protozoan infection transmitted
by the sandfly) and several fungal infections (e.g., Penicillium marneffei infection,
coccidioidomycosis, and histoplasmosis). Many tropical and developing areas have high
rates of tuberculosis.

From Masur H, Kaplan JE, Holmes KK, and the USPHS/IDSA Prevention of Opportunistic Infections
Working Group. 2001 USPHS/IDSA guidelines for the prevention of opportunistic infections in persons
infected with human immunodeficiency virus, pages 61–65. Posted November 28, 2001 as a “living docu-
ment” at www.hivatis.org/trtgdlns.html#Opportunistic.
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Table 18.7. Effects of Food on Drugs Used to Prevent Opportunistic Infections

Drug Food Effect Recommendation

Atovaquone Bioavailability increased up to
threefold with high-fat meal

Administer with food

GCV (capsules) High-fat meal results in 22%
(GCV) or 30% (VGCV)
increase in AUC

High-fat meal may increase
toxicity of VGCV

Itraconazole Grapefruit juice results in 30%
decrease in AUC

Avoid concurrent grapefruit
juice

Itraconazole (capsules) Significant increase in
bioavailability when taken
with a full meal

Administer with food

Itraconazole (solution) 31% increase in AUC when
taken under fasting
conditions

Take without food if possible

GCV, ganciclovir; VGCV, valganciclovir; AUC, area under the curve.
From Masur H, Kaplan JE, Holmes KK, and the USPHS/IDSA Prevention of Opportunistic Infections
Working Group. 2001 USPHS/IDSA guidelines for the prevention of opportunistic infections in persons
infected with human immunodeficiency virus, page 44. Posted November 28, 2001 as a “living document”
at www.hivatis.org/trtgdlns.html#Opportunistic.

reports associate extrapulmonary disease with the use of aerosol pentami-
dine [44].

C. Diagnosis. Patients who present with an illness suggestive of PCP should un-
dergo chest radiography. If the chest film is supportive, then attempts should
be made to confirm the diagnosis by identification of P. carinii on microscopic
examination with Gomori methenamine silver stain or toluidine blue O. If
the chest film is negative but PCP is still suspected, further studies are indicated
to help support the diagnosis prior to treatment.
1. Sputum. Expectorated sputum is rarely suitable for microscopic evaluation.

Similarly, purulent sputum, even when induced, may be inadequate for ex-
amination due to the presence of cellular debris and artifact. Sensitivity of
the induced sputum examination greatly depends on the quality of the sam-
pling and the experience of the laboratory, and has ranged from 30% to 90%
[45,46].

2. Bronchoscopy with bronchoalveolar lavage (BAL) is the diagnostic
procedure of choice for obtaining adequate pulmonary secretions.
A negative BAL for P. carinii should strongly suggest an alternative diagno-
sis. Transbronchial biopsy or open lung biopsy usually are not necessary to
diagnose PCP in AIDS patients.

3. Other tests. Gallium citrate scanning is highly sensitive (90%) but nonspe-
cific (50%) for PCP [47,48]; it is seldom used due to the high cost and time
delay for results (3 days). Likewise, high-resolution computed tomography
(CT) showing ground glass infiltrates and pulmonary function testing are
nonspecific and do not provide an etiologic diagnosis. Polymerase chain re-
action (PCR) tests to detect P. carinii DNA has yielded positive results in
patients without pneumonia. Refinements in the methodology may make
this sensitive assay appropriate for routine clinical use in the future [49].

4. Empiric treatment without attempts to confirm a diagnosis is not
generally recommended. However, this may be appropriate in patients
with mild illness who are clinically stable and not hypoxic; have clinical,
laboratory, and radiographic support for PCP; and are at low risk for other
OIs or conditions that may mimic PCP. It also may be used for individuals
who do not have prompt access to diagnostic facilities.
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Table 18.8. Effects of Medications on Drugs Used to Prevent Opportunistic Infections

Affected Drug Interacting Drug(s) Mechanism/Effect Recommendation

Atovaquone Rifampin Induction of
metabolism/
decreased drug levels

Concentrations might
not be therapeutic;
avoid combination or
increase atovaquone
dose.

Atovaquone Lopinavir-ritonavir Potential for induction
of metabolism/
decreased drug levels

Concentrations may
not be therapeutic;
may require
increased
atovaquone dose, but
data insufficient to
make specific
recommendation.

Clarithromycin Efavirenz Induction of
metabolism/decrease
in clarithromycin
AUC by 39%, increase
in AUC of 14-OH
clarithromycin by 34%

Clarithromycin efficacy
uncertain.

Clarithromycin Ritonavir Inhibition of
metabolism/increased
clarithromycin drug
levels by 77%

Dose adjustment of
clarithromycin
necessary only if
renal dysfunction is
present. For CrCl
<60 mL/min, reduce
clarithromycin dose
by 50%; for CrCl
<30 mL/min, reduce
dose by 75%.

Clarithromycin Lopinavir-ritonavir Inhibition of
metabolism/increased
clarithromycin drug
levels

Dose adjustment of
clarithromycin
necessary only if
renal dysfunction is
present. For CrCl
<60 mL/min, reduce
clarithromycin dose
by 50%; for CrCl
<30 mL/min, reduce
dose by 75%.

Clarithromycin Nevirapine Induction of
metabolism/decrease
in clarithromycin
AUC by 35%, increase
in AUC of 14-OH
clarithromycin by 27%

Efficacy of MAC
prophylaxis may be
decreased; monitor
closely.

Ketoconazole Lopinavir-ritonavir Inhibition of
metabolism/increased
ketoconazole AUC

Use with caution at
ketoconazole
doses>200 mg/day

(Continued)
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Table 18.8. (Continued)

Affected Drug Interacting Drug(s) Mechanism/Effect Recommendation

Ketoconazole Antacids,
didanosine (but
not didanosine
EC), buffered
products, H2
blockers, proton
pump inhibitors

Increase in gastric pH
that impairs
absorption of
ketoconazole

Avoid use of
ketoconazole with
pH-raising agents or
use alternative
antifungal drug.

Quinolone
antibiotics
(ciprofloxacin,
levofloxacin,
gatifloxacin,
moxifloxacin)

Didanosine (but
not didanosine
EC), antacids,
iron products,
calcium
products,
sucralfate (cation
preparations)

Chelation results in
marked decrease in
quinolone drug levels

Administer cation
preparation at least
2 h after quinolone.

Rifabutin Fluconazole Inhibition of
metabolism/marked
increase in rifabutin
drug levels

Monitor for rifabutin
toxicities such as
uveitis, nausea,
neutropenia.

Rifabutin Efavirenz Induction of
metabolism/
significant decrease
in rifabutin AUC

Increase rifabutin
dose to 450–600 mg
daily or 600 mg
twice weekly.a

Rifabutin Ritonavir,
lopinavir-
ritonavir,
ritonavir-
saquinavir

Inhibition of
metabolism/marked
increase in rifabutin
drug levels

Decrease rifabutin to
150 mg every other
day or three times
per week.

Rifabutin Indinavir,
nelfinavir,
amprenavir

Inhibition of
metabolism/marked
increase in rifabutin
drug levels

Decrease rifabutin to
150 mg daily or
300 mg three times
per week.

AUC, area under the curve; MAC, Mycobacterium avium complex; H2, histamine; CrCl, creatinine
clearance.
aAppropriate dose of efavirenz is uncertain if a protease inhibitor is used with efavirenz plus rifabutin.
From Masur H, Kaplan JE, Holmes KK, and the USPHS/IDSA Prevention of Opportunistic Infections
Working Group. 2001 USPHS/IDSA guidelines for the prevention of opportunistic infections in persons
infected with human immunodeficiency virus, pages 45–46. Posted November 28, 2001 as a “living docu-
ment” at www.hivatis.org/trtgdlns.html#Opportunistic.

5. A firm diagnosis must be established in patients on prophylaxis who
present with a clinical picture that is suggestive of PCP. Patients on oral
prophylaxis who develop PCP have the same manifestations as described
above. However, systemic PCP prophylaxis is quite effective, and many other
conditions (including infections) may yield the same clinical picture.

6. A diagnosis must be established for the pulmonary process, and
other OIs should be sought in hypoxic patients given corticosteroids
(see below). This is because the degree of immunosuppression that predis-
poses to PCP is also a risk for other OIs that may be the true pulmonary
diagnosis, or a mixed infection may be present, and the corticosteroids may
exacerbate these other infections.
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Table 18.9. Effects of Opportunistic Infection Medications on Antiinfective Drugs
Commonly Administered to Persons Infected with Human Immunodeficiency Virus

Interacting
Affected Drug Drug(s) Mechanism/Effect Recommendation

Amprenavir,
delavirdine,
indinavir,
lopinavir-ritonavir,
nelfinavir, saquinavir

Rifampin Induction of
metabolism/marked
decrease in protease
inhibitor or
delavirdine drug
levels

Avoid concomitant
use.

Efavirenz, ritonavir,
ritonavir-saquinavir,
nevirapine

Rifampin Induction of
metabolism/decrease
in protease or
nevirapine levels

Combinations could
possibly be used but
limited clinical
experience.
Consider efavirenz
800 mg daily when
used with rifampin.

Delavirdine Rifabutin Induction of
metabolism/50%–60%
decrease in
delavirdine levels

Avoid concomitant
use.

Indinavir, nelfinavir,
amprenavira

Rifabutin Induction of
metabolism/50%
decrease in protease
inhibitor levels

Consider increase in
indinavir dose to
1,000 mg q8h; If
indinavir is the sole
protease inhibitor,
decrease rifabutin
dose to 150 mg daily.

Ritonavir, ritonavir-
saquinavir, lopinavir-

Rifabutin Induction of metabolism
of ritonavir

No dosage change for
protease inhibitors.

ritonavir Consider rifabutin
150 mg q.o.d. or
three times per
week.

Efavirenz Rifabutin Potential for decreased
efavirenz levels

No dosage change
necessary for
efavirenz; adjust
rifabutin dose to
450–600 mg daily or
600 mg twice
weekly.

Saquinavir Rifabutin Potential for decreased
saquinavir levels

Limited data

Didanosine (ddI) Ganciclovir
(oral)

Increased ddI AUC by
approximately 100%

Clinical significance
unknown; monitor
for ddI-related
adverse effects.

q 8h, every 8 hours; q.o.d., every other day; AUC, area under the curve.
a Little data are available for use of rifamycin drugs with ritonavir-boosting protease inhibitor regimens
except for ritonavir-saquinavir and ritonavir-lopinavir. Therefore, concomitant use of rifamycins with
these regimens must be approached cautiously.
From Masur H, Kaplan JE, Holmes KK, and the USPHS/IDSA Prevention of Opportunistic Infections
Working Group. 2001 USPHS/IDSA guidelines for the prevention of opportunistic infections in persons
infected with human immunodeficiency virus, page 47. Posted November 28, 2001 as a “living document”
at www.hivatis.org/trtgdlns.html#Opportunistic.
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Table 18.10. Adverse Effects of Drugs Used in the Prevention of Opportunistic Infections

Bone marrow suppression Cidofovir, dapsone, ganciclovir, pyrimethamine, rifabutin,
sulfadiazine, TMP-SMX

Diarrhea Atovaquone, clindamycin
Hepatotoxicity Clarithromycin, fluconazole, isoniazid, itraconazole,

ketoconazole, pyrazinamide, rifabutin, rifampin, TMP-SMX
Nephrotoxicity Amphotericin B, cidofovir, foscarnet, pentamidine, high-dose

acyclovir
Ocular effects Cidofovir, ethambutol, rifabutin
Pancreatitis Pentamidine, TMP-SMX
Peripheral neuropathy Isoniazid
Neurotoxicity Acyclovir (high-dose), quinolones
Skin rash Atovaquone, dapsone, pyrimethamine, sulfadiazine,

TMP-SMX, ribavirin

TMP-SMX, trimethoprim-sulfamethoxazole.
From Masur H, Kaplan JE, Holmes KK, and the USPHS/IDSA Prevention of Opportunistic Infections
Working Group. 2001 USPHS/IDSA guidelines for the prevention of opportunistic infections in persons
infected with human immunodeficiency virus, page 48. Posted November 28, 2001 as a “living document”
at www.hivatis.org/trtgdlns.html#Opportunistic.

D. Treatment. Even with proper therapy, response is gradual: respiratory rate,
dyspnea, and arterial-alveolar gradient improve within 4 to 8 days. Several
options are available:
1. Trimethoprim (15–20 mg/kg/day) and sulfamethoxazole (75 mg/kg/day)

(cotrimoxazole) orally or intravenously (i.v.) in three to four divided doses
for at least 21 days is always the drug regimen of choice unless the
patient has a history of life-threatening intolerance. No other agent has
demonstrated higher efficacy for PCP. Cotrimoxazole is well absorbed orally
and can be used for outpatient therapy for mild disease (room air partial
pressure of oxygen [PO2] of >80 mm Hg) in patients with no major gastroin-
testinal dysfunction. Side effects include rash, fever, pruritis, digestive dis-
turbances, cytopenias, and hyperkalemia, most of which are easily managed.
Life-threatening reactions such as Stevens-Johnson syndrome are rare. Re-
cent reports have documented mutations in the dihydropteroate synthase
gene leading to sulfonamide resistance in some human isolates [50,51]. The
frequency and clinical significance of these and other mutations are currently
being studied, and they could have an obvious negative impact on the efficacy
of prophylaxis.

2. Trimethoprim (15 mg/kg/day in three divided doses) plus dapsone
(100 mg orally once daily) for 21 days has efficacy that is comparable
with trimethoprim-sulfamethoxazole and may be somewhat better toler-
ated but less convenient because they are taken at different times. Side
effects include rash, methemoglobinemia, hemolytic anemia, and neutrope-
nia. It is rarely necessary to screen for G6PD deficiency prior to dap-
sone therapy unless there is a strong suspicion of deficiency, as might be
the case for those of Mediterranean ancestry. A history of life-threatening
trimethoprim-sulfamethoxazole intolerance should preclude the use of dap-
sone plus trimethoprim.

3. Intravenous pentamidine (4 mg/kg once daily) for 21 days is about as
effective as trimethoprim-sulfamethoxazole. Pentamidine was the first drug
successfully used in patients who did not have AIDS. Adverse reactions can
be life threatening, such as hypotension, hypoglycemia, renal insufficiency,
and various cardiac arrhythmias, including torsades de pointes. Other side
effects include pancreatitis and diabetes. In addition, patients often feel ill
during therapy, with an abnormal taste in their mouth and a loss of appetite.
This agent should be restricted to patients with severe disease who cannot
tolerate or fail to respond to cotrimoxazole or trimethoprim-dapsone.

(Text continues on p. 681.)
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Table 18.12. Wholesale Acquisition Costs of Agents Recommended for the Prevention
of Opportunistic Infections in Adults Infected with Human Immunodeficiency Virus

Opportunistic
Pathogen Drug/Vaccine Dose

Annual Cost
per Patient

Pneumocystis carinii Trimethoprim
sulfamethoxazole

160/800 mg daily $135

Dapsone 100 mg daily $72
Aerosolized pentamidine 300 mg monthly $1,185
Atovaquone 1,500 mg daily $11,627

Mycobacterium Clarithromycin 500 mg b.i.d. $2,843
avium complex Azithromycin 1,200 mg weekly $3,862

Rifabutin 300 mg daily $3,352
Cytomegalovirus Ganciclovir (oral) 1,000 mg t.i.d. $17,794

Ganciclovir implanta $5,000
Ganciclovir (i.v.) 5 mg/kg daily $13,093
Foscarnet (i.v.) 90–120 mg/kg daily $27,770–37,027
Cidofovir (i.v.) 375 mg q.o.w. $20,904
Fomivirsen (intravitreal) 1 vial every 4 wk $12,000
Valganciclovir 900 mg daily $21,582

Mycobacterium Isoniazidb 300 mg daily $23 (9 months)
tuberculosis Rifampin 600 mg daily $294 (2 months)

Pyrazinamide 1,500 mg daily $194 (2 months)
Fungi Fluconazole 200 mg daily $4,603

Itraconazole capsules 200 mg daily $5,340
Itraconazole solution 200 mg daily $5,673
Ketoconazole 200 mg daily $1,230

Herpes simplex Acyclovir 400 mg b.i.d. $1,384
virus Famciclovir 500 mg b.i.d. $5,311

Valacyclovir 500 mg b.i.d. $2,538
Toxoplasma gondii Pyrimethamine 50 mg weekly $49

Leucovorin 25 mg weekly $988
Sulfadiazine 500 mg q.i.d. $1,490

Streptococcus
pneumoniae

23-valent pneumococcal
vaccine

0.5 mL i.m. once $13

Influenza virus Inactivated trivalent
influenza vaccine

0.5 mL i.m. once $3

Hepatitis A virus Hepatitis A vaccine 1.0 mL i.m. twice $124
Hepatitis B virus Recombinant hepatitis B 10–20 µg i.m. three

times
$70

Bacterial infections G-CSF 300 µg t.i.w. $29,406
Varicella zoster virus VZIG 5 vials (6.25 mL) $562

b.i.d., twice daily; G-CSF, granulocyte colony-stimulating factor; i.v., intravenous; i.m., intramuscular;
q.o.w., every other week; t.i.d., three times daily; t.i.w., three times a week; VZIG, varicella zoster immune
globulin.
aImplant generally lasts 6–9 months.
bCost for 9 months of therapy.
From Medical Economics. Drug topics red book. Montvale, New Jersey: Medical Economics Inc., 2000;
and Masur H, Kaplan JE, Holmes KK, and the USPHS/IDSA Prevention of Opportunistic Infections
Working Group. 2001 USPHS/IDSA guidelines for the prevention of opportunistic infections in persons
infected with human immunodeficiency virus, page 51. Posted November 28, 2001 as a “living document”
at www.hivatis.org/trtgdlns.html#Opportunistic.
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4. Clindamycin (600 mg i.v. every 8 hours or 300–450 mg orally every 6 hours)
plus primaquine (30 mg orally daily) for 21 days is an alternative for mild
PCP, although efficacy also has been shown in moderate and severe disease.
Side effects include rash, methemoglobinemia, hemolysis, elevated serum
transaminase, and digestive disturbances. This is an attractive alternative
for oral therapy.

5. Atovaquone (750 mg suspension orally twice daily) for 21 days is a second-
line alternative for mild to moderate PCP. It should be administered with
food to maximize absorption (Table 18.7). A micronized formulation has been
developed that might have better oral bioavailability. It is not available in a
parenteral form. The primary toxicity is skin rash.

6. Trimetrexate (45 mg/m2 i.v. daily) plus folinic acid (leucovorin; 20 mg/m2

orally or i.v. every 6 hours) is effective when used alone or in combination with
a sulfonamide. Leucovorin is needed to rescue the inhibition of dihydrofolate
reductase in human cells, thus preventing cytopenia, its major adverse event.
Higher relapse rates have been reported when compared to therapy with
cotrimoxazole.

7. Adjunctive corticosteroids have been shown to be beneficial for improving
oxygenation, reducing the risk of fibrosis, decreasing the need for mechanical
ventilation, and reducing the case fatality rate [52]. Tapering doses of cor-
ticosteroids are recommended in patients with severe disease (PO2 <70 mm
Hg or A-a gradient >35 mm Hg): prednisone 40 mg orally twice daily on days
1 through 5, followed by prednisone 40 mg/day orally on days 6 through 10,
then prednisone 20 mg/day orally on days 11 through 21 for those older than
13 years of age. In patients with preexisting severe immune dysfunction,
corticosteroids must be given with extreme caution, because reactivation of
other latent coinfections such as mycobacteria and herpes infections may
occur.

E. Prevention (Tables 18.1–18.5). All patients with a CD4 count of less than
200/mm3, CD4 percentage less than 14%, clinical manifestations from HIV (see
section A), or another AIDS-defining condition should receive chemoprophy-
laxis to prevent a first episode of PCP (primary prophylaxis). All patients should
receive prophylaxis following a course of treatment for PCP (secondary prophy-
laxis). Primary and secondary prophylaxis can be safely discontinued after the
CD4 cell count has increased to at least 200/mm3 for more than 3 months in
response to HAART [53–58]. Prophylaxis should resume if any indication cited
above recurs. Decisions about discontinuing prophylaxis should be individu-
alized in patients whose episode of PCP occurred at a CD4 count or greater
than 200/mm3. The following are accepted regimens for prophylaxis in adults
(Tables 18.1 and 18.2); see Tables 18.3 and 18.4 for dosing recommendations in
children.
1. Trimethoprim-sulfamethoxazole (cotrimoxazole) orally (one double-

strength [DS] or single-strength [SS] tablet daily) is the agent of choice.
Alternatively, one DS tablet three times weekly may be used. Daily cotri-
moxazole also protects against toxoplasmosis and some bacterial infections.

2. Dapsone 100 mg orally daily is an acceptable alternative; 50 mg daily may
be less effective. Dapsone (50 mg daily) plus pyrimethamine (50 mg orally
weekly) plus leucovorin (25 mg orally weekly), or dapsone (200 mg weekly)
plus pyrimethamine (75 mg weekly) plus leucovorin (25 mg weekly) may be
used and also offers protection against toxoplasmosis (dapsone alone does
not).

3. Atovaquone 1,500 mg orally daily is as effective as dapsone and probably
protects against toxoplasmosis, but is more expensive.

4. Aerosolized pentamidine 300 mg monthly delivered by the Respirgard II
nebulizer (Marquest, Englewood, CO) does not offer systemic protection, and
has been associated with extrapulmonary disease or apical relapses.

V. Candidiasis is the most common fungal condition seen in HIV-positive persons.
Progression of HIV infection to AIDS is associated with development of oropha-
ryngeal candidiasis [59]. Candidial infections are estimated to occur at some time
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Table 18.13. Recommended Immunization Schedule for Human Immunodeficiency
Virus–Infected Children

This schedule indicates the recommended ages for routine administration of currently licensed childhood
vaccines as of November 1, 2000, for children through age 18 years. Additional vaccines may be licensed
and recommended during the year. Licensed combination vaccines may be used whenever any components
of the combination are indicated and the vaccine’s other components are not contraindicated. Providers
should consult the manufacturer’s package inserts for detailed recommendations.
1Infants born to hepatitis B surface antigen (HBsAg)-negative mothers should receive the first dose
of hepatitis B vaccine (Hep B) at birth and no later than age 2 months. The second dose should be
administered at least 1 month after the first dose. The third dose should be administered at least 4 months
after the first dose and at least 2 months after the second dose, but not before age 6 months. Infants born
to HBsAg-positive mothers should receive Hep B and 0.5 mL hepatitis B immune globulin (HBIG) within
12 hours of birth at separate sites. The second dose is recommended at age 1–2 months and the third dose
at age 6 months. Infants born to mothers whose HBsAg status is unknown should receive Hep B within
12 hours of birth. Maternal blood should be drawn at delivery to determine the mother’s HBsAg status;
if the HBsAg test result is positive, the infant should receive HBIG as soon as possible (no later than
age 1 week). All children and adolescents (through age 18 years) who have not been immunized against
hepatitis B should begin the series during any visit. Providers should make special efforts to immunize
children who were born in or whose parents were born in areas of the world where hepatitis B virus
infection is moderately or highly endemic.
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in the course of HIV disease in 90% to 95% of patients [60]. Candida albicans
causes most disease; however, other species, including C. tropicalis, C. krusei,
and C. dubliniensis, also have been reported, although much less frequently [60].
C. glabrata and C. parapsilosis tend to occur in patients with advanced disease
and previous exposure to antifungals [61]. Chronic courses of azole therapy (e.g.,
in prophylaxis) may result in selection of azole-resistant species.
A. Clinical presentation is generally limited to oral, vaginal, or esophageal mu-

cosa. Systemic disease is extremely rare and should not be included in the
differential diagnosis of unexplained fever.
1. Symptoms of oropharyngeal candidiasis include burning, pain, and al-

tered taste sensation, although many patients are asymptomatic. Pseu-
domembranous candidiasis or “thrush” appears as removable white plaques
on any oral mucosal surface. The erythematous form is seen as smooth red
patches and is often missed on routine examination. Candidiasis also can
cause angular cheilitis producing erythema, cracks, and fissures at the cor-
ner of the mouth.

2. Vaginal candidiasis presents as a creamy white vaginal discharge and
often is the first evidence of immune dysfunction in women [62]. Recurrent
infection is common, and chronic suppressive therapy may be necessary (see
Chapter 16).

(Table Footnote Continued.) 2The fourth dose of diphtheria and tetanus toxoids and acellular pertussis
vaccine (DTaP) may be administered as early as age 12 months, provided 6 months have elapsed since the
third dose and the child is unlikely to return at age 15–18 months. Tetanus and diphtheria toxoids (Td)
are recommended at age 11–12 years if at least 5 years have elapsed since the last dose of diphtheria and
tetanus toxoids and pertussis vaccine (DTP), DTaP, or diphtheria and tetanus toxoids (DT). Subsequent
routine Td boosters are recommended every 10 years.
3Three Haemophilus influenzae type b (Hib) conjugate vaccines are licensed for infant use. If Hib conjugate
vaccine (PRP-OMP) (PedvaxHIB or ComVax [Merck]) is administered at ages 2 and 4 months, a dose at
age 6 months is not required. Because clinical studies in infants have demonstrated that using some
combination products may induce a lower immune response to the Hib vaccine component, DTaP/Hib
combination products should not be used for primary immunization in infants at ages 2, 4, or 6 months
unless approved by the U.S. Food and Drug Administration for these ages.
4An all-inactivated poliovirus vaccine (IPV) schedule is recommended for routine childhood polio vacci-
nation in the United States. All children should receive four doses of IPV at age 2 months, age 4 months,
between ages 6 and 18 months, and between ages 4 and 6 years. Oral poliovirus vaccine should not be
administered to HIV-infected persons or their household contacts.
5Hepatitis A vaccine (Hep A) is recommended for use in selected states or regions, and for certain high-
risk groups such as those with hepatitis B or hepatitis C infection. Information is available from local
public health authorities.
6The heptavalent pneumococcal conjugate vaccine (PCV) is recommended for all children age 2–59 months
with HIV. Children 2 years and older should also receive the 23 valent pneumococcal polysaccharide
vaccine; a single revaccination with the 23 valent vaccine should be offered to children after 3–5 years.
Refer to the Advisory Committee on Immunization Practices recommendations on dosing intervals for
children starting the vaccination schedule after 2 months of age. (See Chapter 11)
7MMR should not be administered to severely immunocompromised (category 3) children. HIV-infected
children without severe immunosuppression would routinely receive their first dose of MMR as soon as
possible after reaching their first birthday. Consideration should be given to administering the second
dose of MMR as soon as 1 month (i.e., a minimum of 28 days) after the first dose rather than waiting until
school entry.
8Varicella zoster virus vaccine should be given only to asymptomatic, nonimmunosuppressed children.
Eligible children should receive two doses of vaccine with at least a 3-month interval between doses. The
first dose may be given as early as 12 months of age.
9Inactivated split influenza virus vaccine should be administered to all HIV-infected children ≥6 months of
age each year. For children aged 6 months to <9 years who are receiving influenza vaccine for the first time,
two doses given ≥1 month apart are recommended. For specific recommendations, see CDC. Prevention
and control of influenza: recommendations of the Advisory Committee on Immunization Practices (ACIP).
MMWR 2001;50(RR-4):l.
From Masur H, Kaplan JE, Holmes KK, and the USPHS/IDSA Prevention of Opportunistic Infections
Working Group. 2001 USPHS/IDSA guidelines for the prevention of opportunistic infections in persons
infected with human immunodeficiency virus, pages 53–54. Posted November 28, 2001 as a “living docu-
ment” at www.hivatis.org/trtgdlns.html#Opportunistic.
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3. Esophageal candidiasis may present with severe dysphagia or odynopha-
gia in patients with or without evidence of oral infection. At endoscopy, exu-
date, ulcers, and deep erosions are seen lining the esophagus [63].

B. Diagnosis of oral or vaginal disease often is made on clinical appearance alone.
In patients who fail to respond to standard therapy, KOH preparation and fun-
gal cultures are indicated. Esophageal disease is diagnosed by endoscopic ex-
amination and culture, although response to empiric antifungal therapy is often
used.

C. Treatment.
1. Localized oral or vulvovaginal candidiasis responds well to topical

therapy.
a. Clotrimazole oral troches 10 mg five times per day, or nystatin oral

pastilles (200,000 units) or oral suspension (500,000 units/5 mL) five times
per day may be used for oral disease.

b. Over-the-counter clotrimazole or miconazole may be used for vaginitis.
Fluconazole 150 mg as a single oral dose is also effective.

c. For patients who do not respond to standard therapy or who also have
esophageal disease, the oral azole compounds (fluconazole, itraconazole)
are effective.

d. Prevention. Chronic suppression may be needed for frequent recur-
rences, but otherwise prophylaxis is not recommended [1]. Fluconazole is
superior to clotrimazole in preventing relapses of thrush (Tables 18.2 and
18.4 for drug choices and dosing recommendations in adults and children,
respectively); 200 mg thrice weekly for oral and once weekly for vaginal
candidiasis have been used. Azoles should be avoided during pregnancy.

2. Treatment of esophageal candidiasis requires systemic therapy. Drug
resistance, particularly azole-resistant candidiasis, is increasingly common
[64]. Some patients respond to increased doses of the drug, and some re-
spond to a switch from one azole to another (e.g., fluconazole to itraconazole).
However, low-dose therapy with i.v. amphotericin B is required for many.
In pregnancy, azoles should be avoided if possible. The role of the new i.v.
echinocandins, which may be as effective but less toxic than amphotericin
B, has yet to be determined [65,66].
a. Fluconazole (100–200 mg/day, oral or i.v., in adults) for 14 to 21 days is

preferred; up to 800 mg/day may be successful despite in vitro resistance.
Maintenance suppressive therapy may be necessary in cases of recurrent
esophagitis. Direct comparative trials also have demonstrated superiority
versus ketoconazole [67]. Side effects include nausea and skin rash, but
generally it is well tolerated.

b. Itraconazole tablets or oral suspension (100 mg twice daily in adults)
is equally effective. It requires gastric acid for absorption, and should
be taken 1 hour before or 2 hours after antacids; the liquid formulation
shows better absorption (serum levels can be followed). Adverse reactions
include gastrointestinal upset, rash, and hepatic dysfunction. Concurrent
use with cisapride, quinidine, triazolam, and possibly other drugs metab-
olized by cytochrome P450 3A4 is not recommended. Itraconazole may in-
crease levels of protease inhibitors (e.g., ritonavir, indinavir, saquinavir).
Inducers of cytochrome P450 3A4 isoenzymes, such as nevirapine, will
decrease itraconazole levels (see Chapters 19 and 27).

c. Ketoconazole 200 mg/day orally is effective, but an increase in gastric
pH impairs absorption. Adverse reactions include rash and hepatotoxic-
ity. Ketoconazole suppresses the hepatic cytochrome p450 system; drug
interactions are similar to those with itraconazole.

d. Amphotericin B 0.3 mg/kg/day i.v. for 7 days (or 100 mg oral suspen-
sion four times daily if available) may be used for disease refractory to
other agents. Lipid amphotericins may be better tolerated, but their use
is limited by high costs.

e. Prevention. Frequent recurrences require chronic suppression, but
primary prophylaxis is not recommended. Fluconazole or itraconazole



P1: HDS/2 P2: HAG/SPH QC: IML/ABE T1: IML

PB207B-18 PB207A-Betts/6678F September 4, 2002 7:57 Char Count= 0

18. Opportunistic Infections in HIV Disease 685

solution is effective for most patients (Tables 18.2 and 18.4). Maintenance
with oral azoles often can be resumed after i.v. amphotericin B therapy for
esophagitis exacerbations, although some patients must be maintained on
once- or twice-weekly i.v. amphotericin B.

VI. Mycobacterium tuberculosis. TB continues to be a devastating disease world-
wide (see also Chapter 11). It is estimated to cause 3 million deaths annually [68].
HIV infection is by far the most important predisposing factor for the de-
velopment of TB. Experts believe that TB accounted for 30% of the 5.0 million
AIDS-related deaths in the year 2000 [69]. The risk for a patient with AIDS devel-
oping TB is 170 times higher than that for a nonimmunosuppressed person. The
risk for death in HIV-infected patients with TB was reported to be twice that in
HIV-infected patients without TB, independent of CD4 cell count [70].
A. Epidemiology. In 2000, a total of 16,377 new TB cases were reported in the

United States [71], and approximately 25% to 30% were HIV coinfected. The
groups with the greatest increases in rates of TB, specifically black and His-
panic men 25 to 40 years of age, are also the groups with the highest rates
of HIV infection, demonstrating how closely intertwined these two epidemics
have become [72]. Anonymous HIV testing of serum from TB clinics demon-
strated that as many as 40% of all TB patients are HIV infected [73]. This
number may be even higher in certain urban areas. In addition, TB is unique
among AIDS-related OIs because it is contagious to otherwise healthy persons.
This, combined with several nosocomial outbreaks affecting both patients and
staff [74], has led to extensive reconsideration of hospital infection control ef-
forts [75]. Finally, resistant TB has been increasing, especially in urban areas
[76,77], and is particularly difficult to treat in the HIV-infected patient.

B. Clinical presentation depends largely on the overall immune status of the
patient [78]. Patients with high CD4 cell counts (>200–300/mm3), generally
will have classic TB, with apical cavitary lung disease, respiratory symptoms,
fevers, and weight loss. As immunity wanes, presentations become less specific,
and diagnosis becomes more difficult as atypical chest radiographic features
and extrapulmonary TB are encountered. The most common extrapulmonary
manifestations are asymmetric lymphadenopathy, pericarditis, pleurisy, bone
disease, and skin lesions. Fever, weight loss, and fatigue may be the only symp-
toms with disseminated TB, mimicking lymphoma, CMV disease, AIDS wast-
ing syndrome, MAC, and other illnesses [70]. Hilar or mediastinal adenopathy
may be the primary chest radiographic abnormality. In addition, pulmonary TB
may show lobar and interstitial infiltrates resembling primary TB, and 10% to
20% may have normal radiographs [78]. Thus, HIV-induced immunosuppres-
sion may result in unusual presentations and delay the diagnosis.

Concurrent HIV and TB interact in several other ways: (a) HIV-infected
persons latently infected with TB develop reactivation TB at a rate of 8% to
10% per year, rather than 5% to 10% per lifetime [73]; (b) HIV-infected persons
exposed to an infectious index case develop acute TB at a rate as high as 40%
over 6 to 12 months rather than 2% to 5% over 2 years in normal hosts [78];
(c) TB may accelerate the progression of HIV infection by activating expression
of HIV from macrophages [70]; and (d) immune reconstitution syndromes may
occur (see section II).

C. Diagnosis requires culturing M. tuberculosis from appropriate specimens. The
sputum smear for acid-fast bacilli is approximately 50% sensitive in HIV-
infected persons, a rate similar to that among HIV-negative persons [79]. Cul-
tures using a radiometric system (BACTEC) may speed the diagnosis. Because
the initial acid-fast smear cannot distinguish M. tuberculosis from MAC, cul-
ture with identification and susceptibility tests must be routinely performed.
Direct tests of nucleic acid amplification for rapid diagnosis are available. Newer
procedures using enzyme immunoassay (EIA) may make serologic testing for
M. tuberculosis possible in the future (see Chapter 11).

D. Treatment guidelines of the CDC and the American Thoracic Society state
that the minimal duration of therapy is 6 months for drug-susceptible TB in
patients coinfected with HIV. If clinical or bacteriologic response is slow, they
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recommend extending treatment for a total of 9 months, or for 4 months after
cultures become negative [72].
1. Initial therapy should consist of standard daily isoniazid (INH) 300 mg

orally daily, rifampin 600 mg orally daily, pyrazinamide 20 to 35 mg/kg orally
daily, and ethambutol 15 to 25 mg/kg orally daily (see Chapter 11).

2. Considerations for patients on HAART. Important drug interactions
occur between the rifamycins and protease inhibitors and other commonly
used agents (Tables 18.8 and 18.9). Rifampin induces the activity of cy-
tochrome P450 CYP3A, which lowers the concentration of protease inhibitors
and non-nucleoside reverse transcriptase inhibitors, resulting in incomplete
viral suppression [80]. Most experts, however, advise against withholding an-
tiretroviral therapy until completion of TB therapy. Three principles for
treatment of TB in HIV-infected patients have been emphasized:
a. Antiretroviral therapy should be administered when indicated.
b. A short-course regimen (6–9 months, depending on the regimen) should

be administered as directly observed therapy to enhance compliance.
c. Rifabutin at a lower dose (150 mg) is preferred over rifampin because

of significant drug interactions of rifampin with protease inhibitors and
non-nucleoside reverse transcriptase inhibitors (Tables 18.8 and 18.9).

3. Patients with CD4 counts of less than 100/mm3 should receive daily
therapy for the first 2 months, and no less often than three times weekly
during the remainder of treatment. This will minimize the risk of rifampin
or rifabutin resistance developing on less frequent intermittent regimens
[81].

4. Sputum cultures and smears should be checked monthly to document
clearing of infection. If they remain positive after 3 months of therapy, resis-
tance, noncompliance, drug interactions, and impaired absorption should be
considered.

5. Persistence of fever for more than 2 to 4 weeks in a patient receiving stan-
dard four-drug regimen suggests multidrug-resistant TB (MDR TB). If
susceptibility results are pending, treatment options should be guided by
prior drug exposure, history of exposure to a case of MDR TB, and suscepti-
bility patterns in the community [76,82]. Drug fever and a second infection
should also be considered.

E. Chemoprophylaxis (Tables 18.1 and 18.3) with INH (300 mg orally daily) for
9 months should be administered to any HIV-infected patient with a tuberculin
skin test induration that is at least 5 mm in diameter, once active TB has
been ruled out. Chemoprophylaxis also should be initiated regardless of the
tuberculin skin test result in patients with a history of positive results who were
not adequately treated, a close contact with infectious TB, or a chest radiograph
that is consistent with previous untreated TB. Recent studies have shown that
the results of anergy testing are not reproducible and that INH prophylaxis
does not reduce the incidence of TB in HIV-infected patients with anergy [83].
Therefore, anergy testing is no longer recommended in this population
(see also Chapter 11).

VII. Mycobacterium avium complex disease has been much less common since the
widespread use of HAART. Despite declining incidence, the relative frequency of
MAC infection compared with other OIs has not changed. MAC disease continues
to be the most common systemic bacterial infection in AIDS and is responsible for
significant morbidity.
A. Epidemiology. According to the CDC’s Adult and Adolescent Spectrum of Dis-

ease (ASD) Project, the incidence of MAC declined 39.9% per year between
1996 and 1998, compared with 4.7% per year between 1992 and 1995 [17]. The
HIV Outpatient Study reported similar decreases in incidence rates in eight
U.S. cities [13]. The prevalence of disseminated MAC for patients with CD4
cell counts of less than 100/mm3 is approximately 10% [83]; at autopsy, prior
to HAART and routine use of prophylaxis, the rate was approximately 50%
[84].



P1: HDS/2 P2: HAG/SPH QC: IML/ABE T1: IML

PB207B-18 PB207A-Betts/6678F September 4, 2002 7:57 Char Count= 0

18. Opportunistic Infections in HIV Disease 687

B. Clinical presentation of disseminated MAC includes fever, night sweats, se-
vere weight loss, and, less often, diarrhea. High “spiking” temperatures and
a toxic appearance may be seen. Hepatosplenomegaly may be present, but
the examination often is quite nonspecific and unrevealing. Common labora-
tory abnormalities include anemia, neutropenia, and elevated alkaline phos-
phatase. Immune reactivation lymphadenitis may occur soon after the initiation
of HAART (see section II).

C. Diagnosis depends on culturing the organism from blood or bone marrow. The
utility of cultures from other sites, including lymph node and liver, is less well
established. Isolation of organisms from respiratory secretions, stool, or urine
does not establish the presence of disseminated infection. Blood cultures using
special media (i.e., BACTEC or Dupont Isolator systems) yield the highest re-
sults. Whereas a single positive blood culture is diagnostic, a negative culture
does not rule out disseminated infection because patients can have low levels
of mycobacteremia [85]. Specific DNA probes for MAC can rapidly differentiate
MAC from other mycobacteria when there is sufficient growth in culture.

D. Treatment of MAC continues to improve. Active drugs include the macrolides
(azithromycin and clarithromycin), the rifamycins (rifabutin and rifampin),
ciprofloxacin, ethambutol, and amikacin [86–88]. Therapy initially should in-
clude a macrolide and ethambutol. A third agent, such as a rifamycin or
ciprofloxacin, can either be included in the initial regimen or added if there
is a slow response. The addition of amikacin as a fourth agent may be needed
in some patients who fail to respond or who relapse [89]. In very ill patients,
some experts recommend a multidrug regimen (e.g., clarithromycin, etham-
butol, arifamycin, and amikacin) to rapidly diminish the bacteremia. Once the
patient clinically responds, at least two oral agents (e.g., ethambutol and clar-
ithromycin) may be substituted to simplify an outpatient regimen. Clofazimine
is not recommended due to an association with increased mortality. Suscepti-
bility testing is not routinely performed unless the likelihood of drug resistance
is high, as in the case of a patient developing mycobacteremia while receiving
macrolide therapy.

E. Prophylaxis (Tables 18.1–18.5) for MAC disease is recommended for patients
with CD4 cell counts of less than 50/mm3. Patients with a prior history of op-
portunistic infections, or colonization with MAC in the respiratory or gastroin-
testinal tract, should also be considered for chemoprophylaxis. It is essential
to rule out MAC bacteremia and active TB. Clarithromycin (500 mg orally
twice daily) or azithromycin (1,200 mg once per week) is more effective than
rifabutin and with fewer potential drug interactions [90–92]. In one compara-
tive trial, clarithromycin was superior to azithromycin in time to clearing MAC
bacteremia [86]. Preliminary data suggest that low-dose clarithromycin (500 mg
orally daily) may be effective [93]. Azithromycin is preferred in pregnancy be-
cause clarithromycin has been teratogenic in animals. Recent studies support
the discontinuation of primary prophylaxis in patients who respond to
HAART with sustained increases in CD4 cell counts to greater than 100/mm3

for 3 to 6 months (Table 18.5) [1,94]. There are only limited data to recommend
discontinuation of secondary prophylaxis, although this may be considered for
adult patients on HAART with CD4 counts of greater than 100/mm3 for at least
6 months (Table 18.5) [1,95]. Children should be given lifelong prophylaxis [1].

VIII. Other mycobacteria
A. Mycobacterium kansasii is the second most common nontuberculous my-

cobacterial infection in patients with AIDS [96,97]. Most often disease is local-
ized to the lungs, but the organism also can cause extrapulmonary infection.
1. Clinical presentation resembles that of TB and includes fever, cough, and

dyspnea. Chest radiographic appearance includes either upper lobe or diffuse
infiltrates.

2. Diagnosis is made by culture. M. kansasii is always considered pathogenic.
Of note, M. kansasii is not transmitted person to person, so respiratory iso-
lation is not required.
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3. Treatment recommendations include high-dose INH (600 mg/day), rifampin
(600 mg/day), and ethambutol (15–25 mg/kg/day), even though most strains
are resistant to INH. Clarithromycin (500 mg orally twice daily) can be sub-
stituted for rifampin for patients on protease inhibitors or with rifampin
resistance. M. kansasii is intrinsically resistant to pyrazinamide. Other an-
timycobacterial agents, including erythromycin, ciprofloxacin, and strepto-
mycin, have been used with some success [97]. Infectious disease or pul-
monary consultation is advised.

B. Mycobacterium haemophilum is a rare mycobacterium that causes disease
in immunosuppressed patients with and without HIV [98].
1. Clinical presentation most often includes involvement of skin, bone, or

joints. Lung involvement also has been described and is associated with a
high mortality rate [99].

2. Diagnosis is made by special culture of specimens plated on chocolate heme-
enriched agar and incubated at 30◦C.

3. Treatment has not been standardized but should include a macrolide, ri-
fampin, or rifabutin, and probably at least one other agent from among
ciprofloxacin, ethambutol, and amikacin [99,100]. Duration of therapy is not
known, but usually extends 12 to 24 months. Infectious disease consultation
is advised.

C. Many other mycobacteria, including M. xenopi, M. simiae, M. scrofulaceum,
M. malmoense, M. genavense, M. gordonae, M. fortuitum, M. chelonei, and
M. marinarum, also have been recovered [101–103]. In the future, additional
mycobacterial strains undoubtedly will be associated with disease in persons
with advanced AIDS due both to improvements in mycobacteriology and to pro-
longed survival. Distinguishing colonization from invasive disease will remain
difficult. Treatment regimens for many unusual mycobacterial infections are
not standardized, but often include a macrolide, ethambutol, and either a ri-
famycin or quinolone. More severe infections should be treated with amikacin
or streptomycin as well. Infectious disease consultation is advised.

IX. Cytomegalovirus disease has declined with the availability of more potent HIV
therapies. Prior to HAART, CMV was diagnosed in up to 40% of AIDS patients
[104], and at autopsy more than 90% had documented CMV infection [105]. Virtu-
ally all patients with disease due to CMV have CD4 counts below 100/mm3

[106]. CMV syndromes still occur during the early months of HAART (presumably
before immunorestoration), in those who fail or are intolerant of HAART, and in
patients with limited medical care. The shedding of CMV as detected by culture
does not necessarily indicate invasive disease. Clinical presentation, histopatho-
logic findings, and viral culture all must be considered in the diagnosis. CMV is
often cultured in blood and urine specimens, and detected histopathologically at
autopsy. However, the positive predictive values of CMV viremia (35%) and viruria
(28%) for the development of end-organ disease were poor in one study [107].
A. Chorioretinitis is now seldom the presenting manifestation but occurs when

the CD4 count is less than 50/mm3 [108]. It remains the most common intraoc-
ular infection in patients with AIDS, accounting for at least 90% of HIV-related
infectious retinopathies [109]. Symptoms include decreasing visual acuity, the
presence of so-called floaters, and visual field defects. Blindness will result if
CMV is left untreated [110].
1. Diagnosis is made by ophthalmologic examination. Typical findings in-

clude creamy or yellow-white granular areas with perivascular exudates and
hemorrhages. These lesions are found initially in the periphery of the fundus
but can progress to involve the macula and optic disk [110]. Recently, molec-
ular diagnostic testing has been utilized to predict and detect CMV disease.
Antigenemia testing and nucleic acid amplification testing have been used to
identify at-risk patients and predict CMV end-organ disease, but their value
for this purpose has not been established. Following serial antigen results is
a means of assessing viral response to treatment [111].

2. Therapy. Drugs currently available that act to inhibit viral DNA poly-
merase are ganciclovir (and valganciclovir), foscarnet, and cidofovir.
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Induction therapy includes 2 weeks or more of high-dose drug. At times,
ganciclovir and foscarnet are given together to control relapsed or rapidly
advancing disease (ocular or extraocular). When retinitis is stable, patients
are placed on lifelong maintenance therapy until there is evidence of immune
recovery (discussed below).
a. Ganciclovir has an initial response rate of 80% to 90%; however, 30% of

patients relapse within 1 year [112]. Side effects include myelosuppres-
sion, particularly neutropenia. The induction dose is 5 mg/kg i.v. every 12
hours for 14 to 21 days or until there is an adequate clinical response; the
maintenance dose is 5 mg/kg/day i.v. or 1.0 g every 8 hours orally. Oral
ganciclovir, despite its low bioavailability of 8%, at a dose of 1,000 mg
three times a day, is nearly equivalent to i.v. ganciclovir in preventing
progression and preserving vision, particularly if the initial CMV retini-
tis was not sight threatening. Oral ganciclovir alone is not approved for
initial treatment.

b. Foscarnet is only available for i.v. use. A comparison trial with ganci-
clovir found no difference in the frequency and rate of retinitis progres-
sion. Although foscarnet was not as well tolerated as ganciclovir, it offered
survival advantage, perhaps secondary to its direct antiretroviral activ-
ity [106]. Side effects include renal impairment, periuretheral ulceration,
paresthesia, seizures, and other central nervous system (CNS) symptoms.
The induction dose is 60 mg/kg every 8 hours or 90 mg/kg every 12 hours;
the maintenance dose is 90 to 120 mg/kg/day.

c. Cidofovir plus probenicid (2 g orally 3 hours before each dose, 1 g orally 2
and 8 hours postdose) to limit nephrotoxicity may be effective in patients
who fail or are intolerant of ganciclovir or foscarnet [113]. Its long half-
life permits administration every 2 weeks during maintenance therapy.
No oral form is available. The induction dose is 5 mg/kg i.v. weekly; the
maintenance dose is 5 mg/kg i.v. every other week.

d. An intraocular ganciclovir release device (every 6 months) plus oral
ganciclovir or valganciclovir is preferred by some clinicians, espe-
cially for immediately sight-threatening infection. This is superior to i.v.
ganciclovir in time to relapse, but there is increased risk of involvement
of the other eye and extraocular disease [114].

e. Valganciclovir, the first oral drug for CMV induction therapy (900 mg
orally twice daily), is a prodrug of ganciclovir that is well absorbed
from the gastrointestinal tract conferring greater bioavailability; absorp-
tion is increased, and the potential for toxicity enhanced, if taken with
high-fat meals (Table 18.7). Efficacy is comparable with i.v. ganciclovir
without the risk of catheter-related complications; side effects are sim-
ilar to those of ganciclovir [115,116]. The maintenance dose is 900 mg
daily.

f. Alternative therapy includes intraocular injections of foscarnet 1.2
to 2.4 mg in 0.1 mL or ganciclovir 2,000 µg in 0.05 to 0.1 mL. Fomivirsen
(330 µg by intravitreal injection at days 1 and 15, then monthly) is a
new antisense compound [117]. Any local therapy should be accompanied
by systemic anti-CMV therapy such as oral ganciclovir or valganciclovir
[118].

3. Prophylaxis (Tables 18.1–18.5). Current data suggest that long-term gan-
ciclovir prophylaxis can be safely discontinued in adults after resolution of
lesions, if the CD4 cell count has been above 100 to 150/mm3 for at least
6 months, if the lesions are not sight threatening, and if regular follow-up
with an ophthalmologist can be assured (Table 18.5) [1,109,119,120]. There
are insufficient data about the safety of this approach in children. Discontinu-
ation of secondary prophylaxis for extraocular CMV disease is not supported
by the current literature.

B. CMV colitis previously developed in 5% to 10% of AIDS patients but is now
uncommon. Symptoms are nonspecific and may include diarrhea, weight loss,
abdominal pain and cramping, anorexia, and fever [121].
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1. Diagnosis is made by endoscopic biopsy. Endoscopy reveals mucosal ulcer-
ation and submucosal hemorrhage. Biopsy shows the pathognomonic “owl
eye” inclusions in tissue, or demonstrates CMV antigens (e.g., by immuno-
histochemical staining).

2. Therapy with ganciclovir and foscarnet is variably effective. Some studies
have shown improvement of symptoms and the appearance of the colon,
as well as decreased incidence of extracolonic CMV infection. However, not
all patients respond, and the optimal dose and length of treatment are not
well defined. One approach is to treat patients for 2 weeks and follow them
clinically off therapy.

C. CMV pneumonitis is a major concern in bone marrow transplantation, but sel-
dom is seen in AIDS. CMV is often isolated in respiratory specimens, yet treat-
ment of other pathogens alone usually results in clinical improvement [122].
True CMV pneumonitis is seen in fewer than 10% of patients who undergo
evaluation of pulmonary infiltrates of unknown etiology [123]. Symptoms in-
clude worsening shortness of breath, dyspnea on exertion, and dry cough. Chest
radiographs may show diffuse infiltrates similar to those seen in PCP.
1. Diagnosis is established by finding pathognomonic intranuclear inclusion

bodies (owl eyes) in biopsy samples. The diagnosis is suggested in patients
with positive CMV cultures, no other recovered pathogens, and response to
appropriate therapy.

2. Therapy is with ganciclovir at routine doses. Unlike bone marrow trans-
plant patients, there is no proven benefit to concurrent i.v. immunoglobulins.
Maintenance therapy should be considered for responders.

D. CMV esophagitis is less common than that caused by C. albicans. Symptoms
include odynophagia, dysphagia, or vague dyspepsia [124]. Diagnosis is made by
endoscopic biopsy. Ganciclovir is effective for treatment. Maintenance therapy
is not used unless symptoms recur.

E. CMV encephalitis usually is diagnosed postmortem [125]. Symptoms are var-
ied and include cognitive deficits, personality changes, increased somnolence,
and focal neurologic signs [126]. Diagnosis often is confused with progressive
AIDS dementia. Antiviral treatment has not been shown to be effective, al-
though combination therapy with ganciclovir and foscarnet is often recom-
mended.

F. CMV ventriculoencephalitis is a late infection with acute onset often associ-
ated with cranial nerve palsies. Patients may either have no history of CMV dis-
ease [127] or are already on therapy for CMV [125]. Spinal fluid analysis shows
pleocytosis, usually with lymphocytes but sometimes with polymorphonuclear
leukocytes, marked increase in protein, and low glucose [127]. Magnetic reso-
nance imaging (MRI) may reveal a characteristic periventricular ringlike en-
hancement [125]. Viral culture of the cerebrospinal fluid (CSF) is not always
positive; CMV DNA can often be detected in CSF using PCR. Therapy with
ganciclovir or foscarnet may ameliorate symptoms if given early, but response
is unpredictable and most cases progress [128].

G. CMV polyradiculitis may cause radicular pain, progressive Guillain-Barré–
like ascending paralysis, and urinary retention [129]. The CSF may have a
pleocytosis with a predominance of neutrophils (unusual for viral infection),
elevated protein, and low glucose [130]. Diagnosis is made by viral culture of
CSF; PCR also may be useful [131]. Therapy with ganciclovir has resulted in
improvement of symptoms in some patients [132]. Some experts give ganciclovir
concurrently with foscarnet.

H. CMV involvement of the adrenal glands is seen at autopsy in up to 50%
of patients [133]. However, adrenal insufficiency is less common, and the cor-
relation between adrenal infection and clinical adrenal dysfunction is incom-
plete. Adrenal insufficiency should be considered in all patients with CMV and
symptoms consistent with Addison disease (e.g., electrolyte abnormalities, un-
explained hypotension, fever, and fatigue). Diagnosis is confirmed by cosyn-
tropin stimulation test. Dramatic improvement may be seen with steroid
replacement therapy.
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X. Toxoplasmosis. Toxoplasma gondii is the most common cause of focal encephalitis
in AIDS patients [134]. Disease is usually due to recrudescence of latent infection;
therefore, all patients with antibodies to T. gondii are at risk. Seroprevalence varies
among geographic locations. In the United States, 20% to 40% of the general popula-
tion has evidence of past infection [135]. Approximately 25% to 40% of seropositive
patients with AIDS will develop disease unless given prophylaxis [136]. The risk of
reactivation infection increases with a decreasing CD4 cell count, especially when
the CD4 count falls below 100/mm3. In the United States, toxoplasmic encephalitis
(TE) has been reported in 1% to 5% of patients with AIDS. TE in AIDS patients is
associated with a mortality rate of 70% by 12 months after diagnosis [137]. Effec-
tive prophylaxis and potent combination antiretroviral regimens have resulted in
a marked decrease in the incidence of this disease [136,138].
A. Clinical presentation ranges from focal neurologic findings to generalized

symptoms, including weakness, confusion, seizures, and coma. Constitutional
symptoms such as fever and malaise are variable, but meningismus is rare.
The CSF may show a mononuclear pleocytosis and elevated protein, or may be
normal. Disseminated toxoplasmosis, involving heart, lung, colon, skeletal
muscles, and other organs, has been described [139]. Septic shock also has been
seen, with presentation of prolonged fever, dyspnea, thrombocytopenia, and
high lactate dehydrogenase levels [140].

B. Serologic tests for antitoxoplasma antibodies are highly reliable but not
specific for active disease. Almost all patients with toxoplasmosis have im-
munoglobulin G (IgG) antibody. From a practical standpoint, a patient with
CNS symptoms and a recent negative test result for toxoplasma IgG antibody
is unlikely to have TE. Seronegative toxoplasmosis is rare, accounting for only
0% to 3% of cases [135,141]; however, one study reported a seronegative rate of
22% [141]. The level of antibody is not predictive of likelihood of reactivation or
severity of disease.

C. Radiographic evaluation reveals single or multiple CNS lesions with ring or
nodular enhancement. Lesions are most frequently found in the basal ganglia
or corticomedullary junction [142]. The MRI scan is the best imaging technique
and may detect lesions not seen by CT scanning [143]. The presence of edema,
a mass effect, and hemorrhage may help to distinguish TE from CNS lym-
phoma. Thallium 201 single-photon emission computed tomography (SPECT)
scans may distinguish between these two entities because a negative scan is
unlikely to represent lymphoma [144], although their value has recently been
questioned [145]. Positron emission tomography is useful but is not as widely
available [146].

D. Diagnosis is definitive when T. gondii tachyzoites are seen on brain biopsy;
however, this can be difficult because the organism may be difficult to find
and histopathologic changes may resemble other infections [147]. Most often, a
presumptive diagnosis is made based on positive serology, typical radiographic
findings, and response to specific therapy.

E. Polymerase chain reaction can detect T. gondii DNA in brain tissue, CSF,
BAL fluid, sputum, and blood in patients with AIDS [148,149]. The sensitivity
of PCR in CSF has been between 11% and 77%, and the specificity is almost
100% [150,151]. PCR is widely available and should be used when the diagnosis
is in question.

F. Differential diagnosis. The main diagnosis of exclusion is CNS lymphoma.
All patients with characteristic lesions on CT or MRI and positive serology for
T. gondii should be treated empirically for toxoplasmosis. In patients with single
lesions, the predictive value for TE is less. CNS lymphoma is four times more
likely to present with a single lesion than multiple lesions [143]. Patients with
CNS lymphoma often have Epstein-Barr virus (EBV) detected on PCR of CSF.
However, toxoplasma antibody–positive patients with a single lesion also should
receive empiric treatment for TE. Response to empiric treatment is the most
practical means of making the diagnosis. Half of patients with toxoplasmosis
will clinically respond by day 3 and 90% by day 14 [134], and radiographically
within 2 weeks. For responders, a repeat scan in 1 month is reasonable. For those
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who do not respond by day 14 or do not have a positive serology, brain biopsy
should be considered. Corticosteroids will result in radiologic improvement
with either lymphoma or toxoplasmosis and should not be given unless the
diagnosis is already secured.

G. Treatment is based on combination chemotherapy, with most agents acting to
block folic acid metabolism.
1. Standard regimens include pyrimethamine (100–200 mg loading dose,

then 50–100 mg orally daily) plus folinic acid (10 mg orally daily) plus
either sulfadiazine (1–1.5 g orally every 6 hours) or clindamycin 900 mg
i.v. every 6 hours or 450 to 600 mg orally every 6 hours for at least 6 weeks.

2. Alternatives include pyrimethamine plus folinic acid plus either
azithromycin (1,200–1,500 mg orally daily) or clarithromycin (1 g orally
twice daily) or atovaquone (750 mg orally with food four times daily). These
combinations are clearly inferior and should therefore be reserved for pa-
tients with true intolerance to standard regimens.

3. Corticosteroids (decadron 4 mg orally or i.v. every 6 hours) are used for
significant edema/mass effect.

H. Prevention (Tables 18.1–18.6). Patients seronegative for T. gondii antibodies
should be educated about appropriate precautions to avoid exposure, for exam-
ple, while working with soil or in considering cat ownership (Table 18.6).
1. Primary prophylaxis (Tables 18.1 and 18.3) is used for patients with pos-

itive IgG antibody and a CD4 count of less than 100/mm3. Trimethoprim-
sulfamethoxazole, 1 DS or SS tablet orally daily is the agent of choice.
Dapsone 50 mg orally daily plus pyrimethamine 50 mg orally weekly
plus folinic acid 25 mg orally weekly is an alternative. Both regimens also
prevent PCP. See Table 18.3 for pediatric dosing recommendations. Primary
prophylaxis may be discontinued in adults if HAART raises the CD4 count
to more than 200/mm3 for at least 3 months (Table 18.5).

2. Secondary prophylaxis (Tables 18.2 and 18.4), or suppressive therapy,
should be given following treatment for toxoplasmosis; 80% relapse after
discontinuation of therapy. Pyrimethamine 25 to 50 mg orally daily plus
folinic acid 10 to 25 mg orally daily plus sulfadiazine 500 to 1,000 mg
orally four times daily is preferred. Alternatives include clindamycin 300
to 450 mg orally every 6 hours plus pyrimethamine 25 to 50 mg orally
daily plus folinic acid 10 mg orally daily (which does not protect against
PCP), or atovaquone 750 mg orally two to four times daily with or without
pyrimethamine plus folinic acid. See Table 18.4 for pediatric dosing recom-
mendations. Discontinuation of secondary prophylaxis in adults may be con-
sidered if HAART raises the CD4 count to greater than 200/mm3 for at least
6 months (Table 18.5).

3. Other considerations. The safety of discontinuing prophylaxis in children
has not been evaluated and is not recommended [1]. Pyrimethamine should
be used only with caution in pregnancy because of potential teratogenicity.

XI. Cryptococcosis. Cryptococcus neoformans most often causes meningitis or dis-
seminated disease. Six percent to 10% of patients with AIDS will develop crypto-
coccosis. It is the most common systemic fungal infection and third most common
CNS disorder (behind toxoplasmosis and lymphoma) in HIV-infected patients. The
incidence of cryptococcosis has decreased due to more widespread use of azoles and
potent antiretroviral therapy.
A. Presentation. Cryptococcal meningitis is usually an indolent disease (see

Chapter 6). Symptoms, including headache, fever, and malaise [152] typically
are present for weeks prior to diagnosis. The headache often is worse with
sneezing or coughing. Lethargy, mental status changes, and forgetfulness are
common. Classic meningismus and focal neurologic signs are uncommon, occur-
ring less than 10% of the time. Pulmonary symptoms with an abnormal chest
radiograph may be seen. Prostatitis occurs and the prostate may serve as a
nidus for subsequent recurrence [153]. Other sites of involvement include the
joints, pericardium, myocardium, mediastinum, skin, and oral cavity. CSF of-
ten reveals a poor inflammatory response; protein and glucose levels may be
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normal, with little pleocytosis. Poor prognostic factors include impaired mental
status at presentation [154], fewer than 20 white blood cells (WBCs) per mm3

in CSF, elevated opening pressure (>200 mm H2O), and a CSF cryptococcal
antigen titer greater than 1:1,024 [155].

B. Diagnosis. Isolation of C. neoformans from blood, CSF, or other specimens is
the standard for diagnosis. However, the latex agglutination test for cryptococ-
cal polysaccharide antigen is highly sensitive and specific. In one large study of
patients with culture-proven meningitis, 98% tested positive for a serum anti-
gen and 91% for a CSF antigen, whereas CSF India ink stains tested positive in
74% [156]. In general, a serum titer of greater than 1:4 should be repeated and a
full evaluation considered; a titer of greater than 1:32 is considered diagnostic.
All patients with a positive serum antigen titer should undergo a spinal tap.
Routine screening with the serum cryptococcal antigen test is not recommended.

C. Therapy for cryptococcosis in AIDS patients is lifelong (see Chapters 6 and 17).
The treatment of choice is amphotericin B (0.7–1.0 mg/kg/day i.v.) with con-
current flucytosine (25 mg/kg orally every 6 hours) for 14 days, followed by
fluconazole 400 mg daily to complete an 8- to 10-week course. Suppres-
sion with fluconazole 200 mg daily is then recommended. Pregnancy should
be avoided during chronic fluconazole therapy because of potential teratogenic-
ity. Weekly amphotericin B produces a higher relapse rate than fluconazole, but
amphotericin is an alternative (0.6–1.0 mg/kg one to three times weekly). Itra-
conazole (200 mg/day) is not as effective as fluconazole for suppressive therapy
[157]. Increased intracranial pressure greater than 250 mm H2O requires ur-
gent CSF drainage. In the absence of obstructive hydrocephalus, serial lumbar
punctures are recommended for increased intracranial pressure. In addition,
corticosteroids may ameliorate the sequelae of increased intracranial pressure.
If cerebral edema occurs, high-dose steroids may offer temporary benefits. Long-
term use, however, is discouraged because it may interfere with the effectiveness
of antifungal therapy.

D. Prevention (Tables 18.1–18.5). Studies to support the use of primary pro-
phylaxis for cryptococcosis are limited. Although cryptococcal meningitis de-
creased with either fluconazole or itraconazole prophylaxis, no survival benefit
was noted. Due to concerns regarding development of antifungal resistance,
especially in Candida species, the relative infrequency of cryptococcal disease,
the possibility of drug interactions, and costs, USPHS/IDSA guidelines do not
endorse routine primary prophylaxis [158]. Discontinuation of suppressive ther-
apy (secondary prophylaxis) may be considered if HAART raises the CD4 count
to greater than 100 to 200/mm3 for at least 6 months (Table 18.5); this is not
recommended in children [1].

XII. Histoplasmosis occurs in at least 5% of HIV-infected patients residing within
endemic regions (central and south central) of the United States, and it often is
their first OI (>70%). Nearly all cases are disseminated at the time of diagno-
sis. In these regions, histoplasmosis has been the second or third most common
opportunistic disease [159]. Dissemination may result either from primary or re-
activation H. capsulatum infection.
A. Clinical presentation includes fever and weight loss in greater than 95% of

patients, and at least 50% have pulmonary complaints. Examination is often no-
table for hepatosplenomegaly, lymphadenopathy, and, rarely, skin lesions [160].
The chest radiograph may show streaky infiltrates but can be normal in 50%.
An elevated LDH level, often over 1,000 U/L, may be a clue to diagnosis. The
median CD4 cell count at the time of diagnosis is 50/mm3. Disseminated dis-
ease can cause a sepsis-like syndrome characterized by hypotension, respiratory
and liver failure, and disseminated intravascular coagulopathy. On rare occa-
sions, histoplasmosis may cause retinitis, prostatitis, pericarditis, pancreatitis,
or colitis [161,162].

B. Diagnosis of active disease is made by isolation of H. capsulatum from appro-
priate sites, including blood, bone marrow, lung tissue, or lymph node. Sensitiv-
ity is approximately 90% for blood and bone marrow cultures, and slightly less
for respiratory specimens. Isolates are confirmed using a DNA probe for specific
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ribosomal DNA. Detection of polysaccharide antigen is the mainstay of
rapid diagnosis. In one series of HIV-positive patients, it had a sensitivity of
greater than 90% in urine and approximately 75% in blood [163]. Monitoring
antigen levels is much more sensitive than serology for detecting early relapse
[164]. The complement fixation test does not distinguish past and active dis-
ease, and is less sensitive in HIV-infected patients [164]. Following the LDH
level is also a sensitive means of detecting early relapse, and is used with serial
urine antigen tests.

C. Therapy with amphotericin B until there is definite clinical improvement
(usually 0.7–1.0 mg/kg for 7–14 days; some clinicians suggest giving 10–15
mg/kg total cumulative dose) is followed by itraconazole (200 mg orally twice
daily) for 12 weeks. Liquid formulation itraconazole is preferred due to
improved absorption and fewer drug interactions. Interactions of itraconazole
preparations with food are listed in Table 18.7. Failures of this approach were
seen in patients who were severely ill at diagnosis [160]. Oral itraconazole can
be used alone for mild nonmeningeal, nonsepticemic cases (200 mg three times
daily for 3 days, then 200 mg twice daily for 12 weeks total). Lifetime main-
tenance therapy is required to prevent relapse (Tables 18.2, 18.4, and 18.5)
[160]. Although weekly or biweekly amphotericin B (1 mg/kg) decreases re-
lapse rates from 80% to 10%–15%, itraconazole (200 mg orally once or twice
daily in adults) is equally effective, more convenient, and better tolerated [165].
Fluconazole has less in vitro activity for H. capsulatum and is inferior for
both initial and maintenance therapy [166,167]. See Table 18.4 for pediatric
doses.

D. Prevention. Routine primary prophylaxis is not recommended, although some
clinicians argue that patients with low CD4 counts living in endemic areas
would benefit. Concern for developing resistant organisms is the major argu-
ment against this practice. Further study is necessary before this controversial
issue can be resolved. Secondary prophylaxis has been discussed above.

XIII. Coccidioidomycosis is endemic to areas of the southwestern United States (see
Chapter 17). Rates and severity of illness are higher in HIV-infected persons [168].
The majority of these patients have CD4 counts of less than 250/mm3. Primary
antifungal prophylaxis is not recommended.
A. Presentation depends on the immunologic status of the patient. Patients with

relatively normal immune function have either subclinical illness or lower respi-
ratory symptoms [169]. For patients with CD4 cell counts of less than 250/mm3,
pneumonia and meningitis are more common. Illness may resemble PCP, with
fever, dyspnea, nonproductive cough, and a chest radiograph with diffuse nodu-
lar infiltrates [168,169]. Coccidioidal meningitis presents with headache, fever,
and lethargy. The CSF may have more than 50 WBCs per mm3 (predomi-
nantly lymphocytes) with low glucose and high protein. In addition, the disease
may present as a fever of unknown origin with diffuse lymphadenopathy and
pancytopenia.

B. Diagnosis. Results of coccidioidal serologic tests are positive in approx-
imately 90% of HIV-positive patients. Titers reflect the activity of infec-
tion and therefore can be used to monitor response to therapy. Anti-
body detection tests include the tube precipitins method, complement fixation,
latex agglutination, immunodiffusion, and EIA. Skin testing for delayed-type
hypersensitivity to coccidioidal antigens has a limited diagnostic role because
of anergy and a positive test result indicates only prior infection. Definitive
diagnosis is made from clinical specimens by culture of the organism
or identification of coccidioidal spherules on histopathologic examina-
tion, using stains such as methenamine silver or Papanicolaou. Although it is
difficult to culture the organism from CSF, the presence of complement-fixing
antibodies suggests the diagnosis of meningitis. Laboratory personnel need to
take appropriate precautions when coccidioidiomycosis is suspected.

C. Treatment of disseminated disease is with amphotericin B (1 mg/kg/day) for
a total dose of as much as 2.5 g. The oral azoles including itraconazole (200 mg
twice daily) and fluconazole (400 mg/day) also have been used with success
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as initial therapy [170,171]. Although meningitis has been treated with i.v. and
intrathecal amphotericin B, currently oral fluconazole (400–800 mg/day) is often
used initially. Lifelong maintenance therapy with oral azoles (400 mg/day in
adults) is recommended to prevent relapse (Tables 18.2, 18.4, and 18.5) [172].
Studies are under way to evaluate optimal regimens for both induction and
maintenance therapy.

XIV. Blastomycosis is endemic to areas of the midwestern and south central United
States. It rarely causes disease in HIV-infected persons even in endemic regions
[173]. Most patients have had a prior opportunistic infection and CD4 cell counts
of less than 200/mm3.
A. Presentation. Pulmonary or disseminated disease may be seen. Unlike normal

hosts, in whom skin, bone, and prostate involvement is common, HIV-positive
persons with disseminated disease frequently have infection in the CNS (menin-
gitis or blastomycoma), liver, spleen, and bone marrow [174].

B. Diagnosis by growth in culture may require 2 to 4 weeks. Microscopic ex-
amination of sputum, BAL fluid, and other tissue specimens should be used
to rapidly detect the characteristic organism (see Chapter 17). Serologic tests
lack sensitivity and specificity.

C. Treatment. Patients should receive amphotericin B until they are stable (usu-
ally 10–20 mg/kg total dose) followed by lifelong maintenance therapy with
itraconazole [173,175].

XV. Penicilliosis. Penicillium marneffei is a dimorphic fungus endemic in Southeast
Asia, especially Vietnam, Thailand, and parts of southern China. Although rare
in the United States, it is the third most common opportunistic infection in HIV-
infected patients in Northern Thailand. Most reported cases in the United States
occur in individuals who have traveled to endemic regions [176]. The actual route
of human infection with this organism is unknown. P. marneffei infection is seri-
ous and potentially fatal without therapy. Travelers to endemic regions should be
informed of the risk for acquiring this infection (Table 18.6).
A. Clinical presentation may be similar to that of disseminated histoplasmosis.

Fever is the most common symptom, along with anemia and weight loss. Respi-
ratory complaints occur in approximately half of cases. The majority of patients
with disseminated disease present with cutaneous involvement characterized
by multiple papular lesions. Disseminated infection usually occurs in advanced
HIV infection (CD4 cells <50/mm3).

B. Diagnosis is made by direct microscopy or culture of blood, skin lesions, lymph
nodes, and bone marrow [176].

C. Treatment. Amphotericin B (0.6 mg/kg/day) for 2 weeks followed by oral itra-
conazole (200 mg twice daily) for 10 weeks is regarded as standard therapy
[177]. As with other endemic mycoses, relapse is common; therefore, chronic
suppressive therapy with itraconazole (200 mg/day) is recommended [177]. Al-
though ketoconazole is active in vitro, it is less effective than itraconazole both
for treatment and prevention [178].

XVI. Herpes simplex virus (HSV) types 1 and 2 commonly cause mucocutaneous
disease in HIV-infected persons; 95% of homosexual men with AIDS have anti-
bodies to HSV [179,180], as do up to 77% of the HIV-infected population in general
[181]. Reactivation occurs frequently, resulting in chronic lesions in patients with
AIDS. Direct contact with oral (HSV-1) or genital (HSV-2) secretions is the primary
mode of transmission.
A. Clinical manifestations may vary from typical grouped vesicles with an ery-

thematous base, to chronic, nonhealing ulcers or indistinct erosions; they most
frequently involve the orolabial, genital, and anorectal regions. Disseminated
disease, which occurs rarely in AIDS patients, may involve the esophagus, lung,
liver, and adrenal glands. CNS infection is rare but life threatening (see Chapter
6). Fever and weight loss are common with gastrointestinal involvement [181].

B. Diagnosis is usually suggested by the clinical appearance. Techniques for diag-
nosis include cytologic preparations for multinucleated giant cells (e.g., Tzanck
test), fluorescein-conjugated monoclonal antibody staining of scrapings from
lesions, viral culture, and PCR assays for HSV DNA [182].
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C. Therapy. Oral acyclovir (200 mg five times daily or 400 mg three times daily,
up to 800 mg five times daily) for 7 to 10 days is the treatment of choice for
an initial mucocutaneous outbreak. Bioavailability of oral acyclovir is ap-
proximately 10% to 20%. Topical acyclovir is not highly effective in patients with
HIV infection and should not be used. Famciclovir (250 mg orally three times
daily) or valacyclovir (1.0 g orally twice daily) given for 7 to 10 days is equally
effective. Both have excellent bioavailability after oral administration. Severe
mucocutaneous disease may require i.v. acyclovir (5 mg/kg every 8 hours).
Esophagitis or other visceral disease also is treated with i.v. acyclovir
(10 mg/kg every 8 hours for up to 21 days). Recurrent mucocutaneous le-
sions are treated with acyclovir (400 mg three times daily), famciclovir (125
mg twice daily), or valacyclovir (500 mg twice daily) orally for 5 days. Suppres-
sive therapy (Tables 18.2 and 18.4) is recommended for frequent recurrent
infections or relapses [183,184]. Many patients are controlled with acyclovir
400 to 800 mg/day in divided doses, famciclovir 125 to 250 mg orally twice daily,
or valacyclovir 500 mg orally twice daily or 1 g orally daily. Dosages should
be individualized to the patient’s response. Acyclovir is the agent of choice for
children (Table 18.4).

Acyclovir-resistant HSV infection is increasingly common, particularly
in those with an extensive prior history of acyclovir use. Foscarnet (40–60
mg/kg/day i.v.) is the treatment of choice despite its potential toxicity and added
costs [185].

XVII. Varicella-zoster virus (VZV) is a common pathogen that causes an array of clin-
ical syndromes, ranging from chickenpox and shingles, to disseminated skin in-
volvement and visceral disease, to postinfectious vasculitis. Because shingles may
be the first evidence of HIV infection, many experts recommend HIV testing for
any young to middle-aged individual presenting with shingles [186].
A. Clinical features. The typical rash associated with primary VZV (chicken-

pox) appears 10 to 21 days after exposure/infection. Lesions evolve over 1 to
3 days to form vesicles, pustules, and various stages of crusting. Early cases
with few vesicles or multidermatomal cases may be more difficult to diagnose
clinically. In such cases, confirmatory viral culture is recommended. A Tzanck
preparation from scrapings from the base of lesions may reveal multinucleated
giants cells but is not specific for VZV. Fluorescein-conjugated monoclonal an-
tibody staining is specific and more rapid than viral culture [187].

The unique unilateral dermatomal distribution of clustered vesicles allows
clinical diagnosis of most cases of shingles (herpes zoster). Herpes zoster in
the immunocompromised patient is often more severe. HIV-positive patients
(regardless of the CD4 cell count) have a higher incidence of dermatomal zoster
and are at increased risk for disseminated disease compared with age-matched
immunocompetent hosts [186]. Involvement of the ophthalmic division of
the trigeminal nerve (V1), herpes zoster ophthalmicus, causes anterior
uveitis and corneal scarring with visual loss.

B. Other syndromes. Varicella-zoster virus rarely has been recovered from reti-
nal tissue in patients with sudden blindness due to acute retinal necrosis
[188]. Most cases appear to be postinflammatory in nature. Varicella en-
cephalitis, a subacute encephalitis characterized by slowly progressive de-
mentia and confusion that involves the white matter preferentially, also may
be seen. Granulomatous vasculitis causing contralateral stroke syndrome is a
rare CNS complication of herpes zoster ophthalmicus [189].

C. Treatment of VZV requires higher doses of antivirals than that used for
HSV.
1. Dermatomal zoster may be treated orally, although patients with advanced

disease or uncertain absorption are best treated intravenously until stable.
The standard i.v. acyclovir dose for adults and children under 1 year of age
is 10 mg/kg every 8 hours (500 mg/m2 every 8 hours in children between 1
and 2 years of age) for 7–10 days. Oral dosages in adults with uncomplicated
cases are acyclovir 800 mg five times daily, valacyclovir 1.0 g three times
daily, or famciclovir 500 mg three times daily.
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2. Chickenpox, disseminated zoster, multidermatomal zoster, or in-
volvement of V1 should be treated with i.v. acyclovir until
stable.

3. Acyclovir-resistant VZV infection has been reported. The vesicles in this
syndrome often are atypical, with a more necrotic base and larger, more
leathery appearance. Foscarnet is the antiviral agent of choice for infection
with acyclovir-resistant VZV [185].

4. The best therapy for retinal necrosis is not known. There is no apparent
response to either steroids or antiviral therapy, although antiviral therapy
is often tried. Ophthalmologic consultation is recommended.

5. Aspirin should not be given to children with varicella to reduce the risk
for Reye syndrome.

D. Prevention. HIV-infected children and adults known to be susceptible to VZV
are candidates for varicella-zoster immune globulin within 96 hours of an ex-
posure. There are no data to support the use of postexposure acyclovir. Asymp-
tomatic children in CDC class I (CD4 counts ≥25%) may be considered for vari-
cella vaccination (Table 18.13). (See also Chapter 23.)

XVIII. Human herpesvirus 8 and Kaposi sarcoma (KS). KS is the most common
neoplasm in AIDS. Early in the AIDS epidemic, a 20,000-fold increased rate of KS
was noted among homosexual men [190]. Promiscuity and oral-fecal contact were
identified as risk factors, suggesting the presence of an infectious etiology [191,192].
In 1994, HHV-8 was detected in biopsy samples of KS tissues from a patient with
AIDS [191,193]. Abundant data now support the assertion that HHV-8 infection
is etiologically related to KS [191,194]. It also is linked to the development of
B-cell body cavity lymphomas and Castleman disease.
A. Epidemiology. HHV-8 infection appears restricted to the human population.

About 30% to 40% of homosexual men with HIV are seropositive for HHV-8
[192]. Although all infections result from human-to-human transmission, the
exact modes of transmission have not been defined. HHV-8 most often is ac-
quired through sexual contact or body fluids, and is not readily transmitted by
blood, although injection drug use is a risk. Moreover, the mechanisms by which
HHV-8 infection induce KS remain incompletely understood. A 10- to 30-fold de-
creased incidence of KS has been reported since the introduction of HAART in
1996 [195,196]. Despite declining frequencies, KS was present in 20.5% of U.S.
patients who died from AIDS in 1997 [17].

Before the AIDS epidemic, KS was recognized as a rare, indolent dermal
tumor usually found on the lower extremities of elderly white men of Mediter-
ranean or Eastern European origin. KS also was known to occur occasionally in
renal transplant patients in whom lesions often regressed when immunosup-
pressive agents were discontinued.

B. KS in AIDS patients is usually aggressive. It is a multicentric tumor that ini-
tially presents as purplish nodules on the skin or mucous membranes. Patients
with high CD4 cell counts (>300–400/mm3) may develop limited cutaneous le-
sions. In the early stage, lesions are irregular, reddish blue or purple to viola-
ceous, nonblanching macules. The macules may become papular or nodular, or
coalesce to form large patches, plaques, and fusiform or ovoid tumors. Individ-
ual lesions are usually asymptomatic, although pain, itching, and burning can
be noted [197]. Lesions commonly are less than 1 cm in diameter. KS frequently
spreads to lymph nodes and visceral organs and can be seen in any organ. In
advanced disease, lymph node involvement may result in edema, particularly
of the legs and scrotum. More than half of patients with cutaneous KS have
oral involvement. Oral lesions are especially common on the hard palate and
gingival margins and often are asymptomatic. Immunosuppression is an impor-
tant risk factor for KS, although it may occur in persons with CD4 cell counts
of greater than 500/mm3. Remission of cutaneous and pulmonary disease has
been noted in patients receiving HAART.

C. Diagnosis of KS is confirmed by biopsy, which shows vascular proliferation.
Any patient with presumed KS should have a biopsy, because other conditions,
such as bacillary angiomatosis, may mimic the disease.
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D. Therapy for KS can be local or systemic. Local therapies include surgical
excision, cryotherapy, laser, intralesional injections, and radiation therapy. Re-
combinant interferon-α (IFN-α) therapy has been used for extensive cutaneous
lesions [198–200]. In life-threatening situations, where KS lesions may obstruct
vital structures such as the bronchus, bowel, or biliary tract, either radiation or
chemotherapy may be necessary. Systemic treatments involve various combi-
nations of vinblastine, etoposide, bleomycin, and doxorubicin. Paclitaxel (taxol)
is generally well tolerated and is the treatment of choice for refractory KS [201].
Lesions may regress in response to HAART [202].

E. Prevention. There is currently no recommended drug regimen for preventing
HHV-8 infection. Thus, HIV-infected patients should avoid sexual and injection
drug use exposures to HHV-8 (Table 18.6). However, there is evidence that some
antiherpesvirus drugs (i.e., ganciclovir, foscarnet, and cidofovir) may inhibit
HHV-8 replication. In addition, the incidence of KS has decreased since the
advent of potent antiretroviral therapy.

XIX. Progressive multifocal leukoencephalopathy is a demyelinating disease
caused by JC virus, a polyomavirus that infects the oligodendrocytes. Pre-HAART,
approximately 4% of AIDS patients developed PML [203], which typically pro-
gressed to death within months from diagnosis.
A. Clinical presentation varies from diffuse encephalopathy to focal deficits such

as ataxia, hemiparesis, or speech difficulties. Symptoms tend to progress rapidly
over several months, although rare patients have a waxing and waning course
extending for years. Unlike global dementia of AIDS, the cognitive deficit of
PML often progresses rapidly and can occur with other focal neurologic deficits.
The typical finding is progressive dementia concurrent with a stroke syndrome.

B. Definitive diagnosis must be made by brain biopsy, which shows focal myelin
loss with bizarre astrocytes and other changes. Suggestive CT findings include
multiple nonenhancing lesions scattered throughout the white matter without
mass effect. MRI shows lesions as hypodense in T1 images and hyperdense in
T2 images [204]. PCR detection of JC virus has a diagnostic sensitivity of
70% to 80% and a specificity of virtually 100% [205] and is increasingly used in
place of brain biopsy. The value of markers for JC-specific cellular and humoral
immune responses, including VP-1, the major capsid protein of JCV, are being
studied [206].

C. There is no proven treatment for PML. Prednisone, acyclovir, vidarabine,
HLA-matched platelets, amantadine, IFN-α, and cytarabine have not resulted
in consistent improvement [207]. One study demonstrated clearance of JC virus
DNA in five of six patients treated with HAART for 35 to 365 days [206]. Cytara-
bine did not affect survival [207,208]. Response to cidofovir has been disappoint-
ing; in a recent pilot study, cidofovir did not prolong PML survival beyond what
has been reported without treatment [209]. Cidofovir added to HAART, how-
ever, has been associated with improved survival due to more effective control of
JC virus replication [210]. Improvement with HAART has been reported
and this is the treatment of choice [211,212].

XX. Cryptosporidiosis was considered a rare and insignificant protozoan infection
prior to the AIDS epidemic. Cryptosporidium parvum, the parasite that causes hu-
man cryptosporidiosis, is now known to be ubiquitous. It is recognized as one of
the most common enteric pathogens in humans and domesticated animals world-
wide. Transmission is primarily by the fecal-oral route; numerous U.S. waterborne
outbreaks in normal hosts have heightened awareness of this parasite’s threat to
public health [213]. Person-to-person transmission and animal-to-person transmis-
sion also have been described. The prevalence of cryptosporidiosis in HIV-infected
patients was estimated to be 10% to 15% prior to the advent of HAART [214]. Ac-
cording to the CDC, the incidence of chronic cryptosporidiosis has decreased from
16.4 per 1,000 person-years in 1992 to 3.7 cases per 1,000 person-years in 1997
[17]. This decline is consistent with the decreasing rates of other OIs [215].
A. Clinical presentation varies depending on host immune status. Whereas im-

munocompetent patients have a transient illness, patients with AIDS have
a spectrum of disease ranging from asymptomatic carriage to fulminant,
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persistent, cholera-like diarrhea [214]. Cryptosporidium causes diarrhea, nau-
sea, vomiting, abdominal pain, and weight loss; fever is uncommon. Biliary tract
involvement occurs in at least 15% of AIDS patients and results in severe right
upper quadrant pain with protracted nausea and vomiting. Laboratory studies
reveal an elevated alkaline phosphatase level, and ultrasonography demon-
strates gallbladder wall thickening and dilated bile ducts [216,217]. CMV and
microsporidia cause similar signs and symptoms, and often are concomitant
pathogens.

B. Diagnosis is made by modified acid-fast stain of stool or other tissue specimens.
Biopsy of the small intestine may be less sensitive than stool examination owing
to focal intestinal involvement and the absence of inflammatory changes to
guide the endoscopist. Immunofluorescent antibody assays and enzyme linked
immunosorbent assays (ELISAs) are available; ELISA sensitivities range from
66% to 100% and specificities from 93% to 100% [218]. Serologic detection is
primarily used as an investigational tool because antibody persistence limits
its utility in diagnosis of acute infection. PCR assays have not undergone large
clinical trials.

C. Treatment. There is no reliable palliative or curative therapy for cryptosporid-
iosis in immunodeficient hosts. There are numerous reports of limited success
with the nonabsorbable aminoglycoside paromomycin, but its unpredictable ac-
tivity and limitations in preventing extraintestinal spread have dampened en-
thusiasm. A recent controlled trial showed that 3 to 6 weeks of paromomycin
was no more effective than placebo for treatment of symptomatic cryptosporidial
enteritis in HIV-infected patients [219]. Lactose-free azithromycin was found to
have some promise in a placebo-controlled trial, but further studies are needed.
Other tested agents with marginal results include spiramycin, diclazuril, rox-
ithromycin, allicin, and immunomodulatory therapies such as bovine colostral
immunoglobulins and hyperimmune egg yolks [220–222]. Responses are usu-
ally transient or incomplete; therefore, symptomatic therapy with loperamide,
opioids, and somatostatin analogues may be necessary. Restoration of im-
mune function with HAART appears to be the most effective intervention,
resulting in significant clinical, microbiologic, and histologic improvements
[223].

D. Prevention. Patients with CD4 cell counts of less than 200/mm3 should be ed-
ucated about measures to reduce the risk for acquiring cryptosporidiosis (Table
18.6). Chemoprophylaxis is not available, although patients taking clar-
ithromycin or rifabutin for MAC may have less cryptosporidiosis [1].

XXI. Microsporidiosis. Microsporidium species are pathogens of animals, but only
since 1985 have they been recognized as an AIDS-associated infection [224,225]. At
least 11 species are known to cause human disease, and serious illness is restricted
to persons with abnormal immunity. In AIDS patients with chronic diarrhea, the
prevalence of microsporidiosis has ranged from 4% to 50% [224] prior to HAART.
Similar to cryptosporidiosis, the prevalence of microsporidiosis has dropped off
dramatically with the use of HAART [17].
A. Clinical presentation. Over 90% of intestinal microsporidiosis is caused by

Enterocytozoon bieneusi. Chronic diarrhea, anorexia, and weight loss are the
most common manifestations [224]. E. bieneusi also has been associated with
cholangitis and cholecystitis in AIDS patients. Encephalitozoon hellem appears
to disseminate to lungs and kidneys and often spares the intestine [225]. Septata
intestinalis involves the intestine but also causes disseminated disease [226].
Pleistophora and Nosema are rare in HIV-infected patients.

B. Diagnosis is by stool examination using special stains, including modifica-
tions of Weber chromotrope-based stains and other chemofluorescent agents.
Such tests may be available only at reference laboratories or hospitals with a
special interest in this diagnosis. Transmission electron microscopic examina-
tion of a small-bowel biopsy specimen is often used to confirm the diagnosis of
microsporidiosis and to determine the genus and species. The specificity of sero-
logic tests for antibodies to microsporidia is unknown, and their clinical utility
is unclear.
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C. Treatment. There is no effective therapy, but anecdotal reports suggest
that albendazole (400 mg every 12 hours) for 2 to 4 weeks may be useful
for certain microsporidial species. There are case reports of patients treated
with azithromycin, metronidazole, atovaquone, furazolidone, and various other
antibiotics [227]. Eradication of the parasite was reported with fumagilin, but
follow-up found frequent relapses [228]. Although HAART is promising, its po-
tential role in preventing microsporidiosis is unclear [223].

D. Prevention involves the same precautions as for cryptosporidiosis (Table 18.6).
There is no effective chemoprophylaxis [1].

XXII. Isosporiasis. Isospora belli is an acid-fast coccidian protozoan that causes a clini-
cal syndrome indistinguishable from cryptosporidiosis. Infection follows ingestion
of food and water contaminated with human feces. Humans are the only known
reservoir. Isosporiasis accounts for less than 1% of AIDS-defining illness in the
United States [17], with higher prevalence in developing regions. Thus, precau-
tions during overseas travel are indicated (Table 18.6). Profuse watery diarrhea,
anorexia, malaise, and weight loss are common clinical findings. Atypical presenta-
tions include acalculous cholecystitis and reactive arthritis [229]. Isospora can be
eradicated with trimethoprim-sulfamethoxazole therapy (one DS tablet four times
daily for 10 days). Alternatively, pyrimethamine (75 mg daily) plus folinic acid
(10 mg daily) may be successful. Because of a high relapse rate (up to 50% within
6–8 weeks), chronic suppression with trimethoprim-sulfamethoxazole (1 DS tablet
three times per week) or pyrimethamine (25 mg/day) plus folinic acid (5 mg/day) is
recommended.

XXIII. Cyclosporiasis. Infection caused by Cyclospora cayetanensis, an acid-fast coccid-
ian, occurs worldwide but is relatively rare among AIDS patients in the United
States [230,231]. The parasite is transmitted by the fecal-oral route, and likely
acquired through contaminated water or food. Direct person-to-person transmis-
sion is unlikely because excreted oocytes require time outside the host to sporulate
and become infective [232]. Clinical presentation is similar to cryptosporidiosis,
microsporidiosis, or isosporiasis. Diagnosis requires identification of oocytes in the
stool; Cyclospora (8 µm) is about twice the size of Cryptosporidium (4 µm). Repeat
stool examinations may be necessary because the parasite is excreted intermit-
tently and in low numbers. Tests for Cyclospora species, Isospora species, Cryp-
tosporidium species, and Microsporidia should be requested specifically, in addition
to routine stool ova and parasites, to ensure that specific methods to detect these
organisms are applied. The only treatment is trimethoprim-sulfamethoxazole (1
DS tablet four times daily) for 10 days followed by one DS tablet three times a
week indefinitely [231].

XXIV. Syphilis and HIV infection are uniquely associated. Epidemiologic studies have
shown that a history of sexually transmitted diseases is associated with increased
risk of HIV infection, and genital ulcerations caused by Treponema pallidum may
facilitate HIV transmission [233–235]. In fact, recent in vitro studies have shown
induction of HIV-1 gene expression in human monocytes by this spirochete [236].
HIV infection may alter the clinical course of syphilis, especially latent and tertiary
disease [237–239]. Annual syphilis screening should be performed in HIV-infected
patients due to high rates of coinfection [5,240].
A. Clinical presentation varies depending on the stage of HIV infection. Most

HIV-infected patients with early syphilis have clinical manifestations compa-
rable with those of primary and secondary lesions observed in HIV-uninfected
persons [241]. A higher incidence of neurosyphilis may be seen, which may de-
velop rapidly. Some case reports indicate that syphilis in HIV-infected patients
can present with atypical lesions and in aggressive forms; the frequency of these
atypical presentations, however, is unknown [238]. (See Chapters 6 and 16.)

B. Diagnosis. Serologic tests, patient history, clinical examination, and dark-
field examination of tissue are all used. Serology remains a cornerstone of
diagnosis.
1. Venereal Disease Research Laboratory (VDRL) test and the rapid

plasma reagin test are nontreponemal screening tests. Up to 6%
of HIV-infected patients have biologic false-positive test results [242].
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False-negative results also occur, but are rare. The fluorescent trepone-
mal antibody-absorption test and the microhemagglutination T. pal-
lidum treponemal test detect antibodies directed against T. pallidum anti-
gens. Treponemal tests are used to confirm reactive nontreponemal tests.
Therefore, a negative test result does not always rule out current or previ-
ous infection. Once positive, treponemal test results usually stay positive for
life, although some studies indicate that HIV-positive patients appear more
likely to serorevert to negative following therapy [243]. In addition, micro-
hemagglutinating antibody may be lost with progression of HIV disease.

2. Dark-field examination with biopsy of lesions may be useful when sero-
logic tests are nonreactive but clinical suspicion remains high. Dark-field
examination is the only means of practical, direct diagnosis.

3. Lumbar puncture is recommended for all patients with latent syphilis
regardless of the apparent duration of infection [240]. CSF evaluation is
also indicated for any HIV patient with unexplained behavioral changes or
neurologic abnormalities. Diagnosis of neurosyphilis is made by a positive
CSF serology, high protein level, or pleocytosis; however, there are many
false-negative results [244].

C. Treatment with penicillin is recommended by the CDC whenever possible for
all stages of syphilis in HIV-infected patients [240]. Furthermore, there are
no proven alternatives to penicillin for treatment of congenital syphilis, neu-
rosyphilis, or syphilis in pregnancy. Penicillin desensitization is recommended
for these situations.
1. Benzathine penicillin G (2.4 million units intramuscularly) is recom-

mended for primary or secondary syphilis in patients who have no evidence
of neurosyphilis. A total of 7.2 million units (2.4 million units intramuscu-
larly weekly for 3 weeks) is advised for treatment of non-neurologic latent
syphilis regardless of apparent duration of infection.

2. Follow-up nontreponemal serologies should be obtained at 3, 6, 9, and
12 months. In HIV-positive patients, a slower decrease in serologic response
may be seen, but clinical failures are rare [245,246]; reinfection is more com-
mon than relapse. However, even after proper therapy some patients have
stable or increasing serologic titers. Therefore, careful long-term follow-up
is essential, and repeated courses of penicillin may be needed [244]. Optimal
therapy in this setting is not clear, and some experts advocate higher doses of
penicillin for primary and secondary syphilis in the HIV-positive patient (see
Chapter 16). Infectious disease consultation is suggested for complicated or
puzzling cases.

3. Treatment of neurosyphilis is with high-dose i.v. penicillin G (3–4 million
units every 4 hours) for 10 to 14 days. Penicillin-sensitive patients should be
desensitized.

D. Prevention. Patients should be counseled on means to reduce the risk for
sexually transmitted diseases (Table 18.6).

XXV. Hepatitis C virus infects approximately 4 million people in the United States, of
whom an estimated 10,000 die each year [247,248]. HCV is a major pathogen in
HIV-infected patients, reflecting shared epidemiologic risk factors. HCV is trans-
mitted chiefly by percutaneous exposure to blood through injection drug use in
the United States. Sexual transmission occurs less commonly. All HIV-infected
patients should be screened for HCV because approximately 30% to 50% (about
240,000 persons in the United States) are coinfected [249,250]. Children born to
coinfected mothers also should be screened for HCV. HIV is an important cofac-
tor for HCV disease progression. Moreover, coinfected individuals have poorer re-
sponses to HAART compared with HIV-positive matched controls [251]. The major-
ity of these patients will develop chronic hepatitis; others may progress to cirrhosis,
hepatic decompensation, and hepatocellular carcinoma [252]. Awareness of HCV
status is also important so that liver function abnormalities can be properly evalu-
ated during HAART. Hepatotoxicity may be more common in persons with chronic
HCV; some clinicians may be reluctant to use certain antiretroviral medications
for fear of inducing severe hepatic damage. However, current data do not support
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withholding antiretroviral therapy in patients with concomitant HCV infection.
Immune reconstitution hepatitis is also possible (see section II.B.4). Overall mor-
bidity and mortality related to HCV among HIV-infected persons are substantial
[247] (see also Chapter 14).
A. Clinical presentation. Most patients with chronic HCV are asymptomatic and

unaware of their infection. Patients may complain of lethargy, inability to con-
centrate, or abdominal pain. Jaundice, encephalopathy, ascites, splenomegaly,
or gastrointestinal bleeds secondary to portal hypertension indicate decompen-
sated cirrhosis. Laboratory findings may include hypoalbuminemia, thrombo-
cytopenia, coagulopathy, and elevated hepatic transaminases. Extrahepatic
manifestations include mixed cryoglobulinemia, membranous proliferative
glomerulonephritis, and porphyria cutanea tarda. Hepatocellular carcinoma
should be suspected in patients with sudden decompensation in previously sta-
ble chronic liver disease and elevated α-fetoprotein (see Chapters 13 and 14).

B. Diagnosis is made by detection of antibody to HCV in blood by EIA. EIA-
positive patients should undergo confirmation testing with recombinant im-
munoblot assay or reverse transcriptase PCR for HCV RNA. Acute HCV, how-
ever, cannot be reliably diagnosed by antibody tests because of a prolonged
window period. If clinical suspicion remains high despite negative HCV anti-
body test results, HCV RNA is useful. However, unlike HIV viral load, the HCV
RNA quantitative level is not closely associated with outcome or overall prog-
nosis. Similarly, the magnitude of alanine aminotransferase elevation or other
abnormality in liver biochemistry does not correlate well with disease outcome
or histologic changes. Liver biopsy provides information about degree of inflam-
mation and the stage of fibrosis. A recent prospective study revealed that the
combination of several basic serum markers (α2-macroglobulin, haptoglobin,
γ -globulin, apolipoprotein A1, γ -glutamyltranspeptidase, and total bilirubin)
may have predictive value similar to liver biopsy in determining significant
fibrosis [253].

C. Treatment. Despite advancements in treatment, the data regarding safety and
efficacy in HIV-coinfected persons is limited. The majority of trials with IFN for
chronic hepatitis C have excluded patients with HIV coinfection.
1. Interferon-α was the first licensed treatment for HCV, but its mechanisms

of action in viral hepatitis remain uncertain. About 15% to 20% of patients
achieve a long-term or sustained virologic response with IFN monother-
apy. A standard dosing regimen is 3 million units three times weekly for
6 months. Adverse events commonly associated with IFN therapy include
self-limited, dose-dependent, flulike illness with mild fever, chills, headache,
lethargy, arthralgias, and myalgias. Other important side effects include de-
pression, irritability, anorexia, rash, and alopecia. Patients need to be warned
about potential adverse events. Results of therapy in HIV-coinfected patients
have been limited and mostly disappointing. In one prospective, controlled
trial, a response rate of 38% was noted in coinfected patients compared with
47% in HIV-negative patients [254]. However, a sustained virologic response
was diminished in both groups. Given the low sustained response rate, use
of monotherapy has been abandoned in favor of combination therapy with
ribavirin.

2. Ribavirin is an oral nucleoside analogue that is active in vitro against
many RNA and DNA viruses. The precise mechanism of action of ribavirin in
chronic hepatitis C is not well understood. The major toxic effect of ribavirin
appears to be reversible, dose-dependent hemolytic anemia.

3. Combination therapy with IFN-α and ribavirin, which is approved by
the U.S. Food and Drug Administration, is more effective than IFN alone
[255]. Used together, sustained response rates increase to approximately
50%. Combination therapy in smaller series with HIV-infected patients is
encouraging; larger controlled trials are currently under way.

4. Pegylated IFN-α (PEG-IFN) is approved by the U.S. Food and Drug
Administration, and is easier to administer because of a longer half-life
[256]. Polyethylene glycol (PEG), an inert polymer, is covalently bonded to
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standard IFN, resulting in delayed recognition as a foreign substance by
the immune system, thus prolonging the half-life of PEG-IFN to approxi-
mately 54 hours compared with 8 hours for routine IFN-α. PEG-IFN admin-
istered once weekly with daily ribavirin is now the treatment of choice in
HIV-negative patients. Prospective multicenter trials comparing PEG-IFN
alone, PEG-IFN plus ribavirin, and IFN plus ribavirin in HIV-infected pop-
ulations are in progress.

5. Susceptible patients should be vaccinated against hepatitis A and B (see
Table 18.13 for recommended childhood immunizations).

6. Alcohol consumption should be limited.
D. Hepatotoxicity due to antiretroviral medications. Zidovudine may be the

most potentially hepatotoxic drug in the nucleoside analogue class. Among pro-
tease inhibitors, indinavir and ritonavir are hepatotoxic, and nelfinavir and
saquinavir are much less so. Nevirapine and other non-nucleoside reverse tran-
scriptase inhibitors are also potentially hepatotoxic [251] (see Chapter 19).

E. Prevention. Patients should be counseled on how to limit their risk for acquir-
ing hepatitis C [1], and offered referral for substance abuse treatment when ap-
propriate (Table 18.6). Risks from body piercing and tattooing, sharing needles,
sharing dental equipment and razors, and sexual practices should be reviewed.

XXVI. Bacillary angiomatosis (BA) is a disease caused by small gram-negative organ-
isms of the genus Bartonella (formerly Rochalimaea), specifically B. henselae and
B. quintana. These vascular proliferative lesions can form in many different or-
gans, including skin, bone, brain parenchyma, lymph nodes, bone marrow, and the
gastrointestinal and respiratory tracts. Most patients with BA are significantly im-
munocompromised. In one study of 42 patients with BA, the median CD4 count was
21 cells/mm3. Disseminated infection may be more common in immunosuppressed
patients with a history of cat contact or homelessness.
A. Clinical presentation depends on the organ system involved.

1. Cutaneous lesions are raised erythematous areas that bleed when trau-
matized. They also can appear as a cellulitic plaque, which often overlies
osteolytic lesions. They can occur singly or multiply and can occur in any
location. These lesions are indolent and may be present for as long as 1 year
before diagnosis is made. Most often they are confused with KS.

2. Osseous BA, often seen with cutaneous lesions, causes pain and radiolog-
ically lytic lesions. Bones most often affected include the tibia, fibula, and
radius.

3. Hepatic BA (peliosis hepatis) is characterized histopathologically by cys-
tic spaces of varying size filled with blood [257,258]. Patients present with
abdominal pain, fever, and high alkaline phosphatase. CT demonstrates het-
erogeneity in the liver. Lesions are also seen in the spleen [259].

4. Other manifestations without vascular proliferation include necrotiz-
ing lymphadenitis, cat-scratch disease–type necrotizing infection, and bac-
teremias. Endocarditis has been reported in HIV-infected patients in the
absence of cutaneous involvement.

B. Diagnosis is made by tissue biopsy and demonstration of the organisms by
Warthin-Starry stain. Histopathologic evaluation demonstrates vascular pro-
liferation that can be mistaken for KS, angiosarcoma, or pyogenic granuloma.
The organism has been cultured from blood, but specimens need to be incubated
at 35◦C for 3 weeks. Use of the Isolator lysis centrifugation system may increase
the yield of blood cultures, which should be incubated at least 14 days. Isolation
of Bartonella species directly from cutaneous BA lesions is difficult because of
the organism’s fastidious growth characteristics. Indirect immunofluorescence
assay to detect antibodies to B. henselae are useful for diagnosis of both acute
disease and relapse [260]. PCR detection techniques remain experimental and
are not routinely available.

C. Treatment. Clarithromycin (500 mg orally twice daily), azithromycin (250
mg orally daily), and fluoroquinolones are first-line therapy, although cures
also have been reported with doxycycline, trimethoprim-sulfamethoxazole, and
minocycline [261]. Despite in vitro susceptibility, penicillins and first-generation
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cephalosporins have no activity against Bartonella. Cutaneous lesions are
treated for 8 to 12 weeks, and osseous and liver lesions are treated for at
least 3 months [259]. However, the optimal duration of therapy is unknown.
Rifampin may have a role when added to either erythromycin or doxycycline for
severely ill patients. There have been numerous reports of relapse of Bartonella
infection in immunocompromised patients. If relapse occurs in the HIV-infected
patient, lifelong maintenance therapy with erythromycin or doxycycline is rec-
ommended.

D. Prevention. Patients should be counseled on the potential risks of cat own-
ership, and how to limit their exposure to this organism (Table 18.6). There
is no known chemoprophylaxis for Bartonella, although the widespread use
of macrolides for prophylaxis against MAC may decrease the incidence of BA.
Secondary prophylaxis is not generally indicated unless there is relapse or re-
infection.

XXVII. Salmonellosis, particularly bacteremias, is seen in higher frequency in HIV-
infected patients and often presents without intestinal symptoms [262]. Nonty-
phoid Salmonella species, especially S. enteritidis and S. typhimurium, are iso-
lated most often. Travelers’ diarrhea may be a severe illness that is more resistant
to therapy in HIV-infected patients [263]. One study found an increased risk of
salmonellosis among HIV-positive persons who were residents of the Northeast,
had a history of injection drug use, or were African American or Hispanic [264].
The incidence of Salmonella bacteremia has declined with the use of trimethoprim-
sulfamethoxazole prophylaxis and antiretroviral therapy [265].
A. The clinical course in patients with AIDS is more severe than in normal hosts

(see Chapter 13). Rates of bacteremia are increased, fever may persist for 1 to
2 weeks, and relapse rates are higher. Bacteremic relapse may be secondary to
hidden foci of infection. Other sites of involvement include the prostate, heart,
CNS, joints, parotids, and bones.

B. Diagnosis is made by bacterial culture of blood, stool, or urine. Other localized
infections are diagnosed by culture of the appropriate anatomic site.

C. Treatment with ampicillin, quinolones, third-generation cephalosporins, or
trimethoprim-sulfamethoxazole is effective. Therapy should extend for at least
7 to 10 days after defervescence. Some experts place all patients with salmonel-
losis on chronic suppressive therapy (Tables 18.2 and 18.4) [1]; others give
suppressive therapy only to those with recurrent disease. Oral ciprofloxacin
500 mg twice daily in adults is recommended for susceptible isolates, although
amoxicillin and trimethoprim-sulfamethoxazole are equally effective for chronic
suppression (Table 18.2). Trimethoprim-sulfamethoxazole is the drug of choice
for suppression in children (Table 18.4) [1]. Fluoroquinolones should not be used
in children or during pregnancy (see Chapter 27).

D. Prevention. Steps to avoid acquisition of Salmonella should be reviewed with
patients, including animal exposures, safe food handling, and during travel (Ta-
ble 18.6). Household contacts with salmonellosis should be checked for chronic
carriage of the organism to limit the risk for reinfection [1].

XXVIII. AIDS-associated bacterial pneumonia. Pulmonary infections cause significant
morbidity and mortality in HIV-infected patients. Recurrent bacterial pneumonia
as an AIDS-defining disease is defined as two or more episodes of bacterial pneu-
monia within 1 year, regardless of CD4 cell count [266,267]. Although the incidence
of bacterial pneumonia has declined with widespread use of PCP and MAC prophy-
laxis [268], the rate of recurrent pneumonia was still approximately 20.2 cases per
1,000 person-years from 1992 to 1997 [17]. In contrast to PCP, bacterial pneumonia
can occur at any CD4 cell level.
A. Etiology. Streptococcus pneumoniae is the most commonly identified cause.

Pneumococcal bacteremia occurs at an approximately 100-fold greater rate in
the HIV population [269,270]. Injection drug use is an independent risk factor
for both bacterial pneumonia and pneumococcal bacteremia. Other pathogens
causing bacterial pneumonia in HIV-infected patients include Staphyloccocus
aureus, Haemophilus influenzae, and gram-negative organisms, most notably
Klebsiella and Pseudomonas [271–273]. Patients with low CD4 cell counts have
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higher rates of Pseudomonas aeruginosa pneumonia, which is usually indo-
lent, resembling infection in patients with cystic fibrosis, and may be recurrent
[274,275]. Risk factors include CD4 cell counts of less than 50/mm3, neutrope-
nia, bronchiectasis, and corticosteroid therapy.

B. Clinical presentation. Bacterial pneumonia may be more severe when associ-
ated with HIV disease. Symptoms usually occur with abrupt onset and include
fever, productive cough, dyspnea, and acute pleuritic chest pain. This is usually
distinct from PCP, which typically is indolent and associated with dry cough
and infrequent chest pain, but symptom overlap occurs. Thus, diagnosis should
not be based only on clinical findings.

C. Diagnosis is based on radiographic findings and appropriate laboratory tests,
including blood cultures and sputum Gram stains plus culture. A lobar infil-
trate generally suggests bacterial pneumonia, but radiographic findings alone
will not identify the cause. Blood cultures should be obtained in all patients.
HIV patients with pneumonia have higher rates of bacteremia compared with
HIV-negative individuals [276]. It is essential to identify the pathogen to appro-
priately treat the pneumonia and improve outcome. Invasive procedures such
as bronchoscopy may be necessary, particularly in patients with poor response
to therapy or when PCP is suspected (see Chapter 11).

D. Empiric treatment is warranted in order to improve the outcome (see Chap-
ter 11). Selection of agents should be based on local patterns of drug resistance.
Once the pathogen has been identified, appropriate adjustments in therapy
should be made (see Chapter 11) [277].

E. Prevention (Tables 18.1, 18.3, and 18.13). Protection against Streptococcus
pneumoniae is best achieved with pneumococcal vaccine (see also Chapter 11).
However, efficacy is blunted by diminished antibody responses in patients with
CD4 cell counts of less than 200/mm3. H. influenzae type B vaccine is not gen-
erally recommended for adults because most infections involve nontypeable
strains. Children should receive these vaccines according to current recom-
mendations (Table 18.13) [1]. Trimethoprim-sulfamethoxazole used for PCP
prophylaxis has coverage against several pathogens responsible for bacterial
pneumonia (Streptococcus, Haemophilus, Staphylococcus, Pseudomonas, and
Klebsiella). However, indiscriminate use, when not indicated for PCP prophy-
laxis, may lead to development of resistant organisms. Antibiotic prophylaxis or
i.v. gamma globulin is not recommended to prevent bacterial pneumonia except
in children with recurrent sinopulmonary or other serious bacterial infections
(Tables 18.3 and 18.4) [1]. Annual influenza vaccine (Tables 18.1, 18.3, and
18.13) may help to prevent some bacterial pneumonias.

XXIX. Malignancies associated with AIDS. The association between certain malig-
nancies and HIV infection was recognized early in the AIDS epidemic when KS
was noted in homosexual men at a 20,000-fold increased rate compared with the
pre-AIDS era [190]. Increased incidence of other cancers such as squamous cell
neoplasia, particularly cervical and anal intraepithelial neoplasia (CIN, AIN),
non-Hodgkin lymphoma, Hodgkin disease, and primary CNS lymphoma
also has been well documented [278–280]. A correlation with viral coinfections ex-
ists with several of these malignancies. HHV-8 or KS herpesvirus promotes the de-
velopment of KS, although the exact mechanism is not defined (see section XVIII).
Moreover, certain types of human papilloma virus are associated with more ad-
vanced CIN lesions (CIN II and CIN III) and are found in the majority of cases
of invasive carcinoma [281]. The presence of EBV has been reported in approxi-
mately 40% of systemic HIV-associated lymphomas and in a majority of primary
CNS lymphomas [282].

Some AIDS-related malignancies have declined in frequency in the HAART era
similar to other opportunistic infections. According to data from the ASD project,
reductions were noted for KS and CNS lymphoma as a result of antiretroviral
combinations, presumably by slowing the progression of HIV disease and delaying
the onset of severe immunosuppression [283]. Lymphomas other than primary CNS
lymphoma have not changed dramatically despite the widespread use of HAART.
Similarly, available but limited data indicate no significant impact of HAART on
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CIN or AIN. Although the presentation of malignancy in patients infected with
HIV is often different from that seen in immunocompetent hosts, patients with
controlled HIV and moderate CD4 counts generally are capable of tolerating full-
dose chemotherapy and radiotherapy.
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19. ANTIRETROVIRAL THERAPY: THERAPEUTIC AGENTS, DOSING,
PHARMACOKINETICS, AND THEIR USE

Amneris E. Luque, Susan E. Cohn, Geoffrey A. Weinberg, and Peter R. Mariuz

I. Introduction and background. The advent of potent combination antiretroviral
therapy (ARVT) in 1996, also referred to as highly active antiretroviral therapy
(HAART), has revolutionized the treatment of human immunodeficiency virus (HIV)
infection. The time to progression from HIV infection to acquired immunodeficiency
syndrome (AIDS) has been delayed. Dramatic decrease in AIDS mortality and mor-
bidity from opportunistic infections and certain malignancies (e.g., Kaposi sarcoma)
has occurred [1–3]. The attendant increase in CD4 cell counts and return of pathogen-
specific lymphoproliferative responses (immune reconstitution) [4] has permitted the
discontinuation of primary prophylaxis for Pneumocystis carinii pneumonia (PCP)
and for disseminated Mycobacterium avium complex infection (MAC). Accumulating
evidence suggests that secondary prophylaxis of CMV retinitis [5], PCP [6], MAC [7],
toxoplasmosis [8], and cryptococcosis [9] also can be discontinued. However, up to 62%
of patients fail HAART therapy [10,11]. Furthermore, none of the current HAART reg-
imens eradicates HIV even after continued use for up to 3 years [12]. In fact, a recent
review suggests that eradication would require complete suppression of viral replica-
tion for decades [13], and thus is not a realistic goal at the present time. This finding—
coupled with concerns about the complexity of drug regimens, drug interactions, the
adverse effects of long-term ARVT, and antiretroviral resistance—has recently led to
changes in the guidelines on initiation of therapy in asymptomatic HIV infection.

II. The virus
A. Life cycle. Understanding the life cycle (Fig. 19.1) and pathogenesis of HIV helps

explain the mechanism of action of antiretroviral agents, the rationale for therapy,
antiretroviral resistance, and future therapeutic targets.

B. Virus structure
1. HIV, an enveloped RNA virus, belongs to the lentivirus genus of retroviruses.
2. The HIV genome contains three primary genes: gag, pol, and env. These genes

encode for the major structural proteins (gag), enzymatic proteins (pol), and
envelope (env). Five other genes (tat, nef, rev, vpu, and vif ) regulate expression
of proteins, assembly, and release of virus from infected cells.

3. Steps in synthesis
a. HIV binds via surface glycoprotein 120 (gp120) to CD4 receptors (on lym-

phocytes, macrophages, and dendritic cells). Cells without CD4 receptors are
infected by another mechanism.

b. Fusion with the host cell plasma occurs by the interaction of the HIV fusion
protein (gp41) and a coreceptor on the host cell membrane. This is chemokine
receptor 5 (CCR5) on macrophages or CXCR4 on lymphocytes. This is fol-
lowed by nucleocapsid penetration of the cell membrane followed by release
of the viral genome (two single strands of RNA) into the cytoplasm.

c. Reverse transcription of HIV RNA to DNA requires viral reverse tran-
scriptase (RT), which is an RNA-dependent DNA polymerase. RT generates
a first-strand copy of proviral DNA. After viral ribonuclease H partially de-
grades the original RNA template, RT controls the synthesis of second-strand
DNA.

d. Mechanism of resistance. Because of the low fidelity of RT, which lacks
the error-correcting mechanisms seen in eukaryotic and prokaryotic poly-
merases, and the high degree of guanine-to-adenine nucleotide hypermuta-
tion in HIV (a characteristic of all lentiviruses) [14], mutations are frequent.
A high mutation rate coupled with the extraordinarily large daily production
of virions ensures that resistance may occur easily, particularly under pres-
sure of therapy. A single mutation in RT confers resistance to lamivudine
(3TC), which occurs by 1 week with 3TC monotherapy [15].

e. Comparative mechanisms of action of antiretroviral agents. The nu-
cleoside reverse transcriptase inhibitors (NRTIs) and non-nucleoside reverse
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FIG. 19.1 The life cycle of human immunodeficiency virus (HIV). *Immature viral particles
bud. (Reprinted from Fauci AS. The human immunodeficiency virus: infectivity and mecha-
nisms of pathogenesis. Science 1988;239:619, with permission.)

transcriptase inhibitors (NNRTIs) block the function of RT by different mech-
anisms. Proviral DNA transported to the host cell nucleus is inserted into
the host genome by viral integrase. Subsequent viral replication depends on
the coordinated activity of both cellular and viral factors (HIV regulatory
proteins tat, rev, and nef) that activate and regulate HIV transcription. Vi-
ral DNA is translated to genomic and messenger RNA, and production of
virion structural and enzymatic proteins occurs. At the cell membrane HIV
RNA is incorporated into capsids that bud from the cell surface, taking up
viral envelope glycoproteins. An HIV protease mediates final viral matura-
tion by cleaving first itself, then other viral proteins (RT, integrase, capsid,
matrix, and nucleocapsid proteins) from a precursor polyprotein. This matu-
ration step, blocked by protease inhibitors (PIs), is essential for viral release
and infectivity. Currently available antiretroviral agents inhibit two essen-
tial steps in the HIV life cycle: reverse transcription and protease activity.
Other potential targets include inhibition of fusion, integrase, and regula-
tory proteins (see section VII on investigational drugs), and binding to CD4
receptors. In addition, methods of improving specific anti-HIV immunity are
being investigated.

III. Pathogenesis of HIV infection
A. CD4 cell changes. With continuous HIV replication in CD4+ T cells, their num-

bers gradually decline (50–75 per year). This eventually leads to AIDS [16]. The
mean time from HIV infection to AIDS is 8 to 10 years. Twenty percent of patients
develop AIDS in less than 5 years. Less than 5% remain asymptomatic with normal
immune function for more than 10 years [17].

B. Virus changes. Billions of virions are produced and destroyed every day [18] in a
dynamic equilibrium between production in lymphoid tissues and clearance by the
immune system. The HIV 1 RNA level in plasma (viral load) [19] predicts disease
progression. This can be measured using branched-chain DNA signal amplification
(bDNA assay) or reverse transcriptase polymerase chain reaction (RT-PCR). The
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assays used should be constant because HIV RNA values by RT-PCR are about
twice those of bDNA assay.

C. Viral load and CD4 cell interaction. HIV replication and its associated CD4 cell
destruction are assessed by measuring HIV viral load. CD4 cell counts indepen-
dently predict disease progression and give an estimate of HIV-induced immune
destruction. Viral load and CD4 cell count measurements are best used together to
assess the risk of disease progression. When the CD4 cell count was over 750/mL
and the HIV-1 RNA level was less than or equal to 1,500 copies/mL (by RT-PCR),
1.7% developed AIDS within 6 years. When the CD4 cell count was less than or
equal to 200/mL and the HIV-1 RNA level was over 60,000 copies/mL, 97.9% de-
velop AIDS in 6 years [20]. Viral load and CD4 cell counts from several stud-
ies have been used to generate guidelines for the U.S. Department of Health and
Human Services and the International AIDS Society (IAS)-USA [21,22] for when
to initiate ARVT (Table 19.1). It is extremely useful to review this information

Table 19.1. Risk of Progression to AIDS-Defining Illness in a Cohort of Homosexual Men
Predicted by Baseline CD4+ T-Cell Count and Viral Load

% AIDS

Plasma Viral Load (Copies/mL)a (AIDS-Defining Complication)b

bDNA RT-PCR n 3 Years 6 Years 9 Years

CD4 Count ≤ 200
≤500 ≤1,500 0c — — —
501–3,000 1,501–7,000 3c — — —
3,001–10,000 7,001–20,000 7 14.3 28.6 64.3
10,001–30,000 20,001–55,000 20 50.0 75.0 90.0
>30,000 >55,000 70 85.5 97.9 100.0

CD4 Count 201–350d

≤500 ≤1,500 3c — — —
501–3,000 1,501–7,000 27 0 20.0 32.2
3,001–10,000 7,001–20,000 44 6.9 44.4 66.2
10,001–30,000 20,001–55,000 53 36.4 72.2 84.5
>30,000 >55,000 104 64.4 89.3 92.9

CD4 Count >350
≤500 ≤1,500 119 1.7 5.5 12.7
501–3,000 1,501–7,000 227 2.2 16.4 30.0
3,001–10,000 7,001–20,000 342 6.8 30.1 53.5
10,001–30,000 20,001–55,000 323 14.8 51.2 73.5
>30,000 >55,000 262 39.6 71.8 85.0

RT-PCR, reverse transcriptase polymerase chain reaction.
aMACS numbers reflect plasma HIV RNA values obtained by version 2.0 bDNA testing. RT-PCR values
are consistently 2- to 2.5-fold higher than first-generation bDNA values, as indicated. It should be noted
that the current generation bDNA assay (3.0) gives similar HIV-1 RNA values as RT-PCR except at the
lower end of the linear range (<1,500 copies/mL).
bIn this study AIDS was defined according to the 1987 CDC definition and does not include asymptomatic
individuals with CD4+ T-cell counts of <200 mm3.
cToo few subjects were in the category to provide a reliable estimate of AIDS risk.
dA recent evaluation of data from the MACS cohort by of 231 individuals with CD4+ T-cell counts of >200
and <350 cells/mm3 demonstrated that of 40 (17%) individuals with plasma HIV RNA <10,000 copies/mL,
none progressed to AIDS by 3 years (Alvaro Muñoz, personal communication). Of 28 individuals (29%)
with plasma viremia of 10,000–20,000 copies/mL, 4% and 11% progressed to AIDS at 2 and 3 years,
respectively. Plasma HIV RNA was calculated as RT-PCR values from measured bDNA values.
Data are from the Multi-Center AIDS Cohort Study (MACS) as reported by Alvaro Muñoz, Ph.D. (personal
communication.) Reprinted from the Report of the NIH panel to define principles of therapy of HIV
infection and guidelines for the use of antiretroviral agents in HIV-infected adults and adolescents. MMWR
1998; with permission.
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with patients when discussing the rationale and indications for antiretroviral
treatment.

D. Effect of HAART on viral load and CD4 cell count. HAART is a combination
drug regimen that reduces plasma HIV RNA viral load to an undetectable level
(<50 copies/mL) in treatment-naive patients. This leads to biphasic increases in
CD4 cell counts [23] with associated clinical benefits, delayed disease progression,
and decreased morbidity and mortality from HIV infection. The initial response is
an increase in memory CD4+ cells that may reflect release of trapped memory cells
from lymphoid tissues. The second phase, usually seen after 6 months, is made up
of new naive CD4+ cells [23]. Plasma HIV-1 RNA viral load and CD4 cell counts
are used to decide when to begin therapy, to monitor the efficacy of therapy, and as
end points in clinical trials.

IV. Historical milestones in ARVT. In 1987 in placebo-controlled trials, zidovudine
(or azidothymidine, or AZT) was shown to improve survival and decrease disease
progression to AIDS [24]. In less advanced HIV, AZT decreased disease progression,
but there was no survival advantage [25]. In clinical trials of dual NRTI therapy versus
AZT alone, combination therapy provided improved and more durable clinical and
survival benefits. In 1997, combination therapy with a PI and two NRTIs was shown
to be superior to dual NRTI therapy [26]. More recently, two NRTIs with one NNRTI
have been compared with regimens containing a PI and two NRTIs [27]. Results from
all of these trials indicate that resistance to antiretroviral agents eventually leads to
therapeutic failure. The most effective way to avoid the emergence of antiretroviral
resistant HIV-1 is to achieve maximum suppression of HIV replication.

V. Pharmacology of individual antiretroviral agents. Currently available an-
tiretroviral agents can be grouped according to the site and mode of action as NRTIs,
nucleotide reverse transcriptase inhibitors, NNRTIs, and PIs.
A. Nucleoside reverse transcriptase inhibitors. The available NRTIs are listed

in Table 19.2.
1. Description. NRTIs are synthetic nucleoside analogue prodrugs. AZT and

stavudine (d4T), for example, are analogues of thymidine. NRTIs must be phos-
phorylated to the active 5′-triphosphate form by intracellular enzymes (kinases,
nucleotidases). Certain NRTIs (AZT, d4T) are primarily active against prolifer-
ating HIV-infected cells [28]. Others, such as didanosine (2′,3′-dideoxyinosine,
or ddI) and zalcitabine (dideoxycytidine, or ddC), are active even in HIV-infected
resting cells. This is dependent on the growth phase during which the cellular
kinases that metabolize NRTIs to the 5′-triphosphate form are most active [29].

2. Mechanism of action. NRTIs competitively bind to HIV-RT in place of the
natural nucleotide. They lack the 3′-hydroxyl group on the ribose sugar needed
for the 5′–3′ linkages essential for DNA synthesis and thus cause chain termi-
nation [30]. High intracellular levels of AZT monophosphate may impair HIV-1
RNAse H activity [31].

3. NRTI class-related toxicity. Lactic acidosis/hepatic steatosis is a rare,
frequently fatal complication associated with the use of AZT, ddI, d4T as
monotherapy and combinations of AZT/ddC or 3TC with other NRTIs [32]. It is
seen more commonly in obese women, typically after several months of therapy.

Table 19.2. Nucleoside Reverse Transcriptase
Inhibitors

Zidovudine (AZT, ZDV, Retrovir)
Didanosine (ddI, Videx)
Zalcitabine (ddC, HIVID)
Stavudine (d4T, Zerit)
Lamivudine (3TC, Epivir)
Abacavir (ABC, Ziagen)
Combivir (AZT+3TC)
Trizivir (AZT+3TC+Abacavir)
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Symptoms include nausea, vomiting, early satiety, abdominal bloating and pain,
malaise, fatigue, dyspnea, occasionally fever, and right upper quadrant pain.
Laboratory tests show anion gap acidosis, decreased bicarbonate, elevated lac-
tic acid, and mild to moderate elevations of transaminases. Ultrasonography or
abdominal computed tomography (CT) shows hepatomegaly and hepatic steato-
sis. Histopathology shows microvesicular, macrovesicular, or mixed steatosis,
and electron microscopy (EM) shows abnormal mitochondria. NRTIs inhibit (to
different degrees) mitochondrial DNA polymerase gamma, which is responsible
for mitochondrial DNA synthesis [33]. Mitochondrial dysfunction leads to in-
creased lactic acid production and acidosis [34]. Asymptomatic lactic acidemia
(or lactemia), an increase in venous lactate levels in the absence of abnormal
arterial pH, also has been described [35,36]. Coexistent riboflavin deficiency
also may play a role. The incidence of lactemia increases over time in patients
treated with NRTIs [37]. Whether this leads to lactic acidosis/hepatic steatosis
is not certain. Fatal cases have occurred in pregnant patients taking ddI and
d4T. This combination should therefore be avoided. Treatment with AZT
(or other NRTIs) should be discontinued. There is no known effective therapy.
Anecdotal reports suggest riboflavin 50 mg orally daily, or L-carnitine alone or
in combinations with complex vitamin B may be effective [38,39] because some
patients have riboflavin deficiency. The use of mechanical ventilation, thiamine
supplements, and bicarbonate infusions have not been effective. Currently there
are no recommendations to screen for this entity (by measuring lactate levels)
in NRTI-treated patients. Lactic acidosis/hepatic steatosis should be sus-
pected in any patient taking NRTIs with an unexplained decrease in serum
bicarbonate level, increased anion gap, or elevated hepatic transaminases, par-
ticularly if associated with fatigue, nausea, abdominal pain, or bloating. Dys-
pnea without other pulmonary findings on physical examination and chest ra-
diography is a late manifestation, consistent with respiratory compensation for
metabolic acidosis.

4. Zidovudine
a. Formulations: 300-mg tablets, 100-mg capsules, syrup 10-mg/mL, and in-

travenous (i.v.) infusion 10 mg/mL.
b. Dosage

(1) Adults may be given 300 mg orally twice daily or 200 mg three times
daily, taken without regard to meals.

(2) Children over age 12 may be given the adult dosage; or 180 mg/m2 of
body surface area (BSA) per dose three times daily (which approximates
the adult dosage). For children under age 13, 160 mg/m2 BSA/dose is
given three times daily [40].

(3) Newborns are given 2 mg/kg/dose orally every 6 hours for 6 weeks as
part of a tripartite regimen to prevent vertical transmission of HIV (see
section VIII.C.1–3). The suggested dose for premature newborns (28–33
weeks’ gestation) is 1.5 mg/kg/dose orally or i.v. every 12 hours for the first
2 weeks of life, then 2 mg/kg/dose orally or i.v. every 8 hours for the next
8 weeks [40,41].

c. In vitro activity. AZT is active against HIV-1 and HIV-2. In vitro, AZT is
active predominantly against HIV-infected proliferating cells [28].

d. Pharmacology [42]
(1) Absorption. Bioavailability is 65% to 70%. Protein binding ranges from

18% to 38%.
(2) Half-life in plasma is l hour. Active 5′-triphosphate has an intracellular

half-life of 3 to 4 hours, allowing twice-daily dosing. Plasma and intra-
cellular 5′-triphosphate levels do not correlate [43].

(3) Tissue distribution. AZT is widely distributed to most tissues and flu-
ids [42], including breast milk and semen. AZT crosses the placenta.

(4) Cerebrospinal fluid (CSF). AZT crosses into CSF, yielding 60% of
serum levels (CSF:plasma ratio = 0.3:1 to 1.35:1) [44].

(5) Metabolism and elimination. Liver conjugates to an inactive glu-
curonide, which is rapidly excreted in the urine; less than 20% is found
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unchanged in the urine. Renal clearance is greater than creatinine clear-
ance, indicating both glomerular filtration and tubular secretion.

(6) Dose modifications. In hepatic disease, clearance of AZT is reduced
by 70% in patients with cirrhosis [45], resulting in two- to threefold in-
creases in peak plasma levels and half-life. In the setting of severe hep-
atic dysfunction, a reduced dose of 100 mg orally every 8 hours seems
appropriate [42]. In renal disease, the half-lives of AZT and its glu-
curonide increase. Dose adjustments [46] should be instituted as follows:
in the setting of glomerular filtration rate (GFR) of more than 10 mL/min,
no change; GFR of less than than 10 mL/min, 100 mg orally every 8 hours.
For patients on hemodialysis, the dose should be the same as that in the
setting of GFR of less than 10 mL/min. For patients on continuous am-
bulatory peritoneal dialysis (CAPD), the dose should be the same as that
in the setting of GFR of less than 10 mL/min. Patients with continuous
arterial venous diafiltration (CAVH) should be given 100 mg orally every
8 hours.

(7) Drug interactions. Myelosuppressive drugs (e.g., ganciclovir) may in-
crease marrow toxicity, particularly granulocytopenia [47]. Other drugs
to be used with caution include trimethoprim-sulfamethoxazole, sulfa-
diazine, pyrimethamine, dapsone, flucytosine, adriamycin, vinblastine,
vincristine, hydroxyurea, interferon, and amphotericin B. Contrary to
findings in early studies, acetaminophen has no effect on the metabolism
of AZT [42]. These drugs can be given concomitantly. There is antagonism
(competition for phosphorylation to the active moiety) between AZT and
d4T [48,49]. These drugs should not be used together. Ribavirin inhibits
phosphorylation of AZT. AZT plus ddI, ddC, α-interferon, or foscarnet are
synergistic against HIV-1. Probenecid increases AZT serum levels and
half-life by inhibiting renal secretion and hepatic glucuronidation.

e. Pregnancy category C
f. Adverse effects

(1) Subjective adverse effects. Headache, gastrointestinal (GI) upset, al-
tered taste, insomnia, fatigue, myalgia, and malaise occur early and
usually subside with continued therapy. The currently used dosage of
600 mg/day of AZT is better tolerated and less toxic than the initial reg-
imens (1,200–1,500 mg/day).

(2) Hematologic toxicity is related to the dose and duration, degree of
marrow reserve, and stage of disease. The mechanism is likely mul-
tifactorial and may be related to inhibition of DNA synthesis both in
marrow progenitor cells and in mitochondria [29,42]. Anemia may oc-
cur within 4 weeks, but the greatest risk is in months 3 through 8.
Two percent of asymptomatic HIV-infected patients taking 600 mg/day
[50] and up to 29% of AIDS patients taking 600 to 1,500 mg/day de-
velop anemia (Retrovir package insert). Anemia usually resolves sev-
eral weeks after discontinuation of AZT. Macrocytosis occurs in over
90% of AZT recipients but does not correlate with development of ane-
mia and is not associated with abnormal vitamin B12 or folate levels.
Marrow may be normal or show hypoplasia or aplasia if severe ane-
mia is present [51]. Pure red cell aplasia also has been described [52].
Neutropenia occurs in 8% of asymptomatic patients with HIV infec-
tion versus 37% of patients with AIDS. Thrombocytopenia rarely oc-
curs [51]. AZT is the preferred treatment for HIV-1–associated throm-
bocytopenia. The effect is dose related; 2.5- and 4.9-fold increases
in platelets over baseline with 600 and 1,200 mg/day, respectively
[42]. If severe anemia (hemoglobin <8.0 g/dL) or neutropenia develops
(<750 cells/mm3), the clinician should switch to another agent rather
than using colony-stimulating factors or transfusions.

(3) Myopathy is uncommon. Long-term (>6 months) high-dose (>1,200
mg/day) therapy with AZT has been associated with symptomatic myopa-
thy in 6% to 18% of patients [42,53–55]. Manifestations include myalgia
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and diffuse symmetrical weakness of hip or shoulder girdle muscles,
resulting in difficulty climbing stairs or arising from a squatting posi-
tion or a chair. Serum creatinine kinase (CK) is usually elevated. Elec-
tromyography shows fibrillation potentials, positive sharp waves, and
complex repetitive discharges. Histology shows mitochondrial abnormal-
ities on Gomori trichrome staining (ragged red fibers) and EM, as well
as inflammatory infiltrates of the endomysium consisting of CD8+ lym-
phocytes and macrophages [53]. Discontinuation of AZT leads to gradual
resolution of weakness over 6 to 8 weeks in 70% to 100% of patients [42].
Myalgia and serum CK improve more quickly. Patients not responding to
discontinuation of AZT respond to steroid treatment [53]. AZT myopathy
has become rare with the 600 mg/day dosage.

(4) Hepatitis. Reversible liver function abnormalities occasionally occur
within 2 to 4 weeks.

(5) Hepatic steatosis/lactic acidosis. See pharmacology of NRTIs in
section V.A.3 above.

(6) Dermatologic. AZT causes hyperpigmentation of skin and nails.
Melanonychia occurs in 40%. The incidence in blacks is 81% versus white,
20%, and Hispanic, 31% [42].

(7) Children. AZT is generally well tolerated in children, with its major
toxicities similar to those in adults: commonly macrocytic anemia and
neutropenia, rarely myopathy, and very rarely lactic acidosis. Cardiomy-
opathy has occurred in children on AZT but it is more likely due to the
effects of HIV itself [56–58].

5. Didanosine (Videx, Videx EC) is a purine nucleoside analogue of inosine. It
is triphosphorylated by host kinases intracellularly to the active moiety 2′,3′-
dideoxyadenosine 5′-triphosphate (ddATP). Unlike AZT, ddI is more active in
resting cells [59].
a. Formulations. Chewable/dispersible tablets containing buffers are avail-

able in 25, 50, 100, 150, and 200 mg; buffered powder packets in 100, 167, and
250 mg; pediatric powder for solution (reconstituted with sterile water and
antacid buffers) 10 mg/mL; enteric coated capsules (Videx EC, without buffer)
in 125, 200, 250, and 400 mg. Advantages compared with buffered tablets
are lack of buffer-related side effects and drug interactions, as well as better
palatability.

b. Dosage
(1) Adults

(a) For adults weighing at least 60 kg, either 200 mg (buffered tablets)
orally twice daily or 250 mg (buffered powder) orally twice daily is
preferred. An alternative is 400 mg (buffered tablets) orally daily.

(b) For adults weighing no more than 60 kg, either 125 mg (buffered tab-
lets) orally twice daily or 167 mg (buffered powder) orally twice daily
is preferred. An alternative is 250 mg (buffered powder) orally daily.

(c) Videx EC has the following advantages relative to buffered tab-
lets/powder: lack of buffer-related side effects and drug interactions,
and better convenience and palatability. For adults weighing at least
60 kg, 400 mg orally daily is preferred. For adults weighing no more
than 60 kg, 250 mg orally daily is preferred.

(d) All buffered forms are to be taken half an hour before or 2 hours after
a meal.

(2) Children. Children over 13 years of age may use the adult dose of ddI
formulations. Children under 13 years of age should be given 90 mg/m2

BSA/dose orally every 12 hours of either the buffered tablets, powder,
or pediatric solution (dose range 90–150 mg/m2 BSA/dose orally every
12 hours). When using tablets, at least two should be given to ensure
adequate buffering (e.g., two 50-mg tablets are preferred to one 100-mg
tablet when delivering a 100-mg dose) [40].

c. In vitro activity. ddI inhibits HIV-1(including AZT-resistant strains) [30]. It
is also active against HIV-2.
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d. Pharmacology.
(1) Rapidly absorbed bioavailability varies widely depending on formu-

lation of ddI, gastric pH, and presence of food (mean bioavailability
30%); ddI is very acid labile; therefore, oral formulations contain buffer-
ing agents (except Videx EC). The chewable tablet is 20% to 25% more
bioavailable than powder. Food reduces absorption by 50% or more [60]
(presumably by gastric acidity). It should be taken on an empty stomach
1 hour before or 2 hours after a meal.

(2) Half-life. The active triphosphate (ddATP) has an intracellular half-life
of 8 to 24 hours [61].

(3) Tissue distribution. Less than 5% protein bound, ddI crosses the pla-
centa and undergoes placental metabolism with only 15% to 50% of the
drug reaching the fetal circulation (significantly lower than AZT). ddI
penetration into the CNS is also lower than AZT. CSF levels are 20%
of serum levels after an i.v. dose [61] (CSF:plasma ratios are 0.16:1 to
0.19:1).

(4) Metabolism and elimination. ddI is metabolized to hypoxanthine
(major metabolite) and uric acid. Thirty percent to 50% of an admin-
istered dose is excreted unchanged by glomerular filtration and tubular
secretion [61]. Approximately 20% of a dose is cleared by 4 to 6 hours of
hemodialysis.

(5) Dose modification. In renal disease the half-life increases (Table 19.3).
e. Drug interactions: Concurrent use of ddC and ddI is contraindicated.

Drugs that increase risk of pancreatitis (d4T, hydroxyurea, ethyl alcohol
[EtOH], pentamidine, azathioprine) or that cause peripheral neuropathy,
(isoniazid [INH], ethambutol, ethionamide, chloramphenicol, thalidomide,
metronidazole, nitrofurantoin, vincristine, cisplatin, gold, phenytoin [62]),
should be used with caution or avoided. Ganciclovir and valganciclovir in-
crease plasma ddI concentrations (57.7% with i.v. ganciclovir). Patients
should be monitored for risk of ddI toxicity [63]. If the buffered formulations
of ddI are used, drugs requiring gastric acidity for optimal absorption (itra-
conazole, ketoconazole, dapsone, indinavir [IDV], ritonavir [RTV], delavir-
dine [DLV]) should be given 1 to 2 hours before or after ddI. The divalent
cations in the buffer chelate quinolones and tetracyclines [64].

f. Pregnancy category B
g. Adverse effects

(1) Pancreatitis can occur 3 to 5 months after starting ddI. The mech-
anism is unknown. It is sometimes fatal and is dose related (25% of
patients receiving 10–12 mg/kg/day [65] vs. <10% with current doses
[66]). Perhaps discontinuation of therapy with asymptomatic hyperamy-
lasemia accounts for the low incidence of pancreatitis in some studies
[66,67]. Risk is higher with a history of pancreatitis or alcohol abuse, or
in the presence of hypertriglyceridemia, AIDS, or obesity, or with the con-
comitant use of d4T, hydroxyurea, and pentamidine [65,68]. It presents
with the typical signs and symptoms. DdI should be discontinued and

Table 19.3. Dosea (in mg) Adjustments of ddI per GFR, Weight, and Formulation

GFR (mL/min) >60 >59 >59 30–59 30–59 10–29 10–29 <10 <10
kg Any >60 <60 >60 <60 >60 <60 >60 <60
Buffered tablet Usual dose 200 150 150 100 100∗ 75
Videx EC 400 250 200 125 125 125 125 b

GFR, glomerular filtration rate.
aAn extra dose should be given postdialysis. In the setting of continuous ambulatory peritoneal dialysis or
continuous arterial venous diafiltration, the dose given should be the same as when GFR is <10 mL/min.
In the setting of hepatic disease, the need for a change in dose is unknown. The patient should be monitored
for evidence of ddI toxicity.
bAn alternative formulation should be used.
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pancreatitis usually resolves. Recurrence can occur in patients rechal-
lenged [69]. Routine monitoring of enzymes during therapy is not recom-
mended. Asymptomatic elevations of amylase and lipase (up to two times
the upper limit of normal [ULN]) are common in HIV-infected patients
[70]. In one study 39% of ddI patients developed asymptomatic increases
in pancreatic enzymes, yet none developed pancreatitis during a mean
follow-up of 8 months [65].

(2) Peripheral neuropathy. DdI can cause distal symmetric polyneuropa-
thy. The incidence (5%–15%) varies by dose and duration of therapy, by
the prevalence of underlying HIV-associated distal symmetric sensory
neuropathy, by the presence of AIDS, and according to different criteria
used to define neuropathy in various studies [71–73]. With the currently
used dose, neuropathy is uncommon, the incidence being similar to that
among patients treated with AZT (600 mg/day) [66,73]. It usually occurs
after 2 to 7 months of treatment [69], with numbness, tingling, burning,
or aching pain over the soles of the feet [69,72]. Over time, lancinating
pain of the lower extremities follows, and if ddI is continued, the hands
and upper extremities become involved. Initially pain occurs only when
ambulating, but eventually becomes continuous. In more advanced cases,
pain can interfere with sleep and routine daily activities [69]. Initially, ex-
amination and nerve conduction studies are usually unremarkable, but
eventually sensory loss appears (vibratory sense, pinprick, and temper-
ature) in a stocking-glove distribution, Achilles reflex is decreased, and
nerve conduction studies show an axonal neuropathy. In severe cases
mild weakness may be found. Symptoms gradually resolve or substan-
tially improve in most patients 4 to 8 weeks after stopping ddI. In some
patients, symptoms worsen for up to 6 weeks (coasting) and then grad-
ually improve. Patients with AIDS or severe neuropathy may not fully
recover. Patients with AIDS or HIV neuropathy (or other causes of neu-
ropathy) or those taking ddI with d4T or taking d4T and hydroxyurea are
at higher risk of developing ddI-associated neuropathy [74]. It has been
suggested, but not proven, that ddI (and d4T and ddC) cause neuropa-
thy by inhibiting mitochondrial DNA synthesis [33,75,76]. Treatment
is helped by early recognition, and discontinuation of ddI is most impor-
tant because this gives a better chance of full recovery. Physicians should
make patients aware of the coasting phenomenon [72,77] noted above.
Although some patients tolerate rechallenge with a lower dose of ddI, the
use of subinhibitory doses of antiretroviral agents cannot be advocated.
No specific therapy exists.

(3) Hepatitis. Asymptomatic elevations of liver function test (LFT) results
(more than five times normal) may occur in up to 9% of patients [66].
Fulminant hepatitis occurs rarely [78].

(4) Lactic acidosis/hepatic steatosis. ddI can cause lactic acidosis/
hepatic steatosis (see section V.A.3).

(5) Miscellaneous effects. Because GI upset and diarrhea are relatively
common with the powdered form, Videx EC is preferred. Hyperuricemia
is rare with the current dose [66]. Sodium and magnesium in the powder
and buffered tablets may be a concern in patients with decreased renal
function or on low-sodium diets.

(6) Children. Pancreatitis, although reported, is less commonly observed in
children than in adults, although it tends to occur in children with other
risk factors, including previous pancreatitis or use of other medications
such as d4T or pentamidine. Peripheral sensory neuropathy may occur as
in adults. Children given ddI develop asymptomatic peripheral retinal
depigmentation, which appears to reverse with discontinuation of the
agent. It occurs in fewer than 5% of courses [40]. Lactic acidosis occurs
rarely as in adults.

6. Zalcitabine (HIVID) is a dideoxynucleoside analogue of cytidine. It requires
triphosphorylation by cellular kinases to convert to the active 5′-triphosphate.
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This takes place most efficiently in resting cells (in contrast to AZT) (DdC pack-
age insert).
a. Formulations : 0.375- and 0.75-mg tablets
b. Dosage

(1) Adults. Adults weighing at least 30 kg should receive 0.75 mg orally
three times daily; those under 30 kg should receive 0.375 mg orally three
times daily.

(2) Children. Children at least 13 years of age may be given the adult
dosage; those under 13 should be given 0.01 mg/kg/dose orally every
8 hours [40].

c. In vitro activity: HIV-1 (including AZT-resistant strains), HIV-2, hepatitis
B [79]

d. Pharmacology [79a]
(1) Absorption. ddC is 70% to 90% bioavailable. Administration with food

decreases the rate and extent of absorption. However, the clinical rele-
vance of this is not known.

(2) Half-life. The plasma elimination half-life is 1 to 3 hours [79a].
(3) Tissue distribution. ddC is not highly protein bound. CSF concentra-

tion is 20% of plasma i.v. levels (less than that of AZT) (CSF:plasma ratio
is 0.14:1 to 0.20:1) [79a]. ddC diffuses across the placenta (50%).

(4) Metabolism and elimination. ddC does not undergo hepatic meta-
bolism. Sixty-two percent of an oral dose is excreted both by filtration
and secretion unchanged in urine. Dideoxyuridine is the major metabo-
lite. It is not known whether ddC is dialyzed by any method. Dosage
modifications for renal disease are as follows: patients with a GFR of
10 to 40 mL/min should receive 0.75 mg orally every 12 hours; those
with a GFR of less than 10 mL/min should receive 0.75 mg orally every
24 hours.

(5) Drug interactions. ddC should not be coadministered with ddI or d4T
because of increased risk for neurotoxicity. Other drugs that cause neu-
ropathy (see discussion of ddI, section V.5) should be administered with
caution.

e. Pregnancy category C
f. Adverse effects

(1) Peripheral neuropathy occurs in 5% to 18% of patients and is dose re-
lated [80–83]. Neuropathy due to ddC is more common than that related
to ddI [81,83] (see discussion of ddI, section V.5, for features). Patients
with AIDS, diabetes mellitus, EtOH abuse, low baseline vitamin B12 lev-
els, and a history of peripheral neuropathy are at higher risk for devel-
oping neurotoxicity [84,85]. ddC should be discontinued when symptoms
occur. Although some patients can tolerate rechallenge with a lower dose,
the use of subinhibitory doses of ddC cannot be recommended.

(2) Oral and esophageal ulcers. Stomatitis (ulcers of the buccal mucosa,
pharynx, tongue, and soft palate) occurs in 2.6% to 8% of patients [82,83].
Esophageal ulcerations also occur [86].

(3) Rash. Transient erythematous maculopapular rash on the extremities
and trunk, associated with fever, malaise, and stomatitis, may occur,
usually during the first 30 days of therapy [79a]. In a phase I trial, 70%
developed rash [79a], although in larger trials, the incidence of rash was
not noted [82,83].

(4) Pancreatitis occurred in 0.5% to 3% of patients in large trials [81–83]
but less frequently than with ddI and ddC (0.5% vs. 1%–2%) [81,83].

(5) Lactic acidosis. Hepatic steatosis has been described with ddC (see
discussion of AZT, section V.4, for details).

(6) Hepatitis. Elevations of LFT results were reported in 6% of patients on
ddC monotherapy [82] and in 7.1% of subjects receiving AZT and ddC
[83].

(7) Children. Peripheral neuropathy, stomatitis, and lactic acidosis occur
as in adults.
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7. Stavudine (Zerit) is a nucleoside analogue of thymidine.
a. Formulations: 15-, 20-, 30-, and 40-mg capsules and 1 mg/mL oral solution.
b. Dosage

(1) Adults. Adults weighing at least 60 kg should receive 40 mg orally twice
daily; those weighing less than 60 kg should receive 30 mg orally twice
daily. It may be taken without regard to meals.

(2) Children. Children at least 13 years of age or weighing over 30 kg may
be given the adult weight-based dosage; those under 13 should be given
1 mg/kg/dose orally twice daily [40]. Use of either the oral solution or
opening the capsules and sprinkling the medication onto a spoonful of
food facilitates administration of medication to children.

c. In vitro activity. d4T is active against HIV-1 and HIV-2, especially in pro-
liferating cells [29].

d. Pharmacology [87]
(1) Absorption. Bioavailability is 70%. It is not protein bound.
(2) Half-life. The intracellular half-life of the triphosphate form is 3.5 hours,

similar to that of AZT [88]. The 3.5-hour half-life allows twice-daily
dosing.

(3) Tissue distribution. CSF levels are 30% to 55% of those found in
plasma (similar to those for AZT). d4T crosses the placenta by simple
diffusion, with tissue levels lower than those achieved with AZT (ap-
proximately 75%). This is consistent with d4T being less lipophilic than
AZT [29].

(4) Metabolism and elimination. d4T is excreted by renal and nonrenal
routes. Forty percent of a dose is excreted, unchanged in urine by both
glomerular filtration and tubular secretion. The remaining portion is
metabolized to thymine, which may then be used in pyrimidine-based
salvage pathways [89].

(5) Dose modifications. Dose adjustment for renal failure is necessary
(Table 19.4).

(6) Hemodialysis. Patients weighing at least 60 kg should receive 20 mg
orally every 24 hours; those weighing less than 60 kg should be given
15 mg orally every 24 hours. The dose should be given after dialysis and
at the same time on nondialysis days.

(7) Drug interactions. d4T should not be used with AZT [79a,88] (see dis-
cussion of AZT, section V.4) or ddC. Drugs that cause peripheral neuropa-
thy should be used with caution or avoided when possible and include vin-
cristine, nitrofurantoin, ethambutol, INH, ethionamide, gold, phenytoin,
thalidomide, dapsone, chloramphenicol, cisplatinum, ethanol, colchicine,
and metronidazole. The risk for peripheral neuropathy is higher when
d4T is used in combination with ddI, and with ddI plus hydroxyurea.

Table 19.4. Adjustment of Stavudine (Zerit) in Patients with Varying Degrees
of Renal Function

Recommended Stavudine Dose
by Patient Weight

Creatinine Clearance (mL/min) >60 kg <60 kg

>50 40 mg q12h 30 mg q12h
26–50 20 mg q12h 15 mg q12h
10–25 20 mg q24h 15 mg q24h

q12h, every 12 hours.
There are insufficient data to recommend a dose for patients with a creatinine clearance of
<10 mL/min or for patients undergoing dialysis.
Reprinted from Physicians’ Desk Reference, 50th ed. Montvale, NJ: Medical Economics Data,
1996:732; with permission.
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Patients should be monitored closely for signs and symptoms of neuro-
toxicity. Ribavirin in vitro interferes with the phosphorylation of d4T
[49]. The clinical relevance of this is not known.

e. Pregnancy category C
f. Adverse effects

(1) Peripheral neuropathy. The incidence is similar to that seen with ddI
and ddC. The risk is dose related. One-year incidence rates were 6%
and 37% for dosages of 0.l and 2.0 mg/kg/day, respectively [90]. With the
currently recommended dosing (1 mg/kg/day), neuropathy develops in
12% of patients [91]. As with ddI and ddC, neurotoxicity occurs more
commonly in patients with AIDS (25% 1-year rate vs. 10% among HIV-
infected asymptomatic patients) [91]. Upon discontinuation, neuropathy
completely resolved within 4 to 57 days (median 17 days) in 63% [91].
The risk is significantly increased when d4T is given in combination with
ddI or with ddI plus hydroxyurea [74].

(2) Hepatic steatosis/lactic acidosis occurs in those receiving d4T (see
section V.A.3). Asymptomatic elevations of liver enzymes (greater than
five times the ULN) occurred in 12/100 person-years versus 10/100
person-years with AZT [91].

(3) Pancreatitis. There is no clear association between d4T use and an
increased risk for pancreatitis [91].

(4) Children. d4T is generally well tolerated by children, with similar rates
of toxicity as observed in adults. However, peripheral neuropathy is un-
common, and lactic acidosis is rare [40].

8. Lamivudine (Epivir) is a pyrimidine nucleoside analogue of cytosine. It must
be triphosphorylated to the active moiety (3TC-triphosphate).
a. Formulations include 150-mg tablets and 10 mg/mL oral solution. In com-

bination with AZT it is available as Combivir (150 mg 3TC and 300 mg
AZT). In combination with AZT and abacavir (ABC) it is available as Trizivir
(150 mg 3TC + 300 mg AZT + 300 mg ABC).

b. Dosage
(1) Adults. Adults should be given 150 mg every 12 hours. As Combivir,

adults should receive one tablet orally twice daily; As Trizivir, they
should receive one tablet orally twice daily (administered without re-
gard to food).

(2) Children. Children at least 13 years of age may be given the adult
dosage; those under 13 should be given 4 mg/kg/dose orally twice daily
up to a maximum of 150 mg orally twice daily; those under 1 month of
age should be given 2 mg/kg/dose orally twice daily. For children and
adolescents one may use Combivir or Trizivir tablets or half-tablets to
approximate weight-based doses.

c. In vitro activity. 3TC is active against HIV-1 (including AZT-resistant
strains) and HIV-2 in acutely infected cells [92]. It is also active against
hepatitis B virus.

d. Pharmacology [93]
(1) Absorption. Bioavailability is 82%. It can be taken without regard to

meals.
(2) Half-life. The intracellular half-life of the active moiety is 10.5 to

15.5 hours.
(3) Tissue distribution. Protein binding varies from 20% to 30%. CSF pen-

etration is 4% to 8% of serum concentration (CSF:plasma ratio of 0.06:1).
These levels exceed the 50% inhibitory concentration (IC50) of HIV-1 and
are clinically relevant. 3TC diffuses freely across the placenta and is se-
creted into breast milk [93].

(4) Metabolism and elimination. Approximately 70% of an oral dose is
eliminated via renal mechanisms as unchanged drug. About 5% is me-
tabolized to an inactive trans-sulfoxide metabolite.

(5) Dose modification. 3TC doses need adjustment in renal insufficiency
(Table 19.5). Patients undergoing hemodialysis should receive 25 to
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Table 19.5. Adjustment of Lamivudine (Epivir) in Patients
with Varying Degrees of Renal Function

Creatinine Clearance (mL/min) Dosage of Lamivudine

≥50 150 mg twice daily
30–49 150 mg/day
15–29 150 mg first dose, then 100 mg/day
5–14 150 mg first dose, then 50 mg/day
<5 50 mg first dose, then 25 mg/day

There are insufficient data to recommend a dosage of lamivudine in patients un-
dergoing hemodialysis.
From Epivir (Lamivudine). Package insert, November 1995.

50 mg orally daily and should receive a supplemental dose after dial-
ysis. For patients on CAPD, the dose should be the same as that in
the setting of GFR of 5–14 mL/min. For patients with CAVH, the dose
should be the same as that in the setting of GFR of 15–29 mL/min.
In the presence of hepatic dysfunction, the 3TC dose is unaltered (see
Table 19.5).

(6) Drug interactions. Clinically relevant adverse drug interactions have
not been reported.

e. Pregnancy category C
f. Adverse effects

(1) Adults. 3TC is well tolerated. No dose-related toxicities occurred in large
phase I/II studies [94,95]. The most common complaints were headache,
fatigue, GI upset, and insomnia. These were mild and transitory. In a
trial of AZT versus 3TC plus AZT there was no additional toxicity versus
AZT alone, and the adverse effects in both arms were felt to be secondary
to AZT [96,97].

(2) Children. 3TC is very well tolerated. Uncommonly, pancreatitis, periph-
eral neuropathy, or lactic acidosis occurs. The rare precipitous decrease
in hemoglobin following institution of combined AZT/3TC therapy re-
ported in adults [98] has been seen by us in one older adolescent and one
newborn of a mother receiving AZT/3TC [99].

9. Abacavir (Ziagen) is a 2′-deoxynucleoside analogue of guanosine that is
triphosphorylated by a unique set of enzymes to the active, carboxylic guanosine
triphosphate.
a. Formulations include 300-mg tablets and 20 mg/mL oral suspension. In

combination with AZT and 3TC it is available as Trizivir (300 mg AZT + 150
mg 3TC + 300 mg ABC).

b. Dosage
(1) Adults. Adults should be given 300 mg orally twice daily. As Trizivir,

they should be given one tablet orally twice daily, which may be taken
without regard to food.

(2) Children. Children at least 13 years of age may be given the adult
dosage; those under 13 should be given 8 mg/kg/dose orally twice daily
up to a maximum of 300 mg orally twice daily.

c. In vitro activity. ABC is active against HIV-1 and HIV-2, including AZT-
resistant strains.

d. Pharmacology [100,101]
(1) Absorption. Bioavailability is 80%. Approximately 50% is protein

bound.
(2) Half-life. The intracellular half-life of the active moiety is 3.3 hours,

which allows dosing every 12 hours.
(3) Tissue distribution. CSF penetration data are scant. In three patients,

ABC 200 mg every 8 hours yielded a CSF level that was 18% of plasma
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level, 1.5 to 2 hours postdose. The mean ABC CSF concentration was
twice the established IC50 against clinical isolates of HIV [102]. Using
different doses of ABC, the average CSF:plasma concentration ratio was
0.42:1 [103]. Animal data suggest that CSF penetration is similar to
that for AZT [100]. In an ex vivo human placental model, ABC crosses
the placenta [104].

(4) Metabolism and elimination. ABC is metabolized to inactive 5′-car-
boxylated and 5′-glucuronide compounds. The major excretion is renal.
Less than 2% is found unchanged in urine [105].

(5) Dose modifications. None for patients with renal insufficiency.
(6) Drug interactions. ETOH can increase ABC levels [105].

e. Pregnancy category C
f. Adverse effects. In placebo-controlled studies the most common adverse

effects have been mild and reversible and include nausea, abdominal pain,
vomiting, headache, fatigue, and malaise [101,103,106]. There was a trend to-
ward increased frequency of nausea and headache at higher doses [101,106].
At 300 mg twice daily, 45% had nausea, 40% headache, and 40% fatigue over
12 weeks. It was not specified if these adverse effects were solely from ABC
[106]. Ten percent of patients on higher doses stopped taking the drug ow-
ing to adverse events (nausea, dizziness, photophobia, and palpitations or
hypersensitivity syndrome) considered secondary to ABC.
(1) Hepatic steatosis/lactic acidosis (see section V.A.3). ABC (relative to

the other NRTIs) is a weak inhibitor of mitochondrial DNA polymerase
gamma [107]. However, hepatic steatosis/lactic acidosis occurs when us-
ing ABC in combination with other NRTIs. Asymptomatic elevations of
LFT results have not been reported [106].

(2) Hypersensitivity reaction. This is a serious and potentially fatal ad-
verse effect reported in 3% of patients [97,106,108]. Onset occurred at
a mean of 11 days (range 1–28 days) [108]. Manifestations initially
include malaise and fever, accompanied by nausea (with or without vom-
iting) and progression with additional dosing. An urticarial or macu-
lopapular or generalized erythematous rash was present at onset or de-
veloped 1 to 3 days after constitutional symptoms began. Rash may be
a dominant sign or an incidental finding. Some may have cough. ABC
hypersensitivity can be difficult to distinguish from a viral respiratory
syndrome [109,110]. Although influenza is less likely to cause GI symp-
toms, it can be difficult to distinguish these entities on clinical grounds
alone [109]. Laboratory value abnormalities may include neutropenia, el-
evated LFT results, and increased creatinine phosphokinase (CPK). No
risk factors have been identified, but there may be a genetic predisposi-
tion with certain HLA types [111,112]. The pathogenesis is not known,
and there is no specific therapy. Upon discontinuation of ABC, symptoms
resolve rapidly (1–2 days). Rechallenge is associated with rapid (within
hours) reoccurrence of more severe symptoms, and deaths have been re-
ported [109,111]. Patients should never be rechallenged with ABC.

(3) Children. Toxicities, similar to those occurring in adults include the
uncommon (3%–5%) hypersensitivity reaction and the rare lactic acidosis
and hepatic steatosis syndromes.

B. Non-nucleoside reverse transcriptase inhibitors are listed in Table 19.6.
1. Mechanism of action [113,114]. NNRTIs are a structurally diverse group

of drugs that do not require intracellular processing (phosphorylation, etc.) to

Table 19.6. Non-nucleoside Reverse Transcriptase
Inhibitors

Nevirapine (NVP, Viramune)
Efavirenz (EFV, Sustiva)
Delavirdine (DLV, Rescriptor)
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exert their activity. Thus, unlike NRTIs, they are active in many different cell
lines (resting and active, T-lymphocytes and macrophages). They bind to a site
on RT distinct from NRTIs, and they are neither DNA chain terminators nor
competitive inhibitors of RT. Nucleotide binding is not altered in the presence of
NNRTIs. NNRTIs probably slow the rate of the chemical reaction catalyzed by
RT [12]. The activity of NNRTIs is highly specific for HIV-1 RT, leaving human
DNA polymerase unaffected.

2. Nevirapine (NVP, Viramune), is a dipyridodiazepinone NNRTI.
a. Formulations include 200-mg tablets and 10 mg/mL syrup.
b. Dosage

(1) Adults. Initial dosage is 200 mg orally daily for 14 days then 200 mg
orally every 12 hours. This decreases the frequency of rash (see section
on adverse effects below) and compensates for autoinduction of hepatic
metabolism. If a rash occurs during days 1 to 14, the second daily dose
should not be added until the rash has resolved. Some clinicians suggest
an even slower dose escalation (100 mg daily for 7 days then increasing
by 100 mg/day for the next 7 days and so forth until the 400 mg daily dose
is reached) and considering giving prednisone 50 mg every other day for
the first 2 weeks. Evaluation in a small group of subjects suggested that
this approach is safe [115].

(2) Children. Plasma clearance of NVP by children is greater than by
adults, especially in children under 9 years of age. Similar to adults,
however, are the increase in clearance of NVP by children of all ages af-
ter the first 2 weeks of use and the apparent decrease in rash if a stepwise
increase in dose is instituted. The majority of pediatric clinical trials used
a dose of 120 to 200 mg/m2 BSA orally once daily (maximum dose 200 mg)
for 14 days, followed by a full dose of 120 to 200 mg/m2 BSA orally every
12 hours if no rash had occurred. It should be noted that the U.S. Food
and Drug Administration (FDA) recently licensed an alternative pedi-
atric regimen of 7 mg/kg orally every 12 hours for children under 8 years
of age and 4 mg/kg for children at least 8 years of age. Again, one be-
gins with once-daily dosing for 14 days and then increases to twice-daily
dosing up to a maximum at any age of 200 mg orally twice daily. The
alternative regimen is designed by pharmacokinetic modeling to achieve
similar plasma concentrations as dosing of 150 mg/m2 BSA orally twice
daily, but results in an abrupt 43% decrease in dose size after the 8th
birthday rather than the more gradual change when BSA-based dosing is
used. Some clinicians (including us) prefer to use the BSA-based dosing
regimens studied in clinical trials [40]. Neonatal dosing is being studied
in clinical trials.

c. In vitro activity. NVP is active only against HIV-1, including NRTI-
and PI-resistant strains. NVP-resistant HIV-1 is frequently resistant to all
NRTIs.

d. Pharmacology
(1) Absorption. Bioavailability is greater than 90% [116] without regard to

meals or buffering agents.
(2) Half-life. Plasma half-life is 25 to 30 hours at steady state [116]; there-

fore, studies of once-daily dosing are under way.
(3) Tissue distribution. NVP is 60% protein bound, nonionized at physio-

logic pH, lipophilic, and widely distributed in human tissues. It crosses
the placenta completely [117] and is secreted in breast milk [118]. CSF
concentrations are 45% of plasma levels [119]. Semen levels are 60% of
plasma levels [120].

(4) Metabolism and elimination. NVP is extensively metabolized to sev-
eral hydroxylated inactive metabolites by hepatic cytochrome P-450 (pri-
marily CYP3A). The metabolites are excreted in urine (<3% of an oral
dose is excreted unchanged). NVP is an inducer of cytochrome P-450 en-
zymes that metabolize many other drugs (see following section on drug
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interactions). NVP dose must be increased after 14 days because of au-
toinduction of NVP’s own hepatic metabolism (see section on dosing)
[116].

(5) Dose modifications. Few data about dosage adjustments for hepatic or
renal disease are available. Standard doses should be used with caution.

(6) Drug interactions. NVP induces the CYP3A4 group isoenzymes of hep-
atic cytochrome P-450, reaching maximum induction 4 weeks after start-
ing therapy. Therefore, certain drugs require dose modification. NVP sub-
stantially lowers levels of methadone and other opiates. This may
precipitate withdrawal beginning on days 4 to 10 of NVP administration
[121]. In one study [121], some patients required a mean dose increase
of 16%. Used in conjunction with IDV or lopinavir (LPV) plus RTV,
NVP lowers levels of both IDV and LPV, requiring a dose increase (see
respective PI section (6)).

(7) Drugs to avoid with NVP. With ketoconazole, NVP levels are de-
creased by more than 60%; with oral contraceptives, ethinyl estradiol lev-
els are decreased by 20% (alternative or additional contraceptive meth-
ods should be used); and with rifampin, NVP levels are decreased by
37%. St. John’s wort (hypericum perforatum) also decreases NVP lev-
els. Drug interactions with lipid lowering agents or anticonvulsants are
unknown.

e. Pregnancy category C
f. Adverse effects

(1) Rash occurs in up to 22% of patients, sometimes leading to discon-
tinuation [122–124]. Onset is usually within the first 4 to 6 weeks.
Risk factors include ETOH use, concomitant hepatitis C infection, and
Chinese ancestry [125]. The rash is erythematous maculopapular in
nature; occasionally pruritus involves the face, trunk, and extremities.
Palms and soles may be spared. It is usually mild and self-limited. Ex-
tensive skin involvement associated with fever, constitutional symptoms,
and occasionally oral ulcers has been described in 4% to 32% of patients
[122]. Stevens-Johnson syndrome with fatalities was reported in less
than 1% to 7.6% of patients [123,126,127]. The mechanism of the rash is
uncertain.
(a) Treatment. Mild rash (no systemic symptoms/signs or mucosal le-

sions) can be treated with antihistamines while patients continue
NVP. Severe rash or signs and symptoms suggestive of Stevens-
Johnson syndrome (confluent, painful, edematous rash; mucosal
membrane and conjunctiva blisters or ulcers; and fever, malaise, and
myalgia) require immediate discontinuation of NVP. Patients should
not be rechallenged with NVP. Corticosteroids given in conjunction
with the lead-in dose (200 mg orally daily) of NVP may decrease the
incidence of rash [115], although this is not routine practice.

(b) NNRTI dermatologic cross-reactions. The molecular structures
of the NNRTIs are unrelated; thus, the risk for developing a rash
when given another NNRTI would not be expected. However, stud-
ies to evaluate this are limited. Two patients with severe hypersen-
sitivity reactions to NVP tolerated efavirenz (EFV) in addition to a
tapering dose of prednisone over 11 days [128]. Protection by steroids
may have played a role. Other investigators have reported one of six
patients with an NVP-associated rash previously also developed a
rash when given EFV [129]. However, these investigators concluded
that EFV is safe in patients with known hypersensitivity reactions
to NVP.

(2) Hepatitis. In phase I/II studies, 10% of subjects had isolated elevation
of γ -glutamyl transpeptidase that was five times normal [125,130,131].
However, some of these patients had baseline elevations of the en-
zyme. Hepatitis occurred in less than 2% of patients in controlled trials
[125,130,131], although jaundice and elevated LFT results, with fever,
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malaise, anorexia, nausea, and a rash occurring within 2 to 4 weeks of
starting NVP, have been reported [125,132]. Clinical manifestations and
LFT results resolved within 8 weeks of therapy cessation. Twelve cases of
hepatotoxicity (two life threatening) were reported in non–HIV-infected
health-care workers given an NVP containing an antiretroviral regimen
for postexposure prophylaxis [133,134]. NVP is not recommended for
postexposure prophylaxis [134]. Thus far, no serious toxicity has been
reported among mother-infant pairs using single-dose NVP for the pre-
vention of perinatal HIV transmission [133,134].

(3) Miscellaneous. In phase I/II studies, mild somnolence, headache, and
nausea were occasionally observed that did not require discontinuation
of NVP [116].

(4) Children. The incidence of skin rash, Stevens-Johnson syndrome, hep-
atotoxicity, and drug interactions is similar in children and adults.

3. Efavirenz (Sustiva) is a 1,4-dihydro-2H-3,1-benzoxazin-2-one NNRTI.
a. Formulations include 50-, 100-, and 200-mg capsules and 600-mg tablets.
b. Dosage

(1) Adults. Adults may be given 600 mg orally once daily, usually prior to
bedtime to reduce the CNS side effects. Patients should avoid taking it
after a high-fat meal, which can cause EFV levels to increase markedly
(>50%).

(2) Children. Children at least 13 years of age may be given the adult dosage
(600 mg orally daily). Children under 13 should be given EFV based on
their body weight (BW) once daily. The dose is as follows: BW 10 to 14 kg,
200 mg; 15 to 19 kg, 250 mg; 20 to 24 kg, 300 mg; 25 to 32 kg, 350 mg;
33 to 40 kg, 400 mg; over 40 kg, 600 mg. Capsule contents may be sprin-
kled on food. The somewhat bitter taste can be masked with grape jelly
or chocolate syrup.

c. In vitro activity. EFV is active against HIV-1, including NRTI- and PI-
resistant strains. It requires no intracellular metabolism to become acti-
vated.

d. Pharmacology [135,136]
(1) Absorption. Bioavailability is 45%, but meals high in fat increase

bioavailability by 50% (see section on dose below). EFV is 99.5% to 99.75%
protein bound.

(2) Half-life in plasma is more than 24 hours, allowing once-daily dosing.
(3) Tissue distribution. EFV crosses the blood–brain barrier, and CSF

ratios are 0.26 to 1.19 of corresponding plasma levels. These levels are
over the IC95 for wild-type HIV-1 [135] and were clinically relevant in
one small study [137]. EFV crosses the placenta, and malformations have
been observed in fetuses of EFV-treated monkeys.

(4) Metabolism and elimination. EFV is metabolized primarily by hepatic
cytochrome P-450 and by CYP3A4 and CYP2B6 isoenzymes to inactive
hydroxylated metabolites. Fourteen percent to 34% of an oral dose is
excreted in the urine as glucuronide metabolites, 16% to 61% in feces
as unchanged drug. Less than 1% of a dose is excreted unchanged in
urine.

(5) Dose modification. None is required for hepatic or renal disease.
(6) Drug interactions. EFV is both an inducer and inhibitor of CYP3A4

isoenzymes. In vitro EFV also inhibits isoenzymes CYP2C9 and
CYP2C19, leading to alteration of metabolism of other drugs. Similarly,
EFV plasma levels may be lower if drugs that induce CYP3A4 are used in
conjunction. Drugs that should be avoided include saquinavir (SQV)
(but SQV and RTV combination therapy can be used with EFV); clar-
ithromycin (EVF levels decrease by 40%); and astemizole, terfenadine,
midazolam, triazolam, and ergot derivatives. Drugs that require dose
adjustments include IDV (increase dose to 1g every 8 hours), ampre-
navir (APV; increase dose to 1,200 mg every 8 hours), LPV/RTV (Kaletra;
increase dose to 4 teaspoons every 12 hours); and methadone (increase
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dose to achieve effect). For phenobarbital, phenytoin, and carbamaze-
pine, the anticonvulsant levels should be monitored and doses adjusted.
When used with warfarin, the anticoagulation effect should be moni-
tored closely. EFV decreases rifabutin levels by 35%, so the dose should
be increased to 450 to 600 mg/day. Levels of rifampin are not affected,
but EFV levels decrease by 25%; the clinical implications are not clear.
Estradiol levels increase by 37%. The clinical significance is not known.
Because the effect of EFV on other oral contraceptives is not known, a
reliable method of barrier contraception is recommended in addition to
oral agents.

e. Pregnancy category C (similar to other antiretroviral agents). However,
EFV should not be used during the first trimester because fetal malforma-
tions have been described in monkeys. Women of childbearing age should be
informed of this and contraceptive protection should be ensured.

f. Adverse effects
(1) Central nervous system effects occur after the first dose. Manifes-

tations include insomnia, dizziness, abnormal dreaming, impaired con-
centration, and mood changes in 58% to 73% of patients taking EFV
in combination with other antiretroviral agents versus 27% for controls
[138,139]. No severe reactions were reported. Median duration of symp-
toms was 19 to 22 days, but they may persist for several weeks. Less
than 2% of patients discontinued EFV because of CNS side effects. Psy-
chiatric side effects, including hallucinations, changes in personality,
depression, anxiety, and marked cognitive dysfunction, have been de-
scribed. The cause of CNS effects is not known.

(2) Dermatologic. Rash was reported in 10% to 34% of patients [27], usu-
ally occurring in the second week. It is maculopapular in nature, self-
limited, and requires no therapy, or a brief course of oral antihistamines.
Mean duration of rash is 14 days, and it usually does not lead to dis-
continuation of EFV [27]. Stevens-Johnson syndrome has rarely been
reported [140].

(3) Laboratory values. Occasionally both high-density lipoprotein (HDL)
and low-density lipoprotein (LDL) cholesterol are increased [140].

(4) Children. CNS manifestations of EFV are similar to those in adults but
less common, whereas skin rash is more common [40]. Drug interactions
are similar to those in adults.

4. Delavirdine (Rescriptor). DLV is a bisheteroarylpiperazine NNRTI.
a. Formulations include 100- and 200-mg tablets. The 100-mg tablets only

may be dispersed in water (see package insert for instructions).
b. Dosage

(1) Adults. Adults should be given 400 mg every 8 hours without regard
to meals. Buffering agents (ddI) or antacids should be given at least
1 hour apart from DLV (see section below on drug interactions). Twice-
daily dosing (600 mg every 12 hours) is being studied.

(2) Children. Adolescents are given the same dose as adults. Few data are
available to guide dosage for children under 13.

c. In vitro activity. DLV is active only against HIV-1, including NRTI- and PI-
resistant strains. It does not require any intracellular metabolism to become
active.

d. Pharmacology [141–143]
(1) Absorption. Bioavailability is 85%, and peak plasma concentrations

occur in 1 to 2 hours. DLV is a weak base, with poor solubility at pH
above 3.0. Therefore, the rate and extent of absorption is affected by
hypochlorhydria of any cause or by drugs that decrease gastric acidity.
DLV levels are significantly decreased (by 40%–45%) in patients with
hypo- or achlorhydria compared to subjects with normal gastric acidity,
even when DLV is given concomitantly with an acidic beverage. DLV is
98% protein bound, primarily to albumin.

(2) Half-life is 2.35 to 4.12 hours, necessitating dosing every 8 hours.
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(3) Tissue distribution. Given extensive protein binding, CSF penetration
is only 0.4% of plasma concentration; 2% of the serum concentration has
been reported in semen. DLV is teratogenic in rats and is excreted in
milk. No studies have been done in pregnant women.

