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In Part One of formal scientific method, which is the statement of the
problem, the main skill is in stating absolutely no more than you are
positive you know. It is much better to enter a statement "Solve
Problem: Why doesn’t cycle work?" which sounds dumb but is correct,
than it is to entery a statement "Solve Problem: What is wrong with the
electrical system?" when you don’t absolutely know the trouble is in the
electrical system. What you should state is "Solve Problem: What is
wrong with the cycle?" and then you should state as the first entry of
Part Two: "Hypothesis Number One: The trouble is in the electrical
system." You think of as many hypotheses as you can, then you design
experiments to test them to see which are true and which are false. This
careful approach to the beginning questions keeps you from taking a
major wrong turn which might cause you weeks of extra work or can
even hang you up completely. Scientific questions often have a surface
appearance of dumbness for this reason. They are asked in order to
prevent dumb mistakes later on.

ROBERT M. PIRSIG
Zen and the Art of Motorcycle Maintenance.
New York, William Morrow & Co., Inc., 1974
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Foreword

Up until 1940, pediatricians distinguished them-
selves from all other medical practitioners by their
expertise in child development and infectious dis-
eases. In the 1930s, the discovery and development
of chemotherapeutics was like a tornado in the
study and treatment of bacterial diseases. Drs.
Avery and MacLeod’s work showing that the herit-
able property of virulence from one infectious
strain of pneumococcus could be transferred to
a noninfectious bacterium paved the way for the
discovery of DNA. At this same time, Robert Aus-
trian was about to publish his seminal work on
antibodies particularly in relation to streptococcal
infections.

With most of the new work related to antibacte-
rial drugs, a few imaginative pediatricians focused
their work on detailed descriptions and better cata-
loguing of infectious diseases, with the aim of im-
proved integration of clinical pediatrics and the
basic sciences. One of the leaders in this new en-
deavor was Hugh Moffet, who first published his
widely read and easily understood textbook in
1975. In the decades that followed, new issues

vii

emerged, including increasing resistance of bacteria
to the new antibiotics, increasing appreciation of
the role of viruses in childhood infections, and the
development of new vaccines. These concepts were
incorporated into subsequent editions of Dr. Mof-
fet’s textbook. More recently, the explosion of infor-
mation about HIV infection, other emerging infec-
tious diseases, and opportunistic infections in
immunocompromised hosts has resulted in a revo-
lution in the practice of pediatric infectious dis-
eases.

Drs. Fisher and Boyce, astute pediatricians and
educators in the tradition of Dr. Moffet, have under-
taken to bring this outstanding book up to date.
They have successfully incorporated the deluge of
new material. The reader will also find that they
have maintained Dr. Moffet’s learned, thoughtful,
and delightfully expressed approach.

Lewis A. Barness, M.D.
Professor of Pediatrics
University of South Florida College of Medicine
Tampa, Florida



Hugh L. Moffet, MD



Preface

We are humbled at being allowed to tread, how-
ever clumsily, in the giant footsteps of Dr. Hugh
L. Moffet, who wrote the first three editions of
this exceptional textbook (in longhand on yellow
legal pads, no less!). Those who have not at-
tempted it themselves cannot comprehend the
magnitude of that feat.

The genesis of the 4th edition, which you now
hold, makes a rather interesting story. I was
asked, by a graduating 3rd-year resident about to
embark on private general pediatric practice,
which infectious diseases textbook would be best
for her to keep in her office. I didn’t hesitate
for even a fraction of a second to recommend
Dr. Moffet’s book, but I informed her that it was
now slightly outdated; I advised her to await the
next edition. She asked me when it would be
published. As I had no idea, I called the publish-
ing company to inquire. I was chagrined to learn
that there were no plans for a 4th edition of the
book. Dr. Moffet, I was informed, was retiring,
and grinding out another edition of the book was
not how he wanted to spend his retirement.

I was shell-shocked. My copy of the third
edition was dog-eared. Its cover was half off. It
was underlined here and there and had my
chicken-scratchings in its margins. I had practiced
general pediatrics for three years prior to taking on
an infectious diseases fellowship, and Dr. Moffet’s
book had been a godsend. I determined right
then and there that the book mustn’t die on the
vine, even if I had to do the 4th edition myself!

The rest, goes the cliché, is history.
In this revision and update, we have tried our

best to preserve all the things we loved so much
about the first three editions: the problem-ori-
ented focus, the clear-headed thought processes,
the logical progression of evaluation and work-
up, and the scientific integrity of the original
author. Neither Dr. Boyce nor I was blessed with
Dr. Moffet’s singular talent. My prose tends to
be too ornate, too intricate, and my conclusions
about current literature too non-committal; Dr.
Boyce’s style, just the opposite: too brisk, too
concise, too matter-of-fact. Between the two of
us, though, these qualities even out somewhat,
and the result is almost (and I emphasize almost)
like vintage Dr. Moffet.
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The number of things that have changed since
the 3rd edition was published in 1989 is mind-
boggling. As an example, in his Hepatitis chapter,
Dr. Moffet lists hepatitis A, hepatitis B, and "non-
A, non-B." There is no mention of Chlamydia
pneumoniae in the Middle Respiratory Syndromes
chapter because the organism had not yet been
discovered. The explosion of information about
HIV infection and AIDS began in earnest after
the 3rd edition was published and continues, un-
abated, to the present day. Now, in addition to
classic print journals, we have electronic pages,
web-based journals, etc. No one could possibly
stay entirely current and actually have time left
over in which to see patients.

There is not room in any one-volume textbook
for everything. Thus, in addition to a general
updating, we have made some substantive changes
to the 3rd edition. HIV and AIDS have been
pulled out of the chapter on infectious mononu-
cleosis and made into a separate chapter. Dr.
Moffet’s outstanding Chemotherapy chapter has
been removed. It was our belief that antibiotics
and antibiotic therapy change frequently, and
there are now several excellent handbooks (such
as Nelson’s Pocket Book of Pediatric Antimicrobial
Therapy) devoted to keeping up with these
changes. As these handbooks are published more
frequently than are textbooks like this one, we
thought we would leave this subject to them.
We have added a chapter on congenital immune
deficiency syndromes, in response to the large
number of questions we get asked about "how
many infections is too many?" Interestingly, Dr.
Moffet included a chapter called "Frequent Infec-
tions" in the first edition of this book. Some of
Dr. Moffet’s book was so close to perfect that we
hesitated to change even a word. The first chap-
ter, in particular, in which he outlines ideas about
an overall approach to patient care, is ingenious.
We changed very little. This chapter, for me at
least, bears repeated thoughtful perusal.

Writing a textbook is one of those things that
seems like a good idea at the time....This has
been a tremendous, exhausting, yet ultimately re-
warding experience for both of us. We have both
continued to see patients throughout. While this
has made progress slower than we would have
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liked, it is hoped that maintaining frequent patient
contact brings a certain focus and perspective to
the book that ultimately is worth it. We hope
you enjoy this book as much as we enjoyed Dr.
Moffet’s earlier editions. We hope you refer to
it again and again, dog-earing the pages as we
have done to prior editions. Most of all, we hope
you adopt Dr. Moffet’s clear, structured approach
to the practice of medicine and that this process
will help you to unravel the complex, tangled
knots that you will encounter in your practice of
medicine.