(4) Metabolism and elimination. DLV is extensively biotransformed to
several inactive metabolites by hepatic CYP3A pathways primarily and
to a lesser extent CYP2D6. Five percent appears unchanged in urine,
and the metabolites are excreted in the feces (51%) and urine (44%).
DLV reversibly inhibits the activity of CYP3A and CYP2C9, common
metabolic pathways for other drugs (see drug interactions).

(5) Dose modifications.
(a) Renal disease. Less than 5% of DLV is excreted intact in urine; no

dose adjustment is needed.
(b) Hepatic disease. The pharmacokinetics of DLV in patients with

hepatic impairment have not been studied. Given that DLV under-
goes extensive hepatic metabolism, it should be used with caution in
patients with liver disease.

(6) Drug interactions. DLV inhibits hepatic CYP3A microsomal enzymes.
Elevated levels of drugs metabolized by this pathway may occur and
result in serious side effects.

Drugs that should not be coadministered include astemizole, terfe-
nadine, alprazolam, midazolam, triazolam, rifampin, rifabutin, nifedip-
ine, cisapride, sildenafil, quinidine, warfarin, ergot derivatives, clar-
ithromycin, dapsone, simvastatin, and lovastatin. Levels of IDV, SQV,
RTV, and APV are increased. Doses need to be adjusted (see section (6)
on individual PI). Drugs that induce CYP3A can result in significant
decreases in DLV serum levels and should not be coadministered: ri-
fampin, rifabutin, phenytoin, phenobarbital, and carbamazepine. Drugs
that increase gastric pH can lower DLV bioavailability; antacids or
buffered ddI should be administered at least 1 hour before or after DLV.
Chronic histamine receptor antagonists are not recommended. Data are
unavailable regarding the use of DLV with methadone or oral contracep-
tive agents.

e. Pregnancy category C
f. Adverse effects [142]

(1) Dermatologic. An erythematous maculopapular rash, which may be
pruritic, becomes confluent and is occasionally associated with fever. It
occurs in up to 44% of subjects, typically 7 to 15 days (range 2–18) fol-
lowing the initiation of therapy. It may be dose related and is observed
more frequently in patients with CD4 cell counts of less than 200/mL
[144]. Over 90% of patients were able to continue therapy despite rash
[142,144]. Upon discontinuation of DLV, rash resolved in 3 to 5 days.
Severe or life-threatening rash (Stevens-Johnson syndrome) has been
reported rarely (1 case among the first 1,000 patients given DLV). Rash
resulted in discontinuation of DLV therapy in fewer than 5% of patients
[142].

(2) Miscellaneous adverse effects. Headache and nausea occasionally
occur.

(3) Laboratory values. No significant LFT or hematologic abnormalities
have occurred [142–144].

(4) Children. Rash, headache, nausea, and drug interactions are similar to
those observed in adults.

C. Nucleotide reverse transcriptase inhibition
1. Tenofovir (disoproxil fumarate, TDF) is the first drug of this class approved

for treatment of HIV-1 infection. The nucleotide analogues (e.g., tenofovir itself)
have poor oral bioavailability and low cellular penetration (because of highly
polar phosphate moieties). These disadvantages have been circumvented by the
attachment of labile lipophilic groups to mask the polarity of the phosphate
moieties. This allows passive diffusion across cellular membranes. Nucleotide
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analogues are thus given as prodrugs (e.g., TDF) that require further intracel-
lular processing to become pharmacologically active.
a. Formulation is 300-mg tablets.
b. Dosage

(1) Adults. Adults may be given 300 mg once daily.
(2) Children. As of spring 2002, there are no published clinical trials provid-

ing data for TDF pediatric dosing. Older adolescents could presumably
use the adult dose.

c. Mechanism of action [145,146]. TDF is a prodrug of the acyclic adeno-
sine analogue tenofovir. It requires intracellular phosphorylation to become
active. In its diphosphorylated form it competes with deoxyadenine triphos-
phate for uptake by RT (competitive inhibition) and also functions as a chain
terminator. It is active in both resting and activated cells [146].

d. In vitro activity. TDF is active against HIV-1 (including strains with mu-
tations that confer resistance to most NRTIs), HIV-2, and simian immuno-
deficiency virus [147].

e. Pharmacology
(1) Absorption. Oral bioavailability is estimated to be 25% in the fasting

state. Bioavailability is improved when TDF is administered with food
(particularly a high-fat meal).

(2) Half-life in serum is 12 to 15 hours; intracellular half-life is 10 to
50 hours, allowing once-daily dosing.

(3) Tissue distribution. Only 7.2% of TDF is protein bound. No informa-
tion is available on CSF penetration, or to what degree TDF crosses the
placenta.

(4) Metabolism and elimination. TDF is not metabolized by cytochrome
P-450 enzymes. When multiple (300 mg/day) oral doses are given with
food, 22% to 42% is found as unchanged drug in urine. TDF is eliminated
by glomerular filtration and active tubular secretion.

(5) Dose modification
(a) Hepatic disease. TDF is not metabolized by liver enzymes.
(b) Renal disease has not been evaluated. The kidneys primarily elim-

inate TDV. Other drugs may compete with TDV for elimination by
this route. TDF should not be given if the rate of creatinine clearance
is less than 60 mL/min.

(6) Drug interactions. TDF increases (by an unknown mechanism) serum
levels of ddI by 44% to 60% in various fasting and fed states [148].
Patients using these drugs concomitantly should be monitored for ddI-
related adverse effects [149]. Drugs that compete for active tubular se-
cretion or reduce renal function may increase TDF levels or serum con-
centrations of other drugs eliminated by the kidneys. Examples include
acyclovir, valacyclovir, cidofovir, ganciclovir, and valganciclovir [149].

f. Pregnancy category B
g. Adverse effects. In a phase I/II trial of 49 patients receiving TDF, the only

grade III and i.v. adverse events were laboratory value abnormalities: 5 sub-
jects had CK elevations, 2 greater than four times the ULN. All of the CK el-
evations were associated with recent exercise [146]. Two of five subjects with
increased CK had concurrent elevations in aspartate aminotransferase (AST)
or alanine aminotransferase (ALT) (greater than five times the ULN), sugges-
tive of a skeletal muscle etiology. In larger placebo-controlled trials of TDF in
patients receiving other antiretroviral agents, GI events (nausea 11%, vom-
iting 5%, abdominal pain 3%) were the most common adverse effects. These
were observed with similar frequency in placebo recipients. Discontinuation
of TDF because of GI complaints was rare. Laboratory value abnormalities
were no more common in TDF than in placebo recipients [150].
(1) Lactic acidosis/hepatic steatosis. TDF has much less effect on mito-

chondrial DNA polymerase gamma than the NRTIs, and no cases have
been reported [145,149].

(2) Children. As of spring 2002, there are no data available.
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Table 19.7. Currently Available Protease
Inhibitors

Saquinavir
Ritonavir
Indinavir
Nelfinavir
Amprenavir
Lopinavir

D. Protease inhibitors. The currently available PIs are listed in Table 19.7.
1. Mechanism of action. Structural protein components of the viral core and

the viral replicative enzymes (RT, integrase, and protease) are synthesized as
polyproteins. These must be cleaved, by viral protease, to produce mature infec-
tious virions. PIs mimic the peptide cleavage site of HIV protease. By competitive
inhibition, they prevent HIV protease–mediated processing of viral polypro-
teins. Immature, defective viral particles are produced [151–153], preventing
further rounds of infection. PIs do not require any intracellular metabolism to
become active and are effective in latently infected cells. The PIs alter the phar-
macokinetics of other drugs by inhibiting or inducing hepatic cytochrome P-450.
All PIs inhibit cytochrome P-450 enzymes. RTV is the most potent, SQV is the
least potent, and IDV and nelfinavir (NFV) are in between [154]. PIs have low
affinity for human aspartyl endopeptidases.

2. PI class-related adverse effects include lipid abnormalities, insulin re-
sistance and diabetes mellitus, lypodystrophy syndrome, gynecomastia, os-
teonecrosis, and abnormal bleeding in patients with hemophilia or von Wille-
brand disease.

3. Saquinavir [155] (Fortovase [soft-gelatin capsule], Invirase [hard-
gelatin capsule])
a. Formulations include 20-mg soft-gelatin capsule (Fortovase; SQV- SGC)

and 200-mg hard-gel capsule (Invirase).
b. Dosage

(1) Adults. Fortovase is preferred: 1,200 mg every 8 hours, 400 mg every
12 hours if given with RTV 400 mg every 12 hours. Invirase has poor
bioavailability and should be used only in combination with RTV and
only if Fortovase is unavailable.

(2) Children. Few data are available on pediatric dosing guidelines for ei-
ther SQV hard-gelatin or soft-gelatin capsules. Older adolescents could
be given the adult dosage of SQV-SGC 1,200 mg orally every 8 hours.
No liquid preparation makes SQV impractical for treatment of younger
children.

c. In vitro activity. SQV is active against HIV-1 and HIV-2, including NRTI-
and NNRTI-resistant strains.

d. Pharmacology [155–157]
(1) Absorption. Invirase is poorly absorbed, and SQV undergoes extensive

first-pass hepatic metabolism. Both contribute to the low bioavailability
of Invirase (4%). Although the absolute bioavailability of SQV-SGC has
not been assessed, it is estimated to be three to four times that of Invi-
rase. Absorption is markedly increased when SQV is taken with meals
(particularly fatty foods). This has been attributed (in part) to better
solubilization created by increased gastric pH.

(2) Half-life is 1 to 2 hours, which necessitates dosing every 8 hours.
(3) Tissue distribution. SQV is highly protein bound (97%) and appears

to penetrate poorly into semen (<5%) and CSF (<1% concurrent plasma
levels) [155,157–160]. It is not known if SQV is excreted in breast milk.
Placental transfer of SQV is expected to be very low (<5% of plasma
concentrations) based on the high level of protein binding. An ex vivo
placental transfer model in animals confirms this [161,162].
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(4) Metabolism and elimination. SQV undergoes rapid and extensive
first-pass hepatic and intestinal metabolism, primarily (50%) by CYP3A4
isoenzymes. Several inactive mono- and dihydroxylated compounds are
the end result. Biliary is the major route of elimination (88% of SQV is
excreted in feces); 1% is found in urine as unchanged drug [157].

(5) Dose modification. SQV has not been studied. Renal disease
should not affect SQV pharmacokinetics. Given the extensive hepatic
metabolism, this drug should be used with caution in patients with hep-
atic disease.

(6) Drug interactions [154]. Drugs contraindicated for concurrent use
because SQV increases their serum levels include antihistamines,
terfenadine, astemizole, GI motility agents (e.g., cisapride), seda-
tives/hypnotics (e.g., triazolam, midazolam, St. John’s wort), lipid-
lowering agents (e.g., simvastatin, lovastatin), and ergot derivatives.
Rifampin and rifabutin are contraindicated for concurrent use because
they significantly decrease SQV levels. EFV is contraindicated for con-
current use because SQV decreases its serum levels. Sildenafil requires
dose modification when used with SQV (25 mg/48 hours). Drugs that
increase SQV levels include RTV, IDV, NFV, DLV, ketoconazole, and
clarithromycin. Low-dose RTV with SQV allows twice-daily dosing (see
section on dosing). Drugs that may decrease SQV levels and should
be avoided if possible include anticonvulsants, phenobarbital, carba-
mazepine, phenytoin (monitor levels), corticosteroids (e.g., dexametha-
sone), and garlic supplements.

e. Pregnancy category B
f. Adverse effects [154,157]

(1) Gastrointestinal. The most frequent side effects with both formulations
are diarrhea, nausea, and abdominal pain (5%–10% and 10%–20% of
patients, respectively). Most side effects were described as mild.

(2) Laboratory value abnormalities. CPK (6%), ALT (3%), and AST (4%)
elevations have been observed.

(3) Children. Clinical studies, all of which enrolled only small numbers
of children given SQV-SGC with NFV, revealed no unexpected adverse
effects beyond those seen in adults. Further studies are needed.

4. Ritonavir (Norvir)
a. Formulations include 100-mg soft-gelatin capsules and 80 mg/mL elixir

(unpalatable).
b. Dosage

(1) Adults. Adults may be given 600 mg every 12 hours. To improve tolera-
bility (GI upset), the following dose escalation regimen is recommended:
300 mg every 12 hours on day 1, then increased by 100 mg every 12 hours
at 2- to 3-day intervals.

(2) Children. Adolescents at least 13 years of age may be given the adult
dosage of 600 mg orally twice daily. Administration should begin with
300 mg twice daily and the dose increased stepwise by 100 mg orally
twice daily every 1 to 3 days to achieve the full dose by 1 to 2 weeks.
Children under 13 should be given 350 to 400 mg/m2 BSA orally twice
daily, with a similar stepwise increase in dose starting at 250 mg/m2 BSA
orally twice daily to achieve full dose by 1 to 2 weeks. Infant and newborn
dosing is under study. RTV as a pharmacologic enhancer is given at a
dosage of 200 to 400 mg orally twice daily along with another PI used in
adolescents and adults.

c. In vitro activity. RTV is active against HIV-1 and HIV-2, including NRTI-
and NNRTI-resistant strains.

d. Pharmacology [154,163]
(1) Absorption. Bioavailability is 66% to 75%. Food affects the rate and

extent of absorption to a moderate degree depending on dose and formu-
lation of RTV (overall absorption of caplets increases with food but is less
pronounced when liquid formulation is used).
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(2) Half-life is 3 to 5 hours.
(3) Tissue distribution. RTV is 98% to 99% protein bound; CSF concen-

trations are only 1% of concomitant plasma levels. RTV is highly protein
bound, so placental transfer and secretion in breast milk is likely to be
minimal. An in vitro model confirms negligible placental transfer [164].
In a small study, levels in semen were less than 5% of plasma concentra-
tions [160].

(4) Metabolism and elimination. RTV is metabolized by hepatic CYP3A
microsome enzymes and to a lesser degree by CYP2D6 enzymes. Eighty-
five percent of an RTV dose is excreted in stool (34% as unchanged drug),
and 11% is excreted in urine, of which 3.5% is unchanged [163].

(5) Dose modifications. No studies have been conducted in patients with
renal or hepatic disease. RTV renal clearance is negligible, so doses
do not have to be adjusted. Given the extensive hepatic metabolism of
RTV, caution should be exercised when using RTV in patients with
liver disease.

(6) Drug interactions [166,170]. RTV is a potent inhibitor of CYP3A and
CYP2D6. It slows metabolism of drugs by these isoenzymes, leading to
potentially life-threatening toxicities. For drugs that should not be coad-
ministered with RTV, see Table 19.8.

RTV increases the levels of several other PIs, such as IDV, SQV, APV,
and LPV. Small doses of RTV allow less frequent dosing of the other
PIs (boosting) when used in combination (see section IX.C.4.b). RTV can
decrease the plasma concentrations of methadone (dose increase may
be necessary), ethinyl estradiol (dose should be increased or alternative
contraceptive measures used), theophylline (levels should be monitored
and dose increased if required), warfarin (international normalized ratio
should be monitored), phenytoin, divalproex, lamotrigine (levels should
be monitored), and atovaquone. RTV decreases meperidine concentra-
tions, but levels of an active metabolite (norperidine) are increased. Long-
term use of meperidine is not recommended. Rifampin, rifabutin, and
St. John’s wort should not be used with RTV because they significantly
decrease RTV levels. Plasma levels of rifabutin or its metabolites may
be concomitantly increased, leading to dose alteration of rifabutin to
150 mg daily.

Many other drugs that may have increased plasma concentrations
when coadministered with RTV (Table 19.9) should be used with cau-
tion. When possible, their levels should be monitored. Patients must be
followed closely for adverse effects, and reduced doses may be needed.

e. Pregnancy category B

Table 19.8. Drugs that Should Not Be Coadministered with Ritonavir

Drug Class Drugs Possible Effects

Antihistamines Astemizole, terfenadine Cardiac arrhythmias
Antiarrhythmics Amiodarone, quinidine

flecainide, encainide,
propafenonis, bepridil

Cardiac arrhythmias

Sedative/hypnotic Triazolam, midazolam Prolonged or increased sedation,
respiratory depression

Antimigraine Dihydroergotamine,
ergotamine

Peripheral vasospasm, ischemia
of the extremities

GI motility agent Cisapride Cardiac arrhythmias
Neuroleptic Pimozide Increased or prolonged sedation,

respiratory depression
Lipid-lowering agents Simvastatin, lovastatin,

atorvastatin, cerivistatin
?Increased risk of myopathy and

rhabdomyolysis
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Table 19.9. Drugs for which Ritonavir Increases the Plasma Concentrations

Drug Class Drugs

Antiarrhythmics Lidocaine, mexilitine, disopyramide
Calcium channel blockers Diltiazem, verapamil, nifedipine
β-blockers Metoprolol, timolol
Anticonvulsants Carbamazepine, clonazepam, ethosuximide (monitor levels)
Antidepressants Desipramine (monitor levels), bupropion, SSRIs, tricyclics,

nefazodone
Neuroleptics Perphenazine, risperidone, thioridazine
Sedatives/hypnotics Diazepam, flurazepam, estazolam, zolpidem, chlorazepate
Antiemetics Dronabinol
Antiparasitics Quinine
Stimulants Methamphetemines
Steroids Dexamethasone, prednisone
Immunosuppressants Cyclosporine, tacrolimus (monitor levels)
Analgesics Propoxyphene, tramadol
Antibiotics Clarithromycin (dose needs to be adjusted in presence of

renal failure)
Antifungals Ketoconazole (doses >200 mg/day not recommended)
Other Sildenafil (dose should not exceed 25 mg in 48 hours)

Ritonavir formulations contain alcohol and can produce disulfiram-like reactions when given with metron-
idazole or disulfiram.

f. Adverse effects. In placebo-controlled studies, GI toxicity, nausea (25%),
diarrhea (18%–46%), vomiting (15%), headache (27%), fatigue (15%), and
circumoral paresthesia (7%–15%) were common. Seventeen percent of pa-
tients withdrew, mostly during the initiation of therapy. Adverse effects are
related to RTV concentration. Dose escalation (see section on dosing) may
reduce the incidence [165].
(1) Hepatitis. Significant asymptomatic increases (>200% of ALT, AST,

γ -glutamyl transferase) were seen in 4% to 6% of patients receiving the
highest doses of RTV (500–600 mg twice daily) versus placebo [166,167].
In another placebo-controlled study, only elevations of GGT were noted
more frequently (24%) in RTV-treated subjects [168]. Hepatitis occurs
more frequently with RTV (vs. other PIs), particularly in patients coin-
fected with hepatitis C or B [169].

(2) Lipid abnormalities include insulin resistance, fat redistribution, os-
teonecrosis, and increased bleeding with hemophilia (see section on class-
related adverse reactions).

5. Indinavir (Crixivan)
a. Formulations include 200- and 400-mg capsules.
b. Dosage

(1) Adults. Adults may be given 800 mg every 8 hours on an empty stomach
(1 hour before or 2 hours after a meal) or with a light nonfat meal (e.g.,
cornflakes with skim milk or toast and jelly). To avoid IDV-associated
nephrolithiasis (see section below on adverse effects), patients should
drink 48 ounces of fluid daily. Twice-daily dosing can be achieved when
800 mg of IDV is boosted with 100 mg of RTV.

(2) Children. Adolescents at least 13 years of age may be given an adult
dosage of 800 mg orally every 8 hours. In children under 13, limited
clinical trial data suggest that 350 to 500 mg/m2 BSA orally every
8 hours may be used. No information is available for newborn dosing.
No liquid formulation is available for children [40].

c. In vitro activity. IDV is active against HIV-1 and HIV-2, including NRTI-
and NNRTI-resistant strains.
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d. Pharmacology [154,171]
(1) Absorption is reduced by food. Bioavailability is 65% in the fast-

ing state or with a light meal. A full or fatty meal decreases absorption
by more than 70%. If IDV is boosted with RTV, food has no effect on
absorption.

(2) Half-life is 1.8 hours.
(3) Tissue distribution. IDV is the least protein bound of the PIs (60% vs.

90%–99%). CSF penetration is low (CSF:plasma ratio is 0.004:1 to 2.28:1)
but exceeds that of other PIs. CSF levels are generally greater than the
IC95 of IDV-sensitive strains [172]. Both CSF and semen concentrations
of IDV are greatly enhanced by RTV administered at a dose of 100 mg
every 12 hours [173]. Human placental transfer studies are lacking, but
IDV crosses the placenta in animals (indinavir sulfate).

(4) Metabolism and elimination. Most IDV is excreted in bile as metabo-
lites (64%) and unchanged drug (19%). IDV is metabolized by hepatic
glucuronidation and cytochrome P-450 enzymes, mainly the CYP3A4
isoform. Unchanged drug (9%) and metabolites (10%) are excreted in
urine.

(5) Dose modifications
(a) Hepatic disease. The half-life of IDV is prolonged in cirrhosis and

mild to moderate hepatic insufficiency. With liver disease, 600 mg
every 8 hours is recommended (indinavir sulfate).

(b) Renal disease. Limited data are available. Because less than 20%
of IDV is excreted in urine, substantial dosage reductions are not
necessary [174,175]. However, because IDV is nephrotoxic, another
PI should be considered in the presence of renal disease or there
must be close monitoring.

(6) Drug interactions. Like other PIs, IDV interacts with drugs that in-
duce or inhibit hepatic cytochrome P-450. Contraindicated drugs for
concomitant use are listed in Table 19.10.
(a) Drugs that decrease IDV levels include rifabutin (dose should be

decreased to 150 mg/day and IDV increased to 1 g every 8 hours),
NVP (IDV should be increased to 1 g every 8 hours), and EFV (IDV
should be increased to 1 g every 8 hours). Depending on the spe-
cific concentration of flavenoids, grapefruit juice may decrease IDV
levels by 25% by inducing intestinal cytochrome P-450 metabolism
(coadministration should be avoided). Buffered ddI should be ad-
ministered either 2 hours before or after IDV, or the Videx EC for-
mulation used. Anticonvulsants (e.g., phenobarbital, phenytoin, car-
bamazepine) can decrease PI levels (levels of anticonvulsant should
be monitored; when possible, alternative anticonvulsants should be
used).

(b) Drugs that increase IDV levels. When using RTV (see section
D.4.d.(6)), ketoconazole, or itraconazole, the IDV dose should be
decreased to 600 mg every 8 hours. Limited data are available

Table 19.10. Drugs Contraindicated for Concomitant Use
with Indinavir

Drug Class Drugs

Antihistamines Astemizole, terfenadine
Gastric motility agents Cisapride
Sedatives/hypnotics Triazolam, midazolam
Antidepressants St. John’s wort
Migraine therapy Ergotamines
Lipid-lowering agents Lovastatin, simvastatin
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on using boosted IDV plus NFV in twice-daily dosing. IDV in-
creases serum levels of norethindrone and ethinyl estradiol (no
dose changes needed), as well as sildenafil (not to exceed 25 mg/
48 hours), trimethoprim, and clarithromycin.

e. Pregnancy category C
f. Adverse effects (see class-related side effects in section VI.A–E).

(1) Renal toxicity. IDV is poorly soluble in water at pH greater than 4. Sev-
eral consequences have been described, including nephrolithiasis with
frank renal colic, flank or back pain without evidence of IDV stones,
obstructive uropathy with acute renal failure from stones, sludge, dy-
suria or urgency (often mistaken for infectious urethritis) associated with
crystalluria, crystal-induced tubulointerstitial nephritis (with pyuria
and eosinophiluria), and asymptomatic crystalluria or pyuria [176–178].
Nephrolithiasis is the most serious side effect of IDV, with an inci-
dence of 3% to 15% [178]. However, in one 3-year follow-up study of
33 patients, the incidence was 39% [179]. Most patients have no prior
risk factors for nephrolithiasis. Most cases occur after 5 to 7 months
of treatment but have manifested within 1 week of starting IDV [176].
Risk factors for IDV stones include inadequate fluid intake, urinary pH
greater than 6, elevated plasma levels of IDV, living in a warmer climate,
and possibly hepatitis C coinfection [32]. The clinical presentation is sim-
ilar to that of standard renal colic. IDV stones are usually radiolucent.
Ultrasonography or CT may reveal stones, hydronephrosis, or ureteral
obstruction. Light microscopy reveals rectangular plate-like forms with
irregular borders, sheafs of densely packed crystals, and rosette or star-
burst forms [176]. Crystalluria occurred in 20% of 142 asymptomatic
patients on standard-dose (2,400 mg/day) IDV [32,177]. The clinical pre-
sentation is similar to that of nephrolithiasis. Urinalysis shows hema-
turia, pyuria, proteinuria, and crystalluria. Clinical manifestations simi-
lar to nephrolithiasis can be caused by IDV sludge without discrete stone
formulation [176]. CT scans reveal bilateral renal parenchymal defects.
Hydronephrosis also may be present. Symptomatic crystalluria occurred
in 8% of patients taking IDV [177]. Symptoms consisted of dysuria and
urgency or symptoms similar to nephrolithiasis without stones. Treat-
ment for any of these complications consists of i.v. fluid administration
and pain control. Antiretroviral agents should be temporarily discon-
tinued and renal function monitored. Up to 55% of patients respond to
conservative therapy. In five patients with biopsy-proven tubulointersti-
tial disease, elevated serum creatinine and leukocyturia resolved after
discontinuation of IDV [174]. In crystalluria and pyuria, drug can be
continued and fluids given, but if they do not resolve, IDV should be
discontinued.

Most patients can resume IDV therapy, but there may be recurrence.
IDV should not be restarted with persistent renal insufficiency or tubu-
lointerstitial disease (increasing blood urea nitrogen or creatinine, or
pyuria). IDV stones, asymptomatic crystalluria, and pyuria are pre-
ventable by increasing daily fluids [177].

(2) Gastrointestinal. Nausea and vomiting occur in 10% to 12% of pa-
tients [154,177]. They usually improve or resolve with continued ther-
apy and are rarely a reason to discontinue therapy [180,181]. Asymp-
tomatic hyperbilirubinemia (predominantly indirect bilirubin) occurs
in 1% to 15% of patients [154,177]. This is not an indication for dis-
continuation [177]. Severe cases of hyperbilirubinurea (greater than
five times the ULN) occurred in 5.2% of 116 patients taking IDV in
the presence of hepatitis C or B coinfection [169]. Overall, this degree
of elevation occurs in greater than 10% of patients [154,177]. Clini-
cally significant hepatitis rarely occurs in patients not coinfected with
hepatitis C or B, alcoholic patients, or those using other hepatotoxic
medications.
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(3) Dermatologic effects include dry skin, dry lips, hair loss (scalp and
extremities), paronychia, and cheilitis, secondary to its effect on retinoid
metabolism [177]. Hair regrowth occurred (as did regression of other skin
changes) when a different PI or an NNRTI was substituted [182].

(4) Children. Nephrolithiasis, crystalluria, and hematuria occur in children
as they do in adults in about 10% to 15% of patients. These adverse effects
occur slightly more often in children due to the difficulty in assuring
adequate fluid intake. Hyperbilirubinemia is seen in 10% of children
receiving IDV, similar to the rate in adults. This effect has restricted the
use of IDV in newborns, who tolerate hyperbilirubinemia poorly.

6. Nelfinavir (Viracept)
a. Formulations include 250-mg tablets and 50 mg/g oral powder.
b. Dosage

(1) Adults. Adults may be given 750 mg every 8 hours or 1,250 mg every
12 hours, preferably with food.

(2) Children. Adolescents at least 13 years of age may be given the adult
dosage, 750 mg orally every 8 hours or 1,250 mg orally every 12 hours. For
children 2 to 13, 20 to 30 mg/kg/dose has been approved by the FDA, but
this dose is being reassessed in clinical trials. Some clinicians use 30 to
45 mg/kg/dose orally every 8 hours to improve serum concentrations of
NFV. Limited data support NFV dosing of children 6 to 13 years of age at
55 mg/kg/dose orally every 12 hours. Although the oral powder was devel-
oped for administration to young children in food or liquid, it requires a
large amount of powder to deliver the desired dosage and is consequently
poorly palatable. Most parents find it far easier to dissolve the tablets in
a small volume of liquid; the tablets disperse readily enough that a few
children might prefer dissolving them in their mouths. For those who do
not like the taste, chocolate syrup or peanut butter disguises NFV very
well.

c. In vitro activity. NFV and several of its metabolites are active against
HIV-1 and HIV-2, including NRTI- and NNRTI-resistant strains [183,184].

d. Pharmacology
(1) Absorption. NFV has good oral bioavailability, which is markedly im-

proved in the fed state [185]. Bioavailability is 70% to 80%.
(2) Half-life is 3.5 to 5 hours. Coupled with relatively slow absorption, this

allows twice-daily dosing.
(3) Tissue distribution. NFV is highly protein bound (>98%) primarily to

α1-acid glycoprotein. In animal models, organ distribution is extensive,
but not into CSF [186].

(4) Metabolism and elimination. NFV is metabolized by the hepatic
cytochrome P-450 enzyme system. At least four different cytochrome
P-450 enzymes are involved (CYP3A4, CYP2C9, CYP2CI9, and
CYP2D6). Several metabolites have antiretroviral activity. Eighty-seven
percent is eliminated via the biliary tract into stool. Of this, 78% is ox-
idative metabolites, 22% unchanged NFV; 1% to 2% is excreted mostly
as unchanged drug in urine.

(5) Dose modifications
(a) Renal disease. No dose modification is required [174].
(b) Hepatic disease. The pharmacokinetics of NFV in this setting

have not been studied. Given its extensive hepatic metabolism, NFV
should be used with caution in liver disease.

(6) Drug interactions. NFV inhibits cytochrome P-450, primarily CYP3A.
Drugs contraindicated for concurrent use include astemizole, ter-
fenadine, midazolam, triazolam, cisapride, ergot derivatives, St. John’s
wort, simvastatin, lovastatin, rifampin, amiodarone, and quinidine.
(a) Drugs that require dose modification. Ethinyl estradiol serum

levels decrease by 47% (an alternative birth control method should be
used). Sildenafil levels increase up to 11-fold (dosage should not ex-
ceed 25 mg/48 hours). Methadone levels decrease by 30% to 50%, and
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should be monitored for signs of opiate withdrawal. Rifabutin levels
increase 200%, whereas NFV levels decrease by 30%; 150 mg/day
rifabutin should be used. Tacrolimus and cyclosporine levels may be
increased (drug levels should be monitored).

(b) Others. Carbamazepine, phenobarbital, and phenytoin may signif-
icantly decrease NFV levels. A different anticonvulsant should be
considered. DLV levels decrease by 40%, NFV levels increase, and a
greater than 20% incidence of neutropenia occurs (this combination
should be used with caution).

e. Pregnancy category B
f. Adverse effects (see class-related side effects in section VI.A–E).

(1) Gastrointestinal. Mild to moderate diarrhea, greatest at initiation of
NFV, is most common (20%–25% of patients), leading to discontinuation
in less than 2% [183,187]. The mechanism is unknown. In many patients
diarrhea resolves over time with continued NFV use [188]. Treatment of
diarrhea [188] has included use of the following agents: oat bran, psyl-
lium, loperamide, calcium, diphenoxylate/atropine, SP-303, and pancre-
atic enzymes. Nausea or elevated LFT results have been observed in
fewer than 10% of patients [154,183,187]. Many of these have coinfec-
tion with hepatitis B or C [189].

(2) Children. NFV is relatively well tolerated by children, even at high
doses. The most common adverse events are diarrhea, flatulence, ab-
dominal pain, and, less commonly, rash.

7. Amprenavir (Agenerase) [190] is the only PI that is a sulfonamide.
a. Formulations include 50- and 150-mg soft-gelatin capsules and 15 mg/mL

oral solution. The oral solution and the capsules contain large amounts of
propylene glycol (550 mg/mL), which is used to achieve adequate solubility
of APV. Because of the potential risk for propylene glycol toxicity, the oral
solution is contraindicated in pregnant women, children under 4 years of age,
patients with hepatic or renal dysfunction, or those taking metronidazole or
disulfiram; APV capsules should be substituted. In addition, both the capsule
and the oral form of Agenerase contain a high concentration of vitamin E.
There is sufficient concentration that the vitamin E intake exceeds the daily
requirement by 50 to 100 times. The consequences of this are unknown, but
the patient should avoid taking any additional vitamin E supplement.

b. Dosage
(1) Adults. Adults may be given 1,200 mg (eight 150-mg caps) every 12 hours

without regard to meals (although high-fat food should be avoided).
(2) Children. Adolescents at least 13 years of age (and >50 kg BW) should

be given 1,200 mg orally twice daily; children 4 to 12 years of age and
greater than 12 but less than 50 kg BW should be given 20 mg/kg/dose
orally twice daily up to a maximum of 2,400 mg per day. APV is not
recommended for children under 4 years of age because of the propylene
glycol content, vitamin E content, and paucity of data concerning dosing.
The drug in the liquid preparation is less bioavailable than the capsule.
When used, the dose of the liquid should be 14% greater than the capsule
dose, or 22.5 mg/kg/dose of liquid orally twice daily up to a maximum of
2,800 mg.

c. In vitro activity. APV is active against HIV-1 and HIV-2, including HIV-1
strains resistant to NRTIs, NNRTIs, and some PIs.

d. Pharmacology [190]
(1) Absorption. APV is well absorbed, but the absolute bioavailability has

not been established. Absorption is reduced by food. This is significant
only with high-fat meals, however.

(2) Half-life is 7 to 11 hours, which allows twice-daily dosing.
(3) Tissue distribution. APV is 90% protein bound (mostly α1-acid glyco-

protein). CSF penetration is presumed to be limited by extensive protein
binding and P-glycoprotein–mediated efflux. Placental levels and pene-
tration into breast milk has not been studied. HIV-1 RNA levels in semen
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decreased significantly in 14 of 19 men on APV monotherapy [190] (APV
levels not measured).

(4) Metabolism and elimination. APV is primarily metabolized by hepatic
CYP3A4. Most of an administered dose is found as metabolites in stool.
There is minimal (<3% unchanged APV) renal excretion.

(5) Dose modification.
(a) Renal disease. No dose modifications are necessary. The oral solu-

tion should not be used.
(b) Hepatic disease. Only APV capsules should be used, and caution

should be exercised in patients with moderate or severe hepatic im-
pairment. With a Child-Pugh score of 5 to 8, the dose should be
decreased to 450 mg every 12 hours, and to 300 mg every 12 hours
for a Child-Pugh score of 9 to 12 [191].

(6) Drug interactions [190, 192]. Drugs contraindicated for concomi-
tant use include astemizole, terfenadine, cisapride, ergot derivatives,
St. John’s wort, midazolam, triazolam, pimozide, lovastatin, simva-
statin, and rifampin. Drugs that should be used with caution, re-
quire dose adjustments, or require monitoring of serum level
include amiodarone, lidocaine, quinidine, amitriptyline, nortriptyline,
desipramine, imipramine, and warfarin. For sildenafil, dosage should not
exceed 25 mg/48 hours. Drugs that lower APV levels include pheno-
barbital, carbamazepine, and phenytoin, and concomitant use should
be avoided. The dose of rifabutin should be decreased to 150 mg daily.
Clinically important APV interactions occur with the following
antiretroviral agents: EFV decreases APV levels by 36% (EFV levels
increase by 15%), so APV dosing should be increased to three times daily.
RTV increases APV levels by more than 300%. Using RTV (100–200 mg
twice daily) to boost APV is currently recommended (see section on dos-
ing). APV may lower serum levels of oral contraceptives, so an alternative
method of birth control should be used.

e. Pregnancy category C
f. Adverse effects (see class-related side effects in section VI.A–E).

(1) Dermatologic. A maculopapular rash, variably pruritic (mild to mod-
erate severity leading to maximum 3% discontinuation), occurs in 28%
of patients, usually during the first few weeks of therapy [179,190]. One
percent of patients developed Stevens-Johnson syndrome. The higher in-
cidence of rash compared with other PIs has been attributed to its sulfa
moiety. However, patients with known allergy to sulfa drugs may take
APV [179]. Therapy can be continued in patients with mild rash not asso-
ciated with pruritus or systemic symptoms [179]. Antihistamines can be
used for pruritus. APV should be discontinued, and rechallenge should
not be attempted in patients with rash associated with fever, vomiting,
chills, and severe pruritus or mucous membrane involvement.

(2) Gastrointestinal. GI adverse effects (mild to severe) led to discontin-
uation in 11% of patients and included nausea (38%–73%), vomiting
(20%–23%), and diarrhea (33%–56%) [192]. Giving APV immediately af-
ter meals ameliorates nausea. Antidiarrheal therapies may be useful.

(3) CNS. Perioral dysesthesias (26%–30%), headache (7%–44%), and de-
pression and mood changes (4%–15%) rarely lead to discontinuation.
Headache, usually self- limited, responds to analgesics. No data are avail-
able on therapy for APV-related psychiatric adverse effects or dysesthe-
sias.

(4) Laboratory value abnormalities [190]. Grade 3 (more than five times
the ULN) elevations in AST (3.1%), ALT (2.8%), and bilirubin (0.6%) are
infrequent. Hypertriglyceridemia is also infrequent (3.9%).

(5) Children. Nausea, vomiting, diarrhea, and rash (including Stevens-
Johnson syndrome) are the most common side effects and similar to those
in adults. As noted above, APV is a sulfonamide that may cause hypersen-
sitivity reactions in the sulfonamide-allergic patient. The recommended
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daily allowance for vitamin E in children is 10 IU/day; that for adoles-
cents and adults is 30 IU/day. APV oral solution, at the recommended
doses noted above, contains 138 IU/kg/day up to 8,757 IU/day maximum.
APV capsules contain up to 1,744 IU/day of vitamin E. Vitamin E tox-
icity has been associated with necrotizing enterocolitis in infants, and
with coagulopathy, creatinuria, and decreased wound healing in adults.
Therefore, patients taking APV should be cautioned not to take supple-
mental vitamin E. Propylene glycol may cause hyperosmolalitiy, lactic
acidosis, seizures, and respiratory depression in infants. Children under
4 years of age should not be given APV oral solution.

8. Lopinavir (Kaletra [LPV + RTV]) [193] is the first pharmacologically en-
hanced PI.
a. Formulations. Each capsule contains 133 mg of LPV and 33 mg of RTV. Oral

solution contains 80 mg LPV and 20 mg RTV per milliliter. Oral administra-
tion of LPV alone produces only transient, low levels in plasma (2). Coadmin-
istration with RTV (which inhibits hepatic metabolism of LPV) increases LPV
plasma levels over 100-fold. The combination of LPV/RTV is active against
HIV-1 and HIV-2, including NRTI- and NNRTI-resistant strains [194].

b. Dosage
(1) Adults. Adults may be given three capsules (400 mg LPV/100 mg RTV)

every 12 hours with food.
(2) Children. Adolescents at least 13 years of age may be given the adult

dose of 400 mg LPV/100 mg RTV (three capsules or 5 mL elixir) orally
twice daily. For children 6 months to 12 years of age, LPV dosage is based
on weight. Children 7 to 14 kg BW should be given 12 mg/kg/dose orally
twice daily; 15 to 40 kg BW, 10 mg/kg/dose orally twice daily. Dosage of
LPV must be increased for children receiving concurrent NVP or EFV
(see section below on drug interactions). The suggested adolescent dose
is 533 mg (four capsules every 12 hours). Children 7 to 14 kg BW should
be given 13 mg/kg/dose orally twice daily. Children 15 to 40 kg BW should
be given 11 mg/kg/dose orally twice daily. LPV is best absorbed with food.

c. Pharmacology [193]
(1) Absorption. The absolute bioavailability of LPV/RTV has not been es-

tablished in humans. Plasma levels are increased when administered
with food and should be given with meals to enhance bioavailability and
minimize pharmacokinetic variability.

(2) Half-life is 5.8 hours.
(3) Tissue distribution. LPV is 98% to 99% protein bound to α1-acid gly-

coproteins and albumin. There are no human data on the levels achieved
in CSF or semen, or on placental transfer.

(4) Metabolism and elimination. LPV is rapidly metabolized by hepatic
CYP3A4. The major metabolites are less active against HIV-1 than LPV
[193,195]. Most LPV is excreted in stool as unchanged drug (19%), and
metabolites with less than 3% excreted unchanged in urine.

(5) Dose modification. No dose adjustments would be expected in renal
failure. This was confirmed in one patient receiving LPV/RTV while
on hemodialysis [196]. With regard to hepatic disease, although not
specifically studied, LPV is extensively metabolized in the liver, and con-
centrations may be increased in the presence of liver disease. LPV/RTV
should be used with caution.

(6) Drug interactions. LPV/RTV use is contraindicated with drugs that are
extensively metabolized by CYP3A or CYP2D6 enzymes and for which
elevated plasma levels are associated with serious or life-threatening
effects (Table 19.11). Several drugs increase the metabolism of
LPV/RTV leading to subtherapeutic levels, including anticonvul-
sants (e.g., carbamazepine, phenytoin, phenobarbital), rifampin, and
St. John’s wort. Concomitant use with rifampin and St. John’s wort is
contraindicated.
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Table 19.11. Drugs Contraindicated for Use with Lopinavir/Ritonavir

Drug Class Drugs

Antiarrhythmics Flecainide, propafenone
Antihistamines Astemizole, terfenadine
Ergot derivatives Ergotamine, dihydroergotamine,

ergonovine, methylergonovine
Gastric motility agents Cisapride
Neuroleptics Pimozide
Sedatives/hypnotics Midazolam, triazolam
Lipid-lowering agents Lovastatin, simvastatin

When used concomitantly with LPV/RTV, several drugs require
dose adjustments, level monitoring, or close clinical monitor-
ing. Levels of the following drugs are increased when used with
LPV/RTV: sildenafil (should be used with caution, and the dose reduced
[25 mg every 48 hours]), dihydropyridine calcium channel blockers (e.g.,
nifedipine, felodipine, nicardipine), antiarrhythmics (e.g., amiodarone, li-
docaine [systemic use], quinidine, depredil], rifabutin and its metabolites
(which are increased, so dose should be reduced to 150 mg three times
per week and the patient monitored for uveitis), lipid-lowering agents
(e.g., atorvastatin, cerivastatin, of which the lowest possible dose should
be used, or an alternative agent considered [pravastatin]), immunosup-
pressants (e.g., cyclosporine, tacrolimus, rapamycin; levels should be
monitored), clarithromycin (dose adjustment is necessary for patients
with decreased renal function [among those with creatinine clearance of
30–60 mL/min, and the dose should be reduced by 50%; <30 mL/min, re-
duced by 75%]), and ketoconazole and itraconazole (doses of >200 mg/day
are not recommended).

Levels of the following drugs are decreased when used with
LPV/RTV: methadone (patient should be monitored for withdrawal
symptoms, and methadone dose may need to be increased), ethinyl estra-
diol (an additional or alternative contraceptive method is recommended),
and atovaquone (clinical significance is not known; dose may need to be
increased).

Drugs that significantly lower LPV levels include EFV and NVP.
The dose of LPV/RTV should be increased to 4 capsules every 12 hours.
Drugs that increase LPV/RTV levels include DLV (appropriate dose
for either drug is not known when these are coadministered). LPV/RTV
can increase the levels of other PIs (appropriate doses for combination
therapy with other PIs are unknown). LPV/RTV oral elixir contains al-
cohol, and when used with disulfiram/metronidazole, disulfiram-like re-
actions may occur.

d. Pregnancy category C
e. Adverse effects [193,197] (see class-related side effects in section VI.A–E).

(1) Gastrointestinal. In two large prospective double-blind randomized tri-
als involving over 700 therapy-naive patients, moderate diarrhea (more
than three loose stools/day) occurred in 17% to 25% of patients, nausea
in 9%, abnormal stools (fewer than three loose stools/day) in 6% to 19%,
and vomiting in less than 5%.

(2) Others. Headache and asthenia were reported in 6% to 13% of patients.
(3) Laboratory value abnormalities. LFT elevations (more than five

times the ULN) developed in 14% of subjects on the currently recom-
mended dose. Some had coinfection with hepatitis B or C. Hepatitis B
surface antigen or hepatitis C virus antibody at baseline was associated
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with an eightfold increased relative risk of developing a grade III/IV AST
or ALT elevation on LPV/RTV.

(4) Children. The most common adverse effects associated with LPV in chil-
dren are diarrhea, asthenia, and elevation of triglycerides and choles-
terol, similar to that occurring in adults. LPV/RTV elixir is somewhat
more palatable than RTV elixir.

VI. Protease inhibitor class–related adverse effects
A. Glucose intolerance occurs with all currently available PIs, with the possible

exception of APV [198]. The prevalence of abnormal glucose metabolism in PI-
treated patients varies widely. Two percent to 25% had hyperglycemia, 16% to
35% had glucose intolerance, and 4% to 9% had frank diabetes mellitus (type II)
[32]. Significant elevation in fasting plasma glucose occurs by 4 weeks [198,199].
PIs cause abnormal insulin secretion and peripheral insulin resistance in both
HIV-1–and non HIV-1–infected patients [152,200].

B. Weight. Patients in whom this occurs are often overweight. Inhibition of the
insulin-responsive glucose transporter GLUT-4 [201] is the proposed mechanism.
Blood glucose should be monitored at 3-month intervals, especially with a history
of impaired glucose tolerance or risk factors for type II diabetes. Insulin doses may
require adjustment. Given the similarities between PI-associated hyperglycemia
and type II diabetes, dietary modifications, exercise, and weight loss for obese pa-
tients should be attempted. No large studies are available to guide the selection
of specific oral hypoglycemic agents. Metformin is associated with lactic acidosis
(also a complication of NRTI use), particularly in renal insufficiency. Some patients
require insulin therapy. Improvement in insulin resistance and normalization of
blood sugars occur over months after PIs are discontinued (switched to an NNRTI)
[136,202,203].

C. Hyperlipidemia. Untreated HIV-1 infection and particularly AIDS are associ-
ated with hypertriglyceridemia and decreased LDL and HDL and cholesterol [204].
Triglyceride levels correlate with elevated α-interferon levels (the host response to
HIV-1 infection). Both triglyceride and interferon levels decrease with antiretro-
viral treatment. By contrast, fasting triglycerides, and total and LDL cholesterol
increase significantly after a mean of 7 months of PI therapy, whereas HDL lev-
els do not change [199]. These lipid abnormalities may occur in the absence of
significant weight gain or lipodystrophy [199]. Patients treated with PIs for 3 to
36 months have a prevalence of hypertriglyceridemia of 50% to 78% and hyper-
cholesterolemia of 26% to 83% [32]. For many patients, the PI-associated increase
in LDL is a correction of the prior HIV infection–associated decrease in LDL. How-
ever, some patients will have significant elevations of triglycerides and cholesterol
that require therapy. Of the HMG CoA reductase inhibitors (statins), only prava-
statin is not metabolized by hepatic CYP3A4 enzymes. Levels of the other statins
may increase significantly when coadministered with PIs (see section on individ-
ual PIs). If dietary restrictions, weight loss, and pharmacotherapy are not effective,
changing the PI to another agent (NNRTI) is an option [205].

D. Lipodystrophy syndrome (i.e., fat redistribution syndrome) refers to three body
habitus changes discernible in some patients: lipoatrophy, lipohypertrophy, or a
combination of the two. Changes occur with either stable or increased total body
weight (as opposed to HIV-associated wasting syndrome). Lipodystrophy syndrome
is usually accompanied by hyperlipidemia and insulin resistance [206,207]. The on-
set is often insidious. It is not clear if lipodystrophy is dose related, and it has been
reported in patients receiving PI therapy for acute HIV-1 infection and for post-
exposure prophylaxis [206]. It also has been reported in antiretroviral-naive pa-
tients and some receiving non–PI-containing regimens [32]. NRTI use (particularly
Zerit) correlates with lipoatrophy [208]. Unfortunately, at present no definition of
lipodystrophy syndrome exists. Most studies have not been prospective, nor have
standardized methods to measure changes in adipose tissue always been used.
Thus, reports on the prevalence of lipodystrophy syndrome vary widely (1.8%–
71%). Efforts are under way to develop standardized criteria and methods. Dyslipi-
demia associated with insulin resistance and central (truncal/abdominal) adiposity
has raised concern about associated cardiovascular disease [209]. Case reports of
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coronary artery disease in young patients on HAART have been described [206], as
has endothelial dysfunction [210]. The etiology of lipodystrophy remains unknown
[211]. There is no known effective therapy at the present time [212]. Switching the
PI to another agent has not been effective in reversing lipodystrophy (particularly
fat wasting) [207]. Possible therapeutic approaches were recently reviewed [212].
Physical signs are first observed 1 to 7 months after starting therapy.
1. Lipoatrophy (fat wasting) is usually manifested as loss of subcutaneous fat in

the face or limbs and buttocks. Loss of buccal adipose tissue resulting in hollow
cheeks, sunken eyeballs and a cachectic appearance occurs. There may be sym-
metric loss of subcutaneous fat of the upper or lower extremities and buttocks
(particularly in women), resulting in thinning of the limbs and development of
prominent veins. Muscle mass and strength in wasted areas is not affected.

2. Lipohypertrophy (fat accumulation) manifests as fat deposition in the ab-
domen in both the subcutaneous and visceral areas (manifested as increased
abdominal girth), dorsocervical region (buffalo hump), breasts (sometimes
accompanied by pain), face, neck, and salivary glands. Increased abdomi-
nal girth is occasionally accompanied by GI symptoms (distention, fullness,
bloating). Serum prolactin levels, 24-hour urinary free-cortisol concentrations,
plasma cortisol levels, testosterone, β-human chorionic gonadotropin, dehy-
droepiandrostene, follicle-stimulating hormone, luteinizing hormone, results of
thyroid function tests, and response to dexamethasone suppression are nor-
mal. Alcoholism does not seem to be a factor. CT, magnetic resonance imaging,
and dual-energy x-ray absorptiometry reveal intraabdominal fat accumulation
(particularly of visceral abdominal adipose tissue) and loss of adipose tissue in
lipoatrophic areas but no organomegaly or ascites. Mammograms are unreveal-
ing. At least some of the body habitus changes (particularly lipoatrophy and
increased abdominal girth) may be due to the normal aging process [213].

3. Abnormal bleeding. Increased rates of spontaneous bleeding in PI-treated pa-
tients with hemophilia or von Willebrand disease occurs [214,215]. Bleeding oc-
curs in both usual and unusual (e.g., finger joint) sites. Hematuria and mucous
membrane bleeding is common. It is more resistant to treatment with factor
concentrates, although some patients are able to tolerate continued PI ther-
apy without further episodes [214]. The mechanism of the bleeding tendency is
unknown.

E. Bone disease. The incidence of avascular necrosis (AVN) may be increasing in HIV
[216], but there is no evidence that AVN or decreased bone density is associated
with PI use [217].

VII. Investigational drugs for HIV infection
The goal of this summary is not to detail all drugs now under consideration for trials
against HIV. However, a few comments may help the reader become aware of some of
the new agents or new combinations now undergoing clinical investigation [218].
A. New formulations of existing medications

1. Sustained-release versions (e.g., of AZT and D4T) to allow for less frequent
dosing.

2. Higher dose versions of medications or prodrug formulations to reduce total
pill burden (e.g., EFV 600 mg, SQV [Invirase] 800 mg for use with RTV, and
FOS-APV, a prodrug of APV [219]).

B. Nucleosides
1. Emtricitabine-FTC. Emtricitabine (2′,3′-dideoxy-5-fluoro-3′-thiacytidine, or

FTC) is a fluorinated NRTI that has potent in vivo antiretroviral activity. It
is remarkably similar to 3TC, but its pharmacokinetic profile allows once-daily
dosing. It was compared with 3TC, combined either with d4T or with an NNRTI,
in a randomized blinded study in 468 treatment-naive subjects [220]. The ac-
tivity and toxicities of the two regimens were comparable. Unfortunately, the
M184V resistance mutation, occurring in patients failing a 3TC-containing reg-
imen, confers cross-resistance to emtricitabine. Its long-term toxicity profile
needs further evaluation.

2. Diaminopurine dioxolane (DAPD). DAPD (B-D-2,6-diaminopurine diox-
olane) is a purine nucleoside analogue metabolized to dioxolane guanosine
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(DXG), which has potent in vitro activity against wild-type and AZT-resistant
and 3TC-resistant HIV-1 variants, including those containing the multi-NRTI
resistance insert at codon 69. It is well tolerated and shows antiretroviral activ-
ity in both naive and treatment-experienced patients, although the antiretrovi-
ral activity of DAPD is diminished in patients with prior NRTI experience.

3. ACH-126,443 is an L-nucleoside analogue RTI with 10- to 20-fold greater anti-
HIV activity than 3TC, a half-life of longer than 24 hours, and little apparent
mitochondrial toxicity. It maintained activity in vitro against virus with the
known NRTI-resistance mutations, including M4lL, M184V, T215Y, Q151M,
and 69S [221]. Clinical studies will soon be under way.

4. (−)dOTC The thiacytidine derivative dOTC (2′-deoxy-3′-oxa-4′-thiocytidine) is
a racemic mixture similar in structure to 3TC, but with in vitro activity against
AZT- and 3TC-resistant strains. The negative enantiomer (−)dTC, which main-
tains antiretroviral activity but has little in vitro toxicity, has been selected for
further development.

C. Non-nucleoside reverse transcriptase inhibitors
1. TMC120 (R147681) is a diaminopyrimidine that retains in vitro activity against

virus resistant to current NNRTIs [222]. In a 7-day study in naive patients,
TMC120 demonstrated potent dose-dependent activity, the highest dose 100
mg twice daily, achieving a 30-fold reduction in plasma HIV-1 RNA levels [223].
Mild somnolence was the most common side effect. Studies are in development.

D. Protease inhibitors
1. Tipranavir is the first nonpeptidomimetic PI, and has potent in vitro activity

against HIV-1 resistant to current PIs. In a panel of 105 isolates with at least
10-fold resistance to three or more PIs, only 10 had a greater than fourfold
increase in the IC50 for tipranavir, compared with wild-type virus, and only two
had a greater than 10-fold increase [224]. Development has been delayed by
problems in producing a formulation that offers both adequate bioavailability
and an acceptable pill burden. However, when combined with RTV, twice-daily
dosing is feasible. Studies in PI-experienced patients are needed to determine
if in vitro promise of tipranavir translates into clinical utility [225].

2. Atazanavir (BMS-232632), a novel azapeptide PI, is highly potent in vitro, with
in vitro activity against most HIV-1 strains that are resistant to 1, 2, or 3 cur-
rently available PIs, including NFV, SQV, RTV, and APV. If the virus tested is
resistant to four current PIs, greater than sixfold decreases in susceptibility to
atazanavir is observed. All viruses resistant to all five current PIs were resistant
[226]. Mutations emerging during in vitro passage are different from those seen
with other PIs, suggesting that cross-resistance to current agents may be lim-
ited. This observation remains to be confirmed in vivo [226]. Pharmacokinetic
studies support once-daily dosing without RTV boosting [227]. Of particular
interest, atazanavir appears to be less likely to induce the lipid abnormalities
and provoke insulin resistance compared with current PIs. It has little effect
on triglyceride levels. Increased bilirubin and jaundice have been reported with
atazanavir that was not associated with major alterations in liver enzymes and
resolves after the drug is discontinued. Also, cardiac arrhythmias may be more
frequent during atazanavir therapy. Clinical studies are under way.

E. Inhibitors of HIV-I fusion and entry
1. T20-pentafuside. Work is currently under way to develop medications that

inhibit the binding of the HIV envelope protein gp120 to the CD4 molecule on
the cell surface or the binding of the viral envelope to chemokine coreceptors
(e.g., CXCR4 and CCR5). These are still in early development. Some progress
has been made with inhibition of fusion between virus and cell, thus preventing
HIV entry into the host cell. These would be used in conjunction with the RT
and PI inhibitors. T-20 is a 36–amino acid peptide that corresponds to the HR-2
sequence of the viral envelope protein gp41. For successful fusion to occur, the
HR-1 and HR-2 regions of gp41 must form a hairpin structure. However, T-20
binds to HR1 near the fusion domain, preventing interactions with the HR-2
region and fusion of the virus and cell membranes. T-20 must be administered
parenterally, but has significant short-term antiretroviral activity when given
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by means of i.v. infusion or twice-daily subcutaneous injection [228]. T-20 was
generally well tolerated, but some patients developed subcutaneous skin nod-
ules that in some cases evolved into subcutaneous abscesses. They were slow to
resolve. Because resistance has developed during T-20 monotherapy, this agent
should ideally be used in conjunction with several other agents [229].

2. T-1249. Development of a second more potent fusion inhibitor is under way.
A 39–amino acid peptide, it retains activity against HIV variants that are re-
sistant to T-20 [230] and has significant antiretroviral activity. Adverse events
were uncommon. No cases of subcutaneous skin abscesses were seen. T-1249
elimination kinetics allows once-daily dosing.

F. Other experimental drugs
1. Interleukin-2 (IL-2). HIV-1 infection is associated with decreased production

of IL-2. Replacement of IL-2 has been viewed as a possible form of immunother-
apy [231,232]. Recombinant IL-2 therapy is combined with potent ARVT. Al-
though IL-2 is known to upregulate the production of HIV-1 in vitro and may
increase viral load, the rate of CD4 cell destruction, and theoretically worsen
clinical progression, in clinical trials, high-dose intermittent IL-2 has resulted in
impressive increases in peripheral CD4 cell counts. The impact of these changes
on long-term clinical outcome is unknown. In addition, lower doses of IL-2 are
associated with a sustained increase in natural killer (NK) cell function and
interferon-γ production, both of which could be beneficial. For now, IL-2 use in
HIV should be restricted to experimental protocols.

2. Mycophenolate mofetil (MMF, CellCept) is used in solid organ transplanta-
tion. After oral adsorption, it is hydrolyzed to mycophenolic acid (MPA), the
active metabolite. MPA is a potent inhibitor of inosine monophosphate dehy-
drogenase (IMPDH), and thus inhibits the de novo synthesis of guanosine nu-
cleotide synthesis [233]. In vitro, MPA increases the activity of ABC, ddI, and
TDF against wild-type and multinucleoside RT inhibitor-resistant HIV. A clin-
ical trial is planned to assess the safety, tolerability, and antiretroviral activ-
ity of combining MMF with DAPD to provide a potent salvage antiretroviral
regimen.

VIII. HIV in pregnant women
A. Transmission of HIV to the baby during pregnancy. The rate of perinatal

HIV transmission in the absence of ARVT is approximately 25%. Transmission
can occur during the course of pregnancy, during labor and delivery, or postpartum
through breast-feeding. Two-thirds to three-fourths of transmissions occur during
or close to the intrapartum period, particularly in non–breast-feeding populations
[234,235]. Perinatal transmission is multifactorial, and influenced by viral, im-
mune, and clinical factors in both the mother and infant (Table 19.12) [236,237].
Maternal plasma viral load is the strongest predictor of transmitting HIV peri-
natally. Although the risk is low with undetectable plasma viral load, transmis-
sion has occurred at all maternal plasma viral loads [238]. Perinatal transmission
also appears to be more common with advanced HIV disease (CD4 cell counts of
<200/mL), with acute maternal seroconversion, and vaginal delivery. Other obstet-
ric factors thought to be associated with increased perinatal HIV-1 transmission
include chorioamnionitis, placenta previa, and invasive interventions such as scalp
monitoring, chorionic villus sampling, amniocentesis, cord blood sampling, and pla-
cental biopsy [239,240].

B. Antiretroviral use in pregnancy
1. Introduction. Antiretroviral therapy should be offered to pregnant women

with HIV infection. To prevent perinatal transmission, AZT chemoprophylaxis
should be incorporated into the antiretroviral regimen when possible [241]. The
use of ARVT by pregnant women to treat HIV infection, to reduce perinatal
transmission, or for both purposes should be accompanied by a discussion of the
known and unknown short- and long-term benefits and risks of such therapy
for infected women and their infants [242,242a]. Because information on the
use of ARVT in pregnancy is rapidly evolving, we strongly recommend review-
ing the U.S. Public Health Service Guidelines, which are updated regularly at
hivatis.org/trtgdlns.html, link perinatal.
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Table 19.12. Potential Factors Influencing Mother-to-Child Transmission of HIV

Maternal factors
Advanced HIV disease as measured by

Clinical staging
Low CD4 count
Higher viral loads
p24 antigenemia

Primary HIV infection
Viral phenotype: syncytium-inducing
Viral genotype: resistant HIV mutant strains
Coinfection with other sexually transmitted diseases
Vitamin A deficiency
First born twins
Obstetrical events

Vaginal delivery
Invasive procedures/fetal monitoring during labor
Prolonged premature rupture of membranes (>4 h)

Older maternal age
Cigarette smoking and illicit drug use during pregnancy
Breast-feeding
Unprotected sexual intercourse with multiple partners
Lack of antiretroviral use

Fetal/placental factors
Chorioamnionitis
Prematurity
Low birth weight

Labor/birth canal factors
Cervicovaginal viral load
Local HIV-specific immune response
Maternal-fetal transfusion of blood

Immune factors
Humoral

Neutralizing antibody
Antibody-dependent cellular cytotoxicity
gp 120 V3 loop antibody
MCH concordance
Other

Cell-mediated
Cytotoxic T-lymphocytes
CD8 suppression

Mucosal immunity

Data from Bryson YJ. Perinatal HIV-1 transmission: recent advances and therapeutic inter-
ventions. AIDS 1996;10(suppl 3)33–42; and Mofenson LM. Mother-child HIV-1 transmission:
timing and determinants. Obstet Gynecol Clin North Am 1997;24:759–784.

2. Nucleoside reverse transcriptase inhibitors
a. Zidovudine was the first agent studied. It reduced perinatal transmis-

sion by 67.5% [243,244]. Women with more than 200 CD4 cells/mL received
100 mg oral AZT five times a day initiated between 14 and 34 weeks’ gesta-
tion and continued throughout pregnancy. When labor commenced, a 2 mg/kg
loading dose was given over 1 hour, followed by an i.v. infusion of 1 mg/kg/h
that was continued until delivery. Newborn infants received AZT syrup,
2 mg/kg every 6 hours, for 6 weeks after delivery. Perinatal transmission
was reduced to 8.3% in 205 women who received AZT versus 25.5% in 204
not on ARVT (p = 0.00006) [244]. In August 1994, the U.S. Public Health Ser-
vice task force issued recommendations for the use of AZT for reduction of
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perinatal HIV-1 transmission [245]. This was followed in July 1995 by recom-
mendations for universal prenatal HIV-1 counseling and HIV-1 testing with
informed consent for all pregnant women in the United States [246]. Rate
of transmission is dependent on when AZT prophylaxis was begun. If begun
prenatally, the rate was 6.1%; when begun intrapartum, the rate was 10.0%;
when begun within 48 hours of life, the rate was 9.3%; and when begun on
day 3 of life or later, the rate was 18.4% [247]. Without AZT prophylaxis,
the rate of transmission was 26.6% [247]. The AZT regimen was well toler-
ated, and the only toxicity observed more frequently in the treatment group
was a lower hemoglobin concentration in neonates that was not clinically
significant. Hemoglobin levels in the AZT infants were equivalent to the un-
treated group by week 12. Because the long-term effects are unknown, all
exposed children, regardless of HIV status, should receive careful long-term
follow-up [248]. The mechanism of reduction in transmission is unknown.
The effect of AZT on maternal HIV viral load is insufficient to explain fully
its efficacy, especially when given to pregnant women with extensive prior
AZT experience [249,250]. Whatever the explanation, the use of AZT by HIV-
infected pregnant women in the United States and Europe has resulted in
marked declines in perinatal transmission rates, typically as low as 3% to
4%. Because of its complexity and cost, this extended prenatal or postnatal
AZT regimen unfortunately has not been used in most developing countries.

b. Other NRTIs. All of the NRTIs are classified as FDA pregnancy category
C, except for ddI, which is classified as category B [241]. Only AZT, 3TC, and
ddI pharmacokinetics have been evaluated in clinical trials [251,252]. The
pharmacokinetics of 3TC are not altered by pregnancy, so no dose modifica-
tion is indicated. In the newborn, the dose is decreased because of reduced
clearance in infants 1 week of age. The oral pharmacokinetics of ddI antepar-
tum are not different postpartum, nor are they different from the published
mean values for pregnant and nonpregnant women. No dose adjustment is
necessary for oral ddI [252].

Mitochondrial toxicity of NRTIs may be of particular concern for preg-
nant women and infants with in utero exposure to nucleoside analogue drugs.
Pregnancy may mimic some of the early symptoms of lactic acidosis/hepatic
steatosis syndrome. It is unclear if pregnancy is a risk factor for lactic aci-
dosis/hepatic steatosis syndrome, which may have a female preponderance
and has similarities to the syndrome of acute fatty liver of pregnancy. The
triad of hemolysis, elevated LFT results, and a low platelet count (HELLP
syndrome), which rarely occurs during the third trimester, is a concern. The
frequency of HELLP syndrome in HIV is not known. Pregnant women re-
ceiving NRTIs should have hepatic enzymes and electrolytes assessed more
frequently during the last trimester (every 4–6 weeks) of pregnancy, and
any new suggestive symptoms should be evaluated thoroughly. Additionally,
because of several cases of maternal mortality secondary to lactic acidosis
from prolonged use of the combination of d4T and ddI, this antiretroviral
combination should be used during pregnancy with caution and generally
only when other NRTI combinations cannot be used. Thus far, severe or fatal
mitochondrial disease in infants exposed to NRTIs is rare [241].

3. NNRTIs (pregnancy category C). The safety and pharmacokinetics of NVP
have been evaluated. A single 200-mg dose at labor onset and a single 2 mg/kg
dose to the infant 48 to 72 hours after birth were well tolerated, and no adverse
effects occurred in women or infants. NVP pharmacokinetics in pregnant women
are similar, although somewhat more variable, than in nonpregnant adults. The
half-life and elimination were prolonged in the infants. A single 200-mg dose
of NVP was sufficient to maintain serum antiviral activity for the first week
of life [241]. One needs to be aware that severe, life-threatening, and, in some
cases, fatal hepatotoxicity (fulminant, cholestatic hepatitis and hepatic failure),
have occurred in HIV-infected patients receiving NVP with other antiretroviral
agents. This has occurred in a small number of individuals receiving NVP with
other antiviral agents for postexposure prophylaxis of nosocomial or sexual HIV
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exposure. DLV and EFV have not been studied in pregnant women. DLV at high
doses is known to be teratogenic in rodents. Of seven women who inadvertently
became pregnant while enrolled in DLV trials, three had ectopic pregnancies,
three had healthy infants, and one delivered a premature infant with a muscular
ventricular septal defect [241]. EFV studies have been performed on pregnant
monkeys that were given human doses. Of 13 monkey infants, one had a cleft
palate, one microphthalmia, and another anencephaly and anophthalmia [253].
Long-term and transplacental animal carcinogenicity studies are not available
for these three non-nucleosides. Until additional data are available, EFV and
DLV should be given to pregnant women only if the benefits outweigh the po-
tential risks.

4. Protease inhibitors cause insulin resistance. Pregnancy is a risk factor for
hyperglycemia. It is unknown whether PIs increase this risk. Pregnant women
should be aware of the risk of hyperglycemia and informed how to recognize the
early symptoms and thus seek medical care if such symptoms develop. Blood
glucose levels should be monitored. No data are available regarding drug dosage,
safety, and tolerance of any of the PIs in pregnant women or in neonates. Phase I
studies of IDV, RTV, NFV, and SQV in combination with AZT and 3TC in preg-
nant HIV-infected women and their infants are currently under way in the
United States. APV and LPV/RTV (Kaletra) have not yet been studied. IDV
is associated with hyperbilirubinemia, which may be a concern in neonates.
Preliminary data suggest that serum levels of IDV, NFV, and SQV in pregnant
women may be lower than in nonpregnant women. PIs are highly protein bound,
and it is likely that minimal placental transfer occurs. RTV, NFV, and SQV are
classified as pregnancy category B, and IDV, APV, and LPV are classified as
pregnancy category C.

5. Other antiretroviral agents. Hydroxyurea should be avoided because of sig-
nificant anomalies occurring in multiple animal species exposed to this drug,
and because of the uncertain role of hydroxyurea in HIV. TDF, a nucleotide RTI,
is classified as pregnancy category B, but no data are available on its use in
pregnant women or neonates [242].

C. Management of pregnant HIV-infected women
1. Evaluation of the pregnant HIV-infected woman. In evaluating the pa-

tient’s history, the clinician should assess factors that enhance perinatal trans-
mission: past sexually transmitted diseases, drug and alcohol use, tobacco use,
sexual activity, and lack of condom use [254,254a]. Addressing these practices
may reduce perinatal transmission risk nonpharmacologically. A pelvic exami-
nation may reveal ongoing conditions that warrant therapy. CD4/CD8 subsets
and viral load should be done at least every trimester. Some clinicians suggest
HIV genotyping to help guide optimal ARVT. Pregnant women should be treated
with an antiretroviral regimen that suppresses HIV replication to fewer than
50 copies/mL.

2. Antiretroviral therapy. Despite the lack of controlled clinical trials for most
antiretroviral agents in pregnancy, current guidelines indicate that ARVT in
pregnant women should generally be the same as for nonpregnant adults. Preg-
nancy is not a reason to defer therapy. However, the physician should assess
whether clear fetal or maternal contraindications exist. Further research is
needed of combination ARVT in pregnancy before it can be stated to be without
risk to the woman or the fetus. Standard combination antiretroviral regimens
for treatment of HIV infection should be discussed with and offered to all preg-
nant women with HIV infection regardless of viral load. However, some women
may wish to restrict exposure of their fetus to antiretroviral drugs during preg-
nancy but still wish to reduce the risk of transmitting HIV to their infant. For
those women, antiretroviral prophylaxis provides benefit in preventing perina-
tal transmission even for RNA levels of less than 1,000 copies/mL. In a meta-
analysis of women with fewer than 1,000 copies/mL HIV-1 RNA at or near de-
livery, the rate of transmission was only 1.0% if the women received antenatal
ARVT (primarily AZT alone) compared with 9.8% among those who received
no antenatal therapy [238,241]. Furthermore, although the time-limited use of
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AZT alone during pregnancy for chemoprophylaxis of perinatal transmission is
controversial because of the potential for resistance development, for women
with HIV-1 RNA levels of 1,000 copies/mL, induced resistance is unlikely to oc-
cur. This is because there is limited viral replication existing in the patient and
the exposure is brief. The development of AZT resistance was unusual among
the population of antiretroviral-naive women with CD4 cell counts of greater
than 200/mL who participated in Pediatric AIDS Clinical Trials Group Protocol
076 [241,255]. This combination of observations implies that the use of pro-
phylaxis is reasonable for all pregnant women with HIV infection regardless of
antenatal HIV RNA level.

3. Timing of antiretroviral therapy in pregnancy. After discussion with her
health-care provider about the known and unknown benefits and risks of ther-
apy, the pregnant woman should decide whether to use antiretroviral medica-
tion in pregnancy. Because the risk of teratogenicity is greatest during the first
trimester, many providers advocate waiting until the end of the first trimester
before starting new medications. The clinical, immunologic, and virologic sta-
tus of the mother must be weighed against the potential effect of antiretroviral
agents on the fetus. Pregnant women already receiving ARVT may choose either
to continue therapy or temporarily discontinue it until 14 weeks’ gestational age
[241]. If therapy is discontinued, all drugs should be stopped and reintroduced
simultaneously to avoid the development of antiretroviral drug resistance. How-
ever, discontinuing antiretroviral medications may result in a surge in the viral
load that may have an impact on HIV transmission and the subsequent ability
to obtain virologic control.

4. Treatment and prophylaxis of opportunistic infections. Treatment and
prophylaxis of opportunistic infections during pregnancy should follow the
guidelines for nonpregnant women [256]. As with antiretroviral medications,
the potential benefits must be weighed against their potential risks. Pneumo-
coccal, hepatitis B, and influenza vaccines may be given during pregnancy if
indicated. Live vaccines such as rubella, measles, mumps, and varicella are
contraindicated during pregnancy and labor, and during the early postpartum
period.

5. Perinatal transmission and mode of delivery. Recent studies suggest that
cesarean section (C-section) performed before the onset of labor and rupture
of membranes significantly reduces the risk for perinatal HIV transmission by
55% to 60% [251,257]. These studies were performed in populations not re-
ceiving HAART with PIs or NNRTIs. Whether C-section confers protection to
patients on HAART or with undetectable plasma viral loads is not known. Fur-
thermore, for HIV-positive women, C-section may be associated with increased
risk for postoperative endometritis and other postoperative morbidity, espe-
cially in women with advanced HIV disease [258]. Although the morbidity from
C-section was low in the prospective randomized trial, postpartum fever was
significantly more frequent than in the women who underwent vaginal delivery
(6.7% vs. 1.1%, p = 0.002) [257]. HIV-infected women should be informed about
these study results, and the decision about method of delivery should be individ-
ualized. It is possible that C-section plays the most important role in preventing
transmission to the newborn in those women with a high viral load that are not
receiving prenatal ARVT.

6. Timing of scheduled cesarean section and intrapartum antiretroviral
medications. Elective C-section delivery should be performed at 38 weeks of
gestation. Amniocentesis should be avoided [259]. This contrasts with recom-
mendations for women not infected with HIV. In that setting, unless amniocen-
tesis is performed, one waits until 39 completed weeks, or the onset of labor, to
reduce the chance of complications in the neonate. Cesarean delivery at 38 com-
pared with 39 weeks entails a small but definite increased risk of development
of infant respiratory distress requiring mechanical ventilation. This increased
risk must be balanced against the potential risk for labor or membrane rupture
by waiting until 39 weeks. Women should be informed of the risk/benefit ratio to
themselves and their infants in choosing the timing and mode of delivery [241].
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Table 19.13. Factors that Influence Adherence to Antiretroviral Therapy

Negative Predictors of Adherence Positive Predictors of Adherence

Active drug or alcohol use Good understanding of the benefits of
antiretroviral therapy

Regimen complexity and side effects Regimen ease of administration, tolerability
Depression or other psychiatric illness Good relationship with provider

Social support

For a scheduled cesarean delivery, i.v. the patient should begin receiving AZT
3 hours before surgery, using standard dosing [241]. Other antiretroviral med-
ications taken during pregnancy should not be interrupted, regardless of route
of delivery. Because maternal infectious morbidity is potentially increased, clin-
icians may opt to give perioperative antimicrobial prophylaxis. However, there
are no controlled data supporting this approach [241].

7. Breast-feeding. The U.S. Public Health Service recommends that all HIV-
infected women completely refrain from breast-feeding to avoid postnatal trans-
mission of HIV-1 to their infants, whether or not they are being treated [241].
These guidelines should be ignored only in developing countries without access
to clean water and infant formula [260]. Passage of antiretroviral drugs into
milk has been evaluated for only a few antiretroviral drugs. NVP, AZT, and 3TC
have been detected in breast milk, and ddI, ddC, d4T, ABC, DLV, EFV, TDF, IDV,
RTV, SQV, NFV, lopinavir, and APV have been detected in the milk of rats [242].
Whether ARVT prevents postnatal transmission of HIV-1 through breast milk
and whether the drug containing milk is toxic to the infant are both unknown.

IX. Therapeutic management in HIV infection. The goals of ARVT are to maximally
suppress viral replication (<50 copies/mL) and to preserve or restore immune system
function.
A. Initiating therapy in chronic or established HIV infection (Tables 19.13 and

19.14). The optimal time to initiate ARVT in asymptomatic HIV-infected patients
is unknown. Initiation of ARVT at CD4 cell counts of greater than 350/mL has been
associated with a higher rate of AIDS-free survival at 2 years. Suppression of HIV
RNA is easier to achieve and maintain at higher CD4 cell counts and lower levels

Table 19.14. Initiation of Antiretroviral Therapy

CD4+ T-cell Count Plasma HIV-1 RNA Recommendation

Symptomatic Any value Any value Treatment
Asymptomatic, <200/mm3 Any value Treatment

AIDS
Asymptomatic >200/mm3 but Any value Treatment should be offered

<350/mm3

Asymptomatic >350/mm3 >55,000 (RT-PCR) Some clinicians recommend
therapy because the risk
of developing AIDS in 3yr
if untreated is >30%

Asymptomatic >350/mm3 <55,000 (RT-PCR) Many clinicians would defer
therapy because the risk
of developing AIDS in 3yr
is <15%

RT-PCR, reverse transcriptase polymerase chain reaction.
Adapted from the U.S. Department of Health and Human Services and Henry J. Kaiser Family Foundation.
Guidelines for the use of antiretroviral Agents in HIV-infected adults and adolescents, August 2001.
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of plasma viral load [261,262]. However, no clinical outcome data are currently
available, and no comparative trials of immediate versus delayed treatment have
been conducted in asymptomatic HIV-infected patients with CD4 cell counts of
greater than 350/mL to support this approach.
1. Factors that favor early initiation of ARVT in asymptomatic indivi-

duals:
May be more effective in immune reconstitution.
May elicit HIV-specific immune responses that contribute to the effectiveness

of ARVT.
May suppress viral reservoirs to a greater degree than more advanced HIV

disease.
May be important in prevention of HIV transmission.
May tolerate medications less well in more advanced disease stages.

2. Arguments against early initiation of ARVT:
Longer exposure to antiretroviral agents and the inherent risk of short- and

long-term side effects.
Higher cost.
ARVT can elicit immune reconstitution even in advanced disease.
Delays exposure to antiretroviral agents and their side effects.
No clear survival benefit from early therapy.

3. Adherence. The decision of when to initiate therapy depends largely on
an individual patient’s ability to adhere to therapy, which is crucial for long-
term therapeutic success. Patients need to be aware that ARVT is life long, that
strict adherence is required for success, and that there are inherent costs, incon-
veniences of side effects, and impact on quality of life. When choosing therapy,
the comparative pill burden, dosing frequency, food requirements, convenience,
toxicity, and potential for drug interactions between regimens need to be con-
sidered. Thus, ARVT can be individualized. The aid of an adherence counselor
is valuable in preparing the patient for all of the above.
a. Factors that influence adherence to ARVT
b. Other patient factors. Patient race, gender, disease stage, and history of

substance abuse as well as the physician assessment of patient adherence
do not predict adherence.

B. Other considerations regarding initiation of therapy
1. Resistance factors. Concern about the long-term complications of ARVT and

about the resistance development has dictated a more conservative approach to
initiation of treatment.

2. Symptoms or disease. There is unanimous agreement to initiate therapy in
all HIV-infected patients who have symptomatic HIV-infection or AIDS.

3. Viral load. Patients with high plasma viral loads (>100,000 copies/mL) are at
a higher risk for disease progression and death (see Table 19.1).

4. Lymphocyte markers. In general, patients with CD4 counts of less than 350
cells/µL should be offered therapy. The short-term risk of the development of
AIDS in 3 to 6 years, at all levels of plasma HIV RNA (see Table 19.1), is sub-
stantial for patients with CD4 cell counts of less than 350/mL. Waiting to initi-
ate therapy when CD4 cell counts are below 200/mL has been associated with
shorter survival [263].

C. Selecting the initial regimen for the patient naive to ARVT (Table 19.15).
The initial antiretroviral regimen used offers the best chance for therapeutic suc-
cess [264]. That regimen must be carefully chosen to achieve this goal. Rational
sequencing of antiretroviral drugs is also necessary to preserve future therapeutic
options.
1. NRTIs, NNRTIs, and PIs. Randomized clinical trials indicate that either two

NRTIs in combination with a PI or two NRTIs and an NNRTI are effective.
a. Viral suppression is achieved in various tissue reservoirs, including the

genital tract and CSF with either regimen.
b. Sequence treatment. Both regimens spare a class of antiretroviral drugs

for future use. However, the PI-based regimen involves a greater pill
burden and more potential for drug-drug interactions, and may be more
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Table 19.15. Recommended Antiretroviral Agents for Initial
Treatment of Established HIV Infection

Column A Column B

Strongly recommended
Efavirenz Didanosine + lamivudine
Indinavir Stavudine + didanosine
Nelfinavir Stavudine + lamivudine
Lopinavir/ritonavir Zidovudine + didanosine
Saquinavir + ritonavir Zidovudine + lamivudine

Recommended as alternatives
Abacavir Zidovudine + zalcitabine
Amprenavir
Delavirdine
Nelfinavir + saquinavir sgc
Nevirapine
Ritonavir
Saquinavir sgc

Not recommended: should not
be offered

Saquinavir hgc Stavudine + zidovudine
Zalcitabine + didanosine
Zalcitabine + lamivudine
Zalcitabine + stavudine

Adapted from the U.S. Department of Health and Human Services and
Henry J. Kaiser Family Foundation. Guidelines for the use of antiretroviral
agents in HIV-infected adults and adolescents, August 2001.

demanding for adherence. An NNRTI-based regimen is easier to use and
has fewer potential drug-drug interactions. Conversely, resistance to NNRTI
confers cross-resistance to the entire class, limiting the future use of another
NNRTI, whereas multiple mutations are required for PI resistance.

2. Specific factors to consider
a. Viral load is an essential parameter to consider when initiating ARVT. A

greater virologic response was achieved in ARVT-naive patients on a PI-based
regimen when using LPV/RTV than when using NFV [265]. Preliminary data
from another trial suggests that a higher proportion of ARVT-naive patients
with baseline viral loads above 100,000 copies/mL achieved better virologic
suppression when receiving LPV/RTV and two NRTIs versus NFV plus two
NRTIs [266].

b. Resistance. To avoid the development of resistance, all three selected an-
tiretroviral agents must be started simultaneously [267].

c. RTV boost. Although no trial has been conducted to prove the benefit of the
inhibitory effect of RTV on the cytochrome P-450 system, it has been used to
enhance the pharmacokinetics of other PIs. This boosting results in higher
plasma levels and prolonged half-life of the boosted PI, allowing a reduction
in the number of pills and daily doses used (see section on PI dosing).

3. Regimens. Two agents from column B and one agent from column A in
Table 19.15 are used
a. Nucleoside combinations listed as strongly recommended (column B in

Table 19.15) have similar potency and are usually chosen based on their
adverse effect profile, ease of administration, and patient preference.

b. Once-daily dosing. At present, among the NRTIs only ddI is recommended.
A daily dose of 3TC (300 mg/day) has yielded good results, but trials are
lacking.
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c. Regimens to avoid or for special attention. The combination of AZT
and d4T are antagonistic and should not be used [268]. The combination of
either ddC and ddI, ddC and 3TC, or ddC and d4T may have overlapping and
additive toxicity and are not recommended.

4. Specific classes
a. Among the PIs, SQV in the hard-gelatin capsule formulation (SQV-HGC)

has poor bioavailability and is not recommended unless boosted with RTV. It
is associated with inferior virologic and clinical outcome compared with other
PIs when used as the only PI [269,270]. Using SQV soft-gelatin capsules
(SQV-SGC) has improved bioavailability but requires a high pill burden.
The addition of RTV allows a decrease in the number of pills and twice-
daily administration. This combination (SQV-SGC/RTV) has been shown to
be comparable with IDV or RTV alone [271]. Once a day administration of
SQV-SGC (1,600 mg) together with RTV (100 mg) has shown a favorable
pharmacologic profile in normal volunteers [272]. Preliminary information
in HIV-infected patients appears promising.

b. RTV, although potent, when used at full dose (600 mg twice daily) causes
frequent and severe side effects. It interferes with the metabolism of numer-
ous drugs through the cytochrome P-450 system. Currently its use is limited
to boosting other PIs.

c. IDV has a short half-life, requiring dosing three times daily and food re-
striction for better absorption. When administered every 8 hours, in com-
bination with two nucleosides, it is effective [181,273] even in advanced
HIV disease with previous exposure to AZT (45% of patients with CD4
cell counts of <50/mL achieved HIV RNA counts of <50 copies/mL at
24 weeks) [274]. The addition of RTV (100 mg twice daily) inhibits IDV
metabolism, resulting in an increased area under the curve (AUC) and
trough levels [275,276]. When IDV is used (800 mg twice daily), it is
boosted with RTV (100 mg twice daily). This combination eliminates the
food restriction requirement, but the risk for nephrolithiasis may be higher
[277]. The daily fluid intake requirements (see section D.5.b) cannot be
waived.

d. NFV can be dosed twice daily, and resistance to this PI does not necessarily
confer cross-resistance to other PIs. This makes salvage therapy possible
with another PI-containing regimen. However as noted in section 2.a above,
NFV may be inferior to LPV/RTV in viral suppression.

e. APV (1,200 mg daily or 600 mg twice daily) boosted with RTV (100 mg daily
or 100 mg twice daily) yields an increase in the AUC and trough levels
that are similar to those achieved with the current recommended dose of
1,200 mg orally twice daily [278]. The use of APV boosted with RTV al-
lows the use of fewer APV capsules, although the pill burden remains
significant.

f. Summary of PIs. Only a few comparative trials have been done to compare
PIs. One large multicenter trial did not find any differences in the percentage
of patients with an HIV-1 RNA level of less than 20 copies/mL at 72 weeks be-
tween RTV, IDV, or SQV/RTV combination therapy. Only half of the patients
achieved viral loads of fewer than 20 copies/mL [271]. Comparative trials
among PI-based regimens that include the newer PIs are lacking, except for
preliminary information as noted in section 2.a above.

5. Combinations of NRTIs and NNRTIs. Two NRTIs and an NNRTI (either
NVP or EFV) have shown good efficacy with durable viral suppression achiev-
able even in subjects with high (>100,000 copies/mL) viral loads. EFV and NVP
have a convenient dosing schedule with few pills and therefore have gained wide
acceptance as first-line regimens. Care should be exercised to prevent failure
with these regimens because resistance to one NNRTI usually confers complete
cross-resistance to the entire class. DLV requires dosing three times daily and is
seldom used in ARVT-naive patients. However, DLV increases the levels of PIs
and may have a role in PI boosting in salvage regimens where both an NNRTI
and PI are used (see section B.3.d.(6)).
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6. Comparisons between regimens. Prospective and retrospective studies com-
paring PI-based regimens (RTV/SQV or IDV every 8 hours) to NNRTI (EFV)-
based regimens have shown that the latter are associated with better virologic
response rates regardless of baseline viral load [27,279].

7. Alternative regimens. Three NRTIs with ABC as one of the agents for ARVT-
naive patients has generated great interest given its ease of administration.
AZT, 3TC, and ABC are marketed in combination in one pill (Trizivir) given
twice daily. This regimen had similar virologic response rates when compared
with IDV plus two NRTIs, particularly in patients with baseline HIV RNA lev-
els of less than 100,000 copies/mL. For patients with HIV RNA levels of greater
than 100,000 copies/mL, a three-NRTI combination may not be as potent as the
standard PI- or NNRTI-based regimens [280,281] and is not currently recom-
mended for routine use in these patients.

D. Monitoring ARVT
1. Monitoring response to therapy. Reviewing the details of the ARVT regimen

after instituting therapy should be routine practice. This is always useful in
disclosing any misunderstandings regarding dosing or food requirements that
could lead to failure. Prompt corrective actions may reestablish the regimen’s
success early on.

2. Plasma HIV-1 RNA analysis should be performed 4 to 8 weeks after starting
therapy. A decline of at least 1 log is a satisfactory response. The ultimate goal of
therapy (HIV RNA <50 copies/mL) is usually achieved within 6 months. HIV-1
RNA should then be repeated every 3 months to monitor efficacy. Significant
declines in HIV-1 RNA at 8 weeks predict the achievement (at 6 months) of
HIV-1 RNA levels of less than 50 copies/mL [282]. Once the HIV-1 RNA level
has been less than 50 copies/mL, episodic levels of greater than 50 copies/mL
but less than 200 copies/mL, or “blips,” may occur. In a retrospective analysis
of 241 patients receiving triple-combination therapy for 4.5 years who achieved
viral suppression, blips occurred in 40%. There was no association between
these blips and virologic failure [283]. These blips do not warrant changes in
therapy.

3. Lymphocyte markers should be measured every 3 months or when clini-
cally indicated in all patients receiving ARVT. A significant increase in CD4
cell counts (>160/mL) at week 48 after initiation of HAART is seen in most
patients [284]. There is considerable variation in the degree and timing of the
response. The absence of an increase in CD4 cell count does not indicate ARVT
failure if the viral load has declined appropriately. Greater median maximum
CD4 cell count changes are seen with PI-based regimens, younger patients, and
higher baseline CD4 cell counts [285,286].

4. Other laboratory and clinical parameters are monitored depending on the
side effect profile of the different antiretroviral agents, potential for drug inter-
actions, and the patient’s specific comorbid conditions (e.g., hepatitis C, seizure
disorders, renal insufficiency).

5. Poor response. Failure of ARVT is defined as the inability to achieve an un-
detectable plasma HIV RNA level within 4 to 6 months of starting therapy, or a
less than 0.5 to 0.75 log10 reduction in plasma HIV RNA by 4 weeks after start-
ing therapy or less than 1 log10 reduction by 8 weeks. If an adequate virologic
response is not obtained or is suboptimal, adherence and possible drug-drug
interactions needs to be assessed.

6. Resistance development. Reappearance of virus after initial suppression to
undetectable levels or a reproducible significant increase (threefold or greater)
from the plasma HIV RNA nadir that is not attributable to intercurrent infec-
tion, vaccination, or problems inherent to the test suggests the development of
resistance.

7. Causes of ARVT failure:
Development of resistance (most common cause)
Drug-drug interactions
Use of a suboptimal regimen
Poor absorption leading to inadequate ARV levels
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E. Salvage therapy. The choice of ARVT after use of an initial regimen (salvage
therapy) should be based on a careful review of past antiretroviral treatment,
adherence to the current regimen and the use of resistance testing. Currently
there are two types of tests available to assess HIV resistance.
1. Genotype testing detects drug resistance mutations by either sequencing rel-

evant genes (RT and protease) or by using probes to detect selected mutations.
Assessment of viral genotype involves comparison of the relevant genetic re-
gion of the test sample with a consensus wild-type sequence. The results report
any amino acid substitutions at the codons tested. The interpretation of geno-
typic tests remains complex. Assays may vary in their performance at different
codons, and their reliability may vary between laboratories. ARVT selection
based on genotype results in concert with expert advice has been linked to a
better outcome [287–289]. Because wild-type virus usually outgrows resistant
virus, resistance testing should be performed while the patient is on antiretro-
viral medications or within 2 weeks of their discontinuation [290]. Some labora-
tories report the results of genotype testing accompanied by a virtual phenotype
report. Phenotype testing is performed with viral strains of similar genotype
resistance pattern to the patient’s viral strain. The influence of this interpreta-
tion on clinical outcome has not been definitively established but is commonly
used in practice. Viruses resistant to newer antiretroviral medications have not
been studied long enough to establish genotype resistance patterns, and the
patient’s genotypic pattern may be difficult to match with the existing ones in
the database. In addition, some mutations can increase drug susceptibility.

2. Phenotype testing uses cells infected with a fixed amount of the patient’s
virus. This is intuitively an excellent approach to the study of clinical resis-
tance. Unfortunately the only study conducted to compare both genotype and
phenotype testing to standard of care failed to show an effect on the clinical
outcome and warrants further study [291].

F. Therapeutic drug monitoring (TDM). Factors other than poor adherence to
ARVT or viral resistance may be responsible for suboptimal response or failure.
These include inadequate drug levels caused by differing levels of phosphorylation
to the active moiety (NRTIs), membrane efflux pumps (described for PIs and NNR-
TIs) that extrude ARVs from cells, differing ability to absorb and metabolize drugs,
as well as drug-drug interactions. These factors may help explain inter- and intra-
subject drug level variability. A significant correlation between in vivo antiviral
activity and plasma drug concentrations has been demonstrated for PIs [292]. The
PI plasma levels are inversely correlated with plasma HIV RNA levels [293]. PIs
seem to be the best candidate for TDM because their AUC and trough levels appear
to predict their efficacy. TDM may become, along with resistance testing, instru-
mental in optimizing ARVT. The use of the inhibitory quotient (IQ = the trough
concentration of a drug in plasma divided by the in vitro IC50) is being studied in
clinical trials to assess its role in clinical management.

G. Laboratory monitoring of potential side effects of antiretroviral medica-
tions
1. Bone marrow suppression is caused by AZT, a widely used agent. A baseline

complete blood count and differential are repeated at least every 3 months or
when clinically indicated. A different NRTI can be substituted if anemia occurs.
Erythropoietin for patients with inappropriately low erythropoietin levels is
an option for patients with fewer ARV alternatives, but requires parenteral
administration and constitutes an additional expense. Neutropenia is managed
by changing AZT to another NRTI, or by administering parenteral granulocyte
colony-stimulating factor. Substitution of the ARV is the preferred choice.

2. Hepatitis. Retrospective data were compiled from 10,611 HIV-infected patients
with baseline LFT results showing less than grade 1 toxicity enrolled in 21 AIDS
Clinical Trials Group (ACTG) studies including all drug classes between 1991
and 2000. An overall rate of hepatotoxicity of 9% was noted [294]. The devel-
opment of grade 3 to 4 toxicity led to permanent discontinuation of ARVT in
23%. Most of these patients developed toxicity after 24 weeks, but in some it
occurred quite early. PIs, particularly RTV, were associated with the highest
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rate of hepatotoxicity, but those on NRTI regimens were more likely to die or
to discontinue therapy. Among NNRTIs, DLV was associated with the lowest
rate and NVP had the highest rate of hepatotoxicity and permanent discontin-
uation of therapy and the only hepatic-related death in this class. Overall, 2.5%
of deaths were related to hepatotoxicity. Elevated LFT results are seen more
frequently in patients coinfected with hepatitis B or C receiving ARVT. It is
difficult to know the exact etiology of the liver damage.

3. LFTs should be conducted at baseline and every 3 months in stable patients.
They should also be repeated when ARVT changes occur and whenever clini-
cally indicated. More frequent monitoring of LFT results (every 4–6 weeks) is
indicated in patients with underlying liver disease. Given the potential for fatal
hepatotoxicity with NVP, transaminases should be monitored during the first
12 weeks of therapy. NVP should be discontinued if moderate to severe ab-
normalities (greater than three times the ULN) develop (NVP package insert)
[125].

4. Hyperglycemia (see section VI.A). Blood glucose levels should be monitored
every 3 months or when clinically indicated. The management of diabetes in
HIV-infected patients is the same as in non–HIV-infected patients.

5. Development of dyslipidemias (see section VI.C–D). A baseline fast-
ing serum lipid profile should be obtained before initiating ARVT that in-
cludes a PI or an NNRTI. The lipid profile should be repeated in 3 to
6 months [295]. Baseline screening for cardiovascular risks and factors that
exacerbate dyslipidemia is indicated and should be repeated at least yearly
thereafter unless abnormalities are detected or other risk factors for dyslipi-
demia are present.

6. Management of dyslipidemias. Clinical studies to determine the most appro-
priate treatment for dyslipidemia are ongoing. Meanwhile, initiating treatment
according to the NECP guidelines appears reasonable (see section on PI drug-
drug interactions with lipid-lowering agents). Preliminary data suggest that
switching the PI to NVP (in patients naive to NNRTI) or to ABC may be use-
ful in controlling dyslipidemia, but switching to EFV has yielded inconsistent
results.

7. Lactic acidosis (see section V.A.3). Currently there are no specific recommen-
dations for laboratory monitoring for lactic acidosis in patients without symp-
toms (see section on NRTI class-related adverse effects). Risk factors for lactic
acidosis include treatment with NRTI, African-American ethnicity, obesity, hep-
atitis C, and female gender.

8. Pancreatitis (see section V.A.5.g.(1)). Unless symptoms of pancreatitis de-
velop, monitoring amylase and lipase levels is not routinely recommended.
Risk factors include a history of pancreatitis, use of ddI, d4T, or ddC, CD4
cell count below 50/mL, alcohol use, obesity, hypertriglyceridemia, gallstones,
or use of medications that can cause pancreatitis. When pancreatitis occurs,
all medications should be held until resolution is complete. A different an-
tiretroviral agent should be substituted for the agent felt to be the cause
of the pancreatitis. Hyperamylasemia of nonpancreatic origin may occur in
HIV-infected patients. A serum lipase should be obtained in this setting. Pa-
tients with asymptomatic elevations of serum amylase and lipase levels (up
to three times the ULN) should be monitored clinically without a change in
therapy.

9. Neuropathy (see section V.A.5.g.(2)). Glucose level, vitamin B12 level, and thy-
roid function tests should be obtained in HIV-infected patients presenting with
signs and symptoms of neuropathy. Electrophysiologic studies may not be nec-
essary for the diagnosis of typical distal symmetric polyneuropathy but may
be useful in diagnosing other neuropathies. Analgesics should be offered in a
stepwise fashion. Supplementation with antidepressants or antiseizure medi-
cations might be useful. If alternative non-neurotoxic antiretroviral agents are
available, they should be substituted.

10. Myopathy (see section V.A.4.f.(3)). When myopathy is suspected, muscle
enzymes should be measured and muscle biopsy performed. Antiretroviral
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agents should be discontinued until symptoms and laboratory value abnormal-
ities resolve.

11. Bone disorders (see section VI.E). Osteopenia and avascular necrosis usually
involving weight-bearing joints occur in HIV-infected patients receiving ARVT.
No definitive association with a particular class of antiretroviral agent has been
confirmed. Currently there are no specific recommendations for monitoring of
these disorders.

12. Fat redistribution syndrome (see section on PI class-related toxicities). A
definition of fat redistribution syndrome has yet to be established. This term
describes a variety of changes in subcutaneous and visceral fat, most commonly
loss of subcutaneous fat on the face and legs, and dorsocervical fat deposition
(buffalo hump) and increase in visceral fat. Fat redistribution does not require
a specific intervention unless cosmetically disturbing to the patient. Chang-
ing ARVT has not proven successful, but large trials have not been conducted;
growth hormone has yielded unimpressive results. Glitazone did not demon-
strate a significant effect on fat redistribution in a small placebo-controlled
trial. Fat redistribution syndrome may coincide with dyslipidemia and hyper-
glycemia. There are no recommended laboratory tests to monitor for fat redis-
tribution syndrome.

H. Changing therapy. Antiretroviral therapy may need to be changed for several
reasons: toxicity, treatment failure, convenience, or drug interactions.
1. Toxicity (see section on individual agent adverse effects). If a side effect can

be attributed to a particular antiretroviral agent with certainty (e.g., anemia
from AZT or nephrolithiasis with IDV), and maximal viral suppression has been
achieved, the antiretroviral agent may be substituted (see Table 19.15). If the
adverse effect requires holding the antiretroviral agent (e.g., pancreatitis), all
antiretroviral medications should be held. A new regimen with a different side
effect profile should be used once the adverse event has resolved.

2. Treatment failure is the inability to obtain a significant decrease in viral load
or development of an increase in viral load above 200 copies/mL after achiev-
ing viral suppression (<50 copies/mL). In general, agents to which the patient
has not been exposed offer the best opportunity for further suppression. Cross-
resistance among antiretroviral medications may make it difficult to achieve
this goal. A better outcome can be expected when past history of ARVT use is
obtained, resistance testing is employed, and expert opinion is used in concert to
guide the selection of ARVT for salvage therapy. At least two clinical trails have
demonstrated the short-term benefit of genotypic and phenotypic resistance
testing to guide the selection of salvage therapy. There are scant data supporting
the longer term benefit of resistance testing. Some recent yet unpublished trials
have failed to show the benefit of resistance testing [291]. The contrasting re-
sults of these trials may be due to many factors, including poorly defined thresh-
olds for resistance, difference in the number of new drugs given, or different past
histories of antiretroviral agents used. Nonetheless, many clinicians consider
resistance testing the standard of care in this setting at the present time.

3. Cross-resistance among the NRTIs has emerged as one of the most important
issues related to sequencing therapy. Mutations at RT codons 41, 67, 70, 210,
and 215 (referred to as thymidine analogue mutations [TAMs] or nucleoside
analogue mutations [NAMs]) cause cross-resistance among the NRTIs. 3TC,
when used in regimens that are not suppressive, produces rapid development
of resistance conferred by a single point mutation at codon 184 that confers
complete 3TC resistance but increases susceptibility to AZT and the nucleotide
analogue TDF. The accumulation of increasing numbers of TAMs is associated
with increased phenotypic resistance to all of the NRTIs. Resistance mutations
with the use of NNRTI often confer cross-resistance to all NNRTIs. Consistently,
the K103 mutation of RT that can be selected by EFV, NVP, or DLV confers
resistance to all three NNRTIs. The RT mutation Y 181C, selected by NVP, does
not exclude the subsequent use of EFV.

4. Resistance to the PIs usually requires the development of three or more spe-
cific mutations on the protease-encoding gene. SQV’s primary mutations include
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G48V and L90M. The latter is a secondary mutation for all the other PIs and
may confer cross-resistance to all PIs except APV. IDV’s primary mutations
include M46I/L and V82A/F/T. The latter mutation confers cross-resistance to
RTV. NFV has a unique resistance pattern, with D30N selected in two-thirds
of patients. This mutation does not compromise the activity of other PIs. Some
clinicians therefore prefer to use NFV as the initial PI. However, approximately
one-third of individuals who fail NFV develop L90 M, which as noted causes
broad PI cross-resistance. APV also has a unique resistance pattern, with I50V
as the primary mutation. Thus far this has not been identified as conferring
cross-resistance to other PIs. Early failures on APV can be managed success-
fully by switching to other PI-containing regimens. LPV appears to have a
high genetic barrier to the development of resistance compared with other PIs.
Perhaps a larger number of mutations must accumulate for resistance to be
detected.

5. Convenience. European and North American trials support making changes
to simplify therapy (fewer pills, less frequent dosing). This should be done only
when maximal viral suppression has been achieved. Switching a patient from
a less convenient PI inhibitor–based regimen to an NNRTI-based regimen is
safely done as long as adherence continues.

I. Therapy for acute or primary HIV-1 infection. Treatment of acute or primary
HIV infection can dramatically suppress HIV-1 RNA and preserve HIV-1–specific
immune responses. Several uncontrolled studies have documented normalization
of CD4+ and CD8+ lymphocyte subsets as well as virologic suppression. Further-
more, preservation of HIV specific CD4 cell lymphoproliferative responses and
stabilization of the T-cell receptor repertoire have been observed (see following sec-
tion on structured treatment interruptions). Combination ARVT is recommended
for acute HIV infection.

J. Virus characteristics. The virus is relatively uniform genetically and typically of
a non–syncytium-inducing phenotype. Moreover, infection may not be fully estab-
lished in all tissues until some time after exposure [296]. These features may render
the infection easier to control. Clinical trials with potent antiretroviral medications
are under way to determine the feasibility of intense time-limited treatment for
acute HIV infection.

K. Structured or supervised treatment interruptions (STIs). With effective
HAART, HIV-specific cell-mediated immunity may actually be decreased because
the immune system is not exposed to HIV antigens. In theory, during STI when
HAART is stopped, HIV antigen is once again provided by the rebound in viral
replication. This may stimulate HIV-specific T-helper and cytotoxic T-lymphocyte
responses.
1. Acute HIV infection. STI may be useful in acute, primary HIV infection. Small

pilot studies of individuals with HIV infection of less than 180 days, who had
achieved good virologic control with HAART, showed increases in median cy-
totoxic T-lymphocyte responses after STI. A similar response was achieved in
other subjects after a second round of STI. Sixty percent achieved viral suppres-
sion after STI in the absence of further HAART. Larger studies are obviously
needed to clarify the role of STI in acute or recent HIV infection.

2. Chronic HIV infection. Several small nonrandomized, uncontrolled studies
of STI, using different durations of drug cessation, have yielded conflicting re-
sults. However, in all of these studies treatment interruption was followed in
the majority of patients by an increase in viremia. The time to viral rebound
after discontinuation of HAART varied from as early as 2 to 3 days to as late as
3 weeks. In one study, rebound viremia exceeded pretreatment levels by 27-fold
[297]. Upon reinitiation of HAART, although viral suppression was observed,
reduction in viral load was delayed by up to 2 months compared with the initial
virologic response. Other features of concern include the inconsistent increase
in CD4 cell count, the inconsistent HIV-1–specific T-cell helper response to p24
antigen (recovery in only 2 of 12 patients in one study), and inconsistent lym-
phocyte proliferative response to HIV-1 p24 antigen in only 4 of 22 patients
[298]. Fortunately, no mutations associated with resistance developed.
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3. Modified STI. A small preliminary study using shorter cycles of therapy
(7 days) [299] showed no rebound in viremia.

4. STI summary. It is not clear which patients with chronic HIV infection are most
likely to benefit. Whether STI leads to lasting enhancement of the immunologic
response to HIV remains to be firmly established, and further data are needed
before its use is adopted. Treatment interruptions, especially in chronic HIV
infection, can be potentially dangerous, leading to dramatic increases in HIV
viral load and precipitous declines in CD4 cell counts.

X. Use of antiretroviral agents in children
A. Introduction. The pathogenesis of HIV infection and the general principles of

ARVT in infants, children, and adolescents are similar to those in adults but there
are unique considerations. In addition, the dramatic decline in rates of maternal-
infant transmission of HIV when ARVT is given to pregnant women (see section
VIII) has resulted in far fewer HIV-infected infants in the United States. This has
limited the available number of ARVT-naive subjects for performance of clinical tri-
als. Thus, health-care providers for HIV-infected infants, children, and adolescents
should seek consultation with, or refer such patients to, a pediatric HIV specialist.
Ideally, these children should be treated in a center with access to pediatric clinical
trials [40,235]. Pediatric guidelines for ARVT use are available at www.hivatis.org,
and information on pediatric clinical trials is available at www.hivactis.org.

B. Differences between adult and pediatric HIV infection that may impact
use of ARVT
1. Paucity of pediatric clinical trials data. Decisions about use of ARVT in

children are complex and may rely on assumptions based on adult data only.
This is because infants and children make up only 1% to 2% of the HIV-infected
population in the United States, and traditional pharmaceutical research prac-
tices use testing of compounds in adults before children.

2. Pediatric acquisition of HIV. Nearly all infants and children in the United
States, and in much of the world, have acquired HIV vertically from their moth-
ers. Thus, infection occurs during the development of the immune system, at a
time when the thymus is active and CD4+ lymphocytes circulate in the blood
in great numbers. Clinical and immunologic manifestations of pediatric HIV,
therefore, differ from those of adults [235]. For example, immunologic compro-
mise in children is associated with CD4+ lymphocyte counts that would be in
the normal range in adults. Thus, starting points for ARVT differ in children
[40,235].

3. Virologic parameters. Children tend to have a greater “set point” of plasma
RNA copy numbers. This may be because of the establishment of infection in
the developmentally immature immune system at a time when high numbers of
CD4+ lymphocytes are circulating in the blood. Thus, a 2 log reduction of 500,000
copies/mL yields a posttherapy viral load of 5,000 copies/mL. Five thousand
copies would be considered a failure in adults, but may be tolerated in such
children.

4. Pharmacokinetic parameters. Plasma clearance of many drugs is increased
in children relative to adults. Clearance also may change during puberty. Cur-
rent guidelines suggest that adolescents in early puberty (Tanner stages I–II)
be given pediatric dosage of antiretroviral agents, whereas those in late pu-
berty (Tanner V) should be dosed using adult schedules [40]. Clinical trials are
assessing proper dosing, especially for PIs, in midpuberty.

5. Pediatric formulations. Not all antiretroviral agents have been licensed for
use in children, nor do all have palatable liquids available for use in children
who may not be able to swallow large pills.

6. Adherence issues in children and adolescents. Because essentially all chil-
dren and many adolescents require supervision of ARVT administration, there
is a necessarily different dynamic of working with a family unit rather than a
single patient. Issues affecting adherence include willingness of a child to take
a drug. There are also feelings of guilt in mothers who transmitted the virus.
This may affect the interaction between caregiver and receiver. There is the
complexity of the need to administer the drug in the fasting or fed state when

http://www.hivatis.org
http://www.hivactis.org
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the infected infant is fed so often. There is the unwillingness to disclose the fact
of HIV infection status to young children, their school officials, or other family
members, creating a situation where doses are missed frequently. Adolescents
may have additional issues revolving around denial and fear of HIV infection,
distrust of the medical establishment, unstructured and chaotic lifestyle, and
lack of familial and social support [40].

C. ARVT regimens for HIV-infected children. Despite the difficulties posed by the
lack of clinical trial data, and differences between adult and pediatric HIV infection
mentioned previously, all antiretroviral agents approved for use in adults may be
used in children when indicated, irrespective of labeling notations. Continually up-
dated pediatric guidelines are published electronically along with adult guidelines
by U.S. Public Health Service task forces. These are available at www.hivatis.org.
In general, the most strongly recommended ARV regimen for children is two NRTIs
plus one PI. Generally the PI is NFV or RTV. For older children who can swallow
capsules, two NRTIs plus EFV is an increasingly used alternative initial therapy.
Other combinations include NVP plus two NRTIs or even ABC/AZT/3TC. The con-
sultation of a pediatric HIV specialist should be sought because the field is rapidly
changing.
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20. INFECTIONS IN TRANSPLANTATION

Sally H. Houston and John T. Sinnott

Transplantation patients have dramatically increased in numbers over the past 40 years.
In 2000, approximately 45,000 bone marrow transplants were performed worldwide, and in
the United States, 4,954 liver, 2,198 cardiac, 13,372 kidney, 956 lung, 48 heart-lung, and 435
pancreas transplants were performed. As of November 2001, there were 78,802 individuals
awaiting organs. One-third of patients waiting for a heart or liver die before an organ becomes
available.

The immunosuppressive regimens yield continual risk for infection. This chapter and
references to other chapters will orient the reader to the fundamental causes of infection.

BASIC PRINCIPLES
I. Donor selection is the responsibility of a trained procurement team. Because cadavers

are a major source of tissue for all but bone marrow recipients, infection with human
immunodeficiency virus (HIV) must be ruled out [1]. In general, hearts and kidneys
are harvested from donors under 50 years of age, and livers are harvested from donors
2 months to 65 years of age [2], with exceptions made on a case-by-case basis. For solid
organs, organ size and ABO compatibility but not human lymphocyte antigen (HLA)
compatibility are considered. For bone marrow transplantation (BMT), HLA typing is
very important [1].
A. General contraindications for organ donation include systemic malignancy or

active infections [1]. Covert bacteremia should be excluded by history and blood
cultures.

B. Infectious disease considerations are paramount in this setting. The donor
should be screened for syphilis, hepatitis B (HBV) and C viruses (HCV), HIV-1,
HIV-2, human T-lymphotropic virus type I (HTLV-I), Epstein-Barr virus (EBV), Tox-
oplasma gondii, and cytomegalovirus (CMV) antibody [3]. These tests guide trans-
fusion and prophylactic strategies after transplantation [4].

II. Recipient selection. Every indication that the recipient will be compliant is crucial.
Findings of the presence of varicella-zoster virus (VZV), HIV-1, and HIV-2, HTLV-I,
syphilis, toxoplasma, HBV, HCV, EBV, herpes simplex virus (HSV), and CMV antibody
guide management. A purified protein derivative (PPD) test (see Chapter 11) should
be performed. Patients from developing countries and those from the rural southern
United States should have three stool specimens screened for Strongyloides cysts. Car-
riers should be treated with thiabendazole or ivermectin [5]. Transplantation in HIV-
positive recipients has been reviewed [6]. Recommendations are to restrict renal trans-
plantation to those with a CD4 count of greater than 200, and to restrict hepatic grafts
to those with a CD4 count of greater than 100 and an undetectable viral load for at
least 3 months on a stable antiretroviral regimen.

Contraindications include recent hemorrhage, active infection, or malignancy [1].
Pretransplantation bacteremia or pneumonia is associated with a poor outcome.
A. Kidney recipients should have disease in which recurrence in the allograft is

unlikely. Contraindications include comorbid disease that limits life expectancy to
less than 2 years.

B. Heart recipients usually have irreversible vascular, valvular, or idiopathic car-
diomyopathy. Contraindications include irreversible pulmonary hypertension, re-
cent pulmonary infarction, and severe peripheral vascular disease [1].

C. Liver recipients must have end-stage cirrhosis, Budd-Chiari syndrome, or pri-
mary hepatocellular carcinoma. Children receive transplants for congenital cirrho-
sis, primary biliary atresia, and metabolic defects such as α1-antitrypsin deficiency,
tyrosinemia, and glycogen storage disease types I and IV. Contraindications include
the extrahepatic complications of cholangiocarcinoma or advanced cardiopulmonary
disease. Relative contraindications include patient age over 55 years, portal vein
thrombosis, hepatitis B e antigen (HBeAg) seropositivity, active alcohol abuse, or
prior hepatobiliary or portocaval surgery [7].

D. Bone marrow recipients. See later in this chapter, under Bone Marrow Trans-
plantation.

782
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III. Immunosuppressive therapy. The ultimate goal of immunosuppression is, after en-
graftment, to induce tolerance [1]. Most regimens use a combination of agents. Cus-
tomarily, a daily maintenance regimen is established. Pulse therapy (corticosteroids
or antilymphocyte globulin [ALG]) is used for episodes of rejection. Infection and neo-
plasia [8] occur as a consequence of immune suppression. In cardiac transplantations,
about 30% of infections occur after therapy for rejection [9].
A. Cyclosporine, a cyclic polypeptide, inhibits interleukin-2 (IL-2) production,

thereby suppressing CD4 proliferation and activation of cytotoxic T cells. Because
IL-3 is not inhibited by cyclosporine, the suppressor T-cell population increases,
and the ratio of suppressor to cytotoxic cells is increased. Cyclosporine does not lyse
effector cells, so it is more useful for prophylaxis. Infectious complications are
reduced because lower dosages of steroids can be used. Cyclosporine is metabolized
in the liver, and its effects are dose dependent [8]. Optimum trough levels vary de-
pending on the type of organ transplanted, time interval since transplantation, and
level of rejection.
1. Side effects include nephrotoxicity, hepatotoxicity, hypertension, hirsutism,

tremor, gingival hyperplasia, and tumorigenesis. Nephrotoxicity may be potenti-
ated by high-dose trimethoprim-sulfamethoxazole (TMP-SMX) aminoglycosides,
vancomycin, erythromycin, amphotericin B, acyclovir (ACV), and ganciclovir
(GCV) [10]. Although most patients tolerate prolonged therapy, with long-term
cyclosporine use, the kidney is subject to renal vasoconstriction and possible hy-
pertension or nephrotoxicity [11].

2. Monitoring levels is important. Ketoconazole and erythromycin increase
cyclosporine levels and side effects, whereas rifampin, isoniazid (INH), and
TMP-SMX lower levels, increasing the risk for rejection [10]. Drugs stimulating
cytochrome P450 activity will result in more rapid metabolism and lower levels
of cyclosporine. Idiosyncratic interactions such as renal failure after single doses
of aminoglycosides, amphotericin B, or fluoroquinolones may occur. St. John’s
wort decreases cyclosporine levels [12].

B. Tacrolimus (Prograf; previously called FK506) was approved in 1994 for primary
prevention of rejection in patients receiving liver transplants. The drug also has
been used as rescue therapy for graft rejection unresponsive to other immunosup-
pressive drugs. Tacrolimus is a bacteria-derived macrolide unrelated to cyclosporine
but with similar activity [13]. It interferes with cytotoxic T-cell proliferation and pro-
duction of IL-1 and -2, interferon-γ (IFN-γ ), and IL-2 receptors. It is approximately
10 times more active than cyclosporine, and reduces the incidence of acute rejection
and steroid-resistant rejection. Adverse effects and drug interactions are similar to
those seen with cyclosporine, although there is an increased risk for glucose intol-
erance associated with tacrolimus [14].

C. Corticosteroids interfere with production of IL-1 through IL-5, IFN-γ , and im-
munoglobulin secretion. Acute inflammatory responses are blunted. They predis-
pose to side effects, especially infection. Leukocytosis occurs, but rarely with a
white blood cell count of greater than 20,000/mm3 without an underlying infection.
Osteoporosis, aseptic hip necrosis, glucose intolerance, cataracts, and hypercholes-
terolemia often complicate long-term therapy [8,10]. Modern immunosuppres-
sion involves attempting to use a dose that balances rejection and side effects.

D. Azathioprine, a purine analogue, interrupts DNA synthesis, thereby suppress-
ing T-cell proliferation. It is used in rejection prophylaxis. Dose-related side effects
include leukopenia, thrombocytopenia, macrocytic anemia, pancreatitis, hepatotox-
icity, tumorigenesis, and infection [10]. Azathioprine does not interact with antibi-
otics but enhances hematologic toxicity [8]. Used with allopurinol, doses should be
reduced.

E. Mycophenolate mofetil (MMF; Cellcept was approved in 1995 for oral use and
is superior to azathioprine in preventing organ rejection in renal transplants)
[15]. Similar to azathioprine, MMF blocks T- and B-cell proliferation by stopping
production of guanine nucleotides needed for DNA synthesis. Proliferation of fi-
broblasts, endothelial cells, arterial smooth muscle cells, and B-cell production
of antibodies is diminished. Side effects include leukopenia and gastrointestinal
problems.
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F. Sirolimus, also a macrolide, is 27 times more potent than tacrolimus and is used
in combination with calcineurin inhibitors to prevent rejection. It inhibits T- and
B-cell proliferation by interfering with cytokine signals after cytokine attachment
to the cell receptor [16]. Doses of calcineurin inhibitors and steroids can be reduced
when sirolimus is part of the regimen. Drug interactions are similar to those seen
with calcineurin inhibitors. Side effects include elevated cholesterol and triglyceride
levels, hypertension, thrombocytopenia, anemia, and leukopenia. The effects of hy-
percholesterolemia and hypertriglyceridemia seem to be offset by reduction of graft
vasculopathy [17].

G. Antilymphocyte globulins, antithymocyte globulins (ATGs), and OKT3
murine monoclonal antibody are biologic preparations that lyse host immuno-
cytes. They are effective for both prophylaxis and treatment of rejection. Potential
side effects include fever, serum sickness, aseptic meningitis, pulmonary edema,
and diarrhea, which may be confused with symptoms of infection or rejection. Con-
current administration of corticosteroids, acetaminophen, and diphenhydramine
palliates the side effects of fever and rigors [8]. Rabbit ATG is better tolerated than
others and is more effective than horse-derived ATG. All reactivate CMV; however,
rabbit ATG is less likely to cause disease [18].

H. Interleukin-2 inhibitors. Monoclonal antibodies block T-cell receptors for IL-2,
thus inhibiting the signal for T-cell proliferation. They decrease rejection and permit
withdrawal of steroids. The incidence of infusion side effects or infection is low
[19,20].

I. Radiation therapy is used routinely for BMT preparation. Total lymphoid irradi-
ation has been used to treat chronic stubborn rejection in heart recipients [21].

IV. Problems resembling infection in solid organ transplantation
A. Although the patient may feel well, with signs of rejection seen only on

biopsy, rejection mimics infection. Fever, myalgias or arthralgias, and leukocy-
tosis occur. In any febrile episodes, rejection is considered, but after cultures
antibiotics should be initiated.

B. Medications can cause fever. Azathioprine or cyclosporine hepatotoxicity should
be considered in posttransplantation hepatitis. Usually fever due to OKT3 occurs
early in therapy.

V. Clinical signs of infection on immunosuppressive therapy may be obscure.
The impaired inflammatory response results in a paucity of signs. The insidious onset
and possible rapid progression of infection warrant a prompt and thorough evaluation.
This includes a complete history and physical examination, with attention to the skin
and oropharynx. A complete blood count (CBC), chest radiography, urinalysis, and blood
cultures are indicated. Initiation of empiric broad-spectrum antibiotics is reasonable
pending the outcome of studies.

VI. CMV is the most important cause of transplant-associated infection. Three clinical
syndromes occur between 1 and 6 months posttransplantation. Primary infection,
the most serious, develops in seronegative recipients of grafts or blood products from
a CMV-seropositive donor. Reactivation of latent virus occurs. Reinfection devel-
ops because donor or blood product virus is transmitted into the “immune” recipient
[22].
A. Illness The proportion of a syndrome group that becomes ill is highest in primary

infection. In all groups illness presents as fever and malaise. Some, especially with
primary disease, progress to pneumonitis, encephalitis, hepatitis, and other organ
involvement. Graft dysfunction may ensue [23–26].

B. Laboratory studies usually show a leukopenia and mild increase in liver
enzymes.

C. Viral studies. Antigenemia assays or polymerase chain reaction (PCR) of periph-
eral blood are early indicators of CMV active infection that predicts disease [27–29].

D. CMV exerts effects in addition to clinical infectious syndromes
[23,30,31].
1. CMV enhances net immunosuppression by causing leukopenia and depress-

ing cell-mediated immunity and alveolar macrophage function. This may result
in opportunistic infections with Pneumocystis, Nocardia, and Listeria species
[23,30].
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2. CMV mediates allograft injury (and possibly rejection), accelerates atheroscle-
rosis in hearts, and increases the incidence of bronchiolitis obliterans in lung
transplants [22,23,28,29].

3. Malignancy may be induced [23].
VII. Strategy to prevent infection in solid organ transplantation and BMT

A. Surgical prophylaxis pretransplantation [6,32]
1. In renal transplantation, cefazolin with or without aminoglycoside is used. The

use of prophylactic TMP-SMX daily for 6 months after renal transplanta-
tion has been shown to reduce urinary tract infections (UTIs) in patients
free of anatomic abnormalities [33,34].

2. Heart transplantation. Cefuroxime or cefepime may be given for 24 to 48 hours.
3. Liver transplantation. Selective bowel decontamination for gram-negative or-

ganisms and fungi must be undertaken at least 7 days pretransplantation [34],
and concurrent fungal prophylaxis with clotrimazole or nystatin should be ad-
ministered. Cefepime and/or piperacillin/tazobactam is started pretransplanta-
tion and continued for 5 days postoperatively. Fluconazole is used in patients
with prolonged intubation or operative time, in those undergoing surgical reex-
ploration, in those who require multiple blood products, and in those on periop-
erative antibiotics or dialysis [35].

4. Lung and heart-lung recipients should receive prophylaxis with activity against
Pseudomonas aeruginosa. Regimens are then adjusted based on results of donor
sputum/endotracheal cultures and recipient sputum/lavage cultures [32,34,36].

5. BMT patients often receive oral ciprofloxacin at the onset of neutropenia and
oral acyclovir 400 to 600 mg/day for 6 months for HSV prophylaxis [37,38]. De-
creased levels of immunoglobulin reported posttransplantation have been asso-
ciated with a greater incidence of infections. Data to recommend administration
of intravenous immunoglobulin (IVIG) posttransplantation is lacking [39].

B. CMV prevention. Oral GCV or valacyclovir given for 90 days after kidney trans-
plantation prevents CMV disease [40,41]. CMV-negative recipients of CMV-negative
grafts must receive CMV-negative blood products or, if not available, leukocyte poor
blood products (equivalent to CMV-negative products) [42]. Cases of serious and
refractory hypotension during transfusion of blood products through in-line filters
have been reported [43]. Cytomegalovirus immunoglobulin (CMVIG) has high
titers of antibody against CMV and is more effective than IVIG for prevention of
CMV disease in renal [44], liver [45], and lung grafts that are CMV mismatches
[46]. CMVIG has the additional benefit of decreasing the risk for other opportunis-
tic infections [45].

C. Opportunistic infection prophylaxis
1. Isoniazid is used in patients with positive PPD test results, but side effects may

outweigh benefits. It is indicated for patients with a history of active tuberculosis
(TB), a positive PPD test result and nonwhite background, malnourishment, an
abnormal chest radiograph, or with other immune-compromising conditions (i.e.,
diabetes mellitus, achlorhydria) [33].

2. TMP/SMX protects against Pneumocystis, Listeria, and Nocardia infections
[33,47]. Other infection prevention measures pretransplantation also
should be considered.

3. Dental and other procedures [47]. Heart transplant recipients should receive
prophylaxis when undergoing dental, gastrointestinal, or genital urinary proce-
dures [37]. Liver transplant patients should receive antibiotic prophylaxis prior
to liver biopsy or cholangiography. See Chapter 27B.

4. Infection control. Health care workers must adhere to strict hand washing
practices. Recipients must not be exposed to other patients or to visitors with
upper respiratory infection, chicken pox, or tuberculosis.

5. Hot water decontamination and filtering air may be necessary if Legionella
or Aspergillus outbreaks occur.

6. Environmental pathogens. Avoid contact with zoonotic vectors such as birds
(chlamydia), cats (toxoplasmosis), and fresh flowers. For the first six months
posttransplantation, the patient should wear a mask when going into pub-
lic. Airplane travel should be avoided, especially to areas where sanitation is
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inadequate. Infectious diseases consultation should be sought for travel after
that time.

7. Pretransplant vaccination against pneumococci [48] once and influenza sea-
sonally is recommended. If not current, inactivated vaccination against tetanus,
Haemophilus infuenza type B (HiB), and poliovirus, as well as the live mumps,
measles, and rubella (MMR) vaccination should be given. Seronegative recipi-
ents to the respective viruses should receive hepatitis A, hepatitis B and varicella
vaccines. Meningococcal vaccine should be provided to college-age recipients. In
BMT, vaccination of the donor may be helpful.

8. Posttransplant vaccination. In BMT, inactivated vaccines: that for influenza
starting at 6 months, and those for diphtheria-tetanus-acellular pertussis
(DTaP), Pneumococcus diphtheria-tetanus (DT), tetanus-diphtheria (Td), HiB,
hepatitis B, and inactivated polio vaccine after 12 months. The live MMR vac-
cine should be given 24 months later [49].

9. In the transplant unit, fresh fruits and vegetables should be washed and all
meats must be thoroughly cooked [34]. Intravenous lines and Foley catheters
should be meticulously maintained and discontinued promptly. Patients should
be mobilized as soon as possible. Masks are indicated for patients transported
through construction areas [34] and for health-care workers with respiratory
infections.

10. Varicella prophylaxis. Patients who are seronegative to varicella and exposed
to chicken pox or to zoster, require varicella-zoster immune globulin (VZIG). See
related discussion in Chapter 26.

INFECTIONS IN RENAL TRANSPLANTATION
During the first month after transplantation, the patient is most likely to experi-
ence a nosocomial infection, whereas the second interval (at 1–6 months) is marked
by a predominance of opportunistic infections. After 6 months, if immunosuppres-
sion is reduced, the major risk is community-acquired infections. (Fig. 20.1). Infec-
tious disease problems of the diabetic transplant recipient have recently been reviewed [50].

The clinical presentation of infection or rejection is similar and sometimes can
be resolved only by biopsy of the transplanted kidney. Renal transplant patients differ
from other transplant recipients in that in the face of overwhelming infection, immunosup-
pression may be discontinued and dialysis used as an alternative therapy.

I. Immediate posttransplantation period (first month). Nosocomial infections with
or without fever occur particularly during the immediate posttransplantation period.
Because the net immunosuppression is still low, opportunistic infections occur only
rarely in this interval, and their presence should prompt consideration of environmental
exposure [33].
A. Nosocomial infections, including intravenous (i.v.) catheters, lung, wound, and

urinary tract sites. These infections are frequent sources of fever. [33]. Other
hospital-acquired infections include sinusitis, prostatitis, and disseminated Candida
infections.
1. Specific syndromes of the early posttransplantation period

a. Intravenous line infections are common at both central and peripheral
sites. If blood cultures are positive, i.v. lines discontinued in a febrile transplant
patient should be quantitatively cultured. See Chapter 2 for a discussion of
catheter-related sepsis.

b. Pneumonia may be difficult to distinguish from postoperative atelec-
tasis, adult respiratory distress syndrome, hemorrhage, congestive
heart failure, or emboli. Pneumonia in this period is a complex nosoco-
mial process, and the reader is referred to Chapter 11 for further discus-
sion. Empiric therapy should be based on the clinical setting, sputum Gram
stain results, and local susceptibility patterns. If Gram stain does not suggest
Staphylococcus or yeast, use piperacillin-tazobactam or a third- or fourth-
generation cephalosporin as initial therapy. Nephrotoxic antibiotics and



P1: HAG/HAG P2: HAG/GIS QC: MAD/HAG T1: MAD

PB207B-20 PB207A-Betts/6678F September 19, 2002 9:40 Char Count= 0

20. Infections in Transplantation 787

FIG. 20.1 Infection timetable. CMV, cytomegalovirus; EBV, Epstein-Barr virus; VZV,
varicella-zoster virus; HSV, herpes simplex virus; UTI, urinary tract infection. (Modified
from Rubin RH, et al. Infection in the renal transplant recipient. Am J Med 1981;70:405;
with permission.)

antibiotics that interact with immunosuppressive agents should be avoided
(see section III.A.1).

c. Wound infection caused by staphylococci or gram-negative organisms is
linked to technical complications that result in urine leaks from anastomoses,
wound hematomas, or lymphoceles [51]. The use of systemic antibiotics and
improved surgical techniques has decreased the incidence to 1% [51]. How-
ever, incisional pain, erythema, and fever are either mild or absent. A high
index of suspicion is necessary for early diagnosis.
(1) A Gram stain and culture should be performed on any wound drainage,

and blood cultures should be obtained. A CBC and a urinalysis with culture
are indicated.

(2) Computed tomography (CT) of the transplanted kidney will show
changes of infection. Aspiration of perirenal fluid for Gram stain
and culture should be performed. Management may require surgical
drainage and antibiotics. Empiric Pseudomonas coverage until Gram stain
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or culture results are available is indicated. In early studies, 75% of deep
infections required a nephrectomy to prevent anatomic disruption and for
cure [51].

d. Urinary tract infections. Due to surgical handling, for the first 90 days
the urinary tract is a prime site of infection [51]. An infected allograft is a
source of upper tract infection or sepsis. Infection due to hospital-acquired
gram-negative rods or Candida species usually originates with an indwelling
catheter. Graft loss due to Candida pyelonephritis has been reported [52].
Another cause of graft failure is BK virus, a polyomavirus. Hemorrhagic cysti-
tis or interstitial nephritis with possible graft failure occur. Cidofovir may be
helpful [53]. A mild febrile episode may be the only finding.
(1) Diagnosis. With bacteria, urinalysis reveals white blood cells and casts.

Gram stain results of urine will often guide therapy. In BK virus
infection, decoy cells present on urine cytology or PCR is diagnostic.

(2) Therapy. Intravenous therapy is used for these early (4–6 months
posttransplantation) intrarenal processes then therapy is completed with
TMP-SMX or a quinolone for 4 to 6 weeks [54]. Candiduria, whether symp-
tomatic or not, should be treated for 10 days with oral antifungals fol-
lowed by repeat urinalysis and culture [54]. Significant interactions with
cyclosporine are not seen. Search for surgically drainable foci or fungus
balls should be undertaken. Treatment of asymptomatic bacteriuria is
controversial [54,55].

(3) Prophylaxis with TMP-SMX yields significantly fewer bacterial UTIs
[56]. Those at high risk for recurrence (diabetics, patients on cyclophos-
phamide or high-dose steroids, or those with recurrent UTIs) should have
prophylaxis indefinitely [56]. Antifungal prophylaxis is not indicated [57].

2. Nosocomial infections less commonly seen
a. Sinusitis. Coronal head CT scans are the best methods to diagnose

sinusitis related to nasogastric or nasotracheal tubes. Oxymetazoline
0.5% and removal of the tube on the affected side may be sufficient therapy.
Optimal management may require antral puncture or surgery. Febrile sinusitis
should be treated with antibiotics such as piperacillin-tazobactam to cover
gram-negative organisms and anaerobes.

b. Prostatitis from the Foley catheter may manifest as pus around the in-
dwelling catheter. Rectal examination reveals a boggy, tender prostate. Culture
of expressed prostatic secretions may identify the pathogens. TMP-SMX is a
reasonable empiric choice. Quinolones are an alternative in the sulfa-sensitive
patient. Patients receiving quinolones and cyclosporine should be monitored
for nephrotoxicity.

c. Disseminated fungal infections occur from line sepsis, especially in asso-
ciation with prolonged antibiotic use [33]. New lipid formulations of ampho-
tericin B are less nephrotoxic than standard amphotericin B. The latter may
cause increased serum creatinine levels in 50% to 100% of patients [58,59]. At
doses ranging from 1 to 4 mg/kg/day, liposomal amphotericin B concentrations
are greater than the inhibitory concentrations of most fungal organisms [60].
Among the three formulations, liposomal amphotericin B has the best toxicity
profile (61) and a clinical response in invasive aspergillosis of 61% [61a]. Caspo-
fungin (Cancidas) shows promise for treatment of Candida or Aspergillus in-
fections. Elevation of liver function tests (LFTs) occur if cyclosporine but not
tacrolimus is used. Approval by the U.S. Food and Drug Administration of
voriconazole, which is active against filamentous and dimorphic fungi and
Candida species, is expected early in 2002. It does interfere with cytochrome
P450.

B. Reactivation of latent infection
1. CMV often reactivates and may produce a self-limited febrile illness with malaise

and neutropenia. See section VI under Basic Principles.
2. Preexisting tuberculous disease can disseminate, resulting in miliary disease.
3. Strongyloides stercoralis infestation may evolve into a hyperinfection syn-

drome with pulmonary infiltrates and polymicrobial bacteremia. Mortality
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approaches 70% [6]. Treatment employs thiabendazole or ivermectin [6].
Screening of stool (five samples), sputum, and duodenal aspirate will identify
larvae in 91% of these patients.

C. Allograft-derived infections. Pyelonephritis, occasionally developing immedi-
ately after transplantation, results from the graft having been seeded prior to be-
ing harvested [62]. Donors who have been in the intensive care unit for more than
1 week pose the greatest risk. Graft contamination during preservation may
be more common than donor infection. Culture of perfusate identifies this po-
tential source of infection. Kidney recipients with a culture-positive perfusate
should receive 7 to 14 days of i.v. antibiotics. CMV, EBV, TB, hepatitis, syphilis,
Strongyloides, Candida, and HIV have all been transmitted by renal allografts
[63].

II. Immunosuppressive period (1–6 months). This is the interval of maximum immuno-
suppression. Both primary and reactivated CMV infection add to the immunosuppres-
sion. The combination of these factors predisposes both to infection and to tumorigenesis
[29,30]. Infections may present in an unusual fashion and may be caused by ex-
otic and unexpected pathogens.
A. Pulmonary infections mandate a rapid diagnostic approach. Diagnosis

within 5 days yields 80% versus 35% survival if diagnosis is delayed [64].
1. Clinical approach to pulmonary infections

a. A history and physical examination should be performed, with particu-
lar attention to mode of onset; travel; serostatus of the donor and recipient
with respect to CMV, EBV, HSV, and VZV; animal contacts; exposure to ill
persons; compliance with prophylactic regimens; vaccination history; and re-
ceipt of blood products. The immunosuppression regimen should be reviewed,
including pulse immunotherapy for rejection. Recall that CMV predisposes to
other complications [23,29,30].

b. Expectorated or induced sputum (using inhalation of 10% glycerin
plus 10% NaCl for 10 minutes) is obtained for Gram and regular and mod-
ified acid-fast stains, as well as routine, acid-fast, and Legionella culture.
Because atypical pneumonia and opportunistic processes present with a dry
cough, sputum induction improves identification of mycobacteria and fungi as
well as Pneumocystis species. Cultures should be held for 2 weeks to detect
Nocardia or Legionella. A Papanicolaou smear should be performed to search
for Strongyloides.

c. Blood cultures, arterial blood gases, and serial chest radiography are appro-
priate. Samples for serum analysis of cryptococcal antigen should be
obtained, and urinalysis should be performed to look for Legionella
urinary antigen.

d. Imaging studies must be carefully interpreted. Chest x-ray patterns do not
correlate with a specific etiology. Radiographs are abnormal in only 56% of
cases of pneumonia; CT scans are often helpful when the chest radiograph is
nondiagnostic.

e. Bronchoscopy should be performed if diagnosis is uncertain within 24 to
48 hours, or earlier if the clinical course mandates. Quantitative cultures
obtained by protected brush, bronchoalveolar lavage, and biopsy are helpful.
With a protected brush, 103 bacteria/mL suggests infection [65]. If these stud-
ies are unrevealing, open lung biopsy is indicated [66].

f. Transthoracic needle aspiration of discrete peripheral lesions or infiltrates
can be attempted, especially if the lesions are cavitary. Limited tissue is a
drawback when attempting to diagnose a process that may be multietiologic
(see Chapter 11).

g. Initial empiric therapy should be initiated immediately after bronchoscopy
(or immediately after specimen collection if bronchoscopy is not performed
initially) and should be based on clinical setting and results of Gram stain-
ing. Coverage for resistant gram-negative organisms with a third- or fourth-
generation cephalosporin and a second-generation quinolone is reasonable.
For dosing, see Chapter 27F and G. Macrolides including azithromycin should
be avoided in patients on calineurin inhibitors.
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Table 20.1. Immunocompromised Protocol: Studies Done on Biopsy Samples of Lung
Tissue or Bronchoalveolar Lavage Washings

Gram stain and bacterial culture
Fungal culture
Acid-fast bacilli smear and culture
Nocardia smear and culture
Legionella smear and culture
Respiratory viral culture
Cytomegalovirus smear and culture
Smears for herpes simplex virus and adenovirus and, in the proper season,

influenza virus, respiratory syncytial virus, and parainfluenza virus
Cytology
Gomori methenamine silver stain for Pneumocystis carinii pneumonia

Empiric therapeutic doses of TMP-SMX can be initiated if the patient has
not received prophylaxis for Pneumocystis (see Chapter 18). Cyclosporine
levels should be followed closely when TMP-SMX is used. Sputum for acid-fast
bacilli (AFB) smear and culture postbronchoscopy have an increased yield of
mycobacteria after the procedure [67].

2. The laboratory approach is complex (see also Chapters 11 and 25). Bron-
choscopy and open-lung biopsy specimens must be handled meticulously (Table
20.1).
a. The protected brush technique is used to differentiate upper airway col-

onization from lower infection. A quantity of greater than 103 organisms
suggests that the organism is the cause of the infection [68].

b. Bronchoalveolar lavage fluid should be stained for Pneumocystis species,
fungi, and AFB. Direct fluorescent antibody testing of smears is useful for
detecting Legionella species and viruses such as CMV, herpes simplex aden-
ovirus, and, in the appropriate season influenza, parainfluenza, or respiratory
syncytial virus (RSV). Bronchoalveolar lavage can be used to detect organisms
in 69% of cases [65].

c. Biopsy tissue is stained with hematoxylin and eosin and examined for viral
inclusions and granulomas. Tissue should be cultured for viruses and My-
cobacterium tuberculosis and stained by the immunoperoxidase technique for
toxoplasma (see Chapter 25).

d. Open lung biopsy is relatively safe and should not be delayed in the critically
ill patient. It is especially useful in diffuse infiltrates. Lung tissue should be
studied as in section c.

B. Dermal infections present a diagnostic challenge. Biopsy of the lesion is usually
necessary for accurate diagnosis. Lesions should be evaluated promptly. They
may be a forme fruste of disseminated infection, and early systemic therapy can be
successful [69].
1. Skin infections may be similar to those seen in immunocompetent indivi-

duals.
a. Cellulitis due to staphylococci or streptococci is commonly observed be-

cause of skin fragility from chronic corticosteroids. Ampicillin-sulbactam, an
antistaphylococcal penicillin, or clindamycin for penicillin-allergic individu-
als, should be used. A portal of entry such as dermatophyte infection should
be sought.

b. Cellulitis caused by unusual pathogens. Gram-negative bacteria, crypto-
cocci, or Candida, may be clinically indistinguishable from pyogenic cellulitis.
Biopsy with culture is indicated when response to standard therapy
is lacking [33].

2. Skin infections producing localized or mild infections.
a. Herpes simplex viruses. The severity of HSV infection is governed by the

type and intensity of immunosuppressive therapy. Lympholytic preparations
(OKT3, ALG) are major promoters of HSV infection. Approximately one-half
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of kidney recipients experience reactivation of cutaneous lesions within 30 to
60 days after transplantation [33]. With lympholytic therapy, these infections
may develop earlier.
(1) Herpes labialis usually is caused by HSV type 1 and is exacerbated by the

presence of endotracheal and nasogastric tubes. It may progress to involve
the oral and esophageal mucosa and may mimic Candida esophagitis ra-
diographically. The lesions often become superinfected with Candida [69].
Acyclovir is effective [47].

(2) Anogenital lesions due to HSV type 2 are less common. Lesions af-
ter transplantation may be typical vesicles or less characteristic ulcers. A
Tzanck preparation is helpful diagnostically, as are viral cultures. There
is a potential for secondary infection with gastrointestinal flora and sub-
sequent bacteremia. Oral acyclovir is effective.

(3) Cutaneous dissemination of HSV, (Kaposi varicelliform eruption),
presents with crops of vesicles arising in separate sites. This is due to
autoinoculation. It usually involves areas of prior trauma (e.g., burns).
Treatment is i.v. acyclovir.

b. Varicella-zoster virus.
(1) Reactivation of latent VZV occurs in a dermatomal distribution in 10%

of renal transplant recipients; dissemination is a rare event. Immunosup-
pression need not be changed. Acyclovir enhances healing and decreases
acute pain. With normal renal function, 10 mg/kg every 8 hours is indi-
cated. Patients should be isolated until lesions crust [47].

(2) Primary VZV infection (chickenpox) is uncommon because of immunity.
When it occurs, hepatitis, pneumonitis, central nervous system (CNS) in-
fection, and disseminated intravascular coagulation can result. Prophy-
laxis with VZIG is imperative for seronegative patients exposed to
VZV. VZIG will prolong the incubation period (see Chapter 26). If lesions
occur, acyclovir 10 mg/kg i.v. every 8 hours, should be initiated promptly
(assuming normal renal function) [33].

c. Papillomavirus, the cause of warts, affects 40% of renal transplant patients
and occasionally develops into extensive or disfiguring lesions [33]. Further-
more, malignant transformation of warts can occur. Initial therapy is reduction
of immunosuppression followed by cryosurgery. Dermatologic consultation is
suggested.

3. Primary skin infections caused by opportunistic organisms usually are
diagnosed by biopsy with histologic examination and routine, fungal,
and mycobacterial cultures.
a. Localized infections with atypical mycobacteria, fungi, and algae occur.
b. Systemic spread can follow cutaneous infection with Candida and the zy-

gomycetes. The lung and gastrointestinal tract are the usual portals of entry
for Aspergillus and Candida organisms, respectively. The zygomycetes have
been introduced by trauma from dressings or i.v. line placement.

4. Disseminated skin infection may originate from a noncutaneous source,
heralding a systemic infection that requires systemic therapy. Nocardia, Crypto-
coccus, and Candida are noted for this. In 25% of patients with cryptococcosis,
dermal lesions appear weeks to months prior to CNS disease. Disseminated can-
didal infections present with skin lesions in 15% of patients [33]. Nocardia is
noted for the concurrence of dermal and lung lesions.

C. Central nervous system infections
1. Meningoencephalitis and brain abscess are the most frequent CNS infections

and present in a subacute fashion. Causative organisms include Aspergillus, Tox-
oplasma, Nocardia, and viruses. See related discussions in Chapter 6.
a. Aspergillus infection is common in the first 1 to 2 months posttransplantation

[69a]. It usually originates from a pulmonary focus (83%–90%). Mental status
changes vary between those that rapidly progress to obtundation and death or
focal neurologic findings occur. The diagnosis should be suspected if sinus
or pulmonary aspergillosis is present. Magnetic resonance imaging
(MRI) is more sensitive than CT. Lesions are multifocal at the gray and
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white junction [69a,70]. Lipid complex amphotericin B is the drug of choice.
Fatality rates approach 100% [71].

b. Toxoplasma gondii is uncommon. The initial presentation is altered mental
status in 45% and seizures in 35%; MRI demonstrates single- or multiple-
ring–enhancing lesions in periventricular areas [71]. A stereotactic biopsy is
useful for diagnosis. Sulfisoxazole and pyrimethamine are the agents of choice
[72]. Clindamycin may be substituted for the sulfonamide in the sulfa-allergic
patient (see Chapter 18).

c. Nocardiosis. See section II.A.2 under Infections in Heart Transplantation.
2. Meningitis is another common presentation of CNS infection during this pe-

riod. Patients may complain of headache, lethargy, or fever, or may demonstrate
meningismus. The organism responsible for acute meningitis usually is Liste-
ria, whereas Cryptococcus and Coccidioides present in a subacute fash-
ion. Meningitis often occurs after treatment for rejection, regardless of the time
that has elapsed since transplantation [70].
a. Cryptococcus causes a basilar meningitis with increased intracranial pres-

sure and the risk for deafness and blindness. CT findings are often normal.
Infection usually occurs more than 3 months posttransplantation and presents
with headache (80%) and fever (60%). Cerebrospinal fluid (CSF) crytpococcal
antigen is obtained, which is positive in 100% of cases; whereas culture is
positive in only 90%. Opening pressure should be measured. Fluconazole or
lipid complex amphotericin B and flucytosine are the drugs of choice [73,74] for
the transplant recipient in whom interactions with cyclosporine are a primary
concern. Repeated lumbar puncture to lower pressure is indicated if initial
pressure is elevated.

b. Listeria occurs late after transplantation. It presents as brain stem encephali-
tis with cranial nerve palsies or pontomedullary signs [75]. CSF Gram stain is
always negative. Treatment is ampicillin plus an aminoglycoside. TMP-SMX
is used in penicillin-allergic patients.

c. Coccidioides immitis. Fluconazole or itraconazole are effective, but am-
photericin B—systemically or, in refractory cases, intrathecally—remains
the standard of care [76–78]. If possible, immunosuppression should be
decreased.

d. Rhinocerebral phycomycoses due to Mucor and Rhizopus are encountered
only rarely in renal transplant recipients, even during the height of immuno-
suppression. Physical examination reveals periorbital swelling, cranial nerve
palsies, and necrosis of the nasal turbinates. Biopsy with histologic examina-
tion demonstrating hyphal elements is diagnostic. Lipid complex amphotericin
B is adjunctive to extensive surgical resection.

D. Urinary tract infections in this period parallel those seen in the immediate post-
transplantation period (see section I.A.1.d).

E. Gastrointestinal complaints in the renal transplant recipient warrant
aggressive diagnostic evaluation, because the severity of illness can be
masked by immunosuppression. See related discussions in Chapter 13.
1. Viral infections are common.

a. Stomatitis or esophagitis usually is caused by concurrent HSV and Candida in-
fections. In stomatitis, the diagnosis is made clinically, but esophagitis requires
endoscopy with biopsy and culture. Acyclovir is effective for HSV esophagitis.
Oral or i.v. fluconazole is used for candidal esophagitis [77].

b. Gastrointestinal ulceration and bleeding may be caused by CMV. Diagnosis
requires endoscopy with biopsy and viral culture. GCV is the drug of choice
[79]. Helicobacter pylori and rarely invasive fungal disease may be etiologic.

2. Bacterial infections are seen less often.
a. Acute gastroenteritis is caused by pathogens that occur in immunocompe-

tent patients.
b. Hemorrhagic diarrhea can be seen with M. tuberculosis infection, CMV,

pseudomembranous colitis, posttransplantation lymphoproliferative disorder,
diverticulitis, or Campylobacter or Salmonella infection (see section III.E).

c. Intraabdominal abscess. Chronic steroid therapy leads to perforation at any
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weak area in the bowel. Perforation is followed by abscess formation. Diagnosis
can be made via ultrasonography or CT.

3. Diverticulitis caused by chronic constipation is seen in patients given long-
term phosphate-binding antacids. It should be suspected with abdominal pain
or change in bowel habits. Diverticulosis before transplantation predisposes a
patient to diverticulitis. Classic signs of peritonitis frequently are absent in the
immunosuppressed patient. Surgical evaluation, CT scanning, or a water-soluble
contrast enema may be helpful (see Chapter 13).

4. Cholecystitis may be calculous or acalculous. In the latter, dehydration is a
contributing factor. Corticosteroids can mask the manifestations of chole-
cystitis [69].

F. Fever of uncertain origin. A search for hepatic, neurologic, and gastrointestinal
disease is indicated, and a low threshold for biopsy of the involved organ with routine
AFB smear, viral culture, and histology is necessary. Human parvovirus B19 infec-
tions following transplantation may cause fever of unknown origin, myalgias, and
refractory anemia [80]. IVIG may be helpful. However, in this period fever often
is caused by CMV (see section VI under Basic Principles). Neutropenia accompa-
nying CMV infection may necessitate decreasing the dose of MMF or azathioprine.
In our experience, CMV infection contributes profoundly to the net immunosuppres-
sive effect. A CMV-infected patient should be observed for the development of other
opportunistic infections or malignancies.

III. The late period (>6 months posttransplantation) is characterized by comm-
unity-acquired infections in patients who are successfully grafted. Patients chroni-
cally infected with CMV and hepatitis viruses and those with ongoing rejection remain
at risk for opportunistic disease.
A. Late pulmonary infections

1. M. tuberculosis and atypical mycobacterial infections may exhibit unusual
presentations. A history of exposure or a reactive PPD test result may be difficult
to obtain. Accordingly, a high index of suspicion must be maintained when late
pulmonary infiltrates develop. Acid-fast stains of sputum may be negative, and
bronchoscopy may be necessary to obtain adequate specimens. Optimal treatment
for highly susceptible M. tuberculosis and atypical mycobacteriosis is controver-
sial. Although 9 months of INH and rifampin may be sufficient, the immuno-
compromised patient may require an additional 9 months of therapy [47,67] (see
Chapter 11).

Greater controversy surrounds the treatment of multiply resistant TB. Consid-
eration of this possibility must be made when evaluating individuals exposed to
TB. Resistant and atypical mycobacterial infections require individualized ther-
apy based on the results of susceptibility testing. Infectious disease consultation
is suggested (see Chapter 11). Lung resection is an alternative in patients with
localized pulmonary involvement caused by atypical mycobacteria [47].

2. Fungal infection with Histoplasma, Coccidioides, and Cryptococcus species
can present without obvious pulmonary involvement. Histoplasmosis and coccid-
ioidomycosis generally are encountered in endemic areas, whereas cryptococcosis
occurs throughout the United States. The clinician should alert the laboratory
when sputum is submitted. Positive culture should be assumed to represent inva-
sive disease. For treatment of cryptococcosis, fluconazole is used. Histoplasmosis
and blastomycosis respond to itraconazole, which exhibits 90% efficacy [78] (see
Chapter 17). The clinician should be alert to interactions with the calcineurin
inhibitors.

3. Pneumococcal and H. influenzae pretransplantation vaccination is important.
See section VII.C.6–7 under Basic Principles. Influenza vaccine should be admin-
istered annually posttransplantation. Renal transplant recipients have a reduced
antibody response to vaccine, but vaccine does not compromise graft function [81].

B. Dermal infections. See section II.B.
C. Central nervous system infection is more likely if the patient has continued

rejection or persistent viral infection. See section II.C. In the patient requiring
low-dose immunosuppression, routine bacterial pathogens and cryptococci should
be suspected.
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D. Urinary tract infections. During this period, these usually are benign, and the
incidence of such infections is decreased by prophylactic use of TMP-SMX. Low-
dose quinolones are effective and relatively safe in the transplant patient. Bac-
teremic pyelonephritis suggests anatomic abnormality and warrants urologic eval-
uation [33].

E. Gastrointestinal infections
1. Chronic hepatitis caused by HBV, with or without hepatitis delta virus (HDV)

and HCV infection, is a leading cause of morbidity and mortality in patients
with functioning renal allografts who survive 10 years [82]. Donor and recipient
serologies for HBV must be analyzed carefully prior to transplantation. Hepatitis
surface antigen (HBsAg)-positive or anti–hepatitis core antibody (HBcAb) IgM-
positive donors pose a high risk for transmission of HBV. Anti-HBcAb IgG-positive
or HBsAb-positive grafts are unlikely to transmit HBV to kidney recipients. Pre-
transplantation immunization and posttransplantation prophylaxis may allow
use of seropositive grafts [83]. Hepatocellular injury is cytopathic in HBV and
primarily immune mediated in HCV. IFN is a difficult drug to use in transplant
recipients because it has an immunostimulatory effect [84]. A recent study by
Pereira et al. showed that liver disease was increased in recipients of HCV-positive
organs but the rate of graft loss or mortality during a 3.5-year follow-up period
[85] was similar. In a more recent study, HCV-positive recipients of renal allo-
grafts had an increased incidence of membranoproliferative glomerulonephritis
compared with HCV-negative recipients, and HCV positivity was a predictor of
graft loss [86]. Interestingly, HCV exerts an immunomodulating effect during the
first year. Allograft survival is significantly greater in these patients. The infec-
tion rate is also greater in the first year. Boletis et al. established that liver biopsy,
not simply transaminase level, is required to determine the severity of disease,
prognosis, and response to treatment [87]. Cirrhosis may ensue.

2. Salmonella infections may result in metastatic infection or bowel perforation.
Any patient with Salmonella gastroenteritis should always be treated
(see Chapter 13).

F. Eye infection. Visual field defects are a common manifestation of CMV retinitis.
However, this occurs rarely in transplant recipients. The patient may be asymp-
tomatic and the clinical course evolves over weeks. GCV 5 mg/kg every 12 hours for
2 weeks will halt disease progression, but patients may relapse (see Chapter 18).
Toxoplasmosis presents similarly but is very uncommon. Ophthalmologic consulta-
tion is imperative (see Chapter 27).

G. Epstein-Barr virus is associated with a spectrum of B-cell lymphoproliferative
diseases that infrequently develop following kidney transplantation. These have
recently been reviewed [88].

INFECTIONS IN HEART TRANSPLANTATION
Problems in cardiac transplantation parallel those in renal transplantation. However, pre-
vention of rejection is the top priority in heart transplant recipients, because retransplan-
tation is risky and expensive. The 1-year survival rate for repeat cardiac transplantation is
approximately 55% [89]. Therefore, aggressive immunosuppression must be enforced, but
this increases the incidence and severity of infection. Patients who receive transplants for
ischemic disease tend to experience more infections than those who receive transplants for
other reasons, but this may be related to their greater mean age [90]. Infection in heart
transplant recipients has been reviewed [91].

I. Immediate posttransplantation period (first month). The infectious complications
encountered during this period are the same as those in renal transplant recipients, with
the exception of surgical wound infections.
A. Nosocomial infections are a common cause of fever in this time period.

1. Intravenous catheter infections should be managed as for renal transplant
recipients. The avoidance of bacteremia is paramount because of the vascular
anastomoses (see Chapter 2). Lines should be removed as soon as feasible, and
pacer wires should be removed promptly.
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2. Refer to section I.A under Infections in Renal Transplantation and Chapter 11
for the presentation, diagnosis, and treatment of pneumonia. A recent review of
pneumonia found rates of 21.1 per 100 heart recipients—75% occurred in the first
3 months. Sixty percent were caused by opportunistic organisms, 25% were noso-
comial pathogens, and 15% were community-acquired pathogens. Bronchoscopy
was 95% sensitive for diagnosis [92]. Influenza vaccination is safe after heart
transplantation and induces adequate antibody responses in most patients [93].
Pneumocystis carinii pneumonia (PCP) prophylaxis should be given for 1 year
posttransplantation and reinstituted following treatment of rejection [32].

3. Surgical wound infections are uncommon, but potential progression into the
mediastinum makes this a grave complication. Needle aspirate or bone biopsy is
important [94]. Diagnosis is made by results of Gram staining and culture. Re-
sponsible organisms include coagulase-positive and -negative staphylococci, as
well as by Enterobacter, Serratia, and Pseudomonas species. Sternotomy infec-
tions require debridement and systemic antibiotics.

4. Urinary tract infections are less common than in renal transplant recipients
and are managed as would be any nosocomial UTI. Prophylaxis with TMP-SMX
for PCP also reduces the incidence of UTIs (see Chapter 15).

5. Pleural effusions might occur postoperatively. In an asymptomatic patient,
these may be observed, but if infection is suspected, a diagnostic thoracentesis is
indicated.

B. Reactivation of prior infection can occur. Refer to section I.B under Infec-
tions in Renal Transplantation. With respect to HBV, some investigators suggest
that transplantation of HBV-positive carriers is safe given that lamivudine controls
viral replication posttransplantation [95]. Despite the finding that survival post-
transplantation was not impacted by HBV status pretransplantation, others cau-
tion against transplantation in this setting. Liver biopsy pretransplantation may be
helpful. Fagiuoli’s group found that HBV and HCV behaved more aggressively after
cardiac transplantation [96].

C. Various infections may be transmitted by allograft.
1. Transplantation of a Toxoplasma-seropositive heart into a seronegative pa-

tient poses a 25% to 50% risk for disseminated toxoplasmosis, with a high risk
for mortality [97]. A 6-month course of TMP-SMX or pyrimethamine and folinic
acid prophylaxis should be initiated [34,97,98].

2. The risk for CMV disease is higher in heart than in kidney recipients. Prophy-
laxis involves short-term i.v. GCV, then 3 months oral GCV [32,99]. Prophylaxis
including immunoglobulin seems to be more effective than use of either agent
alone [100]. Alternatively, preemptive approaches have become popular. Various
regimens have been identified. One is to start i.v. GCV when ATG/ALG is given
for rejection. Addition of oral GCV for 3 months after rejection therapy nullifies
the risk for CMV disease [101]. Many centers use quantitative PCR or pp65 anti-
genemia assays to determine when to give preemptive i.v. GCV [102–107]. Advan-
tages of preemptive approaches include avoidance of drug toxicity and reduction
in CMV resistance because fewer patients receive GCV [107]. Furthermore, pro-
phylactic GCV prevents induction of CMV-specific T-cell responses, allowing for
late-onset CMV disease after prophylaxis is stopped [103], whereas preemptive
therapy allows this T-cell response to occur. Hibberd showed a 52% reduction of
CMV disease if GCV was used with ALG [108].

3. HCV-positive donors are a possibility for critically ill heart patients. However,
the risk for HCV transmission approaches 80%. Consequences of HCV remain to
be seen [109].

4. HBV. Some programs use hearts from donors positive for HBsAg or HBcAb if
the recipient has natural immunity to HBV or has been successfully immunized
[110].

II. Immunosuppressive period (1–6 months). As in renal transplantation, this is the
time of maximum immunosuppression. Opportunistic infections surpass nosocomial in-
fections as the most common causes of fever. Infections are similar but often more severe
than in renal transplants. Legionella and Nocardia are more common in heart trans-
plant recipients. With TMP-SMX prophylaxis, the incidence of Nocardia has diminished.



P1: HAG/HAG P2: HAG/GIS QC: MAD/HAG T1: MAD

PB207B-20 PB207A-Betts/6678F September 19, 2002 9:40 Char Count= 0

796 20. Infections in Transplantation

A. Pulmonary infections constitute the most commonly encountered infectious pro-
cess [111] and are similar to those encountered in renal transplant patients (see
section II.A under Infections in Renal Transplantation) [112].
1. Legionellosis is more common in some centers. (See related discussion in

Chapter 11.)
a. Legionellosis usually presents as a patchy, interstitial pneumonia that

progresses to an alveolar infiltrate. Any appearance is possible; cavitation has
been described [33].

b. Legionella is difficult to isolate from sputum. Bronchoscopy with culture
may be necessary [113]. An indirect fluorescent antibody study is available,
but an increase in titer may be delayed. A single titer of 1:256 or greater is pre-
sumptive evidence, whereas paired sera reflecting a fourfold increase are diag-
nostic. Eighty percent of cases of Legionella are caused by serogroup 1. Urinary
antigen detection tests, which detect only serogroup 1, have good sensitivity
and specificity. Histologic examination usually reveals a bronchopneumonia.

c. Treatment. A second-generation quinolone should be started empirically be-
cause of the difficulty in confirming the diagnosis and given for 21 days. Late
relapse can occur. Rifampin 600 mg orally twice daily may be added in severe
or refractory cases [113]. Azithromycin is generally avoided when patients are
on tacrolimus or cyclosporine. Clarithromycin has significant interactions with
calcineurin inhibitors.

2. Nocardiosis is seen in heart transplant recipients [114].
a. Nocardia infections have decreased with use of TMP-SMX prophylaxis for PCP.

Most patients have symptomatic lung disease. Although radiographic findings
are variable, the concurrence of skin lesions and a pulmonary infiltrate
strongly suggests nocardiosis or cryptococcosis. See related discussion
in Chapter 17.

b. Sputum cultures have a yield of only 30%. Diagnosis often requires inva-
sive procedures to obtain tissue for culture and histologic examination. As in
renal transplants, about 30% of open-lung biopsy specimens yield a previously
unexpected diagnosis [66]. In sputum or lung tissue, acid-fast, gram-positive,
filamentous bacteria suggest nocardiosis. All patients with nocardiosis should
undergo brain MRI to exclude intracranial disease.

c. The drug of choice is a sulfonamide (e.g., sulfadiazine 2 g orally every
6 hours or TMP-SMX 2 double-strength tablets orally three times daily) for 3
to 6 months (see Chapters 17 and 27L). Serum levels ideally should be mon-
itored, with peak levels adjusted to 12 to 15 mg/dL. Sulfadiazine may crys-
tallize in the renal tubules, resulting in acute renal failure. To prevent this
outcome, sodium bicarbonate (or sodium citrate and citric acid [Bicitra]) should
be used to maintain the urine pH at greater than 7. In patients allergic to sul-
fonamides, various combinations of amikacin, minocycline, ceftriaxone, and
imipenem have been used with success. Duration of therapy has not been well
defined. Infectious disease consultation is advised.

B. Dermal infections. See section II.B under Infections in Renal Transplantation.
C. Central nervous system infections. See section II.C as above.
D. Urinary tract infections. See section II.D under Infections in Renal Transplan-

tation.
E. Gastrointestinal infections. See section II.E under Infections in Renal Trans-

plantation.
F. Posttransplantation lymphoproliferative disorders (PTLDs).

1. Etiology and pathogenesis. Most PTLDs are of B-lymphocyte origin and are of-
ten the result of primary EBV infection [115]. Early diagnosis is essential, be-
cause the syndrome may be reversible in the early stages, but progresses
to malignancy if diagnosis is delayed. Those at risk for developing PTLD include
a seronegative recipient (10% of the population [116]) of a seropositive graft;
patients receiving ALG therapy [116], cyclosporine, or tacrolimus; recipients of
nonrenal grafts; and patients with other infections, particularly CMV [117]. Clin-
ical presentation may mimic CMV, with fever, malaise, leukopenia, adenopathy,
or splenomegaly. Involvement of the GI tract, lungs, CNS, or the graft itself is
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typical [116,118]. A spectrum may occur after transplantation. EBV-associated
disease occurs early posttransplantation (≤1 year). Several histopathologic pat-
terns have been described. Posttransplantation infectious mononucleosis and
plasma cell hyperplasias are distinct forms of PTLD. EBV-associated polymorphic
lymphomas, polymorphic B-cell hyperplasia, and lymphomatous PTLD character-
ize true PTLDs [115]. Adults are more likely to have EBV-negative non-Hodgkin
lymphomas after transplantation and are most often EBV-seropositive men over
45 years of age. Retransplantation is another risk factor for EBV-negative non-
Hodgkin lymphomas [119]. Lesions are monomorphic and respond poorly to con-
ventional antineoplastic therapies [120].

2. Diagnosis. Semiquantitative PCR has been developed to monitor for PTLD. It
appears that this assay is better for ruling out PTLD than confirming the diag-
nosis [121].

3. Treatment is relatively ineffective. Initially it involves minimizing immunosup-
pression. Because high EBV viral loads may be immunosuppressive, the risk for
rejection with this reduction is minimal. Because CMV may serve as a cofactor,
treatment with GCV and CMVIG may be helpful [115]. Localized symptomatic
lesions may be removed surgically; radiation and chemotherapy are reserved for
systemic involvement and failure to respond to initial treatment. Monoclonal
anti-CD 20, 21, and 24 B-cell antibodies are efficacious against PTLD lesions
that contain the targeted cell marker [122].

G. Fever of uncertain origin. See section II.F under Infections in Renal Transplan-
tation.

III. Late period (>6 months). The infectious problems encountered in this period are
similar to those described in section III under Infections in Renal Transplantation.

INFECTIONS IN LIVER TRANSPLANTATION
Infection, the most important determinant of morbidity and mortality in orthotopic liver
transplantation (OLT) [123–126], is difficult to diagnose because of the similarities be-
tween infection and rejection. Bacterial infections tend to occur during treatment of
rejection episodes, and devitalized liver tissue is a haven for bacteria. Infections or their
treatment may contribute to hepatic dysfunction. Furthermore, liver histology may be al-
tered by infection. The differentiation between rejection and infection is difficult [127].

I. Infection or not infection—that is the question.
A. Rejection may be acute or chronic.

1. Acute rejection crisis is the most common cause of graft dysfunction and typi-
cally occurs on approximately the fifth day after transplantation.
a. Symptoms and signs of malaise, anorexia, abdominal discomfort, fever, in-

creased organ size, or clear bile are present in rejection [128].
b. Laboratory studies should assess for rapidly rising hepatic values, especially

bilirubin and prothrombin time. Liver biopsy is the best diagnostic tool
for evaluating rejection but is dangerous because of preexisting coagulopathy
or neovascularization of the implanted liver [128].

c. Radionuclide scans (dimethyl iminodiacetic acid [HIDA]) shows decreased
uptake and excretion not only in rejection but also in ischemic, obstructive,
viral, drug, and septic complications. Ultrasonography undertaken with HIDA
scan can be used to distinguish between tumor, biloma, abscess, and hepatic
infarction.

d. Treatment of acute rejection requires pulse immunosuppression, which can
potentiate infectious complications. The prognosis of rejection is guarded;
children fare better than adults. Acute rejection leads to 20% of all posttrans-
plantation deaths in OLT [128].

2. Chronic rejection targeting the intrahepatic ducts is an ongoing process and
may eventuate in a “vanishing bile duct syndrome” at any time [128].
a. Jaundice, which reflects the obliteration of bile ducts during the rejection pro-

cess, is the hallmark of chronic rejection, whereas increasing aspartate amino-
transferase (AST) and alanine aminotransferase (ALT) values are less specific.
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b. Treatment of vanishing bile duct syndrome has been disappointing. In ap-
proximately 20% of such recipients, retransplantation is required; survival
averages 50% [129].

B. Hepatic dysfunction can occur with viral or bacterial infection. CMV that is estab-
lished by liver biopsy, or by other diagnostic approaches is most common [130]. Less
commonly, bacteremia, an intraabdominal abscess, or pneumonia can produce hy-
perbilirubinemia, usually in association with an elevated alkaline phosphatase and
minimally elevated transaminases [128]. This is referred to as cholestatic jaundice.
Hepatotoxic drugs and technical problems such as biliary leak or stricture, bleeding,
or hepatic artery thrombosis may simulate infection or rejection.

II. Infection complicates liver transplantation in 80% of recipients. Many will have
polymicrobial infection or multiple episodes of infection. Mortality varies between 20%
and 30%. Risk factors include length of surgery, multiple blood products, Roux-en-Y
anastomosis, CMV infection, and prior abdominal surgery [123–126]. In OLT, the timing
of specific infections is less predictable because the graft is an “immunologic” organ. All
patients with fever of unclear origin should undergo CT or ultrasonography to
rule out abscess or ductal dilatation. Additionally, because the biliary tree is
colonized, antibiotic prophylaxis is essential before biopsy or cholangiogram
and should be continued for 48 hours [32].
A. Immediate posttransplant period (first month). Rejection and infection,

the latter involving the peribiliary liver tissue, and the biliary and vascu-
lar anastomoses, mark this period. The greater infection rates in liver trans-
plantation can be directly attributed to the technical complexity of the surgery.
Procedure-related infections increase with the duration of surgery and the
number of prior operations [125]. They occur at vascular or enterobiliary anas-
tomoses. Thrombocytopenia is a marker of risk for early infections and increased
mortality [131]. Organisms are similar to those in renal transplants, although in
some centers vancomycin-resistant Enterococcus faecium is a significant problem.
Selective bowel decontamination seems to lower the incidence of infections [132,
133].
1. Hepatic artery anastomoses can become infected or undergo thrombosis,

especially in children, during the first posttransplantation week. This results in
peribiliary duct necrosis with secondary abscess formation. Bacteremias have
arisen from hepatic or portal vein thrombosis as well. The clinical onset often is
heralded by an isolated episode of fever. Alternatively patients may present with
ascites or an increase in liver function tests [128].

2. Biliary anastomoses may leak, become obstructed, or become infected by the
adjacent gastrointestinal flora. The normal flora will not cause clinical infection
unless leaks or an obstruction is present. The manifestations are variable and
may include cholangitis, liver abscess, or bacteremia [128]. Postoperative ileus
may lead to increased pressure on biliary anastomoses, with subsequent biliary
leak and infection.

3. Invasive candidiasis arising from the upper small bowel can occur in up to
44% of patients [134]. Risk factors include hemodialysis, perioperative antibi-
otics, multiple blood products, prolonged mechanical ventilation, and need for
surgical reexploration. These patients should receive prophylactic fluconazole.
Use of amphotericin B should be entertained for patients who are intubated for
long periods of time. Clotrimazole (10-mg troche) or nystatin suspension (10 mL
orally four times daily) often is given to reduce colonization [35].

B. Infection after 30 days more typically mirrors the processes seen in patients re-
ceiving heart or kidney transplants. Mortality is lower than in patients who develop
infectious complications during the immediate posttransplantation period [33]. How-
ever, the infections are more diverse and reflect prolonged immunosuppression.
1. Nosocomial infections can occur in any hospitalized transplant patient. See

section I.A under Infections in Renal Transplantation.
2. Opportunistic infections are seen in this period and decrease only when im-

munosuppression is decreased. See section II.A–F.
a. CMV infection causes mild persistent hepatic dysfunction and can be dis-

tinguished from rejection only by biopsy with histology and viral culture.
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CMV prophylaxis after liver transplantation consists of two approaches. A
short course of i.v. GCV (until bowel function returns) followed by 90 days of
oral VGCV lowers the risk for CMV disease even in donor-positive/recipient-
negative patients [29]. Oral GCV has proved effective in recipients of anti-
lymphocyte therapy [135]. Preemptive therapy (based on quantitative pp65
antigenemia or PCR assays) consisting of 14 to 21 days of i.v. GCV has estab-
lished efficacy for prevention of CMV disease [29]. A cost-effectiveness study by
Das found that universal prophylaxis consisting of 100 days of oral GCV was
the most cost-effective strategy [136]. See section VI under Basic Principles
and section II under Infections in Renal Transplantation.

b. Human herpesvirus 6 (HHV-6) is a member of the herpesvirus family. Most
studies have examined liver transplant recipients. Seroprevalence rates in
adults are greater than 90% [137]. Although this is a controversial area, in-
fections have been reported in 30% to 50% of solid organ recipients [137a].
Based on positive CSF PCR results, HHV-6 has been linked with mental status
changes and fever (as high as 40◦C). However 50% of normal children have a
positive CSF PCR result. There is general agreement that HHV-6 causes fever
and a rash and possibly thrombocytopenia, leukopenia, and anemia. Infections
have peak incidence at 4 weeks. Like other herpesviruses, it is postulated that
HHV-6 diminishes cell-mediated function, perhaps elevating the risk for CMV,
invasive fungal disease, and mortality [137b]. Calcineurin inhibitors have been
associated with an immunosuppression-induced leukoencephalopathy, which
may mimic those allegedly related to HHV-6 [138]. MRI demonstrates subcor-
tical white matter lesions in posterior cortical hemispheres. Because both the
development and the time of onset of immunosuppression-induced seizures is
similar, the exact role of HHV-6 is uncertain.

c. Hepatitis B can significantly affect graft survival. There is a high rate of re-
currence (83%–100%) of HBV following OLT [139], with progression to chronic
active hepatitis by 9 to 12 months, and cirrhosis 2 to 3 years posttransplan-
tation. HBV leads to increased levels of IFN-γ and tumor necrosis factor-α
(TNF-α), along with upregulation of TNF-α receptor expression by hepato-
cytes with subsequent graft injury. Prophylaxis against HBV infections is
useful. Regimens of i.v. or intramuscular HBIG reduce recurrence of HBV
to less than or equal to 20% [140]. Lamivudine or famciclovir have been given
posttransplantation [141], but lamivudine has better activity than famciclovir.
Both are more effective in the setting of HBeAg-positive patients, higher ALT
levels pretreatment, and HDV coinfection. About 5% of patients have break-
through elevated HBV DNA levels after initial viral suppression [141]. De-
spite the emergence of resistance, ongoing lamivudine results in a less ag-
gressive disease course. HBV-positive liver recipients have more infectious
complications and probably a greater risk for hepatic neoplasm if HBV recurs
[128].

d. Hepatitis C. The implications of HCV infection in liver transplantation are
unclear. The rate of recurrence of HCV after transplantation is 42% to 88%.
Approximately 10% of patients will die or have graft failure due to recurrent
HCV. However, 5-year graft survival rates in HCV-positive liver transplant re-
cipients are similar to those for HCV-negative recipients [142]. HCV genotype
1B, high cumulative doses of corticosteroids, and steroid-resistant rejection
result in elevated HCV viral loads [142]. Pegylated IFN with or without rib-
avirin should be considered, before the serum bilirubin exceeds 3 mg/dL, in
those who demonstrate histologic recurrence of HCV. Rejection risk is not in-
creased [143]. If IFN three times weekly is not tolerated, benefit may accrue
from low-dose daily IFN.

C. In the late period (>6 months), opportunistic infections diminish in frequency.
The transition from opportunistic infection to community-acquired infection is
less clear in the liver transplant recipient. TB presents a particularly difficult
problem because of hepatotoxicity from standard antituberculous drugs. Meyers
et al. reported on regimens of 2 months of induction followed by continued treat-
ment with ethambutol and ofloxacin for 9 months in patients who developed TB
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posttransplantation. Six of seven patients treated with this protocol were alive and
free of TB at the end of follow-up [144].

INFECTIONS IN LUNG TRANSPLANTATION (A UNIQUE AND
FREQUENTLY ENCOUNTERED SET OF PROBLEMS)

I. Outcome. Survival rates after lung transplantation are 74% the first year, 65% the
second year, and 47% at 5 years. Infectious complications account for 50% of deaths,
and two thirds involve the respiratory tract [145]. The cumulative incidence of bacterial
pneumonia during the first year after lung transplantation is 70%.

II. Pathophysiology. Sinus surgery to decrease colonization pretransplantation is con-
troversial. As a result of the procedure, the graft is denervated, resulting in a dimin-
ished cough reflex and disrupted mucociliary clearance. Environmental exposure fur-
ther escalates the risk for pneumonia. [145]. The bronchial anastomosis is subject to
ischemic/infection that may lead to dehiscence or stenosis.

III. Etiology
A. Common pathogens include Pseudomonas species, other gram-negative organisms,

Staphylococcus aureus, and Enterococcus species. Colonizing organisms found pre-
transplantation, especially in cystic fibrosis (CF) patients, produce postoperative
infections. CF patients benefit from double lung transplantation to lower the risk
for graft pneumonia. Colonization by Aspergillus species leads to invasive disease in
13% to 26% and is consistently fatal [146]. Risk for invasive aspergillosis peaks in
the first 6 months posttransplantation, but 30% occur more than 6 months out.

B. CMV incidence is increased after lung transplantation. Risks include size of the
organ and amount of lymphoid tissue in the graft. CMV disease occurs in 90% to 100%
of donor-positive/recipient-negative patients and in 60% of donor-positive/recipient-
positive patients [147]. CMV has been linked to obliterative bronchiolitis, which
leads to progressive deterioration in lung function [145,147].

C. PTLD occurs more frequently after lung transplantation than for other solid organs.
The risk approaches 30% [148] and most often affects the graft. Bronchoscopic lung
biopsy (BLB) is an important diagnostic technique and is also useful for diagno-
sis of infectious complications. BLB specimens are less reliable for detecting graft
rejection. Blood loss in excess of 100 mL is the leading complication.

IV. Prevention and treatment. Special considerations after lung transplantation ad-
dress prevention of invasive fungal infections, multiply resistant bacteria, CMV, viral
respiratory pathogens, HSV, and EBV-associated PTLD. For fungus, some centers use a
combination of antifungal agents, including lipid complex amphotericin B or itracona-
zole and inhaled amphotericin B to achieve higher local tissue levels [149]. Lifelong PCP
prophylaxis is recommended by some clinicians; at a minimum it should be reinstated
with antirejection treatment. TB may occur either due to reactivation, to posttransplan-
tation exposure, or to transmission from the donor. INH prophylaxis is safe and effective
[144]. Prophylaxis against HSV with acyclovir or valacyclovir for 3 months posttrans-
plantation is given because HSV pneumonia may be severe. For CMV there may be a
benefit to adding CMVIG to GCV.

Infections in pancreatic transplantation will not be reviewed here.

BONE MARROW TRANSPLANTATION
Bone marrow transplantation differs significantly from solid organ transplantation. In BMT
patients, HLA typing is closely observed; the immunosuppression is profound; and graft-
versus-host disease (GVHD) occurs frequently. Most marrow recipients have undergone
therapy for leukemia and have received at least one round, and often several rounds, of
antibiotics. Other differences are the absence of a surgical wound and the presence of
an initial period of complete immunosuppression lasting approximately 30 days. Absolute
leukopenia and the absence of cell-mediated immunity make predictions of infectious agents
difficult.

I. Basic principles. Allogeneic transplantation is distinctly different from rein-
fusion of autologous marrow/stem cells. Immunosuppression posttransplanta-
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tion is not done, and GVHD does not occur in the latter group, only the pre-
transplantation conditioning.
A. Donor and recipient selection and preparation before BMT

1. The marrow donor is ideally an HLA-identical sibling. Twenty-five percent of
siblings are HLA identical. Use of partially matched family member marrow and
matched, unrelated donor marrow is increasing. It is preferable that the donor and
recipient be matched at the HLA-A, -B, and -DR locus, and their mixed lymphocyte
cultures must have mutual nonreactivity. Donors should be screened for syphilis,
CMV, HSV, HIV, HCV, VZV, EBV, and HBV. Cardiac and pulmonary status should
be evaluated if anesthesia will be used for marrow harvest.

2. Recipient selection. BMT is used to treat leukemia, lymphoma, multiple mye-
loma, severe combined immunodeficiency, aplastic anemia, sickle cell disease, and
enzyme deficiencies. Common to these disorders is an immunologic deficiency that
predisposes to infection even prior to marrow irradiation and immunosuppression
therapy. Research into BMT for solid organ tumors is ongoing.

3. Immunosuppressive therapy. Before BMT, patients receive a regimen that
ablates existing disease and allows donor marrow engraftment, combining
chemotherapy with total body irradiation for those with malignancy. Potential reg-
imens include methotrexate (MTX), cyclosporine, ATG, and corticosteroids. Donor
marrow is pretreated with monoclonal antibody or lectins to remove T cells in an
attempt to prevent GVHD [150].

B. Measures to prevent infection
1. Protective environment. Patient hygiene and fastidious handwashing by staff

and visitors is essential. Allogeneic recipients should be housed in rooms that have
at least 12 air exchanges per hour. Use of portable high-efficiency particulate air
filters is recommended [151]. If available, laminar air flow rooms are useful, but
patients find them uncomfortable for prolonged periods of time [49].

2. Antimicrobial prophylaxis. In the early posttransplantation period, before
fever develops, many centers use ciprofloxacin prophylaxis. Later, one TMP-SMX
double-strength tablet daily is useful for chronic GVHD because of the high inci-
dence of bacterial infections. This also decreases the frequency of PCP [151], toxo-
plasmosis, and nocardiosis. IVIG may be indicated in patients who are hypogam-
maglobulinemic to prevent upper and lower respiratory tract infections [151].
Prophylactic fluconazole 400 mg/day orally reduces the incidence of superficial and
systemic fungal infections in allogeneic and high-risk autologous BMT patients if
they are likely to have prolonged neutropenia [152]; itraconazole prophylaxis has
been effective as well [153].

3. CMV prophylaxis with CMVIG is considered for seropositive marrow into a
seronegative recipient. However, the risk for CMV disease is greatest in the
seropositive recipient. Options for CMV prevention include i.v. GCV from engraft-
ment to day 100 posttransplantation or preemptive i.v. GCV triggered by a posi-
tive CMV antigenemia or PCR assay result. If the CMV pairing is donor positive/
recipient negative, preemptive therapy coupled with leukocyte-poor blood products
is preferred for BMT recipients because the risk for CMV disease is low [49].

II. Infections in BMT have been recently reviewed [154].
A. The early period (0–21 days) is characterized by an absolute neutrophil count

(ANC) of less than 100, lymphopenia, and mucositis. Fever, which usually is the
only sign of infection, is the hallmark and almost invariably complicates the early
neutropenic period. Noninfectious fever—from transfusion, embolism, deep hemor-
rhage, or drugs—may occur. Central venous and Foley catheters contribute to the
breakdown of normal anatomic barriers. Both increase the chance for bacteremia
[49]. HSV infection occurs at this time [155].
1. Blood cultures must be obtained. In the febrile patient, bacteremia occurs

in 20% to 30% of patients. Patients appear septic. Organisms include Enterobacte-
riaceae, coagulase-negative staphylococci, and viridans streptococci [156]. Empiric
β-lactam antibiotic (e.g., piperacillin, cefepime, or imipenem) with or without an
aminoglycoside is administered (see Chapter 2). With the increasing incidence
of gram-positive infections, two options exist. Many authorities hold vancomycin
until gram-positive organisms are isolated [156a]. Others initiate therapy with
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vancomycin and stop it if blood cultures are negative. Antibiotics are continued
until the ANC increases to 500/mm3, unless infection is proven, then duration
should follow standard practice. Treatment may be abbreviated in the febrile clin-
ically stable patient after 1 week, when the ANC is greater than 200/mm3 and
cultures remain negative. For indwelling catheter infections, see Chapter 2.

2. Candida infections are considered if fever persists or recurs while the patient
is on antibiotic treatment. The incidence is related to the duration of neutropenia
[152]. Febrile patients should undergo urine, blood, and sputum cultures, biopsy
of skin lesions, and retinal examination for lesions. A course of antifungal therapy
is warranted even with negative cultures [35,157]. As noted above, these indi-
viduals are on prophylactic oral fluconazole. Therefore, for allogeneic transplant
patients on nephrotoxic immunosuppressive agents, lipid complex amphotericin
B is the agent used [35]. In auto-BMT recipients with a serum creatinine level of
at least 2.0 mg/dL, 50% will require hemodialysis; if amphotericin is initiated and
creatinine increases, early switch to lipid complex amphotericin B is reasonable.
Molds such as Aspergillus that are resistant to fluconazole present as sinusitis
and lung nodules or abscess and are difficult to treat. Although initially they may
look very well, the rate of mortality is high in patients with Aspergillus. Radio-
graphic imaging of the chest and sinuses may demonstrate otherwise occult fungal
infections. The treatment regimen for Aspergillus is not settled. Some clinicians
administer liposomal amphotericin up to 15 mg/kg.

3. Orolabial HSV reactivation occurs in 75% of seropositive patients and pro-
gresses to esophagitis or pneumonia [151,158]. Oral acyclovir is used for prophy-
laxis and in i.v. preparation for treatment.

B. The middle period (21–100 days) often is characterized by continued granulocy-
topenia from graft failure or rejection. Bacterial and fungal infection remain impor-
tant. With successful engraftment and the gradual return of immune function, the
main obstacle is acute GVHD. This presents with rash, diarrhea, and hepatic dys-
function, and is believed to result from proliferation of donor T-lymphocytes reacting
to host tissue antigens. In parallel, viruses and protozoa become important causes of
infection.
1. Interstitial pneumonia. The second major risk to the patient during this

period is interstitial pneumonia [159], which is seen in 40% to 60% of pa-
tients. The mortality rate exceeds 50% [159]. Fever, increased respiratory rate,
and nonproductive cough occurring approximately 45 days after BMT are charac-
teristic. CMV is found in one-half of the cases. Pretransplantation lung function
is a predictor of interstitial pneumonia due to CMV. HHV-6 infections may cause
interstitial pneumonia in BMT recipients (137a). The incidence of PCP is declin-
ing with the use of prophylactic TMP-SMX. Uncommonly, Aspergillus, adenovirus,
HSV, parainfluenza, adenovirus, RSV, and Chlamydia are causative agents. RSV
is associated with a high mortality rate [160]. Thirty percent to 45% of cases are
idiopathic [159]. Idiopathic interstitial pneumonia [161–163] has a similar
presentation, but no infectious etiology can be demonstrated. Pulmonary fibrosis
may be immune mediated. Risk factors include preconditioning irradiation and
chemotherapy, MTX to control GVHD, age greater than 20 years, and a low pre-
transplantation Karnovsky score [161]. Treatment is supportive. Superinfection
is a frequent complication. The mortality rate approaches 60% [161].
a. Diagnosis. Hypoxemia and infiltrates characterize interstitial pneumonia. If

bronchoscopy with lavage and biopsy is nondiagnostic and the patient has not
improved after 24 to 48 hours of appropriate antibiotics, open lung biopsy should
be performed.

b. Treatment. Until biopsy results are known, a broad-spectrum β-lactam
with an aminoglycoside is recommended [151]. GCV in combination with
CMV immunoglobulin is used for CMV pneumonitis [162].

2. Dermal infections are associated with acute GVHD or with indwelling
catheters.
a. Acute GVHD with its generalized maculopapular skin rash can evolve

into bullae, ulcers, and epidermolysis. The rash mimics maculopapular drug
eruption. Histologic confirmation is necessary. Corticosteroids, MTX, ATG, and
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cyclosporine have been used for treatment. HHV-6 infections and GVHD are
interrelated. Both cause increase in cytokines with subsequent reactivation of
HHV-6 or induction of GVHD.

b. Skin infections are often associated with an indwelling catheter (see
Chapter 4).

3. Central nervous system infections can present as meningitis or as subtle
changes in mental status (see Chapter 6).

4. Urinary tract infections (see Chapter 15).
5. Gastrointestinal tract infections. Nausea, vomiting, and anorexia during the

first 2 weeks after BMT are usually side effects of chemoradiotherapy or of drugs.
Between days 15 and 60, acute GVHD, HSV infections, and drug toxicity are pos-
sibilities.
a. Diarrhea is common in this period. Chemoradiotherapy sequelae are diag-

nosed by biopsy and treated supportively. Drug toxicity is excluded by dis-
continuation or substitution of medications. Chemotherapeutic agents and
antimicrobials may cause Clostridium difficile colitis (see Chapter 13). Patients
developing acute GVHD present with nausea and vomiting and have hemoccult-
positive, watery stools with a high protein content. CT scans or sonograms
showing edematous intestine, or mucosal biopsies of duodenum or colon may
aid in the diagnosis. Enteroviruses, rotavirus, and especially adenovirus may
mimic or be associated with GVHD. The same may be said for fungi, parasites,
and bacteria. Stool should be cultured for viruses and enteric pathogens and ex-
amined for ova and parasites. Endoscopic biopsy with viral culture is indicated
if CMV or HSV is suspected or if the diagnosis remains unclear.

b. Mucositis or acute GVHD often causes gastrointestinal bleeding, but
other causes include CMV, EBV-induced PTLD, peptic ulcer, and Mallory-Weiss
tears.

c. Esophagitis caused by chemoradiotherapy occurs early in the posttransplan-
tation period and usually is self-limited. Because viruses, fungi, or bacteria
may cause disease singly or in combination [164], diagnosis requires biopsy.
Stricture formation may be a late sequela.

d. Abdominal pain. Early-onset abdominal pain may be caused by chemora-
diotherapy or venoocclusive disease. Right upper quadrant pain, ascites,
and fluid retention can be seen with the latter. Such disease involves the termi-
nal hepatic venules and sublobular veins, with necrosis of hepatocytes leading
to fibrosis and obstruction of sinusoidal blood flow. No intervention has altered
the disease course, which carries a mortality rate of 30% [164].

Later, acute GVHD and infectious enteritis are common causes of ab-
dominal pain and may occur together. Bacterial invasion and inflammation of
the bowel wall characterize typhlitis or neutropenic enterocolitis that presents
with right lower quadrant pain, vomiting, fever, and diarrhea. Clostridium sep-
ticum may be cultured from blood, although other anaerobes, gram-negative
organisms, or yeast may be involved. Sepsis syndrome and edema of the colonic
mucosa on CT scanning further suggest this diagnosis. Supportive therapy with
appropriate antibiotic treatment is indicated; surgical resection is a considera-
tion while waiting for the neutropenia to resolve [164].

6. Disseminated CMV infection. GVHD predisposes to symptomatic disease. Ap-
proximately 50% of cases are caused by reactivation, but other CMV infections are
acquired from the donor or from CMV-seropositive blood products. The nonspecific
presentation may include fever, neutropenia, or organ dysfunction. Many patients
are asymptomatic [49]. One-fifth or so of CMV infections culminate in pneumonia,
with a mortality rate of 50% to 60% [153,165]. Diagnosis requires biopsy of the
involved organ and CMV cultures of blood and urine. Alternatively, PCR or pp65
antigenemia assays may be helpful. Avoidance of seropositive marrow donors, use
of filtered blood products, and early preemptive therapy based on quantitative
PCR or pp65 antigen can prevent most disease [35]. Treatment of visceral disease
comprises GCV with CMVIG [162].

7. Line-related bacteremias. The patient’s immunosuppressed state, the presence
of GVHD, and indwelling venous catheters all contribute to the development
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of Candida, Staphylococcus epidermidis, or Corynebacterium species sepsis (see
Chapter 2).

C. The late period (>100 days) is associated with fewer infections because most i.v.
lines have been removed, fewer immunosuppressive agents are used, and the immune
system has progressively recovered. Chronic GVHD occurs in 30% to 50% of patients.
It may follow acute GVHD or arise de novo [164]. It may be focal and mild, or it may
be generalized, resembling autoimmune disease with scleroderma-like skin lesions,
hepatitis, malabsorption, and sicca syndrome. Chronic GVHD leads to an increased
risk for infection owing to interruption of skin and mucosal barriers, delayed recovery
of cell-mediated and humoral immunity, and functional asplenia.
1. Pulmonary infections. The entire respiratory tract is susceptible to infection

because chronic GVHD leads to IgA deficiency and sicca syndrome. Streptococcus
pneumoniae predominates, whereas fungi, CMV, and PCP are less common. TMP-
SMX is used for bacterial and PCP prophylaxis.

2. Dermal infections. VZV occurs in 30% of all patients and 45% of patients with
chronic GVHD. Both primary and reactivation disease are encountered. Bacterial
superinfection, scarring, postherpetic neuralgia, and trigeminal zoster occur. Vis-
ceral involvement is life threatening, affecting pelvic and abdominal organs, the
lungs, the oral and genital mucous membranes, and the CNS. Patients with cuta-
neous or visceral VZV should be isolated and treated with i.v. acyclovir. VZIG is
indicated for primary exposure to prevent or ameliorate illness. See discussions in
Chapters 4 and 26.

3. Disseminated infections. Pneumococcal sepsis is seen, as are bacteremias with
H. influenzae, Neisseria meningitidis, S. aureus, and gram-negative aerobes. A
β-lactam and aminoglycoside should be used empirically when these bacteremic
syndromes are suspected. TMP-SMX prophylaxis is effective in decreasing the
incidence of bacteremia.
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Candace L. Mitchell and J. Thomas Cross, Jr.

ZOONOSES
Although Virchow coined the phrase “zoonosis,” zoonoses have been identified for over
4,000 years. The Eshunni Code of Mesopotamia (before 2300 B.C.) stated that the owner
of a vicious dog who had bitten a man causing his death should be fined. This was likely the
first description of rabies. In 1959, the World Health Organization convened a committee
of experts and defined zoonosis as “Those diseases and infections naturally trans-
mitted between animals and man.” Today we know that over 200 different zoonoses are
transmitted from animals to humans. A single chapter is inadequate to provide the depth
necessary to explore each of the many zoonoses encountered in the United States and their
widely varying geographic and vector-dependent features. We have selected a few zoonoses
and the animals associated with them for a brief review. Lyme disease, which is the most
common vector-borne infection in the United States today, is discussed in greater detail.

I. Factors influencing acquisition of zoonoses. The probability of zoonotic disease
transmission from animals to humans is influenced by many factors: length of time the
animal is infective, length of the incubation period in animals, stability of the organism
in the environment, available modes of transmission, virulence of the organism for
humans, density of infected animals in a community, and community control of wild
rodents and insects.
A. Human contacts with animals. Domesticated animals are an important part of

almost all cultures, including in the United States (Table 21.1). However, many op-
portunities exist for contact with other animals and disease vectors. Thus, a thor-
ough exposure and travel history is essential in evaluating patients for a
suspected zoonosis. This identifies the likely animals and vectors encountered,
which in turn suggests the most likely possible infections (Tables 21.2 to 21.12).
1. Pets. In the United States, it is estimated that 55% of households have a dog or

cat. Additionally, 15% to 20% have pet birds. Common pets in the United States
are listed in Table 21.1. Their presence in the household should always be sought
in the history.

2. Farm animals are also frequent in rural households, including those that are
not working farms.

3. Outdoor exposure. Many people venture into the wilderness for recreation or
build houses in undeveloped settings. Others spend their time gardening or simi-
lar outdoor activity nearer to the home. This increases the likelihood of exposure
to specific animals or vectors for zoonoses. For example, a person camping in Con-
necticut in the summer is much more likely to be exposed to Lyme disease than is
a person camping in southern Louisiana. International travel adds the possibility
of more exotic diseases.

B. Animal and vector contact with humans. Climate and habitat changes may
increase animal and vector populations, permitting their encroachment into resi-
dential areas and increasing the chances for disease transmission.

C. Combinations of human and animal/vector factors are usually present to in-
fluence the transmission of animal-borne infections to humans. For example, the
return of forests in the northeast enabled population expansion of the white-tailed
deer and white-footed mouse, important hosts in the life cycle of Ixodes ticks. Sub-
urban living near forested areas and outdoors activities brought more susceptible
people into contact with the tick and contributed to the risk for Lyme disease. Other
influences on these complex interactions include natural cycles of food sources for
animal reservoirs (such as acorns) and choice of landscaping [1,2].

D. Routes of transmission. Zoonoses can be transmitted by any of the following
routes:
1. Direct or indirect contact with animals (e.g., their feces, urine, saliva, blood,

milk, and bedding).
2. Biting insects.

812
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Table 21.1. Common Household Pets
in the United States

Dogs
Cats
Birds
Rodents

Hamsters
Gerbils
Mice
Rats
Squirrels

Reptiles
Snakes
Iguanas
Turtles

Fish
Monkeys
Miniature pigs, goats
Ferrets
Rabbits

3. Inhalation of airborne contaminated secretions.
4. Ingestion of contaminated foods or drinks.
5. Xenotransplantation refers to the transfer of animal tissue into humans. This

new and developing field is regulated in the United States because of the the-
oretical risks for transferring animal viruses or other agents into human re-
cipients. Resulting infections have been called “xenoses” or “xenozoonoses” [3].
The risks of cross-species infection have been underscored by the recent demon-
stration of replication-competent baboon cytomegalovirus in blood from a pa-
tient who had received a baboon liver 4 weeks earlier [4] and the propensity of
retroviruses to infect varying species [3]. As xenotransplantation becomes more
common, surveillance must be maintained for the emergence of new infectious
diseases.

6. Interestingly, humans can also transmit infection to animals (e.g., C. jejuni spread
from owner to dog).

II. Infections acquired from cats (Table 21.2)
A. Cat bites [5]

1. Microbiology
a. Pasteurella multocida is a small, nonmotile, polymorphic, gram-negative

bacillus. It inhabits the oral cavity and upper respiratory tract of many

Table 21.2. Diseases Associated with Cats

Anthrax
Campylobacteriosis
Cat scratch disease (Bartonella henselae)
Cryptosporidiosis
Pasteurellosis
Plague
Q fever
Rabies
Rat bite fever
Salmonellosis
Toxoplasmosis
Tularemia



P1: HAG/HAG P2: IML/SPH QC: IML/ABE T1: IML

PB207B-21 PB207A-Betts/6678F September 2, 2002 17:23 Char Count= 0

814 21. Zoonoses (including Lyme Disease)

animals besides cats (rabbits, rodents, dogs, mice, and birds). Cats and dogs
are frequently healthy carriers. This organism has been cultured from 75% of
cat bites.

b. Other aerobes commonly involved include Streptococci, Staphylococci,
Moraxella, and Neisseria. Common anaerobes include Fusobacterium, Bac-
teroides, Porphyromonas, and Prevotella. Erysipelothrix rhusiopathiae has
been isolated from cat bites on occasion [3].

2. Clinical manifestations. Most bites and scratches lead to local inflamma-
tion around the site and can be complicated by abscess formation and/or sys-
temic symptoms. Patients usually present with a wound infection from bites and
scratches (Color Plate 4.11). Occasionally, cat bites can lead to meningitis, endo-
carditis, septic arthritis, and septic shock [6].

3. Treatment. Cat bites in general require treatment at the time of the bite be-
cause 80% will become infected. Amoxicillin/clavulanate or doxycycline is
recommended for treatment [7]. It should be noted that P. multocida is resistant
to dicloxacillin, cephalexin, and clindamycin.

B. Cat scratches
1. Cat scratch disease was described more than 50 years ago [8]. The causative

organism has been identified as Bartonella henselae (formerly Rochalimaea)
[9,10]. More than 40,000 cases are diagnosed in the United States annually,
with more than 2,000 hospitalizations [10,11]. Most reported cases occur in
males under the age of 20 with a peak incidence in the fall and winter [12].
More than 90% of patients have a history of some type of contact with cats,
and 57% to 83% have a history of a cat scratch. Highest risk seems to occur
with kittens younger than 12 months of age and being exposed to a kitten with
fleas.
a. The cardinal clinical manifestation is tender regional lymphadenopa-

thy. Because adenopathy usually appears 1 to 2 weeks after a cat scratch or
bite, the primary inoculation papule or pustule proximal to the nodes may
have subsided or be overlooked. Malaise and other systemic symptoms are com-
mon, but significant fever is infrequent. Long-standing nodes may suppurate,
but these are the minority. Adenopathy is self-limited, slowly subsiding over
several months. Parinaud oculoglandular syndrome occurs with infection of the
conjunctiva and ipsilateral preauricular nodes. Other less common manifes-
tations include encephalitis, meningitis, myelitis, hepatic or splenic infection,
and osteomyelitis.

b. Diagnosis can be made on clinical grounds for patients with a typical pre-
sentation and history of recent cat scratch. Testing for serum antibodies to
B. henselae is helpful. Biopsy of involved nodes reveals a characteristic gran-
ulomatous reaction that is not diagnostic. Organisms can be visualized by
Warthin-Starry stain or similar silver impregnation methods. Polymerase
chain reaction (PCR) on tissue is sensitive and specific but not readily avail-
able. Skin testing is not useful.

c. Treatment of cat scratch disease with most antimicrobials has been inef-
fective. However, azithromycin in a small (29 patients) prospective, random-
ized, double-blind, placebo-controlled trial showed 80% reduction in node
size in 7 of 14 azithromycin-treated patients during the first 30 days of in-
fection [13]. After 30 days, there was no difference between placebo and
azithromycin.

2. Other syndromes caused by B. henselae include fever of unknown origin
and encephalitis in children [10,14]. In patients with acquired immunodefi-
ciency syndrome (AIDS), B. henselae from cats has been shown to produce bacil-
lary angiomatosis and hepatic and splenic peliosis; it also frequently causes
fever of unknown origin in human immunodeficiency virus-infected patients (see
Chapter 18).

3. Occasionally other agents are associated with cat scratches and fleas (Table 21.2).
These include tularemia, plague [15], Capnocytophaga canimorsus septicemia
[16], and the newly recognized gram-negative organism Centers for Disease Con-
trol and Prevention (CDC) group NO-1 [17].
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C. Toxoplasmosis (Toxoplasma gondii)
1. Cats are the definitive host for the protozoan parasite T. gondii. Toxoplasmo-

sis is of particular concern in immunocompromised patients and in pregnant
women.
a. Congenital toxoplasmosis is the “T” in TORCH infections. T. gondii may

infect the unborn child by transplacental passage during initial maternal in-
fection. If a mother seroconverts during pregnancy there is a 50% probability
that the infant will be infected at the time of delivery; however, only about
10% have clinical manifestations of disease. Clinical presentation in newborns
can include chorioretinitis, meningitis, microcephaly, and cerebral calcifica-
tions. Additionally, petechiae, hepatosplenomegaly, jaundice, various rashes,
and pneumonitis are commonly seen. Diagnosis can be difficult and relies on
serologic assays (see Chapter 3).

b. Toxoplasmosis in immunocompetent hosts is usually asymptomatic.
When clinically apparent the most common manifestation is cervical adenopa-
thy, although other nodes may also be involved. Many patients also have sys-
temic symptoms, and the illness may mimic mononucleosis (see Chapter 9).

Ocular toxoplasmosis may cause symptomatic progressive chorioretini-
tis. Most cases represent congenitally acquired infection, and both eyes may
be affected. Acquired toxoplasmosis may also result in retinal involvement;
this may occur during acute infection or from later progression. Thus, ocular
toxoplasmosis may present at any age (see Chapter 7).

c. Toxoplasmosis in immunocompromised hosts is a potentially life-
threatening illness. This may result from newly acquired infection or from
reactivation of latent infection. Patients with AIDS and others with im-
paired cell-mediated immunity (e.g., bone marrow or solid organ transplan-
tation) are at greatest risk. Although encephalitis is the most commonly
recognized syndrome, other sites of involvement may result in pneumonia, re-
tinitis, myocarditis, and hepatitis. Seronegative immunocompromised patients
should take precautions to avoid acquiring toxoplasmosis (see Chapters 6
and 18).

D. Cat organisms not infectious to humans include tapeworms, feline giardia, fe-
line immunodeficiency virus, feline infectious peritonitis, and feline leukemia virus.

III. Infections associated with dogs (Table 21.3). Dogs may transmit the same organ-
isms as cats. In fact, a case of meningitis due to Pasteurella occurred in a woman who
kissed her dog frequently.

Table 21.3. Diseases Associated with Dogs

Anthrax
Blastomycosis
Brucellosis
Campylobacteriosis
Capnocytophaga infection
Cryptosporidiosis
Giardiasis
Leptospirosis
Lyme borrelliosis
Mite infestation
Pasteurellosis
Rabies
Rat bite fever
Rocky Mountain spotted fever
Salmonellosis
Strongyloidiasis
Tularemia
Yersiniosis
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A. Rabies is the most deadly of the diseases that can be transmitted from animals to
humans. In the United States the largest concern for this organism occurs in areas
where humans infringe on the habitat of infected wild animals, especially raccoons.
1. The virus that causes rabies belongs in the genus Lyssavirus of the family Rhab-

doviridae [18] and causes an acute almost invariably fatal disease. In the United
States, wildlife rabies most frequently involves skunks, raccoons, and bats. Only
about 5% to 10% of cases occur in domesticated animals each year. Transmission
occurs in virus-laden saliva by bite, scratch, or abrasion. Rabid dogs can shed
virus for 5 to 7 days before symptoms occur. Aerosol transmission has occurred
in laboratory workers, as well as in caves where bats roost.

2. Animal rabies. The clinical course in dogs can be divided into three phases: the
prodromal, the excitative, and the paralytic. In any animal, the first sign is a
change in behavior, which can be indistinguishable from an injury, foreign body
in the mouth, poisoning, or an early infectious disease. Temperature change is
usually not significant. Animals usually stop eating and drinking and may seek
solitude. After the prodromal period of 1 to 3 days, animals either show signs of
paralysis or become vicious. The disease progresses rapidly after paralysis devel-
ops and death occurs within 10 days of the first signs of infection. Bats flying in
daytime are probably rabid.

3. Human rabies. Cases in the United States rarely have a history of an animal
bite, although this is much more common in other parts of the world. Pain appears
at the site of the bite, followed by paresthesias. The skin is sensitive to changes of
temperature, especially wind or air-conditioning currents. Attempts at drinking
cause extremely painful laryngeal spasm, so that the patient refuses to drink
(hydrophobia). Large amounts of thick tenacious saliva are present. The patient
is restless and behaves in an unusual manner. Muscle spasm, laryngospasm, and
extreme excitability are present. Seizures are common.

4. Diagnosis in animals can be established by viral isolation from body fluid or
tissue or fluorescent antibody staining of tissues, including cornea, frozen skin,
and brain. Human diagnosis premortem is usually made by PCR or staining for
viral antigen in saliva, skin, brain, or cornea. Nuchal skin biopsy and saliva offer
better yields than do corneal specimens.

5. Treatment is usually supportive and the disease is invariably fatal in humans.
6. Prevention [19]. Prophylaxis is essential because there is no treatment for clin-

ical rabies. Nonetheless, each year in the United States many more persons than
necessary receive postexposure rabies prophylaxis.
a. Preexposure prophylaxis with vaccine is indicated for veterinarians, ani-

mal handlers, and persons with potential exposure to rabies (e.g., spelunkers).
Booster doses are indicated when antibody levels fall.

b. Postexposure prophylaxis is given after a careful consideration of the ani-
mal and the exposure. In the United States rabies is almost never transmitted
by adequately vaccinated dogs or cats, squirrels, lagomorphs, and small ro-
dents, including gerbils and hamsters. If a biting dog, cat, or ferret is healthy
and available, prophylaxis may be withheld while the animal is observed for
10 days. Prophylaxis should be started at the first sign of a rabies-compatible
illness, and the animal should be killed for testing. Animals such as skunks,
foxes, raccoons, coyotes, and bats should be regarded as rabid unless
captured and proven otherwise. Local authorities should be consulted to re-
view the current epidemiology of rabies in the animal species under scrutiny,
including dogs and cats that are unavailable for observation or testing.

The circumstances of the incident should be thoroughly elucidated.
Unprovoked attacks are an indication of increased risk. The details of the ex-
posure must be ascertained, including whether a bite occurred and if there was
saliva exposure to cuts, broken skin, or mucous membranes (see also Chap-
ters 4 and 23).
(1) The wound should be cleaned with soap and water or a virucidal prepa-

ration (e.g., povidone-iodine).
(2) Rabies immune globulin, 20 IU/kg, should be infiltrated around the

wound to the fullest possible extent. Any remaining rabies immune
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globulin should be given intramuscularly at a site distant from vaccine.
Previously vaccinated individuals do not need rabies immune globulin.

(3) Rabies vaccine (any of the available preparations) should be given. It is
administered intramuscularly in the deltoid on days 0, 3, 7, 14, and 28;
previously vaccinated individuals only need injections on days 0 and 3.
Small children may be given vaccine in the thigh (see Chapter 23).

B. Leptospirosis
1. Animal sources. Dogs, rats, mice, guinea pigs, gerbils, rabbits, hamsters, and

reptiles can transmit Leptospira to humans. It has been noted that 40% of stray
dogs may be seropositive for this organism. Rodents are the only major animal
species that can shed leptospires throughout their lifespan without clinical evi-
dence of disease. Active shedding by lab animals can go unnoticed until personnel
handling the animals become ill.

2. Transmission. The organism is most often transmitted to humans by the urine
of the reservoir host and may survive in water for prolonged periods. Handling af-
fected animals, contaminating hands or abrasions with urine, or aerosol exposure
during cage cleaning are among the most common routes of acquisition. Many in-
fections are reported in those after bathing or swimming in infected waters or
with infected pets. The organism may also enter through minor skin abrasions
and the conjunctiva. Outdoor activities, including athletic events, are important
risk factors [20].

3. Animal disease. In cattle, fever and anorexia occur with rapid decline in milk
yield and atypical mastitis. Pregnant cows abort with retention of placenta. In
dogs and cats, gastroenteritis, jaundice, and nephritis may occur.

4. Human disease. This ranges from inapparent infection (most) to severe illness
and death. Although leptospirosis is classically a biphasic illness, signs and symp-
toms are frequently continuous and not biphasic. Initially, weakness, headache,
myalgias, chills, and fever occur. This is accompanied by leukocytosis, painful
orchitis, conjunctival suffusion, and nonspecific rash. Improvement generally oc-
curs within a week, but fever and myalgias may recur if the patient has a bipha-
sic illness. It is during this phase that aseptic meningitis may be present (see
Chapter 6). Icteric leptospirosis (Weil syndrome) is the most severe form of the
disease, characterized by impaired renal and hepatic function, abnormal mental
status, pulmonary infiltrates, hypotension, and a 5% to 10% mortality rate.

5. Diagnosis. The organism may be identified by darkfield examination of the pa-
tient’s blood or urine, but this requires expert interpretation. Culture of blood,
urine, and cerebrospinal fluid (CSF) should be attempted but is difficult and re-
quires several weeks. Cultures are usually only positive in the blood and central
nervous system (CNS) in the first week of infection and in the urine later in dis-
ease. Antibody testing may provide a retrospective diagnosis. PCR testing is not
widely available.

6. Treatment. The value of treatment in mild cases is controversial, but antibiotics
should be given to patients with more severe illness. Penicillin G (1.5 million units
qid) or ampicillin can be used intravenously for moderate or severe disease, and
amoxicillin or doxycycline may be used orally for mild disease.

7. Prevention involves several steps. Vaccination in cattle, swine, and dogs is im-
portant to eliminate domestic reservoirs. Risky activities should be avoided, par-
ticularly swimming in or drinking from potentially contaminated water. Animal
workers should wear boots and gloves. Rodent control is also important. Weekly
doxycycline has been used for those who cannot avoid prolonged potential expo-
sures [20].

IV. Diseases associated with other animals (Tables 21.4 to 21.12)
A. Salmonellosis. For many years, infections with Salmonella species have been a

problem in the United States. Animals commonly associated with this infection in-
cluded chickens and turtles, but the recent popularity of iguanas has resulted in
these animals as a commonly reported source. This has been especially important
in pediatric cases (see Chapter 13).

B. Plague is an acute febrile illness caused by the gram-negative bacillus Yersinia
pestis. Human infection results from the bites of infected rodent fleas. The incubation
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Table 21.4. Diseases Associated with Amphibians, Iguanas,
Snakes, and Turtles

Aeromonas infection
Campylobacter infection
Edwardsiella infection
Mycobacterium ulcerans infection
Ophionyssus infestation
Pentastomiasis
Q fever
Salmonellosis
Sparganosis

Table 21.5. Diseases Associated with Cattle, Horses,
Sheep, and Goats

Actinobacillus infection
Actinomyces infection
Anthrax
Brucellosis
Campylobacteriosis
Chlamydia psittaci infection
Cowpox
Crytposporidiosis
Escherichia coli 0157:H7 infection
Giardiasis
Leptospirosis
Mycobacterium bovis infection
Orf virus infection
Q fever
Rabies
Salmonellosis
Variant Creutzfeldt-Jakob disease (mad cow disease)
Yersiniosis

Table 21.6. Diseases Associated with Pigs

Anthrax
Ascariasis
Botulism
Brucellosis
Cryptosporidiosis
Entamoeba infection
Erysipelothrix infection
Leptospirosis
Pasteurella infection
Rabies
Sarcosporidiosis
β-Hemolytic Streptococcus infection
Swine influenza virus infection
Yersinia enterocolitica infection
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Table 21.7. Diseases Associated with Bats

Histoplasmosis
Lyssavirus infection
Mokola virus infection
Rabies

Table 21.8. Diseases Associated with Rabbits and Hares

Brucellosis
Microsporum canis infection
Q fever
Tularemia
Yersinia pestis infection (plague)

Table 21.9. Diseases Associated with Birds

Campylobacteriosis
Histoplasmosis
Newcastle disease virus infection
Psittacosis
Salmonellosis
Streptococcus pyogenes infection
Yersinia pseudotuberculosis infection

Table 21.10. Diseases Associated with Rodents

Campylobacteriosis
Endemic (murine) typhus
Hantavirus infection
Hymenolepis diminuta infection
Lassa fever
Leptospirosis
Listeriosis
Lymphocytic choriomeningitis virus infection
Rabies
Rat bite fever
Rat mite infestation
Relapsing fever
Rickettsialpox
Venezuelan hemorrhagic fever
Yersinia pestis infection (plague)
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Table 21.11. Diseases Acquired from Fish

Anisakiasis
Botulism
Capillariasis
Clonorchiasis sinensis infection
Diocytophymatid larval nematode infection
Diphyllobothriasis
Erysipelothrix infection
Gnathostomiasis
Intestinal fluke infection
Mycobacterium marinum infection
Nanophyetus salmincola infection
Opisthorchiasis
Salmonellosis
Vibrio infection

period is usually 2 to 8 days. The clinical course can be rapidly fatal without prompt
therapy. In the United States, plague is generally confined to the southwestern
United States with ground squirrels, prairie dogs, and wood rats being the com-
mon reservoirs. Classic bubonic plague occurs with sudden onset of fever, chills,
and headache followed quickly by a localized lymphadenitis known as a bubo. See
Chapters 4 and 11 for a further discussion of plague.

C. Brucellosis (undulant fever)
1. Epidemiology. Most cases in the United States are due to occupational exposure

to Brucella abortus from cattle; veterinarians, farmers, and abattoir workers are
at greatest risk. Those affected are mainly men, and occasionally laboratory and
technical personnel are infected. However, in Texas and Florida the ingestion of
unpasteurized dairy products infected with Brucella melitensis (from goats, sheep,
and camels) occurs in adults and children of both sexes. B. melitensis produces a
more severe clinical pattern and can produce a chronic form. B. suis is found in
swine, and B. canis is found in dogs.

2. Clinical manifestations. Acute infection presents with high fever, malaise,
headache, sweats, and arthralgias. In many cases, constipation, back pain, and
weight loss are found. Weight loss of 20 pounds in 2 months is not uncommon.
Localization of infection may occur at any time in the illness and is heralded by
symptoms and signs in that organ system. Hepatic enlargement may indicate
granulomatous hepatitis or abscess, and splenomegaly may be seen. Hematologic
manifestations include various forms of cytopenias. Articular complaints are seen
with reactive arthritis and septic arthritis. Vertebral osteomyelitis may also oc-
cur. CNS findings may indicate neurobrucellosis. Renal and cardiac involvement
are possible.

A subacute form occurs more commonly in endemic areas of the world (known as
Malta fever). The chronic form occurs after a year of illness and usually requires
bone marrow biopsy to diagnose.

3. Diagnosis is usually made by routine agglutination assays to detect antibodies
to Brucella. However, B. canis does not react in the standard assay, and must be
requested from the CDC. Blood or bone marrow cultures are helpful but must be
incubated for at least 2 weeks. The laboratory should be notified when brucellosis
is suspected to correctly process cultures.

4. Treatment is difficult because of the intracellular nature of the infection. In
adults oral doxycycline 100 mg twice daily for 45 days plus streptomycin 1 g
intramuscularly daily for 2 weeks or doxycycline 100 mg twice daily plus oral
rifampin 600 mg daily for 45 days are recommended. In children under the age
of 8, a combination of oral rifampin 15 to 20 mg/kg once daily for 4 weeks plus
gentamicin for 5 to 10 days is effective.

5. Prevention is by control of animal infections and proper food safety measures.
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Table 21.12. Diseases Acquired from Exotic Animals

Armadillos
Leprosy

Bears
Trichinosis

Camels
Brucellosis
Camploybacter infection
Plague
Salmonellosis

Elephants
Anthrax
Mycobacterium tuberculosis infection
Salmonellosis
Vaccinia

Marsupials
Leptospirosis
Pasturella infection
Q fever
Salmonellosis
Sarcoptes scabei infestation
Tinea

Monkeys and other nonhuman primates
Bertiella infection
Campylobacter infection
Entamoeba infection
Hepatitis A
Herpesvirus simiae infection
Leprosy
Measles
Monkeypox
Mycobacterium bovis infection
Mycobacterium tuberculosis infection
Salmonellosis
Shigellosis
Simian immunodeficiency virus infection
Tularemia

Raccoons
Baylisascaris infection
Edwardsiella infection
Rabies
Salmonellosis

Seals, sea lions, and walruses
Influenza A
Trichinosis

Weasels, otters, badgers, skunks
Bovine tuberculosis
Rabies

Whales, dolphins, porpoises
Mycobacterium marinum infection
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D. Psittacosis. Chlamydia psittaci has a wide range of host species, including birds,
humans, and lower mammals. The systemic illness associated with C. psittaci has
been termed “psittacosis” because of its association with parrots and other psittacine
birds. The term “ornithosis” is likely more appropriate because of the wide range of
birds that harbor this organism.
1. Epidemiology. Those at greatest risk include workers in aviaries, poultry abat-

toirs, zoos, pet shops, and veterinary offices. Poultry breeders are at significant
risk and account for most outbreaks. It must be noted that birds can be healthy
appearing yet transmit the disease.

2. Clinical manifestations. C. psittaci is inhaled in aerosol form and travels to the
alveoli. It disseminates to regional lymph nodes and the reticuloendothelial sys-
tem. Classically it presents as an atypical pneumonia (see Chapter 11), although
it may also manifest as fever of unknown origin (see Chapter 1). Endocarditis,
rash, panniculitis, and a pseudotyphoid presentation can occur. Incubation pe-
riods range from 5 to 21 days. In about 20% of cases no exposure to birds is
found. Most patients present with fever, sweats, and minimally productive cough.
Headache may be prominent and can be helpful in the setting of pneumonitis. Di-
arrhea and myalgias are also common. Splenomegaly and hepatomegaly may be
found. Chest radiography usually shows a lobar infiltrate, but any pattern is
possible.

3. Diagnosis is based on serologic confirmation. A fourfold rise in complement fixa-
tion antibody titer, or a random titer greater than 1:32, supports the diagnosis in
a patient with a compatible illness. Because the complement fixation test detects
cross-reacting antibodies with other Chlamydia, the serum microimmunofluores-
cence assay may be used to detect specific antibodies.

4. Therapy. The antibiotic of choice is usually a tetracycline, and patients usually
improve within the first few days. Most use doxycycline 100 mg twice daily for
14 to 21 days. In endocarditis, courses up to 6 weeks of a tetracycline are recom-
mended and valve replacement is almost invariably necessary. The newer agent
azithromycin has been shown to be effective at a dose of 10 mg/kg of body weight
for 7 days.

E. Tularemia
1. Epidemiology. Francisella tularensis is a gram-negative coccobacillus that

causes the disease tularemia. Sources of the organism include over 100 species of
wild animals (most commonly rabbits, hares, squirrels, and deer), some domes-
tic animals (rabbits, cats, dogs, and cattle), and arthropods (particularly ticks,
deerflies, and mosquitoes). In the United States, rabbits and ticks are the major
sources for infection. People at risk are those with occupational or recreational
exposure to infected animals or their habitat. The incubation period is usually
1 to 21 days, with most cases occurring 3 to 5 days after exposure.

2. Clinical manifestations. Tularemia can occur in six distinct forms. The most
common is the ulceroglandular syndrome characterized by a primary painful mac-
ulopapular skin lesion at the site of entry (see Chapter 4). Illness usually begins
acutely or subacutely with nonspecific symptoms that include fevers, myalgias,
and malaise. There is subsequent ulceration and slow healing of the skin lesion
(Color Plates 4.10 and 4.25), with associated painful and acutely inflamed lymph
nodes that may drain spontaneously.

The other forms of tularemia are glandular (where no skin or mucous membrane
lesion is present), oculoglandular (severe conjunctivitis and preauricular lymph
node involvement), oropharyngeal (severe exudative pharyngitis), typhoidal (high
fever, hepatosplenomegaly), and pneumonic (see Chapter 11).

3. Diagnosis is most often established by serologic assays (see Chapter 11). A four-
fold rise in tube agglutinin titer frequently is found after the second week of
illness. An isolated titer of 1:160 or greater, or a microagglutination titer of 1:128
or greater, is consistent with recent or past infection.

4. The treatment of choice has been streptomycin. However, with recent shortages
of the drug, gentamicin has become the recommended agent. Duration of therapy
is usually 6 to 10 days. Tetracyclines may be used but have a higher relapse rate
and are usually reserved for less severe infections.
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F. Ehrlichiosis
1. Epidemiology [21]. There are two distinct forms of ehrlichiosis infection in

the United States. The human monocytic form (HME) occurs in persons from
the southeastern and south central United States. HME is caused by Ehrlichia
chaffeensis and is transmitted by the Lone Star tick (Amblyomma americanum).
Most cases of human granulocytic ehrlichiosis (HGE) have been reported from
Wisconsin, Minnesota, Connecticut, and New York, but cases have been reported
in many states, particularly those on the west coast. Most cases of HGE are due
to Ehrlichia phagocytophila [22]. HGE is transmitted by the Ixodes scapularis
tick, which also is the vector of Borrelia burgdorferi (the agent of Lyme disease).
The principal reservoirs for the agents of human ehrlichiosis remain to be identi-
fied, although white-tailed deer and white-footed mice may be infected naturally
with E. chaffeensis and E. phagocytophila. Patients with Ehrlichia are charac-
teristically older than those with Rocky Mountain spotted fever, and age-specific
incidences are highest in persons older than 40 years of age. Most infections occur
between April and September; peak occurrence is in May through July. Coinfec-
tions with other tick-borne diseases, including babesiosis and Lyme disease, are
reported [23]. The incubation period typically is 7 to 14 days after a tick bite. The
canine species E. ewingii may occasionally cause human infections, including in
patients with AIDS [24].

2. Clinical manifestations. The two disease forms have different causes but simi-
lar presentations [25,26]. Both are acute, systemic, febrile illnesses that are sim-
ilar to Rocky Mountain spotted fever except more frequently have leukopenia,
anemia, and hepatitis. Ehrlichiosis presents with rash less frequently than Rocky
Mountain spotted fever. The febrile illness often is accompanied by headache,
chills, malaise, myalgias, arthralgias, nausea, and vomiting. If rash does occur, it
typically develops 1 week after onset of illness and occurs in only 50% of reported
cases of HME and fewer than 10% of those with HGE. Diarrhea, abdominal pain,
and change in mental status occur on occasion. Reported complications of both
forms include pulmonary infiltrates, bone marrow hypoplasia, respiratory failure,
encephalopathy, meningitis, disseminated intravascular coagulation, and renal
failure; although both may cause severe infections, mortality has been higher
with HME. Anemia, hyponatremia, leukopenia, thrombocytopenia, elevated liver
enzyme concentrations, and CSF abnormalities are common. Both diseases typi-
cally last 1 to 2 weeks, and recovery generally proceeds without sequelae. How-
ever, neurologic complications have been reported in some children. Additionally,
fatal and asymptomatic infections are reported.

3. Diagnosis. The CDC defines a confirmed case of ehrlichiosis as one with a four-
fold or greater rise in indirect immunofluorescent assay antibody titer between
acute and convalescent samples (ideally collected 3–6 weeks apart), or PCR am-
plification of ehrlichial DNA from a clinical sample, or detection of intraleukocyto-
plasmic Ehrlichia microcolonies (morulae) and a single immunofluorescent assay
titer of more than 64. A probable case is defined as a single immunofluorescent
assay titer of more than 64 or the presence of morulae within infected leukocytes.
Tests for HME and HGE must be requested separately because they are designed
to detect the different specific causative agents.

4. Treatment. Doxycycline is the drug of choice for treatment. The recommended
dosage of doxycycline is 100 mg intravenously or orally twice daily for adults and
3 to 4 mg/kg/day in two divided doses for children (to a maximum of the adult
dose). For children younger than 8 years of age, the recommendations are to use
doxycycline as the risk of serious disease is much greater than the risk of teeth
or bone abnormalities for the short course of therapy. Treatment is continued for
3 days after defervescence and a minimum total course of 5 to 7 days. Severe
or complicated disease may require longer treatment courses. It is prudent to
start presumptive therapy with doxycycline for patients with clinical evidence of
disease and no other identified cause.

5. Prevention. Specific measures should focus on limiting exposure to ticks.
No data exist on the use of prophylactic antibiotics after tick bite for this
infection.
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G. Babesiosis [27]
1. Epidemiology [28]. The primary reservoir for Babesia microti is the white-footed

mouse (Peromyscus leucopus), and the primary vector is the tick Ixodes scapularis.
This tick can also transmit Lyme disease and human granulocytic ehrlichiosis.
Humans acquire infection from the bites of infected ticks, although recently lice
and fleas have also been implicated as vectors. The white-tailed deer (Odocoileus
virginianus) is the important host for the tick but is not a reservoir for B. microti.
An increase in the deer population in the last few decades is thought to be a
major factor in the spread of I. scapularis and the infections they transmit. Rare
cases have been reported from blood transfusions. Transplacental and perinatal
transmission of babesiosis have also been reported. Most cases have been reported
in the northeast, midwest, and west coast of the United States. Most cases occur
in the summer or fall. In endemic areas, asymptomatic infections are common.
The incubation period ranges from 1 to 9 weeks.

2. Clinical manifestations [29]. Many clinical features are similar to those of
malaria. Patients with babesiosis present with gradual onset of malaise, anorexia,
and fatigue. This is followed by fever, with temperatures as high as 40◦C, and one
or more of the following symptoms: chills, sweats, myalgias, arthralgias, nausea,
and vomiting. Less common findings are emotional lability and depression, hy-
peresthesia, headache, sore throat, abdominal pain, conjunctival injection, pho-
tophobia, weight loss, and nonproductive cough. Physical examination usually
has minimal findings often consisting only of fever, but mild splenomegaly and
hepatomegaly have been reported. The illness can last for a few weeks to sev-
eral months with a prolonged recovery taking up to 18 months. Severe illness
is most likely in people older than 40 years of age, those with asplenia, and in
the immunocompromised (including human immunodeficiency virus infection).
Splenectomized persons are particularly at risk for death and severe infection.

3. Diagnosis. Microscopic identification of the organism on Giemsa- or Wright-
stained thick and thin blood smears establishes the diagnosis. Multiple thick
and thin smears may be required. Serologic tests are available from the CDC but
require 2 to 4 weeks to become positive; thus, examination of blood smears should
always be done.

4. Therapy is generally reserved for those with moderate or severe disease. Most
with a mild clinical course are undiagnosed and recover without specific therapy.
The combination of clindamycin (adult dose of 1.2 g twice daily intravenously or
600 mg three times daily orally) and oral quinine (adult dose of 650 mg three
times a day) for 7 days or atovaquone (adult dose of 750 mg orally every 12 hours)
and azithromycin (adult dose of 500 mg orally on day 1 and then 250 mg/day)
for 7 days are the current regimens of choice [30]. Exchange transfusions have
been successful in asplenic patients with life-threatening disease and should be
considered in severely ill patients with a high parasitemia.

5. Prevention. Specific recommendations concern prevention of tick bites.
H. Baylisascaris procyonis infection is an under-appreciated emerging infection

[31]. It also has the potential to be used as an agent of bioterrorism because it
is quite hardy, the infectious inoculum is small, illness is severe, and there is no
vaccine or effective therapy [31].
1. Epidemiology. The infectious roundworm of raccoons, B. procyonis, is an increas-

ingly recognized human pathogen. The host raccoon, Procyon lotor, is widespread
in its distribution, with human infections being documented in California,
Massachusetts, New York, Michigan, Illinois, Pennsylvania, and Germany.
Greater than 90% of juvenile raccoons are parasitized and can excrete up to
45,000,000 eggs per day in stool. Latrines where raccoons communally defecate
have been found in close proximity to playgrounds and neighborhoods, raising
concern over potential infection of children at play. Pica is an important risk fac-
tor for infection, with infants being especially at risk due to their propensity for
oral exploration of their surroundings.

2. Clinical manifestations. Humans are dead-end hosts, and disease represents
worm migration through tissues. The complete clinical spectrum of disease and
the frequency of asymptomatic infections currently are not known. Eosinophilic
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meningoencephalitis has been the most commonly recognized presentation,
but retinitis and eosinophilic cardiac pseudotumor have also been described [31].
Severe neurologic and/or ocular sequelae occur early after larval invasion.

3. Diagnosis. This infection should be considered when meningoencephalitis, dif-
fuse unilateral subacute neuroretinitis, or cardiac pseudotumor occurs in patients
with a history of pica and raccoon exposure, especially in the setting of blood and
CNS eosinophilia. Imaging studies reveal diffuse white matter disease. Defini-
tive diagnosis requires observation of larval forms in the tissues. However, biopsy
may not contain larvae or they may be misidentified due to the rarity of the in-
fection. Several reported cases of diffuse unilateral subacute neuroretinitis have
been associated with tissue larval parasites. Serologic testing is performed in
research settings, but no serologic test is commercially available.

4. Treatment consists of supportive care only. Several antihelminthic agents have
been tried in human infections without efficacy. All reported human cases either
died or sustained severe neurologic and/or ocular sequelae [31].

5. Prevention. Infants and developmentally challenged adults must be observed
closely for pica behaviors. Ownership of raccoons as pets should be discouraged
unless the animals are routinely evaluated for the presence of intestinal parasites.
A public awareness program informing communities about the risks of interaction
with raccoon feces is important (discouraging feeding wild raccoons and explain-
ing the hazards of not securing pet food), especially in neighborhoods where large
numbers of raccoons share human habitat. Routine screening of children or adults
is not recommended.

LYME DISEASE
The manifestations of Lyme disease have been well described since early in the 1900’s.
Various worldwide clinical presentations have been recognized as “erythema chronicum mi-
grans,” “Bannwarth syndrome,” and “acrodermatitis chronica atrophicans” [32]. In 1975,
children in Lyme, Connecticut experienced an outbreak of oligoarticular arthritis resulting
in increased investigations for an etiology [33]. Yale researchers were able to link the neu-
rologic sequelae with the erythema migrans (EM) rash and an antecedent tick bite as a
syndrome named for the town in which it appeared. In 1982, a spirochete isolated from the
midgut of the Ixodes tick was implicated as the causative agent of Lyme disease [33–35]. This
spirochete, Borrelia burgdorferi, is now established as the definitive etiologic agent and
occurs in at least three groups (together referred to as B. burgdorferi sensu lato). Although
present in many parts of the world, the focus of this discussion is on Lyme disease in the
United States, which is caused by B. burgdorferi sensu stricto.

I. Epidemiology. Lyme disease is the most common vector-borne illness in the United
States with more than 15,000 cases each year. Most cases occur in children and in
middle-aged adults, although all ages can be affected and there is no sex predilection.
A. Endemic regions. The most important historical information to obtain when con-

sidering Lyme disease is whether a patient lives in or has visited an endemic area.
In the absence of a classic presentation, if no endemic exposure history is elicited
the diagnosis of Lyme disease is significantly more difficult [36]. In the United
States there are three endemic areas: the Northeast (New York, New Jersey,
Massachusetts, Rhode Island, Connecticut, Pennsylvania, Virginia), the Midwest
(Wisconsin, Minnesota), and the Pacific Coast (Oregon, California) [37].

B. Vectors. Four species of Ixodes ticks serve as B. burgdorferi vectors, including
I. scapularis (Northeast and Midwest), Ixodes pacificus (Pacific Coast), Ixodes
ricinum (Europe), and Ixodes persulcatus (Asia) [38,39]. Human risk is predicated
on the regional density of ticks and the percentage of their parasitism by spirochetes
[40,41]. The ticks begin as larvae and enter adulthood after evolution through a
nymphal stage, which is the period of their life cycle when most infections are trans-
mitted. The animal reservoirs available to nymphal ticks are determinants of overall
tick parasitism and thus are indirectly responsible for the prevalence of human dis-
ease. In the Northeast and Midwest, nymphal ticks feed on white-footed mice, a
thriving reservoir for B. burgdorferi. In contrast, in the Pacific region, I. pacificus
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ticks feed on lizards, a poor spirochete reservoir, and to a much lesser extent the
dusky-footed woodrat. Only those Ixodes ticks in the Pacific region that feed on the
woodrat carry enough spirochetes to cause human infection; hence, the prevalence of
Lyme disease in California and Oregon is less than that observed in the Northeast
and Midwest [42–44]. Nymphal ticks reside on tips of tall grasses in the summer
months, which helps account for the abundance of clinical cases in the summer and
early fall [36]. White-tailed deer are hosts to adult ticks and are critical to completing
the tick life cycle.

II. Pathogenesis
A. Transmission and incubation period. B. burgdorferi adapts to the midgut of

its tick host, traverses to the tick salivary glands, and is transmitted during the
blood meal. Dissemination occurs to the skin and hematogenously to many other
sites including the joints, heart, and CNS. The small Ixodes ticks must be attached
for longer than 24 hours before sufficient transfer of spirochetes occurs to cause
disease. The incubation period for cutaneous lesions is generally between 7 and 14
days and ranges from 3 to 32 days after the initial bite [45]. However, in many
patients there is no history of a specific tick bite in the region of the skin lesion
because ticks that are noticed are removed before they can efficiently transmit the
organism.

B. Outer surface proteins of B. burgdorferi are its major virulence factor, and they
promote attachment to mammalian cells [37]. Organism binding to cellular and
extracellular matrix components contributes to its tissue tropism. Spirochete tissue
spread is accomplished in part through binding of host plasminogen and urokinase-
type plasminogen activator to its surface. Plasmin is then activated and acts as a
protease, which facilitates tissue invasion [46]. The spirochetes secrete no toxins and
require the host to provide all elements of nutritional support [47]. They are capable
of remaining viable in host tissues for prolonged periods of time in the absence of
treatment.

C. The host immune response is slow to develop and results in a broad range of
specific antibodies. In murine models there is a genetic determination of suscepti-
bility and the host immune response in controlling early spirochete dissemination.
B. burgdorferi is a potent stimulus for pro-inflammatory mediator production, and
histology of lesions is marked by mononuclear cell infiltrates with some degree of
vascular damage. In cases of chronic arthritis, joint destruction is ascribed to an
ongoing inflammatory response that may continue despite antibiotic sterilization of
the joint.

III. Clinical manifestations. The uninterrupted disease evolves through three
phases: early localized disease; early disseminated disease to the skin, nervous sys-
tem, heart, and joints; and late disease [37,48]. It is most important to understand
that not all phases may be clinically recognized and that overlap can exist
among these phases. Thus, late manifestations may occur without any preceding
signs or symptoms of infection, and patients with late neurologic disease may have EM
lesions or chronic arthritis.
A. Early localized disease begins when the tick regurgitates or salivates sufficient

spirochetes into the bite, with subsequent local inflammation occurring at the site. As
the spirochetes move centrifugally within the skin away from the bite, they create
the classic rash of EM (Color Plate 4.4) [36,49]. EM lesions are flat with partial
central clearing and usually have a bright red outer border and a target center;
variations exist with some lesions being homogenous and losing the target center,
and others having vesicular centers [37]. In fact, these “atypical” EM lesions may be
more common than the classic target appearance [50].

The bite of the Lone Star tick (A. americanum) has been associated with an EM-
like illness in the southeastern United States, called southern tick-associated rash
illness or STARI [51,52]. Such patients have had no evidence by culture or serology
of B. burgdorferi infection. Borrelia lonestari, an uncultured spirochete found in A.
americanum ticks, is a likely cause for this syndrome [52].

B. Early disseminated disease occurs within weeks or months of infection and is
marked by systemic illness with fever, headaches, myalgias, arthralgias, and/or
lymphadenopathy. It also may involve the skin, CNS, or heart.
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1. During this phase 50% of patients experience new EM lesions, which are often
multiple and in new sites [36].

2. Acute neuroborreliosis develops in 15% of untreated patients and results from
spirochetes invading the CNS during early dissemination; it usually presents
weeks or months after infection. Lymphocytic meningitis (see Chapter 6), en-
cephalitis, cranial nerve involvement, radiculopathies, mononeuritis multiplex,
cerebellar ataxia, and myelitis may occur [37,53,54]. Bell palsy may be an iso-
lated manifestation of early disseminated disease, or it may occur with other
neurologic findings in late disease [55]. It is a common manifestation, occurring
in 50% of those with meningitis, and may be bilateral. However, because iso-
lated cranial nerve VII palsy is caused more commonly by herpes infection in
nonendemic areas, it is not considered a sina qua non of Lyme disease [56]. Case
reports detail B. burgdorferi-infected children who developed optic nerve damage
secondary to nerve inflammation or increased intracranial pressure resulting in
blindness. Pseudotumor cerebri is another rare CNS phenomenon observed in
children secondary to Lyme disease [57].

3. Lyme carditis develops in 5% of untreated patients [37]. The median time to
presentation of cardiac involvement is 5 weeks after acute infection. Common
symptoms include dyspnea, syncope, dizziness, and palpitations [58]. The most
common abnormality is atrioventricular block, and a PR interval longer
than 300 ms predicts an increased risk of complete heart block [59]. Myocarditis
occurs less frequently, and valvular disease has not been reported [36].

C. Late disease
1. Arthritis occurs in 60% of untreated patients months after the initial infection

and is the most common form of late disease. It manifests primarily in the
large joints (especially the knees), causing recurrent asymmetric monoartic-
ular or oligoarticular arthritis [58]. Joints have significant swelling and warmth
but minimal erythema, and joint erosions can occur, leading to significant disabil-
ity. Baker cysts are seen frequently and result in further debilitation secondary
to swelling and pain [60]. Joint fluid contains various numbers of leukocytes that
are mostly neutrophils. Synovial biopsy reveals hypertrophy, vascular prolifera-
tion, and a mononuclear cell infiltrate. Untreated patients often have recurrent
attacks and are considered to have chronic Lyme arthritis if these continue for
1 year or longer. Ten percent of cases develop chronic arthritis despite adequate
antimicrobial therapy, especially in those patients with HLA-DRB1*0401 or re-
lated alleles [61], suggesting an autoimmune pathogenesis. Fatigue may be promi-
nent in many patients with chronic arthritis and is episodic with periods of well-
ness between attacks [60,62,63].

2. Chronic neurologic syndromes develop in as many as 5% of untreated patients
and may become apparent many years after the original infection [37]. “Lyme en-
cephalopathy” is characterized by subtle cognitive deficits in adults [64,65], and
children may experience mood swings, decreased concentration, and declining
school performance. Focal CNS lesions may occur characterized by a chronic ax-
onal polyneuropathy, spinal radicular pain, or distal paresthesias [54,66]. In the
European species of Borrelia, vestibular and optic neuritis have been observed in
combination with cognitive impairment [54].

3. Violaceous skin lesions that become sclerotic or atrophic over time are acroder-
matitis chronica atrophicans and are found in Europe and Asia as a result of
Borrelia afzelii infection [37].

D. Lyme disease during pregnancy. The clinical manifestations of Lyme disease
in pregnant women are the same as in nonpregnant patients. Despite a few case
reports of fetal transmission of B. burgdorferi, prospective studies have failed to
identify documented cases of congenital infection or an adverse effect on pregnancy
outcome [48,67].

E. “Chronic Lyme disease” and “post-Lyme disease syndrome” are terms that have
been applied to heterogeneous groups of patients with myalgias, arthralgias, neu-
rocognitive impairment, or fatigue that persists after adequate antibiotic treatment
[37,68,69]. Recently the validity of these terms has been questioned because there
is little evidence to support them as specific diagnoses [68,69]. Fatigue alone,
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without any other convincing evidence of Lyme disease, should not be con-
sidered Lyme disease.

IV. Diagnosis. To reduce over-diagnosis and unnecessary treatment, the CDC developed a
case definition for Lyme disease that requires the classic EM rash or another character-
istic clinical manifestation with positive laboratory evidence of B. burgdorferi infection
[70]. When evaluating patients for possible Lyme disease, routine laboratory studies
(liver function tests, erythrocyte sedimentation rate, etc.) generally are not helpful.
A. Culture of B. burgdorferi from blood, synovial aspirate, or CSF is difficult [58]. Spiro-

chetes can be grown from the leading edge of the lesions in 50% of EM cases when
cultured on Barbour-Stoenner-Kelly medium [71]. A positive culture is diagnostic of
Lyme disease.

B. PCR evaluation of blood, CSF, and urine for evidence of the organism has been
unhelpful in reliably establishing the diagnosis because of low sensitivities. Although
rarely positive on culture, 85% of synovial fluid or synovial biopsy specimens are
PCR positive for B. burgdorferi DNA. However, joints with chronic erosive arthritis
that persists after adequate treatment usually are PCR negative. Thus, PCR on
joint specimens may be used for initial diagnosis of Lyme arthritis [72] and also to
determine whether retreatment with antibiotics may be helpful for chronic arthritis
[72–75].

C. Lumbar puncture in early localized disease is unremarkable, but in early dissemi-
nation and late disease it often reveals a CSF mononuclear cell pleocytosis associated
with an elevated protein and normal glucose [76]. Patients with acute neuroborrelio-
sis often have an elevated CSF- to-serum B. burgdorferi antibody ratio (>1) using an
antibody-capture immunoassay, but this test is reliable only at specialized institu-
tions [77]. Previously, single photon emission computed tomography was used to as-
sist in evaluation of CNS Lyme disease, but its reliability has been questioned. With
peripheral nerve involvement nerve conduction velocities are often abnormal [37].

D. Electrocardiograms in patients with Lyme carditis reveal varying degrees of atrio-
ventricular block. As mentioned above, PR intervals greater than 300 mses predict
progression to complete heart block.

E. Current serologic testing for Lyme disease is neither sensitive nor specific,
with frequent false-positive and false-negative results in the detection of both IgM
and IgG antibodies [78]. They also remain positive for prolonged periods, so they
do not necessarily represent active infection. Because other studies are not usually
diagnostic or readily available, diagnosis often rests on these difficult to interpret
serologies. As a result, the American College of Physicians and the CDC recommend
carefully applying a two-step approach to serodiagnosis [70,79–81]. Patients with a
pretest probability of Lyme disease between 20% and 80% should initially undergo
enzyme-linked immunosorbent assay (ELISA) testing of acute and convalescent
sera. Intermediate ELISA test results require Western blot confirmation. To reduce
the variability that exists among laboratories, the Western blot results should be
interpreted according to the criteria established by the CDC [70]. Patients with Tre-
ponema pallidum infections can have false-positive ELISA results, as can patients
with infectious mononucleosis or polyclonal B-cell activation from other causes [82].
1. In early localized disease when EM lesions are seen, serology is not in-

dicated for diagnosis because many patients will not have made antiborrelial
antibodies yet, and the pretest probability is above 80% [67,80,81].

2. Often the most challenging patients are those who complain of arthralgias, myal-
gias, headache, palpitation, or fatigue and who have an endemic exposure history.
These symptoms alone are not enough to warrant Lyme disease serologic
testing because such patients have a low pretest probability of having Lyme dis-
ease [80,81]. Persons with these symptoms from nonendemic regions have an even
lower probability of having Lyme disease. Patients appropriate for Lyme dis-
ease serologic testing should have objective joint, cardiac, and/or neu-
rologic findings either on the physical exam, electrocardiogram, synovial fluid
aspirate or biopsy, nerve conduction studies, CSF analysis, or neuropsychological
testing.

3. Serologic tests should not be used for screening of otherwise healthy indi-
viduals with a history of tick exposure.
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Table 21.13. Treatment of Lyme Disease

Stage of Disease Antibiotic Choicesa

Early infection (local or disseminated)
Adults Doxycycline, 100 mg orally twice daily for

14–21 days
Amoxicillin, 500 mg orally three times daily for

14–21 days
Doxycycline or amoxicillin allergy Cefuroxime axetil, 500 mg orally twice daily for

14–21 days
Erythromycin, 250 mg orally 4 times a day for

14–21 days

Children Amoxicillin, 250 mg orally 3 times per day or
50 mg/kg of body weight/day in 3 divided doses
for 14–21 days

Penicillin allergy Cefuroxime axetil, 125 mg orally twice daily or
30 mg/kg per day in 2 divided doses for
14–21 days

Erythromycin, 250 mg orally 3 times per day or
30 mg/kg/day in 3 divided doses for 14–21 days

Neurologic abnormalities (early or late)
Adults Ceftriaxone, 2 g i.v. once daily for 14–28 days

Cefotaxime, 2 g i.v. every 8 hours for 14–28 days
Penicillin G, 3.3 million units i.v. every 4 hours

(20 million units/day) for 14–28 days
Ceftriaxone or penicillin allergy Doxycycline, 100 mg orally 3 times per day for

30 days
Facial palsy alone Oral regimens may be adequate

Children Ceftriaxone, 75–100 mg/kg/day (maximum, 2 g)
i.v. once daily for 14–28 days

Cefotaxime 150 mg/kg/day in 3 or 4 divided doses
(maximum, 6 g) i.v. once daily for 14–28 days

Penicillin G, 200,000–400,000 units/kg/day in
6 divided doses for 14–28 days

Arthritis (intermittent or chronic) Oral regimens listed above for 30–60 days or i.v.
regimens listed above for 14–28 days

Cardiac abnormalities
First-degree atrioventricular block Oral regimens listed above for 14–21 days
High-grade atrioventricular block

(PR > 0.3 s)
i.v. regimens listed above and cardiac monitoring

(treatment may be finished orally after the
patient has been stabilized)

Pregnant women Standard therapy for manifestation of illness;
avoid doxycycline

aAlternatives are in order of acceptability, with the drug of choice listed first in each category.
Modified from Steere AC. Lyme disease. N Engl J Med 2001;345:122, with permission.

F. There are no useful tests to detect B. burgdorferi antigens at present. In particular,
a marketed urine Lyme antigen detection test is unreliable and is not recommended
[83].

V. Evidence-based treatment recommendations from the Infectious Diseases So-
ciety of America [37,69] are presented in Table 21.13. It is important to recognize
and accurately diagnose Lyme disease because the manifestations are reversible with
appropriate treatment most of the time. The fear of a missed diagnosis coupled with
pressure from the media and patients often results in significant over-diagnosis and
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treatment. This can be avoided by incorporating an endemic exposure history and an
understanding of the clinical manifestations of Lyme disease, with the appropriate use
of laboratory diagnostic tests (see section IV). This benefits patients and physicians alike
by decreasing unnecessary medical expenditures and reducing the anxiety fostered by
abnormal test results.
A. Early localized and early disseminated disease. Oral therapy is appro-

priate for EM, isolated cranial nerve palsy, and cardiac involvement limited to
first- or second-degree heart block. Doxycycline is the drug of choice for pa-
tients older than 8 years of age because it also is effective against HGE, a com-
mon coinfecting agent (see section IV.F under Zoonoses). Alternatives are listed
in Table 21.13. Macrolides should be reserved for those who cannot tolerate doxy-
cycline, amoxicillin, or cefuroxime. More than 90% of patients with early local-
ized disease have satisfactory outcomes after the recommended treatment regimens
[37].
1. Acute neuroborreliosis resolves over several weeks with treatment [37]. Intra-

venous therapy for meningitis and radiculopathy remains the standard of care in
the United States (Table 21.13).

2. In Lyme carditis, patients with prolonged PR intervals should be monitored for
complete heart block, with placement of a temporary pacer when appropriate.
Patients with third-degree block should be hospitalized and treated with intra-
venous ceftriaxone (Table 21.13). Patients with PR intervals great than 300 ms
are also best managed initially with hospital monitoring and intravenous treat-
ment [37]. Permanent pacing is rarely required.

B. Late disease
1. Arthritis may be treated orally or intravenously (Table 21.13) and usually re-

solves over several months. Oral therapy is preferred for patients without CNS
disease because it is easier, less costly, and has fewer adverse effects [69]. Patients
with arthritis and concomitant CNS disease should be treated intravenously. Re-
current arthritis after an initial course of appropriate therapy should be retreated
with either another oral 4-week course or with 2 to 4 weeks of intravenous ceftri-
axone [69]. Unfortunately, some patients will have persistent synovitis even after
such therapy. It is in this select population where Borrelia-specific PCR synovial
aspirate testing is helpful in distinguishing active infection with spirochetes ver-
sus persistent immune destruction of the joint [37]. Patients with negative PCR
tests are treated symptomatically with nonsteroidals, and some eventually may
require arthroscopic synovectomy.

2. Chronic neuroborreliosis improves slowly over months after therapy, and the
response may be incomplete. Repeat treatment should not be undertaken without
objective evidence of relapse, which is uncommon after 28 days of intravenous
ceftriaxone [37,69].

C. Pregnant women should be diagnosed and treated conventionally according to the
recommendations in Table 21.13. However, because maternal-to-fetal transmission
of Borrelia is rare, the risk of doxycycline to the fetus obligates use of an alternative
treatment [69].

D. Failure to respond to recommended treatment. There are several possibili-
ties to explain the persistence of symptoms after appropriate treatment for Lyme
disease.
1. Patients with early disease who remain symptomatic should be evaluated for

possible coinfections with HGE and babesiosis (see sections IV.F and IV.G un-
der Zoonoses) [23]. Inadequate dosing and incomplete adherence, particularly to
oral therapy, also should be considered. As discussed above, late disease responds
slowly to treatment, whereas early disease responds more quickly. Patients with
late disease should be observed for further improvement or objective evidence of
relapse before retreatment. In addition, symptoms may not be due to Lyme dis-
ease or concomitant infection but another illness such as fibromyalgia or chronic
fatigue syndrome.

2. Prolonged antibiotic therapy for persistent nonspecific symptoms (musculoskele-
tal, cognitive, or neuropathic) is of no benefit and should not be used [84].
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VI. Prevention
A. Avoiding exposure to ticks, using protective clothing and tick repellants,

and regularly checking for and quickly removing attached ticks are the
best methods to avoid Lyme disease transmission. When traveling to endemic areas,
care should be taken to avoid tick-infested environments. If possible, light-colored
clothing (so ticks are easily recognizable), long pants, and long-sleeved shirts should
be worn. Patients should be instructed to remain on paths away from brush and to
consider the use of tick repellants. Unfortunately, spraying city lawns for ticks has
not been shown to be effective in reducing infections.

B. Prophylaxis after tick bites
1. A single 200-mg dose of doxycycline within 72 hours of an I. scapularis tick bite is

effective in preventing Lyme disease [85]. However, if the tick has been removed
promptly, no prophylaxis is necessary nor is it recommended in nonendemic ar-
eas. Even in endemic areas, the frequency of Lyme disease after tick bite with
no prophylaxis is only about 1% [85]. Furthermore, many patients experience
repeated tick bites, and doxycycline should not be used in children younger
than 8 years of age. Thus, this approach may be best suited for those
older children and adults in endemic areas with only an occasional tick
bite.

2. Anyone in an endemic area who removes an attached tick should seek medical
care for febrile illnesses and skin lesions that occur within the next 30 days [69].

3. Persons treated for EM are considered susceptible to reinfection, but those who
develop Lyme arthritis are usually resistant to reinfection [37].

C. Vaccination. The previously available recombinant OspA Lyme vaccine was with-
drawn from the market by its manufacturer in February 2002. Although there was
unsubstantiated controversy about its safety [86], particularly with the need for
regular booster doses, the manufacturer cited economic concerns for this decision
because there was waning use of the vaccine.
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22. HEALTH ADVICE FOR INTERNATIONAL TRAVEL

David R. Hill and Richard D. Pearson

International travel, including visits to the developing world for business, vacation, study,
or missionary and service activities, is a major pursuit of Americans. These travelers are
often exposed to bacterial, viral, and parasitic diseases that range from traveler’s diarrhea
to life-threatening infection with Plasmodium falciparum. Complex itineraries and changing
patterns of disease and international health requirements make the providing of advice on
prevention and immunizations for the traveler a challenging task [1]. Whenever possible,
pretravel care should be provided by an expert in the field. Many hospitals and schools of
medicine in the United States have specialized travel clinics or units of tropical medicine
that can render expert travel advice [2].

Travel medicine should provide preventive advice, immunizations, and medications for
disease prevention or self-treatment based on an individual’s itinerary and health status. To
do this, an assessment of the potential health risks confronting the traveler must be devel-
oped by determining their itinerary (including whether rural sites will be visited), planned
activities, duration of stay, and medical and immunization histories. This information, as
well as the plan of care, should be recorded in a permanent medical record. There are
multiple sources of information, both printed and on-line, to aid the provider of travel care
in decision making (see Appendix).

VACCINATIONS
I. General considerations

A. Types of vaccinations for the traveler. Vaccinations can be divided into those
that are routinely recommended for children and adults, whether or not they are
traveling; those that are required by countries for entry; and those that are recom-
mended because of potential exposure in the country of destination (Table 22.1).
1. Routine vaccinations. The pretravel visit is an excellent time to update

routinely recommended vaccines. Immunizations are discussed in the Guide
for Adult Immunization [3], in Health Information for International Travel [4],
in the pediatric Red Book [5], in section II of Chapter 23, and in recent reviews
[6,7].

2. Required vaccinations—the International Certificate of Vaccination. The
only vaccine currently required under World Health Organization (WHO) regula-
tions for travel between countries is yellow fever vaccine. Nevertheless, some
countries may still ask for evidence of cholera vaccination. This is discussed
in more detail in section III. A list of the vaccine requirements by country is
published by the Centers for Disease Control and Prevention (CDC) in Health
Information for International Travel [4]. According to international health
regulations, yellow fever vaccination must be recorded in the document
“International Certificate of Vaccination” [8] and validated by a stamp is-
sued by state health departments. No vaccinations are required for returning U.S.
residents entering the United States. Smallpox vaccination is not required
by any country (see section III) [9].

3. Recommended vaccinations. Travelers and physicians frequently confuse the
distinction between required and recommended vaccines. In reality, only yel-
low fever may be required. Some vaccines are recommended because infection
could be acquired in the country of destination. Examples include epidemic
meningococcal disease, which is limited to certain areas of the world, and typhoid
fever, which is present throughout developing regions but is a risk to travelers only
if they encounter poor food and water sanitation. In addition to vaccination, many
diseases transmitted by fecal contamination of the food and water supply can be
prevented by care in selecting foods and liquids. Vaccination should never be con-
sidered a substitute for practicing preventive measures. Exposure to foods and
liquids in areas of poor sanitation (as may occur in rural areas and small
villages) for more than 2 to 3 weeks may be a reasonable criterion for
administering vaccines for protection against enteric pathogens (e.g.,
typhoid) (see section IV). Unfortunately, data are not always available on the
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precise risk of most infectious diseases by geographic area, and the benefit-to-risk
ratio of specific immunizations must be estimated by the physician [4,10].

B. Vaccine administration pointers
1. Simultaneous administration of vaccines is reviewed in detail in Chapter 23.

Although most viral and bacterial vaccines, whether attenuated, live, or killed,
can be administered simultaneously at different sites, cumulative side effects
may preclude this, and the traveler should return for a subsequent visit if there
is time before departure. Attenuated live viral vaccines, which are not given
simultaneously, should be separated by 1 month.

2. Live viral vaccines generally should not be given to pregnant women, to
patients who are immunocompromised, or to persons with a febrile illness (for
exceptions, see discussion of individual vaccines).

3. Immunoglobulin should not be given less than 5 months before or less
than 2 weeks after measles, mumps, or rubella vaccine and not less than
3 weeks after varicella vaccine because the passive transfer of antibodies may
interfere with the immune response (see Chapter 23). These restrictions do not
apply to yellow fever vaccine or inactivated viral vaccines.

4. An individual’s risk factors for infection with human immunodeficiency
virus (HIV) should be determined before administering vaccines. Al-
though immunization of otherwise healthy HIV-infected persons is considered
safe for most vaccines, progressive infection with live attenuated viruses or bac-
teria is a possibility [11]. The safety, immunogenicity, and efficacy of any vaccine
should be matched with the risk of disease acquisition by the HIV-positive trav-
eler. There is improved immunogenicity if CD4 counts are more than 200 cells/mm;
and this CD4 count, plus clinical status and viral load, may be a reasonable yard-
stick for safely administering live viral vaccines [12,13].

5. Documentation. Before the administration of any vaccine, the full prescrib-
ing information provided by the manufacturer should be consulted. The date,
dose, site, manufacturer, and lot number of each vaccine should be recorded
in permanent records. Adverse reactions in the United States should be re-
ported to the Vaccine Adverse Event Reporting System (800-822-7967) and in
Canada to the Division of Immunization in Canada (613-957-1340). Vaccine
Adverse Event Reporting System reporting forms can be down-loaded from
www.fda.gov/cber/vaers/vaers.htm for the United States and from www.hc-sc.gc.
ca/hpb/lcdc/bid/di/vaae e.html for Canada (see Chapter 23).

II. Routine vaccinations for travelers. A summary is provided in this section. More
detailed discussion may be found in Chapter 23.
A. Tetanus-diphtheria toxoids. Many adults in the United States are not adequately

protected against tetanus and diphtheria. This is particularly true for persons older
than 50 years in whom most cases of tetanus occur [14]; these persons may also lack
protective antibodies against diphtheria [15]. Outbreaks of diphtheria have occurred
in areas where vaccine coverage is lacking or protection has waned, and travelers to
these regions (e.g., some countries in Africa, Asia, and Eastern Europe) should en-
sure immunity to diphtheria [16]. Each traveler should have completed the primary
series of vaccination against tetanus-diphtheria and should have received boost-
ers with the combined toxoids at 10-year intervals. For routine immunization,
persons 50 years of age and older should receive only one booster. Some
travelers may benefit from a booster at a 5-year interval, because a tetanus-
prone wound requires neither tetanus immunoglobulin (given only to persons who
have not received the primary series) nor a tetanus booster if a person has been
boosted within 5 years [17]. It is usually easier and safer to be immunized before
travel than to try to obtain a booster in a developing area where sterility of needles
and storage conditions are less certain (see Chapter 4).

B. Pneumococcal vaccine. There are two pneumococcal polysaccharide vaccines
available: a seven-valent conjugate vaccine (PCV7) for routine immunization of all
children 2 to 23 months of age [18] and a 23-valent polysaccharide vaccine (PPV23)
for use in children 5 years and older and adults [19]. The conjugate vaccine can also
be considered for high risk and other children 24 to 59 months of age according to
CDC guidelines: children 2 to 4 years of age (who would receive PCV7) and those

http://www.fda.gov/cber/vaers/vaers.htm
http://www.hc-sc.gc
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5 years of age and older (who would receive PPV23) who are at increased risk of
severe pneumococcal disease, including persons with impairment of the cardiorespi-
ratory, hepatic, or renal systems; diabetes mellitus; anatomic or functional asplenia;
sickle cell disease; chronic alcoholism; HIV infection; and healthy persons 65 years
of age and older [18,19]. In adults, the vaccine is given as a one-time dose, but high-
risk individuals may be revaccinated after 5 or more years. See further discussion
in Chapters 11 and 23.

C. Measles. Travelers may have substantial exposure to measles overseas, particu-
larly if they visit countries in the African and eastern Mediterranean regions [20].
Currently, almost 70% of measles cases in the United States are imported or linked
to imported cases [21]. To achieve immunity to measles, all children should receive
two doses of measles vaccine, the first at 12 to 15 months of age and the second
upon entry to elementary school (ages 4 to 6 years) [22]. Persons born before 1957
are usually immune secondary to natural infection. Those born in 1957 or later who
have never had measles infection or received vaccine should receive two doses of a
measles-containing vaccine separated by an interval of at least 1 month. Travelers
born in 1957 or later who have not had two doses of a live attenuated measles vac-
cine, with the second dose after 1980, should also be given one or two doses of vaccine
depending on their vaccination status. Serologic testing can be helpful in assessing
immunity against measles and rubella.

Children traveling to high-risk areas where they are likely to be exposed at a
young age can be vaccinated between 6 and 12 months with single-antigen (monova-
lent) measles vaccine. They should be reimmunized at 15 months with the measles-
mumps-rubella vaccine. Vaccination of children younger than 2 years is reviewed
elsewhere (see Chapter 23).

Measles vaccine may be carefully considered for HIV-infected individuals if they
are asymptomatic with low or undetectable HIV levels and a CD4 in the normal
range [22]. For further discussion of measles vaccinations, see Chapter 23.

D. Rubella and mumps. Women of childbearing age who are not immune to rubella
should be considered for immunization. Most adults probably were infected naturally
with mumps virus and are immune; however, if an adult is susceptible to mumps vac-
cination may be considered. If immunity to more than one virus is lacking, combined
measles-mumps-rubella vaccine can be given. There are no increased side effects if
a person receives a vaccine virus to which he or she is immune (see Chapter 23).

E. Influenza. The composition of influenza vaccine is determined annually and in-
cludes the viral subtypes projected to cause disease in the United States dur-
ing the winter influenza season [23]. Vaccination is recommended for adults with
chronic disorders of the cardiovascular or pulmonary system (including asthma);
persons with other chronic medical conditions (e.g., diabetes mellitus, renal disease,
hemoglobinopathies, and immunosuppression); nursing home and long-term-care
residents; children aged 6 months to 18 years who are on chronic aspirin therapy;
pregnant women in their second and third trimesters; healthy persons 50 years of
age and older; and persons who provide health care in hospitals, custodial facilities,
or in the home. Vaccination may also be considered for healthy persons traveling
during influenza season. Influenza viruses active in the developing world may or
may not be included in the vaccine in the United States.

Influenza vaccine should be given to travelers leaving the United States at any
time of the year when destined for the tropics or between April and September when
destined for the southern hemisphere. Outbreaks can occur in summer months in
northern climates when travelers congregate from throughout the world [24]. High-
risk travelers who are unable to receive vaccine may want to carry amantadine
or rimantadine for self-treatment of influenza A or one of the new neuraminidase
inhibitors, zanamivir or oseltamivir, for treatment of either influenza A or B [24].
Because of potential side effects and medication contraindications, self-treatment
should be carefully reviewed with the traveler (see Chapter 10).

F. Haemophilus influenzae type b. Implementation of childhood vaccination with
conjugate Haemophilus b vaccines has resulted in a greater than 95% decrement of
illness with this organism [25]. All children beginning at age 2 months should be
vaccinated [26] (see Chapters 6 and 23).
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III. Required vaccinations
A. Yellow fever. Countries that require yellow fever vaccine are listed in Health In-

formation for International Travel [4]. Because of its requirement for cold storage
and its viability for only 60 minutes after reconstitution, the vaccine is given
only in approved yellow fever vaccination centers, which may be identified
by calling state or local health departments. Persons who are traveling or living
in areas infected with yellow fever and persons who visit rural areas in coun-
tries in the endemic zone for yellow fever should receive vaccine. Vaccine should
be administered and recorded at least 10 days before travel. Worldwide, yellow
fever cases have increased. Infection has spread to urban areas in South America
[27,28], and fatal cases of yellow fever have occurred in short-term visitors to infected
areas [29].

Infected areas are those where yellow fever cases are occurring; these lie pri-
marily in equatorial South America and approximately 15 degrees on either side
of the equator in Africa. They are listed in the Summary of Health Information for
International Travel, which is published every 2 weeks by the CDC [30] and may be
found on-line at the CDC travel website (www.cdc.gov/travel/bluesheet.htm). Zones
endemic for yellow fever are areas in Africa and South America where yellow fever
could occur. Some countries, particularly those in Asia, that are not in the endemic
zones require immunization of persons who enter their country from an area in which
yellow fever is occurring. Requirements for each country are clearly stated in Health
Information for International Travel [4].

Recently, several cases of multiple organ system failure, some of them fatal, have
occurred in persons receiving yellow fever vaccine [31]. A CDC analysis of U.S. per-
sons with serious reactions to this vaccine indicated an increased risk for the elderly
(particularly those 75 years of age and older) [32]. The CDC and Immunization Prac-
tices Advisory Committee have made no changes to the recommendations for yellow
fever vaccine. However, before administering vaccine, the travel health professional
should be sure that it is indicated for the traveler.

It is best not to vaccinate HIV-infected travelers with yellow fever vac-
cine unless they are asymptomatic, have undetectable viral loads and high
CD4 counts, and are traveling to yellow fever-infected areas. Otherwise, they
should avoid travel to infected areas. If they have to travel and yellow fever vaccine is
required, they should carry with them a letter of medical exemption to vaccination,
and they should adhere meticulously to mosquito avoidance measures. Whole-cell
inactivated cholera vaccine (no longer available in the United States) given within
3 weeks of yellow fever vaccination may reduce antibody responses to both vaccines.
Yellow fever vaccine may be given simultaneously with immunoglobulin.

B. Cholera. Production of the whole-cell inactivated cholera vaccine (the only cholera
vaccine that was available in the United States) ceased in 2000. Discontinuation
may have been prompted by the vaccine’s limited efficacy (around 50%) for only a
short duration (3–6 months) and uncomfortable side effects [33]. More importantly,
use of this vaccine was extremely limited because of the negligible risk of cholera
for international travelers [34,35]. This low level of risk prevails despite increased
cholera infection in Latin America and a new serotype of cholera, Vibrio cholerae
O139, which is circulating in Asian countries [36].

Two oral vaccines are marketed in countries other than the United States [37]. One
is live-attenuated and uses a recombinant toxin-deleted strain of V. cholerae, CVD
HgR 103 (Mutachol, Berna). The second is inactivated, combining whole V. cholerae
O1 cells with recombinant B subunit of cholera toxin (Dukoral, SBL Vaccine AB).
Although these vaccines are generally well tolerated and more effective (60%–80%
protective efficacy) than the parenteral vaccine, they are still not recommended be-
cause of low risk [38].

Cholera immunization is no longer required for international travel, which further
decreases the need for vaccination. Although no country requires vaccination for en-
try, some local authorities may still request documentation. In these circumstances,
the traveler can try to obtain vaccine outside of the United States or may carry a let-
ter of contraindication to vaccine. To avoid infection, travelers should exercise care
in food and water consumption.

http://www.cdc.gov/travel/bluesheet.htm


P1: GGF/FLX P2: HDS/FLX QC: MAD/HAG T1: MAD

PB207B-22 PB207A-Betts/6678F September 24, 2002 7:41 Char Count= 0

22. Health Advice for International Travel 843

C. Smallpox. The requirement for smallpox vaccination for international
travel was discontinued in 1982 after the worldwide eradication of smallpox [9].
Stocks of the vaccinia virus vaccine have been maintained by several countries and
used for vaccination of laboratory workers. With the threat of bioterrorist attacks
using smallpox virus [39], there has been renewed interest in protecting a larger
segment of the population and having vaccine available for use in control of an out-
break [40]. There are no recommendations for vaccine use for travel, but this is an
area that should be closely monitored.

IV. Recommended vaccinations for travelers because of risk
A. Hepatitis prophylaxis

1. Hepatitis A. Hepatitis A virus (HAV), endemic throughout much of the devel-
oping world, is the most common vaccine-preventable illness in travelers and
causes the most time lost from work in returned travelers [41]. The risk for HAV
in unprotected travelers varies from 1 to 10 per 1,000 travelers for a 2- to 3-week
stay and includes persons on first-class tours [41–43]. Therefore, most travelers
should receive protection [44]. See related discussion in Chapters 14 and 23.
a. Hepatitis A vaccine. There are two inactivated vaccines available in the

United States (Havrix, GlaxoSmithKline, and Vaqta, Merck) that are highly
immunogenic, protective, and cost effective [44,45]. After a single intramus-
cular dose in either adults or children, protective antibodies develop in 14 to
28 days and protection should last for at least a year. A dose at 6 to 18 months
will likely provide protection for as long as 10 to 20 years, and perhaps for a
lifetime. The manufacturers recommend administering vaccine 2 to 4 weeks
before travel to allow development of a protective immune response. Indirect
information, however, indicates that vaccination may be protective immedi-
ately before exposure or within the first several days after exposure [46,47].
If necessary, either Vaqta or Havrix may be administered to boost a primary
dose with the other vaccine [48]. When inactivated vaccines were first re-
leased, use was often restricted to long-term (≥6 months) or frequent (three
or more trips) travelers; however, these vaccines are becoming the products of
choice.

b. Immunoglobulin, a sterile preparation of antibodies (primarily IgG) with
high titers against HAV, is available for immediate passive protection
against infection. It may be used for children under 2 years of age in whom
inactivated vaccines are not approved by the U.S. Food and Drug Administra-
tion (FDA). Immunoglobulin provides protection for 2 to 6 months, depending
on the dose administered (Table 23.1) [49]. Problems with production of im-
munoglobulin for intramuscular use have led to intermittent shortages of the
product.

c. Pretravel hepatitis A antibody testing may be considered for frequent
visitors to the developing world or those with a higher likelihood of
having had infection in the past, such as persons older than 50 (30%–
75% will be seropositive, depending on the population studied [44,50]), those
born in or with prolonged residence in developing regions, and those with a
history of hepatitis [51]. The cost effectiveness of this testing depends on the
prevalence of hepatitis A antibody, the cost of screening, and the cost of vaccine
[52]. Anti-HAV (IgG)-positive travelers do not need either immunoglobulin or
inactivated vaccine.

2. Hepatitis B. Vaccination against hepatitis B virus (HBV) is routine for children
and adolescents in the United States [26]. Travelers at risk are those who will
be in contact with blood or body fluid secretions (e.g., physicians, nurses, other
health-care workers, and laboratory technicians) and those likely to have sexual
exposure [4]. Travelers who will live in countries with intermediate (2%–7%)
or high prevalence (>8%) of hepatitis B surface antigenemia (such as parts of
southeast Asia, Sub-Saharan Africa, and the interior Amazon basin) should also
consider vaccination (Fig. 22.1).

HBV vaccine (Engerix, GlaxoSmithKline, and Recombivax, Merck) is admin-
istered at 0, 1, and 6 months. Dosage varies between the two licensed products.
Adolescents 11 to 15 years of age require only two doses of either vaccine (10 µg
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FIG. 22.1 World prevalence of hepatitis B surface antigen. (From Centers for Disease Control
and Prevention. Health information for international travel, 2001–2002. Atlanta, GA: U.S.
Department of Health and Human Services, 2001, with permission.)

dose) at 0 and 6 months. To achieve more rapid immunity for travelers, the dosing
intervals of Engerix (20 µg) may be shortened to 0, 1, and 2 months with a 6- to
12-month booster [53]. Further acceleration may be achieved by giving Engerix
at 0, 7, and 21 days, which will produce seroprotective titers in 65% of recipients
at 28 days [54]; this regimen is not FDA approved.

Intramuscular injections of hepatitis vaccine should be given in the deltoid.
Persons immunized against hepatitis B will also be protected against
delta hepatitis because this incomplete virus requires actively replicating hep-
atitis B for survival (see Chapters 14 and 23).

3. Combination vaccination against HAV and HBV. Twinrix (GlaxoSmith-
Kline, released in 2001) combines both HAV and HBV antigens and is approved
for persons 18 years of age and older [55]. Indications for use are the same as
those for HAV and HBV. Because the vaccine has a lower dose of HAV antigen
(720 ELISA Units) compared with either of the two single-antigen HAV vaccines,
seroconversion to HAV may be delayed; two doses of vaccine should be ad-
ministered before travel to ensure protection.

4. Hepatitis C. There is no vaccine against hepatitis C. Persons may decrease their
risk of infection by avoiding exposure to blood products, blood-contaminated nee-
dles or dental instruments, and unprotected sexual contact.

5. Hepatitis E is recognized throughout much of the developing world [56]. An
analysis of clinically apparent cases of hepatitis E in travelers indicated that
most cases occurred after travel to the Indian subcontinent and in persons who
were traveling for longer than 1 month [57]. Subclinical seroconversion may occur
[58]. Water that has been fecally contaminated, often after heavy rains in areas
with inadequate sewage disposal, is the most likely source of infection in endemic
cases [59]. The overall risk for travelers appears to be less than that for hepatitis
A. Pregnant women are at a relatively high risk of mortality. There is no evidence
that immunoglobulin will prevent hepatitis E [60] and so proper preparation of
food and purification of water needs should emphasized (see Chapter 14).
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B. Typhoid. Typhoid immunization is indicated before traveling to areas endemic for
typhoid fever where fecally contaminated food and water are likely to be ingested.
Importation accounted for 72% of the 2,445 cases of typhoid in the United States
from 1985 to 1994 [61]. Although most cases of typhoid originated in Mexico, travel
to the Indian subcontinent presented the highest risk: 1.1 to 4.1 cases of typhoid fever
occurred per 10,000 travelers, which was 18 times higher than travel to other des-
tinations. Another reason to consider vaccination is that Salmonella typhi acquired
internationally is frequently multidrug resistant [62].
1. Live oral vaccine (Vivotif Berna, Swiss Serum and Vaccine Institute). This

attenuated live vaccine uses the Ty21a mutant of S. typhi. In a meta-analysis of
typhoid vaccines, three doses of this vaccine provided a 3-year protective efficacy
of 51% (95% confidence interval, 35%–63%) [63]. In the United States, four doses
of vaccine are administered, which could lead to improved efficacy. The traveler
takes one enteric-coated capsule with a cool to warm drink (<37◦C) 1 hour before
a meal every other day for a total of four capsules, beginning at least 2 weeks
before departure. Although capsules should be refrigerated, they usually retain
potency if left at room temperature (20–25◦C) for a few days. The availability of
this vaccine has been limited in the United States in recent years.

The safety of this vaccine in HIV-infected persons is not known. It
should not be given to persons taking antimicrobials, nor should meflo-
quine be given simultaneously because of the potential of killing the attenu-
ated bacteria. Administration of mefloquine and vaccine should be separated by
at least 24 hours; antibiotics can be commenced 48 hours after completing the
vaccine series.

2. Typhoid Vi polysaccharide vaccine, which consists of purified Vi capsular
polysaccharide of S. typhi, is given in a single intramuscular dose and should
provide approximately 50% to 70% protection for 2 to 3 years [64,65]. It can be
administered to persons 2 years of age or older and should be given at least
2 weeks before travel. The vaccine may be the product of choice when compli-
ance with oral dosing and refrigeration of the Ty21a vaccine are concerns and
for children aged 2 to 6 years of age. An experimental conjugate Vi antigen vac-
cine has demonstrated superior protective efficacy in children 2 to 6 years of
age [66].

3. Parenteral whole-cell vaccine. Although this vaccine was as effective as the
oral and Vi polysaccharide typhoid vaccines, it was often poorly tolerated, and
production in the United States was discontinued in 2000. It could be given to
persons 6 months of age and older. Because children under 2 years of age can
no longer be vaccinated against typhoid, their parents or guardians must ensure
that they ingest only safe foods and liquids during travel.

C. Meningococcal disease. Most international travelers are at low risk for acquir-
ing meningococcal bacteremia or meningitis. Several areas of the world, however,
have epidemic or endemic meningococcal disease, and because the consequences of
meningococcal infection are severe, vaccination may be warranted [67] (Fig. 22.2).
It is required that religious pilgrims traveling to Saudi Arabia to attend
the annual hajj receive vaccine. Long-term visitors to the meningitis belt
in Sub-Saharan Africa should be vaccinated. Short-term visitors to this re-
gion who travel from December through June and who will have contact
with local people should also consider vaccine [4]. Although the serotype A is
usually associated with epidemic disease, in the years 2000 and 2001 serotype W-135
affected hundreds of pilgrims to Saudi Arabia, who sometimes carried this serotype
type back to their country of origin [68]. The meningococcal polysaccharide vaccine
in the United States is polyvalent for groups A, C, Y, and W-135. Because of variable
efficacy of the current vaccine in children under the age of 5 years, conjugate vaccines
against Neisseria meningitis group C have been developed and used in England and
Canada [69].

The risk of meningococcal disease is slightly greater among freshman college stu-
dents who live in dormitories [70]. Therefore, the Advisory Committee on Immuniza-
tion Practices has recommended that this group of students is informed of the risk
and that protection (against serotypes A, C, Y, and W-135) is available by vaccination
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FIG. 22.2 Areas in Sub-Saharan Africa with epidemic meningococcal disease. (From Centers
for Disease Control and Prevention. Health information for international travel, 2001–2002.
Atlanta, GA: U.S. Department of Health and Human Services, 2001, with permission.)

[71]. Other students may also consider vaccination to reduce this small risk of dis-
ease. See Chapters 6 and 23 for further discussion.

D. Poliomyelitis. Worldwide, much progress has been made in the elimination of po-
liomyelitis [72]. The Western Hemisphere was declared polio free in September 1994
and the Western Pacific in October 2000 [73]. Most of the world’s polio cases occur
in Africa (central and western), particularly in countries with conflict, and in the
Indian subcontinent [72]. Despite the progress in control of polio, it remains im-
portant to maintain high vaccine coverage. This was illustrated recently in Haiti,
the Dominican Republic, and the Philippines where cases of vaccine-strain paralytic
disease occurred in unvaccinated or incompletely vaccinated persons [74].

The risk to the international traveler is extremely low [75]. In a study of paralytic
poliomyelitis in the United States from 1980 through 1998, there were only six cases
imported and only one after 1986 [76,77]. Nevertheless, travelers to endemic areas
who are exposed to poor food and water sanitation should be immunized.

In January 2000 the CDC and the American Academy of Pediatrics initiated a
change from oral poliovirus vaccine (Sabin; live attenuated, trivalent vaccine [OPV])
to inactivated polio vaccine (IPV) for routine childhood immunization [77]. This was
undertaken because of the rare risk of paralytic disease in recipients and contacts
of recipients of OPV; all cases of indigenous paralytic poliomyelitis in the United
States since 1980 have been associated with the OPV vaccine.
1. Primary vaccination of persons of all ages should be accomplished with

inactivated poliomyelitis vaccine. At least two doses of IPV should be given
before travel; however, if time is lacking (<4 weeks before departure), a single
dose of IPV can be given.

2. It is recommended that persons who have completed a primary series
receive one adult (generally those age 18 and older) lifetime booster if
traveling to an area of risk.

3. See Chapter 23 for further discussion.
E. Japanese B encephalitis. Japanese B encephalitis is a mosquito-borne encephali-

tis prevalent in many areas of the Indian subcontinent and Asia (Fig. 22.3). It has an
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FIG. 22.3 Reported Japanese encephalitis cases by endemic countries and regions of South-
east Asia where viral transmission is proven or suspected, 1986–1996. (From Tsai TF, Chang
G-JJ, Yu YX. Japanese encephalitis vaccines. In: Plotkin SA, Orenstein WA, eds. Vaccines.
Philadelphia: W.B. Saunders, 1999:672–710, with permission.)

inapparent-to-apparent case ratio of 50 to 500:1. Among patients with symptomatic
disease; however, the fatality rate is approximately 20%, and there is high morbidity
in survivors [78]. Disease occurs primarily in young children and adults older than
65 years of age. Seasons and areas of risk are delineated in Health Information for
International Travel [4], and this guide should be consulted in determining the risk
to travelers. Based on the number of cases in expatriate travelers and military per-
sonnel, the risk appears to be fewer than one case per 1 million travelers [79]. If risk
is based on endemic populations, however, it could be as high as one case per 5,000
to 20,000.

Vaccination against Japanese B encephalitis should be considered for travelers
with prolonged residence in endemic areas during transmission seasons or short-
term travelers who will engage in high-risk activities such as fieldwork, camping,
or bicycling. Transmission is most likely to occur in rural areas where there is rice
farming (a breeding site for the Culex mosquito vector) in proximity to pig farm-
ing (the principal amplifying host for the virus). Most travelers to endemic coun-
tries will not need vaccination because their travel is short term and they typically
visit only urban and major tourist destinations. All travelers should practice per-
sonal protection against the Culex mosquito, particularly during the dusk to dawn
hours.

Japanese B encephalitis vaccine in the United States is an inactivated mouse
brain-derived vaccine (Biken) distributed by Aventis Pasteur. This vaccine may
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be associated with severe systemic allergic reactions that occur with an
approximate frequency of 0.1 to 5 per 1,000 administrations [79–83]. Severe
reactions have included urticaria, anaphylaxis, and cardiovascular collapse and can
occur within minutes of vaccine administration to several days after vaccination.
An allergic history may be associated with an increased risk of adverse re-
actions and should be a relative contraindication to receiving vaccine [82].
Mild local and systemic reactions occur with a frequency of 10% to 20%. Vaccine
recipients should be monitored for 60 minutes after immunization, and
the final dose should preferably be completed not sooner than 10 days be-
fore departure so that untoward effects may be monitored.

F. Rabies. The risk of acquiring rabies during travel is very low; there were only
10 cases in travelers from 1975 to 1984 [84]. Potential exposures (e.g., dog bites),
however, may not be uncommon. Most cases in travelers and most transmission of
rabies overseas is secondary to the bite of a rabid dog [85]; canine rabies is highly
endemic throughout many areas of the world. Other animal species, including bats,
are also capable of transmitting the rabies virus. Countries that have reported no
cases of rabies are listed in Health Information for International Travel [4].

Travelers should be warned about the risk of rabies and if they are exposed how
to treat a bite wound and how to access safe and effective postexposure rabies treat-
ment. They should inform their health-care providers about the exposure as soon
as possible. All animal bites should be thoroughly cleaned with copious amounts
of water and soap. Tetanus prophylaxis may be needed if the traveler has not re-
ceived a booster within 5 years, and antibiotics should be given to treat a potential
bite wound infection. Then travelers should seek postexposure rabies treatment.
If they have had no preexposure prophylaxis, postexposure treatment will consist of
rabies vaccine plus rabies immune globulin [86]. If they have received preexposure
prophylaxis, only a booster dose of rabies vaccine is necessary. See Chapters 4 and
23 for further discussion of bite wound management and rabies prophylaxis.

Preexposure prophylaxis is recommended based on the individual’s itinerary,
planned activities, duration of travel, and access to safe postexposure biologics. There
are two rabies vaccines available in the United States: the purified chick embryo cell
vaccine (RabAvert, Chiron) and the human diploid cell vaccine (Imovax, Aventis
Pasteur). These are both administered intramuscularly in the deltoid of adults or
the quadriceps of small children; the intradermal formulation of human diploid cell
vaccine has been discontinued. Preexposure immunization consists of three doses
of vaccine given over 21 or 28 days (Table 22.1). Routine serologic testing after
preexposure immunization is not necessary unless the recipient is believed to be
at risk for a diminished immune response. Intramuscular administration of vac-
cine overcomes the interference of immunogenicity that occurred when chloroquine
(and possibly mefloquine) was administered with intradermal human diploid cell
vaccine.

Preexposure prophylaxis has the advantage of providing protection
when there is an inapparent exposure to rabies (such as may occur with small
children who do not report a bite) and when postexposure therapy is delayed.
It also eliminates the need for rabies immune globulin in the event of an
exposure. This product is difficult to obtain in many countries [87] and may be man-
ufactured from nonhuman sources that have variable purity. Equine rabies immune
globulin has been used safely in many countries. Preexposure prophylaxis does
not eliminate the need for additional doses of rabies vaccine [86]. Travelers
who receive postexposure treatment overseas should be evaluated by health-care
providers on return and serologic testing should be done to ensure that they devel-
oped immunity from their treatment.

G. Plague. The plague vaccine is not required by any country. Because of uncertain ef-
ficacy and very low risk of disease, production of the vaccine was terminated in 1999.
Approximately 2,500 cases of plague are reported annually from 10 to 15 countries
(including the United States) [88]. Nearly 80% of the world’s plague comes from
Africa. Travelers who will reside in plague endemic areas should avoid rodents and
use precautions against fleas. For unavoidable exposure, adults can be given tetracy-
cline (500 mg four times a day) or doxycycline (100 mg twice daily) chemoprophylaxis
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and children can be given sulfonamides [89]. The efficacy of this measure, however,
has not been established.

H. Tuberculosis prevention. Tuberculosis exposure in the developing world usually
occurs as a result of prolonged contact with respiratory droplets from infected per-
sons in a closed setting. The risk during travel was recently defined in Dutch trav-
elers visiting tuberculosis endemic regions for at least 3 months [90]. Travelers
were bacille balié de Calmette-Guerin naive and were screened by pre- and post-
travel tuberculin skin testing. The incidence of infection (based on 656 travelers) was
3.5 cases per 1,000 person-months, the incidence of disease was 0.6 cases per 1,000
person-months, and the incidence of infection in health-care workers was 7.9 cases
per 1,000 person-months. These risks approach that for the most common vaccine-
preventable diseases. For travelers with exposure, particularly long-term travelers
and health-care workers, pretravel and posttravel (2 months after return) tuber-
culin skin testing is indicated. This approach is preferable to administration of the
bacille balié de Calmette-Guerin vaccine [91]. For children who will have unavoidable
exposure to tuberculosis and for whom other preventive measures such as prophy-
lactic isoniazid cannot be used, bacille balié de Calmette-Guerin vaccine may be
considered.

ADVICE ON DISEASE PREVENTION OTHER THAN BY VACCINATION
I. Traveler’s diarrhea

A. Clinical findings. Traveler’s diarrhea affects 20% to 50% of visitors to de-
veloping regions in Latin America, Africa, and portions of Asia [92–95]. The risk
is intermediate in some of the Caribbean islands and in Eastern Europe. Disease is
transmitted through fecally contaminated food or liquids.
1. Etiology. The causative agent is identified in fewer than three-fourths of cases.

Enterotoxigenic Escherichia coli is most common, accounting for approximately
50% of cases in which the etiology is determined [94,96]. Shigella, Salmonella
species, Campylobacter, and enteroaggregative E. coli are seen in 10% to 30% of
cases [97]. Vibrio species, Aeromonas, and Plesiomonas species are less frequent.
Norwalk-like agents and rotavirus are implicated in approximately 20% of cases.
Giardia lamblia is the most common parasite that causes diarrhea in travelers
(approximately 5% of cases) [98]. Symptoms may appear after the traveler has
returned to the United States and often persist for more than 2 weeks. Cryp-
tosporidium parvum and Cyclospora cayetanensis are also seen, with Entamoeba
histolytica and Isospora belli reported infrequently [99]. Most cases of parasitic
diarrhea occur in long-term travelers [99,100].

2. Clinical manifestations. Traveler’s diarrhea usually occurs during the first
week of travel. Diarrhea and abdominal cramps are associated with nausea and
malaise. Temperature exceeding 38◦C occurs in only 10% to 20% of patients and
vomiting in fewer than 15%. Bloody dysenteric stools are unusual (2%–10%). The
duration of traveler’s diarrhea, even in persons who are not treated, is 3 to 4 days,
with 60% of patients recovering within 48 hours.

B. Prevention
1. Routine precautions. The best precaution against traveler’s diarrhea

is careful choice of food and drink. It is particularly important to exercise
this precaution when traveling with infants or small children because the conse-
quences of diarrhea at this age may be considerable. Travelers should ingest only
commercially bottled or carbonated beverages (bottled carbonated water, soda,
and beer), wine, heated drinks (coffee, tea, boiled water), thoroughly cooked foods
and meats served piping hot (particularly seafood and shellfish), and fruits that
the traveler can peel. Unpasteurized dairy products, tap water, ice cubes, food
from street vendors, salads, and fresh ground-grown leafy greens and vegetables
should be avoided. Even persons who exercise these precautions may not always
avoid diarrhea.

The most reliable way to purify drinking water is to bring it to a boil; boiling
for an additional few minutes may be necessary at high altitude [101]. If used
properly, halogens (iodine or chlorine preparations) will kill viruses and bacteria.
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Chlorine preparations are more affected by water temperature, pH, and turbidity.
Protozoa cysts, particularly Cryptosporidium and Cyclospora, will not be killed
by halogenation [102]. Small-volume water filters of an “absolute” size no more
than 1 µm remove bacteria and protozoa cysts.

2. Antiperistaltic agents. These should not be used for preventing traveler’s di-
arrhea.

3. Prophylactic bismuth subsalicylate. The prophylactic use of bismuth subsal-
icylate liquid (Pepto-Bismol, 2 oz four times a day) or tablets (two tablets four
times a day) can reduce by approximately 60% the incidence of diarrhea in trav-
elers [103]. Persons taking salicylate-containing compounds may develop salicy-
late toxicity if bismuth subsalicylate is taken concurrently. Patients who are
allergic to salicylates or who are taking anticoagulants should not take
Pepto-Bismol.

4. Prophylactic antibiotics. Several antibacterials (trimethoprim, 160 mg, and
sulfamethoxazole, 800 mg, 1 tablet daily; trimethoprim, 200 mg/day; doxycycline,
100 mg/day; norfloxacin, 400 mg/day; ciprofloxacin, 500 mg/day) can decrease
the incidence of diarrhea to 5% to 15% for the short-term (<3 weeks) traveler
[93]. However, prophylactic antibiotics may cause serious allergic reac-
tions in a small number of persons (e.g., Stevens-Johnson syndrome with sul-
fonamides) or adverse effects in others (e.g., photosensitivity and vaginal yeast
infections with doxycycline and antibiotic-associated colitis with any antibiotic)
and may contribute to the development of resistance to enteric flora. Therefore,
prophylactic antibiotics to prevent this usually mild illness are not rec-
ommended for most healthy travelers [104]. For the short-term traveler who
is on a very important trip or who has a medical condition that would be adversely
affected by diarrhea, antimicrobial prophylaxis may be considered after potential
risks are weighed.

C. Treatment
1. Fluid replacement and diet. The most important management principle

is to replace fluids and electrolytes lost in diarrheal stools (Table 22.2)
[4,105,106]. This may be the only treatment necessary for many adults and chil-
dren because the diarrheal illness is often self-limited and of short duration. Oral
rehydration must include glucose, sodium, potassium, chloride, and free water.
Except in extreme cases, this may be accomplished in adults and older children
by ingesting fruit juices, caffeine-free soft drinks, broth, and bouillon. These may
be supplemented with salted crackers, rice, or toast. Dairy products should be
avoided initially because lactose intolerance may be present.

Breast-fed infants should continue nursing. Bottle-fed children should also con-
tinue with lactose-free formulas. For oral rehydration, packets that contain glu-
cose and salts at the appropriate concentrations after addition of purified water
are available in most developing countries and in the United States (Table 22.2).
Some formulas are rice based. Those who travel with infants and small children
should consider carrying these packets. Children who experience persistent vom-
iting, bloody diarrhea, or high fever should receive immediate medical attention.

2. Antimotility agents. Drugs such as loperamide (Imodium) or diphenoxylate hy-
drochloride with atropine sulfate (Lomotil) relieve cramping and help to control di-
arrhea, allowing patients to participate in planned activities [107]. Loperamide is
available over the counter and appears to be better tolerated than diphenoxylate-
atropine, particularly in the elderly. It is favored by most physicians who advise
travelers.

Antimotility agents may predispose to complications in patients with invasive
or inflammatory enterocolitis. Therefore, they should not be used when tem-
perature exceeds 38.5◦C or when blood appears in the stool [93]. They
should not be taken by children younger than 2 years of age. Liquid bis-
muth subsalicylate has proven effective for treatment for mild diarrhea [108].
Experience with this agent in children is limited [109], and it could potentially
lead to salicylate toxicity if not used properly [110]. If symptoms persist beyond
48 hours after any of these agents are initiated, administration should
be discontinued and medical attention sought.
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Table 22.2. Treatment of Traveler’s Diarrheaa

Agent Dose

Oral hydrationb

Homemade solution
Potable water 1 L
Table salt 1/2 teaspoon
Baking soda 1/2 teaspoon
Table sugar (sucrose)c 2–3 tablespoons

World Health Organization
compositiond

Sodium chloride 3.5 g/L
Glucose 20.0 g/L
Sodium citrate 2.9 g/L
Potassium chloride 1.5 g/L

Bismuth subsalicylate 1 oz q 1/2 h × 8 doses, or
2 tabs q 1/2 h × 8 doses

Loperamide (2 mg)e 2 capsules with 1st diarrheal stool, then 1 with each
subsequent loose stool, not to exceed
8 capsules/day

Antibiotics
Quinolones f

Ciprofloxacin, 500 mg Single dose—750 mg; 3-day therapy—500 mg b.i.d.
Norfloxacin, 400 mg Single dose—800 mg; 3-day therapy—400 mg b.i.d.
Ofloxacin Single dose—400 mg; 3-day therapy—300 mg b.i.d.
Levofloxacin, 500 mg Single dose—500 mg; 3-day therapy—500 mg b.i.d.

Azithromycing Single dose—1,000 mg; 3-day therapy—500 mg b.i.d.
Trimethoprim, 160 mg, and

sulfamethoxazole, 800 mgh
1 tablet b.i.d.

Doxycycline, 100 mgh 1 tablet b.i.d.

aTravelers who have a temperature of more than 38.5◦C, severe cramping, and blood or mucus in their
stools should seek prompt medical attention if symptoms do not promptly resolve.
bRice-based products may also be used. Commercial preparations may be purchased from: Jianas Brothers
Packaging Company, Kansas City, MO (816 421-2880); or Cera Products, Inc., 1041 Waterfowl Terrace,
Columbia, MD 21044 (301 490-4941).
cHoney or karo syrup (2 tbsp) may be substituted for sugar.
dThe WHO composition is sodium (90 mEq/L), potassium (20 mEq/L), chloride (80 mEq/L), citrate
(30 mEq/L), glucose (20 g/L).
Sucrose (table sugar), 40 g/L, may be substituted for glucose.
Sodium bicarbonate, 2.5 g/L, may be substituted for sodium citrate.
eAvoid taking loperamide if there is fever >38◦C and blood or mucus in the stools.
f Treatment of enteric infections is not an approved indication for norfloxacin. Quinolones are contraindi-
cated in pregnancy and for children under the age of 18 years. May be safe for short-term use in the
pediatric age group.
gNot FDA approved for treatment of travelers’ diarrhea.
hThere may be resistance to trimethoprim-sulfamethoxazole and doxycycline by enteric organisms.

3. Antibiotic therapy. Patients with mild to moderate traveler’s diarrhea can be
treated with a single dose or a short course (3 days) of one of several antibiotics
[111]. Trimethoprim, trimethoprim-sulfamethoxazole [112], and doxycycline were
studied initially; however, widespread resistance of enteric organisms has made
these choices less effective [113]. Most experts recommend that travelers carry
a quinolone antibiotic: norfloxacin, ciprofloxacin, ofloxacin, or levofloxacin (Ta-
ble 22.2) [111]. Campylobacter species is becoming resistant to quinolones, espe-
cially in Asia; in these cases, azithromycin may be effective [114]. New agents that
have not yet been approved for use in the United States may prove valuable [115].

Single-dose therapy for traveler’s diarrhea has not been extensively studied
but is likely to be effective [116]. A single dose may be initiated; if diarrhea does
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not resolve after this, treatment may be continued for up to 3 days. Although
combining an antibiotic with loperamide for mild to moderate diarrhea has also
been shown to effect prompt improvement of symptoms [117,118], this approach
has not been found consistently effective in all regions of the world and in all
etiologies of diarrhea [95,119]. It is a reasonable approach as long as the traveler
is not experiencing severe cramping, fever at least 38.5◦C, or bloody stools.

Patients with high fever or bloody diarrhea should seek medical evaluation. If
medical attention is not available, empiric antibiotic therapy can be initiated.

II. Malaria. Malaria is a febrile flu-like illness caused by one of four species of malaria
parasites: Plasmodium falciparum, P. vivax, P. ovale, or P. malariae. From 1993 through
1998, 85% of malaria cases imported to the United States were caused by P. falciparum
or P. vivax [120]. P. falciparum is the species that causes the most severe illness and
nearly all cases of fatal malaria [4,121]. It is widely resistant to chloroquine phosphate,
and in rural and forested border areas of Thailand it is resistant to other antimalarials
(Fig. 22.4). From 1995 through 1998, 83% of imported cases of falciparum malaria cases
originated in Sub-Saharan Africa [120].

Exposure to malaria depends on the itinerary and duration of a trip, time of year, and
prevalence of Plasmodium species. The overall risk of acquiring malaria ranges from
0.8 cases to 24 cases per thousand travelers [122,123] and varies greatly between and
within countries, the type of travel, and whether or not chemoprophylaxis was taken
(Fig. 22.4). Country-specific prevention guidelines are published by the CDC in Health
Information for International Travel [4] and by the WHO [124]. The United Kingdom
and Canada also publish their own guidelines [125,126].

Prevention of malaria requires a multifaceted approach that emphasizes protection
against mosquitoes, safe and effective chemoprophylaxis, and plans for medical care if

FIG. 22.4 Distribution of malaria and chloroquine-resistant Plasmodium falciparum. For use
only as a visual aid. Refer to up-to-date resources for actual distribution. (From Committee
to Advise on Tropical Medicine and Travel (CATMAT). Canadian recommendations for the
prevention and treatment of malaria among international travelers. Can Commun Dis Rep
2000;26[Suppl 2]:1–42, with permission.)
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malaria occurs [127]. All travelers should be informed that no prophylactic reg-
imen is 100% effective and that malaria can develop several months or longer
after returning to the United States. Travelers must be advised to seek prompt
medical attention for any acute febrile illness that might be malaria and to inform their
physician of their exposure. Patient compliance with medication and physician
prescribing of correct antimalarials are key. In the United States from 1992 to
2001 75% of United States civilians with malaria had taken either no prophylaxis or
inappropriate chemoprophylaxis [128]; in Canada, similar findings have been reported
[129].
A. Mosquito avoidance. The first step in malaria prevention is avoidance of the fe-

male Anopheles mosquito, which typically feeds from dusk until dawn. Travelers
should wear long-sleeved, light-weight, loose-fitting, protective clothing; avoid the
use of perfumes; use mosquito repellents; and sleep under netting or in well-screened
rooms.

Mosquito repellents that contain diethyltoluamide (DEET) in a concentration of
15% to 35% offer best protection [127,130]. With new extended-duration formula-
tions of DEET that may provide protection for 4 to 12 hours, there is no need for
highly concentrated preparations. DEET is safe to use on children, but guidelines
should be followed carefully to avoid any of the exceedingly rare neurologic compli-
cations [130]. DEET-containing products should be applied sparingly only
on exposed skin or clothing. They should not be inhaled, ingested, or applied
to mucous membranes, the eyes, or irritated skin; they should be washed off after
coming indoors [4]. If a suspected reaction to a repellent occurs, treated skin should
be washed and medical attention promptly sought.

Mosquito coils, sprays, and vaporizing mats may be used in enclosed areas to
decrease the mosquito population. Clothing and netting may be sprayed or
dipped in the insecticide permethrin. Permethrin remains adherent to fab-
ric through several washings and provides weeks of protection against mosquitoes
[131].

B. Prophylactic drugs. Current recommendations for antimalarial drugs and
their dosing should always be consulted because chemoprophylactic regimens
are reviewed on an ongoing basis as to efficacy and safety [4,124]. Table 22.3 lists
antimalarial drugs and their recommended adult and pediatric doses.
1. For travel to areas with chloroquine-sensitive malaria. Currently, only

the Dominican Republic, Haiti, Central America west and north of the Panama
Canal, Mexico, Argentina, Egypt, most countries in the Middle East, and some
areas of China have P. falciparum strains that are still sensitive to chloroquine.
For travel to these areas, chloroquine phosphate remains the drug of choice. It
can prevent clinical illness due to the erythrocytic stages of sensitive strains of
P. falciparum and all other Plasmodium species. No agent, including chloroquine,
will prevent mosquito bites or kill sporozoites. Occasional cases of chloroquine-
resistant P. vivax have been reported from Indonesia and Papua [132].

Chloroquine is taken weekly as a single oral dose, beginning 1 to 2 weeks before
travel and each week thereafter in the malarious zone and for 4 weeks after leav-
ing the endemic area. Taking the drug after meals can help to reduce any minor
gastrointestinal distress. Chloroquine has been reported to exacerbate psoriasis.
High doses of chloroquine [133] or hydroxychloroquine [134] taken on a daily ba-
sis for treatment of inflammatory conditions have rarely been associated with
retinopathy (three cases per 1,500 users). Persons who take chloroquine at a
daily dose of less than 250 mg or less than 3.0 mg/kg should have ophthalmologic
screening at 6-month intervals [135]. Chloroquine should be stored in child-proof
containers to prevent a risk of life-threatening toxicity with accidental ingestion
or overdose of the drug in children.

2. Travel to areas where chloroquine resistance occurs. There are three
choices for prevention of chloroquine-resistant P. falciparum: mefloquine
(Lariam, Roche), atovaquone-proguanil (Malarone, GlaxoSmithKline), and doxy-
cycline.
a. Mefloquine is highly effective against both chloroquine-resistant and

sulfadoxine-pyrimethamine-resistant P. falciparum infections [136–138].
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Table 22.3. Drugs Used in the Prophylaxis of Malaria

Drug Adult Dose Pediatric Dose

Chloroquine phosphate
(Aralen)

300 mg base (500 mg salt) orally,
once per wk, beginning 1 wk
before travel and continuing
for 4 wk after travel

5 mg/kg base (8.3 mg/kg
salt), orally, once per
week (not to exceed
adult dose of 300 mg
base)

Mefloquine (Lariam) 250 mg (salt) orally, once
per wk, beginning 1 wk before
travel and continuing for 4 wk
after travel

<15 kg: 5 mg salt/kg/wk
15–19 kg: 1/4 tab/wk
20–30 kg: 1/2 tab/wk
31–45 kg: 3/4 tab/wk
>45 kg: 1 tab/wk

Atovaquone/proguanil
(A/P) (Malarone)

250 mg A/100 mg P 62.5 mg A/25 mg P

1 tablet daily, beginning 2 days
before travel and continuing
for 7 days after travel

11–20 kg: 1 tablet daily
21–30 kg: 2 tablets daily
31–40 kg: 3 tablets daily
>40 kg: adult dosing

Doxycycline 100 mg orally, 1 tablet daily,
beginning 2 days before travel
and continuing for 7 days
after travel

>8 yr old: 2 mg/kg orally,
once per day (not to
exceed adult dose of
100 mg)

Hydroxychloroquine
sulfate (Plaquenil)

310 mg base (400 mg salt) orally
once per wk

5 mg/kg base (6.5 mg/kg
salt) orally, once per wk
(not to exceed adult
dose of 310 mg base)

Proguanil 200 mg/d orally, in combination
with weekly chloroquine

<2 yr old: 50 mg/d
2–6 yrs old: 100 mg/d
7–10 yrs old: 150 mg/d
>10 yrs old: 200 mg/d

Primaquine 15 mg base (26.3 mg salt) orally,
once per day, for 14 days

0.3 mg/kg base (0.5 mg/kg
salt) orally, once per
day

Adapted from Centers for Disease Control and Prevention. Health information for international travel,
2001–2002. 2001, Atlanta, GA: U.S. Department of Health and Human Services.

P. falciparum resistance to mefloquine (and to chloroquine) occurs in rural
forested areas of Thailand that border Cambodia and Myanmar (formerly
Burma) [139].
(1) Dosage. Mefloquine is taken weekly as a single dose, beginning 1 to

2 weeks before travel and continuing weekly during exposure and for
4 weeks after leaving endemic areas. Some authorities recommend a load-
ing dose (250 mg daily for 3 days) of mefloquine to rapidly achieve protec-
tive levels and to assess the potential for side effects [126,129]; however,
this measure is not recommended by the CDC or WHO.

(2) Side effects. Although mefloquine is well tolerated by most persons, con-
cern about potential neuropsychiatric side effects has adversely affected
patient acceptance of the drug and physician willingness to prescribe it.

Several studies have reviewed adverse events [138,140,141]. With pro-
phylactic doses, minor side effects of gastrointestinal disturbance and mild
neuropsychiatric events occur in 5% to 30% of users. Neuropsychiatric
events include sleep disturbance, vivid dreams, dizziness, mood changes,
and concentration defects. Approximately 40% of these adverse reactions
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occur after the first dose and 78% after the third dose [142,143]. Rarely, a
serious adverse event such as psychosis or convulsions will occur during
prophylaxis (about one case per 13,000 users) [144,145]. Neuropsychiatric
events occur more frequently with treatment doses.

(3) Contraindications to the use of mefloquine.
(a) Travelers with known hypersensitivity to mefloquine.
(b) Travelers with history of seizures or psychiatric disorder.
(c) Travelers with underlying cardiac conduction abnormalities, but not

those on beta-blockers (e.g., for hypertension) if they have normal
rhythms.

(d) Although not approved during pregnancy, mefloquine given during
the last two trimesters has not been associated with adverse fetal out-
comes [146–148]. Limited information also suggests safety during the
first trimester. Therefore, if exposure to chloroquine-resistant
falciparum malaria is unavoidable, mefloquine may be consid-
ered [4].

b. Atovaquone/Proguanil (Malarone) is a fixed combination agent approved
in the United States in 2000 for the prevention and treatment of P. falciparum
malaria in both children and adults [149–151]. It has demonstrated excellent
efficacy in treatment of both chloroquine-resistant and multidrug-resistant
falciparum malaria in semi-immune hosts living in endemic regions of Asia,
Africa, and South America [152,153]. It has also been highly effective in pro-
phylaxis of falciparum malaria in semi-immune hosts [154].

Two recent studies have demonstrated safety and efficacy in preventing
falciparum malaria in nonimmune travelers [155,156]. It has the advantage
of causal prophylaxis (kills developing exoerythrocytic phase organisms) that
allows discontinuation of the drug soon after leaving the malarious area [157].
This characteristic makes it a good choice for travelers with a short period of
exposure to malaria. Although there are only limited data as to its efficacy in
prevention and killing of nonfalciparum malaria parasites, it is presumed to
be effective against these species. It does not kill the hypnozoites of P. vivax
or P. ovale.
(1) Dosage. Malarone is taken daily, beginning 1 to 2 days before exposure,

continued daily during exposure, and continued for 7 days after leaving
the malarious area (Table 22.3).

(2) Side effects. Malarone is well tolerated; some may experience gastroin-
testinal upset, headache, or rash. Absorption is enhanced by ingestion with
fatty foods. Its safety during pregnancy is not known, and it should not be
used in these circumstances, unless other options are not available.

c. Doxycycline is effective against chloroquine-resistant and multidrug-
resistant falciparum malaria [158,159]. It is taken daily, beginning 1 to 2 days
before departure and continued daily during travel in the endemic areas and
for 4 weeks after the traveler leaves the malarious area (Table 22.3). Doxycy-
cline is contraindicated in pregnancy and in children younger than 8 years of
age. Potential problems with doxycycline include difficulty in complying with
a medication taken daily for 4 weeks after return, gastrointestinal upset, pho-
tosensitivity dermatitis, vaginal candidiasis, antibiotic-associated colitis, and
esophageal ulceration if the pill is not completely swallowed [160]. Use of a
sunscreen may decrease the risk of photosensitivity.

d. Other medications. Proguanil, a dihydrofolate reductase inhibitor, has
been combined with chloroquine (200 mg daily) to provide coverage for
chloroquine-resistant P. falciparum in areas of low prevalence (e.g., in India
and South America) [124,125]. This approach is not endorsed by CDC, how-
ever, because of its inferior efficacy and deaths due to malaria in persons on
this regimen and the difficulty in acquiring and adhering to proguanil because
it is not available in the United States [128].

Primaquine has been studied for prevention of malaria [150,161]. It has
causal prophylaxis against all species of malaria and, like Malarone, may be
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discontinued soon after departing the malarious area. There is limited expe-
rience with this drug for prevention, and it is not FDA approved for this use;
it may also cause hemolysis in glucose-6-phosphate dehydrogenase (G6PD)–
deficient individuals. The G6PD status of anyone receiving primaquine
should be checked.

3. Self-treatment for malaria. Travelers who choose not to take chemoprophy-
laxis or who desire to carry medication in the event of acquiring malaria despite
chemoprophylaxis may carry self-treatment medications. Although malaria self-
diagnosis kits are available in some countries outside of the United States, they
are often not used reliably by the traveler [162]. Thus, if the traveler develops a
febrile illness that could be malaria, the first step is to seek medical care. If medical
care cannot be obtained within 24 hours, then self-treatment can be considered.
Two options are Fansidar (sulfadoxine/pyrimethamine) or Malarone, the
latter is probably best. Fansidar may not be effective in areas of sulfonamide
resistance (southeast Asia, the Amazon River basin, and parts of East Africa)
and has been associated with life-threatening severe cutaneous reactions in per-
sons allergic to sulfonamides. Even if self-treatment is taken, travelers should
still seek medical evaluation. Halofantrine should not be used for self-treatment
because of the risk of sudden cardiac death in persons with cardiac conduction
abnormalities [163]. Mefloquine used for self-treatment may also be associated
with serious adverse events, including seizures and hallucinations.

4. Prolonged exposure to malaria in areas intensely endemic for P. vivax
or P. ovale may warrant terminal malaria prophylaxis with primaquine
phosphate to eradicate persistent hepatic forms of these species. Missionaries,
Peace Corps volunteers, or refugee camp workers with prolonged exposure and
returning travelers who were treated for malaria while abroad are at greatest
risk for infection with these parasites. A G6PD level should be checked before
prescribing this drug. Primaquine is contraindicated during pregnancy be-
cause the G6PD status of the fetus cannot be easily ascertained. Primaquine is
not necessary for most travelers.

5. Malaria information. Detailed recommendations for the prevention of malaria
may be obtained 24 hours a day by calling the CDC travel information system (888-
232-3228) or by accessing the CDC Travel Health webpage (www.cdc.gov/travel).

III. Other diseases
A. Dengue fever. Dengue fever is a mosquito-borne arboviral illness characterized

by the sudden onset of fever, headaches, severe myalgias and arthralgias (break
bone fever), abdominal discomfort, rash, and mild liver enzyme abnormalities. The
rash appears 3 to 5 days after onset of fever and may spread from the torso to the
extremities and face. Dengue fever has been a long-standing problem in the Far
East, and during the last 10 years it has also spread throughout the Caribbean and
Latin America [164,165]. Outbreaks tend to be focal and urban. Although dengue can
progress to a fatal hemorrhagic shock syndrome (more likely in persons with prior
dengue infection of a different serotype), most cases in travelers are self-limited. In
recent years, 20 to 50 cases of confirmed dengue have occurred in U.S. travelers [165].
Travelers should avoid the mosquito vectors (Aedes species), which tend to
bite during the day, by using the personal protection measures discussed
for malaria. No vaccine is available.

B. Schistosomiasis. Acute schistosomiasis (Katayama fever), sometimes associated
with severe neurologic sequelae, may occur in travelers [166,167]. Travelers may
be exposed to the parasite in fresh water of endemic areas of the Caribbean,
South America, Africa, or Asia. Travelers should avoid swimming, wading,
or bathing in fresh water unless it is chlorinated. In some areas, the local
opinion may be that the body of fresh water is free of risk (such as Lake Malawi),
but cases of schistosomiasis have occurred in those situations [168]. Swimming in
salt water or bathing in fresh water that has been heated to 50◦C for 5 minutes or
that has stood more than 48 hours is safe. Praziquantel is effective treatment for
schistosomiasis caused by all Schistosoma species

C. Sexually transmitted diseases. Removed from societal restraints, some travel-
ers are more likely to engage in casual sexual activity and place themselves at risk

http://www.cdc.gov/travel
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for HIV and other sexually transmitted diseases [169]. It has been estimated that
5% or more of short-term travelers have casual sexual encounters and use condoms
in fewer than half of them [170]. Among long-term male expatriates living in Sub-
Saharan Africa, high-risk sexual activity approached 30% [171]. Drug-resistant iso-
lates of Neisseria gonorrhoeae are prevalent in many areas, especially southeast
Asia and Africa, and hepatitis B, syphilis, herpes simplex, and venereal diseases
uncommon in the United States (chancroid, lymphogranuloma venereum, and gran-
uloma inguinale) occur (see Chapter 16). Of these only hepatitis B is preventable by
immunization.

The rapid spread of HIV infection throughout the world poses a major risk for
transmission via the sexual route. Seroprevalence of HIV in urban female sex work-
ers varies but has been reported to be as high as 80% in some areas of Africa [172].
Although the risk of transmission of HIV can be decreased by the use of
condoms, diaphragms, and spermicides, the safest course for the traveler
is abstinence. Additionally, condoms manufactured outside the United States may
not be reliably protective. The presence of other sexually transmitted diseases and
genital lesions can enhance the risk of transmission of HIV and should be an absolute
indication for abstinence.

OTHER CONSIDERATIONS FOR THE TRAVELER
I. Jet lag. Travel across multiple time zones is associated with disruption of the normal

circadian rhythm. For many travelers this results in adverse subjective and physio-
logic responses during the first days after arrival. A number of approaches to restore
the circadian rhythm have been suggested. Exposure to bright light after arrival facil-
itates adaptation. Although dietary measures have been proposed, they have not been
rigorously evaluated. Short- to intermediate-acting benzodiazepines and the nonben-
zodiazepine pyrazolopyrimidines can help to maintain sleep after arrival in the new
time zone. These agents should be started at the lowest effective dose, and their du-
ration of action should be matched with the time available for sleep. They should not
be used during air travel because they can lead to confusion and disorientation. The
hormone melatonin is naturally produced during sleep. Exogenous administration of
melatonin has been proposed as a means to reestablish the circadian rhythm, but
recent studies have failed to demonstrate a significant effect in travelers [173,174].

II. Deep venous thrombosis. Long-distance travel, particularly by air, has been asso-
ciated with an increased risk of deep venous thrombosis [175]. This syndrome has
been called “economy class syndrome” and may occur in as many as 5% of long-haul
(10–15 hours) travelers who have increased cardiovascular risk factors [176]. A smaller
percent will experience pulmonary embolism (approximately 1–2 cases per million
flights longer than 5,000 km) [177]. Maintaining hydration, exercise, and wearing
below the knee support stockings may help to decrease risk [176].

III. Motion sickness. There are several agents for motion sickness. For short-term use,
over-the-counter preparations of diphenhydramine (Benadryl) (especially for children)
or meclizine may be effective. Travelers should be aware of the potential sedating ef-
fects of these agents. For longer trips, such as cruises, a sustained-release transdermal
preparation of scopolamine (Transderm-Scop) may be preferred. The package insert in-
structions should be carefully followed and, after the disk is applied, the hands should
be thoroughly washed to remove any scopolamine. For severe nausea, Phenergan pills
(25 mg for adults) or suppositories may be used.

IV. Sun protection. Travelers should avoid excessive exposure to the sun to prevent
heat exhaustion and sunburn. Sunburn is caused by the effects of both ultraviolet B
and ultraviolet A radiation [178]. Most sunscreens offer protection against both types
of radiation. Sunscreens should be applied in sufficient quantities to cover skin and
may need repeat application if there is prolonged exposure or if they are washed off
during swimming. Sunscreens with a sun protection factor of at least 15 should be
used. Products that are water insoluble may be longer lasting.

V. Skin care. Skin problems are a major health issue for the traveler [179,180]. Insect
bites, sunburn, dermatophyte infections, and cellulitis all can occur. Many dermato-
phytoses are made worse by warm and humid tropical conditions. Therefore, skin
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should be kept as clean and dry as possible, especially in skinfold areas. A topical an-
tifungal preparation should be carried. Arthropod infections such as scabies and lice
can be avoided by carefully washing hands and clothes. Persons should refrain from
scratching insect bites to avoid pyoderma and cellulitis. Shoes or sandals should be
worn at all times to prevent penetration by various nematodes.

VI. High-altitude illness. Acute mountain sickness, characterized by headache, nausea,
vomiting, insomnia, and lassitude, affects up to 25% of persons who rapidly ascend
to altitudes of 2,500 m and an even higher percent of those who exceed altitudes of
3,000 m [181]. Acute mountain sickness occasionally progresses to the potentially fatal
syndromes of high-altitude pulmonary edema or cerebral edema. Acclimatization is
the best method to prevent acute mountain sickness [181]. Acclimatization can be
achieved by spending a few days at an intermediate altitude (1,500–2,200 m) and
then gradually ascending to higher altitudes each day, with a return to sleeping at an
elevation no more than 300 to 500 m higher than the night before.

Acetazolamide (Diamox) is a carbonic anhydrase inhibitor that may help travelers
who ascend rapidly from low elevations. It hastens acclimatization but does not neces-
sarily prevent acute mountain sickness. Acetazolamide is usually taken 24 to 48 hours
before and for the first several days during the ascent. Various doses have been used
ranging from 125 mg to 250 mg twice daily [181]. Acetazolamide is a diuretic and can
cause circumoral and peripheral paresthesias; it is contraindicated in the sulfonamide-
allergic patient. Descent and supplementary oxygen are the treatments of choice for
mountain sickness. A descent of as little as 500 to 1,000 m can result in resolution
of symptoms. Some large expeditions carry portable hyperbaric chambers to simu-
late descent until affected persons can be moved to lower elevations. When descent is
not possible, dexamethasone or acetazolamide can be used for the treatment of acute
mountain sickness [181]. Dexamethasone is not recommended for prophylaxis [182],
because it only suppresses symptoms but does not enhance acclimatization. Travelers
planning trips to altitudes above 3,500 m should seek expert advice.

VII. Personal safety. Although many travelers consider only the risk of exotic tropical dis-
eases, more deaths in North Americans overseas are in fact attributable to accidents,
injuries, and homicides than to infectious diseases [183,184]. Travelers should try to
use safe public and private transport to avoid accidents and injuries and avoid swim-
ming and diving in unfamiliar waters. Travelers may decrease the risk of personal
assault by dressing conservatively and avoiding sites and activities that might be tar-
geted by terrorist groups. Travelers should refuse to carry a package from one country
to another, even if someone they have befriended (e.g., a personal guide) asks them
to carry it; bombs, illicit drugs, or other illegal items may be hidden in the package.
The U.S. State Department (888-407-4747 or travel.state.gov/) provides callers with
updated travel advisory or visa information, along with safety tips and the names,
addresses, and telephone numbers of Foreign Service locations.

VIII. The HIV-infected traveler. Travelers infected with HIV face special chal-
lenges [12,185]. Preventive measures [186], issues of vaccine safety and efficacy,
prevalence of infectious agents overseas, health-care access, and the requirement by
some countries for HIV testing prior to obtaining an entry visa (requirements may
be accessed at travel.state.gov/HIVtestingreqs.html) all must be considered. Depend-
ing on the degree of immunosuppression, vaccines may be ineffective or unsafe. In
general, live vaccines should be avoided. In addition, travel to developing countries
may carry with it the risk of exposure to opportunistic pathogens such as Salmonella
species, Cryptosporidium parvum, Isospora belli, Cyclospora species, Mycobacterium
tuberculosis, and Leishmania species.

IX. Travelers who have chronic lung or cardiovascular diseases, are pregnant,
or are traveling with infants and young children. Some travelers travel with
medical conditions or chronic illnesses [187]. Cardiovascular disease is the most com-
mon cause of death among older travelers abroad [184]. Patients with severe chronic
lung disease should undergo pulmonary function testing with arterial blood gases to
determine whether they need supplemental oxygen during air flight [187,188]. Trav-
elers requiring oxygen should contact their carriers 48 to 72 hours before travel and
have a prescription from their physician that indicates diagnosis and liter flow rate.
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Insulin-dependent diabetics should discuss with their physician the proper adjust-
ment of insulin and diet schedules for time zone changes. Pregnant travelers should
consider the potential health risks to self and fetus by air flight, exposure to malaria,
and receipt of vaccinations and prophylactic medicines [189]. All travelers with pre-
existent medical conditions need to be cautioned about the effects of changes in diet,
jet lag, altitude, and climate. They should carry on their persons each medication in
a labeled bottle as well as copies of their prescriptions. Special considerations also
pertain to those traveling with infants and children [190].

X. Avoidance of blood-borne pathogens (HIV, hepatitis C, etc.). The safety and
screening of the blood supply may be questionable. Previously used needles or intra-
venous administration sets, dental equipment, and tattooing and other skin-piercing
instruments should be avoided to decrease the risk of HIV, hepatitis B, and hepatitis
C. Hepatitis B is preventable by immunization. Travelers who visit areas without ac-
cess to safe medical care may be supplied with kits containing gloves, alcohol swabs,
needles, and syringes. Some have also considered obtaining blood donations if needed
from fellow travelers or members of the expatriate community who have tested neg-
ative for HIV and hepatitis and who have no risk factors to suggest the likelihood of
these pathogens.

XI. Plans for emergency medical help. Emergency medical care may be needed during
travel. There are several travel health insurance companies that will help the traveler
access emergency care, pay for that care, and arrange for air evacuation if medically
indicated (travel.state.gov/medical.html ). These companies may also provide baggage
and trip cancellation protection. The availability of medical care in remote areas may
be ascertained by inquiring at U.S. consulates or embassies or by visiting mission
hospitals, which often are staffed by expatriates.

THE RETURNED TRAVELER
Fortunately, for most travelers serious illness is unusual, but some return with symptoms or
develop them later. The experience of a group of nearly 800 returned U.S. travelers indicated
the most common conditions were diarrhea (13%), upper respiratory tract infections
(10%), skin rash (3%), and fever (2%) [180]. Febrile illness warrants immediate at-
tention because it may be due to malaria or another potentially life-threatening
pathogen.

When formulating a differential diagnosis, the health-care provider should consider the
geographic location(s) visited, the traveler’s activities, the frequency of specific diseases in
the region(s), the incubation periods of potential pathogens, and the vaccines and other
prophylactic measures that were used [191]. Many common bacterial and viral infections
have short incubation periods and will develop abroad or within the first week or two of
return. Diseases with longer incubation periods, such as giardiasis and amebiasis, viral
hepatitis, malaria, and tuberculosis, may present weeks to months after a traveler’s return.
Travelers should be informed that an illness presenting after their return could be related to
travel and requires medical evaluation. Persons who were ill during their trip or who lived
for a prolonged period in a developing region should be evaluated after return [192,193].

The following presents an overview of common conditions in returned travelers. More
detailed discussions and information about pathogens endemic to specific geographic regions
should be consulted.

I. Traveler’s diarrhea. Traveler’s diarrhea is the most common illness among travelers
and can begin abroad or after return [194]. Patients should be examined and stools tested
for blood, fecal leukocytes, and fecal lactoferrin. Stool culture for enteropathogens is
indicated if these screening tests are positive or if the patient presents with tenesmus,
fever, or gross blood in the stool. Examination of stool for ova and parasites is typically
reserved for those with persistent diarrhea lasting for 10 days to 2 weeks or longer or for
those who have resided for a prolonged period in regions of poor sanitation. See related
discussion earlier in this chapter, Table 22.2, and Chapter 13.
A. Noninflammatory diarrhea. The most frequently identified cause of traveler’s di-

arrhea is enterotoxigenic E. coli. Enteroaggregative E. coli has recently been shown
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to be important pathogen. Fecal leukocytes and blood are absent with both, and the
temperature is normal or only mildly elevated. Oral hydration with a mixture of
water, glucose, buffer, and electrolytes is the most appropriate therapy and is often
all that is necessary. Antibiotics and antimotility agents can shorten the duration
of symptoms. Although uncommon among North American travelers, V. cholerae
may present as rapidly dehydrating diarrhea that requires fluid and electrolyte
replacement.

B. Bacterial dysentery. The presence of fever higher than 38◦C, bloody stools, or
tenesmus suggests inflammatory enterocolitis caused by bacterial pathogens such as
Shigella species, Campylobacter jejuni, Salmonella species, Yersinia enterocolitica,
or enteroinvasive E. coli. Fecal leukocytes or lactoferrin are usually present in
the stool. Hydration is important, and treatment with an antibiotic, such as one of
the fluoroquinolones in adults, frequently is administered pending the results of stool
culture. Azithromycin can be used in children. It has also been used for travelers to
areas in which C. jejuni is prevalent and possibly resistant to fluoroquinolones, such
as Asia. Loperamide and other antimotility agents should not be used in travelers
with inflammatory enterocolitis. (See related discussions in Chapter 13.) Enterohe-
morrhagic E. coli, such as O157:H7, are generally not seen among travelers, but the
development of bloody diarrhea without fever raises this possibility. Neither antibi-
otics nor antimotility agents should be used in that setting, particularly in children
[195].

C. Amebic colitis. Although not common among travelers, amebic colitis is a consid-
eration in those presenting with dysentery. Gross or occult blood is typically found
in the stool, but fecal leukocytes may be pyknotic or absent. Cysts or trophozoites
of E. histolytica may be identified on stool examination: they are morphologically
indistinguishable from those of Entamoeba dispar, a nonpathogen. The diagnosis
of invasive amebiasis can be confirmed by identifying E. histolytica antigen in the
stool, but not all commercial kits can differentiate between E. histolytica and E. dis-
par [196]. Metronidazole eradicates tissue trophozoites but should be followed with
a luminal agent, such as paromomycin or iodoquinol, to eradicate cysts. Loperamide
and other antimotility agents are contraindicated.

D. Prolonged diarrhea. Noninflammatory diarrhea lasting more than 10 days to
2 weeks raises the possibility of giardiasis, cryptosporidiosis, and other protozoan
infections in addition to amebiasis. Stools should be examined for ova and parasites
and stained for acid-fast organisms. Three stools, properly examined, will usually
yield the diagnosis. Antigen testing for Giardia and Cryptosporidium is more sensi-
tive than ova and parasite examination. Occasionally, empiric therapy for giardiasis
is warranted after other etiologies have been excluded. Metronidazole is currently
the drug of choice for giardiasis [197]. Trimethoprim-sulfamethoxazole is effective
for cyclosporiasis [198]. There is currently no curative therapy for cryptosporidiosis,
and illness in the immunocompetent host is self-limited (see Chapter 13).

II. Upper respiratory tract infections. Upper respiratory tract infections are the second
most common illness among travelers. Although not carefully studied, most are pre-
sumed to be viral in etiology. They are managed symptomatically. Influenza should
be considered in returned travelers with fever, myalgia, headache, coryza, and cough.
Penicillin-resistant S. pneumoniae may be a problem and should be considered in those
presenting with pneumonia. Legionella pneumonia has been acquired by travelers stay-
ing at resort hotels and taking journeys on cruise ships. It is related to water systems
and whirlpool spas (see Chapters 8 and 11) [199].

III. Dermatitis. Travelers may suffer sun-related skin injuries, insect bites, drug reac-
tions, or cutaneous infections due to bacteria Staphylococcus aureus and Streptococcus
pyogenes, fungi, parasites, or other pathogens [179]. Cutaneous larva migrans follows
skin contact with sand or soil contaminated with animal feces containing dog or cat
hookworms (Ancylostoma braziliensis) or other nematodes. Furuncular myiasis may be
confused with a staphylococcal furuncle. A small round breathing hole in the center of
the lesion above the maggot is helpful in the diagnosis. Tungiasis is found on the feet
and toenails. Cutaneous leishmaniasis presents as a chronic, nodular, or ulcerative skin
lesion(s) that is not usually painful [200].
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Systemic diseases can also present with cutaneous manifestations. The combination of
rash and fever may indicate a potentially life-threatening disease and warrants immedi-
ate evaluation as discussed below. The differential diagnosis of rash in the returned trav-
eler is extensive and is reviewed in detail elsewhere [179,201]. The risk of insect bites
and vector-borne diseases can be reduced by the application of repellents to skin and
clothing, the presence of window screens, and use of insecticide-impregnated bed nets.

IV. Fever. Fever in the returning traveler may be due to a life-threatening infection and is
an indication for immediate evaluation. The differential diagnosis is broad and includes
the following considerations [202].
A. Malaria. Malaria is the first consideration in a traveler returning from

Africa or other malaria-endemic areas who develops fever. The mortality
of P. falciparum malaria among nonimmune Americans is 2% or less; death usu-
ally occurs in persons who have not taken any prophylaxis or have taken incorrect
chemoprophylaxis and have experienced a delayed or missed diagnosis [120,121].
Symptoms of malaria can begin as early as a week after infection, but they may
be delayed for months and occasionally years. Eighty-nine percent of P. falciparum
cases occur in the first month after return, but 29% of P. vivax cases occur after
more than 6 months [120]. Compliance with antimalarial chemoprophylaxis does
not exclude the diagnosis.
1. The symptoms of malaria often are often systemic and nonspecific: fever,

malaise, myalgia, and anorexia. They may be focal: headache, confusion, obtun-
dation, seizures, chest pain, abdominal pain, diarrhea, or respiratory distress.
Although a tertian (every 48 hours) or quartan (every 72 hours) pattern of fever
points to the diagnosis of malaria, most nonimmune travelers have hectic fever
patterns when evaluated. Splenomegaly may be present, but there are no patho-
gnomonic physical findings.

2. The diagnosis of malaria is confirmed by identifying parasites in thick or thin
blood smears; however, parasites may sometimes be sparse and therefore missed.
If no other diagnosis is apparent in a toxic-appearing febrile traveler,
empiric treatment for malaria should be initiated.

3. Therapy (Table 22.4) for chloroquine-resistant P. falciparum in persons who
can safely be given oral therapy is quinine sulfate plus doxycycline, or if the
presentation is uncomplicated, atovaquone/proguanil (Malarone) may be given
[151,203,204]. Mefloquine can also be used but is frequently associated with side
effects. Persons returning from areas with chloroquine-sensitive P. falciparum can
be treated with chloroquine phosphate. In the United States, parenteral quini-
dine gluconate should be given to patients with severe P. falciparum
infection (and severe infection with other species) who cannot take med-
ications orally [203,205]. Quinidine may not always be readily available for use,
and hospitals should consider maintaining a supply or having a protocol for access
of the drug [206].

P. vivax or P. ovale infections are treated orally with chloroquine. Quinine or
mefloquine is used in areas where chloroquine-resistant P. vivax is prevalent
(such as Indonesia and Papua). Treatment of P. vivax and P. ovale includes a
terminal course of primaquine to eradicate hypnozoites in the liver. G6PD levels
should be determined before using primaquine. Primaquine is contraindicated in
pregnant women. Infectious disease consultation is advised for returning travel-
ers with malaria. Other supportive measures are also required [205].

B. Typhoid fever. S. typhi is endemic throughout developing areas. In the United
States 72% of cases of typhoid are international importations; highest risk desti-
nations are the Indian subcontinent, Central and South America, the Philippines,
Haiti, and Africa [61]. A progressive increase in fever over a period of days, malaise,
headache, abdominal symptoms, a pulse-temperature deficit, Rose spots, and even-
tually hypotension suggest the diagnosis. Many S. typhi isolates are tetracycline,
ampicillin, and sulfonamide resistant, so therapy with a quinolone or advanced spec-
trum cephalosporin is advisable (see Chapter 13).

C. Other bacterial infections. In addition to pneumonia, skin infections, and ty-
phoid fever, a number of other bacteria can produce febrile syndromes in travelers.
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Leptospirosis is a risk for travelers with rural exposure to water in swamps and
rivers. Brucellosis, tularemia, plague, and anthrax are rare in travelers but are
potentially life-threatening [202].

D. Rickettsial diseases. Typhus, tick-typhus, and other rickettsial diseases may be
acquired during travel [207]. Most are associated with a rash and, in some cases, an
eschar at the site of inoculation, but the rash may develop relatively late in the course
of infection. If a rickettsial disease is suspected, empiric therapy with doxycycline
should be initiated.

E. Viral infections
1. Arthropod-borne viruses. Dengue, yellow fever, and other arthropod-borne

viruses are endemic in tropical areas. Yellow fever poses a risk in equatorial
Latin America and Sub-Saharan Africa. Fortunately, cases of yellow fever are rare
among travelers due to the high degree of efficacy of the vaccine [29]. Dengue,
in contrast, remains a risk, and there is no effective form of immunoprophylaxis
[164,165]. The incubation period is short (maximum of 7–9 days), so a disease
that begins more than a week after a traveler leaves the tropics is not likely to
be dengue (see section III.A under Advice on Disease Prevention other than by
Vaccination, above).

2. Hepatitis A, B, C, D, and E. Fever, nausea, vomiting, fatigue, malaise, and
jaundice suggest the possibility of viral hepatitis. If the liver enzymes are elevated,
serologic studies are indicated to make a specific diagnosis (see Chapter 14).

3. Measles, rubella, and varicella. The common childhood viral exanthemas must
be considered in travelers with fever and rash. Measles has been acquired by
young adult U.S. travelers who failed to develop immunity after a single childhood
immunization. Rubella, mumps, and chickenpox may also be acquired abroad.

4. Viral hemorrhagic fevers. Fortunately, viral hemorrhagic fevers, such as Ebola
or Marburg hemorrhagic fever, Lassa fever, Argentine or Bolivian hemorrhagic
fever, Rift Valley fever, and Crimean-Congo hemorrhagic fever are rare in trav-
elers. They must be considered in those with unexplained fever, prostration,
multiorgan system involvement, and evidence of coagulopathy [208]. Barrier
nursing techniques are essential in preventing the spread of these viruses to
health-care workers. If a returning traveler has a syndrome suggestive of viral
hemorrhagic fever, expert help should be sought, including consultation with the
CDC [209].

5. Other viral diseases. Many other viruses can produce febrile diseases in re-
turned travelers. Clinicians should consider infections endemic to the United
States, such as Epstein-Barr virus and HIV, as well as viral infections that may
be unique to areas visited.

F. Parasitic disease other than malaria. A number of parasitic diseases such as
visceral leishmaniasis, Katayama fever (acute schistosomiasis), and Chagas disease
must be considered in the differential diagnosis of fever in travelers who have had
potential exposure in endemic area, but they are rare [202].

G. Noninfectious diseases. Drug fever should be considered in travelers who are
taking antibiotics or other medications. Deep venous thrombosis with or without
pulmonary emboli can occur in persons who have been seated for long periods of
time.

V. Eosinophilia. The finding of eosinophilia (>500 total eosinophils) in a returned trav-
eler suggests the possibility of a helminthic infection [210,211]. However, many persons
will have increased eosinophil counts secondary to drug allergy or atopic conditions,
so these conditions should be ruled out before extensive investigations are performed
for parasites. Worms that have an extensive tissue phase are the most com-
mon helminths that cause eosinophilia. These include Strongyloides stercoralis,
recent infestation with hookworms, Schistosoma species, visceral larva migrans (Tox-
ocara species), Trichinella spiralis, and filaria. Appropriate studies can include three
stools for ova and parasites, blood smears for filaria, serology, and skin or tissue biop-
sies. It may be necessary to repeat testing after 3 to 6 months because of the prolonged
prepatent period of many helminths (such as hookworm) before production of ova or
worms become clinically manifest. Eosinophilia is not observed in malaria and most
other protozoan diseases.
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APPENDIX
Suggested Readings, Resources, and Websites for Health-Care Providers
Who Advise Travelers

I. Centers for Disease Control and Prevention. Health information for international
travel, 2001–2002. Atlanta, GA: U.S. Department of Health and Human Services, 2001.

This publication is for sale by the Public Health Foundation (877-252-1200, or on-
line ordering at bookstore.phf.org). It may be downloaded as a pdf file at the CDC travel
website (www.cdc.gov/travel/reference.htm). It lists countries that require yellow fever
vaccine, provides the epidemiology of malaria in endemic countries and recommends
chemoprophylactic regimens, and discusses diseases (including detailed recommen-
dations on vaccine-preventable disease) that present risks to travelers. This is an
essential reference for advising travelers.

II. Centers for Disease Control and Prevention website: www.cdc.gov/travel/
This website provides the information found in Health Information for International

Travel, 2001–2002, including health recommendations based on destination and reports
of recent infectious disease outbreaks around the world. It is revised frequently. This
is an essential source to access when advising travelers.

III. Centers for Disease Control and Prevention. Summary of health information
for international travel. Atlanta: U.S. Department of Health and Human Services,
Public Health Service. www.cdc.gov/travel/blusheet.htm

Known as the blue sheet, this biweekly publication lists countries and areas within
those countries (for yellow fever) that are reporting yellow fever, cholera, and plague.
This publication is used in conjunction with Health Information for International Travel
to determine whether yellow fever vaccine should be given.

IV. International Certificate of Vaccination (PHS-731). Superintendent of Documents,
U.S. Public Health Service. Washington, DC: U.S. Government Printing Office.

This booklet is used to record required immunizations (currently only yellow fever),
other immunizations, and personal medical history. Yellow fever vaccine must be vali-
dated by a stamp issued by state health departments.

V. Morbidity and Mortality Weekly Report (MMWR) www.cdc.gov/mmwr/
This CDC publication periodically reports official changes in vaccination require-

ments and disease outbreaks and is another source of information. Individual subscrip-
tions are available by writing Massachusetts Medical Society, P.O. Box 9120, Waltham,
MA 02454-9120.

VI. World Health Organization. International Travel and Health. Vaccination Require-
ments and Health Advice. Geneva: World Health Organization, 2001. www.who.org

The World Health Organization’s version of Health Information for International
Travel. Available from WHO Distribution and Sales, Geneva. (41 22) 791-2476, e-mail:
publications@who.ch.

VII. Other resources. A number of excellent textbooks and reviews of travel and tropical
medicine exist [10,212–214]. The Journal of Travel Medicine is devoted to issues perti-
nent to travelers (Decker Periodicals, 800-568-7281, www.istm.org/jtm.html). Several
Internet and computer-based resources are available for travel medicine practitioners
that provide ready access to information on outbreaks of travel-related disease and
information on the likelihood of acquiring diseases in specific locations. These are re-
viewed by Keystone et al. [215].
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23. IMMUNIZATIONS

Paul J. Edelson

Prophylactic immunization is an essential part of primary care at all ages [1,2]. Although
childhood immunization remains the primary control strategy for most preventable dis-
eases, major programs for adult immunization have been developed and vaccination rec-
ommendations have now been formulated to address the needs of specialized subgroups.
New vaccines, adoption of the National Childhood Vaccine Injury Act [3], and changing epi-
demiologic patterns of disease have affected our practice responsibilities for immunization
of both child and adult patients. New approaches have already led to significant improve-
ment in the seroprevalence levels for varicella and hepatitis B in preschoolers [4]. Immu-
nization levels for adults, however, are still inadequate [5]. Recommendations for modern
approaches to immunization programs have been published [6–8]. There are a number of
reliable sources for current immunization recommendations: reports of the U.S. Advisory
Committee on Immunization Practices (ACIP) of the U.S. Public Health Service are pub-
lished in Morbidity and Mortality Weekly Reports, issued by the Centers for Disease
Control and Prevention (CDC). This valuable publication, available via the CDC Internet
site, is regularly extracted in the Journal of the American Medical Association. Specific
ACIP recommendations are also available from the CDC National Immunization Program
Office and many state health departments. A convenient source of current ACIP recommen-
dations, as well as other immunization resources, is the Immunization Action Coalition’s
website (www.immunize.org/adultrules). Similar recommendations of the Canadian ex-
pert group are published in the Canadian Medical Association Journal. Recommendations
of other expert panels are collected in the Report of the Committee on Infectious Diseases (the
so-called Red Book) [9] for infants and children and in the Guide to Adult Immunization (the
so-called Green Book) [10] for adults. Excellent summaries of current recommendations for
immunization of the adult patient in general have been published [11,12]. Recommendations
for specific groups of adults are provided below (see section VI). Recent authoritative sur-
veys of the entire field are also available [13–16]. These recommendations are appropriate
for use only in the United States because epidemiologic circumstances and vaccines may
differ in other countries. Advice regarding immunization for travel abroad can be found in
Chapter 22.

I. General principles [16]
A. Immunobiologics. This term refers to all biological materials involved in the

artificial production of a specific immune state, including the following.
1. Vaccine. A suspension of live (usually attenuated) or killed microbial organ-

isms, or portions of them, that can be used to induce immunity and prevent
infectious disease when injected, inhaled, or ingested. Vaccines may have dif-
fering levels of purity. A list of currently licensed vaccines for general use is
provided in Table 23.1.

2. Toxoid. A modified microbial toxin that still retains its antigenic specificity and
can be used to stimulate immunity to the relevant toxin.

3. Immune globulin (IG) is prepared from large plasma pools by ethanol frac-
tionation (the Cohn method) and was previously designated immune serum
globulin or gamma globulin. It contains specified amounts of antibody
against measles, diphtheria, and poliovirus type 1. In addition, IG con-
tains variable amounts of antibody against hepatitis A and B viruses,
varicella virus, respiratory syncytial viruses, and possibly some non-A,
non-B hepatitis viruses. IG is not specifically designated as safe for intravenous
use and should be used only intramuscularly. IG has never been associated
with the transmission of human immunodeficiency virus (HIV), although some
lots prepared before 1985 have passively transferred transient HIV seroposi-
tivity. Although the Cohn procedure has been shown to inactivate HIV, since
1985 all IG used in the United States must be prepared from HIV-seronegative
blood.

4. Intravenous immune globulin (IVIG). A fraction of blood plasma is prepared
from a large donor pool, similar to that used for IG, but treated for intravenous
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Table 23.1. Major Types of Vaccines

Live attenuated virus
Measles
Mumps
Parainfluenza virusa

Poliovirus (oral)
Respiratory syncytial virusa

Rubella
Varicella
Yellow fever

Live attenuated bacteria
Bacillus Calmette-Guérin (BCG)
Tularemia
Typhoid (oral)

Inactivated virus
Hepatitis A
Hepatitis B
Human papillomavirusa

Influenza
Poliovirus (subcutaneous)
Rabies

Inactivated bacteria
Anthrax
Cholera
Diphtheria (toxoid)
Gonococcusa

Haemophilus influenzae type b (polysaccharide-protein
conjugate)

Lyme disease
Meningococcus (polysaccharide)
Pertussis (acellular)
Pertussis (inactivated whole bacteria)
Plague
Pneumococcus (polysaccharide)
Pneumococcus (polysaccharide-protein conjugate)
Tetanus (toxoid)
Typhoid (subcutaneous)

Inactivated rickettsiae
Q fever (Coxiella burnetii)

aUnder development.

administration. Its use is generally similar to that of IG, but larger amounts
can be administered than via the intramuscular route.

5. Specific IG. Special preparations of IGs containing high-titered antibody to
specific infectious agents. They are prepared from plasma pools obtained from
immunized donors or from individuals recovering from recent disease or by labo-
ratory techniques that produce monoclonal antibodies of animal or human type,
including so-called humanized animal antibodies. Human IGs are much less
likely to provoke serious hypersensitivity reactions than are IGs derived from
animals, which they have generally replaced. Like IG, these preparations are for
intramuscular injection only unless specifically labeled for intravenous use.
Specific IGs currently available for clinical use include hepatitis B IG, varicella-
zoster IG, rabies IG, tetanus IG, and vaccinia IG. Recommendations for the use
of both specific and pooled IGs have been published [17]. Adverse effects of the
administration of IGs have also been reviewed [18].
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6. Antitoxin. Antibody prepared in animals that provide passive immunity to
specific microbial toxins, such as diphtheria or botulinum antitoxin.

B. Active immunization involves the use of immunogens, such as live attenuated
virus, inactivated virus, isolated viral proteins, bacterial components, or inacti-
vated toxins (toxoids), to stimulate a protective antibody or cell-mediated immune
response, or both (Table 23.1).
1. Live attenuated virus vaccines generally stimulate greater and more

durable immunity than do inactivated virus vaccines. The live attenuated vac-
cines, however, have greater inherent risks and are not appropriate for use in
all individuals.
a. Live attenuated preparations include measles, mumps, rubella, oral

poliovirus, varicella, and yellow fever vaccines.
b. Limitations. Except under special circumstances, live attenuated vac-

cines should not be administered to patients with congenital or ac-
quired immunodeficiency; leukemia, lymphoma, or generalized malignancy;
or to patients receiving immunosuppressive therapy or, in certain cases, to
members of their households, because these attenuated agents may cause
disease in the impaired host or may be spread after administration in im-
munocompromised individuals to susceptible hosts. In addition, because
these agents present a theoretic risk to the developing fetus, live attenuated
virus vaccines are not generally recommended for use in pregnant women
or those likely to become pregnant within 3 months after immunization. For
special recommendations concerning the use of live attenuated measles or
trivalent measles-mumps-rubella (MMR) vaccine in children with HIV infec-
tion see section III.A.4.h.

2. Inactivated virus or purified viral components are used to produce in-
fluenza and hepatitis B vaccines. Because an inactivated virus is used, the
limitations in section 1.b may not apply to these vaccines. For example, if
poliomyelitis immunization is indicated for immunosuppressed patients, their
household contacts, or other close contacts, the (enhanced) inactivated poliovirus
vaccine (e-IPV) can safely replace the live attenuated vaccine, as discussed in
section III.D.3.

3. Inactivated bacterial vaccines include the currently available pertus-
sis, typhoid (parenteral), and cholera vaccines. Bacterial-component im-
munogens may not produce lifelong immunity and may therefore require
booster doses at appropriate intervals to ensure adequate and long-lasting
protection.

4. Toxoids. Diphtheria and tetanus vaccines are inactivated toxins, referred to
as toxoids.

C. Passive immunization is produced by the administration of IG, IVIG, or spe-
cific IG. All these preparations contain specific protective antibodies derived from
human plasma.
1. This form of immunization provides immediate protection but is of very

limited duration and is most useful for time-limited prophylaxis. It may be
given up to 3 weeks before or up to 72 hours after specific disease exposure. For
the clinical use of specific human IGs, refer to the following:
a. Varicella-zoster virus: see Chapter 4 under Mucocutaneous Vesicles
b. Tetanus: see Chapter 4 under Tetanus
c. Rabies: see Chapter 4 under Bite Wounds and Rabies Prevention
d. Hepatitis B: see section IV.A

2. Animal-derived IGs. Except for treatment of snake and spider bites or
in the treatment of diphtheria, animal sera are no longer recommended
for human use. In the past, tetanus and rabies antisera were derived from
immunized animals. These were far more likely than human products to cause
serum sickness or anaphylaxis.

D. Passive and active immunizations are sometimes combined to provide both
immediate protection (with preformed antibody) and sustained protection (anti-
genic stimulation of host immune response). As a rule, each agent is injected at a
separate site.
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1. For postexposure rabies prophylaxis, for example, human rabies IG (passive)
is combined with human diploid cell rabies vaccine (active).

2. For postexposure tetanus prophylaxis in the previously nonimmunized individ-
ual, human tetanus IG (passive) is combined with tetanus toxoid (active). Note,
however, that in this situation only the alum-precipitated or adsorbed tox-
oid, and not the fluid toxoid, should be used (see section V.E).

3. Similar active-passive immunization is used in the prophylaxis of neonates born
to mothers who are hepatitis B carriers (see section IV.A).

4. Immunoglobulin should never be administered to modify the normal
and expected reaction to a live attenuated virus vaccine, as was previ-
ously done with the Edmonston-strain measles vaccine.

E. Simultaneous administration of vaccines. Studies have shown that it is safe
and, in most instances, effective to administer multiple vaccines simultaneously
[16]. This is often more convenient for individuals who require a number of different
immunizations. When several vaccines are being administered at the same time,
the vaccines should not be combined in the same syringe or administered at the
same site. Only prepackaged combination vaccines should be administered
at a single site. However, the antibody response of both cholera and yellow
fever vaccines may be decreased if given simultaneously or within a short
time of each other. If possible, cholera and yellow fever vaccinations should be
separated by at least 3 weeks (see Chapter 22).
1. Live attenuated virus vaccines were previously administered 1 month apart,

but studies have shown that simultaneous administration of some live virus
vaccines (e.g., MMR) is just as effective as single injections and does not result
in higher rates of adverse reactions.

2. Inactivated vaccines can be administered simultaneously at separate sites.
When vaccines commonly associated with local or systemic side effects (e.g.,
cholera, parenteral typhoid, or plague) are given simultaneously, side effects
could be accentuated. For patients with a history of a reaction to one or more
vaccines, it is prudent to administer each on a separate occasion.

3. An inactivated and a live attenuated vaccine can be given simultaneously.
4. Inactivated bacterial and viral vaccines can be given simultaneously. An

example is the simultaneous administration of influenza and pneumococcal
vaccines.

F. Contraindications and adverse reactions [19]. The manufacturer’s guidelines
and recommendations, as contained in the U.S. Food and Drug Administration
approved package insert, should be followed carefully.
1. Hypersensitivity reactions

a. Some vaccine antigens, particularly measles, mumps, influenza, and
yellow fever, are derived from embryonated chicken eggs or embry-
onic chick cells. In general, if patients can eat a whole egg, these
vaccines can be safely administered. Protocols have been developed for
immunization of the highly egg-allergic patient [20].

b. Anaphylactic antibiotic reactions. Some vaccines contain trace amounts
of antibiotics. In patients with a history of anaphylactic reactions to spe-
cific antibiotics, the current package insert should be carefully reviewed to
ascertain whether the antibiotic of concern is in the vaccine. If the vaccine
does contain the antibiotic, the vaccine should be avoided. No current vac-
cines contain penicillin or penicillin derivatives. The history of a minor local
contact dermatitis from prior neomycin use is not a contraindication to any
vaccine containing neomycin.

2. Altered immunity. Live attenuated virus vaccines may cause serious disease
in some immunocompromised individuals. In general, these vaccines should not
be used in such patients. Measles vaccine, however, has been recommended for
use in certain individuals infected with HIV (see section III.A.4.h). Live atten-
uated poliovirus vaccines should not be administered to any household
member of an immunocompromised person (see section VI.F).

3. Severe febrile illness. Minor illness, such as a mild upper respiratory infec-
tion, should not preclude immunization. Vaccination of patients with severe
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febrile illnesses should be deferred so that side effects of the vaccine do not com-
plicate the existing illness and so that symptoms of the illness are not incorrectly
ascribed to the vaccine.

4. Pregnancy. Because live attenuated virus vaccines pose a theoretic risk
to the developing fetus, these vaccines generally should not be given to a
pregnant woman or to a woman likely to become pregnant within 3 months
of immunization. Concerns and risks of immunization during pregnancy are
further addressed in section VI.B.

5. Recent administration of IG. Passively acquired antibody (e.g., IG) may
interfere with the response to live attenuated virus vaccines. Admin-
istration of such vaccines should be individualized based on specific
recommendations [16].
a. Oral polio vaccine (OPV), yellow fever, and oral typhoid vaccine

(Ty21a) vaccines may be administered without regard to the administra-
tion of immune or specific globulins.

b. Although it has previously been stated that MMR or any of its component vac-
cines may be administered as early as 6 weeks to 3 months after a dose of IG,
high-titer IGs or IGs administered in large doses may interfere with measles
immunization even beyond 3 months and can also inhibit the response to
rubella vaccine. Effects on mumps or varicella response are unknown, but
standard preparations do contain antibody to each of these agents. Blood
products, except washed packed red cells, also contain significant amounts
of antibody; precautions regarding immunization should apply to recipients
of blood products. In general, live antigen vaccines, other than those in sec-
tion a, should be delayed proportionately to the dose of antibody previously
administered. When possible, IG should be delayed at least 2 weeks after the
administration of live antigen vaccines.

c. Most bacterial or inactivated viral vaccines may be administered with IG for
specific postexposure prophylaxis (see section I.D).

II. Immunization schedules
A. Pediatric immunization schedules. The details of these schedules are pub-

lished in the serial editions of the Red Book [10] and updated reports of the
Committee on Infectious Diseases in Pediatrics, and in recommendations made by
the ACIP as published in Morbidity and Mortality Weekly Reports. Schedules are
typically updated and issued twice yearly.

A working group of federal and state experts, medical specialty organizations,
and vaccine manufacturers has promulgated a single scientifically valid im-
munization program, summarized in Table 23.2. This was intended in part to
help resolve variations in prior recommendations. Important recommendations of
the working group include the following:
1. The third dose of OPV should be administered routinely at 6 months of age;

vaccination at as late as 18 months remains an acceptable alternative.
2. The first dose of MMR vaccine is suggested at 12 to 15 months of age. The second

dose of MMR can be administered at either 4 to 6 or 11 to 12 years of age.
3. Universal hepatitis B vaccination of infants was recommended in 1991.

a. For infants whose mothers are hepatitis B surface antigen (HBsAg) negative,
routine hepatitis B vaccination series should begin at birth, with the second
dose administered at 2 months of age (see acceptable ranges in Table 23.2).
The third dose should be administered at 6 to 18 months.

b. For infants of HBsAg-positive mothers, the infant should receive the first
dose of vaccine at birth (along with hepatitis B immune globulin [HBIG]),
the second dose at 1 month of age, and the third dose at 6 months (see related
discussion in Chapter 3).

4. The schedule for diphtheria-tetanus-pertussis (DTP) vaccination in force for
several years is still recommended (Table 23.2).