Randall G. Fisher
Norfolk, Virginia

The idea for a 4th edition of this textbook was
entirely Dr. Fisher’s. Arriving at Vanderbilt in
1996 to begin my pediatric infectious diseases
fellowship, I met a second-year fellow whose prob-
lem-oriented approach to patient care was remark-
ably similar to that of my mentor during my
pediatric residency at the University of Wisconsin-
Madison. The fellow was Randall Fisher and my
mentor, of course, was Dr. Hugh L. Moffet. When
Dr. Fisher suggested that we take on the task of
a new edition, I declined, citing the lack of time
for such a huge undertaking. Dr. Fisher pushed
on and wrote much of the book himself, just as
Dr. Moffet had done for three editions. Realizing
I had missed an opportunity to be involved in
such a worthwhile endeavor, I contacted Dr.

Fisher who graciously allowed me to assist with
the book’s completion.

Dr. Moffet was an outstanding clinician and
an unparalleled teacher. His office was right
around the corner from the pediatric ward. As
did many residents before me, countless times I
knocked on his door, and he always welcomed
the visit with enthusiasm. As he adjusted the
volume of the classical music station, he would
roll up his sleeves and take notes on his yellow
legal pad as we presented the history of a complex
patient. He then helped us create a list of prob-
lems, based on anatomic diagnoses. Laboratory
testing was always with a particular diagnosis in
mind. Armed with an article from his extensive
files, we were ready to apply the problem-oriented
method to patient care. He used the same tech-
nique on the hospital wards, coming methodically
but precisely to the diagnosis time and again, and
all the while making us feel as if we had actually
made the diagnosis ourselves. Dr. Fisher and I
sincerely hope that the 4th edition of this book
enables another generation of pediatricians to
apply Dr. Moffet’s approach to patient care.

Thomas G. Boyce
Rochester, Minnesota

Note: Both authors are happy to accept comments,

suggestions, and constructive criticisms. Dr. Fisher may be

contacted at fisherrg�chkd.com and Dr. Boyce may be

contacted at boyce.thomas�mayo.edu.
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C H A P T E R 1

The Diagnosis and Management of
Infectious Diseases

This chapter is intended as an introduction to some
theoretical concepts about infectious diseases. It
may be skimmed by physicians who are familiar
with these concepts. It should not be omitted sim-
ply because it deals predominantly with generaliza-
tions, because many of these concepts can be ex-
tremely useful.

■ SPECIAL PROBLEMS OF CHILDREN

Children have a special susceptibility to or an in-
creased severity of infections for a number of rea-
sons.

1. First exposure. Exposure to an agent for the first
time (e.g., to parainfluenza or influenza virus)
often produces fever and a rather severe illness.
A reexposure, such as may occur in an older
child or an adult, is more likely to produce a
mild illness, modified by the serum antibodies
from the first infection, primarily immunoglob-
ulin G (IgG), and by the antibodies in respiratory
secretions, predominantly immunoglobulin A
(IgA), as described in the section on the com-
mon cold (Chapter 2). Young children are also
less likely to have cross-reacting antibodies from
a previous infection with an antigenically related
organism.

2. Small passages. The smaller passages of children
(e.g., the bronchi, the larynx, and the eustachian
tubes) are more easily obstructed by edema or
secretions.

3. Young cells. There is considerable laboratory evi-
dence that rapid growth rates such as those seen
in fetal tissue make these cells more susceptible
to infection with most viral agents (e.g., Cox-
sackie B viruses infect newborn but not adult
mice). It may be that the special susceptibility
of newborn humans to some viruses, such as
Coxsackie B or herpes simplex, is related to the
rapid growth rate of the infant’s cells.

Decreased interferon production may be ob-
served in young cells in cell cultures and in new-
born animals, but the relation of this fact to the
increased severity of viral infection in newborn ani-
mals is unproved.

4. Immature immunologic defenses. The fetus does
not usually synthesize immunoglobulin M anti-
bodies unless exposed to maternal infection. The
newborn infant can synthesize IgM antibodies
in response to infection but has no antibodies of
the immunoglobulin M (IgM) type transmitted
through the placenta from the maternal circula-
tion. The importance of serum factors such as
IgM in protecting the newborn from infection is
not clearly established, but such factors proba-
bly would be helpful in providing opsonins to
aid phagocytosis. Other immature immunologic
functions in the newborn period include de-
creased complement activity, decreased neutro-
phil chemotaxis, and less effective cell-mediated
immunity.

■ CLINICAL APPROACH TO INFECTIOUS
DISEASES

The study of infectious diseases is different from
the study of microbiology. Microbiology concen-
trates on the study of microorganisms, whereas the
discipline of infectious diseases concerns itself with
the study of patients. In clinical medicine, knowl-
edge about microorganisms is only part of what
is necessary to analyze the observations made of a
patient with an infection.

Two Approaches
There are two approaches to infectious diseases: the
etiologic agent approach and the anatomic syn-
drome approach (Fig. 1-1). Traditionally, the stu-
dent’s introduction to infectious diseases is in terms
of the particular agent involved. The student learns
to identify the characteristics of the infecting orga-



CHAPTER 1 • THE DIAGNOSIS AND MANAGEMENT OF INFECTIOUS DISEASES2

■ FIGURE 1-1 Two approaches to infectious diseases: Anatomic syndrome
versus etiologic agent.

nism and the diseases it may cause. However, pa-
tients cannot be easily categorized on the basis of
etiologic agents, so that when clinical experience
begins, the student must shift viewpoints to that of
the clinician and think in terms of anatomic syn-
dromes.1,2 This is an important step in developing
skill in clinical diagnosis. Syndromes can be defined
in purely empirical and mutually exclusive terms,
and a patient’s illness often can be classified into a
single anatomic syndrome.

These two approaches to infectious diseases can
be illustrated by the example of group A strepto-
cocci and exudative pharyngitis (see Fig. 1-1). In
the etiologic agent approach, the various kinds of
illnesses that can be caused by Group A streptococci
are considered. In the anatomic syndrome ap-
proach, a broad, general clinical pattern of the syn-
drome is defined (e.g., febrile exudative pharyngi-
tis). After that, the various microorganisms that can
cause this syndrome are evaluated.

It is important to make the anatomic syndrome
diagnosis before trying to determine the specific eti-
ologic diagnosis. This order of priority helps the
clinician avoid overlooking reasonable possibilities.
Although it is not customary to say, “influenza-like
illness, possibly due to influenza virus,” this se-
quence of phrasing a diagnosis helps remind the
clinician that other viruses can produce an illness
very similar to that produced by influenza virus.
It is also an example of the two-step approach to
diagnosis: first a descriptive syndrome diagnosis
and second a probable etiologic diagnosis.

Agent versus Syndrome

The word “measles” can refer to either the disease
or the virus. Similarly, the words “pertussis,”

“chickenpox,” and “influenza” can refer to the syn-
drome or to the agent. However, many infectious
diseases have been recognized that are best re-
garded as syndromes and that can be caused by a
number of different agents. For example, a rubella-
like illness can be caused by rubella virus or by
other infectious agents. It is best to reserve the use
of simple terms such as “rubella” or “measles” for
cases in which the etiologic diagnosis is not in
doubt; otherwise, terms that describe the syn-
drome, such as “rubella-like illness” should be used.
Confusion does not arise if the agents are referred
to by their taxonomic names, i.e., “rubella virus,”
“influenza virus,” “Bordetella pertussis,” or “varicella-
zoster virus.”