B. Adult immunizations. The indications for adult immunizations are reviewed in
the discussions of individual vaccines below (see sections III–V) and in Table 23.3
and in related discussion in Chapter 22. False contraindications sometimes applied
to various vaccines have been reviewed by the CDC [19]. Regarding a hypothesized
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Table 23.3. Vaccines to Be Considered for Adult Patient Groupsa

Patient Group Major Vaccinesb Other Considerationsc

Healthy adults
Adolescents and young

adults
Td, MMR up to date,

hepatitis B, meningococcal
vaccine, completion of
childhood immunizations

Varicella (see text)

25–64 yr Td, rubella (women only),
polio

Varicella (see text)

65 yr and older Td, influenza, pneumococcal
Pregnant women MMR is contraindicated; test

for rubella antibody and
hepatitis B surface antigen

Those in environmental situations
Nursing home residents Influenza, pneumococcal Tuberculin test
Institutionalized mentally

retarded
Hepatitis B Hepatitis A

Prison inmates Hepatitis B, rubella Hepatitis A
Homeless persons Review all vaccines; consider

pneumococcal vaccine
Tuberculin test

Occupational groups
College students MMR; consider hepatitis B,

polio, influenza
Health-care workers Hepatitis B, influenza, MMR Varicella
Essential community

services
Influenza

Daycare center personnel MMR, polio, influenza Hepatitis A, hepatitis B
Laboratory personnel Hepatitis B Consider individually
Veterinarians, animal

handlers, rural workers,
and other field personnel

Rabies Plague, anthrax

Immigrants and refugees Review all vaccines, test for
hepatitis B surface antigen

Tuberculin test

Those with life-style risks
Homosexual and bisexual

men
Hepatitis B, hepatitis A

Intravenous drug abusers Hepatitis B, Td, hepatitis A
Prostitutes, persons with

multiple sexual partners
or sexually transmitted
diseases

Hepatitis B Hepatitis A (see Chapter 14)

Accident victims
Wounds Td TIG
Animal bites Td Rabies vaccine, RIG
Snake and spider bites Td Specific antivenins

Immunocompromised
HIV infection and AIDS Pneumococcal conjugate,

hepatitis B
IG (measles), VZIG,

measles, varicella
Splenic disorders Pneumococcal conjugate,

influenza
Haemophilus influenzae

type b, meningococcal
Diabetes Pneumococcal, influenza
Renal failure and dialysis Pneumococcal, influenza,

hepatitis B

(Continued)
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Table 23.3. (Continued)

Patient Group Major Vaccinesb Other Considerationsc

Alcoholism, cirrhosis Pneumococcal, influenza Hepatitis B vaccine
Organ transplant recipients,

immunosuppressive
therapy

Pneumococcal, influenza Haemophilus influenzae
type b, meningococcal

Those with malignant
diseases

Consider individually

International travel groups Review Td, MMR, polio;
consider influenza,
pneumococcal, hepatitis B

Yellow fever, IG or
hepatitis A,
meningococcal, typhoid,
cholera, rabies,
Japanese encephalitis,
antimalarial prophylaxis
(see Chapter 22)

aSee text for specific details on indications, administration, adverse reactions, precautions, contraindi-
cations, and special considerations for each vaccine, toxoid, and immunoglobulin preparation. Also see
reference 10.
bMajor vaccines include combined tetanus and diphtheria (Td) toxoids; measles-mumps-rubella (MMR)
vaccine; oral polio vaccine and enhanced-potency inactivated polio vaccine; influenza vaccine; pneumo-
coccal vaccine; and hepatitis B vaccine.
cOther considerations include immunoglobulin (IG), tetanus immunoglobulin (TIG), rabies immunoglob-
ulin (RIG), varicella-zoster immunoglobulin (VZIG), and intravenous immunoglobulin (IVIG).
Modified from ACP Task Force on Adult Immunization and Infectious Diseases Society of America. Guide
to adult immunization, 3rd ed. Philadelphia: American College of Physicians, 1994. See also Gardner P,
et al. Adult immunizations. Ann Intern Med 1996;124:35–40.

association between vaccines and multiple sclerosis, two recent studies have
concluded that routine immunizations, including influenza vaccine, have no effect
on the risk of short-term relapse [21] and offer no support for a relationship between
hepatitis B immunization and the disease [22].

C. Requirements of the National Childhood Vaccine Injury Act of 1988. This
act, which provides for certain indemnifications for vaccine-related injuries, im-
poses specific record-keeping and reporting obligations on individuals who admin-
ister vaccines. Requirements of most relevance to adult vaccinees apply to the
administration of tetanus and diphtheria toxoids, tetanus toxoid, and both OPV
and IPV. As of March 21, 1988, physicians and others providing these vac-
cines are required to maintain immunization records specifying for each
recipient the date of administration; manufacturer and lot number of the vaccine;
and the name, address, and title of the person administering the vaccine. In addi-
tion, the law specifies a list of reportable events occurring within specified times
after vaccine administration and the names of authorities to whom reports must
be made. (Additional details are presented in Appendices 9 and 10 of the Green
Book [11].)

III. Live attenuated virus vaccines
A. Measles (rubeola) [22] can be a severe disease, with pulmonary, gastrointesti-

nal, and neurologic complications. Encephalitis occurs in approximately 1 of every
1,000 reported cases, and survivors may suffer permanent neurologic impairment
or mental retardation. Death occurs in 1 to 2 of every 1,000 cases. Measles during
pregnancy increases the risks of spontaneous abortion, premature labor, and low
birth weight. Birth defects have been reported in infants exposed to measles virus
in their first trimester, but the defects comprise no definable pattern of malforma-
tion and measles has not been confirmed as the cause of any of these malformations.
Because maternal fever in the first trimester may itself be embryopathic, it is pos-
sible that the abnormalities are not the result of a specific malformation syndrome
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but rather represent a nonspecific result of maternal fever. Subacute sclerosing
panencephalitis is also considered to be a rare but devastating complication of nat-
ural infection with measles virus. In countries where there is a significant degree
of infantile and early childhood malnutrition or in the setting of large numbers of
displaced persons or forced population migrations, measles is a significant cause
of childhood deaths. Before measles vaccine became available in 1963, more than
400,000 measles cases were reported annually in the United States, and it is esti-
mated that only 10% of cases were reported. Since then, reported cases (including
imported cases representing overseas exposures) have fallen by 100- to 1,000-fold,
and a national goal of measles eradication has been set by the U.S. Public Health
Service. There has also been a striking decline in the incidence of subacute scle-
rosing panencephalitis.

The currently available measles vaccine, the measles eradication pro-
gram, and recommendations for measles outbreak control have been reviewed
by the CDC [23].
1. Measles elimination efforts in the United States. The adoption in 1993 of

a national program to eliminate measles from the United States, involving the
use of a two-dose regimen of immunizations, has markedly improved immu-
nization rates, particularly in preschoolers, adolescents, and young adults. The
transmission of indigenous measles appears to have been interrupted for the
first time in this country. Further progress in eliminating measles will depend
on the continuing effort to immunize all children between 12 and 15 months
of age and to ensure that all children receive a second dose of vaccine before
they enter school, as well as cooperating with other national governments to
eliminate measles abroad.
a. Preschoolers

(1) Continued compliance with recommended measles vaccination pro-
grams for young children is essential.

(2) Two-dose measles vaccine schedule. To reduce the number of pri-
mary vaccine failure-related cases of measles, the ACIP recommends a
routine two-dose measles vaccine schedule. The initial dose is admin-
istered at 12 to 15 months of age, whereas the second dose is recom-
mended at school entry (4–6 years of age). The second dose may be
administered at any visit after the first birthday, until age 12, provided
at least 1 month has elapsed since receipt of the first dose. Children
can be vaccinated initially as early as 6 to 9 months of age in an actual
outbreak of measles and then reimmunized at 12 months and boosted
before beginning school (Table 23.2). MMR is recommended for both
doses.

b. Young adults (high school and college age). Many educational institutions
have already adopted requirements intended to prevent measles outbreaks
among individuals who may have been immunized before their first birth-
days or received vaccine before 1980 or who for other reasons were among
the 2% of persons estimated to be primary vaccine failures. In such people,
a second dose of vaccine is generally successful. State-mandated prematric-
ulation immunization guidelines for measles has been effective in reducing
the incidence of measles outbreaks in colleges [24,25].
(1) Evidence of measles immunity (i.e., prior diagnosis by a physician or

laboratory evidence) must be provided by matriculating students born
in or after 1957.

(2) Documentation of two doses of live measles vaccine, with the second
dose after 1980, must be provided. If this has not been done already, a
dose of measles vaccine should be given before school begins to ensure
adequate immunity.

(3) In an outbreak of measles, all persons at risk (e.g., students attend-
ing schools where measles has occurred who have not been adequately
vaccinated) should be vaccinated (see sections 1 and 2).

(4) Although MMR has been considered appropriate for revacci-
nating college-age students, because of the increased incidence of
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Table 23.4. Current Recommendations for Measles Vaccination

Routine Childhood Schedule, United States

Primary immunization Two dosesa,b

First dose at 12–15 mo
Second dose at 4–6 yr (entry to

kindergarten or first grade)d

Colleges and other educational institutions
after high school

Documentation of receipt of two doses of
measles vaccine after the first birthdayb

or other evidence of measles immunityc

Medical personnel beginning employment Documentation of receipt of two doses of
measles vaccine after the first birthdayb

or other evidence of measles immunity

aBoth doses should preferably be given as combined measles-mumps-rubella vaccine (MMR).
bNo less than 1 month apart. If there is no documentation of any dose of vaccine, vaccine should be given
at the time of school entry or employment and no less than 1 month later.
cA county with more than five cases among preschool-aged children during each of the last 5 years, a
county with a recent outbreak among unvaccinated preschool-aged children, or a county with a large
inner-city urban population. These recommendations may be applied to an entire county or to identified
risk areas within a county.
dSome areas may elect to administer the second dose at an older age or to multiple age groups.

arthritic reactions seen in young adults after revaccination with rubella
vaccine, it may be prudent to revaccinate with measles vaccine
alone if rubella immune status is not a concern (see section 5
and Table 23.4). Arthritis and arthralgias are known adverse effects of
rubella vaccine in nonimmune vaccinees. They occur in approximately
12% to 20% of adults and 0% to 3% of children and have an interme-
diate incidence in adolescents. Neither MMR nor measles vaccine is
recommended in pregnancy.

2. Vaccine. The current live attenuated measles vaccine, prepared in chick em-
bryo cell cultures, is less reactogenic than its predecessor, the Edmonston B
strain. In addition, stabilizers added in 1980 seem to have improved the stor-
age characteristics of the vaccine. The current vaccine produces a mild or in-
apparent noncommunicable infection, with antibody developing in over 95%
of susceptible recipients vaccinated at 15 months of age or older. Both mono-
valent (measles only) and combination (i.e., measles and rubella and MMR)
forms of the vaccine are available.

3. Persons can be considered immune to measles if one of the following
conditions is met:
a. Born before 1957. These individuals are likely to have been infected nat-

urally and are considered immune.
b. Documentation of physician-diagnosed measles. A clinical case def-

inition includes a generalized maculopapular rash of 3 days’ duration or
longer (often appearing first at the hairline, forehead, and behind the ears
and upper neck, then spreading downward to involve the face and neck and
then the trunk and upper extremities); fever of at least 101◦F orally; and
cough, coryza, or conjunctivitis. A confirmed case has seropositivity or meets
the preceding definition and is epidemiologically linked to a known case or
outbreak of measles. A suspected case meets the preceding definition (but
rash can be of less than 3 days’ duration) but has no serologic confirmation
or epidemiologic link. Serologic confirmation involves either a positive IgM
test or a fourfold rise from acute to convalescent specimens in complement
fixation testing without a history of recent vaccination.

c. Documented laboratory evidence of measles immunity. The enzyme
immunoassay and enzyme-linked immunosorbent assay (ELISA) currently
used for measles immunity are more sensitive than the hemagglutination



P1: HDS/HDS P2: IML/SPH QC: IML/ABE T1: IML

PB207-23 PB207A-Betts/6678F September 5, 2002 11:17 Char Count= 0

23. Immunizations 885

inhibition test, which was the former standard. Demonstration of antibody
by any of these tests is sufficient to document immunity. All new cases sus-
pected of being measles should be confirmed by laboratory testing. Routine
serologic screening to determine measles immunity is not recommended,
except possibly for health-care workers. (See section 10 and Chapter 26 on
employee health.)

d. Adequate immunization with live measles vaccine at or after 15
months of age. The maximal rate of seroconversion after measles vaccine
occurs at 15 months of age or later. An adequate two-dose measles vaccina-
tion schedule in children or a booster dose in young adults is advised (see
section 2).

e. During an outbreak, proof of immunity is documentation of receipt of
two doses of measles vaccine or MMR, both administered after the individ-
ual’s first birthday and after 1980 and not administered with IG unless the
Edmonston strain is known to have been used.

4. Persons needing measles vaccine (Table 23.4)
a. Susceptible children older than 15 months, adolescents, and adults

should be vaccinated if there are no contraindications. Also, persons who
did not receive two doses of the measles vaccine after their first birthday
should be vaccinated (see section 2).

b. Those vaccinated with live measles virus before 12 months of age
should be identified and revaccinated.

c. Those immunized with the inactivated (killed) measles vaccine in
use from 1963 to 1967 (or to 1969 in Canada) are at risk for developing
atypical measles when exposed to natural infection. This disease may
have significant morbidity in adults and has been reviewed in detail else-
where [26]. Patients may have conjunctivitis and a characteristic erythe-
matous maculopapular rash progressing to vesicular, petechial, or purpuric
lesions. The rash initially involves the palms and soles, with subsequent
spread to the proximal extremities and trunk, sparing the face. Pulmonary
involvement with significant hypoxemia is common. Although recipients of
the killed vaccine may have an increased risk of adverse reaction when re-
vaccinated with the live vaccine, these risks are minor compared with the
severity of atypical measles developing after infection with wild-type virus.

d. Young adults (secondary school or college age) who have not had
measles vaccine since 1980 require revaccination (see section 2).

e. Persons who received IG at the time of measles vaccination should be
revaccinated. Although immunization with the Edmonston B strain vaccine
probably was effective even when administered with IG, the use of IG with
other vaccines, including the current one, could render the dose ineffective.
All individuals in whom IG was used in combination with a vaccine other
than the Edmonston B strain or in whom the vaccine type is not known
should be reimmunized.

f. Susceptible persons exposed to measles may benefit from vaccination
if the vaccine is given within 72 hours of measles exposure.

g. Travelers to high-risk areas may require vaccination. Measles contin-
ues to be endemic throughout many parts of Asia, Africa, and Central and
South America. Nonimmune visitors run the risk of acquiring measles and
of exposing others on their return. Travelers born after 1956 who are
planning trips to these areas should have their measles immune
status reviewed (see section 2). Although serologic screening is not rou-
tinely recommended, it may be useful in evaluating prospective travelers.
If the traveler has prior immunity, there is no evidence of enhanced risk
from receiving the live attenuated measles vaccine. For infants traveling to
measles-endemic areas, vaccination is recommended as early as 6 months
of age, with a second measles immunization at age 15 months and a third
dose at school entry. For further discussion see Chapter 22.

h. Persons with HIV infection may be at special risk for measles compli-
cations. Because of several reports of severe or fatal cases of measles in
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children with HIV infection [27], it has been recommended that measles
vaccine is administered to all such children, regardless of the stage of their
HIV disease. However, newer draft recommendations of the CDC advise
that MMR not be given to severely immunosuppressed (category 3) chil-
dren [27].

5. The dosage is the same for children and adults: a subcutaneous dose of prop-
erly stored vaccine in the 0.5-ml volume recommended by the manufacturer.
The trivalent MMR form is the vaccine of choice for routine childhood immu-
nization. IG should not be administered with the measles vaccine or,
ideally, sooner than 3 months before measles vaccine or 2 weeks after
(see Chapter 22).

6. Precautions and contraindications
a. Pregnancy. Live measles vaccine should not be administered to women

who are pregnant. Also, women should avoid becoming pregnant for 3
months after vaccination. Although there is no clinical experience of harm
to the developing fetus, there is a theoretic risk of such harm. Pregnant
women exposed to natural measles infection may wish to consider the use
of IG within 6 days of the exposure.

b. Allergies. Because the live attenuated virus vaccine is prepared in chick
embryo cells, patients with a history of egg allergy associated with ana-
phylactic reaction should be vaccinated only with extreme caution. Herman
et al. [20] devised a protocol for immunizing such individuals. There is no
evidence that persons with other allergies to chicken or to feathers are at
increased risk of reaction to the vaccine.

The vaccine contains trace amounts of neomycin. Therefore, persons
who have experienced anaphylactic reactions to topical or systemic neo-
mycin also should not receive this vaccine. See related discussion in sec-
tion I. F.

c. Febrile illness, recent use of IG, and states of altered immunity are
discussed in section I.F.

7. Side effects. The currently available measles vaccine is a further attenuated
preparation of the Enders-Edmonston virus. It causes fewer adverse reactions
than the Edmonston B or other vaccine strains and has an excellent safety
record. Side effects include fever (beginning approximately the sixth day af-
ter inoculation and lasting up to 5 days) in 5% to 15% of recipients, transient
rashes in approximately 5% of recipients, and encephalitis occurring approx-
imately once in every million doses administered. It is estimated that severe
illness or death is more than 1,000 times more likely to occur in a person who
acquires the disease naturally than in one who becomes ill as a result of vac-
cination. There is no association of autism with the receipt of MMR
vaccine [28].

8. Revaccination. Two doses of vaccine are recommended for full immunity.
No additional doses are recommended for persons already immune. There is,
however, no evidence that revaccination of an immune individual carries an
enhanced risk.

9. IG is effective in preventing or modifying measles in a susceptible nor-
mal host exposed within the preceding 6 days. The dose used is 0.25 ml/kg
intramuscularly, with a maximum dose of 15 ml. The common intramuscu-
lar IG preparation should never be administered intravenously. IG
may be particularly indicated for susceptible household contacts of measles
patients, especially contacts younger than 1 year, or for susceptible pregnant
women. If not contraindicated, live attenuated virus vaccine should be ad-
ministered again after the child’s first birthday. Whether IG is protective in
patients with impaired immunity is unclear. A report from CDC details expe-
rience using IG in exposed patients with HIV infection [27].

10. Nosocomial measles can occur, and inadequately vaccinated medical person-
nel are sometimes the vectors [29].

B. Mumps is principally a disease of school-aged children, but approximately 15%
of cases occur in adolescents or adults. It is usually self-limited without long-term
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sequelae, but deafness, which may be profound, is a rare complication. Although
orchitis may occur in up to 20% of cases in postpubertal male patients, sterility
is very rare. Naturally acquired mumps infection, including the estimated 30% of
cases that occur subclinically, confers durable immunity [30]. There is no evidence
that mumps during pregnancy causes congenital malformations. In recent years,
there has been an increased occurrence of mumps in susceptible adolescents and
young adults, with several outbreaks in high schools, colleges, and occupational
settings. This is due to the relative underimmunization of children born between
1967 and 1977, when the mumps vaccine was not used routinely.
1. Mumps live virus vaccine, introduced in 1967, produces a subclinical noncom-

municable infection with very few side effects. The live attenuated vaccine is
prepared from chick embryo cell cultures and induces antibodies in more than
95% of recipients. Studies over the 35 years since the vaccine was introduced
have shown that vaccine-stimulated immunity is long lasting, but its precise du-
ration is unclear. Mumps vaccine is available in both a monovalent form (mumps
only) and in combination (e.g., measles, mumps, and rubella). The MMR vac-
cine is the vaccine of choice for routine administration and should be used in all
situations where there are no contraindications and recipients are also likely to
be susceptible to measles or rubella [23]. There is no evidence that persons who
have previously had mumps or received mumps vaccine are at any increased
risk of local or systemic reactions to live mumps vaccine.

2. Persons can be considered immune to mumps if one of the following con-
ditions is met:
a. Born before 1957. Those born before 1957 are likely to have been infected

naturally.
b. Documentation of physician-diagnosed mumps.
c. Documented laboratory evidence of mumps immunity. Reliable sero-

logic studies (neutralization, complement fixation, ELISA, or radial hemol-
ysis antibody tests) are not readily available. The mumps skin test does not
predict immunity reliably. Routine susceptibility testing before vaccination
is unnecessary. Persons who are immune from prior infection or immuniza-
tion are not at an increased risk for reaction if they receive live mumps virus
vaccine.

d. Documentation of adequate immunization with live mumps virus vac-
cine when 12 months old or older.

3. Vaccination is indicated for any susceptible person older than 12
months. Susceptible children, adolescents, and adults should be vaccinated
against mumps unless vaccination is contraindicated. Mumps vaccine is of par-
ticular value for children approaching puberty, especially adolescent and young
adult men who have not had mumps and have not previously been immunized.
It should be recognized, however, that the most serious consequence of mumps
infection—deafness—may occur in either gender and at any age.

4. Dosage. Two doses of vaccine in the volume specified by the manufacturer
should be administered subcutaneously. It should not be administered to infants
younger than 12 months because persisting maternal antibodies may interfere
with seroconversion.

5. Side effects. The mumps vaccine is very well tolerated. Rarely, parotitis and
allergic reactions (transient rashes and pruritus) have been reported. Very in-
frequently, febrile seizures or encephalitis occurring within 30 days of immu-
nization have been reported, but an etiologic relationship between these events
and prior vaccination has not been established.

6. Precautions and contraindications
a. Pregnancy. The precautions in pregnancy are the same as for measles (see

section III.A.6.a).
b. Allergies. The vaccine is produced in chick embryo culture (see discussion

in section I.F). Because vaccines contain traces of neomycin, the vaccine
should be avoided if the patient has a history of anaphylaxis to neomycin. A
history of contact dermatitis to neomycin is not a contraindication to receiv-
ing mumps vaccine.
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c. Prior IG administration and immunodeficiency (see section I.F). An
exception to these general recommendations relates to children infected
with HIV. All HIV-infected children who are not severely immunosuppressed
(those in class 3) should receive MMR at 15 months of age (see section
III.A.4.h). For other groups see section 4.h above.

d. Febrile illness (see section I.F.3).
7. International travel (see Chapter 22).
8. Mumps control measures are reviewed elsewhere [30].
9. Nosocomial mumps can occur rarely and is, at least in part, preventable [30].

C. Rubella is a common childhood disease with nonspecific signs and symptoms,
including postauricular and suboccipital adenopathy, low-grade fever, and a tran-
sient erythematous rash [31]. Because of the nonspecific nature of this in-
fection, a history of rubella illness is not a reliable indicator of immunity.
Assessment of immune status is based on the presence of demonstrable
antibody.
1. Background. The goal of rubella immunization is unique: the preven-

tion of the congenital rubella syndrome rather than prevention of rubella
infections per se. The most important consequences of rubella are fetal anoma-
lies resulting from rubella infection early in pregnancy, particularly early in the
first trimester (see Chapter 3). School and infant vaccination programs have
reduced the overall incidence of rubella in the United States more than 1,000-
fold, but cases continue to occur among nonimmunized adolescents and young
adults. Outbreaks have been reported from schools, colleges, the mil-
itary, office buildings, prisons, hospitals, and other institutions in which
large numbers of young adults live or work. Therefore, a combined approach to
vaccinating both infants and susceptible adolescents and young adults has been
recommended.

2. Live rubella vaccine is prepared in human diploid cell culture. Since 1979,
the available vaccine has been based on the RA 27/3 virus strain. With a single
dose, approximately 95% of recipients develop antibody that provides lifelong
protection.

3. Susceptibility status is determined by serologic studies. Hemagglutination in-
hibition antibody usually is used to screen for rubella immunity. Other screening
tests include passive hemagglutination, hemolysis in gel, and ELISA tests. Any
detectable titer, whether from natural infection or immunization and no mat-
ter how low, protects against subsequent viremic infection (i.e., the type
of infection that may affect the fetus). The ACIP suggests that revaccination
of persons with low levels of rubella hemagglutination inhibition antibody is
unnecessary. Rather, attention should be directed toward vaccinating the truly
susceptible population.

Routinely performing serologic tests in all women of childbearing age to deter-
mine susceptibility is expensive and has been ineffective in some areas. There-
fore, the ACIP recommends that rubella vaccination should be given, without
prior serologic testing, to all women who are not pregnant, who have been coun-
seled to avoid pregnancy for the subsequent 3 months, and who have no history
of vaccination [31].

4. Indications for vaccination
a. All children older than 12 months. These individuals should be vacci-

nated to protect against rubella and to prevent spread of the virus to suscep-
tible women.

b. Susceptible prepubertal, adolescent, and adult women of childbearing
age.

c. Susceptible hospital employees. Both male and female employees
should be vaccinated because any infected employee may transmit
rubella to pregnant patients.

d. All susceptible military recruits, applicants to educational and
training institutions, and prisoners.

5. Risks to the pregnant patient. Because of the theoretic risk of this live virus
vaccine to the fetus, women of childbearing age should receive this vaccine only
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if they are not pregnant and are counseled to avoid pregnancy for 3 months after
vaccination. However, all available data indicate that teratogenicity from live
rubella vaccines has not occurred. The CDC has followed more than 200 known
rubella-susceptible pregnant women who were vaccinated within 3 months be-
fore or 3 months after conception [32]. None of the babies had malformations
consistent with congenital rubella infection. Therefore, the ACIP states that
inadvertent rubella vaccination just before or in early pregnancy should not be
a reason to recommend routine interruption of pregnancy. Vaccinating suscep-
tible children whose mother or other household member is pregnant poses no
risk to the pregnant woman.

6. Side effects include occasional rash and lymphadenopathy in children. Arthral-
gia of the small joints may occur in up to 40% of those vaccinated, but frank
arthritis occurs in fewer than 1%. These symptoms are more common in adults
and usually occur 7 to 21 days after immunization and persist for 1 to 3 days. The
risk of these reactions is no greater if persons already immune are vaccinated.

7. Contraindications
a. Pregnancy (see section 5). As of April 1989, the CDC discontinued accepting

new enrollees into the Vaccine in Pregnancy registry. However, any suspected
case of congenital rubella syndrome, whether presumed to be due to wild-type
or vaccine virus infection, should continue to be reported through state and
local health departments.

b. Immunocompromised hosts. Because live attenuated vaccine strains may
cause disease in immunocompromised patients, such patients should not
receive this live virus vaccine (see section I.F.2).

c. Severe allergy to neomycin. This vaccine contains trace amounts of
neomycin; persons who have experienced anaphylactic reactions to neomycin
should not receive rubella vaccine.

D. Poliomyelitis has been nearly eliminated in the United States since the introduc-
tion of poliovirus vaccines in 1955 because of the widespread use of live attenuated
OPV first developed by Sabin. However, with the licensure of an e-IPV, the ACIP
now recommends the use of inactivated vaccine, either alone or followed by subse-
quent oral doses [33], as the principal primary immunization strategy. The rou-
tine immunization of persons over the age of 18 years is not recommended,
even if they have never been fully immunized. When polio immunization is
appropriate in the adult, e-IPV is recommended. In addition to a greater reliance
on IPV, the number of doses necessary for primary immunization has also been
modified (see section 2).
1. Indications for vaccination. Routine primary immunization of adults (gen-

erally those 18 years old or older) in the United States is not necessary. Most
adults are immune because of prior immunization or prior wild-type poliovirus
infection. In addition, the cessation of circulation of wild-type virus in the 1960s
and the small number of cases of poliomyelitis that currently occur in this coun-
try make the risk of exposure to wild-type virus very small. Major emphasis on
primary poliovirus vaccinations in the United States is aimed at chil-
dren. Certain adults at special risk are also candidates for primary or booster
vaccination (see section 4).

2. The IPV has been used extensively since 1955 and is given subcutaneously. The
original inactivated vaccine has been superseded by a new enhanced-potency
vaccine released in March 1988 [34,35]. Primary vaccination of children with
three doses of the e-IPV resulted in immunity to all three poliovirus types in
more than 99% of recipients, and early results of long-term follow-up studies
suggest that the durability of immunity following e-IPV will be excellent [36].
a. Indications. In the United States, e-IPV has been used routinely to vac-

cinate immunodeficient patients and their household contacts and
adults requiring primary immunization. This vaccine can also be used
as a booster dose in adults planning international travel to developing coun-
tries (see Chapter 22). In addition, e-IPV is now the recommended vac-
cine for the routine primary immunization of healthy infants and
children.
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b. Risks and side effects. No paralytic reactions to IPV have occurred with
recent preparations. In 1955, a cluster of poliomyelitis cases occurred after
use of an IPV preparation containing live poliovirus that had escaped inac-
tivation.

c. Allergic history. This preparation contains trace amounts of streptomycin
and neomycin; individuals with a history of anaphylactic reactions
to systemic or topical streptomycin or neomycin should not receive
this vaccine.

d. Administration. Primary vaccination consists of three doses given subcu-
taneously in the volume recommended by the manufacturer. The first two
doses are given at a 4- to 8-week interval, and the third dose should follow
the second in 6 to 12 months. Most commonly, the first dose is adminis-
tered at 2 months of age, the second at 4 months, and the third at 12 to
18 months. All children who received all three primary doses of vaccine be-
fore 4 years of age should receive a fourth dose before or at school entry.
A fourth dose is not necessary if the third dose is received after the fourth
birthday.

3. OPV. Available since 1963, this live attenuated (Sabin) vaccine, contain-
ing all three poliovirus strains, provides long-lasting immunity in over 95% of
recipients after a three-dose primary immunization sequence.
a. Indications. For primary immunization of normal infants and young

children, e-IPV is now the preferred vaccine for routine immunization in
the United States. Full immunization may be accomplished with e-IPV or, as
an interim strategy, with two doses of e-IPV followed by two doses of OPV.
Although it carries the highest risk for vaccine-associated cases of paralytic
polio, immunization can also be accomplished solely with OPV. Because OPV
interferes with the subsequent infection of the pharynx and gastrointestinal
tract by wild-type virus, it may be the vaccine of choice for vaccination cam-
paigns undertaken to control an ongoing polio epidemic.

b. Risks and contraindications of live attenuated poliovirus vaccines.
OPV has rarely been associated with the development of paralytic poliomyeli-
tis in a vaccine recipient or close contact (1 in approximately 3.2 million doses
distributed). This risk is increased in immunocompromised individuals (e.g.,
those with a primary immunodeficiency [see section I.F] or who are receiving
immunosuppressive agents) and in adults.
(1) Only e-IPV should be used in immunocompromised hosts or for

household contacts of such patients. If OPV is inadvertently admin-
istered to a household contact of an immunodeficient individual, close
contact between the two should be avoided for approximately 1 month af-
ter vaccination. The family member and the immunosuppressed individ-
ual in particular must be carefully counseled to avoid exposure to fecal–
oral contamination, essentially by practicing good personal hygiene (i.e.,
enteric precautions).

(2) Healthy adults requiring primary vaccination may also be at in-
creased risk of vaccine-associated paralysis after OPV. Thus, for
primary immunization at all ages and for all health statuses,
the inactivated form of the poliovirus vaccine (e-IPV) should be
used.

(3) Pregnancy. Because there is a theoretic risk to the fetus, vaccination of
pregnant women should be avoided. In special circumstances, however,
if the risk of exposure to natural infection is substantial and immediate
protection is needed (e.g., for the young pregnant woman traveling to
a country with endemic poliomyelitis), the risk of poliovirus exposure
outweighs the theoretic risk of the vaccine. Either OPV or IPV may be
used, although IPV might be preferred on theoretical grounds.

(4) Although the risk of vaccine-associated paralysis is extremely rare with
OPV (an estimated one case in 5.5 million doses of vaccine in healthy
adults), recipients should be informed of this risk.
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4. Vaccination of adults. Routine vaccination of those older than 18 years of age
is not indicated (see section 1).
a. These adults are at special risk and warrant vaccination:

(1) Travelers to areas of countries where poliomyelitis is endemic or epi-
demic (see Chapter 22);

(2) Laboratory workers handling specimens that may contain poliovirus;
(3) Medical workers in close contact with patients who may be excreting

poliovirus, including those who administer live virus vaccine;
(4) Members of communities or specific population groups with

a high prevalence of natural disease, such as Amish and Hutterite
communities.

b. Regimens. A full series of IPV is generally recommended for adults with-
out prior primary vaccination. For details of vaccination schedules, see sec-
tion 2.d. For adults who have completed primary immunization with OPV,
a booster OPV dose (or e-IPV) may be given. If adults have completed the
primary series with IPV, either e-IPV or OPV may be used for the booster
dose. In general, e-IPV is preferred for all uses in adults.

E. Varicella. Live attenuated varicella vaccine (Varivax, Merck, West Point, PA) has
been used routinely in the United States since 1995, but experience in this coun-
try predates that in studies of children who are immunocompromised [36] and in
healthy children [37] and adults [38]. The vaccine has been generally well tolerated
in all groups, although mild chickenpox developed in 7% of healthy children and up
to one-third of children who had received chemotherapy [39]. In the latter group,
children with rash may transmit the virus. In immunocompromised children, a sig-
nificant number of vaccinees subsequently developed natural infection, although
no severe cases were reported. The risk of varicella-zoster infection after vaccine
appears to be comparable with that reported by Lawrence et al. [40] or lower than
that after natural infection.

In addition to its routine use in infants 12 months of age or older who have not
had varicella [41], the vaccine has also been recommended for use in susceptible
adolescents and young adults [42] to prevent the serious complications of adult
varicella [43] and varicella during pregnancy [44]. Adult immunization may also
be useful in controlling disease in hospitals [45].

Before introduction of the vaccine, nearly 100% of persons brought up in the con-
tinental United States were varicella immune. Although serious or life-threatening
complications occurred at a very low rate, given the large numbers of infected in-
dividuals the incidence of serious varicella infections was striking. It is estimated
that varicella accounted for about 9,300 hospital admissions annually, and in 1973
through 1979 there were 106 deaths due to varicella [46]. Complications are gen-
erally more severe in people 15 years of age or older; pregnant women are partic-
ularly susceptible to severe complications themselves and to the occurrence of the
congenital varicella syndrome in their fetuses. Two other syndromes have been
particularly associated with clinical varicella in childhood: Reye syndrome and
severe invasive group A streptococcal disease.
1. Recommendations for vaccine use have been reviewed in detail elsewhere

[47].
a. Ages 12 to 18 months. One subcutaneous dose is recommended for uni-

versal immunization for all healthy children who lack a reliable history of
varicella.

b. Ages 18 months to 13 years. One dose is recommended for children who
have not been immunized previously and who lack a reliable history of vari-
cella infection.

c. Healthy adolescents and young adults. Healthy adolescents older than
13 years who have not been immunized previously and have no history
of varicella infection should be immunized by administration of two doses
of vaccine 4 to 8 weeks apart. A two-dose regimen is necessary for
adults because of their diminished responsiveness to the vaccine
[38]. One recent report suggests that higher serum titers of antibody are
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achieved when the second dose is given at an 8-week rather than a 4-week
interval.

d. Adults. In healthy individuals older than 18 years who have no history of
varicella, performing serologic tests before vaccination is optional but
can be cost effective in that 71% to 93% of adults born in the continental
United States who have no history of varicella nevertheless are immune to
infection. Persons who grew up in tropical regions, such as the Caribbean,
and who have no history of clinical disease appear less likely to be varicella
immune. For adults with negative serology for varicella, vaccine should
be considered in the following:
(1) Health-care workers.
(2) Susceptible family and/or close contacts of immunocompromised hosts.
(3) Those adults whose occupations place them at risk for exposure (e.g.,

teachers and day-care workers).
(4) Persons living in conditions where spread of varicella infection is likely,

including college students, military personnel, and inmates of correc-
tional facilities.

(5) Nonpregnant women of childbearing age who anticipate future pregnan-
cies.

(6) Persons planning routine international travel (e.g., non–health-care
providers), particularly if they anticipate close personal contact with lo-
cal populations.

(7) The use of varicella vaccine has been proposed in older Americans to
improve their levels of specific cell-mediated immunity and in this way
to control their increased risk for zoster attacks. No recommendations
currently exist for using the vaccine in this way, but a recent review by
Raeder and Hayney [48] examined this issue and relevant studies.

(8) Other persons may also consider immunization following discussion with
their personal physicians.

e. Use of the varicella vaccine for postexposure prophylaxis is not cur-
rently recommended because no data using the currently licensed vaccine
in this situation are available. However, in two controlled studies using
an earlier vaccine formulation, protective efficacy of more than 90% was
demonstrated when immunization was accomplished within 72 hours of
exposure.

2. Contraindications and cautions [47]
a. Varicella vaccine should not be given to immunodeficient patients or

to patients who have received high doses of systemic corticosteroids
(>2 mg/kg/day of prednisone or equivalent) for at least the 2 preceding weeks.
Testing for antibody should be done at 6 weeks postvaccination; children who
have not seroconverted should be reimmunized. Children receiving higher
doses of steroids can be vaccinated if they have not received steroids for 3
months, as is recommended for all live virus vaccines, but 1 month is probably
sufficient. Some experts recommend withholding steroids for 2 to 3 weeks
after immunization. The vaccine is probably safe for children using only
inhaled steroids (see section e).

Vaccine is not generally recommended for persons with HIV infection, but
a draft of more recent CDC recommendations for persons with HIV infections
does recommend varicella vaccine for asymptomatic nonimmunosuppressed
children (category 1) [47].

b. Varicella should not be administered to pregnant women because the
possible effects on fetal development are unknown. When postpubertal
females are immunized, pregnancy should be avoided for 1 month after
immunization.

c. Varicella vaccine should not be administered to individuals who have had an
anaphylactic reaction to neomycin because trace amounts of neomycin
are in the vaccine. A contact dermatitis history to neomycin is not a con-
traindication.
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d. The vaccine manufacturer recommends that salicylates are not adminis-
tered for 6 weeks after the varicella vaccine has been given because of the
association between Reye syndrome, natural varicella, and salicylates.

e. Under special circumstances, vaccine may be appropriate under a special
protocol in patients with acute lymphocytic leukemia in remission at least
1 year (see reference 47 for details).

f. Households with potential immunocompromised contacts. ACIP ad-
vises that there is no need to withhold varicella vaccine from persons living
in the same household with immunocompromised individuals. Transmission
of vaccine type varicella-zoster virus from healthy individuals has been infre-
quently (if at all) documented. Thus, even in families with immunocompro-
mised individuals, including those with HIV infection, no special precautions
are recommended after vaccination of healthy children (and presumably
adults) who do not develop a rash. Vaccinees who develop a rash (up to 7%–
8% of recipients) should avoid contact with immunocompromised susceptible
hosts for the duration of the rash. If contact inadvertently occurs, the use of
varicella-zoster immunoglobulin is not currently recommended. Transmis-
sion is rare, and if disease develops, it is mild and presumably treatable with
acyclovir.

3. Doses are given subcutaneously. The cost of the varicella vaccine to physicians
is $39 per dose; the cost of serum antibody testing to varicella is about $70 but
will vary depending on the laboratory used.

F. Rabies. See Chapter 4 under Bite Wounds and Rabies Prevention, and Chap-
ter 22, section IV under Vaccinations.

G. Yellow fever (see Chapter 22)
IV. Inactivated virus vaccines

A. Hepatitis B
1. Hepatitis B vaccine [49]. All hepatitis B virus (HBV) vaccines currently avail-

able in the United States are recombinant DNA derived. Heptavax, a human
plasma-derived vaccine, is no longer produced in the United States.
a. Vaccines currently available are as follows:

(1) Recombivax HB (Merck) is produced by common baker’s yeast into which
a plasmid containing the gene for HBsAg has been inserted. Heptavax B
and Recombivax are equally effective, and approximately 90% of healthy
adults will develop protective antibody.

(2) Engerix-B (SmithKline Beecham) is a recombinant DNA derived vaccine.
Studies show it is as effective as the Recombivax HB vaccine.

(3) Twinrix is a combination hepatitis A and B vaccine [50]. Seroresponses
are excellent after at least two doses; after a single dose, protection
against hepatitis B may be limited. The vaccine is approved for use in
children.

b. Dosages of vaccines. Hepatitis B vaccines are packaged to contain 10 to
40 µg HBsAg protein/ml. The currently recommended dosage schedules are
shown in Table 23.5. Primary vaccination consists of three intramuscular
doses, with the second and third doses given at 1 and 6 months after the
first, respectively. For more rapid protection, an accelerated regimen has
been effective [51] for certain high-risk groups (e.g., those with needlestick
exposures, certain travelers, infants born of infected mothers) with standard
doses of Engerix-B given at 0, 1, 2, and 12 months. Other accelerated regi-
mens have undergone preliminary investigation and may be useful in some
international travelers [52]. If routine dose schedules are interrupted, alter-
native dose regimens are available [49].

c. Antibody response. Antibody response is higher when the HBV vaccine
is given in the arm (deltoid muscle) than in the buttock (gluteal muscle).
Therefore, the arm should be used as the site of injection in adults (unless it
may jeopardize shunt access in the hemodialysis patient). For infants born
to mothers who are HBV carriers, the preferred site for vaccination remains
the anterolateral thigh.
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Table 23.5. Recommended Doses and Schedules of Currently Licensed Hepatitis B Vaccines

Recombivax HBa Engerix-Ba,b

Dose Dose

Group µg mL µg mL

Infants of HBV-carrier mothers 5 0.5 10 0.5
Other infants and children <11 yr 2.5 0.25 10 0.5
Children and adolescents 11–19 yr 5 0.5 20 1.0
Adults >19 yr 10 1.0 20 1.0
Dialysis patients and other

immunocompromised persons
40 1.0c 40 2.0d,e

aUsual schedule: three doses at 0, 1, and 6 months.
bAlternative schedule: four doses at 0, 1, 2, and 12 months.
cSpecial formulation for dialysis patients.
dTwo 1.0 mL doses given at different sites.
eFour-dose schedule recommended at 0, 1, 2, and 6 months.
Centers for Disease Control. Hepatitis B virus. Recommendations of the Immunization Practices Advisory
Committee. MMWR Morb Mortal Wkly Rep 1991;40(RR-13):5.

2. Preexposure HBV immunization is now recommended for routine use in
all newborn infants in the United States [53]. The total hospital cost of the
three adult doses of vaccine in the United States is approximately $55 to $65.
Currently, 90.3% of children from 19 to 36 months of age have received a full
series of three injections [4]. Preexposure HBV vaccine also is recommended
for the following groups:
a. Persons with occupational risk. Hepatitis B is a major infectious risk for

health-care workers and public-safety workers. Any workers who may be ex-
posed to percutaneous or permucosal contacts with blood or blood products
should be immunized. Other workers may also need immunization, based
on their occupational responsibilities. Because health-care workers may be
exposed to significant risks while still in training, immunization is recom-
mended while workers are still students.

b. Clients and staff of institutions for the developmentally disabled.
The risks for hepatitis B transmission include not only blood exposures but
also bites and contact with skin lesions or other infective secretions. Suscep-
tible clients and staff who work directly with clients who are hepatitis B
carriers in residential settings should be immunized. Clients discharged
to community programs should be tested for HBsAg to allow for planning
to prevent transmission to others. Staff of nonresidential day-care fa-
cilities working with persons who are hepatitis B carriers have a risk of
infection comparable with that of health-care workers and therefore should
also be immunized. Clients in such programs have a lower risk of infec-
tion, but immunization may be considered for them as well. Immunization of
classroom contacts of HBV carriers is strongly encouraged if the carrier
displays aggressive behavior or has other medical problems that increase
risk of exposure to blood or serous secretions.

c. Hemodialysis patients. Hepatitis B vaccination is recommended for all
susceptible hemodialysis patients, even though seroconversion rates are
lower than for healthy persons. Immunization early in the course of renal dis-
ease may be more effective than waiting until renal function has deteriorated
to require dialysis.

d. Sexually active homosexual men. Sexually active homosexual men
should be immunized regardless of age or duration of homosexual activity.
Persons who are HIV positive should be tested for an anti-HBs response and
counseled accordingly.
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e. Users of nonmedical injectable drugs. All susceptible persons who en-
gage in drug injection should be immunized as early in their use of drugs as
possible.

f. Recipients of certain blood products. Persons with clotting disorders
who require transfusion of clotting factor concentrates should be immunized
at the time their disorder is first identified. Those who have already received
multiple transfusions of these products should be screened for antibody be-
fore immunization.

g. Household and sexual contacts of HBV carriers. Household contacts
are at high risk; sexual contacts are at the greatest risk for infection. When
HBV carriers are identified through routine screening programs, they should
be notified of their status. All household and sexual contacts should be tested
and susceptibles should be immunized.

h. Adoptees from countries where HBV is highly endemic. Orphans or
unaccompanied minors from countries of high or intermediate endemicity
for HBV should be screened for HBsAg. Those who are seronegative should
be immunized, and those who are seropositive should be presumed carriers;
members of their adopting households should be immunized.

i. Populations in which HBV is highly endemic. Certain U.S. populations,
including Alaskan Natives and Pacific Islanders, are highly likely to be or
to have been infected during childhood. They should have universal HBV
immunization in childhood. “Catch up” immunization schedules should be
considered if resources permit.

j. Refugees and immigrants from areas of high HBV endemicity, particularly
Africa, East Asia, and the Pacific Islands, should be screened for HBsAg at
the time of resettlement in the United States. Even if no HBV carriers are
identified, consideration should be given to immunization of susceptibles be-
low age 7 because of the high rates of interfamilial spread of HBV infection
in this group. All infants born to women who are from areas of high endemic-
ity should be immunized as part of the program of universal newborn HBV
immunization.

k. Inmates of long-term correctional institutions. Prison environments
may be favorable settings for HBV transmission because of injection drug
use or male homosexual behavior. In addition, this setting represents an
opportunity to immunize injection drug users. The ACIP recommends that
prison officials consider screening and immunization programs for inmates
with histories of high-risk behavior.

l. Sexually active heterosexuals. Risk for HBV increases with the number
of sexual partners. Persons recently diagnosed with a sexually transmitted
disease other than HBV, sex workers, and persons who have a history of
sexual activity with multiple partners in the preceding 6 months should be
immunized.

m. Other contacts of HBV carriers. Persons in casual contact with known
or possible HBV carriers in settings such as schools or offices are at min-
imal risk of infection and do not require immunization on these grounds
alone. Transmission of HBV in child-care centers has been documented only
rarely. Unless special behavioral (aggressive behavior) or medical (such as
dermatologic conditions) are present, contacts of carriers do not require
immunization.

n. International travelers. Recommendations for HBV prophylaxis for inter-
national travelers can be found in Chapter 22.

3. Responses to hepatitis B vaccine
a. Booster doses of vaccine are not routinely recommended nor is routine

serologic testing to assess antibody levels. However, previously vaccinated
persons who experience percutaneous or needle exposure to HBsAg-positive
blood should be tested for antibody level. If the antibody level is lower than
10 mIU/ml, two booster doses at 1-month intervals may be useful. Hemodial-
ysis patients should be tested semiannually and may require booster doses.
At least one expert group has recommended that all immunocompromised
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patients should be regularly tested for anti-HBs antibodies and that they be
revaccinated when the titer falls below 10 mIU/ml [54].

b. Nonresponders. Why some adults do not respond to the conventional hep-
atitis B immunization series is only partially understood. Older age, smok-
ing, and obesity seem to be related to decreased responsiveness to hepatitis
B vaccine. Determination of whether real differences exist between antibody
response to the two currently available vaccines awaits further prospective
studies. The optimal approach to the nonresponder is unclear [55]. Giving
two booster doses at 1-month intervals appears to result in an adequate
response in only a minority of recipients (see section b). Other innovative
protocols have been suggested for nonresponders [56].

4. Postexposure prophylaxis of HBV infection should be exercised in the fol-
lowing situations: accidental percutaneous or permucosal exposure to HBsAg-
positive blood, sexual exposure to an HBsAg-positive person, or perinatal expo-
sure of an infant born to an HBsAg-positive mother (see Chapter 3 for details).
Recent recommendations include the use of both HBIG (single dose) and the
HBV vaccine in persons known or suspected to be negative for anti-HBs. This
affords an immediate passive immunity combined with long-lasting active im-
munization. The cost of combined therapy is lower compared with that of pre-
vious recommendations, which called for two HBIG immunizations at a total
hospital cost of approximately $300 to $350 for an average-sized adult. In addi-
tion, HBIG alone is only approximately 75% effective.

For details of postexposure prophylaxis, see Table 23.6 and the ACIP rec-
ommendations. If HBIG is not immediately available, IG should be used. The
latter contains low-level anti-HBs and, although not as efficacious as HBIG, is
probably better than no therapy.

5. Prevaccination serologic screening for susceptibility. Carriers of HBV and
persons having antibody from previous infection do not need to be vaccinated.
Serologic screening to detect such individuals before vaccination may or may
not be cost effective in a given setting. An approach to the variables involved in
screening are discussed elsewhere [57]. The vaccine is well tolerated in carriers
or those with protective antibody so that these patients are not at excess risk of
side effects if they receive the vaccine in the absence of screening.

B. IPV is discussed in section III.D.
C. Influenza (see Chapter 10)
D. Rabies. See Chapter 4 under Bite Wounds and Rabies Prevention and Chapter 22,

section IV under Vaccinations.
V. Bacterial vaccines. Certain of these vaccines are discussed elsewhere. Only recent

developments in vaccines and vaccine regimens are discussed here.
A. Pneumococcal vaccine (see Chapter 11). In case-control studies the pneumo-

coccal vaccine has shown efficacies from 56% to 81%. CDC surveillance studies
have reinforced this conclusion, with a 57% overall protective efficacy against in-
vasive disease due to serotypes included in the vaccine in persons aged 6 years and
over. Specialized studies of high-risk populations, including diabetics and persons
with coronary vascular disease, congestive heart failure, chronic pulmonary dis-
ease, or anatomic asplenia, have shown similar efficacy [58]. Efficacy of 75% has
been shown for persons 65 years or older. Despite these data and the evidence of
risk provided by outbreaks of nosocomial pneumococcal disease among unimmu-
nized residents of nursing homes [59], the principal limit on the effectiveness of the
polyvalent pneumococcal polysaccharide vaccine currently available in the United
States continues to be the limited use of the vaccine in high-risk individuals, with
only 10% of older Americans having been immunized.

Recently, a protein conjugated pneumococcal polysaccharide vaccine has been
approved for use in children under age 2 [60]. Such a vaccine might also be useful
for groups of adults who have a poorer than optimal response to the unconju-
gated vaccine, for example, persons with sickle cell anemia or those receiving im-
munosuppressive chemotherapy. Because the conjugate vaccine includes only eight
serotypes, use of the 23-valent pneumococcal polysaccharide vaccine is preferable
in those older children and adults in whom it can be used.
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B. Meningococcal vaccine (see Chapter 6 under Prophylaxis of Meningitis and
Chapter 22). This polysaccharide vaccine [61] is protective against serogroups A,
C, W135, and Y after a single dose. The need for booster doses is unknown. It does
not protect against serogroup B infections. Travelers to areas with epidemic or en-
demic meningococcal disease should be vaccinated (see Chapter 22). Adolescents
in group living conditions, including college residents, armed forces recruits, and
inmates of institutions for the developmentally disabled and correctional institu-
tions, should be considered for meningococcal immunization. Like Haemophilus
influenzae polysaccharide vaccine, children less than 2 years of age respond poorly
to the meningococcal vaccine. Protein conjugate vaccines are under development.

C. Typhoid (see Chapter 22)
D. Plague (see section VII.D and Chapter 22)
E. Diphtheria, tetanus, and pertussis. Universal childhood immunization has re-

duced the prevalence of tetanus and diphtheria to extremely low levels. Pertussis
persists, although at a much reduced level, because of adult carriage with trans-
mission to infants not yet fully immunized. In this section, we discuss only those
aspects of these diseases relevant to the care of adult patients. The recommen-
dations for DTP immunization in the United States have been comprehensively
reviewed [62,63].
1. Diphtheria remains a potentially serious, although rare, disease in the United

States, with fatalities in approximately 5% to 10% of respiratory cases. Most
cases, in both adults and children, occur in nonimmunized or inadequately im-
munized individuals. However, waning immunity many years after primary vac-
cination may also contribute to some adult outbreaks [64]. Although adequate
immunization is believed to protect for at least 10 years, recent serosurveys
in the United States suggest that many adults may not have protective levels
of antibodies [5]. Cutaneous diphtheria has occurred principally among certain
groups of Native Americans and indigent adults. Localized epidemics have been
reported in the latter group.

2. Tetanus incidence in the United States has declined dramatically with the rou-
tine use of tetanus toxoid in childhood. Though vaccine-induced immunity may
not be lifelong, it is extremely durable. Currently, the fewer than 100 annual
cases of tetanus that do occur in this country involve elderly people who never
received primary immunization [65]. Tetanus control, therefore, depends most
on universal primary vaccination; however, waning immunity is thought to ex-
plain the very low seroprevalence seen in persons over 65. Thus, the control
strategy also includes reimmunizations every 10 years and appropriate use of
toxoid and human hyperimmune anti-tetanus globulin in accident and emer-
gency rooms. A significant number of emergency room patients are overtreated
or, worse, undertreated for tetanus-prone injuries [66]. See related discussion
in Chapter 4 under Tetanus.

3. Pertussis is caused by toxigenic strains of the gram-positive rod Bordetella
pertussis. Its precise incidence is unclear. The disease is highly communicable,
with attack rates of more than 90% reported in susceptible household contacts.
Most reported illness occurs in children younger than 1 year, with classic lower
respiratory symptoms. In adults, who actually represent most symptomatic
cases in this country [67], the disease may manifest merely as a modest up-
per respiratory or catarrhal illness, but such persons can serve as unrecognized
reservoirs and disseminators of infection [67,68]. This circumstance may in-
crease the difficulty of providing effective secondary prophylaxis for susceptible
contacts.

4. Vaccines
a. Diphtheria toxoid is prepared by formaldehyde treatment of purified diph-

theria toxin. The concentration of diphtheria toxoid in preparations for adult
use (designated d) is lower than that in pediatric formulations (designated
D) to reduce the incidence of adverse reactions, which are considered to be
related to both dose and age.

b. Tetanus toxoid is likewise prepared by formaldehyde inactivation of puri-
fied tetanus toxin. It is available in fluid and aluminum salt-adsorbed forms.
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The adsorbed toxoid induces more persistent antitoxin titers and is strongly
recommended for routine use.

c. Pertussis vaccine has been comprehensively reviewed [62], as have the
newer acellular vaccines [69,70]. Until recently, all pertussis vaccine used
in the United States was a suspension of inactivated B. pertussis bacteria.
The use of whole killed organisms in this vaccine probably accounted for
its higher rate of adverse side effects. Three combination vaccines, contain-
ing an acellular pertussis vaccine (DTaP), are now approved for use in the
United States for routine primary immunization in children under 6 years of
age [69]. Although the acellular vaccine may appear especially attractive for
immunization or boosting of adults [70,71], at the time of this report there is
no official recommendation for its use in adults. The combined DTaP would
have to be reformulated with a lower dose of diphtheria toxoid for use in
adults.

5. Preparations and dosages. Simultaneous immunization against diphtheria,
pertussis, and tetanus during infancy and childhood has been routine in the
United States since the late 1940’s.
a. For infants and children younger than 7 years, diphtheria toxoid, tetanus

toxoid, and the acellular pertussis vaccine adsorbed (DTaP) and diphtheria
and tetanus toxoids adsorbed (DT) are most commonly used. Dose schedules
are reviewed elsewhere [69].

b. For persons 7 years old or older, tetanus and diphtheria toxoids adsorbed
(Td) is recommended. This product contains a smaller amount of diphthe-
ria antigen (as indicated by the lowercase “d”) for use in older children and
adults. Tetanus toxoid should be given with adult-dose diphtheria toxoid ev-
ery 10 years as part of routine primary medical care. If a dose is given sooner
as part of wound management, the next booster is not needed for 10 years
thereafter. The use of tetanus toxoid in wound management is discussed in
Chapter 4. Some travelers may benefit from a booster at 5-year intervals
because a tetanus-prone wound does not require tetanus IG or a booster if a
person has been boosted within 5 years (see Chapter 22).

c. Single-antigen products are available (i.e., acellular pertussis vaccine ad-
sorbed [aP], tetanus toxoid adsorbed [T], and diphtheria toxoid adsorbed
[D]) when combined preparations are not appropriate. For example, pertus-
sis vaccine has been used in hospital personnel to help control a pertussis
outbreak [68].

6. Side effects and adverse reactions
a. DTP administration is commonly associated with local reactions such as

erythema, induration, and tenderness. These usually are self-limited and re-
quire no therapy. Fever beginning several hours after administration is also
common and may persist for up to 2 days. Mild somnolence, vomiting, irri-
tability, or malaise can occur, especially with pertussis containing vaccines.
Rarely, severe systemic reactions such as generalized urticaria, anaphy-
laxis, or neurologic complications may occur after administration of DTP or,
to a lesser extent, after DTaP (see section c).

b. Arthus-type hypersensitivity reactions, characterized by severe local re-
actions 2 to 8 hours after an injection, may be seen in persons receiving a
number of booster injections at too-frequent intervals, as may happen with
tetanus.

c. Pertussis. Severe reactions occasionally occur after pertussis vaccine in-
jection in infants [19]. However, large studies indicated no evidence of a
causal relationship between pertussis vaccine and permanent neurologic ill-
ness [72]. The incidence of major adverse reactions is low (below 1 in 1,000
for any symptom and 100–1,000 times less frequent for the most serious re-
actions). In many cases, the occurrence of major reactions may be merely
coincidental with the recent immunization rather than attributable to it.
Sudden infant death syndrome is not more likely to occur after a DTP im-
munization [73,74]. The incidence of all adverse reactions seems decreased
when acellular pertussis vaccine is used.
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d. Use of multiple reduced-dose regimens. Some physicians have suggested us-
ing reduced doses of pertussis or other vaccines in a multidose regimen to
reduce the risk of an adverse reaction. There is no rationale for doing this,
because vaccine reactions do not appear to be dose related. In addition, the
efficacy of such idiosyncratic dosing schedules is unknown, and children re-
ceiving such vaccines would be considered nonimmune for the purpose of
school entrance requirements.

7. Precautions and contraindications
a. If any of the severe reactions that may be seen with DTaP has occurred, the

immunizations should be completed with DT. If a serious anaphylactic reac-
tion has occurred, further doses of DTaP should be deferred until it is clear
whether the reaction was due to the tetanus toxoid component. If it was,
desensitization by an allergist may be appropriate to allow completion of the
immunization series with tetanus toxoid alone. Although the presence of an
evolving neurologic disorder contraindicates the use of pertussis vaccine un-
til neurologic status stabilizes, a personal or family history of seizures is not
an indication to withhold pertussis vaccine. A CDC statement on contraindi-
cations to the use of pertussis vaccine has been distributed [71].

b. The main contraindication to the use of tetanus or diphtheria toxoids is a
history of neurologic or systemic hypersensitivity reaction after a previous
dose. Local side effects alone do not preclude further use. When an Arthus-
like local reaction occurs after frequent tetanus toxoid doses (e.g., with fre-
quent immunizations such as every 2 or 3 years), further routine or emer-
gency booster doses of Td should not be given more frequently than every
10 years.

c. Immunosuppressive therapies may reduce the efficacy of these vaccines.
When possible, routine vaccination should be deferred while patients are
receiving such therapy or for 3 months thereafter (see also section VI.F).

F. H. influenzae b polysaccharide conjugate vaccine [75]. Four conjugate vaccines
have been licensed for use in the United States: a PRP-diphtheria toxoid conjugate
(PRP-D), a meningococcal protein conjugate (PRP-OMP), a mutant diphtheria
protein conjugate (HbOC), and a tetanus toxoid conjugate (PRP-T). Combination
vaccines composed of Hib conjugate vaccine and DtaP (TriHIBit) or OTP (Tetra-
mane) have also been developed. Hepatitis B (Recombivax, 5 µg) and Hib (PRP-
OMP) have also been combined (Comvax, Merck), and this vaccine is licensed for
use at 2, 4, and 12 to 15 months.

Excellent antibody responses in infants less than 2 years old have been achieved
with multidose regimens of all the conjugate vaccines except PRP-D, which is used
only at 15 months of age or older. Routine immunization of all children begin-
ning at 2 months of age is recommended. (See Table 23.2 for recommended child-
hood immunization schedule.) Older children with increased rates of serious Hib
disease (e.g., asplenic patients, sickle cell patients, or immunosuppressed individ-
uals) should also be considered for immunization. Rates of both meningitic and
nonmeningitic childhood Hib disease have decreased by 90% since the approval of
the conjugate vaccine for routine immunization of infants [76]. (See Chapter 6 for
further discussion on Hib vaccine for the prevention of meningitis.)

Hib vaccines do not affect infection rates with nonencapsulated (nontypeable)
strains. These organisms commonly colonize the respiratory tract and cause pneu-
monia in persons with chronic pulmonary disease or older Americans but rarely
cause bacteremic disease. Encapsulated H. influenzae infections are rare in adults,
and as such there appears to be little indication for the use of Hib as an adult
vaccine.

VI. Immunization considerations for special risk groups. Specific immunization
recommendations have been formulated for certain groups with recognized special
risks.
A. Older Americans. Immunization recommendations for the elderly are well ad-

dressed elsewhere [77,78]. Recommendations for pneumococcal and influenza vac-
cine are discussed above (see section V.A and Chapter 10, respectively). Only ap-
proximately 22% of the elderly receive influenza vaccine each year, and only 10%
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have received pneumococcal vaccine [79]. A survey of the attitudes and practices
of the elderly concerning pneumococcal and influenza vaccines emphasizes that
the most important factor in determining immunization status of the elderly is the
recommendation of the individual’s physician.

B. Pregnant women. Immunization of the pregnant woman has been reviewed [80].
In general, immunization during pregnancy should be avoided. Although there
is little evidence that currently available live virus vaccines can harm the devel-
oping fetus, the theoretic risk exists, making it prudent to avoid such exposures.
Inactivated vaccines do not carry this same risk, but it has been suggested that
maternal fever may be a risk factor for certain congenital abnormalities, so these
vaccines should also be avoided. When necessary, it is possible to administer OPV
to pregnant women (see section III.D.3.b). Influenza vaccination during pregnancy
is discussed in Chapter 10.

C. College students. These young adults are at special risk for epidemic illness
spread by the respiratory route; outbreaks of measles, rubella, and influenza have
repeatedly been reported on college campuses [81]. Since May 1983, the American
College Health Association has encouraged institutions to adopt a recommended
preadmission immunization policy [82], but serious gaps in immunization among
college students persist. Special recommendations for measles and hepatitis B
vaccine have also been published for this population.

D. Prison populations. As noted above (see section IV.A.2.k), HBV infection is a sig-
nificant risk for persons in long-term incarceration, and HBV vaccine may play an
important role in reducing the risks of transmission. Rubella outbreaks in prisons
in several different parts of the country [83] have emphasized the need for immu-
nization programs for young adults in prison [84]. Such outbreaks also represent
occupational risks for prison staff.

E. Homeless persons. The fragmentary, episodic, and disorganized medical care
that many of the homeless receive leaves a large group of individuals susceptible
to a variety of vaccine-preventable diseases for which new immunization strate-
gies may be required [85]. Homeless adults have been the targets of a diphtheria
epidemic [86] and a cluster outbreak of pneumococcal pneumonia [87]. Homeless
adolescents may be at high risk for HBV infection [88].

F. Immunosuppressed individuals. Immunization of the immunocompromised in-
dividual has been reviewed [89–91]. Immunization in this population is problem-
atic for two reasons. Live virus vaccines generally are contraindicated because
of their potential for causing disease, whereas many inactivated or component
vaccines may not be as effective in this population. However, certain exceptions
to these general rules should be noted. Because of reports of severe and even
fatal measles occurring in children who were HIV infected, it has been rec-
ommended that both symptomatic and asymptomatic HIV-infected children be
immunized with the measles vaccine [27]. Children who are HIV infected and
who have a measles exposure, regardless of their immunization status, should
also receive IG prophylaxis. Pneumococcal vaccination appears to be cost effec-
tive in adults with HIV, although routine influenza immunization may be more
problematic [92].

The use of bacterial polysaccharide vaccines has been an important issue in
Hodgkin disease patients who have previously undergone staging splenectomy. In
these individuals, the risk of pneumococcal or Haemophilus sepsis is appreciably
elevated. Studies of the responses of such individuals show that, although vaccine
immunogenicity and durability of the antibody response may be poorer in such
persons, protective levels can be achieved in some [93]. Immunization efficacy is
not influenced by the scheduling of splenectomy, but better responses are achieved
when chemotherapy can be delayed 3 weeks after vaccine administration [93].

G. Additional special vaccinee categories. Special studies and recommendations
have been made for alcoholics [94], persons with rheumatologic disease [95], per-
sons receiving hemodialysis [96], postsplenectomy patients [97], patients who
have undergone bone marrow transplantation [98], and persons infected with
HIV [99,100]. Recommendations have also been reviewed for health-care workers
[101,102] (see Chapter 26).
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VII. Vaccines for use in the military and special occupational groups
A. Anthrax, the disease caused by Bacillus anthracis, has historically been a disease

of persons whose occupations brought them into frequent and close contact with
animal hides and hair of hooved animals. Laboratory-derived cases in personnel
working with the organism have also been reported. Three clinical forms of dis-
ease are recognized: cutaneous, gastrointestinal, and inhalation, the latter being
the most lethal (i.e., mortality rates in excess of 80% are reported in untreated
cases). B. anthracis has the ability to form spores that are highly resistant to most
environmental conditions and hence may survive for decades. When inhaled into
the lungs of humans, the spores may then germinate and result in inhalation an-
thrax. These properties have resulted in B. anthracis becoming the prototypical
organism for development as a biological warfare agent. It is identified by the CDC
as a high priority category A, agent for bioterrorism [103]. Since the tragic events
of September 11, 2001, the role of B. anthracis as a weapon for domestic and in-
ternational terrorism has been highlighted [104]. The most up-to-date information
related to anthrax and other biological weapons may be obtained on the Inter-
net from the CDC (www.bt.cdc.gov) and Johns Hopkins University (www.hopkins-
biodefense.org/mdex.html).

A vaccine against anthrax was previously available from the state-owned Michi-
gan Biologics Products Institute. This company was bought by Bioport and remains
the only manufacturer of anthrax vaccine, almost exclusively for the Department
of Defense. Despite production problems, over 700,000 military personnel have
received anthrax vaccine since 1998.

The anthrax vaccine is a noninfectious culture filtrate of an attenuated strain of
B. anthracis that is adsorbed to an aluminum hydroxide adjuvant. Protective anti-
gen that is present in the filtrate vaccine is thought to generate antibodies that
prevent the disease. The schedule for administration is 0, 2, and 4 weeks and again
at 6, 12, and 18 months. Annual booster doses are necessary to maintain immunity.
Efficacy of this new vaccine has only been demonstrated in animal challenge stud-
ies. Despite controversy, the frequency and severity of adverse events related to
anthrax vaccine do not exceed those of other routinely used vaccines. Most people
experience local injection site reactions (e.g., redness, swelling, soreness, itching).
In addition to primary prevention, the anthrax vaccine has also been proposed for
use in combination with antibiotics for postexposure prophylaxis [104,105].

B. Lyme disease vaccine (LYMErix, GlaxoSmithKline) is a recombinant outer sur-
face lyproprotein (OspA) of Borrelia burgdorferi that is combined with an adjuvant
[107]. Vaccination involves three intramuscular injections (30 µg) given on day 0
and at 1 month and 12 months. Although efficacious, Lyme vaccine is recommended
only for individuals who work, live, or travel to areas of unusually high incidence
of Lyme disease (i.e., hyperendemic areas). Local injection site pain is the most fre-
quent adverse event, although other serious vaccine reactions have been reported
by the manufacturer, including musculoskeletal, neurologic, and hypersensitivity
reactions.

C. Q fever. An investigational inactivated vaccine is available for use in animal han-
dlers working with sheep and in laboratory workers exposed to Coxiella burnetii.
It is available through the U.S. Army Medical Research Institute of Infectious Dis-
eases, Fort Detrick, Maryland.

D. Tularemia. A live attenuated vaccine is available from the CDC for use in individ-
uals whose work regularly brings them into contact with wild mammals or vectors
in tularemia-endemic areas.

E. Plague. Plague vaccine is used rarely except in laboratory or field personnel who
are working with Yersinia pestis or in certain workers (e.g., Peace Corps volunteers
and agricultural advisers) who reside in rural areas where enzootic or epidemic
plague exists and where avoidance of rodents and fleas is impossible. Detailed indi-
cations and recommendations for the use of this vaccine have been reviewed [106].

F. Rabies vaccine. See Chapter 4 under Bite Wounds and Rabies Prevention.
VIII. Vaccines are currently in de novo development for gonorrhea, malaria, and respira-

tory syncytial virus, and improved vaccines also are being developed for cholera and
typhoid. An adenovirus vaccine is approved for use in the military.

http://www.bt.cdc.gov
http://www.hopkins-biodefense.org/mdex.html
http://www.hopkins-biodefense.org/mdex.html
http://www.hopkins-biodefense.org/mdex.html
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IX. Vaccine use in developing countries. This topic is beyond the scope of this chapter.
However, it has been reviewed in an international symposium [108] and updated [109].
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24. ALLERGY TO ββ-LACTAMS AND OTHER SELECTED ANTIBIOTICS

Stephen F. Kemp and Richard D. deShazo

GENERAL PRINCIPLES OF ADVERSE DRUG REACTIONS
I. Epidemiology. Adverse drug reactions (ADRs) are frequent consequences of medical

treatment. Estimates of fatalities in the United States due to ADRs range from 75,000
to 106,000 fatalities per year [1]. Statistics vary, however, depending on the reporting
mechanism. One study found a marked disparity between national public-use databases
of U.S. death certificates and the U.S. Food and Drug Administration’s (FDA’s) postmar-
keting surveillance system (MEDWatch) [2]. A critique of reports and their interpreta-
tion has been published elsewhere [3]. Clinical trials may not detect many of the serious
ADRs prior to approval of a given drug [4,5]. For proper management, allergic reactions
must be distinguished from other reactions.

Allergic and other immunologic drug reactions probably cause 6% to 10% of ADRs
[6]. Reports suggest that the risk of an allergic reaction for most drugs is 1% to 3% [7].
Antibiotics, especially β-lactam antibiotics, are the most common cause of allergic drug
reactions. Antibiotics are also the most common class of drug associated with prescribing
errors. A study over 9 years in a teaching hospital determined that antibiotics were
associated with 34% of prescribing errors, at least twice the incidence of any other
drug class [8]. Overdose accounted for 33.5% as compared with underdose in 26.3% of
instances. Allergic drug reactions accounted for 22.3%.

II. Immunopathogenic mechanisms
A. Gell and Coombs first classified four types of hypersensitivity (immunopathologic)

reactions [9]:
1. Type I. Immediate hypersensitivity reactions are immunoglobulin E (IgE) depen-

dent. Clinical examples include urticarial and anaphylaxis.
2. Type II. Cytotoxic reactions are IgG or IgM dependent. Clinical examples include

Coombs-positive hemolytic anemia.
3. Type III. Immune complex disease is mediated by antigen–antibody complexes

(IgM or IgG). Serum sickness is an example of this type of drug reaction.
4. Type IV. Delayed or cell-mediated hypersensitivity reactions are T-lymphocyte

dependent. Contact dermatitis is a clinical example of this type of drug
reaction.

B. Sell has proposed an alternate classification system based on seven immunopatho-
logic mechanisms with both protective and destructive functions [10]:
1. Type 1 mechanisms are immune-mediated inactivation/activation reactions of

biologically active molecules.
2. Type 2 are antibody-mediated cytotoxic or cytolytic reactions.
3. Type 3 are immune complex reactions.
4. Type 4 are allergic reactions.
5. Type 5 are T-lymphocyte–mediated cytotoxicity reactions.
6. Type 6 are delayed hypersensitivity reactions.
7. Type 7 are granulomatous reactions.

In this classification, one or more mechanisms may be active in an im-
munopathologic reaction (e.g., ADR) for a given individual.

III. Classification. Some clinicians consider the terminology used in discussions of ADR
to be a “tower of Babel” [3]. A useful classification separates ADRs into two categories:
types A and B [11]. Type A reactions are common and predictable reactions that may
occur in any patient. Type B reactions are uncommon and unpredictable reactions
that occur only in particularly susceptible patients (Table 24.1). At least 80% of ADRs
are type A reactions, which are often dose dependent and reflect known pharmacologic
actions of the drug.
A. Allergic or hypersensitivity reactions are type B reactions, which occur in small

numbers of patients and require previous exposure to the same or a chemically
related drug. They develop rapidly after reexposure and produce clinical syndromes
commonly associated with immunologic reactions. Higher molecular weight drugs
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Table 24.1. Classification of Adverse Drug Reactions

Type A
Overdosage or toxicity: an exaggerated but characteristic effect from an excessive dose
Side effects: excessive expressions of known pharmacologic effects that can occur at

recommended dosages of a drug
Drug interactions: can occur when a patient takes two or more medications
Teratogens: capable of producing developmental defects in a fetus whose mother takes

these drugs
Type B

Intolerance: an undesirable pharmacologic outcome that occurs at a subtherapeutic
dosage

Idiosyncratic reaction: an uncharacteristic response to the administration of a drug that
is usually due to a hereditary enzyme deficiency

Allergic or hypersensitivity reactions: occur in small numbers of patients, require
previous exposure to the same or a chemically related drug, develop rapidly after
reexposure, and produce clinical syndromes commonly associated with immunologic
reactions

Adapted from Rawlins MD, Thompson W. Mechanisms of adverse drug reactions. In: Davies DM, ed.
Textbook of adverse drug reactions. New York: Oxford University Press, 1991:18–45, with permission.

(e.g., antisera) are more likely to produce immunologic reactions directly, whereas
lower molecular weight drugs (e.g., penicillin) are haptens that must combine with
carrier proteins before they can elicit reactions [12].

IV. Risk factors. Both drug and patient factors may increase the risk of ADRs.
A. Drug factors include the class of drug, variations in drug metabolism, and drug

exposure (dose, frequency, duration, and route of administration). Patient factors
include age, gender, genetic and constitutional factors, prior exposure to medications,
and concurrent illnesses and medications or other biologic agents. These risk factors
are reviewed in greater detail elsewhere [13].

B. Some risk factors assume particular significance for antibiotic administration. The
route, dose, duration, and frequency of drug administration can influence the risk of
drug allergy.
1. Sensitization may occur by any route of drug administration, but the oral route

generally presents the least risk.
2. Parenterally administered medications, including β-lactam antibiotics, are more

likely to cause anaphylaxis than those administered orally [14].
3. Single prophylactic doses of any antibiotic are less likely to sensitize than is high-

dose, prolonged parenteral therapy.
4. Frequent courses of antibiotic therapy are more likely to result in allergic re-

actions than courses of therapy separated by several years, which may explain
why patients with cystic fibrosis appear particularly susceptible to drug reactions
[15].

5. Children of parents who are allergic to an antibiotic have been reported to be
15 times more likely to develop allergic reactions to antibiotics [16].

6. Hospitalized patients with a history of drug allergy are nine times more likely to
report a history of drug allergy among their first-degree relatives [17].

7. Although atopy (the hereditary predisposition to develop allergic rhinitis, aller-
gic asthma, or allergic dermatitis) does not affect the incidence of ADRs, it may
predispose to more severe reactions [18].

C. Some patients appear to be at risk for allergic reactions to multiple drugs. The mul-
tiple drug allergy syndrome, reported to occur primarily with antimicrobial agents,
may reflect a general tendency to respond immunologically to haptens rather than
to react to specific classes of drugs [19,20]. Some investigators have challenged its
existence [21].
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D. Concurrent disease and therapy also may influence the risk for ADRs.
1. Viral infections may increase the frequency of cutaneous drug reactions (see sec-

tion I.C under Common Clinical Patterns of adverse Reactions to Antibiotics
below).

2. Patients with systemic lupus erythematosus may have an increased incidence of
allergic drug reactions, but it is unclear whether this is related to the underlying
immunologic abnormality or to more frequent exposure to drugs [22,23].

COMMON CLINICAL PATTERNS OF ADVERSE REACTIONS
TO ANTIBIOTICS

I. Cutaneous reactions
A. Acute urticaria and angioedema are common manifestations of antibiotic allergy

[24]. The lesions usually appear shortly after beginning drug therapy and resolve
rapidly when the drug is discontinued.
1. Acute urticaria should be considered a manifestation of anaphylaxis. Anaphy-

laxis is an acute, life-threatening immunologic reaction that consists of diffuse
erythema, pruritus, urticaria, angioedema, bronchospasm, laryngeal edema, hy-
perperistalsis, hypotension, or cardiac arrhythmias, alone or in combination. Ana-
phylaxis usually develops rapidly, often within 5 to 30 minutes after drug admin-
istration [25].

2. Acute urticaria after an antibiotic should be treated as an anaphylactic reaction
with epinephrine lest the reaction progress to full-blown anaphylaxis.

B. Chronic urticaria (hives persisting for 6 weeks or longer) occasionally occurs de-
spite discontinuation of treatment with a drug to which a patient is allergic.

C. Maculopapular or morbilliform eruptions, overall, are the most common drug-
induced cutaneous reactions.
1. These eruptions are symmetric, often confluent erythematous macules and

papules that typically spare the palms and soles. They originate on the extremi-
ties of ambulatory patients or overlie pressure areas of bedridden patients.

2. Beta-lactam antibiotics and sulfonamides are common causes of antibiotic-
associated maculopapular eruptions. These eruptions occur more frequently with
ampicillin (approximately 10%) than with other penicillins (approximately 2%)
and develop in 50% to 80% of patients with Epstein-Barr virus (including
infectious mononucleosis) or cytomegalovirus infections, chronic lymphocytic
leukemia, or hyperuricemia, and in patients taking allopurinol concomitantly
[7].

3. Maculopapular eruptions are also common in patients with viral infections, es-
pecially those with human immunodeficiency virus (HIV) infection who receive
trimethoprim-sulfamethoxazole (TMP-SMX), ampicillin, or other drugs.

4. These eruptions usually develop within 1 week of initiating the offending drug
and follow a variable course. The eruptions may subside spontaneously with con-
tinued use of the responsible drug and do not always recur on repeat exposure.
However, the reactions may occasionally progress to generalized erythroderma or
exfoliative dermatitis. Therefore, a prudent approach to morbilliform drug reac-
tions is to discontinue treatment with the culprit drug and to avoid subsequent
administration if possible.

D. Erythema multiforme/Stevens-Johnson syndrome. Erythema multiforme is an
erythematous, polymorphic eruption that may be caused by drugs in 10% to 20% of
cases. Antibiotics, especially sulfonamides, are frequently implicated. Skin manifes-
tations include target lesions, maculopapular rashes, urticaria, and vesicles. Lesions
are typically symmetric and have a predilection for the extremities [26].
1. In the most severe form of erythema multiforme, Stevens-Johnson syndrome, 90%

of patients have mucosal lesions and 85% have conjunctival lesions; epidermal
loss involves 10% or less of body surface area. Approximately 50% of cases of
Stevens-Johnson syndrome are associated with drugs, and readministration of a
responsible drug produces recurrence.

2. Sulfonamides, anticonvulsants, nonsteroidal antiinflammatory drugs, and allo-
purinol account for two-thirds of these reactions.
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3. Fever and influenza-like symptoms often precede the mucocutaneous lesions by
1 to 3 days.

4. Visceral involvement is associated with a poor prognosis, but the mortality rate
is generally less than 5% [24].

5. Although treatment is supportive, some investigators recommend the early use
of systemic corticosteroids [27]. Corticosteroids may prevent visceral involvement
and decrease both the duration and severity of clinical findings [28–30]. However,
corticosteroid use in Stevens-Johnson syndrome remains controversial.

6. Readministration of any medication clearly implicated in Stevens-
Johnson syndrome is contraindicated.

E. Toxic epidermal necrolysis (TEN). TEN is an acute illness characterized by fever,
epidermal loss exceeding 30% of body surface area, and visceral involvement with
an associated mortality rate of 30% to 40% [31]. More than 80% of TEN cases are
induced by the same medications that produce Stevens-Johnson syndrome [24].
1. As with Stevens-Johnson syndrome, readministration of the offending drug pro-

duces recurrence.
2. It is often difficult clinically to distinguish TEN from Stevens-Johnson syndrome

without skin biopsy. For instance, both conditions produce conjunctival lesions in
85% of patients [24].

3. Treatment is supportive and corticosteroids are not advocated.
4. Intravenous immune globulin may be helpful for some patients [32].

F. Histopathology of cutaneous antibiotic reactions
1. T cells are the predominant cells that comprise the inflammatory infiltrate of

skin in antibiotic-induced bullous and morbilliform reactions [33,34]. Cells iso-
lated from biopsy samples of these reactions are capable of in vitro proliferation
after stimulation with the culprit drug [33,35–37]. Several investigators have
concluded that these reactions reflect lymphocyte-mediated delayed hypersensi-
tivity because they are often associated with positive results obtained with the
patch test or leukocyte transformation test (LTT), or delayed positive results (i.e.,
>6 hours postadministration) with the intracutaneous test [38–41].

II. Serum sickness–like reactions
A. Serum sickness–like reactions to antibiotics are indistinguishable from the serum

sickness due to heterologous serum.
1. The serum sickness–like reaction is a syndrome characterized by fever, malaise,

and an urticarial or morbilliform rash, which is often preceded by pruritus and
erythema. Arthralgias or arthritis (mainly large joints), lymphadenopathy, ab-
dominal pain (possibly with emesis or melena), nephritis, neuropathy, or vasculi-
tis (cutaneous or systemic) may occur in some cases.

2. Serum sickness–like reactions result from immune complex (IgG) tissue deposi-
tion and may develop 6 to 21 days after drug administration, but they can occur
within 12 to 48 hours in individuals who have previously been sensitized to the
medication or serum.

3. Cutaneous vasculitis, also known as hypersensitivity vasculitis, is usually mani-
fested by palpable purpura, and is most evident on the lower extremities of am-
bulatory individuals or on the buttocks or sacral region of bedridden patients.
Purpuric lesions reflect the leakage of erythrocytes into the skin from inflamed
postcapillary venules.

4. Serum sickness–like reactions associated with β-lactam antibiotics appear to be
more common with cefaclor. The incidence with cefaclor is low, ranging from
0.024% in controlled clinical trials to 0.5% in published reports [42].

5. Cefaclor-induced serum sickness-like reactions are more common in children tak-
ing the oral suspension and have a predilection for the winter months [42,43].

6. No circulating immune complexes have been identified. Kearns et al. have sug-
gested that unique hepatic biotransformation of the parent drug to reactive in-
termediates capable of lymphocyte activation may cause serum sickness–like re-
actions attributed to cefaclor [44].

III. Drug fever. Drug fever may occur with any drug, including antibiotics, and its mecha-
nism is unknown. Eosinophilia, leukocytosis, elevated erythrocyte sedimentation rate,
and rash may occur in patients with drug fever. Because drug fever almost always
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resolves within 48 to 72 hours of discontinuing treatment with the culprit drug, the
most useful diagnostic test is the discontinuation of the suspect drug [45].

IV. Other organ system patterns of ADRs
A. Hepatitis. Drug-induced allergic hepatitis may be accompanied by fever, rash, lym-

phadenopathy, hemolysis, and eosinophilia.
1. Hepatitis begins after several weeks of drug treatment and recurs rapidly on re-

exposure. Histologic patterns of liver injury may include hepatocellular necrosis,
cholestasis, or both.

2. More than 150 drugs have been reported to cause allergic hepatitis, including
semisynthetic penicillins, ceftriaxone, erythromycin, nitrofurantoin, and sulfon-
amides. Many of these also induce antibodies directed against liver organelles
(mitochondria, microsomes), smooth muscle, or nuclear components [46].

3. An immunologic mechanism is suspected for drug-induced allergic hepatitis be-
cause these reactions are not dose dependent, are accelerated on rechallenge, and
are associated with eosinophilia in peripheral blood samples and on biopsy spec-
imens. Antinuclear antibodies to single-stranded DNA also may be present [47].

B. Hematologic reactions include eosinophilia, thrombocytopenia, and hemolytic
anemia. These have been noted with ampicillin, vancomycin, sulfonamides, and
streptomycin antibiotics. Eosinophilia in the context of an ADR usually occurs with
other commonly associated features of allergic drug reactions, such as dermatitis or
hepatitis [7]. Eosinophils may be present in the urine of patients with methicillin-
induced interstitial nephritis. Eosinophilia may be the only manifestation of drug
hypersensitivity in some instances, such as that associated with intramuscular in-
jections of gold thiomalate sodium.

C. Other adverse reactions. Less commonly, antibiotics, including β-lactams (espe-
cially methicillin), rifampin, and ciprofloxacin, can cause renal disease, with nephro-
sis or acute interstitial nephritis. Pulmonary infiltrates with peripheral eosinophilia
have been associated with penicillin, sulfonamides, and nitrofurantoin.

GUIDELINES FOR DIAGNOSIS AND MANAGEMENT OF ADRs
I. General principles. Published protocols are available for the diagnosis and manage-

ment of a number of adverse reactions to drugs and biologic agents [7,13,48–53]. We
have suggested a standardized approach to the management of patients with a previ-
ous adverse reaction who require treatment for the same indication (Fig. 24.1). A similar
protocol is also available for patients who develop drug reactions while taking multiple
drugs [13]. Table 24.2 lists antibiotics and concentrations useful in skin testing to detect
the presence of drug-specific IgE.
A. Many patients with purported drug allergy have actually experienced type A reac-

tions for which dose modification or drug substitution may be adequate intervention.
Supervised administration of a small test dose for reassurance may be appropriate if
a serious reaction after readministration appears unlikely and if therapeutic alter-
natives are unavailable. These challenges should be administered only in a setting
where drug reactions can be treated promptly and adequately.

ALLERGIC REACTIONS TO SPECIFIC ANTIBIOTICS
I. Penicillin and other β-lactam antibiotics are responsible for most allergic drug

reactions and drug-induced anaphylaxis.
A. Classified. Allergic reactions to penicillin are classified according to the time of

onset after initiation of therapy as immediate (within 1–45 minutes), accelerated
(1–72 hours), or late/delayed (>72 hours and up to weeks afterward).
1. Immediate reactions result from the IgE-dependent mast cell and basophil re-

lease of histamine and other chemical mediators. These are the most dangerous
antibiotic reactions and may be associated with urticaria, angioedema, laryngeal
edema, bronchospasm, and anaphylaxis.

2. Accelerated reactions are IgE dependent but also are influenced by IgG. They
share clinical features with immediate reactions but, in the absence of laryngeal
edema, are generally not life threatening.
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FIG. 24.1 Systematic approach for evaluating the patient who reports a previous adverse
antibiotic reaction and requires treatment for the same clinical indication. (Modified from
deShazo RD, Kemp SF. Allergic reactions to drugs and biologic agents. JAMA 1997;278:1895–
1906, with permission.)

3. Late/delayed reactions may account for 39% of all allergic reactions to penicillins
and are mediated by T-lymphocytes. Morbilliform or maculopapular eruptions are
the most common clinical features [38].

B. Prevalence and incidence. The estimated prevalence of penicillin allergy is 2%,
but the reported incidence varies widely (1%–10%), depending on a number of fac-
tors, including the history of exposure, the route of administration, the duration of
treatment, the elapsed time between the reaction and diagnostic testing or exposure,
and the nature of the initial reaction [13,54].
1. Anaphylactic reactions. Because there is no system for tracking the incidence

of ADRs accurately, the true incidence of antibiotic-induced anaphylactic reac-
tions is unknown. In 1968, Idsoe et al. reported the international incidence of
penicillin-induced anaphylaxis to be 0.015% to 0.04% (1.5–4/10,000) of treated
patients [55].

2. In another study of 1,740 patients who received monthly prophylaxis with in-
tramuscular penicillin G for an average of 3.4 years, allergic reactions occurred
in 3.2%, with an anaphylaxis incidence of 1.23/10,000 injections. The risk of a
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Table 24.2. Nonirritating Skin Test Concentrations of Selected Intravenous Antibiotics

Full-strength Nonirritating Concentration
Antibiotic Concentration (mg/mL) (dilution from full-strength)

Cefotaxime 95 10-fold
Cefuroxime 90 10-fold
Cefazolin 330 10-fold
Ceftazidime 250 10-fold
Ceftriaxone 250 10-fold
Tobramycin 40 10-fold
Ticarcillin 200 10-fold
Clindamycin 150 10-fold
Trimethoprim-sulfamethoxazole 80 (sulfa component) 100-fold
Gentamycin 40 100-fold
Aztreonam 50 1,000-fold
Levofloxacin 25 1,000-fold
Erythromycin 50 1,000-fold
Nafcillin 250 10,000-fold
Vancomycin 50 10,000-fold
Ciprofloxacin 10 10,000,000-fold

Reprinted from Solensky R, Mendelson LM. Systemic reactions to antibiotics. Immunol Allergy Clin North
Am 2001;21:679–697, with permission.

fatality was 1/32,000 injections [56]. Similarly, two of 9,203 healthy military re-
cruits developed anaphylaxis after prophylactic treatment with a single dose of
intramuscular benzathine penicillin, for an incidence rate of 2.17/10,000 [57].

3. Anaphylactic reactions to penicillin occur most commonly in adults between the
ages of 20 and 49 years [18].

C. The clinical history is important in identifying patients with a history of peni-
cillin allergy.
1. The more remote the initial reaction from subsequent penicillin administration,

the lower the risk of anaphylaxis following readministration. For example, only
20% of subjects with prior anaphylactic sensitivity to penicillin have persistent
penicillin-specific IgE antibodies after 10 years of penicillin avoidance [54,58].

2. Selectively amoxicillin-allergic patients tend to lose sensitivity more quickly than
those allergic to penicillin, suggesting at least two types of IgE response [59].

3. Because about one-third of penicillin-allergic patients have vague histories of
penicillin allergy, it is prudent to assume penicillin allergy exists in a history-
positive patient unless testing proves otherwise [60].

D. Immunochemical etiology of penicillin allergy
1. Ninety-five percent of penicillin is metabolized to the penicilloyl hapten, which is

called the major determinant (see Fig. 24.2). The penicilloyl hapten is conjugated
to polylysine (benzyl penicilloyl polylysine; [BPO-PLL or PPL]) as the commer-
cially available skin testing Pre-Pen (Hollister-Stier, Spokane, WA).

2. The minor determinant mixtures (MDMs) comprise the remaining 5% of peni-
cillin metabolites and include penicilloate, penicilloyl-amine, benzylpenicilloyl-n-
propylamine, and penilloate. No commercial preparations of MDMs are available
for diagnostic testing in the United States.

3. Immunochemical studies using human IgE antibodies have defined no predomi-
nance of a given penicillin determinant [61].

4. In addition, side chain–specific antibodies to amoxicillin, penicillin V, and anti-
genic determinants generated by penicillins demonstrate that additional epitopes
exist [61,62].

5. Individuals experiencing anaphylaxis and most with serum sickness have circu-
lating penicillin-specific IgE antibodies.
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FIG. 24.2 Structure and metabolism of β-lactam antibiotics. R represents the C-6 or C-7 side
chain, R′ is a second side chain, A is the β-lactam ring, and B is a fused ring. *All β-lactam an-
tibiotics (penicillins, cephalosporins, monobactams, carbapenems, oxacephems, and clavams)
possess a characteristic four-member β-lactam ring that, except for monobactams, is fused
to a second five- or six-member ring. All except the clavams have a side chain attached to
the β-lactam ring, and some cephalosporins, carbapenems, and oxacephems possess a side
chain that is attached to the second ring. Aztreonam, clavulanic acid, imipenem/meropenem,
and moxolactam are monobactams, clavams, carbapenems, and oxacephems, respectively.
(Reprinted from Blanca M, Vega JM, Garcia J, et al. New aspects of allergic reactions to
beta-lactams: cross-reactions and unique specificities. Clin Exp Allergy 1994;24:407–415,
with permission.)

6. IgG and IgM antipenicillin antibodies are detected with penicillin-associated
hemolytic anemia and serum sickness.

E. Diagnostic testing for penicillin allergy
1. Skin test methods

a. The probability that immediate or accelerated reactions will occur following
readministration of penicillin in patients with histories suggestive of previ-
ous reactions can be determined by immediate hypersensitivity skin testing
with a major determinant, MDMs (available in many research centers), and
penicillin G. Table 24.3 lists reagents and concentrations used in skin testing
for β-lactam allergy.

b. Personnel skilled in the placement and interpretation of these tests should per-
form them in a setting where anaphylactic reactions can be treated promptly
and correctly should they occur.

c. Testing should be performed in the absence of antihistamines or medication
with antihistamine properties. Percutaneous (prick) testing should always
precede intracutaneous tests, and appropriate positive and negative controls
should be used.
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Table 24.3. Reagents Used in Penicillin Skin Testing

Reagent Concentration

Penicilloyl-polylysine (Pre-Pen) 6 × 10−5 M
Penicillin G 10,000 units/mL
Penicilloate/penilloate (MDM)a 0.01 M
Ampicillin/amoxicillin 12.5 mg/mL

aMethod of preparation discussed in Macy E, Richter PK, Falkoff R, et al.
Skin testing with penicilloate and penilloate prepared by an improved
method: amoxicillin oral challenge in patients with negative skin test re-
sponses to penicillin reagents. J Allergy Clin Immunol 1997;100:586–591.
Reprinted from Solensky R, Mendelson LM. Systemic reactions to antibi-
otics. Immunol Allergy Clin North Am 2001;21:679–697, with permission.

d. Both percutaneous and intracutaneous skin test results are considered posi-
tive if the wheal diameter is at least 3 mm greater than the negative control.
Results of these tests may not preclude the necessity for desensitization, es-
pecially in patients with histories of severe penicillin allergy (see section I.C).

2. Skin test interpretation (Table 24.4)
a. Urticaria to penicillin is primarily associated with a positive skin test result

to the major determinant.
b. Positive skin test results to the MDMs are strongly associated with a risk for

anaphylaxis, although anaphylaxis may sometimes occur in the presence of a
positive skin test result or positive radioallergosorbent test (RAST) result to
the major determinant alone [63].

c. Delayed reactions to penicillins account for most allergic reactions. Although
assessment of intradermal reactivity after 6 hours has been proposed as a
method to diagnose these reactions (see section I.A.3), it has not been carefully
evaluated.

d. The major factor limiting widespread use of penicillin skin testing in the
United States has been the lack of commercial MDM preparations. Liquid
solutions are unstable and generally are available only in research centers
where they may be synthesized and lyophilized for storage [64].

F. Utility of penicillin skin tests
1. Routine penicillin skin testing can facilitate the safe use of penicillin without

adverse reactions in 90% of individuals with a previous history of penicillin allergy
[65].
a. Studies have reported the predictive value of a negative penicillin skin test

result to be 97% to 99% for immediate hypersensitivity reactions [18,58,66].
b. To the contrary, the positive predictive value of skin testing to assess the risk

for allergic reactions to penicillin is unclear because of the risk associated with
penicillin challenge in a patient with a positive penicillin skin test result.

Table 24.4. Percutaneous and Intracutaneous Penicillin Skin Test Responses

PPL Penicillin-G MDM Allergic Reaction Expected

+ + ± Immediate
0 + 0 Immediate
0 0 + Immediate
+ 0 0 Accelerated
0 0 0 None; risk of adverse reaction <3%

PPL, penicilloyl-polylysine (Pre-Pen); MDM, minor determinant mixture.
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c. Studies have reported allergic reaction rates ranging from 40% to 100% in
history-positive patients with positive penicillin skin test results [49,67].

d. Antibody to a minor determinant causes at least 7% of positive skin test results
in penicillin-allergic patients [68].

e. Penicillin-induced anaphylaxis has not been reported in subjects with negative
skin test results when both major and minor determinant skin tests were per-
formed [67]. Approximately 1% of history-positive, skin test–negative patients
experience acute urticaria, and approximately 3% have other mild cutaneous
reactions when penicillin is administered [69].

2. “Aged” penicillin is not useful in skin testing because spontaneous degradation of
penicillin does not occur and amounts of minor determinant detectable by liquid
chromatography or nuclear magnetic resonance are negligible [67]. Published
practice parameters recommend skin testing with penicillin G diluted to 10,000
units/mL if MDM is unavailable, followed by an oral test using about 1/100 the
desired therapeutic dose if the skin test results are negative [49]. The patient
may safely receive the full dose after 60 minutes in most cases in which no drug
reaction occurs [49].

3. Penicillin skin testing is a safe procedure. Combining data from five skin test
trials, systemic reactions defined as urticaria beyond the skin test site or worse
symptoms occurred in only 10 of 9,249 patients (0.11%) [18,66,70–72]. The preva-
lence of penicillin allergy is presumed to be about 10%, and approximately 10%
of patients who have positive penicillin skin test results react only to MDM. This
means that only about 1% (i.e., 10% of 10%) of penicillin-allergic patients will
fail to be detected by skin testing that excludes MDM (i.e., using only penicillin
10,000 units and PPL) [69].

G. Other information from penicillin skin tests
1. A negative skin test outcome in the absence of a systemic reaction defines a dose

of the test drug that can be tolerated. This permits selection of a drug dosage
to be used for desensitization. The dose can then be increased incrementally
based on the dose of the drug contained in the skin test. For example, duplicate
0.02-mL intradermal skin tests of a 1 mg/mL concentration of a test drug intro-
duce approximately 40 µg into a patient [73].

2. Elective skin testing has been proposed as a method by which to correct erroneous
labeling of patients as allergic to penicillin. Such testing may eliminate the use
of more expensive or toxic drugs. A combination skin test and challenge proce-
dure may be performed in an outpatient setting if the patient is well and has no
immediate need for antibiotic therapy.

3. After negative skin tests, the first therapeutic dose can be administered in the
office with a brief observation period, and followed by instructions to complete a
subsequent 10-day therapeutic course of the medication [67].

4. Skin testing may be repeated several weeks later to exclude the possibility that
the elective administration of penicillin has uncovered latent penicillin hypersen-
sitivity (see section I.H below).

H. Activation of latent hypersensitivity by penicillin skin testing
1. Investigators have analyzed whether penicillin history–positive, skin test–

negative patients who have tolerated a therapeutic course of penicillin may re-
quire skin testing prior to subsequent administration of a β-lactam antibiotic.

2. Reactivation of penicillin allergy in patients with previous penicillin allergy,
termed resensitization, has an incidence ranging from approximately 1% to 14%
in children [67,72] and 0% to 5% in adults following oral administration [67,74].
Less is known about the risk of penicillin resensitization following intravenous
or intramuscular administration of the antibiotic.

3. Skin test conversion rates of 5% and 16% have been reported in adults following
a single parenteral injection. To our knowledge, there are no published pediatric
data on skin test conversion rates following penicillin treatment [67].

4. The sum of these data appear to support repeat skin testing to exclude re-
sensitization in patients previously noted to be penicillin allergic and who re-
ceive a parenteral course of β-lactam antibiotic after negative penicillin skin
tests.
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I. In vitro testing versus skin testing
1. Most investigators consider skin tests for penicillin allergy to be more sensitive

than RAST or ELISA [49,68].
2. RASTs with various determinants are of variable quality, and available data on

penicillin RASTs are confusing. For instance, although in vitro determinations
of specific IgE antibodies to the major determinant correspond to skin testing
with the major determinant [75], Blanca et al. observed that some penicillin-
allergic subjects with negative skin test results to the major determinant (BPO-
PLL) and positive skin test results to the MDM had RAST positivity to the major
determinant [76]. They also reported amoxicillin-allergic subjects with penicillin
test–negative, selective IgE responses to amoxicillin who had negative skin test
results to amoxicillin-PLL conjugates, positive skin test results to amoxicillin
MDM, and positive RAST results to amoxicillin-PLL [75].

3. These data suggest that the RAST, despite its limitations, may have a
diagnostic role in patients for whom a high degree of clinical suspicion
of allergy persists after negative β-lactam skin tests. Further investigation
on the role of RAST testing for β-lactam allergy is needed.

J. Delayed (nonimmediate) allergic reactions to β-lactam antibiotics
1. Intracutaneous test versus patch testing or the LTT. Several investigators

have evaluated patch tests and the LTT in patients with nonimmediate reac-
tions to β-lactams (i.e., those reactions that occur more than 1 hour after drug
administration).
a. The LTT reveals sensitization of T cells by an enhanced proliferative response

of peripheral blood mononuclear cells to a specific drug. In one study, the speci-
ficity of the LTT was 92.8%, and its sensitivity (57.9%) exceeded that of skin
testing (36.8%) for the nonimmediate group. However, results of the LTT in pa-
tients who received penicillin without allergic reactions were not included as
controls. Skin testing sensitivity remained superior for immediate reactions,
77.4% versus 62% [77].

b. A similar study reported a sensitivity of 78% and specificity of 85% for the LTT
in patients with delayed reactions to β-lactams [78].

c. Present data do not suggest the routine use of LTT in the evaluation of allergy
to β-lactam antibiotics [49].

K. Penicillin desensitization. Because skin tests are not always available and
are not 100% reliable, we recommend desensitization of all patients with
histories of life-threatening reactions to penicillin who require the drug,
regardless of skin test results.
1. Representative protocols of oral and intravenous penicillin desensitization are

presented in Tables 24.5 and 24.6.
2. Oral penicillin desensitization is less likely than parenteral desensitization to

induce anaphylaxis [14].
3. The underlying mechanism of desensitization is unclear. An attractive hypoth-

esis is that IgE receptor aggregation may generate counterregulatory forces
that actually extinguish activating signals rather than causing mast cell ac-
tivation [79]. Thus, it is possible that slow rates of IgE receptor aggregation
caused by the gradual increase in drug concentration, along with suppression
of cellular activation signals, lead to antigen-specific desensitization and clinical
tolerance.

4. Complications of oral β-lactam desensitization include mild pruritus and pruritic
rashes in approximately 5% of patients during desensitization and approximately
25% during subsequent full-dose therapy.

5. Acute reactions during desensitization may require suppressive medication and
adjustments in dosage and dose intervals. Approximately 5% of patients expe-
rience drug-induced serum sickness, hemolytic anemia, or nephritis late in the
course of full-dose therapy, possibly as a result of increases in penicillin-specific
IgG that occur during the desensitization process [80].

6. Premedication with antihistamines or corticosteroids is discouraged because they
may mask early manifestations of systemic reactions, and there is no evidence
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Table 24.5. Penicillin Oral Desensitization Protocol

Penicillin Amount Dose Given Cumulative
Stepa (mg/mL) (mL) (mg) Dose (mg)

1 0.5 0.1 0.05 0.05
2 0.5 0.2 0.1 0.15
3 0.5 0.4 0.2 0.35
4 0.5 0.8 0.4 0.75
5 0.5 1.6 0.8 1.55
6 0.5 3.2 1.6 3.15
7 0.5 6.4 3.2 6.35
8 5 1.2 6 12.35
9 5 2.4 12 24.35

10 5 5 25 49.35
11 50 1 50 100
12 50 2 100 200
13 50 4 200 400
14 50 8 400 800

The clinician should observe the patient for 30 minutes, then give full therapeutic dose
by the desired route.
aInterval between doses is 15 minutes.
Adapted from Sullivan TJ. Drug allergy. In: Middleton E, Reed CE, Ellis EF, et al., eds.
Allergy: principles and practice, 4th ed. St. Louis: CV Mosby, 1993:1726–1746; and
Solensky R, Mendelson LM. Systemic reactions to antibiotics. Immunol Allergy Clin
North Am 2001;21:679–697, with permission.

Table 24.6. Penicillin Intravenous Desensitization Protocol Using a
Continuous Infusion Pump

Penicillin Flow Rate Dose Given Cumulative
Stepa (mg/mL) (mL/h) (mg) Dose (mg)

1 0.001 4 0.001 0.001
2 0.001 8 0.002 0.003
3 0.001 16 0.004 0.007
4 0.001 32 0.008 0.015
5 0.001 60 0.015 0.03
6 0.001 120 0.03 0.06
7 0.001 240 0.06 0.12
8 0.1 5 0.125 0.245
9 0.1 10 0.25 0.495

10 0.1 20 0.5 1
11 0.1 40 1 2
12 0.1 80 2 4
13 0.1 160 4 8
14 10 3 7.5 15
15 10 6 15 30
16 10 12 30 60
17 10 25 62.5 123
18 10 50 125 250
19 10 100 250 500
20 10 200 500 1,000

The clinician should observe the patient for 30 minutes, then give full therapeutic dose
by the desired route.
aInterval between doses is 15 minutes.
Adapted from an oral presentation by Timothy Sullivan, MD, and from Solensky R,
Mendelson LM. Systemic reactions to antibiotics. Immunol Allergy Clin North Am
2001;21:679–697, with permission.
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that they prevent severe IgE-dependent reactions. Risk factors for complications
during desensitization include poorly controlled chronic respiratory disease and
concurrent treatment with β-adrenergic antagonists.

7. Desensitization is transient and requires that ongoing drug exposure be
maintained. Otherwise, both skin test reactivity and clinical sensitivity may re-
turn within 48 hours after interruption of drug therapy. Long-term twice-daily
oral penicillin therapy sustains desensitization between courses of parenteral
therapy in individuals with cystic fibrosis or other conditions for which intermit-
tent therapy with β-lactam antibiotics is required [14].

L. Cross-reactivity of penicillin with other β-lactams
1. Patients allergic to semisynthetic penicillins are often also allergic to penicillin

because of the shared β-lactam ring. Thus, penicillin desensitization allows ad-
ministration of other β-lactam antibiotics in most circumstances.

2. However, some patients may develop sensitivity to cephalosporins or semisyn-
thetic penicillins without a concomitant allergy to penicillin. This unique sensi-
tivity is presumably due to IgE antibodies specific for the side-chain antigenic
determinants that distinguish these antibiotics from penicillin [81].
a. The side chains of cephalothin, cephaloridine, and cefamandole are similar to

the penicillin side chain [82].
b. Cefadroxil has a side chain identical to amoxicillin, and cephalexin has the

same side chain as ampicillin [83].
3. Penicillin skin testing may not identify patients with such unique sensitivities.

Therefore, some investigators routinely use amoxicillin and ampicillin testing
in all studies of penicillin-allergic patients for this reason. However, skin testing
and desensitization with nonpenicillin β-lactams remain experimental since their
haptenic determinants are unknown [83].

4. Rarely, selective immunologic reactions to clavulanic acid have also been reported
[85]. This diagnosis should be considered when a patient has negative skin test
results for both penicillin and amoxicillin after experiencing an immediate hy-
persensitivity drug reaction attributed to amoxicillin-clavulanic acid.

5. Clinical immunologic cross-reactivity is high between penicillin and the carbapen-
ems (e.g., imipenem), less to cephalosporins, and least to monobactams (e.g.,
aztreonam).
a. Aztreonam cross-reacts minimally with most other β-lactam antibiotics, but its

clinical spectrum is limited to the treatment of aerobic gram-negative bacilli.
b. Ceftazidime has the same side chain as aztreonam, but it is not known whether

this structural similarity results in greater cross-reactivity between the two
antibiotics [83].

6. Although, the data are contradictory, several studies suggest that patients with
histories of penicillin allergy, regardless of skin test results, should be given other
β-lactam antibiotics with caution, preferably under medical supervision by per-
sonnel prepared to treat anaphylaxis. For example:
a. Early cephalosporin antibiotic preparations contained trace amounts of peni-

cillin, possibly leading early studies to overestimate the degree of cross-
reactivity between cephalosporins and penicillin [86].

b. Current estimates of immunologic cross-reactivity between penicillin and
cephalosporins range from 10% for first-generation cephalosporins to 1% to
3% for third-generation cephalosporins [87]. In one study, none of 120 history-
positive patients with negative penicillin skin test results reacted to semisyn-
thetic penicillinase-resistant agents, and about 2% of patients with posi-
tive penicillin skin test results had allergic reactions when treated with a
cephalosporin [86]. Similarly, when 41 patients with penicillin allergy con-
firmed by skin test and/or provocation test were challenged with cefazolin,
cefuroxime, and ceftriaxone, all agents without the penicillin side chain, and
none reacted [84]. Eight (38%) of 21 subjects with selective response to amoxi-
cillin had positive responses to cefadroxil, a cephalosporin with the same side
chain as amoxicillin [88].

c. Conversely, 26 (87%) of 30 subjects with immediate allergic reactions to in-
jectable cephalosporins displayed skin test and RAST reactivity to penicillin
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Table 24.7. Intravenous Desensitization for Ceftazidime

Ceftazidime Flow Rate Dose Given Cumulative
Stepa (mg/L) (mL/h) (mg) Dose (mg)

Day 1
1 100 1 0.025 0.025
2 100 2 0.05 0.075
3 100 3 0.1 0.175
4 100 6 0.2 0.375
5 100 12 0.4 0.775
6 100 25 0.83 1.63
7 100 50 1.66 3.3
8 100 100 2.5 5.8
9 1,000 25 6 11.8

10 1,000 50 12 23.8
11 1,000 100 25 48.8
12 1,000 200 50 98.8
13 1,000 400 100 198.8
14 1,000 600b 307 505.8

Day 2
1 2,000 1 0.5 0.5
2 2,000 2 1 1.5
3 2,000 3 2 3.5
4 2,000 6 4 7.5
5 2,000 12 8 15.5
6 2,000 25 16.5 32
7 2,000 50 32.3 64
8 2,000 100 50 114
9 2,000 200 100 214

10 2,000 400 200 414
11 2,000 600b 586 1,000

aInterval between doses is 15 minutes.
bUntil infusion has completed.
Adapted from Ghosal S, Taylor CJ. Intravenous desensitization to ceftazidime in cystic
fibrosis patients. J Antimicrob Chemother 1997;39:556–557, with permission.

determinants and skin test positivity to cephalosporins. Fifteen (58%) reacted
to the culprit cephalosporin alone [89].

d. These data must be interpreted with the recognition that skin tests with native
cephalosporin have little predictive value [83].

7. Desensitization with cephalosporins remains experimental because their hap-
tenic determinants are unknown. An intravenous desensitization protocol for cef-
tazidime is shown in Table 24.7 [90].

II. Sulfonamides
A. Sulfonamide antibiotics possess p-aminobenzoic acid rings that are structurally

similar to thiazide diuretics, furosemide, sulfonylurea oral hypoglycemic agents,
chlorthalidone, and diazoxide. However, case reports of clinical cross-reactivity are
rare [91].
1. Sulfonamides are metabolized primarily by hepatic N-acetylation and secondarily

by cytochrome P-450–catalyzed N-oxidation.
2. Slow acetylators are more prone to generate metabolites with reactive oxy-

gen species from sulfonamides. If glutathione reductase does not detoxify these
metabolites, they also react efficiently with tissue proteins to produce hapten–
carrier complexes [92].

3. The resulting clinical reactions are diverse. For instance, sulfamethoxazole alone
may cause more than 20 types of reactions (Table 24.8) [93].



P1: GDZ

PB207C-24 PB207A-Betts/6678F September 5, 2002 11:25 Char Count= 0

922 24. Allergy to β-Lactams and Other Selected Antibiotics

Table 24.8. Adverse Reactions to Sulfonamides

Anaphylaxis Hypersensitivity vasculitis
Aphthous stomatitis Lichenoid eruption
Bullous eruption Photodermatitis
Drug-associated lupus erythematosus Pruritus
Erythema multiforme/Stevens-Johnson syndrome Psoriasis
Erythema nodosum Pustular eruption
Erythroderma Serum sickness–like reaction
Exanthem Sweet syndrome
Exfoliative dermatitis Toxic epidermal necrolysis
Fixed drug eruption Urticaria/angioedema
Generalized erythema

Modified from Gruchalla RS. Diagnosis of allergic reactions to sulfonamides. Allergy 1999;54(suppl 58):
28–32, with permission.

4. Rarely, immunologic reactivity to the TMP component of TMP-SMX causes clinical
reactions. Three different epitopes have been identified on the TMP molecule: the
entire TMP molecule, the 3,4-dimethoxybenzyl group, and the 2,4-diamino-5-(3,4-
dimethoxybenzyl) pyrimidine group [94].

5. Reactions in HIV-infected patients. Adverse reactions to sulfonamides, dap-
sone, rifampin, and other drugs metabolized by hepatic N-acetylation occur 10 to
50 times more frequently in HIV-infected patients than in the general population
[51,95].
a. The most commonly observed reaction is a maculopapular rash that occurs

in more than 3% of all sulfonamide recipients and in more than 50% of HIV-
infected individuals. This reaction is more likely to occur in HIV-infected pa-
tients during high-dose induction therapy for Pneumocystis carinii pneumonia
infection. Many patients, however, will tolerate a lower prophylactic dose of
TMP-SMX after a short drug holiday. This suggests that the adverse reaction
is due to a toxic metabolite and not true allergy.

b. For unknown reasons, HIV-infected patients have decreased levels of glu-
tathione reductase. More than 90% of HIV-infected patients treated with
sulfonamides generate IgE or IgG antibodies to the N4-sulfonamidoyl deter-
minant; this may explain the frequently observed clinical features of both
immunologic and toxic reactions.

6. Approach to the patient who is sensitive to TMP-SMX
a. The combination of TMP and SMX is the preferred antibiotic regimen for both

prophylaxis and treatment of Pneumocystis carinii infections in immunocom-
promised individuals. Because no reliable skin test or in vitro test is available,
oral provocative dose challenge-desensitization protocols have been suggested,
particularly where the nature of the previous reaction is uncertain. Previous
blistering reactions and aplastic anemia after administration of sulfa
compounds are contraindications for these protocols.

b. A recommended test dose challenge and desensitization protocol begins with
the administration of 1% of the full dose on day 1, 10% on day 2, 30% on day 3,
and a full therapeutic dose on day 4 [48].

c. More rapid oral or intravenous dosing may be attempted when the need for
drug administration is urgent. TMP-SMX has been given intravenously at
20-minute intervals in doses of 0.8, 7.2, 40, 80, 400, and 680 mg of the SMX
component [96]. An 8-hour protocol for TMP-SMX desensitization has been
used successfully in seven of nine patients [97].

d. A slower 10-day protocol may be used for less urgent circumstances or for
any desensitization failures encountered while using the accelerated protocol
(Table 24.9) [98].
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Table 24.9. Ten-Day Challenge/Desensitization for Trimethoprim-Sulfamethoxazole
(TMP-SMX)

TMP-SMX
Day Dose Administered Concentration (mg)

1 1 mL of 1:20 vol/vol pediatric suspension 0.4 mg/2 mg
2 2 mL of 1:20 vol/vol pediatric suspension 0.8 mg/4 mg
3 4 mL of 1:20 vol/vol pediatric suspension 1.6 mg/8 mg
4 8 mL of 1:20 vol/vol pediatric suspension 3.2 mg/16 mg
5 1 mL of undiluted pediatric suspension 8 mg/40 mg
6 2 mL of undiluted pediatric suspension 16 mg/80 mg
7 4 mL of undiluted pediatric suspension 32 mg/160 mg
8 8 mL of undiluted pediatric suspension 64 mg/320 mg
9 1 single-strength tablet 80 mg/400 mg

10 1 double-strength tablet 160 mg/800 mg

Thereafter, TMP-SMX two double-strength tablets daily for isopsoriasis therapy or one tablet
every Monday, Wednesday, and Friday for Pneumocystis carinii prophylaxis.
Modified from Absar N, Daneshvar H, Beall G. Desensitization to trimethoprim/sulfamethoxazole
in HIV-infected patients. J Allergy Clin Immunol 1994;93:1001–1004, with permission.

e. Administration of corticosteroids and antihistamines may permit a patient
to complete the recommended doses if febrile or a nonblistering cutaneous
reaction develops during the desensitization process.

f. Desensitization is not risk free. Potential dangers include the development
of Stevens-Johnson syndrome, exfoliative dermatitis, status asthmaticus, pro-
found neutropenia, drug-induced hepatitis, or anaphylaxis [99,100].

III. Vancomycin
A. Vancomycin (Vancocin) may cause “red man syndrome,” a dose-dependent reaction

to vancomycin that is characterized by generalized erythema, pruritus, and a diffuse
burning sensation. Vancomycin directly stimulates cutaneous mast cells to release
histamine and other mediators. Decreasing the rate of the vancomycin infusion will
reduce or prevent symptoms for most affected patients.

B. Desensitization protocols are available for the rare IgE-mediated, anaphylactic re-
actions [101–106].

IV. Quinolones
A. Approximately 50% of systemic reactions to ciprofloxacin are manifested after the

first dose, and fatalities may occur [107].
1. A similar risk pertains to other quinolones, such as levofloxacin (package insert,

Levaquin [levofloxacin] tablets/injection, Ortho-McNeil Pharmaceutical, Raritan,
NJ; revised November 2000).

2. Ciprofloxacin, like vancomycin, directly degranulates mast cells to release his-
tamine and other mediators.

3. Successful desensitization for IgE-dependent reactions to ciprofloxacin and lev-
ofloxacin has been reported [108–110].

4. The limited data available suggest that patients with allergic reactions to one
quinolone are at high risk for reactions to other drugs of the same class.

EDUCATION AND REPORTING OF ADRs
I. Education is essential to risk reduction in patients who have experienced ADRs. Pa-

tients with a history of life-threatening reactions should wear a medical warning bracelet
or neck chain and carry epinephrine syringes for self-administration if they are at high
risk for inadvertent exposure, as might occur in agriculture or industry. Since one study
has reported that many subjects receive improper or no instructions on how to self-
administer epinephrine, demonstration of proper technique with a placebo trainer is
recommended.
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II. Surveillance. The FDA maintains a surveillance system for ADRs. Physicians who
observe an ADR should contact either the pharmaceutical manufacturer or the Office of
Epidemiology and Biostatistics (HFN-700), Center for Drug Evaluation and Research,
FDA, Parklawn Building, Rockville, MD 20857. The FDA MEDWatch may be contacted at
1-800-FDA-1088 (www.fda.gov/medwatch/index.html). The United States Pharmacopeia
has also developed MedMARx, an anonymous, Internet-accessible, nationwide service
for hospitals to report preventable adverse drug events and reactions [111].
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25. MICROBIOLOGY LABORATORY TESTS

Paul S. Graman and Marilyn A. Menegus

DIAGNOSTIC LABORATORY TESTS
Smear and Stain Techniques
The most direct, rapid, and technically least restricted tests are the microscopic examination
of stained and unstained smears of material from the site of infection. Direct microscopic
evaluation can provide immediate data in such life-threatening illnesses as pneumonia and
meningitis. Isolation of the potential etiologic agent may otherwise take hours to days (bac-
teria) or weeks (mycobacteria and fungi). Sometimes, as in malaria and other parasitic
diseases, culture cannot be done [1].

I. Gram stain
A. Differential staining is based on cell wall lipid content and the cell wall’s decreased

permeability to organic solvents. Gram-positive organisms stain purple from the
retained crystal violet–iodine complex, whereas gram-negative organisms do not
retain this complex and stain red owing to a counterstain.

B. Uses
1. Diagnostic aid. Gram stains can help one make a clinical diagnosis by providing

clues to the etiologic agent involved in an infection, which in turn will help one
choose the appropriate antibiotic while awaiting culture results. (See Chapter
27A.)

2. Adequacy of specimens of culture material can be determined. When large
numbers of epithelial cells (>10/low magnification field, ×10 objective) are pre-
sent, it is likely that the sputum sample has been collected improperly and that
cultures may contain colonizing species. Many laboratories will not culture these
sputum samples.

3. Purulence of a specimen. Although many polymorphonuclear cells are more
likely to be seen in infected, versus colonized, sputum specimens (see Chapter 11),
their absence does not exclude an acute bacterial infection (e.g., in leukopenic
patients).

4. Quantitation of bacteria. When one or more organisms per oil immersion field
are seen on a Gram stain of a drop of fresh, unspun bodily fluid such as urine,
the culture usually grows more than 105 organisms per milliliter. This amount is
required to cause disease.

C. Technique of preparation
1. The clinician should make a thin smear of the clinical specimen on a clean glass

slide.
a. Body fluids. Cerebrospinal fluid (CSF), joint fluid, pleural fluid, and so forth

can be applied directly to the slide or centrifuged (or cytocentrifuged) to con-
centrate the organisms. For CSF, greater sensitivity can be achieved by placing
successive loops on the same spot, allowing the spot to dry between additions.

b. Sputum. The clinician should use purulent-appearing samples and spread
the sample on the slide.

2. The clinician should air-dry and gently heat-fix the smear by passing the
slide through a flame one or two times. Making the slide too hot to touch causes
artifacts. Grossly bloody smears can be cleared by flooding with distilled water
for 5 minutes after heat fixation.
a. After cooling, the slide may be flooded with crystal or gentian violet for

10 seconds and then rinsed.
b. The clinician should flood the slide with Gram iodine for 10 seconds

and then rinse again. The duration of staining in the first two steps is not
particularly critical.

c. The clinician should decolorize with 95% ethanol or an acetone-ethanol
mixture (95% ethyl alcohol, 100 mL; acetone, 100 mL) and repeat the rinse.
Decolorization is the critical step. Decolorization of the smear is complete
when the blue stain is no longer visible and when the solvent is colorless as it
runs from the slide.
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Thick or purulent exudates resist decolorization. Attempts to clear all por-
tions will result in excessive decolorization of the interpretable areas. There-
fore, the clinician should decolorize only until the thin parts of the smear are
colorless. Acetone-containing solvents act more rapidly than 95% ethanol. De-
colorization should be performed for only 1 or 2 seconds.

d. The clinician should counterstain with safranin for 10 seconds, rinse, and
air or blot dry.

D. Factors affecting smear interpretation
1. Incomplete decolorization results in excessive gram-positive staining, and

gram-negative organisms could be read as gram positive. If the stain is inade-
quately decolorized, a new smear should be prepared. If the clinical sample is not
available, the immersion oil should be removed with xylene and the decolorization
and counterstaining steps repeated.

2. Overdecolorization can cause gram-positive organisms to appear gram-
negative. Only gram-negative cells and bacteria are seen. The technique can be
evaluated by parallel staining of a known gram-positive sample (e.g., oral secre-
tions). A repeat smear should be made or the immersion oil should be removed
with xylene and the entire staining process repeated if further specimens are
unavailable.

3. Precipitates of crystal violet are irregular in shape and more refractile
but may be misinterpreted as gram-positive cocci or fungi. They occur in the thick
areas.

4. Variations of morphologic features on Gram staining. Gram-positive or-
ganisms may look gram negative or gram positive/gram negative (gram variable)
when the organisms are old or exposed to antibiotics. Some organisms (e.g., Acine-
tobacter species and some Bacillus species) are naturally gram variable.

5. Background interference. The clinician should look carefully for small, pleo-
morphic, gram-negative organisms, such as Haemophilus species, which can eas-
ily be missed.

6. Almost any gram-positive cocci can appear in pairs or short chains, so a specific
etiologic diagnosis is not possible. Staphylococci may appear as a single coccus.

II. Acid-fast stains. Organisms that stain well with carbol-fuchsin or auramine and resist
decolorization with acid-alcohol are acid-fast bacilli (AFB). These include mycobacteria
(which stain poorly or not at all with Gram stain) and Nocardia species. The initial
diagnostic step for tuberculosis is to examine for AFB. Two types of acid-fast stains are
available.
A. The basic fuchsin stain (Kinyoun or Ziehl-Neelsen) combined with light micro-

scopy.
B. Fluorochrome stains offer the advantages of speed, greater sensitivity, and ease

of observation because large areas can be examined. The most well established tech-
nique, Truant stain, uses auramine-rhodamine fluorescent dyes. Smears are exam-
ined under low power using a fluorescence microscope [2,3]. See Chapter 11 under
Tuberculosis: Basic Concepts, including gastric and urine AFB smears.

C. Application and interpretation
1. The sensitivity of microscopy for the diagnosis of mycobacterial infection is rel-

atively low, requiring approximately 5 × 103 bacilli per milliliter for detection.
Therefore, all specimens examined by smear also should be cultured. Whenever
possible, sputum specimens should be concentrated. Mycobacteria are re-
covered optimally from clinical specimens when methods that release them from
cells (digestion) and reduce competing organisms (decontamination) are used.
The N-acetyl-L-cysteine-sodium hydroxide method is used, and the N-acetyl-L-
cysteine, a mucolytic agent, is added to digest tenacious sputum. Addition of
sodium hydroxide is used for decontamination [2]. The sample can then be cen-
trifuged and the sediment stained and cultured, with an improved yield of organ-
isms compared with a direct stain of the patient’s sputum.

2. Visible tubercle bacilli implies risk of transmission.
3. One cannot differentiate Mycobacterium tuberculosis from the atypical mycobac-

teria. However, in more than 90% of smear-positive cases, M. tuberculosis can be
promptly identified in sputum concentrates by nucleic acid amplification (NAA)
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assays. Culture followed by biochemical or probe assays takes days to weeks to
complete.

4. Nocardia species are AFB but they retain acid-fast stains less tenaciously, so mod-
ified acid-fast stains with milder decolorization must be used to detect Nocardia
reliably.

III. Wet-mount preparations of a variety of specimens can be examined microscopically
for fungal, bacterial, parasitic, and other pathogens. A drop or small portion of speci-
men (feces, exudate, CSF, urine sediment, sputum, or scrapings) is mixed in a drop of
physiologic saline on the surface of a glass slide. Coverslips prevent evaporation. A dim
substage light with a ×10 or ×45 objective or dark field, depending on the organism
sought, is used.
A. Wet mounts with physiologic saline are useful for trichomonads of the genital

tract and intestinal parasites. They should be examined as soon as possible to avoid
drying. Cold environments should be avoided because organisms become immobile.
Trichomonas vaginalis appear as clear, actively motile forms, approximately the
size of neutrophils in vaginal secretions, urethral discharges, or urine sediment.
Cultures for T. vaginalis (not widely available), are more sensitive (20%–30%) than
wet mounts [4]. (See Chapter 16 under Vulvovaginitis.)

B. Potassium hydroxide (KOH) is used primarily for identification of fungal
forms.
1. Specimens. Cervical discharge, skin scrapings (taken with a no. 11 blade), spu-

tum, and tissue scrapings can be examined using this technique.
2. Method. A drop of 10% to 20% KOH solution is mixed with the clinical specimen

and allowed to stand for 10 to 15 minutes or the slide back can be gently heated.
KOH lyses debris and background material, so fungal forms can be seen more
easily.

C. India ink preparations are used to visualize the capsule of Cryptococcus neofor-
mans.
1. Technique. Centrifuged cerebrospinal fluid or urine or exudates are mixed with

a drop of India ink on a slide. A coverslip is applied and the specimen is examined
when wet.

2. Interpretation. The mucoid capsule appears as a clear halo that surrounds
the yeast cell. Mononuclear cells (especially lymphocytes) may be mistaken for
C. neoformans. Budding forms must be seen to interpret as positive. The latex
test for polysaccharide antigen is now the preferred test because it is
more sensitive [5].

D. Dark-field microscopy is particularly useful in diagnosing primary syphilis. (See
Chapter 16.)

IV. Other useful staining methods. A number of different stains are available.
A. Giemsa and Wright stains are available in every hematology laboratory.

1. Malaria and babesiosis smears. Thin smears of the patient’s peripheral blood
or a special malarial smear preparation (e.g., smear of platelet-depleted red blood
cells [RBCs]) are suitable for screening for these intracellular parasites and elim-
inate many artifacts of thick smears. Platelets overlying RBCs can mimic intra-
cellular parasites.

2. Herpes simplex and varicella-zoster viral skin lesions can be diagnosed
by a Giemsa or Wright stain of a scraping of the periphery of the base of an
unroofed vesicle. Herpetic lesions show the characteristic multinucleate giant
cells and, rarely, intranuclear inclusions. Methylene blue (Tzanck preparation)
and Papanicolaou smears are better suited to visualize nuclear detail.

3. Pneumocystis carinii, Toxoplasma gondii, Histoplasma capsulatum, yeast, and
bacteria can be detected in Giemsa stains of touch preparations of tissue.

B. Silver stains (Gomori’s methenamine silver, Warthin-Starry, and Dieterle) are diffi-
cult to perform properly and should be used only by skilled individuals. They are most
useful for the detection of Treponema pallidum, fungi, P. carinii, Legionella species,
rickettsiae, and Bartonella henselae, the organism associated with cat-scratch
disease.

C. Periodic acid-Schiff (PAS) and calcofluor white stains are used to demon-
strate fungi. PAS and Gomori methenamine silver stains often reveal fungi not
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well visualized by more conventional techniques (e.g., hematoxylin-eosin and Gram
stain).

D. Calcofluor white is a nonspecific fluorochrome that binds to cellulose and chitin.
The stain is useful for demonstrating fungi, Pneumocystis, and some parasites us-
ing a fluorescence microscope. Stained organisms fluoresce brightly against a dim
background.

E. Acridine orange, a fluorochrome DNA stain, detects a variety of microorganisms
(e.g., bacteria, fungi, and trichomonads) better than Gram stain for bacteria because
organisms are seen under low power, and antibiotic-damaged organisms can still be
detected [1].

F. Methylene blue smears for fecal leukocytes are discussed in Chapter 13.
G. Fluorescent antibody and immunocytochemical stains are discussed later in

this chapter.

General Principles for Specimen Collection and Handling
This topic has recently been reviewed in detail [6].

I. The clinician should obtain specimens before initiating or changing antibiotic
therapy.

II. Specimens should be collected in a manner that minimizes contamination by
resident bacterial flora.
A. Many potential pathogens can be transient colonizers. Their isolation does not nec-

essarily establish clinical significance. On the other hand, recovery of certain organ-
isms such as Neisseria gonorrhoeae or M. tuberculosis is significant in any clinical
specimen.

B. Suprapubic bladder aspiration, transtracheal or percutaneous lung aspiration, and
percutaneous aspiration of vesicles, bullae, or abscesses all avoid contamination.

III. Specimens should be collected in clean, sterile containers free of residual detergents
or disinfectants. Antibacterial preservatives should be avoided (e.g., tissue aspirates).
Lidocaine also has antibacterial activities that affect recovery of organisms from bron-
choscopy samples. Cotton swab collection generally is less satisfactory than sy-
ringe or catheter aspiration, which provides sufficient material for both culture and
Gram stain. Anaerobes are sensitive to atmospheric oxygen and desiccation, so special
care is needed. Specimens aspirated into a syringe and air expelled can be transported
or inoculated into a special oxygen-free system.

IV. Transportation to the laboratory
A. Rapid transport to the laboratory is preferable over transport media. Except

in acute settings, specimens should be collected when prompt inoculation and han-
dling is possible. Aerobes such as Streptococcus pneumoniae and Neisseria species
are fastidious and may not survive temperature extremes or drying. Long delays
before inoculation can result in the growth of clinically insignificant bacterial con-
taminants in the specimen.

B. All specimens should be labeled to avoid errors in later identification.
C. Clinicians should provide the laboratory with diagnostic questions and

note the source of specimen. The inoculation of highly selective media increases the
probability of recovering certain organisms such as species of Salmonella, Shigella,
Campylobacter, and Yersinia.

V. Blood culture collection technique. Strict attention to aseptic technique of
skin preparation avoids contaminating blood cultures with resident skin flora (e.g.,
coagulase-negative staphylococci, diphtheroids, and Propionibacterium acnes) and de-
creases diagnostic confusion. Some organisms that are usually skin contaminants
can be true blood-borne pathogens (e.g., catheter-related sepsis, prosthetic valve
endocarditis).
A. Technicians should wear gloves when drawing blood to reduce the risk of infection

with blood-borne agents (e.g., hepatitis B, hepatitis C [HCV], and human immuno-
deficiency virus [HIV]).

B. The equipment should be obtained and set up, including appropriate media, 2%
tincture of iodine or povidone, alcohol swabs, tourniquet, syringe, and needles.
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C. The caps should be removed from the culture bottles and the stopper swabbed twice
with alcohol.

D. The venipuncture site (usually antecubital) should be selected. Starting at the punc-
ture site, a circular area is scrubbed (radius approximately 2 inches) with povidone-
iodine, using a circular motion with overlapping strokes and working toward the
periphery. This is repeated once and allowed to dry. (With allergy to povidone-iodine,
70% isopropyl alcohol may be used for 1–2 minutes.)

E. For better visualization of the actual puncture site, povidone-iodine should be cleaned
off the vein site with one or two alcohol swabs, using the same “clean-to-dirty” circular
motion.

F. Venipuncture is carefully performed using the 10- to 20-mL syringe (for adults),
taking care not to touch the needle or prepared skin site (a sterile glove may be used
to palpate the site).

G. The needle is removed from the vein (not touching the needle to skin). For adults,
5 to 10 mL is transferred, using the maximum amount suggested by the
manufacturer, into each broth bottle, or the appropriate volume is transferred into
the recommended blood culture tube.

H. The requisition is labeled with the date and exact time of the culture. Blood
drawn through intravascular catheters should be specifically identified.
This information is important in interpreting culture results.

Culture Techniques
I. Blood cultures are indicated whenever there is suspected bacteremia or fungemia.

In severely ill patients, blood cultures might be the only source demonstrating the
causative agent.
A. Blood culture methods. Blood is placed into a broth medium or into an iso-

lator tube in which the RBCs are lysed and the lysate is inoculated onto solid
media [7].
1. Broth culture bottles are electronically monitored on a nearly continuous

basis and the information gathered is analyzed using sophisticated computer
algorithms to determine when growth has occurred. The majority of positive
results are detected within 48 hours, but most laboratories monitor cultures for
5 days before discarding [7].
a. Types of bacteremia. Continuous bacteremia occurs in endocarditis and

other intravascular infections. Intermittent bacteremia is the most common
form and occurs in many different infections. Transient bacteremia is self-
limited and often follows the manipulation of nonsterile mucosal surfaces or
infected tissues [8–10].

b. Volume of sample. The ideal volume for broth culture is unknown. Because
of the low density of most bacteremias, 10- to 20-mL samples (e.g., 5–10 mL
per bottle, depending on the manufacturer’s recommendation) for adults and
1- to 5-mL samples for children are recommended. A 1:5 to 1:10 dilution (or
even higher [8–10]) of the blood appears to be best to reduce intrinsic serum
antibacterial activity and to reduce the concentration of antimicrobials to
subinhibitory levels.

c. Timing and number of blood cultures. Blood should be collected as soon
as possible after the onset of fever or chills. Two to three blood cultures,
drawn at intervals of at least 20 minutes before antibiotics are initi-
ated, are recommended both because of the intermittent nature of most
bacteremias and to establish continuous bacteremia [8–10]. (See discussions
in Chapters 2 and 27A.)

d. Media. Many comparable broth media are available. Hypertonic media (usu-
ally prepared by the addition of 10% to 15% sucrose to a conventional broth
media) appear to improve both the speed and overall recovery of certain or-
ganisms, especially organisms from patients being treated with antibiotics.
In addition, resin devices and resin-containing media improve the recovery
of organisms (staphylococci, in particular) from treated patients, but the use-
fulness is debated [7].
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2. Blood lysis tubes. Two forms—one designed for centrifugation and concen-
tration of organisms and the other, a smaller pediatric tube, from which the
contents can be plated directly onto solid media—permit quantitation of organ-
isms in blood. This may be useful to distinguish intravascular catheter-related
sepsis from sepsis originating at another site (see Chapter 20). It also results
in increased recovery and decreased detection time for certain microorganisms,
among them dimorphic fungi, mycobacteria, and Bartonella species [7]. Major
disadvantages include a high contamination rate, poor recovery of anaerobic
organisms, and greater cost.

B. Fastidious organisms. Blood cultures for brucellosis, tularemia, leptospirosis,
systemic fungal infections, Bartonella henselae (formerly Rochalimaea henselae,
the organism believed to be responsible for cat-scratch disease [see Chapter 21]),
and Mycobacterium avium require special media and incubation for optimal iso-
lation. The Isolator lysis-centrifugation system (Wampole Laboratories, Cranbury,
NJ) has detected B. henselae and M. avium complex. Laboratories should be alerted
to these possibilities for specific recommendations regarding collection and process-
ing of the specimens [7–10].

II. Special methods for bacterial culture
A. Tissue specimens can be cultured quantitatively or qualitatively. The former

may be helpful for burns. Criteria based on the number of organisms per gram of
tissue have been established for the diagnosis of burn wound sepsis. Touch prepa-
rations and subsequent staining for appropriate microorganisms may be helpful
(e.g., rapid diagnosis of P. carinii pneumonia by staining of touch preparations of
lung biopsy specimens).

B. Foley catheter tips should not be submitted because they are invariably con-
taminated.

C. Intravenous catheters are cultured qualitatively or semiquantitatively, depend-
ing on the laboratory. One technique involves rolling the catheter on a blood agar
plate and reporting the total number of colonies of organisms grown. To interpret
these results, blood cultures must be positive. Using this approach, 15 colonies or
more correlate with bacteremia caused by catheter infection, whereas fewer rep-
resent extraneous contamination [11]. The optimal laboratory diagnostic method
to define catheter-related sepsis has not been established. See related discussion
in Chapter 20.

D. Genital tract cultures are more likely to yield N. gonorrhoeae if transported
within 6 hours or if inoculated directly onto a selective medium. Special devices
containing a layer of agar in a dish to which a CO2-generating tablet (Jembec) is
added are available.

III. Anaerobic cultures. Most anaerobic bacteria of clinical importance are oxygen toler-
ant. Nevertheless, special anaerobic containers often are recommended for specimen
transport. Rapid processing is important to avoid overgrowth by facultative anaerobes
[12,13].
A. Whenever possible, specimens should be aspirated and transported to the

laboratory in the syringe used for collection or via an oxygen-free transport system.
B. Swabs are less desirable because of inadequate sample size, air exposure, and

sample desiccation. If swabs must be used, they should be placed in an oxygen-free
transport system.

C. Sites for anaerobic culture. Because many body sites are colonized by anaerobic
organisms, only certain sites are appropriate for culture (Table 25.1).

D. A Gram-stained smear should be performed on all specimens submitted
for anaerobic culture. Because anaerobic cultures take considerable time for
processing and identification, the Gram stain can provide useful clues regarding
the infecting organisms. Anaerobes should be considered when organisms
are seen on smear but do not grow on routine aerobic cultures. The unique
morphologic features of anaerobes is a clue to the experienced observer. Pale, un-
evenly stained, pleomorphic gram-negative rods with rounded ends and bipolar
staining suggest Bacteroides fragilis. Broad gram-positive rods, generally without
visible spores, suggest Clostridium perfringens. Other Clostridium species may be
thin and gram variable, with or without spores.
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Table 25.1. Sites of Culture for Anaerobic Specimens

Appropriate Sites Inappropriate Sites

Normally sterile bodily fluids; blood; bile;
pleural, peritoneal, joint, and spinal
fluid; surgical specimens from normally
sterile sites

Specimens contaminated by indigenous
anaerobic flora; sputum, throat swabs,
fecal specimens, rectal and vaginal swabs

Abscess contents, deep-wound aspirates,
surgical biopsy specimens

Superficial wound swabs, sites obviously
contaminated by intestinal contents

Transtracheal or percutaneous lung
aspirates

Sputum, bronchoscopy washings,
nasopharyngeal or throat swabs

Suprapubic bladder aspirates Voided or catheterized urine specimens
Culdocentesis fluid Cervical or vaginal swabs

IV. Viral cultures. Clinical differentiation of the specific infecting virus may be diffi-
cult, if not impossible (see Chapter 8). The etiology of a viral syndrome can often be
established by viral culture, serologic tests, or both. Table 25.2 outlines the appropri-
ate specimens. Rapid diagnostic tests are discussed later under Direct Detection of
Microbial Antigens in Clinical Specimens.
A. General guidelines

1. Specimens should be obtained from patients early in the course of ill-
ness, when virus shedding is greatest, preferably within 3 days after the onset
of symptoms.

2. Samples must be placed in viral transport media and transported promptly.
Many specimens can be held at 4◦C for up to 48 hours (even on wet ice) without
decrease in virus recovery. For prolonged storage, specimens should be frozen
at − 70◦C.

3. Samples collected on swabs (conjunctival, pharyngeal, nasopharyngeal, rectal)
should be placed quickly in a liquid viral transport medium provided by the
laboratory.

4. The type of specimen and clinical syndrome should be noted because different
processing steps prior to attempted isolation are necessary for different types
of samples.

B. Specimen collection and transport guidelines
1. Blood. Whole blood (anticoagulated with ethylenediaminetetraacetic acid

[EDTA]) is used to obtain leukocytes for cytomegalovirus (CMV). Enteroviruses
can be isolated from both serum and leukocytes. However, viremia usually is
detected by molecular methods (e.g., HIV-1, hepatitis B and C viruses, CMV,
Epstein-Barr virus, and enterovirus) [14,15].

2. Nasal secretions. A cotton swab on a fine wire is introduced through the an-
terior nares into the nasopharynx, or a cotton swab is inserted into each an-
terior naris and placed in a viral transport medium. Nasal washings (e.g.,
for respiratory syncytial virus [RSV]) are collected by instilling 4 to 5 mL of
saline into each nostril while the patient extends his or her neck slightly and
closes the posterior pharynx (by pushing against the K sound). The head is
tilted forward, and a sample is collected in a clean container held beneath the
nose.

3. Pharynx. A swabbing of the posterior pharynx should be accomplished by vig-
orously rubbing the swab over both tonsillar areas and the posterior pharyngeal
wall.

4. Vesicular fluid. Without decontamination of overlying skin, lesion is aspirated
with a small-gauge needle attached to a tuberculin syringe, or the vesicle is
opened and fluids and cellular elements collected from the base onto a swab. If
a crust is present, the crust should be lifted off; the fluid beneath the crust can
then be swabbed.

5. Cerebrospinal fluid. The clinician should collect 1 to 3 mL into a sterile
container.
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Table 25.2. Viruses Associated with Specific Syndromes and Recommended Specimens for
Viral Examination

Less Common Source of Specimen
Syndrome Common Agents Agents for Viral Examination

Upper respiratory tract
infection

Influenza A, B
Rhinovirus
Parainfluenza 1, 3
Respiratory syncytial

virus
Adenovirus

Parainfluenza 2
Coxsackievirus A, B
Echovirus
Coronavirus

Nasal wash or aspirate
Nose or throat swab

Lower respiratory tract
infection
Child Respiratory syncytial

virus
Adenovirus Nasal wash or aspirate

Parainfluenza 3, 1, 2 Influenza B Nose or throat swab
Adult Influenza A, B Adenovirus Sputum

Pleurodynia Coxsackievirus A, B Throat swab
Stool

Central nervous system
infection
Meningitis Coxsackievirus A, B HIV type 1 Cerebrospinal fluid

Echovirus Lymphocytic
choriomeningitis

Throat swab

Mumps Stool
Encephalitis and

encephalopathy
Herpes simplex virus

type 1
Arboviruses Cerebrospinal fluid

HIV type 1 Mumps Blood, brain biopsy
CMV

Myocarditis and
pericarditis

Coxsackievirus B Coxsackievirus A
Influenza

Throat swab
Stool

Gastroenteritis Rotavirus Adenovirus Stool
Norwalk-like viruses Calicivirus

Astrovirus
Coronavirus

Hepatitis Hepatitis A, B, C Blood
Urinary tract infection: Adenovirus 11 Urine

acute hemorrhagic
cystitis

BK virus

Parotitis Mumps Throat swab
Exanthemas (nonspecific,

with fever)
Coxsackievirus A9, A16
Echovirus 9, 16, 11

Echovirus 1-6, 14, 18, 19
Coxsackievirus A (2, 4,

23)
Coxsackievirus B (1–5)
Adenovirus

Skin vesicle fluid
Throat swab

Stool

Herpangina Coxsackievirus A
(1–6, 8, 10, 16, 22)

Echovirus 9, 17 Skin vesicle fluid

Coxsackievirus B Throat swab
Stool

Hand-foot-and-mouth
disease

Coxsackievirus A
Enterovirus 71

Skin vesicle fluid
Throat swab
Stool

Nonspecific febrile illness HIV type 1 Adenovirus Urine (for CMV)
CMV Nose and throat swab
EBV Stool
Enteroviruses Blood
Influenza A, B

HIV, human immunodeficiency virus; CMV, cytomegalovirus; EBV, Epstein-Barr virus.
Adapted from Menegus MA, Douglas RG Jr. Viruses, Rickettsiae, Chlamydiae, and mycoplasmas. In Mandell GL, Douglas
RG Jr, Bennett Jr, eds. Principles and practice of infectious diseases, 3rd ed. New York: Churchill Livingstone, 1990; with
permission.
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6. Urine. The patient provides 5 to 10 mL of a clean-catch, midstream urine into a
sterile container, which is processed immediately or stored refrigerated. Urine
should never be frozen.

7. Feces. A 2- to 5-g sample is placed into a clean specimen container without
transport medium. A cotton-tipped rectal swab (less satisfactory) is insert 5 cm
into the rectum and gently rotated. In contrast to rectal cultures for the recovery
of gonococci, some fecal material should be obtained when doing swabs for viral
studies.

C. Viruses use living cells to support their replication. Cell cultures, rather than
eggs or laboratory animals for virus isolation, are used. Specimens are inoculated
and incubated at 33◦ to 36◦C for 2 to 14 days. Periodically, the cultures are examined
microscopically for evidence of viral growth. Most viruses are detected within 7 days
[14,15].

V. Mycobacterial cultures. The major obstacle for recovering mycobacteria is the pres-
ence of large numbers of contaminating organisms. Prompt processing of individual
fresh specimens is preferable to pooled samples, in which overgrowth of other microor-
ganisms can occur.
A. Appropriate specimens are obtained (Table 25.3).
B. If delays are anticipated, specimens should be refrigerated at 4◦C. If gastric spec-

imens cannot be processed promptly, they should be adjusted to pH 7 with
sodium bicarbonate so that the gastric acidity will not affect the viability of the
organisms.

C. Because mycobacteria may be present in low numbers, multiple large-volume spec-
imens should be cultured when possible (sputum, fluid [CSF and pleural fluid in
particular]).

D. Sterile, wide-mouth containers with fitted caps should be used. Mycobacteria some-
times adhere to wax-coated surfaces; therefore, waxed containers should be
avoided.

E. During collection and handling, care should be taken to avoid the production of in-
fectious aerosols. Specimens should be labeled clearly to indicate a possible
biologic hazard.

F. M. tuberculosis usually grows on conventional solid media (e.g., Lowenstein-
Jensen) in 2 to 4 weeks, but cultures routinely are observed for 6 to 10 weeks
before being reported as negative. A radiometric system for mycobacteria has sig-
nificantly shortened the time required for the recovery of M. tuberculosis as well
as other Mycobacterium species [2,3].

G. Most laboratories differentiate between M. tuberculosis or mycobacteria other than
tuberculosis (MOTT) using molecular methods or a few simple biochemical tests.
This usually is accomplished within days to 1 or 2 weeks of isolation. Complete spe-
ciation of MOTT usually is done in some larger laboratories; whereas others send
such isolates to reference laboratories for speciation [2,3,14]. See related discussion
in Chapter 11.

H. Nucleic acid probes. In some laboratories, M. tuberculosis and M. avium are
identified specifically through the use of commercially available nucleic acid probes
[2,3]. See section II under Nucleic Acid Methods for the Characterization and Direct
Detection of Microbial Pathogens in Clinical Specimens later in this chapter.

I. Susceptibility tests. Owing to the recent emergence of multidrug-resistant M. tu-
berculosis, the past practice of not performing susceptibility tests has changed. The
Centers for Disease Control and Prevention (Atlanta) now recommends
that initial isolates from all patients be tested for susceptibility to first-
line antituberculous drugs [2,3] (see Antimicrobial Susceptibility Testing, un-
der Laboratory Guidance in Therapy).

VI. Chlamydiae. Chlamydia trachomatis is an important cause of conjunctivitis, pneu-
monia in infancy, urethritis, cervicitis, and pelvic inflammatory disease. Chlamydiae,
like viruses, are obligate intracellular parasites. Cultivation in living cells or by direct
detection in clinical specimens using antigen, direct probe, or NAA assays assists in
diagnosis [16,17].
A. Diagnostic methods. Specimens for culture (e.g., sputum, cervical scrapings, ure-

thral discharge) are placed in special transport media and delivered promptly.
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Table 25.3. Specimens for Culture of Mycobacteria

Recommended
Source Number Volume Comments

Respiratory tract
sputum

3 5–10 mL Saliva inappropriate

Bronchoscopy
washing (e.g.,
bronchoalveolar
lavage)

1 See Chapter 9

Gastric washing 2–3 30–50 mL Useful if respiratory
secretions are not
available; early morning
specimens required before
eating or activity; small
volume of sterile water can
be used in the tube
placement (20–30 mL);
requires rapid delivery
(within 30–60 min) to
microbiology laboratory to
prevent inactivation of
organism; stains may at
times be helpful
(saprophytes may cause
false positive smears) (see
Chapter 9)

Urine 2–3 Maximum volume
of single
specimen

Use first-voided midstream
collections; avoid 24-h
collection (too much
bacterial overgrowth);
stains may at times be
helpful (saprophytes may
cause false positive
smears) (see Chapter 9)

Cerebrospinal fluid Maximum volume
available

Other: joint, pleural,
and peritoneal
fluid

Maximum volume
available

Blood 1–2 10 mL Useful for the recovery of
Mycobacterium avium
from patients with AIDS
(see Chapter 19)

Chlamydia is demonstrated by staining with iodine, Giemsa, or fluorescent anti-
body 2 to 3 days after cell inoculation. NAA methods are now thought to be more
sensitive than culture.

B. Direct detection of C. trachomatis in clinical specimens using antigen, direct nu-
cleic acid probe, and NAA assays is now more widely available than cell culture.
1. Antigen assays are available in enzyme immunoassay (EIA) formats for labora-

tory use and in single test devices for office use. In addition, the elementary body
of C. trachomatis can be detected in clinical specimens by direct immunofluo-
rescence. In general, antigen assays are less sensitive than all other methods
available for Chlamydia detection.
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2. Direct probe assays are intermediate in sensitivity between antigen detection
and NAA assays. The Gen-Probe Pace 2 is the most widely used. It offers the
advantage of detecting both N. gonorrhoeae and C. trachomatis in the specimen.

3. A number of NAA assays are available, including the Roche PCR, Becton Dick-
inson strand displacement assay (SDA), Abbott ligase chain reaction (LCR), and
Gen-Probe transcription-mediated amplification assay (TMA). The NAA assays
are more sensitive than all other methods for C. trachomatis detection. How-
ever, problems with specificity have been reported [16]. NAA assays can be used
to detect both N. gonorrhoeae and C. trachomatis in a single specimen as well
as to detect the organisms in urine, which provides a convenient approach for
screening patients for sexually transmitted diseases.

VII. Mycoplasma. Despite the clinical importance of Mycoplasma pneumoniae in respi-
ratory infections, techniques to culture M. pneumoniae from clinical specimens are
not widely available. This organism is slow growing, and positive culture results of-
ten are not available for 7 to 14 days. Therefore, serologic studies (cold-agglutinin
titers or complement-fixing antibodies) are still most commonly used for diagnosis (see
Chapter 11).

VIII. Tests for bacterial exotoxins
A. Exotoxins are the major virulence determinant for a number of organisms. Well-

known exotoxin-induced disease processes include tetanus, diphtheria, toxic shock
syndrome, botulism, cholera, and diarrhea caused by Clostridium difficile or en-
terotoxigenic Escherichia coli. Most tests for bacterial toxins are complex and tech-
nically difficult. With the exception of C. difficile, tests for bacterial toxin
generally are performed only in reference laboratories and only under spe-
cial circumstances.

B. C. difficile appears to cause up to 25% of antibiotic-associated diarrhea and plays
an important role in the development of pseudomembranous colitis. A variety of
assays are available, but tests based on demonstration of cytotoxic activity in cell
culture that are sensitive and correlate with the presence of disease [18] are viewed
as the gold standard.

Interpretation of Culture Results
I. Isolation of organisms. Microorganisms in culture do not necessarily represent

infection.
A. Contamination refers to the introduction of extraneous organisms into the cul-

ture during specimen collection or processing. They may originate from the skin of
the patient, the clinician, or the technician, or from laboratory materials and the
inanimate environment.

B. Colonization of a body site is the presence of organisms, including potential
pathogens, that are not causing infection (no evidence of illness, tissue invasion,
or inflammation). Colonizing bacteria inhabit the oropharynx, skin, colon, vagina,
and wound surfaces.

C. To determine the clinical significance of culture data, the clinician must
interpret all culture results in the context of (a) the clinical condition of
the patient, (b) the site cultured, (c) the method of specimen collection, and
(d) the identity and quantity of organisms recovered. See chapters on specific
infections for further discussion; for example, wound infections in Chapter 4, and
pneumonia in Chapter 11.

II. Failure to culture or detect a suspected pathogen can be caused by a number of
factors; many are related to improper collection and transport.
A. Incorrect diagnosis can occur. Infection may not be present or may be caused by

organisms that are not cultured routinely (e.g., viruses, rickettsiae, or mycoplasmas).
B. Misinterpretations of Gram stain results occur. Artifacts might be interpreted

as organisms.
C. Specimens that do not represent material at the infection site may be examined.
D. Improper technique or delayed transport of specimens may cause overgrowth

by indigenous flora or loss of anaerobes or fastidious organisms.
E. Antimicrobial therapy prior to specimen collection may inhibit the growth of

organisms.
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F. Improper culture methods may be used. Special isolation techniques are nec-
essary for anaerobes, mycobacteria, viruses, and certain fungi and bacteria. The
physician must communicate with the laboratory so that appropriate cultures can
be performed.

III. Preliminary identification of bacteria, although not definitive, may assist the clin-
ician in early diagnosis and choice of empiric antibiotic therapy. Clinical microbiology
personnel can provide guidance in the interpretation of preliminary results. In addition
to the Gram stain, results of several tests often are available before an organism is
finally identified [19,20].
A. Gram-positive cocci

1. Blood agar hemolysis. Streptococci produce various patterns of hemolysis.
a. Beta hemolysis is a clear, colorless zone surrounding colonies of group A

(S. pyogenes), group B (S. agalactiae), and other less common streptococci.
b. Alpha hemolysis, or partial hemolysis, refers to a greenish zone surrounding

colonies of S. pneumoniae and many species of viridans streptococci.
c. Gamma hemolysis actually denotes nonhemolysis and is observed typically

with group D streptococci, including enterococcal and nonenterococcal species.
d. Note that the Lancefield serogrouping of streptococci (groups A, B, C, D,

etc.), based on antigenic differences in cell wall carbohydrates, is an indepen-
dent classification system that should not be confused with the hemolytic
patterns.

2. Catalase test. The Gram stain often distinguishes between streptococci (chains
or pairs) and staphylococci (clusters). If uncertain, a simple catalase test can be
helpful. Hydrogen peroxide bubbles on exposure to catalase-positive organisms.
Streptococci are catalase negative, and staphylococci are catalase positive.

3. Coagulase test. Coagulase-positive staphylococci produce an enzyme that coag-
ulates rabbit plasma. A coagulase slide test can be performed in minutes but is
less sensitive than an overnight coagulase tube test. Negative results of a co-
agulase slide test should be confirmed with a coagulase tube test. S. aureus is
coagulase positive; S. epidermidis, S. saprophyticus, and other staphylococcal
species test negative. Many laboratories have adopted latex agglutination tests
in place of the traditional coagulase test for differentiation between S. aureus and
other staphylococcal species.

4. Nomenclature of gram-positive cocci is a frequent source of confusion.
a. Group A β-hemolytic streptococci are S. pyogenes.
b. Group B β-hemolytic streptococci are S. agalactiae.
c. Group D streptococci include the following:

(1) Enterococcal species. The majority of clinical isolates of enterococci will be
Enterococcus faecalis (80%–90%) and E. faecium (5%–10%). Infrequently,
E. avium, E. raffinosus, and E. gallinarum are found.

(2) Nonenterococcal species (S. bovis). See Chapter 2, under Blood Cultures.
d. Viridans group streptococci, often referred to as strep viridans, encompass

not just one but many species, including the S. milleri group (S. anginosus,
S. constellatus, S. intermedius), S. mitis, S. mutans, S. salivarius, and S. sanguis
[21].

B. Gram-negative bacilli
1. Lactose fermentation. MacConkey agar plates promote selective growth of

gram-negative bacilli. Colonies of lactose fermenters (E. coli, Klebsiella, En-
terobacter, and Citrobacter) appear red on MacConkey plates within 24 hours.
Nonlactose fermenters (Proteus, Serratia, Salmonella, Shigella, Pseudomonas,
and others) appear colorless or white. Caution: Although certain species are typ-
ically lactose fermenters (e.g., E. coli), some strains are nonlactose fermenters.

2. Oxidase test. Oxidase reagent turns certain colonies purple. Pseudomonas
species are oxidase positive and Enterobacteriaceae are oxidase-negative.

C. Gram-positive bacilli often are contaminants. At times, they may be true
pathogens. These organisms can be spore forming or non–spore forming. The most
commonly isolated non–spore-forming bacilli are diphtheroids—corynebacteria that
normally inhabit the skin. However, when repeatedly isolated from normally sterile
fluids or sites, they may be pathogenic (e.g., prosthetic device infection) [19]. When
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isolated from blood or CSF, it is important to distinguish corynebacteria from another
non–spore-forming bacillus, Listeria monocytogenes, which is motile at room temper-
ature and may cause meningitis in newborn infants, immunocompromised hosts [19],
and the elderly. The clinical significance of gram-positive bacilli and Bacillus species
is reviewed in detail elsewhere [22]. (Note: Anaerobic gram-positive bacilli may be
clostridial species.)

Direct Detection of Microbial Antigens in Clinical Specimens
Immunodiagnostic tests can detect microbial antigens in clinical specimens. The basis for all
such tests is the reaction of an antibody with the target antigen in the clinical specimen.

I. Antigen detection methods have successfully been applied to the diagnosis of virtu-
ally all classes of microorganisms: bacteria, fungi, parasites, and viruses (Table 25.4)
[4,5,23,24].

II. There are advantages and disadvantages specific to each method.
A. Latex agglutination tests generally are rapid (10–15 minutes) and can be per-

formed by individuals with minimal training. However, in some cases, interpretation
of the agglutination reactions may pose a problem for the unskilled reader.

B. Immunofluorescent (IF) and immunocytochemical stains (e.g., peroxidase, an-
tiperoxidase) are especially useful for detecting and localizing virus-infected cells in
infected organs and tissues. IF stains also are widely used to detect virus-infected
cells in specimens from the respiratory tract, C. trachomatis elementary bodies in
cervical and urethral discharge, and a variety of bacteria (e.g., T. pallidum, Borde-
tella pertussis, Legionella species) in clinical specimens.

C. ELISAs (enzyme-linked immunosorbent assays) have largely replaced their
predecessors, the radioimmunoassays, as tools for antigen detection in clinical
laboratories. Although some ELISAs remain complex and must be performed in the
laboratory setting, a number of simple tests are now available in cassette or strip
form that can be performed in the office with reasonable accuracy. Simple kits for
group A β-hemolytic streptococci, rotavirus, RSV, and influenza viruses are commer-
cially available and are as reliable as their more complex laboratory counterparts.

III. Monoclonal and polyclonal antibodies are used as both capture and detector anti-
bodies in antigen detection tests. Although monoclonal antibodies are not suitable for
all tests, they are preferred because they represent a consistent and reliable antibody
source.

IV. The sensitivity and specificity of antigen detection tests varies depending both on
the test and the target organism. In general, they are not as sensitive or specific
as culture, but they often do produce results more rapidly and are a less expensive
alternative than culture.

V. Clinical applications
A. The sensitivity of immunodetection tests in patients with meningitis on initial

evaluation of CSF ranges from 82% to 95% for H. influenzae, from 40% to 80% for
N. meningitidis, and from 70% to 80% for S. pneumoniae. Unfortunately, they are
less sensitive in gram-negative cases. Few laboratories now offer such testing (see
Chapter 6) [23].

B. The rapid diagnosis of infections with Legionella pneumophila is important be-
cause cultures may take as long as 3 to 5 days to become positive. Unfortunately,
the sensitivity of IF is low (25%–50%), and although its specificity is high, the gen-
erally low prevalence of disease compromises the predictive value of positive re-
sults [23] (see Chapter 11). The Legionella urinary antigen test was discussed in
Chapter 11, section VI.F, under Specific Considerations and Specific Therapy, and
has been reviewed recently [25]. The test, a commercially available EIA kit (Binax,
Portland, ME) detects L. pneumophila serogroup 1 antigen in the urine. In a recent
report, it proved useful for the diagnosis of legionella pulmonary infection [23,25,26].
Although the urinary assay detects only L. pneumophila serogroup 1, this serogroup
causes about 80% of cases of Legionnaires disease [25,26]. Because antigen may per-
sist for days to weeks after initiation of antibiotic therapy, the assay results may be
positive when other diagnostic test results are negative; the test results could also
be positive from a prior and no longer active infection.
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Table 25.4. Microorganisms Commonly Detected in Clinical Specimens by Nucleic Acid
Amplification Methods for the Diagnosis of Laboratory Infectious Diseases

Agent Specimens Uses Comments

Bordetella
pertussis

Nasopharyngeal Diagnosis of pertussis Significantly more sensitive
than culture and FA

Chlamydia
trachomatis

Genital tract specimens Diagnosis 10%–30% more sensitive
than culture

Several FDA-cleared assays
available

CMV CSF, blood, ocular fluid,
amniotic fluid

CNS infection, systemic
infection, retinitis,
congenital infection,
preemptive therapy

Approximately twice as
sensitive as culture for
systemic infection

Quantitative assays used to
distinguish between
disease and asymptomatic
infection

EBV CSF, blood AIDS-associated primary
CNS lymphoma, PTLD

Quantitative measures used
to monitor for PTLD post-
transplantation

Enteroviruses
(coxsackie,
ECHO, and
poliovirus)

CSF, blood Encephalitis, meningitis 30%–50% more sensitive
than culture

Hepatitis B virus Monitor therapeutic
efficacy

Hepatitis C virus Blood Diagnose active infection
and monitor therapeutic
efficacy

FDA-cleared qualitative
assay available

HIV (RNA/DNA) Blood (EDTA or ACD
tube)

RNA: prognosis and
monitoring therapeutic
efficacy

DNA: diagnosis of infected
infants

Several FDA-cleared
quantitative RNA assays
in widespread use

No FDA-cleared tests for
diagnosis

HSV CSF, ocular fluid, blood Encephalitis, meningitis,
acute retinal necrosis

Method of choice for CNS
disease and acute retinal
necrosis

JC virus CSF Progressive multifocal
leukoencephalopathy

No other detection methods
available

Mycobacterium
tuberculosis

Sputum Diagnosis in conjunction
with culture

Same day diagnosis in >90%
of smear-positive
specimens

Approximately 50% sensitive
for smear-negative
specimens

FDA cleared for
smear-positive sputum
specimens

Neisseria
gonorrhoeae

Genital tract specimens Diagnosis Specificity problems in CAP
surveys

Parvovirus B19 Serum, amniotic fluid Chronic infection in
immunocompromised
patients, aplastic crisis
in patients with
hemoglobinopathies,
congenital infection

No culture methods available
and serology insensitive in
certain settings

NAA additive diagnostically

Toxoplasma
gondii

CSF, amniotic fluid,
ocular fluid, tissue,
blood, BAL

Toxoplasma encephalitis,
retinitis, systemic
infection, congenital
infection

Culture insensitive and
generally unavailable

VZV CSF, ocular fluid, dermal
lesions

Encephalitis, myelitis,
congenital infection

Significantly more sensitive
than culture in all settings

FA, fluorescent antibody; FDA, U.S. Food and Drug Administration; CMV, cytomegalovirus; CSF, cerebrospinal fluid;
CNS, central nervous system; EBV, Epstein-Barr virus; AIDS, acquired immunodeficiency syndrome; PTLD, posttrans-
plant lymphoproliferative disorder; HIV, human immunodeficiency virus; EDTA, ethylenediaminetetraacetic acid; ACD,
citric acid; HSV, herpes simplex virus; CAP, community acquired pneumonia; NAA, nucleic acid amplification; BAL, bron-
choalveolar lavage; VZV, varicella-zoster virus.

942
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C. The U.S. Food and Drug Administration (FDA) recently cleared a simple immunoas-
say that detects pneumococcal antigen in urine to aid in the diagnosis of pneu-
monia and meningitis. The test is similar to the antigen assay for Legionella, and its
sensitivity in blood culture–positive cases is approximately 90%. The test is poten-
tially useful because conventional methods for the diagnosis of pneumococcal disease
are notoriously imperfect [23].

D. More than 20 different commercial immunodiagnostic kits are available for the de-
tection of group A β-hemolytic streptococci in pharyngeal specimens. When com-
pared with culture, the sensitivity of such tests ranges from 60% to 90% or more, and
the specificity generally is found to be in excess of 95%. Many clinicians recommend
culture for all antigen-negative specimens because of the reports of low sensitivity
[23] (see Chapter 8).

E. Helicobacter pylori antibody assays are widely used as a screen in the manage-
ment of patients with gastritis, but they do not distinguish between active and past
infection. Detecting Helicobacter pylori antigens or DNA in feces (the latter via poly-
merase chain reaction) as alternatives to the 14C breath test and biopsy/urease test
is now being explored [23].

F. Tests for group B streptococcal antigen are used to screen pregnant women to aid
in the diagnosis of sepsis in the newborn. However, in 1997 the FDA issued a safety
alert describing risks with such testing. The FDA warned of both false-positive and
false-negative clinical test results. This warning prompted a substantial decline in
their use [23].

G. The most sensitive and specific test for C. difficile infection is the detection of the
cytotoxin B in cell culture. However, the test takes 1 to 3 days to complete and
requires cell culture facilities. Several ELISAs that detect toxin A or B in stool are
also available. These assays have a sensitivity of 71% to 94% and a specificity of 92%
to 98%. Because of the rapidity of testing and ease of performance, ELISAs for toxins
A and B are now widely used by laboratories for diagnosis of C. difficile infection [23].

H. Influenza direct antigen tests were briefly discussed in Chapter 10, section V.B,
under Influenza. At least five assays in cassette format are available for the diagno-
sis of influenza, and two are Clinical Laboratory Improvement Act (CLIA) waived for
office use [24]. Newer tests detect both influenza A and B. Nasopharyngeal washes
or aspirates are preferred because they have more viral particles than do nasal or
pharyngeal swabs. In patients in whom wash or aspirate techniques are contraindi-
cated, swabs can be used. When positive, such rapid tests (which generally take less
than 1 hour to perform) are very useful. The manufacturers generally report sensi-
tivities of more than 80% and specificities of 95%. However, lower values have been
reported in independent studies. Therefore, antigen-negative specimens should be
cultured to provide greater sensitivity. By using a direct antigen test as an adjunct
to culture isolation in nursing homes or the acute care setting, influenza often can be
identified rapidly so that antiviral therapy and isolation measures can be initiated
[24].

I. Immunodiagnostic tests (IF and ELISA) for RSV now are used widely. Most have
very good performance characteristics, with sensitivities and specificities in excess
of 90% and 95%, respectively. In large measure, the good performance of such tests
is due to gold standard deficiencies (cell culture growth) against which they are
measured [24].

J. The CMV antigenemia assay is used to measure CMV-infected leukocytes in blood.
The assay is performed by first lysing RBCs and then depositing the leukocytes on a
slide by cytocentrifugation. Leukocytes are stained with a CMV-specific monoclonal
antibody. Results are expressed as the number of infected cells per total examined.
The antigenemia assay is more sensitive than culture and slightly less sensitive than
PCR [24].

K. Antigen detection assays for Giardia and Cryptosporidium parvum alone and
in combination are available in various immunoassay formats. The sensitivity of
such assays is equivalent to traditional ova and parasite examinations. Many lab-
oratories now use immunoassays in lieu of traditional methods for detecting these
parasites because the latter are more labor intensive and require greater technical
skill [4].
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L. The polysaccharide antigen of C. neoformans is readily detected in both the CSF
and the serum in active infection. Properly controlled, the sensitivity of the
cryptococcal latex agglutination test approximates that of culture [5] (see
Chapters 6 and 18).

Nucleic Acid Methods for the Characterization and Direct Detection of
Microbial Pathogens in Clinical Specimens
In recent years, nucleic acid techniques have been used to address a variety of problems in
clinical microbiology. Although many methods remain research tools, a number are
already in use in clinical laboratories.

I. Molecular epidemiology. A variety of typing methods are used to determine if mul-
tiple organisms represent a single strain or unrelated strains. Phenotypic typing
schemes use characteristics expressed by the organism, include biotyping, antimi-
crobial susceptibility testing, serotyping, phage typing, and multilocus enzyme elec-
trophoresis. Strain relatedness also can be established with genotypic methods based
on direct analysis of chromosomal and extrachromosomal DNA [27–29].
A. Genotyping services for outbreak investigation methods are now readily available

through reference and public health laboratories but not routinely in clinical labo-
ratories.

II. Nucleic acid probe assays are based on the combination of labeled, single-stranded
DNA or RNA molecules (probes) with single-stranded target nucleic acid. Several tech-
niques, including filter, liquid, Southern blot, Northern blot, and in situ hybridization,
are in common use. Probes are generally short nucleotide sequences, unique to a given
organism or species that serve as a molecular fingerprint for identification [28].
A. Nucleic acid probes can be used to directly detect a wide variety of mi-

croorganisms in clinical specimens. The sensitivity and specificity of nucleic
acid probe assays and antigen detection assays are generally similar. The most suc-
cessful commercial probe systems are those for the direct detection of N. gonorrhoeae
and C. trachomatis (Gen-Probe) [28] (see Chapter 16) and papillomavirus (Digene).

B. Nucleic acid probe–based tests are also used to identify organisms grown in vitro,
to detect virulence determinants (e.g., toxins), and to localize antibiotic resistance
determinants.
1. Mycobacterium species probes for the rapid identification of mycobacteria are

now widely used to identify acid-fast organisms grown on solid media or in liquid
media. Probes are available for M. tuberculosis, M. avium complex (MAC), M.
kansasii, and M. gordonae. M. tuberculosis frequently can be identified in less
than 2 weeks from the time of specimen collection. Mixed infections (e.g., M.
tuberculosis and MAC) can likewise be identified [28] (see Chapter 11).

2. Probes also have simplified the identification of the dimorphic fungi, Histoplasma
capsulatum, Blastomyces dermatitidis, and Coccidioides immitis.

C. The VERSANT HCV RNA 3.0 assay is a sandwich nucleic acid hybridization assay
for the direct quantitation of RNA in human serum and plasma.

III. Nucleic acid amplification assays. In the mid-1980’s, PCR acid was introduced. The
usefulness of PCR as a tool for detecting microorganisms was immediately obvious, and
because commercialization of PCR was restricted by patent, alternative strategies for
NAA and nucleic acid detection were developed. The FDA-cleared NAA products now
available are described below. In addition, many laboratories offer “home brew” PCR
assays for infectious diseases. Such assays are devised and validated by the laboratory
performing the assay. Significant variation in laboratory performance in proficiency test
panels has been observed in blinded, interlaboratory comparisons. When the results of
NAA testing are used clinically, the limitations of NAA assays, particularly home brew
assays, should always be considered.
A. Using the PCR, more than 1 billion copies of DNA can be made from a single target

segment of DNA or RNA (reverse transcriptase (rt) PCR). The amplified product
can then be detected by any one of a number of methods. The specific advantage of the
PCR is its enormous sensitivity. However, the sensitivity of PCR is also its Achilles
heel. Contamination resulting in false-positive results should always be considered.
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1. The Roche Amplicor PCR is the most widely used NAA technology. FDA-cleared
kits are available to qualitatively detect C. trachomatis, N. gonorrhoeae, M. tuber-
culosis, and HCV in clinical specimens.

2. Amplicor monitor assays are designed to quantify virus in plasma. Amplicor
monitor assays are now widely used to evaluate therapeutic efficacy in patients
infected with HIV and HCV.

3. Several fully automated versions of Amplicor assays, COBAS Amplicor assays,
are available. Their performance is similar to their semiautomated counterparts.

4. Real-time PCR measures the product of the PCR reaction as it is formed. A
number of larger clinical laboratories now use the Light Cycler instrument, a
capillary PCR device, to perform both quantitative and qualitative PCR assays.

B. The Gen-Probe transcription mediated amplification assay (TMA) isother-
mal nucleic amplification process, like PCR, can be used to detect both DNA and
RNA. The current FDA-cleared menu includes direct tests for M. tuberculosis and
C. trachomatis.

C. The second-generation thermophilic strand displacement amplification
(tSDA) assay was designed by Becton Dickinson. Originally limited to the detec-
tion of DNA, the assay has recently been modified and can now be used to detect
both DNA and RNA. The tSDA tests, known as Probe Tec assays, presently cleared
by the FDA include only direct tests for N. gonorrhoeae and C. trachomatis.

D. The LCR is the DNA amplification technology developed by Abbott Laboratories.
Currently it is the only FDA-cleared LCR assay for the direct detection of N. gonor-
rhoeae and C. trachomatis.

E. Nucleic acid sequence-based amplification (NASBA) is used to amplify RNA
targets and mRNA expression targets. NucliSens assays, NASBA-based ampli-
fication assays, formerly marketed by Organon Teknika, are now marketed by
bioMerieux. The NucliSens HIV-1 QT assay was recently cleared by the FDA for
viral load monitoring.

SERODIAGNOSTIC AND IMMUNE STATUS TESTS
When attempts to recover an infectious agent are unsuccessful or impractical, or when cul-
ture techniques or facilities are not available, serologic studies frequently are used to
provide a specific diagnosis. Unfortunately, serologic diagnoses often are retrospective, and
therapeutic decisions must frequently be made before the serology results are available. Ex-
amples of infectious diseases that commonly are diagnosed by serologic methods are syphilis,
rubella, M. pneumoniae, leptospirosis, toxoplasmosis, Lyme disease, and infectious mononu-
cleosis.

I. General principles. Interpretation depends on determination of antibody titers in
blood.
A. Many different assay techniques exist for demonstrating antibody titers in vari-

ous infections. Whether antibody is measured by agglutination, complement fixation,
neutralization, ELISA, or other techniques depends on the nature of the antigen, the
availability of the assay and, most important, the ability of a given serologic tech-
nique to detect antibody. For certain infections such as rubella, the titers obtained
with different antibody tests can be used to help assess the likelihood of recent
infection.

B. Clotted blood specimens are acceptable for most serologic tests. Blood should be
collected in tubes without anticoagulant and can be refrigerated for 2 or 3 days prior
to testing. If longer delays are anticipated, the serum should be frozen at − 20◦C.

II. Clinical applications are for diagnosis of acute infection and immune status deter-
mination.
A. Diagnosis of acute infection usually is accomplished by comparing acute and

convalescent sera pairs. Occasionally, a single acute-phase serum or a single
convalescent-phase serum also can be used to diagnose acute infection.
1. Paired sera. Using acute and convalescent sera, a conversion from seronegative

to seropositive or a fourfold or greater increase in antibody titer is considered
indicative of recent infection. A single blood specimen containing antibody to a
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specific antigen may indicate that the patient has had prior exposure to that
antigen or to a cross-reacting one. In most cases, single titers are difficult to
interpret.
a. Acute-phase serum should be obtained as early in the course of the illness

as possible. In any patient hospitalized with an undiagnosed febrile illness, a
5-mL serum specimen should be frozen for potential use as an acute-phase
serum in future serologic studies. It can be discarded if not needed. Blood
should be collected aseptically and, to avoid lipemia, preferably during
fasting.

b. Convalescent-phase serum should be collected at least 10 days, but prefer-
ably 2 to 4 weeks, after the onset of the illness. For testing to be valid, both
the acute and convalescent sera should be analyzed simultaneously.

2. A single acute-phase serum may be helpful diagnostically in some cases.
Immunoglobulin M (IgM) antibody typically develops early during primary in-
fection, persists for several weeks, and then becomes undetectable. Therefore,
commercial kits are now available for detecting IgM to hepatitis A virus and to
rubella virus.

3. Use of a single convalescent-phase serum. For example, a presumptive diag-
nosis of Legionella is made on the basis of a single elevated indirect fluorescent
antibody titer (1:256 or greater), because high titers persist only transiently after
infection.

B. Immune status testing of an individual may be important in certain situations.
For example, rubella vaccine is recommended for seronegative women of childbearing
age as a means of preventing congenital rubella syndrome. Because of the complexity
and variety of serologic tests now available, communication with the microbiology
laboratory or infectious diseases unit prior to ordering a test is often essential to
ensure that the maximum amount of useful information is obtained from the test.
Chapters on individual infectious diseases should be consulted for specific
serologic testing.

LABORATORY GUIDANCE IN THERAPY
The two general types of laboratory tests used as aids in therapy are in vitro tests that assess
the susceptibility of the infecting organism to various antimicrobial agents and the measure-
ment of antimicrobial concentration or activity in serum or other bodily fluids [18,19,31,32].

Antimicrobial Susceptibility Testing
I. Disk diffusion test (Kirby-Bauer). Worldwide, the most widely used method for

testing the activity of antimicrobials against bacteria is the disk diffusion test (also
called the agar diffusion test). Although dilution tests are believed to be more ex-
act, the Kirby-Bauer disk diffusion test is the initial susceptibility test used in most
laboratories. It has ease of performance, reproducibility, and proven value as a guide
to antimicrobial therapy.
A. Method. Paper disks impregnated with a standardized quantity of antimicrobial

agent are applied to the surface of an agar plate that has been inoculated with a
suspension of the organism to be tested. The antimicrobial agent diffuses through
the agar in a continuously decreasing gradient. After 16 to 20 hours of incubation,
a concentric zone of growth inhibition around the paper disk is measured. In gen-
eral, large zones are associated with susceptibility to the antibiotic, and small or
absent zones with resistance. Standards for interpretation of the zone sizes have
been based on susceptibility or resistance by broth or agar dilution tests. The disc
diffusion test is applicable only to rapidly growing organisms such as the Enter-
obacteriaceae and Staphylococcus and Pseudomonas species. Its reproducibility
depends on strictly standardized methods.

B. Clinical application. Disk diffusion susceptibility testing is indicated for clini-
cally significant isolates that have unpredictable sensitivity patterns, such as the
Enterobacteriaceae and Staphylococcus and Pseudomonas species. Susceptibility
testing also is indicated for any isolate from normally sterile bodily fluids such as
blood and CSF. Disk diffusion testing need not be performed routinely for organisms
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that are uniformly sensitive or resistant to a particular antibiotic; for example,
group A streptococci and N. meningitidis are uniformly sensitive to penicillin G.

C. Interpretation. A three-category system of reporting results often is used.
1. Susceptible (sensitive) implies that an infection due to the tested strain

should respond to an appropriate dose of the antibiotic recommended for that
type of infection.

2. Resistant indicates that the strain is not completely inhibited by antimicrobial
concentrations within the therapeutic range, and it strongly predicts antibiotic
failure.

3. Intermediate indicates that a clinical response may occur if unusually high
concentrations of relatively nontoxic antibiotics can be achieved at the site of
the infection. For most situations, however, a strain classified as interme-
diate should be considered resistant until proven otherwise. If clinical
circumstances favor the use of that particular antimicrobial, dilution suscepti-
bility testing may be performed to determine the actual sensitivity or resistance
of the organism to the drug. Some laboratories will routinely report all in-
termediate zones of inhibition as resistant.

D. Limitations
1. For some organisms, the disk diffusion method is not applicable.

a. Organisms that are fastidious, slow growing, or have special growth require-
ments (e.g., anaerobes) cannot be tested. See section IV.

b. Mycobacterial and fungal susceptibility testing requires specialized tech-
niques that are usually available only in reference laboratories.

c. Normal flora of nonsterile body sites are not routinely tested.
2. Special techniques may be required to detect penicillin-resistant S. pneumoniae,

oxacillin-resistant (or methicillin-resistant) S. aureus, and aminoglycoside re-
sistant or penicillin-resistant enterococci. See Chapter 27 and the E test in
section III.B.

3. Disk diffusion testing may indicate in vitro susceptibility, despite lack of thera-
peutic efficacy in actual practice. Examples are Salmonella typhi susceptibility
to aminoglycosides and enterococcus susceptibility to cephalosporins.

4. Standards for interpreting zones of growth inhibition are based on
achievable serum levels of antimicrobials. Disk diffusion testing, there-
fore, is not always applicable to urinary tract isolates, because the
achievable levels of certain antibiotics in urine are much higher than
in serum [33]. For example, an enterococcal isolate resistant to ampicillin by
disk diffusion testing may nevertheless be successfully treated with ampicillin
if the infection is limited to the urinary tract.

5. Certain antibiotics cannot be accurately tested (e.g., methenamine mandelate
and the polymyxins).

6. Bactericidal activity cannot be tested because the disk diffusion method yields
bacteriostatic data only.

7. Simple matching of antibiotic to infecting organism susceptibility pat-
tern is a superficial approach to therapy. The disk diffusion test is only one
aid to assessing potential response of the infection. Host defense mechanisms;
site of infection; underlying illnesses; route, dose, and penetration of the antibi-
otic into the infected site; and duration of antibiotic therapy must always be
considered (see Chapter 27A).

II. Dilution susceptibility tests are used to determine the minimum inhibitory con-
centration (MIC) and the minimum bactericidal concentration (MBC) of an an-
tibiotic for an infecting organism. The MIC is defined as the lowest concentration
of drug that prevents visible growth of the test organism under a standardized
set of conditions (Fig. 25.1). The MBC of the drug is the lowest concentration
that results in 99.9% killing of the initial inoculum under standardized conditions.
The MIC and MBC are usually expressed in micrograms of antibiotic per milliliter.
This testing can be done by a broth dilution or agar dilution method.
A. Methods

1. Broth dilution tests. Serial, twofold dilutions of an antimicrobial are incorpo-
rated into broth-containing tubes, which are then inoculated with a standard
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FIG. 25.1 Dilution susceptibility testing for minimum inhibitory concentration and minimum
bactericidal concentration determination.

number of organisms, usually 105 to 106 colony-forming units (CFU) per
milliliter. After the culture has been incubated at 35◦C for 16 to 20 hours, the
tubes are inspected for visible growth. Rapid techniques are also available (see
section E.) to determine the MIC. If the tubes with no visible growth are sub-
cultured quantitatively to a drug-free medium, the MBC of the antimicrobial
can be determined, as indicated in Figure 25.1. Microdilution susceptibility
testing employs the same principles but uses wells on a microtiter tray rather
than dilution tubes, permitting automation.

2. The Agar dilution test is similar to the broth technique except that the antibi-
otic dilutions are incorporated into a solid medium and the inoculum, usually
104 CFU/mL, is applied as a spot to a small portion of the agar plate. The MIC
is the lowest antibiotic concentration that prevents visible growth. The MBC
cannot be determined.

B. Clinical application. Several commercially manufactured semiautomated sys-
tems are now available that permit routine MIC determinations for all
clinically significant bacterial isolates. If not routinely performed, dilu-
tion susceptibility testing (MIC and MBC determinations) should be con-
sidered in the following situations.
1. Disk diffusion has yielded intermediate susceptibility to an antibiotic (e.g., an

aminoglycoside) chosen to treat a serious infection.
2. Complicated or life-threatening infections exist owing to organisms with an

unpredictable susceptibility pattern.
3. Serious infections are caused by organisms susceptible only to relatively toxic

agents.
4. Determination of a bactericidal end point is desirable, as in endocarditis.
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5. Disk diffusion results are unreliable, as with fastidious or slow-growing organ-
isms.

6. An infection has failed to respond to an antibiotic, despite disk susceptibility.
C. Interpretations. The MIC of an organism may be useful in selecting an antibiotic

that will be active against that organism at the site of the infection. Generally, if
an antibiotic tissue level exceeds its MIC for the responsible organism, the infec-
tion should respond. A blood level that exceeds the MIC twofold to eightfold is a
commonly accepted guideline. See time-dependent and concentration-dependent
bactericidal activity in Chapter 27.

D. Limitations
1. Dilution tests for MIC and MBC often are more expensive and technically de-

manding.
2. Lack of interlaboratory standardization makes interpretation difficult.
3. The practitioner may experience difficulty in interpreting the MIC and MBC

results. Assessment of susceptibility or resistance depends on a knowledge of
the antibiotic levels achievable at the site of infection. For example, an MIC of
piperacillin of 16 µg/mL to Pseudomonas aeruginosa may appear to be a high
value, but a 3-g intravenous dose of piperacillin results in peak serum levels
greater than 100 µg/mL. Conversely, an MIC of penicillin G of 0.5 µg/mL to viri-
dans streptococci may appear to indicate susceptibility, but clinical experience
has documented that endocarditis due to viridans streptococci with this MIC
often fails penicillin therapy.

E. Rapid versus conventional MIC methods. In the past several years, a variety
of instrument-assisted identification and susceptibility test methods have been de-
veloped that permit generation of test results in a period of 6 to 9 hours, as opposed
to the 15- to 24-hour time frame required with traditional overnight methods [33a].
These newer “rapid” methods generally have been shown to provide test results
nearly as accurate as those derived from traditional overnight tests, but the newer
tests are more expensive [33a]. The clinical impact of this newer technology and
whether it truly facilitates faster and more cost-effective patient care is undergoing
clinical study. One study suggests the rapid tests have a positive impact on patient
care [33a].

III. Antimicrobial concentration gradient methods combine features of disk diffu-
sion and dilution susceptibility testing.
A. The spiral gradient endpoint method uses an agar plate containing a continu-

ous gradient of antibiotic concentration from the center of the plate to the edge; the
test organism is applied to the plate in a radial streak, and the MIC is determined
by measuring the distance of growth from the edge of the plate.

B. The E test (AB Biodisk, Solna, Sweden) is based on the diffusion of a continuous
concentration gradient of an antimicrobial from a plastic strip into an agar medium.
In 1988 this technique was created to overcome several of the disadvantages of the
disk diffusion and dilution techniques and also to retain the principle of the agar
dilution method by producing an accurate, reproducible, quantitative MIC result
[33b] (Fig. 25.2).
1. Procedure[33b]

a. An inert thin plastic carrier strip with a predefined continuous concentration
gradient of stabilized antibiotic on one side and a continuous MIC interpre-
tive scale corresponding to a range of 15 log2 dilutions on the other side is
used.

b. After an agar plate is inoculated with a broth suspension of the test organism,
four to six E strips can be placed on the plate, which is incubated.

2. MIC result. After incubation, an ellipse of inhibition is formed around the strip,
and the MIC is read at the point where the ellipse intersects the strip edge (see
Fig. 25.2). Studies evaluating E test performance compared with routine sus-
ceptibility testing methods have demonstrated excellent agreement [33b].

3. Potential uses. The role the E test will play in microbiology laboratories
awaits further clinical study. However, it appears to be useful especially for in
vitro susceptibility testing of organisms for which there is not a “routine” or
“standardized” approach or for fastidious organisms. Examples include
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FIG. 25.2 E tests with a β-lactamase–producing Haemophilus influenzae strain performed
with HTM agar. Antibiotic abbreviations on the E-test strips and minimum inhibitory con-
centration interpretations (indexed to base 1) are as follows: AM, ampicillin, 8 µg/mL; DC,
doxycycline, 4 µg/mL; XM, cefuroxime, 1 µg/mL; CF, cefaclor, 2 µg/mL; CT, cefotaxime,
0.015 µg/mL. (Reprinted from Jorgensen JH, et al. Quantitative antimicrobial susceptibility
testing of Haemophilus influenzae and Streptococcus pneumoniae by using the E test. J Clin
Microbiol 1991;29:109, with permission.)

S. pneumoniae [33c], H. influenzae, Neisseria species, anaerobes (see section
IV.B), enterococci, methicillin-resistant S. aureus, and testing for the presence
and susceptibility of extended-spectrum β-lactamase–producing organisms.

4. Its major drawback may be its relatively higher cost when compared with cur-
rently available susceptibility tests. However, in certain clinical situations (e.g.,
in the isolation of S. pneumoniae from a normally sterile bodily fluid),
this appears to be an easy and useful technique to determine whether
the clinical isolate is susceptible, intermediately susceptible, or resis-
tant to penicillin (see Chapter 27C).

IV. Susceptibility testing of anaerobic bacteria is not routinely available in most
hospitals. In recent years, however, anaerobic susceptibility patterns are known to
be less predictable than once was believed [34]. For example, 10% or more of B. fragilis
infections may be resistant to clindamycin in many institutions [35,36]. Hospitals may
elect to monitor susceptibility patterns periodically to guide antibiotic use [18,36a].
A. Susceptibility testing of specific anaerobic isolates can assist in the man-

agement of patients with selected infections [34,37], as follows:
1. Serious anaerobic infections such as brain abscess, empyema, bone and
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joint infections, or endocarditis, especially when the anaerobe is isolated in pure
culture

2. Anaerobic infections that persist or recur despite presumed appropriate
empiric antibiotic therapy directed at anaerobes

B. Methods of anaerobic susceptibility testing [18,19,31,34]
1. Agar dilution susceptibility tests are performed in reference laboratories but

are time consuming and impractical for most clinical microbiology laboratories.
2. Broth microdilution tests are manageable for clinical laboratories. Microdi-

lution trays are commercially available.
3. Antimicrobial density gradient methods (e.g., the E test) are applicable to

anaerobes and are simple to perform (see section II.B). Although expensive,
these simpler tests may play an increasing role in the hospital laboratory. The
E test compared favorably with the reference agar dilution method in a recent
study [37a].

4. Determination of β-lactamase production. Laboratories unable to perform
susceptibility tests may assay gram-negative anaerobes for β-lactamase activity,
which indicates resistance to penicillins and cephalosporins. A commercial disk
test is available. However, a negative result must be interpreted with caution,
because resistance to β-lactam antibiotics also may be mediated by mechanisms
other than β-lactamase production.

V. Susceptibility testing of antibiotic combinations in vitro attempts to identify
antibiotic combinations that are superior to single agents (see Chapter 27A, under
Principles of Antibiotic Use). A combination of antibiotics is considered to be syner-
gistic when the effect of the combination is greater than the sum of the independent
effects of each agent and antagonistic when the combined effect of the two antibiotics
is less than the effect of each single antibiotic [31,38].

Such testing has been advocated for certain situations such as P. aeruginosa sepsis
in the immunocompromised patient [39,40]; but the techniques used to assess an-
tibiotic synergy lack interlaboratory standardization and are cumbersome and often
expensive.

VI. Beta-lactamase test
A. Principle and technique. Resistance of H. influenzae and N. gonorrhoeae to

the penicillin class of antibiotics may be due to plasmid-mediated β-lactamase
enzymes. The development of rapid assays for β-lactamase permits an assessment
of sensitivity before standard susceptibility testing results are available. Rapid
acidometric, iodometric, and chromogenic cephalosporin methods are used to detect
β-lactamase. Bacteria can be tested after overnight growth, and results usually are
available within 30 minutes [19].

B. Clinical application
1. H. influenzae infections will not respond to ampicillin if the strain produces

β-lactamase. Rapid testing for β-lactamase should be performed, and ampicillin
should not be used if the test result is positive but can if the test result is
negative. However, certain rare strains are negative by β-lactamase testing but
are resistant to ampicillin by disk diffusion testing. Therefore, ideally, a negative
β-lactamase test result (implying ampicillin sensitivity) should be confirmed by
disk diffusion testing.

2. N. gonorrhoeae strains. Because of the high prevalence of β-lactamase–
positive N. gonorrhoeae in the United States, treatment with a regimen (e.g., cef-
triaxone) active against resistant strains of gonorrhea is required [41]. Note: Ab-
sence of β-lactamase does not guarantee susceptibility of N. gonorrhoeae to peni-
cillin, because some strains may possess chromosomally mediated resistance to
penicillin, which is independent of β-lactamase production (see Chapter 15).

VII. Susceptibility testing of M. tuberculosis is essential to the selection of appropri-
ate antibiotic therapy, especially in the setting of increased prevalence of multidrug-
resistant tuberculosis. Testing is performed on solid media or a radiometric method in
liquid media (BACTEC system). In the proportion method (2–3 weeks after isolation),
susceptibility is defined as growth on drug-containing medium that is less than 1% of
growth on control medium. The radiometric BACTEC system measures and compares
growth, by release of carbon 14, in a drug-containing vial compared with growth of the
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same organism in a control vial. Results may be available within 1 week after isolation
of the organism. Isoniazid, rifampin, ethambutol, and streptomycin are tested in hospi-
tal laboratories; reference laboratories perform testing for pyrazinamide, cycloserine,
ethionamide, and fluoroquinolones. Susceptibility testing of mycobacteria other than
M. tuberculosis is less commonly performed, and correlations between in vitro drug
susceptibility of these species and in vivo response to therapy are not well established
[42,42a]. See Chapter 11, section IV. A.

VIII. Fungal and viral susceptibility testing is not routinely performed in clinical lab-
oratories. Testing methods and interpretive criteria are not well standardized, and
these tests are considered experimental. Infectious disease consultation is advised.

Monitoring Antimicrobial Therapy
Two types of in vitro tests are used to monitor antimicrobial therapy: measurement of blood or
bodily fluid inhibition of the responsible organism, and assay of antibiotic concentrations.

I. The serum bactericidal test determines the “killing power” of patient serum
against the infecting organism. The result is expressed as the highest dilution of serum
that kills and is shown schematically in Figure 25.3. The serum inhibitory or bac-
teriostatic activity is the highest dilution of serum that demonstrates a visible in-
hibitory effect. The serum lethal or bactericidal activity is similarly expressed as
the highest dilution that produces a lethal effect, usually defined as a 99.9% or greater
reduction of viable organisms in the initial inoculum. Bodily fluids such as CSF, urine,
and synovial fluid also can be tested.
A. Standards

1. Variables that influence interlaboratory standardization in the perfor-
mance of these tests make it difficult to compare results between studies
[43,43a].

2. Timing of sample. Several investigators favor collection of the serum sample at
peak, whereas others prefer trough levels. This remains controversial [43].

B. Clinical application. The test is the most reliable in vitro correlate of actual
in vivo conditions because it accounts for other components of the antibacterial

FIG. 25.3 Dilution susceptibility testing for serum inhibitory and serum lethal activity.
Serum minimum inhibitory concentration = 1:16; serum bactericidal concentration = 1:8.
(Adapted from Sommers HM. Drug susceptibility testing in vitro—monitoring of antimicro-
bial therapy. In: Youmans GP, Paterson PY, Sommers HM, eds. The biologic and clinical
basis of infectious diseases, 2nd ed. Philadelphia: WB Saunders, 1980, with permission.)
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activity of serum in addition to the antibiotic (i.e., serum complement, opsonins,
lysozymes). However, clinical applicability of the serum bactericidal titer remains
to be proven rigorously [18,43,44]. Infectious disease consultation is advised.
A determination of serum bactericidal activity may prove useful in guiding
therapy, particularly in the following situations:
1. Endocarditis. However, the results are not necessarily predictive of survival or

clinical cure, and the peak and trough bactericidal titers that best correlate with
outcome are not yet clear [43,43a,45]. Although a peak titer of at least 1:8 is most
frequently recommended, one study concluded that a peak titer of 1:64 or more
and a trough titer of 1:32 or more were most predictive of cure; the test was a
poor predictor of failure [46].
a. The organism is not highly sensitive to the antibiotics being used, and a syner-

gistic combination of antibiotics might be more effective; less well established
treatment regimens are used when the patient fails to improve on standard
therapy; the serum bactericidal titer is high and drug toxicity is a significant
risk; or the drug dose might be reduced without compromising antibacterial
effect.

b. In acute and chronic osteomyelitis, serum bactericidal titers that exceed cer-
tain levels have been correlated with cure [47]. When changing to oral ther-
apy of acute osteomyelitis in children, antibiotic doses are adjusted to achieve
a bactericidal level of 1:8 or more [43a]. The usefulness in adults, remains
uncertain.

c. In the immunocompromised host, maintaining an appropriate antibiotic
level is correlated with successful outcome in bacteremia and soft-tissue infec-
tions [48].

d. For patients with acute pulmonary exacerbations of cystic fibrosis, peak
serum bactericidal titers of 1:128 or greater against the patients’ pulmonary
pathogens have been correlated with favorable bacteriologic responses to
therapy [49].

II. Antimicrobial levels may be obtained to assess the adequacy of the chosen dose and
route of administration and to avoid toxicity [19].
A. Methods

1. Correct timing of samples is necessary for accurate interpretation of the
significance of antibiotic levels. Samples are collected without anticoag-
ulant.
a. Peak blood levels usually are obtained 1 hour after an intramuscular dose,

30 minutes after an intravenous infusion is over, or 1 to 2 hours after an
oral dose. In renal failure, peak levels may be delayed 2 to 4 hours after an
intramuscular or 1 hour after an intravenous dose.

b. Trough blood levels are obtained immediately before the next dose is due.
c. Rapid processing is critical (e.g., gentamicin is inactivated by penicillins).
d. The requisition should include the drug to be tested, other antibiotics, and

timing of sample.
2. Techniques for assay of antibiotic levels. Bioassays (agar diffusion and broth

dilution) have been largely supplanted by a variety of more accurate and repro-
ducible methods (e.g., immunoassays and high-pressure liquid chromatography).
a. Bioassays use parallel dilution of both antibiotic standards and the patient’s

bodily fluid. This method cannot differentiate between the effects of two or
more antibiotics in a bodily fluid. Therefore, it is essential to submit in-
formation about combination antimicrobial therapy so that the labo-
ratory might be able to circumvent the problem by technical manipulations
(e.g., add β-lactamase to inhibit penicillins, use multidrug-resistant indicator
organisms, or remove antibiotics with cation-exchange resins). Most bioas-
say systems are not as precise as other types of assays, but the precision
is adequate for clinical use.

b. Immunologic assays are presently the most widely used. and have gained
widespread acceptance because they are rapid, accurate, specific, and easier
to perform than bioassays. Aminoglycoside and vancomycin levels now are
routinely available in many laboratories using the immunoassay method.
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c. High-pressure liquid chromatography is a method for separating com-
pounds; quantitation is subsequently achieved by analysis of the separated
compounds. Liquid chromatographic procedures have been developed to mea-
sure almost all antibiotics in clinical specimens but are used most widely for
chloramphenicol because no suitable immunoassay has been developed for
this drug. Immunoassays generally are favored because they are simpler to
perform.

B. Clinical application. Antibiotic levels may be considered in the following situa-
tions:
1. Pneumonia and bacteremia due to gram-negative organisms may respond more

favorably to treatment when therapeutic plasma levels of aminoglycosides are
achieved [50,51]. A high peak concentration of aminoglycoside relative to the MIC
for the infecting organism has been correlated with improved clinical response
to therapy [52]. For further discussion of the role of aminoglycoside levels, see
Chapter 27I.

2. An antibiotic could have toxic side effects, particularly in the presence of altered
hepatic or renal function (e.g., aminoglycosides; see Chapter 27I).

3. An infection due to a sensitive organism may not respond to antibiotic
treatment and all other therapeutic approaches have been optimized.

C. Interpretation. It is anticipated that an infection will respond if a level of antibi-
otic greater than the MIC of the infecting organism can be achieved at the site of
infection. However, factors other than an absolute serum level may be important
(e.g., magnitude of level in comparison to MIC, duration of level above the MIC, and
effect of serum protein binding). Other therapeutic modalities must always be opti-
mized (e.g., draining abscesses, removing foreign bodies, and bolstering host defense
mechanisms). See time-dependent and concentration dependent bactericidal
activity in Chapter 27A).
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26. INFECTIOUS DISEASE ASPECTS OF EMPLOYEE
(OCCUPATIONAL) HEALTH: A BRIEF OVERVIEW

Keith A. Rosenbach, Sally H. Houston, John T. Sinnott,
and JoAnn Palumbo Shea

EMPLOYEE HEALTH AND SAFETY
Health-care workers (HCWs) are an important link in the control of infection. Many states
already regulate minimal health and immunization requirements for employment in health-
care facilities. A comprehensive employee health program should be developed using guide-
lines and regulations from the Centers for Disease Control and Prevention (CDC), Occu-
pational Safety and Health Administration (OSHA), National Institute for Occupational
Safety and Health, and state health departments. This discussion does not attempt to define
such a comprehensive program, which has been addressed in other reports [1–5]. Rather,
the intent of this discussion is to alert the student, house officer, practicing physician,
and other health-care providers about those employee health issues that overlap
with infection control issues; that is, how to protect the HCW from acquiring or
spreading infections in the hospital, clinic, or office setting.

I. Employee health program
A. Major objectives of an employee health program should include the following:

1. To screen periodically to identify occupational health risks, implement preventive
measures [1], and comply with respiratory agency minimal standards;

2. To provide management of occupationally related illness and communicable dis-
ease or blood-borne pathogen exposure among HCWs;

3. To monitor and investigate exposures and disease outbreaks among personnel;
4. To emphasize preventive health practices and health maintenance habits and

promote individual responsibility for infection control.
B. Baseline and periodic health assessment. At the time of employment, it is useful

to establish a baseline health and immunization history. If documentation of immu-
nization is not possible, serologic testing for rubella, rubeola, varicella-zoster
virus, and hepatitis B virus (HBV) is warranted [6]. A comprehensive medical
history and physical examination is not necessary for infection-control purposes but
may be required by state regulations, and it also serves as an important resource for
determining preexisting medical problems. Many facilities have adopted “position-
specific” screening that targets risks associated with specific tasks. Each worker’s
health status should be reassessed annually and immunizations updated [1].

C. Tuberculosis control. OSHA regulations include the following. A baseline inter-
mediate purified protein derivative (PPD) tuberculin skin test is required for all new
employees whose tuberculosis status is unknown or whose reaction is negative by
history. Two-step testing eliminates potential false-positive PPD conversions as a re-
sult of the booster effect [7,8] (see Chapter 11 under Tuberculosis). A current chest
roentgenogram to rule out active disease is recommended for individuals exhibit-
ing a positive reaction to PPD, with assessment for active pulmonary disease and
consideration of isoniazid prophylaxis (see Chapter 11). The need for repeat PPD
testing should be dictated by exposure or the prevalence of tuberculosis in the hospi-
tal population or geographic area. State regulations may also affect this interval [1].
HCWs at increased risk for exposure to tuberculosis should be PPD tested every 3 to
6 months depending on hospital risk assessment data. Potential high-risk employ-
ees include emergency department personnel, respiratory therapists, microbiology
laboratory workers, pathologists, specialists in pulmonary medicine, and nurses in
some settings [8–10]. For further discussion, see Chapter 11 and related references
[8,9].

D. Immunization program. Immunization of hospital staff helps reduce the risk of
transmissible diseases [l,6,11,12] (see also Chapter 23).
1. Rubella. All HCWs, regardless of age or gender, should be immune to

rubella. This is a vital strategy for preventing congenital rubella syndrome,
and some states have made it mandatory. Many hospitals require immunity as a
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condition of employment. New employees without documentation of immuniza-
tion after his or her first birthday should be screened for rubella antibody
and offered immunization if seronegative [11] (see Chapter 23).

2. Hepatitis B immunization. OSHA requires that all employees whose job activ-
ities place them at risk for blood exposure are offered the hepatitis B vaccine at
the employer’s expense. Although prescreening is not required unless specifically
requested by the employee, it may be helpful and cost effective if risk factors for
hepatitis B are present [13]. For the details of hepatitis B vaccination, see Chap-
ters 14 and 23. Postvaccination testing for antibody to HBV surface antigen should
be performed to document antibody response. This will assist in determining
the need for further immunization or appropriate postexposure prophylaxis [14].
OSHA mandates that employers document vaccination history (including em-
ployee refusal of vaccine) and provide training in both the prevention of exposure
to blood-borne pathogens and the correct use of personal protective equipment.

3. Influenza. Influenza can spread quickly through a health-care facility, particu-
larly one with a residential environment. Therefore, aggressive efforts should be
made to immunize staff, particularly those with direct patient contact, in Novem-
ber of each year [12] (see Chapter 10). Nosocomial transmission of influenza has
been demonstrated and may have dramatic effects on patient outcome [6].

4. Rubeola. Measles may present a significant risk to both HCWs and their pa-
tients. Persons born before 1956 are, in general, considered immune to measles.
Among HCWs born after 1956, up to 14% are susceptible to measles [15,16]. The
Infectious Diseases Society of America recommends that hospitals require from
all HCWs evidence of measles infection or receipt of two doses of live virus vac-
cine [17]. If this documentation is lacking, serologic testing should be done and
live measles virus vaccine should be administered at employment and repeated
1 month later for all HCWs who are not immune. Live virus vaccines are con-
traindicated during pregnancy [17,18] (see Chapter 23).

5. Tetanus-diphtheria. It is important to update tetanus-diphtheria immuniza-
tion at the time of employment (if need be) and every 10 years thereafter. See
detailed discussion in Chapters 4 and 23.

6. Mumps. Susceptible adult HCWs, especially males, are candidates for vaccina-
tion [1] (see Chapter 23).

7. Varicella. Knowledge of the varicella-antibody status of employees who provide
direct patient care has become more important as the immunosuppressed patient
population increases. Consequently, most hospitals, particularly those with large
pediatric or immunocompromised populations, have initiated varicella screen-
ing of all employees. Documentation of serology will prevent unnecessary work
restrictions and disruption of patient services if exposure occurs [l,6].

The live-attenuated varicella vaccine is discussed in detail in Chapter 23. Pre-
cise guidelines for the use of this vaccine in HCWs have not yet been published.
Susceptible HCWs who have direct patient contact would appear to be poten-
tial candidates for this vaccine; this must be individualized until guidelines are
available.

8. Other immunizations. Booster doses of poliomyelitis immunization are gener-
ally not indicated. Administration of oral poliovirus vaccine to an HCW is con-
traindicated because of the risk of transmitting the live virus. Some hospitals
provide vaccine against pneumococcal pneumonia. Consideration should be given
to offering hepatitis A vaccine to food handlers, hospital child-care workers, and
selected research personnel (see Chapter 14).

E. Screening for carriage of bacterial, viral, or parasitic pathogens. Unless an
HCW is or has been epidemiologically implicated in disease transmission or has
symptoms of infection, routine screening for pathogens (e.g., HBV, human immuno-
deficiency virus [HIV], Salmonella species, vancomycin-resistant enterococci,
group A Streptococcus, Staphylococcus aureus, including methicillin-resistant S. au-
reus) is not indicated (see section II). However, some state or local regulations may
require screening of food handlers for enteric pathogens.

F. Work restrictions for acute, chronic, or recurrent infections. In certain sit-
uations, HCWs will need to be placed on work restrictions, complete or partial,
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depending on the infection and risk of transmission [1]. Table 26.1 summarizes these
recommendations.

G. Prophylaxis after exposure to various illnesses has been reviewed elsewhere
in this volume:
1. Hepatitis A (see Chapters 14 and 23).
2. Hepatitis B (see Chapters 14 and 23).
3. Hepatitis C. Results have been equivocal in studies attempting to assess the

value of prophylaxis with immunoglobulins against parenterally transmitted non-
A, non-B hepatitis. For persons with percutaneous exposure to blood from a pa-
tient with parenterally transmitted non-A, non-B hepatitis, it may be reasonable
to administer immunoglobulin (0.06 mL/kg) as soon as possible after exposure
[1]. A study indicated that treatment with interferon during the acute phase pre-
vents the development of chronic HCV infection [19]. See related discussions in
section II.A.2 and Chapter 14.

4. Meningococcal disease (see Chapter 6).
5. Rabies. HCWs who have been bitten by a human with rabies or who have

scratches, abrasions, open wounds, or mucous membranes contaminated with
saliva or other potentially infective material from a human or animal with rabies
should receive a full course of antirabies treatment [1] (see Chapter 4).

II. Occupational issues related to blood-borne disease transmission
A. Risk of transmission to HCWs

1. HBV. In the United States there are an estimated 1 to 1.25 million chronic car-
riers of HBV (hepatitis B surface antigen positive). These persons represent a
continuous risk to uninfected persons. In the United States, between 200,000 and
300,000 new cases are reported annually. In part because of such figures, the CDC
now recommends that all children in the United States receive hepatitis B vac-
cine [14] (see Chapters 14 and 23). Still, approximately 300 HCWs die annually
of HBV or its complications [20]. Individuals in occupations that involve the per-
formance of invasive procedures or frequent contact with blood are at increased
risk of exposure. Surveys of personnel in high-risk occupations have shown high
rates of seropositivity: between 5% and 30% or more for hospital-based physi-
cians and laboratory personnel [11,12]. The risk for HBV infection after a single
percutaneous exposure to blood contaminated with hepatitis B e antigen (HBeAg
positive) is estimated to be 27% to 43%, with a 6% to 24% risk for subsequent de-
velopment of clinical hepatitis [21]. These data underscore the importance
of hepatitis B immunization as a preventive measure (see Chapter 23).

2. Hepatitis C virus (HCV). Third-generation immunoassays have improved the
positive predictive value of the antibody test for HCV. However, the rate of HCV
transmission and risk factors for transmission remain to be determined. OSHA
guidelines regarding prevention of exposure to blood-borne pathogens were in-
tended to prevent transmission of HCV and other yet to be identified blood-borne
pathogens. Contraction of HCV infection has been documented to occur via needle-
stick transmission [21]. The risk of transmission appears to be less than 4%,
compared with up to 67% for HBeAg-positive serum [22]. Approximately 50% of
those infected with HCV will go on to develop chronic liver disease with increased
risk for cirrhosis and hepatocellular carcinoma [23] (see related discussions in
Chapter 14).

3. HIV. HCWs are at low risk for acquiring HIV from their patients. However, stud-
ies and individual case reports have documented several cases of occupational
transmission [24]. Currently, the risk from a single percutaneous exposure to HIV-
infected blood is estimated to be approximately 0.3% (see Chapter 18). Projections
of individual lifetime risk have been proposed based on the seroprevalence of HIV
in the geographic area and the frequency with which an individual sustains acci-
dental injuries that represent a risk for blood-borne disease transmission [25]. As
of June 2000, the CDC had reported approximately 56 cases of documented occu-
pationally acquired HIV and an additional 138 possible occupationally acquired
transmissions among HCWs [29]. Circumstances resulting in occupational HIV
transmission have involved blood or bloody fluids only, and transmission
has occurred primarily through hollow-bore needlestick injury [20]. Prolonged
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contact with HIV-positive blood on nonintact skin or mucous membranes also
may have transmitted the virus [24]. Several instances of HIV transmission in
laboratory settings have been documented [26]. This topic has been extensively
reviewed elsewhere [27].

B. Screening employees for HBV, HCV, or HIV. Routine preemployment or periodic
screening of employees for HBV, HCV, or HIV has been discouraged [28]. Such
testing should be linked to the provision of employee health services (i.e., screening
after hepatitis B vaccine administration or as part of postexposure management).
Screening should not be used, and is in fact prohibited in some states, to
exclude or modify employment in health-care settings.

C. Postexposure management. Employees who have sustained percutaneous or mu-
cous membrane or nonintact skin exposures to blood or body fluids (i.e., serous fluids)
that may contain a blood-borne virus should be evaluated, counseled, and offered ap-
propriate medical follow-up. When possible, individuals who are the source of
such exposures should be screened for HBV, HCV, and HIV. Requirements
for obtaining informed consent of the source patient vary from state to
state. In the past, recommendations for testing source patients for HCV were con-
troversial [29]. Currently, most authorities would agree that testing of high-risk pa-
tients is reasonable. Testing for HIV in exposed employees should be accompanied
by appropriate pretest and posttest counseling; informed consent must be obtained
[26].
1. Chapters 14 and 23 provide guidelines for HBV postexposure prophylaxis,

which takes into consideration the HBV status of both the source individual and
the employee. The CDC recommendations (June 2001) for HBV postexposure pro-
phylaxis include hepatitis B immune globulin and/or the HBV vaccination series,
after the evaluation of the HBV surface antigen status of the source, as well as
the vaccination history and titers in response to the vaccine of the exposed person
[30]. Once again, it is important to emphasize the need to vaccinate all unex-
posed HCWs for HBV because of the high risk of transmission from a needlestick
injury.

2. Gerberding and Henderson [31] recommend that an HCW exposed to HCV un-
dergo testing for HCV antibody and liver function tests at the time of expo-
sure. Follow-up testing should be repeated at 3 and 6 months, or sooner if
the HCW becomes symptomatic [31]. Administration of serum immunoglobulin
(ISG 0.06 mL/kg) to the HCW as soon as possible after parenteral exposure to
a confirmed case of HCV has been suggested, but failures have been reported
[29].
a. The CDC recommendations, June 2001, for HCV postexposure prophylaxis do

not include intravenous immune globulin or antiviral agents [30]. Postexpo-
sure management involves determining the HCV status of the source and the
exposed person. If the source is HCV antibody positive, then follow-up HCV
testing is performed on the exposed HCW. Interestingly, one case has been
reported in which an HCW did not seroconvert to HCV antibody positive af-
ter a needlestick injury involving a known HCV-infected source patient [32].
The HCW was documented by polymerase chain reaction (PCR) to have an
acute HCV infection assay and has remained antibody negative at 1 year after
exposure. Thus, clinical suspicion may be necessary in some cases, and liver
function tests may also need to be followed.

b. For HCWs diagnosed in the acute phase of a HCV infection, treatment with in-
terferon may be beneficial [19]. In one study, 44 subjects were diagnosed in the
acute phase by documented seroconversion to HCV antibody positive, known
or suspected exposure to HCV within the preceding 4 months, or marked ele-
vation of serum alanine aminotransferase more than 350 U/L. All 44 subjects
were HCV PCR positive and had elevated alanine aminotransferase levels. The
study included subjects with different HCV genotypes. The patients resolved
the HCV infection after 24 weeks of interferon alpha-2b monotherapy, prevent-
ing progression to chronic active disease. The regimen was 5 million units in-
terferon alpha-2b subcutaneously injected daily for 4 weeks, followed by three
times weekly for 20 weeks. At the end of 24 weeks, 42 of 43 (98%) subjects
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had undetectable HCV RNA by the PCR-based assay. During the follow-up
assays at 36 and 48 weeks, the serum from the 42 subjects remained free of
detectable HCV RNA by the PCR-based assay. The level of detection is less
than 600 copies/mL.

c. The important point is to treat early, before the more difficult to treat chronic
infection is established. The success rate of 98% for treating HCV in the acute
phase is quite remarkable, especially when compared with the success rate
in chronic HCV infections treated with the most effective regimen to date.
Chronic HCV infections treated for 48 weeks with pegylated-interferon plus
ribavirin eliminated the virus in only 55% of cases [33,34].

3. HCWs who have been exposed to an HIV-positive source should be offered the
following:
a. Baseline HIV antibody testing to determine the employee’s serostatus at the

time of exposure and periodically thereafter (e.g., 4 weeks, 3 and 6 months) to
rule out seroconversion.

b. Pretest and posttest counseling is required in most states to manage postex-
posure anxiety and to provide risk-reduction education to prevent third-party
transmission during the period when seroconversion may occur.

c. Any HCW exposed to a potential HIV-positive source should be offered pos-
texposure prophylaxis with antiretroviral agents to reduce the risk of trans-
mission, including the initial period of evaluating the HIV status of the po-
tential source. The CDC recommends a basic regimen prescribed for 4 weeks:
a two-drug regimen of nucleoside reverse transcriptase inhibitors for low-risk
exposures and an expanded three-drug regimen, including two nucleoside re-
verse transcriptase inhibitors plus a protease inhibitor or nonnucleoside re-
verse transcriptase inhibitor for the higher risk exposures [30] (Tables 26.2
and 26.3). When the source patient is HIV positive and the virus is known
to be resistant, based on genotype or phenotype results, or suspected to be
resistant, the HCW should be given an expanded postexposure prophylaxis
regimen of antiretroviral agents effective against these HIV subtypes.

Emphasis must be placed on decreasing the risk of exposure to blood-borne
pathogens via proper barrier techniques and appropriate handling of sharps,
as well as the implementation of needle safety devices [28]. For a more detailed
discussion of this topic, see the report of Beekman and Henderson [27].

D. Management of HCWs infected with HIV, HBV, or HCV. This topic has been
reviewed by a number of authors [21,35–37] and is also the subject of a thoughtful
editorial by Gerberding [28].
1. HIV-infected workers. Every industry, including health care, has HIV-positive

workers at all levels. A topic of some concern is whether infected HCWs pose a
risk for HIV transmission to patients. Although a potential may exist in settings
where invasive procedures are performed, as of March 1996 there was only one
highly publicized reported case of suspected transmission [28,38–40]. Screening of
more than 19,000 patients of HIV-infected HCWs has failed to reveal another case
of HIV transmission from an infected HCW to patient [41]. Currently, the CDC
recommends that individual institutions establish a task force with a mandate to
define exposure-prone procedures and to evaluate the competency of HIV-infected
and HBeAg-positive HCWs who perform such procedures [21,42,43]. According to
a CDC analysis, the risk of death from HIV or HBV infection acquired during an
invasive procedure performed by an infected surgeon is similar to that of acquiring
HIV infection from a transfused unit of screened blood [28].

2. HBV-infected workers. Hepatitis B has uncommonly been transmitted from an
HCW to a patient, despite the fact that the CDC estimates that approximately
1,900 U.S. surgeons are chronically infected with HBV [37]. An unusual outbreak
of HBV was described recently in patients operated on by a surgeon who was
positive for HBeAg [37]. Furthermore, HBV is known to have been transmitted
during invasive procedures from 34 infected HCWs to at least 350 patients in the
United States and elsewhere since the early 1970s [28].

It is suggested that HCWs who perform invasive procedures know their HBV
status. However, if a worker is HBeAg positive or epidemiologically linked to
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patient transmission, work practices should be reviewed, and if modifications
cannot be reasonably accommodated, work restrictions should be imposed [11,21].

3. HCV-infected workers. Transmission of HCV occurs principally by the par-
enteral route (see related discussions in Chapter 14). A recent report identifies
two patients who appeared to have contracted HCV from a cardiac surgeon in-
fected with HCV [36]. Therefore, specific guidelines to reduce risk of transmission
from infected HCWs to patients remain unclear. Proper handwashing, use of ap-
proved barriers, and appropriate surgical technique with regard to prevention of
exposure to sharps should be emphasized [23].

III. Education and training of all HCWs is a vital component of the infection control and
employee health program. All employees should receive initial job orientation and in-
service education about disease transmission, their role and responsibility for disease
prevention, the infection control aspects of employee health, and the use of employee
health services [1]. Employees also should receive specific training on the use of bar-
rier precautions and preventive practices as they relate to implementation of universal
precautions. Such training has been mandated by OSHA.

IV. OSHA regulations. On December 6, 1991, OSHA published its standard, “Occupa-
tional Exposure to Bloodborne Pathogens” (Federal Register 29 CFR Part 1910.1030).
By issuing this standard, OSHA indicated that HCWs face a significant health risk
as a result of occupational exposure to blood-borne pathogens such as HBV and
HIV.
A. Purpose of the standard. The purpose of this standard is to minimize or elimi-

nate occupational risk to blood-borne diseases by the provision of engineering and
work practice controls, personal protective equipment, training, vaccination, and
postexposure evaluation and follow-up. This standard applies to employees in all
health-care facilities, including hospitals, clinics, dentists’ and physicians’ offices,
blood banks and plasma centers, long-term care homes, hospices, clinical laborato-
ries, funeral homes, and institutions for the developmentally disabled.

B. Components of the program
1. Exposure control plan. This is a written plan that identifies employees with

risk of occupational exposure. It contains a schedule and method for implementa-
tion of standard requirements and postexposure evaluation procedures. The plan
should be reviewed and updated annually and should be made available to all
employees at risk.

2. Methods of compliance. The standard requires employers to implement meth-
ods and training to comply with provisions for worker protection to minimize or
eliminate exposures. Areas addressed include the following:
a. Administration of policies and procedures;
b. Engineering and work practice controls;
c. Accessible personal protective equipment (PPE) to be used when indicated.

3. Hepatitis B vaccination. This standard requires that the hepatitis B vaccine is
made available at no cost to all employees at risk of occupational exposure, within
10 days of initial job assignment, and after training on blood-borne pathogen
exposure is completed. Employees declining vaccination must sign a declination
form and may request vaccination at a later date.

4. Postexposure evaluation and follow-up. The employer must make a post-
exposure evaluation available immediately after the exposure incident. Require-
ments for HIV and HBV testing of the source individual and exposed employee,
provision of postexposure prophylaxis, and counseling are included.

5. Training program. The OSHA standard requires that all employees at risk for
occupational exposure attend a training program at the time of initial employ-
ment and annually thereafter. The components of the training program include
an explanation of the epidemiology and transmission of blood-borne diseases, an
explanation of methods to eliminate or minimize exposures (e.g., handwashing,
use of personal protective equipment), and postexposure follow-up, in addition to
labeling and record-keeping requirements.

6. Record keeping. Records of postexposure evaluations and hepatitis B vaccina-
tion must be kept for the length of employment plus 30 years.
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27. ANTIBIOTIC USE

Richard E. Reese and Robert F. Betts

A. Principles of Antibiotic Use

I. Introduction
A. Background. The benefit to society of antibiotics is one of the most important ad-

vances in medicine of the twentieth century [1]. Empiric antibiotics for specific acute
infectious processes improve clinical symptoms more quickly, and the eventual out-
come is improved compared with delayed or inappropriate therapy. This has been
especially true in the leukopenic patient with gram-negative bacteremia (see Chap-
ters 2 and 20) but is also true in many other infections. As a consequence, clinicians
initiate antibiotics for any clinical problem that might be a bacterial infection even
when symptoms are mild and often even when symptoms are probably caused by a
virus. This “standard” approach has led to a striking overuse of antibiotics,
which in turn has led to the evolution of bacteria (e.g., Streptococcus pneu-
moniae or Staphylococcus aureus) resistant to antibiotics that previously
were effective. This approach has placed antibiotics in jeopardy of no longer being
effective for infections that used to be easily controlled.

B. A different approach. Clinicians need to consider new and different approaches
to patients with symptoms suggestive of an infectious illness. This approach must
provide effective management for those who are most ill and at the same time not use
antibiotics when they are not indicated. Two components of this approach are
especially important.
1. First, of those who are seriously ill, the spectrum of the antibiotic regimen

needs to include coverage of potentially resistant pathogens. For example,
in severe community-acquired pneumonia or bacterial meningitis, agents active
against penicillin-resistant S. pneumoniae are needed (see Chapters 6 and 11). As
a corollary to this, in community-acquired pneumonia it is useful to differentiate
seriously ill patients from mildly ill patients (see Chapter 11).

2. Second, antibiotic use must be minimized for situations where the patient
will not benefit from an antibiotic. A prime example is upper respiratory tract
infections (see Chapter 8).

3. If we can do this successfully, we will benefit our patients and prolong the useful
life of the new classes of antibiotics we have been forced to use. If we are unsuc-
cessful, the pharmaceutical industry may not have sufficient time to provide new
safe and effective agents with which to treat our patients.

II. Ten important questions to ask before selecting an antibiotic. The following 10
questions, summarized in Table 27A.1, help to provide a logical stepwise approach for
antibiotic selection.
A. Question 1. Is an antibiotic indicated today, or even at all, on the basis of clinical

findings?
1. In the seriously ill, empiric antibiotics are indicated after obtaining cultures. Ex-

amples are meningitis, acute endocarditis, or the neutropenic patient who suddenly
develops a high fever.

2. Although patients may be less ill than those mentioned above, pneumonia
and cellulitis are diseases for which antibiotics are indicated.

3. The most common situation of antibiotic overuse is in uncomplicated upper
respiratory tract infection [2] or influenza, yet antibiotics are commonly prescribed
in over 50% of these situations (see Chapter 8).

4. For the individual who has had symptoms for 1 week or longer and these
symptoms are not rapidly accelerating, antibiotics should not be started until
sufficient information and all possible cultures have been obtained to help guide
future management. For the person with chronic symptoms, antibiotics do not
have to be started immediately and, in fact, usually are not. Evaluate the
situation and make sure all cultures have been obtained.

969
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Table 27A.1. Important Questions to Answer Routinely Before Selecting an Antibiotic

1. Is an antibiotic indicated?
2. Have appropriate specimens been obtained, examined, and cultured?
3. What organisms are most likely?
4. If several antibiotics are available, which is best? (This question involves such

factors as drugs of choice, pharmacokinetics, toxicology, cost, narrowness of spectrum,
and bactericidal compared with bacteriostatic agents.)

5. Is an antibiotic combination appropriate?
6. What are the important host factors?
7. What is the best route of administration?
8. What is the appropriate dose?
9. Will initial therapy require modification after culture data are returned?

10. What is the optimal duration of treatment, and is development of resistance during
prolonged therapy likely to occur?

B. Question 2. Before antibiotics are initiated, have appropriate clinical spec-
imens been obtained, examined, and cultured?
1. Gram stains are one of the most useful tools available. Has wound drainage,

sterile body fluids, sputum, or abscess fluid been sent to the laboratory for Gram
stain (see Chapter 25). Often this helps identify whether the pathogens are gram-
positive cocci or gram-negative bacilli. Further, it requires 105 organisms in the
specimen to be able to see them, and if there are many, there are 106 to 107 organ-
isms present, the number that it requires to cause disease. Multiple morphotypes
suggest anaerobic infection and, in the abdomen, perforation of a viscous.

2. Site of infection cultures (urine, sputum, wound drainage) must be obtained be-
fore starting antibiotics. Of course, blood cultures are almost always indicated.
If the illness is low grade, three cultures can be spaced over 1 to 2 hours or even
over 24 hours if subacute bacterial endocarditis is suspected. If it is an accelerating
illness, three can be spaced over 20 to 30 minutes.

C. Question 3. What organisms are likely? Using clinical information and the al-
ways valuable Gram stain, an empiric regimen with good activity against the most
likely pathogen(s) can be initiated. This is most important when the patient is only
mildly or moderately ill and an organism may not be recovered from cultures. For
example, if a patient presents with pneumonia and the Gram stain of the sputum
shows many pleomorphic gram-negative coccobacillary organisms, therapy is aimed
at Haemophilus influenza and not S. pneumoniae. Azithromycin does not need to be
added to ceftriaxone.
1. The organ system involved (i.e., genitourinary, pulmonary, skin, or biliary) will

strongly influence the decision about whether coverage will be directed against
gram-positive, gram-negative, or anaerobic organisms. Acute cellulitis is usually
due to gram-positive organisms and urinary tract infection (UTI), to gram-negative
organisms. However, an elderly male with a UTI and gram-positive cocci on Gram
stain must be treated for either enterococcus or Staphylococcus.

2. Age may provide clues. For example, in pneumonia, certain pathogens are common
in different age groups (see Chapter 11). In the elderly, infections may present
atypically with inadequate histories, blunted signs on examination, and lack of
fever; yet morbidity rates are higher in the elderly with infections. Pneumonia
is more apt to be associated with bacteremia and slow resolution. UTI is commonly
associated with bacteremia. Intraabdominal infection is more commonly associated
with perforation, bacteremia, or abscess formation than in younger patients. There-
fore, in the elderly, early empiric antibiotics, broad-spectrum antibiotics,
careful dosing, and assessment of drug-drug interactions are especially
important [3–5].

3. Hospital-acquired infections are likely to be due to gram-negative bacilli resis-
tant to many antibiotics, S. aureus resistant to methicillin (MRSA), or, in certain
situations, enterococci resistant to vancomycin (see Chapters 20 and 27P). Severe
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nosocomial infections may be due to Pseudomonas species, often necessitating ini-
tial use of an aminoglycoside.

4. Severity of illness dictates not only whether antibiotic therapy should be initiated
but also, at times, whether multiple agents or very broad-spectrum agents should
be used (see related discussion under section I.B.1).

5. Prior culture data often provide helpful clues. Do not forget to look at what was
isolated last admission or in a posttreatment urine culture.

D. Question 4. Which antibiotic among many should be chosen?
1. Is there a drug of choice [6] (Table 27A.2)? If so, can this agent be used?
2. Are there antibiotic allergies? The penicillin-allergic patient must be presumed

to be allergic to all the penicillin derivatives unless appropriate skin tests can be
done to test specifically for cross-reactivity. It is important to consider both trade
and generic names of antibiotics when evaluating a patient’s allergic history
(see the discussion of penicillin allergies in Chapter 24).

3. Will the antibiotic penetrate the infected area? This is especially important in
meningitis, osteomyelitis, and prostatitis.

4. What are the potential side effects? Some agents may be contraindicated in
certain settings. Examples include the following:
a. Tetracycline use is limited to those over age 8 years who are not pregnant

because of dental defects it produces.
b. Fluoroquinolones may affect cartilage formation and therefore are not cur-

rently recommended for use in prepubertal children and pregnant women (see
Chapter 27G).

5. Bactericidal agents. In minor infections of the healthy host, bacteriostatic agents
are sufficient. However, in severe life-threatening infections (particularly bac-
teremia in leukopenic patients or patients with endocarditis or meningitis), bacteri-
cidal agents, which depend less on host factors, are necessary. Bactericidal agents
include the penicillins, cephalosporins, aztreonam, imipenem, metronidazole for
Bacteroides, aminoglycosides, vancomycin, and fluoroquinolones.

6. Cost of antibiotics
a. The cost of the antibiotic itself is the easiest component to sort out (Appendix

Table 1). Generic preparations should be ordered whenever possible [7], for
example, generic oral trimethoprim-sulfamethoxazole (TMP-SMX). It is essen-
tial for the clinician to recognize that the cost per day of the antibiotic
itself is only one component of the cost of antibiotic administration in
hospitalized patients. Other factors are discussed later.

b. Frequency of administration per day. The more frequently the antibiotic is
given (every 4 hours vs. every 8 hours vs. every 24 hours), the more expensive
it is to administer in terms of personnel time and materials used. Agents with
longer half-lives may be more cost effective because they are given less often. In
one study, the estimated average nonantibiotic cost associated with the mixing
and administration of a single intravenous (i.v.) antibiotic dose was $3.35 [8].

c. Number of antibiotics. Multiple antibiotics usually are more expensive than
monotherapy. However, sometimes two antibiotics are less expensive than one
(e.g., cefazolin plus metronidazole costs less than ampicillin-sulbactam for in-
traabdominal infection) (see Chapter 13).

d. Intravenous versus oral therapy. The lower cost of equivalent oral agents
coupled with ease of administration makes oral therapy very cost effective.

e. Monitoring of serum levels. The potential for toxicity with certain agents
(e.g., aminoglycosides) is real, and the toxicity, if it occurs, may prolong the
patient’s hospitalization, increase the level of care of the patient (e.g., dialysis),
or may be associated with increased morbidity and even mortality. Monitoring
of levels is expensive. This factor should always be considered.

f. Narrow versus broad spectrum of activity. For empiric therapy in the se-
riously ill, antibiotics with a broad spectrum of activity are used initially. Once
susceptibility data are known, it is preferable to use an agent with as narrow a
spectrum as possible.

E. Question 5. Is an antibiotic combination indicated? In a few situations, this is
appropriate.
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1. Synergism. When one antibiotic greatly enhances the activity of another, with
more than an additive effect, this interaction is called synergy (see Chapter 25).
Examples include the following:
a. One antibiotic enhances the penetration of another. It is believed that

enterococci are impermeable to aminoglycosides. The synergistic interaction be-
tween penicillin (or ampicillin) and aminoglycosides against enterococci
is due to penicillin altering the cell wall, allowing the aminoglycoside to pene-
trate the bacteria and thereby act effectively at the ribosomal level.

b. An extended-spectrum penicillin (e.g., piperacillin) and an amino-
glycoside are often synergistic against Pseudomonas aeruginosa and
Enterobacteriaceae.

c. Serial inhibition of microbial growth. Fixed combinations of TMP (80 mg)
and SMX (400 g) block successive steps in the synthesis of folic acid (see Chapter
27L).

2. In the febrile, bacteremic, leukopenic patient, use of a synergistic combina-
tion is associated with improved outcome over a single agent [7].

3. In infections in which multiple organisms are likely or proven (e.g., intraab-
dominal or pelvic abscess), more than one antibiotic may be required for adequate
treatment.

4. Limiting or preventing the emergence of resistance. This principle applies
primarily to the treatment of tuberculosis. More than one agent is used in an
attempt to prevent the replication of preexisting resistant mycobacteria. Whether
or not two agents minimize the occurrence of resistance with gram-negative bacilli
is unclear [9], but available data suggest they do not.

5. β-Lactam–β-lactamase combinations (e.g., ampicillin-sulbactam, Unasyn) are
used so that the β-lactamase inhibitor protects the β-lactam antibiotic (see Chapter
27E).

6. In the unique drug combination imipenem-cilastatin, the enzyme inhibitor
(cilastatin) prevents metabolic breakdown of imipenem by the kidney (see Chapter
27H).

7. Disadvantages of multiple antibiotics
a. An increased risk of drug allergies or toxicity is present when more agents

are used.
b. An increased risk of colonization with a resistant bacterial organism

may occur. If superinfection develops, such resistant organisms are more diffi-
cult to treat.

c. Antagonism occurs when the combined effect of two drugs is less than the effect
of either drug alone; one of the drugs appears to interfere with the action of the
second. How often this occurs clinically is unknown [9]. A combination of tetra-
cycline and penicillin for treatment of meningitis resulted in a higher mortality
than when penicillin was used alone, presumably due to the inhibition of growth
by tetracycline, which interferes with the bactericidal action of penicillin.

d. Higher costs. Combination antibiotics often are more expensive than single
agents.

e. False sense of security. Although appealing at times, the use of multiple
agents to treat all possible organisms often is not possible, practical, or necessary
and may be associated with an increase in side effects.

F. Question 6. Are there important host factors? There may be special characteris-
tics of the host that must be considered in choosing an antibiotic for use in individual
patients.
1. Special risks

a. A febrile person with an artificial heart valve should never receive antibiotics
without first obtaining blood cultures.

b. A person with lymphoma or a collagen vascular disease should be approached
entirely differently from a person with the same type of infection who lacks
these risk factors. Pneumonia in a lymphoma patient may be cryptococcal and
not pneumococcal.

2. Renal function. Renal failure may affect not only the choice of antibiotic but
also its dosages [10] (see discussions of individual agents). Consequently, renal
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Table 27A.3. Major Pathways of Antibiotic Excretion

Antibiotics Primarily Excreted Antibiotics Primarily Excreted
by the Livera by the Kidneys

Cefoperazone Aminoglycosides
Chloramphenicol Aztreonam
Clindamycin Cephalosporins (other than cefoperazone)
Doxycycline Imipenem
Erythromycin Fluoroquinolonesb

Metronidazole Penicillin and penicillin derivatives
Nafcillin Trimethoprim
Rifampin Tetracycline
Sulfamethoxazole Vancomycin

a In renal failure, dosages usually do not need modifications. See individual chapter discussions.
bThe fluoroquinolones are excreted by the kidneys to a variable degree depending on the specific agent
(see Chapter 27G).

function should be monitored in patients treated with antibiotics that
are potentially nephrotoxic and primarily excreted by the kidney. These are
summarized in Table 27A.3. Serum antibiotic levels, especially when amino-
glycosides are used, should be monitored, as should serum creatinine, every 2 to
4 days.
a. Dosages of antibiotics renally excreted are modified based on the cre-

atinine clearance.
b. The serum creatinine may not accurately reflect the patient’s renal

function, especially in the elderly, who may have decreased creatinine pro-
duction. The creatinine clearance is a better measure of renal function. By
modifying the equation of Cockcroft and Gault [11], it is possible to estimate
the patient’s creatinine clearance from the patient’s age, gender, body weight
(in kilograms), and serum creatinine as follows:
(1) Male estimated creatinine clearance =

(a) Female estimated creatinine clearance = 85% of male value
(b) Some prefer to use ideal body weight, which can be calculated as

Male = 50 kg + 2.3 kg per each inch over 5 feet (in height)
Female = 45.5 kg + 2.3 kg per each inch over 5 feet

(c) In the obese patient, we use ideal body weight to estimate the crea-
tinine clearance.

(2) In patients with severe hepatic insufficiency, this formula may over-
estimate the creatinine clearance (see section F.3.d).

3. Liver function. Our understanding of modifying dosages in hepatic insufficiency
is not as sophisticated as it is for renal insufficiency [12]. However, four issues
deserve special emphasis in patients with hepatic insufficiency.
a. Aminoglycoside use in patients with cirrhosis may be associated with

an increased risk of nephrotoxicity, as reviewed in Chapter 27I.
b. β-Lactam antibiotic use in one study was associated with an increased

risk of leukopenia when standard doses of β-lactam antibiotics were used
in patients with underlying liver disease [13]. The probable mechanism is im-
paired hepatic metabolism of the β-lactam antibiotics, resulting in bone marrow
suppression of white cell precursors from excessive antibiotic concentrations. In
our experience, nafcillin at standard doses is more likely to cause nephrotoxic-
ity in subjects with cirrhosis. A reduction in dosage of β-lactam antibiotic when
used in patients with significant hepatic dysfunction was proposed [13].

c. Drugs primarily metabolized by the liver (e.g., chloramphenicol, clin-
damycin) need to have dose adjustments. Other drugs to be used with cau-
tion or serum levels obtained include fluconazole, itraconazole, nitrofurantoin,
and pyrazinamide [9] (Table 27A.3).
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d. When selecting a dose for a drug cleared by renal mechanisms, creatinine clear-
ance should be estimated ( just as in the elderly) even when the serum creatinine
is normal [14]. In patients with underlying liver disease, a low creatinine may
overestimate the creatinine clearance (two- to threefold) as measured by the
inulin clearance. This may be accounted for by underproduction of creatinine
resulting from diminished muscle mass or by a decreased rate of hepatic produc-
tion of creatine, the substrate for the production of creatinine in muscles [14].
In practice, for those with an estimated creatinine clearance and se-
vere hepatic disease, we assume their estimated creatinine clearance
may be approximately 50% of the calculated estimate using the above
formula.

4. In neutropenic patients, bactericidal agents are preferred whenever possible.
5. Genetic factors. Patients with glucose-6-phosphate dehydrogenase deficiency

may develop hemolysis from sulfonamides, nitrofurantoin, or chloramphenicol [9].
6. Pregnancy and lactation. Certain drugs may pose special problems (e.g., the

tetracyclines, which may cause hepatotoxicity in the mother and dentition problems
in the infant). Because of the physiologic changes that occur in the mother during
pregnancy, serum antibiotic levels are lower during gestation. Therefore in critical
infections, serum levels of antibiotics may need to be monitored and compensatory
dosage adjustments may be necessary [15].
a. Placental transfer of antibiotics. Whenever possible, pregnant women

should avoid all drugs because of the risk of fetal toxicity. This topic has been
reviewed elsewhere [15,16] and is summarized as follows:
(1) Antibiotics considered safe in pregnancy include the penicillins (with

the possible exception of ticarcillin) [9], the cephalosporins, erythromycin
base, and probably aztreonam.

(2) Antibiotics to be used with caution include the aminoglycosides, van-
comycin, clindamycin, imipenem/cilastatin, TMP, and nitrofurantoin.

(3) Antibiotics contraindicated in pregnancy include chlorampheni-
col, erythromycin estolate, tetracycline, fluoroquinolones, and TMP-SMX
(Bactrim, Septra). Although controversial, we would try to avoid using
metronidazole because of its carcinogenic potential (see Chapter 27Q). Sul-
fonamides should be avoided in the last trimester of pregnancy. Some ex-
perts suggest avoiding ticarcillin, because it has been shown to be terato-
genic in rodents [9] (see Chapter 27E).

b. Antibiotics in breast milk. Data regarding adverse effects in nursing
neonates from maternal antibiotics are limited. If possible, nursing mothers
should avoid all drugs (see section a.(1) to (3) above).

c. The U.S. Food and Drug Administration’s use-in-pregnancy drug-rating
system is shown in Table 27A.4. These pregnancy categories are based on the
degree to which available information has ruled out risk to the fetus balanced
against the drug’s potential benefits to the patient. This topic has been reviewed
[15].

7. Prosthetic device infections may be difficult to eradicate (see Chapters 5 and 12).
G. Question 7. What is the best route of administration?

1. Intravenous antibiotics are preferred in serious infections. They provide
high peaks with hopefully greater potential for diffusion into tissue rendered is-
chemic by the acute process. Many antibiotics have unpredictable oral absorption,
but even in those that are very well absorbed (e.g., linezolid is 104% bioavailable),
the very high peaks are not achieved (see individual chapter discussions).

2. Continuous versus intermittent bolus i.v. infusion. Whether intravenously
administered antibiotics should be given by continuous infusion or by intermit-
tent bolus remains controversial [9] and is undergoing evaluation and is reviewed
elsewhere [17–19].
a. Continuous infusions may result in less vein irritation and phlebitis. Re-

sults from animal model studies suggested that concentrations of penicillins
and cephalosporins in fibrin clots were related to peak serum levels achieved;
therefore intermittent bolus therapy seemed appropriate for endocarditis and
tissue infections [9]. Recent data from animal models suggest that the clinical
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Table 27A.4. U.S. Food and Drug Administration (FDA) Use-in-Pregnancy Ratings

The FDA’s use-in-pregnancy rating system weighs the degree to which available
information has ruled out risk to the fetus against the drug’s potential benefit to the
patient. The ratings, and their interpretation, are as follows:

Category Interpretation

A Controlled studies show no risk. Adequate well-controlled studies in
pregnant women have failed to demonstrate a risk to the fetus in any
trimester of pregnancy.

B No evidence of risk in humans. Adequate well-controlled studies in
pregnant women have not shown increased risk of fetal abnormalities
despite adverse findings in animals, or, in the absence of adequate human
studies, animal studies show no fetal risk. The chance of fetal harm is
remote, but remains a possibility.

C Risk cannot be ruled out. Adequate well-controlled human studies are
lacking, and animal studies have shown a risk to the fetus or are lacking as
well. There is a chance of fetal harm if the drug is administered during
pregnancy, but the potential benefits may outweigh the potential risk.

D Positive evidence of risk. Studies in humans, or investigational or
post-marketing data, have demonstrated fetal risk. Nevertheless, potential
benefits from the use of the drug may outweigh the potential risk. For
example, the drug may be acceptable if needed in a life-threatening
situation or serious disease for which safer drugs cannot be used or are
ineffective.

X Contraindicated in pregnancy. Studies in animals or humans, or
investigational or post-marketing reports, have demonstrated positive
evidence of fetal abnormalities or risk which clearly outweighs any posible
benefit to the patient.

Physicians’ desk reference 56th ed. Montvale, NJ: Medical Economics, 2002:343, with permission.

effectiveness of β-lactam antibiotics is optimal when the concentration at the
site of infection exceeds the minimum inhibitory concentration of the infecting
organism for a prolonged time (50% of the 24-hour period) [9]. This is called time-
dependent bactericidal activity. Drug levels just above those required to inhibit
the organism are as effective as levels many fold above the inhibitory concentra-
tion. β-lactam antibiotics and vancomycin function by time-dependent killing
[19]. Intermittent infusion remains the method used with β-lactam antibiotics.

b. Intermittent infusions may be preferred for antibiotics that exhibit
concentration-dependent bactericidal activity. With these antibiotics the
rate and extent of bactericidal action increase with increasing concentrations
above the minimum bactericidal concentration (MBC) up to a point of maximum
effect, usually 5 to 10 times the MBC [19]. The aminoglycosides and fluo-
roquinolones demonstrate concentration dependent killing [9,19]; the higher
the drug level, the greater the rate of bacterial clearance, which slows as
the drug level falls [19]. Large infrequently administered doses of concentration-
dependent agents that achieve maximal concentrations at peak at the site of in-
fection should produce optimal bactericidal effect. This is in large part the basis
for once-daily regimens of aminoglycoside dosing, which is discussed in de-
tail in Chapter 27I. However, clinical studies to prove this are still not available
[9,19].

3. Oral therapy is effective for mild to moderately severe outpatient infections and
for completion of therapy of focal infections initially treated with i.v. antibiotics.
In special circumstances, oral therapy is used for relatively severe infections such
as TMP-SMX in Pneumocystis carinii pneumonia and clindamycin in osteomyelitis
(see individual sections).
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4. Home i.v. antibiotics are used in selected settings for stable infections requir-
ing prolonged or repeated courses of i.v. antibiotics (e.g., subacute endocarditis,
prosthetic joint infections, recurrent pulmonary infection in patients with cystic
fibrosis, or bronchiectasis). This topic is reviewed in detail elsewhere [20]. This
is a cost-effective approach to therapy that many patients obviously prefer over
hospitalization.

H. Question 8. What is the appropriate dose? To reduce the frequency of side effects,
the potential of superinfection, and the cost of therapy, the lowest dose of an antibiotic
that will be effective is used.
1. Dosage in neonates (see Chapter 3).
2. Dosage in children and adults (see discussions under individual agents).

I. Question 9. What guides modification after culture data are available? Once
the results of cultures and antibiotic susceptibility data are available, the antibiotic
regimen should be modified when possible. Some general guidelines follow:
1. Conversion from a broad-spectrum to a narrow-spectrum agent should be carried

out if susceptibility data show a decreased risk of colonization and possible super-
infection with resistant organisms and/or selection of resistant flora.

2. S. aureus susceptible to nafcillin. If vancomycin was initiated, and recovered S.
aureus organisms are susceptible to nafcillin, this narrow-spectrum agent should
be used both because it is more effective and its spectrum is more focused.

3. Gram-negative infections. For the individual presumptively placed on an amino-
glycoside, if the identified pathogen is susceptible to a narrow-spectrum agent (e.g.,
ampicillin or a cephalosporin), barring allergy, a change should be made [6].

4. No growth or normal flora only in initial cultures. Other diagnostic possibil-
ities should be considered. For example, if the patient with pneumonia receiving
ceftriaxone is doing poorly, other infectious agents (mycoplasma, Mycobacterium
tuberculosis, Legionella species) or even noninfectious possibilities (e.g., pulmonary
infarct, pulmonary vasculitis) must be considered.

5. Evaluation of clinical response and culture results. It is important for the
clinician to assess the clinical response of the patient before making changes based
on culture results. For example, colonization with new organisms is expected with
antibiotic use. New colonization must be differentiated from new infection.
If the patient is improving and an organism resistant to the antibiotic is isolated
on follow-up sputum or wound cultures, it can usually be ignored (see Chapters 11
and 4).

J. Question 10. What is the optimal duration of therapy?
1. Duration. The optimal duration of antibiotic therapy may be well established, such

as a minimum of 6 weeks in osteomyelitis or relatively empiric 10 to 14 days for
peritonitis. Recommended duration of therapy for common problems is shown
in Table 27A.5. However, this must often be individualized. Because resistant
organisms eventually colonize those who are treated for a prolonged period, it is
important for the clinician to treat the patient for an adequate, but not an unnec-
essarily prolonged, period.

2. Development of resistance. The growing problem of antibiotic resistance and its
relationship to antibiotic use is discussed below under Antibiotic Resistance.
a. Broad versus narrow antibiotic therapy. What has become increasingly

clear is that using a broader spectrum agent than necessary (e.g., a third-
generation cephalosporin rather than a first-generation cephalosporin) will re-
sult in colonization of the individual with an organism resistant to the
third- rather than the first-generation cephalosporin. If superinfection
ensues, patients infected with antibiotic-resistant organisms are more likely to
require hospitalization, have a longer hospital stay, and have an increased risk
of death [21].

b. Therefore it is particularly important for the clinician to use the new
broad-spectrum agents carefully to help minimize the development of
bacterial resistance [21]. This usually involves some type of hospital-wide
antibiotic control program and rational use of antibiotics. Cautious conservation
is advocated in the use of new antimicrobial agents (see Antibiotic Resistance,
below).
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Table 27A.5. Duration of Antibiotic Therapy for Common Infections

Diagnosis Duration of Therapy (days)

Meningococcal meningitis 7–10
Pneumococcal meningitis 10–14
Haemophilus influenzae type b meningitis 10–14
Streptococcal group A pharyngitis 10
Otitis media 7–10
Bacterial sinusitis 10–14
Pneumococcal pneumonia ? Optimala
Gram-negative pneumonias (Klebsiella,

Enterobacter, Pseudomonas)
? 21b

Mycoplasma pneumonia 14c

Legionella pneumonia 21c

Endocarditis (nonprosthetic)
Viridans streptococci 28
Staphylococcal 28–42

Peritonitis 10–14
Septic arthritis (nongonococcal) 14–21d

Osteomyelitis (acute) 28–42e

aMost experts agree that therapy should be continued at least 3 days after the temperature returns to
normal. Elderly patients may deserve 7 days of parenteral therapy.
bDifficult to eradicate; patients may require even longer courses.
cTo prevent relapse, a full therapeutic course should be given.
dFour weeks of therapy may be indicated in patients with gram-negative infections, slowly responding
infections (despite adequate drainage), or infections with virulent organisms such as S. aureus.
eIn vertebral osteomyelitis, patients often are treated for 6 weeks.

ANTIBIOTIC RESISTANCE
Increasing bacterial resistance has been emphasized in recent reviews [2,22–28] and in
the lay media. Although an extensive discussion of this topic is beyond the scope of
this chapter, several issues deserve special emphasis. For complete related discussion,
see the Centers for Disease Control and Prevention website (www.cdc.gov).

I. Background. After the introduction of sulfonamides in the middle to late 1930’s and
penicillin in the early 1940’s, pharmaceutical companies introduced a series of antibi-
otics to combat resistant bacteria. These agents included, in the late 1950’s, the semisyn-
thetic penicillins to treat penicillin-resistant S. aureus and, in the 1960’s through the
1980’s, cephalosporins and aminoglycosides for hospital-acquired organisms, especially
gram-negative bacilli. Vancomycin (available in 1958) has been useful in treating in-
creasing problems associated with MRSA. The concept of an untreatable bacterial
disease is foreign to most physicians in the developing world, but if recent
bacterial-resistant trends continue, it may become a reality.

II. Current dilemma. In the past decade, there has been a worrisome rise in resis-
tance, often multidrug, to bacteria, not only in hospital-acquired bacteria but also in
community-acquired bacteria and M. tuberculosis in the United States and worldwide.
A. Nosocomial infections. In the past decade, gram-positive bacteria have emerged

as the most frequent causes of nosocomial infection [23,26].
1. Coagulase-negative staphylococci commonly cause prosthetic device- and

catheter-related infections, and 60% to 90% of strains are methicillin resistant
[23].

2. MRSA accounts for 5% to 40% of S. aureus infections, depending on the size and
type of the hospital. MRSA is occurring in individuals with no hospital contact
[28] (see Chapter 27D).

3. Enterococci are the third most common nosocomial pathogen after S. aureus
and Escherichia coli. In 1993 vancomycin-resistant enterococci were reported in

http://www.cdc.gov
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up to 14% of intensive care unit enterococcal isolates, a 20-fold increase since
1987 [23] (see Chapter 27P).

4. Multidrug-resistant P. aeruginosa and Stenotrophomonas maltophilia have
become common in patients with cystic fibrosis. These organisms, as well as
multidrug-resistant Acinetobacter species, are present in intensive care units
[23].

5. Outbreaks of extended-spectrum β-lactamases Klebsiella species have been re-
ported [24], presumably related to selection pressure from widespread use of
late-generation cephalosporins; they usually are susceptible to imipenem.

B. Community-acquired infections
1. The increasing and ominous problem of S. pneumoniae resistant to peni-

cillin [29] and other antibiotics is discussed in detail in Chapters 6, 8 11, and
27C.

2. In recent years, Neisseria gonorrhoeae (see Chapter 16), Salmonella, and Shigella
species (see Chapter 13) have shown increasing resistance. Ampicillin-resistant
H. influenzae and Branhamella catarrhalis are discussed in Chapters 8 and 11.

3. Multidrug-resistant M. tuberculosis is a serious and increasing problem in
the United States and worldwide. Case fatality rates in patients infected with
these organisms of 40% to 60% occur even when immunity is normal, and 80%
mortality occurs in the immunocompromised [23].

III. Risk factors for emergence of resistant bacteria are partially understood and re-
viewed in detail elsewhere [22–28]. Several points should be emphasized.
A. Antibiotic use selects out resistant bacteria.
B. Often antibiotics are used inappropriately. In the United States, antimicrobial

agents are the second most commonly used class of drugs [30,31] (second to agents
used for cardiovascular disorders). In hospitals, approximately 25% to 40% of patients
receive an antibiotic, accounting for nearly 25% of total drug acquisition, whereas
about 15% of office-based private practice prescriptions are for antibiotics [32]. Sev-
eral studies suggest that approximately 50% of antibiotic use in the United
States is inappropriate (i.e., not indicated, wrong drug, wrong dose or duration).
Kunin [32] reviewed this problem and potential approaches to it in detail. Guidelines
are often available to help hospitals improve their use of antibiotics.

C. New antibiotics are often used excessively. Resistance develops more rapidly
than anticipated because of excess use. In a relatively short time, the agent has lost
its effectiveness. Kunin [22] emphasized “the pattern of discovery, exuberant use,
and predictable obsolescence has been repeated after the introduction of each new
antimicrobial drug.”

D. Long-term use of antibiotics may pose a greater risk for antimicrobial resistance
than short-term use or prophylaxis.

E. Use of antibiotics in animals. Prolonged use either to prevent infection or to stim-
ulate growth selects for resistant bacteria that then colonize humans through food
[33–36]. Supplementing animal feed with antibiotics to enhance growth is estimated
to constitute more than half the total antimicrobial use worldwide [35,36]. Subther-
apeutic concentrations may help select out resistant Campylobacter and Salmonella
species [33,34]. Glycopeptides in animal feed is linked to vancomycin-resistant ente-
rococci in humans [35].

F. Microbial characteristics may facilitate the development of resistance [37].
1. The propensity to exchange genetic material easily and/or the ability

to mutate and adapt to a changing environment are important properties of
bacteria.

2. Reservoirs or “niches” may be important to allow the organisms to proliferate.
Patients who harbor resistant organisms may be reservoirs and spreaders of re-
sistant pathogens.

3. The intrinsic resistance of an organism may help facilitate resistance. Entero-
cocci are intrinsically resistant to cephalosporins, and when cephalosporins are
used excessively, these agents may facilitate increased colonization and eventual
infection with enterococci.

4. The ability of an organism such as Clostridium difficile to survive on inanimate
surfaces may allow it to spread and survive.
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G. Society and environmental aspects [37]
1. Day-care centers allow “sharing” of many bacteria, with secondary spread to

family members and other attendees.
2. Crowding, homelessness, poor nutrition, and inadequate care are con-

ducive to the transmission of infectious diseases and therefore promote multidrug-
resistant organisms such as M. tuberculosis.

3. Poor sanitation and crowding facilitate the spread of bacteria in developing
countries.

4. Behavioral aspects of a society can affect the spread of bacteria, as in the sexual
transmission of gonococci and disease associated with i.v. drug use.

5. Erosion of the public health infrastructure in the United States due to
cost-containing policies has decreased public health activities such as supervised
therapy for tuberculosis and surveillance of important infectious diseases [37]. For
example, national surveillance of drug-resistant M. tuberculosis was discontinued
in 1984 and was only reinstituted in 1993. Surveillance of food-borne disease is
inadequate in most areas of the United States, and many outbreaks go undetected.
Programs have recently been instituted to correct this.

6. Changes in food production, processing, and distribution may compromise
food safety and increase food-borne illnesses.

H. Other contributing factors [37]
1. International travel exposes the traveler to resistant pathogens in both devel-

oping and developed countries and allows the traveler to spread infection from
one country to another.

2. As patients live longer and undergo more immunosuppression, a larger
population is at risk for infection, invasive procedures, and antibiotic therapy.

3. Invasive procedures (including central venous catheters) and foreign bodies
as a consequence of these procedures expose patients to nosocomial infectious
complications.

4. Resistant bacteria are as virulent as susceptible bacteria. Because of the
disproportionately high incidence of multidrug-resistant bacteria in hospitals, the
argument has been made that resistant pathogens are dangerous only to severely
ill patients [23] and overall may be less virulent, especially to “normal hosts.”
This does not appear to be the case. Both methicillin-resistant and methicillin-
susceptible S. aureus can produce toxins, and the frequency and spectrum of
staphylococcal diseases caused by susceptible and resistant strains appear to be
the same [23,28].

IV. Urgency of situation with multidrug-resistant bacteria. In a 1994 Rockefeller
University Workshop on multidrug-resistant bacteria, the participants concluded that
the epidemiologic data in the United States suggest the following:

[We have already] reached the point that health agencies should be able to (and need
to) take steps to avert a potential crisis. In particular, the acquisition of resistance to
vancomycin, either by MRSA or resistant S. pneumoniae, would create highly invasive
clones that could not be controlled by any currently available chemotherapeutic agent.
Indeed, the transfer and expression of vancomycin resistance to staphylococci have
already been demonstrated in the laboratory, and their emergence in clinical strains
may only be a matter of time [23].

Recently, vancomycin (glycopeptide) resistant S. aureus strains have been described
clinically (see Chapter 27P).

V. Proposed solutions to the problem [23–32,38]
A. Awareness of the problem. Special efforts should be made to bring the issue of

antibiotic resistance to the attention of microbiologists, government health author-
ities, physicians [23], and especially lay public in an appropriate manner. Ideally, a
national and multidisciplinary approach is needed. To this end, in 1999 the Pub-
lic Health Action Plan to Combat Antimicrobial Resistance (Action Plan)
was developed by an interagency task force co-chaired by the Centers for Disease
Control and Prevention, the U.S. Food and Drug Administration, and the National
Institutes of Health with input from a variety of agencies, including the Department
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of Agriculture, the Environmental Protection Agency, and the Department of Veter-
ans Affairs. The Action Plan had input from many groups, including health agen-
cies, health-care delivery organizations, universities, professional societies, phar-
maceutical companies, agricultural producers, and consumer groups. The plan fo-
cuses on four areas: surveillance, prevention and control, research, and product
development (e.g., rapid viral diagnostic tests). The Action Plan, first annual
report, and many issues related to antibiotic resistance are available at
www.cdc.gov/drugresistance. Initially domestic issues will be addressed and then
eventually, the international problem of antibiotic resistance.

B. More prudent use of antibiotics in humans and animals is critical in devel-
oping and developed countries [22–24,31,36,39]. These are global issues, not ones
applicable only to the United States.
1. Provider education, antibiotic control programs, shorter courses of antibiotics,

and narrow-spectrum agents when feasible are all appropriate approaches. The
unrealistic demand for and, at times, poor compliance with antibiotic regimens
by patients must also be dealt with. Targeting obvious areas of abuse, such as
antibiotic use in upper respiratory tract infection, is important (see Chapter 8).

2. Appropriate pharmaceutical advertising and promotion is essential
[40,41].

3. Antimicrobial use in animals must be reviewed and improved [33–38]. For a com-
prehensive discussion of this topic, see a special 2002 symposium [36].

C. Improved surveillance. Funding for, and interest in, surveillance systems at the
state and national level declined in the 1970’s and 1980’s in the United States
[8,9,23,42]. This needs to be and is being rectified. In recent years there has been an
improvement in tracking regional and national antibiotic-resistant organisms, but
more needs to be done. Better global surveillance has also been suggested [23].

D. Increase in funding for basic research in mechanisms of resistance, vaccine
development, and development of novel interventions is needed. By the early to mid-
1990’s the funding for research of bacterial disease was reduced substantially by the
National Institutes of Health [23].

E. New antibacterial agents [23,38,39]. With initial success of antibiotics released
in the late 1980’s and early 1990’s, many pharmaceutical companies reduced their
antibacterial research efforts in the early to mid-1990’s. As a result, it is expected
that fewer antibiotics will be released in the immediate future. New research in this
area is needed. It is hoped that development can be expedited, possibly even with a
“fast track” for new antibiotics for multidrug-resistant bacteria.

F. Prevention of transmission with infection control practices, improved san-
itation conditions in developing countries, and improved care of the homeless
and those in crowded conditions also are needed. Rapid diagnostic tests and rapid
treatment with effective antimicrobials also will help reduce transmission.

G. Hospital administrations are encouraged to support and pursue a multidisci-
plinary systems oriented approach to these problems, as emphasized in a 1996 report
[43]. Each hospital should establish its own strategies to optimize the prophylactic,
empiric, and therapeutic use of antimicrobials in the hospital and to detect, report,
and prevent transmission of antimicrobial-resistant microorganisms [43].

VI. Summary. To deal with this increasing problem of multidrug-resistant bacteria and
reverse this trend, we agree with Dr. Levy:

The answer lies in efforts from all of us, physician, patient, microbiologist, manufacturer,
public health and governmental policy officials. No one can sit back and expect someone
else to solve the problem. In the past, we have relied on the pharmaceutical companies
to develop new drugs to deal with resistance and they have largely succeeded. But,
the ability to stay one step ahead of the bacteria has led to a complacency about the
resistance problem. We can no longer maintain this attitude [39].

END OF LIFE ISSUES
Use of antibiotics for patients nearing the end of life is a topic of paramount importance
[44–47]. Because in most patients with fever the physician initiates antibiotics to be certain
that his or her patient does not suffer the consequences of infection, it is a natural step to

http://www.cdc.gov/drugresistance
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do the same for the terminally ill. However, one report from Wales in 1989 indicated that
on the basis of a questionnaire of a hypothetical case of a terminally ill patient, only 16%
of respondents (72/448) indicated they would use antibiotics if the terminally ill patient
became febrile [47]. From observations made in the hospital, this does not seem to be the
practice. Use of antibiotics in the terminally ill is not addressed in the literature. We offer
the following suggestions.

I. For patients designated “comfort care”
A. Because other therapeutic agents are discontinued in comfort care patients, it is ethi-

cally reasonable to discontinue antibiotics unless their continued use is necessary for
specific comfort (see section B below). This approach in a small way could provide not
only the most rational care but also reduce resistance risks for the broader community.

B. In special situations, directed antibiotic use with narrow-spectrum agents
may be indicated for comfort. Although therapy for a symptomatic UTI or cellulitis
or pneumonia with a hacking cough may well be indicated, whether to treat or not
must be individualized.
1. UTI. Usually UTI develops because of an indwelling catheter. If fever develops in

this setting, it usually will resolve in 24 to 48 hours without therapy. If treatment
is given, bacteria will be cleared and fever will disappear only to reappear with the
next infection. Treatment may lead to greater discomfort.

2. Cellulitis with its rapidly advancing border is almost always due to a gram-
positive organism and very often a penicillin susceptible β streptococcus, often
group B. Rarely does a gram-negative organism produce this picture. Occasionally
MRSA contributes, however.

3. Aspiration can usually be managed with good pulmonary toilet. Antibiotics often
lead to Clostridium difficile and great patient discomfort.

II. For patients in whom broad-spectrum antibiotics are being considered, simply
because the infection has developed in the hospital the issue is more complex and raises
ethical issues beyond the scope of this handbook. If the clinician would not consider
surgical procedures, pacemakers, or resuscitation, why use antibiotics “just in case?” We
offer a few considerations.
A. Often resistant organisms are simply colonizers, are not very invasive, and no therapy

is indicated, even with fever.
B. With attention to nursing measures, especially to wounds, to catheters, and to mea-

sures to avoid aspiration, excellent comfort care can be provided with use of antibiotics.
C. In the intubated patient where extubation is not planned, most growth from the endo-

tracheal tube represents colonization and does not require treatment even with fever.
That will disappear, like in the bladder-catheterized patient, without treatment. If
infection develops, it will often progress rapidly to death, for the ultimate good of the
patient.

D. The inserted catheters and tracheostomies make eradication of the colonizing bacteria
very difficult, and often treatment leads to resistance.

E. In these situations we have found that an open discussion with families allows devel-
opment of a plan that will provide the most comfort to the patient, citing the above
factors just discussed.

F. An ethics consultation, if available, can help the care-giving team deal with the
ethical issues raised by the question of whether or not to treat when therapy may
produce more discomfort than it prevents. Although the decision to withhold broad-
spectrum antibiotics can be difficult, especially if the patient is young and competent,
our ethics committee has believed it is ethically defensible (appropriate) when it is
weighed against community needs.
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B. Prophylactic Antibiotics

I. Introduction. Use of prophylactic antibiotics involves a risk-to-benefit assessment.
Two types of situations exist for use of prophylaxis. The first is to prevent postopera-
tive infection. For the second, long-term prophylaxis is used to prevent a specific type of
infection such as β streptococcus in the individual with prior rheumatic fever or pneumo-
coccus in the splenectomized. In the tables to follow, a variety of options is summarized.

II. Short-term use in surgical procedures
A. Incidence of infection. Antimicrobial prophylaxis reduces the incidence of infec-

tion, particularly wound infection, after certain operations. However, this must be
weighed against the risks of toxic and allergic reactions, emergence of resistant bacte-
ria, drug interactions, superinfection, and cost. Studies from the literature conclude
that antimicrobial prophylaxis should be used only for procedures with high infection
rates, such as surgery (a) involving mucosal surfaces, so-called clean-contaminated;
(b) involving implantation of prosthetic material; and (c) where the consequences of
infection are especially serious.

B. Definitions. Clean surgery is any procedure where no mucosal surface is involved in
the incision. Prosthetic material insertion includes any of the many situations in or-
thopedic surgery such as artificial joint or tendon, general surgery where meshes are
used, or cardiac valve replacement. Clean-contaminated involves a mucosal surface
such as oropharynx, bowel, vagina, or gallbladder, including endoscopic retrograde
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cholangiopancreatography [1]. Contaminated surgery includes gun shot abdominal
wounds. See Table 27B.1 for surgical procedures where prophylaxis is believed to be
important [2].

C. Organisms involved. The major pathogen in postoperative clean surgery is
Staphylococcus aureus. Potential resistant organisms such as methicillin-
resistant S. aureus (MRSA) should be considered in clean procedures when MRSA is
prevalent in an institution. With foreign body insertion, coagulase-negative staphy-
lococcal species is more common than S. aureus. Gram-negative bacteria and anaer-
obes cause wound infections after the surgery of colon, gram-negative bacteria and
β streptococcus after gynecologic surgery, and gram-negative bacteria alone after
genitourinary surgery. For head and neck surgery, oral anaerobes and other normal
oral flora predominate.

D. Timing of antibiotic administration. Antibiotics must be given so that good tis-
sue levels are present at the time of the procedure and for the first 3 to 4 hours after
the surgical incision. Reviews suggest that the optimal time to give an antibiotic
is 30 to 60 minutes before the incision is made [2–5]. For cesarean section it
should be delayed until the umbilical cord is clamped. Stone et al. [6] showed that
antibiotics given 24 hours before the procedure are no more effective than when
given just before the procedure. Furthermore, if infection develops in the former,
the organisms involved are more resistant than when it develops from the use of
perioperative antibiotics [6].

E. Duration
1. In most instances, a single dose is sufficient. Some experts suggest continuing

the antibiotics throughout the first 24 hours after surgery. For prosthetic device
insertion, up to 48 hours is used.

2. If the procedure lasts several hours, redosing is suggested. For example, in colonic
surgery cefotetan requires one dose every 6 to 8 hours. Therefore, it has become
preferred over cefoxitin, in a long gastrointestinal procedure, because the latter
must be given every 2 hours to maintain high intraoperative levels.

F. Antibiotic choices (Table 27B.1)
1. Cephalosporins are favored because of their spectrum and safety. Because ce-

fazolin is more active against S. aureus than the newer cephalosporins, is less
expensive, and does not suppress all bacteria, leaving a void for resistant organ-
isms, this agent is preferred for most surgical procedures. Furthermore, cefazolin
has a moderately long serum half-life. In colorectal surgery and appendectomy,
cefotetan is preferred because of additional activity against bowel anaerobes (also
see section E above).

2. Vancomycin is often used for antistaphylococcal activity if the patient is allergic
to cephalosporins or MRSA is a major hospital pathogen and prosthetic devices
are being inserted.

3. For colon surgery, metronidazole and gentamicin can be substituted for cefotetan.
III. Nonsurgical short-term prophylaxis

A. Bacterial endocarditis prophylaxis. Valve risk and procedure risk guide
use. Adequate clinical trials on which to base endocarditis prophylaxis have not
been done. Discussion on whether to reduce the use in this situation is ongoing. The
1997 guidelines published by the American Heart Association assist practitioners in
their decision making [7].
1. At-risk cardiac lesions (Table 27B.2)

a. Previous endocarditis, artificial valve, mitral regurgitation, aortic stenosis, or
insufficiency and small ventricular septal defect are underlying lesions that
require prophylaxis.

b. In mitral valve prolapse without regurgitation, the risk of endocarditis
is as low as that of the heart without valvular lesions so prophylaxis is not
indicated [7,8].

2. Dental and surgical procedures at risk and recommended antibiotics are
shown in Tables 27B.3 to 27B.6. In general, clean procedures do not require pro-
phylaxis. Bacteria released are negligible. For procedures during which even low
quantities (simple teeth cleaning) of bacteria are released, prophylaxis is admin-
istered to those with high risk lesions, but only high quantity release procedures
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Table 27B.1. Recommended Antimicrobial Regimens

Surgical Procedure Recommended Regimen

Biliary tract surgery
High risk

>60 yr
Cefazolin 1–2 g i.v. × 1 dose or gentamicin

1.7 mg/kg i.v. q8h × 1 or 2 dosesa

Obstructive jaundice
Acute cholecystitis
Cholangitis
Common duct stone
Previous biliary surgery
Nonfunctioning gall bladder

Low risk Not recommended
Gastrointestinal surgery

Elective colorectal Oral GI prep; Neomycin 1 g p.o. and
erythromycin base 1 g p.o. given at 1 PM,
2 PM, 11 PM on day prior to surgery with
or without cefoxitin 2 g i.v. q6h × 1 or 2
doses or cefotetan 2 g i.v. × 1 dose or
metronidazole 500 mg i.v. and gentamicin
1.7 mg/kg i.v. q8h × 1 or 2 dosesa (see
text)

Nonelective colorectal Cefoxitin or cefotetan or metronidazole and
gentamicina (at above doses)

Gastroduodenal procedures
High risk: GI bleeding, obstruction,

gastric ulcer or malignancy,
decreased gastric acidity, obesity.

Cefazolin 1–2 g i.v. × 1 dose

Low risk Not recommended
Appendectomy (perforated appendix will

need full therapeutic regimen.)
Cefoxitin 2 g i.v. q6h × 1–3 dose(s) or

cefotetan 2 g i.v. q12h × 1 or 2 doses or
metronidazole 500 mg i.v. q8h and
gentamicin 1.7 mg/kg i.v. q8h × 1–3
dose(s)a

Gynecological surgery
Hysterectomy (abdominal or vaginal) Cefazolin 1 g i.v. × 1 dose or doxycycline

200 IV × 1 dosea or clindamycin 900 mg
i.v. × 1 dosea

Cesarean section
High-risk patients (i.e., premature

membrane rupture, active labor)

Cefazolin 1 g i.v. × 1 dose or metronidazole
500 mg i.v. × 1 dosea (after cord clamping)

Low risk Not recommended
Therapeutic abortion Cefazolin 1 g i.v. × 1 dose

First trimester with previous PID or
midtrimester

Head and neck surgery
Incision through oral or pharyngeal

mucosa
Clindamycin 600 mg i.v. and gentamicin

1.7 mg/kg i.v. × 1 dose or
ampicillin-sulbactam

Uncontaminated Not recommended
Neurosurgery

CSF shunt Not recommended
Craniotomy Cefazolin 1 g i.v. × 1 dose or vancomycinb

(continued)
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Table 27B.1. (Continued)

Surgical Procedure Recommended Regimen

Orthopedics
Closed reduction of a fracture Not recommended
Open reduction of a fracture Cefazolin 1–2 g i.v. × 1 dose
Prosthetic joint replacement Cefazolin 1–2 g i.v. q6h or vancomycin

i.v.; either, up to 24h
Amputation Cefoxitin 2 g i.v. × 1 dose
Laminectomy and spinal fusion

Hardware implantation Cefazolin 1–2 g i.v. × 1 dose
No hardware implantation Not recommended

Urologic surgery
If the urine is sterile Not recommended
If the urine is infected Sterilize urine before surgery
Transrectal prostate biopsy Ciprofloxacin 500 mg po or 400 mg i.v.

up to 48h
Vascular and cardiothoracic surgery

Pulmonary resection Cefazolin 1 i.v. q8h or cefuroxime
750 mg i.v. q8h up to 48h

Prosthetic valve, CABG, pacemaker or
defibrillator implant

Cefazolin 1–2g i.v. q8h or cefuroxime
1.5g i.v. q8h or vancomycin IVb,
doses given for up to 24–48h (see
text)

Cardiac catheterization Not recommended
Peripheral vascular surgery Cefazolin 1–2 g i.v. × 1 dose

aAlternative in cephalosporin-allergic patient. (Gentamicin dose assumes normal renal function. See
Chapter 27I.)
bFor hospitals in which MRSA commonly cause post-op wounds or in patients allergic to cephalosporins.
PID, pelvic inflammatory disease; CABG, coronary artery bypass grafts; CSF, cerebrospinal fluid;
GI, gastrointestinal.
Modified from Reese RE, Betts RF, Gumustop B. Prophylactic antibiotics. Handbook of Antibiotics, 3rd ed.
Philadelphia: Lippincott Williams & Wilkins, 2000; and from Medical Letter. Antimicrobial prophylaxis
in surgery. Med Lett Drugs Ther 2001;43:92, with permission.

are grounds for prophylaxis in low risk valve lesions. Amoxicillin is used for oral
procedures unless penicillin allergy is an issue, and then clindamycin is used. A
wallet card is available from the American Heart Association.

3. Unresolved issues. Although studies concluding that antibiotic prophylaxis is
effective are lacking [7,8], the practice is entrenched in the United States. Failure
to use prophylaxis has led to malpractice claims [9]. Some studies challenged the
value of antibiotic use before dental procedures in low risk patients. Durack [9]
discussed this issue in a recent editorial.

B. Influenza chemoprophylaxis is discussed in detail in Chapter 10.
C. Prophylaxis in those with total joint replacement [10–15]. Evidence to show

benefit from prophylaxis is lacking. Infection with the same oral flora that cause en-
docarditis occurs rarely and then proximal to the original surgery. Some reviews of
the data suggest that antibiotics usually add little except expense. It has been rec-
ommended that most patients with indwelling prosthetic joints generally do not
require antimicrobial prophylaxis when undergoing dental, gastrointestinal, or
genitourinary procedures [3]. However, for surgery in an infected area, includ-
ing periodontal disease and drainage of abscess; procedures with a high inoculum
of bacteria; and procedures lasting more than 45 minutes, prophylaxis may
be advisable [13–15].

D. Bacterial meningitis. With the disappearance of Haemophilus influenza type b
only meningococcal disease requires prophylaxis. Only family members and intimate
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Table 27B.2. Cardiac Conditions Associated with Endocarditis

Endocarditis prophylaxis recommended
High-risk category

Prosthetic cardiac valves, including bioprosthetic and homograft valves
Previous bacterial endocarditis
Complex cyanotic congenital heart disease (e.g., single ventricle states, transposition of

the great arteries, tetralogy of Fallot)
Surgically constructed systemic pulmonary shunts or conduits

Moderate-risk category
Most other congenital cardiac malformations (other than above and below)
Acquired valvular dysfunction (e.g., rheumatic heart disease)
Hypertrophic cardiomyopathy
Mitral valve prolapse with valvar regurgitation and/or thickened leaflets

Endocarditis prophylaxis not recommended
Negligible-risk category (no greater risk than the general population)

Isolated secundum atrial septal defect
Surgical repair of atrial septal defect, ventricular septal defect, or patent ductus

arteriosus (without residua beyond 6 mo)
Previous coronary artery bypass graft surgery
Mitral valve prolapse without valvular regurgitation
Physiologic, functional, or innocent heart murmurs
Previous Kawasaki disease without valvular dysfunction
Previous rheumatic fever without valvular dysfunction
Cardiac pacemakers (intravascular and epicardial) and implanted defibrillators

From Dajani AS, et al. Prevention of bacterial endocarditis: recommendations by the American Heart
Association. JAMA 1997;277:1794, with permission.

contacts, but not health-care workers unless they perform mouth to mouth resusci-
tation, should receive prophylaxis. A single 500-mg dose of ciprofloxacin is effective
[16] (see Chapters 6 and 26).

E. Traveler’s diarrhea. Prophylactic antibiotics are not advised for healthy travelers.
Travelers to risk areas should bring antibiotics to be used if symptoms develop, as
discussed in Chapters 13 and 22.

F. Oral antibiotics in the leukopenic host. Multiple studies indicate that prophy-
laxis given at the outset of chemotherapy does not reduce use of empiric parenteral
antibiotics in neutropenic fever. However, ciprofloxacin reduces the incidence of gram-
negative bacteremia, which seems to be of benefit [17]. The risks are that the fre-
quency of ciprofloxacin resistance increases.

G. Oral fluconazole in neutropenic subjects. Daily fluconazole reduces the inci-
dence of disseminated candidiasis but not the use of empiric parenteral antifungals.
Although some studies show benefit, results in others are less convincing [18]. There
is a hint that gram-negative bacteremia is increased in fluconazole recipients and
observations of increased incidence of fluconazole resistant candidal infection [19].

H. Endoscopic retrograde cholangiopancreatography. Although antibiotics have
often been given for this procedure, data now support their use in this setting [1].

IV. Prophylaxis of medical conditions: long-term use to prevent a specific prob-
lem
A. Recurrent urinary tract infections are discussed in Chapter 15.
B. Rheumatic fever. Prevention is discussed in detail elsewhere [20]. Either daily

oral penicillin or monthly benzathine penicillin is effective. Most at risk maintain
penicillin until age 35. Those who have contact with young children, such as school
teachers, continue for that duration.

C. Prevention of serious infections after splenectomy [21–23]. Overwhelming in-
fection due to encapsulated organisms such as Streptococcus pneumoniae and, rarely,
H. influenzae or Neisseria meningitidis occur after splenectomy. How to prevent these
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Table 27B.3. Dental Procedures and Endocarditis Prophylaxis

Endocarditis prophylaxis recommendeda

Dental extractions
Periodontal procedures including surgery, scaling and root planing, probing, and recall

maintenance
Dental implant placement and reimplantation of avulsed teeth
Endodontic (root canal) instrumentation or surgery only beyond the apex
Subgingival placement of antibiotic fibers or strips
Initial placement of orthodontic bands but not brackets
Intraligamentary local anesthetic injections
Prophylactic cleaning of teeth or implants where bleeding is anticipated

Endocarditis prophylaxis not recommended
Restorative dentistryb (operative and prosthodontic) with or without retraction cordc

Local anesthetic injections (nonintraligamentary)
Intracanal endodontic treatment; post placement and buildup
Placement of rubber dams
Postoperative suture removal
Placement of removable prosthodontic or orthodontic appliances
Taking of oral impressions
Fluoride treatments
Taking of oral radiographs
Orthodontic appliance adjustment
Shedding of primary teeth

aProphylaxis is recommended for patients with high- and moderate-risk cardiac conditions.
bThis includes restoration of decayed teeth (filling cavities) and replacement of missing teeth.
cClinical judgment may indicate antibiotic use in selected circumstances that may create significant
bleeding.
From Dajani AS, et al. Prevention of bacterial endocarditis: recommendations by the American Heart
Association. JAMA 1997;277:1794, with permission.

overwhelming infections, which can occur months or years after splenectomy, remains
unclear and controversial. Children may be at particularly high risk, but overwhelm-
ing pneumococcal sepsis during which organisms are often seen in peripheral blood
smears can also occur in adults. Recognition that adults and children are at increased
risk of infection years after splenectomy has led to consideration of spleen-sparing
surgical approaches after trauma.
1. Identification warning. Because these patients are at risk of fulminant sepsis,

we encourage each patient to have some form of personal identification such as a
medical alert necklace or bracelet, or note in his or her wallet or purse indicating
that he or she has undergone splenectomy. The patient’s family should be aware
of this potential complication. The patient’s medical record should clearly indicate
this information.

2. Vaccines. If an elective splenectomy is performed, pneumococcal vaccine should
be administered at least 2 weeks before the elective splenectomy [21]. Efficacy of
meningococcal vaccine in this setting has not been established, but it seems
to be a reasonable consideration and has been suggested [23]. A single-dose vial
of the quadrivalent vaccine is available now in the United States.

3. Prophylactic antibiotics. Some experts recommend penicillin V, 125 mg twice
daily in children and 250 mg twice daily in adults, for at least 2 to 4 years after
splenectomy. Whether to use prophylactic penicillin routinely in adults who are
not otherwise compromised is a controversial issue [21–23]. We do not routinely
treat adults with prophylactic antibiotics but use penicillin in adults with Hodgkin
disease who have undergone splenectomy, chemotherapy, or radiation.

4. Early therapeutic antibiotics. Patients can be given a supply of antibiotics for
use if an acute illness develops [23]; they should also seek immediate medical
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Table 27B.4. Other Procedures and Endocarditis Prophylaxis

Endocarditis prophylaxis recommended
Respiratory tract

Tonsillectomy and/or adenoidectomy
Surgical operations that involve respiratory mucosa
Bronchoscopy with a rigid bronchoscope

Gastrointestinal tracta

Sclerotherapy for esophageal varices
Esophageal stricture dilation
Endoscopic retrograde cholangiography with biliary obstruction
Biliary tract surgery
Surgical operations that involve intestinal mucosa

Genitourinary tract
Prostatic surgery
Cystoscopy
Urethral dilation

Endocarditis prophylaxis not recommended
Respiratory tract

Endotracheal intubation
Bronchoscopy with a flexible bronchoscope, with or without biopsyb

Tympanostomy tube insertion
Gastrointestinal tract

Transesophageal echocardiographyb

Endoscopy with or without gastrointestinal biopsy
Genitourinary tract

Vaginal hysterectomyb

Vaginal deliveryb

Cesarean section
In uninfected tissue

Urethral catheterization
Uterine dilatation and curettage
Therapeutic abortion
Sterilization procedures
Insertion or removal of intrauterine devices

Other
Cardiac catheterization, including balloon angioplasty
Implanted cardiac pacemakers, implanted defibrillators, and coronary stents
Incision or biopsy of surgically scrubbed skin
Circumcision

aProphylaxis is recommended for high-risk patients; optional for medium-risk patients.
bProphylaxis is optional for high-risk patients.
From Dajani AS, et al. Prevention of bacterial endocarditis: recommendations by the American Heart
Association. JAMA 1997;277:1794, with permission.

attention. Oral penicillin and amoxicillin have been used. When these patients
present with nonspecific febrile illnesses, often flu-like, early antibiotic therapy is
rational. Ideally, appropriate cultures should be obtained, but if facilities for cul-
ture analysis are not immediately available, starting antibiotics without cultures
is reasonable [21]. In community-acquired bacteremia of unclear primary focus of
infection, therapy aimed at the likely pathogens should be instituted early while
awaiting cultures. Ceftriaxone plus vancomycin are indicated until susceptibility
data are available (see Chapter 2).

D. Prevention of recurrent cholangitis. Selected patients with a compromised
biliary system such as an endoprosthesis in situ or history of choledochojejunostomy,
hepaticojejunostomy, or sphincteroplasty who are prone to develop recurrent bouts
of cholangitis may benefit from chronic daily prophylactic antibiotics. The aim of
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suppressive antibiotic therapy is to prevent flare-ups of clinically overt cholangi-
tis. Both trimethoprim-sulfamethoxazole and fluoroquinolones have been used. This
topic has been reviewed elsewhere [24].

E. Recurrent otitis media. Pneumococcal prophylaxis is discussed in Chapter 8.
F. Prophylaxis in patients with acquired immunodeficiency syndrome to prevent op-

portunistic infections such as Pneumocystis carinii has recently been reviewed [25]
and is discussed in Chapter 18.

G. Spontaneous bacterial peritonitis (see Chapter 13). For those with one proven
episode, norfloxacin 400 mg daily taken orally has reduced the 1-year recurrence rate
from 68% to 20% [26]. Despite this, ciprofloxacin is generally used. Trimethoprim-
sulfamethoxazole has also been used in this setting [27]. This topic was reviewed [28].
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C. Penicillin

The term penicillin is the generic term for a broad group of agents, including but not
limited to penicillin G, penicillin V, oxacillin, nafcillin, ampicillin, ticarcillin, piperacillin,
amoxicillin, and dicloxacillin. The major mechanism of action of penicillin is binding to
proteins in the cell wall, called penicillin-binding protein. This binding promotes lysis of the
bacteria. Thus penicillin is bactericidal. Penicillin has other mechanisms of action that are
not fully understood.

Some penicillins are excreted primarily by the kidney by both glomerular filtration and
tubular secretion; others are excreted via the liver. Penicillin is mainly eliminated via the
kidney.

I. Structure [1]. The penicillin nucleus and breakdown products are shown in Figure
27C.1.
A. Structural modifications. Penicillins with differing antimicrobial activity can be

synthesized from 6-aminopenicillanic acid by substitution of side chains. This re-
sults in compounds with a broader spectrum of activity, resistance to penicillinase,
or stability in acid pH (important in oral preparations) and other different pharma-
cokinetic characteristics.

B. Common nucleus. An intact β-lactam ring (the penicillin nucleus of the molecule)
is necessary for biologic activity. In addition, as a result of the common ring in the
penicillins, the potential for allergic cross-sensitivity is high.

C. Penicillinase is a β-lactamase enzyme that splits the β-lactam ring
(Fig. 27C.1, site 1). The resulting penicilloic acid is inactive against bacteria. The
penicilloic acid and other breakdown molecules that result may mediate allergic
reactions. The penicillins resistant to breakdown have less potential for allergic
reactions. Penicillinase production is a principal mechanism of penicillin resis-
tance in coagulase-positive Staphylococcus aureus, Pseudomonas species, and Bac-
teroides fragilis and one of the mechanisms of resistance in Escherichia coli and
Proteus species. When a penicillin is combined with a β-lactamase inhibitor
(clavulanic acid, sulbactam, or tazobactam), the penicillin escapes breakdown (see
Chapter 27E).

II. Penicillin G: spectrum of activity
A. Gram-positive aerobic cocci

1. Penicillin is bactericidal against S. pyogenes (group A), S. bovis, and penicillin-
susceptible S. aureus and against most Streptococcus pneumoniae and viridans
streptococci. Against enterococci, penicillin G is bacteriostatic.

2. Resistance of S. pneumoniae to penicillin is being seen with increased
frequency [2–6].This topic is discussed in Chapters 8, 11, and 25.
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FIG. 27C.1 Penicillin nucleus and breakdown products. [1] Site of β-lactamase activity. [2]
Site of amidase activity. Amidase, an enzyme produced by microorganisms, cleaves penicillin
at site 2.

a. Laboratory definitions [2–6]
(1) Susceptible strains have minimum inhibitory concentrations (MIC) (see

Chapter 25) to penicillin of 0.1 µg/mL.
(2) Intermediate resistance is defined as strains with MIC of 0.12 to

1 µg/mL.
(3) High resistance is defined as MIC ≥2 µg/mL. These strains are resistant

to other penicillins, including those that are β-lactamase inhibitors such
as ampicillin/sulbactam, and are more likely to be resistant to other an-
tibiotics as well. Strains resistant to three or more antibiotics are defined
as multidrug resistant [7].

(4) Laboratory testing. The National Committee for Clinical Laboratory
Standards recommends screening of pneumococcus isolated from blood
or sterile fluid for penicillin resistance by disk diffusion, using a 1-µg
oxacillin disk. For those organisms that are not susceptible by screening,
MIC should be determined (see Chapter 25).

b. Prevalence and frequency. Penicillin resistance was uncommon in the
United States through 1987, but the incidence has increased significantly
[2–6]. Recent data from the United States suggested that 33% to 36% of S.
pneumoniae are penicillin resistant, with most isolates intermediately resis-
tant but identified more and more as highly resistant (see Chapter 11).

c. Mechanisms and spread [1–6]. Pneumococcal resistance to penicillin results
from alterations in the genetic structure of the organism, giving rise to
changes in one or more of the penicillin binding proteins. This reduces
affinity of binding and, in turn, activity. This is a relative resistance that is
partially overcome with higher concentrations of penicillin.

Selective pressure exerted by antibiotic use is a chief factor responsible for
the initial development of resistance. Thereafter, most of the increase of re-
sistance is due to the spread of resistant organisms from one individual to
another. Those at highest risk to become colonized are the young, those at-
tending a day-care center (especially a large center), or those residing in a
nursing home. Resistant strains may be transported to geographically distant
areas, where spread is influenced by these factors.
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d. Effect of resistance on severity of illness. In experimental animal models
using Swiss mice, there is a direct correlation between reduced resistance to
penicillin and reduced virulence [8]. However, in humans, antibiotic-resistant
pneumococcus appears to be neither more nor less virulent than susceptible
strains [9], and disease presentation and progression is equal if proper therapy
is not delayed.

e. Susceptibility of penicillin-resistant S. pneumoniae to other antibi-
otics. For intermediate-resistant strains, the third-generation ceph-
alosporin ceftriaxone is slightly more active (see Chapter 27F). Also high
serum levels of penicillin, ampicillin, or amoxicillin are clinically
effective agents for non-central nervous system infections [5,10,11].
Highly resistant strains are very often resistant to erythromycin and clar-
ithromycin, trimethoprim-sulfamethoxazole, and tetracycline. If these drugs
are considered for use, it is imperative that susceptibility testing is
performed. Expanded-spectrum fluoroquinolones (e.g., moxifloxacin), van-
comycin, linezolid, Synercid, and experimental drugs such as daptomycin or
oritavancin are active against all strains regardless of degree of penicillin re-
sistance, and imipenem is active against 90% of highly resistant organisms.

f. Serotypes involved and clinical implications. Currently, only six
serotypes have developed intermediate or high level resistance. All but type 6A
is present in the 23-valent pneumococcal capsular polysaccharide vaccine.
Therefore the pneumococcal vaccine should be aggressively promoted
and routinely administered.

g. Clinical implications of penicillin-resistance includes the following:
(1) Pneumococcal meningitis. Until susceptibilities have returned, gram-

positive organisms seen on Gram stain should be considered as high level
penicillin resistant and thus resistant to third-generation cephalosporins
(cefotaxime and ceftriaxone). Therapy must include vancomycin and either
cefotaxime or ceftriaxone for all individuals older than age 1 month [12]
(see Chapter 6).

(2) Sepsis and pneumonia. High-dose penicillin (150,000 to 200,000
units/kg/day) is effective therapy against strains resistant at the inter-
mediate level [10]. For patients who are severely ill when high level
penicillin resistance is a possibility, such as in a grandparent in contact
with children who attend day care, a fluoroquinolones such as moxifloxacin
or gatifloxacin or vancomycin should be used (see related discussions in
Chapter 11).

(3) Otitis media. Amoxicillin is recommended for initial therapy. The 2000
Red Book emphasizes the following [12]. Based on concentrations in
middle ear fluid and in vitro activity, no currently available β-lactam
antibiotic, including the oral cephalosporins, has better activity than
amoxicillin against penicillin-resistant S. pneumoniae. Cefuroxime axetil,
cefpodoxime, and cefprozil are the only oral cephalosporins that have com-
parable, but not greater, activity than amoxicillin for highly resistant
strains. Recently, doses of amoxicillin of 60 to 90 mg/kg/day have been
suggested to achieve middle ear concentrations active against resistant
strains [12,13] (see Chapter 8).

h. Methods to control the rising incidence of penicillin-resistant S. pneumo-
niae are being evaluated. These include more careful use of antibiotics in the
community, shorter courses of antibiotics, and use of narrower spectrum an-
tibiotics [14,15].

3. Resistance of group A streptococci to penicillin has not been observed.
B. Gram-negative aerobes. Penicillin remains the antibiotic of choice for N. menin-

gitidis and Pasteurella multocida [16] but not for N. gonorrhoeae.
C. Anaerobes. Penicillin is very effective against anaerobic species [16], including

Clostridium, Fusobacterium, and Actinomyces israelii (actinomycosis). Although
penicillin is active against many Bacteroides species, particularly oropharyngeal
strains, it is not active against some of the oral gram-negative anaerobes and



P1: IML/SPH P2: IML/SPH QC: IML/ABE T1: IML

PB207B-27A PB207A-Betts/6678F October 11, 2002 8:1 Char Count= 0

27C. Penicillin 1001

B. fragilis. If B. fragilis infections are suspected (e.g., intraabdominal or pelvic in-
fections), another agent should be selected.

D. Spirochetes. Penicillin is the drug of choice for Treponema pallidum [16] infection
(see Chapter 16) and is active against Borrelia burgdorferi.

III. Parenteral preparations of penicillin G (benzyl penicillin). There are three main
forms of parenteral penicillin G. The pharmacokinetics differs markedly.
A. Aqueous penicillin G is available in potassium and sodium salt forms. Ordinarily,

the potassium salt form is used. Aqueous penicillin is given intravenously and there-
fore produces high blood levels. Excretion is rapid, yielding undetectable penicillin
blood levels 4 hours after a dose. Therefore for serious infections, the aqueous form
should be given at least every 4 hours.
1. High-dose therapy. In adults with normal renal function, 3 to 4 million

units every 4 hours is used in serious infections, such as meningitis due to
susceptible organisms, in some forms of endocarditis due to mildly penicillin-
resistant organisms, and in severe clostridia infections. A continuous infusion of
20 to 24 million units per day can be used [1].

2. Intermediate doses of aqueous penicillin (9 to 12 million units daily) are used in
adults with aspiration pneumonia or lung abscess and in moderate to severe soft
tissue infection due to group A streptococci. This dose of 9 to 12 million units/day
is also used in conjunction with an aminoglycoside such as gentamicin to provide
synergy against enterococci (those without high level resistance to gentamicin)
and other resistant streptococci in endocarditis. This dose is active for pneumonia
caused by intermediate-resistant S. pneumoniae (see Chapter 11).

3. Low doses. Procaine penicillin or oral penicillin is an option once the susceptibil-
ities of the pneumococcus return. If the aqueous intravenous form of penicillin is
used in known penicillin-susceptible pneumococcal pneumonia, the dose can
be kept at 2.4 million units/day. High doses of penicillin may only increase the
chances of superinfection (see prior discussion in section II.A.2).

4. Pediatric dose. For children, 25,000 to 300,000 units/kg/day is recommended,
depending on the severity of the infection.

B. Procaine penicillin G. This repository form of penicillin has been developed to
prolong the duration of penicillin in the blood. Doses usually are given every
12 hours intramuscularly. Peak levels (1–2 µg/mL) are reached in 2 to 4 hours,
and detectable levels are present for 12 to 24 hours. This preparation should not
be given intravenously because of the risk of procaine toxicity. To increase the peak
serum levels, two separate intramuscular injections must be used. Very few clinical
situations exist for its use, but procaine penicillin is used in some of the alternative
regimens for syphilis (see Chapter 16).

C. Benzathine penicillin G (long acting) is an insoluble salt obtained by combining
an ammonium base with penicillin G. Very low blood levels are achieved (approx-
imately 0.10 to 0.15 units/mL), which persist for prolonged periods of time (i.e., 3–
4 weeks). Injection-related pain limits its use. Benzathine penicillin is used most
commonly in the following conditions:
1. Syphilis (primary, secondary, and latent), in which a prolonged blood level is

necessary to kill the slowly dividing Treponema organisms. T. pallidum remains
very sensitive to penicillin (MIC = 0.03 unit/mL) (see Chapter 16).

2. Rheumatic fever prophylaxis. A monthly injection will provide a serum level
above that necessary to inhibit group A β-hemolytic streptococci [17].

3. Streptococcal pharyngitis. In the high-risk patient (e.g., prior rheumatic fever)
or the poorly compliant patient, benzathine penicillin administration will ensure
maintenance of adequate levels. Cure rates using penicillin for group A strep-
tococcal pharyngitis are highest with a single dose of benzathine penicillin of
600,000 units in children less than 60 pounds and 1.2 million units in adults and
children over 60 pounds [17].

IV. Oral penicillin. Oral penicillin G is partially inactivated by gastric acid. With a minor
modification of the side chain, penicillin V (phenoxymethyl penicillin) is formed, and
this oral congener resists gastric acid breakdown and therefore provides acceptable
serum levels.



P1: IML/SPH P2: IML/SPH QC: IML/ABE T1: IML

PB207B-27A PB207A-Betts/6678F October 11, 2002 8:1 Char Count= 0

1002 27. Antibiotic Use

A. Dosage. The usual adult dosage is 250 mg (400,000 units) to 500 mg (800,000 units)
every 6 hours. A 500-mg dose results in a peak level of 3 to 5 µg/mL. In children,
the usual dosage is 25,000 to 100,000 units/kg/day (16 to 65 mg/kg/day) divided into
doses every 6 hours.

B. Uses. Oral therapy is useful in pharyngitis, minor oral or dental infections, in minor
soft tissue infections due to susceptible organisms, and for completion of courses of
treatment after initial intravenous penicillin therapy. Group A streptococci re-
main uniformly susceptible to all penicillins and cephalosporins. The American
Heart Association [17] and the American Academy of Pediatrics recommend a single
dose of intramuscular benzathine penicillin or a 10-day course of oral penicillin V
for group A streptococci. The suggested dose is 500 mg two or three times a day for
those older than 12 years and 250 mg two or three times a day for children younger
than 12 years.

C. The spectrum of activity of penicillin V is similar to that of penicillin G.
V. Allergic and toxic reactions

A. Penicillin allergy and hypersensitivity reactions. See Chapter 24 for a detailed
discussion. However, several comments deserve emphasis.
1. Allergic reactions to penicillin. Adverse reactions to penicillin are estimated

to occur in 1% to 10% of patients, with a fatal reaction occurring in 0.002% of
patients (see Chapter 24).
a. Immediate reactions. Hypotension or bronchospasm occur within the first

2 to 30 minutes. This is due to release of histamine and other vasoactive
amines. The IgE-sensitized mast cells and basophils interact with penicillin
or its breakdown products. Death can ensue.

b. Accelerated reactions occur in the first 1 to 72 hours and ex-
cept for laryngeal edema, which may cause asphyxia, are usually not life
threatening. These reactions are also IgE mediated but not modified by
IgG.

c. Serum sickness. This can develop while on therapy or more often after com-
pletion of a course. Arthritis, skin rash, and nephritis are common features. IgE
and IgG acting in conjunction mediate serum sickness reaction. Skin testing
done at this time will be positive.

2. Late reactions. These are the most frequent type of reaction and are not
immunologically mediated. They account for 80% to 90% of reactions and
occur days after initiation of therapy.
a. Morbilliform rash. No definite allergic mechanism has been demonstrated

for this reaction. It is not IgE mediated. This rash cannot be predicted or
diagnosed by skin tests.

b. Fever may be the only manifestation of a penicillin reaction, and its occur-
rence does not preclude use of penicillin in the future. However, because fever
may accompany vasculitis, patients with a drug fever history require careful
observation on reexposure.

c. Eosinophilia occurs with penicillin use. When the level exceeds 15% of the
peripheral white blood cell count, patients may go on to more serious drug
reactions (see Chapter 24).

d. Interstitial nephritis may occur at high doses with any penicillin [18], at any
age, and may be a hypersensitivity reaction. Fever, hematuria, proteinuria,
morbilliform rash, peripheral eosinophilia, and renal failure (50% of cases) oc-
cur several days into therapy. Some patients have eosinophils in their urine
sediments, which is a helpful diagnostic clue. Renal biopsy reveals an intersti-
tial nephritis with eosinophilic aggregations.

The offending agent should be discontinued. Whether cephalosporins can be
used safely is uncertain, but we would be inclined not to use another β-lactam
antibiotic.

e. Central nervous system toxicity. High blood levels lead to excessively high
spinal fluid levels of penicillin. This occurs with high doses in renal failure be-
cause penicillin diffuses into the spinal fluid and then competes with the other
organic acids to be transported out (see section VI.A.1). Myoclonic twitching
is an early clue. The patient may develop seizures.
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3. Cross-reactions (also see Chapter 24)
a. Other penicillins. Patients with a history of allergy to a penicillin should

be presumed to be allergic to other penicillins unless skin tests prove
otherwise.

b. Cephalosporins and imipenem. In penicillin-allergic patients, studies sug-
gest that risk of cross-allergy to a cephalosporin ranges from 5% to 15%. The
more stable third-generation cephalosporins may cross-react as infrequently
as 1% [1,19–21]. When there is a history of immediate penicillin reac-
tion, cephalosporins skin tests should be performed before their use.
Patients allergic to penicillin may cross-react to imipenem. In the pa-
tient with a history of delayed mild reaction to penicillin, cephalosporins or
imipenem, in our experience, are used without difficulty [1,20,21].

c. Aztreonam. Patients allergic to penicillin can receive aztreonam without risk.
4. Documentation of allergic history. Because the distinction between an imme-

diate versus a delayed allergic reaction is crucial for determining future antibiotic
administration, it is important to elicit this history carefully and to document it
in the patient’s record.

VI. Special considerations
A. Dosage modification in renal failure

1. High dose regimens of aqueous penicillin. In moderate to severe renal failure
and in the elderly, to avoid central nervous system toxicity, penicillin G
doses must be reduced (Table 27C.1).

2. When moderate intravenous doses (i.e., 9–12 million units/day) are to be
used in patients with renal failure, we tend to reduce doses proportionately
(Table 27C.1).

3. With low dose intravenous or oral penicillin regimens, standard doses are
used.

B. Hemodialysis removes variable amounts of penicillin. For a high dose regimen,
reduce the dose but supplement with 500,000 units after each 6-hour dialysis
(Table 27C.1). For a moderate or low dose regimen, supplement with 500,000 units

Table 27C.1. Equivalent Doses of Aqueous Penicillin G for High-dose Therapy
in Renal Failurea

Endogenous Creatinine Penicillin G Doseb and Dose
Clearance (mL/min) Intervalc (units)

125 1.7–2.0 million q2h or 2.6–3.0 million q3h
60 1.8–2.0 million q4h
40 1.3–1.5 million q4h
20 800,000–1 million q4h
10 800,000–1 million q6h

0 500,000–800,000 q6h or 700,000–1.1 million q8h
<10d 500,000 q8h

aTo achieve mean blood levels equivalent to 24 million units per day in the adult with normal
renal function, the above doses and dose intervals can be used in patients with renal failure. A load-
ing dose of 750,000–1,200,000 units is suggested in patients with a creatinine clearance of less than
20 mL/min, and then the above doses and intervals can be followed. In patients with a creatinine clear-
ance exceeding 20 mL/min, no loading dose is suggested.
bThe lower dose is calculated to provide a mean serum level of 20 µg/mL for the “average patient.” The
higher dose is an overestimate.
cAfter hemodialysis, an additional 500,000 units should be given to replace expected losses for an average
full 6-h dialysis.
dBecause the extrarenal clearance of penicillin is impaired by liver disease, in patients with hepatic and
renal failure (creatinine clearance < 10 mL/min), even lower doses of penicillin G are suggested.
Adapted from Bryan CS, Stone WJ, “Comparable massive” penicillin G therapy in renal failure. Ann
Intern Med 1975;82:189.
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every other dialysis. Peritoneal dialysis likewise removes a variable amount of
penicillin. No supplementation is provided.

C. Probenecid use. Approximately 90% of penicillin is eliminated by tubular secretion
and 10% by glomerular filtration. Probenecid blocks the renal tubular secretory
transport, and this in turn results in higher (usually approximately twofold) and
more prolonged blood levels of penicillin.
1. Dosage. Probenecid 500 mg orally four times a day. The major side effect is

gastrointestinal, but rash frequency occurs.
2. Uses. Because probenecid increases side effect frequency, we seldom use

probenecid with oral therapy. Amoxicillin may be preferred becuase this agent
will provide higher serum levels.
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D. Penicillinase-resistant Penicillins

Penicillinase-resistant penicillins are synthesized by modifying the side chain of the com-
mon penicillin nucleus. The substituted side chain inhibits penicillinase (a β-lactamase) by
preventing opening of the β-lactam ring. These bactericidal agents are used primarily
to treat penicillinase-producing Staphylococcus aureus [1,2].

I. Available agents. Two parenteral (nafcillin and oxacillin) and two oral (cloxacillin
and dicloxacillin) agents are available. Methicillin, which is nephrotoxic, is no longer
available.

II. Spectrum of activity
A. S. aureus penicillin resistant

1. Methicillin-susceptible S. aureus (MSSA)
a. In vitro The minimum inhibitory concentration (MIC) of MSSA to nafcillin or

oxacillin ranges from 0.78 to 1.56 µg/mL.
b. Clinical Compared with the other agents that have activity (cefazolin, van-

comycin), both nafcillin and oxacillin produce a higher cure rate [3,4]. In MSSA
bacteremia, gentamicin is often used (1 mg/kg every 8 hours) in the first few
days of therapy.

2. Methicillin-resistant S. aureus (MRSA) [5,6]. Although MRSA was previously
considered only a nosocomial pathogen, recent data show that MRSA is becoming
more common as a community-acquired pathogen [6]; see related discussion in
Chapters 4 and 5.
a. Neither nafcillin nor oxacillin has any meaningful activity against MRSA,

whose resistance is mediated by change in the penicillin binding proteins [6].
b. A small percent of MRSA are resistant because of a high concentration of

β-lactamase. Increasing the dose of nafcillin or oxacillin can overcome this
resistance.

B. Other gram-positive aerobes. Nafcillin and oxacillin are active against penicillin-
susceptible Streptococcus pneumoniae, S. pyogenes, and S. aureus, but the MICs
for these organisms are higher than for penicillin, making penicillin the preferred
agent [1,4] even for penicillin-susceptible S. aureus. They are not useful in
penicillin-resistant S. pneumoniae infections and are only minimally active against
enterococci. The penicillinase-resistant penicillins are drugs of first choice
only for penicillinase-producing MSSA [4].

C. Gram-negative aerobes. These agents are not active against the Enter-
obacteriaceae The penicillinase-resistant penicillins are not recommended in
the treatment of gonorrhea. For patients with infections due to Pasteurella
multocida, penicillin is the preferred agent [4]. In animal bite wounds with
mixed flora, amoxicillin-clavulanate (or ampicillin-sulbactam) is suggested (see
Chapter 4).

D. Anaerobes. The penicillinase-resistant penicillins are less active than penicillin
against penicillin-susceptible anaerobes and, like penicillin, are not active against
Bacteroides fragilis.

III. Clinical activity parenteral preparations. There are no adequate studies to de-
termine which antistaphylococcal agent is more effective [1–4]. Overall, oxacillin and
nafcillin are very similar and, except as noted later, are probably interchangeable. Me-
thicillin was more commonly associated with interstitial nephritis, especially in adults;
it is no longer available in the United States [2].
A. Nafcillin

1. Dosage. In adults, 6 g/day intravenously is recommended for moderate infections.
For severe infections, 9 to 12 g/day intravenously has been suggested, but limiting
the dose to 9 g/day seems to avoid excessive side effects. Because this antibiotic
kills by concentration-dependent effects, the MIC simply needs to be exceeded and
the 1.5-g dose is sufficient. In children, the usual dose is 100 to 200 mg/kg/day in
divided doses every 4 to 6 hours. Because the half-life is short (40 minutes) and
levels are undetectable at 2.5 to 3.0 hours, a 4-hour dose interval is preferred.
Dosages for neonates are shown in Appendix Table 1. Nafcillin should not be
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used in infants with jaundice. It is excreted primarily by hepatic mechanisms
that may be deficient in these neonates or infants [1].
a. In renal failure and dialysis, dosage modification is not necessary [7].

Nafcillin is an excellent choice in renal failure when a semisynthetic
penicillin is needed.

b. Hepatic failure. Dose reduction is required in hepatic failure. Even when
renal function is normal, renal toxicity occurs if standard doses are used in
the presence of significant hepatic dysfunction simply because high levels are
exposed to the kidney.

2. Central nervous system penetration. Studies have shown adequate penetra-
tion of nafcillin into the spinal fluid, particularly when inflammation is present.
Some authors suggest nafcillin is the drug of choice in MSSA staphylococcal
meningitis [1,2].

3. Side effects. Penicillin-like allergic reactions may occur. Rarely, neutropenia has
been observed. Interstitial nephritis appears to occur less frequently than with
methicillin (see above). Phlebitis and/or pain often develops at the infusion site
and is much more common with nafcillin than with oxacillin [1].

B. Oxacillin
1. Dose is similar to nafcillin and should be limited to 1.5 g every 4 hours in adults

and older children.
a. Renal failure. Because oxacillin is excreted mainly by the liver and somewhat

by the kidney, in renal failure doses do not have to be modified. The exception
is the individual with hepatic failure. Hemodialysis and peritoneal
dialysis do not remove oxacillin [7].

b. Hepatic failure (see section A.1.b)
2. Side effects. Oxacillin-related hepatitis in prolonged intravenous use has been

described [8]. Therefore weekly liver function tests are advisable for pa-
tients receiving prolonged therapy. Clostridium difficile diarrhea may occur.
Interstitial nephritis may occur with oxacillin use, but it is less frequent than
after methicillin use (see section A.3). Neutropenia also occurs.

IV. Oral preparations (cloxacillin, dicloxacillin)
A. Indications for use. Oral penicillinase-resistant penicillins often are considered

the oral drugs of choice for known or highly suspected penicillin-resistant mild
staphylococcal infections. They are useful in treating soft tissue infections due to
susceptible S. aureus or mixed S. aureus and S. pyogenes (group A streptococci).
However, the first-generation oral cephalosporins have less frequent gastrointesti-
nal side effects and are therefore often preferred over cloxacillin or dicloxacillin (see
section C).

B. Agents available. These are better absorbed in the fasting state.
1. Cloxacillin is available in a solution (125 mg/5 mL) and in 250- and 500-mg

capsules. Usual dosage in children is 50 to 100 mg/kg/day and in adults, 1 to
2 g/day divided into four equal doses.

2. Dicloxacillin is available as a suspension (62.5 mg/5 mL) and in 125- and 250-
mg capsules. The usual dosage in children is 25 to 50 mg/kg/day; in adults, the
usual dosage is 1 to 2 g/day divided into four equal doses. The higher dose range
may be preferable for adequate antistaphylococcal activity.

C. Side effects. Mild gastrointestinal symptoms are common; often the standard
oral dosages (e.g., 500 mg every 6 hours in adults) cannot be tolerated. Furthermore,
the poor taste of the oral suspension may adversely affect compliance in children
[9]. A first-generation oral cephalosporin is better tolerated and therefore often pre-
ferred. If severe or persistent diarrhea occurs, antibiotic-related diarrhea must be
considered.
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E. Broad-spectrum Penicillins and β-Lactam–β-Lactamase
Combinations

Several side-chain modifications of penicillin have been made to provide enhanced activity
of the broad-spectrum penicillins (Table 27E.1).

I. Aminopenicillins: ampicillin and amoxicillin [1,2].
A. Spectrum of activity. In addition to being active against penicillin-susceptible

organisms, ampicillin is more active than penicillin against enterococci, Listeria
monocytogenes, and β-lactamase–negative Haemophilus influenzae.
1. Drug of choice: For L. monocytogenes, group B streptococci (S. agalactiae), Pro-

teus mirabilis, and Eikenella corrodens [3].
2. Useful when proven active: Many Escherichia coli, Salmonella species, and

Shigella species are susceptible, so that ampicillin is a good choice once suscepti-
bility studies are available [3]. About 50% of E. coli are susceptible but far fewer
Salmonella.

3. Predictably inactive: Ampicillin should not be used for penicillinase-producing
Staphylococcus aureus or β-lactamase–positive H. influenzae or Moraxella
catarrhalis.

4. Amoxicillin: Only available for oral use. It is closely related to ampicillin in
both chemical structure and antibacterial activity. Amoxicillin provides twice the
serum level of oral ampicillin. Amoxicillin is given three times a day rather than
the four times a day for ampicillin. Consequently, amoxicillin has replaced oral
ampicillin [1,2], except that ampicillin is still preferred for susceptible Shigella
species [3].

5. The combination of amoxicillin-clavulanate (Augmentin) is discussed
separately in section III.B.

Table 27E.1. Available β-lactamase Inhibitors and β-lactam Antibiotic Combinations

Active β-Lactamase
Antibiotics Inhibitor Trade Name Comment

Amoxicillin Clavulanate Augmentin Only as oral agent
Ticarcillin Clavulanate Timentin Only parenteral
Ampicillin Sulbactam Unasyn Only parenteral
Piperacillin Tazobactam Zosyn Only parenteral; most active

antibiotic in vitro
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B. Clinical usage
1. Ampicillin intravenously should be limited to those situations where suscepti-

bilities are known. It is an excellent choice for susceptible enterococcal or group B
streptococcal infections.

2. Use is discouraged in combination therapy for the following:
a. Pyelonephritis with an aminoglycoside. Pyelonephritis due to enterococcus

is uncommon, except in older men, and usually is relatively mild. For gram-
negative organisms other single agents make more sense.

b. Intraabdominal infections. Though used in combination with gentamicin
and clindamycin for intraabdominal and gynecologic infections, use of three
antibiotics increases the side effect potential and is inconvenient. The same
coverage can be provided by piperacillin/tazobactam.

3. Amoxicillin, available as an oral agent only, is used for the following:
a. Acute otitis media, as discussed in Chapter 8.
b. Acute sinusitis persisting for 10 days or longer (see Chapter 8).
c. Exacerbation of chronic bronchitis, as discussed in Chapter 8.
d. Susceptible pathogens in nonbacteremic urinary tract infection (UTI).
e. “Step-down” therapy after completion of intravenous ampicillin (see section

1).
f. Oral prophylactic antibiotic regimens to prevent endocarditis after dental ma-

nipulations (see section B, above, and Chapter 12).
C. Dosage

1. Ampicillin
a. Intravenous. In adults, 6 to 12 g daily is given depending on the organism

involved and the severity and site of the infection. In adults with moderately
severe infections, 1 g should be given every 4 to 6 hours. The half-life is about
120 minutes. For more severe infections, 1.5 g every 4 hours may be necessary
and, in Listeria meningitis in the adult, 2 g every 4 hours is used. In children,
the usual dosage range is 100 to 200 mg/kg/day in divided doses every 6 hours.
Neonatal doses are shown in the Appendix Table.

b. Oral. The usual adult dose is 250 to 500 mg every 6 hours on an empty
stomach. In children, 50 to 100 mg/kg/day in divided doses every 6 hours is
suggested. Amoxicillin has replaced oral ampicillin.

c. Intramuscular. Ampicillin can be given intramuscularly, but intravenous is
preferred.

d. Renal failure. Because ampicillin is excreted by the kidney, dosage is modified
in patients with significant renal impairment, particularly when high dose
regimens are used. If the creatinine clearance is 10 to 50 mL/min, the standard
dose can be given every 6 to 12 hours. If the creatinine clearance is less than
10 mL/min, the standard dose can be given every 12 to 24 hours [4].

e. Dialysis. Ampicillin is partially removed by hemodialysis. After dialysis, a
supplemental dose is required. Peritoneal dialysis does not significantly lower
ampicillin serum levels. For oral therapy, 250 mg every 12 hours has been used
[4].

f. Pregnancy. Ampicillin crosses the placenta and should be used conservatively
in pregnancy.

g. Nursing mothers. Ampicillin is excreted in human milk. The neonate could
be sensitized by ampicillin in the mother’s milk, so this agent should be used
conservatively in nursing mothers.

2. Amoxicillin
a. Adults and children. Since its introduction, the adult dose has been 250 to

500 mg every 8 hours, and the fasting state is not essential. More recently,
the suggested adult dose has been increased to 1.0 g every 8 hours. In
children, 20 to 40 mg/kg/day is given in divided doses every 8 hours. An oral
suspension is available with 250 mg/5 mL and 125 mg/5 mL. For otitis media
in children, the high-dose regimen is discussed in Chapter 8.

b. Renal failure. If the creatinine clearance is 10 to 50 mL/min, the standard
dose can be given every 12 hours. If the clearance is less than 10 mL/min, the
standard dose can be given every 24 hours [4].
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c. Dialysis. Dosage is as described for ampicillin; see the preceding discussion.
In chronic ambulatory peritoneal dialysis patients, 250 mg every 12 hours has
been suggested [4].

d. Pregnancy. The package insert notes that safety for use in pregnancy has not
been established.

e. Nursing mothers. Amoxicillin is excreted in human milk (see section 1.g,
above).

D. Adverse effects of ampicillin (and amoxicillin)
1. These are similar to those described under penicillin discussed previously in this

chapter.
2. Rash. Epstein-Barr virus infection (mononucleosis), acute lymphocytic leukemia,

or cytomegalovirus infection increases the risk for an ampicillin (or amoxicillin)
maculo papular rash to 60% to 100%. This does not appear to be mediated by IgE
[5] and should not be interpreted as an allergic reaction. Morbilliform rashes, oc-
curring unassociated with Epstein-Barr virus, are more common with ampicillin
(amoxicillin) than with penicillin for unclear reasons [5].

II. Extended-spectrum penicillins. The carboxypenicillins include carbenicillin (only
oral available) and ticarcillin and ureidopenicillins, piperacillin. They were intro-
duced for more resistant gram-negative bacteria, including Pseudomonas aeruginosa
[1,2].
A. Spectrum of activity

1. Gram negative. This group of antibiotics is active against many but not all En-
terobacteriaceae, most P. aeruginosa, and other nosocomial gram-negative bac-
teria. Susceptibility testing is required. The extended-spectrum penicillins are
synergistically active when used in conjunction with aminoglycosides. They are
inactive against β-lactamase producing Haemophilus species, N. gonorrhea, and
Moraxella catarrhalis.

2. Gram positive. Activity mimics that of ampicillin. The ureidopenicillins (not the
carboxypenicillins) are active against ampicillin-susceptible enterococci at doses
used for gram-negative bacilli. They are inactive against both Staphylococcus
aureus and penicillin-resistant Streptococcus pneumoniae.

B. Overview of uses
1. For susceptible pathogens, prospective comparative studies have failed to demon-

strate clinical superiority of one of these agents over another [1,2]. Except against
P. aeruginosa, these agents are not “drugs of choice” [3].

2. For severe P. aeruginosa infection (e.g., pneumonia, sepsis), monotherapy with
these agents is associated with the rapid emergence of resistance that requires
any one of these to be combined with an aminoglycoside to decrease that likelihood
of selecting resistant organisms. [1–3].

3. For hospital-acquired gram-negative organisms, including P. aeruginosa, one of
these agents is combined with an aminoglycoside. Often the combination is syn-
ergistic (see discussions in Chapters 2 and 20).

4. These agents are active against anaerobes, including bowel anaerobes, but are
considered “second-line” agents.

5. One of these agents combined with an aminoglycoside has historically been a
useful combination for empiric therapy of the febrile neutropenic patient (see
Chapter 20).

C. Which agent?
1. Ticarcillin versus piperacillin. Generally, the pharmacy and therapeutics

committee of each hospital selects one of these agents for routine use.
a. Piperacillin compared with ticarcillin has lower sodium load per daily

dose, is more active in vitro, and has less acquired platelet dysfunction, thereby
reducing the likelihood for bleeding after surgery and/or in patients with renal
failure [6]. However, the bactericidal mechanism may be more effective for
ticarcillin.

b. Because piperacillin overall is about four times more active against
P. aeruginosa than is ticarcillin [2], piperacillin is generally preferred be-
cause the situation in which they are most often used is when P. aeruginosa is
the likely or the proven cause of the infection.
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D. Dosages
1. Adults. Because of a relatively short half-life in normal renal function, the dose

interval should be 4 hours, and a dose of 3 g is reasonable. Piperacillin, due to its
nonlinear pharmacokinetics, may be dosed as 4 g every 6 hours. For UTI, 6 g/day
can be used.

2. Children. In children 12 years of age or older, 200 to 300 mg/kg/day intravenously
(not to exceed the adult daily dose) in divided doses every 4 (or sometimes 6)
hours is suggested. Dosages for children younger than 12 years have not been
established, and the safety of this agent in neonates is not known.

3. Renal failure. No dose reduction is necessary until the creatinine clearance is
less than 50 mL/min. If the creatinine clearance is 10 to 50 mL/min, 3 to 4 g is
given every 6 hours, and if less than 10 mL/min, 3 to 4 g is given every 8 hours
[4].
a. Hemodialysis. Because dialysis removes 30% to 50% of the serum levels, a

dose of 2 g every 8 hours, with a supplemental 1-g dose after hemodialysis,
is recommended. A 3- to 4-g dose every 8 hours with a dose after dialysis has
been used with piperacillin [4].

b. With peritoneal dialysis the doses for renal failure less than 10 mL/min can
be used [4].

4. For both hepatic and renal insufficiency occurring together, 3.0 g per day
is given, and ideally, levels monitored.

5. Pregnancy. This is a category B agent (see Chapter 16). Because there are no
well-controlled studies in pregnant women, this drug should be used during preg-
nancy only if clearly needed.

6. Nursing mothers. These drugs are excreted in low concentrations in milk; there-
fore caution should be exercised when these agents are administered to nursing
mothers.

7. Cost data are shown in Appendix Table 1.
8. Side effects. The side effects seen with penicillin may occur with these

agents.
a. Hypokalemia occurs less commonly with piperacillin than with carbenicillin

[1,2].
b. Platelet dysfunction is uncommon with piperacillin [1,2].

III. β-Lactam–β-lactamase combinations: an overview
A. Background. Because structural modification of the penicillin side chain has limi-

tations, new strategies of extending the antibacterial spectrum of the penicillin fam-
ily were explored. Because the primary mechanism of bacterial resistance to peni-
cillins is through β-lactamase (enzyme) production, inactivation of these enzymes
was the next logical step [1,2]. Therefore a β-lactamase inhibitor (e.g., clavulanate,
sulbactam, or tazobactam) was combined with certain extended penicillins. These
β-lactamase inhibitors bind irreversibly to the β-lactamase (plasmid mediated)
and the bound β-lactamase cannot hydrolyze the penicillin [7]. Hence, the penicillin
is free to interact with the penicillin binding proteins and exerts its antibacterial
effect [2]. The benefit is provided only when the bacterial resistance is the result of
β-lactamase production [1]. Worldwide, more than 90% of S. aureus and B. fragilis
are β-lactamase producers [8].

B. Spectrum of activity
1. Susceptible. The inhibitors are effective against β-lactamases produced by

S. aureus, H. influenzae, M. catarrhalis, Bacteroides species, many Escherichia
coli, and Enterobacteriaceae.

2. Resistant. Some species of Enterobacter, Citrobacter, Serratia, Morganella, and
Pseudomonas, among others, produce β-lactamases that are usually chromoso-
mally encoded and are not inhibited by these β-lactamase inhibitors [2].

3. Determinant of antimicrobial activity. The in vitro activity of the ac-
tive antibiotic is very important. For example, piperacillin/tazobactam activity
against gram-negative organisms is greater than that of ticarcillin/clavulanate
or ampicillin/sulbactam because of the relative greater activity of piperacillin
[8]. If the mechanism of resistance is to the penicillin and not mediated by
β-lactamase, these antibiotics are not effective. As such, methicillin-resistant
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S. aureus (MRSA), high level penicillin-resistant pneumococcus, and vancomycin-
resistant enterococci are resistant to the β-lactam–β-lactamase combination.

C. Oral agents. Amoxicillin-clavulanate (Augmentin) is the only oral combination
agent available.
1. Activity. Separate susceptibility testing must be performed with the combi-

nation. Clavulanic acid inhibits the β-lactamase of S. aureus, N. gonorrhoeae,
H. ducreyi, M. catarrhalis, and H. influenzae (10%–30% of these organisms
are β-lactamase positive). In addition, clavulanic acid inhibits β-lactamase pro-
duced by many gram-negative bacilli, including E. coli, Klebsiella, and Proteus
species. Therefore the combination of amoxicillin-clavulanate is active against
amoxicillin-susceptible and many previously amoxicillin-resistant organisms.
This includes 97% to 100% of oxacillin-susceptible S. aureus, most streptococci
(including most enterococci), N. gonorrhoeae, H. influenzae, E. coli, and Kleb-
siella species. It is not active against the β-lactamase produced by Enterobacter
species, Pseudomonas species, and Serratia species. High level penicillin-resistant
S. pneumoniae are resistant to amoxicillin-clavulanate.

2. Pharmacokinetics
a. Both components are well absorbed. Peak levels occur at 1 hour, independent

of meals, antacids, or milk.
b. The drugs penetrate peritoneal and pleural fluids well. Very high urine lev-

els are achieved compared with modest serum levels. There is only fair pen-
etration into pulmonary secretions; therefore higher doses are necessary in
pulmonary infections.

3. Clinical uses
a. Human and animal bite wounds. Because of the polymicrobial nature of

these infections, this agent is the drug of choice in this setting (see detailed
discussion in Chapter 4).

b. Alternate therapy in acute otitis media. Amoxicillin remains the drug of
choice in this setting, but for patients who fail amoxicillin or as initial therapy
in areas with very high resistant rates of H. influenzae, Augmentin is very
effective [9,10] (see related discussions in Chapter 8).

c. Acute bacterial sinusitis can often be managed with amoxicillin, but
amoxicillin-clavulanate is preferred in some situations (see Chapter 8).

d. UTI. Although the fluoroquinolones and trimethoprim-sulfamethoxazole are
commonly used in UTI, for susceptible pathogens amoxicillin-clavulanate pro-
vides another possible oral agent; it is not used for uncomplicated UTI caused
by amoxicillin-susceptible organisms.

e. Pulmonary infections. It is useful in exacerbation of chronic bronchitis and
in mild community-acquired pneumonia in children and adults (see Chapters
8 and 11). (N.B. It is not active against Mycoplasma pneumoniae, Chlamydia
pneumoniae, or Legionella.)

f. Other considerations include mild diverticulitis (see Chapter 13) and wound
infections due to susceptible pathogens.

4. Dosages. This agent should be administered at the start of a meal to decrease
the incidence of gastrointestinal (GI) side effects. It is available in the United
States only in an oral form.
a. Oral chewable tablets are in doses of 250 mg amoxicillin and 62.5 mg

clavulanate; 125 mg amoxicillin and 31.25 mg clavulanate are for pedi-
atric use.

b. Oral suspension is available in doses of 125 mg amoxicillin and
31.25 mg clavulanate/5 mL, 250 mg amoxicillin and 62.5 mg clavulanate/5 mL,
and 400 mg amoxicillin and 57 mg clavulanate/5 mL.

c. Adult-sized tablets: 250 mg amoxicillin and 125 mg clavulanate given three
times a day, 500 mg amoxicillin and 125 mg clavulanate given three times a
day, and 875 mg amoxicillin and 125 mg clavulanate given every 12 hours.

Note: Two of the 250-mg amoxicillin/125-mg clavulanate tablets should not
be taken at one time, because the double dose of clavulanate is more likely to
cause GI toxicity. To provide a 500-mg dose, give one 250-mg amoxicillin/125-
mg clavulanate tablet with one 250-mg generic tablet of amoxicillin. The
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chewable tablets and adult tablets have different amoxicillin-to-
clavulanate ratios, as noted above, and should not be interchanged.

d. For adults the usual dose is one 250-mg tablet every 8 hours or one 500-mg
tablet every 12 hours. For more severe infections and respiratory tract infec-
tions, one 875-mg tablet every 12 hours or one 500-mg tablet every 8 hours
is advised. (N.B. The every 12 hour regimen is associated with fewer GI side
effects.)

e. Children. Suspension or tablets for children: For otitis media when
there is amoxicillin failure, higher doses of the amoxicillin component are
advised, 80 to 90 mg/kg/day, using the new formulation to keep the dose of
clavulanate at about 10 mg/kg/day [10]. Before the era of increasing penicillin
resistance, regimens used 40 to 45 mg/kg/day of the amoxicillin component (see
Chapter 8). For sinusitis, lower respiratory tract infections, and more severe
infections, the amoxicillin component of 45 mg/kg/day divided every 12 hours
or 40 mg/kg/day divided every 8 hours has been used. For less severe infection
25 mg/kg/day divided every 12 hours or 20 mg/kg/day divided every 8 hours
has been suggested. Children weighing 40 kg or more can follow adult
dose regimens. The adult-sized 250-mg tablet should not be used unless the
child weighs more than 40 kg.

f. Renal failure. The package insert does not suggest dose modification if renal
failure is modest (i.e., creatinine clearance of more than 30 mL/min). With a
creatinine clearance of less than 30 mL/min, do not use the 875-mg tablet.
With a creatinine clearance of 10 to 30 mL/min, use 250 or 500 mg every 12
hours, depending on the severity of the infection. With creatinine clearance
of less than 10 mL/min, use 250 or 500 mg every 24 hours, depending on the
severity of infection. Hemodialysis patients should receive 250 or 500 mg
every 24 hours, depending on the severity of infection. Patients should receive
an additional dose during and at the end of dialysis.

g. Pregnancy. This is a category B agent (see Chapter 16). Because there are no
adequate and well-controlled studies in pregnant women, this agent should be
used during pregnancy only if clearly needed. The combination has been safe
in pregnant women with bacteruria or UTI.

h. Nursing mothers. Because amoxicillin is excreted in breast milk, the package
insert suggests exercising caution if this agent is administered to a nursing
woman.

5. Side effects
a. The usual side effects of penicillin can occur with amoxicillin-clavulanate.
b. GI side effects—nausea, vomiting, diarrhea, and abdominal cramps—occur

in 10% or more of patients [10]. These are related in part to the dose of clavu-
lanate (i.e., more symptoms at higher doses) and can be minimized if the
drug is taken at the start of a meal [1,10]. Also, the every 12 hour reg-
imens are associated with fewer side effects than the every 8 hour regimens
(see section C.4.c).

6. Cost. This is a relatively expensive agent (see Appendix Table 1).
D. Intravenous β-lactam and β-lactamase combinations

1. Ampicillin-sulbactam (Unasyn) was approved in 1987.
a. In vitro activity. Sulbactam inhibits many bacterial β-lactamases, thereby

extending the activity of ampicillin. The combination in vitro is active against
β-lactamase–producing strains of H. influenzae, M. catarrhalis, N. gonor-
rhoeae, many anaerobes (including B. fragilis), E. coli, Proteus species, Kleb-
siella species, Acinetobacter calcoaceticus, S. aureus, and S. epidermidis.
(1) Ampicillin-sulbactam is not active against MRSA, P. aeruginosa

and certain Enterobacteriaceae strains (Serratia, Enterobacter,
and Citrobacter species) (see section III.B.3).

(2) E. coli: Approximately 20% to 25% or more of E. coli (including
community-acquired) are resistant to this combination [10]. Most of
these E. coli strains have minimal inhibitory concentrations that are
very close to the breakpoint concentration for determining susceptibil-
ity (≤8 µg/mL). Although the clinical significance of this laboratory
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observation is unknown, a study in an animal model of infection caused
by an ampicillin-sulbactam–resistant isolates of E. coli found the agent to
be ineffective [11]. Overall, not as many gram-negative bacilli are inhib-
ited by ampicillin-sulbactam in vitro as by many cephalosporins or other
intravenous β-lactam–β-lactamase combinations (Table 27E.2).

b. Pharmacokinetics of ampicillin are not altered by the coadministration of
sulbactam. Excretion, of both components, is primarily in the urine. Tis-
sue levels are achieved in extravascular fluids, bile, and peritoneal and cere-
brospinal fluids.

c. Clinical uses [1–3]. This agent has been very useful, especially in the
mixed aerobic and anaerobic infections, including mild to moderately se-
vere community-acquired intraabdominal infection, aspiration pneumonia,
community-acquired pneumonia (although it does not cover Legionella or
Mycoplasma), UTI, pelvic infection, deep neck infection, and soft tissue in-
fection, including diabetic foot infection.

d. Dosage
(1) Adults. The usual dose for mild to moderate infection is 1.5 g (1 g

ampicillin plus 0.5 g sulbactam) every 6 hours if renal function is nor-
mal. In severe infection and/or most intraabdominal infections, 3 g
(2 g ampicillin and 1 g sulbactam) every 6 hours is used. It is important
to adjust doses in the elderly and those with renal dysfunction
to avoid excess serum levels and to provide cost-effective dosing (Table
27E.3).

(2) Pediatrics. The package insert notes that the safety and effectiveness of
ampicillin-sulbactam has been established for pediatric patients 1 year of
age and older for skin and soft tissue infections. The dose used in children
is 300 mg/kg/day divided up every 6 hours.

(3) In renal failure, the elimination of ampicillin and sulbactam is similarly
affected, and dose modification is necessary (Table 27E.3).

e. Special considerations
(1) Pregnancy. This is a category B agent (see Chapter 16). Because there are

no adequate studies in pregnant women, this drug should be used during
pregnancy only if clearly indicated.

(2) Nursing mothers. Low concentrations of this combination are excreted
into breast milk. Therefore caution should be exercised when ampicillin-
sulbactam is administered to a nursing woman.

(3) Contraindicated in ampicillin-allergic patients. Because this agent
contains ampicillin, it is contraindicated in patients allergic to ampicillin
or other penicillins (unless skin testing is performed). This seems obvious
but is a concern if physicians order antibiotics by a trade name
(Unasyn) rather than its generic name. This concern also applies
to the combination of ticarcillin-clavulanate (Timentin) and piperacillin-
tazobactam (Zosyn), discussed later.

f. Side effects. These are the same as those known to occur with ampicillin
[2].
(1) Ampicillin skin reactions. Rashes are common. Many are not aller-

gic (see Chapter 24).
(2) Minor enzyme elevations (serum aspartate aminotransferase and ala-

nine aminotransferase) occur in approximately 6% of recipients.
(3) Ampicillin-sulbactam may have a marked effect on oral flora, leading

to Clostridium difficile colitis.
g. Cost (see Appendix Table 1)
h. Conclusion. Although it is a very popular agent for polymicrobial infec-

tions, diabetic foot ulcer infections, mild to moderate community-acquired
intraabdominal and pelvic infections, mixed aerobic/anaerobic soft tissue
infections, selected cases of aspiration pneumonia, and severe UTI, there
are drawbacks. The antibiotic is often selected in situations where E. coli
is anticipated, yet 20% to 40% of E. coli are resistant, making this a
less than optimal choice. Other agents with greater E. coli activity are more
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Table 27E.2. Comparison of In Vitro Susceptibility Data

Number Percent
Organism Tested Antimicrobial Susceptible

Escherichia 10,942 Piperacillin-tazobactam 91.5
coli Ticarcillin-clavulanate 88.8

Ampicillin-sulbactam 65.4
Cefoxitin 96.1
Cefotetan 99.3
Ceftriaxone 99.2
Imipenem 99.7
Aztreonam 98.1
Ciprofloxacin 99.0

Klebsiella 4,405 Piperacillin-tazobactam 90.9
pneumoniae Ticarcillin-clavulanate 91.3

Ampicillin-sulbactam 75.2
Cefoxitin 90.3
Cefotetan 97.4
Ceftriaxone 95.2
Imipenem 99.6
Aztreonam 94.1
Ciprofloxacin 94.5

Proteus 3,822 Piperacillin-tazobactam 96.2
mirabilis Ticarcillin-clavulanate 95.0

Ampicillin-sulbactam 90.4
Cefoxitin 94.7
Cefotetan 97.7
Ceftriaxone 98.5
Imipenem 82.9
Aztreonam 91.7
Ciprofloxacin 96.6

Serratia 1,392 Piperacillin-tazobactam 86.9
marcescens Ticarcillin-clavulanate 84.3

Ampicillin-sulbactam 9.1
Cefoxitin 16.7
Cefotetan 94.3
Ceftriaxone 85.8
Imipenem 90.5
Aztreonam 86.0
Ciprofloxacin 86.0

Pseudomonas 2,941 Piperacillin 88.6
aeruginosa Piperacillin-tazobactam 91.5

Ticarcillin-clavulanate 86.3
Ampicillin-sulbactam 2.1
Cefoxitin 1.5
Cefotetan 3.2
Ceftriaxone 17.5
Imipenem 88.0
Ciprofloxacin 79.4

Staphylococcus 4,454 Piperacillin-tazobactam 96.6
aureus Ticarcillin-clavulanate 98.1

Ampicillin-sulbactam 98.0
Cefoxitin 98.1
Ceftriaxone 98.4
Imipenem 98.7
Ciprofloxacin 91.7

(continued)
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Table 27E.2. (Continued)

Number Percent
Organism Tested Antimicrobial Susceptible

Streptococcus 701 Piperacillin-tazobactam 98.2
agalactiae Ticarcillin-clavulanate 97.0
(group B) Ampicillin-sulbactam 99.6

Cefoxitin 96.6
Ceftriaxone 97.0
Imipenem 99.4
Ciprofloxacin 92.9

Streptococcus 2,624 Piperacillin-tazobactam 94.7
faecalis Ticarcillin-clavulanate 23.2

Ampicillin-sulbactam 97.0
Cefoxitin 2.1
Ceftriaxone 7.0
Imipenem 95.5
Ciprofloxacin 62.5

Adapted from Murray PR, et al. and the In Vitro Susceptibility Surveillance Group. Multicenter evaluation
of the in vitro activity of piperacillin-tazobactam compared with eleven selected β-lactam antibiotics
and ciprofloxacin against more than 42,000 aerobic gram-positive and gram-negative bacteria. Diagn
Microbiol Infect Dis 1994;19;111, with permission.

rational. We would not use ampicillin-sulbactam as monotherapy for pa-
tients with severe or life-threatening intraabdominal infection or mixed aer-
obic/anaerobic soft tissue infections but prefer a combination of antibiotics
in this setting (e.g., a third-generation cephalosporin and metronidazole or
piperacillin/tazobactam). See section D for how this agent compares with
similar β-lactam/β-lactamase combinations; piperacillin-tazobactam may be
preferred. In addition, we would not use this agent alone for severe nosocomial
infections, because many hospital-acquired gram-negative bacteria, including
E. coli and Klebsiella species, may be resistant; Pseudomonas species are also
resistant. An aminoglycoside could be combined with it. It should not be used
to treat methicillin-resistant staphylococcal infections. Ampicillin-sulbactam
has not been studied extensively for treatment of infections in immunocom-
promised patients [12].

2. Ticarcillin-clavulanate (Timentin) [1,2,7]
a. Spectrum of activity is very similar to that for ampicillin-sulbactam (see

section A.1) except

Table 27E.3. Ampicillin-sulbactam Dosages in Patients with Renal
Impairment

Creatinine Clearance (mL/min) Recommended Dosage

>50 1.5–3.0 g q6h
30–50 1.5–3.0 g q6–8h
15–29 1.5–3.0 g q12h
5–14 1.5–3.0 g q24h

In patients undergoing hemodialysis, preliminary data suggest the ampicillin will
be partially removed (approximately 60%) but not the sulbactam. One could there-
fore give a supplemental dose of ampicillin after dialysis or time the daily dose of
ampicillin-sulbactam so that it is given after dialysis.
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(1) The concerns with E. coli in vitro susceptibilities are not as prominent
with ticarcillin-clavulanate. Nevertheless, many hospital-acquired E. coli
are resistant.

(2) Enterococci are less susceptible than to ampicillin-sulbactam or
piperacillin-tazobactam.

(3) This agent is active against many strains of P. aeruginosa but is not as
active as piperacillin-tazobactam (Table 27E.2).

b. Clinical uses. This combination is effective for a variety of polymicrobial in-
fections with susceptible pathogens, including intraabdominal infection, pelvic
infection, osteomyelitis, pneumonia, bacteremia, UTI, and skin and soft tissue
infections.

c. Pharmacokinetics. The half-life of each agent is approximately 1 hour, ne-
cessitating a 4- to 6-hour dose interval. Ticarcillin is excreted primarily by the
kidney, producing very high urine levels. Dosage adjustments in significant
renal failure are required. The combination penetrates tissues well.

d. Dosages
(1) Adults. Ticarcillin-clavulanate is available in vials containing 3 g ticar-

cillin and 0.1 g clavulanic acid as the potassium salt. The usual dosage
for systemic infections is one 3.1-g vial every 4 to 6 hours. For moderately
severe gynecologic infections, a 3.1-g dose every 6 hours and for severe
infection, 3.1 g every 4 hours. For patients weighing less than 60 kg, the
recommended dose is 200 to 300 mg/kg/day (based on the ticarcillin con-
tent) divided every 4 to 6 hours. A vial containing 3 g ticarcillin and 0.2 g
clavulanic acid is also available. This has been used in UTIs, with a dosage
of 3.2 g given every 8 hours, per the package insert, when renal function
is normal.

(2) Children (≥3 months). In children weighing less than 60 kg, 50 mg/kg
based on the ticarcillin component is administered as follows: For mild to
moderate infections, a dose every 6 hours and for severe infections, dose
every 4 hours. In children weighing more than 60 kg: For mild to moder-
ate infections, 3.1 g every 6 hours and for severe infections, 3.1 g every
4 hours.

(3) In renal failure, in adults use a normal loading dose. Thereafter, for a
creatinine clearance of 30 to 60 mL/min, 2 g every 4 hours; for a creatinine
clearance of 10 to 30 mL/min, 2 g every 8 hours; and for creatinine clearance
less than 10 mL/min, 2 g every 12 hours. If there is hepatic dysfunction as
well, then the latter dose is given every 24 hours. For hemodialysis, give
2 g every 12 hours supplemented with 3.1 g after each dialysis, and for
peritoneal dialysis give 3.1 g every 12 hours.

e. Penicillin allergy precludes the use of this agent unless skin testing is
done.

f. Pregnancy. This is a category B agent. Because there are no adequate and
well-controlled studies in pregnant women, the package insert suggests this
agent should be used during pregnancy only if clearly indicated.

g. Nursing mothers. It is not known whether this agent is excreted in human
breast milk, but it should not be used in nursing women unless necessary.

h. Side effects are similar to those for penicillin, ampicillin, and/or ticarcillin.
See prior discussions. The potential for hypokalemia and for platelet abnor-
malities exists.

i. Cost (see Appendix Table 1)
j. Conclusion. The main indication for ticarcillin-clavulanate is for polymicro-

bial infections with susceptible aerobic and anaerobic infections. Because of
its safety and activity against possible etiologic organisms, this is used fre-
quently in obstetrics/gynecology services for pelvic and intraabdominal infec-
tions. There are insufficient data to use it as monotherapy for severe or
life-threatening infections or for severe nosocomial infections, because many
hospital-acquired gram-negative bacteria may be resistant. In febrile neu-
tropenic cancer patients, ticarcillin-clavulanate has been evaluated primarily
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in combination with an aminoglycoside [12–15]. Other options are available
in this setting (see Chapter 20). See section D above for a comparison of
β-lactam–β-lactamase combinations. Piperacillin-tazobactam may be pre-
ferred.

3. Piperacillin-tazobactam (Zosyn) became available in the United States in
1993 [7,12,13].
a. Spectrum of activity. Of the available β-lactam/β-lactamase antibiotics,

piperacillin-tazobactam is the most active in vitro, in large part reflecting
the enhanced in vitro activity of piperacillin over ampicillin and ticarcillin
(see section III.A.4). This agent has an in vitro spectrum of activity compa-
rable with that of imipenem-cilastatin and superior to that of ceftazidime,
ticarcillin-clavulanate, and ampicillin-sulbactam [12] (Table 27E.2).
(1) Gram-positive aerobes. This combination is active against S. pyogenes,

S. agalactiae, S. pneumoniae (not highly penicillin-resistant strains), and
methicillin-susceptible S. aureus. Although it is active against Enterococ-
cus faecalis, it is not active against E. faecium and MRSA [12]. However,
in an animal model, piperacillin/tazobactam is excreted into the bile in
sufficiently high concentrations to prevent colonization after E. faecium
oral challenge, whereas cefepime does not prevent colonization after this
challenge [16].

(2) Enterobacteriaceae. Most community-acquired Enterobacteriaceae
(e.g., E. coli, Klebsiella species) are susceptible, but because of poor ac-
tivity of piperacillin-tazobactam against many of the class 1 β-lactamases,
E. aerogenes, E. cloacae, Citrobacter species, Serratia species, and P. aerug-
inosa may be resistant (Table 27E.2) (see section III.B.3).

(3) Other gram-negative bacteria. Piperacillin-tazobactam has excellent
activity against H. influenzae, M. catarrhalis, Yersinia enterocolitica, and
Plesiomonas shigelloides but not Salmonella species or Stenotrophomonas
maltophilia.

(4) Anaerobes. Piperacillin-tazobactam has good activity against B. fragilis
(but less than that of imipenem), Bacteroides species, and Clostridium
perfringens [17]. Oral anaerobes are usually susceptible to penicillin and
piperacillin. Although some reviewers conclude there are no significant dif-
ferences between the activity against anaerobes of piperacillin-tazobactam
and other β-lactamase inhibitor combination agents [12], other reviewers
have concluded that piperacillin-tazobactam inhibits a broader spectrum
of anaerobes than does ampicillin-sulbactam and ticarcillin-clavulanate
[18].

b. Pharmacokinetics. Preparations contain an 8:1 ratio of piperacillin to
tazobactam; tazobactam does not interfere with the pharmacokinetics of
piperacillin. Renal excretion accounts for 50% to 60% of the administered dose.
Doses must be reduced in patients with a creatinine clearance of less than
40 mL/min [17]. As noted earlier, piperacillin is excreted into the biliary tract
in sufficient concentration to inhibit E. faecium, reducing the likelihood of
colonization of the GI track in the orally challenged animal [16].

c. Clinical use. Piperacillin-tazobactam has been used in polymicrobial infec-
tions. Early clinical studies have been summarized [17–19]. The combination
is approved for use in moderate to severe infections with susceptible pathogens
and appears effective in the following situations:
(1) Intraabdominal infections (especially appendicitis, including cases

complicated by rupture or abscess). The combination appears as effective
as imipenem or clindamycin plus gentamicin [2].

(2) Pelvic infections in women.
(3) Mixed aerobic skin and soft tissue infections, including diabetic foot

infections.
(4) Community-acquired pneumonia. This is not a usual agent; how-

ever, its activity against β-lactamase–producing H. influenzae, Klebsiella
pneumoniae, P. aeruginosa, Acinetobacter calcoaceticus, and Moraxella
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catarrhalis makes it a useful agent when Gram stain shows pure gram-
negative organisms or when the patient has recently been hospitalized
and returns for admission. However, this agent is not active against
Mycoplasma or Legionella [17].

(5) Nosocomial pneumonia. When Gram stain shows gram-negative or-
ganisms, this agent, used in conjunction with an aminoglycoside pending
susceptibilities, is an excellent choice [17]. Alternative therapy should be
used if Gram stain shows gram-positive cocci in clusters.

(6) Clinical investigation. Piperacillin-tazobactam both with and with-
out an aminoglycoside has been used for empiric therapy of the febrile
leukopenic patient without a focal infection [14,15,17]. It is not listed
as a drug of choice in this setting [15]. Currently a study compar-
ing it with cefepime as monotherapy is underway. The potential for
piperacillin/tazobactam to prevent colonization with vancomycin-resistant
enterococci because of high biliary concentrations is a key point of evalu-
ation in that study [16].

d. Dosages
(1) Adults. The usual dose is 3 g/0.375 g every 6 hours if the creati-

nine clearance is higher than 40 mL/min. For empiric therapy nosoco-
mial pneumonia, the package insert suggests a 3.375-g dose every 4 hours
along with an aminoglycoside to ensure activity against P. aeruginosa. If P.
aeruginosa is not isolated, then the aminoglycoside can be discontinued.
If P. aeruginosa is isolated, then piperacillin alone can be used
with an aminoglycoside because in documented pseudomonas infec-
tion, tazobactam does not enhance the activity of piperacillin against this
pathogen [17]. An alternate approach for high dose therapy is to use
a 4.5-g vial (piperacillin 4 g and tazobactam 0.5 g) every 6 hours, along
with an aminoglycoside for empiric therapy of nosocomial infections and
possible pseudomonas infection [18].

(2) Children. As of 2002, the package insert indicates the safety and efficacy
in pediatric patients has not been established.

(3) Renal failure. Dose reductions are shown in Table 27E.4. For
patients receiving hemodialysis, the maximum dose of piperacillin-
tazobactam is 2 g/0.25 g every 8 hours. Because hemodialysis will remove
30% to 40% of the dose in a 4-hour dialysis, one additional dose of 0.75
g can be given after dialysis. In chronic ambulatory peritoneal dial-
ysis, approximately 10% of the piperacillin dose is recovered [17]. Until
further guidelines are available, in chronic ambulatory peritoneal dialy-
sis patients select the dose as if the creatinine clearance is less than 10
mL/min (Table 27E.4).

(4) In cirrhosis or other hepatic disease, no dosage modifications are required
[17].

(5) Pregnancy. This is a category B agent (see Chapter 16). There are no ad-
equate and well-controlled studies with piperacillin-tazobactam in preg-
nant women. Therefore the drug should be used during pregnancy only if
clearly indicated [12].

(6) Nursing mothers. Piperacillin is excreted in low concentrations in hu-
man breast milk; whether tazobactam is in human breast milk has not

Table 27E.4. Piperacillin-tazobactam Dosages in Renal Failure

Creatinine Clearance (mL/min) Recommended Dosage Regimen

>40 12 g/1.5 g/day in divided doses of 3.375 g q6h
20–40 8 g/1.0 g/day in divided doses of 2.25 g q6h
<20 6 g/0.75 g/day in divided doses of 2.25 g q8h

From Physician’s desk reference, 56th ed. Montvale, NJ: Medical Economics, 2002:1893, with permission.
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been studied. Therefore the package insert suggests that caution should
be used if this agent is administered to a nursing woman.

e. Side effects. The toxicity of piperacillin-tazobactam is similar to that of other
penicillins and β-lactam antibiotics [17–19]. The most common side effects
include the following:
(1) GI disorders, primarily diarrhea and nausea, occur in 4.6% of recipients.
(2) Skin reactions occur in 2.2% of recipients. Fewer than 1% have a rash.
(3) No significant hepatic or renal dysfunction has been noted in early reports.
(4) Mild hypokalemia can occur, presumably due to the nonresorbable anions

presented to the distal tubules, which cause an increase in the pH and a
secondary loss of potassium ions.

4. Ticarcillin-clavulanate versus ampicillin-sulbactam versus piperacillin-
tazobactam. The optimal agent for selected polymicrobial infections has not been
clearly delineated in the medical literature. None of these β-lactam–β-lactamase
combinations is listed as the antibiotic of first choice for any specific pathogen
[3]. In a review [12], the authors concluded that “because of its broad spectrum
of antibacterial activity, it [piperacillin-tazobactam] appears to be the best suited
for treatment of mixed infections.” In a 1996 summary of piperacillin-tazobactam,
after an extensive review of the literature, the authors concluded, “The proven
and theoretical advantages of piperacillin-tazobactam in comparison with those
of ticarcillin-clavulanate appear to more than offset the modest difference in cost
between the two compounds” [18].
a. When one of these drugs is indicated, we would offer the following

considerations:
(1) For situations in which E. coli is a likely pathogen, because 20% to 25%

are resistant to ampicillin-sulbactam, piperacillin-tazobactam is advised,
although ticarcillin-clavulanate may be a reasonable alternative if one of
these agents is to be used.

(2) Because cefazolin is effective against most community-acquired E. coli
strains, the more expensive β-lactam–β-lactamase inhibitor combinations
should be used selectively. For community-acquired intraabdominal or
pelvic infections, the most cost-effective cefazolin-metronidazole combi-
nation is reasonable (see Chapter 13).

(3) Piperacillin-tazobactam can be used selectively in the following sit-
uations:
(a) Severe (limb-threatening) diabetic foot ulcer infections, as discussed

in Chapters 4 and 5.
(b) Selected patients with severe head and neck infections.
(c) As monotherapy in nosocomial pneumonia not acquired in an intensive

care unit and where risk for P. aeruginosa infection is low and it is
desirable to avoid an aminoglycoside.

(d) Selected intensive care unit nosocomial pneumonia. While await-
ing cultures, it is advisable to combine it with an aminoglyco-
side. Piperacillin and an aminoglycoside combination is more cost
effective.

(4) Serious nosocomial infections. None of these agents should be used as
monotherapy for known or highly suspected severe P. aeruginosa infection.

(5) Versus imipenem. For the situation in which monotherapy is indicated
and there is a choice between one of these β-lactam–β-lactamase combina-
tions and imipenem, most institutions reserve imipenem for those patients
who may have or develop resistant pathogens.

E. Drug resistance to β-lactam–β-lactamase inhibitor compounds has been reviewed
recently [7]. The extended spectrum β-lactamase–producing bacteria are resistant
to these agents. The most common organisms carrying this resistance are E. coli
and Klebsiella species. The frequency with which these are found depends on the
total gram use of expanded spectrum cephalosporin antibiotics [7]. Carbapenem
antibiotics (see Chapter 27H) are selected in infections caused by extended spec-
trum β-lactamase–producing bacteria instead of the combinations discussed in this
chapter [6]. Piperacillin/tazobactam-resistant P. aeruginosa have also emerged. A
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predisposing risk factor appears to be the quantity of ciprofloxacin use. This factor
needs to be considered when treating ventilator-associated pneumonia caused by
P. aeruginosa [20].
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F. The Cephalosporins

The cephalosporins [1–3] are bactericidal agents that inhibit bacterial cell wall synthe-
sis. They are widely used agents because they are safe, familiar to the clinician, and ac-
tive against penicillinase-producing methicillin-susceptible Staphylococcus aureus (MSSA).
They can be used for patients with delayed penicillin allergies. Unless special skin tests
can be performed, cephalosporins should be avoided in patients with a history of an
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immediate severe reaction to a penicillin (or cephalosporin), such as anaphylaxis or
angioedema (see section IV.A).