Normal versus Immunocompromised
Child

When evaluating a child with a possible infectious
problem, the approach may differ depending upon
whether the child has a normal or a compromised
immune system. The immunocompromising con-
dition may be known, such as a child receiving
chemotherapy for a malignancy, or suspected, such
as a child with a history of severe, recurrent infec-
tions. Susceptibility to infection will vary depend-
ing on the nature and severity of the specific immu-
nologic defect. In general, immunocompromised
children require prompt and more aggressive ther-
apy. These exigencies may appropriately lead the
clinician to institute empiric therapy more readily.
Coexisting infectious processes are also more likely
in the immune compromised host. Finally, duration
of therapy may also need to be lengthened.
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Spectrum of Severity

There is a spectrum of severity of clinical illnesses
caused by a single etiologic agent (Fig. 1-2). Most
diseases are first recognized in their most severe
form at autopsy. After the clinical patterns of illness
in these fatal cases have been studied, a form
of illness of moderate severity can often be diag-
nosed before death. After techniques have been de-
veloped for serologic diagnosis or for isolation of
the agent, asymptomatic forms of the disease can
be recognized.

The existence of various degrees of severity of
any disease must be recognized when making gen-
eralizations about it. The physician should not con-
sider diseases in terms of an average of all degrees
of severity, because there are important clinical dif-
ferences in the prognosis for different severities. The
clinician must recognize that more vigorous therapy
is needed for the severe form than for the milder
form of an illness caused by the same agent.

The classic or severe form of a disease often is
correctly diagnosed by a nurse, an observant family
member, or a school teacher.3 This form should not
present any diagnostic difficulty to a physician who
has seen the disease, but much more knowledge
and skill is needed to diagnose moderate or atypical
forms of a disease. Recognition of the mild or
asymptomatic forms of an infection usually requires
the use of laboratory tests. It is prudent to remem-
ber the old adage that atypical presentations of com-
mon illnesses are more frequent than classic presen-
tations of rare illnesses.

■ THE DIAGNOSTIC PROCESS

Clinical diagnosis is an intellectual process the phy-
sician goes through in analyzing a patient’s disease.
It is a judgment that begins the moment a patient

■ FIGURE 1-2 Spectrum of severity of illness caused by a
single etiologic agent such as measles virus.

is first seen and the physician begins to reason from
the general nature of the patient’s signs and symp-
toms to the specific possible illnesses. It ends when
the diagnosis cannot be further refined.

■ STEPS IN DIAGNOSIS

History and Physical Examination

The first history obtained is usually only an approx-
imation and varies in quality according to the pa-
tient’s ability to give information, the doctor’s abil-
ity to elicit the necessary information, and the time
available.

The experienced clinician forms hypotheses,
also called tentative diagnoses or problems, early in
the history taking and directs the questions toward
testing these hypotheses.4,5 One deliberately keeps
the hypotheses broad and allows the history and
questioning to shape them. This avoids the ten-
dency to jump to diagnostic conclusions while still
keeping the discussion within reasonable limits.

The important details of the physical examina-
tion can be completed in a brief period of time and
should be complete relative to the disease sus-
pected. Some parts of the examination should be
repeated when indicated by the clinical situation.

In both the history and the physical examina-
tion, the critical information necessary to the final
diagnosis of a complicated illness may not be ob-
tained until the second or third evaluation of the
important key features.

Working (Presumptive) Diagnoses

The clinician should always have presumptive
(working) diagnoses on which to base laboratory
studies and therapy. The presumptive diagnoses
should be made early in the evaluation and are
based on the history and physical examination, and,
in some cases, on the initial laboratory studies.

Types of Diagnoses

Several kinds of presumptive diagnoses can be
made for most illnesses,6 as in the following list.
Two have been described earlier as part of the two
steps in the diagnostic process. A third type is often
an emergency or urgent physiologic diagnosis
and in pediatrics may be made on an urgent basis
before the anatomic or syndrome diagnosis has
been clarified.

1. Anatomic: describing the anatomic area involved
(e.g., pharyngitis, pneumonia, or non-purulent
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meningitis); also called syndrome diagnoses.
These diagnoses should be empirical and de-
scriptive and should be easily agreed upon by
reviewers of the data available.

2. Etiologic: indicating the cause of physiologic or
anatomic disturbance (e.g., Shigella, meningo-
coccus, or respiratory syncytial virus). The etio-
logic diagnosis should be given as the single
most probable etiology, along with a list of the
other reasonable possibilities, with comments
about each possibility.

3. Physiologic: indicating the disturbances in physi-
ology involved (e.g., respiratory acidosis,
congestive heart failure, or endotoxic shock).
Therapy directed at a physiologic disturbance is
often possible as an immediate measure without
knowledge of the etiologic agent involved. The
physiologic diagnosis can often be expressed
quantitatively (e.g., respiratory acidosis with a
blood pH of 7.2 and PCO2of 50 torr).

Physiologic diagnoses should not be confused
with theories of pathogenesis. Physiologic diag-
noses can be defined operationally by empirical ob-
servations, as in shock, cerebral edema, or respira-
tory acidosis. Theories of pathogenesis cannot be
defined by direct observation (e.g., antigen–anti-
body reaction, latent infection, viremia, and colla-
gen disease).

Progressive Focusing on the Diagnosis

Anatomic syndromes should be defined precisely
yet should be broad enough to include all possibili-
ties.5,7 After the anatomic syndrome is diagnosed,
clinicians can gradually eliminate etiologic agents
until they finally focus on the correct possibility.
The principal problem in diagnosis is to consider
that correct one. Attempting to make etiologic diag-
noses before syndrome diagnoses is like trying to
spear a fish. However, when the concept of ana-
tomic syndromes is used, it is like casting a net,
catching all the possible causes, then excluding
those inconsistent with the data and gradually se-
lecting the most likely.

Overlap of Categories

Patients’ illnesses, especially early in their course,
are difficult to categorize into a single syndrome.
The diagnosis is gray, not black or white; mixed-
up, not pure. This situation is best managed early

in the formulation of the patients’ diagnoses or
problem lists by being a “splitter” rather than a
“lumper” and listing several separate problems
rather than combining them. This is described fur-
ther in a later section.

Pattern Diagnosis versus Physiologic
Approach

The most frequent approach to diagnosis in practice
is pattern diagnosis.3,8 This involves recognizing
and combining clinical features. Fever, red throat,
and exudate would be combined as the syndrome
or pattern of febrile exudative pharyngitis. The phy-
sician then takes the statistical probabilities in terms
of age, sex, exposure, and other variables and ar-
rives at a presumptive etiologic diagnosis for that
patient, pending the results of the throat culture.
Thus, multiple features make an anatomic pattern.
The probable causes of that pattern make a proba-
ble etiologic diagnosis.

The physiologic approach to clinical diagnosis
is most useful when the clinical pattern is unfamiliar
to the physician. Such a situation may occur fre-
quently, when the physician has had little clinical
experience, or less often, when the experienced cli-
nician encounters an unusual case. In unusual
cases, the frequencies of various etiologies for a
given pattern are of little value. The physician must
then reason from the anatomic location and the
physiologic disturbance and has little basis for dis-
criminating among etiologic probabilities. In such
cases, nonspecific laboratory studies are of little
value. Specific tests, such as biopsy or computed
tomography or direct culture of the involved area
may be necessary if the illness is severe enough to
justify such a study.

Algorithms

Rational approaches to the evaluation of certain
clinical syndromes have been developed into algo-
rithms. Overreliance on algorithms, particularly
when the rationale behind their development has
not been studied and internalized, stunts the diag-
nostic acumen of physicians in training. Emphasis
should be placed on understanding disease pro-
cesses rather than tracing algorithmic lines. Occa-
sionally, the experienced clinician may find an algo-
rithmic approach to an uncommon illness to be
time- and resource-saving.
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Presumptive and Final Etiologic
Diagnoses
The broader the anatomic diagnosis and the more
specific the etiologic possibilities it includes, the
more likely it is to include the correct etiologic diag-
nosis. Like the detective in a mystery story who
always has a working hypothesis for the identity of
the criminal, the clinician needs to have a presump-
tive etiologic diagnosis as a guide to practical action
for logical therapy.3 If the physician has no pre-
sumptive etiologic diagnosis, there is no basis for
rational specific therapy. The anatomic syndrome
diagnosis rarely needs to be changed, because it is
descriptive, and all skilled observers should agree
on the descriptive formulation. However, the pre-
sumptive etiologic diagnoses may have to be
changed when new information is obtained, be-
cause presumptive etiologic diagnoses are almost
always practical and pragmatic.