I. Introduction
A. Agents available. The currently available cephalosporins are shown in Table 27F.1.

The goal of this chapter is to summarize and to emphasize a limited number
of agents that are particularly useful and have withstood the test of time.
1. From a historical standpoint, it is useful to note that the different “genera-

tions” of parenteral cephalosporins had a logical sequence of development by the
pharmaceutical industry [1].
a. The first-generation agents are active against MSSA, penicillin-susceptible

Streptococcus pneumoniae, and other common gram-positive bacteria, such as
streptococci groups A and B and viridans streptococci, and many community-
acquired gram-negative bacteria. These agents remain active and useful
against these pathogens.

b. Second-generation agents, cefamandole and later cefuroxime, were devel-
oped, in part, because of their activity against ampicillin-susceptible and
-resistant Haemophilus influenzae (and Moraxella catarrhalis). They main-
tained activity against S. pneumoniae. Cefoxitin was the first cephalosporin to
have activity against bowel anaerobes, especially Bacteroides fragilis; it was
also active against Neisseria gonorrhoeae, including penicillinase-producing
strains. Although still useful, these agents enjoy less popularity than in the
past, for reasons to be discussed.

c. Third-generation agents can be divided into two subsets. One type, cef-
tazidime, was initially touted as having enhanced gram-negative activity, in-
cluding activity against hospital-acquired pathogens such as Pseudomonas
aeruginosa. This still holds. The other had excellent activity against commu-
nity type bacteria but was not nearly as active against hospital-acquired or-
ganisms. Once-daily ceftriaxone has significant gram-positive activity and has
found many clinical roles in those admitted from home but not for hospital-
acquired gram-negative organisms.

d. Cefepime has sometimes been called a fourth-generation agent [3], but
it may be better summarized as a “hybrid” of cefotaxime (which has similar
activity to ceftriaxone) and ceftazidime, two third-generation agents. In many

Table 27F.1. The Major Cephalosporins

First Generation Second Generation Third Generation

Parenteral Parenteral Parenteral
Cephalothin (Keflin) Cefamandole (Mandol) Cefotaxime (Claforan)
Cefazolin (Ancef, Kefzol) Cefoxitin (Mefoxin)a Cefoperazone (Cefobid)
Cephapirin (Cefadyl) Cefuroxime (Zinacef) Ceftizoxime (Cefizox)
Cephradine (Velosef) Cefotetan (Cefotan)a Ceftriaxone (Rocephin)

Ceftazidime (Fortaz,
Tazidime, or Tazicef)

Cefepime (Maxipime)b

Oral Oral Oral
Cephalexin (Keflex) Cefuroxime axetil (Ceftin) Cefixime (Suprax)
Cephradine (Velosef, Cefprozil (Cefzil) Cefpodoxime (Vantin)

Anspor) Loracarbef (Lorabid)a Ceftibuten (Cedax)
Cefadroxil (Duricef) Cefaclor (Ceclor) Cefdinir (Omnicef)

Cefditoren pivoxil
(Spectracef)

aA cephalosporin-like antibiotic.
bSome authors have referred to this agent as a fourth-generation cephalosporin; see text.
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Table 27F.2. Pharmacokinetic Properties of Parenteral Cephalosporins (in Adults)

Half-Life Standard Usual Dose Half-Life (h) in End-Stage
(h) Dose (g) Interval (h) Renal Disease

Cephalothin 0.6 1.0–2.0 4 10
Cefoxitin 0.9 1.0–2.0 4–6–8 10–22
Cefotaxime 1.0a 1.0–2.0 6–8 3
Cefuroxime 1.0 0.75–1.5 6–8 15–20
Cefazolin 1.8 1.0 6–8 18–36
Cefoperazone 1.8 2.0 6–8 2
Ceftizoxime 1.8 2.0 8 25–35
Ceftazidime 1.8 1.0–2.0 8 16–25
Cefepime 2.0 1.0–2.0 12 14
Cefotetan 4.5 1.0–2.0 12 12–35
Ceftriaxone 7.0 1.0–2.0 24b 12–15

aCefotaxime has a half-life of 1 h in persons with normal renal function but is metabolized to a desacetyl
derivative, which has a half-life of 1.6 h and possesses significant antimicrobial activity and may interact
synergistically with the parent compound [1].
bFor non–central nervous system infections; for meningitis doses are given q12h. See text.

centers, cefepime has replaced ceftazidime because it includes the latter’s ac-
tivity and extends it.

2. The cephalosporin “antibiotic market domination” of the late 1980’s has been
diminished somewhat by the advent of the newer quinolones released in the late
1980’s and the newer macrolides (clarithromycin and azithromycin) released in
the early 1990’s.

B. Side effects. Cephalosporins are well tolerated. Their side effects are reviewed
in section IV except for special considerations with an individual agent, which are
discussed under that agent.

C. Pharmacokinetics data are summarized in Table 27F.2. Like the penicillins, the
antimicrobial effects of the cephalosporins depend on maintaining concentrations
of active drug above the minimum inhibitory concentration (MIC) of the infecting
organism for 50% of the 24-hour period (time-dependent killing; see Chapter 25).

D. Resistance issues
1. Mechanisms of action and bacterial resistance. Penicillin binding proteins

are targets of the cephalosporins that exert their antimicrobial effect by inter-
fering with the synthesis of peptidoglycan, a major component of the bacterial
cell wall [2]. The three most common mechanisms that mediate resistance are (a)
production of enzymes, β-lactamases, to inactivate drugs before they reach the
penicillin binding proteins; (b) alteration of the penicillin binding proteins; or (c)
changes in the outer membrane that limit the ability of the drug to reach the
target [2].
a. β-Lactamase production. Some of the β-lactamases are plasmid mediated

by plasmids that are transferred between bacteria. Some are inducible and are
chromosomally mediated. These inducible enzymes develop in certain species
(Enterobacter species, Citrobacter species, P. aeruginosa). Clinically, this phe-
nomenon manifests as treatment failure and emergence of drug-resistant or-
ganisms despite initial susceptibility to the cephalosporin used [1,2].

“Extended-spectrum β-lactamases” have recently been described, espe-
cially with nosocomial Klebsiella pneumonia. They confer high level resistance
to all β-lactams. However, in vitro testing indicated resistance mainly to cef-
tazidime but suggested susceptibility to other cephalosporins when used in
clinical situations tends to be resistant [2].

b. Alteration of penicillin binding proteins. Gram-positive organisms such
as S. pneumoniae or S. aureus represent excellent examples of this resistance
development.
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c. Porin alterations and resistance. P. aeruginosa very quickly changes its
porins to exclude drugs like ceftazidime.

2. Antibiotic pressure and resistance. Because hospitalized patients are com-
promised, there is a tendency to initiate antibiotics such as ceftazidime or ce-
fepime at the first sign of instability. As a result, organisms that are merely
colonizers and not causing infection become resistant. Furthermore their excess
use tends to select for vancomycin-resistant enterococci [4]. When true disease
develops, they do not respond to the selected antibiotic.

3. Intrinsic resistance. Some organisms are always resistant to cephalosporins
(e.g., all enterococci, Listeria monocytogenes, and the organisms of nonbacterial
pneumonia [Legionella, Mycoplasma, and Chlamydia species]) [2].

II. Rational approach to use of intravenous preparations
A. First generation. Cefazolin (Ancef, Kefzol) is the most commonly used agent. It

can be given intravenously (i.v.) or intramuscularly every 6 to 8 hours rather than
every 4 to 6 hours, which other first-generation agents require.
1. This first-generation agent has activity against MSSA and is active against

most community acquired gram-negative organisms. Therefore it is useful in the
following:
a. Routine surgical prophylaxis.
b. Known or suspected MSSA, but not methicillin-resistant S. aureus (MRSA)

infections. There is some evidence that about 50% of MSSA that appear to be
susceptible to cefazolin, produce a β-lactamase that has high activity against
cefazolin. Although appearing susceptible by disk, when these organisms are
present at concentrations above 106/mL, the infection they are causing re-
sponds less well to cefazolin than it does to nafcillin.

c. An alternative agent for penicillin-susceptible S. pneumoniae, S. pyogenes, viri-
dans streptococci, and S. agalactiae (streptococci group B).

2. Infection caused by community-acquired gram-negative organisms (e.g.,
E. coli, K. pneumoniae, etc.), such as cholecystitis and in initial cases of com-
munity-acquired pyelonephritis.

The combination of cefazolin (active against gram-negative organisms) and
metronidazole (active against bowel anaerobes) is a very cost-effective regi-
men for community-acquired intraabdominal infections (see related discussion in
Chapter13).

3. Situations in which to avoid cefazolin. Cefazolin does not penetrate
the cerebrospinal fluid adequately and is not indicated in meningitis. All
cephalosporins are inactive against enterococci and therefore are not
indicated in enterococcal endocarditis. However, in most mixed aerobic and
anaerobic intraabdominal infections, enterococci do not require specific antimi-
crobial treatment (see Chapter 13).

4. Pregnancy and nursing. All cephalosporins, both intravenous and oral, are
category B agents and should be used in pregnancy only when clearly indicated.
They are all excreted into the breast milk and could sensitize the newborn.

5. Dosing (Table 27F.3).
6. Side effects (see section IV)
7. Cost (see Appendix Table)

B. Second-generation cephalosporins
1. Cefamandole (Mandol) use has largely been replaced by cefuroxime or third-

generation cephalosporins. From a historical standpoint, it is important to em-
phasize that this agent was associated with a significant risk of hypopro-
thrombinemia (more than 10% of recipients), presumably related to the
N-methylthiotetrazole (NMTT) side chain, which interferes with prothrom-
bin synthesis. Although controversial, similar concerns persist in newer
agents (e.g., cefotetan) that have this same side chain.

2. Cefuroxime (Zinacef, Kefurox) was introduced in the middle to late 1980’s
and has replaced cefamandole. Because of its spectrum of activity (see section a,
below), it is used for respiratory infections in some centers. In 1993, the American
Thoracic Society [5] favored its use in empiric therapy of community-acquired
pneumonia (CAP), especially in adults with comorbid illness. However, with the
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recent increased incidence of penicillin-resistant S. pneumoniae and the in vitro
data suggesting cefuroxime is not an optimal agent for this pathogen, its role as of
2002 has undergone considerable reassessment (see Chapters 11 and 27C).
a. In vitro activity

(1) Gram-positive organisms. Cefuroxime is very active against group A
and B streptococci and viridans streptococci but not enterococci. Gener-
ally, cefuroxime is less active against MSSA than cefazolin, but cefuroxime
is still active, with an MIC90 ≤1.6 µg/mL. In a recent in vitro study
of more than 1,500 respiratory isolates of S. pneumoniae, cefurox-
ime was active against 99.1% of penicillin-susceptible strains, 53%
of penicillin intermediate susceptible strains, and none of the
high level penicillin-resistant strains [6] (see related discussions in
Chapter 11).

(2) Gram-negative organisms. Cefuroxime is very active against ampi-
cillin-susceptible or -resistant H. influenzae and M. catarrhalis as well
as Neisseria meningitidis, N. gonorrhoeae (including penicillinase pro-
ducers), and Pasteurella multocida. It is active against many community-
acquired gram-negative bacteria (e.g., E. coli, Klebsiella species, etc) but is
less active in vitro than the third-generation cephalosporins against gram-
negative bacteria. Many hospital-acquired gram-negative organisms and
most Pseudomonas species and Providencia species are resistant.

(3) Anaerobes. Cefuroxime is not as active as cefoxitin or cefotetan against
bowel anaerobes. Practically speaking, we would not rely on cefuroxime
for anaerobic activity.

(4) Borrelia burgdorferi (agent of Lyme disease) are susceptible.
b. Pharmacokinetics (Table 27F.2)
c. Clinical uses. Cefuroxime has commonly been used for CAP [7], postinfluenza

pneumonia, orbital cellulitis, complicated sinusitis, and epiglottitis. However,
it is now less favored in these clinical settings due to increasing antimicrobial
resistance of the organisms causing these syndromes (see section a, above).
Oral cefuroxime (cefuroxime axetil, Ceftin) is considered one of the drugs of
choice for early Lyme disease (i.e., erythema chronicum migrans) [8].

d. Doses (Table 27F.3)
e. Pregnancy and nursing mothers. Category B.
f. Cost (See Appendix Table 1)
g. Side effects (see section IV)

3. Cefoxitin (Mefoxin) is a cephamycin antibiotic (cephalosporin-like) that has
enhanced anaerobic activity.
a. In vitro activity

(1) Gram-positive bacteria. Cefoxitin is slightly less active than the first-
generation agents.

(2) Gram-negative bacteria. Cefoxitin remains active against many
community-acquired gram-negative bacteria but is not active against
many hospital-acquired gram-negative bacteria (e.g., Pseudomonas
species, Enterobacter cloacae). It is active against N. gonorrhoeae, includ-
ing penicillinase producers.

(3) Anaerobes. Cefoxitin is active in vitro against 80% to 90% of strains
of B. fragilis at clinically achievable concentrations, although in well-
established anaerobic infections, cefoxitin may not be as effective in vivo.
Generally, cefoxitin is viewed as the cephalosporin with the best
activity in vitro against oral and bowel anaerobes.

b. Pharmacokinetics (Table 27F.2)
c. Clinical uses

(1) Community-acquired mild to moderate intraabdominal infec-
tions. Cefoxitin has been useful in the management of mixed gastrointesti-
nal (GI) flora infections, especially before an abscess develops. Cefoxitin
remains a useful agent in diverticulitis, very early appendix rupture, and
early to mild bowel perforation before B. fragilis has become established in
high titers. However, there are many antibiotic options for these infections,
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including ampicillin-sulbactam, ticarcillin-clavulanate, and piperacillin-
tazobactam (see Chapter 13). Cefoxitin and the β-lactam–β-lactamase
inhibitor combinations are expensive. Thus a combination of
cefazolin and metronidazole for mild to moderate community-acquired
intraabdominal infections (see Chapter 13) and pelvic infections that do
not involve N. gonorrhoeae is an alternative (see section (2), below).

(2) Pelvic infections. Because cefoxitin is active against N. gonorrhoeae,
many gram-negative bacilli, and most anaerobes, it has been clinically suc-
cessful in a variety of pelvic infections, early pelvic abscesses, and pelvic
inflammatory disease regimens [9] (see Chapter 16).

(3) Mixed aerobic/anaerobic soft tissue infections may respond well to
cefoxitin. The best results may occur when the duration of illness, before
initiation of antibiotics, is short. Cefoxitin has been used in mixed-flora foot
infections in diabetic patients; it is not active against enterococci whose
role in this setting is often unclear (see Chapter 4).

(4) Note. Cefoxitin should not be relied on as monotherapy in very
ill patients with bacteremia due to B. fragilis, because cefoxitin may
not be active against 5% to 15% of these isolates. The same is true for
hospital-acquired intraabdominal sepsis that is often caused by re-
sistant gram-negative bacteria.

d. Dosing (Table 27F.30)
e. Pregnancy and nursing mothers (see section II.A.4)
f. Side effects (see section IV)
g. Cost (see Appendix Table)

4. Cefotetan (Cefotan) has been promoted as a cost-effective cefoxitin-like agent
with good anaerobic activity because cefotetan can be given every 12 hours rather
than every 6 to 8 hours.
a. In vitro activity

(1) Gram-positive organisms. Cefotetan is two to four times less active than
cefoxitin [10].

(2) Gram-negative aerobes. In vitro, cefotetan is more active than cefox-
itin against enteric gram-negative bacilli but less active than the third-
generation cephalosporins. It is active against gonococci but is inac-
tive against many hospital-acquired gram-negative organisms, including
many strains of Enterobacter species and most strains of P. aeruginosa and
Acinetobacter species.

(3) Anaerobes. Cefotetan is considered comparable with cefoxitin in vitro
against B. fragilis but is less active against other species within the
B. fragilis group [1].

b. Side effects. Interference with prothrombin synthesis. Cefotetan con-
tains the NMTT side chain, which may be related to an increased incidence
of hypoprothrombinemia (see section II.B.1). The exact incidence of this with
cefotetan is unclear. Of interest, the package insert warning for cefotetan (but
not cefoxitin) indicates that cefotetan “may be associated with a fall in pro-
thrombin activity and possible subsequent bleeding. Those at increased risk
include patients with renal or hepatobiliary impairment or poor nutritional
status, the elderly, and patients with cancer. Prothrombin times should be
monitored and exogenous vitamin K administered as indicated” [10]. Barza
[10] concluded that this needs to be considered when choosing between these
agents.

c. Other side effects (see section IV)
d. Clinical use of cefotetan

(1) For young otherwise healthy women with pelvic infections, endometri-
tis, pelvic inflammatory disease, or mild to moderate community-acquired
intraabdominal infections, cefotetan is reasonable. A similar view was
presented in a publication of clinical practice guidelines. The Commit-
tee on Antimicrobial Agents of the Canadian Infectious Disease Society
suggested that cefotetan could be considered an alternative single agent
for prophylaxis of infection in patients undergoing elective bowel surgery.
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It may be used to treat patients with acute pelvic inflammatory disease
and endometritis, but hypoprothrombinemia in debilitated patients is a
concern [11].

(2) Cefotetan’s useful role in GI surgical prophylaxis is reviewed in Chap-
ter 27B.

(3) For patients with underlying risk factors for hypoprothrombine-
mia (see section b), we do not recommend using cefotetan.

e. Dosing (Table 27F.3). The safety and efficacy in children has not been estab-
lished.

f. Pregnancy and nursing mothers (see section II.A.4)
g. Cost (see Appendix Table 1)

5. Cefonicid (Monocid). This agent is no longer available in the United States.
C. Third-generation cephalosporins are useful in several settings, as shown in

Table 27F.4. These agents are drugs of choice for only a limited number of organisms
(Table 27F.4).
1. In vitro activity

a. Gram-positive aerobes [12,13]
(1) S. pneumoniae. Cefotaxime, ceftizoxime, and ceftriaxone are very ac-

tive against the highly and intermediate susceptible organisms but less so
against penicillin-resistant S. pneumoniae. In one large in vitro report,
ceftriaxone was found to be active against 92% of intermediate level but
only 27% of high level penicillin-resistant strains [6,13].

(2) S. aureus. The first- and some second-generation cephalosporins are at
least two- to fourfold more active than cefotaxime, ceftizoxime, and ceftri-
axone against penicillin-susceptible S. aureus and against some, but not
all, β-lactamase–producing strains. When considering cefotaxime, cefti-
zoxime, or ceftriaxone in suspected sepsis in which staphylococci cannot be
excluded, any of these three cephalosporins would provide the necessary
activity against staphylococci [12]. In patients with documented severe
MSSA infections (e.g., endocarditis), an oxacillin or nafcillin or cefazolin
is preferable.

(3) Coagulase-negative staphylococci. If the organisms are methicillin re-
sistant, a cephalosporin is not recommended, even if the in vitro data
suggest that a cephalosporin may be active. If methicillin susceptible,
cephalosporins are potential agents, although vancomycin often is used.

(4) Group A streptococci. Some third-generation cephalosporins (cefo-
taxime, ceftizoxime, and ceftriaxone) are very active against these
pathogens, with MICs less than 0.03 µg/mL, comparable with benzyl peni-
cillin and, in fact, more active than cefazolin or cefoxitin.

(5) Group B streptococci (S. agalactiae) are also very susceptible to cefo-
taxime, ceftizoxime, and ceftriaxone, with an MIC comparable with peni-
cillin G and lower than cefazolin. Groups C and G streptococci are also
very susceptible to the aforementioned third-generation agents.

(6) Most viridans streptococci and Streptococcus bovis have lower MICs
for these third-generation agents than the first- or second-generation
cephalosporins. This has implications in alternate endocarditis therapeu-
tic regimens (e.g., ceftriaxone once daily).

(7) Inactive L. monocytogenes, enterococci, MRSA, and, as mentioned above,
most high level penicillin-resistant S. pneumoniae are resistant.

b. Gram-negative aerobes [12,14]
(1) H. influenzae (and other Haemophilus species) and N. gonorrhoeae are

very susceptible to the third-generation cephalosporins, including strains
that produce β-lactamases.

(2) N. meningitidis and M. catarrhalis likewise.
(3) Community-acquired Enterobacteriaceae. The excellent in vitro

activity of the third-generation cephalosporins against gram-negative
organisms is a major advantage of these agents over the first- and second-
generation cephalosporins. Bacteria resistant to the older cephalosporins
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and, at times, even the aminoglycosides are often susceptible to the third-
generation cephalosporins. E. coli is usually very susceptible to the third-
generation agents. Most Klebsiella species and P. mirabilis remain
susceptible.

(4) Hospital-acquired gram-negative organisms. Even hospital-acquired
gram-negative organisms that are resistant to first- and second-generation
agents and even occasionally to aminoglycosides are usually susceptible
to specific third-generation drugs [14]. E. coli, Providencia, Citrobac-
ter species, and P. vulgaris generally are inhibited by very low concen-
trations. Occasionally, nosocomial strains of Klebsiella species isolated
in the United States are resistant (and these usually are susceptible
to imipenem). Enterobacter species, especially E. cloacae, which are
important nosocomial pathogens, is a major weakness of the third-
generation cephalosporins. Approximately 10% to 30% of E. cloacae
may initially be resistant to the third-generation cephalosporins, but
even the isolates of E. cloacae with MICs of 1 µg/mL or less contain
subpopulations of organisms that are easily selected for resistance to
the third-generation cephalosporins (see section I.D.2). Presumably, the
general use of cephalosporins, including the first- and second-generation
cephalosporins, has caused the increase in isolation of this species over the
last two decades. Also, C. freundii similarly develops resistance, although
it has not become as prominent a nosocomial pathogen.

(5) Susceptibility tests for hospital gram-negative organisms. Because
of the variability of in vitro susceptibility data, testing is needed for each
third-generation cephalosporin that may be used. For P. aeruginosa, ce-
fepime, which has largely replaced ceftazidime and cefoperazone,
can be considered a potential agent. Because cefoperazone is less ac-
tive (and has the NMTT side chain), we believe that cefepime is the
better third-generation cephalosporin for these situations [14].
Cefepime MIC90 for P. aeruginosa is 8 µg/mL, signifying only modest
activity. Some Burkholderia cepacia strains are inhibited by ceftazidime.

c. Anaerobes. The activity of the third-generation cephalosporins against anaer-
obes was summarized elsewhere [12], but a few points deserve emphasis. The
anaerobic activity of cefotaxime, ceftizoxime, and ceftriaxone is suitable for res-
piratory pathogens (i.e., oral anaerobes). None of the third-generation agents is
considered a drug of first choice for bowel-related B. fragilis [12], although
cefotaxime has been very effective in clinical situations [15]. Cefoxitin and
cefotetan are more active in vitro against anaerobes than most but not
all [11] third-generation agents.

2. Pharmacokinetics is shown in Table 27F.2.
3. Dosages are shown in Table 27F.3, including doses in renal failure.
4. Pregnancy and nursing mothers (see section II.A.4)
5. Clinical use: third-generation agents for community acquired infec-

tion
a. Ceftriaxone (Rocephin) is a widely used agent both due to its broad spec-

trum of activity and its long half-life, allowing for every 24-hour dosing in
non–central nervous system (CNS) infections (Table 27.F.2). It has been effec-
tive against serious infections and is the primary agent for CAP.
(1) Dosing (Table 27F.3). For non–CNS infections, in adults a single dose

given once daily is preferred, usually 1 g every 24 hours. For CNS infections
(e.g., meningitis, brain abscess), maximal doses are used, 2 g every 12 hours
in adults. In children, with meningitis or severe infection, use every
12 hour regimen.

(2) Renal failure. Ceftriaxone has dual renal (60%) and hepatic (40%) ex-
cretion; in renal failure, hepatic excretion increases [2]. Dose adjustments
are not necessary in renal failure [1,2]. If both hepatic and renal failure
is present, half-life is prolonged. If serum levels are not available and
ceftriaxone is clearly the agent of choice, 500 mg every 24 hours for non-
CNS infections in adults [1] is used though serum monitoring is preferred.
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For patients on hemodialysis, the package insert suggests serum levels be
monitored.

(3) Side effects are discussed in section IV. Rarely, ceftriaxone may cause
“sludge” to form in the gallbladder, especially in children, causing “biliary
pseudolithiasis.” Associated symptoms may include nausea, vomiting,
and right upper quadrant abdominal pain [16].

b. Cefotaxime (Claforan) was the first third-generation cephalosporin intro-
duced and is still the preferred agent in neonates, both because of greater
experience and because it does not interfere with bilirubin metabolism in the
neonate. Otherwise, ceftriaxone has for the most part replaced cefotaxime be-
cause of the single daily dose. The one exception is for bowel-perforated in-
traabdominal infections for which the parent drug cefotaxime plus its desacetyl
breakdown product are very effective [15].

c. Ceftizoxime (Cefizox) must be given every 8 to 12 hours for severe infec-
tions and every 4 hours for life-threatening infections. It has largely been
replaced by ceftriaxone given once daily.

6. Clinical use: third-generation agents for hospital-acquired infection
a. Cefepime (Maxipime) is an expanded-spectrum cephalosporin released in

1996 [13,14,17,18].
(1) In vitro activity. It has activity against gram-positive organisms com-

parable with cefotaxime and activity against gram-negative aerobic or-
ganisms comparable or superior to ceftazidime. Cefepime is less active
against MSSA than cefazolin. Among the antibiotics with activity against
P. aeruginosa,it has more frequent in vitro activity than ceftazidime [14].
One of the mechanisms by which it might impart resistance is by inhibiting
adherence of the organism to epithelial cells [19]. However, some strains
are susceptible to ceftazidime and not to cefepime [20]. It is not active
against enterococci, MRSA, B. fragilis, or high level penicillin-resistant
S. pneumoniae [13].

(2) Pharmacokinetics (Table 27F.2)
(3) Approved indications include therapy of susceptible pathogens in (a)

uncomplicated and complicated urinary tract infection (UTI) [10], (b) un-
complicated skin infections, (c) moderate to severe pneumonia [13], and
(d) empiric therapy for the febrile neutropenic patient [21–23]. (N.B. The
package insert does not list meningitis as an indication for use.)

(4) Dosages
(a) For adults usually 1 to 2 g i.v. (or intramuscularly) every 12 hours,

depending on the severity of infection. At 2 g every 12 hours, time
above the MIC of P. aeruginosa for 60% to 70% of a 24-hour period
[24]. In the febrile leukopenic patient, 2 g every 8 hours is advised
[21–23].

(b) For children more than 2 months of age. If weight is less than 40 kg,
50 mg/kg/dose every 12 hours for most infections but every 8 hours
in the febrile neutropenic patient. Maximum dose per day should not
exceed adult doses. If weight is more than 40 kg, adult doses can be
used.

(c) Renal failure. Normal doses are indicated for a creatinine clearance
of more than 60 mL. If the creatinine clearance is 30 to 60 mL/min
and the interval selected is every 12 hours, give the usual dose
every 24 hours; for a creatinine clearance of 10 to 30 mL/min, give 50%
of the usual dose every 24 hours; for a creatinine clearance of less than
10 mL/min, give 25% of the usual dose every 24 hours. If the inter-
val selected is every 8 hours and the creatinine clearance is 30 to
60 mL/min, give the usual dose every 12 hours; for a clearance of
10 to 30 mL/min give the usual dose every 24 hours; and for a
clearance of less than 10 mL/min, give 50% of the usual dose every
24 hours.

(5) Side effects (see section IV)
(6) Cost (see Appendix Table 1)
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(7) Summary. Many institutions have replaced ceftazidime with cefepime.
As with other broad-spectrum agents (e.g., imipenem, piperacillin-
tazobactam), if these agents are used excessively, bacterial resistance will
presumably develop. This is especially true in those associated with a
foreign body. It has been suggested that emergence of resistance of
E. cloacae and other gram-negative organisms with inducible β-lactamase
potential will not be as common as it has been with ceftazidime [3].

b. Ceftazidime (Fortaz, Tazidime, or Tazicef) and cefepime are the most
active cephalosporins against P. aeruginosa. Ceftazidime has poor activ-
ity against gram-positive aerobes. It has in many institutions been re-
placed with cefepime, but its niche involves therapy against known or potential
P. aeruginosa infection, including the following:
(1) Febrile neutropenic patients without an obvious source of infection

[22,25] (see Chapter 20).
(2) P. aeruginosa meningitis. In this rare problem, infectious disease con-

sultation is advised.
(3) In combination with an aminoglycoside for P. aeruginosa tissue

or bloodstream infections in a patient with a delayed penicillin
allergy.

(4) Nosocomial pneumonia when a Gram stain or culture has ruled out
S. aureus.In this setting resistance can develop on therapy (e.g., with
hospital-acquired Enterobacter species).

(5) Malignant external otitis
(6) Cystic fibrosis. Early lower respiratory tract infections in cystic fibrosis

patients.
D. Cefoperazone (Cefobid) is not quite as active as cefepime against P. aeruginosa

and contains the NMTT side chain, which appears associated with hypoprothrom-
binemia (see section II.B.1) We do not favor the use of this agent.

III. Oral cephalosporins (Table 27F.5). Although these are expensive agents (see Ap-
pendix Table), they are commonly used. Adults will have less GI upset with cephalexin
or cephradine than with oral antistaphylococcal agents (dicloxacillin). In children, taste
and aftertaste are important in compliance. In one report, oral cephalosporin suspen-
sions were more “acceptable” than other agents [26]. In general, these agents are rapidly
and thoroughly absorbed [2].

All these agents are category B in pregnancy and all are excreted in breast
milk (see section II.A.4). The indications and uses for these agents have been sum-
marized in Tables 27F.4 and 27F.6 It is helpful to summarize these agents as first-,
second-, and third-generation agents.
A. First-generation oral agents are useful for mild to moderately severe penicillin-

and methicillin-susceptible S. aureus and group A streptococcal infections of the skin
and soft tissue and susceptible UTI pathogens.
1. Cephalexin (Keflex) is well absorbed, but because of the relatively high MICs of

the susceptible gram-negative organisms, this agent is not useful in soft tissue
infections due to gram-negative bacteria. For UTI, even for uncomplicated
UTI, a 7-day course, not 3-day course, is advised (see Chapter 15).
a. Dosage. When treating significant S. aureus soft tissue infection in

adults, a dose of 1,000 mg every 6 hours is used initially and the course
completed with 500 mg every 6 hours [27]. This dose is required to pro-
vide adequate serum levels because cephalexin is excreted very rapidly,. The
suggested adult dose for UTI is 250 to 500 mg every 6 hours. In children,
25 to 50 mg/kg/day is divided into four equal doses. In streptococcal pharyngi-
tis, a twice daily regimen at the UTI dose can be used.

b. In renal failure with creatinine clearance less than 10 mL/min, the in-
terval is prolonged to every 12 hours [24,29]; for dialysis patients, a single
dose of 500 mg daily suffices and is an excellent regimen to complete treat-
ment of a MSSA infection. When creatinine clearance is 10 to 50 mL/min, a
dose is given every 8 to 12 hours, depending on disease severity and renal
failure.

c. Side effects (see section IV)
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d. Pregnancy and nursing mothers (see section II.A.4)
e. Cost (see Appendix Table)

2. Cephradine (Anspor, Velosef) is considered equivalent to cephalexin and may
be preferred if available locally at a lower cost than cephalexin.
a. Dosages: same as for cephalexin.
b. In renal failure, if the creatinine clearance is more than 50 mL/min, a normal

dose is given every 6 hours. If the clearance is 10 to 50 mL/min, 50% of the
usual dose is given at normal intervals. With a creatinine clearance of less
than 10 mL/min, 25% of the usual dose is given at usual intervals. A dose
is advised after dialysis. In chronic ambulatory peritoneal dialysis (CAPD),
doses similar to those with a creatinine clearance of less than 10 mL/min can
be used [28,29].

c. Side effects (see section IV)
d. Cost (see Appendix Table)
e. Pregnancy and nursing mothers (see section II.A.4)

3. Cefadroxil (Duricef) is a very expensive agent with no unique niches. We do
not advocate its use.

B. Second-generation oral cephalosporins have enjoyed immense popularity pri-
marily for upper respiratory (acute otitis media, sinusitis) and lower respiratory
tract infections (acute exacerbations of chronic bronchitis, early CAP) (see Chap-
ters 8 and 11). They are active against penicillin-susceptible S. pneumoniae, and
some of them are active against some intermediate penicillin-resistant
S. pneumoniae but not high level penicillin-resistant S. pneumoniae. They are also
active against M. catarrhalis and H. influenzae—including β-lactamase–positive
pathogens, streptococci group A—and have modest activity against MSSA. All these
agents are relatively expensive. For streptococcal pharyngitis in the allergic pa-
tient, if a cephalosporin is indicated, a first-generation agent (e.g., cephalexin) is
preferred (see Chapter 8).
1. Cefuroxime axetil (Ceftin) has an unpalatable taste, including the suspen-

sions, and therefore an alternate agent (e.g., cefprozil) seems prudent in
children in an attempt to improve compliance. It is active against β-lactamase–
positive and–negative M. catarrhalis, S. aureus, group A and B streptococci,
penicillin-susceptible S. pneumoniae, and some intermediate-level penicillin-
resistant S. pneumoniae (see Chapters 8 and 11). In adults, oral cefuroxime has
been used to complete therapy initiated with parenteral cefuroxime (see section
II.B.2) and as an alternative agent for sinusitis or bronchitis, especially in an
allergic patient (see Chapter 8).
a. Dosage. For children more than 13 years of age and adults, 250 to 500 mg twice

daily, depending on the severity of infection. In early Lyme disease (erythema
chronicum migrans) use 500 mg twice daily.

b. In mild or moderate to even severe renal failure, usual doses are given
[28,29].

c. Cost. This is expensive (see Appendix Table). (Pregnancy and nursing, see
section II.A.4).

d. Side effects (see section IV)
e. Pregnancy and nursing mothers (see section II.A.4)

2. Cefprozil (Cefzil) has similar in vitro activity as cefuroxime axetil. Because it
is available in a bubble-gum–flavored suspension and can be given twice daily,
it is commonly used in otitis media when there is amoxicillin allergy or when
amoxicillin has failed. It also can be used in sinusitis and acute exacerbations
of chronic bronchitis.
a. Dosage. Cefprozil is available as a 250- or 500-mg tablet as well as a liq-

uid bubble-gum–flavor oral suspension of 125 mg/5 mL and 250 mg/5 mL. In
adults with exacerbations of bronchitis, 500 mg twice daily is given. In sinusi-
tis, a similar dose could be used. In children (6 months to 12 years) 15 mg/kg
every 12 hours is suggested per package insert.

b. Renal failure. If the creatinine clearance is over 30 mL/min, use standard
doses. For a creatinine clearance less than 30 mL/min, use 50% of the standard
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dose at normal intervals. Because cefprozil is partially removed after dialysis,
a dose should be given after completion of dialysis. In CAPD, use doses as if
creatinine clearance was less than 10 mL/min [28,29].

c. Cost (see Appendix Table)
d. Side effects (see section IV)
e. Pregnancy and nursing mothers (see section II.A.4)

3. Loracarbef (Lorabid) has a cephalosporin-like structure. Its spectrum of activ-
ity is similar to cefuroxime axetil and cefprozil. Loracarbef has been used espe-
cially in acute otitis media, sinusitis, acute bronchitis, and selected cases of CAP
similar to the indications for cefuroxime axetil and cefprozil. It has no special
niches and we seldom use it.
a. Dosing. The ingestion of food will decrease and delay the peak serum concen-

tration; doses should be given 1 hour before or 2 hours after meals. The
suspension is more rapidly absorbed than the capsules, and the suspension
is recommended for otitis media.

Loracarbef is available in 200-mg pulvules and a suspension (100 mg/
5 mL and 200 mg/5 mL). In adults and children 13 years of age or more,
for acute exacerbations of chronic bronchitis, CAP, sinusitis, and uncompli-
cated pyelonephritis, 400 mg every 12 hours has been suggested. In children
(6 months to 12 years), for otitis the suspension preparation at 30 mg/kg/day
in divided doses every 12 hours.

b. In renal failure. When creatinine clearance is 10 to 49 mL/min, a normal
dose at twice the usual dose interval is given (i.e., every 24 hours). In patients
with creatinine clearance of less than 10 mL/min who are not undergoing
hemodialysis, the usual dose can be given every 3 to 5 days [24]. Patients
undergoing hemodialysis should receive a supplemental dose after dialysis.
For patients with CAPD, there are no data. Dose as if creatinine clearance is
less than 10 mL/min [28,29].

c. Side effects (see section IV)
d. Cost (see Appendix Table 1)
e. Pregnancy and nursing mothers (see section II.A.4)

4. Cefaclor (Ceclor) produces serum sickness in children (see section IV), and 10%
to 15% or more of ampicillin-resistant H. influenzae are resistant to cefaclor. Fur-
thermore, its activity against S. pneumoniae is inferior. Consequently, there
is very little use for this agent [1].

C. Third-generation oral cephalosporins are expensive and occasionally useful in
the allergic patient and in the special circumstances discussed later. Because most
microbiology laboratories can only perform susceptibility data on a limited number
of agents, the susceptibility data of these agents often are not available. We use
these agents in a very limited fashion.
1. Cefixime (Suprax) is more active than other oral cephalosporins against

many gram-negative organisms (E. coli, Klebsiella species, P. mirabilis, and
S. marcescens) but has no useful activity against Pseudomonas species, many
strains of Enterobacter species, and Acinetobacter species. It is very active against
N. gonorrhoeae, H. influenzae, and M. catarrhalis, including β-lactamase produc-
ers. However, it is not active against S. aureus and has decreased activity
against S. pneumoniae when compared with other oral cephalosporins [1]. Ce-
fixime is not active against anaerobes.
a. Clinical use. The exact role for this agent introduced in 1989 is still evolving.

It can be considered especially in [1] uncomplicated gonococcus infection
[9] (see Chapter 16) and H. influenzae or M. catarrhalis otitis media infec-
tions, but because cefixime is not as active against S. pneumoniae (a common
pathogen in otitis), cefixime is not a first-line agent for otitis; it has been
used when amoxicillin has failed (see Chapter 8) In selected cases of UTI
or gram-negative soft tissue infections, when susceptibility data allow,
cefixime may occasionally be useful, especially when allergies preclude us-
ing more conventional less expensive regimens. When it was first introduced,
the general consensus was that it offered little. A recent study comparing
cefixime to intravenous antibiotics in low risk febrile neutropenic patients
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with negative blood cultures, cefixime fared well [30]. Further studies are
awaited.

b. Dosing. The oral suspension is absorbed more rapidly and completely than the
tablets and is preferred in the treatment of otitis media. Tablets are available
in 200 and 400 mg; the oral suspension contains 100 mg/5 mL. In adults and
children older than 12 years of age, 200 mg twice daily or 400 mg once
daily is suggested. In children more than 6 months of age, 8 mg/kg/day of the
suspension once daily or two divided doses are suggested.

c. Renal failure. If the creatinine clearance is 10 to 50 mL/min, 75% of the
standard dosage at the standard interval is given. Patients whose clearance
is less than 10 mL/min or patients on CAPD may be given half the standard
dose at the standard interval. Patients on hemodialysis can be given 300 mg
after dialysis [28,29].

d. Side effects (see section IV)
e. Pregnancy and nursing mothers (see section II.A.4)
f. Cost (see Appendix Table)

2. Cefpodoxime (Vantin) was approved in 1992. It is modestly active against
MSSA, MIC90 = 2.0 µg/mL, and against common respiratory pathogens, includ-
ing penicillin-susceptible S. pneumoniae; H. influenzae, and β-lactamase–positive
or–negative M. catarrhalis, and Streptococcus groups A and B. It is active against
many Enterobacteriaceae but not against Enterobacter, Serratia, Morganella, or
Pseudomonas species. It has been used in UTI, CAP, acute otitis, bronchitis, and
single-dose therapy of uncomplicated gonorrhea.
a. Dosing. Both 100- and 200-mg tablets and an oral suspension (50 mg/5 mL

and 100 mg/5 mL) are available. In adults and children 13 years of age or
more, 200 mg every 12 hours for moderately severe infection is used. For
children (6 months to 12 years), the dose is 10 mg/kg/day divided every
12 hours (maximum 400 mg/day) for 10 days for otitis media. The oral suspen-
sion has a bad taste that can effect compliance in children.

b. In renal failure, the dose interval can be changed [28,29]. If the creatinine
clearance is 10 to 50 mL/min, a standard dose can be given every 16 hours; if the
creatinine clearance is less than 10 mL/min, a standard dose can be given every
24 to 48 hours. In patients undergoing hemodialysis, 200 mg after dialysis only
is suggested. For patients undergoing CAPD, dose as if the creatinine clearance
is less than 10 mL/min [28,29].

c. Pregnancy and nursing mothers (see section II.A.4)
d. Comment. Shortly after its release, the Medical Letter reviewed this agent

and concluded the following: “Cefpodoxime is a broad-spectrum oral
cephalosporin that offers no clear advantage over previously avail-
able drugs for the treatment of any infection” [31]. In the woman with
many antibiotic allergies, when susceptibility data allow, it may be useful in
selected episodes of UTI.

3. Ceftibuten (Cedax) was approved in late 1995. The in vitro activity of this
“third-generation” oral agent is similar to that of cefixime in that it has enhanced
activity against many Enterobacteriaceae, but many gram-positive or-
ganisms are resistant (including S. aureus, S. agalactiae, and viridans strep-
tococci). Ceftibuten has limited activity against S. pneumoniae. Specifically,
strains of pneumococci that are intermediate or high level penicillin resistant
are ceftibuten resistant. Anaerobes are not susceptible. Ceftibuten is not active
against Acinetobacter species and Pseudomonas species. Susceptibility data are
available [32].
a. Although approved for pharyngitis and tonsillitis, less expensive agents are

available. It should not be used for empiric therapy of otitis media because it
is not active against many pneumococcal infections. Ceftibuten is a consider-
ation for acute bacterial exacerbations of chronic bronchitis due to susceptible
H. influenzae and M. catarrhalis especially.

b. Dosages. Ceftibuten is available in 400-mg capsules and a suspension
(90 mg/5 mL and 180 mg/5 mL). Adults and children more than 12 years
of age are given 400 mg once daily. Children more than 6 months of age
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should receive 9 mg/kg/day as a single dose up to a maximum of 400 mg/day.
The suspension must be administered 2 hours before or 1 hour after
a meal.

c. Renal failure. If creatinine clearance is between 10 to 50 mL/min, 50% of
the usual dose is given every 24 hours; if the creatinine clearance is less
than 10 mL/min, 25% of the usual dose is given every 24 hours [28,29]. In
patients undergoing hemodialysis, a single 300-mg dose or 9 mg/kg (maximum
of 300 mg) should be administered at the end of each hemodialysis session.
There are no data for CAPD patients as of early 2000; use doses as if creatinine
clearance is less than 10 mL/min [28,29].

d. Pregnancy and nursing mothers (see section II.A.4)
e. Comment. So far, this agent has no unique niches. Ceftibuten is another

agent that could be used for acute exacerbations of chronic bronchitis, espe-
cially when a once-daily regimen is highly desirable or as an agent to rotate
with other antibiotics in this setting. A recent review [3] and the Medical Letter
[33] did not give this agent a very good report; in its review in 1996 the Med-
ical Letter [33] concluded “ceftibuten is an expensive new oral cephalosporin
that seems like a poor choice for the indications for which it is being mar-
keted. In particular, recommending a drug for use in acute otitis media ex-
cept when caused by pneumococcus makes no sense; pneumococcus are a fre-
quent cause of otitis media and in clinical practice, the pathogen is usually not
identified.”

4. Cefdinir (Omnicef) was approved for use in mid-1998 and reviewed
[2,34,35].
a. In vitro activity [34]. Cefdinir is similar to cefpodoxime in antibacterial ac-

tivity. Cefdinir is active against MSSA; penicillin-susceptible S. pneumoniae,
H. influenzae, M. catarrhalis, and N. gonorrhoeae; and many gram-negative
bacteria but not against Pseudomonas species.

Cefdinir is not active against MRSA, atypical pathogens (Legionella,
Mycoplasma, Chlamydia), enterococcus, and many anaerobes. It is not active
against high level penicillin-resistant S. pneumoniae, and we view its activity
against intermediately penicillin-resistant S. pneumoniae as inadequate. In
one report, the MIC90 of cefdinir against these strains was 3.1 µg/mL, with
the average peak serum levels after a 600-mg dose of only 2.9 µg/mL [36].

b. Pharmacokinetics. Cefdinir is absorbed somewhat slowly from the GI tract
with bioavailability of the capsules of only about 20% and 25% for the sus-
pension. Food does not affect absorption. The drug is not metabolized and is
excreted in the urine [36]. Because children find it to have a smell and taste
they enjoy, compliance may be good.

c. Approved uses include therapy of susceptible pathogens in acute maxillary
sinusitis, otitis media, acute exacerbations of chronic bronchitis, CAP, and skin
infections and for pharyngitis in young children.

d. Dosages per package insert are as follows: For adults, 300 mg every 12 hours
or 600 mg every 24 hours (the once-daily regimen is not advised in pneumonia
or skin infections). For children (6 months to 12 years of age), 7 mg/kg every
12 hours or 14 mg/kg every 24 hours.

e. Renal failure. For patients with creatinine clearance less than
30 mL/min the package insert suggests the following: In adults, 300 mg once
a day; in children, 7 mg/kg (up to 300 mg) given once a day. In hemodial-
ysis, which removes cefdinir, the above reduced doses can be given every
other day, with a dose after dialysis.

f. Pregnancy and nursing mothers (see section II.A.4)
g. Side effects. Like other oral cephalosporins, cefdinir is well tolerated. Diar-

rhea and vaginal candidiasis are the most common side effects [34].
h. Cost. This is an expensive agent: cost to the pharmacist for 10 days in an

adult is $67 [34] for the 300 mg every 12 hour regimen (see Appendix Table).
i. Summary. In a review, the Medical Letter concluded the following: “cefdinir is

an oral third-generation cephalosporin similar to cefpodoxime. Older, better
established drugs are preferred” [34]. However, in a recent symposium,
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discussants concluded that the acceptability in children provides an alterna-
tive for a child who has failed penicillin for strep throat [35].

5. Cefditoren pivoxil (Spectracef) is a new oral third-generation cephalosporin ap-
proved by the U.S. Food and Drug Administration in late 2001. The drug has been
used in Japan for 7 years [37].
a. In vitro activity. This is similar to cefdinir and cefpodoxime.
b. Pharmacokinetics. Cefditoren is well absorbed, with peak levels achieved

in 1.5 to 3 hours. The drug’s half-life (1.6 hours) permits dosing every
12 hours. It is excreted mainly by the kidneys. The inactive metabolite pivalate
is eliminated by the kidneys in combination with carnitine as pivaloylcarnitine
(see section e.(2), below).

c. Approved clinical uses in adults or children 12 or more years of
age include therapy of acute exacerbation of chronic bronchitis, pharyngi-
tis/tonsillitis, and uncomplicated skin and soft tissue infection.

d. Dosage. 200-mg tablets should be taken with meals (absorption is increased
with fatty meals). For pharyngitis and skin infections, 200 mg every 12 hours is
advised; for exacerbation of acute bronchitis, 400 mg every 12 hours is advised.

e. Adverse effects. For short-term use, this agent is generally well tolerated.
(1) Common adverse side effects include diarrhea, nausea, and vaginal can-

didiasis.
(2) Cefditoren decreases serum concentrations of carnitine, which is the sub-

strate for carnitine acyltransferases involved in fatty acid metabolism and
transport of long-chain fatty acids into mitochondria. In normal patients,
the significance of this is unclear, and 7 to 10 days after stopping the drug,
serum carnitine levels normalize. Patients with disorders of fatty acid
metabolism associated with carnitine deficiency can develop progressive
muscle weakness and rhabdomyolysis, but neither has been reported with
cefditoren use [37].

(3) Cefditoren tablets contain sodium caseinate, a milk protein. Therefore
these should not be given to patients with milk hypersensitivity
[37].

f. Drug interactions. Absorption can be reduced when cefditoren is taken with
antacids with magnesium or aluminum or H2 receptor agonists such as rani-
tidine [37].

g. Cost. As with other third-generation cephalosporins, a 10-day supply of cefdi-
toren is expensive, although cefditoren is less expensive than cefdinir or cef-
podoxime [37] (see Appendix Table).

h. Summary. Cefditoren has no unique clinical niche. In early 2002 the Medical
Letter concluded the following: “it offers no clinical advantage over cefdinir or
cefpodoxime, but it costs less” [37]. Older cephalosporins (e.g., cephalexin for
skin infections and cefuroxime for acute exacerbation of chronic bronchitis),
the Medical Letter went on to conclude, “that have narrower spectrums of
activity are as effective as cefditoren for the approved conditions. They are
less likely to promote emergence of resistance. Penicillin remains the drug of
choice for streptococcal pharyngitis or tonsillitis” [37].

IV. Side effects of cephalosporins. Both oral and intravenous formulations are very well
tolerated.
A. Primary allergic reactions. There is approximately a 1% to 3% incidence of pri-

mary allergic reactions to cephalosporins: urticarial and morbilliform rashes, fevers,
eosinophilia, and serum sickness. Anaphylaxis is rare, occurring in less than 0.02%
of recipients [2]. In individuals with a history of penicillin allergy, risk of an allergic
reaction to cephalosporin is up to eight times higher than in those without that his-
tory. However, if the history-positive individual is tested and is negative, that excess
risk disappears [38] (see Chapter 24). If skin tests are unavailable, the following
approach is suggested:
1. With a history of an immediate reaction to penicillin (i.e., anaphylaxis,

bronchospasm, hypotension, etc.), cephalosporins should be avoided [39].
2. In the patient with a delayed mild reaction (e.g., morbilliform rash) to peni-

cillins, cephalosporins are commonly used with caution. The risk with the
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third-generation cephalosporins in this setting is as low as 1%, similar to those
without that history [40].

3. Serum sickness has been observed more in recipients of cefaclor [40] and
with cefprozil [41,42]. Loracarbef may have a risk of serum sickness because its
structure is similar to cefaclor.

B. Nephrotoxicity is infrequent with cephalosporin monotherapy [1,2]. Interstitial
nephritis has occurred as a hypersensitivity response.

C. Hematologic effects
1. Positive Coombs reactions are relatively common (3%) while on high-dose

parenteral therapy [2]. Although hemolytic anemia is quite uncommon, it occurs
after cefotetan use [43,44].

2. Granulocytopenia and/or thrombocytopenia are rare complications. With se-
vere underlying hepatic dysfunction, various β-lactam antibiotics, including the
cephalosporins, have been associated with leukopenia; lower doses of β-lactam
antibiotics should be used [45].

3. Hypoprothrombinemia associated with NMTT side chain is discussed in sec-
tions II.B.1 and II.B.4. It has also been described with cefazolin use in patients
with renal failure because of the side chain similar in structure to NMTT in
cefazolin.

D. Phlebitis with intravenous use is reported in 1% to 2% and is related more to the
known risks of intravenous catheters than to a particular thrombogenic potential of
the cephalosporins [2].

E. Ethanol intolerance. Disulfiram-like reactions (flushing, tachycardia, nausea,
vomiting, headache, hypotension) have been described with patients receiving ce-
foperazone, cefotetan, and cefazolin. The reaction may be related to the NMTT
structure. Patients receiving these agents should be advised not to consume alcohol
or alcohol-containing medications [1,2].

F. Clostridium difficile diarrhea may occur more often in recipients of second- and
third-generation cephalosporins [46], including the oral third-generation agents.
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G. Fluoroquinolones

Quinolone antibiotics have been available since the mid-1960’s [1–5]. Thousands of different
quinolone structures have been synthesized, but fewer than 10 U.S. Food and Drug Adminis-
tration (FDA)-approved agents are clinically useful [2]. Quinolones can be categorized based
on spectrum of antibacterial activity as shown in Table 27G.1 [4]. The more recently intro-
duced third- and fourth-generation fluoroquinolones are referred to as “expanded-spectrum”
fluoroquinolones, in contrast to the earlier second-generation agents such as ciprofloxacin.

Because bacterial resistance to the first-generation quinolones (nalidixic acid, oxolinic acid,
cinoxacin) developed rapidly and they are no longer used, they are not mentioned further. The
second-generation agents (norfloxacin and ciprofloxacin, followed by ofloxacin) were released
between 1986 and 1992. These agents have been very useful clinically for gram-negative or

Table 27G.1. Classification of Quinolones

First generation
Nalidixic acida

Oxolinic acida

Cinoxacina

Second generation
Norfloxacin
Ciprofloxacinb

Ofloxacin
Enoxacina

Lomefloxacina

Third and fourth generationc

Levofloxacind

Sparfloxacin
Gatifloxacine

Grepafloxacin f

Trovafloxacin f

Moxifloxacine

aWithdrawn. See text.
bMost potent against Pseudomonas.
cMore potent against Pneumococcus and/or anaerobes than were earlier compounds.
dAlthough classified by some as second-generation agent [2], becuase of its expanded
spectrum against S. pneumoniae, including penicillin-resistant strains (see Chapter
11), it seems appropriate to view this as a third-generation agent.
eMost active in vitro against S. pneumoniae. See text.
f More potent against anaerobes but rarely indicated. See text.
Modified from Walker RC. The fluoroquinolones. Mayo Clin Proc 1999;74:1030.
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mycobacterial infection, but they lack consistent activity against gram-positive cocci such
as Streptococcus pneumoniae and anaerobes. The recently introduced expanded-spectrum
third- and fourth-generation fluoroquinolones, which include sparfloxacin, levofloxacin, gat-
ifloxacin, and moxifloxacin, were introduced after 1997 (Table 27G.1). The third- and fourth-
generation quinolones have enhanced gram-positive activity, including penicillin-susceptible
and penicillin-resistant S. pneumoniae, and modest anaerobic activity. They also have gram-
negative activity, except for pseudomonas, and activity against the nonbacterial organisms
that cause pneumonia, such as Mycoplasma pneumoniae, as well as against Legionella pneu-
mophila. This spectrum, plus excellent bioavailability, good tissue penetration, long serum
half-life, and safety, have made the fluoroquinolones very attractive agents. The challenge
for the health-care provider is to limit their use to clinical settings that call for
their enhanced spectrum. By doing so, the clinician will reduce the rate of resistance
selection. These steps will lengthen the useful life of these agents.

In this chapter the terms “fluoroquinolones” and “quinolones” are used interchangeably.

I. An overview of the fluoroquinolones
A. Structure. Many structural modifications can be made to the basic synthetic nu-

cleus to achieve specific goals such as enhanced gram-positive or anaerobic activity.
B. Mechanism of action is reviewed elsewhere [4]. Fluoroquinolones inhibit DNA

gyrase, a bacterial enzyme essential for DNA replication, and thus inhibit DNA
supercoiling. They promote gyrase-mediated double-stranded DNA breakage at spe-
cific sites.

C. In vitro activity of the fluoroquinolones is summarized in Table 27G.2 [4].
1. Gram-positive bacteria. Compared with the earlier quinolones, gatifloxacin,

moxifloxacin, and to a lesser degree levofloxacin have enhanced activity against
S. pneumoniae, including penicillin-susceptible and moderately and highly
penicillin-resistant strains [6,7] (see Chapters 8, 11, and 27C). However, against
penicillin-susceptible S. pneumoniae, penicillin is as active in vitro as are
the quinolones. Some strains of S. aureus are susceptible to quinolones, but
against methicillin-susceptible S. aureus, similarly nafcillin is as active as flu-
oroquinolones [7] (Table 27G.2) and methicillin-susceptible S. aureus is far less
likely to develop resistance to nafcillin.

2. Gram-negative bacteria. All the fluoroquinolones are very active against gram-
negative cocci and bacilli, which cause infections in community-residing individ-
uals, including organisms like Haemophilus influenzae, Moraxella catarrhalis,
and Escherichia coli. Recently, however, a study of sex workers in the Philippines
demonstrated that Neisseria gonorrhoeae has developed high level resistance to
ciprofloxacin; from 1994 through 1996 to 1997, resistance of gonococcal isolates
increased from 9% to 49% [8]. This led to a significant number of clinical fail-
ures. Against Pseudomonas aeruginosa and other hospital gram-negative organ-
isms, the activity of quinolones can be summarized as follows: ciprofloxacin > lev-
ofloxacin = gatifloxacin = moxifloxacin = ofloxacin. Sparfloxacin is not approved
for pseudomonas.

3. Anaerobes. Gatifloxacin and moxifloxacin have some activity. Trovafloxacin is
the most active in vitro [5] and has been approved for use in anaerobic infections;
however, it is rarely used (see later discussion). The others have limited activity
against anaerobes.

4. Chlamydia/Mycoplasma. The recently introduced fluoroquinolones are active
against Mycoplasma pneumoniae, Chlamydia pneumoniae, and C. trachomatis.
Ofloxacin is active against C. trachomatis (Table 27G.2).

5. Legionella pneumophila. Ciprofloxacin is quite active, as are the third- and
fourth-generation fluoroquinolones. Ofloxacin, though active, is less so.

6. β-Lactam–resistant organisms. All fluoroquinolones lack significant
activity against methicillin-resistant S. aureus, vancomycin-resistant ente-
rococci, and multidrug-resistant nosocomial gram-negative organisms (e.g.,
Stenotrophomonas maltophilia).

7. Miscellaneous. In foreign body infection, there is laboratory evidence
that quinolones are relatively more active against bacteria attached to foreign
bodies than are the β-lactams. Furthermore, the quinolones adhere to such
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foreign bodies as ureteral stents at concentrations that exceed the minimum in-
hibitory concentration of possible infecting organisms [9]. This has led to their
use in artificial joint infection, sometimes combined with rifampin (see related
discussions in Chapters 5 and 27R).

D. Pharmacokinetics
1. Oral absorption. Fluoroquinolones are well absorbed [1–4,10]. In obese sub-

jects, weight-adjusted dosing yielded higher serum concentrations but similar
tissue fluid concentrations compared with those occurring in nonobese subjects
receiving standard doses [11]. Certain drugs taken concomitantly will inter-
fere with the absorption of quinolones. If antacids, sucralfate, magnesium,
aluminum, iron, zinc, calcium, or didanosine are taken together with an oral flu-
oroquinolone, absorption of the latter is reduced.

2. Intravenous (i.v.) preparations are available for ciprofloxacin, ofloxacin,
trovafloxacin, levofloxacin, gatifloxacin, and moxifloxacin. Oral regimens pro-
vide similar serum levels as the more expensive i.v. formulations, and thus
oral should be used preferentially [1,2]. The i.v. formulations are indicated for pa-
tients who cannot take anything by mouth or have active nausea and vomiting.
If enteral nutrition is possible, patients can be on oral therapy [1,2].

3. Tissue penetration. Fluoroquinolones penetrate tissue well, including lung,
bronchial mucosa, kidney, prostate, bone, and the genital tract.

4. Renal excretion varies [2]. All quinolones require dose reduction in the setting
of both renal and hepatic dysfunction.
a. Levofloxacin and ofloxacin depend entirely on renal excretion; dosage mod-

ification is required in renal failure.
b. Ciprofloxacin, sparfloxacin, and gatifloxacin: moderate dosage adjust-

ments are necessary in renal failure.
c. About 50% of moxifloxacin is metabolized in the liver; dosage reduction is

not necessary.
d. Trovafloxacin is eliminated entirely by the hepatic route. No dosage change

is necessary except in hepatic failure.
5. Concentration-dependent killing. Like gentamicin, fluoroquinolones have

“concentration-dependent killing” and postantibiotic effect against gram-
negative organisms [2,10] (see Chapter 25). If high peak serum concentration
to minimum inhibitory concentration ratios are achieved, some experts believe
the emergence of resistant bacteria may be reduced [12] (also see section V.B).

6. Drug interactions are discussed in section F.4.
7. Topical solutions are available for certain eye and ear infections (see Chapters 7

and 8 and section II.B.12.f ).
E. Adverse reactions. Fluoroquinolones are well tolerated [1,2,13–15]. Although the

clinical impression has been that side effects may be more common in the elderly (i.e.,
those older than 65 years of age), recently that opinion has been challenged [15]. Side
effects have recently been reviewed [13,14] and include the following:
1. Gastrointestinal symptoms, primarily nausea but also anorexia, vomiting,

and/or diarrhea, occur in about 5% or more. C. difficile diarrhea occurs but is
uncommon, perhaps because of the quinolones minimal effect on anaerobic flora
[13].

2. Cutaneous reactions, including nonspecific rashes and urticaria, occur in 1%
to 2%. Sparfloxacin has increased rates of phototoxicity (see section III.C.1).

3. Hepatotoxicity. Liver function test abnormalities and hepatic toxicity are min-
imal in the commonly used quinolones. The exception is trovafloxacin [1,3,14],
which has been associated with severe hepatotoxicity. During the 18 months af-
ter the release of this drug, several cases of severe liver toxicity, including acute
liver failure and some deaths, were reported. In mid-1999, the FDA recommended
that trovafloxacin should be used only for life-threatening or limb-threatening
infections with initial i.v. therapy started in an inpatient setting; see related dis-
cussions under section III.C.2.

4. Central nervous system symptoms occur in 1% to 4% of patients, mainly the
elderly. The most common symptoms are headaches (mild), slight dizziness, mild
sleep disturbance, and alteration of mood with agitation, anxiety, or depression.
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Seizures have rarely been reported and may occur in patients receiving other
medications simultaneously, such as nonsteroidal antiinflammatory agents
with any quinolone: theophylline with ciprofloxacin and moxifloxacin with
metronidazole.

5. QT prolongation with torsades de pointes has been described with the
use of some of the quinolones. This is an evolving area of interest, and up to
date information is available from two excellent websites, www.qtdrugs.org and
www.Torsades.org, which provide listings of drugs with this possible complication
and current references for drugs that may prolong the QTc interval and/or may
be associated with torsades. In recent discussions of this topic [16,16a], the au-
thors conclude that moxifloxacin, levofloxacin, and gatifloxacin should not be
used in patients with risk factors predisposing them to prolonged QTc
interval and therefore torsades. Risk factors included female gender; pres-
ence of underlying cardiac disease, including congestive heart failure; advanced
age; hypokalemia; hypomagnesemia; and use of concomitant drugs known to pro-
long the QTc, interval such as the class Ia (e.g., quinidine, procainamide) and III
antiarrhythmics such as amiodarone or sotalol [17].

See section III. under individual agents also.
6. Tendon rupture [10]. Postmarketing data suggest that quinolone use may be

associated with tendon rupture, primarily the Achilles tendon (unilateral or bilat-
eral) but also in the shoulder and hand. In vitro studies indicate that ciprofloxacin
interferes with collagen synthesis. Tendon rupture is more common in men over
age 50 and in those on steroids. Therefore at the first sign of tendon pain
or inflammation, quinolone should be discontinued and exercise avoided
until the tendonitis has subsided. This topic has recently been reviewed [18].

7. Drug interactions (see section F.4)
F. Precautions in use [19–24]

1. Do not use in patients allergic to either the early analogues (e.g., nalidixic
acid, oxolinic acid, or cinoxacin) or other fluoroquinolones.

2. Avoid systemic use in children. Fluoroquinolones produce cartilage erosion
in young animals. The clinical importance of this has not been demonstrated. Al-
though topical preparations have been used in ear and eye infections (see section
II.B.12.f ), the Red Book [20], Centers for Disease Control and Prevention [25],
and other experts [19,21] do not recommend systemic (oral or i.v.) fluoroquinolones
for use in children with the following exceptions [1,2,19–21,26]:
a. Cystic fibrosis patients, because the benefits are believed to outweigh the

potential risks. Investigations of ciprofloxacin use in this setting have demon-
strated no adverse effects [19].

b. In special circumstances fluoroquinolones may be justified in children
younger than 18 years when alternatives are not available [20,21]. For a de-
tailed discussion see the Red Book [20]. For children over 45 kg, the Centers
for Disease Control and Prevention policy is that adult quinolone regimens
can be used and adult doses are advised [25].

c. Topical agents have been used in eye and ear infections (see Chapter 7 and
section II.B.12.f ).

3. Avoid in pregnancy and nursing mothers because of the potential effect on
developing cartilage (see section 2). The fluoroquinolones are category C agents
(see Chapter 27A).

4. Drug interactions
a. Antacids containing magnesium or aluminum markedly diminish absorption.

This effect is minimized if the antacid is taken 2 to 3 hours after the fluoro-
quinolone. Other multivalent metal cations impair absorption (see prior
discussion in section D).

b. Theophylline levels are increased by ciprofloxacin. See individual
agents.

c. Caffeine. Fluoroquinolones, especially ciprofloxacin, can increase caf-
feine levels. Avoid fluoroquinolones late in the evening with a heavy caffeine
load.

d. Warfarin. Whether a warfarin–fluoroquinolone interaction occurs remains

http://www.qtdrugs.org
http://www.Torsades.org
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unanswered [22]. Close monitoring of prothrombin time while on warfarin
and fluoroquinolones seems prudent.

e. Cyclosporine. Interaction of cyclosporine and fluoroquinolones is unclear.
Monitoring of serum concentrations of cyclosporine and measures of renal
function has been suggested [22].

G. Cost. In general, fluoroquinolones are expensive agents (see Appendix Table).
II. Clinical indications

A. Drugs of choice. Although the fluoroquinolones have an FDA-approved indication
for many infections, they are drugs of choice only for the following [23]:
1. Salmonella or Shigella species
2. Neisseria gonorrhoeae (with ceftriaxone and cefixime)
3. P. aeruginosa urinary tract infections (UTIs)
4. Legionella species rifampin (azithromycin is also a drug of choice) N.B. For indi-

cations 1 to 3 above, many fluoroquinolones are effective, but ciprofloxacin has
often been used for Legionella infections.

B. Common empiric uses, but not antibiotic of choice. They are used when the in-
fecting organism is suspected to be resistant to the preferred agent or if the illness
is severe (Table 27G.3). Certain issues need special emphasis.
1. UTIs. Most uncomplicated community-acquired UTI is due to pathogens suscep-

tible to trimethoprim-sulfamethoxazole (TMP-SMX), so this is usually the pre-
ferred agent. However, as discussed in Chapter 27L, the incidence of TMP-SMX
resistance for community-acquired E. coli is rising and is 15% to 20% in some
regions of the United States. Hence, in some areas of the United States and for
pyelonephritis or for UTI in diabetics, use ciprofloxacin until susceptibility data
are available. Ciprofloxacin is preferred for anyone if P. aeruginosa is suspected.
See the related discussions in Chapters 15 and 27L. The fluoroquinolones
are very useful for complex UTI due to susceptible pathogens and many but not
all nosocomial UTI.

Table 27G.3. An Overview of the Fluoroquinolones

Setting Suggested Agenta Related Discussions

UTI Ciprofloxacin Chapter 15
Prostatitis Ciprofloxacin Chapter 15
Urethritis/PID Ofloxacin Chapter 16
Intraabdominal infection Ciprofloxacin + metronidazole,

(or clindamycin)
Chapter 13

Traveler’s diarrhea Ciprofloxacin Chapter 13
Bacterial diarrhea Ciprofloxacin Chapter 13
Diabetic foot infections Ciprofloxacin and anaerobic

therapy in advanced
infections

Chapter 4

CAP Moxifloxacin,b,c or gatifloxacin,b,c

or levofloxacinb,c
Chapter 11

Nosocomial pneumonia Choice guided by susceptibility
data. See text.

Chapter 11

Selected cases of sinusitis,
refractory otitis, acute
exacerbations of COPD
(see text)

Moxifloxacin,b or gatifloxacin,b
or levofloxacinb,c

Chapter 8

Septic arthritis, osteomyelitisd Ciprofloxacin Chapter 5

aSeems prudent to use the narrowest-spectrum fluoroquinolone that will do the job.
bOptimal agent is unclear. See text sec. III.B.3 and III.B.9.
cAn advanced-generation fluoroquinolone, with activity against penicillin resistant S. pneumoniae is pre-
ferred. This agent is also active against common CAP pathogens and atypical pathogens.
dPrimarily due to susceptible gram negatives. See Chapter 5.
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2. Prostatitis. TMP, TMP-SMX, and the fluoroquinolones all penetrate the
prostate well. Based on susceptibility data and/or side effect profile,
fluoroquinolones are often used in this setting [24], although both TMP and TMP-
SMX are more cost effective (see Chapter 15).

3. Urethritis/cervicitis/pelvic inflammatory disease. Ofloxacin is currently
the preferred fluoroquinolone [25,26] and the agent with which there is the most
experience (see Chapter 16).

4. Intraabdominal infections. Ciprofloxacin plus metronidazole (or clindamycin)
provides good gram-negative and anaerobic activity, respectively. The many other
antibiotic options one can use in this setting are discussed in Chapter 13.

5. Traveler’s diarrhea. The fluoroquinolones (ciprofloxacin) are preferred (see
Chapters 13 and 22).

6. Diabetic foot infections and therapeutic options are discussed in Chapter 5.
There has been the greatest clinical experience with ciprofloxacin in this set-
ting, and it remains the most active currently available fluoroquinolone against
P. aeruginosa.

7. Refractory sinusitis/otitis media. When antibiotic therapy is indicated, amox-
icillin remains the agent of choice for acute sinusitis and otitis media. When this
agent fails or in the patient with multiple antibiotic allergies, moxifloxacin or
gatifloxacin, with activity against penicillin-resistant S. pneumoniae, may be in-
dicated (see Chapter 8).

8. Acute exacerbation of chronic bronchitis can usually be treated with less
expensive and narrower spectrum antibiotics (see Chapter 11). Occasionally,
in the allergic patient or with culture-proven resistant pathogens, a 5-day course
of either moxifloxacin or gatifloxacin that are active against S. pneumoniae and
Haemophilus species is reasonable.

9. Community-acquired pneumonia (CAP) is discussed in Chapter 11. The
advanced-generation fluoroquinolones such as moxifloxacin or gatifloxacin and,
to a lesser degree, levofloxacin are active against the common pathogens caus-
ing CAP, including penicillin-susceptible or -resistant S. pneumoniae, H. in-
fluenzae, M. catarrhalis and the atypical organisms, including Mycoplasma and
Chlamydia species and Legionella pneumophila [6,7,27]. Consequently, these
advanced quinolones have become very popular in the therapy of CAP. They are
included as agents of possible choice in the therapeutic guidelines for CAP [28].
To avoid the rapid development of bacterial resistance, fluoroquinolones should
be used judiciously in CAP [29]. See related discussion in section V.B and in
Chapter 11.
a. Macrolides remain agents of choice for CAP in those under 50 years of age.
b. Advanced fluoroquinolones are useful in patients with known or highly likely

penicillin-resistant S. pneumoniae pneumonia and/or if very ill with pneumo-
nia and multilobar disease, requiring intensive care unit care while awaiting
susceptibility data and other information (see Chapter11). These agents are
indicated in other selected cases.

10. Nosocomial pneumonia usually occurs in ventilated patients, so-called
ventilator-associated pneumonia.
a. When fever develops in the patient on a ventilator, very frequently the cause

is far from clear. It has recently been shown that in the patient who did not
fulfill the criteria for definite pneumonia, ciprofloxacin, initiated at the onset
of the fever, could be safely stopped after 3 days instead of continuing a full
7 to 10 days. When this was done, the patients had equal or better outcome
[30] compared with those in whom the drug was continued for 7 to 10 days. In
those with clear-cut ventilator-associated pneumonia, initial empiric
therapy often involves combination therapy (e.g., antipseudomonal penicillin
and an aminoglycoside) until culture data are available. An advanced fluoro-
quinolone (with or without) aztreonam may be useful in the allergic patient.
See related discussions in Chapter 11.

b. For completion of therapy an oral fluoroquinolone can often be used; the
agent selected will depend on culture data, if available, or local susceptibility
patterns and trends.
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11. Septic arthritis and osteomyelitis due to susceptible pathogens, primar-
ily gram-negative organisms, have been treated with fluoroquinolones, most
commonly ciprofloxacin (see Chapter 5). More recently, ciprofloxacin with ri-
fampin has been shown to be effective in staphylococcal infections of artificial
hips. The quinolone was chosen to be combined with rifampin because
of the quinolone’s superior activity against gram-positive organisms attached to
foreign material. However, when ciprofloxacin is used by itself, development of
resistance, and clinical failure, is common [31]. See related discussions in section
I.C.7 and Chapters 5 and 27R.

12. Miscellaneous
a. Meningococcal carrier state. Ciprofloxacin is a drug of choice (see Chap-

ter 6).
b. Cat scratch disease, due to Bartonella henselae, has been treated with

ciprofloxacin [32], although azithromycin is listed as the drug of choice for
this pathogen [23], with ciprofloxacin listed as an alternative agent.

c. Fever of unclear etiology in the leukopenic patient. In an attempt to
avoid hospitalization or minimize the hospital stay, oral antibiotics are be-
ing evaluated in these patients. Ciprofloxacin, which is very active against
gram-negative organisms, combined with an agent for gram-positive organ-
isms such as amoxicillin-clavulanate, has been studied [33–35]. For the hos-
pitalized patient, ciprofloxacin plus piperacillin appears to be useful [36]. See
related discussions in Chapter 20.

d. Mycobacterial infections are sometimes treated with fluoroquinolones
[32,37] (see Chapter 11). Infectious disease and/or pulmonary consultation
is advised.

e. Patients with cystic fibrosis and pulmonary colonization/infection with
Pseudomonas have been treated with ciprofloxacin (see section I.F.2).

f. Selected ear infections in children have been treated with topical
agents. Ciprofloxacin HC otic suspension has been used for otitis externa
(see Chapter 8) and ofloxacin otic solution has been approved for use in otitis
externa, chronic suppurative otitis media, and the otorrhea of acute otitis
media that occurs in children with tympanostomy tubes 1 year of age and
older. The use of these topical agents has been reviewed in detail in a recently
published symposium devoted to this topic [38].

III. Brief comment on individual agents. Although several agents are available, in the
past decade of using these antibiotics, certain common practices and special niches
have often evolved that have allowed the clinician to use selected agents effectively
while eliminating other agents (Table 27G.3). In addition to the general comments made
in section I, we emphasize the following:
A. Second-generation agents

1. Norfloxacin (Noroxin), available in 1986, provides good urinary and gastroin-
testinal levels but does not provide acceptable serum levels or nonrenal tissue
levels. It is potentially a useful agent in uncomplicated UTI, traveler’s diarrhea,
and for spontaneous bacterial peritonitis prophylaxis in cirrhosis. It has been
replaced by ciprofloxacin, even for the latter indications.

2. Ciprofloxacin (Cipro) was released in late 1987 and remains a very use-
ful agent. It remains more active against P. aeruginosa than any other
fluoroquinolone. However, it is not as active against penicillin-susceptible
or -resistant pneumococci or against anaerobes, as are the third- and fourth-
generation agents. Ciprofloxacin can raise theophylline and caffeine levels and
causes central nervous system symptoms in the elderly but is otherwise well
tolerated (see section I.E).

3. Ofloxacin (Floxin) was released in 1990. In the review in Medical Letter the
contributors concluded that ofloxacin “appears to be equivalent to ciprofloxacin”
for UTI, prostatitis, skin and soft tissue infections, lower respiratory tract infec-
tions, and “can be used for chlamydial infections” [39]. Ofloxacin is active against
C. trachomatis, and there is considerable experience with its use for these infec-
tions. It has therefore achieved a special niche in the therapy of nongonococcal
urethritis, where it remains the quinolone of choice and is part of some
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of the regimens for pelvic inflammatory disease [25] (see Chapter 16).
Ofloxacin does not interfere with theophylline or caffeine metabolism as
may ciprofloxacin. It is not approved for osteomyelitis.

B. Third- and fourth-generation agents: expanded spectrum. There are three
currently available agents in common use, levofloxacin, moxifloxacin, and gati-
floxacin. The latter two were approved in late December 1999 for use in CAP, acute
bacterial exacerbations of chronic bronchitis, and acute sinusitis [6,7,41–45]. Both
agents are active against Legionella species and M. pneumoniae and both have less
than optimal activity against some anaerobes. Neither drug affects the cytochrome
P450 enzyme system [41]. Because of the potential for prolongation of the QT
interval with both of these agents [41], while awaiting further clinical experience
we believe it is prudent to limit their use in patients who have other risk
factors for QT prolongation. See related discussion under section I.E.5.
1. Levofloxacin (Levaquin) became available in late 1997 [40]. This expanded-

spectrum fluoroquinolone has good activity against penicillin-resistant
S. pneumoniae (see Chapter 11) and other CAP pathogens. However, the min-
imum inhibitory concentration of S. pneumoniae is very close to the maximum
achievable serum levels, and in some experts’ opinions this fact may be contribut-
ing to the development of resistance in quinolones [3,12] (also see section V.B).
It has been used in selected cases of CAP and selected cases of refractory sinusi-
tis, otitis in adults, and acute exacerbations of chronic obstructive pulmonary
disease (see Chapter 8). It is also used in some of the regimens for sexually trans-
mitted diseases (e.g., nongonococcal urethritis, gonococcal (GC) urethritis, pelvic
inflammatory disease regimens, etc.) [25]. The oral formulation is extremely well
absorbed. Oral and i.v. formulations are 99% bioequivalent. One dose per
day is needed; the dose interval is prolonged in renal failure.

2. Moxifloxacin (Avelox) has improved gram-positive activity over levofloxacin
[40,41,45], including penicillin-resistant S. pneumoniae, but is less active against
Enterobacteriaceae than ciprofloxacin and has little activity against Pseu-
domonas species. In addition to the indications listed in section B above, it is
approved for use in uncomplicated skin and soft tissue infections due to suscep-
tible S. aureus or Streptococcus pyogenes.
a. Dosage. In adults, 400 mg orally is given once daily, without dose adjust-

ment in renal failure. It does not interfere with theophylline or warfarin
and has a low propensity for phototoxicity and central nervous system side
effects.

b. Side effects (see section I.E)
c. Cost (see Appendix Table 1)

3. Gatifloxacin (Tequin) has similar in vitro activity [6,7,41,42] to moxifloxacin.
In a recent report, gatifloxacin was about fourfold more active in vitro against
S. pneumoniae than levofloxacin [42]. In addition to the respiratory tract infec-
tions listed under section 3 above, gatifloxacin is approved for used in uncom-
plicated and complicated UTI and for uncomplicated gonococcal infections (see
Chapter 16).
a. Dosage. Oral tablets and an i.v. preparation are available. The usual adult

dose is 400 mg orally or intravenously every 24 hours with reduction if the
creatinine clearance is less than 40 mL/min (Table 27G.4).

b. Cost (see Appendix Table)
4. Levofloxacin versus moxifloxacin versus gatifloxacin. The optimal

quinolone for use in CAP due to known or highly suspected penicillin-resistant
S. pneumoniae is unclear as of mid-2002. There is more clinical experience with
levofloxacin, but as discussed in earlier sections either gatifloxacin or moxifloxacin
provides a greater therapeutic ratio that may be advantageous. The precise risk
of QTc-related problems with any of these agents continues to undergo study and
awaits further clinical experience. Clinically significant QTc prolongation appears
to be rare and, when it occurs, may be more likely to take place in patients with
more than one risk factor associated with QTc prolongation (see section I.E.5).
Therefore, in patients with more than one risk factor for QTc prolongation, we
would favor using an alternative class of antibiotic (see Chapter 11).
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Because these are evolving issues, at this point we would advise discussing the
optimal agent with an infectious disease subspecialist, especially if there are risk
factors associated with QTc prolongation.

C. Rarely used or recently withdrawn agents include the following.
1. Sparfloxacin (Zagam). This agent was introduced in late 1997. A generic prepa-

ration is available but because this agent has been associated with significant
problems with photosensitivity and QT prolongation with torsades, we would
use an alternate quinolone.

2. Trovofloxacin (Trovan) was approved for use in early 1998. In vitro, this agent
is active against pathogens causing CAP, many gram-negative bacilli, and anaer-
obes. It has good bioavailability, and both oral and i.v. formulations are available.
Because of the hepatotoxicity discussed previously (see section I.E.3)
and the availability of other quinolones or other classes of antibiotics,
we do not use this agent. We would not suggest using trovafloxacin unless
in a special circumstance and in consultation with an infectious disease special-
ist. Therefore this agent is not discussed further. Of interest, trovafloxacin is not
listed as an important quinolone in the recent Medical Letter [23].

3. Enoxacin has been withdrawn.
4. Lomefloxacin (Maxaquin) was released in 1992, but patients on this

agent had moderate to severe phototoxic reactions. This agent has been
withdrawn.

5. Grepafloxacin (Raxar) was approved for use in late 1997. It was associated with
prolongation of the QT interval, and in late 1999 it was voluntarily withdrawn
from the market due to severe cardiovascular adverse reactions [14].

IV. Dosages of fluoroquinolones
A. With normal renal function, see Table 27G.5.
B. In renal failure, see Table 27G.4.

V. Miscellaneous
A. Cost. In general, the fluoroquinolones are expensive agents (see Appendix Table).

Nevertheless, they may be cost-effective agents if they can shorten the hospital stay,
or the oral form is used to avoid hospitalization for i.v. antibiotic administration, or
early switch from the i.v. formulation to the oral form is carried out.

B. Resistance to fluoroquinolones [2,8,46–52]. With widespread use of the flu-
oroquinolones, selective pressure is exerted, particularly in intensive care and
specialized care units in hospitals [2]. This has resulted in the emergence of
quinolone-resistant bacteria [2]. Resistance develops by mechanisms of reduced drug
penetration, altered regulation of active efflux mechanisms [2,3], and DNA gyrase
mutations.
1. Nosocomial pathogens

a. Methicillin-resistant S. aureus is resistant to available fluoroquinolones or
will become so with use in a patient.

b. P. aeruginosa. Resistance is common with infections involving a foreign body,
such as a Foley catheter or a tracheostomy, or with prolonged use as occurs in
cystic fibrosis respiratory infections. At this time approximately 15% to 30%
of P. aeruginosa are resistant to all available fluoroquinolones.

c. Serratia marcescens, other Pseudomonas species, and Acinetobacter
species often are resistant. S. maltophilia is resistant, even when laboratory
tests report susceptibility. In a recent report [48], 56% of extended-spectrum β-
lactamase–producing E. coli and Klebsiella pneumoniae isolates were resistant
to the fluoroquinolones.

2. Community-acquired resistance of bacteria has been uncommon. Recently,
pneumococci with decreased susceptibility to quinolones have been described [50],
and treatment failures with levofloxacin have occurred [51,52]. Some experts be-
lieve that recent exposure to a fluoroquinolone should be a contraindication to the
use of another fluoroquinolone for the empiric treatment of CAP [51,52]. Although
fluoroquinolone-resistant N. gonorrhoeae have been isolated in the Far East, such
strains fortunately have only been rarely isolated in the United States [8,49].
There is concern that resistance may increase due to use of fluoroquinolones in
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Table 27G.5. Dosages in Normal Renal Function

Ciprofloxacin p.o.a
UTI

Acute, uncomplicated 100 mg p.o. bid × 3 days
Mild and moderate 250 mg p.o. bid 10–14 days
Severe, complicated,

pyelonephritis
500 mg p.o. bid 14 days

Prostatitis 500 mg p.o. bid 2–4 weeks. See text
Intraabdominal infectionb 500 mg p.o. bid 10–14 days
Traveler’s diarrhea 500 mg p.o. bid 3 days
Bacterial diarrhea 500 mg p.o. bid 5–7 daysc

Susceptible lower respiratory
tract gram negatives (e.g.,
hospital-acquired pneumonia)

500–750 mg p.o. bid At least 14 days
total treatment.
See text.

Septic arthritis, osteomyelitis
due to susceptible pathogens

500–750 mg p.o. bid See Chapter 5.

Ofloxacin (p.o./i.v.)
Acute, uncomplicated urethral

and cervical gonorrhea
400 mg, single dose 1 day

Nongonococcal
cervicitis/urethritis due to
C. trachomatis

300 mg bid 7 days

Mixed infection of the urethra
and cervix due to
C. trachomatis and
N. gonorrhoeae

300 mg bid 7 days

Acute pelvic inflammatory
diseased

400 mg bid 14 days

Levofloxacin (p.o./i.v.)
CAP 500 mg q24h 10–14 days
Susceptible lower respiratory

infections in hospitalized
patients

500 mg q24h 10–14 days

Selected cases of sinusitis,
bronchitis

500 mg q24h 5–7 days

Gatifloxacin (p.o./i.v.)
CAP 400mg q24h 7–14 days
Selected cases of

Sinusitis 400mg q24h 10 days
Bronchitis in COPD 400mg q24h 5–7 days

Moxifloxacin (p.o./i.v.)
CAP 400mg q24h 10 days
Selected cases of

Sinusitis 400mg q24h 10 days
Bronchitis In COPD 400mg q24h 5 days

aCiprofloxacin can be given i.v.: for mild to moderate UTI 200 mg i.v. q12h; for severe or complicated UTI
400 mg q12h. Doses given over 60 min. A 500-mg p.o. dose and a 400-mg i.v. dose provide similar serum
levels.
bNeeds to be combined with an anaerobic agent (e.g., metronidazole or clindamycin). See Chapter 13.
cTyphoid fever is treated with 10 days.
dOfloxacin is combined with metronidazole. See details of therapy of PID in Chapter 16.
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both human and animal food [47]; quinolone-resistant Salmonella species have
been isolated [53,54].
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H. Unique β-Lactam Antibiotics: Monobactams and Carbapenems
(Aztreonam, Imipenem, Meropenem, and Ertapenem)

I. Aztreonam (Azactam) is the first clinically useful monobactam. It is active against
most of the gram-negative aerobes without the nephrotoxicity of aminoglycosides [1].
A. Mechanism of action. Aztreonam binds to the penicillin binding proteins of bac-

terial walls.
B. In vitro activity. Aztreonam is unique among the β-lactam antibiotics because

it is active only against gram-negative aerobes.
1. Gram-negative aerobes

a. Highly susceptible organisms include β-lactamase and non–β-lactamase–
producing strains of Haemophilus influenzae and Neisseria gonorrhoeae, as
well as N. meningitidis.

b. Most Enterobacteriaceae are inhibited by less than 1 µg/mL [1], except for
resistant strains shown in section d below.

c. Pseudomonas aeruginosa. Aztreonam inhibits 50% at 4 µg/mL and 90% at
16 to 32 µg/mL; concentrations required to inhibit usually are twofold greater
than those for ceftazidime [2]. At least 12% of strains of P. aeruginosa are
resistant [3,4]. The combination of aztreonam and piperacillin (or mezlocillin)
is synergistic against some strains of P. aeruginosa and Enterobacter species
but not as frequently as piperacillin plus an aminoglycoside [5,6].

d. Resistant strains typically include Citrobacter freundii, Enterobacter aero-
genes, some E. cloacae, Legionella pneumophilia, and Acinetobacter species.
Cefoxitin antagonizes the activity of aztreonam against Enterobacter species.
[1].

2. Gram-positive aerobes: little or no activity.
3. Anaerobes: little or no activity.

C. Pharmacokinetics [1,6].
1. Absorption. Aztreonam is poorly absorbed after oral administration but can be

given intramuscularly (i.m.) or intravenously (i.v.).
2. Excretion is primarily by the kidneys and doses are reduced in renal failure.
3. Penetration/distribution. Aztreonam penetrates body fluids well but has lim-

ited penetration into the cerebrospinal fluid. After i.v. infusion of 0.5-, 1-, and 2-g
doses, mean peak serum levels of more than 60, 160, and 250 µg/mL, respectively,
are achieved [1]. Urinary concentrations are very high with urinary concentra-
tions of more than 250 µg/mL and more than 700 µg/mL achieved 4 to 6 hours
after a single i.v. 500-mg or 1-g dose, respectively, in patients with normal renal
function [1].

D. Clinical role. Because aztreonam is active against gram-negative aerobes
only, combination therapy is necessary for mixed infections with gram-
positive organisms and/or anaerobes. Aztreonam has been successfully used in
the following [1,6]:
1. Urinary tract infection as single agent for susceptible gram-negative organ-

isms.
2. Intraabdominal (including peritonitis) and/or pelvic infections in combina-

tion with antianaerobic agents such as clindamycin or metronidazole [7].
3. Bacteremia. For empiric therapy, additional coverage is necessary. Once a gram-

negative bacteria is isolated, this becomes an excellent choice.
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Table 27H.1. Aztreonam Intravenous Dosage Guidelines (Normal Renal Function)

Type of Infection Dosea Frequency
(Hours)

Adultsb

Urinary tract infections 500 mg or 1 g 8 or 12
Moderately severe systemic

infections
1 g 8

Severe systemic or
life-threatening infections

2 g 6 or 8c

Pediatric patientsb

Mild-to-moderate infections 30 mg/kg 8
Moderate-to-severe infections 30 mg/kg 6 or 8

aHigher doses are used in more severe infection.
bMaximum recommended dose is 8 g/day.
cIn systemic or severe P. aeruginosa infections 2 g q6–8h is suggested.
dMaximum recommended dose is 120 mg/kg/day.
Modified from Physicians’ desk reference, 56th ed. Montvale, NJ: Medical Economics Data, 2002, with
permission.

4. Gram-negative pneumonia due to susceptible pathogens [8]. Because some
nosocomially acquired P. aeruginosa may be resistant to aztreonam, an amino-
glycoside is initially preferred until susceptibility data are available.

5. Skin and soft tissue infection after the gram-negative organism is identified.
6. Bone and joint infections due to susceptible pathogens have been treated with

aztreonam i.v. Usually an oral fluoroquinolone is preferred in this setting.
7. Febrile neutropenic patients have been treated with aztreonam combined

with an aminoglycoside. Vancomycin is added for patients when gram-positive
infection is suspected (e.g., patients with central venous catheters or chemother-
apy ports) (see Chapters 2 and 20).

E. Dosing. Aztreonam may be administered i.v. or i.m. The i.v. route is recommended
for patients requiring more than 1 g per dose and in those patients with bacteremia,
abscess, peritonitis, or other severe or life-threatening infections.
1. Adult and pediatric (more than 9 months of age) dosages are summarized

in Table 27H.1.
2. Renal failure dose reduction is shown in Table 27H.2.

a. Doses for patients on hemodialysis are similar to those whose clearance
is <10 mL/min. Thereafter, one-eighth of the initial dose (or 500 mg) is given
after each hemodialysis [9].

Table 27H.2. Dosing of Aztreonam in Renal Failure

Estimated
Creatinine Clearance Adult Dose Pediatric Dose

>30 mL/min See Table 27H.1 See Table 27H.1
10–30 mL/min Initial dose as in Table 27H.1, then

give half of the usual dose at the
standard interval

Insufficient
dataa

<10 mL/min Initial dose as in Table 27H.1, then
one quarter the usual dose at the
usual fixed interval

Insufficient
dataa

aAs per the 2002 package insert, there are insufficient data to support recommendations for dosing
aztreonam in renally impaired pediatric patients.
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b. Chronic ambulatory peritoneal dialysis (CAPD). Dosing guidelines fol-
lowed for a clearance less than 10 mL/mm can be followed [9].

3. Penicillin-allergic or cephalosporin-allergic patients. For patients with im-
munologically mediated reactions to penicillins or cephalosporins there is little
risk of cross-sensitivity. Repetitive courses of aztreonam may rarely provoke a
hypersensitivity reaction [10].

4. Pregnancy. Aztreonam is a category B agent; it should be used during pregnancy
only if clearly indicated.

5. Nursing mothers. Aztreonam is excreted in breast milk. The package insert
suggests consideration should be given to temporary discontinuation of nursing
and use of formula feedings while the mother receives aztreonam.

F. Toxicity [1,6]. Aztreonam is a safe agent with side effects similar to other β-
lactams.
1. Serious nephrotoxicity or ototoxicity has not been reported. Aztreonam is

promoted for the treatment of gram-negative aerobic infections as safer
than the aminoglycosides.

2. Adverse reactions of rash, nausea, diarrhea, eosinophilia, and mild hepatic
transaminase elevations have been seen as with other β-lactam antibiotics.

G. Cost (see Appendix Table 1). Although monotherapy costs compared with third-
generation cephalosporins are competitive, aztreonam is much more expensive
than gentamicin or tobramycin; thus combination therapy with aztreonam is more
expensive.

H. Summary. Guidelines for the optimal use of aztreonam continue to evolve
[1,6,11]. In moderate to severe nosocomial infections, aminoglycoside therapy for
gram-negative organisms for the initial 48 to 72 hours while awaiting cultures is
prudent unless an aminoglycoside is contraindicated. Once susceptibility data are
back, if the organism is resistant to cephalosporins and quinolones but susceptible
to aztreonam, aztreonam could be used. The development of resistance while on
therapy is usually not a concern with aminoglycosides but with aztreonam is not
fully delineated. If the approach just outlined is used, the risk of resistance may be
minimized. There may be an increased incidence of Clostridium difficile diarrhea
associated with the common use of advanced cephalosporins. Aztreonam appears
to be associated less often with these problems and therefore may be an appealing
alternative. Because aztreonam is active only against gram-negative bacilli, when
it is used empirically for mixed infections, combination therapy will be necessary,
thereby increasing costs. In some circumstances, an aminoglycoside may still be
the preferred agent as, for example, in combination therapy against enterococcus
and Listeria monocytogenes and in combination with anti-Pseudomonas penicillin in
severe P. aeruginosa infections.

II. Imipenem (Primaxin), a carbapenem released in 1985, has a very broad spectrum
of activity. It is combined with cilastatin, a potent enzyme inhibitor, which prevents
the inactivation of imipenem in the kidney by inactivating enzymes in the brush bor-
der cells. This ensures good urinary concentrations. Cilastatin also appears to have a
“nephroprotective” effect [1,6].
A. Mechanism of action. Imipenem binds with high affinity to penicillin-binding pro-

teins, causing lysis of many gram-positive and gram-negative bacteria. Its ability to
penetrate the cell membrane of multiple gram-negative bacilli and its resistance to
β-lactamases produced by gram-positive and gram-negative bacilli help explain its
broad spectrum [1].

B. In vitro activity [12]. Some resistance has developed over time [1,13].
1. Gram-positive aerobes

a. Very susceptible, with a minimum inhibitory concentration (MIC)90 typ-
ically of 0.1 µg/mL or less: penicillin-susceptible Streptococcus pneumo-
niae, group A and B streptococci, Streptococcus bovis, methicillin-susceptible
Staphylococcus aureus, S. saprophyticus, intermediate penicillin-resistant
S. pneumoniae, and many high level resistant strains [1,6] (see Chapters 11
and 27C).

b. Moderately susceptible. Amoxicillin-susceptible enterococci usually are
susceptible, with the MIC90 of susceptible Enterococcus faecalis approximately
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1 to 3 µg/mL. Imipenem is bacteriostatic against susceptible enterococci.
Imipenem-aminoglycoside combinations may be synergistic against E. faecalis.
However, many strains of E. faecium are resistant to imipenem.

c. Resistant. Methicillin-resistant S. aureus (MRSA), coagulase-negative
staphylococcus, Corynebacterium JK, and vancomycin-resistant enterococci
(VRE) are resistant to imipenem.

2. Gram-negative aerobic bacteria
a. Enterobacteriaceae. In an early review of more than 8,000 isolates, three

levels of imipenem activity were recognized [14]. An MIC90 of 1.0 µg or
less (very susceptible) was seen with Escherichia coli, Klebsiella species,
Salmonella, Shigella species, Citrobacter diversus, Hafniae alvei, and Yersinia
enterocolitica. Enterobacter species, C. freundii, and Serratia species have
MIC90 of approximately 1 to 2 µg/mL (susceptible). An MIC90 of 2 to 4 µg/mL
(less susceptible) is noted, especially with the Proteus species. Although some
Enterobacteriaceae has developed resistance to imipenem, it remains more
active than noncarbapenem β-lactam antibiotics [1,13].

b. Pseudomonas. The MIC90 for P. aeruginosa is typically higher (e.g., 5 µg/mL
in more than 1,600 strains in early testing) [14]. Although some strains have
developed resistance to imipenem over time, in one 1996 report of more than
6,600 intensive care unit isolates, 87% of strains were susceptible to imipenem.
Against these same strains, 89%, 93%, and 65% of strains were susceptible to
amikacin, tobramycin, and gentamicin, respectively [13].

Similar MICs were noted for P. fluorescens. Imipenem may show synergism
with tobramycin or other aminoglycosides against P. aeruginosa [1,6]. Risk
factors for imipenem-resistant Pseudomonas have recently been reviewed [15].

c. Burkholderia cepacia and Stenotrophomonas maltophilia are resistant. The
latter produces a β-lactamase that easily hydrolyzes imipenem. Acine-
tobacter calcoaceticus species are usually quite susceptible, but nosocomial
infections due to resistant species can occur.

d. Community-acquired pathogens. The MICs for β-lactamase–positive and–
negative N. gonorrhoeae are identical and similar to N. meningitidis. They have
a MIC90 of less than 0.20 µg/mL, and H. influenzae with a, MIC90 of 0.6 µg/mL
are very susceptible. Although imipenem is active in vitro, it is not considered
appropriate treatment for Legionella pneumonia because of the intracellular
location of the organism [1,6].

C. Pharmacokinetics
1. Intravenous or i.m. but not oral route is available. Lower serum levels are

reached after i.m. doses. In adults of average size with normal renal function,
500- and 1,000-mg doses i.v. provide peak serum levels of 30 to 40 and 60 to
70 µg/mL, respectively [1].

2. Excretion is primarily by the kidneys, and doses must be reduced in renal failure.
Little of the drug is found in the feces, so there is relatively little impact on bowel
flora; C. difficile diarrhea has been reported (see section F.3).

3. Penetration/distribution. Imipenem-cilastatin penetrates body fluids well,
with at least modest penetration of the inflamed meninges.

D. Clinical role. Imipenem-cilastatin is especially useful in infections caused by
pathogens resistant to other agents or for infections that would otherwise re-
quire multiple antibiotics. It is particularly useful in complex nosocomial infections
[1,5].
1. See Table 27H.3 for a summary.
2. Miscellaneous uses

a. Eye infections. Its broad spectrum leads to its use for some eye infections
[16] (see Chapter 7).

b. Acute necrotizing pancreatitis. Imipenem is detected in high concentra-
tions in pancreatic tissue but not in the bile. It has been used to try to prevent
or treat pancreatic infections, but other choices seem better for biliary sepsis
[17] (see Chapter 13).

c. Nocardia. Alternate agent for Nocardia infections. It may be useful in selected
infections due to high-level resistant S. pneumoniae (see Chapters 11 and 17).
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Table 27H.3. Clinical Use of Imipenem (or Meropenem)

For serious nosocomical infections (e.g., bacteremia, pneumonia, complex UTI, severe
perineal soft tissue infection, osteomyelitis), especially those involving resistant
organisms, or polymicrobial infections (mixed anaerobes, aerobic, gram-positive
and -negative, especially for diabetics)a

Used as an alternative to combination therapy for complex nosocomial intraabdominal
infections, thus avoiding ototoxic and nephrotoxic effects of aminoglycosidesb

For Pseudomonas infections caused by organisms resistant to other antipseudomonal
β-lactam agents but, where possible, use in combination with an aminoglycoside.

Monotherapy in febrile granulocytopenic patients (see Chapter 20).
A “drug of choice” for severe nosocomial Enterobacter or Serratia or Acinetobacter spp.,

and C. freundii infections; also for Campylobacter fetus infections [8].
When not to use imipenem (or meropenem)

Not alone in treatment of serious Pseudomonas infectionsc especially pneumonia
Not for most community-acquired infections
Not for surgical prophylaxis
Not for methicillin-resistant staphylococcal infections or VRE
Not alone in therapy for serious enterococcal infections (E. faecalis)
Not in therapy for non–aeruginosa pseudomonal infections

aEditors’ note: We “save for use” imipenem and meropenem for when cultures reveal or are likely to reveal
resistant pathogens in someone usually already on antibiotics or who has recently received antibiotics.
C. freundii, Acinetobacter, and Enterobacter species. may be resistant to other antibiotics.
bEditors’ note: Not for mild to moderate community-acquired infections where less broad agents are effec-
tive (e.g., cefazolin combined with metronidazole, cefoxitin, cefotetan, ampicillin-sulbactam, ticarcillin-
clavulanate). See Chapter 13. Particularly useful in hospital-acquired intraabdominal infections in which
resistant organisms may be involved.
cEditors’ note: For susceptible P. aeruginosa infections, an antipseudomonal penicillin and an aminogly-
coside are preferred. (See Chapter 27I.)
Modified from Sobel JD. Imipenem and aztreonam. Infect Dis Clin North Am 1989;3:613, with permission.

d. Prophylaxis. Imipenem is not advised for prophylaxis because of the risks
of promoting antimicrobial resistance. However, when a hospitalized patient
who has had many courses of antibiotics requires surgery, it is reasonable to
consider this possibility.

E. Dosages. For a given patient, the dose of imipenem depends on the severity of
infection, renal function, and weight of the patient (with dose reductions if the
patient weighs less than 70 kg). The dose of imipenem-cilastatin refers to the amount
of the imipenem [1].
1. A table for dosages for adults of less than 70 kg and different degree of

renal dysfunction is in the package insert and the Physicians’ desk reference,
which is readily available.
a. Serious infections in adults weighing 70 kg with normal creatinine

clearance, 500 mg every 6 hours are suggested [1,6]. For life-threatening
infections, 1 g every 6 to 8 hours has been used.

b. Adults under 70 kg: 25 mg/kg/day divided every 6 hours has been suggested
[1].

c. Renal failure. Fifty percent of the usual dose is given when creatinine clear-
ance is between 10 to 50 mL/min and 25% of the usual dose when the creatinine
clearance is less than 10 mL/min [9]. Hemodialysis removes 40% to 70% of
the imipenem, so half a dose is given after dialysis. In patients undergoing
CAPD, dosages are given as above in patients with a creatinine clearance of
less than 10 mL/min [9].

2. Children. Intravenous imipenem has recently been approved. For those older
than 3 months, the recommended dose is 15 to 25 mg/kg/dose i.v. every 6 hours
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(to a maximum of 2 g daily). Higher doses have been used in children with pseu-
domonas infections and/or cystic fibrosis. See package insert for use in children
less than 3 months. For neonates, see Chapter 3. For children less than 30 kg with
impaired renal function there are no data.

3. Central nervous system infections. Imipenem is not advised because of
the risk of seizures. See related discussions of meropenem in section IV.

4. Pregnancy. Imipenem is category C. The package insert indicates there are no
adequate and well-controlled studies in pregnant women. Therefore this agent
should be used during pregnancy only if the potential benefit justifies the potential
risk to the mother and fetus.

5. Nursing mothers. It is not known whether imipenem is excreted in human milk.
Because many drugs are excreted in human milk, caution should be exercised
when this agent is administered to a nursing woman.

F. Side effects and toxicity. Overall, imipenem is well tolerated [1,6].
1. Seizures have occurred in less than 1% but occur more frequently in patients

with closed head trauma, with a previous history of seizures, after neurosurgery,
and if high doses and decreased renal function were present. Dosage reduction
in the elderly and in renal insufficiency is indicated. If a seizure, tremor,
or myoclonus occurs, need for imipenem should be reassessed and anticonvulsant
therapy should be considered. Imipenem use in patients with closed head
injury or with meningitis is usually avoided; meropenem is preferred in
these patients. Whether seizures occur more often than with other antibiotics,
when proper doses are used, is not established [1,6] (see section 5).

2. Allergic reactions such as drug fever, pruritus, rash, and urticaria are uncom-
mon. Patients allergic to penicillin should be skin tested before imipenem
use [18]. In addition, imipenem should be avoided or administered under close
monitoring to patients with a history of IgE-mediated hypersensitivity to other
β-lactam antibiotics, although the exact incidence of cross over allergy is unknown
[19,20].

3. Gastrointestinal symptoms occasionally occur. Decreasing the infusion rate or
the dose decreases nausea and vomiting [1]. C. difficile diarrhea occurs.

4. Nephrotoxicity and hepatotoxicity are rare.
5. Drug interactions. Seizures have been reported in patients receiving ganci-

clovir and imipenem. These drugs should not be used concomitantly unless the
benefit outweighs risks. Probenecid increases imipenem concentrations. Avoid
concomitant use. Imipenem may induce β-lactamases that inactivate other
β-lactams [1,6].

G. Resistance can develop especially against P. aeruginosa [15]. In severe infections
due to this pathogen, monotherapy with imipenem should be avoided.

H. Cost. This is an expensive agent but may be competitive if it replaces multiple other
agents (see Appendix Table 1).

III. Ertapenem (Invanz) is a new i.v. carbapenem agent released in early 2002 [21].
A. Mechanism of action. Like other β-lactam antibiotics, ertapenem inhibits bacterial

cell wall synthesis. It is relatively resistant to hydrolysis by β-lactamases, including
extended-spectrum β-lactamases.

B. In vitro activity. Ertapenem has a narrower spectrum of activity than imipenem
or meropenem.
1. Gram-positive aerobes. Although active against many gram-positive aerobes,

ertapenem is less active than imipenem. Although active against MSSA, group A
streptococcus., penicillin-susceptible S. pneumoniae, and many strains of interme-
diately resistant pneumococci, it has little activity against highly penicillin-
resistant pneumococci, MRSA, or Enterococcus faecium or faecalis [21].

2. Gram-negative aerobes. Ertapenem is more active than imipenem and sim-
ilar to meropenem against Enterobacteriaceae, but unlike imipenem and
meropenem ertapenem has little or no activity against P. aeruginosa
or Acinetobacter species [21]. It is not active against Stenotrophomonas
maltophilia.

3. Anaerobes. Ertapenem has good activity against most anaerobes, including
B. fragilis [22]
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4. Miscellaneous. Ertapenem is not active against “atypical” respiratory
pathogens such as Mycoplasma pneumoniae, Legionella species, or Chlamydia
species.

C. Pharmacokinetics
1. Half-life. Ertapenem has a longer half-life than imipenem/meropenem:

4 hours versus 1 hour. Therefore, ertapenem has been approved for a once-
daily dose regimen [21].

2. Metabolism/excretion. Ertapenem is partly metabolized by hydrolysis and 80%
is excreted by the kidney [21].

D. Clinical role [21]
1. U.S. Food and Drug Administration approved uses. Based on early clinical

studies, ertapenem was approved for once daily i.m. / i.v. therapy of complicated
intraabdominal infections, urinary tract infection, skin and skin structure infec-
tions, acute pelvic infections, and community-acquired pneumonia.

2. As discussed in previous chapters on the above infections, there are already many
commonly used regimens for each of these infections. The potential usefulness of
this broad new agent must be weighed against the likelihood of selecting our
resistance and greater expense, compared with other regimens. See section H
below for a summary of its potential role.

E. Dosing
1. In adults, 1 g i.v. or i.m. is recommended [21].
2. In renal failure, the dose should be reduced by 50% in patients with a creatinine

clearance less than 30 mL/min. For patients on chronic hemodialysis, the dose
should be given 6 hours before dialysis; if given less than 6 hours before, an extra
dose of 150 mg should be given after dialysis [21].

3. In children, the safety and efficacy of ertapenem have not been established and
therefore should not be used in patients less than 18 years old.

4. Pregnancy. This is a category B drug and should be used only if clearly indicated
during pregnancy.

5. Nursing mothers. Ertapenem is excreted in breast milk and should be given to
nursing mothers only when clearly indicated.

F. Toxicity. In early reports, ertapenem has generally been well tolerated. Diarrhea,
nausea, vomiting, increased serum aminotransferase levels, and local complications
at the infusion site, including phlebitis, have occurred. Seizures have occurred in
0.5% of patients.

G. Cost (see Appendix Table). Ertapenem is less expensive than imipenem, meropenem,
and piperacillin-tazobactam [21].

H. Summary. The precise role of ertapenem awaits further clinical experience
with this agent.
1. In their 2002 review, the Medical Letter concluded the following [21]:

“ertapenem is a broad-spectrum, once-daily, parenteral antibiotic that offers
better anaerobic coverage than ceftriaxone and fewer doses per day than
piperacillin/tazobactam (and related agents) and other drugs used to treat infec-
tions that may involve anaerobes. It might be a good choice for home treatment
of some infections (since given once daily), but offers no advantage over ceftriax-
one for treatment of community-acquired bacterial pneumonia. Unlike imipenem
and meropenem, ertapenem is not active against Pseudomonas and Acinetobac-
ter, and therefore should not be used for empiric treatment of nosocomial
infections.”

2. This new agent does not solve the clinician’s problem of treating resistant
pathogens. This agent is not active against many hospital-acquired gram-
negative organisms (including Pseudomonas, Acinetobacter species), MRSA, high
level penicillin-resistant pneumococci, and enterococci, including VRE. Also, er-
tapenem is not active against atypical respiratory pathogens.

IV. Meropenem (Merrem) is a new i.v. carbapenem, approved in 1996, which is very sim-
ilar to imipenem. Meropenem has been reviewed elsewhere [1,6,23–28]. Meropenem
is stable to human renal dehydropeptidase and therefore can be given without
cilastatin.
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A. Susceptibilities. In vitro, it is similar to imipenem. It is slightly more active
against gram-negative organisms, whereas imipenem is slightly more active against
gram-positive organisms (1,16,18). Whether these minor in vitro differences have
clinical relevance is unknown, but no differences have been detected in the initial
comparative trials [1].
1. Gram-positive organisms. Meropenem, like imipenem, is active in vitro against

many penicillin-resistant S. pneumoniae, including many high level resistant
forms. Meropenem is not active against MRSA, E. faecium, and VRE strains of
enterococci.

2. Gram-negative organisms include S. maltophilia and some strains of P. aerug-
inosa.

B. Pharmacokinetics. The pharmacokinetics of meropenem is similar to those of
imipenem [1,5]. Only an i.v. formulation is available. About 70% of each dose is
recovered in the urine. Hemodialysis removes most of the drug. Its serum half-life
is about 1 hour, so it is given every 8 hours. Meropenem reaches therapeutic concen-
trations in the cerebrospinal fluid in patients with meningitis [26].

C. Clinical role. Meropenem has been approved for i.v. therapy as follows
[1,6,26]:
1. Intraabdominal infections in adults and children over 3 months of age.

Complex mixed aerobic and anaerobic and nosocomial infections [27,29].
For mild to moderate community-acquired abdominal infections, other options
are available. (Imipenem is chosen in adults unless possibly in a patient with
recent seizures or there is renal failure, where dose modification is easier with
meropenem.)

2. Bacterial meningitis in children more than 3 months of age, although
meropenem has been used [29,30] and is approved for susceptible H. influenzae,
S. pneumoniae, and N. meningitidis in children. A third-generation cephalosporin
is preferred because of greater experience (see Chapter 6). For a case of known S.
pneumoniae resistant to penicillin but susceptible to meropenem, meropenem
provides an alternative agent to vancomycin (see Chapter 6), and
meropenem is preferred over imipenem.

3. Other. Meropenem has been shown to be effective in a variety of clinical condi-
tions, including pneumonia, febrile neutropenic patients, bacteremia, and com-
plex urinary tract infection [1].

D. Dosages
1. Adults. The usual dose is 1 g i.v. every 8 hours. In the management of febrile

neutropenic adult patients 1 g every 8 hours was as effective as 2 g every 8 hours
of ceftazidime alone and/or ceftazidime and amikacin [1]. In bacterial meningitis,
2 g every 8 hours has been effective [1].

2. In pediatrics, for intraabdominal infections 20 mg/kg (maximum of 1 g) every
8 hours and for meningitis 40 mg/kg (maximum 2 g) every 8 hours. Patients more
than 50 kg can be given adult doses.
a. Renal failure. If the creatinine clearance is 26 to 50 mL/min, the regular

dose is given every 12 hours. If the creatinine clearance is 10 to 25 mL/min,
one-half of the usual dose is given every 12 hours. If the creatinine clearance is
less than 10 mL/min, one-half of the usual dose is given every 24 hours. As of
mid-2000, the package insert indicates no dose recommendations for pediatric
patients with renal failure (i.e., no experience).

b. In dialysis. As of mid-2000, there is inadequate information regarding the
dose of meropenem in patients on hemodialysis and peritoneal dialysis, per
the package insert.

3. In hepatic disease, the package insert indicates no dosage adjustments are
needed (in adults).

4. In pregnancy. The package insert notes this is a category B agent and should
be used during pregnancy only if clearly needed.

5. In nursing mothers. It is not known if this agent is excreted in human milk.
Caution should be exercised when i.v. meropenem is administered to a nursing
woman.
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E. Side effects. There are differences in the tolerability of imipenem and
meropenem [1].
1. Meropenem is unlikely to cause seizures that have been reported with

imipenem [26,31].
2. Meropenem has been less likely to cause nausea and vomiting as well as inflam-

mation at the i.v. site compared with imipenem [1].
3. The frequency and severity of adverse events with meropenem does not seem to

escalate at higher doses as with imipenem [1].
4. Rashes, diarrhea, and reversible increases in aminotransferase enzymes have

occurred as with other β-lactam antibiotics [1,6,26].
F. Cost. Meropenem is an expensive i.v. agent to use, even more so than imipenem

[26] (see Appendix Table).
G. Summary. In their review, the Medical Letter concluded the following [26]:

“meropenem is an expensive new parenteral antibiotic similar to imipenem, pos-
sibly with less potential for causing seizures. Meropenem, like imipenem, could be
used for treatment of hospital-acquired infections that may be resistant to other
antibiotics [27]. For treatment of intraabdominal infections or bacterial meningitis,
meropenem generally offers no clear advantage over less costly older drugs.”

We would add that except for very selected cases of meningitis in which meropenem
may be useful (infectious disease consultation is advised in these difficult cases), the
indications for meropenem are the same as those for imipenem (see section II.D). In
selected patients, the decreased side effects with meropenem may be important.
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I. Aminoglycosides

The role of aminoglycoside antibiotics in clinical medicine has decreased somewhat as third-
generation cephalosporins, aztreonam, and fluoroquinolones have become available [1]. Nev-
ertheless, because of the rare development of bacterial resistance, the low incidence of
Clostridium difficile diarrhea, the low risk of allergic reactions, the better understanding
of their toxicity, and cost considerations, the aminoglycosides remain very useful. These
agents are, in most instances, bactericidal. However, the precise mechanism through
which the aminoglycosides cause bacterial cell death remains unclear [2]. They penetrate
the cell wall and membrane and bind irreversibly to the 30S bacterial ribosome. The most
commonly used aminoglycosides are gentamicin, tobramycin, and amikacin, so these agents
are emphasized here [1–3]. Netilmicin is no longer manufactured in the United States.

I. Introduction: important principles of aminoglycoside use
A. When? Aminoglycosides are active against almost all aerobic gram-negative

rods.
1. Community versus nosocomial infections. Although aminoglycosides are

active against community-acquired gram-negative bacteria, cephalosporins
are preferred for empiric use. In contrast, aminoglycosides are par-
ticularly useful in hospital-acquired infections, especially for Pseu-
domonas species. A change to aztreonam after initial aminoglycoside treat-
ment of a gram-negative bacteria when prolonged therapy is contemplated
reduces toxicity. Ciprofloxacin is useful empirically when most gram-negative
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Table 27I.1. Aminoglycoside Activity

Typically Active Against Not Usually Active Against

Acinetobacter speciesa

Citrobacter speciesa

Enterobacter speciesa

Escherichia colib Pseudomonas (Burkholderia) cepacia
Klebsiella speciesb

Morganella morganiib Stenotrophomonas maltophiliac

Proteus speciesb

Providence speciesb

Pseudomonas aeruginosad

P. fluorescens
Serratia speciesb

Yersinia enterocolitica

aAlthough aminoglycosides may be active in vitro, imipenem or meropenem are viewed as “drugs of
choice” [3].
bAlthough aminoglycosides are active in vitro, cephalosporins usually preferred [3].
cFormerly called Pseudomonas maltophilia or Xanthomonas maltophilia.
dAminoglycosides, often in combination with piperacillin, are drugs of choice for severe infections. For
UTIs, ciprofloxacin (a quinolone) preferred [3].

organisms occurring in that setting are susceptible or after the offending bac-
teria has been isolated and tested.

2. Modifying initial therapy. Regardless of the circumstances under which the
aminoglycoside are initiated, if the isolated pathogen is susceptible to a narrow-
spectrum agent, appropriate modifications should be made.

B. Special problems with aminoglycoside use
1. Toxicity. The aminoglycosides have considerable intrinsic toxicity,

both nephrotoxicity and eighth nerve. Risk factors for toxicity include older
age, treatment with aminoglycosides for more than 2 weeks, and the concurrent
use of other ototoxic toxic or nephrotoxic agents. This risk of toxicity must be
considered, especially with use for any extended time (>7 days) (see section VI).
Aminoglycoside toxicity is rare before 7 days.

2. Toxic-therapeutic ratio. The margin between effective and toxic concentra-
tions is narrow.

3. Monitoring of serum levels. Serum levels must be measured to ensure effe-
ctive levels and minimize toxicity. This topic is discussed in detail in section V.

II. In vitro activity (Note peak serum levels are 8 ug/ml for gentamicin and to-
bramycin and 25 ug/ml for amikacin)
A. Gram-negative aerobes (Table 27I.1)

1. Community-acquired gram-negative organisms. All aminoglycosides are
equally active in proportion to achievable serum levels.

2. Hospital-acquired gram-negative organisms. In general, tobramycin
in vitro is two to four times more active than gentamicin against Pseudomonas
aeruginosa, although the clinical implications of this are unclear. Against Ser-
ratia species, gentamicin has two to four times the bactericidal activity of to-
bramycin. For other nosocomial organisms, the aminoglycosides are equally ac-
tive in proportion to achievable serum levels [1]. Against organisms resistant to
one or more aminoglycosides, amikacin is the most frequently active, tobramycin
is the next, and gentamicin is the least frequently active.

B. Gram-positive aerobes. The aminoglycosides have some activity against some or-
ganisms (e.g., staphylococci) but alone are never the preferred agents [3]. Gen-
tamicin, together with ampicillin or penicillin, usually is bactericidal against
enterococci. However, in recent years, at major medical centers, there has
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Table 27I.2. Expected Peak and Trough Levels of Respective
Aminoglycosides (in µg/mL) with Conventional or
Individualized Dosing

Peaka,b Troughc Toxicb

Gentamicin 6–10 1–2 >10
Tobramycin 6–10 1–2 >10
Amikacin 15–30 5–10 >35

These ranges for peak and trough concentrations are used commonly, but
their exact implications remain controversial, as reviewed by McCormack
JP, Jewesson PJ. A critical reevaluation of the “therapeutic range” of amino-
glycosides. Clin Infect Dis 1992;14:320.
aDrawn one-half hour after a half-hour i.v. infusion. See text. For pneumonia
therapy, the higher levels of peaks are desirable.
bThese peak toxic levels are with conventional dosage regimens. With once-
a-day dosages, higher acceptable peak levels will routinely be achieved. See
text.
cLevel just before next dose.

been an increasing incidence of high level gentamicin-resistant enterococci. These
enterococci are resistant to more than 2,000 µg/mL of gentamicin and there-
fore to the combination of gentamicin and penicillin. In one report, 26% of
enterococci demonstrated high level gentamicin resistance [2]. The details of
this problem and alternative therapeutic approaches are reviewed elsewhere
[4].

C. Anaerobes are not susceptible.
D. Nocardia is susceptible to amikacin [3].
E. Mycobacterium. Most Mycobacterium tuberculosis are susceptible to strepto-

mycin and amikacin; most M. avium-intracellulare isolates are susceptible to
amikacin [3].

III. Pharmacokinetics
A. Gentamicin and tobramycin have similar pharmacokinetics; therefore

standard doses, peak levels achieved, and serum half-lives are essentially the
same (Table 27I.2). Amikacin is a semisynthetic kanamycin derivative with phar-
macokinetics nearly identical to those of kanamycin. The intravenous route is
preferred, but the intramuscular route can be used if hypotension or thrombocy-
topenia is absent.

B. Variation in pharmacokinetics. There is striking variation in the volume of
distribution and rate of excretion of aminoglycosides in individual patients with
normal renal function [5]. Thus it is important to monitor serum levels in
all patients regardless of volume status or renal function (see section V) to
ensure adequate levels. Peak and trough level measures can be repeated every 3 to
4 days if the patient is stable. In a patient who has major changes in hydration sta-
tus or renal function, levels have to be repeated more frequently (Table 27I.2).
1. Peak levels [1] are measured 30 minutes after completion of an intravenous

infusion or 45 to 60 minutes after intramuscular injection. In renal failure,
the peak sample is drawn 120 to 150 minutes after the intramuscular dose,
because the drug continues to be absorbed and not excreted. Peak serum level
is obtained to ensure that enough drug was administered for therapeutic efficacy.
A peak level is obtained after the first or second maintenance dose or after dosage
adjustments.

2. Trough levels are obtained just before the next dose. If trough levels are el-
evated, the dose needs to be reduced or the dose interval prolonged. In renal
failure, the trough level should ideally be obtained after the same dose in which
the peak was measured.
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C. Aminoglycoside excretion is entirely renal, mandating dose reductions in
renal failure.

D. Tissue penetration. Aminoglycosides achieve reasonable concentrations in bone,
synovial fluid, and peritoneal fluid. Urinary concentrations are high and usually
exceed serum concentration by 100 times in patients with normal renal function
[2]. There is limited penetration into the central nervous system and probably
intraabdominal abscesses [1]. Drug levels in bronchial secretions are poor [2].

IV. Clinical use [1,2]
A. Aminoglycosides as drugs of choice for specific pathogens [3]

1. For P. aeruginosa infections other than urinary tract infection (UTI),
an aminoglycoside is combined with piperacillin or similar antibiotic except in
delayed penicillin allergy where cefepime is often substituted. In P. aeruginosa
UTI, ciprofloxacin is preferred [3].

2. Gentamicin is used in combination with another agent to achieve synergy
with: (a) penicillin, ampicillin, or vancomycin against gentamicin-susceptible
enterococci or viridans streptococci [1,2]; (b) ampicillin against Listeria monocy-
togenes; (c) an extended-spectrum penicillin (e.g., piperacillin) against P. aerug-
inosa and susceptible Enterobacter species (see section 1 above); (d) vancomycin
and rifampin against S. epidermidis prosthetic valve infection; (e) ampicillin
(or vancomycin) for endocarditis prophylaxis in high-risk patients before geni-
tourinary or gastrointestinal procedures; (f) an antistaphylococcal penicillin for
right-sided endocarditis caused by S. aureus; and (g) doxycycline for brucellosis
[1–3].

3. Amikacin has been used in certain atypical mycobacterium infection. Amikacin
(plus clarithromycin) is the drug of choice for M. fortuitum complex infections
[3].

4. Streptomycin (or gentamicin) is an agent of choice for Yersinia pestis
(plague); streptomycin remains a useful agent for M. tuberculosis therapy and
for M. kansasii infections.

B. Other situations. Gentamicin is a primary agent. Tobramycin or amikacin are
alternates [3].
1. As empiric therapy in life-threatening community-acquired gram-

negative infections.
2. Infections occurring in a hospital setting or in a patient who has re-

cently been hospitalized; an aminoglycoside is indicated while awaiting cul-
ture data.
a. In most community hospitals where resistance to gentamicin is uncom-

mon, we favor gentamicin because it is less expensive. An exception is the
patient who has already received gentamicin and is possibly infected with a
relatively resistant gram-negative bacterium. Until susceptibility data are
available, tobramycin or amikacin are the preferred agents.

b. Amikacin versus gentamicin [1]. In large medical centers or special-
ized areas (e.g., intensive care units, burn units) where the frequency of
resistance to gentamicin, tobramycin, or netilmicin may be high, amikacin
is preferred until susceptibility data are available. If gentamicin resistance
is low (e.g., 1%–5%), gentamicin is the most rational cost-effective choice un-
less the patient has recently received gentamicin. In that instance amikacin
should be used while awaiting culture results. Amikacin is the aminoglyco-
side of choice for the treatment of gentamicin-resistant gram-negative bac-
teria [2,6].

c. Note. If a patient is potentially at high risk for aminoglycoside toxicity (e.g.,
in hepatic failure or is frail and elderly; see section VI.A.4), an alternate
should be considered (e.g., aztreonam).

3. In the leukopenic febrile patient with no obvious focus of infection, an amino-
glycoside and an extended-spectrum penicillin (e.g., piperacillin) have commonly
been used (see Chapter 20).

4. For susceptible pathogens in which a less toxic agent is unavailable,
aminoglycosides have been used effectively to treat susceptible gram-negative
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organisms causing UTI, bone and joint infections, pneumonia, and sometimes
gram-negative bacillary endocarditis.

5. In nosocomial intraabdominal infections (see Chapter 13). Resistant gram-
negative organisms are present when peritonitis develops in a patient who has
been in the hospital.

6. For therapy for organisms that may develop resistance to monother-
apy with a third-generation cephalosporin such as Enterobacter cloacae,
Citrobacter freundii, and Acinetobacter species. In this setting, an aminoglyco-
side is often combined with an extended-spectrum penicillin (e.g., piperacillin)
for synergy. However, imipenem or meropenem is preferable for nosocomially
acquired Acinetobacter species and some Enterobacter species [3].

C. Aminoglycoside effectiveness is not optimal in the following situations [1]:
1. In lower respiratory tract infections, the low pH of bronchial secretions

may decrease the activity of aminoglycosides. One cannot rely on aminogly-
cosides alone in major lower respiratory tract infections such as Pseudomonas
pneumonia.

2. Sterilization of abscesses with aminoglycosides may be difficult because of
poor activity in the presence of the low pH, anaerobic conditions, and bivalent
cations.

3. Prostatitis. Aminoglycosides do not achieve useful levels in prostate tissue.
V. Aminoglycoside dosing. Numerous dosage regimens have been proposed, but stud-

ies showing that one method is clearly superior are not available. What is widely
accepted is that in the very ill patient, giving a routine conventional dose
(e.g., 1.5 mg/kg every 8 hours) to adults with normal renal function is not an
acceptable dose regimen because of the variability in levels achieved. Zaske et al.
[5] emphasized this when they studied more than 200 surgical patients. In that care-
fully done study in patients with normal renal function, if this standard approach was
used, 47% of the patients would be underdosed and 14% would be overdosed.

Three acceptable approaches are single daily dose regimens for short-use du-
ration, individualized dosing with a pharmacokinetics model, and conventional dos-
ing with serum levels used to adjust doses by someone skilled in the use of amino-
glycoside.
A. Single daily aminoglycoside dosing has been evaluated in several settings

[7–14].
1. The underlying principles of this approach include the following:

a. Concentration-dependent killing. The rate of bactericidal killing by
aminoglycosides increases as the antibiotic concentration is increased (see
Chapter 25) and the increased killing persists for a prolonged period. In addi-
tion, data suggest that once daily dosing is less toxic than thrice daily dosing,
although this could be the more effective level achieved initially [5].

b. Postantibiotics effect (PAE) is persistent suppression of growth after
short antibiotic exposure. Aminoglycosides demonstrate a PAE against aero-
bic gram-negative bacilli both in vitro and in animal models. The duration of
the PAE correlates with the height of the peak. PAE remains after the serum
level falls below the minimum inhibitory concentration. In the animal model
with normal neutrophils, the presence of neutrophils doubled the duration
of the in vivo PAE [7]. The importance of the PAE in humans has not been
completely studied.

c. Nephrotoxicity and probably ototoxicity are related to time-dependent drug
accumulation. Single daily dosing (SDD) seems less toxic than multiple
doses, perhaps because little or no tissue accumulation occurs during the
several hours when serum levels are low before the next infusion [13] or
perhaps because higher levels are guaranteed to occur initially [5].

2. Clinical studies have been summarized in detail elsewhere [7–14]. SDD ap-
pears to be comparable and in some cases superior in efficacy to traditional
aminoglycoside dosing. However, in the studies of SDD, therapy has been for
short duration plus a second effective agent has been part of the regimen and
most study subjects have been under 55 years of age.
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Table 27I.3. Exclusions for Using Single Daily Dosing

Moderate to severe renal insufficiency (creatinine clearance < 40 mL/min)
Serious burns (> 20% body surface area)
Ascites
Severe sepsis syndrome
Cystic fibrosis
Fluid overload postoperatively
Dialysis
Neonates/children
Pregnant patients
Documented invasive P. aeruginosa infection in neutropenic patients
Patients receiving other nephrotoxic agents (amphotericin B, cis-platinum, radiocontrast

material, nonsteroidal anti-inflammatory drugs)
Endocarditis
Mycobacterial disease
Patients needing protracted courses, >7 daysa

Patients with significant underlying hepatic diseaseb

aFor example, in P. aeruginosa pneumonia in which the patient may need 2–3 weeks of antibiotics.
bSee text. We try to avoid aminoglycosides in these patients.
Modified from Gerberding JL. Aminoglycoside dosing: timing is of the essence. Am J Med 1998;105:256,
with permission.

3. Limitations of use of SDD (Table 27I.3)
a. In reduced creatinine clearance, high-dose aminoglycoside treatment

will produce sustained serum concentrations, drug accumulation, and in-
creased potential for toxicity. Therefore these patients have been excluded
from published trials [12].

b. Situations of uncertain volume of drug distribution or clearance [12],
including ascites, sepsis syndrome, severe burns, cystic fibrosis, or recipients
of large volumes of fluid infusion.

c. Pregnant women, children, and neonates. There are incomplete data
for SDD [12].

d. Endocarditis (e.g., enterococci). Animal studies reveal SDD regimens are
inferior [13].

e. Prolonged SDD regimens. Because there are limited data on the toxicity,
we prefer individualized dosing in patients needing aminoglycosides for more
than 7 days.

f. Significant underlying hepatic disease (e.g., cirrhosis). In general, we
try to avoid aminoglycosides here because of the risk of nephrotoxicity. If
they must be used, infectious disease consultation and individualized dosing
are suggested.

4. Dosing regimens for gentamicin and tobramycin. Doses used have ranged
from 5 to 7.5 mg/kg infused over 60 minutes [12]. For older subjects, the lower
dose regimen of 5 mg/kg is favored [6,7]. For the younger subject, the higher
dose is reasonable.
a. Ideal body weight (IBW) in kilograms [15]: If the weight is more than

20% to 30% over IBW, an obese dosing weight is used.
(1) To estimate IBW

Women = 45 kg + 2.3 kg per inch of height over 5 feet
Men = 50 kg + 2.3 kg per inch of height over 5 feet
For example, for a male patient 5 ft 10 in. tall, an estimated IBW would
be 50 + 2.3[10], or 50 + 23 = 73 kg

(2) For weight more than 20% above IBW, an obese dosing weight (ODW)
is more reliable [15].

ODW = IBW + 40% (of excess weight; i.e., actual weight minus IBW)
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Table 27I.4. Once-daily Aminoglycoside Maintenance Dosing
Regimens for Gentamicin and Tobramycin

Estimated Creatinine
Clearance (mL/min)

Dose in mg/kg
(Given q24h) Over 60 Min

>80 5
60–80 4
50–60 3.5
40–50 2.5
<40 Individualized pharmacokinetics advised

Modified from Gilbert DN. Aminoglycosides. In: Root RK, et al., eds. Clinical
infectious diseases: a practical approach. New York: Oxford University Press,
1999:273–284, with permission.

For example, an obese woman has a wound infection requiring gen-
tamicin or tobramycin. Her actual weight is 100 kg; her ideal weight is
60 kg.
Obese dosing weight

= IBW + 20% (100 minus 60)
= 60 + 20% (40) = 60 + 8
= 68 kg, and this weight can be used in Table 27I.4.

b. For estimating the creatinine clearance for doses, a modification of the
equation of Cockcroft and Gault is used (see Tables 27I.4 and 27I.5).

5. Dosing in patients with renal dysfunction. One convenient method is to
determine the half-life and then give one-half the dose every half-life. However,
data are not available to ensure the superiority of that method over extension
of the interval [13] (see Tables 27I.4 and 27I.5).
a. Prolonging the dose interval. See detailed guidelines for this approach

[13].
b. Single daily dose with lowering the total daily aminoglycoside dose.

For patients with mild to moderate renal insufficiency, this approach is less
cumbersome. Here, it is important to document that the 18-hour serum con-
centration is low (<2 µg/mL for gentamicin or tobramycin) or undetectable
[12]. Gilbert [13] suggested that if the gentamicin or tobramycin serum
level is more than 1 µg/mL at 18 hours, one should repeat serum creati-
nine and recalculate the estimated creatinine clearance and reassess the
dose.

Table 27I.5. Once-daily Aminoglycoside Dosing Regimen
for Amikacin

Estimated Creatinine
Clearance (mL/min)

Dose in mg/kg
(Given q24h) Over 60 Min

>90 15
70–90 12
50–70 7.5
40–50 4.0
<40 Individualized pharmacokinetics advised

Modified from Gilbert DN. Aminoglycosides. In: Root RK, et al., eds. Clinical
infectious diseases: a practical approach. New York: Oxford University Press,
1999:273–284, with permission.
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6. Serum monitoring in SDD continues to undergo evaluation.
a. A trough level before the second or third dose is advised. Troughs should be

less than 1 µg/mL; if not, extend the dose interval (see section 5.b). Troughs
can be repeated every 48 to 72 hours.

b. Peak levels are not indicated, except in severe sepsis where clearance is very
rapid.

7. Summary. Unless contraindicated (see Table 27I.3), “the available data are
sufficient to establish this strategy (i.e., SDD or extended dosing) as a stan-
dard approach for most serious infections where aminoglycoside treatment is
indicated” [9].

B. Pharmacokinetics model (Table 27I.3 and see section V.A.4)
1. Zaske and colleagues devised a formula for the pharmacokinetics of aminogly-

cosides in individual patients with either normal or impaired renal function
[5,16]. A loading dose is given (see section C.1 below). Subsequently, timed
serum samples are used to determine the volume of distribution and the half-
life of the aminoglycoside. Using a kinetic model, the appropriate dose needed
to achieve a desired peak and trough is calculated. Acceptable peak and trough
levels can be maintained by adjusting doses and dose intervals. (See Table 27I.2
for desirable levels.)
a. Because of the variations in the volume of drug distribution and the pa-

tient’s ability to excrete aminoglycosides, there is marked variation in levels
achieved with conventional dosing (see section C below). The patient’s age,
renal function, state of hydration, presence or absence of fever, and degree
of obesity affect serum levels. Individualized dosing allows adjustment
for each patient by measuring serum levels and calculating the aminogly-
coside’s half-life.

b. Patients with shorter half-lives. Higher and more frequent doses are re-
quired to maintain adequate aminoglycoside peaks and to avoid prolonged
periods of subtherapeutic levels. The converse is true for those with longer
half-lives [5].

c. Protracted therapy required. The pharmacokinetic model is favored over
SDD (Table 27I.3).

C. Conventional dosing, careful level monitoring, and dose adjustment
[10,12]
1. Loading dose, independent of creatinine clearance, achieves therapeutic

plasma levels rapidly. IBW in kilograms is used for adult patients. In the
patient weighing 20% more than IBW, an obese weight is calculated as per sec-
tion V.A.4. First, calculate the IBW/ODW for the patient. For gentamicin and
tobramycin, use a loading dose of 2 mg/kg. For amikacin, a dose of 7.5 mg/kg
is suggested.
a. Children. A loading dose of 2 to 2.5 mg/kg is suggested for gentamicin

and tobramycin. For amikacin, 5 to 7.5 mg/kg has been used (maximum of
500 mg).

b. Neonates (see Chapter 3)
2. For maintenance doses

a. Adult, normal serum creatinine. Gentamicin or tobramycin at 1.0 to
1.7 mg/kg/dose is given at an 8-hour interval in young to middle-aged pa-
tients and every 12 hours in older patients. The low dose is used for UTI and
the higher dose is used for tissue or bloodstream infections. For amikacin
5 mg/kg is given every 8 hours up to middle age and every 12 hours in older
patients.

b. Children. Aminoglycosides are eliminated more rapidly, so the follow-up
doses are the same as the loading dose (2 to 2.5 mg/kg/dose of gentamicin
or tobramycin) given every 8 hours. The dose of amikacin is 5 to 7.5 mg/kg
(maximum of 500 mg) given every 8 hours.

c. Renal failure. Two options exist and the optimal approach is unclear.
The usual dose interval can be prolonged or doses can be given every
half-life. Serum monitoring after the first dose and at 48 hours is essential;
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this dosing regimen is only an estimate. Further dosing can be adjusted as
needed by someone experienced in aminoglycoside use to maintain appropri-
ate peaks and troughs (Table 27I.2).
(1) Prolonging the interval. For gentamicin and tobramycin: Mul-

tiply the serum creatinine by 8 to estimate the interval. If the serum
creatinine is 2.0, the maintenance dose can be given (serum creatinine
of 2 × 8) every 16 hours (every 18 hours for convenience). For amikacin:
Multiply the serum creatinine by 9, that is, creatinine is 2.0 and the in-
terval is 18 hours.

(2) Dosage every half-life. This avoids very prolonged intervals of low
serum trough levels, and half the dose can be given at the estimated half-
life interval. For example, if the serum creatinine is 3.5, for gentamicin
the estimated prolonged interval is 8 × 3.5 = 36 hours; 50% of the dose
can be given every 18 hours (i.e., at half the extended interval). In renal
failure we prefer “individualized dosing” (see section B above).
Dosing based on nomograms alone is not advised.

D. Overview of methods of dosing aminoglycosides. Until further studies clarify
this issue, a reasonable approach for those patients in whom it is not clear if they are
infected with an aminoglycoside-requiring organism to dose aminoglycosides using
a once daily regimen for empiric short courses (e.g., 3–5 days). If an aminoglycoside
is genuinely required in the very ill patient and in certain complex patient settings
where SDD is contraindicated (Table 27I.3), individualized dosing is preferable
and may also be superior for courses longer than 7 days.

E. Hemodialysis reduces levels by approximately 50%. One-half of the dose is given
after dialysis. Because the duration of dialysis and type of dialysis machine af-
fect the amount of drug removed, monitoring serum aminoglycoside levels is
necessary.

F. Peritoneal dialysis. One-third to one-half of a usual single dose is administered
daily. Serum aminoglycoside levels are advised.

G. Direct administration into infection sites. Aminoglycosides have been admin-
istered into the site of infection to gain benefit of activity while at the same time
avoiding their toxicity.
1. Chronic ambulatory peritoneal dialysis. Aminoglycosides in peritoneal

dialysis fluid are used for chronic ambulatory peritoneal dialysis peritonitis
but not for systemic infections. Because of the diffusion of an aminoglycoside
across the peritoneum, serum levels of the aminoglycoside should be monitored.
Infectious diseases consultation is recommended for these complicated patients
[17].

2. Aerosolized aminoglycosides have been used in special settings: in cystic
fibrosis patients with P. aeruginosa in their sputum [18–23], to prevent early
colonization with P. aeruginosa in cystic fibrosis [21] and to treat selected cases
of purulent P. aeruginosa tracheobronchitis without pneumonia in elderly pa-
tients [19], and as adjunctive therapy for persistent smear positive pulmonary
tuberculosis [23]. Infectious disease consultation is advised.

3. Artificial joint cement or gentamicin beads. After removal of infected
artificial joints, cement containing tobramycin has been used in anticipation
of later artificial joint replacement. In addition, gentamicin-containing bead
chains have been inserted into infected osteomyelitis cavities and have demon-
strated a high success rate and virtually no toxicity [24].

VI. Toxicity. Hypersensitivity reactions are uncommon. Important side effects include
the following [1,2,25]:
A. Nephrotoxicity occurs at the level of the proximal tubule, but how injury or

death of proximal tubule cells results in a decrease in the glomerular filtration
rate is uncertain. The overall incidence of aminoglycoside nephrotoxicity is about
5% to 10% [1,2]. Serum creatinine levels should be obtained every 2 to 4 days
in patients receiving aminoglycosides.
1. Definition. Initial creatinine was normal: nephrotoxicity is either the elevation

of creatinine to 1.5 or higher or an absolute increase of 0.4 mg/dL. Initial serum
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creatinine is elevated but less than 3.0 mg/dL: nephrotoxicity is an increase of
at least 0.5 mg/dL. Initial creatinine exceeded 3.0: a rise in serum creatinine of
more than 1.0 mg/dL defines nephrotoxicity [25].

2. Manifestations. A rising blood urea nitrogen and creatinine, proteinuria, or
oliguria or nonoliguric renal failure. Changes are usually reversible with
discontinuation. Progression to dialysis is uncommon.

3. Comparative toxicity. No proof exists that gentamicin is more toxic than
tobramycin [1,2].

4. Risk factors are [1,2,25] as follows:
a. Concomitant liver disease. In particular, when prothrombin time is pro-

longed due to liver disease or in patients with known hepatorenal syndrome.
Use other options if possible.

b. Concomitant drug use. Vancomycin, amphotericin B, cyclosporine,
furosemide, nonsteroidal antiinflammatory agents, and foscarnet appear to
increase the frequency of nephrotoxicity.

c. Other risk factors. Advanced age, previous courses of aminoglycosides
(within 1 year), greater total dose of aminoglycoside, and prior renal disease
may be associated with toxicity.

5. Prevention of nephrotoxicity is not fully understood. Considerations are as
follows:
a. Use aminoglycosides only when indicated and for the shortest ap-

propriate course.
b. Management of fluid status: Correct hypovolemia and/or congestive heart

failure.
c. Avoid with underlying liver disease (see section 4 above).
d. SDD regimens for short courses of therapy.
e. Individualized dosing for longer courses (>7 days) of therapy (see sections

V.A and V.B ).
f. Monitoring of levels is appropriate. However, even when levels are main-

tained at those that are recommended, toxicity may still occur [26].
B. Ototoxicity is frequently irreversible [1,2,25] and may appear during or af-

ter therapy. Repeated exposure engenders cumulative risk. Older patients are at
greater risk for ototoxicity. A given patient may develop cochlear damage, vestibu-
lar damage, or, rarely, both.
1. Cochlear (auditory) toxicity. Audiometric studies show that 2% to 14% of

recipients demonstrate hearing loss, but clinically detected hearing loss is un-
common. Patients particularly at risk to develop clinical signs are those who
have received a high cumulative dose or a protracted course of aminoglyco-
sides. In general, if renal function is normal, routine audiograms are not
recommended. In a cooperative patient who needs protracted aminoglycoside
therapy (e.g., more than 2 weeks), serial audiograms are reasonable. Serum
levels should be monitored carefully and adjusted. Protracted courses
of aminoglycosides should be avoided whenever possible.

2. Vestibular dysfunction manifested by nausea, vomiting, vertigo, dizziness,
and unsteady gait with nystagmus is more difficult to evaluate in ill patients
but presumably is related to the same predisposing factors that cause auditory
toxicity. This appears to occur in 1% to 3% of patients and is usually irreversible.

3. Interruption of therapy. If a patient develops symptoms of hearing loss, tin-
nitus, vertigo, or nystagmus, the aminoglycoside should be discontinued and the
situation reevaluated.

C. Neuromuscular paralysis, though rare, has occurred after intraperitoneal
lavage (no longer used or recommended) or after rapid intravenous bolus therapy,
particularly in the setting of myasthenia gravis or concurrent use of succinylcholine
or curare. This is usually reversible.

VII. Cost. Gentamicin is less expensive than all other aminoglycosides and cephalosporins.
A daily dose for SDD costs under $5 and monitoring costs are lower. Hospitals have
estimated that SDD administration may reduce hospital costs of aminoglycoside ad-
ministration 50% to 60% [2]. Amikacin is the most expensive aminoglycoside (see
Appendix Table).
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VIII. Resistance
A. Gram-negative organisms. With the exception of streptomycin, aminoglycoside

resistance evolves very slowly [1,2], but use is eventually followed by the de-
velopment of resistance. When gentamicin resistance of nosocomial gram-negative
organisms exceeds 10%, it is reasonable to use amikacin, especially if resistant
blood isolates have been detected.

B. Mechanisms in gram-negative organisms. Diffusion mediated resistance.
Changes in porins of the cell wall restrict diffusion into the cell. This may be
aminoglycoside specific. The minimum inhibitory concentration increases, but use
with a β-lactam may still mediate synergy. Inactivation of the aminoglycoside
inside the cell by six specific enzymes. All of these enzymes inactivate gentamicin;
five of the six inactivates tobramycin, and one of the six inactivates amikacin.

C. High level gentamicin-resistant enterococci have increased significantly [2]
(see section II.B).
1. Clinical significance. These enterococci are potentially very important noso-

comial pathogens because of intrinsic cephalosporin resistance. Their epidemi-
ology is very similar to that of methicillin-resistant S. aureus and of multidrug-
resistant gram-negative bacilli. Therefore all enterococci isolated from normally
sterile body fluids (e.g., blood) or serious wound infections should be tested for
high level aminoglycoside resistance, as well as ampicillin and vancomycin
susceptibility.

2. Therapy. Optimal therapy is unclear; infectious disease consultation is
advised.

IX. Other aminoglycosides are used less frequently and are discussed only
briefly.
A. Streptomycin was introduced in 1944 and was effective against many gram-

negative bacteria and M. tuberculosis. Gram-negative resistance to streptomycin
is now prevalent. Hospital pharmacies can order streptomycin by calling 1-800-
254-4445 (Monday through Friday 8:30 A.M. to 5 P.M. EST).
1. Current uses

a. Tularemia. Streptomycin (or gentamicin) is the drug of choice for susceptible
strains of Francisella tularensis [3].

b. Antituberculous therapy. Although its use has diminished, it is still used
[3].

c. Uncommon diseases in which streptomycin is a drug of choice or alter-
native drug [3] are brucellosis (with tetracycline), glanders Pseudomonas
(Burkholderia) mallei, and plague due to Yersinia pestis. Streptomycin has
been used for treatment of endocarditis due to those strains of enterococci
exhibiting high level resistance to gentamicin but preserved susceptibility
to streptomycin [2]. Streptomycin may be used as an alternate agent in rat-
bite fever due to Streptobacillus moniliformis or Spirillum minus [3] or in
granuloma inguinale.

2. Dosage. With normal renal function, for tularemia or plague, 500 to 1,000 mg
intramuscularly every 12 hours can be used. In children, 20 to 30 mg/kg/day is
given and divided into every 12 hour doses.
a. Renal failure. Ototoxicity is the risk. Therefore, gentamicin with monitor-

ing of levels is an acceptable alternative or the dose of streptomycin must be
reduced. One approach [27] is to give a 1-g loading dose and then prolong the
interval. If the creatinine clearance is 10 to 50 mL/min, use a dose interval
of 24 to 72 hours. If the creatinine clearance is less than 10 mL/min, use a
dose interval of 72 to 96 hours. Streptomycin is removed by hemodialysis
and peritoneal dialysis. If streptomycin must be used in dialysis, monitor-
ing of serum levels using the disk diffusion method is a possibility. Obtain
infectious disease consultation.

b. Tuberculosis therapy (see Chapter 11)
3. Toxicity. Avoid streptomycin in patients older than 55 years if an alternate

agent is available.
a. Ototoxicity. When given 2 g daily for more than 60 days, most patients

develop vestibular toxicity. The incidence is reduced by half if the dosage
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is reduced to 1 g daily. Deafness can occur. Risks include impaired renal
function, old age, and prolonged therapy.

b. Nephrotoxicity is much less common with streptomycin than with the other
aminoglycosides.

c. Hypersensitivity reactions include rash and drug fever.
B. Paromomycin (Humatin). Paromomycin sulfate is structurally related to strep-

tomycin. It is too toxic for parenteral administration. It is available in an amor-
phous powder with a saline taste [28]. Because it is not absorbed from the intesti-
nal tract, it can be used safely as alternative therapy for symptomatic infections
due to Entamoeba histolytica [29] and has been used in patients with acquired
immunodeficiency syndrome infected with the protozoa Cryptosporidium parvum
[29].
1. Pharmacokinetics. Although paromomycin is poorly absorbed from the gas-

trointestinal tract, impaired gastrointestinal motility or ulcerations may facili-
tate absorption of the drug. Therefore paromomycin must be administered with
caution to patients with ulcerative intestinal lesions. Accumulation may occur
in patients with impaired renal function, making the drug contraindicated in
this setting.

2. Uses for parasitic infections. Paromomycin is a drug of choice for a symp-
tomatic carrier of E. histolytica and Dientamoeba fragilis infections. It is also an
alternative agent for infections due to Giardia lamblia [29]. Cryptosporidiosis
in acquired immunodeficiency syndrome. In a recent study, paromomycin
was found to be no more effective than placebo [30]. Hence it is no longer indi-
cated for therapy [29].

3. Side effects [18]. Anorexia, nausea, vomiting, epigastric burning, cramps, and
diarrhea are the most frequent. Rash, eosinophilia, and headache and over-
growth of Candida may occur.
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J. Clindamycin

Clindamycin, introduced in 1966, is an important antibiotic for intraabdominal or pelvic
infections involving anaerobes [1,2]. In addition, it is a second-line alternative agent in
penicillin-allergic patients for the treatment of susceptible gram-positive infections. Depend-
ing on the bacterial species, inoculum of bacteria, and concentration of antibiotic available,
clindamycin is bactericidal for some organisms but generally is bacteriostatic. Clindamycin
inhibits protein synthesis at the ribosomal level.

I. Spectrum of activity
A. Gram-positive aerobes. Clindamycin is active against group A streptococci, and in

necrotizing fasciitis it is the drug of choice (see section III.D below). It is also active
against most Staphylococcus aureus strains. Of hospital isolates, at least 5% to
20% of strains of S. aureus are resistant to clindamycin [1,3,4]. The emergence
of clindamycin-resistant S. aureus has been noted in clindamycin-treated patients,
especially when the organisms initially had erythromycin resistance at the onset of
treatment. Clindamycin-susceptible but erythromycin-resistant organisms
should be considered resistant to clindamycin. Some methicillin-resistant
strains of S. aureus are susceptible to clindamycin, but this must be documented
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in the microbiology laboratory before treatment. Clindamycin is not active against
enterococci. Although active against penicillin-susceptible Streptococcus pneumo-
niae, the susceptibility of penicillin-resistant S. pneumoniae strains is variable. In
some areas, penicillin-resistant pneumococci remain clindamycin-sensitive, but in
many areas penicillin-resistant pneumococci are clindamycin resistant. It is pru-
dent that clinicians routinely review the susceptibility patterns of S. pneumoniae in
their locale (see Chapters 11 and 27C).

B. Anaerobes. Clindamycin is active against gram-positive and gram-negative anaer-
obes, including most Bacteroides fragilis and Clostridium perfringens strains. In
the past decade, susceptibility data have shown increasing resistance of Bacteroides
species to clindamycin at many but not all institutions. For example, in a report from
six hospitals in Chicago, rates of resistance within this one city varied from 0 to 20%
[5]. Other data suggest that 6% to 11% or more of B. fragilis isolates are resistant
to clindamycin [1–3,6]. Approximately 10% to 20% of clostridial species, other than
C. perfringens, and 10% to 20% of peptococci strains are resistant [1,2].

C. Gram-negative aerobes. Clindamycin has no useful activity against gram-
negative aerobes.

D. Clindamycin is not active against Mycoplasma pneumoniae but is against certain
strains of Toxoplasma gondii, Babesia microti, Pneumocystis carinii, and some
malarial species [1,2,4].

II. Pharmacokinetics
A. Oral and parenteral. Clindamycin is well absorbed from the gastrointesti-

nal tract (i.e., 90%), and food does not decrease its absorption. Therapeutic blood
levels can be achieved by the oral, intramuscular, or intravenous route.

B. Tissue penetration. Clindamycin penetrates most body tissues well, including spu-
tum, bile, bone, prostate, and pleural fluid, but not the cerebrospinal fluid. It crosses
the placenta.

C. Metabolism and excretion. Clindamycin is metabolized primarily by the liver.
In severe hepatic insufficiency, the half-life of clindamycin is prolonged to
8 to 12 hours; therefore doses of clindamycin should be reduced in severe liver
or combined liver and renal failure [7].

Enterohepatic circulation of clindamycin and its metabolites can lead to a pro-
longed antimicrobial presence in stool, with changes in gut flora lasting up to
2 weeks after discontinuation of clindamycin. Some have suggested that perhaps
this accounts for clindamycin causing C. difficile diarrhea [4].

III. Indications for use [1,2,4]. Although, except for Bacteroides species, it is not generally
considered the drug of choice for any other organism, it has become recognized as the
drug of choice for certain clinical situations discussed below.
A. Intraabdominal/pelvic infections. Bacteroides fragilis plays an important role

in these infections. Traditionally, clindamycin is listed as a drug of choice [8] for
Bacteroides species, but many infectious disease experts have turned to metronida-
zole. It must be combined with an agent active against gram-negative organisms.
In the animal model with well-established intraabdominal abscess due to B. frag-
ilis, metronidazole is superior to clindamycin. In endocarditis or other intravascular
infection due to B. fragilis, metronidazole, a bactericidal agent, is preferred.

B. For mixed aerobic and anaerobic soft tissue infections (e.g., perineum), clin-
damycin has an advantage over metronidazole in that clindamycin is also active
against group A or B streptococci and S. aureus as well as anaerobes, whereas
metronidazole is not. In polymicrobial infections in adults, it is combined with an
anti–gram-negative agent (e.g., ciprofloxacin).

C. Alternative drug in allergic patients. For patients allergic to both penicillin and
cephalosporins, clindamycin is an effective alternative for susceptible aerobic gram-
positive cocci (e.g., S. aureus, Streptococcus pyogenes) causing skin and soft tissue
infection. For S. aureus endocarditis or a staphylococcal bacteremia of unknown
source, a bactericidal agent such as a vancomycin is required. Clindamycin is consid-
ered a second-line alternative agent for penicillin-susceptible S. pneumoniae. Test-
ing using a clindamycin disk can identify high level macrolide resistant pneumococci
[9].
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D. Necrotizing fasciitis. This disease is caused by invasive group A streptococ-
cal that often leads to streptococcal toxic shock syndrome, and bacteremia [10].
Clindamycin is more effective in the animal model and is thought more effective in
the clinical situation, perhaps because of its activity against nongrowing organisms
against which penicillin appears to be less active because the penicillin binding pro-
tein is not expressed [11,12]. Furthermore, clindamycin appears to interfere with
toxin production [13] (see discussions in Chapters 2 and 4). Initial therapy for these
infections combines penicillin with clindamycin until susceptibilities return. The
same thinking applies in severe cellulitis of an extremity (see discussion in
Chapter 4).

E. Osteomyelitis. Clindamycin penetrates bone very well, so it is a useful alternative
for susceptible organisms in the allergic patient and has been used in carefully
monitored oral programs. Some pediatric infectious disease experts use it as a first-
line agent in childhood osteomyelitis due to susceptible pathogens.

F. Lung abscess. These infections are usually related to poor dental hygiene. For aspi-
ration of oral anaerobes, penicillin has historically been the drug of choice, although
clindamycin is also favored. Some experts favor clindamycin for those who are seri-
ously ill with this problem, to ensure coverage for anaerobes that may be resistant
to penicillin.

G. Diabetic foot infections. Clindamycin, combined with an agent with good activity
against aerobic gram-negative rods (e.g., ciprofloxacin), is commonly used.

H. Miscellaneous uses
1. Alternative for endocarditis prophylaxis for oral/dental procedures (see

Chapters 12 and 27B).
2. Odontogenic infections. A dental source that contains anaerobic streptococcus

may lead to Ludwig’s angina, maxillary sinusitis, and retropharyngeal and para-
pharyngeal abscesses with a major anaerobic component. Clindamycin is favored
over penicillin or metronidazole.

3. Posttraumatic endophthalmitis due to Bacillus cereus. Clindamycin has fairly
good penetration into the eye.

4. Chronic sinusitis or chronic otitis. Culture data have implicated anaerobic
organisms.

5. Bacterial vaginosis usually is treated with metronidazole, but topical clin-
damycin as clindamycin ovules once at bedtime for 3 days is an alternative [14].

6. Streptococcal group A pharyngitis, recurrent. For susceptible β streptococ-
cus clindamycin is the most effective agent in recurrent disease or for penicillin
allergic patients.

7. Acne vulgaris. A 1% topical clindamycin gel and lotion has been used in this
setting.

8. Other. Clindamycin has been used in special settings, including central ner-
vous system toxoplasmosis (in combination with pyrimethamine), Pneumocystis
carinii pneumonia in acquired immunodeficiency syndrome (with primaquine,
when standard therapy has failed), and babesiosis [15] and malaria regimens.

IV. Route and dosage
A. Oral. In children, the recommended oral dosage is 10 to 25 mg/kg/day divided into

every 6 hour doses or for mild to moderately severe infections; 20 to 30 mg/kg/day
in four divided doses has been used. In severe infections in children, such as os-
teomyelitis, 30 to 40 mg/kg/day (up to 50 kg of body weight) divided into every 6
hour doses has been used. In adults, 300 to 450 mg every 6 to 8 hours can be given,
depending on the severity of the illness. However, some patients may have many
gastrointestinal side effects at the 450-mg regimen.

B. Parenteral
1. In adults 600 mg every 8 hours is usually recommended. For tubo-ovarian abscess

and possibly in the therapy of morbidly obese patients, 900 mg intravenously
every 8 hours is preferred.

2. In children older than 1 month, 20 to 40 mg/kg/day is suggested, divided into
every 6 to 8 hour doses.

3. In neonates, doses are summarized in Appendix Table 1.
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C. Clindamycin 2% vaginal cream, 5 g intravaginally once daily for 7 days [7] (see
Chapter 16).

D. In renal failure, no change in the dosage is required. Clindamycin is not re-
moved by either peritoneal dialysis or hemodialysis [16].

E. In hepatic insufficiency, the half-life is prolonged. Doses should be reduced,
the dosage interval prolonged, or, if possible, an alternative agent should be used (see
discussion in section II.C). Patients with moderate to severe liver disease should be
given about half the usual dose, and further reductions may be necessary if the
patient also has renal disease [2].

F. Pregnancy. This is a category B drug (see Chapter 27A). The package insert sug-
gests that this drug should be used in pregnancy only if clearly indicated. Limited
data have not revealed adverse effects on fetal development [4].

G. Nursing mothers. Clindamycin is detected in breast milk. Because of the potential
for adverse reactions in neonates, the package insert suggests that the decision to
discontinue the drug should be made, taking into account the importance of the drug
to the mother.

H. Potential for antagonism exists with the macrolides and chloramphenicol, which
also act at the ribosomal level and may competitively inhibit the action of each other.
These drugs should not be used in combination with clindamycin.

I. Cost. Clindamycin is a relatively expensive agent (see Appendix Table).
V. Side effects

A. Gastrointestinal. Diarrhea is the most significant adverse reaction due to clin-
damycin [4].
1. Antibiotic-associated diarrhea occurs in up to 20% of patients receiv-

ing clindamycin, presumably because of alternations of anaerobic bowel flora
[4].

2. C. difficile diarrhea can occur as a side effect of any antibiotic [17]. The inci-
dence of clindamycin-induced C. difficile diarrhea in hospitalized patients varies
considerably by institution [4]. The overall incidence is presumably less than
1%, unless there are nosocomial outbreaks within a given institution. When this
occurs, restriction of clindamycin use has been beneficial [18]. It is much less
common in outpatients receiving clindamycin.

3. Anorexia, nausea, vomiting, flatulence, bitter taste, and abdominal distention can
occur [2]. A metallic taste in the mouth when clindamycin is given parenterally
occurs infrequently.

B. Allergic reactions, eosinophilia, rashes, (with fever), and, rarely, anaphylaxis occur
[1,2,4,19].

C. Hepatotoxicity. Minor reversible elevations of hepatocellular enzymes are
frequent.

D. Nephrotoxicity. Clindamycin does not cause significant renal toxicity.
E. Bone marrow suppression. Neutropenia and thrombocytopenia have been

reported.
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K. Chloramphenicol

Chloramphenicol has been available since 1949. Because of the rare case of irreversible fatal
aplastic anemia that is associated with its use, chloramphenicol should be used only when
clearly indicated. In Third World countries, because it is readily available, inexpensive, and
efficacious in many serious infections [1,2], it is widely used. In the United States, however,
chloramphenicol is rarely used, and most young physicians are completely unfamiliar with
the drug.

I. Mechanism of action. Chloramphenicol inhibits protein synthesis at the ribosomal
level. Although active against Staphylococcus aureus, group B streptococci, and En-
terobacteriaceae, chloramphenicol is bacteriostatic against these organisms. However,
against meningeal pathogens, Haemophilus influenzae, penicillin-susceptible Strepto-
coccus pneumoniae, and Neisseria meningitidis, chloramphenicol is bactericidal [3].

II. Spectrum of activity [1,2]. Chloramphenicol has a broad-spectrum antibiotic active
against many gram-positive and gram-negative bacteria, rickettsiae, chlamydiae, and
mycoplasma. However, it is not listed as the drug of first choice for any common
pathogen [4].
A. Gram-positive bacteria. Many gram-positive cocci, both aerobic and anaerobic,

are susceptible to chloramphenicol, although the minimum inhibitory concentra-
tions are relatively high. Alternate agents are preferred. Chloramphenicol is not
considered a drug of choice against enterococci or staphylococci. Methicillin-resistant
S. aureus usually is resistant to chloramphenicol. However, with the recent increase
in vancomycin-resistant enterococci, which are resistant to most available antibi-
otics (see Chapter 27P), there is renewed interest in chloramphenicol, because it is
active in vitro against many strains of vancomycin-resistant enterococci, probably
because of its previous infrequent use [5].

B. Gram-negative bacteria. N. meningitidis and almost all H. influenzae strains
are susceptible. Chloramphenicol has variable activity against other gram-negative
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bacilli; therefore susceptibility studies are necessary. Salmonella species are often
susceptible. Pseudomonas species are resistant.

C. Anaerobes. Chloramphenicol has excellent activity against gram-positive and
gram-negative anaerobes, including Bacteroides fragilis [1,2].

D. Miscellaneous. Chloramphenicol is active against the rickettsiae that cause Rocky
Mountain spotted fever, Q fever, and typhus, and it is active against Ehrlichia chaf-
faenis (4).

III. Pharmacokinetics [1,2]
A. Absorption. Chloramphenicol is rapidly absorbed orally, although variable absorp-

tion occurs in children. It penetrates body tissues well, including the spinal fluid and
the unobstructed biliary tree. Approximately 30% to 50% of serum levels appear
in the cerebrospinal fluid in both the inflamed and noninflamed meninges [1,2].

B. Inactivation. Chloramphenicol is metabolized and inactivated primarily in the
liver by glucuronyl transferase.

C. Excretion. In renal failure, the plasma half-life of the biologically active free
chloramphenicol is not prolonged. Consequently, chloramphenicol is given in normal
doses in renal failure [6].

IV. Toxicity
A. Dose-related bone marrow reversible suppression may occur in any pa-

tient on chloramphenicol. Anemia, reticulocytopenia, and neutropenia can occur.
Occasionally, only thrombocytopenia occurs. Bone marrow suppression is increased
substantially in patients with ascites or jaundice [2]. This suppression is due to a
direct pharmacologic effect of the antibiotic.
1. Monitoring patients

a. Serial blood counts. A complete blood cell count and platelet assess-
ment every 2 or 3 days is suggested. If suppression occurs, the dose should
be reduced and drug reassessed. If the bone marrow suppression progresses,
usually the drug is discontinued.

b. Serum levels. Direct bone marrow toxicity is related to levels of free chloram-
phenicol. Therapeutic levels are between 10 and 20 µg/mL. The risk of
direct bone marrow suppression increases when unconjugated (free
drug) levels exceed 25 µg/mL [1]. Serum should be monitored, espe-
cially in neonates and with prolonged use.

2. Recovery. Complete recovery, in this reversible form, occurs approximately
2 weeks after stopping the chloramphenicol.

B. Aplastic anemia is rare, occurring only in 1 in 25,000 to 40,000 courses of chlo-
ramphenicol, and usually is fatal. The precise mechanism is unknown, but there
is a genetic predisposition. The aplasia is not dose related and can become manifest
weeks to months after use. Whether topical ophthalmic use of chloramphenicol can
cause aplasia remains controversial [7].

C. Gray baby syndrome. Premature infants and newborns younger than 2 weeks
have immature hepatic and renal function. Chloramphenicol accumulates in the
blood of these infants, which can cause vasomotor collapse and death especially
when higher doses of the drug are used. This is the so-called gray baby syndrome.
Therefore chloramphenicol should be avoided in the premature infant and
in the first 2 weeks of life except in extreme life-threatening situations, in
which decreased doses should be used and serum levels monitored.

D. Glucose-6-phosphate dehydrogenase deficiency. Chloramphenicol may precip-
itate hemolysis in patients with a severe deficit of glucose-6-phosphate dehydroge-
nase [1].

V. Clinical indications. Chloramphenicol is not listed as the drug of first choice for any
common pathogen [4]. Because this agent is used so infrequently, before use,
discuss with an infectious disease subspecialist. The package insert clearly notes
the pharmaceutical manufacturer’s warning that chloramphenicol “must not be used
when less potentially dangerous agents will be effective.” Because of the avail-
ability of less toxic antibiotics, chloramphenicol is seldom used except in special
settings or in the allergic patient.
A. Potential important indications for chloramphenicol use include the fol-

lowing:
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1. Alternative for life-threatening H. influenzae infections. The third-
generation cephalosporins are the drugs of choice in the empiric therapy of menin-
gitis and acute epiglottitis in children [4]. If there is an allergic history that pre-
cludes the use of a cephalosporin, chloramphenicol is an acceptable alternative.

2. Brain abscess. Chloramphenicol may be used in selected cases.
3. Alternative agent in severe anaerobic infection.
4. Alternative drug [4] in Salmonella typhi infections, brucellosis, glanders

(P. pseudomallei), plague, Chlamydia psittaci infections (psittacosis), tularemia,
and intraocular infections due to susceptible pathogens.

5. Rickettsial infections Rocky Mountain spotted fever, endemic typhus (murine),
scrub typhus, epidemic typhus (louse-borne), and Q fever. Chloramphenicol
may be the preferred agent when the patients require parenteral ther-
apy, in young children, and in pregnancy when a tetracycline cannot be used.
Infectious disease consultation is advised.

6. In susceptible infections due to vancomycin-resistant enterococci, chloram-
phenicol may provide a possible alternative [5,8,9], although the availability of
linezolid and quinupristin/dalfopristin have led away from the use of chloram-
phenicol.

VI. Route and dosage
A. Neonatal doses. Serum levels should be monitored in neonates. Infectious disease

consultation is advised in this setting.
B. Children and adults

1. Intravenous. The usual dosage is 50 to 100 mg/kg/day in divided 6-hour doses,
with a maximum dose of 1.5 g every 6 hours. Serial blood cell counts should be
monitored (see section IV.A.1). Because children vary greatly in their ability to
metabolize the drug, monitoring of levels is important [2].
a. In renal failure, hemodialysis, or peritoneal dialysis, no dosage adjust-

ments are required [6].
b. Hepatic failure. If chloramphenicol must be used, serum levels should be

monitored. In adults, an initial loading dose of 1 g followed by 500 mg every
6 hours sometimes is suggested; the course should be limited to 10 to 14 days
[1].

2. Oral chloramphenicol is no longer available in the United States, although it
is available in some countries (e.g., Mexico).

3. Drug interactions. Chloramphenicol can prolong the half-life of chlor-
propamide, phenytoin, tolbutamide, and warfarin derivatives. The prothrombin
time of patients receiving anticoagulation therapy must be closely monitored
[2].
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L. Sulfonamides and Trimethoprim-Sulfamethoxazole

I. Sulfonamides. Sulfonamides were the first effective systemic antibacterial drugs used
in humans and were initially introduced in the late 1930’s. The sulfonamides, which
are primarily bacteriostatic, act by interfering with bacterial synthesis of folic acid
[1].
A. Pharmacokinetics. Sulfonamides generally are used in the oral form. They are me-

tabolized in the liver by acetylation and glucuronidation. Free drug and its metabo-
lites are excreted by the kidney. Preparations less apt to become crystallized in
urine have attained more widespread use. Sulfonamides compete for binding sites
on plasma albumin. By so doing they may increase blood levels of unconjugated
bilirubin (see section I.E).

B. Spectrum of activity. Routine disk antibiotic susceptibility testing is unre-
liable. Because testing is not used, susceptibilities of most organisms are unknown.
Many community-acquired Escherichia coli are susceptible, particularly to levels
achieved in the urine. The sulfonamides also are active against many strains of
Neisseria meningitidis, Chlamydia, Toxoplasma, and some Nocardia species. A sul-
fonamide alone is not the drug of first choice for any bacterial pathogen [2].
Sulfonamides have in vitro activity against Streptococcus pyogenes and have been
used to prevent recurrent rheumatic fever [3], but they are not advised for treatment
of streptococcal pharyngitis.

C. Current clinical uses
1. Situations in which sulfonamides are useful include the following:

a. Toxoplasma gondii infections (e.g., sulfadiazine with pyrimethamine).
b. Nocardia asteroides infections respond well to sulfonamides. Trimethoprim-

sulfamethoxazole (TMP-SMX) often is listed as the agent of choice [2].
2. Miscellaneous indications for sulfonamide use are the following:

a. Rheumatic fever prophylaxis [3]. Although sulfadiazine is effective as pro-
phylaxis, it is ineffective in established streptococcal pharyngitis infections.

b. Chlamydia trachomatis pneumonia. Alternate agent.
c. Otitis media prophylaxis. Sulfonamides have been used in selected patients

to prevent recurrences (see Chapter 8).
d. E. coli. Because at least 25% to 35% of strains that cause cystitis are resistant

to sulfonamides, sulfonamides are no longer the agents of choice for empiric
therapy of initial uncomplicated urinary tract infection (UTI) (see section II)
[1].

D. Preparations available and dosage regimens [1–4]. Sulfonamides are acety-
lated or glucuronated in the liver. These inactive metabolites and free drug are
actively secreted into the urine [4]. Sulfonamide dosage is reduced for creati-
nine clearance of less than 50 mL/min; no dosage modification is necessary with
hepatic impairment [4]. Sulfonamides penetrate pleural, peritoneal, synovial, and
cerebrospinal fluid (CSF); they cross the placenta and are detectable in breast
milk.
1. Short-acting preparations usually are given four (and sometimes six) times

daily.
a. Sulfisoxazole (e.g., Gantrisin, Azo Gantrisin) are no longer listed in the Physi-

cians’ Desk Reference and are not discussed here.
b. Pediazole.This is a fixed combination of sulfisoxazole and erythromycin. Use

of combinations when a single drug will do exposes the individual to excess
toxicity.

c. Sulfadiazine (e.g., Neotrizine) is less soluble in urine and therefore less suit-
able for use in UTI. It is less protein-bound than sulfisoxazole, which yields
good blood and CSF levels. It is useful for nocardial infection, toxoplasmo-
sis, or for rheumatic fever prophylaxis in the penicillin-allergic patient.
Although it has a longer half-life than sulfisoxazole, sulfadiazine is given four
times daily. The usual dose in adults is a 2-g loading dose with a maintenance
dose of 1 g four times per day. For the treatment of toxoplasmosis or nocardiosis
infectious disease consultation is advisable.
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d. Triple sulfa drug (Trisem) usually is made up of sulfadiazine and two other
sulfa preparations. Theoretically, each drug maintains its solubility in the
urine to decrease the chances for crystalluria. In adults, the usual dose is
1 g four times daily.

2. Intermediate-acting sulfonamides are given two or three times daily. Sul-
famethoxazole (e.g., Azo Gantanol) is given twice daily and has been used in
UTI. Because it can cause crystalluria, it is important to ensure a high urine
output. The dose in adults is 2 g followed by 1 g twice daily. In children older
than 2 months, the initial dose is 50 mg/kg, then 25 to 30 mg/kg per dose is given
twice daily. Sulfamethoxazole combined with trimethoprim is available
as cotrimoxazole (Bactrim, Septra) (see section II).

3. Long-acting sulfonamides are no longer recommended because these
preparations have the capacity to produce hypersensitivity reactions (e.g.,
Stevens-Johnson syndrome), which then become a prolonged problem. The ex-
ception is sulfadoxine, which is a component of Fansidar, which is still used in
some antimalarial regimens (see section III).

4. Topical sulfonamides [5]. Mafenide acetate (Sulfamylon) is used on burns to
help prevent bacterial colonization, particularly by pseudomonas. Its use has been
limited by the side effect of metabolic acidosis. Silver sulfadiazine (Flamazine) has
fewer side effects and is used extensively for burns. Outbreaks of silver-resistant
infections may ultimately limit its usefulness [5]. Sulfonamides are used also in
ophthalmic preparations and in vaginal suppositories and creams.

5. Sulfasalazine (Azulfidine) is used in the treatment of ulcerative colitis.
E. Toxicity [4,5]

1. Pregnancy and neonates. Sulfonamides should not be used in the last
trimester of pregnancy (especially the last month) because they are
transplacentally transmitted and compete for bilirubin-binding sites on plasma
albumin, increasing the risk for kernicterus. Sulfonamides are not recom-
mended for therapy in neonatal infections or in nursing mothers because
the neonate’s hepatic enzyme system may be immature.

2. Hematology. Sulfonamides should be avoided in patients with glucose-6-
phosphate dehydrogenase (G6PD) deficiency, because hemolysis can be pre-
cipitated. However, one study showed that G6PD-deficient patients who received
TMP-SMX did not have hemolytic reactions during therapy [6]. Anemia, leukope-
nia, or thrombocytopenia occurs with sulfonamide use, especially in those with
folate deficiency.

3. Hypersensitivity reactions with rashes, vasculitis, erythema nodosum, ery-
thema multiforme, and Stevens-Johnson syndrome can occur. These were particu-
larly common with the long-acting compounds, which are no longer recommended.

4. Gastrointestinal disturbances with nausea, vomiting, and diarrhea occur in
3% to 5% of patients.

5. Renal dysfunction due to tubular deposition of sulfonamide is now rare.
F. Important drug interactions. Sulfonamides may displace drugs from albumin-

binding sites, increasing the clinical effect of the displaced drug [5].
1. Oral anticoagulants. Sulfonamides compete for albumin-binding sites and, in

effect, increase the activity of a given anticoagulant dose. Therefore doses of
oral anticoagulants (e.g., warfarin sodium) should be reduced and serial
prothrombin times monitored.

2. Methotrexate. Because sulfonamides displace methotrexate from its bound pro-
tein, risk of methotrexate toxicity increases. Therefore sulfonamides
should be avoided.

3. Oral hypoglycemic agents. The hypoglycemic effect of sulfonylureas may
be exaggerated by sulfonamides, although the precise mechanisms for this are
unclear.

4. Methenamine compounds should not be given concomitantly with sulfonamides
because there is an increased risk of insoluble urinary precipitate formation.

G. Sulfonamide use in renal failure. Because sulfonamides are excreted by way of
the kidney, in renal failure doses must be reduced or dose intervals prolonged
[7].
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FIG. 27L.1. Mechanism of action of trimethoprim-sulfamethoxazole. Most bacteria can-
not use exogenous folate but must make their own folate for nucleic acid synthesis.
Trimethoprim-sulfamethoxazole can sequentially block the formation of tetrahydrofolic acid
and thereby interfere with cell replication.

II. TMP-SMX [1,5,8,9], formerly called cotrimoxazole, is available commercially as
Bactrim or Septra as well as in generic preparations. This unique preparation
was specifically formulated to include a combination of agents that would inhibit activ-
ity in two sequential steps of bacterial metabolism. It became available in the United
States in 1973. The combination has two theoretic advantages: It decreases the chances
of bacterial resistance and the combination may act synergistically. The combination
is available in oral and intravenous forms. The regular tablets contain 80 mg TMP
and 400 mg SMX to provide an ideal blood ratio of 1:20 for optimal synergy. How-
ever, it is noteworthy that in different body fluids, the ratios of TMP to SMX are
virtually never 1:20, so the value of the ideal ratio in the blood is uncertain. Alone,
each agent is bacteriostatic, but together they are bactericidal and synergis-
tic in vitro. Currently, sulfonamides are used most frequently in this combination
[5].
A. Mechanism of action. TMP-SMX sequentially blocks two steps in the synthesis of

folic acid by bacteria (Figure 27L.1).
B. Pharmacokinetics [1,4,5]. Oral TMP-SMX is well absorbed. Peak serum levels

occur 1 to 4 hours after ingestion. The intravenous preparation provides excellent
blood levels. Serum half-lives of TMP and SMX are 8 to 10 hours and 10 hours,
respectively [4]. TMP-SMX is excreted primarily by the kidneys, so doses must be
reduced in renal failure. Because the pH of the urine dictates which compo-
nent is excreted more rapidly in renal failure, this makes dosage selection
difficult. Excretion occurs over several hours, and this permits twice-daily dosing.
Each drug is distributed widely and can be detected in most tissues of the body. This
agent penetrates the CSF well (20%–40% of serum levels). Concentrations of TMP
in prostatic fluid usually are at least three times those of the serum concentration
[1].

C. Spectrum of activity. TMP by itself has a wide spectrum of activity against gram-
positive and gram-negative bacteria (see Chapter 27M). SMX is less active alone,
but it enhances the activity of TMP when combined with it.
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1. Gram-positive cocci. TMP-SMX is active against most Staphylococcus aureus,
S. epidermidis, penicillin-susceptible S. pneumoniae strains, and viridans strep-
tococci. In a survey of penicillin-resistant strains of S. pneumoniae in Atlanta,
Georgia, published in 1995, 75% of the isolates resistant to penicillin were re-
sistant to TMP-SMX [10] (see related discussions in Chapter 11). This agent is
active against many methicillin-resistant S. aureus species. Despite the appar-
ent in vitro sensitivity of methicillin-resistant S. aureus, some reviews emphasize
that clinical success with TMP-SMX therapy for methicillin-resistant S. aureus
is extremely variable and unpredictable [8]. It is not useful clinically against
enterococci.

2. Gram-negative bacilli and cocci
a. Enterobacteriaceae are usually susceptible, although a higher percent of

these and of Salmonella and Shigella species are now resistant than in the
past.

b. Haemophilus influenzae (ampicillin-susceptible and ampicillin-resistant)
and Moraxella catarrhalis are usually susceptible. TMP-SMX has activ-
ity against Pasteurella multocida [11], although it is usually not listed as an
alternative agent for this pathogen [2].

c. Stenotrophomonas (formerly Xanthomonas maltophilia) are susceptible.
Even when they are labeled resistant, a slightly higher dose will be clinically
effective. Burkholderia cepacia (formerly P. cepacia) are usually susceptible.

d. Pseudomonas aeruginosa. TMP-SMX is not active.
3. Anaerobes. TMP-SMX is not particularly active against anaerobes, including

Bacteroides fragilis [1,9].
4. Miscellaneous [1,2,9].

a. TMP-SMX is active against Listeria monocytogenes, Yersinia enterocolitica,
Aeromonas species, Legionella micdadei, and Legionella pneumophila.

b. Pneumocystis carinii (a parasite) is susceptible but resistance has been noted
[12], the meaning of which is uncertain.

c. Many Nocardia species are susceptible.
d. Treponema pallidum is resistant.

5. Resistance to TMP-SMX has recently been reviewed [8,13].
a. Bacterial resistance to both TMP and SMX has developed, although there

are significant geographic variations. Resistance to the sulfonamides is usu-
ally more common than is resistance to TMP. In developed and developing
countries, levels of resistance to TMP-SMX for S. pneumoniae range from 10%
to 50%. In the United States, for H. influenzae over 30% and for M. catarrhalis
from 2% to 50% of strains are resistant to TMP-SMX. Many penicillin-resistant
pneumococci are also resistant to TMP-SMX [13]. Because of increasing re-
sistance, TMP-SMX is no longer the drug of choice for Salmonella species
or Shigella species [2,13]. At least 30% to 35% of nosocomial urinary
pathogens are resistant to TMP-SMX [8]. In recent reports of susceptibility
studies in community-acquired acute uncomplicated cystitis in women
aged 18 to 50 years, the incidence of resistance of E. coli has risen to
16% to 20% [14–16].This rise in resistance in community-acquired E. coli now
has affected empiric antibiotic therapy for uncomplicated cystitis (see section
D.1.a below and Chapter 15).

b. P. carinii. TMP-SMX has been widely used to prevent infections in under-
lying human immunodeficiency virus (HIV) infection [17]. Selection pressure
caused by prolonged use of TMP-SMX in this setting has been associated with
an increase in the levels of resistance to TMP-SMX among clinically impor-
tant bacterial species infecting HIV patients [13]. Furthermore, TMP-SMX
resistant strains of P. carinii have been isolated but only from cases that were
treated successfully [12]. Because resistance to TMP-SMX is in large part gov-
erned by resistance to TMP, this topic is discussed further in Chapter 27M.

D. Indications for use [1,2,8,9]. TMP-SMX is the first-line drug [2] for the treat-
ment of infections caused by Burkholderia cepacia, S. maltophilia, Nocardia
species, and P. carinii as well as Y. enterocolitica or Aeromonas species. TMP-SMX
has been extensively used in the treatment of acute bronchitis and upper respiratory
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infections. Of concern, however, has been increasing TMP-SMX resistance amongst
strains of H. influenzae and S. pneumonia. It is important for clinicians to know
the susceptibility of these common respiratory pathogens to TMP-SMX in their local
practice environment.
1. UTIs. See related discussion in Chapter 15.

a. Acute initial uncomplicated UTI. Because many strains of community-
acquired E. coli are resistant to sulfonamides alone and amoxicillin (ampi-
cillin), for empiric therapy of community-acquired uncomplicated UTI, TMP-
SMX is often preferred [2]. However, with community-acquired E. coli showing
an increased frequency of resistance to TMP-SMX (see section C.5.a above)
and up to 8% of strains of S. saprophyticus resistant to TMP-SMX [14], these
factors must be considered in empiric therapy of cystitis [14–16], and espe-
cially pyelonephritis. Although we still commonly use empiric TMP-SMX in
the healthy young female with an uncomplicated UTI, if the patient has un-
derlying diabetes or repetitive infections or a possible early pyelonephritis, we
would favor a quinolone.

b. Pyelonephritis. Because TMP-SMX penetrates tissue well, it is a useful
agent in this setting for susceptible pathogens [14–16], especially because
it can be given both intravenously and orally. If the Gram stain of unspun
urine reveals gram-positive cocci, suggesting enterococci, TMP-SMX
should not be used.

c. Recurrent UTI in adult women. In women prone to recurrent UTI, TMP-
SMX has helped decrease the rate of recurrence, presumably in part by
decreasing colonization at the periurethral area [1]. However, enterococcal
colonization may result. An alternative regimen is a short course of self-
administered antibiotic with a twice-daily dose of TMP-SMX for 3 days at
the onset of symptoms.

d. Prostatitis recurrent UTI in men. In the absence of other genitourinary
pathology, men with recurrent UTI often have chronic bacterial prostatitis.
[18,19]. Organisms in the prostate are extremely difficult to eradicate, because
most antibiotics do not penetrate the prostate well. TMP-SMX penetrates the
prostatic fluid and is very useful in these patients. Often trimethoprim by itself
is used. The fluoroquinolones also are useful in this setting.

e. Postcoital antibiotic prophylaxis for recurrent UTI with TMP-SMX has
been shown to be a safe, effective, and inexpensive approach to management
in carefully selected young women with recurrent UTI [20].

2. Respiratory infections
a. P. carinii. TMP-SMX is considered the drug of choice in children and

adults, with or without HIV, for the treatment and prevention of P. carinii
pneumonia (PCP) [17,21,22]. A high incidence of adverse effects occurs in pa-
tients with acquired immunodeficiency syndrome (AIDS) who are treated with
TMP-SMX, especially when maximal doses are used (see related discussion in
section G.2). Usually the starting dose for PCP is 20 mg/kg/day TMP equiva-
lent, which can be reduced to 10 mg/kg/day TMP over 48 to 72 hours. This re-
duced dose remains effective and a decrease in incidence of side effects occurs.

b. Acute exacerbations of chronic bronchitis. Because TMP-SMX is ac-
tive against penicillin-susceptible S. pneumoniae, H. influenzae, and M.
catarrhalis, it is a useful agent in this setting [1,5] or as part of a rotating
antibiotic regimen (see Chapter 8).

c. Pneumonia. For susceptible gram-negative pathogens, intravenous TMP-
SMX has been used for lower respiratory tract infections [5]. TMP-SMX is
an alternative agent for L. micdadei and L. pneumophila infections when ery-
thromycin or a fluoroquinolone cannot be used [2].

d. Acute otitis media. TMP-SMX has been used as an alternative agent for
acute otitis media, especially if ampicillin-resistant H. influenzae is a concern
(see Chapter 8).

e. Sinusitis. With the advent of penicillin (and TMP-SMX) resistant S. pneu-
moniae, TMP-SMX may be less effective for sinusitis therapy (see Chap-
ter 8).
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3. Gastrointestinal infections. See Chapter 13 for additional discussion.
a. Shigellosis. TMP-SMX resistance has increased significantly. Thus, TMP-

SMX should be used for bacterial enteritis caused by Shigella strains only if
susceptibility is known [2].

b. Salmonella. Although ceftriaxone or a quinolone are drugs of choice for
S. typhi or other Salmonella species infections requiring treatment, TMP-SMX
is an excellent alternative agent [2].

c. Traveler’s diarrhea. In the past, TMP-SMX was the most common agent
used to treat traveler’s diarrhea. Now the fluoroquinolones often are preferred
in adults because TMP resistance has become common.

d. Spontaneous bacterial peritonitis. Prevention in patients with underlying
cirrhosis is discussed in Chapter 13.

e. Meningitis. Gram-negative bacillary meningitis caused by organisms (e.g.,
Enterobacter cloacae, Serratia marcescens) only moderately susceptible or
resistant to third-generation cephalosporins or (P. cepacia, Acinetobac-
ter species) may be candidates for TMP-SMX treatment if the organisms are
susceptible [1,5,9,23]. TMP-SMX is an alternate agent in meningitis due to
L. monocytogenes [2] when ampicillin cannot be used.

4. Neutropenic patients. Although TMP-SMX has been used for prevention of
infection, a recent panel of experts concluded that use of TMP-SMX should be
avoided in this setting [9,24].

5. Miscellaneous
a. Endocarditis. TMP-SMX has been used as an alternative agent for suscep-

tible pathogens causing bacteremia or endocarditis [1,5]. Infectious disease
consultation is advised.

b. Nosocomial infections. Gram-negative nosocomial infections due to bacteria
resistant to many antibiotics may be susceptible to TMP-SMX (e.g., Enterobac-
ter, Klebsiella, and Proteus species), and patients will respond to this therapy.
Burkholderia cepacia infections that have relapsed or failed other agents often
have responded well to TMP-SMX. Before using TMP-SMX for these types
of infections, in vitro data should show susceptibility.

c. Nocardia. TMP-SMX is an important agent for these infections and some-
times is viewed as the agent of choice [2].

d. Y. enterocolitica and Aeromonas species infections can be treated with TMP-
SMX.

e. Brucellosis. TMP-SMX is an alternative agent for brucellosis [2].
f. Renal transplantation recipients. Prophylaxis with TMP-SMX signifi-

cantly reduces the incidence of bacterial infection after renal transplantation
(especially infection of the urinary tract and bloodstream), can provide protec-
tion against PCP, and is cost beneficial [25]. Patients appear to tolerate this
regimen well in this setting [25].

g. Prevention of infection in patients with chronic granulomatous dis-
ease. TMP-SMX prophylaxis is useful in the prevention of infectious compli-
cations [1,9].

h. Mycobacterium marinum. TMP-SMX is an alternative agent [2].
i. Gastrointestinal infections TMP-SMX is viewed as the drug of choice for Cy-

clospora, Isospora, and coccidian parasites in HIV-infected patients [16,26].
E. Dosage forms available

1. Oral. Single strength tablets contain 80 mg TMP and 400 mg SMX. Double
strength tablets contain 160 mg of TMP and 800 mg SMX. There are unflavored
and cherry-flavored suspensions containing 40 mg TMP and 200 mg SMX per
5 mL.

2. Parenteral. An intravenous form of TMP-SMX is supplied in 5-mL ampules
that contain 80 mg TMP and 400 mg SMX. The intravenous preparation is rec-
ommended for the following: (a) severe UTI in patients who are vomiting or
otherwise too ill to take an oral medication, (b) patients with severe PCP, (c) se-
vere Shigella infections, and (d) certain serious multiresistant enteric gram-
negative bacillary infections in which TMP-SMX is active in vitro. Infectious dis-
ease consultation is advisable in this setting. The intravenous form has also been
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used in the treatment of pneumonia, bacteremia, meningitis, and other serious
infections.

For severe or complicated UTI, due to known susceptible organisms, 8 to
10 mg/kg/day (based on the TMP component) is recommended. The dose is divided
into an every 6 or 12 hour schedule until the patient improves enough to allow
oral therapy (Table 27L.1).

F. Preferred route. Because TMP-SMX is well absorbed, the oral route is usually
preferred unless the patient has nausea, is vomiting, is taking nothing by mouth,
or is critically ill. If intravenous therapy is initially used, one can often switch to oral
therapy when the patient improves. Adequate fluid intake should be encouraged to
prevent sulfonamide crystalluria [1].
1. See Table 27L.1.
2. In children, TMP-SMX is not recommended for infants less than 2 months

of age because of the risk of kernicterus. For otitis media and other infections
8 mg/kg TMP (and 40 mg/kg SMX) per 24 hours is given in two divided doses
every 12 hours for 10 days (see Chapters 3 and 8) (Table 27 L.2). An identical
dosage is given for 5 days for shigellosis.

3. In pregnancy
a. TMP-SMX is not recommended at term because sulfonamides cross the

placenta and may cause kernicterus.
b. TMP-SMX is a category C drug (see Chapter 27A). It is generally not recom-

mended for use in pregnancy unless the benefits justify the risks to the fetus
[5] (see section G.4 below).

4. Nursing mothers. Because sulfonamides are excreted in human breast milk
and may cause kernicterus, avoid the use of TMP-SMX for nursing mothers (see
section G.4).

5. In renal failure, dosages must be modified. The optimal approach is not well
defined. The package insert suggests that standard doses can be used for a cre-
atinine clearance of more than 30 mL/min. For a creatinine clearance of 15 to
30 mL/min, half the usual dose is suggested. For a creatinine clearance of less
than 15 mL/min, use is not recommended.
a. In a recent review [9], the author suggested (a) usual doses for a creatinine

clearance of more than 50 mL/min, (b) 50% of the standard dose be given every
12 hours or the standard dose of 18 to 24 hours if the creatinine clearance is
10 to 50 mL/min, and (c) a standard dose every 24 hours if the creatinine clear-
ance is less than 10 mL/min. Because TMP-SMX is removed by hemodialy-
sis, standard doses can be administered after dialysis, with perhaps a supple-
mental fractional dosing provided on nondialysis days [9]. Infectious disease
input is advised. Adults on chronic ambulatory peritoneal dialysis should re-
ceive the equivalent of one double strength tablet every 48 hours [5].

6. In significant hepatic failure, TMP-SMX should be avoided.
G. Toxicity and side effects. Although skin rashes are common, this combination

usually is well tolerated, even for prolonged periods. Reactions occur either to
the TMP (see Chapter 27M) or, more commonly, to the sulfonamide component (see
section I.E). Adverse reactions have been reviewed [1,4,9,27]. In patients with
AIDS, drug toxicity (rash, fever, neutropenia, thrombocytopenia, and transami-
nase elevation) occurs more frequently [28] than in non-AIDS patients, but dose
reduction and the use of corticosteroids, commonly used in PCP, may help reduce
these reactions.
1. Mild gastrointestinal symptoms, including nausea, vomiting, diarrhea,

cramps, and similar symptoms, occur in 3% to 3.5% of patients [21] and are the
most frequent adverse effects [8].

2. Skin rashes are relatively common, occurring in 3% to 5% [1,9]. They are
usually typical drug eruptions with a diffuse maculopapular rash or mild
toxic erythema. Most rashes are benign and resolve with discontinuation of
therapy. However, exfoliative dermatitis, Stevens-Johnson syndrome, or toxic epi-
dermal necrolysis may occur. An increased frequency of rashes occurs in AIDS pa-
tients receiving TMP-SMX [28]. With a history of cutaneous sensitivity or other
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Table 27L.1. Dosing of TMP-SMX

Dosagea/Day
Indication (Normal Renal Function) Duration and Comments

Uncomplicated cystitis in
women

1 DS bid For 3 days

Conventional therapy in UTI,
UTI in elderly

1 DS bid For 7–10 days

Pyelonephritis i.v. or p.o., 1 DS bid p.o. For at least 14 days. See text
for i.v. doses. For children
use dose as in acute otitis
media.

Prophylaxis of recurrent UTI
in women

1�2 or 1 SS every other night or
1�2 SS tab nightly qhs

Typically for at least 6–12 mo;
the urine should be
sterilized first. See
Chapter 15.

Prostatitis 1 DS bid For 3–4 weeks or more. See
Chapter 15.

Acute exacerbations of COPD 1 DS bid Usually for 5–7 days. See
Chapter 8.

Acute otitis media (AOM) In children > 2 mo, TMP
8 mg/kg/day and SMX
40 mg/kg/day given in divided
doses q12h

5 days to 10 days. See
Chapter 8.

See Table 27L.2
Sinusitis 1 DS bid in adults. In children,

see AOM doses
Usually for 10 days. See

Chapter 8.
Pneumonia i.v. initially (see text) After improvement, switch to

po, 1 DS bid in adults,
duration must be
individualized. See
Chapter 11.

Salmonella, Shigella when
susceptible

Dosages used for UTI For 5 days

Traveler’s diarrhea 1 DS bid For 3 days in adults. Many
E. coli now resistant to
TMP-SMX. See text and
Chapter 22. Quinolones
usually preferred unless
contraindicated.

Susceptible, gram-negative
meningitisb

10 mg/kg/day (based on TMP
component) i.v. divided q6hb

Probably for 2 weeks.
Infectious disease
consultation advised.

Bacteremias and nosocomial
infections

i.v. 8–10 mg/kg/day (based on
TMP component) divided q6
or q12h schedule.

Go to oral doses when patient
improves.

Prevention of Pneumocystis
carinii pneumonia (PCP) in
immunocompromised e.g.,
AIDSc

1 DS p.o. qd or 1 SS p.o. qd While CD4 count is <200/µL
or oropharyngeal
candidiasis

Therapy of PCP Initially, begin at 5 mg/kg of
TMP component q6h for
3–5 days, then q8h for
another 3–5 days, then
4 mg/kg of TMP q8h
component until course
completed.

Total course of 21 days. By
tapering doses, side effects
may be minimized. In very
ill patients, i.v. therapy is
initially used and converted
to oral therapy as the
patient improves.

aDS, double-strength tablet; SS, single-strength tablet. The DS tablet of TMP-SMX is a large tablet;
some patients may prefer two of the smaller SS tablets.
bSee Levitz AE, Quintiliani R. Trimethoprim-sulfamethoxazole for bacterial meningitis. Ann Intern Med
1984;100:881.
cGuidelines for prevening opportunistic infections among HIV-infected persons—2002. MMWR 2002;51
(RR-8):4–5, with permission.
UTI, urinary tract infection; COPD, chronic obstructive pulmonary disease.
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Table 27L.2. Pediatric Dosages of TMP-SMX for UTI, Otitis Media, Shigellosis, and the
likea (Pediatric Suspension)

Weight Dose (q12h)

Ibs. Kg Teaspoonfuls Tablets

22 10 1 tsp. (5 mL) —
44 20 2 tsp. (10 mL) 1 tabletb

66 30 3 tsp. (15 mL) 1 1�2 tablets
88 40 4 tsp. (20 mL) 2 tablets or 1 DS tablet

aFor children 2 months of age or older.
bAuthor’s note: tablet = single strength.
DS, double strength; UTI, urinary tract infection.
Physicians’ desk reference, 56th ed. Montvale, NJ: Medical Economics Data, 2002, with permission.

TMP-SMX intolerance, desensitization has been successful with oral desensitiza-
tion protocols [9,29–31].

3. Bone marrow and peripheral blood. Megaloblastic bone marrow changes are
uncommon except in those patients with preexisting depleted folate stores (e.g.,
alcoholics, the elderly, pregnant women, malnourished patients, and patients
receiving phenytoin). Except for bone marrow transplant recipients in whom
engraftment may be delayed, occasionally in pediatric patients, and in AIDS
patients, severe hematologic reactions to TMP-SMX are rare [27]. Thrombocy-
topenia occurs as it does with sulfonamide use. Although neutropenia has been
attributed to TMP-SMX, the precise relationship to drug therapy is difficult to
determine, as neutropenia (a) is common in randomly sampled young children
(control subjects); (b) is seen with viral illnesses for which the patient, especially
children, may receive antibiotics; and (c) in reviews has been seen with similar
frequency in patients receiving amoxicillin therapy [1]. Further studies are nec-
essary to clarify this question. If neutropenia occurs in a patient receiving TMP-
SMX, it is prudent to discontinue the TMP-SMX and use an alternative agent.

Use of folinic acid. It has been suggested that concomitant administration
of folinic acid may reverse the antifolate effects of TMP-SMX, especially in pa-
tients not infected with HIV, without interfering with its antimicrobial effect (see
Chapter 18). In one report, adjunctive folinic acid with TMP-SMX for PCP in
AIDS patients was associated with an increased risk of therapeutic fail-
ure and death [32]. Therefore empiric addition of folinic acid in this setting is
not advised [32].

Hemolysis may rarely be precipitated with TMP-SMX use in patients with
G6PD deficiency (see section I.E.2). However, in one study, G6PD-deficient pa-
tients who received TMP-SMX did not have hemolytic reactions during therapy
[6]. In patients with AIDS who receive TMP-SMX for PCP, dose reduction may
help reduce bone marrow suppression.

4. Pregnancy and lactation. Because of the teratogenic effect seen in an-
imal studies, TMP-SMX is generally contraindicated in pregnant [5] or
lactating women. Furthermore, because the sulfonamide component displaces
bilirubin from albumin-binding sites and may therefore increase the risk of ker-
nicterus, TMP-SMX is contraindicated in infants younger than 2 months
and in pregnant women near term.

5. Drug-drug interactions. The sulfonamide-related interactions are re-
viewed in section I.F. and include interactions with oral anticoagulants and
oral hypoglycemic agents. We try to avoid using sulfonamides, including TMP-
SMX, in patients receiving warfarin. If TMP-SMX is used, prothrombin times
should be monitored. Often the dose of warfarin will need to be reduced. TMP-
SMX may prolong the half-life of phenytoin.
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Methotrexate concentrations can be increased, and toxicity may ensue as a
result of displacement from plasma-binding sites [9]. A review of drug interactions
has recently been published [33].

6. Nephrotoxicity does not appear to be a significant side effect [1]. Clini-
cally insignificant elevations of creatinine can occur with TMP (see Chap-
ter 27M).

7. Hyperkalemia may occur in patients with AIDS during treatment for PCP with
TMP-SMX (see discussion in Chapter 18).

8. Local thrombophlebitis uncommonly occurs with intravenous administration.
9. Acquisition of resistance is discussed in Chapter 27M.

H. Cost (see Appendix Table)
III. Fansidar tablets are a combination of pyrimethamine (25 mg), a folate antagonist, and

sulfadoxine (500 mg), a long-acting sulfonamide. This combination is still used in some
antimalarial treatment regimens [21].
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M. Trimethoprim

Trimethoprim (TMP) not in combination with sulfamethoxazole (SMX) is available and is
approved for use in uncomplicated urinary tract infections (UTIs) [1–3].

I. Mechanism of action. By inhibiting dihydrofolate reductase, TMP interferes with the
production of tetrahydrofolic acid in bacterial cells (see Fig. 27L.1).

II. Spectrum of activity. TMP is bactericidal against many gram-positive aerobic cocci
and many species of gram-negative bacteria, except Pseudomonas aeruginosa and
other Pseudomonas species [3]. Enterococci usually are resistant. It is active against
community-acquired urinary tract pathogens such as Escherichia coli, Pro-
teus mirabilis, Klebsiella pneumoniae, and Enterobacter species Most anaerobes and
Chlamydia species are resistant [2]. Its spectrum of activity is very similar to that of
the TMP-SMX combination.

III. Pharmacokinetics. TMP is well absorbed from the gastrointestinal tract. It is
excreted primarily unchanged in the urine. Urinary concentrations are considerably
higher than in blood. Dosage must be altered in renal failure. TMP penetrates pro-
static and vaginal secretions well [1,3]. It achieves high tissue levels in the kidney [3]
and is excreted in breast milk. This drug increases the half-life of phenytoin.
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IV. Dosage
A. Oral. TMP is available in 100-mg doses. The effectiveness of TMP as a single agent

in children younger than 12 years has not been established. The safety of TMP in
infants younger than 2 months of age has not been demonstrated.

B. In renal failure, the interval is adjusted. For creatinine clearance of 10 to
50 mL/min, the usual dose is given every 18 hours, and for creatinine clearance
less than 10 mL/min, the usual dose can be given every 24 hours [4].

C. Pregnancy. TMP is a category C agent (see Chapter 27A) and should be used
during pregnancy only if the potential benefit justifies the potential risk to the fetus
(see section VI.B.6).

D. Nursing mothers. TMP is excreted in human breast milk. Because TMP may in-
terfere with folic acid metabolism, caution should be exercised for a nursing woman
(see section VI.B.6).

V. Current clinical uses
A. Uncomplicated UTI. Some experts prefer TMP alone to TMP-SMX because of equal

spectrum and less common adverse effects [5]. A 3-day regimen is preferred over one
dose. Adult dose is 100 mg every 12 hours or 200 mg every 24 hours for 3 or 10 days.

B. Recurrent UTI in women. TMP has been used in suppressive regimens of 100 mg
at bedtime [1,2,5]. Urine should be sterilized before suppressive therapy is started
(see Chapter 15).

C. Prostatitis. TMP, 100 mg every 12 hours or 200 mg every 24 hours is given for 4 to
12 weeks. It is effective for both acute and chronic prostatitis [1,2,5]. It is especially
useful in the sulfa allergic. TMP-SMX and oral fluoroquinolones are alternative
agents (see Chapter 15).

D. Traveler’s diarrhea. TMP, 100 mg twice daily for 3 or, at most, 5 days has been
effective [6]; quinolones are preferred (see Chapters 13, 22, and 27G, section II.B.5.).

E. Pneumocystis carinii. TMP cannot be substituted for TMP-SMX. A combination
of dapsone and TMP, 200 mg every 8 hours is effective for moderate P. carinii
in acquired immunodeficiency syndrome (AIDS) [7,8] (see Chapter 18).

VI. Potential problems and adverse effects
A. Resistance to TMP. The topic of TMP and TMP-SMX has been reviewed [9–13]

(see also Chapter 27L, section II.C.5). TMP resistance governs whether there is
resistance to the combination. Resistance of Escherichia coli has been occurring with
increasing frequency. For example, from 1978 to 1981, E. coli resistance to TMP rose
modestly from 2% to 6% in Boston, from 8% to 30% in Paris, and to even higher
rates (40%) in developing countries [9,11] (25%–68% in South America, Asia, and
Africa [10]). In some developing countries, antibiotics are often available without
prescription, and TMP is used as monotherapy. Resistance to Salmonella typhi is
worldwide. Also, resistance of Shigella species, of methicillin-resistance S. aureus,
and, recently, S. pneumoniae to TMP has become more common [3]. In two recent
studies, it was shown that prior exposure to antibiotics, especially to TMP, predicted
that organisms causing a current UTI would be resistant to TMP [12,13]. See related
discussion in Chapters 15 and 27L.

B. Adverse effects. TMP is well tolerated in standard regimens.
1. Skin rashes have been noted in approximately 3% of patients, compared with

6% of patients receiving TMP-SMX [1] when conventional doses are used. In high
dose regimens, TMP is associated with a higher incidence of rashes and other
adverse drug effects [14].

2. Anaphylaxis has been described after TMP use [15,16]. For a history of a
delayed diffuse rash from TMP-SMX, unless there was an immediate reaction
associated, it is reasonable to use TMP alone as sulfonamides cause rashes more
commonly.

3. Hyperkalemia [17–20] is seen commonly in patients with AIDS who are treated
with high doses of TMP-SMX or TMP and dapsone and has occurred in hospital-
ized patients without AIDS who were treated with TMP-SMX. TMP is a sodium
channel inhibitor and functions as a potassium-sparing diuretic agent.

4. Bone marrow effects. TMP is a weak human folic acid metabolic inhibitor, par-
ticularly in the elderly or alcoholic folate-deficient patient [1,5]. Megaloblastic
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anemia, neutropenia, and thrombocytopenia have been described with prolonged
use. The administration of 10 mg of folinic acid daily prevents this side effect,
presumably without reducing the antibacterial activity of TMP, but folinic acid is
expensive. However, adjunctive folinic acid with TMP-SMX for P. carinii pneumo-
nia in AIDS patients was associated with an increased risk of therapeutic failure
and death in one series [21]. Folinic acid must be used cautiously.

5. Modest evaluations of serum creatinine levels may occur in patients receiv-
ing TMP, but these are probably clinically insignificant [14]. Abnormal liver
function tests can occur [22].

6. Teratogenicity of TMP in humans has not been clearly established. It seems
prudent to use an alternate agent in pregnancy and nursing women [2].

7. Drug interaction. TMP may predispose to phenytoin toxicity by increasing
free levels of phenytoin [5].

C. Cost (see Appendix Table)
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N. Macrolides: Erythromycin, Clarithromycin, and Azithromycin∗

Erythromycin and the semisynthetic derivatives of erythromycin, clarithromycin and
azithromycin, have structural modifications to improve tissue penetration and broaden their
spectrum of activity [1–4] and are available in the United States. The macrolides inhibit
RNA-dependent protein synthesis by reversibly binding to the 50S ribosomal subunits of
susceptible microorganisms. Although generally bacteriostatic, they may be bactericidal un-
der certain conditions or against certain microorganisms [1,3]. Because the structure of the
macrolides differs from that of β-lactams, macrolides are useful for patients who are allergic
to β-lactams.

ERYTHROMYCIN
I. Spectrum of activity. Erythromycin’s spectrum includes many gram-positive bacteria,

some gram-negative bacteria, mycoplasma, chlamydiae, treponema, and rickettsiae.
A. See Table 27N.1.
B. Aerobic bacteria. Certain points deserve emphasis.

1. Gram-positive organisms
a. Erythromycin is usually active against group A streptococci (GAS). In the

United States, until recently less than 5% of GAS were resistant to ery-
thromycin [5,6]. Resistance of GAS to erythromycin in some countries has
been a problem (e.g., Finland). In 2002, a sudden outbreak was reported of
a macrolide-resistant GAS in which 48% of throat isolates were resistant to
erythromycin. Given these findings, an editorial encouraged research to docu-
ment prevalence of macrolide resistance throughout the United States so that
individual physicians know the likelihood of erythromycin-resistant GAS in
their local area [7].

b. Penicillin-susceptible Streptococcus pneumoniae are susceptible to ery-
thromycin, but many penicillin-resistant strains are also resistant in vitro
to macrolides. The exact clinical significance of this remains debated [8] (see
Chapters 8 and 11). Strains resistant to one macrolide are resistant to all
macrolides [1].

c. Many other streptococci are susceptible (groups B, C, G, etc.), but group D
(enterococci) is resistant.

d. Methicillin-susceptible Staphylococcus aureus are often susceptible to
erythromycin, but resistance may emerge during therapy [9]. Interestingly, the
Medical Letter does not list the macrolides as alternative agents for methicillin-
susceptible S. aureus [10]. Methicillin-resistant S. aureus (MRSA) are re-
sistant to macrolides.

e. Erythromycin is the drug of choice for Corynebacterium diphtheriae and
alternative agent for Bacillus anthracis (anthrax) [10].

2. Gram-negative organisms
a. Erythromycin is an agent of choice for Campylobacter jejuni, Bordetella per-

tussis (whooping cough), bacillary angiomatosis caused by Bartonella henselae,
and trench fever caused by B. quintana. [10].

b. Erythromycin is an alternative agent for Haemophilus ducreyi (chan-
croid), Eikenella corrodens, and Moraxella catarrhalis [10].

*Adapted from Reese ER, Betts RF. Macrolides: erythromycin, clarithromycin, and azithromycin. In:
Reese RE, Betts RF, Gumustop B, eds. Handbook of antibiotics, 3rd ed. Philadelphia: Lippincott Williams
and Wilkins, 2000:468–492.
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Table 27N.1. In Vitro Activity of the Macrolides

Mean MIC90 (mg/L)a

Erythromycin Clarithromycin Azithromycin
Organism (≤0.5 mg/L)b (≤2 mg/L)b (≤2 mg/L)b

Oral or respiratory
Moraxella catarrhalis 0.25 0.25 0.06
Group A streptococci 0.03 <0.12 0.12
Streptococcus pneumoniae (1994/1997)

Penicillin sensitive ≤0.25/0.12 32 4.0/0.5
Intermediate resistance to penicillin ≤0.25/8 16 2.0/16
Penicillin resistant ≤0.25/8 >32 8/16

Haemophilus influenzae
β-Lactamase positive 4–16 8–16c 1–4d

β-Lactamase negative 0.5–8 8–16 1–4d

Bordetella pertussis 0.03 0.03 0.06
Neisseria meningitidis 0.5–4.0 1.0 0.12–2.0

Atypical respiratory
Mycoplasma pneumoniae ≤0.01 0.0078–0.5 ≤0.01
Legionella pneumophila 0.5 0.06 0.5
L. longbeachae 0.5 0.12 0.5
Chlamydia pneumoniae 0.5 0.25 0.25

STD or GU
N. gonorrhoeae (all) 0.5–4.0 0.5–2.0 0.06–0.5
C. trachomatis ≤0.125 · · · ≤0.125
H. ducreyi 0.03 · · · 0.004
M. hominis ≥128 64 4–32
Ureaplasma urealyticum 1–4 0.2 0.5–4
Gardnerella vaginalis ≤0.03 · · · ≤0.03
Mobiluncus species ≤0.03 · · · 0.06

Other gram positive
Staphylococcus aureus

MSSA 1–8 0.5 1.0
MRSA >64 · · · >128

S. epidermidis
MSSE >8, >64 >32 >32, >128
MRSE >8, >64 >32 >32, >128

Streptococci
Group B ≤0.12 0.06 0.12–0.1
Group C, F, G 0.5 · · · 0.25
S. bovis 1.0–2.0 0.5 1.0–4.0
S. faecalis/S. faecium >8 >32 >32
Viridans streptococci 0.06–2.0 0.03 0.12–16

Mycobacteria
Mycobacterium avium complex ≥64 4–16 ≥32
M. chelonae subsp. chelonae 8.0 0.25 2.0
M. chelonae subsp. abscessus >8 0.5 8.0

Miscellaneous
Borrelia burgdorferi 0.006–0.03 0.015–0.06 0.015–0.03
Helicobacter pylori 0.25 0.03 0.25

aValues for MIC cutoff for susceptibility. MIC of clarithromycin alone; 14-hydroxy metabolite of clar-
ithromycin may contribute to antimicrobial activity. All MICs broth dilution, inoculum 10−4–10−6; at
least 10 strains from each source.
bRecommended susceptibility breakpoints.
cRecommended breakpoint ≤8 mg/L.
dRecommended breakpoint ≤4 mg/L.
GU, genitourinary; MIC, minimal inhibitory concentration; MIC90, minimal concentration that will inhibit
90% of clinical isolates; MRSA, methicillin-resistant Staphylococcus aureus; MRSE, methicillin-resistant
Staphylococcus epidermidis; MSSA, methicillin-sensitive Staphylococcus aureus; MSSE, methicillin-
sensitive Staphylococcus epidermidis; STD, sexually transmitted disease; subsp, subspecies.
Modified from Alvarez-Elcoro S, Enzler MJ. The macrolides: erythromycin, clarithromycin, and
azithromycin. Mayo Clin Proc 1999;74:613.
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c. Most strains of H. influenzae [3] are resistant to erythromycin [1], and thus it is
not viewed as an alternative agent for this pathogen, although clarithromycin
and azithromycin are considered active against respiratory isolates of
H. influenzae [10].

d. Enterobacteriaceae such as Escherichia coli and Klebsiella species are
resistant.

C. Anaerobes. Erythromycin has activity against some species of gram-negative
anaerobes, but Bacteroides fragilis strains and Fusobacterium species usu-
ally are resistant [9].

D. Nonbacterial pathogens
1. Mycoplasma. Erythromycin is active against Mycoplasma pneumoniae

and is a drug of choice for this pathogen as well as the drug of choice
for Ureaplasma urealyticum [10].

2. Chlamydiae. Erythromycin is active against Chlamydia trachomatis and
C. pneumoniae.

3. Spirochetes. Erythromycin is active against Borrelia burgdorferi, the causative
agent of Lyme disease. Azithromycin and clarithromycin are alternative agents
for this pathogen [10]. It also is active against Treponema pallidum but seldom
is used for this purpose.

II. Pharmacokinetics [1–4,9,11]
A. Oral absorption. Erythromycin is acid labile. In the stomach, it rapidly decomposes

to two inactive metabolites, one of which may contribute to gastrointestinal (GI)
side effects. As a result of this instability and depending on the salt form, the rate
of absorption may be unpredictable (35% ± 25%) [11]. Preparations for oral use
have been synthesized with a goal of diminishing destruction by gastric acid and
promoting better absorption [9].
1. Food in the stomach may decrease absorption of some forms.
2. Average serum levels achieved by the available oral preparations are similar;

therefore no single oral formulation of erythromycin offers a clear advantage in
adults [9].

3. In children, erythromycin estolate has better bioavailability than the ethylsucci-
nate [9].

4. Four hours after an oral dose of 500 mg, peak serum concentrations are 1 to
2 µm/mL [1].

B. Intravenous (i.v.). Serum concentrations 1 hour after 500 mg to 1 g i.v. are approx-
imately 10 to 15 µg/mL [1]. Erythromycin should not be administered intramuscu-
larly. Intravenous preparations should be used to treat serious infections requiring
erythromycin.

C. Half-life and excretion. The serum half-life of erythromycin is approximately
1 to 2 hours, and levels persist for approximately 6 hours [1,3]. Because erythromycin
is excreted primarily in the bile, this fact must be considered in patients with liver
disease. Dose reduction is not necessary in mild to moderate renal failure.

D. Miscellaneous
1. As a single agent, erythromycin provides adequate middle-ear levels for

penicillin-susceptible S. pneumoniae and S. pyogenes, but these levels prob-
ably are not adequate to eradicate H. influenzae consistently [9].

2. Erythromycin crosses the placenta, but it is not known to be teratogenic. It
is a category B agent (see Chapter 27A and section IV.F.). It also is excreted into
breast milk [1].

3. Synovial fluid. Limited data from patients with septic arthritis suggest that
erythromycin penetrates the synovial fluid poorly [9].

4. Brain tissue and cerebrospinal fluid (CSF). Because of limited preparation,
we would not use erythromycin in central nervous system infections.

III. Indications for use
A. Erythromycin is considered a drug of choice [10] in the following infections:

1. Mycoplasma pneumoniae pneumonia. Tetracycline can also be used, but ery-
thromycin is nearly 50 times more potent than tetracycline against M. pneumo-
niae in vitro [9].
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2. Chlamydia trachomatis pneumonia, in newborns. Erythromycin is also used
for C. trachomatis conjunctivitis or pelvic infections, especially during pregnancy
[9].

3. Miscellaneous. Erythromycin is also used in whooping cough, for both ther-
apy and prophylaxis; Campylobacter jejuni infections; Corynebacterium diphthe-
riae infections or carrier states; B. henselae, the agent of bacillary angiomatosis
[10,13]; and Ureaplasma urealyticum infections (e.g., urethritis).

B. Other indications
1. Community-acquired pneumonia (CAP). Erythromycin, and especially

azithromycin, have been commonly used in mild to moderate CAP, especially
when it occurs in young to middle-aged adults. (See related discussions in Chap-
ter 11 and under azithromycin later in this chapter.)

2. Legionella infections. Erythromycin was the first agent used. It has been re-
placed by azithromycin [10].

3. Surgical prophylaxis, before elective GI procedures. Oral erythromycin
has been used with oral neomycin in (see Chapter 27B).

4. Lymphogranuloma venereum and C. trachomatis [12]. It is used in both of
these infections (see Chapter 16).

C. Erythromycin is not recommended for the following:
1. Meningitis or endocarditis.
2. For dental/oral procedures for infective endocarditis prophylaxis be-

cause of GI intolerance and unpredictable blood levels (see Chapter 27B).
D. Erythromycin as an alternative in the penicillin-allergic for the following

conditions:
1. Group A streptococcal (GAS) pharyngitis (see Chapter 8 [7]).
2. Streptococcus pneumoniae pneumonia (penicillin-susceptible strains)

(see Chapter 11).
3. Minor staphylococcal skin infections. Resistance to erythromycin may de-

velop with its use over time, and erythromycin alone is not advised for deep-seated
staphylococcal infections [9].

4. Rheumatic fever prophylaxis [14].
5. Miscellaneous. Erythromycin has been used in early syphilis.

IV. Preparations available and dosage
A. Oral forms. Several oral preparations are available: erythromycin base, stearate

salt, ethylsuccinate ester, and the estolate form. Although the blood levels achieved
vary somewhat, when the agents are used against very sensitive organisms, these
minor differences are not clinically significant [1]. Also, no one formulation causes
substantially less GI upset than others [1]. (The newer macrolides have less GI
intolerance.)
1. Children. Erythromycin estolate is more bioavailable than erythromycin

ethylsuccinate [15]. It rarely causes hepatitis, and it appears to be better ab-
sorbed, better tolerated, and more effective than ethylsuccinate [15]. Absorption
is not affected by food [9].

2. Adults. Erythromycin estolate is no longer recommended because of the associ-
ated incidence of cholestatic hepatitis [9].

B. Oral dosages
1. Adults. The dose is 250 to 500 mg every 6 hours. Higher doses cause intolerable

GI symptoms.
2. Children. The usual dose is 30 to 50 mg/kg/day divided into every 6 hour doses.

In infants younger than 4 months, 20 to 40 mg/kg/day divided into doses every
6 hours has been suggested. Erythromycin estolate and erythromycin ethylsucci-
nate are the most widely used preparations, because they are both tasteless and
available in suspensions.

C. Parenteral forms of erythromycin are available (e.g., erythromycin lactobionate
1–4 g/day, divided every 6 hour doses) for more serious infections requiring higher
blood levels or for inability to take oral medications. Intravenous use may be associ-
ated with thrombophlebitis. This may be avoided by dilution in at least 250 mL
of fluid [9] and infusion over 40 to 60 minutes into a large peripheral vein or through
a central venous line. For children, 50 mg/kg/day is recommended, divided every
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6 hours. Avoid intramuscular use. Intravenous azithromycin, which can be given
once daily, is preferred for patients more than 16 years of age (see later discussion).

D. Topical. Erythromycin gel or solution 1.5% or 2% applied twice daily for treatment
of acne skin lesions. An ophthalmic ointment is used for bacterial conjunctivitis.

E. Renal failure. In moderate renal failure, dose modification is not necessary [9,16].
With a creatinine clearance of 10 mL/min or less, the drug may accumulate
and toxic side effects occur [1] (e.g., transient hearing loss) [3]. Therefore in
severe renal failure, 50% to 75% of dose can be given at standard intervals [16].
Erythromycin is not removed by peritoneal dialysis or hemodialysis [16].

F. Pregnancy. Erythromycin estolate should not be used in pregnancy (see
section VI.A.3). Other erythromycin agents are safe in pregnancy; they are category
B agents (see section II.D).

G. Nursing. Erythromycin is excreted in breast milk; caution should be exercised
when erythromycin is administered to a nursing woman.

H. Hepatic insufficiency. Erythromycin is metabolized primarily by the liver. It
should be avoided in patients with severe liver disease. If absolutely needed, dosages
should be reduced and serum levels should be monitored.

I. Cost (see Appendix Table 1)
V. Toxicity and side effects. Erythromycin is considered one of the least toxic commonly

used antibiotics [1,3,9], but drug-drug interactions may occur.
A. GI side effects. With oral use, epigastric distress is common, as is diarrhea, but

both can be diminished by taking the drug with meals. Symptoms often improve if
the dose is reduced. GI symptoms can occur with oral and i.v. therapy [9]; a slow i.v.
infusion (e.g., more than 60 minutes) may help to decrease the i.v. use associated
nausea and vomiting, which may be seen more frequently in patients younger than
40 years [1].
1. Newer macrolides. Because of these GI side effects, the newer macrolides are

often preferred, and of these azithromycin appears to have the fewest GI side
effects (see later).

2. Erythromycin in diabetic gastroparesis [17,18]. Although, the GI side ef-
fects are due to the GI motility-stimulating effect of the macrolides, erythromycin
may have therapeutic value in this clinical entity.

3. Infantile hypertrophic pyloric stenosis. Recent data suggest an association
between systemic erythromycin use in infants (especially those <2 weeks of age)
and subsequent infantile hypertrophic pyloric stenosis. Therefore, erythromycin
should be used with prudence in early infancy [19].

B. Allergic reactions. Rash, fever, and eosinophilia are uncommon, generally
mild, and occur in approximately 0.5% to 2.0% of treated patients; rashes are usually
maculopapular but sometimes urticarial. Fixed drug eruptions, contact dermatitis,
and anaphylaxis occur rarely. The risk appears to be higher in patients allergic to
other antibiotics [20].

C. Cholestatic hepatitis is rare and, although associated with the estolate prepa-
ration in adults, usually after approximately 10 days of use [1] occurs with other
erythromycins.

D. Deafness, which occurs most frequently in elderly patients with renal failure receiv-
ing a high-dose [9], usually reverses several days after decreasing or discontinuing
erythromycin.

E. Clostridium difficile diarrhea occurs rarely with the use of erythromycin [9].
F. Drug interactions

1. Erythromycin inhibits the metabolism of numerous drugs presumably medi-
ated by interfering with cytochrome P450 enzyme [1,3]. As a result, blood levels
increase of theophylline, warfarin, carbamazepine, cyclosporine, triazolam, alfen-
tanil, bromocriptine [3,9], and the “statins.” Macrolide antibiotics inhibit CYP3A4
enzyme systems.
a. Statins. Erythromycin increases plasma concentrations of lovastatin, sim-

vastatin, and atorvastatin. Because these interactions are sufficient to in-
crease the risk of myopathy and/or rhabdomyolysis, the doses of these
statins should be reduced by 50% during treatment with erythromycin or other
macrolides [21]. Because pravastatin does not undergo CYP450 metabolism
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and fluvastatin is metabolized by the CYP2C9 isoenzyme, statin-macrolide
drug interactions do not occur with these statins, and no dosage modification
is necessary when using macrolides with pravastatin or fluvastatin [21].

b. Theophylline. The dose should be reduced by 25% to 40% to compensate.
c. Carbamazepine doses may require a 50% reduction.

2. Digoxin. Erythromycin may improve digoxin absorption in some patients be-
cause it apparently inhibits one or more bacteria in the bowel that can break
down some of the administered digoxin before it is absorbed [1].

3. Prolonged QT interval. Because erythromycin, especially i.v., may produce a
long QT syndrome, erythromycin should probably be avoided in patients with
a history of prolonged QT syndrome, especially drug induced [22]. Rarely, i.v.
erythromycin has caused cardiac rhythm disturbances in premature infants [23].

4. Cisapride (Propulsid). Rare cases of serious cardiovascular adverse events—
including torsade de pointes, other ventricular arrhythmias, and cardiac arrest—
have occurred when these agents have been given concomitantly.

VI. Resistance to macrolides. This topic recently has been reviewed [24] and is beyond
the scope of this chapter. However, a few clinical points deserve emphasis.
A. Cross-resistance. As previously stated, resistance to one macrolide implies cross-

resistance to other macrolides [1,2,24].
B. GAS resistance to macrolides has occurred in the United States (see section I.B.1

[6]).
C. Penicillin-resistant S. pneumoniae. In general, the higher the rate of penicillin

resistance, the higher the rate of macrolide resistance. For example, only 4% of
the penicillin-susceptible isolates were resistant to clarithromycin, but 34.8% and
60.1% of the penicillin intermediate and highly resistant strains, respectively, were
macrolide resistant [2].

D. Country to country comparisons. Wide variations in the levels of resistance of
certain pathogens to macrolides occur from country to country or within countries
[24].

E. Stable susceptibility. Of interest, intracellular pathogens such as Legionella,
Chlamydia, and Mycoplasma species are seldom resistant to macrolides [24].

CLARITHROMYCIN (BIAXIN)
Clarithromycin differs chemically from erythromycin by having an O-methyl substitution at
position 6 of the macrolide ring. Its spectrum of activity is similar to that of erythromycin,
except for enhanced H. influenzae activity and activity against atypical mycobacterium. It
has better pharmacokinetics, including once and twice daily doses [25–27].

I. In vitro activity. This is similar to erythromycin except as noted later (Table 27N.1).
A. Aerobes

1. Gram-positive bacteria resistant to erythromycin are resistant to clar-
ithromycin (e.g., MRSA, high level penicillin-resistant and many intermediate
level S. pneumoniae).

2. Gram-negative bacteria
a. H. influenzae. Clarithromycin is more active in vitro than erythromycin, in

part due to the additive effect of its active metabolite, 14-OH clarithromycin,
which in vitro decreases the minimum inhibitory concentration against these
organisms [1,3]. The clinical significance of this is unclear [3].

b. M. catarrhalis strains are susceptible.
c. Enterobacteriaceae. Clarithromycin is not an active agent against these

pathogens.
B. Anaerobes. Clarithromycin activity like erythromycin [27] is only modest.
C. Miscellaneous

1. M. pneumoniae. Similar to that of erythromycin.
2. H. pylori. Clarithromycin is also active.
3. Mycobacteria. Clarithromycin is active against M. avium complex (MAC),

M. chelonei, M. chelonei abscessus, and other atypical mycobacteria [1,3].
Clarithromycin is a drug of choice for MAC [28] and H. pylori and an alternative
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for S. pyogenes, M. catarrhalis, H. influenzae (upper respiratory strains), and
B. burgdorferi [10].

4. Ureaplasma urealyticum. Clarithromycin is active.
II. Pharmacokinetics

A. Absorption. Clarithromycin is acid stable and well absorbed orally with an absolute
bioavailability of about 50% [1,3]; its absorption is better and more reliable than
erythromycin [1,2]. When taken with meals, bioavailability increases [26]. There is
no i.v. preparation.

B. Half-life. The half-life of oral clarithromycin and its 14-OH metabolite is approxi-
mately 3 to 4 hours, which allows a twice daily dose schedule. An extended release
tablet (Biaxin XL) is available, which allows a once daily schedule.

C. Distribution. Clarithromycin penetrates tissue well, including lung, kidney,
liver, nasal mucosa, and tonsils [27], but not into the CSF of humans adequately.
Clarithromycin and its OH metabolite penetrate middle-ear effusions adequately,
with antibiotic concentrations exceeding the minimum inhibitory concentrations of
the most susceptible otitis pathogens.

D. Metabolism and elimination. Clarithromycin is metabolized extensively in the
liver by the hepatic cytochrome P450 enzyme system, and the excretion of clar-
ithromycin and the 14-OH metabolite is by renal mechanisms [3] (see section V.E).

III. Indications for use in adults
A. Approved uses in adults

1. Upper respiratory tract infections. Clarithromycin has been used to treat
(a) GAS pharyngitis, although penicillin is the agent of choice (see Chapter 8);
(b) acute maxillary sinusitis (see Chapter 8); (c) acute exacerbation of chronic
bronchitis (see Chapter 8); and (d) mild CAP, especially in the young to middle-
aged adult (see Chapter 11).

2. MAC. Clarithromycin has been useful in the prevention and treatment of MAC
infections in patients with acquired immunodeficiency syndrome (AIDS). This
topic is reviewed in detail elsewhere [1,3,10,28–30].

3. H. pylori has been effectively treated with clarithromycin and omeprazole
[1,3,10,31].

4. S. pyogenes or S. aureus susceptible uncomplicated skin and skin structure
infections [26]. More conventional therapy such as erythromycin, dicloxacillin, or
oral first-generation cephalosporins may be more cost effective. In the penicillin-
allergic patient or the patient who has GI side effects from erythromycin, clar-
ithromycin provides a useful alternative but azithromycin may be even better
tolerated.

B. Approved uses in children [32–35]
1. Pharyngitis, tonsillitis, acute maxillary sinusitis, or mild CAP (due to my-

coplasma, susceptible S. pneumoniae, or C. pneumoniae).
2. Skin and soft tissue infections, when the susceptibilities are known.
3. Otitis media. Clinical trials in the treatment of otitis media have shown similar

efficacy for clarithromycin, amoxicillin, amoxicillin-clavulanate, and cefaclor.
C. Rapidly growing atypical mycobacterial infections, Lyme disease, or tox-

oplasmosis. Investigation is ongoing [1,3,36]. Clarithromycin is listed as an agent
for Lyme disease [10].

IV. Dosages. Administer with or without meals.
A. Adult dosages. A dose of 250 to 500 mg twice daily is used depending on the severity

of infection. The Biaxin XL film tablets are available in 500 mg, and two tablets are
given once daily with food for 14 days for acute maxillary sinusitis and for 7 days for
acute exacerbation of chronic bronchitis.

B. Pediatric dosage. For children 6 months of age or older, 15 mg/kg/day divided every
12 hours for 10 days is recommended. Suspensions are available with 125 mg/5 mL
and 250 mg/5 mL.

C. Renal failure. When the creatinine clearance is 10 to 50 mL/min, 75% of the usual
dose is suggested. If creatinine clearance is less than 10 mL, use 50% to 75% of the
usual dose [16]. After hemodialysis, some sources suggest a dose, although data
are limited. In chronic ambulatory peritoneal dialysis, no dose adjustments are
necessary [16].
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D. Hepatic failure. No dose adjustments. There is an increase in renal clearance [9].
E. Pregnancy. Clarithromycin is a category C drug (i.e., used only if there is no al-

ternative) (see Chapter 16). Clarithromycin has demonstrated adverse effects on
pregnancy and embryo fetal development in animals. High doses of clarithromycin
have caused cardiovascular anomalies in rats, cleft palates in mice, and fetal growth
retardation in monkeys [37]. There are no adequate and well-controlled studies in
pregnant women. Clarithromycin should be used in pregnancy only if the potential
benefit justifies the potential risk to the fetus. If pregnancy occurs while on this
drug, the patient should be apprised of the risks.

F. Nursing mothers. The package insert notes that it is not known whether clar-
ithromycin is excreted in human breast milk, and caution should be exercised when
administering clarithromycin to a nursing mother because clarithromycin is excreted
in the milk of lactating animals and other drugs of this class are excreted in human
milk.

V. Toxicity and side effects. Clarithromycin is relatively nontoxic [3,38].
A. GI. Occasionally, clarithromycin in standard doses causes nausea, diarrhea, abdom-

inal pain, and metallic taste [3] but fewer GI side effects than erythromycin [39].
B. Hepatic, renal, or hematologic. No significant toxicity appears to occur [38] with

clarithromycin. Minor hepatic enzyme elevations can occur. In fewer than 1% of
recipients, leukopenia and prothrombin time prolongation have been noted.

C. Headache may occur in up to 2% of recipients [38].
D. High-dose regimens. For therapy of MAC in AIDS patients or of atypical mycobac-

terial infections in the elderly, more adverse reactions, (nausea, vomiting, metallic
taste, abnormal liver function blood tests, and central nervous system side effects)
may occur [3].

E. Drug interactions [1,3]. As with erythromycin, drug interactions with clar-
ithromycin are extremely important [3].
1. Hepatic P450 system Because clarithromycin inhibits the hepatic P450 sys-

tem, it may result in increased levels of multiple medications metabolized by the
liver [3].
a. Carbamazepine. Concomitant administration of clarithromycin and carba-

mazepine causes a major change in carbamazepine levels.
b. Caffeine, nicotine, and midazolam, as well as other potential interactions,

including those discussed in section V.F under erythromycin, above [3].
2. Antiretrovirals. Clarithromycin lowers zidovudine levels. Similar interactions

occur with other antiretroviral agents [3] (see Chapter 19).
F. Cost. Oral clarithromycin is a relatively expensive agent (see Appendix Table 1).

AZITHROMYCIN (ZITHROMAX)
Azithromycin was approved in 1991 and developed to overcome the shortcomings of ery-
thromycin such as GI intolerance, low bioavailability, and somewhat limited spectrum of ac-
tivity [1,3]. It is an azalide antibiotic. Its nuclear structure differs from that of erythromycin
in that the lactone ring contains a nitrogen atom. This molecular rearrangement has re-
sulted in a compound with remarkable and unique properties [40], including high and
sustained tissue antibiotic levels, which are much greater than the serum antibiotic levels.
It has a prolonged tissue half-life, decreasing the doses per course of therapy and duration
of therapy [1,3]. It also has an expanded in vitro spectrum of activity. Azithromycin inhibits
protein synthesis, in a similar manner to erythromycin.

I. Spectrum of activity. The broad-spectrum in vitro activity of azithromycin is summa-
rized in Table 27N.1. If erythromycin is active against pathogens, azithromycin is also,
but azithromycin is also more active against some organisms (e.g., H. influenzae).
A. Gram-positive aerobes. Azithromycin is active against erythromycin-susceptible

S. aureus (approximately 80% of strains), S. pyogenes, many S. pneumoniae,
S. agalactiae, and coagulase-negative staphylococci, but overall erythromycin and
clarithromycin are more active against these gram-positive cocci. Enterococci usu-
ally are resistant [26]. Strains of these organisms resistant to erythromycin will
be resistant to azithromycin, including many intermediate and most high level
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penicillin-resistant S. pneumoniae (see Chapters 11 and 27C). MRSA strains are
resistant to erythromycin and azithromycin. In addition, azithromycin is two- to
eightfold less active than erythromycin against staphylococci and strepto-
cocci [37].

B. Gram-negative aerobes. Most gram-negative bacteria are intrinsically resistant
to the macrolides because of the inability of the macrolide to penetrate the outer
cell membrane effectively. Azithromycin appears to be able to penetrate the outer
membrane better than erythromycin and therefore has activity against some gram-
negative organisms normally resistant to erythromycin [41].
1. H. influenzae, M. catarrhalis and Neisseria species Azithromycin is sever-

alfold more active against H. influenzae than is erythromycin or clarithromycin.
It is also more active than erythromycin against M. catarrhalis and Neisseria
species.

2. Enterobacteriaceae. Azithromycin is not active against E. coli, Klebsiella
species.

3. Nonfermenters such as Pseudomonas species, [42]. It is not active.
4. H. pylori. Azithromycin is active against H. pylori, although not listed as an

alternative agent for these infections [10].
5. Gastroenteritis pathogens. It is active against Shigella species and C. jejuni

[10] but not Salmonella.
C. Anaerobes. Azithromycin inhibits some anaerobes similar to erythromycin but is

not useful against bowel anaerobes [10].
D. Miscellaneous

1. Legionella species [3]. Azithromycin is the most active macrolide against
Legionella species. (The fluoroquinolones and azithromycin are viewed as the
agents of choice for Legionella infections [10].) See Chapter 11.

2. Most B. burgdorferi strains are inhibited by 0.015 µg/mL, suggesting
azithromycin is more active in vitro than erythromycin or clarithromycin [26].

3. Mycoplasma pneumoniae is very susceptible at 0.25 µg/mL [26], as are
C. pneumoniae [43].

4. Sexually transmitted pathogens. C. trachomatis, U. urealyticum, N. gonor-
rhoeae, and T. pallidum are susceptible to azithromycin [3].

5. Atypical mycobacterium are overall more susceptible to clarithromycin than
azithromycin or erythromycin [3].

6. Babesia microti [44]. Azithromycin is active against this agent.
7. Chlamydia pneumonia and coronary arteries. This is undergoing intense

investigation [45].
E. Resistance. Resistance to erythromycin implies cross-resistance with azithromycin

[26,42]. See related discussion under Erythromycin, section VI.
II. Pharmacokinetics. For adults, both an oral and i.v. formulation are available

(see section IV). For children less than 16 years of age, only the oral formulation is
approved as of mid-2002.

Compared with other available antimicrobial agents, azithromycin has unique phar-
macokinetic properties. It yields high and sustained tissue levels in excess of serum
levels. This involves active movement from the serum into the intracellular sites. There-
fore for tissue infections azithromycin can provide excellent antibiotic levels.
A. Absorption. Azithromycin is more stable than erythromycin at various pH ranges

seen in the stomach, and approximately 37% of a single capsule dose is absorbed,
compared with 25% absorption of erythromycin [46]. Although adsorption of the
capsular formation of azithromycin was decreased in the presence of food, the new
tablet formation is equally absorbed in the fasting or fed state [3].

B. Tissue kinetics [27,46]. The unique pharmacokinetic profile of azithromycin re-
flects a rapid and extensive uptake from the circulation into intracellular compart-
ments followed by slow release [3].
1. Serum levels are lower than those of erythromycin or clarithromycin [1,3].
2. Tissue levels. Azithromycin penetrates tissues rapidly and extensively to yield

very high steady-state tissue concentrations that exceed serum levels by 10- to
100-fold [1,3] (e.g., lung [100-fold], sputum [30-fold], cervix [70-fold], and skin
[35-fold]) [3].
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3. Intracellular accumulation. Azithromycin is rapidly and highly concentrated
in a number of cell types, including polymorphonuclear leukocytes, monocytes,
alveolar macrophages, and fibroblasts [46].
a. Polymorphonuclear leukocyte function is not affected by antibiotic

uptake [46]. By migrating to sites of infection, these polymorphonuclear
leukocytes may play a role in the transport of azithromycin to the actual site
of infection. Azithromycin is released spontaneously and slowly from
phagocytes (and fibroblasts).

b. Tissue concentrations do not peak until 48 hours after administration and
persist for several days afterward [41].

4. Half-life. The average tissue half-life is between 2 and 4 days.
5. Tissue persistence. With recommended dosages daily for 5 days, therapeutic

concentrations of azithromycin persist at the tissue level for 5 days or more after
the completion of therapy.

6. Aqueous humor or CSF. Very little or none of the drug is detectable in aqueous
humor or CSF, although azithromycin is widely distributed in brain tissue [3].

C. Metabolism and excretion [1,3]
1. Eliminated unchanged. Most of the absorbed dose of azithromycin is elim-

inated unchanged principally in the feces [3]. Urinary excretion of the un-
changed drug is minor.

2. Liver disease. No dosage modification is necessary for patients with class A or
B cirrhosis [3].

III. Indications for use
A. Approved uses in adults

1. CAP due to S. pneumoniae, Mycoplasma, H. influenzae, and C. pneumonia. Mild
to moderate CAP is commonly treated with oral regimens of azithromycin in
young to middle-aged adults. For hospitalized patients, the i.v. formulation, ap-
proved for S. pneumonia, M. pneumoniae, M. catarrhalis, S. aureus, and L. pneu-
mophilia, is used initially (see related discussions in Chapter 11). N.B. For
very ill hospitalized patients, because azithromycin often is not active
against high level penicillin-resistant S. pneumoniae and many inter-
mediate level resistant strains, monotherapy with azithromycin is not
advised (see Chapter 11).

2. Acute exacerbation of chronic bronchitis has successfully been treated
with azithromycin, which is active against common pathogens, including most
S. pneumoniae, M. catarrhalis, and H. influenzae (see related discussions in
Chapter 8).

3. Pharyngitis/tonsillitis due to GAS. Azithromycin is an alternative to first-
line therapy (i.e., penicillin) for the allergic [1,3]. Erythromycin-resistant strains
of GAS will be resistant to azithromycin. (Of note, the package insert suggests
susceptibility tests with azithromycin for GAS should be performed in this set-
ting.) This topic is discussed in detail in Chapter 8. When compliance is a major
concern, one dose daily for 5 days may be useful. Other alternative regimens are
less expensive (see Chapter 27A, Tables 27A.2 and 27A.3).

Data establishing the efficacy of azithromycin in the prevention of
subsequent rheumatic fever are not available [3]. Overall, we believe that
azithromycin will have a very limited role in this setting [1].

4. Methicillin-susceptible S. aureus, GAS, or group B streptococci uncom-
plicated skin and soft tissue infections. Similar efficacy is achieved with 5 days
of azithromycin or 10 days of cephalexin [26].

5. Sexually transmitted disease [12] (see Chapter 16)
a. Urethritis and cervicitis due to C. trachomatis can be treated with

azithromycin. For N. gonorrhoeae, other agents are preferred.
b. H. ducreyi (chancroid) genital ulcer disease has been treated with azithro-

mycin.
c. Pelvic inflammatory disease due to N. gonorrhoeae, C. trachomatis, and

M. hominis have been treated initially with the i.v. formulation. (i.v.
azithromycin 500 mg for 1 or 2 days followed by 250 mg orally daily to complete
a 7-day course). If anaerobic microorganisms are suspected, an antianaerobic
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agent (e.g., metronidazole) is added [3]. However, experience with this regimen
compared with other Centers for Disease Control and Prevention regimens
for pelvic inflammatory disease is summarized in Chapter 16 [12].

6. Pharyngitis and tonsillitis (see discussion in section B.3 below).
7. Currently unapproved uses (as of early 2002). Conventional uses of

azithromycin include the following; the clinical studies supporting the use of
azithromycin in these settings are reviewed elsewhere [3].
a. Sinusitis, especially acute maxillary [26].
b. For MAC. Azithromycin (1,200 mg once per week) is effective in preventing

the first episode of MAC in AIDS patients at risk (i.e., CD4 count <50 µL). Be-
cause azithromycin does not have major drug interactions, it is preferred over
clarithromycin [3,30]. For therapy of established disseminated MAC in
AIDS patients, studies suggest that combination regimens including clar-
ithromycin convert blood cultures to negative more quickly and more often
than azithromycin-containing regimens [3].

c. Infective endocarditis prophylaxis. Either clarithromycin or azithro-
mycin is an alternative in patients allergic to penicillin and who require an-
tibiotic prophylaxis before oral, dental, esophageal, or respiratory procedures
[3] (see Chapter 12).

8. For investigational uses, see section C.
B. Approved uses in children. The oral suspension for pediatric use was approved

by the U.S. Food and Drug Administration in 1995; it is approved for children more
than 6 months of age. The i.v. preparation of azithromycin is approved, per the
package insert, for children more than 16 years of age.
1. Acute otitis media caused by S. pneumoniae, H. influenzae, or M. catarrhalis

(see Chapter 8).
2. Mild CAP due to S. pneumoniae, M. pneumoniae, C. pneumoniae, and H. influ-

enzae.
N.B. Even the package insert emphasizes that azithromycin should not

be used in moderate to severe pneumonia or in children with risk fac-
tors such as cystic fibrosis, nosocomial pneumonia, known or suspected
bacteremia, immunodeficiency, or illness sufficiently severe to require
hospitalization.

3. Pharyngitis/tonsillitis due to GAS infection as an alternative when first-line
therapy cannot be used (see related discussion section III.A.4).

C. Investigational uses have recently been reviewed [3,36].
1. Lyme disease (B. burgdorferi) in which azithromycin is listed as an alterna-

tive agent [10], although its precise role remains to be established [3].
2. Shigella infections. Azithromycin has been shown to be very active in vitro

against Shigella species and is a potential alternative agent [10].
3. H. pylori. The role of azithromycin for the treatment of this pathogen remains

to be determined; it is not approved [3] or recommended [10] even though clar-
ithromycin is useful for H. pylori eradication (see section III.A.3 under Clar-
ithromycin).

4. Bartonella infections (e.g., bacillary angiomatosis, cat scratch): azithro-
mycin is listed as an alternate agent [10].

5. Secondary prevention antibiotic treatment trials for coronary artery
disease (CAD). There is considerable interest in the potential causative role
of C. pneumoniae in CAD and the prevention of this with antibiotics. Because
azithromycin is active against this pathogen and penetrates tissue well, there
are two large CAD treatment trials underway to see if azithromycin can help
reduce cardiac events in chronic CAD. Results are not expected until late 2003
[43].

6. Miscellaneous areas of clinical investigation [3] include the use of
azithromycin in malaria prophylaxis, toxoplasmosis therapy, Babesia microti in-
fection, and trachoma therapy.

7. Babesiosis. A recent report indicates a regimen of atovaquone and azithromycin
is as effective as a regimen of clindamycin and quinine and is associated with
fewer adverse reactions [44].
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Table 27N.2. Dosages of Azithromycin

Setting Dose/Route Duration

Adults CAP (community-
acquired
pneumonia)

i.v. 500 mg 1–3
daysa then p.o.
250 mg qd

Usually 5 days
total

Legionellosis i.v. 500 mg
1–7 daysb

Usually 7 days

Acute bronchitis Z pack 5 days total
Pharyngitis Z pack 5 days total
Uncomplicated

skin infections
Z pack 5 days total

STDs
Urethritis 1 g p.o. Once only. See text

and Chapter 10.
Cervicitis 1 g p.o. Once only. See text

and Chapter 10.
Chancroid 1 g p.o. Once only. See

Chapter 10.
PID See text

Sinusitis Z pack
MAC

Prevention 1,200 mg once
weekly

While CD4 counts
depressed
(<50 cells/UL)

Therapy Infectious disease
consult
suggested

SBE prophylaxis See Chapter 15
Children (over

6 mo)
Acute otitis media

(AOM)
10 mg/kg day 1

followed by
5 mg/kg on days
2–5

5 days

Mild CAP Same as AOM 5 days
Pharyngitis 12 mg/kg day 1–5

(not to exceed
500 mg daily)c

5 days

aFor mild, early CAP, a standard Z pack is often used. See text.
bPrecise guidelines not available. For moderate to severe cases, i.v. and/or oral therapy for 7 days pre-
sumably provides 21 days of tissue levels and therefore a 7-day course seems prudent. For patients doing
very well, i.v. may be converted to oral, 250–500 mg qd, to complete 7-day course.
cFailures at 10 mg/kg daily for 5 days have been reported. Therefore a higher dose is suggested. Penicillin
is the preferred agent. See Chapter 8.
STDs, sexually transmitted diseases; MAC, Mycobacterium arium complex; SBE, subacute bacterial
endocarditis.

IV. Dosages
A. See Table 27N.2

1. Azithromycin is available as a 250-mg tablet (or capsule) commonly distributed
in a “Z pack” containing six tablets for a standard 5-day regimen in adults (two
tablets [500 mg] day 1 and then one 250-mg tablet daily on days 2–5). Tablets
can be taken with or without food. Capsules should not be taken with food.

2. The flavored oral suspension comes in 100 mg/5 mL and 200 mg/5 mL. The
suspension should be given 1 hour before or 1 hour after meals.

3. For MAC prophylaxis, 600-mg tablets are available.
4. Nongonococcal urethritis. A 1-g oral suspension single dose packet is also

available and should be taken in the fasting state.
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5. Intravenous azithromycin. A dose of 500 mg i.v. once daily is infused over at
least 60 minutes in patients 16 years of age and older [47].

B. Pregnancy. Azithromycin is a category B agent (i.e., used only if clearly needed)
(see Chapter 27A). It does not produce abnormalities in pregnant animals.

C. Nursing mothers. The package insert indicates that it is not known whether
azithromycin is excreted in human breast milk and that caution should be exer-
cised when azithromycin is administered to a nursing woman. However, it should
be presumed that azithromycin is in human breast milk because it is present in the
milk of lactating animals and because other macrolides are excreted into human
breast milk [26].

D. Renal failure. No dosage adjustments are necessary in renal failure, including
situations in which patients are on hemodialysis or chronic ambulatory peritoneal
dialysis [16].

E. Erythromycin allergy. In the rare patient who has a history of a severe allergic
reaction to erythromycin, until further data are available azithromycin should be
avoided.

F. Drug interactions have been reviewed in detail elsewhere [48]. Human clinical
and pharmacokinetic studies have shown no major drug-drug interactions between
azithromycin and numerous other agents, including carbamazepine, theophylline,
midazolam, terfenadine, zidovudine, or cimetidine [3]. This is a distinct advan-
tage of azithromycin over erythromycin and clarithromycin. Coadministration
of antacids does not affect absorption of azithromycin [3].

G. Limitation. Because azithromycin typically produces low serum levels, we believe
this precludes its use as a potential alternative agent in the allergic prone patient
with endocarditis, although little data exist on this topic.

V. Toxicity and side effects. Initial studies in about 4,000 adults and 2,000 children
indicate this is a very well-tolerated agent [27,49], and continued extensive clinical
experience supports this.
A. GI complaints are far less common than erythromycin and less so than clar-

ithromycin. Diarrhea, nausea, and mild abdominal discomfort can occur, more so
with higher doses.

B. Central nervous system. Mild headache and dizziness can occur.
C. Ototoxicity, severe liver toxicity, or nephrotoxicity do not seem to occur with

conventional dosing [49]. In high-dose regimens (e.g., for therapy of atypical my-
cobacterium), reversible dose-related hearing loss has been described [1].

D. Rash appears to be uncommon.
VI. Cost (see Appendix Table 1)

A. Although a typical Z pack (actual wholesale price) is about $37, this is often
competitive and at times less expensive than other conventional regimens. Also, the
convenience of once daily doses for only 5 days enhances compliance and satisfaction.

B. Intravenous azithromycin, 500 mg daily, costs about $24 per day. This is about
as much as i.v. generic erythromycin drug acquisition costs per day (i.e., for four
500-mg doses), but it is more cost-effective to give i.v. azithromycin daily versus the
every 6 hour regimen for erythromycin.

VII. An overview of the macrolides
A. For i.v. use. Because there is no i.v. clarithromycin and because i.v. azithromycin

is more cost effective and lacks the drug interactions seen with erythromycin,
we favor i.v. azithromycin when i.v. therapy is used in patients older than
age 16.

B. Oral macrolide therapy
1. Generic oral erythromycin is still the most cost-effective regimen and 250 mg

four times a day for 10 days (average wholesale price) is about $7.25
versus the $37 (average wholesale price) of the azithromycin Z pack.
However, the GI side effects of erythromycin, four times a day dosing schedule
often for 10 to 14 days, and drug interactions must be balanced with the ease
and fewer side effects of azithromycin.

2. Azithromycin is preferred to maximize compliance and/or minimize GI side
effects and/or minimize drug interactions. Azithromycin can be used in preg-
nant women.
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3. Clarithromycin can be given twice daily but still requires conventional du-
rations of therapy and has the potential of multiple drug interactions. It must
be avoided in pregnancy, if possible. It is the macrolide of choice for H. pylori
eradication regimens and for combination therapy of MAC bacteremia in AIDS
patients (see prior discussions).
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O. Tetracyclines

Discovered more than 50 years ago, the tetracyclines remain one of the most widely pre-
scribed antibiotic classes in the United States, especially by office-based physicians [1,2].
Bacteriostatic tetracyclines act by interfering with protein synthesis at the ribosomal
level. The superior pharmacokinetic properties, enhanced compliance, lesser toxicity, and
reasonable cost of doxycycline make it the tetracycline of choice (see section II).

I. Spectrum of activity
A. Tetracyclines, especially doxycycline, are active against a wide variety of

pathogens [1–14] (Table 27O.1).
1. Community-acquired respiratory tract pathogens, including Haemophilus in-

fluenzae, Moraxella catarrhalis, and Mycoplasma, Legionella, and Chlamydia

Table 27O.1. Broad-spectrum Activity of Tetracyclines [13,14]

Bacteria Spirochetes
S. pneumoniaea Borrelia burgdorferib

(penicillin-susceptible) (Lyme disease)c

(see text) Borrelia recurrentisb

H. influenzaea (relapsing fever)
(ampicillin-susceptible Treponema palliduma

and resistant) (syphilis)
M. catarrhalisa Treponema pertenuea

(ampicillin-susceptible (yaws)
and resistant) Leptospire speciesa

Brucella speciesb Rickettsiab

(with rifampin) Rocky Mountain spotted fever
Calymmatobacterium Endemic typhus (murine)

granulomatisa (granuloma Epidemic typhus (louse-borne)
inguinale) Scrub typhus

Vibrio cholerab (cholera) Trench fever
Vibrio vulnificusb Q fever
Helicobacter pylorib Mycoplasmas
Pasteurella multocidaa M. pneumoniaeb

Bartonella henselaea Ureaplasma urealyticuma

(bacillary angiomatosis) Mycobacterium
Yersinia pestis-plague [14] M. marinum (minocycline)b

(with streptomycin) M. fortuitum complexa

Francisella tularensisa Miscellaneous
Ehrlichiab Nocardiac

Ehrlichia chaffeenis Actinomyces israelia

Agent of human granulocytic Malariaa

ehrlichiosis
Chlamydiae

C. psittaci (psittacosis)b

C. trachomatis (trachoma)a

(urethritis, cervicitis)b

(lymphogranuloma
venereum)b

C. pneumoniae (TWAR)b

a Alternative agent for (3).
b Drug of choice for (3).
c Including prevention regimens [13]. Also see Chapter 17.
d See reference 8.



P1: HAG/HAG P2: IML/SPH QC: IML/ABE T1: IML

PB207G-27O PB207A-Betts/6678F September 25, 2002 14:6 Char Count= 0

27O. Tetracyclines 1113

Table 27O.2. Commonly Used Oral Tetracyclines in Adults

Usual Usual Interval Usual Total Approximate
Capsule Between Daily Dose (mg) Cost (Dollars)

Name Dose (mg) Doses (h) (See Text) for 10 Daysa

Short acting
Tetracycline

hydrochlorideb
250–500 6 (without food)c 1,000–2,000 2.50–5.00

Long acting
Doxycycline

hyclated
100 12–24 (with or

without food)
200 $14.00 (generic

form 100 mg
bid)

Minocyclinee 100 12 (with or
without food)

200 —

a Approximate actual wholesale price in 2000.
b Trade names include Achromycin, Panmycin, Sumycin, Tetracyn.
c No food in preceding 2 h.
d Trade names include Vibramycin, Doroyx, Doxycin.
e Trade name is Minocin.

species [4] and penicillin-susceptible Streptococcus pneumoniae (see section 3
below).

2. Although any of the available agents (Table 27O.2) can often be used, against
some organisms doxycycline and minocycline are the more potent [2].
a. Doxycycline is more active against the following:

(1) S. pneumoniae [4,5], including most intermediate penicillin-resistant
strains. Strains resistant to tetracycline are often susceptible to doxycy-
cline [5].

(2) M. fortuitum and M. chelonei [2].
b. Minocycline is more active against

(1) S. aureus, including many strains of methicillin-resistant S. aureus and
coagulase-negative staphylococci [2].

(2) M. marinum [2].
B. Tetracyclines are not reliably active against Neisseria gonorrhoeae or Bacteroides

fragilis. They are active against parasites such as E. histolytica and Plasmodium
falciparum [6].

II. Pharmacokinetics. Oral tetracyclines are used for most infections except for treat-
ment of pelvic inflammatory disease (PID) (see Chapter 16), where the intravenous
route is often used.
A. Gastrointestinal (GI) absorption. These agents are incompletely absorbed from

the GI tract. Absorption is impaired by milk, aluminum hydroxide, calcium, mag-
nesium (e.g., in antacids), or iron preparations. The tetracyclines combine with the
metallic ion calcium or magnesium, forming inactive chelates. Absorption is im-
proved, even with the better adsorbed doxycycline, if the antibiotic is taken 1 hour
before or 2 hours after meals [2].

B. Blood levels. Following the above, therapeutic blood levels are achieved. The twice
daily dosing of doxycycline improves compliance (Table 27O.2).
1. Short-acting agents. Tetracycline is preferred over oxytetracycline and is cost

effective.
2. Long-acting agents can be given once or twice daily.

a. Doxycycline half-life (15–18 hours), permits dosing every 12 to 24 hours,
improving compliance.

b. Minocycline has a similar half-life.
c. Both are dosed at 200 mg and then 100 mg once or twice daily.

C. Distribution. The tetracyclines diffuse reasonably well into sputum, urine, and
peritoneal and pleural fluids. Levels in synovial fluid and sinuses approach serum
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concentrations. Because of its lipophilic properties, doxycycline yields higher concen-
trations in the brain and cerebrospinal fluid than other tetracyclines. This supports
its use for oral therapy for Lyme disease [7].

D. Excretion. Tetracyclines are excreted via the urine except for doxycycline, which
is excreted (90%) in the feces. Hepatic failure does not lead to elevated serum levels
of the tetracyclines. However, these drugs have been noted to cause hepatotoxicity.

E. Drug interactions [2]
1. Anticonvulsants (e.g., carbamazepine, barbiturates, phenytoin) induce hepatic

microsomal metabolism of tetracyclines, decreasing tetracycline serum concen-
trations.

2. Cholestyramine and colestipol can reduce GI absorption of tetracycline.
3. Warfarin anticoagulation may be potentiated by tetracyclines. Prothrombin

time should be monitored.
4. Oral contraceptive efficacy may be decreased with concurrent use of tetracy-

clines.
III. Indications for use. Because of their broad-spectrum nature (Table 27O.1), these

agents are useful in several settings [1,2,7,8] (Table 27O.3).
IV. Contraindications to use [1,2]

A. Pregnancy and lactation. Tetracyclines (including doxycycline) are category D
agents (see Chapter 27A). Tetracycline may cause hepatotoxicity in pregnant women.
Furthermore, it is transferred across the placenta and has caused dental deformi-
ties and dental discoloration in children whose mothers received tetracycline
while pregnant. Tetracycline is excreted in breast milk. Therefore, the tetracyclines
should be avoided by pregnant or lactating women.

B. Children less than 8 years old. Except in patients with Rocky Mountain spotted
fever or ehrlichiosis, tetracycline should be given only when there is no alternative
[1].

V. Dosages. The doxycycline twice daily dosing improves compliance. Doxycycline is usu-
ally preferred [1,2] unless minocycline is needed for its unique susceptibility profile (see
section I.A).
A. Route. Generic tetracycline or doxycycline usually is given orally as capsules or

tablets, but liquid forms are available. Oral preparations should be taken while
fasting.

B. Dosage regimens
1. Oral. The common oral preparations available are shown in Table 27O.2.

a. Tetracycline
(1) In adults, 250 to 500 mg as the hydrochloride every 6 hours, or four times

a day, can be used.
(2) In children more than 8 years of age, 20 to 40 mg/kg/day is divided

into every 6 hour doses.
b. Doxycycline

(1) In adults, start with 200 mg initially or 100 mg every 12 hours and then
100 mg every 12 to 24 hours, depending on the severity of the infection.
Oral drug has the same bioavailability as does intravenous [8].

(2) In children older than 8 years of age who weigh less than 45 kg,
4.4 mg/kg is given on the first day, divided into two doses given at 12-
hour intervals, followed by 2.2 mg/kg/day as a single dose or divided into
every 12 hour doses. Adult regimens can be used for children weighing
more than 45 kg.

c. Minocycline is used as an alternative therapy for Nocardia or methicillin-
resistant S. aureus. Infectious disease consultation is advised. If renal function
is normal, 100 mg twice daily has been used in adults.

d. In renal failure, doxycycline is preferred. Neither peritoneal dialysis nor
hemodialysis alters the half-life of doxycycline. Dosage changes are not
needed in renal failure or post-dialysis [9].

2. Parenteral (tetracycline hydrochloride is no longer commercially avail-
able).
a. Doxycycline is used intravenously in selected patients in PID regimens, in

Lyme disease, and occasionally in other settings. Because of pain associated
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Table 27O.3. Major Clinical Conditions for Which Tetracyclines May be Useda

Respiratory infections
Community-acquired pneumonia in an outpatient setting
Atypical pneumonia (Mycoplasma pneumoniae, Chlamydia pneumoniae,

psittacosis)
Acute exacerbation of chronic bronchitis
Legionellosisb

Genital infections
Chlamydia trachomatis (nongonococcal urethritis, pelvic inflammatory

disease, epididymitis, prostatitis, lymphogranuloma venereum)
Granuloma inguinaleb

Syphilisb

Systemic infections
Rickettsiae (Rocky Mountain spotted fever, endemic and epidemic typhus,

Q fever)
Brucellosis in combination with rifampin (or streptomycin)
Lyme borreliosis
Ehrlichiosis
Relapsing fever (Borrelia recurrentis)
Vibrio (cholera, V. vulnificus, and V. parahaemolyticus)
Tularemiab

Bacillary angiomatosis (bartonellosis)b

Leptospirosisb

Other (local and systemic) infections
Methicillin-resistant Staphylococcus aureus and S. epidermidisb (minocycline) when

vancomycin or other agents are not considered appropriate
Pasteurella multocidab

Mycobacterium marinumb

Helicobacter pylori (in combination with bismuth subsalicylate and metronidazole
or clarithromycin)

Yersinia pestis (combined with streptomycin)
Other conditions

Acne vulgaris
Malaria [8]

Prophylaxis of mefloquine resistant Plasmodium falciparum malaria [8]
Therapy of certain forms of malaria

a Tetracyclines are a drug of choice for the infections that are in boldface.
b Infections for which a tetracycline is an acceptable alternative to standard agents.
Modified from Smilack JD. The tetracyclines. Mayo Clin Proc 1999;74:727, with permission.

with intravenous infusion, doxycycline should be administered orally when
possible even when the patient is hospitalized. For adults and for children older
than 8 years weighing more than 45 kg, 200 mg day 1 is given in one or two
divided infusions, followed by 200 mg every 24 hours or 100 mg every 12 hours.
In children older than 8 years who weigh less than 45 kg, 4.4 mg/kg is given on
day 1 in two divided doses at 12-hour intervals and then 2.2 mg/kg/day once
daily subsequently. In PID regimens, oral doxycycline 100 mg twice daily is
often used to complete a 14-day course [10]. However, its continued use is under
question because of lower efficacy [11] (see Chapter 16). Nonetheless, data from
a recent study indicate no difference in reproductive outcome between women
randomized to inpatient or outpatient treatment [11].

VI. Toxicity and side effects [1,2]
A. Teeth and bone. Tetracycline can cause depression of bone growth, permanent gray-

brown discoloration of the teeth, and enamel hypoplasia when given during tooth
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development. However, more than a single course seems to be required to produce
this effect.

B. Hypersensitivity reactions such as anaphylaxis, urticaria, and rashes are uncom-
mon. Toxic photosensitivity reactions consisting of a red rash on areas exposed
to intense sunlight can occur with all tetracyclines. Patients receiving doxycycline,
especially high doses, should avoid intense sun exposure or use sunscreens with a
protection factor of 18 or above.

C. GI effects are usually minor. Epigastric distress and nausea can occur after oral
administration, and these symptoms are somewhat dose related. Esophageal ulcer-
ations can occur with doxycycline. To minimize this, give oral doses with adequate
amounts of fluid.

D. Accentuated prerenal azotemia. Tetracyclines appear to aggravate preexisting
renal failure by inhibiting protein synthesis.

E. Benign intracranial hypertension. This rare entity is seen in women on tetra-
cycline.

F. Hepatitis occurs after high intravenous doses or in pregnant women as acute fatty
necrosis.

G. Skin pigmentation changes and blue-black oral pigmentation changes can
occur with prolonged minocycline use.

H. Thrombophlebitis can occur with intravenous use.
I. Vestibular side effects, including dizziness, ataxia, and vertigo, can occur with

minocycline.
J. Superinfections with candida of the oral and anogenital region occurs.
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P. Vancomycin, Quinupristin/Dalfopristin, and Linezolid

With the emergence of methicillin-resistant Staphylococcus aureus (MRSA) (see Chapters 4
and 12) and penicillin-resistant S. pneumoniae (see Chapter 11), vancomycin has become
an extremely important agent [1–3]. Because of clinicians’ concern about the above organ-
isms, vancomycin is used very frequently when the need may not really exist. This excessive
use has contributed to the emergence of vancomycin-resistant Enterococcus faecium(VREF),
vancomycin, (glycopeptide) intermediate S. aureus (GISA) and now even vancomycin com-
pletely resistant S. aureus (see section II). Prudent use of vancomycin is essential to
preserve the effectiveness of this important antibiotic.

I. Spectrum of activity. Vancomycin is active only against gram-positive bacteria,
particularly aerobes. There is no cross-resistance between vancomycin and penicillin
[1].
A. Gram-positive bacteria. Except for enterococci and MRSA, vancomycin is bac-

tericidal.
1. Staphylococci. Vancomycin is active against MRSA, coagulase-negative

staphylococci (SSCN), and methicillin-susceptible S. aureus (MSSA), but not
as active as nafcillin against the latter.

2. Enterococci. Vancomycin is bacteriostatic against Enterococcus faecalis,
but in combinationwith gentamicin it is bactericidal, except for those
that are high level gentamicin-resistant (see Chapter 27I). A common clinical
dilemma is when to treat enterococcus. It is a pathogen with very low virulence.
It occurs as part of mixed aerobicanaerobic flora in intraabdominal (see Chapter
13) and in pelvic (see Chapter 16) and surgical wound infections or in super-
ficial cultures in diabetic foot infections (see Chapter 5). In these situations,
enterococci usually do not require specific treatment (see Chapter 13).

By contrast there are situations where enterococci need to be treated. E. fae-
calis occasionally is involved in osteomyelitis (see Chapter 5). It also causes
urinary tract infection in older men. Bacteremias or endocarditis due to E. fae-
calis may follow gynecologic or genitourinary or gastrointestinal (GI) procedures
or occur as a complication of a focal infection at these sites, but this is relatively
uncommon [8] (see Chapter 12). E. faecalis , susceptible to vancomycin but not
to ampicillin, infrequently causes nosocomial bacteremia.

3. Streptococci. Vancomycin is bactericidal against Streptococcus pyogenes,
group C and G streptococci, viridans streptococci, and S. pneumoniae, including
multidrug and high level penicillin-resistant strains [2] (see Chapter 11).

4. Miscellaneous: Vancomycin is active against Corynebacterium JK and
Clostridium difficile.

B. Gram-negative bacteria. Vancomycin has no clinically useful activity [1].
C. Anaerobes. Although vancomycin has some activity against Clostridium species

and anaerobic streptococci, it is not used as an agent for anaerobic infections [1].
II. Vancomycin resistance.

A. Enterococcus. VREF has emerged and is increasing in frequency in the intensive
care unit (ICU), in the bone marrow transplant unit, and in hospital locations
where patients with leukemia are treated. E. faecium is discussed further later in
this chapter under quinupristin-dalfopristin (Q-D) and linezolid. It is resistant by
virtue of containing one of the resistance determinants vanA, vanB, vanD, vanE,
vanF, or vanG.

B. S. aureus
1. In 1997, S. aureus with intermediate levels of resistance to

vancomycin—also referred to as GISA because vancomycin is a glycopeptide
antibiotic, with a minimum inhibitory concentration (MIC) of 6 µg/mL or more—
was first isolated [4]. GISA are intermediately susceptible because the organism
secretes an extracellular product, d-alanine-d-alanine, that binds vancomycin,
not permitting it to reach the vancomycin-binding site. These organisms do not
contain the resistance binding moieties found in VREF.
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2. However, in a report published in early July 2002, a S. aureus that had an MIC
of 32 µg/mL was isolated from a patient who had received vancomycin and
other antibiotics. After treatment of an infection with a vancomycin-containing
regimen, the S. aureus was repeatedly isolated, with an MIC of more than
128 µg/mL [5]. Unlike previous GISA, this Staphylococcus contained the
vanA resistance determinant. Widespread use of vancomycin presumably
contributes to the emergence of these resistant staphylococci.

3. Patients with documented GISA, and especially those strains with the vanA
resistant determinant, need to be isolated to prevent nosocomial spread, and
isolates should be reported through state and local health departments to the
Centers for Disease Control and Prevention [6,7]. Infectious disease consul-
tation is advised for patients colonized or infected with GISA or with
true vancomycin-resistant S. aureus.

III. Pharmacokinetics [1,2]. Vancomycin demonstrates time-dependent bactericidal
activity rather than concentration-dependent bactericidal activity [2] (see Chapter
25).
A. Intravenous (i.v.) preparation. Intramuscular vancomycin causes severe pain

and is not advised.
1. Therapeutic levels are achieved in synovial, ascitic, pericardial, and pleural

fluids after i.v. administration [1,2]. Bile levels are low, and ocular penetra-
tion is poor. Low bile levels help explain why vancomycin has little meaningful
activity against C. difficile when given i.v. Vancomycin penetrates inflamed
meninges variably [1,2]. Adequate cerebrospinal fluid (CSF) levels cannot be
ensured [12].

2. Peritoneal dialysis fluid. Penetration is unpredictable. In dialysis-related
peritonitis, the intraperitoneal route is recommended and convenient [13].

3. Renal excretion. Vancomycin is excreted primarily by glomerular filtration.
The dose must be reduced in renal failure. Vancomycin is not removed
by dialysis . The half-life of vancomycin in adults with normal renal function
is 4 to 8 hours and in anuria, 7 to 12 days.

4. Liver metabolism. The liver also contributes to a lesser extent in the disposi-
tion of vancomycin. Dose adjustments may be needed with severe liver dysfunc-
tion [2].

B. Oral preparation. Vancomycin is poorly absorbed [1,2]. Very high stool concen-
trations are achieved after oral administration, making this agent active against
C. difficile diarrhea and staphylococcal enterocolitis.

IV. Indications for use. Clinicians should be aware that vancomycin is less rapidly bac-
tericidal and thus less effective than β-lactam agents for β-lactam–susceptible
staphylococci (e.g., MSSA). Furthermore, because the use of vancomycin is a risk
factor for colonization/infection with VREF and/or GISA [4–6], prudent use of
vancomycin is emphasized [6,14]. Guidelines for proper use of vancomycin
should be a part of a hospital’s quality improvement program and should in-
clude the participation of the pharmacy and therapeutics committee, infection control,
and infectious disease, medical, and surgical staffs.
A. Vancomycin use is appropriate for the following infections caused by β-

lactam–resistant gram-positive bacteria. Those infections include the following
[1–3]:
1. MRSA. Vancomycin is treatment of choice [15]. At times, gentamicin and/or

rifampin are added for synergy [15] (see Chapters 4, 5, and 12). To achieve
greatest success, some experts suggest troughs of no less than 15 µg/mL should
be maintained.

2. Bacterial meningitis in adults or in children older than 1 month, with
gram-positive cocci suggestive of S. pneumoniae [15,16] on Gram stain
or in those patients believed to be at risk for pneumococcal meningitis
(see Chapter 6). Vancomycin is added to cefotaxime or ceftriaxone, until sus-
ceptibility data are available, specifically to cover intermediate and high level
penicillin-resistant S. pneumoniae. Because penetration of vancomycin in
adult CSF may be compromised by steroid use, some experts will also add
rifampin until susceptibility data are available [12,15,16] (see Chapter 6).
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Outside the central nervous system, high-dose β-lactams or newer second-
generation fluoroquinolones (e.g., gatifloxacin) are alternatives even for high-
level resistant penicillin-resistant S. pneumoniae (Chapter 11).

3. SSCN infections. Surveys indicate that 35% to 65% of SSCN isolates are resis-
tant to methicillin. Vancomycin, sometimes combined with gentamicin and/or
rifampin, is the treatment of choice for these infections. Vancomycin combined
with rifampin is effective in prosthetic device infections and CSF shunt infec-
tions. It also is effective against SSCN nosocomial infections in intensive care
nurseries [1].

4. Selected febrile neutropenic patients. Whether to use vancomycin empir-
ically in this setting is an area of clinical debate (see section D.3 below and
Chapter 20). Generally agreed on situations for use for 72 hours pending
cultures are as follows: an epidemiologic situation of β-lactam–resistant
viridans streptococci, when the treated subject has known colonization with
MRSA, when more than one blood culture has yielded gram-positive bacteria
(see section D.2 below) but susceptibility data are pending, or if the situation
is life-threatening [17,18].

5. Central catheter infections. When catheter exit site has clear-cut surround-
ing cellulitis, empiric vancomycin is used while awaiting culture results (see
[17] and Chapter 2).

6. Corynebacterium infections such as endocarditis of prosthetic valves or CSF
shunt infections, especially if penicillin resistant such as the JK bacillus.

7. Miscellaneous
a. MRSA hemodialysis shunt infections.
b. Chronic ambulatory peritoneal dialysis is often complicated by SSCN peri-

tonitis [12] (see Chapter 13).
c. For the rare staphylococcal enterocolitis, oral vancomycin is indicated.

B. Vancomycin is used in patients with a history of anaphylaxis or severe
reactions to β-lactam antimicrobials for the following:
1. Serious S. aureus (coagulase-positive) infections.
2. Endocarditis due to enterococci or to viridans streptococci or other suscepti-

ble streptococci, (e.g., S. bovis). Because vancomycin is bacteriostatic against
enterococci, vancomycin plus an aminoglycoside is required (see Chapter 12).

3. S. aureus or other gram-positive bacterial central nervous system in-
fections. The penetration of vancomycin into the CSF is variable. Infectious
disease consultation is advisable to help adjust doses and/or monitor CSF drug
levels.

C. Prophylaxis
1. Endocarditis. The American Heart Association recommends vancomycin for

patients at risk who are amoxicillin-allergic and are undergoing GI or gen-
itourinary manipulations, in patients with an artificial heart valve, or in
other high-risk patients undergoing dental procedures (see Chapters 12 and
27B).

2. Implantation of prosthetic devices. A single dose administered immediately
preoperatively with a repeat dose if the procedure lasts more than 6 hours is
sufficient to reduce attack rate of MRSA or SSCN (see detailed discussion in
Chapter 5).

D. Vancomycin use is discouraged for the following situations [11,14,19,20]:
1. Routine surgical prophylaxis (see Chapter 27B).
2. SSCN single positive blood culture out of several drawn in the same time

frame. This is almost always either a contaminant or clinically unimportant
bacteremia.

3. Culture-negative neutropenic fever. There is a higher rate of rash and ab-
normal liver function tests and no obvious benefit if vancomycin is continued
when there is no microbiological reason for its use [21–23]. Most of those who
do develop positive blood cultures requiring therapy aimed at gram-positive or-
ganisms, which is a small minority of the febrile group, do as well if vancomycin
is started after the blood culture data become available as when it is used em-
pirically.
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4. Systemic or i.v. catheter “lock” prophylaxis to prevent infection or colo-
nization of indwelling central or peripheral intravascular catheters or vascular
grafts.

5. Selective decontamination of the digestive tract.
6. Eradication of MRSA colonization.
7. Treatment of C. difficile diarrhea. Although oral vancomycin is often se-

lected either when there is relapse of C. difficile diarrhea after metronidazole
therapy or when C. difficile diarrhea is severe and potentially life-threatening,
there is no proof that it is superior to metronidazole for these purposes. Because
of the concern for selecting VREF and because i.v. vancomycin does not achieve
levels in the bowel, vancomycin is not the primary treatment of C. difficile di-
arrhea (see Chapter 13). Oral metronidazole remains the drug of choice in this
setting (see Chapter 27Q).

8. Prophylaxis for very low birth weight infants.
9. Prophylaxis for patients on continuous ambulatory peritoneal dialysis.

10. Treatment (chosen for dosing convenience) of β-lactam–sensitive gram-
positive infections in patients who have renal failure.

11. Vancomycin solution for topical application or irrigation.
V. Continued inappropriate use of vancomycin has contributed to the emer-

gence of VREF, GISA, and the recent vancomycin completely resistant
S. aureus (see section II.B.2).
A. Despite published Centers for Disease Control and Prevention guidelines (see sec-

tion IV), several investigators have reported that 30% to 80% of vancomycin
used in hospitals is inappropriate [24–26].

B. Vancomycin is often part of empiric antibiotic regimens, especially in hos-
pitalized patients, because of concern for MRSA and SSCN line-associated bac-
teremia [26].
1. Vancomycin use could be controlled better by infection control measures to re-

duce MRSA rates and central-line infections [26], thereby reducing the need to
use vancomycin so frequently.

2. Infection control practices , include the following [26]:
a. Better handwashing and more use of the “user-friendly” soapless/

waterless soaps.
b. New technology (e.g., new i.v. catheters bonded with antiinfectives) are

undergoing clinical evaluation.
VI. Dosage

A. Intravenous [1,2]
1. Adults

a. One gram every 12 hours. A convenient and cost-effective dosage regimen
in subjects with normal renal function is 1 g every 12 hours (over 2 hours
to avoid red man syndrome; see section VIII.A ).

b. Mayo Medical Center vancomycin dosing nomogram (Table 27P.1).
Conventional dosing mentioned in section 1 above does not take into account
variability in patient”s weight and renal function. In obese patients, ideal
body weight can be used to determine the creatinine clearance, but actual
total body weight is used in dose calculations [2] (see section C.2 below).

c. Combined vancomycin and aminoglycoside. Some authorities recom-
mend either a reduced dose of 500 mg every 8 hours or, preferably, pharma-
cokinetic monitoring.

d. Prophylaxis in cardiac surgery. Some authors favor a single 15-mg/kg
preoperative dose (see Chapter 12).

2. Children and neonates. There is less experience with the use of vancomycin
in children. For infants and children with non-central nervous system infec-
tions, 10-mg/kg doses i.v. over 60 minutes every 6 hours (40 mg/kg/day) often
are suggested. In central nervous system infections, 15 mg/kg doses i.v. over
60 minutes every 6 hours are suggested to attain peak serum concentrations
between 30 and 40 µg/mL [12]. In neonates, close monitoring of vancomycin
serum levels is important to ensure therapeutic efficacy without toxicity (see
Chapter 3 for dose regimens in neonates).
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Table 27P.1. Mayo Medical Center i.v. Vancomycin Dosing Nomograma,b

Creatinine Clearance Dosing Interval

>80 Every 12 h
65–80 Every 12 to 18 h
50–64 Every 24 h
35–49 Every 24 to 36 hc

21–34 Every 48 hc

aUse a dose of 15 mg/kg (actual body weight). The dosing interval is based on
renal function. It can be estimated by using the estimated creatinine clearance.
See Chapter 27A, and the table above.
bIf the estimated renal function is near the border of two dosing intervals, it may
be reasonable to begin with the more aggressive interval; the dose can then be
modified if necessary according to serum levels.
cPatients with serious infection in whom the initial dosing interval is >24 h should
have serum level monitoring performed before steady state to ensure that the levels
are not subtherapeutic. It may be advisable to measure a random level about 24 h
after the first dose. This level can be interpreted with respect to the seriousness of
the infection to determine whether the dosage regimen needs to be modified.
Modified from Wilhelm MP, Estes L. Vancomycin. Mayo Clin Proc 1999;74:928.

B. Oral. An oral preparation is available but its appropriate use is extremely lim-
ited.
1. For C. difficile diarrhea in adults [1], 125 mg every 6 hours for 10 to 14 days

is as effective a regimen as 500 mg orally four times a day. In children, the dose
is 40 mg/kg/day in four divided doses (see Chapter 13). Metronidazole is the
preferred drug, as discussed in Chapters 13 and 27Q.

2. For staphylococcal enterocolitis, 500 mg every 6 hours in adults has been
suggested. It is unclear whether this entity really exists.

C. Doses in renal failure. In renal failure, maintenance doses must be re-
duced.
1. The Mayo Clinic Center vancomycin dosing nomogram can be used

(Table 27P.1). However, nomograms may not work well in anuric patients or
patients with rapidly changing renal function; serum drug level monitoring is
useful in these patients (see section VII).

2. Figure 27P.1 shows a very useful nomogram designed to achieve peak and trough
concentrations of 30 and 7.5 µg/mL, respectively. After an initial loading dose
of 25 mg/kg (infused at 500 mg/h), the vancomycin maintenance dose remains
constant at 19 mg/kg (infused at 500 mg/h), but the dosage interval depends on
the creatinine clearance. Doses are based on actual total weight, not ideal
patient weight. (See Chapter 27A for instructions on estimation of creatinine
clearance based on ideal body weight.)

3. Individualized dosing. Ideally, vancomycin dosage can be “individualized”
based on serum concentrations, using pharmacokinetic consultation. Initial van-
comycin dosage is calculated on a per body weight basis with the use of the
nomogram (see section 2 above). Adjustments are made to attain peak serum
levels of 30 to 40 µg/mL and trough levels of 5 to 10 µg/mL. For treatment of
MRSA, troughs of 15 µg/mL have been recommended by some experts.

4. Hemodialysis or peritoneal dialysis does not remove significant
amounts of vancomycin. Individualized dosing is preferred in this setting,
with a loading dose of 25 mg/kg infused at 500 mg/h and maintenance dose of
19 mg/kg every 5 to 7 days. If on day 5 the level is less than 10 µg/mL (<16µg/mL
for MRSA) a maintenance dose is given. If on day 5 the level is more than 10
µg/mL (more than 18 µg/mL for MRSA), the maintenance dose can be given
usually on day 7. When treating MRSA, it seems prudent to keep the trough 15
or possibly even as high as 20 µg/mL.
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FIG.27P.1. Nomogram for vancomycin dosage in patients with renal failure. (From Matzke
GR, et al. Pharmacokinetics of vancomycin in patients with varying degrees of renal function.
Antimicrob Agents Chemother 1984;25:433, with permission.)

D. Intraperitoneal administration. Vancomycin dosage is discussed elsewhere
[13].

E. Vancomycin administration into the CSF. Because of the somewhat variable
vancomycin CSF penetration, for inadequately responding meningitis, intrathe-
cal injection is a consideration. This has been reviewed [12]. Infectious disease
consultation is advised.

VII. Monitoring serum vancomycin. The theoretical optimal serum level range for van-
comycin is peaks of 20 to 40 µg/mL and troughs of 5 to 10 µg/mL [2], but some
experts, as noted, suggest troughs of 15 µg/mL if treating MRSA.
A. Vancomycin pharmacokinetics is sufficiently predictable that adequate serum

drug concentrations can be obtained by empiric dosing methods (e.g., see section
III). These take into account the patient’s age, weight, and renal function. This is
especially true when renal function is normal. Therefore, routine serum moni-
toring is not advised [27,28]. In a thoughtful editorial comment on vancomycin
serum level monitoring, Moellering [28] suggested a limited number of clinical
settings in which following serum or body fluid levels of vancomycin may be pru-
dent:
1. Vancomycin/aminoglycoside combination administration.
2. Anephric patients undergoing hemodialysis with systemic infection and re-

ceiving infrequent doses of vancomycin.
3. Patients receiving higher than usual doses of vancomycin such as treat-

ment of high level penicillin-resistant S. pneumoniae meningitis.
4. Patients with rapidly changing renal function.
5. In addition, we would monitor levels early in therapy of those with

MRSA infection as noted above in an attempt to ensure a trough of about
15 µg/mL.

Note: Vancomycin serum monitoring is indicated, especially initially to be
certain that you have achieved adequate serum concentrations.

B. In a review [2], the authors emphasize that if monitoring is done, only trough
levels are needed. Maintaining adequate trough levels may correlate with a bet-
ter outcome. Furthermore, if nephrotoxicity is, in fact, related to trough levels,
nephrotoxicity can be avoided.
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VIII. Toxicity [1–3]
A. Red man syndrome. If vancomycin is infused too rapidly, it may cause flushing of

the face, neck, or torso; pruritus; or hypotension [29]. This is a nonimmunologi-
cally mediated histamine release precipitated by the hyperosmolarity associated
with the rapid infusion of vancomycin. Rapid bolus infusions also can cause pain
and muscle spasms of the chest and back.
1. Infusion rate. To avoid these reactions, infuse vancomycin slowly, at

500 mg/h.
2. Clinical implications. Because red man syndrome is not immunologi-

cally mediated, it does not preclude continued use. Bronchospasm and an-
gioedema are not part of red man syndrome and suggest a true allergic
reaction to vancomycin.

B. Rashes other than red man syndrome occur in approximately 5% of patients.
Stevens-Johnson syndrome may occur rarely. Anaphylaxis has been described
with vancomycin use.

C. Nephrotoxicity is very uncommon. Currently available purified parenteral
preparations are very well tolerated. Only when another drug with nephro-
toxic potential such as an aminoglycoside is used simultaneously is there sig-
nificant risk of these toxicities. If there is renal failure or vancomycin is used with
an aminoglycoside, monitoring levels of both antibiotics will decrease the risk of
toxicity.

D. Ototoxicity is a potential side effect, is relatively uncommon, and occurs with
very high serum levels (>80 µg/mL) or in combination with aminoglycosides or
other ototoxic drugs. Serum level monitoring as in section VII.B above will avoid
this [1].

E. Phlebitis at the site of infusion can be minimized if the vancomycin is diluted
in 100 to 200 mL dextrose and water or saline and infused slowly at a rate
not exceeding 15 mg/min.

F. Fever and chills after i.v. administration are uncommon but occur occasionally.
G. Neutropenia can occur, especially with prolonged use, and agranulocytosis has

been described [30]. Blood counts weekly are indicated with prolonged van-
comycin therapy.

IX. Cost. Oral vancomycin is expensive (see Appendix Table).

TEICOPLANIN
Teicoplanin (Targocid) is an antibiotic chemically similar to vancomycin but with impor-
tant differences responsible for the unique physical and chemical properties of the complex.
Although widely used in Europe for the treatment of gram-positive infections, teicoplanin
was an investigational agent in the United States until late 1995, and at that point clinical
investigations were suspended. As of mid-2002, we are not aware of “compassionate-use”
availability of this agent in the United States. This agent is discussed elsewhere [3].

QUINUPRISTIN/DALFOPRISTIN (SYNERCID) [31]
I. Introduction. Quinupristin/dalfopristin (Synercid) is a combination of two an-

tibiotics and is the first agent from a new class of antibiotics called strep-
togramins. In September 1999, it was given accelerated approval by the U.S. Food
and Drug Administration for bloodstream infections due to VREF [31–33]. This was
based on a demonstrated effect on a surrogate end point that is likely to pre-
dict clinical benefit, the ability to clear VREF from the bloodstream.

II. The problem. Vancomycin-resistant enterococci, usually E. faecium (VREF).
It is important to be aware of the new problem posed by this organism.
A. Incidence. VREF are being isolated more frequently [10,11,34,35], especially in

larger hospitals. From January 1989 through March 1993, nosocomial VREF in-
creased 20-fold. During this time, ICU isolates increased from 0.4% to 13.9% [36].
Now about 50% of enterococci isolates from ICUs are VREF [9]. Initially, all strains
of VREF were identical to one another, carrying the vanA resistance determi-
nant. This indicates that resistance was not induced in the treated patient but
instead that the VREF was transmitted from one antibiotic-treated individual
to another.
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B. Clinical problems
1. Colonization is more common with VREFthan infection. Because VREF

colonizes the GI tract, cultures of either stool or rectal swabs are the best
way to identify carriers, with stool cultures being superior.
a. Infection control. Because “person to person” and “fomites to person” spread

is critical in maintaining a reservoir, infection control practices must be
followed diligently. Acquisition of infection occurs from thermometers and
from personnel and is closely related to proximity to colonized and, even more
so, infected patients (see Chapter 20). Handwashing and change of gloves
between every patient are mandatory. Gowns probably add an additional
measure of protection, but studies are inconclusive.

b. Investigational observations. Preliminary data suggest that if VREF is
given orally to animals or human volunteers, simultaneous administration
of piperacillin reduces the potential to colonize because of the high biliary
levels piperacillin produces. The levels are sufficient to inhibit the organism
and prevent establishment of colonization. By contrast, cephalosporins do not
prevent colonization in this model. However, once colonization is established,
antibiotics with antianaerobic activity lead to higher fecal titers of VREF and
hence to its potential to spread or cause disease. Prudent use of all an-
tibiotics, including vancomycin, may help decrease the incidence of
VREF. This has led some to speculate that the use of piperacillin-tazobactam,
when treatment of gram-negative bacteria is needed, in the ICU may reduce
VREF colonization; this will require careful study.

2. Infection. Patients infected with VREF often are very debilitated and
have had prolonged hospitalizations. They have often received multi-
ple antibiotics, including vancomycin [1–3,34–36]. Individuals with VREF bac-
teremia have a higher death rate than those with susceptible enterococcal bac-
teremia [34,35]. Two specific groups at risk to develop VREF infection are
patients who have undergone liver transplants and patients with hema-
tologic malignancy. Colonization (see section B.1 above) precedes infection.
In liver transplant patients, once enterococci colonize the gut they migrate
and find an ecological niche in the biliary tract. A major complication of liver
transplant is hepatic artery thrombosis. Because the peribiliary duct anatomic
areas of the liver are served only by the hepatic artery and not simultaneously
by the portal system, this leads to necrosis of those areas. Abscess forms due
to the necrosis. If that individual has previously been colonized with VREF, it
replicates to high titer when antibiotics active against gut flora suppress compet-
ing bacteria. In the patient with leukemia, when antibiotics are administered
for neutropenic fever, other flora are suppressed and VREF emerges, enters the
bloodstream through the gut compromised by mucositis, and then disseminates.

III. Use of Q-D for VREF and other gram-positive infections
A. Mechanism of action. The two antibiotics work synergistically by interfering with

protein synthesis: Dalfopristin inhibits the early phase, whereas quinupristin inter-
feres with the late phase of protein synthesis. Resistance is associated with resis-
tance to both components. However, if the staphylococcus is resistant to macrolide-
lincosamide-streptogramin B, Q-D is less efficacious than if the organism is sus-
ceptible to macrolide-lincosamide-streptogramin B [37]. Clindamycin susceptibility
appears to identify organisms susceptible to macrolide-lincosamide-streptogramin
B [38].

B. In vitro activity. Q-D is not active against gram-negative organisms.
1. Q-D is bacteriostatic against VREF and may be bactericidal against MSSA

and group A streptococcus (GAS), but it is not active against E. faecalis.
2. Q-D also is active against Streptococcus pneumoniae, regardless of penicillin sus-

ceptibility; MRSA; S. agalactiae; Corynebacterium jeikeium; S. epidermidis; and
group C β hemolytic streptococcus.

3. Ureaplasma urealyticum, Mycoplasma pneumoniae, and Mycoplasma hominis are
susceptible in vitro [39].

4. Borrelia and Leptospira species are susceptible in vitro [40].
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C. Pharmacokinetics. Synercid consists of 30% quinupristin and 70% dalfopristin,
each of which is converted into several active major metabolites.
1. Elimination half-lives of quinupristin and dalfopristin are less than 1 hour.
2. Biliary excretion, and hence fecal excretion, constitutes the major elimination

of both parent drugs and their metabolites.
3. Renal failure. Doses do not require modification in renal failure.
4. Cytochrome P450 3A. Q-D is a major inhibitor of the activity of cy-

tochrome P450 3A4 isoenzyme and can interfere with the metabolism
of other drugs (see section V.G).

IV. Indications for use [32,41–43]
A. VREF infection. Q-D is approved for serious or life-threatening infections

associated with VREF. Because of the difficulty in eradicating these infections,
infectious disease consultation is advised.

B. Skin and skin structure infections caused by MSSA or GAS. Although approved for
this use, other very active agents are available for these infections (see Chapter 4),
and we do not suggest using Q-D in this setting unless there is VREF bacteremia
associated with MSSA or GAS wound infection. Infectious disease consultation is
advised.

C. MRSA. Although U.S. Food and Drug Administration approval has not been issued,
success is reported using Q-D when vancomycin has failed. It may find a role also in
GISA and vancomycin-resistant S. aureus.

V. Dosages and administration. Only an i.v. preparation is available.
A. Dose ranges. The dose is diluted in at least 250 mL D5W and infused over 60

minutes.
1. VREF. An i.v. dose, infused over 1 hour, of 7.5 mg/kg every 8 hours is recommended

with duration dependent on clinical response.
2. For complex skin and skin structure infections, 7.5 mg/kg every 12 hours

i.v. for 7 days is suggested.
B. Pediatric use. The safety and efficacy in those under 16 has not been established.
C. Pregnancy. Q-D is a category B agent (see Chapter 27A). It should be used during

pregnancy only if clearly needed.
D. Nursing. Q-D is excreted in milk in animals; it is not known if it is excreted in

human breast milk. Caution should be exercised administering Synercid to nursing
women.

E. In renal failure no dosage adjustment is required, including patients undergoing
dialysis.

F. In hepatic failure, no special dose changes are recommended at this time, but only
preliminary data are available.

G. Drug interactions
1. Cytochrome P450 3A4. Q-D significantly inhibits cytochrome P450 3A4

metabolism of cyclosporin A, midazolam, nifedipine, and terfenadine.
Therefore concomitant administration of these or other drugs metabolized by the
cytochrome P450 enzyme system may result in increased plasma concentrations
of these drugs. Monitoring levels of cyclosporin is indicated.

2. QTc prolongation potential. Q-D itself does not seem to increase the QTc
interval. However, medications metabolized by cytochrome P450 3A4
that prolong the QTc interval should be avoided when using Q-D. For
up-to-date drug information on drugs that may affect the QTc interval, see
www.qt.org, and for drugs associated with drug interactions causing torsades,
see www.torsades.org

3. Other serum drug level increases. Examples of drugs whose concentra-
tions may be raised by concomitant use of Q-D have been summarized in the
package insert and include the following: antihistamines (astemizole, terfena-
dine); anti-human immunodeficiency virus (non-nucleaside reverse transcriptase
inhibitors [NNRTI] and protease inhibitors; e.g., delavirdine, nevirapine, indi-
navir, ritonavir); antineoplastic agents: vinca alkaloids (e.g., vinblastine), doc-
etaxel, and paclitaxel; benzodiazepams (midazolam, diazepam); calcium channel
blockers; HMG-CoA reductase inhibitor; cholesterol-lowering agents (statins);

http://www.qt.org
http://www.torsades.org
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cisapride; cyclosporine; tacrolimus; methylprednisolone; carbamazepine; quini-
dine; disopyramide; and lidocaine.

VI. Side effects
A. Arthralgia and/or myalgias are common. These are the number one reason that

the drug is discontinued. Reducing the dose helps [44].
B. Intravenous site inflammation, pain, edema, and local reactions are common

and if severe may be reduced by increasing the infusion volume to 500 or 750 mL of
D5W.

C. Hyperbilirubinemia is relatively common.
D. GI side effects (nausea, vomiting, diarrhea) occur in a small percent (<5%).

LINEZOLID (ZYVOX): A NEW PROTEIN SYNTHESIS
INHIBITOR ANTIBIOTIC
Linezolid belongs to a new class of antibiotics, the oxazolidinones. It was approved in
early 2000. It interferes with bacterial protein synthesis by binding at the 50S ribosomal
area but at a site different from that to which erythromycin binds [32,45–48].

I. Spectrum of activity [31] and related issues
A. Gram-positive bacteria. It is active against all S. aureus, including MRSA; VREF;

S. faecalis; and penicillin-resistant or -susceptible S. pneumoniae [49].
1. It is bacteriostatic for most gram-positive bacteria, although it may be bacte-

ricidal against pneumococcus.
2. Serum inhibitory levels for these organisms range from 0.5 to 2.0 µg/mL.

B. Gram-negative aerobes. Linezolid is not active against gram-negative aerobes.
C. Miscellaneous. In vitro, it is also active against Legionella pneumophila, M. pneu-

moniae, and C. pneumoniae.
D. Resistance. VREF resistance develops in liver transplant patients who are contin-

uously on this drug [50]. Resistant organisms are transmitted person to person [51].
MRSA resistance to linezolid has been described. [52].

II. Pharmacokinetics
A. Oral drug is 100% bioavailable. Intravenous or oral administration yields the

same serum levels. The oral and i.v. doses are 600 mg yielding serum levels approx-
imating 20 µg/mL.

B. Dose interval is every 12 hours.
C. Hepatic or renal failure. There is no dose modification for hepatic or renal

failure.
D. Bone levels are about 50% of serum levels [53]. CSF penetration is poor, but

penetration into skin and soft tissue is excellent.
III. Clinical results. These studies have been carried out in multicenter trials. Usually

studies were designed as initial i.v. followed by oral therapy.
A. S. aureus—soft tissue infection or pneumonia

1. MSSA. Oxacillin/dicloxacillin versus linezolid: Cure rates were similar [54].
2. MRSA soft tissue, pulmonary, and urinary tract infection. Vancomycin ver-

sus linezolid were compared. Linezolid was as effective as vancomycin against
MRSA with similar clinical cure rates and similar microbiologic eradication [55].
In a nosocomial pneumonia study in which several but not all isolates were MRSA,
linezolid plus aztreonam was as effective as vancomycin plus aztreonam [56].

B. S. pneumoniae. Trials have compared i.v. with oral linezolid versus ceftriaxone
followed by oral cefixime.
1. Nonbacteremic pneumonia. Linezolid was equally effective to ceftriaxone. In

a pediatric trial, linezolid was quite successful.
2. Bacteremic pneumonia. Linezolid was more effective than ceftriaxone (p <

0.01). Most cases were caused by penicillin-susceptible S. pneumoniae.
C. Enterococcus. In trials against VREF, linezolid was effective in treating urinary

tract infection, soft tissue infection, extravascular body fluid infection such as ascites,
and source unknown bacteremia. Linezolid has been effective in cases where Q-D has
failed [57]. Case reports of efficacy in VREF endocarditis are reported [58]. Linezolid
is also active against E. faecalis.
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IV. Side effects and toxicity
A. GI. GI side effects that did not result in drug cessation were more common than

in vancomycin-treated subjects. Both diarrhea and nausea and/or dyspepsia were
manifest. An occasional patient cannot continue oral linezolid because of severe
nausea, but most tolerate the drug to the end of the treatment course [55].

B. Rash has not been prominent with linezolid and in one study occurred less frequently
than occurred with vancomycin [56].

C. Hematologic [59–61]. Thrombocytopenia has been observed in those treated for
more than 3 weeks but is reversible on drug cessation in those where it has occurred.
The frequency is low. Mild neutropenia was observed in one study of treatment of
pneumonia in children but did not lead to cessation of drug. Mild reversible neu-
tropenia and thrombocytopenia are certainly not totally unexpected in a drug whose
action interferes with protein synthesis. Reversible red blood cell aplasia has been
described.

D. Monoamine oxidase inhibition [62]. Because of its biochemical structure there
was concern that linezolid could pose a risk with certain dietary products. How-
ever, this has not been borne out with clinical experience or with studies in normal
volunteers.

E. Drug interactions [63]. When linezolid is administered in conjunction with pseu-
doephedrine or phenylpropanolamine, a minimal increase in both blood pressure and
serum levels of the coadministered drugs was observed but no serious adverse events
developed. When administered in conjunction with dextromethorphan, a serotonin
uptake inhibitor, there was only minimal change in the clearance of a metabolic
breakdown product of dextromethorphan. There was no change in the pharmacoki-
netics of linezolid. There is no anticipated interaction between CYP 450 drug-
drug interactions.

V. Indications for Use [31,55,59–61,64]. Because of the high expense of linezolid and
the need to use it only when clearly indicated so that resistance will be minimized,
infectious disease consultation is advised before prescribing this agent. This is
a very expensive agent (see Appendix Table).
A. MRSA soft tissue infection is a primary indication for its use. Compared with

vancomycin it is similarly effective, and linezolid offers the advantage of switch to
oral therapy with the potential for shorter hospital stay and reduced risk of line-
related infection [55]. Although resistance has been reported [52], if appropriated
debridement is carried out accompanying the antibiotic this risk is probably small.
MRSA resistant to vancomycin has also been observed [4,5], so special attention to
management of the MRSA infections, regardless of what antibiotic is chosen, is very
important.

B. VREF infection. Considerable experience and success has been reported [31].
C. Probable or known severe pneumococcal pneumonia in a β-lactam highly

allergic individual [60].
D. MRSA osteomyelitis. Data are limited. Tissue levels in bone and hematoma are

promising [53]. In a large series of patients treated under emergency use protocol,
linezolid treatment resulted in cure of osteomyelitis due to either MSSA or MRSA
[64]. Although linezolid is effective against MSSA, there are other available drugs
with which to treat that infection.

AN INVESTIGATIONAL DRUG FOR GRAM-POSITIVE INFECTIONS:
DAPTOMYCIN (CIDECIN)

I. Mechanism of action [64]. Daptomycin is a novel lipopeptide antibiotic derived from
the fermentation of Streptomyces roseosporus. It belongs to a new class of antibiotics.
Daptomycin appears to kill bacteria by a mode of attack at more than one site that
is rapid and distinct from resistance mechanisms against usual organisms. It may
inhibit peptidoglycan biosynthesis, it disrupts cell membrane permeability, it reduces
synthesis of lipoteichoic acids, and it may even disrupt trans-membrane electrochemical
gradient.

II. Resistance potential. In vitro evaluation indicates that it has an extremely low resis-
tance potential (<10−10) for S. aureus when challenged at eight times the MIC value.
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III. Spectrum of activity [65]
A. Gram-positive aerobes. Daptomycin is active against all gram-positive cocci, in-

cluding MSSA; MRSA; enterococcus, including VREF; S. pneumoniae; and SSCN
species. MIC for S. aureus is 1 µg/mL and for enterococci is 2 µg/mL.

B. Gram-negative bacteria. It has no activity against gram-negative bacteria.
IV. Pharmacokinetics

A. Bactericidal activity. Vancomycin exhibits time-dependent bactericidal activity.
By contrast, daptomycin demonstrates concentration-dependent bactericidal
activity (see Chapter 25). Its rate of bactericidal activity is faster than vancomycin.

B. Serum levels. At a dose of 4 mg/kg/dose Cmax is approximately 54.6 µg/mL.
C. Excretion. The major route of excretion is of unmetabolized drug via the kidney.

There are very limited data on dose reduction in renal failure.
V. Side effects and toxicity

A. Muscle enzyme changes. In a small proportion of treated individuals, creatine
phosphate kinase levels become elevated after 2 weeks of therapy. Usually the in-
dividual is asymptomatic and creatine phosphate kinase levels return to normal on
drug cessation.

B. Other side effects. Preliminary data suggest no renal, hepatic, or bone marrow
toxicity, but the number of individuals receiving the drug is limited.

VI. Clinical experience
A. Skin and soft tissue. Efficacy appears similar to conventional agents.
B. Bacteremia. Daptomycin sterilized blood cultures in all (of a small number) of

treated individuals and its use was associated with a high cure rate.
VII. Summary. This is an interesting new antibiotic that is currently undergoing phase III

clinical trials for S. aureus and E. faecium bacteremia.

REFERENCES
1. Reese RE, Betts RF. Vancomycin. In: Reese RE, Betts RF, Gumustop B, eds. Handbook

of antibiotics, 3rd ed. Philadelphia: Lippincott Williams & Wilkins, 2000:503–526.
2. Wilhelm MP, Estes L. Vancomycin. Mayo Clin Proc 1999;74:928.
3. Sulaiman AS, Rakita RM, Murray BE. Glycopeptides. In: Root RK, et al., eds. Clinical

infectious diseases: a practical approach. New York: Oxford University Press, 1999.
4. Hiramatsu K, Hanaki H, Ino T, et al. Methicillin-resistant Staphylococcus aureus clinical

strain with reduced vancomycin susceptibility. J Antimicrob Chemother 1997;40:135–
136.

5. Centers for Disease Control and Prevention. Staphylococcus aureus resistant to
vancomycin—United States, 2002. MMWR Morb Mortal Wkly Rep 2002;51:565–567.

6. Centers for Disease Control and Prevention. Interim guidelines for prevention and con-
trol of staphylococcal infections associated with reduced susceptibility to vancomycin.
MMWR Morb Mortal Wkly Rep 1997;46:626–628, 635.

7. Waldvogel FA. New resistance in Staphylococcus aureus. N Engl J Med 1999;340:
556.

8. Besnier JM, Leport C, Bure A, et al. Vancomycin-aminoglycoside combinations in ther-
apy of endocarditis caused by enterococcus species and Streptococcus bovis. Eur J Clin
Microbiol Infect Dis 1990;9:130–133.

9. Moellering RC Jr. Vancomycin-resistant enterococci. Clin Infect Dis 1998;36:1196.
10. French GL. Enterococci and vancomycin-resistance. Clin Infect Dis 1998;27[Suppl

1]:S75.
11. Murray BE. Vancomycin resistant enterococci infections. N Engl J Med 2000;342:710.
12. Ahmed A. A critical evaluation of vancomycin for treatment of bacterial meningitis.

Pediatr Infect Dis J 1997;16:895.
13. Keane WF, et al. Adult peritoneal-dialysis related peritonitis treatment recommenda-

tions: 2000 update. Perit Dial Int 2000;20:396.
14. Centers for Disease Control and Prevention. Preventing the spread of vancomycin resis-

tance: report from the Hospital Infection Control Practice Advisory Committee. MMWR
Morb Mortal Wkly Rep 1995;44(RR-12):1.

15. Medical Letter. The choice of antibacterial drugs. Med Lett Drugs Ther 2001;43:69.



P1: HAG/HAG P2: IML/SPH QC: IML/ABE T1: IML

PB207G-27P PB207A-Betts/6678F October 11, 2002 8:42 Char Count= 0

27P. Vancomycin, Quinupristin/Dalfopristin, and Linezolid 1129

16. Peter G, et al. Red Book 2000: Report of the Committee on Infectious Diseases, 25th ed.
Elk Grove, IL: American Academy of Pediatrics, 2000:420.

17. Hughes WT, et al. 1997 Guidelines for use of antimicrobial agents in neutropenic patients
with unexplained fever. Clin Infect Dis 1997;25:551 (updated 2002;34:730).

18. Feld R. Vancomycin as part of initial empirical antibiotic therapy for febrile neutropenic
patients with cancer: pros and cons. Clin Infect Dis 1999;29:503.

19. Murray BE. What can we do about vancomycin-resistant enterococci? Clin Infect Dis
1995;20:1134.

20. Fisher MC. Control of methicillin-resistant Staphylococcus aureus and vancomycin-
resistant enterococcus in hospitalized children. Pediatr Infect Dis J 1998;17:823.

21. European Organization for Research and Treatment of Cancer (EORTC) International
Antimicrobial Therapy Cooperative Group and National Cancer Institute of Canada
Clinical Trials Group. Vancomycin added to empirical combination antibiotic therapy
for fever in granulocytopenic cancer patients. J Infect Dis 1991;163:951–958.

22. Ramphal R, Bolger M, Oblon DJ, et al. Vancomycin is not an essential component of
the initial treatment regimen for febrile neutropenic patients receiving ceftazidime: a
randomized prospective study. Antimicrob Agents Chemother 1992;36:1062–1067.

23. Dompeling EC, Donnelly JP, Dereinski SC, et al. Early identification of neutropenic
patients at risk for Gram positive bacteremia and the impact of empirical administration
of vancomycin. Eur J Cancer 1996;32A:1332–1339.

24. Fridkin SK, et al. Determinants of vancomycin use in adults intensive care units in 41
United States hospitals. Clin Infect Dis 1999;28:1119.

25. Jarvis WR. Epidemiology, appropriateness, and cost of vancomycin use. Clin Infect Dis
1998;26:1200.

26. Wenzel RPWong MT. Editorial response: managing antibiotic use-impact of infection
control. Clin Infect Dis 1999;28:1126.

27. Cantu TG, Yamanaka-Yuen NA, Leitman PS. Serum vancomycin concentrations: reap-
praisal of their clinical value. Clin Infect Dis 1994;18:533.

28. Moellering RC Jr. Monitoring serum vancomycin levels: climbing the mountain because
it is there? Clin Infect Dis 1994;18:544.

29. Wallace MR, Mascola JR, Oldfield EC III. Red man syndrome: incidence, etiology, and
prophylaxis. J Infect Dis 1991;164:1180.

30. Adrouny A, et al. Agranulocytosis related to vancomycin therapy. Am J Med 1986;81:
1059.

31. Hamilton DC, Ludlam H. New anti-Gram-positive agents. Curr Opin Crit Care
2001;7:232–237.

32. Moellering RC Jr. A novel antimicrobial agent joins battle against resistant bacteria.
Ann Intern Med 1999;130:155.

33. Dowzicky M, et al. Evaluation of in vitro activity of quinupristin/dalfopristin and com-
parator antimicrobial agents against worldwide clinical trial and other laboratory iso-
lates. Am J Med 1998;104[Suppl 5A]:34S.

34. Lucas GM, et al. Vancomycin-resistant and vancomycin-susceptible enterococcal bac-
teremia: comparison of clinical features and outcomes. Clin Infect Dis 1998;26:1127.

35. Vergis EN, Hayden MK, Chow JW, et al. Determinants of vancomycin resistance and
mortality rates in enterococcal bacteremia: a prospective multicenter study. Ann Intern
Med 2001;135:484–492.

36. Centers for Disease Control. Nosocomial enterococci resistant to vancomycin: United
States, 1989–1993. MMWR Morb Mortal Wkly Rep 1993;30:597.

37. Vouillamoz J, Entenza JM, Feger C, et al. Quinupristin/dalfopristin combined with beta-
lactams for treatment of experimental endocarditis due to Staphylococcus aureus con-
stitutively resistant to macrolides-lincosamide-streptogramin B antibiotics. Antimicrob
Agents Chemother 2000;44:1789–1795.

38. Fuchs PC, Barry AL, Brown SD. Bactericidal activity of quinupristin-dalfopristin against
Staphylococcus aureus: clindamycin susceptibility as a surrogate indicator. Antimicrob
Agents Chemother 2000;44:2880–2882.

39. Kenney GE, Cartwright FD. Susceptibilities of Mycoplasma pneumoniae, Mycoplasma
hominis and Ureaplasma urealyticum to GAR-936, dalfopristin, dirithromycin, evern-
imicin, gatifloxacin, linezolid, moxifloxacin, quinupristin-dalfopristin, and telithromycin



P1: HAG/HAG P2: IML/SPH QC: IML/ABE T1: IML

PB207G-27P PB207A-Betts/6678F October 11, 2002 8:42 Char Count= 0

1130 27. Antibiotic Use

compared to their susceptibilities to reference macrolides, tetracyclines and quinolones.
Antimicrob Agents Chemother 2001;45:2604–2608.

40. Murgia R, Cinco M. Sensitivity of Borrelia and Leptospira to quinupristin-dalfopristin
(Synercid) in vitro. N Microbiol 2001;24:193–196.

41. Moellering RC Jr, et al. The efficacy and safety of quinupristin/dalfopristin for the
treatment of infections caused by vancomycin-resistant Enterococcus faecium. Synercid-
Emergency Use Study Group. J Antimicrob Chemother 1999;44:251.

42. Nichols RL, et al. Treatment of hospitalized patients with complicated gram-positive
skin and soft tissue structure infections: two randomized, multicenter studies of quin-
upristin/dalfopristin versus cefazolin, oxacillin, or vancomycin. Synercid Skin and Skin
Structure Infection Group. J Antimicrob Chemother 1999;44:263.

43. Medical Letter. Quinupristin/dalfopristin. Med Lett Drugs Ther 1999;41:109.
44. Olsen KM, Rebuck JA, Rupp ME. Arthralgias and myalgias related to quinupristin-

dalfopristin administration. Clin Infect Dis 2001;32:e83–e86.
45. Chien JW, Kucia ML, Salata RA. Use of linezolid, an oxazolidinone, in the treat-

ment of multidrug-resistant gram-positive bacterial infection. Clin Infect Dis 2000;30:
146.

46. Pharmacia and UpJohn Clinical Protocol (M/1260/0025), 1998.
47. Rybak MJ, et al. Comparative in vitro activities and post-antibiotic effects of the oxazo-

lidinone compounds eperezolid and linezolid versus vancomycin against Staphylococcus
aureus, coagulase-negative staphylococci, Enterococcus faecalis, and Enterococcus fae-
cium. Antimicrob Agents Chemother 1998;42:721.

48. Patel R, et al. In vitro activity of linezolid against vancomycin-resistant entero-
cocci, methicillin-resistant Staphylococcus aureus and penicillin-resistant Streptococcus
pneumoniae. Diagn Microbiol Infect Dis 1999;34:119.

49. Noskin GA, et al. Successful treatment of persistent vancomycin-resistant Enterococcus
faecium bacteria with linezolid and gentamicin. Clin Infect Dis 1999;28:689.

50. Gonzales RD, Schreckenberger PC, Graham MB, et al. Infections due to vancomycin
resistant Enterococcus faecium resistant to linezolid. Lancet 2001;357:1179.

51. Herrero IA, Issa NC, Patel R. Nosocomial spread of linezolid-resistant, vancomycin re-
sistant Enterococcus faecium. N Engl J Med 2002;346:867–868.

52. Tsiodras S, Gold HS, Sakoulas G, et al. Linezolid resistance in an isolate of Staphylo-
coccus aureus. Lancet 2001;358:207–208.

53. Lovering AM, Zhang J, Bannister GC, et al. Penetration of linezolid into bone, fat,
muscle, and hematoma of patients undergoing routine hip replacement. J Antimicrob
Chemother 2002;50:73–77.

54. Stevens DL, Smith LG, Bruss JB, et al. Randomized comparison of linezolid ((PNU-
100766) versus oxacillin/dicloxacillin for treatment of complicated skin and soft tissue
infections. Antimicobial Agents Chemother 2000;44:3408–3413.

55. Stevens DL, Herr D, Lampris H, et al. Linezolid versus vancomycin for the treatment
of methicillin-resistant Staphylococcus aureus infections. Clin Infect Dis 2002;34:1481–
1490

56. Rubinstein E, Cammarata SK, Oliphant TH, et al. Linezolid (PNU-100766) versus van-
comycin in the treatment of hospitalized patients with nosocomial pneumonia: a ran-
domized double-blind multi-center study. Clin Infect Dis 2001;32:402–412.

57. McNeil SA, Clark NM, Chandrasekar PH, et al. Successful treatment of vancomycin-
resistant Enterococcus faecium bacteremia with linezolid after failure with Synercid
(quinupristin-dalfopristin). Clin Infect Dis 2000;30:403–404.

58. Babcock HM, Ritchie DJ, Christiansen E, et al. Successful treatment of vancomycin-
resistant Enterococcus endocarditis with oral linezolid. Clin Infect Dis 2001;32:1373–
1375.

59. Fung HB, Kirschenbaum HL, Ojofeitimi BO. Linezolid: an oxazolidinone antimicrobial
agent [Review]. Clin Therap 2001;23:356–391.

60. Kaplan SL, Patterson L, Edwards KM, et al. Linezolid for the treatment of commu-
nity acquired pneumonia in hospitalized children. Linezolid Pediatric Pneumonia Study
Group. Pediatr Infect Dis J 2001;20:488–494.

61. Perry CM, Jarvis B. Linezolid: a review of its use in the management of serious gram-
positive infections. Drugs 2001;61:525–551.

62. Antal EJ, Hendershot PE, Batts DH, et al. Linezolid, a novel oxazolidinone antibiotic:



P1: HAG/HAG P2: IML/SPH QC: IML/ABE T1: IML

PB207G-27P PB207A-Betts/6678F October 11, 2002 8:42 Char Count= 0

27Q. Metronidazole 1131

assessment of monoamine oxidase inhibition using pressor response to oral tyramine.
J Clin Pharmacol 2001;41:552–562.

63. Hendershot PE, Antal EJ, Welshman IR, et al. Linezolid: pharmacokinetic and pharma-
codynamic evaluation of co-administration with pseudoephedrine HCl, phenylpropano-
lamine HCL and dextromethorphan HBr. J Clin Pharmacol 2001;41:563–572.

64. Birmingham MC, Rayner C, Meagher AK, et al. Linezolid in the treatment of multidrug-
resistant gram-positive infections: results of compassionate use experience. Clin Infect
Dis (in press).

65. Tally FP, Zeckel M, Wasilewski MM, et al. Daptomycin: a novel agent for Gram-positive
infections. Exp Opin Invest Drugs 1999;8:1223–1238.

Q. Metronidazole

Metronidazole, introduced in 1959, has become an extremely important agent for the treat-
ment of anaerobic infections [1–4]. It inhibits DNA synthesis, regardless of the growth phase
of the organism, and is rapidly bactericidal.

I. Spectrum [2–4]
A. Anaerobic activity

1. Gram-negative anaerobes. Metronidazole is bactericidal against Bacteroides
fragilis, other Bacteroides species, and Fusobacterium species [1,2].

2. Gram-positive anaerobes. Against some gram-positive anaerobes, including
Clostridium perfringens and C. difficile, metronidazole is very active. The activ-
ity against anaerobic gram-positive cocci is much more variable, with resistance
in up to 50% of tested isolates [2]. Strains of Actinomyces and Propionibacterium
(e.g., P. acnes) are resistant [2].

B. Aerobic activity. Gardnerella (Haemophilus) vaginalis and Helicobacter pylori
are susceptible to metronidazole. However, unlike clindamycin, metronidazole is
not active against gram-positive aerobic bacteria such as Staphylococcus aureus
and β streptococcus group A.

C. Parasites. Metronidazole is very active against Entamoeba histolytica, Giardia
lamblia, and Trichomonas vaginalis.

II. Resistance. Susceptible bacteria rarely develop resistance. During a 10-year period
at the Mayo Clinic, no increase in resistance occurred among Bacteroides or Fusobac-
terium species [2].

III. Pharmacokinetics [1–4]
A. Oral absorption. Metronidazole is very well absorbed. Serum levels are sim-

ilar after equivalent oral and intravenous doses [1,2]. Metronidazole can be
taken with food.

B. Tissue penetration. Metronidazole has excellent penetration into almost all
sites and provides therapeutic levels in bone, unobstructed biliary tract, cere-
brospinal fluid, brain abscess contents, empyema fluid, hepatic abscesses, middle
ear, pelvic tissue, and vaginal secretions.

C. Metabolism and excretion. Metronidazole is metabolized primarily in the liver
and excreted in the kidney. Dose reductions are advised in severe renal failure
[5].

D. Placenta and breast milk. Metronidazole readily crosses the placenta and pen-
etrates breast milk.

IV. Clinical uses
A. Drug of choice. Metronidazole is indicated for C. difficile, Bacteroides species,

susceptible H. pylori, and G. vaginalis [6]. In addition, it is the drug of choice
for Entamoeba histolytica, Giardia lamblia, and other less common parasites [7]
(Table 27Q.1).

B. Anaerobic infections. Metronidazole alone or in combination is indicated for the
following:
1. Mixed aerobic/anaerobic soft tissue or intraabdominal and pelvic in-

fections: with antiaerobic antibiotics. (See related discussions in Chapters 13
and 16.)
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Table 27Q.1. Metronidazole Dosage Regimens

Route of
Indication Administration Adult Dosagea

Susceptible anaerobic
infections

i.v. Loading dose of 15 mg/kg, then 7.5 mg/kg
q6h. For the average adult (70 kg) a 1-g
load followed by 500 mg q6h.

p.o. 1–2 g/day in 2–4 doses q6–12h. For the
average-sized adult, 500 mg q6–8h is
often used.

C. difficile diarrhea p.o. 500 mg tid or 250 mg qid for 10 days [7a]
i.v. (see text) 500 mg q6–8h

Trichomonas vaginitis p.o. 2 g in a single dose or 500 mg bid × 7 days
Bacterial vaginosis

(nonspecific vaginitis,
p.o. 500 mg bid for 7 days

Gardnerella vaginalis
vaginosis)

Topical See footnoteb

Giardiasis p.o. 250 mg tid for 5 daysc

Amebiasis (intestinal or
extraintestinal)

i.v. or p.o. 500–750 mg tid for 10 daysd

aDosages must be modified if creatinine clearance <10 mL/min or if there is significant hepatic dysfunc-
tion. See text.
bA 0.75% vaginal gel formulation of metronidazole (MetroGel-Vaginal) is available in a 70-g tub-and pack-
aged with a 5-g vaginal applicator. The dose is 5 g intravaginally bid for 5 days. For use of metronidazole
in pregnancy see reference 10 and Chapter 16.
cIn children, giardiasis has been treated with 5 mg/kg/dose tid for 5 days.
dIn amebiasis therapy, after 10 days of metronidazole, iodoquinol, 650 mg tid for 20 days, is recommended
in adults. The pediatric dose of metronidazole is 35–50 mg/kg/day divided into three doses for 10 days;
iodoquinol, 30–40 mg/kg/day (max. 2 g) in three divided doses, given (after completion of metronidazole)
for 20 days.
Modified from Mathisen GE, Finegold SM. Metronidazole and other nitroimidazoles. In: Gorbach SL,
Bartlett JG, Blacklow NR, eds. Infectious diseases. Philadelphia: WB Saunders, 1992:262; and Medical
Letter. Drugs for parasite diseases. Med Lett Drugs Ther 2002;44:1 (April 2002), with permission.

2. B. fragilis bacteremia with endocarditis or other vascular infections.
Metronidazole is bactericidal against B. fragilis. It is active against the 5% to
15% of isolates of B. fragilis that are resistant to clindamycin. Metronidazole
costs less than clindamycin and is associated with less C. difficile diarrhea than
clindamycin. It is the agent of choice.

3. Brain abscess. Metronidazole penetrates brain abscesses and is bactericidal.
It is used with anti–gram-positive antibiotics.

4. Antibiotic-associated diarrhea due to C. difficile. Metronidazole is the
drug of choice. [1,2,6,8] (see Chapter 13). Oral therapy is more effective and less
expensive than intravenous therapy, but intravenous therapy may be effective
in patients who cannot receive oral therapy.

5. Tetanus. Some data suggest metronidazole, not penicillin, may be the preferred
agent [6,9].

6. Anaerobic pleuropulmonary infections. Failures have occurred, perhaps
because these infections are polymicrobial [2] and because microaerophilic
streptococci are resistant [1,4].

C. Other infectious agents
1. Trichomoniasis and bacterial vaginosis [10] (see Chapter 16) and Giardia-

sis (see Chapter 13).
2. Amebiasis [7].
3. H. pylori in peptic ulcer disease [1–4,6].
4. Miscellaneous. Metronidazole is adjunctive to debridement in severe gingivi-

tis and
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a. Bacterial overgrowth conditions such as Crohn disease and the perineal
disease associated with Crohn disease [1,2].

b. Periodontitis, including those with human immunodeficiency virus infec-
tion [2].

5. Topical metronidazole gel is an effective and safe therapeutic agent for
rosacea. A 0.75% vaginal gel formulation is available for treatment of bacterial
vaginosis (see Chapter 16).

V. Use in pregnancy. Metronidazole has been shown to have carcinogenic potential.
It is carcinogenic in mice and rats. The precise risk for humans is unclear and re-
mains controversial. Metronidazole has not been shown to be teratogenic. However,
many experts agree metronidazole use in the second and third trimesters of preg-
nancy should be restricted to those patients in whom alternative treatment has been
inadequate. The use of metronidazole in the first trimester should be carefully eval-
uated because metronidazole crosses the placenta barrier and its effects on human
fetal organogenesis are not known. The pros and cons of using metronidazole in
pregnancy, especially the first trimester, have recently been reviewed [11]. In his
commentary, the reviewer emphasizes that the “preponderance of published human
experience does not support a teratogenic effect in any trimester” [11]. He believes that
pending further data, metronidazole should be avoided in the first trimester except for
serious or life-threatening infections. After organogenesis is complete, metronidazole
could be considered for significant infections when other equally effective options are
not available or are contraindicated [11]. In a recent report, investigators found no
increase in late incidence of cancer after short-term metronidazole use in more than
5,000 women followed for a median of more than 12.5 years [12]. Because metron-
idazole is excreted into breast milk, nursing should be discontinued during
and for 2 days after therapy[1].

VI. Preparations and doses. Seriously ill patients should receive metronidazole intra-
venously. Because blood levels are comparable after intravenous and oral drug, oral
is indicated when clinically reasonable [1,2].
A. Adult dosage regimens (Table 27Q.1). The intravenous dose is infused over

60 minutes. Because of the relatively long half-life of metronidazole, oral doses
can be given every 6, 8, or 12 hours, although higher doses, given at one time, may
be associated with more gastrointestinal side effects.

B. Renal failure. No dose modification is needed, except with creatinine clearance of
less than 10 mL/min, where a 50% reduction in the usual dose is suggested [5] to
prevent the accumulation of toxic metabolites. A dose after hemodialysis, but not
peritoneal dialysis, is recommended because of drug removal. Furthermore, some
sources suggest a 50% dose reduction for patients undergoing chronic ambulatory
peritoneal dialysis [5].

C. In significant hepatic impairment, doses should be reduced by at least 50%
[1,2].

D. Pediatrics. The safety and efficacy of metronidazole in pediatric patients has not
been established except in the treatment of amebiasis. [7].

VII. Adverse effects. In general, metronidazole is well tolerated [1,2].
A. Alcohol intolerance. Because of a disulfiram-like effect (i.e., nausea, vomiting,

headaches), alcoholic beverages should not be consumed while taking metronida-
zole [13].

B. Peripheral neuropathy, manifested as numbness and tingling of the extremities,
may occur in those on long-term therapy. This is usually reversible if the drug is
stopped [2]. Seizures, encephalopathy, or cerebellar dysfunction are rare. Some
advise caution with a history of central nervous system disorders. If neurologic
symptoms develop on therapy and there is no other obvious cause, metronidazole
should be stopped [2].

C. Anticoagulation interference. Metronidazole can potentiate the effect of war-
farin.

D. Miscellaneous. Mild gastrointestinal symptoms of nausea, abdominal discom-
fort, and diarrhea can occur. Patients complain of a metallic unpleasant taste
while on oral therapy. Metronidazole may be a cause of acute pancreatitis.

VIII. Cost. Generic oral formulations are inexpensive (see Appendix Table 1).
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R. Rifampin, Rifapentine, and Rifabutin

RIFAMPIN (RIFADIN) [1–4]
Rifampin, discovered in 1965, inhibits DNA-dependent RNA polymerase by binding to the
subunit of the enzyme, thus interfering with protein synthesis [1]. Rifampin is bactericidal.
Resistant strains of bacteria have altered RNA polymerase that is not inhibited by rifampin
[1].

I. Spectrum of activity. Rifampin is a broad-spectrum agent active against bacteria,
mycobacteria, and chlamydiae [1,2]
A. Bacteria. The in vitro activity of rifampin as a single agent is summarized in Table

27R.1.
B. Mycobacteria. Most strains of Mycobacterium tuberculosis are susceptible to ri-

fampin, but resistant strains have been isolated with greater frequency in re-
cent years [3,4]. The susceptibility of other mycobacteria is variable: M. kansasii and
M. marinum are susceptible, whereas M. fortuitum and M. chelonei are resistant [1].
(See related discussions in Chapter 11.)

C. Chlamydiae. Many species of Chlamydia, particularly C. trachomatis, are suscep-
tible.

II. Resistance. Monotherapy. Rapid emergence of resistant bacteria occurs with
monotherapy [1]. Except for short-term prophylaxis, rifampin should not be used alone
[1].

III. Pharmacokinetics and preparations. Rifampin is red-orange in color in the crys-
talline state. The oral form is well absorbed from the gastrointestinal (GI) tract in the
fasting state. In late 1989, an intravenous preparation of rifampin became avail-
able for use when the oral route is not an option; this preparation should not be given
intramuscularly [1,2].

*Adapted from Reese RE, Betts RF. Rifampin, rifapentine, and rifabutin. In: Reese RE, Betts RF,
Gumustop B, eds. Handbook of antibiotics, 3rd ed. Philadelphia: Lippincott Williams and Wilkins, 2000:
527–541.
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Table 27R.1. In Vitro Activity of Rifampin

Organism MIC90 (µg/mL)a

Gram positive
Staphylococcus aureusb 0.015
S. epidermidisb 0.015
Streptococcus pyogenes 0.12
S. pneumoniae (penicillin susceptible) 4.0
Viridans streptococci 0.12
Enterococcus faecalis 16.0
J K diphtheroids 0.05
Listeria monocytogenes 0.25
Clostridium difficile ≤0.2
C. perfringens ≤0.1
Peptococcus, Peptostreptococcus species 1.6
Proprionibacterium acnes ≤0.1

Gram negative
Neisseria gonorrhoeae 0.5
N. meningitidis 0.12
Moraxella (Branhamella) catarrhalis 0.03
Haemophilus influenzae 0.5
H. ducreyi 0.03
Legionella pneumophila 0.03
Brucella species 1.25
Escherichia coli 16.0
Klebsiella pneumoniae 32.0
Enterobacter species 64.0
Pseudomonas aeruginosa 64.0
Bacteroides fragilis 0.8
B. melaninogenicus 0.2

Source: Modified from Craig WA. Rifampin and related drugs. In: Gorbach SL, Bartlett JG, Blacklow NR,
eds. Infectious diseases. Philadelphia: WB Saunders, 1992:265–266.
aMIC90 = concentration below which 90% of tested organisms are inhibited.
bIn most cases, the MIC for methicillin-resistant strains is similar to those for methicillin-susceptible
strains (1).

A. Distribution. Body fluids and tissue levels are similar to those observed in serum.
Therapeutic concentrations are obtained in serum, urine, saliva, bone, pleura, pan-
creatic juice, and cerebrospinal fluid [1,2].

B. Metabolism. Rifampin is cleared from the circulation primarily by hepatic meta-
bolism and biliary excretion. Its half-life is 2 to 5 hours and is prolonged in hep-
atic disease, perhaps more so with jaundice. In renal failure, only modest dose
adjustments are advised (see section VI.B).

C. Peak serum concentrations after an oral dose of 600 mg or 10 mg/kg are variable
but usually are in the range of 7 to 15 µg/mL [1].

IV. Clinical use. Rifampin has U.S. Food and Drug Administration approval only for treat-
ment of patients with tuberculosis and carriers of N. meningitidis [4].
A. Tuberculosis. Rifampin is an important agent in the treatment of M. tuberculosis

and for some of the atypical mycobacteria [5–7]. Rifampin or rifampin plus pyrazi-
namide are options for chemoprophylaxis of tuberculosis. One hesitates to use this
in contacts of human immunodeficiency virus (HIV)-infected subjects because of the
high risk of the index case having infection with multidug resistant M. tuberculosis
[6–9]. Because of the risk of drug-drug interactions of rifampin in HIV-infected pa-
tients on antiretroviral therapy, rifabutin is preferred for these patients (see section
V.D.2 and Chapter 11).
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B. Bacterial meningitis contacts. Rifampin has been used successfully in eradicat-
ing the carrier state of close contacts of meningococcal or Haemophilus in-
fluenzae meningitis. This is one of the rare uses of rifampin as monotherapy, but
the use is legitimate because it is used for a very short time. See the rationale and
specific recommendations in Chapter 6.

C. Investigational studies. When rifampin is used alone for specific infections, re-
sistance rapidly develops. Thus there has been increased interest in the use of
rifampin with other antibiotics to avoid this and yet take advantage of its
excellent in vitro activity [10–12].
1. Methicillin-resistant Staphylococcus aureus (MRSA)

a. MRSA nasal carriage. Rifampin in combination with a second agent (e.g.,
trimethoprim-sulfamethoxazole) has been used to try to eradicate nasal car-
riage of MRSA [13]. Topical nasal mupirocin has also been used to eradicate
MRSA nasal carriers [14]. See the related discussion in Chapter 27D.

b. MRSA infections. Vancomycin is the therapy of choice [5] (see Chapter 27P).
There are no data to support the routine addition of rifampin to vancomycin,
but if there is an inadequate response to vancomycin alone, then the addi-
tion of rifampin, gentamicin, or both should be considered [5]. In his review,
Farr [12] emphasized that rifampin resistance has been reported during ther-
apy for MRSA infections with rifampin plus vancomycin, and the addition
of gentamicin to the regimen may help prevent the development of rifampin
resistance.

2. Endocarditis. Rifampin has been studied particularly in endocarditis due to S.
aureus and S. epidermidis[12]. For S. aureus, there are conflicting in vitro data,
because antagonism may be seen with combination therapy [15,16]. Infectious
disease consultation is advised. Bactericidal levels should be compared before and
after adding rifampin. In the animal model of endocarditis caused by MRSA,
the combination of vancomycin with rifampin was significantly more effective
than vancomycin alone [15]. In the same model with S. epidermidis, the addition
of gentamicin or rifampin to vancomycin was beneficial, even though in vitro
synergistic studies may not predict a beneficial effect [15]. See related discussions
in Chapter 12.

3. Legionella infections. In severe pneumonia caused by Legionella pneumophila
or other Legionella species, rifampin has often been combined with a macrolide,
usually azithromycin, or a fluoroquinolone [5,10]. See related discussion in Chap-
ter 11.

4. Cerebrospinal fluid shunt infections. In combination with vancomycin, ri-
fampin has been used to treat staphylococcal coagulase-negative infections [17].
See discussion in Chapter 6.

5. Chronic osteomyelitis due to S. aureus has been treated with a combination
of nafcillin and rifampin [1,2]. This complex and difficult problem is discussed
elsewhere [12]. In these difficult cases, infectious disease consultation is advised
(see Chapter 5).

6. Brucella infections. Prolonged therapy with doxycycline plus rifampin has a
clinical response similar to that of tetracycline plus streptomycin [1,5,10].

7. Orthopedic implant infections. Patients with prosthetic device infections have
been treated with rifampin-containing antibiotic combinations [18–20]. In a 1998
report, patients with stable implants and short duration of staphylococcal in-
fection (<21 days) were treated with initial debridement and intravenous antibi-
otics. If patients could then tolerate long-term therapy with 3 to 6 months therapy
of rifampin-ciprofloxacin, cure of the infection without device removal was com-
monly achieved [20–22]. Only patients with quinolone-susceptible staphylococci
should be candidates for this form of therapy [22]. See related discussions in
Chapter 5.

8. Penicillin-resistant S. pneumoniae meningitis merits therapy with van-
comycin. Some experts have suggested that rifampin may be added [5]. If ce-
fotaxime or ceftriaxone is used, rifampin in combination may improve results
[23] (see Chapters 6, 11, 27C, and 27P).
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9. Miscellaneous uses include combination therapy with penicillin for eradication
of group A streptococcal carrier states and combination regimens for severe cat
scratch disease [11].

V. Adverse reactions. Adverse reactions of rifampin often are classified into four types
[2]:
A. Immunosuppression. In animal and in vitro studies, rifampin has been shown to

suppress the secretion of migration inhibition factor by lymphocytes, the response of
lymphocytes to stimulation by nonspecific mitogen, and the production of antibody by
cultured lymph node cells. The precise implications of these studies for humans are
unclear [12]. In addition, patients tuberculin skin test reactivity may be diminished
by rifampin therapy.

B. Immunologic reactions
1. Allergic or hypersensitivity reactions such as drug fever, skin rashes, and

eosinophilia are uncommon.
2. A flu-like syndrome with fever, malaise, and headache can occur, particularly

with irregular administration. It is very infrequent with daily or twice weekly
tuberculosis regimens. Renal failure, thrombocytopenia, hemolysis, and the hep-
atorenal syndrome can occur in this flu-like syndrome [12]. Interstitial nephritis
is a rare complication. Most patients improve with supportive care and with-
drawal of the agent. Presumably, the risk of these reactions can be reduced if the
doses are given on a regular schedule.

3. Red-orange coloring of the urine, saliva, feces, sweat, and tears. The most
common side effect observed with rifampin is a harmless orange-red discoloration
of the urine (see section III). Permanent staining of soft contact lenses can occur
during rifampin therapy [1]. Patients should be forewarned of this to prevent
unnecessary anxiety.

4. Hepatotoxicity has been seen in patients with overdose, prior hepatic disease,
and concurrent use of hepatotoxic agents (e.g., halothane anesthesia). For patients
with mild liver function test abnormalities, rifampin must be used with caution.
Liver function tests ideally should be monitored carefully if the drug is used. For
nonmycobacterial infections, if there is no underlying hepatic dysfunction, serial
liver function tests are not routinely recommended.
a. Isoniazid and rifampin. There is some concern about whether this com-

bination increases hepatotoxicity. In one review, Craig [1] emphasized that
although elevated liver enzyme values are observed in approximately 5% to
10% of recipients of rifampin, “hepatitis occurs in only 0.15% to 0.43%. The in-
cidence of hepatitis rises to 2.5% with multiple drug regimens for tuberculosis.
However, most studies suggest that rifampin does not enhance hepatotoxicity
of isoniazid” [1].

b. Rifampin and pyrazinamide. The new guidelines for use in treatment of
latent tuberculosis infection (+PPD) were published in 2000 [8] (see Chapter
11).
(1) In these 2000 recommendations, for contacts of patients with isoniazid-

resistant rifampin-susceptible tuberculosis, rifampin and pyrazinamide
given daily for 2 months was one option [8].

(2) Unexpected severe hepatotoxicity developed in some recipients. This op-
tion is no longer advised for HIV-negative patients [24]. In addition, for
those patients who are still candidates for the rifampin-pyrazinamide com-
bination therapy, careful monitoring was advised [24] (see Chapter 11).

5. Renal injury is uncommon [12].
6. Exudative conjunctivitis, which is reversible with drug cessation, has been

reported.
C. Drug interactions. Rifampin induces increased hepatic excretion of a number of

drugs by stimulating an increase in activity of hepatic microsomal cytochrome P450-
related enzymatic reactions and other compounds metabolized by the liver [1,2,12].
The interactions of rifampin have been reviewed in detail [25–28]. The drugs that
may interact with rifampin are summarized from these reports in Tables
27R.2 through 27R.6, respectively.
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Table 27R.2. Previously Described Rifampin Drug Interactions,a Part I

Drug Comments

Anticoagulants, oralb Increase anticoagulant dose based on monitoring of
prothrombin time

β-Blockers May need to increase propranolol or metoprolol dose
Chloramphenicol Monitor serum chloramphenicol concentrations; increase

dose if needed
Contraceptives, oralb Use other forms of birth control; document patient

counseling in chart
Cyclosporineb Monitor serum cyclosporine concentrations; increased

dose will likely be needed
Digitoxinb Monitor serum digitoxin concentrations; monitor for

arrhythmia control and signs and symptoms of heart
failure; increase dose if needed

Digoxin Monitor serum digoxin concentrations; monitor for
arrhythmia control and signs and symptoms of heart
failure; clinically significant interaction most likely in
patients with decreased renal function

Glucocorticoidsb Increase glucocorticoid dose twofold to threefold with
concomitant rifampin therapy

Ketoconazoleb Avoid this combination if possible; monitor serum
ketoconazole concentrations; increase dose if needed;
space rifampin and ketoconazole doses by 12 h

Methadoneb Increase methadone dose with concurrent rifampin
therapy; control withdrawal symptoms

Phenytoinb Monitor serum phenytoin concentrations; increase
phenytoin dose if needed

Quinidineb Monitor serum quinidine concentrations; monitor for
arrhythmia control; increase dose if needed

Sulfonylureas Increase sulfonylurea dose based on blood glucose control;
monitor blood glucose with discontinuation of rifampin
therapy

Theophyllineb Monitor serum theophylline concentrations; increased
dose will likely be needed

Verapamilb Use alternative agent to verapamil if possible, because
even very large increase in oral verapamil may not be
sufficient; monitor serum verapamil concentrations;
monitor patient for clinical response

aCarefully adjust doses when rifampin is discontinued; enzyme induction effect is gradually reduced over
1–2 weeks. For details see Borcherding SM, Baciewicz AM, Self TH. Update on rifampin drug interactions,
II. Arch Intern Med 1992;152:711.
bMajor clinical significance is well established.
From Borcherding SM, Baciewicz AM, Self TH. Update on rifampin drug interactions. Arch Intern Med
1992;152:711, with permission.

1. Antiretroviral therapy. Of the available rifamycins, rifampin is the most potent
CYP450 inducer, followed by rifapentine and then rifabutin, which has substan-
tially less activity as an inducer [28,29]. Although this topic is reviewed in detail
elsewhere, a few points deserve special emphasis. Also see related discussions in
Chapter 19.
a. Protease inhibitors and nonnucleside reverse transcriptase inhi-

bitors. Drug-drug interactions occur with rifamycins, principally because
of the induction or inhibition of the cytochrome CYP450 enzyme system.
For example, if a protease inhibitor is administered with rifampin, blood
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Table 27R.3. Rifampin Drug Interactions,a Part II

Drug Comments

Antacids May need to space rifampin and aluminum hydroxide doses
apart by several hours; more study needed

Haloperidol Monitor serum haloperidol concentrations; alter dosing regimen
if needed; limited initial study indicates serum concentrations
and half-life are reduced by about 50%

Tocainide Monitor arrhythmia control; increase dose if needed; 1 trial in
healthy subjects found nearly 30% decrease in tocainide serum
half-life

Disopyramide Monitor arrhythmia control; increase dose if needed; initial
study indicates decrease in disopyramide serum half-life of
about 50%

Propafenone Monitor plasma propafenone concentrations; monitor
arrhythmia control; increase dose if needed

Ciprofloxacin No interaction noted in humans to date; more study needed
Dapsone Decrease serum concentrations; studies needed in patients with

Pneumocystis carinii pneumonia
Fluconazole May need to increase fluconazole dose; monitor signs and

symptoms of infection; one trial in healthy subjects found 22%
decrease in fluconazole serum half-life

Nifedipine Monitor clinical response; may need to increase dose; controlled
study needed

Diltiazemb Consider alternative agent to diltiazem if possible, because even
very large increase in oral diltiazem may not be sufficient; may
monitor serum diltiazem concentrations (see Table 27R.2
regarding similar interaction with verapamil); monitor clinical
response

Diazepam Monitor clinical response; may need to increase diazepam dose;
300% increase in diazepam oral clearance has been reported

aAgents available in the United States; for each interaction, carefully adjust doses when rifampin is
discontinued; enzyme induction effect is reduced gradually over 1–2 weeks.
bMore study needed in patients; probably of major clinical significance.
From Borcherding SM, Baciewicz AM, Self TH. Update on rifampin drug interactions. Arch Intern Med
1992;152:711, with permission.

concentrations of the protease inhibitor decrease markedly and most of the
antiviral activity decreases as well [29] (see Chapter 19). Rifabutin is a less
potent inducer with less of an effect on the drug levels of antiretrovirals
(Table 27R.5).

b. Rifabutin is preferred. Because rifampin markedly lowers the blood levels
of these antiretrovirals, which results in suboptimal antiretroviral therapy,
rifampin is always contraindicated [29] (see Chapter 19).

c. Rifapentine is not recommended as a substitute for rifampin because its
safety and effectiveness have not been established for the treatment of patients
with HIV-related tuberculosis [29].

2. Oral contraceptives. As shown in Table 27R.2, rifampin impairs the effec-
tiveness of oral contraceptives; this topic has recently been reviewed [30].

D. Thrombophlebitis can occur with the parenteral form [11].
VI. Dosages and precautions

A. Dosages. Capsules are available in 150- and 300-mg sizes. The oral regimen is
preferred and is given 1 hour before or 2 hours after meals. For special needs, a
liquid suspension can be made according to the package insert. The same dose per
day is given orally or intravenously.
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Table 27R.4. Rifampin Drug Interaction,a Part III

Type of Drug Comments

Clarithromycin Monitor signs and symptoms of infection; more study
needed.

Delavirdine Avoid concomitant use if possible.
Doxycycline Monitor clinical response and serum doxycycline

concentrations; increased dosage may be needed.
Itraconazole Monitor clinical response; increased dosage will likely be

needed.
Midazolam Monitor for decreased efficacy; increase dosage as

necessary.
Nifedipine Alternative class of agents should be considered; monitor

clinical response; dosage increase may be needed.b
Nortriptyline Monitor clinical response and serum nortriptyline

concentrations.
Pefloxacin Moderate rifampin induction effect; pending further

research, no dosage adjustment recommended.
Protease inhibitors Most significant decreases in serum concentrations seen

with saquinavir mesylate, indinavir sulfate, and
nelfinavir mesylate; ritonavir appears to have less
reduction in serum concentrations; adjust dosage as
necessary.

Tacrolimus Monitor serum tacrolimus concentrations and clinical
respones; increased dosage may be needed.

Triazolam Monitor for decreased efficacy; incrrease dosage as
necessary.

Zidovudine Monitor clinical response; increased dosage may be
necessary.

aCarefully adjust dosage when rifampin use is discontinued. Enzyme induction effect is gradually reduced
during a 1- to 2-week period or longer. Based on small numbers of reports; further studies are needed for
most of these agents.
bSee also verapamil (Table 27R.2) and diltiazem (Table 27R.3).
From Stayhorn VA, Baciewicz AM, Self TH. Update on rifampin drug interactions, III. Arch Intern Med
1997;157:2453, with permission.

1. Tuberculosis: A single daily dose of 10 mg/kg up to 600 mg for adults and 10 to
20 mg/kg, not to exceed 600 mg/day, for children is used. The same doses are used
in the intermittent regimen [2]. See detailed discussion in Chapter 11.

2. In meningococcal meningitis and H. influenzae meningitis contacts, dose
regimens are discussed in Chapter 16.

3. Doses for other regimens
a. S. epidermidis prosthetic valve endocarditis. Vancomycin given in com-

bination with rifampin (300 mg every 8 hours) and gentamicin (1.0–1.3 mg/kg
every 8 hours) is advocated in adults [31]. All three drugs are given for
2 weeks, and vancomycin and rifampin are continued for an additional 4 weeks
(see Chapter 12).

b. Prosthetic device infections. Rifampin 450 mg every 12 hours [16] and
300 mg every 8 to 12 hours have been used (see Chapter 5). Another antibiotic
such as ciprofloxacin or vancomycin is always used.

B. Renal failure. Dose modifications are suggested [32]. For a creatinine clearance
of 10 to 50 mL/min, 50% to 100% of the usual dose is suggested. For a creatinine
clearance of less than 10 mL/min or for the patient on chronic ambulatory peritoneal
dialysis, 50% of the usual dose is suggested [32].
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Table 27R.6 Updated Rifampin Drug Interactions,a Part IV

Type of Drug Comments

Controlled drug interaction studies
Selective serotonin receptor

(5-HT3) antagonist
Monitor clinical response, increase dose if needed;

use another agent if needed
Buspirone hydrochloride Monitor clinical response; increased dose will likely

be needed or use another agent if possible
3-Hydroxy-3-methylglutaryl

coenzyme A reductase
inhibitors

Monitor lipid panel; increased dose will likely be
needed for simvastatin; further research needed
for other agents in this class

Metronidazole Monitor for decreased clinical response; increase
dose if needed or use another agent if possible

Opiates (morphine or codeine) Monitor pain control and clinical response;
increased dose may be needed in extensive
metabolizers; use another agent if possible; may
be associated with ethnic variability

Propafenone hydrochloride Monitor clinical response; increased dose may be
needed or use another agent if possible

Tamoxifen citrate or toremifene
citrate

Monitor clinical response; increased dose likely
needed

Zolpidem tartrate Monitor clinical response; increased dose may be
needed or use another agent if possible

Potential interactions based on case reportsb

Clozapine Monitor clinical response; increase dose if needed or
use another agent if possible

Levothyroxine sodium Monitor thyrotropin level; increase dose likely
needed

Sertraline hydrochloride Monitor clinical response; increase dose if needed

aCarefully adjust dosage when rifampin use is initiated and discontinued. The enzyme induction is grad-
ually reduced during a 1- to 2-week period or longer when rifampin therapy is discontinued. Based on the
small number of reports, further studies are needed for most of these agents.
bControlled study is needed to establish the importance and extent of the interaction.

C. Pregnancy. Rifampin is a category C agent (see Chapter 27A). Rifampin crosses
the placenta readily and is teratogenic in animals. There are no adequate and well-
controlled studies in pregnant women in terms of the effects on the fetus. The pack-
age insert emphasizes that rifampin should be used during pregnancy only if the
potential benefits justify the potential risks to the fetus [4]. Rifampin has been used
to treat severe cases of tuberculosis in pregnant women [1]. Rifampin is not recom-
mended for pregnant women who are contacts of infected patients with H. influenzae
meningitis. Pregnant women in close contact with an index case of N. meningitidis
can be treated with ceftriaxone (see the related discussion in Chapter 6).

D. Nursing mothers. Because of the potential for tumorigenicity of rifampin shown
in animal studies, a decision should be made whether to discontinue nursing or to
discontinue the drug, taking into account the importance of the drug to the mother
[4].

E. Liver disease. The use of rifampin in patients with liver disease is not recommended
except in case of necessity; in such patients, the drug’s half-life usually is doubled
[1].

F. Drug interactions (see section V.C and Table 27R.6)

RIFAPENTINE (PRIFTIN)
Rifapentine (Priftin) is a long-acting analogue of rifampin that became available in late
1998 for oral use, with at least one other drug, in the treatment of pulmonary tuberculosis.
It inhibits DNA-dependent RNA polymerase [33].
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I. Activity. Rifapentine is active against M. tuberculosis, but strains resistant to rifampin
are also resistant to rifapentine. Rifapentine is also active against M. avium and Tox-
oplasma gondii [33].

II. Pharmacokinetics. Rifapentine is well absorbed, especially when taken with food.
It is excreted mostly in the feces (70%). It is metabolized to a desacetyl form that is
microbiologically active, contributing 40% of the drug’s overall activity [33].

III. Clinical trials. Only limited data are available so far about the clinical efficacy of this
agent in pulmonary tuberculosis regimens [33]. Further clinical studies are needed
before the precise role of this agent is clarified. See related discussions in Chapter 11.

IV. Dosage. Tablets of 150 mg are available. The recommended dosage of rifapentine in
adults is 600 mg twice weekly (with at least 72 hours between doses) for the first
2 months of therapy and then 600 mg once a week, always in combination with other
antituberculosis drugs [33].

V. Adverse effects. Like other rifamycins, rifapentine causes red-orange discoloration of
body fluids and stains contact lenses. In clinical trials with isoniazid, rates of adverse
reactions were similar to those with rifampin and rifapentine. The only adverse effect
that occurred more often with rifapentine than with rifampin was hyperuricemia when
the drug was given twice weekly [33] (see related discussions under Rifampin, above).

VI. Drug interactions (see related discussion in section V.C under Rifampin). In terms of
other drugs, until further experience is available, it seems prudent to assume rifapen-
tine may have the same drug interactions as rifampin (see above discussion under
Rifampin).

VII. Conclusion. In its February 1999 review of this agent, the Medical Letter con-
cluded: “rifapentine has the advantage over rifampin of requiring only twice-weekly
doses for initial therapy of tuberculosis and once-weekly doses during the continuous
phase of treatment. It is not clear that rifapentine in the dosages currently
recommended is as effective as rifampin. Until more data become available,
rifampin is preferred” [33]. We concur with this conclusion (see related discussions
in Chapter 11).

RIFABUTIN (ANSAMYCIN)
Rifabutin (Mycobutin) [34–43] is a semisynthetic ansamycin approved in 1992 for the pre-
vention of disseminated Mycobacterium avium complex (MAC) in patients with advanced
HIV infection [39]. It also is used in regimens to treat disseminated MAC [5]. Because of
the concerns with drug-drug interactions in HIV-infected patients on antiretroviral drugs,
rifabutin is preferred over rifampin in therapy of tuberculosis [29] (see section V.B.2 un-
der Rifampin). Rifabutin is active against most strains of MAC isolated from HIV-positive
and HIV-negative people. The minimal inhibitory concentration (MIC)†90 of MAC is typ-
ically approximately 2 µg/mL [1]. Rifabutin is also active against all rifampin-sensitive
M. tuberculosis strains and about one-third of rifampin-resistant strains [12].

I. Pharmacokinetics. The drug is taken up by all tissues and is especially concentrated
in the lungs, where levels may be 10 times higher than in the serum [12]. Rifabutin
has excellent solubility in lipids, which results in good intracellular penetration; cere-
brospinal fluid concentrations are about 50% of those in the serum [42].
A. Bioavailability. Rifabutin is absorbed rapidly, and absolute bioavailability is in the

range of approximately 20% [1].
B. Metabolism is similar to that for rifampin. The elimination half-life is long (45

hours), and as a result of a very large volume of distribution, average plasma con-
centrations remain relatively low after repeated standard doses [34]. Animal models
suggest rifabutin has less of an effect on hepatic microsomal enzyme activity than
rifampin [28,29] (see section V.B under Rifampin).

II. Clinical studies
A. Therapy of M. tuberculosis in HIV-infected patients on antiretroviral

drugs. (See related discussion in section IV.A and V.C under Rifampin.) In these
patients, rifabutin is preferred [28,29].

B. MAC. [39,42] Rifabutin is used as an alternative regimen to prevent MAC
in patients with HIV infection. This topic has been reviewed elsewhere [39], but
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prophylaxis should be considered for HIV-infected adults and adolescents who have
CD4+ lymphocyte counts of less than 50/mm3. Clarithromycin or azithromycin
are the preferred prophylactic agents with rifabutin as an alternate. Because
the combination of clarithromycin and rifabutin is no more effective than clar-
ithromycin alone and is associated with a higher rate of adverse effects than either
agent alone, this combination should not be used [39]. Disseminated MAC should
be ruled out before starting prophylaxis (i.e., with a negative blood culture for my-
cobacterium). Because treatment with rifabutin could result in the development of
resistance to rifampin in persons who have active tuberculosis, tuberculosis should
be excluded before rifabutin is used for prophylaxis [39].

C. MAC therapy. Rifabutin has also been used in therapeutic regimens for dis-
seminated MAC in patients with acquired immunodeficiency syndrome [5,36,38].
Infectious disease consultation is advised.

III. Dosages. A 150-mg capsule is available.
A. MAC prophylaxis. When patients with advanced HIV cannot tolerate clar-

ithromycin or azithromycin, 300 mg administered orally once daily is recommended
[39]. If there is a propensity to nausea, vomiting, or other GI upset, 150 mg twice
daily is given with meals.

B. Treatment of disseminated MAC with rifabutin 300 to 450 mg orally daily has
been suggested, along with clarithromycin or azithromycin and/or ethambutol and/or
ciprofloxacin [5,40,42]. Because of the potential side effects at higher doses (see
section IV), 300 mg/day of rifabutin may be a rational compromise [41]. Infectious
disease consultation is suggested. For M. tuberculosis, see regimens in Chapter 11.

C. Pediatric use. The safety and effectiveness of rifabutin for prophylaxis of MAC in
children have not been established, per the package insert. However, preliminary
recommendations suggest consideration of rifabutin for children infected with HIV
and depressed CD4+ cell counts who cannot tolerate clarithromycin or azithromycin
[39,42]. Candidates for prophylaxis include the following CD4+ thresholds (cells/µL):
children 6 years of age or more, less than 50; children aged 2 to 6 years, less than
75; children aged 1 to 2 years, less than 500; and children below 12 months of age,
less than 750 [39]. A liquid formulation of rifabutin is under development. The drug
can be mixed with foods such as applesauce for administration to children [42]. A
dosage of 5 mg/kg of rifabutin has been used per package insert.

D. Pregnancy. Rifabutin is viewed as a category B agent (see Chapter 27A). The
package insert suggests that rifabutin should be used in pregnant women only if
the potential benefit justifies the potential risk to the fetus. Chemoprophylaxis for
MAC should be administered to pregnant women and other adults and adolescents
[39]. However, because of general concern about administering drugs during the first
trimester of pregnancy, some providers may choose to withhold prophylaxis during
the first trimester. Azithromycin is the agent of choice for prevention of MAC
in pregnancy (see Chapter 27N). Experience with rifabutin in this setting is limited
[39].