The final etiologic diagnosis can be defined as
the best diagnosis that can be made when all infor-
mation, including laboratory data, is complete. The
final diagnosis may be made late in the patient’s
illness. It need not always be made on the basis of
laboratory tests but may be made by the course of
the patient’s illness or at a postmortem examination.

Fort Bragg fever, also called pretibial fever be-
cause the patients had fever and a rash on the lower
legs, was recognized clinically in Fort Bragg, North
Carolina, in 1942. The final etiologic diagnosis for
this illness was not made until 10 years later, when
Leptospira autumnalis, a spirochete, was identified
in a soldier’s blood after it had undergone 625 serial
passages in guinea pigs.9 Paired sera saved from
these patients showed a rise in antibody titer when
tested with this leptospira as the antigen. This ex-
ample illustrates the value of paired sera in making
a final laboratory diagnosis and shows how long a
final diagnosis can be delayed.

Conclusive Etiologic Diagnoses
These conclusive diagnoses are not as frequent as
laypersons might think. For the majority of patients
with infectious diseases, a probable etiologic diag-
nosis is made rather than a conclusive one. How-
ever, a conclusive etiologic diagnosis is important
because it allows the physician to:

• tailor immediate patient care;
• stop further unnecessary studies;
• adjust therapy more specifically;
• give a more accurate prognosis;

• learn more about a disease process;
• initiate preventive care, when necessary;
• ascertain which specific agents are common and

severe enough to warrant vaccines; and
• recognize potential epidemics

A conclusive etiologic diagnosis allows discon-
tinuance of laboratory studies and may provide
guidance for specific antibiotic therapy. It may also
reassure the patient or relatives, because it excludes
more serious etiologies.

Every conclusive diagnosis increases the physi-
cian’s knowledge, whereas unconfirmed diagnoses
do not. For the scientific education of the physician,
one conclusive diagnosis is worth a thousand equiv-
ocal, doubtful, unconfirmed diagnoses. The physi-
cian should use all methods available to establish
the clinical diagnosis, provided that it is in the pa-
tient’s best interest to do so. For the physician to
benefit from a final diagnosis obtained later, it is
essential to have accurate written observations of
the early symptoms and signs so that they can be
evaluated and analyzed.

Scientific analysis of therapy should be based
on the results in patients with the best etiologic
diagnosis possible. For conditions of unknown eti-
ology, such as Kawasaki disease, the case definition
must be as specific as possible in order to avoid
including patients with other diagnoses.

A conclusive etiologic diagnosis is often desir-
able for public health reasons. For example, measles
and diphtheria are of great public health impor-
tance, and confirmation by the most conclusive lab-
oratory methods available is exceedingly important
in justifying the massive preventive measures usu-
ally needed.

Laboratory Role

In the field of infectious diseases, the physician
should rarely base decisions about a particular pa-
tient solely on laboratory studies. Rather, laboratory
studies should be used to indicate whether the clini-
cal diagnosis and the therapeutic decisions based on
the clinical diagnosis were correct. Thus, laboratory
results should be a control mechanism for retro-
spective interpretation of the patient’s illness and
a guide to the education of the physician for the
treatment of future similar patients. Laboratory re-
sults may influence the physician to modify or
change the diagnosis in a specific patient, but they
should rarely be the first clues to the final diagnosis.
A common error is to make a diagnosis based upon
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a laboratory test that is not consistent with the pa-
tient’s clinical presentation, or, worse yet, based
upon a laboratory test that was not indicated. The
positive predictive value of a test is related not only
to its sensitivity, but also to the prevalence of a
disease in a population. When a test that is not
indicated is obtained, as, for example, a Mantoux
tuberculin test performed as a condition for school
entrance in a child without any risk factors for dis-
ease, almost all the positive results are false posi-
tives. Similarly, serologic tests for Lyme disease
drawn on patients who live in the Southeast and
have a nonspecific exanthem are more likely to mis-
lead than to inform the diagnostic process.

Sometimes the phrase “laboratory diagnosis” is
used in contrast to the phrase “clinical diagnosis,”
as if a laboratory could make a judgment. This con-
trast is better made using the terms “presumptive
diagnosis” and “final diagnosis,” each of which is a
human opinion that can be modified by laboratory
data.

Definitions

Several types of definitions are recognized.

1. Dictionary definitions give a synonym or the lit-
eral meaning of the word. For example, the dic-
tionary definition of laryngitis is “inflammation
of the larynx.” However, dictionary definitions
often describe a set of circumstances that cannot
be observed directly, such as the histologic ap-
pearance, but rather are deduced from other ob-
servations.

2. Operational definitions are definitions in which
an observer does some sensory operation, such
as looking, feeling, smelling, or listening, and
the observation made defines the term.10 For
example, one operational definition of laryngitis
is “what a patient has when the clinician ob-
serves the patient to have a barking cough,
hoarseness, or loss of voice.” A better operational
definition of a barking cough might be “Go listen
to that patient coughing in Room 16. That cough
is a barking cough.”

3. Circular definitions can best be described by
examples:
a. If a streptococcal infection is defined by re-

covery of group A streptococci from the
throat culture by the bacteriology laboratory,
then the throat culture is essential to the di-
agnosis of the infection.

b. If a streptococcal infection is defined as a rise

in titer to either antistreptolysin O, antistrep-
tokinase, or antihyaluronidase, then all pa-
tients with streptococcal infections will have
a rise in titer to one of these three antibodies.

c. If the diagnosis of subacute bacterial endo-
carditis were limited to those patients who
have positive blood cultures, then an analysis
of cases with this diagnosis would reveal that
100% of patients with this diagnosis had a
positive blood culture.

In the examples above, a streptococcal infection
might be defined either by recovery of the organism
or by demonstration of an antibody rise, but the
test of such arbitrary definitions is their usefulness.
In this case, an antibody rise against group A strep-
tococcus is likely only if antibiotic therapy is not
given, so this is not a useful way of making the
diagnosis. Likewise, if one indiscriminately obtains
throat cultures on every patient who comes to the
office, a fair proportion of positive cultures will rep-
resent colonization rather than infection. The physi-
cian must be wary of circular definitions, particu-
larly when they are used in the medical literature to
make sweeping generalizations about a condition.

Classifications

Classifications are designed to be useful and are not
intrinsically meaningful aside from their practical
utility. Most laypeople have extremely simple views
of medical diagnosis and do not discriminate be-
tween varieties of pneumonia, for example. Some
clinicians use few diagnoses and tend to combine
a number of clinically different pictures into the
same general category. This process is sometimes
called “lumping,” but it is really oversimplification.
However, the best clinicians discriminate as pre-
cisely as possible in the classification of types of
pneumonia. As an analogy, in the English language,
there is only one word for snow, because all snow
is about the same to English-speaking people in
their experience. However, the Alaskan natives are
said to have many different words for snow, de-
scribing the varieties that they can distinguish, all
of which are important to them. The most useful
guide to the value of fine distinctions is whether
such shades of differences have any utility in the
experience of the physician using them.

The difference between lumping and splitting
can be illustrated by several examples. Aseptic men-
ingitis syndrome usually has a benign viral etiology.
Acute encephalitis, on the other hand, usually has a
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serious prognosis and seldom has a specific etiology
determined. The distinction between aseptic men-
ingitis and acute encephalitis syndromes is very
useful clinically, but the distinction is obscured by
lumping the two together under the rubric “menin-
goencephalitis.” Similarly, the use of the term
“upper respiratory infection” or “URI” to include
streptococcal pharyngitis and influenza-like illness
is another example of a lumping oversimplification.
It is certainly clinically useful to distinguish the be-
nign common cold syndrome from the potentially
serious streptococcal pharyngitis.

The terms “lumping” and “splitting” are also
sometimes used in the context of how vigorously a
clinician attempts to make all the patient’s symp-
toms fit into a single clinical diagnosis. It is often
preached at the pediatric bedside that pediatric pa-
tients only have one disease. In general, it is true
that children’s symptoms are most often related to
a single underlying cause; however, it should be
remembered that the presence of one disease does
not necessarily exclude other diseases. In fact, in
some cases, such as severe influenza virus infec-
tions, the presence of one disease (influenza) actu-
ally predisposes the patient to the development of
another (bacterial superinfection).

Problem-Oriented Records

In the problem-oriented method, working diag-
noses are called problems, and great emphasis is
placed on the changing formulation of problems as
additional information is obtained.11–14 The prob-
lem-oriented system emphasizes the importance of
stating the problem only in terms of what is reason-
ably certain and of avoiding working diagnoses that
cannot be demonstrated by the available evidence.
This concept is illustrated by the quotation from
Zen and the Art of Motorcycle Maintenance on the
front page of this book.

The Problem List

This list is a key part of the problem-oriented
method. It has two main functions. The first is its
use as an index or table of contents, for easier fol-
lowing of a problem through the mass of data. The
second is that of forcing the physician to follow a
rigid rule of accuracy in the wording of the patient’s
problem or working diagnosis. The problem name
should be objective and descriptive and one that
any clinician with the same data would accept.

Speculation in the problem list is banned by not
allowing the use of “rule out” or “probable” in modi-
fying the problem name. Therefore, the problem
should not be put on the problem list too early
(although it can be named tentatively in the assess-
ment). After more data are obtained (hours in an
acute illness, a day or two for more chronic illness),
the problem can be put on the permanent problem
list. As even more information is obtained, the
problem name is refined, using arrows and dates.

A major purpose of this book is to provide opera-
tional definitions of infectious syndromes of chil-
dren so the clinician can recognize the pattern and
make a problem-oriented syndrome diagnosis. The
second step of making an etiologic finding can then
proceed using the probabilities and confirmatory
laboratory tests also described in this book.

Flow Sheets

The problem-oriented method encourages the use
of flow sheets. The flow sheet for purulent meningi-
tis is an example of a rapid flow sheet (see Fig. 9-
1). A flow sheet may be devised for following a
patient with any acute, chronic, or recurrent illness.
The best flow sheet is often the one improvised and
individualized for a particular patient’s needs.

Overdiagnosis

Physicians usually assume that their patients have a
disease. However, some patients are overdiagnosed
and may have what has been called “nondisease.”15

Patients may also be suffering from illnesses that
do not have an organic etiology, but rather are man-
ifestations of psychologic difficulties. Overdiagnos-
ing can be avoided if anatomic syndrome diagnoses
are maintained as exact descriptions of the problem,
if absence of physiologic disturbance is always
noted, and if “no organic basis” is kept in the list
of possible etiologic diagnoses.

■ THE MANAGEMENT OF INFECTIONS

Diagnosis versus Management

It is useful to distinguish diagnostic problems from
management problems. Although both problems
may be present in various degrees, one is usually
more prominent in any particular patient. If the
etiologic diagnosis is not certain, most of the physi-
cian’s effort is directed toward defining a working
anatomic diagnosis and trying to determine the eti-
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ologic agent. When the patient has a physiologic
diagnosis or an anatomic syndrome diagnosis,
symptomatic and supportive treatment can be
given. The patient still has a diagnostic problem
until the etiologic diagnosis is reasonably certain.
The first sentence of an oral presentation of a patient
with an undiagnosed problem should state this fact.
For example, “John is a 10-year-old boy with fever
and arthralgia of undiagnosed cause.”

In contrast, if the patient has a known etiologic
diagnosis, the emphasis is on management and
therapy. When the patient’s problem and etiologic
diagnosis are known, the evidence should be stated
immediately in the presentation. For example,
“Mary is a four-year-old girl with the problem
of management of her staphylococcal empyema,
a diagnosis based (at this moment) on finding clus-
ters of gram-positive cocci in pus removed at
thoracentesis.”

Management versus Treatment
Treatment is too often regarded as giving drugs or
performing operative procedures. Management is a
broader term and should remind the physician of
the importance of dealing with the patient’s anxi-
eties and following the course of the illness in order
to anticipate complications and to alleviate the total
impact of the illness.16,17

Management of Feelings
The anxiety of the parent and the interrelations of
the child, parents, and the physician are important
in dealing with infectious diseases, as in all illnesses.
It is extremely important for the clinician to discuss
the problems thoroughly with the family and the
child if possible. Poor communication is especially
likely if the patient’s background is different from
the physician’s.18 The clinician should provide indi-
vidualized personal care with explanation of the
symptoms to the patient, as well as instruction, en-
couragement, and support. In serious or chronic
illnesses, ancillary support for the patient and the
patient’s family may also be appropriate. Failure to
give the parents an adequate explanation is a signifi-
cant reason for their failure to follow the physician’s
instructions.19 Nurses are usually very helpful in
interpreting problems and in giving instructions to
the patient.

Anticipatory Diagnosis
As the clinician develops experience, there should
be a trend toward earlier diagnosis of severe dis-

eases because of an increasing familiarity with the
expected complications.20–22 It is more important
for the physician to recognize the early stages of a
potentially dangerous disease than to recognize the
advanced illness. Early diagnosis is essential for the
primary care physician, but the earlier it is, the more
difficult it is.23 It is much more important to think
of and prevent a life-threatening or permanently
damaging complication than to allow the disease to
progress under observation to a more dangerous
but easily recognizable stage.20 For example, orbital
cellulitis should be recognized early and treated ex-
tremely vigorously to prevent the complication of
cavernous sinus thrombosis. At the present stage of
medicine, it is more important for the physician to
know how to recognize orbital cellulitis than to
know how to recognize cavernous sinus thrombo-
sis, because the orbital cellulitis should usually not
progress to cavernous sinus thrombosis under a
physician’s care.

Complications

Complications may make the diagnosis more diffi-
cult by overshadowing the usual findings of the pri-
mary disease. As soon as presumptive diagnoses are
made, the known complications of the diagnoses
should be mentally noted, and the signs and symp-
toms of these potential complications should be
looked for frequently. This early recognition of
complications is an essential part of management.

Follow-up of Outpatient Infections

As a general rule, the physician should arrange a
specific follow-up visit or telephone call rather than
leave this to the parents’ discretion,22 especially for
young children with febrile illnesses, because many
parents are not experienced in recognizing signs
that the physician would recognize as serious.

Preventable Death

A review of the records of preventable deaths usu-
ally indicates that the principal error is failure to
recognize the severity of the patient’s illness. This
error may be made by the patient or the parents
simply because they have had no medical experi-
ence and do not know the signs of serious disease.
It would be a useful public health practice to teach
laypersons some of the danger signs of serious in-
fectious illnesses, particularly in infants. This kind
of educational effort is at least as valuable a preven-
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tive medicine procedure as teaching people the
value of routine physical examinations and screen-
ing laboratory tests.