E. Nursing mothers. It is not known whether rifabutin is excreted in human breast
milk. The package insert suggests that a decision should be made about whether to
continue nursing or discontinue rifabutin, taking into account the importance of the
drug to the mother. (See Chapter 27N regarding the association between macrolide
use in infants and hypertrophic pyloric stenosis.)

F. In renal failure no dosage modifications are necessary. Neither hemodialysis nor
chronic ambulatory peritoneal dialysis requires dosage adjustment [32].

G. In hepatic dysfunction, the package insert does not currently advise any dosage
modifications.

IV. Side effects. Rifabutin is generally well tolerated at the prophylaxis dose of 300 mg/day.
Rash, GI intolerance, and neutropenia are seen in 2% to 4% of recipients [4]. In ther-
apeutic regimens for MAC and at higher doses (e.g., 600 mg/day or more), adverse
effects can be seen in most patients, especially leukopenia, GI intolerance, diffuse poly-
arthralgia syndrome (19%), and anterior uveitis (6%) [41,43]. Use of rifabutin may
cause an orange-brown discoloration of urine, feces, saliva, tears, and soft contact lenses
[42].
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Rifabutin is metabolized in the liver and induces activity of the hepatic cytochrome
P450 enzyme group, which may lead to pharmacokinetic interaction with other drugs ad-
ministered concurrently [42]. The extent to which this occurs, compared with rifampin,
is discussed in section V.D under Rifampin. Concurrent administration of fluconazole
or clarithromycin can increase serum concentrations of rifabutin by 80% to 100% and
potentially increase toxicity (e.g., increase the risk of uveitis) [43].

V. Investigational uses. Rifabutin is undergoing clinical investigation for the treatment
of Crohn disease [44]. It is also being used in multiple drug regimens designed to treat
difficult to eradicate H. pylori infections [45].
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S. Spectinomycin

Spectinomycin (Trobicin) was approved in 1971. The structure of spectinomycin is similar,
but not identical, to aminoglycosides and inhibits ribosomal protein synthesis. It is bac-
tericidal against gonococci. Spectinomycin is used only as an alternative agent for
Neisseria gonorrhoeae [1–4].

I. Indications. Alternative regimens for gonococcal infections (see Chapter 16).
A. Uncomplicated urethral, endocervical, or rectal infections. When the drugs

of choice (cephalosporin or quinolone) cannot be used, spectinomycin is an alternative
[1–4]. It is active against penicillin-resistant strains of gonococci. In published trials,
cure rates of 98.2% of uncomplicated urogenital and anorectal injections have been
achieved with spectinomycin [2].

B. Treatment of gonococcal infections in pregnancy. Pregnant women who cannot
tolerate cephalosporins can be treated with spectinomycin [2].

C. Disseminated gonococcal infections. Patients who are allergic to β-lactams and
quinolones (or for whom quinolones are contraindicated) can be treated with specti-
nomycin [2].

II. Contraindications and limitations to use [1–4]
A. Pharyngeal gonococcal infection. Spectinomycin is ineffective against this in-

fection, probably because the drug is not secreted in saliva in adequate concentra-
tions.

B. Incubating syphilis. Spectinomycin will not abort incubating syphilis and
may actually prolong the incubation period. Thus syphilis serology at the time
of treatment and again in 2 to 3 months to rule out this associated diagnosis is
indicated.

C. Nonspecific urethritis (nongonococcal urethritis). At least 50% of cases that are
not susceptible to spectinomycin are due to Clostridium trachomatis.

III. Actual or potential resistance. Spectinomycin does not produce sustained high bac-
tericidal levels in blood. Resistant strains have occurred in the United States and else-
where [4]. Prior data suggest that extensive use of spectinomycin in initial gonococcal
therapy might lead to the emergence of spectinomycin-resistant gonorrhea [5]. Careful
use of spectinomycin has also been emphasized in a report by Boslego et al. [6]. After only
3 years of using spectinomycin as the primary treatment for uncomplicated gonococcal
urethritis in U.S. military men in the Republic of Korea, more than 8% of recipients
were treatment failures [6] (see Chapter 16).

IV. Route and dosage. Spectinomycin intramuscularly is well absorbed. In uncompli-
cated anogenital gonococcal infection, 2 g spectinomycin is given as a single dose in
men or women and in children, 40 mgkg (maximum 2 g) [2]. As an alternative agent in
disseminated gonococcal infection, 2 g intramuscularly every 12 hours can be used [2];
optimal duration is not well defined, but a 7-day course seems prudent [2].

In renal failure, no dose adjustment is required. Neither hemodialysis nor chronic
ambulatory peritoneal dialysis removes spectinomycin [7]. It is relatively expensive (see
Appendix Table).

V. Toxicity appears very limited, perhaps because the total dose is low. There are no
known serious adverse reactions.

VI. Conclusions. Spectinomycin has a limited but useful role in gonococcal infec-
tions. The best use of this agent is in the treatment of gonorrhea in persons who cannot
tolerate or be treated with cephalosporins or quinolones [2].

REFERENCES
1. Medical Letter. The choice of antibacterial drugs. Med Lett Drugs Ther 1999;41:95.
2. Centers for Disease Control and Prevention. 1998 Sexually transmitted disease treatment

guidelines. MMWR Morb Mortal Wkly Rep 2002;51(RR-6):37–39.
3. Gilbert DN. Aminoglycosides. In: Mandell GL, Bennett JE, Dolin R, eds. Principles and

practice of infectious diseases, 5th ed. New York: Churchill Livingstone, 2000.



P1: HAG/HAG P2: IML/SPH QC: IML/ABE T1: IML

PB207G-27S PB207A-Betts/6678F September 26, 2002 8:0 Char Count= 0

1148 27. Antibiotic Use

4. Reese RE, Betts RF. Spectinomycin. In: Reese RE, Betts RF, eds. A practical approach to
infectious diseases, 4th ed. Boston: Little, Brown, 1996:1346–1347.

5. Karney WW, et al. Spectinomycin versus tetracycline for the treatment of gonorrhea.
N Engl J Med 1987;296:889.

6. Boslego JW, et al. Effect of spectinomycin use on the prevalence of spectinomycin-
resistant and the penicillinase-producing Neisseria gonorrhoeae. N Engl J Med 1987;317:
272.

7. Aronoff GR, et al. Drug prescribing in renal failure, 4th ed. Philadelphia: American College
of Physicians, 1999.

T. Urinary Antiseptics

Urinary antiseptics are agents that concentrate in the urine but do not produce thera-
peutic levels in the serum. Therefore these agents are useful only in the prevention or
therapy of lower urinary tract infection (UTI) but are not indicated for pyelonephri-
tis or associated systemic infection [1–3]. This unique feature has advantages, including
reduced suppression of normal flora compared with other antimicrobials used for UTI, de-
creased rates of resistance, low rates of yeast overgrowth, and minimization of teratogenic
risk and fetal toxicity [3].

I. Nitrofurantoin inhibits various enzymes within bacteria, and nitrofurantoin interme-
diates also damage DNA directly, leading to DNA strand breakage [2,3].
A. Spectrum of activity. Nitrofurantoin is active against most Escherichia coli, En-

terobacter and Klebsiella species. Pseudomonas species are resistant, as are most
Proteus species. Nitrofurantoin also is active against gram-positive bacteria that
sometimes produce a UTI, such as enterococci or coagulase-negative staphylococci
[1–3]. Of note, some isolates of vancomycin-resistant enterococci remain susceptible
to nitrofurantoin, and this agent may be useful in the treatment of selected patients
with lower UTI caused by this difficult to treat organism. Infectious diseases consul-
tation is recommended for these patients.

B. Pharmacokinetics. Nitrofurantoin is well absorbed from the gastrointestinal (GI)
tract, but it does not reach therapeutic concentrations in tissue, only in
urine. Bioavailability increases when taken with food. Therapeutic urinary con-
centrations of the drug are present for up to 6 hours. Tubular reabsorption provides
levels in renal medullary tissue. The liver is the principal site of metabolic inactiva-
tion [2,3].

The drug is contraindicated in renal failure (i.e., creatinine clearance of less
than 50 mLmin) [4] because adequate urinary antibiotic levels may not be achieved
and serum levels increase in renal failure, presumably increasing the toxicity of
this agent. In alkaline urine, the antibacterial effect of nitrofurantoin is decreased;
therefore the urine should not be alkalinized [2].

C. Resistance. Nitrofurantoin’s in vitro activity has remained stable despite four
decades of use. This has been explained in part by its broad mechanisms of action,
high oral bioavailability, and low concentrations at mucosal surfaces [3].

D. Preparations. All are equally active, and sections 1 and 2 below have similar phar-
macokinetics.
1. Furadantin is the microcrystalline form and has been available since 1953.
2. Macrodantin is the macrocrystalline form. It appears to be associated with a

lower incidence of GI side effects [2]. This is the preferred agent.
3. Nitrofurantoin monohydrate (75 mg) macrocrystals (25 mg) (Macrobid) is a

slow-release formulation, in a capsule, equivalent to 100 mg nitrofurantoin.
4. An intravenous preparation of nitrofurantoin is no longer available.

E. Uses. Nitrofurantoin is used in the treatment of susceptible uncomplicated (lower)
UTI or the prophylaxis of recurrent UTI [1–3,5]. Cure rates for lower UTI range from
70% to 95%. Nitrofurantoin should not be used for symptomatic upper UTI or
complex UTI in which therapeutic levels of antibiotic may not be attained at the
site of infection [1–3].
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1. Therapy for 3 to 7 days at 100 mg twice daily taken with meals in adults with
normal renal function is suggested [3]. In children older than 1 month of age, 5 to
7 mg/kg/day is given in divided doses four times a day, commonly for 7 days. Ther-
apy in pregnancy is discussed in section 5. In lower UTI due to susceptible
enterococci, nitrofurantoin may provide an alternative agent for the ampicillin-
allergic patient [5].

2. UTI prophylaxis. Macrodantin has been given daily at bedtime or after coitus
as a single 50- or 100-mg dose to women with recurrent uncomplicated UTI (see
Chapter 15). In children older than 1 month of age, 1 to 2 mg/kg/day in one daily
dose has been used. Prolonged use requires periodic clinical assessment for pul-
monary and neurologic toxicity as well as complete blood count and transaminase
determinations [3] (see section F).

3. If creatinine clearance is less than 50 mL/min, the drug is contraindicated
[4] (see section B).

4. In hepatic failure, the drug should be avoided because of its association with
hepatotoxicity.

5. In pregnancy, caution should be used; this is a category B agent (see Chapter
27A). This topic has been reviewed elsewhere [3,6]. Nitrofurantoin is considered
a safe and effective agent when ampicillin (amoxicillin) cannot be used because
of allergies or resistance. However, a single 200-mg dose of nitrofurantoin for
asymptomatic bacteriuria has been associated with a failure rate of 27%, similar
to other single dose failure rates. Symptomatic bacteriuria (acute cystitis) or re-
lapse after single dose has been treated with nitrofurantoin 100 mg two to four
times a day for 3 to 7 days [3,6]; more experience is available with 7 days [6].
Follow-up urine cultures are important. Suppressive therapy may be indicated if
a repeat course of therapy does not sterilize the urine [6]. Nitrofurantoin is safe
in pregnancy postcoital or nightly at a dose of 50 mg [3].

F. Toxicity. The side effects of nitrofurantoin have been well documented and reviewed
in detail elsewhere [7]. GI irritation is the most common side effect, with anorexia,
nausea, and vomiting. This may be decreased by using the macrocrystalline prepa-
ration (Macrodantin) and may be dose related [1,3]. Serious adverse reactions have
occurred at approximately 28 per million treatment courses [3,7]. Because major
adverse events are more common in the elderly, with reduced renal function
of aging, we agree with the recommendation that nitrofurantoin is rarely war-
ranted in people 60 years of age or more [3]. The frequency of these serious
adverse reactions in more than 120 million treatment courses is shown in Table
27T.1; some reactions are fatal.

Table 27T.1. Nitrofurantion and Serious Adverse Events

Incidencea

Patients (Reactions/Million
Adverse Event Worldwide Treatment Courses)

Acute pulmonary 1,138 9.4
Subacute pulmonary 22 0.2
Chronic pulmonary 281 2.3
Miscellaneous pulmonary 283 2.3
Hepatic 312 2.6
Neurologic 847 7.0
Hematologic 500 4.1
Total 3,383 27.8

aBased on 121.43 million courses of therapy.
From Darcy P. Nitrofurantoin. Drug Intell Clin Pharmac 1985;19:540–547; and Dow G, Ronald AR. Mis-
cellaneous drugs. In: Root RK, et al., eds. Clinical infectious disease: a practical approach. New York:
Oxford University Press, 1999, with permission.
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1. Pulmonary reactions are the most common severe problem [1–3,7,8].
a. Acute pneumonitis with fever, cough, and eosinophilia may occur after a

few hours or days of therapy. On chest roentgenography, pulmonary alveolar-
interstitial infiltrates or pleural fluid is seen. This pneumonitis probably is
hypersensitivity phenomenon and is rapidly reversible by discontinuing treat-
ment. Acute reactions do not generally progress to chronic reactions [1–3].
Corticosteroids may be used in patients with severe reactions [3].

b. Subacute presentations are less likely to have fever and eosinophilia and are
slower to resolve. Chronic pulmonary reactions with interstitial infiltrates
are rare and occur when the drug has been prescribed for more than 6 months
[3]. This latter syndrome has an insidious onset (malaise, cough, dyspnea on
exertion). Fever and eosinophilia are seen less frequently. This reaction pre-
sumably represents a cumulative toxic drug effect. In some cases, improvement
occurs with discontinuation [1–3]. A beneficial effect of corticosteroid therapy
has not been convincingly demonstrated in patients with chronic nitrofuran-
toin pulmonary reactions [2]. Histopathology reveals chronic pneumonitis and
fibrosis [3].

2. Polyneuropathies (ascending sensorimotor) with demyelination and degener-
ation of sensory and motor nerves may occur, more often in patients with renal
failure or on chronic therapy [1–3]. The mechanisms are unclear, but it is be-
lieved to be related to a direct toxic effect of the drug. Sensory symptoms usually
begin within 6 weeks of starting therapy followed by motor neuropathy; total
recovery occurs in one-third of cases, with partial recovery in one-half [3]. The
drug should be stopped if early signs of a neuritis, such as paresthesias,
develop.

3. Hepatic reactions are rare and of two types [1–3].
a. Acute cholestatic hepatitis with fever, rash, eosinophilia, and jaundice. This

appears to be immunologically mediated and resolves with discontinuation of
nitrofurantoin [1–3].

b. Chronic active hepatitis has an insidious onset after prolonged therapy
(more than 6 months). Recovery is seen in most patients if the nitrofurantoin
is discontinued.

c. Monthly liver function tests for patients on chronic nitrofurantoin are sug-
gested by some [9].

4. Bone marrow depression or megaloblastic anemia may occur. In patients
with glucose-6-phosphate dehydrogenase deficiency, acute hemolysis
may be precipitated. However, based on one report, clinically important
hemolytic reactions appear to be rare [10].

5. Maculopapular rashes, urticaria, and angioneurotic edema occur in 1% to
5% of recipients [3]; these resolve rapidly with discontinuation of therapy.

6. In children, there has been concern that the side effects of nitrofurantoin may
outweigh the benefits. However, it has been concluded that serious adverse
reactions in children are rare and that most patients recovered from their
reactions once the drug was discontinued. Therefore nitrofurantoin remains
potentially useful in pediatric patients [11,12].

G. Contraindications to use [3]
1. Renal insufficiency (see section I.B)
2. Children less than 1 month of age (nitrofurantoin can cause hemolysis)
3. Pregnant woman near delivery (to avoid transplacental transfer at the time

of birth)
II. Methenamine [2,3] is not an active antibacterial agent but has been used as a urinary

antiseptic since 1895 [3]. It has the advantage of economy, tolerability, minimal effect
on GI flora, and absence of bacterial resistance [3]. With the emergence of bacterial
resistance, this is a potentially useful UTI suppressive agent.
A. Mechanism of action. Under acid pH, methenamine is hydrolyzed to form

formaldehyde and ammonia. Formaldehyde is the active agent that yields pro-
tein denaturation. It is bacteriostatic at low and bactericidal at higher levels [3].
Formaldehyde formation depends on several factors:
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1. Acid environment. For hydrolysis to occur, an acid pH is required. Ideally, the
urine pH must be 6.0 or less [2]. In many patients, in the absence of diuresis,
the pH of the urine is low enough to liberate free formaldehyde. Fluid restriction
may also help (see section D).

2. Kinetics. At least 2 to 3 hours are necessary to generate adequate concentrations
of formaldehyde. Therefore in a patient with a chronic indwelling bladder
catheter, it is not surprising that it is ineffective [13]. However, this agent
may be helpful for patients with prostatic hypertrophy where retention provides
adequate contact time. The same is true for preventing UTI in patients with
neurogenic bladders who are in a program of intermittent catheterization and
bladder retraining [14].

3. High dosage. Adequate doses of methenamine are needed to provide sufficient
formaldehyde.

B. Spectrum of activity. If sufficient formaldehyde is generated, all bacteria are
susceptible, and bacteria do not become resistant.

C. Pharmacokinetics. Methenamine is well absorbed from the GI tract and is ex-
creted into the urine. Under ideal urine pH, only 2% to 20% is converted into free
formaldehyde. Because ammonia is also generated, the agent is contraindicated
in hepatic insufficiency [2].

D. Preparations available. Therapeutically available agents combine methenamine
with acids to help acidify the urine. These include methenamine mandelate (Man-
delamine) and methenamine hippurate (Hiprex or Urex). However, in the usual rec-
ommended doses, these organic acids generally are inadequate to acidify the urine
[2]. Methenamine alone has been given with large doses of ascorbic acid (2–6 g daily)
to achieve the desired result.

Fluid restriction has been suggested as a more useful method to acidify urine.
This acts to reduce voiding frequency, acidify the urine, and allow more formalde-
hyde generation. Patients should be asked to reduce voiding frequency and
restrict fluids to 1,200 to 1,500 mL/day so that the urine specific gravity is
maintained at a level of 1.015 or greater [3].

E. Uses. Methenamine and ascorbic acid (or methenamine hippurate [15]) are used
primarily in chronic suppressive therapy for patients without an indwelling
catheter. They are not indicated for acute UTI. This regimen may be particu-
larly useful in partial obstruction. It is important to sterilize the urine initially
with another agent [16]. In UTI due to Proteus species it may be impossible to
achieve adequate pH levels because of the high urinary pH generated.

F. Dosage
1. In adults, 1 g of methenamine mandelate or methenamine hippurate orally two

to four times a day. Fluid restriction is useful to provide adequate acidification
(see section D). Ascorbic acid (e.g., 1 g orally four times a day) may be given in
an attempt to acidify the urine adequately and keep the pH less than or equal to
6.0. Ideally, urine pH should be monitored daily or every other day. Higher doses
of ascorbic acid may be necessary when reduction of the pH to 6 is not achieved
with 4 to 6 g daily.

2. For children between 6 and 12 years of age, the dose is 500 mg to 1 g
twice daily. A suspension (methenamine mandelate 500 mg/5 mL) is available
for younger children; for children less than 6 years of age, the usual dose is
250 mg per 30 pounds of body weight orally four times a day [2].

3. In renal failure, limited guidelines are available. Methenamine alone is nontoxic
and urinary methenamine is readily converted to formaldehyde in the azotemic
state [3]. Methenamine-acid combinations are not advised if the creatinine clear-
ance is less than 50 mL/min [4]. They may exacerbate acidosis or precipitate in
renal tubules.

4. In patients with gout or hyperuricemia, these agents should be avoided.
Acidification of the urine and the use of acid salts may promote uric acid crystals
and calculi formation.

5. Methenamine and sulfonamides contraindicated. The latter may precipi-
tate when formaldehyde is released (see Chapter 27L).
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6. In hepatic insufficiency, methenamine should not be used because of the
ammonia produced [2], which may induce or exacerbate hepatic encephalopathy.

7. In pregnancy, the safety of methenamine and its salts has not been established
[3].

G. Toxicity. Methenamine generally is well tolerated, especially in children [3]. Minor
GI side effects, such as gastric discomfort, nausea, and vomiting, occur, especially
at high doses. With prolonged high doses, some patients note urinary frequency,
dysuria, and hematuria, perhaps due to formaldehyde irritating the mucosal lining
of the genitourinary tract. The dysuria often diminishes with continued use as the
mucosa becomes less sensitive.

III. Fosfomycin tromethamine (Monurol) was approved in the United States in 1997
for single dose oral treatment of uncomplicated susceptible Escherichia coli and
Enteroccocus faecalis UTI in women. The drug interferes with the formation of bacte-
rial cell wall [17].
A. Spectrum of activity. Fosfomycin is moderately active in vitro against E. coli and

many other gram-negative bacteria, as well as some strains of S. saprophyticus and
most enterococci [17,18] that cause community-acquired uncomplicated UTI. In ad-
dition, vancomycin-resistant enterococci are susceptible to fosfomycin [19,20]. Pseu-
domonas species are usually, but not always, resistant [17].

B. Pharmacokinetics. Oral fosfomycin is rapidly absorbed and is excreted unchanged
in the urine, reaching bactericidal concentrations that persist for 24 to 48 hours or
longer [3,17,21].

C. Clinical trials. There are three randomized trials in women with uncomplicated
UTI comparing a single 3-g dose of fosfomycin with nitrofurantoin (50 mg four times
a day for 7 days) or norfloxacin (400 mg twice daily for 5 days) or cephalexin (500 mg
four times a day for 5 days). Eradication rates with fosfomycin were similar to those
with norfloxacin and nitrofurantoin and superior to those with cephalexin [17]. Addi-
tional data in more than 1,000 patients found that a single dose of fosfomycin was less
effective than 7 days of ciprofloxacin or 10 days of trimethoprim-sulfamethoxazole
[17].

D. Dosage. A single oral dose of 3 g is used for uncomplicated UTI in women over
age 17. The $25 cost to the pharmacist [17] is more expensive than 3 days of standard
therapy (see Chapter 15). The dose that has been used in Pseudomonas infection is
1 sachet every other day for 3 days.
1. Pediatric use. Safety and efficacy in children under 12 years of age have not

been established.
2. In renal failure, no special recommendations are available in the 2002 package

insert [4].
3. Pregnancy. This is a category B agent (see Chapter 27A). There are no adequate

and well-controlled studies in pregnant women per the package insert.
4. Nursing. The package insert indicates it is not known whether fosfomycin is

excreted into human breast milk; a decision should be made about whether to
discontinue nursing or not after administering the drug, taking into account the
importance of the drug to the mother.

E. Adverse effects. Fosfomycin is generally well tolerated, with diarrhea the most
common side effect (9%). Vaginitis can occur [17].

F. Overview. In their 1997 review, the Medical Letter concluded: “A single dose of
fosfomycin is moderately effective for treatment of uncomplicated UTI in women
and should improve compliance; but it is expensive. How the new drug compares
with a three-day course of TMP-SMX, an effective regimen that costs much less, has
not been established” [17]. Fosfomycin may play a useful role in some settings where
compliance is a major issue. Fosfomycin is an alternative for uncomplicated UTI in
women due to susceptible enterococci [5].

An interesting recent report revealed that many vancomycin-resistant enterococci
are susceptible in vitro to fosfomycin [18]. Because the drug is safe, because it would
not induce dangerous resistance, and because there are not many options for this,
it is certainly reasonable to attempt therapy with this agent for that problem (see
Appendix Table).
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IV. Cranberry juice may be useful in the prophylaxis of UTI [3], and its benefit has
been demonstrated in elderly women in whom prophylaxis with 300 mL of cranberry
juice cocktail per day significantly reduced bacteriuria and pyuria compared with those
receiving placebo [22]. Its mechanism of action has been attributed to the inhibition of
bacterial adherence [3]. However, recent Cochrane Database reviews emphasized that
further properly designed studies are indicated before concluding that cranberry juice
is efficacious. [23,24] (see related discussion in Chapter 15).
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APPENDIX

Appendix 1: Cost of Common Oral Regimens

Cost Cost for FUL
Daily Per Day 10 Days FUL Cost Cost for

Drug Dosage (AWP) (AWP) Per Day 10 Days

Penicillin V potassium 250 mg q.i.d.
Allscripts (generic) $0.26 $2.60
Veetids $0.29 $2.85

Dicloxacillin 250 mg q.i.d.
Teva (generic) $1.68 $16.81

Cloxacillin 250 mg q.i.d.
PD-RX Pharm (generic) $1.57 $15.67

Amoxicillin 250 mg t.i.d. $0.19 $1.91
Teva (generic) $0.75 $7.50
Trimox $0.75 $7.47

Ampicillin 250 mg q.i.d. $0.34 $3.40
Teva (generic) $0.48 $4.77
Principen $0.47 $4.69

Augmentin t.i.d.
250 mg tablets $8.43 $84.34
250 mg chewables $7.61 $76.06
500 mg tablets $12.41 $124.10
125 mg chewables $3.99 $39.88
125 mg suspension $3.99 $39.88
875 mg tablets 875 mg b.i.d. $11.04 $110.44

Carbenicillin (Geocillin) 382 mg q.i.d. $8.87 $88.70
2 × 382 tab q.i.d. $17.74 $177.41

Cephalexin 250 mg q.i.d. $0.60 $6.00
Teva (generic) $2.56 $25.56
Keflex $6.59 $65.88
Teva (generic) 500 mg q.i.d. $5.04 $50.38
Keflex $12.95 $129.48

Cefadroxil 1 g b.i.d. $12.32 $123.16
Ivax (generic) $13.12 $131.18
Duricef $14.19 $141.92

Cefaclor (Ceclor) 250 mg t.i.d. $1.98 $19.80
Mylan (generic) $5.97 $59.69

500 mg t.i.d. $3.87 $38.70
Mylan (generic) $11.69 $116.85

Loracarbef (Lorabid) 200 mg b.i.d. $9.06 $90.63
Cefprozil (Cefzil) 250 mg b.i.d. $7.51 $75.13
Cefuroxime axetil (Ceftin) 125 mg b.i.d. $4.30 $43.02

250 mg b.i.d. $8.82 $88.20
500 mg b.i.d. $16.07 $160.73

Ceflxime (Suprax) 400 mg q24 $8.01 $80.08
Ceftibuten (Cedax) 400 mg daily $8.14 $81.35
Cefpodoxime Proxetil

(Vantin)
200 mg b.i.d. $8.71 $87.10

Cefdinir (Omnicef) 300 mg b.i.d. $8.56 $85.63
Clindamycin 300 mg t.i.d. $5.51 $55.08

Allscripts (generic) $7.15 $71.47
Cleocin $12.72 $127.16

(continued)

1154



P1: HAG/HAG P2: IML/SPH QC: IML/ABE T1: IML

PB207-APP PB207A-Betts/6678F October 25, 2002 11:41 Char Count= 0

Appendix 1155

Appendix 1: (continued)

Cost Cost for FUL
Daily Per Day 10 Days FUL Cost Cost for

Drug Dosage (AWP) (AWP) Per Day 10 Days

Erythromycin (base) 250 mg q.i.d.
Abbott Pharm (generic) $0.59 $5.92
Ery-Tab $1.01 $10.07
Allscript (delayed

release)
$1.08 $10.80 $0.76 $7.56

Erythromycin stearate 250 mg q.i.d.
Consolidated Midland

(generic)
$0.53 $5.30

Erythrocin $0.58 $5.84
Dirithromycin (Dynabac) 500 mg daily $7.74 $77.36
Azithromycin

(Zithromax)
1 g once only
500 mg day 1 then

$22.30
$43.09

250 mg days 2–5
(Z-pak)

Clarithromycin (Biaxin) 250 mg b.i.d $8.41 $84.09
500 mg b.i.d $8.41 $84.09

Extended release 1g daily $9.18 $91.75
Doxycycline 100 mg b.i.d $0.23 $2.34

URL (generic) $2.32 $23.20
Vibra-Tabs $8.70 $86.99

Minocycline 100 mg b.i.d $1.58 $15.75
Watson (generic) $4.92 $49.20
Minocin $3.72 $37.22

Vancomycin (Vancocin) 125 mg q.i.d $25.73 $257.28
Trimethoprim 100 mg b.i.d

Watson (generic) $1.37 $13.68
Proloprim $2.22 $22.25

TMP/SMX 1 double strength
Bactrim b.i.d $3.23 $32.30
Schein (generic) $2.18 $21.80

Metronidazole 500 mg q.i.d $0.54 $5.38
Watson (generic) $2.86 $28.62
Flagyl $13.85 $138.55

Linezolid (Zyvox) 600 mg b.i.d $112.63 $1,126.25
Ciprofloxacin (Cipro) 250 mg b.i.d $8.46 $84.61

500 mg b.i.d $9.90 $99.04
750 mg b.i.d $10.23 $102.34

Ofloxacin (Floxin) 200 mg b.i.d $8.68 $86.76
300 mg b.i.d $10.32 $103.25
400 mg b.i.d $10.89 $108.89

Levofloxacin (Levaquin) 250 mg daily $7.60 $75.99
500 mg daily $8.93 $89.29
750 mg daily $10.82 $108.20

Gatifloxacin (Tequin) 200 mg daily $8.22 $82.21
400 mg daily $8.22 $82.21

Moxifloxacin (Avelox) 400 mg daily $9.42 $94.23

AWP, average wholesale price to pharmacist from Red Book, 2002; FUL, federal upper limit prices for
Medicaid reimbursement, Red Book, 2002; q.i.d., 4 times daily; t.i.d., 3 times daily; b.i.d., 2 times daily.
Retail and patient prices will be different based on local mark-up and bidding practices.
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Appendix 2: Cost of Common Parenteral Regimens

Cost Per Day Cost Per 10 Days
Drug Daily Dosage (AWP) (AWP)

Penicillin G
Watson (generic) 5 million units $3.44 $34.44
Pfizerpen 5 million units $3.44 $34.44
Pfizerpen 20 million units $10.09 $100.90

Nafcillin
Geneva (generic) 1 g q4 $16.73 $167.28

2 g q4 $28.13 $281.28
Oxacillin

Geneva (generic) 1 g q4 $17.25 $172.50
2 g q4 $32.63 $326.28

Ampicillin
Geneva (generic) 2 g q4 $15.38 $153.78

2 g q6 $10.25 $102.52
Ampicillin Sulbactam 1.5 g q6 $34.52 $345.24

(Unasyn) 3 g q6 $63.40 $634.00
Ticarcillin (Ticar) 3 g q6 $53.72 $537.24
Ticarcillin Clavulanate

(Timentin)
3 g q6 $61.48 $614.80

Piperacillin (Pipracil) 3 g q6 $90.87 $908.72
4 g q6 $121.15 $1,211.52

Piperacillin Tazobactam 3.375 g q6 $66.12 $661.16
(Zosyn) 4.5 g q8 $83.34 $833.40

Imipenem (Primaxin) 500 mg q6 $128.21 $1,282.10
Meropenem (Merrem) 1 g q8 $157.32 $1,573.20
Ertapenem (Invanz) 1 g q24 $47.69 $476.69
Aztreonam (Azactam) 1 g q8 $56.67 $566.70

2 g q8 $113.07 $1,130.70
Cefazolin 1 g q8

Allscripts (generic) $5.94 $59.40
Ancef $13.00 $130.03

Cefotetan (Cefotan) 1 g q12 $25.27 $252.72
2 g q12 $49.58 $495.84

Cefoxitin
Lederle (generic) 2 g q6 $90.00 $900.00

2 g q8 $67.50 $675.00
Mefoxin 2 g q6 $95.49 $954.93

2 g q8 $71.62 $716.20
Cefuroxime 1.5 g q8

Geneva (generic) $40.38 $403.80
Zinacef $41.82 $418.17

Cefotaxime
APP (generic) 1 g q8 $33.00 $330.00

2 g q8 $66.00 $660.00
2 g q6 $88.00 $880.00

Claforan 1 g q8 $38.44 $384.40
2 g q8 $71.18 $711.79
2 g q6 $94.90 $949.05

Ceftizoxime (Cefizox) 1 g q8 $34.17 $341.70
2 g q8 $63.42 $634.20

(continued)
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Appendix 2: (continued)

Ceftriaxone (Rocephin) 1 g q24 $49.07 $490.67
2 g q12 $195.00 $1,950.04

Cefoperazone (Cefobid) 2 g q12 $71.98 $719.78
Ceftazidime (Fortaz) 2 g q8 $85.36 $853.59

2 g q12 $56.91 $569.06
Cefepime (Maxipime) 2 g q8 $94.89 $948.90

2 g q12 $63.26 $632.60
Ciprofloxacin (Cipro) 400 mg q12 $60.02 $600.24
Levofloxacin (Levaquin) 500 mg q24 $41.39 $413.90

750 mg q24 $54.92 $549.20
Gatifloxacin (Tequin) 400 mg q24 $38.20 $382.00
Moxifloxacin (Avelox) 400 mg q24 $525.00 $5,250.00
Gentamicin 360 mg (1.5 mg/kg

APP (generic) q8 for 80 kg patient) $5.69 $56.88
Garamycin $27.25 $272.47

Tobramycin 360 mg (1.5 mg/kg
Abbott (generic) q8 for 80 kg patient) $28.00 $280.00
Nebcin $32.78 $327.80

Amikacin 1,200 mg (7.5 mg/kg
Abbott (generic) q12 for 80 kg patient) $52.08 $520.80
Amikin $82.24 $822.24

Clindamycin
Abbott (generic) 600 mg q6 $17.24 $172.43

600 mg q8 $12.93 $129.32
900 mg q8 $25.47 $254.72

Cleocin 600 mg q6 $41.75 $417.53
600 mg q8 $31.31 $313.15
900 mg q8 $38.26 $382.56

Erythromycin (Erythrocin) 500 mg q6 $14.77 $147.72
Azithromycin (Zithromax) 500 mg q24 $25.98
Doxycycline 100 mg q12

Allscripts (generic) $29.50 $295.00
Minocycline (Minocin) 100 mg q12 $88.86 $888.60
Vancomycin 1 g q12

Lilly (generic) $31.20 $312.01
Vancocin $69.12 $691.20

TMP/SMX
Elkins-Sinn (generic) 1,400 mg TMP $56.18 $561.75

(5 mg TMP/kg q6
for 70 kg patient)

700 mg TMP $28.09 $280.88
(5 mg TMP/kg q12
for 70 kg patient)

Septra 1,400 mg TMP $91.09 $910.88
700 mg TMP $45.54 $455.44

Metronidazole 500 mg q6
Baxter (generic) $61.36 $613.60
Flagyl $49.48 $494.83

Linezolid (Zyvox) 600 mg q12 $152.38 $1,523.80
Quinupristin/Dalfopristin

(Synercid)
525 mg q8 (7.5 mg/kg

for 70 kg patient)
$338.40 $3,384.05

525 mg q12 $225.60 $2,256.03

AWP, average wholesale price to pharmacist from Redbook, 2002.
Patient prices will be different based on local mark-up and bidding practices.
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A
Abacavir

dosage, 731
drug interactions, 732
for HIV management, 730–732, 753,

758, 762, 768
pharmacology, 731–732
side effects, 732, 764

Abdominal infection. See Intraabdominal
infection

Abortion, infections after, 573–574
Abscesses

anorectal, 38–39
brain, 206–211, 791

bacterial, 206–208, 209–210, 209t,
210t, 211

clinical presentation, 207–208
diagnosis, 208
epidemiology and etiology,

206–207
fungal, 207, 208, 211
treatment, 209–211

breast, 85
central nervous system, 38
cutaneous, 100–102
hepatosplenic, 45, 48, 450–451
intraabdominal

as cause of fever, 9
clinical significance, 447
diagnosis, 448
etiology, 447
imaging studies, 12
location, 448, 449f
management, 448–450
pathophysiology, 447–448

lung, 338–341, 1079
orbital, 247
pancreatic, 465–467, 466t
peritonsillar, 38
psoas, 452–453
renal, 494, 497, 535–536
retroperitoneal, 451–452
retropharyngeal, 38
subperiosteal, 247
tubo-ovarian, 569
vaginal cuff, 571

Absidia infection, brain abscess in,
207

Acanthamoeba
keratitis, 233, 235
meningitis, 179

Acetaminophen
for fever, 7
for nasopharyngitis, 252
for sinusitis, 263

Acetazolamide, 858
ACH-126, 443, 752
Acid-fast stains, 930–931
Acidosis, metabolic/respiratory, 46
Acinetobacter infection

in diabetes, 147
meningitis, 195, 196
sepsis risk in, 42

Acquired immunodeficiency syndrome
(AIDS)

bacterial pneumonia in, 704–705
blastomycosis in, 695
candidiasis in, 681–685
Coccidioides immitis infection in, 606,

694–695
cost of care, 680t
cryptococcosis in, 602, 692–693
cryptosporidiosis in, 698–699
cyclosporiasis in, 700
cytomegalovirus in, 688–690
epidemiology, 649
herpes simplex infection in,

695–696
histoplasmosis in, 600, 693–694
isoporiasis in, 700
Kaposi sarcoma in, 697–698
malignancies in, 705
microsporidiosis in, 699–700
Mycobacterium avium complex in,

686–687
Mycobacterium haemophilum infection

in, 688
Mycobacterium kansasii infection in,

687–688
opportunistic infection in

pregnant patient, 757
prevention, 649–651, 652–653,

654–662t, 664–675t, 678t, 680t
risk predictors, 649
sources of exposure, 668–672t
trends, 650f

patient with renal insufficiency,
678–679t

penicilliosis in, 695
progressive multifocal

leukoencephalopathy in, 698
toxoplasmosis in, 691–692
Varicella zoster infection in,

696–697
Acridine orange stains, 932
Actinomyces infection, 637

cervicitis, 546
lacrimal system, 224
pelvic inflammatory disease, 569
vulvovaginitis, 563
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Actinomycosis
abdominal, 638
cervicofacial, 637
diagnosis, 637
epidemiology, 637
growth in culture, 637
pathogenesis, 637
therapy, 638
thoracic, 637–638

Activated protein C, 55–56
Acute-phase response, 4

interleukin-6 in, 24
protein markers, 29
tumor necrosis factor in, 24

Acute respiratory distress syndrome
(ARDS), 38

assessment, 46
pathophysiology, 25

Acute retroviral syndrome, 272
Acyclovir

for conjunctivitis, 227
for disseminated intrauterine infection,

88
for encephalitis, 206
for genital lesions, 550, 551
for keratitis, 232
for meningitis, 189
for mononucleosis, 274
for opportunistic infections in HIV

disease, 695–697
for uveitis, 242
varicella-zoster resistance, 697

Adeforvir, 483
Adenovirus

bronchitis, 258
cervicitis, 546
conjunctivitis, 226
lacrimal system infection, 222
pneumonia, 289
urethritis, 544
urinary tract infections, 501

Adrenocorticotropic hormone, 3
Adverse drug reactions, generally

assessment, 913f, 914t
classification, 908–909, 909t
cutaneous manifestations, 910–911
epidemiology, 908
fever, 911–912
hepatitis, 912
immunopathogenic mechanisms, 908
management, 912
risk factors, 909–910
risk reduction, 923
serum sickness-like reactions, 911
surveillance, 924
See also specific drug

Aeromonas, 53, 108, 406, 410, 421
Agenerase. See Amprenavir
Albendazole, 433, 434

Alcoholism
infection risk in, 34
pneumonia risk in, 297

Aldara. See Imiquimod
Alkaline phosphatase, 45
Allergic reaction

aspergillosis, 607–608
diagnostic implications, 33
to drugs, 908–909
Japanese B encephalitis vaccine,

847–848
to penicillin. See Penicillin allergy
sinusitis as, 260, 263
to vaccines, 878, 886, 887
See also Adverse drug reactions,

generally; specific drug
Allylamines

action, 635
drug interactions, 636
for fungal infections, 635
indications, 635–636
pharmacokinetics, 635
side effects, 636
use in pregnancy, 636

Altitude sickness, 858
Alveolitis, extrinsic allergic, 607
Amantadine

for influenza, 280, 282, 286
influenza resistance, 282, 286
for neonatal pneumonia, 81
side effects, 282

Amikacin, 1068
for brain abscess, 210
for endophthalmitis, 238, 239, 240
for intraabdominal infection, 447
for sepsis, 49
for septic arthritis, 158

Amino acid metabolism
fever and, 3, 4
immunostimulation therapies, 57–58

Aminoglycoside therapy, 948, 954
clinical use, 1065–1066, 1068–1069
for conjunctivitis, 229
cost, 1074
dosages, 1069–1073, 1070t, 1071t
for endophthalmitis, 238
for gastroenteritis, 418, 419
for intraabdominal infection, 440, 441,

446, 460, 464
for intravascular catheter associated

infection, 53
for meningitis, 195
for neonate, 70, 78, 79, 80
for otitis externa, 265
for pelvic infection, 51
pharmacokinetics, 1067–1068
resistant pathogens, 53, 947, 1075
for sepsis, 49
for skin and soft tissue infections, 53
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toxicity, 1066, 1073–1074
for urinary tract infections, 52, 511,

512, 513, 517, 523, 534, 536
in vitro activity, 1066–1067, 1066t
See also specific agent

Amitriptyline, 409
Amoebic cervicitis, 546
Amoxicillin, 1007–1009

for anthrax exposure, 118
for cutaneous lesions, 102
for gastroenteritis, 416, 417
for otitis media, 256, 257
for peptic ulcer disease, 427
for pharyngitis and tonsillitis, 254
resistant pathogens, 503
for sinusitis, 261, 263
for urethritis, 544, 545
for urinary tract infections, 508, 525
for zoonoses, 817

Amoxicillin-clavulanate, 570, 571
activity, 1011
for acute otitis media, 256
dosages, 1011–1012
indications, 1011
for lacrimal system infection, 223
for meningitis, 197
for pelvic inflammatory disease, 568
pharmacokinetics, 1011
for puncture wound, 103
for sinusitis, 263
for zoonoses, 814

Amphibians, 818t
Amphotericin

for endophthalmitis, 240
for keratitis, 234, 235
for meningitis, 198
for orbital and periorbital infections,

247
Amphotericin B

administration, 621
anemia, 622
for aspergillosis, 610
for blastomycosis, 614
for brain abscess, 211
for Candida infection, 87, 592, 594, 596,

597
Candida lusitaniae resistance, 594
for coccidioidomycosis, 605, 607
for cryptococcosis, 602, 603, 604
for fungal infections, 618, 619, 621, 622,

623, 624, 625, 628, 634
for histoplasmosis, 301, 599
for infections in transplantation, 788,

792, 800, 802
for intraabdominal infection, 442
lipid formulations, 623–624
for meningitis, 198, 199
mode of action, 619
for mucormycosis, 616

for opportunistic infections in HIV
disease, 684, 693, 694, 695

pharmacokinetics, 621
side effects, 322, 621–622
for sporotrichosis, 618
for urinary tract infection, 52

Ampicillin, 1007–1009
for endocarditis, 380, 381, 382
for epiglottitis/supraglottitis, 265
for gastroenteritis, 416, 418
for intraabdominal infection, 440, 442,

446
for meningitis, 78, 189, 190, 193, 195,

203
for necrotizing enterocolitis, 83
for pelvic infection, 51
for peripartum infections, 572, 573,

576
for pneumonia, 80, 313, 329
resistant pathogens, 503, 861
Salmonella typhi resistance, 861
for skin and soft tissue infections, 53
for urinary tract infections, 503, 511,

517, 523, 525, 526
Ampicillin-sulbactam

dosage, 1013, 1015t
for epiglottitis/supraglottitis, 265
indications, 1013–1015
for intraabdominal infection, 440, 446
mechanism of action, 1012
for necrotizing soft tissue disease, 112
for orbital and periorbital infections,

246
for pelvic infection, 51
for pelvic inflammatory disease, 568
for peripartum infections, 572, 574
pharmacokinetics, 1013
resistant/susceptible pathogens,

1012–1013, 1014–1015t
side effects, 1013
skin and soft tissue infections, 53
for surgical site infections, 115

Amprenavir
dosage, 746
drug interaction, 737, 741, 747
formulations, 746
for HIV management, 746–748, 751,

752, 756, 761, 766
pharmacology, 746–747
side effects, 747

Anaerobic infection
in diabetes, 147
drug resistance in, 1000–1001
laboratory tests, 934, 935t, 950–951
in neonate, 74
osteomyelitis, 137
treatment, 1078

Ancobon. See Flucytosine
Ancylostomaa duodenale, 428
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Ancylostomiasis, 428
Anemia

in mononucleosis, 274
in sepsis, 44

Angioedema, as adverse drug reaction,
910

Angiostrongylus cantonensis meningitis,
179, 183, 189, 199

Animal bites, 53, 103–107
rabies prophylaxis, 104–107, 105t, 106t,

848
rabies risk, 104, 848
treatment, 1011
See also Zoonoses; specific animal

Animal diseases, transmissible. See
Zoonoses

Anorectal abscesses, 38–39
Ansamycin. See Rifabutin
Anspor. See Cephadrine
Anthrax, 117–118

diagnosis, 330–331
pathogenesis, 330
prognosis, 332
prophylaxis, 332–333
therapy, 331–332
vaccination, 902

Antibiotic therapy
for acute cholecystitis, 460, 460t
for brain abscess, 209–210, 209t, 210t,

211
for bursitis, 166
for cellulitis, 110
combination therapy, 971–977
for cutaneous lesions, 101–102
for dacryoadenitis, 223–224
for diabetic infected foot, 149–151, 150t
diagnostic implications, 33
for diarrhea, 82
for discitis, 143, 144
end of life issues, 985–986
for endocarditis, 379–382
for epiglottitis, 265
for eye infections, 233, 234t, 246
historical development, 19
for impetigo, 99
for influenza, 282
for intraabdominal abscesses, 448
for intraabdominal infection, 439–442
for joint infections, 157, 158–160, 159t
for lung abscess, 340–341
for meningitis, 78–79
for necrotizing enterocolitis, 83
for neonate, 69–72, 71t, 78–79
for osteomyelitis, 131–133, 133t, 137,

140, 142
overuse of, 969, 983
pharmacokinetics, 978t
for pleural empyema, 337
for pneumonia, 304–307, 327

during pregnancy, 979, 980t
principles of, 969

dosage, 981
duration, 981, 982t
host assessment, 977–979
identification of pathogen, 970–971
laboratory assessment, 970
route of administration, 979–981
selection of agent, 962–976t, 969,

970t, 971–977
prophylactic, 988–997
for prosthetic heart valve endocarditis,

388–389
for puncture wounds, 103, 104
resistant pathogens, 983–985
for sepsis, 49–54
for sinusitis, 261–263, 262t
for upper respiratory tract infection,

252, 256–257, 256t, 259, 259t
See also specific agent

Anticoagulant therapy, 55–56
Antifungal therapy

for Candida infection, 87
for urinary tract infection, 52
See also specific agent

Antigen detection tests, 941–944
Antigenic drift/shift, 278
Antihistamines

for bronchitis, 258
for nasopharyngitis, 252
for sinusitis, 260
for upper respiratory tract infection,

252, 262
Antioxidant therapy, 56, 112
Antipyretic drugs, 7

mechanism of action, 26–27
See also specific agent; specific drug type

Antiretroviral therapy
adherence, 758t, 767–768
breast-feeding and, 758
with children, 767–768
combination therapy, 761
efficacy, 649, 650f, 651, 719
for immune reconstitution, 651
initiation, 758–761, 758t
investigational drugs, 751–753
mechanism of action, 719–720, 722
monitoring, 762, 763–766
with pregnant patient, 753–758
prevention of opportunistic infections,

649–651
resistance, 762, 765–766
salvage therapy, 763
syndromes associated with, 651–652
technical development, 722
treatment interruption, 766–767
See also specific agent

Antithrombin, 56
Antitoxin interventions, 59
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Appendicitis, 453–454
Arachidonic acid, 25–28
Arboviruses, 864

meningeal infection, 173
Arcanobacterium, 252
ARDS. See Acute respiratory distress

syndrome
Arginine, 57–58
Arteritis, temporal, 11
Arthritis

Lyme disease-associated, 827, 828,
830

reactive, 155, 156–157
septic, 37–38, 39, 151–161

in neonate, 84
Ascaris, 428, 430, 432, 433, 435, 463
Ascorbic acid, 534
Aspergillomas, 608–609
Aspergillosis/Aspergillus, 34, 98, 607–611

allergic bronchopulmonary, 607–608
alveolitis, 607
aspergillomas, 608–609
brain abscess, 207, 208, 211
diagnosis, 607
endocarditis, 611
endophthalmitis, 240
epidemiology, 607
fluconazole resistance, 802
infections in transplantation, 788, 791,

800, 802
invasive, 609–611
keratitis, 234
management, 50
osteomyelitis due to, 145–146
sinusitis, 611
tracheobronchial colonization, 607

Aspirin
contraindications, 7
fever treatment, 7
for nasopharyngitis, 252

Asplenia, sepsis risk in, 32
Astrovirus, 421, 422
Atazanavir, 752
Atovaquone

for opportunistic infections in HIV, 677,
681, 692

side effects, 677
for uveitis, 243

Atovaquone/proguanil, 855
Atrovent. See Ipratropium bromide
Augmentin, 224
Avelox. See Moxifloxacin
Azactam. See Aztreonam
Azathioprine, 783
Azidothymidine. See Zidovudine
Azithromycin, 1104–1110

for acute otitis media, 256
for Campylobacter infection, 851
for conjunctivitis, 228, 230

cost, 1109
dosage, 1108–1109, 1108t
for gastroenteritis, 416, 418, 419
for genital lesions, 556
indications, 1106–1107
for neonatal pneumonia, 81
for pelvic inflammatory disease, 568
pharmacokinetics, 1105–1106
for pneumonia, 305, 313, 315, 316, 320
side effects and toxicity, 1109
spectrum of activity, 1104–1105
for urethritis, 544, 545
for urinary tract infections, 509

Azole drugs, 626. See also specific drug
Aztreonam, 1056–1058

cost, 1058
dosages, 1057–1058, 1057t
indications/contraindications,

1056–1057, 1058
for intraabdominal infection, 441, 446
for intravascular catheter associated

infection, 53
mechanism of action, 1056
for meningitis, 195
for pelvic infection, 51
pharmacokinetics, 1056
for septic arthritis, 158
toxicity, 1058
for urinary tract infections, 52, 511,

536
in vitro activity, 1056

B
B lymphocytes, 68
Babesia infection, 824

assessment, 44
diagnosis, 931
sepsis risk in, 32
treatment, 1107

Bacillary angiomatosis in HIV, 703–704
Bacille baliéde Calmette-Guerin, 343, 849
Bacillus infection

endophthalmitis, 239, 240
gastroenteritis, 405, 408, 412
immunization, 902
sepsis risk in, 41

Bacitracin, 222, 228
Bacteremia

blood culturing, 39–42
continuous/sustained, 39–40
definition, 20
intermittent, 39
peripartum transmission, 72
persistent, 40
polymicrobial, 42
transient, 39

Bactericidal/permeability-increasing
protein, 59
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Bacteroides, 52
brain abscess, 207, 209
in diabetes, 147
intraabdominal infection, 439, 440, 441,

450, 452, 453, 466, 570
maternal infections after delivery, 572
necrotizing soft tissue diseases, 111
septic arthritis, 155
surgical site infections, 113
urethritis, 544

Baquacil. See Polyhexamethalene
biguanide

Barbiturates, for meningitis, 201
Bartonella, 814

conjunctivitis, 228
opportunistic infections in HIV disease,

703, 704
Bats, diseases associated with, 819t
Baylisascaris procyonis, 824
Beef tapeworm, 428
Beta-blocker therapy, 33
Beta-lactam antibiotics/beta-lactamase

inhibitors, 1007t
adverse reactions, 908, 912, 917, 918,

920
adverse reactions to, 908
combination therapy, 977, 1010–1020
for intravascular catheter associated

infection, 53
for necrotizing soft tissue disease, 111
for pneumonia, 50, 51
for prosthetic joint infection, 163
for puncture wound, 103
structure, 915f
for surgical site infections, 115
See also specific drug

Biaxin. See Clarithromycin
Biliary tract infection, 458–462, 458f
Bilirubin levels, 45
Biological weapons agents, 117–121

anthrax, 330–333
plague, 333–334
tularemia, 334–335

Birds, diseases associated with, 819t
Bismuth citrate, 427
Bismuth subsalicylate

for gastroenteritis, 412
for peptic ulcer disease, 427

Bladder, neurogenic, 52
Blastocystis hominis, 432, 433, 438
Blastomyces dermatitidis infection, 97,

611–614
acute, 612, 614
in AIDS, 695
arthritis, 156
chronic, 612–613, 614–615
diagnosis, 611, 613–614
epidemiology, 611
growth, 611

host characteristics, 612
osteomyelitis, 145–146
treatment, 614–615

Blebitis, 239
Blepharitis, 222
Blood coagulation studies, 44–45
Blood culturing

diabetic infected foot evaluation, 148
discitis evaluation, 143–144
endocarditis diagnosis, 375, 388
Epstein-Barr virus, 273
osteomyelitis evaluation, 130, 136, 138,

139, 141
prosthetic joint infection, 163
sepsis evaluation, 39–42, 44
septic arthritis evaluation, 154
technique, 932–934
urinary tract infection evaluation, 500

Blood gas measurement, 46–47
Bone disorders

blastomycosis, 613
candidiasis, 597
cryptococcosis, 604
nontuberculous mycobacterial infection,

362
prosthetic device-related infection,

144
Sporothrix schenkii infection, 618
syphilis manifestations, 90
tuberculosis-associated, 144–145
See also specific diagnosis

Bone marrow biopsy, 13
Bone marrow transplantation, 454

donor selection, 782, 801
immunosuppressive therapy, 783–784
infection in

early period, 801–802
late period, 804
middle period, 802–804
prevention, 785–786, 801

principles of, 800–801
recipient selection, 801

Bordetella pertussis
bronchitis, 258
immunization, 898, 899

Boric acid
for otitis externa, 264
for vulvovaginitis, 565

Borrelia burgdorferi, 154, 156
conjunctivitis, 228
immunization, 902
meningitis, 178, 182, 187, 197
See also Lyme disease

Breast milk
antibiotic transmission in, 70–72
antibiotic use and, 979
disease transmission risk, 93
hepatitis C transmission risk, 86
HIV transmission risk, 91, 758
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immunocompetence and, 69, 81–82
mastitis infection, 576–577

Broad tapeworm, 428
Brolene. See Propamidine isethionate
Brompheniramine maleate, 252
Bronchiolitis, 288–289
Bronchitis, 257–258, 259, 259t

treatment, 1088
Bronchoalveolar lavage, 301, 790
Bronchodilators, 289
Bronchopulmonary aspergillosis, allergic,

607–608
Bronchoscopy, fiberoptic, 323–324

with protracted specimen brush, 301
Bronchospasm, 280
Brucella/brucellosis, 5, 820
Bubonic plague, 120–121
Burkholderia cepacia infection, 42
Burn wounds, 108
Bursitis, infectious, 165–166
Butoconazole, 564

C
Calcofluor white stains, 932
Calicivirus

gastroenteritis, 405, 415, 421, 422, 423,
424

hepatitis, 488
Calymmatobacterium granulomatis, 556
Campylobacter infection, 851

gastroenteritis, 405, 406, 410, 414, 418,
419

intraabdominal infection, 453
joint involvement, 152
neonatal gastrointestinal, 82
peptic ulcer disease, 424, 425
quinolone resistance, 851

Canaliculitis, 224
Cancidas. See Caspofungin
Candidiasis/Candida spp., 98, 588,

592–597
albicans, 179, 235, 240, 500, 535, 560,

565, 566, 681
amphotericin B resistance, 594
arthritis, 156
brain abscess, 207
central nervous system involvement,

596–597
chronic mucocutaneous, 592
clinical features, 589–591t
colonization, 588
cutaneous, 588–592
diagnosis, 588
disseminated, 592–595
endocarditis, 378, 381, 388, 391,

595–596
endophthalmitis, 240
epidemiology, 588

fluconazole resistance, 592, 594, 629
genitourinary, 596
glabrata, 500, 560, 565, 566
hepatosplenic, 595
in HIV-positive patient, 681–685, 693

prevention, 659t
infections in bone marrow

transplantation, 802
infections in renal transplantation, 786,

788–792
intraabdominal, 442, 451, 464, 466, 468
keratitis, 234, 235
krusei, 588, 594, 629
lusitaniae, 594
meningitis, 178, 179, 183, 188, 199
mucosal, 592
musculoskeletal, 597
neonatal, 87
obstetric/gynecologic infections, 566
ocular, 597
osteomyelitis due to, 145–146
peritonitis, 597
pulmonary, 597
sepsis and, 38, 41, 42
septic thrombophlebitis related to, 597
surgical site infections, 113
treatment, 52
tropicalis, 560
urinary tract infections, 43, 500, 501,

535
uveitis, 243
vulvovaginitis, 560, 565

Capnocytophagia canimorsus infection,
103

sepsis risk in, 32
for skin and soft tissue infections, 53

Carbenicillin, 158, 517, 1009–1010
Carbuncles, 101
Cardiac pacemaker infections, 395–396
Cardiovascular disease

with osteomyelitis, 137–139
sepsis risk in, 32, 38
See also specific diagnosis

Cardiovascular function
fever and, 6
sepsis complications, 54

Cardioverter defibrillator infections,
396–397

Caspofungin
for aspergillosis, 610
for candidiasis, 594
for fungal infections, 634, 635
for infections in renal transplantation,

788
side effects, 635

Catheter associated infection
after heart transplantation, 794
incidence, 53
intravascular, 53–54
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Catheter associated infection (contd.)
mortality, 53
pathogens, 53
posttransplantation, 786
prevention, 532–533
risk factors, 53
sepsis risk, 41–42
urinary tract infection, 42, 52, 529–535

Cats, infections acquired from, 813t
toxoplasmosis, 815
via bites, 104, 813–814
via scratches, 814

Cattle diseases, 817, 818t
Cavernous sinus thrombosis, 248
Cedax. See Ceftibutin
Cefadroxil, 566. See Cephadrine
Cefamandole, 1023
Cefazolin, 1023

for cutaneous lesions, 102
for intraabdominal infection, 440, 442,

460
for mastitis, 576
for maternal infections after delivery,

572
for septic arthritis, 158
for urinary tract infections, 536

Cefdinir, 1038–1039
Cefditoren, 1039
Cefepime, 1021–1022, 1031–1032

for brain abscess, 209
for intraabdominal infection, 446
for meningitis, 190
for sepsis, 49
for urinary tract infection, 511

Cefixime, 1036–1037
for genital lesions, 558
for pharyngitis, 548
for urethritis, 544

Cefoperazone, 1032
Cefotan. See Cefotetan
Cefotaxime, 1031

for brain abscess, 209
for conjunctivitis, 231
for diarrhea, 82
for gastroenteritis, 416
for genital lesions, 558
for intraabdominal infection, 440, 441,

446, 464
for meningitis, 189, 190, 193, 194, 195,

197, 201, 203
for necrotizing soft tissue disease, 112
for neonatal meningitis, 79
for neonatal pneumonia, 80
for orbital and periorbital infections,

246
for septic arthritis, 158

Cefotetan, 570, 1027–1028
for intraabdominal infection, 440,

570

for intrapartum infections, 574
for pelvic inflammatory disease, 568

Cefoxitin, 1026–1027
for intraabdominal infection, 440, 441,

442, 446, 454, 457, 460, 570
for intrapartum infections, 574
for pelvic inflammatory disease, 568

Cefpodoxime, 544, 1037
Cefprozil, 1035–1036
Ceftazidime, 1032

for brain abscess, 209
desensitization protocol, 921t
for endophthalmitis, 238, 239, 240
for intraabdominal infection, 441, 447
for meningitis, 190, 195
for otitis externa, 265
for sepsis, 49
for septic arthritis, 158
for urinary tract infection, 511

Ceftibutin, 1037–1038
Ceftizoxime, 1031

for genital lesions, 558
for intraabdominal infection, 464
for meningitis, 190
for pelvic inflammatory disease, 568

Ceftriaxone, 1030–1031
for brain abscess, 209
for conjunctivitis, 228, 231
for endocarditis, 379, 380, 381
for epiglottitis/supraglottitis, 265
for gastroenteritis, 411, 416, 418
for genital lesions, 551, 554, 555, 556,

558
for intraabdominal infection, 441, 446,

460, 462
for meningitis, 189, 190, 193, 194, 195,

197, 200, 201, 203
neonatal, 79

for orbital and periorbital infections,
246, 247, 248

for pelvic inflammatory disease, 568
for pharyngitis, 548
for pneumonia, 50
for septic arthritis, 158
for sinusitis, 263
for surgical site infections, 115
for urethritis, 544
for urinary tract infections, 513

Cefuroxime, 1023–1024, 1035
for epiglottitis/supraglottitis, 265
for lacrimal system infection, 223
for meningitis, 190
for otitis media, 257
for septic arthritis, 158
for sinusitis, 263

Cefuroxime axetil, 1035
Cefzil. See Cefprozil
Celecoxib, 7
CellCept. See Mycophenolate mofetil
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Cellulitis, 107–110
after kidney transplantation, 790
clostridial aerobic, 111
necrotizing, 39
nonclostridial nonaerobic, 111
orbital/periorbital, 245–247
pelvic, 570
postoperative, 570–571
sepsis manifestations, 37–38
vaginal cuff, 570–571

Central nervous system disorders
actinomycosis, 638
after heart transplantation, 796
after kidney transplantation, 791–792,

793
aspergillosis, 609
blastomycosis, 613
candidiasis, 596–597
cryptococcosis, 602–603
endocarditis symptoms, 374
influenza complications, 284
in mononucleosis, 274
sepsis manifestations, 39, 43
See also Abscesses, brain; Encephalitis;

Meningitis
Cephadrine, 166, 1035
Cephalexin, 101, 166, 576, 1032–1035
Cephalosporins, 1020–1040

for brain abscess, 209, 210
for catheter associated infection, 53
for endophthalmitis, 238
for epiglottitis/supraglottitis, 265
forms of, 1021–1022, 1021t
for gastroenteritis, 418
indications/contraindications,

1020–1021
for intraabdominal infection, 440, 441,

465
for intrapartum infections, 573, 574
intravenous preparations, 1023–1032,

1024–1025t, 1029t
for mastitis, 576
mechanism of action, 1020
for meningitis, 79, 189, 190, 193, 194,

195
for neonate, 70, 79
oral preparations, 1032–1039,

1033–1034t
for orbital and periorbital infections,

247
for otitis media, 256, 257
for pelvic inflammatory disease, 568
penicillin allergy and, 1003
pharmacokinetics, 1022, 1022t
for pharyngitis and tonsillitis, 254
for pneumonia, 50, 305, 308, 317, 320
resistant pathogens, 51–52, 308,

1022–1023
for sepsis, 49

for septic pelvic thrombophlebitis, 574
side effects, 1022, 1039–1040
for sinusitis, 263
for skin and soft tissue infections, 53
for urethritis, 545
for urinary tract infections, 52, 503,

508, 509, 511, 513, 517, 523, 526,
534, 536

See also specific agent
Cephalothin, 158, 536
Cephapirin, 536
Cervicitis, 546–547
Cesarean delivery, 571–572
Chagas disease, 394
Chalazion, 222
Chancroid, 549, 555–556
Chemokines, 25
Chemotherapy, aspergillosis reactivation

in, 611
Chlamydia infection, 98

neonatal conjunctivitis, 79–80
neonatal pneumonitis, 81
pelvic inflammatory disease, 567

Chlamydia pneumoniae
bronchitis, 258
pharyngitis and tonsillitis, 252
sinusitis, 261

Chlamydia psittaci, 822
Chlamydia trachomatis

cervicitis, 546, 547
conjunctivitis, 229–231, 230
diagnosis, 937–939, 941, 944, 945
maternal infection after delivery, 572
pelvic inflammatory disease, 566, 567,

568
pharyngeal, 547, 548
urethritis, 543
urinary tract infections, 501, 509, 519
vulvovaginitis, 563

Chlamydophila pneumoniae, 296–299,
302, 314, 315, 316

Chloramphenicol, 1081–1083
for epiglottitis/supraglottitis, 265
for meningitis, 79, 189, 190, 194, 195,

197
for neonate, 70, 79
for plague, 121
for septic arthritis, 158
side effects, 1082
for tularemia, 120

Chloroquine, 853, 855, 861
Plasmodium falciparum resistance,

853, 854, 861
Cholangiography, 459
Cholangitis, 48, 461–462

prevention, 994–997
Cholecystitis

acalculous, 461
acute, 460–461
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Cholecystitis (contd.)
assessment, 48
emphysematous, 462
postoperative, 462

Cholera vaccination, 842
Cholestyramine, 412
Chorioamnionitis, 573
Chorioretinitis, 241, 242–244, 688–689
Choroiditis, 241, 242–244
Chronic fatigue syndrome, 275
Chronic obstructive pulmonary disease,

32, 297
Cidecin. See Daptomycin
Cidofovir, 274, 688–689
Cipro. See Ciprofloxacin
Ciprofloxacin, 1049

for anthrax exposure, 118
for conjunctivitis, 228, 229
for endophthalmitis, 238, 240
for gastroenteritis, 411, 416, 417, 418
for genital lesions, 556, 558
for intraabdominal infection, 440, 446,

457, 464
for keratitis, 233
for meningitis, 196, 197, 203
for necrotizing soft tissue disease, 111
for osteomyelitis, 132
for otitis externa, 265
for pelvic infection, 51, 568
for pharyngitis, 548
for plague, 121
for sepsis, 49
for surgical site infections, 115
for tularemia, 120
for urethritis, 544
for urinary tract infections, 518, 522

Circumcision wound, 85
Cirrhosis, sepsis risk in, 32
Clarithromycin, 1102–1104, 1110

dosages, 1103–1104
drug interactions, 1104
indications, 1103
for mastitis, 576
for peptic ulcer disease, 427
pharmacokinetics, 1103
side effects and toxicity, 1104
for skin and soft tissue infections,

109
in vitro activity, 1102–1103

Clavulanate, 102
Clemastine fumarate, 252
Clindamycin, 570, 571, 1077–1080

administration, 1079–1080
for cutaneous lesions, 101, 102
for gastroenteritis, 419
indications, 1078–1079
for infectious bursitis, 166
for intraabdominal infection, 440, 441,

442, 457, 460

for mastitis, 576
for necrotizing enterocolitis, 83
for necrotizing soft tissue disease, 111,

112
for opportunistic infections in HIV

disease, 677, 692
for osteomyelitis, 132
for pelvic inflammatory disease, 568,

569
for peripartum infections, 572, 573
pharmacokinetics, 1078
for pharyngitis and tonsillitis, 254
for pneumonia, 50, 51
for sepsis, 49, 53
for septic arthritis, 158
for septic pelvic thrombophlebitis,

574
side effects, 1080
spectrum of activity, 1077–1078
for urethritis, 544, 545
for uveitis, 243
for vulvovaginitis, 566
for zoonoses, 824

Clindamycin-primaquine, 677
Clostridium infection

botulinum gastroenteritis, 415
in diabetes, 147
diagnosis, 52
difficile

diagnosis, 939, 943
gastroenteritis, 405, 407, 410, 412,

421
intraabdominal, 441
peptic ulcer disease, 427

intraabdominal, 440
necrotizing disease, 52, 111
perfringens

gastroenteritis, 408, 412
peripartum, 571, 574

peripartum, 572, 574
tetani, 115–117

Clotrimazole, 564, 565, 683
Cloxacillin, 166, 1006
Coccidioides immitis infection, 97, 98,

156, 604–606
acute pulmonary, 605–606
diagnosis, 604
disseminated disease, 606–607
epidemiology, 605
in HIV-positive patient, 694–695

prevention, 659t, 665t, 667t
meningitis, 179, 183, 188, 199
osteomyelitis due to, 145–146
in renal transplantation, 792

Coccobacilli urethritis, 562
Cochin, 428
Codeine, 263
Cold, common, 251
Cold agglutinins, 315
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Colistin, 82
Colitis

amebic, 860
cytomegalovirus, 689–690

Collagen vascular disease, 10, 11
Colonization vs. infection, 303
Colony-stimulating factor, 24

biological activity, 25
classification, 24
immunostimulation therapies, 58–59
in sepsis pathophysiology, 25
therapeutic potential, 24–25, 26t

Colorado tick fever, 173
Coma, fever in, 5
Combivir. See Lamivudine +

Azidothymidine
Compazine. See Prochlorperazine
Computed tomography

biliary tract infection evaluation, 459
discitis evaluation, 143
diverticulitis evaluation, 456
encephalitis evaluation, 205, 208
fever of unknown etiology evaluation,

12
Fournier gangrene evaluation, 112
meningitis diagnosis, 185–186
osteomyelitis evaluation, 139
sepsis assessment, 47–48
sinusitis evaluation, 260
skin and soft tissue evaluation, 109
urinary tract infection evaluation, 501,

502
Condylomata acuminata, 557
Conjunctivitis

assessment and diagnosis, 225–226,
227t

bacterial, 226, 227–229
chlamydial, 229–231
inclusion, 229, 230
neonatal infection, 79–80, 81
ophthalmia neonatorum, 230–231
viral, 226–227

Contact lenses, 235
Cooling blankets, 8
Corneal infection, 231–236
Coronaviruses, 251
Corticosteroids

for aspergillosis, 608
attenuated fever response to

infection, 6
for brain abscess, 209, 211
diagnostic implications, 33
for disseminated intrauterine infection,

88
for hepatitis viruses, 479
for infections in transplantation, 783
for intraabdominal infection, 439
for laryngitis and croup, 288
for meningitis, 201, 202

for mononucleosis, 274
for opportunistic infections in HIV

disease, 652, 677, 692
sepsis management, 55

Corynebacterium infection
in diabetes, 146–147
pharyngitis and tonsillitis, 252
sepsis risk in, 41

Cotrimoxazole, 673, 677, 681
Coxiella burnetii, 316–317

immunization, 902
Coxsackie infection, 115, 173

intraabdominal infection, 463
lacrimal system, 222
myocarditis, 394
neonatal, 86
seasonal risk, 97

Crab lice, 558–559
Cranberry juice, 1153
Crixivan. See Indinavir
Crotamiton, 559
Croup, 287–288
Cryptococcus infection, 98, 601–603

arthritic manifestations, 156
assessment, 47
brain abscess, 208
diagnosis, 601–602, 931, 944
disseminated disease, 603–604
epidemiology, 602
in HIV-positive patient, 692–693

prevention, 656t, 659t, 661t, 664t,
667t, 693

intraabdominal, 468
meningitis, 87, 178, 182, 187, 198
osteomyelitis due to, 146
pulmonary involvement, 602–603
in renal transplantation, 792, 793
sepsis risk in, 41
uveitis, 243

Cryptosporidiosis, 405, 437, 455, 468
in AIDS, 698–699

Cyclitis, 241
Cyclooxygenase

antipyretic interaction, 26
drug interactions, 28
NSAID action, 7
in prostaglandin regulation, 27

Cyclospora cayetanensis, 700
Cyclosporine, 783, 1047
Cystitis, 493, 496, 508
Cytokines

classification, 23–24
in fever pathophysiology, 2–3, 4
measurement, 46
neonatal development, 68
regulation, 24
in sepsis pathophysiology, 3, 22, 23–24
transport systems, 2–3
See also specific factor
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Cytomegalovirus infection, 437
cervicitis, 546
conjunctivitis, 226
diagnosis, 935, 943
disseminated intrauterine, in neonate,

87–88, 89
encephalitis, 204
in HIV-positive patient, 651, 652, 685,

688–690
prevention, 656t, 658t, 662t, 665t,

667t
intraabdominal, 454, 455, 463, 468
lacrimal system, 222
meningitis, 175, 176
mononucleosis, 272
obstetric/gynecologic, 566, 575
reactivation, 323
in transplantation, 784, 785, 787–790,

792, 793, 795–797, 798–799, 800,
801–804

urinary tract, 501
uveitis, 242

Cytotoxins, 404

D
Dacryoadenitis, 222–224
Dacryocystitis, 224
Dalfopristin-quinupristin, 52

administration, 1125
clinical use, 1123–1125
drug interactions, 1125
for pneumonia, 51
for sepsis, 49
side effects, 1126
for skin and soft tissue infections, 53

Dantrolene sodium, 5
Dapsone, 675, 681
Daptomycin, 1127–1128
Deferoxamine, 207
Defibrillator infections, 396–397
Delavirdine

dosage, 736
drug interaction, 737
for HIV management, 736, 737, 758,

761, 765
pharmacology, 736–737
side effects, 737, 764

Dengue, 864
Dental procedures, prophylactic antibiotic

use in, 989–991, 993t, 995t
Development, immune system, 67–69
Dexamethasone, 194, 199, 200, 201
Dextromethorphan, 263
Diabetes mellitus

foot infections in, 146–151, 1079
long-distance travel by patient with,

859
osteomyelitis and, 137

sepsis risk, 31–32
urinary tract infection and, 496, 508

Diaminopurine dioxolane, 751, 752, 753
Diamox. See Acetazolamide
Diarrheal disease

assessment and diagnosis, 404–410,
405t, 408–409t

definitions, 403
delayed onset, 413–421
epidemiology, 403
food poisoning-related, 412
in neonate, 81–82
parasitic, 427–438
pathogenesis, 403–404
therapy, 410–412, 850–852, 851t, 1089
travel-related, 849–852, 859–860, 992
viral gastroenteritis, 421–424, 422t

Dicloxacillin, 1006
for cutaneous lesions, 101
for impetigo, 99–100
for infectious bursitis, 166
for mastitis, 576

Didanosine
dosage, 725
drug interaction, 726, 728, 729, 738
formulations, 725
for HIV management, 722–727, 753,

755, 758, 761
for intraabdominal infection, 463
pharmacology, 726
side effects, 722, 726–727, 764

Dideoxycytidine. See Zalcitabine
Dientamoeba fragilis, 433, 438
Diflucan. See Fluconazole
Dilution susceptibility test, 947–949, 952f
Dimetapp. See Brompheniramine maleate
Diphenoxylate, 411, 850
Diphtheria vaccination, 840, 898–900,

958
Diphtheroids

keratitis, 233
urinary tract infections, 499

Diphyllobothrium latum, 428
Discitis, 142–144
Disk diffusion test, 946–947
Diverticulitis

assessment and diagnosis, 455–457,
456t

pathogenesis, 455
therapy, 457–458

Dogs, infections acquired from, 815t
leptospirosis, 817
rabies, 816–817
via bite, 53, 103–104

Donovanosis, 556
dOTC, 752
Doxycycline, 855, 1112–1116

for anthrax exposure, 118
for conjunctivitis, 28, 230
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for genital lesions, 554, 555
for lyme disease, 830
for pelvic inflammatory disease, 568,

569
for plague, 121
for pneumonia, 305, 315, 316, 320
side effects, 855
for skin and soft tissue infections, 53,

109
for tularemia, 120
for urethritis, 544, 545
for urinary tract infections, 509,

519
for zoonoses, 814, 817, 820, 822, 823

Drotecogin alpha (activated), 56, 57t,
58t

Drug-induced symptoms/disease
cutaneous reaction, 97–98
fever, 5, 8, 8t

Drug resistance, generally
current status, 982–983, 984
detection methods, 352
prevention, 977, 981, 984–985
risk factors, 983–984
trends, 982
See also specific drug; specific pathogen

Duodenal ulcers, 39
Dwarf tapeworm, 428
Dysentery, 403, 860. See also Shigella

infection

E
Ebola, 864
Echinocandins

clinical uses, 634
dosage, 634–635
drug interactions, 635
for fungal infections, 634
pharmacokinetics, 634
use in pregnancy, 635

Echinococcus, 429, 430
Echocardiography, transesophageal

endocarditis evaluation, 375–376,
383–384

fever of unknown etiology evaluation,
12

Echovirus, 173
Econazole, 235, 564
Ecthyma gangrenosum, 36
Edwardsiella tarda, 108–109
Efavirenz

dosage, 735
drug interactions, 734, 735, 743, 747,

749
for HIV management, 735–736, 751,

758, 761, 762, 765, 768
pharmacology, 735–736
side effects, 736

Ehrlichiosis, 13–14, 823
Eicosanoids, 25–26
Electroencephalography, encephalitis

evaluation, 205
Electrolyte balance

clinical significance, 45
response to fever, 4

Employee health programs, 957–959
Empyema, 335, 337–338
Emtricitabine, 483, 751
Encephalitis

clinical features, 204, 205
cryptococcal, 602–603
diagnosis, 205–206
epidemiology and etiology, 204–205
Japanese B, 846–848, 847f
management, 206
mononucleosis, 274

Encephalitozoon intestinalis, 455
End of life care, 985–986
Endocarditis

Aspergillus, 611
bacterial, 372

acute, 373, 375
subacute, 373, 375

candidiasis, 595–596
causal organisms, 372
clinical presentation, 372–374
course, 384–385
culture-negative, 11
definition, 372
diagnosis, 39, 41–42, 374–378, 376t,

377t
in elderly patient, 374
embolic phenomenon in, 374, 383
fever in, 4–5, 9
gonococcal, 4–5
infectious arthritis and, 156
in intravenous drug users, 390–391
laboratory tests, 953
microbiology, 378
nosocomial risk, 373
pathogenesis, 372
potential sites and involved structures,

372
predisposing conditions, 372–373
prophylaxis, 989, 992t, 993t, 994t
prosthetic valve-associated, 386–390
risk factors, 98
sepsis risk in, 32, 38
skin lesions in, 98
treatment, 1089, 1136

antibiotic therapy, 379–382
complications, 385–386
patient with penicillin allergy, 382
principles of, 378–379
surgery, 382–384

vegetation, 372
Endometritis, 572
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Endophthalmitis
acute postcataract, 237–239
bleb-related, 239
candidiasis, 593
chronic pseudophakic, 239
clinical features, 236
definition, 236
diagnosis, 237
endogenous, 240
fungal, 240–241
posttraumatic, 239–240

Endotoxin
antitoxin therapy for sepsis, 59
in sepsis pathophysiology, 29

Endotracheal intubation, 326
Enoxacin, 1052
Entamoeba coli, 430
Entamoeba histolytica, 405, 407, 421, 429,

430, 432, 433, 436, 436t, 437, 450
Entamoeba nana, 430
Entecavir, 483
Enteric adenovirus, 421, 422, 423, 424
Enterobacter infection

in diabetes, 147
intraabdominal, 450, 460, 464, 466
neonatal gastrointestinal, 83
sepsis risk in, 41, 42
surgical site, 113
urinary tract, 495, 500, 508, 510, 521,

522, 544, 545
Enterobius vermicularis, 428, 432, 433,

435, 438, 546
Enterococcus/enterococcal infection

in diabetes, 146–147
drug resistance, 49, 51–52, 380, 947,

982–983, 1117, 1123–1124
endocarditis, 372, 378, 380, 381, 382,

387
gastroenteritis, 442
gentamicin resistance, 380
intraabdominal infection, 441, 442, 450,

466
maternal infection after delivery, 572
meningitis, 177
osteomyelitis, 129
surgical site infections, 113
treatment, 52
urinary tract infection, 43, 495, 498,

519, 521
Enterocolitis, neutropenic, 454
Enterocytozoon bieneusi, 455
Enterotoxins, 29–30, 404
Enteroviruses

disseminated intrauterine infection in
neonate, 87–88

meningeal infection, 173, 179–180, 183
Enzyme-linked immunosorbent assays,

941
Epididymitis, 493, 519–520

Epinephrine, 288
Epivir. See Lamivudine
Epstein-Barr virus

diseases caused by, 269
encephalitis, 206
infections in heart transplantation, 797
infections in renal transplantation, 794
intraabdominal infection, 454, 463
lacrimal system infection, 222
meningitis, 175, 176, 180
mononucleosis, 269–275
pharyngitis and tonsillitis, 252, 253
serology, 273

Ertapenem, 51, 52, 440, 1061–1062
Erysipelas, 109
Erysipeloid, 108
Erysipelothrix rhusiopathiae infection,

108
Erythema multiforme, as adverse drug

reaction, 910–911
Erythrocyte sedimentation rate, 11

discitis evaluation, 143
osteomyelitis evaluation, 130, 135, 136,

139, 141
Erythroderma, 36–37
Erythromycin, 1097–1102

administration, 1100–1101
for conjunctivitis, 228, 230
cost, 1109
drug interactions, 1101–1102
for gastroenteritis, 419
for genital lesions, 556
for impetigo, 99
indications, 1099–1100
for intraabdominal infection, 463
for mastitis, 576
for meningitis, 197
for neonatal pneumonia, 81
for otitis media, 256
for pelvic inflammatory disease, 569
pharmacokinetics, 1099
for pharyngitis and tonsillitis, 254
resistant pathogens, 1102
side effects, 1101
spectrum of activity, 1097–1099, 1098t
for urethritis, 544, 545
for urinary tract infections, 518, 519

Escherichia coli infection, 849, 859, 860
assessment and diagnosis, 420
brain abscess, 207
in diabetes, 147
drug resistance, 503, 1012–1013
enteropathogenic, 404
enterotoxigenic, 404
gastroenteritis, 404, 405, 406, 410, 411,

415, 418, 419, 420
intraabdominal, 439, 440, 445, 446, 450,

452, 453, 464, 466
keratitis, 235
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mastitis, 576
meningitis, 177, 185
neonatal, 72, 78, 79, 80, 82, 83
pathogenesis, 419
peripartum, 572, 573
prevention, 420
surgical site, 113
urinary tract, 495, 499, 500, 503, 507,

508, 510, 517, 521, 522, 523, 526,
531, 536

Escherichia histolytica, 860
Esophageal infection

candidiasis, 592
cytomegalovirus, 690

Ethambutol
for meningitis, 197
side effects, 357
for skin and soft tissue infections, 109
for tuberculosis, 351, 352, 353, 354, 356,

357
Ethionamide, 197
Exotoxins, 29–30

laboratory tests for, 939
Eye

anatomy, 222, 223f, 224f, 225, 231, 236,
236f, 241, 244

blebs, 239
Candida infection, 597
keratitis, 231–236
lacrimal system infections, 222–224
orbital/periorbital infections, 244–248,

245f
posttransplantation infection, 794
red eye, 224–225, 225t
uveitis, 241–244
See also Conjunctivitis;

Endophthalmitis
Eyelid infections, 222

periorbital cellulitis, 245–246

F
Famciclovir, 232, 550
Familial Mediterranean fever, 13
Fansidar, 1093
Fasigyn. See Tinidazole
Fecal testing, 82

diarrhea assessment, 405–406, 410
gastrointestinal parasites, 430

Femur anatomy, 128f
Fenticonazole, 564
Fetal exposure

to antibiotics, 70
disseminated intrauterine infection,

87–93
HIV, 91–92, 753, 754t

Fever, 1–14
absence of, in infection, 5–6
in acute otitis media, 255

acute-phase response, 4
after kidney transplantation, 793
assessment, 1, 4, 10–14, 97–98
beneficial role, 1, 6, 26
brain abscess-related, 207
in bronchitis, 258
causes, 1
clinical significance, 1, 4
definition, 1, 2
in discitis, 143
diurnal variation, 1–2
drug-induced, 5, 8, 8t, 911–912
enteric, 5, 416, 417
extremes of temperature elevation, 5
factitious, 5, 10
fraudulent, 10
hyperthermia and, 2
in influenza, 279
intermittent, 4–5
in malaria, 861
malnutrition and, 1, 3–4, 6
metabolic response, 3–4
neurophysiology, 3
in neutropenic patient, 622–623
patterns, 4–5
pharyngoconjunctival, 226
phobia, 1
physiology, 1, 2–4
postpartum, 571, 572
Q, 316–317, 902
with rash, 97–98
recurrent/episodic, 14
relapsing/recurrent, 5
remittent, 5
in returned traveler, 859, 861–864
rheumatic, 38
in sepsis, 3, 5, 35
sustained/continuous, 5
temperature-pulse disparity in, 5
treatment, 1, 6–8
in tuberculous osteomyelitis, 144–145
typhoid, 5, 416, 417, 861
of unknown etiology, 9–14, 622–623
in urinary tract infection, 497
in viral infections, 864

Fibrosis, idiopathic interstitial, 323
Fifth disease, 155
Fish/shellfish, 412, 820t
Fish tapeworm, 428
Fistula, bronchopleural, 337–338
Flaviviridae hepatitis, 484
Floxin. See Ofloxacin
Fluconazole

Aspergillus resistance, 802
for blastomycosis, 614
Candida krusei resistance, 592, 594,

629
for candidiasis, 592, 594, 596
clinical uses, 628–629
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Fluconazole (contd.)
for coccidioidomycosis, 605, 607
for cryptococcosis, 602–604
dosage, 629–630
drug interactions, 630
for endophthalmitis, 240, 241
for fungal infections, 623, 626, 628–630
for infections in bone marrow

transplantation, 802
for intraabdominal infection, 442, 447
for keratitis, 235
for meningitis, 198, 199
for opportunistic infections in HIV

disease, 683, 684, 693, 694
pharmacokinetics, 628
prophylactic, 992
side effects, 630, 684
for urinary tract infection, 52
use in pregnancy, 629
for vulvovaginitis, 565

Flucytosine
administration, 624–625
for brain abscess, 211
for Candida infection, 87, 594
in combination therapy, 625
for fungal infections, 624, 625
for intraabdominal infection, 447
for keratitis, 235
for meningitis, 198, 199
mode of action, 624
pharmacokinetics, 624
side effects, 625

Fluke, 430
FluMist, 286
Fluorochrome stains, 930
Fluoroquinolones, 1042–1054.

See Quinolones
Folinic acid

for opportunistic infections in HIV
disease, 677, 692, 700

for uveitis, 243
Folliculitis, 100
Food poisoning, 412, 416

E. coli infection, 419–420
risk of opportunistic infections in AIDS,

670–671t
Fortaz. See Ceftazidime
Fortovase. See Saquinavir
Foscarnet

for encephalitis, 206
for genital lesions, 551
for opportunistic infections in HIV

disease, 688–690, 696
side effects, 688

Fosfomycin tromethamine, 1152
Fournier gangrene, 112
Fractures, osteomyelitis-related to, 136
Francisella tularensis, 119–120, 822
Fungal arthritis, 156

Fungal infection
after kidney transplantation, 788, 793
chemotherapy, 619–637, 619t, 620t, 623t
clinical features, 589–591t
dematiaceous, 618
emerging species, 619
mycetoma, 618
nosocomial, 326
pulmonary, 322
urinary tract, 500–501, 535
See also specific infectious agent

Fungemia, 20
Fungizone. See Amphotericin B
Furazolidone, 433, 434
Furosemide, 465
Furuncles, 100–102
Fusarium

endophthalmitis, 240
keratitis, 234

Fusobacterium, 440, 450

G
Gallbladder anatomy, 458, 458f
Gamma globulin

for hepatitis viruses, 479
for meningitis, 199

Ganciclovir
for encephalitis, 206
for mononucleosis, 274
for opportunistic infections in HIV

disease, 688–690
side effects, 689

Gangrenes, 111–113
Gardnerella, 573

maternal infections after delivery, 572
urinary tract infections, 499
vulvovaginitis, 562, 563

Gastrointestinal problems, 403, 416
after bone marrow transplantation, 803
after heart transplantation, 796
after kidney transplantation, 792–793,

794
candidiasis, 592
delayed onset, 413–421, 414–415t
imaging studies, 48
mucormycosis, 616
neonatal infection, 81–83
parasitic infestation, 427–438
prophylactic antibiotic use in invasive

procedures for, 996t
sexually transmitted infections, 566
viral gastroenteritis, 421–424, 422t
See also Diarrheal disease; specific

diagnosis
Gatifloxacin, 1050–1052, 1051t

for meningitis, 195
for otitis media, 257
for urethritis, 544
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Genital lesions
assessment, 548
chancroid, 549, 555–556
clinical significance, 548
in disseminated gonococcal infection,

557–558
donovanosis, 556
in herpes simplex infection, 549–551
papular, 556–557
in pubic lice infestation, 558–559
pustular, 557–558
in syphilis, 551–555
ulcerative, 548–556

Genital tract infection, 566
blastomycosis, 613–614
candidiasis, 596
tuberculosis, 569–570

Genitalia
Fournier gangrene of, 112–113
tuberculosis, 537

Gentamicin, 570, 571, 1068
for conjunctivitis, 228
for endocarditis, 379–381, 389
Enterococci resistance, 380
for intraabdominal infection, 440, 441,

442, 447, 457, 460
for meningitis, 195
for pelvic inflammatory disease, 51,

568, 569
for peripartum infections, 572, 573
for plague, 121
for sepsis, 49
for septic arthritis, 158
for septic pelvic thrombophlebitis, 574
for tularemia, 120
for urinary tract infections, 511, 523,

526, 536
Geographic distribution of disease, 97

blastomycosis, 611
hepatitis B surface antigen, 844f
Histoplasma capsulatum infection,

597–598
Japanese B encephalitis, 847f
Lyme disease, 825
malaria, 852f
meningococcal disease, 845, 846f
parasitic infestation, 430–432
typhoid, 845
yellow fever, 842

Geriatric patient
attenuated fever in infected patient, 6
endocarditis in, 374
Epstein-Barr infection, 271
influenza symptoms, 278
international travel, vaccinations for,

840, 841, 842
pneumonia in, 297
treatment planning, 970
tuberculosis in, 351

urinary tract infection in, 520–523
vaccination, 900–901

Giardia, 405, 410, 421, 429, 430, 432–433,
434, 849

Giemsa stains, 931
Glucocorticoids, 55
Glucose metabolism, fever and, 4
Glutamine, 57–58
Glycerol, 201
Goats, 818t
Gonococcal disease

fever patterns in endocarditis, 4–5
joint involvement, 152, 154, 158–160
sepsis risk in, 41
urethritis, 541–546

Gonorrhea, 98, 857, 951
cervicitis, 546, 547
conjunctivitis, 227, 230
neonatal conjunctivitis, 79–80
pelvic inflammatory disease, 566, 567,

568
penicillin resistance, 951
pharyngitis, 547
urethritis, 541, 542, 543, 544
urinary tract infections, 501, 508, 519
vulvovaginitis, 563

Gout/pseudogout, 152, 153
Gram-negative bacilli

interpreting culture results, 940
in nosocomial pneumonia, 326

Gram-negative pneumonias, 313–314
Gram-positive bacilli

culturing, 940–941
drug resistance, 998–1000

Gram stain testing, 43
interpretation, 930
joint fluid, 153
meningitis diagnosis, 185
technique, 929–930
urinalysis, 498
uses, 929

Granulocyte colony-stimulating factor,
24–25

immunostimulation therapies, 58–59
Granulocyte-macrophage

colony-stimulating factor, 24–25
immunostimulation therapies, 58–59

Granulocytosis, 44
Granuloma inguinale, 556
Grepafloxacin, 1052
Griseofulvin, 636–637
Guaifenesin, 263
Guillain-Barré syndrome, 284

influenza vaccine and, 285
Gynecologic infections

assessment, 33
postoperative, 570–571
See also specific anatomic location;

specific diagnosis
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H
Haemophilus infection

drug resistance in, 256
neonatal osteomyelitis, 84
otitis media, 256
sepsis risk in, 32
urethritis, 544

Haemophilus influenzae infection, 98,
949, 951

arthritis, 160
brain abscess, 207
bronchitis, 258, 259
cellulitis due to, 108
community-acquired pneumonia, 295,

296, 297, 308, 313, 322, 325, 327,
328

conjunctivitis, 225, 228
endophthalmitis, 239
epiglottitis/supraglottitis, 265
immunization, 900
lacrimal system infection, 222, 224
meningitis, 176, 181, 185, 189, 190, 195,

196, 200, 202, 203
orbital and periorbital infections, 245,

246, 247
osteomyelitis, 129
otitis media, 255
penicillin resistance, 951
sepsis risk in, 32, 42
sinusitis, 261, 264
vaccination, 841, 900

Hantavirus pulmonary syndrome,
320–321

Havrix, 480
Hawaii virus, 424
Head and neck infection

assessment, 48
sepsis and, 38

Health care workers
employee health programs,

957–959
health-related restrictions, 958–959,

960–961t, 963–966
immunization, 957–958
infection screening, 958, 962
postexposure prophylaxis, 959,

962–963, 964t, 965t
risk of blood-borne disease

transmission, 959–962
OSHA regulations, 966

Heart murmurs, 38
Heart rate

response to fever, 4
sepsis manifestations, 35
temperature-pulse disparity, 5

Heart transplantation
donor selection, 782
immunosuppressive therapy,

783–784

infection in
immediate posttransplantation

period, 794–795
in immunosuppressive period,

795–797
late period, 797

infection prevention in, 785–786
recipient selection, 782

Heatstroke. See Hyperthermia
Hectic fever, 5
Helicobacter pylori, 424–427

diagnosis, 943
treatment, 1107

Hemodialysis, 55, 129
Hemophilus ducreyi, 555
Hepacivirus, 484
Heparin, 574, 575
Hepatitis, 864

bacterial, 13
causes, 477, 478t
classification, 477
drug-induced, 912
granulomatous, 13
as INH therapy side effect, 355, 359
vaccination, 878

Hepatitis A infection, 477, 864
diagnosis, 479
epidemiology, 477
in HIV-positive patient, 703

prevention, 656t
intraabdominal, 463
management, 479
pathogenesis, 477–479
vaccination, 479–480, 843, 844, 875
vs. mononucleosis, 272

Hepatitis B infection, 477, 857, 859, 864
acute phase, 481–482
after liver transplantation, 799
chronic carriers, 85, 482
classification, 480
epidemiology, 480–481
geographic distribution of surface

antigen, 844f
in health care workers, 957

management, 963–966
postexposure prophylaxis, 962
risk, 959
vaccination to prevent, 958

in HIV disease, 652, 703
prevention, 655t

intraabdominal, 463
in liver transplantation, 799
in neonate, 85–86
pathogenesis, 481, 482f
post-transplantation, 483–484
postexposure prophylaxis, 896, 897t
septic arthritis, 155
serologic markers, 481
structure, 480
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therapy, 482–483
vaccination, 843–844, 875, 876, 877,

879, 882, 893–896, 894t, 901
for international travel, 843, 844

Hepatitis C infection, 477, 864
acute, 485
after liver transplantation, 799
chronic, 485
diagnosis, 486
epidemiology, 484–485
in health care workers

management, 966
postexposure prophylaxis, 962–963
risk, 959

in HIV disease, 652, 701–703
intraabdominal, 454, 463
in liver transplantation, 799
in neonate, 86
pathogenesis, 485
treatment, 486–487
vaccination, 844

for international travel, 844
Hepatitis D infection, 477, 487–488, 864
Hepatitis E infection, 477, 488–489, 864

vaccination, 844
Hepatocyte function, fever and, 4
Herpes B infection, 794, 795
Herpes C infection, 795
Herpes simplex infection

cervicitis, 546, 547
conjunctivitis, 226, 227, 231
diagnosis, 931
disseminated intrauterine infection in

neonate, 87–88, 89–90
encephalitis, 204, 205, 206
genital lesions, 549
in HIV-positive patient

prevention, 659t, 665t, 695–696
infections in bone marrow

transplantation, 801–803
infections in lung transplantation, 800
infections in renal transplantation, 790,

791
keratitis, 231, 232
meningitis, 175, 180, 184, 189
pharyngitis, 547
urethritis, 544
urinary tract infections, 501, 508, 509
uveitis, 242
vulvovaginitis, 563

Herpes zoster infection
conjunctivitis, 226
keratitis, 232, 233
opportunistic infections in HIV disease,

652, 696
uveitis, 242

Herpesvirus, 98
encephalitis, 204
meningitis, 180, 184

Heterophile antibodies, 271
Histoplasma capsulatum infection, 97,

597–600
acute pulmonary, 598–599
arthritis, 154, 156
assessment and diagnosis, 44, 597
chronic pulmonary, 600–601
geographic disribution, 597–598
in HIV-positive patient, 693–694

prevention, 656t, 659t, 662t, 664t,
667t, 694

osteomyelitis due to, 145–146
pathogenesis, 598
progressive disseminated, 599–600
sepsis risk in, 41
sources of infection, 598
uncommon manifestations, 601
uveitis, 243

Hodgkin’s disease, 275
Hookworm, 428, 430, 432
Hordeolum, 222
Hormonal abnormalities, sepsis risk, 32
Horse-associated diseases, 818t
Human bites, 104
Human herpesvirus 4. See Epstein-Barr

virus
Human herpesvirus 6

after liver transplantation, 799
infections in bone marrow

transplantation, 802, 803
infections in liver transplantation, 799
meningitis, 175, 176

Human herpesvirus 7, 175
Human herpesvirus 8, HIV disease and,

697, 698
Human immunodeficiency virus, 857, 859

antiretroviral therapy
breast-feeding and, 758
child patient, 767–768
efficacy, 649, 650f, 651, 719
for immune reconstitution, 651
initiation, 758–761, 758t
mechanism of action, 719–720, 722
monitoring, 762, 763–766
with pregnant patient, 753–758
prevention of opportunistic infections,

649–651
resistance, 765–766
salvage therapy, 763
syndromes associated with, 651–652
technical development, 722
treatment interruption, 766–767

assessment and diagnosis, 92, 98
bacillary angiomatosis in, 703–704
breast-feeding considerations, 758
conjunctivitis, 226
epidemiology, 649
fever in, 9, 10
hepatitis C virus in, 701–703
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Human immunodeficiency virus (contd.)
investigational therapies, 751–753
life cycle, 719, 720f
measles risk, 885–886
meningitis, 176, 177, 180, 184, 189
myocarditis in, 394–395
in neonate, 91–92
in organ transplantation recipient,

782
pathogenesis, 720–722
pediatric patient, opportunistic

infection prevention, 660–662t,
664–665t

pericarditis in, 393
peripartum transmission, 91–92, 753,

754t
pneumocystis carinii pneumonia in,

653, 663–681
pneumonia in, 290, 296
potential drug interactions in treatment

of, 676t
in pregnant patient

assessment, 756
fetal transmission, 753, 754t
treatment considerations, 753–758

primary infection treatment, 766
risk for international travelers, 857
risk of progression to AIDS, 721–722,

721t
risks for health care workers, 959–962,

963, 966
salmonellosis in, 704
septic arthritis, 155, 156
syphilis and, 700–701
tuberculosis and, 144, 350–351, 358,

360, 652, 685–686
prevention, 654–655t

urinary tract infections, 514
vaccine administration in patient with,

842, 901
viral load measurement, 721–722,

721t
virus structure, 719–720
See also Acquired immunodeficiency

syndrome
Human papillomavirus

cervicitis, 546
genital lesions, 557
pharyngeal infection, 547
vulvovaginitis, 563

Human parvovirus, 155
Humatin. See Paromomycin
Hydrocortisone, 199, 264
Hymenolepsis nana, 428
Hyperglycemia, infection response, 4
Hyperimmunoglobulin D, 13
Hyperlipidemia, protease inhibitor side

effect, 750
Hyperpyrexia, 5

Hyperthermia
causes, 5
clinical presentation, 5
definition, 2
fever and, 2
lethal limit, 2
malignant, 5
pathophysiology, 2
treatment, 5, 7–8

Hyperventilation, sepsis-related, 35
Hypoperfusion in sepsis, 20, 22
Hyposplenism, sepsis risk in, 32
Hypotension, sepsis-associated, 20, 35, 54
Hypothermia

fever related to, 1
lethal limit, 2
sepsis-related, 35

I
Idoxuridine, 232
Iguanas, 817, 818t
Imidazole, 199, 564, 565
Imipenem

for brain abscess, 210
cost, 1061
dosages, 1060–1061
for gastroenteritis, 419
indications, 1059–1060, 1060t
for intraabdominal infection, 440, 441,

460, 464, 465
for intrapartum infections, 574
mechanism of action, 1058
for meningitis, 195, 197
for necrotizing soft tissue disease, 111
penicillin allergy and, 1003
pharmacokinetics, 1059
for pneumonia, 51
resistant pathogens, 1061
for sepsis, 49
for septic arthritis, 158
side effects, 1061
for skin and soft tissue infections, 53
for surgical site infections, 115
for urinary tract infections, 52, 511
in vitro activity, 1058–1059

Imiquimod, 557
Imitrex, 259
Immune function

cytokines in, 23
enhancement strategies, 57–58
neonatal development, 67–69
See also Immunodeficiency

Immunization/vaccination
adverse reactions, 878–879
anthrax, 902
bacille balié de Calmette-Guerin, 343,

360–361
cholera, 842
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of college students, 901
diphtheria, 840, 898–900
Haemophilus influenzae, 841, 900
of health care workers, 957–958
hepatitis A, 479–480, 843
hepatitis B, 85, 483–484, 843–844,

893–896, 894t
hepatitis C, 844
hepatitis E, 844
of homeless persons, 901
of immune compromised patient, 325,

877, 901
influenza, 284–287, 841
for international travel, 835–849,

836–839t
Japanese B encephalitis, 846–848
Lyme disease, 902
measles, 841, 882–886, 884t
meningococcal disease, 845–846, 898
mumps, 841, 887–888
of older patients, 900–901
pertussis, 898–900
plague, 848–849, 902
pneumococcal, 309–312, 840–841, 896
poliomyelitis, 846, 889–891
in pregnancy, 879, 901
principles of, 875–879
of prison populations, 901
rabies, 107, 848
recommended schedule, 97, 875,

879–882, 880t, 881–882t
regulatory requirements, 882
rubella, 841, 888–889
smallpox, 843
tetanus, 115–116, 840, 898–900
tuberculosis, 849
tularemia, 120, 902
types of, 876t
typhoid, 845
varicella, 891–893
yellow fever, 842

Immunodeficiency
blastomycosis and, 613
candidiasis in, 588
cryptococcosis in, 602–603
infection risk, 98
infectious bursitis therapy in presence

of, 166
intraabdominal infection in, 454–455
in neonates, 67–69
pneumonia in patient with, 50, 322–325
pneumonia risk in, 290, 321–322
sepsis risk in, 31
tuberculosis in patient with, 342–343
vaccination considerations, 901
varicella vaccination in, 892, 893
See also specific diagnosis

Immunofluorescent staining, 941
Immunoglobulin A, 69

Immunoglobulin G, 68, 69
Immunoglobulin M, 87
Immunoglobulin therapy, 37–38, 41,

875–876
for hepatitis viruses, 479
intravenous, 875–876
for meningitis, 199
for sepsis, 59
for tetanus, 117
vaccine administration and, 879

Immunomodulatory treatment for sepsis,
55–59

Imodium. See Loperamide
Impetigo, 99–100
Indinavir

dosage, 742
drug interactions, 734, 735, 737, 741,

743–744, 743t
for HIV management, 742–744, 756,

758, 761, 762
pharmacology, 743
side effects, 744–745

Infection, definition, 20
Infergen. See Interferon alfacon-1
Influenza

amantadine resistance, 282, 286
among health care workers, 958
antigenic shifts/drifts, 278, 729t
bronchitis, 258
complications, 282–284, 283t
conjunctivitis, 226
diagnosis, 278–280, 941, 943
epidemiology, 278
etiology, 278
health care worker vaccination, 958
in HIV-positive patient

prevention, 656t, 661t
oseltamivir resistance, 280
otitis media, 2555
peripartum infection, 575
prevention, 284–287, 285t
rimantadine resistance, 282
treatment, 280–282, 281t
vaccination, 841
virus classification, 278
zanamivir resistance, 280

Influenza A, 278, 280, 284, 286
laryngitis and croup, 287
pneumonia, 289

Influenza B, 278, 284
Infrared tympanic thermometry, 1
Interferon

in fever pathophysiology, 2
for genital lesions, 557
for hepatitis virus, 482, 483, 486, 487,

488
for opportunistic infections in HIV

disease, 697–698, 702, 703
side effects, 702
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Interleukin-1, 23
biological activity, 24
clinical significance, 46
in fever pathophysiology, 2–3, 4
function, 24

Interleukin-2, 753
Interleukin-3, 24
Interleukin-6, 24

biological activity, 24
clinical significance, 46
in fever pathophysiology, 2–3, 4
function, 24

Interleukin classification, 24. See also
specific factor

International travel, 33, 97
altitude sickness, 858
with chronic illness, 858–859
dengue fever risk, 856
diarrhea related to, 849–852,

859–860
disease risk, 859
emergency medical care in, 859
eosinophilia in returned traveler,

864
HIV-positive patient, 858
jet lag, 857
malaria risk and prevention, 852–856
pretravel care, 835
rickettsial disease related to, 864
risk of opportunistic infections in AIDS,

671–672t
schistosomiasis risk, 856
sexually transmitted disease risk,

856–857
skin problems related to, 857–858,

860–861
upper respiratory tract infection related

to, 860
vaccinations, 835–849, 836–839t

Intraabdominal abscesses. See Abscesses,
intraabdominal

Intraabdominal infection
actinomycosis, 638
assessment, 438–439

imaging, 47, 48
causative agents, 440t
classification, 443t
in immunocompromised host,

454–455
peritonitis, 443–447
sepsis risk, 42
treatment, 51–52, 439–442, 441t

Intrauterine disseminated infections,
87–93

in neonate, 88t
Intravenous drug use

endocarditis from, 390–391
hepatitis C risk, 484
injection site infection, 37–38, 41

risk of opportunistic infections in AIDS,
668t

Invanz. See Ertapenem
Invirase. See Saquinavir
Iodoquinol, 433
Ipratropium bromide, 252
Iridocyclitis, 241
Iron metabolism

infection risk in deficiencies of, 32
response to fever, 4

Isoniazid
for meningitis, 196, 197
for opportunistic infections in HIV

disease, 686, 688
resistant tuberculosis, 351, 353, 354
side effects, 355, 356, 359
for tuberculosis, 351, 352, 353, 354, 356,

358, 360
Isoporiasis, in AIDS, 700
Isospora belli, 437, 700
Itraconazole

for aspergillosis, 608, 610
for blastomycosis, 614
for brain abscess, 211
clinical uses, 630–631
for coccidioidomycosis, 605, 607
dosage, 631
drug interactions, 631–632
for endophthalmitis, 241
for fungal infections, 618, 619, 626, 630,

631, 632, 634, 636
for histoplasmosis, 599, 601
for keratitis, 235
for meningitis, 198, 199
for opportunistic infections in HIV

disease, 683, 684, 694, 695
pharmacokinetics, 630
side effects, 631, 684
for sporotrichosis, 617, 618
for vulvovaginitis, 565

Ivermectin, 559

J
Jamestown Canyon virus, 173
Japanese B encephalitis, 846–848, 847f
Jarisch-Herxheimer reaction, 30, 555
Jet lag, 857
Joint fluid evaluation, 153–154, 153t,

157t
bursitis, 165
prosthetic joint infection, 163

Joint problems
joint replacement, infection prophylaxis

after, 991
in osteomyelitis, 131
sepsis, 39
Sporothrix schenkii infection, 618
See also specific diagnosis
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K
Kaletra. See Lopinavir-ritonavir
Kaposi sarcoma

diagnosis, 697
epidemiology, 697
etiology, 697
in HIV disease, 697–698
prevention, 698
therapy, 697–698

Katayama fever, 856
Keflex. See Cephalexin
Keratitis, infectious

assessment and diagnosis, 232, 233,
234, 235

bacterial, 233, 234t
clinical features, 231
clinical significance, 231
fungal, 233–235, 235t
interstitial, 235–236
parasitic, 235
viral, 231–233

Keratoconjunctivitis, 226
Keratomycosis, 233–235
Ketoconazole

for blastomycosis, 614
clinical uses, 626–627
contraindications, 627
dosage, 627
drug interactions, 627
for fungal infections, 626–628, 630, 631
for opportunistic infections in HIV

disease, 684, 695
pharmacokinetics, 626
side effects, 628, 684
for vulvovaginitis, 565

Ketogenesis, fever and, 4
Kidney function

antibiotic therapy and, 977–978
assessment and monitoring, 45
neonatal development, 69
recipient selection, 782
sepsis manifestations, 45
in septic shock, 55

Kidney problems
penicillin use in renal failure, 1003,

1003t
perinephric abscesses, 48
prevention of opportunistic infection in

AIDS patient with, 678–679t
tuberculosis, 536–537

Kidney transplantation
donor selection, 782
immunosuppressive therapy, 783–784
infection in

immediate posttransplantation
period, 786–789

in immunosuppressive period,
789–793

late period, 793–794

prevention, 785–786
timetable, 787f

Klebsiella infection
brain abscess, 207
community-acquired pneumonia, 295,

297, 298, 313, 322
endophthalmitis, 240
gastrointestinal, 83
genital lesions, 556
intraabdominal, 440, 445, 450, 460, 464,

466
meningitis, 177
neonatal, 79, 83
pneumoniae

meningitis, 195
surgical site, 113

urinary tract, 500, 521, 523, 536

L
L-asparaginase, 463
La Crosse virus, 173
Laboratory tests

acid-fast stains, 930–931
acridine orange stains, 932
anaerobe culturing, 934, 935t
antigen detection, 941–944
bacteria culturing, 934
blood culturing, 932–934
calcofluor white stains, 932
chlamydiae culturing, 937–939
for exotoxins, 939
Giemsa stains, 931
gram stains, 929–930
interpreting culture results, 939–941
mycobacteria culturing, 937, 938t
Mycoplasma pneumoniae culturing, 939
nucleic acid techniques, 942t, 944–945
periodic acid-Schiff stains, 931–932
serologic, 945–946
silver stains, 931
specimen handling, 932–933
therapeutic role

monitoring, 952–954
susceptibility test, 946–952

virus culturing, 935–937, 936t
wet-mount slides, 931
Wright stains, 931

Lacrimal system infections, 222–224
Lactic acidosis, sepsis-associated, 20
Lactobacillus, 499, 562
Lamisil. See Terbinafine
Lamivudine

dosage, 730, 731t
formulations, 730
for hepatitis virus, 483, 488
for HIV management, 730–731, 751,

752, 755, 756, 758, 761, 762, 765,
768
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Lamivudine (contd.)
pharmacology, 730–731
side effects, 722, 731

Lamivudine + Azidothymidine, 730
Lansoprazole, 427
Laryngitis, 287–288
Laryngotracheobronchitis, 287–288
Latex agglutination, 941
Legionella infection

after heart transplantation, 796
after renal transplantation, 789, 790
assessment, 43, 47
community-acquired pneumonia, 297,

301, 302, 306, 314, 317, 318, 319,
322, 323, 324, 325, 326, 328, 329

diagnosis, 318–319, 941, 945
epidemiology, 317–318
fever in, 5
management, 50
microbiology, 317
sepsis risk in, 32
therapy, 319–320

Legionnaire’s disease. See Legionella
infection

Lemierre disease, 38
Leptospira/leptospirosis, 817
Leucovorin, 677, 681
Leukocyte count

diabetic infected foot evaluation, 148
osteomyelitis evaluation, 130, 136, 138,

139
septic arthritis evaluation, 153
urinary tract infection evaluation, 498,

499
Leukotrienes

anti-leukotriene drugs, 27–28
biologic activity, 27
biosynthesis and regulation, 27–28
colony-stimulating factor interaction,

25
Levaquin. See Levofloxacin
Levofloxacin, 49, 195, 233, 548,

1050–1052, 1051t
Lidocaine, 544
Lindane, 559
Linezolid, 49, 51, 52, 53, 1126–1127
Lipodystrophy syndrome, 750–751
Liponeogenesis, fever and, 4
Lipopolysaccharide-induced fever, 2, 3
Lipoteichoic acid, 29
Lipoxins, 28
Listeria infection

brain abscess, 207
meningitis, 176, 177, 181, 184, 185, 195,

196
neonatal, 73–74, 78
peripartum, 576
in pregnancy, 576
in renal transplantation, 792

Liver
abscesses, 45, 48, 450–451
biopsy, 12–13
candidiasis, 595
functional assessment and monitoring,

45, 978–979
hepatosplenic microabscesses, 48
infectious mononucleosis effects, 270
INH therapy side effects, 355, 359
neonatal development, 69
sepsis manifestations, 45

Liver transplantation
donor selection, 782
immunosuppressive therapy, 783–784
infection in, 798–800

assessment, 797–798
hepatitis C, 487
prevention, 785–786
risk, 798

recipient selection, 782
Lockjaw, 116
Lomefloxacin, 1052
Loperamide, 411, 850
Lopinavir

dosage, 748
drug interactions, 734, 741, 748–749,

749t
formulations, 748
for HIV management, 756
pharmacology, 748

Lopinavir-ritonavir
drug interaction, 735
for HIV management, 748–750, 756,

760
side effects, 749–750

Lorabid. See Loracarbef
Loracarbef, 1036
Ludwig angina, 38
Lung disease

abscess, 338–341, 1079
aspergillosis, 607–611
blastomycosis, 611, 612
candidiasis, 597
chronic pulmonary histoplasmosis,

600–601
Coccidioides immitis infection, 605–606
Cryptococcus neoformans infection,

602–603
drug-induced, 323
imaging studies, 47–48
long-distance travel by patient with,

858
mucormycosis, 616
nontuberculous mycobacterial, 362
sepsis risk in, 38
Sporothrix schenkii infection, 617–618
See also specific diagnosis

Lung transplantation, 323, 800
Lyell disease, 84–85
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Lyme disease, 156, 394
clinical manifestations, 826–828
diagnosis, 828–829
epidemiology, 825
etiology, 825
pathogenesis, 826
during pregnancy, 827
prevention, 831
treatment, 829–830, 829t, 1107
uveitis related to, 242
vaccination, 902
vectors, 825–826

Lymphadenopathy
in mononucleosis, 270
nontuberculous mycobacterial, 362

Lymphatic tuberculosis, 349–350
Lymphocytic choriomeningitis virus, 173,

180, 184
Lymphoproliferative disorders,

posttransplantation, 796–797
Lyssavirus, 816

M
M2 inhibitors

mechanism of action, 280
resistance to, 282

Macrodantin, 509
Macrolide therapy, 1109–1110

for community-acquired pneumonia,
305, 316, 329

intravenous, 1109
for otitis media, 256, 257
resistant pathogens, 256
for urethritis, 543
See also specfic agent

Macrophage colony-stimulating factor, 24
Magnetic resonance imaging

diabetic infected foot evaluation, 149
discitis evaluation, 143
encephalitis evaluation, 205
fever of unknown etiology evaluation,

12
Fournier gangrene evaluation, 112
osteomyelitis evaluation, 131, 138, 139,

141
sepsis assessment, 47–48
skin and soft tissue evaluation, 109

Malaria
assessment, 44
causes, 852
diagnosis, 861, 931
drug resistant parasites, 852, 853
fever patterns, 5
geographic distribution, 852f
prevention, 852–856
risk factors, 852
treatment, 861, 862–863t

Malarone. See Atovaquone/proguanil

Malnutrition
fever and, 1, 3–4, 6
sepsis risk associated with, 32

Mandol. See Cefamandole
Marijuana, 34
Mastitis, 576–577
Maxaquin. See Lomefloxacin
Measles, 864

cervicitis, 546
conjunctivitis, 226
outcomes, 882–883
seasonal risk, 97
urinary tract infections, 501
vaccination, 840, 841, 875, 877, 878,

882–886, 884t, 887, 901
for health care worker, 958

Mebendazole, 433
Mechanical ventilation, 326, 327
Mefloquine, 854, 855, 861

for Plasmodium falciparum infection,
853

Plasmodium falciparum resistance,
854

side effects, 854
Mefoxin. See Cefoxitin
Melanocortin, 3
Meleney synergistic gangrene, 111
Meningitis

after kidney transplantation, 791–792
bacterial, 176–179, 180–181, 184–186,

202–204
treatment, 189–190, 193–196,

200–202
cavernous sinus thrombosis and, 248
clinical presentation, 179–183,

180–181
Coccidioides immitis, 606
cryptococcal, 87, 602–603
definition, 173
diagnosis, 181, 183–189
etiology, 173–179, 174–175t
fungal, 178–179, 182–183, 187–188

treatment, 198–199
neonatal, 77–79
neurologic manifestations, 39
prevention, 204, 991–992
protozoan/helminthic, 179, 183,

188–189
treatment, 199

sepsis risk in, 43
spirochetal, 178, 182, 187

treatment, 197–198
treatment, 189–199, 190t, 191t, 192t,

193t, 1089, 1136
adjunctive, 199–202

tuberculosis, 178, 181, 186–187
treatment, 196–197, 202

viral, 173–176, 179–180, 183–184, 202
treatment, 189, 199–200
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Meningococcal disease, 845–846, 846f
meningitis, 185
vaccination, 898

Meperidine, 457
Meropenem, 1062–1064

for meningitis, 195
for pneumonia, 51
resistant pathogens, 52
for sepsis, 49
for skin and soft tissue infections, 53
for urinary tract infection, 52

Merrem. See Meropenem
Metabolic acidosis, 46
Metabolic response to fever, 3–4
Methenamine, 534, 1150–1152
Methicillin

for meningitis, 196
for pneumonia, 306
resistant pathogens, 133, 306, 381, 388,

947
Methylene blue, 56–57
Metronidazole, 1131–1133

adverse effects, 1133
for brain abscess, 209
clinical uses, 1131–1133
cost, 1133
dosage, 1132t, 1133
for gastrointestinal parasites, 433, 434,

437
for intraabdominal infection, 440, 441,

442, 457, 460, 464, 465
for necrotizing enterocolitis, 83
for necrotizing soft tissue disease, 111
for orbital and periorbital infections,

248
for pelvic infection, 51, 568
for pelvic inflammatory disease, 569
for peptic ulcer disease, 427
pharmacokinetics, 1131
for pneumonia, 51
resistant pathogens, 565
for sepsis, 49
for septic pelvic thrombophlebitis, 574
spectrum of activity, 1131
for surgical site infections, 115
for tetanus, 117
for urethritis, 545
use in pregnancy, 1133
for vulvovaginitis, 565, 566

Mezlocillin, 49
Miconazole, 199, 564, 626
Microsporidiosis, 437, 544, 699–700
Minocycline, 210, 544, 1113
Mitral valve prolapse, 372–373
MODS. See Multiple Organ Dysfunction

Syndrome
Molecular diagnostics, 44
Molluscum contagiosum, 556
Monistat. See Miconazole

Mononucleosis, infectious
clinical features, 269–271, 271t
complications, 273–274
conjunctivitis, 226
diagnosis, 272–273

differential, 269, 272
etiology, 269
management, 274–275
prognosis, 275
transmission, 269–270

Monurol. See Fosfomycin tromethamine
Moraxella infection

conjunctivitis, 229
endophthalmitis, 239
lacrimal system, 222
otitis media, 255, 256
sepsis risk in, 32
sinusitis, 261

Morganella morganii infection, 147
Morphine, 457, 459
Motion sickness, 857
Mountain sickness, 858
Moxifloxacin, 195, 257, 1050–1052,

1051t
Mucor, 207
Mucormycosis, 246–247, 615

central nervous system involvement,
207, 208, 211

culture growth, 615
cutaneous, 616
diagnosis, 615
disseminated, 616
epidemiology, 615
gastrointestinal, 616
infective organisms, 615
predisposing conditions, 207
pulmonary, 616
rhinocerebral, 615–616
treatment, 211

Multiple Organ Dysfunction Syndrome
(MODS)

assessment, 45
causes, 22
definition, 22
primary, 22
secondary, 22

Mumps, 864
complications, 886–887
health care worker vaccination, 958
intraabdominal infection, 463
lacrimal system infection, 222
meningitis, 173, 180, 184, 202
nosocomial, 888
urinary tract infections, 501
vaccination, 840, 841, 877, 878, 879,

886–888, 887–888
for international travel, 841

Mupirocin, 99
Mycetoma, 618
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Mycobacterial disease, 98
assessment, 43
brain abscess, 209
laboratory diagnosis, 937, 938t
nontuberculous, 361–362
septic arthritis, 156
urethritis, 570
See also specific species

Mycobacterium avium complex, 437, 451,
649, 651–652

in AIDS, 649
clinical presentation, 687
diagnosis, 687
epidemiology, 686
prevention, 664t, 666t, 687
treatment, 687

prevention, 655t, 658t
pediatric patient, 660t

Mycobacterium haemophilum, 688
Mycobacterium kansasii, 687–688
Mycobacterium marinum, 109
Mycobacterium tuberculosis. See

Tuberculosis
Mycophenolate mofetil

for HIV management, 753
for infections in transplantation, 783
side effects, 783

Mycoplasma genitalium, 543
Mycoplasma hominis, 81, 572
Mycoplasma infection, intrapartum, 573
Mycoplasma pneumoniae, 939

acute otitis, 255
bronchitis, 258, 259
community-acquired, 296, 297, 298,

299, 302, 314
diagnosis, 939
intraabdominal infection, 463
pharyngitis and tonsillitis, 252
sinusitis, 261

Myocarditis, 394–395
Myolitis, necrotizing, 39

N
Naegleria fowleri, 179
Nafcillin, 1005–1006

for brain abscess, 209
for cutaneous abscesses, 102
for infectious bursitis, 166
for mastitis, 576
for meningitis, 196
for neonate, 70
for orbital and periorbital infections,

246, 247, 248
for septic arthritis, 158
for Staphylococcus infection, 53
for urinary tract infections, 536

Naproxen, 251, 252
Nasal infection, 102

Nasopharyngitis, 251–252
Natamycin, 235
Necator americanus, 428
Necrolysis, toxic epidermal, 97–98, 911
Necrotizing cellulitis, 39
Necrotizing enterocolitis, 82
Necrotizing fasciitis, 111–112

assessment, 39
postpartum, 573
treatment, 39, 1079

Necrotizing infections, 111–113. See also
specific diagnosis

Necrotizing myositis, 39
Neisseria gonorrhoeae. See Gonorrhea
Neisseria meningitidis, 98

cervicitis, 546
conjunctivitis, 227
meningitis, 176, 185, 193, 195, 203
pharyngitis, 547
sepsis risk, 32, 41
urethritis, 544

Nelfinavir
dosage, 745
drug interaction, 745, 749
for HIV management, 745–746, 752,

758, 760, 761, 766, 768
pharmacology, 745–746
side effects, 746

Neomycin, 82, 264
Neomycin-polymixin-gramicidin, 235
Neonatal infection

Candida species, 87
circumcision wound, 85
conjunctivitis, 79–80
coxsackie virus, 86
enterovirus, 86
epidemiology, 67
of eye, 230–231
gastrointestinal, 81–83
genitourinary, 83–84
hematogenous osteomyelitis, 128, 130
hepatitis B, 85–86
hepatitis C, 86
immune system development, 67–69
intrauterine, disseminated, 87–93, 88t
lower respiratory, 80–81
meningitis, 77–79, 179, 184
mortality, 67
musculoskeletal, 84
pharmacotherapy, 69–72, 71t
pneumonia, 296
sepsis, 67, 72–77, 75t, 76t
septic arthritis, 154
skin, 84–85
sources of, 67, 68t, 72–74, 78
streptococcal, 72, 73t, 74t
tetanus, 116
upper respiratory, 80
varicella, 86–87



P1: GDZ

PB207H-Ind PB207A-Betts/6678F October 16, 2002 16:26 Char Count= 0

1186 Subject Index

Neoplasms
AIDS-associated, 705
in chronic osteomyelitis, 140
fever caused by, 10
sepsis risk associated with, 32
See also specific anatomic site; specific

type
Neosporin. See

Neomycin-polymixin-gramicidin
Netilmicin, 447
Neuroleptic malignant syndrome, 5
Neurologic problems. See Central nervous

system disorders
Neurophysiology of fever, 3
Neutropenia

in enterocolitis, 454
fever in, 622–623
infection risk in, 44
pharmacotherapy, 50
prophylactic antibiotic therapy in, 992

Nevirapine
dosage, 733
drug interaction, 734, 743
for HIV management, 733–735, 755,

756, 761, 765
pharmacology, 733–734
to prevent maternal HIV transmission,

92
side effects, 734–735, 755, 764

Nitric oxide
biosynthesis and regulation, 28–29
function, 28
inhibition therapy for sepsis, 56–57
in sepsis pathophysiology, 29
synthase, 28–29

Nitrofurantoin, 503, 508, 512, 513, 518,
519, 522, 529, 1148–1150, 1149t

Nix. See Permethrin
Nizoral. See Ketoconazole
Nocardia infection, 638–640

assessment, 43
brain abscess, 207, 209, 210
clinical features, 639
diagnosis, 638, 930, 931
epidemiology, 639
in heart transplantation, 795, 796
host characteristics, 639
meningitis, 177
treatment, 639–640

Non-nucleoside reverse transcriptase
inhibitors, 719, 722, 732–739, 740,
742, 745, 746, 748, 750, 751, 752,
755, 757, 759, 760, 761, 762, 764,
765, 766

investigational drugs, 752
mechanism of action, 719–720, 732–733
pharmacology, 732–737
use in pregnancy, 755–756
See also specific agent

Nonsteroidal antiinflammatory drugs, 26
for bronchitis, 258
contraindications, 7
diagnostic implications, 33
drug interactions, 28
fever treatment, 7
for intraabdominal infection, 439, 463
mechanism of action, 7
for nasopharyngitis, 251, 252
peptic ulcer disease, 425
for sinusitis, 260, 263

Norfloxacin, 1049
for intraabdominal infection, 417, 446
for urinary tract infections, 519, 522

Noroxin. See Norfloxacin
Norvir. See Ritonavir
Norwalk virus, 405, 415, 421, 422, 423,

424
Nosocomial infection

after heart transplantation, 794–795
after kidney transplantation,

786–788
causes, 982–983
endocarditis, 373
identification of pathogen, 970–971
mumps, 888
in neonates, 67
pneumonia, 297, 312–313, 325–328
postoperative gynecologic infections,

570–571
resistance, 34
septic, 34, 42
treatment, 1089
urinary tract, 529–535

NSAIDs. See Nonsteroidal
antiinflammatory drugs

Nucleic acid amplification tests, 345, 942t,
944–945

Nucleoside reverse transcriptase
inhibitors

for HIV management, 719, 722–732,
733, 735, 736, 738, 739, 740, 742,
745, 746, 748, 750, 751, 752, 759,
760, 761, 762, 763, 764, 765, 768

investigational drugs, 751–752
mechanism of action, 719–720, 722
pharmacology, 722–732
side effects, 722, 755
use during pregnancy, 754–755
See also specific agent

Nucleotide reverse transcriptase
inhibitors, 737–738

Nutrition and diet
drug interactions, 673t
food poisoning, 412, 416
immunostimulation therapies, 57–58
sepsis treatment, 54
See also Malnutrition

Nystatin, 564
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O
Obstetric infections

assessment, 33
intrapartum, 573–574
mastitis, postpartum, 576–577
neonatal transmission, 67
postpartum, 571–573
See also specific anatomic location;

specific diagnosis
Occupational disease, 33

assessment, 98
risk of opportunistic infections in AIDS,

668–669t
See also Health care workers

Octreotide, 411
Ofloxacin, 1049–1050

for conjunctivitis, 228
for endophthalmitis, 238
for keratitis, 233
for meningitis, 197
for osteomyelitis, 132
for pelvic inflammatory disease,

568
for pharyngitis, 548
for urethritis, 544
for urinary tract infections, 519

Oliguria, 20
Omega-3 fatty acids, 57–58
Omeprazole, 427
Omnicef. See Cefdinir
Omphalitis, 85
Ophthalmia neonatorum, 230–231
Ophthalmicus, herpes zoster,

232–233
Opium, 411
Organum vasculosum laminae

terminalis, 3
Oseltamivir, 279, 280, 286
Osteomyelitis, 127

aspergillosis, 609
chronic, 139–140
contiguous-focus, 135–137
fungal, 145–146
hematogenous, 127–135
in neonate, 84
with peripheral vascular disease,

137–139
postoperative gynecologic, 571
sepsis and, 37–38, 39
treatment, 1079
tuberculous, 144–145
vertebral, 129, 130, 140–142

Otitis, external, 264–265
Otitis media, 80

acute, 254–257
chronic, 257
as common cold complication,

252
treatment, 1011, 1088

Oxacillin, 1006
for conjunctivitis, 231
for infectious bursitis, 166
for mastitis, 576
for meningitis, 196
for Staphylococcus infection, 53
Streptococcus aureus resistance,

947
for urinary tract infections, 536

Oxyuris, 428, 432, 433, 435, 438, 563

P
Pacemaker, cardiac, 395–396
Palivizumab, 81
Pancreatic abscesses. See Abscesses,

pancreatic
Pancreatic pseudocysts, 467–468
Pancreatitis, 462–468
Papillomavirus, 791
Paracoccidioides brasiliensis, 618
Parainfluenza, 287

bronchitis, 258
laryngitis and croup, 287
otitis media, 255
pneumonia, 289, 290

Parapneumonic effusion, 335–337
Parasitemia, 20
Parasitic infestation

as cause of fever in travelers, 864
diagnosis, 430–432
eosinophilia in, 432
gastrointestinal, 427–438, 428–429t
genital lesions in, 558–559
treatment, 433t
See also specific parasite

Paromomycin, 433, 434, 1076
Pars planitis, 241
Parvovirus infection

assessment and diagnosis, 91
in disseminated intrauterine, in

neonate, 87–88, 91
during pregnancy, 575

Pasteurella infection, 104, 418, 813, 814,
1005

cephalexin resistance, 814
clindamycin resistance, 814
dicloxacillin resistance, 814
osteomyelitis, 136

Pediatric patient
attenuated fever in infected newborns,

5–6
blastomycosis in, 614
bronchiolitis in, 288–289
bronchitis in, 256, 257–258
cellulitis in, 108
discitis in, 142–144
epiglottitis in, 265
Epstein-Barr infection, 269, 271
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Pediatric patient (contd.)
fever treatment, 7
HIV in

antiretroviral therapy, 767–768
opportunistic infection prevention,

660–662t, 664–665t
influenza symptoms, 278
international travel, vaccinations for,

841
itraconazole therapy, 631
nasopharyngitis in, 251–252
osteomyelitis treatment, 133–134
pharyngitis in, 252–254, 255t
pneumonia in, 328–329

causes, 296–297
viral causes, 289–290, 317

quinolone therapy, 257
rheumatoid arthritis in, 13
septic arthritis in, 154, 160
sinusitis in, 261
tuberculosis meningitis in, 178
urinary tract infection in, 494, 503,

523–529
vaccinations, 841, 879, 880t

measles, 883–886
viral gastroenteritis in, 424
See also Neonatal infection

Pefloxacin, 196
Pelvic infection

imaging, 47, 48
osteomyelitis, 130
sepsis risk, 42
septic pelvic thrombophlebitis, 9,

574–575
treatment, 51–52, 1078

Pelvic inflammatory disease
definition, 566
diagnosis, 567
genital tract tuberculosis, 569–570
prevention, 569
risk factors, 567
salpingitis in, 569
sequelae, 568–569
therapy, 567–568, 1106–1107
tubo-ovarian abscesses in, 569

Penciclovir, 550
Penicillin, 19, 949, 951, 953, 998–1004

for actinomycosis, 638
allergy. See Penicillin allergy
for cellulitis, 108
for community-acquired pneumonia,

305, 308, 312, 319, 329, 330
for conjunctivitis, 228, 231
for disseminated intrauterine infection

in neonate, 90–91
for endocarditis, 379, 380, 381, 382
Enterococci resistance, 947
for genital lesions, 554
Haemophilus influenzae resistance, 951

hemodialysis and, 1003–1004
for infectious bursitis, 166
for intrapartum infections, 574
mechanism of action, 998
for meningitis, 193, 194, 196, 197, 204
for necrotizing soft tissue disease, 111
Neisseria gonorrhoeae resistance, 951
for neonate, 70
oral preparations, 1001–1002
for orbital and periorbital infections,

247
for osteomyelitis, 140, 142
for otitis externa, 265
for otitis media, 256
for pelvic inflammatory disease, 569
penicillinase-resistant, 1005–1006
for pharyngitis and tonsillitis, 254
pneumonia resistance, 305, 308
for puncture wounds, 103
resistant pathogens, 52, 256, 257
for sepsis, 49
for septic arthritis, 158
Staphylococcus aureus resistance, 382
Streptococcus pneumoniae resistance,

947
structure, 998, 999f
for syphilis, 554, 555
for tetanus, 117
for urinary tract infections, 503, 517,

534, 536
use in renal failure, 1003, 1003t
for uveitis, 242

Penicillin allergy, 101–102, 166, 912–921,
1002–1003

assessment, 914
skin testing, 915–918, 916t

cephalosporin use and, 1020–1021
classification, 912–913
cross-reactivity to other β-lactams,

920–921
desensitization, 918–920, 919t
endocarditis treatment in patient with,

382
epidemiology, 913–914
immunochemistry, 914–915
pharyngitis treatment and, 254

Penicillin G
for brain abscess, 209
effectiveness and resistance, 998–1001
for genital lesions, 554, 555
for meningitis, 193, 195, 197
for opportunistic infections in HIV

disease, 701
parenteral preparations, 1001

Penicillininase, 998
Penicillium marneffei, 97, 98

fungal infections, 618
opportunistic infections in HIV disease,

695
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Pentamidine
intraabdominal infection, 463
for opportunistic infections in HIV

disease, 677, 681
side effects, 677

Pentoxifylline, 55
Peptic ulcer disease, 424–427
Peptidoglycan, 29
Pepto-Bismal. See bismuth subsalicylate
Peptococcus, 440, 572
Peptostreptococcus, 52, 111, 440, 572
Pericarditis, 391–394
Periodic acid-Schiff stains, 931–932
Peritonitis, 997

candidiasis, 597
classification, 443t
diagnosis, 444
pathogenesis, 443–444
spontaneous bacterial, 445–446
treatment, 444–445, 447t, 1089
tuberculous, 350

Permethrin, 558, 559
Pertussis, 898–900
Phaeohyphomycoses, 618
Pharyngitis, 252–254, 252t

in atypical pneumonia, 314
in mononucleosis, 270
sexually transmitted, 547–548
streptococcal, 272
treatment, 1106

Phenazopyridine hydrochloride, 502
Phlegmon, 572–573
Phospholipase A2

in ARDS, 25
biologic activity, 25
in sepsis pathophysiology, 25

Phthirus pubis, 558
Pigs, diseases associated with, 818t
Pinworm, 428, 432, 433, 435, 438, 563
Piperacillin, 1009–1010

for intraabdominal infection, 441, 460,
464

for otitis externa, 264
for sepsis, 49
for skin and soft tissue infections, 53

Piperacillin-tazobactam, 53, 1017–1019
for community-acquired pneumonia,

305, 306, 312, 313, 327
for cutaneous lesions, 102
dosages, 1018–1019, 1019t
indications/contraindications,

1017–1018, 1019
for intraabdominal infection, 439, 440,

441, 442, 446, 460
for maternal infections after delivery,

572
for necrotizing soft tissue disease, 111,

112
pharmacokinetics, 1017

resistant pathogens, 1019–1020
spectrum of activity, 1017
for surgical site infections, 115

Piperonyl butoxide, 559
Pittsburgh pneumonia, 317
Plague, 120–121, 333–334

animal sources, 817–820
vaccination, 848–849, 902
See also Yersinia infection

Plasmodium falciparum, 852, 853, 854,
861

chloroquine resistance, 853, 854, 861
mefloquine resistance, 854
sulfadoxine-pyrimethamine resistance,

853
Plasmodium malariae, 5
Plasmodium vivax, 5
Platelet-activating factor

biologic activity, 28
biosynthesis and regulation, 28
in sepsis pathophysiology, 28

treatment implications, 56
Pleconaril, 86, 189
Plesiomonas shigelloides, 410, 421
Pleurisy, tuberculous, 346–347
Pneumococcal infection

drug resistance in, 256, 999
meningitis, 185
neonatal osteomyelitis, 84
pneumonia, 307–312
vaccination, 840–841, 896

Pneumocystis carinii
in HIV-positive patient, 649, 653,

663–681
prevention, 654t, 658t, 660t, 664t,

666t
treatment, 1088
uveitis, 244

Pneumonia
after bone marrow transplantation, 802
after heart transplantation, 795
AIDS-associated bacterial, 704–705
aspiration, 297, 312–313
assessment, 296–299, 307–308,

323–324
imaging studies, 47
pathogen identification, 299–303

atypical, 314–317
causes, 295
community-acquired, 296–307, 308,

312, 1106
drug resistance, 305, 306, 308
fever patterns in, 5
imaging studies, 80
in immunosuppressed patient, 49–50,

321–325
in influenza

primary viral, 282
secondary bacterial, 282–284



P1: GDZ

PB207H-Ind PB207A-Betts/6678F October 16, 2002 16:26 Char Count= 0

1190 Subject Index

Pneumonia (contd.)
necrotizing, 338
in neonate, 80–81
nosocomial, 297, 312–313, 325–328
outcome factors, 303–304, 304t
parapneumonic effusions, 335–337
plague-related, 333–334
pneumococcal, 307–312
posttransplantation, 786–787
predisposing conditions, 297
sepsis and, 42, 49–51
treatment, 49–51, 303–308, 970, 1088,

1106
viral, 289–290, 317

Pneumonic plague, 121
Pneumonitis, 690
Podofilox, 557
Podophyllin, 557
Poliomyelitis vaccination, 846, 875, 877,

889–891
Polyhexamethalene biguanide, 235
Polymerase chain reaction assays,

944–945
Polymyxin, 55, 195, 228, 264
Polysporin, 228
Polytrim, 228
Pontiac fever, 318
Pork tapeworm, 429
Potassium iodide

for fungal infections, 636
side effects, 617
for sporotrichosis, 617

Povidone-iodine, 230
Praziquantel, 856
Prednisone, 243, 274
Pregnancy

antibiotic use during, 70, 979, 980t
blastomycosis in, 614
disease transmission in, 72, 73

disseminated intrauterine infection,
87–93

hepatitis B, 85–86
hepatitis C, 86
HIV, 753, 754t

hepatitis B testing, 86
HIV in

assessment, 756
fetal transmission, 753, 754t
treatment considerations, 753–758

immunization and, 879
infections during, 573–574, 575–576
Lyme disease during, 827
mastitis, postpartum, 576–577
measles vaccination in, 886
poliomyelitis vaccination and, 890
postpartum infections, 571–573
rubella vaccination and, 888–889
septic pelvic thrombophlebitis

postpartum, 574–575

syphilis in, 554
tuberculosis in, 351, 352, 354, 360
urinary tract infection in, 507–508,

513
vaccination considerations, 901
varicella vaccination in, 892

Preoptic area, 3
Prevention

anthrax illness, 332–333
brucellosis, 820
cholangitis, 994–997
E. coli infection, 420
endocarditis, 989, 992t, 993t, 994t
hepatitis B infection

post-transplantation, 483–484
postexposure, 484

hepatitis C infection, 487
infectious complications in pancreatitis,

464–465
Lyme disease, 831
malaria, 852–856
meningitis, 204
nosocomial pneumonia, 328
opportunistic infection in HIV/AIDS,

649–651, 652–653, 654–662t
pelvic inflammatory disease, 569
pneumonia in immunocompromised

host, 325
prophylactic antibiotic therapy,

988–997
respiratory syncytial virus, 289
sepsis, 48, 59–60
sinusitis, 263–264
transplantation-related infection,

784–785, 800, 801
traveler’s diarrhea, 849–850
tuberculosis transmission, 355
See also Immunization/vaccination

Priftin. See Rifapentine
Primaquine, 677, 855, 861
Primaxin. See Imipenem
Probenecid, 197, 1004
Procalcitonin

clinical significance, 45–46
in infection pathophysiology, 29, 45
measurement, 45

Prochlorperazine, 412
Proctosigmoidoscopy, 407
Prograf. See Tacrolimus
Progressive multifocal

leukoencephalopathy, in AIDS, 698
Proguanil, 855
Propamidine isethionate, 235
Propionibacterium, 41, 155, 233, 239
Prostacyclin, 27
Prostaglandins, 3

biologic activity, 27
biosynthesis and regulation, 27
in fever physiology, 3
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Prostatism, 52
Prostatitis, 493, 514

assessment, 505
bacterial, 515–519
clinical manifestations, 497
diagnosis, 514
forms of, 515, 516t
lower urinary tract infection and,

514–515
treatment, 1088

Prostatodynia, 515, 519
Prostatosis, 519
Prosthetic device infections, 144, 152, 153,

155, 161–165
heart valve endocarditis, 386–390

Protease inhibitors, 739t
administration, 761
for HIV management, 720, 722, 735,

736, 739–750, 752, 757, 759, 760,
761, 762, 763, 764, 765, 766, 768

investigational drugs, 752
mechanism of action, 720, 739
side effects, 739, 750–751
use in pregnancy, 756
See also specific agent

Proteus infection
in diabetes, 147
intraabdominal, 440, 450, 464, 466
surgical site, 113
urinary tract, 500, 521, 523, 531, 536

Prothrombin time/partial thromboplastin
time, 44–45

Providencia, 500
Pseudallescheria boydii, 207, 208, 211
Pseudoephedrine, 252
Pseudomonas infection, 98

brain abscess, 207, 209
conjunctivitis, 228
in diabetes, 147
drug resistance, 983
endophthalmitis, 240
folliculitis, 100
intraabdominal, 440, 442, 447, 450, 453,

462, 464, 466
keratitis, 233
meningitis, 177, 195, 196
neonatal, 79
osteomyelitis, 136, 141
otitis externa, 264
sepsis risk in, 41, 42
septic arthritis, 155
sinusitis, 264
surgical site, 113
treatment, 52, 1009
urinary tract, 495, 499, 500, 510, 511,

521, 523, 531
Psittacosis, 5, 822
Psoas abscesses, 452–453
Pubic lice, 558–559

Pulmonary gangrene, 338
Pulmonary infection

after bone marrow transplantation, 804
after heart transplantation, 796
after kidney transplantation, 793

Puncture wounds
animal bites, 53, 103–107
culturing, 136
of feet, 102–103
osteomyelitis in, 136, 137
surgical site infections, 113–115
tetanus prophylaxis, 115–116, 116t

Purified protein derivative test, 12,
343–344

Pyelography, 501
Pyelonephritis, 510–512

acute, 493, 494
chronic, 493
clinical manifestations, 497
definition, 493
fever patterns, 4
imaging studies, 502
treatment, 503, 1088

Pyomyositis, 110
Pyrantel pamoate, 433
Pyrazinamide

for meningitis, 196
side effects, 357, 359
for tuberculosis, 353, 354, 357, 360

Pyrethrins, 559
Pyridium. See Phenazopyridine

hydrochloride
Pyrimethamine

for disseminated intrauterine infection,
88

for maternal infections during
pregnancy, 576

for uveitis, 243
Pyuria

diagnosis, 497–498
in urinary tract infection, 497, 498

Q
Q fever, 316–317, 902
Quinghaosu, 199
Quinine sulfate + doxycycline, 861
Quinolones

adverse effects, 1045–1046
allergic reactions, 923
for brain abscess, 210
classification, 1042–1043, 1042t
for conjunctivitis, 228
cost, 1052
dosages, 1051t, 1053t
for endophthalmitis, 238
for gastroenteritis, 411, 417, 418, 419
for genital lesions, 558
indications, 1047–1049, 1047t
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Quinolones (contd.)
for infections in heart transplantation,

796
for intraabdominal infection, 464
for keratitis, 233
mechanism of action, 1043
for meningitis, 190, 195, 196, 197
for osteomyelitis, 132, 140
for otitis media, 257
for pediatric patient, 257
pharmacokinetics, 1045
for pharyngitis, 548
for pneumonia, 50, 305, 308, 312, 313,

315, 316, 319, 320, 327, 329
precautions in use of, 1046–1047
for prosthetic joint infection, 163
for puncture wounds, 104
resistant pathogens, 308, 503, 851,

1052–1054
for sepsis, 49
for skin and soft tissue infections, 53
structure, 1043
for urethritis, 543, 545
for urinary tract infections, 52, 503, 509,

511, 514, 517, 518, 519, 520, 534
in vitro activity, 1043–1045, 1044t
See also specific agent

R
Rabbits, 819t
Rabies, 103–107, 816–817

diagnosis, 816
prophylaxis, 104–107, 105t, 106t,

816–817, 848
vaccination, 848

Radiography
anthrax diagnosis, 330–331
cryptococcosis evaluation, 602
diabetic infected foot evaluation,

148–149
discitis evaluation, 143
Fournier gangrene evaluation, 112
meningitis diagnosis, 185–186, 187
osteomyelitis evaluation, 130, 135, 136,

138, 141
parapneumonic effusion, 336
pneumonia evaluation, 80, 298–299,

314–315
staphylococcal infection, 329

prosthetic joint infection, 162
sepsis assessment, 47
septic arthritis evaluation, 154
sinusitis, 261
skin and soft tissue evaluation,

109
syphilis diagnosis, 90, 91
urinary tract evaluation, 527–528
See also specific modality

Radionuclide imaging
biliary tract evaluation, 459
diabetic infected foot evaluation,

148–149
discitis evaluation, 143
encephalitis evaluation, 206
fever of unknown etiology evaluation,

12
osteomyelitis evaluation, 131, 136, 138,

139, 141
prosthetic joint infection evaluation,

162–163
sepsis evaluation, 48
urinary tract infection evaluation,

527
Ranitidine, 427
RANTES, 2
Rash

assessment, 97–98
fever with, 97–98
in infectious mononucleosis, 270
in neonatal infection, 84–85
sepsis-related, 36–37, 37t
in septic arthritis, 152–153

Raxar. See Grepafloxacin
Reactivated cytomegalovirus, 323
Reactivation tuberculosis, 346
Reagin, 553
Recombinant human-activated protein C,

56, 57t, 58t
Recombivax HB, 484
Red Eye, 224–225, 225t
Red man syndrome, 1123
Reiter syndrome, 98
Rescriptor. See Delavirdine
Respiratory problems

acidosis, 46
alkalosis, 46
influenza complications, 282–284
influenza signs, 279
Legionnaire’s disease symptoms, 318
sepsis-associated, 54
See also specific diagnosis

Respiratory syncytial virus
bronchiolitis, 288, 289
bronchitis, 258
diagnosis, 935, 941, 943
otitis media, 255
viral pneumonia, 289, 290

Respiratory tract infections
with bronchitis, 257–258
lower, 295–296. See also Pneumonia
upper

causes, 251
croup, 287
epiglottitis, 265
external otitis, 264–265
health care resource utilization for,

251
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nasopharyngitis, 251–252
in neonate, 80–81
otitis media, 254–257
pharyngitis/tonsillitis, 252–254
in returned traveler, 860
sinusitis, 259–264

Retroviral syndrome, acute, 272
Reverse transcriptase, 719
Reye syndrome, 7, 284
Rheumatic fever, 38

prevention, 992
Rheumatoid arthritis, 13
Rhinitis, 251, 260
Rhinosinusitis, 263
Rhinovirus

bronchitis, 258
nasopharyngitis, 251
otitis media, 255
rhinosinusitis, 263
sinusitis, 259
upper respiratory tract infections,

251–252
Rhizopus, 207, 615
Ribavirin

for bronchiolitis, 289
for hepatitis virus, 486
for neonatal pneumonia, 81
for opportunistic infections in HIV

disease, 702–703
side effects, 702

Ricketts, 5, 864
Rifabutin, 1143–1145
Rifampin, 1134–1142

clinical uses, 1135–1137
for community-acquired pneumonia,

319, 320
dosage, 1139–1140
drug interactions, 356, 1137–1139,

1138t, 1139t, 1140t, 1142t
for intravascular catheter associated

infection, 54
for meningitis, 195, 196, 197, 199,

203
for osteomyelitis, 132, 140
precautions in use of, 1140–1142
for prosthetic joint infection, 163
resistant pathogens, 1134–1135
side effects, 356, 359, 1137
for skin and soft tissue infections, 109
spectrum of activity, 1134, 1135t
for tuberculosis, 351, 352, 353, 354, 355,

356, 358, 360
tuberculosis resistance, 351, 352, 353

Rifapentine, 1142–1143
Rimantadine, 81, 280, 282, 286
Ritonavir

dosage, 740
drug interactions, 726, 734, 737,

741–742, 741t, 742t, 747

for HIV management, 740–743, 748,
751, 752, 756, 758, 760, 761, 762,
768

pharmacology, 740–741
side effects, 741, 763

Ritter disease, 84–85
Rodents, 819t
Rofecoxib, 7
Rotavirus

gastroenteritis, 405, 410, 415, 421, 422,
423, 424

neonatal infection, 82
Roth spots, 38
Roundworm. See Ascaris lumbricoides
Rubella, 841, 864

conjunctivitis, 226
disseminated intrauterine infection in

neonate, 87, 88–89
health care worker vaccination,

957–958
infection risk, 97
intraabdominal infection, 463
in pregnancy, 575
septic arthritis, 155
vaccination, 840, 841, 877, 887,

888–889, 901
vs. mononucleosis, 272

Rubeola. See Measles

S
Salicylates, 274, 279
Salmonella agona, 413
Salmonella choleraesuis, 416
Salmonella enterica, 413
Salmonella enteritidis, 413, 416
Salmonella heidelberg, 413
Salmonella infection, 98, 1089

animal sources, 817
chronic, 417
drug resistance, 413
gastroenteritis, 405, 406, 407, 410, 413,

414, 416, 417, 418
in HIV disease, 704

prevention, 659t, 665t
intraabdominal, 451
joint involvement, 152
meningitis, 177, 196
metastatic, 416–417
neonatal gastrointestinal, 82
osteomyelitis, 141
in renal transplantation, 794
sepsis risk in, 32
vulvovaginitis, 563

Salmonella newport, 413, 416
Salmonella paratyphi, 416
Salmonella typhi, 97, 861

ampicillin resistance, 861
gastroenteritis, 404, 407, 413, 416
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Salmonella typhi (contd.)
sulfonamide resistance, 861
tetracycline resistance, 861
vaccination, 845

Salmonella typhimurium, 413
Salpingitis, actinomycotic, 569
Saquinavir

dosage, 739
drug interactions, 735, 737, 740, 741
for HIV management, 739–740, 751,

752, 756, 758, 761, 762, 765
pharmacology, 739–740
side effects, 740

Scabies, 559
Scedosporium apiospermum, 207
Schistosoma, 432, 856

haematobium, 429
japonicum, 429
mansoni, 429

Seasonal infection, 97
Seatworm. See Pinworm
Seizures, in encephalitis, 204
Sepsis, 19–60

assessment and diagnosis, 19,
30–48

blood gas measurement, 46–47
blood work in, 39–42, 44–45, 47
chemistries, 45–46
clinical challenges, 31
goals, 31
history taking, 31–34
imaging studies, 47–48
microbiologic evaluation, 30–31,

39–44
physical examination, 35–39
urinalysis, 47

cytokine activity in, 23–24
definition and clinical

conceptualization, 19–22, 21f
epidemiology, 34

trends, 19, 34
etiology, 22–31, 41
fever in, 3, 5
hypotension in, 20
mortality, 19, 34
neonatal, 67, 72–77, 75t, 76t
nosocomial, 34, 42
outcome determinants, 22–23, 23f, 34,

35
prevention, 48, 59–60
research limitations, 19
severe, 20, 22
treatment, 22, 25, 26t, 28, 29, 31,

48–49
antimicrobial, 49–54
immunomodulatory, 55–59
supportive care, 54

underlying disease, 31–32
Septic arthritis, 37–38, 39, 84, 151–161

Septic shock
definition, 22
fever in, 3
infectious agents, 30
kidney function in, 55
treatment, 49, 55

Septic thrombophlebitis, 597
Septicemia, 20

in plague, 121
Serratia

intraabdominal infection, 466
keratitis, 233
meningitis, 177
septic arthritis, 155
urinary tract infections, 500

Sexually-transmitted disease
assessment and diagnosis, 98, 541
care for sexual partner of person with,

541
hepatitis B, 481
hepatitis C, 484
intestinal infections, 566
management, 541, 1106–1107
opportunistic infections in AIDS, 668t
risk in international travel, 856–857
See also specific disease

Sheep, 818t
Shigella infection

diagnosis, 417–418
epidemiology, 417
gastroenteritis, 403, 404, 405, 406, 407,

410, 414, 417, 418, 420
joint involvement, 152
neonatal gastrointestinal, 82
treatment, 418, 1089, 1107

Sickle cell disease, 129, 130
Silver stains, 931
Sinuses

abnormalities of, common cold risk and,
251, 259, 261

paranasal, 244, 244f
mucormycosis, 246–247

See also Sinusitis
Sinusitis

allergic Aspergillus, 611
chronic, 264
classification, 260–261
as common cold complication, 252
complications, 260–261
diagnosis, 260
etiology, 261
intubation-related, 788
orbital/periorbital cellulitis and,

244–245, 246
pathogenesis, 259–260
prevention, 263–264
in rhinocerebral mucormycosis, 615
sepsis and, 37–38
treatment, 261–263, 1011, 1088
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Sirolimus
for infections in transplantation, 784
side effects, 784

SIRS. See Systemic inflammatory
response syndrome

Skin problems
adverse drug reactions, 910–911
after bone marrow transplantation,

802–803, 804
after heart transplantation, 796
after kidney transplantation, 790–791
biological warfare agents, 117–121
blastomycosis, 613
candidiasis, 588–592
Coccidioides immitis infection, 606
cryptococcosis, 604
drug-induced, 97–98
fever and rash syndrome, 97–98
fever of unknown etiology evaluation,

13
international travel and, 857–858,

860–861
mucormycosis, 616
necrotizing aspergillosis, 609
neonatal infections, 84–85
nontuberculous mycobacterial, 362
sepsis manifestations, 35–38, 37t, 43

treatment, 52–53
Sporothrix schenkii infection, 617
tuberculosis, 350
See also specific diagnosis

Smallpox, 118–119, 835, 843
Smoking, 34
Snakes, 818t
Snow Mountain virus, 424
Snowshoe hare virus, 173
Somatostatin, 411
Sparfloxacin, 1052
Spectinomycin, 1147
Spine

assessment, 48
disk space infection, 142–144
tuberculosis complications in, 144–145
vertebral osteomyelitis, 129, 130,

140–142
Spiramycin, 576
Spleen abscesses, 451
Splenectomy, 992–994
Splenomegaly, 39

infectious mononucleosis and, 270, 274
Sporanox. See Itraconazole
Sporothrix schenkii infection

clinical features, 617–618
culture growth, 617
diagnosis, 617
disseminated disease, 618
epidemiology, 617
osteomyelitis due to, 145–146

Sputum collection and analysis, 300–301

St. Louis encephalitis virus, 173
Staphylococcal infection

catheter associated, 53
disseminated, 48
drug resistance, 49, 53, 133, 982
endocarditis, 372, 378, 380, 381, 387
endophthalmitis, 238
intraabdominal, 446, 451, 452, 466
intrapartum, 574
keratitis, 233
neonatal

skin, 84–85
osteomyelitis, 137
pericarditis, 393
prosthetic joint, 162
toxic shock syndrome, 52, 53
treatment, 52, 53
upper respiratory tract, 264
urinary tract, 498
See also specific species

Staphylococcus aureus infection
brain abscess, 207
bronchitis, 258
bursitis, 165
community-acquired pneumonia, 297,

306, 312, 322, 326, 328, 329
conjunctivitis, 228, 229, 231
in diabetes, 146
drug resistance, 382, 947, 982, 989,

1005, 1117–1118
endocarditis, 372, 374, 375, 376, 378,

382, 383, 385, 386, 387, 388, 389,
391

endophthalmitis, 238, 240
epiglottitis/supraglottitis, 265
eyelid, 222
gastroenteritis, 405, 406, 408, 412
gynecologic, 566
impetigo, 99
intraabdominal, 450, 453, 464
keratitis, 233
lacrimal system, 222, 224
mastitis, 576
meningitis, 177, 196
methicillin resistance, 381, 388
nasal, 102
necrotizing soft tissue diseases, 111
neonatal, 84
obstetric/gynecologic, 566
orbital and periorbital, 245, 246, 247,

248
osteomyelitis, 127, 129, 135–136, 141

neonatal, 84
of pacemakers and defibrillators, 395,

396
prosthetic joint, 162
sepsis risk in, 41, 42
septic arthritis, 154, 160
sinusitis, 261



P1: GDZ

PB207H-Ind PB207A-Betts/6678F October 16, 2002 16:26 Char Count= 0

1196 Subject Index

Staphylococcus aureus infection (contd.)
surgical site infections, 113, 989, 1023
toxic shock syndrome and, 33, 38
urinary tract, 43, 494, 517, 535, 536

Staphylococcus epidermidis infection
mastitis, 576
meningitis, 177
osteomyelitis, 129, 135–136
urinary tract, 499

Staphylococcus saprophyticus, 499, 500,
508, 510, 521, 544

Stavudine
dosage, 729
drug interactions, 726, 729
for HIV management, 722–723, 729,

730, 751, 758, 761
pharmacology, 729–730
side effects, 722, 727, 730, 764

Stenotrophomonas maltophilia infection,
42, 983

Steroids
for allergic sinusitis, 263
sepsis management, 55
withdrawal effects, 5

Stevens-Johnson syndrome, 97–98,
910–911

Stool examination. See Fecal testing
Streptococcal infection

brain abscess, 206
in diabetes, 146–147
diagnosis, 940, 941, 943
drug resistance, 50
endocarditis, 372, 378, 379, 380, 381,

382, 385, 387, 389
endophthalmitis, 238, 240
intraabdominal, 440, 450, 451, 466
intrapartum, 574
necrotizing fasciitis, 112

assessment, 39
neonatal, 72, 73t, 74t, 78

osteomyelitis, 84
skin, 84, 85

orbital and periorbital, 245, 246, 247,
248

osteomyelitis, 84, 129
peripartum, 573, 574
sepsis risk in, 32, 41, 50, 72
septic arthritis, 154–155, 160
toxic shock syndrome, 32, 39, 52, 53

Streptococcus agalactiae infection
cellulitis, 107–108
meningitis, 177, 195, 196

Streptococcus bovis infection, 42
Streptococcus faecalis infection

intraabdominal, 464
urinary tract, 510

Streptococcus group A
cellulitis, 110
impetigo, 99, 100

maternal infections after delivery, 572,
573

necrotizing fasciitis, 112
orbital and periorbital infections, 246
osteomyelitis, 129
pharyngitis, 252–254
sinusitis, 261
upper respiratory tract infections, 251,

265
Streptococcus group B

cellulitis, 107–108
cervicitis, 546
intrapartum infections, 573
mastitis, 576
maternal infections after delivery,

572
maternal infections during pregnancy,

575–576
meningitis, 78, 177, 185
neonatal sepsis, 72
osteomyelitis, 129

Streptococcus group D, 500
Streptococcus intermedius infection, 246
Streptococcus milleri infection

brain abscess, 206, 209
intraabdominal, 450

Streptococcus pneumoniae infection, 98,
947, 949, 950

brain abscess, 207
bronchitis, 258, 259
community-acquired, 295, 296, 297,

305, 308, 309, 322, 325, 327, 328,
329

conjunctivitis, 225, 228
drug resistance in, 256, 947, 1000,

1005, 1136
endocarditis, 375, 379
endophthalmitis, 239
epiglottitis/supraglottitis, 265
in HIV-positive patient, 704, 705

prevention, 655t
keratitis, 233
lacrimal system, 222, 224
meningitis, 176, 181, 185, 194, 196, 201,

204, 1136
orbital and periorbital, 246
otitis media, 255, 256
pericarditis, 393
sepsis risk in, 32, 41, 42
sinusitis, 261, 263
urethritis, 544

Streptococcus pyogenes infection
cellulitis, 107
drug resistance, 1005
impetigo, 99, 100
lacrimal system, 224
obstetric/gynecologic, 566
pharyngitis and tonsillitis, 252, 253,

254
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Streptomycin, 1068, 1075–1076
for endocarditis, 380, 381
for meningitis, 197
for plague, 121
resistant pathogens, 52, 351, 380
side effects, 357
for tuberculosis, 351, 352, 353, 354, 357
for tularemia, 120

Stroke, sepsis and, 39
Strongyloides, 98, 430, 788
Stye, eyelid, 222
Subperiosteal abscesses, 247
Substance use/abuse

hepatitis C risk, 484
infection risk associated with, 34, 129
injection site infection, 37–38
for necrotizing soft tissue disease, 111
septic arthritis related to, 155
See also Alcoholism

Sulfacetamide, 228
Sulfadiazine, 1084

for disseminated intrauterine infection,
88

for maternal infections during
pregnancy, 576

for uveitis, 243
Sulfadoxine-pyrimethamine, 853
Sulfamethoxazole

for opportunistic infections in HIV
disease, 673

for urinary tract infections, 518
See also Trimethoprim-

sulfamethoxazole
Sulfisoxazole, 1084

for conjunctivitis, 228
for meningitis, 199
for otitis media, 257
for urethritis, 544

Sulfonamide drugs
administration, 1084–1085
adverse reactions, 921–923, 922t
allergic reactions, 921–923
for brain abscess, 210
clinical uses, 1084
for conjunctivitis, 228
drug interactions, 1085
intraabdominal infection, 463
for neonate, 70
for nocardiosis, 640
pharmacokinetics, 1084
for pharyngitis and tonsillitis, 254
resistant pathogens, 503, 861
for septic arthritis, 158
spectrum of activity, 1084
toxicity, 1085
for urinary tract infections, 503, 508
See also specific drug

Sunburn, 857
Superantigens, 29–30

Supraglottitis. See Epiglottitis
Suprax. See Cefixime
Surgery

for brain abscess, 210–211
for diabetic infected foot, 151
for diverticulitis, 457–458
for endocarditis, 382–384

prosthetic heart valve, 389–390, 390t
joint replacement, 161, 164, 165
for osteomyelitis, 133–134, 136–137,

138–139, 140, 142
for pancreatitis, 464–465
postcataract complications, 237–239
postoperative gynecologic infections,

570–571
prophylactic antibiotic therapy,

988–989, 990–991t
for prosthetic joint infection, 164–165
sepsis risk, 33
surgical site infections, 115
urinary tract infection, pediatric, 529

Sustiva. See Efavirenz
Synercid. See Dalfopristin-quinupristin
Synovitis, 156
Syphilis

assessment and diagnosis, 90
clinical manifestations, 551–553
diagnosis, 553–554
disseminated intrauterine infection,

87–88
in neonate, 90–91

epidemiology, 551
genital lesions, 551, 552, 553, 554
human immunodeficiency virus and,

700–701
late/tertiary, 552–553
meningitis, 178, 182, 187, 197
microbiologic features, 551
opportunistic infections in HIV disease,

700
pharyngeal, 547
in pregnant woman, 554
treatment, 554–555
uveitis in, 242–243

Systemic inflammatory response
syndrome (SIRS)

causes, 20
definition and clinical

conceptualization, 20
diagnosis, 20, 45

T
T-1249, 753
T lymphocytes, 68
T20-pentafuside, 752
Tachycardia in sepsis, 35
Tacrolimus, 783
Taenia saginata, 428
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Taenia solium, 429
Tampons, 33
Tapeworms, 428
Targocid. See Teicoplanin
Tazicef. See Ceftazidime
Tazidime. See Ceftazidime
Teichoic acid, 29
Teicoplanin, 196, 1123
Temporal arteritis. See Arteritis, temporal
Temporal artery biopsy, 13
Tenesmus, 403
Tenofovir

dosage, 738
drug interaction, 738
for HIV management, 737–738, 753,

756, 758
mechanism of action, 738
pharmacology, 738
side effects, 738

Tenosynovitis, 152
Tequin. See Gatifloxacin
Terbinafine, 635–636
Terconazole, 564
Tetanus, 115–117

health care worker vaccination, 958
vaccine, 898–900

Tetracyclines, 1112–1116
for conjunctivitis, 230
contraindications, 1114–1115
drug interactions, 1114
for eyelid infections, 222
formulations, 1113t
for gastroenteritis, 418, 421
for gastrointestinal parasites, 433
for genital lesions, 554, 555
for meningitis, 197, 199
for neonate, 70
for otitis media, 256
for pelvic inflammatory disease, 569
for peptic ulcer disease, 427
pharmacokinetics, 1113–1114
for pharyngitis and tonsillitis, 254
Salmonella typhi resistance, 861
for septic arthritis, 158
side effects and toxicity, 1115–1116
spectrum of activity, 1112–1113, 1112t,

1115t
for urethritis, 543, 544, 545
for urinary tract infections, 509, 519
See also specific agent

Thermometers/thermometry, 1
extremes of temperature elevation, 5
fever patterns, 4–5
lethal temperature limits, 2
metabolic response to body temperature

change, 3–4
Thiabendazole, 199
Thiamphenicol, 556
Thiazides, 463

Threadworm. See Whipworm
Thrombocytopenia

in mononucleosis, 274
sepsis risk in, 44

Thrombophlebitis, septic pelvic vein,
9, 574–575

Thrombosis, cavernous sinus, 248
Thrombosis, deep venous, 857
Thromboxane A2, 27
Ticarcillin, 52, 264, 1009–1010
Ticarcillin-clavulanate, 102, 115, 439,

570, 1015–1017, 1019
clinical uses, 1016
dosages, 1016
indications/contraindications,

1016–1017
pharmacokinetics, 1016
side effects, 1016
spectrum of activity, 1015–1016

Tigan. See Trimethobenzamide
Timetin. See Ticarcillin-clavulanate
Tinidazole, 434
Tioconazole, 564
Tipranavir, 752
Tissue-factor-pathway inhibitor, 56
TMC120 (R147681), 752
Tobramycin

for conjunctivitis, 228
for intraabdominal infection, 447
for otitis externa, 265
for pelvic infection, 51
for sepsis, 49
for urinary tract infection, 511, 536

Tonsillitis, 252–254, 270
TORCH, 87
Torulopsis glabrata, 500
Toxic epidermal necrolysis, 97–98, 911
Toxic shock syndrome, 33, 52–53
Toxocara canis, 244, 428
Toxocara cati, 428
Toxoplasma gondii infection, 272, 815

disseminated intrauterine, in neonate,
87–88

in HIV disease, 691–692
prevention, 655t, 658t, 661t, 664t,

666t
intraabdominal, 468
in pregnancy, 576
in renal transplantation, 792
transmitted from cat, 815
uveitis, 243
vs. mononucleosis, 272

Tracheitis, brachial, 288
Trachoma, 229–230
Transplantation, organ

cytomegalovirus infection and, 784–785
donor selection, 782
hepatitis B infection related to, 483–484
immunosuppressive therapy, 783–784
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infection risk, 787f
preventing infection in, 785–786
recipient selection, 782
utilization, 782
See also specific organ

Trauma
endophthalmitis caused by, 239–240
MODS related to, 22
phospholipase A2 response, 25
See also Puncture wounds

Treponema pallidum. See Syphilis
Trichinella, 428, 432
Trichloroacetic acid, 557
Trichomonas vaginalis

diagnosis, 931
urethritis, 544, 545
urinary tract infections, 501, 508
vulvovaginitis, 561, 565

Trichuris trichiura, 428, 432, 433, 434,
435

Trifluridine, 227, 232, 242
Trimethobenzamide, 412
Trimethoprim, 1094–1096

for conjunctivitis, 228
for opportunistic infections in HIV

disease, 673, 675
resistant pathogens, 503, 1095
side effects, 1095–1096
for urinary tract infections, 503, 512,

514, 517, 518, 519, 520, 522
Trimethoprim-dapsone, 677

side effects, 675
Trimethoprim-sulfamethoxazole

administration, 1089–1090, 1091t,
1092t

allergic reactions, 922
for brain abscess, 209, 210
desensitization, 923t
drug interactions, 1092–1093
formulation, 1086
for gastroenteritis, 414, 416, 417, 418,

421
for genital lesions, 556
indications, 1087–1089
for infections in bone marrow

transplantation, 801, 802, 804
for infections in heart transplantation,

795, 796
for infections in renal transplantation,

788, 790, 792, 794
for intraabdominal infection, 446, 457
mechanism of action, 1086, 1086t
for meningitis, 195
for nocardiosis, 639
for opportunistic infections in HIV

disease, 675, 681, 692, 700, 703,
704, 705

for osteomyelitis, 132
for otitis media, 256, 257

pharmacokinetics, 1086
for pneumonia, 50
resistant pathogens, 53, 257, 503, 1087
side effects, 673, 1090–1092
for skin and soft tissue infections, 109
spectrum of activity, 1086–1087
toxicity, 1092
for urethritis, 544
for urinary tract infections, 503, 509,

511, 512, 514, 517, 519, 520, 522,
529, 530, 533, 534

for uveitis, 243
Trimetrexate, 677
Tritec. See Bismuth citrate
Trovafloxacin, 194, 1052
Trovan. See Trovafloxacin
Tuberculosis

after kidney transplantation, 793
assessment, 43
cervicitis, 546
clinical forms, 345–349
diagnosis, 344–345, 930, 931, 936, 944,

945
disseminated miliary, 347–349
drug resistance, 351–352, 977, 983
in elderly, 351
epidemiology, 341
ethambutol resistance, 351
extra-pulmonary, 349–350
fever in, 4, 9
genitourinary, 536–537, 569–570
health care worker screening, 957–958
human immunodeficiency virus and,

144, 350–351, 358, 360, 652,
685–686

prevention, 654–655t
infections in renal transplantation, 790,

792, 793
INH resistance, 351, 353, 354
intraabdominal, 468
joint involvement, 152, 153, 156
laboratory guidance in treating, 951,

952
latent disease, 359–361
lymphatic, 349–350
management, 351–359, 1135

follow-up, 358–359
latent disease, 359–361

meningitis, 178, 181, 186–187, 197
treatment, 202

osteomyelitis and, 144–145
pathogenesis, 342–343
pericarditis, 393–394
pleurisy, 346–347
pneumonia and, 302–303
postprimary reactivation, 342, 346
in pregnancy, 351, 352, 354, 360
primary, 342, 346
rifampin resistance, 352, 353
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Tuberculosis (contd.)
septic arthritis, 156
serous involvement, 350
skin test, 343–344, 351
streptomycin resistance, 351
uveitis in, 242, 243
vaccine, 849
vulvovaginitis, 563

Tularemia, 5, 119–120, 334–335, 822, 902
Tumor necrosis factor

biological activity, 24
colony-stimulating factor interaction, 25
in fever pathophysiology, 2, 3, 4
function, 24
in sepsis pathophysiology, 3

treatment implications, 56
Turkish massage of Weinstein, 7
Turtles, 818t
Twinrix, 480
Typhoid, 5, 416, 417, 845, 861

U
Ultrasonography

biliary tract evaluation, 459
fever of unknown etiology evaluation,

12
sepsis evaluation, 48
septic arthritis evaluation, 154
urinary tract evaluation, 501–502, 527

Unasyn, 224. See Ampicillin-sulbactam
Ureagenesis, fever and, 4
Ureaplasma urealyticum infection

neonatal pneumonia, 81
obstetric/gynecologic, 566, 572
urethritis, 543, 545

Uremia, 6
Urethritis, 493, 508–509

asymptomatic, 545–546
clinical manifestations, 496
epidemiology, 541
in men

assessment and diagnosis, 542–543
incubation period, 541–542
microbiology, 543–544
recurrent disease, 544–545
treatment, 544

in women, 545
Urinalysis

intrarenal abscess evaluation, 535–536
rationale, 47
urinary tract infection evaluation,

497–500, 509–510
Urinary obstruction, 52, 495
Urinary tract infection

after heart transplantation, 795
after kidney transplantation, 788, 794
assessment and diagnosis, 44, 47,

496–500, 506

asymptomatic bacteruria, 505–506,
507–508, 520–521, 523–524

blastomycosis, 613–614
candidiasis, 596
catheter-associated, 529–535
in children, 494, 503, 523–529
classification, 493–494
complicated, 493–494
congenital abnormalities, 52
definition, 493–494
epidemiology, 494, 494t
fungal, 500–501, 535
in geriatric patient, 520–523
health care service utilization, 493
imaging studies, 501–502, 527–528
intrarenal abscesses related to,

535–536
in men, 514–520

recurrent, 520
treatment, 503–505

microbiology, 500–501, 501t
in neonate, 83–84
obstruction, 52
pathophysiology, 494–496
recurrent, 506–507, 512–513
relapse, 506, 507
sepsis risk in, 42, 47, 52
in special populations, 503–505, 524t
treatment, 52, 502–507, 504t, 526t,

1011, 1088
dysuria, 509–510
pyelonephritis, 510–512
recurrent disease, 512–513
urinary antiseptics, 1148–1153

tuberculosis, 536–537
in women, 507, 508

elderly, 522
lower, 508–510
pregnancy and, 507–508, 513
recurrent, 512–513
treatment, 503–505
upper, 510–512

Urticaria, as adverse drug reaction, 910
Uveitis

anatomy, 241–242
anterior, 241–242
classification, 241, 241t
intermediate, 242
posterior, 242–244

V
Vaginitis, 496, 508, 509
Vaginosis, bacterial, 562–563, 566
Valacyclovir, 232, 242, 550
Valganciclovir, 688, 689
Vancomycin, 51

allergic reactions, 923
for brain abscess, 209
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for cellulitis, 108
for conjunctivitis, 228
cost, 1123
dosage, 1120–1122, 1122t
for endocarditis, 380, 381, 382, 389,

391
for endophthalmitis, 238, 239, 240
indications/contraindications,

1118–1120
for intraabdominal infection, 446, 447
for intravascular catheter associated

infection, 53
for meningitis, 194, 195, 196, 201
monitoring serum levels, 1122
for necrotizing soft tissue disease,

111
for osteomyelitis, 142
pharmacokinetics, 1118
for pneumonia, 50, 51
resistant pathogens, 52, 380, 984,

1117–1118, 1120
for sepsis, 49
for septic arthritis, 158
for sinusitis, 263
for skin and soft tissue infections, 53
spectrum of activity, 1117
toxicity, 1122
for urinary tract infections, 511

Vantin. See Cefpodoxime
Vapreotide, 411
Varicella infection, 864

conjunctivitis, 226
diagnosis, 931
in disseminated intrauterine infection

in neonate, 87–88
in health care workers, 958
in HIV-positive patient

prevention, 655t, 661t
neonatal, 86–87
in pregnancy, 575
seasonal risk, 97
vaccination, 875, 876, 877, 879,

891–893
Varicella-zoster infection

acyclovir resistance, 697
among health care workers, 957
assessment, 43
in bone marrow transplantation, 804
encephalitis, 204, 205, 206
in HIV disease, 696–697
keratitis, 232
meningitis, 175, 180
during pregnancy, 575
in renal transplantation, 791
urinary tract, 501

Variola. See Smallpox
Vasopressin, 3
Velosef. See Cephadrine
Venereal warts, 557

Vertebral osteomyelitis, 129, 130, 140–142
Vibrio, 421

cholerae, 404, 405, 406, 408, 410, 421,
842

parahemoolyticus, 404, 406, 415, 420
vulnificus, 53, 97, 108

Vidarabine, 232
Videx. See Didanosine
Vincent angina, 38
Viracept. See Nelfinavir
Viramune. See Nevirapine
Viremia, 20
Vitreitis, 241
Voriconazole

for aspergillosis, 610
for brain abscess, 211
for candidiasis, 595
clinical uses, 632–633
dosage, 633
drug interactions, 633–634
for fungal infections, 632, 633, 634
pharmacokinetics, 632
side effects, 633

Vulvovaginitis
assessment and diagnosis, 563–564
clinical features, 560t
differential diagnosis, 559–563, 560t
treatment, 564–566

W
Warts, venereal, 557
Wet-mount slides, 931
Whipple disease, 13
Whipworm, 428, 432, 433, 434, 435
Wright stains, 931

X
Xenotransplantation, 813

Y
Yeasts, obstetric/gynecologic infections,

566
Yellow fever, 842, 864
Yersinia infection, 120–121

gastroenteritis, 406, 410, 414, 418
intraabdominal, 453
joint involvement, 152
vaccination, 902
See also Plague

Z
Zagam. See Sparfloxacin
Zalcitabine

dosage, 728
drug interactions, 726, 729
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Zalcitabine (contd.)
for HIV management, 722, 724,

727–728, 758, 761
pharmacology, 728
side effects, 722, 727–728, 728,

764
Zanamivir, 279, 280, 286
Zerit. See Stavudine
Ziagen. See Abacavir
Zidovudine, 92, 722–725, 728, 730, 731,

751, 754, 755, 756, 757, 758, 761,
762, 768

dosage, 723
drug interactions, 729
pharmacology, 723–724

to prevent maternal HIV transmission,
91–92

side effects, 722, 724, 725, 727, 730,
763, 764, 765

Zinc metabolism, 4
Zithromax. See Azithromycin
Zoonoses, 405

definition, 812
exotic animals associated with, 821t
risk of opportunistic infections in AIDS,

669–670t
transmission risk, 812–813
xenotransplantation, 813
See also Animal bites

Zyvox. See Linezolid
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