Occasionally, death occurs because the physi-
cian failed to recognize the severity of the patient’s
illness. Such a death might be prevented by knowl-
edge of the clinical manifestations of expected com-
plications and carefully specified follow-up ar-
rangements for young infants.21 The physician
should also know the unusual or atypical course of
an illness that has been diagnosed and should think
of the unusual or atypical course.

Pessimist’s List

Once the physician has made presumptive diag-
noses, a list of the possible serious complications,
a “pessimist’s list,” should be made. The physician
should try to think of what diagnostic possibilities
might be overlooked. The physician should think
beyond the probable in order to be prepared for
the unlikely and should plan for what to do if the
worst occurs. This attitude should not lead the phy-
sician to undertake unnecessary diagnostic studies
or treatments but should make one alert to the pos-
sibility of something other than what appears to be
obvious.

Recognizing Alternatives

The clinician should have a complete understand-
ing of the alternatives in the management of an ill-
ness. Problems of diagnosis usually involve a list of
the various other possibilities (the differential diag-
nosis or assessment) and the procedures that follow
logically from the list (the plan).

In problems of management, the clinician
should consider all of the acceptable available alter-
natives. Errors can be made when the physician
does not have a clear understanding of the alterna-
tives and their consequences. It is more likely that
an error will be made by failing to recognize a possi-
ble alternative than by choosing the wrong one.
The physician should carefully consider all logical
methods of treatment rather than try to follow a
routine or regimen.

New Data

When a physician begins to believe a diagnostic
hypothesis, conflicting data are sometimes ignored
or misinterpreted. Newly acquired information may
be used to confirm an existing hypothesis when, in

fact, the information should be disregarded, used
to reject the hypothesis, or used as the basis for a
new hypothesis. The physician may exaggerate the
importance of findings that fit with a preconceived
idea.24 The clinician should not block out new data
that would change the current scientific consensus
about a disease. This openness to scientific change
has been called a “high tolerance for uncertainty”23

and applies both to concepts about a disease and
to a particular patient’s problem.

The failure to believe new facts that would alter
a decision has been called “defensive avoidance,”
as shown by calm inertia or denial in the face of
new data that suggest that the current plan is a
failure.23 Working diagnoses should not be consid-
ered etiologic diagnoses. Clinicians should not be-
come “invested” in a particular diagnosis or treat-
ment plan; patient care must be patien rather than
clinician-centered. Contingency plans are helpful
and easier if complications are anticipated. It is a
bad plan that permits no modification.

Redundant Predictors

When a patient has several of the classic predictors
of a disease, the clinician may feel confident of the
diagnosis. This confidence, however, may be unjus-
tified if the signs and symptoms relied upon usually
occur together, even in other disease states. For ex-
ample, a physician may mistakenly make a clinical
diagnosis of streptococcal pharyngitis based on the
presence of fever, sore throat, painful swallowing,
and a red throat on physical examination. It should
be remembered that the latter three predictors are
not independent. They usually occur together.
Their presence does not increase the probability of
the diagnosis of streptococcal pharyngitis propor-
tionately. In contrast, a recent diagnosis of strepto-
coccal pharyngitis in a sibling of the patient is an
independent predictor, and increases the likelihood
of the diagnosis in the patient.

Temporal Association versus Cause
and Effect

When diagnostic uncertainty exists, a therapeutic
trial of medication is often used to determine if the
patient’s condition improves. However, changes in
disease states that coincide with administration of
a drug may be due to chance variation or to the
natural history of the disease process. For instance,
children with the common cold often improve
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within one or two days of being given an antibiotic;
this is due to the fact that by the time a child has
been sick with a common cold long enough to see
a physician, he is usually within 1 or 2 days of the
natural end of the illness. Physicians must be wary
about jumping to cause-and-effect conclusions
based upon chance associations. Additionally, par-
ents can be rather tenacious in beliefs that are based
upon temporal associations.

Overgeneralization

Early in a physician’s career, there is a natural ten-
dency to extrapolate clinical experiences into gener-
alizations about disease processes. This is particu-
larly true when the clinician has cared for someone
with a relatively uncommon disease. Because it is
easier for the mind to recall diseases and syndromes
when they are linked to actual patient experiences,
one’s own clinical happenstance takes mental pre-
cedence over medical teachings learned in class-
rooms, from textbooks, or from medical journal ar-
ticles. If the patient in question had a classic form
of the disease, this process is relatively harmless.
However, personal clinical experiences must be
placed in an appropriate context. One patient usu-
ally does not represent the whole. Obviously, the
more patients with a particular disease the clinician
has seen, the more closely the group of patients is
likely to approximate a “typical” case.

Experienced physicians are also prone to this
phenomenon, especially if one of their patients had
a terrible complication of a common disease, or if
the diagnosis of a catastrophic illness was missed
because of a fairly benign presentation. Although
the tendency is natural, clinicians must not take a
“that’s never going to happen to me again” approach
to the care of patients with common, self-limited
illnesses, because this leads to many unnecessary
and potentially dangerous laboratory and imaging
studies.

Decision Options

At any given time, there is a variety of possible deci-
sion options available to the physician. These can
be described in the following general and medical
terms:

1. Disregard the situation. Reassure the patient that
the symptoms are not significant but advise a
return visit or telephone call if new symptoms
develop.

2. Wait and observe. Read, get consultation, do lab-
oratory tests.

3. Define the situation on the basis of present informa-
tion. Make a diagnosis.

4. Manipulate the situation. Give medication or
operate.

It is useful for the clinician to review these four
logical possibilities frequently to be sure that all of
them are being considered in an individual case.

Occupational Rituals

Medicine has evolved rituals that function to maxi-
mize correct decisions and reduce the tensions that
might arise from judgments made with incomplete
knowledge.25 Teaching rounds, work rounds,
grand rounds, and morbidity and mortality confer-
ences are, in part, designed to socialize the process
of decision making and provide a structure for deal-
ing with uncertainties. It may help the clinician to
recognize that some of these conventions are rituals
that were designed because it is not always easy to
know what to do.

■ ANALYSIS OF LABORATORY DATA

There are several kinds of laboratory methods to
aid in the etiologic diagnosis of infectious diseases:
histology, culture (isolation of the agent), serology
(demonstration of a significant antibody response
to the agent), antigen detection, polymerase chain
reaction (PCR), and skin tests.

Histologic Methods

Gram staining is the most useful histologic method
and should always be done immediately on all pu-
rulent specimens. Occasionally, histologic observa-
tions are either pathognomonic, as in the Negri
bodies in rabies, or highly specific, such as the intra-
nuclear inclusions in cytomegalovirus infections.
Fluorescent antibody and immune electron-micro-
scopic methods have added the specificity of the
antigen-antibody reaction to histologic methods
and have made them increasingly valuable.26

Culture

This is the most frequently used laboratory proce-
dure in infectious diseases. The first stage of this
process is technically called the detection, recovery,
or isolation of the agent. Bacteria or fungi may be
detected by observing a colony on a plate or turbi-
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dity in a broth. Detection of a virus may be by cy-
topathic effect in cell culture, by interference, by
hemadsorption, or by death or disease in an experi-
mental animal.

The second stage in culturing is identification.
Preliminary identification is based on general char-
acteristics that allow the technologist to predict the
final result according to probabilities based on past
observations. Final identification of microorga-
nisms is usually based on biochemical or serologic
reactions; for example, by neutralization of the cy-
topathic effect by a type-specific antiserum (viruses)
or by agglutination reaction with high dilutions of
a specific antiserum (bacteria and fungi). Final
identification may also be made by the use of fluo-
rescent antibodies that attach to specific viral or
bacterial antigens.

Detection and preliminary identification may be
compared with procedures for final identification,
which often require sending the isolate to a refer-
ence laboratory.

Serologic Methods (Antibody
Detection)

These methods usually are based on the demonstra-
tion of a rise in the specific antibody titer between
acute and convalescent sera. Antibody levels are
measured in serum that is serially diluted with buff-
ered saline (for example, 1 part serum to 1 part
saline would be called 1:2 or “one to two”; the next
dilution would be 1:4, and so on). The “titer” is the
dilution at which antibody can still be detected.
Serologic methods are especially useful in diseases
in which the infectious agent may also be isolated
in a carrier state or in a recurrence of latent infec-
tion, as well as in acute disease. Other infectious
agents may be difficult or even dangerous to culti-
vate in the laboratory; serologic methods may be
helpful in the diagnosis of these pathogens as well.

When an infectious agent is recovered from a
patient without an increase in the antibody concen-
tration against that agent, the implication is that the
host has not responded to the agent. Therefore, the
term “infection” is sometimes reserved for the lim-
ited sense of a significant (usually fourfold) anti-
body titer rise measured in serum obtained early in
the illness and during convalescence.

Detection of specific IgM antibody has also been
recognized as a method of proving recent infection
on the basis of a single serum specimen. This is not
necessarily a viable method for all types of infection;

Epstein-Barr virus, for example, may induce some
IgM in asymptomatic reactivation of latent infec-
tion. Other diseases, such as cat scratch disease, are
sometimes diagnosed based on only one sample by
the intensity of the antibody response. In this case
it has been determined that past infection rarely
produces antibody titers higher than a certain cutoff
level; therefore, antibody titers above that level may
be assumed to represent acute infection.

Antigen Detection

Microbial antigens can be detected by a variety of
methods, including direct and indirect fluorescent-
antibody staining, coagglutination, counterimmu-
noelectrophoresis, latex agglutination, precipitin re-
actions, and enzyme-linked immunosorbent assays
(ELISAs). Use of antigen detection methods, partic-
ularly latex agglutination tests, was once standard
in the evaluation of many bacterial infections but
has recently come under fire for being unreliable
and for confusing the clinical situation more fre-
quently than clarifying it.26

Polymerase Chain Reaction

Polymerase chain reaction (PCR) is a molecular di-
agnostic technique that uses primer, nucelotides,
and enzymes in order to amplify DNA or RNA in
clinical samples. Because this technique builds nu-
cleic acids in logarithmic fashion (i.e., one copy
becomes two copies, two copies become four cop-
ies, and so on), it is a sensitive method for detecting
the presence of even very small numbers of patho-
genic organisms, even after the organisms are no
longer viable. It is a relatively complicated proce-
dure and is prone to false positive results due to
contamination. Laboratories that perform PCR on
a regular basis are more reliable. PCR has become
clinically very useful, especially in cases of herpes
encephalitis, obviating the need for brain biopsy to
secure the diagnosis.27 It can also be helpful in the
diagnosis of enteroviral infections and parvovirus
B19 infections, among others.28

Skin Tests

Intradermal injection of an antigen can be used to
detect delayed hypersensitivity, as in the tuberculin
test. Delayed hypersensitivity usually indicates past
infection with the microorganism and provides sup-
portive evidence that the present illness may be
caused by that agent. The value of skin tests is lim-
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ited, however, because at the time the patient is
first seen, the infection may be too early for a posi-
tive test. Alternatively, the patient may be anergic
and immunologically unable to respond with a pos-
itive skin test. Skin tests for some agents (e.g., histo-
plasmosis) tend to stay positive for years after infec-
tion, and so may not be helpful in making the
diagnosis of active infection.

Etiologic Association

The etiologic association of a particular syndrome
with a specific infection is usually based on a statis-
tical correlation, because infection, as demonstrated
by an antibody titer rise, may occur coincidentally
with an illness. For example, a streptococcal anti-
body titer rise would implicate the streptococcus as
the cause of a concurrent febrile pharyngitis, but
would not implicate it for a concurrent diarrheal
illness.

Laboratory evidence of infection is therefore not
necessarily proof of an etiologic relationship. The
laboratory can only report what organism was de-
tected. Even when the organism is recovered from
the blood or other normally sterile site, the clinician
must establish the significance of the laboratory re-
sult by following certain conventions for determin-
ing whether the individual illness is caused by the
organism detected. These conventions are based on
fundamental principles or assumptions of a general
nature, such as Koch’s postulates, stated in 1891.
Interpretation of cultures becomes even more prob-
lematic when they are obtained from sites that are
not normally sterile, such as an endotracheal tube
in a mechanically ventilated patient.

The evolution of theories and standards for de-
termining causation in infectious disease from
Koch, Huebner, and Henle has been elegantly de-
scribed and illustrated in a monograph by Alfred
Evans.29

Associations versus Diagnosis

Etiologic association is a theoretical research prob-
lem for the medical scientist. It should not be con-
fused with diagnosis, which is a practice problem
for the clinician.

The problem of association is to determine
whether a particular agent ever causes a particular
naturally occurring illness. The establishment of
such a causal relationship requires the set of condi-
tions reviewed by Evans.29 Experimental infections

can demonstrate that it is possible for the agent to
cause the disease. Observations of outbreaks, or the
statistical study of an agent in an illness compared
with normal controls, can demonstrate that the
agent is a probable cause of the naturally occurring
illness. The clinician trying to make an etiologic
diagnosis is often limited by practical circum-
stances. Sometimes, no laboratory tests are used.
Sometimes, the clinician accepts the agent isolated
as the probable cause of the illness. Sometimes,
equivocal antibody results must be taken as the best
diagnostic data available. Thus, the clinician may
not often be able to reach a conclusive etiologic
diagnosis, but the anatomic, physiologic, and pre-
sumptive diagnoses should always be made.

Possibilities and Probabilities

The clinician should learn to distinguish between
probabilities and possibilities. Experimental infec-
tions can demonstrate that a given agent is a possi-
ble cause of a given syndrome. Epidemiologic ob-
servations of naturally occurring illnesses indicate
what particular agents are the most probable cause
of a syndrome. The probable cause of a syndrome
depends on many variables, such as age, sex, expo-
sures, season, and socioeconomic status. Until a
final diagnosis can be made, the physician usually
diagnoses the most probable of the possible agents;
this diagnosis is based on epidemiologic, not exper-
imental, studies.

Coincidental Infection

Sometimes, recovery of a virus from throat or rectal
swabbing is only a coincidence. If asymptomatic
infection or prolonged excretion of a virus is fre-
quent, the statistical association of the virus with a
particular syndrome is difficult. Some syndromes
may be believed to be caused by a particular virus
because the syndrome is rare, but recovery of the
virus is frequent. Furthermore, a statistical differ-
ence between the recovery rate in normal and sick
individuals may reflect an effect of the disease rather
than its cause. Thus, the scientific criteria for etio-
logic association always require demonstration that
the agent is a statistical cause of the naturally occur-
ring disease and also observations of outbreaks or
experimental human or animal infections.
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Nose and Throat Syndromes

■ DEFINITIONS AND CLASSIFICATIONS

“Upper respiratory infection,” often abbreviated
URI, is a collective term. It has the same kind of
meaning as “lower respiratory infection,” i.e., it in-
cludes several anatomic syndromes. URI has be-
come a lay term like “strep throat” or “flu.”

The term “URI” is an oversimplification. The
clinical skill of a physician is related to the ability
to make specific diagnoses, which are based on dis-
crimination and distinction between shades of dif-
ferences, not on oversimplifications. In general, the
best diagnosticians have a large number of possi-
ble anatomic syndromes to consider. The use of
the collective term URI when a more specific diag-
nosis is possible implies unnecessarily superficial
thinking.

In a study of emergency room visits, the diagnos-
tic terms “common cold” and “rhinitis” were rarely
used by the physicians, whereas the term URI was
common.1 Perhaps this was because the patient
really had a more severe syndrome, sometimes re-
ferred to as the “uncommon cold,” which may in-
clude acute bronchitis or some other diagnosis the
vague term URI covers.1

Two syndromes are often misdiagnosed as upper
respiratory infections. The first is a systemic syn-
drome, manifested by relatively high fever and gen-
eral symptoms such as headache and fever, but with
a normal physical examination. It is useful to clas-
sify such illnesses in diagnostic terms that empha-
size the fever, such as “fever without localizing
signs,” as described in Chapter 10. This term is
much more descriptive than “viral syndrome,” an
unsophisticated phrase that usually implies fever
but is vague, assumes the etiology, and lacks an
anatomic component.

The second misdiagnosed syndrome is distin-
guished by prominent respiratory symptoms (i.e.,
cough and sore throat) with a moderate to high
fever or with generalized weakness. It is useful to
classify such illnesses as influenza-like, as described
in Chapter 7. Unfortunately, these distinctions be-

tween upper respiratory illnesses, systemic febrile
illnesses, and influenza-like illnesses are not widely
accepted, and medical communications continue to
be hampered by the lumping of a variety of separa-
ble syndromes into the category of URI or “viral
syndrome.”

This chapter includes the common cold syn-
drome, purulent rhintis, and pharyngitis (see Box
2-1). Other respiratory syndromes are discussed in
Chapters 7 and 8. Dental infections, gingivitis, sto-
matitis, and tongue infections are discussed in
Chapter 4.

■ COMMON COLD SYNDROME

The common cold syndrome was defined in adults
as a self-limited illness, with watery nasal discharge,
nasal stuffiness, occasionally a scratchy throat,
sneezing, chills, burning eyes and nasal mem-

BOX 2-1 ■ Classification of Upper
Respiratory Infections

Anatomic Upper Respiratory Infections
• Common cold syndrome

Sneezing
Watery nasal discharge, often thickening and
becoming yellow or green late in the course of
the illness
Nasal obstruction
No significant fever

• Purulent rhinitis (rare)
Foul-smelling, thick nasal discharge, with fever
and/or excoriation near the nostril

• Pharyngitis
Objective evidence of pharyngeal
inflammation (i.e., red throat and/or exudate)
Usually sore throat or fever

Misdiagnosed as Upper Respiratory Infections
• “Bronchitis”
• Influenza-like illness
• Fever without localizing signs
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branes, and mild muscle aches. Cough may be pres-
ent but is usually not prominent. Significant fever,
defined as an oral temperature of 102�F (38.9�C)
or higher, is unusual, especially in the older child.
Common cold syndrome may reasonably be con-
sidered a rhinosinusitis. The lining of the sinuses
is contiguous with the nasal mucosa and typically
becomes inflamed during the course of a common
cold.2

Possible Etiologies

Rhinoviruses

The most frequent cause of the common cold syn-
drome in adults and probably in teenagers is infec-
tion with one of the approximately 100 serotypes
of rhinovirus. Reinfection with the same serotype
can occur but is usually less symptomatic.3 Unlike
most other human viruses, rhinoviruses are temper-
ature sensitive. They grow best at 33�C, about the
temperature of the nasal mucosa, and growth is in-
hibited gradually at increasing temperatures. In
vitro, most rhinoviruses do not grow well at 37�C,
which is the reason they do not usually cause lower
respiratory infection. It has been reported, however,
that certain rhinoviruses can and do cause lower
respiratory infection in some individuals,4 and also
that infection of the upper respiratory tract with a
rhinovirus commonly induces wheezing in patients
with asthma.5

Inoculation of susceptible volunteers with a rhi-
novirus results in an illness that begins about the
first day after inoculation and lasts about 7 days.
The virus continues to be recoverable from the na-
sopharynx for about 1–2 weeks. More than 90%
of adult volunteers had nasal discharge, nasal ob-
struction, and inflamed nasal mucosa, and about
50% had sneezing and cough. About 10–30% of
adults with the common cold syndrome will have a
rhinovirus detected when proper cultures are done.

Coronaviruses

At least two serotypes of these viruses are causes of
the common cold syndrome. Experimental infec-
tion in adult volunteers produced an illness similar
to that caused by rhinoviruses. The incubation pe-
riod is about 24 hours longer, and the duration of
illness is generally 2–3 days shorter. Headache was
reported by 85% of volunteers infected with coro-
navirus 229E versus about half of those infected
with rhinovirus.6 These viruses are difficult to de-

tect in the laboratory.7 They have been estimated
to cause about 10% of adult upper respiratory infec-
tions. They are named for their appearance in elec-
tron micrographs as spheres with crownlike, petal-
shaped projections. Coronavirus colds are most fre-
quent in young children and gradually decrease in
frequency throughout life.8 Reinfection can occur.
Wheezing is frequently present.7

Other Viruses

Summer “colds” are often mild infections with
enteroviruses, which do not particularly cause diar-
rhea but do cause fevers, often with mild rhinitis
or cough.

Mycoplasmas

Mycoplasma pneumoniae infection, as detected by
monitoring of infants and young children, typically
is asymptomatic.9 When symptomatic, there can be
mild rhinitis and cough, reasonably classified as a
“common cold syndrome.” More severe illness asso-
ciated with M. pneumoniae infection is discussed in
Chapter 7.

Modified Viral Infection (Reinfection)

In adults, many illnesses diagnosed as the common
cold are probably modified infection caused by vi-
ruses that produce a mild illness on reinfection and
a more severe disease on primary infection. The
most common of these is respiratory syncytial virus,
which circulates in epidemics yearly, and to which
human adult volunteers can be productively in-
fected repeatedly.10,11 Influenza and the parainflu-
enza viruses can also cause this phenomenon. Ad-
enoviruses and enteroviruses (Coxsackie and
echoviruses) are also occasionally recovered from
adults with illnesses resembling the common cold.

Prodrome of a More Serious Infection

Some serious infections, such as bronchiolitis,
pneumonia, or meningitis may begin with symp-
toms resembling those of the common cold. In the
case of bronchiolitis, the cold symptoms are part
of the natural course of the disease. As for meningi-
tis, the common cold syndrome may, in fact, be a
risk factor for its development, due to disruption
of the nasal mucosal barrier.12

Allergic Rhinitis

This condition closely resembles the common cold
syndrome of infectious etiology. It can occur as
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early as the first month of life, especially if the baby
is allergic to cow’s milk,13 but is rare in infancy.
Mouth breathing, nasal rubbing, recurrent episodes
of nasal bleeding, family or personal history of
asthma or atopic dermatitis, seasonal episodes, and
nasal eosinophilia support the diagnosis of allergic
rhinitis.14,15

Nonallergic Rhinitis with Eosinophilia
Syndrome (NARES)

Children 6–12 years of age may also have this syn-
drome, although it is usually associated with
adults.16 The syndrome is characterized by peren-
nial rhinitis, negative allergy skin tests, normal
serum immunoglobulin E (IgE), and nasal eosino-
philia. It is a vasomotor rhinitis, with pale, boggy,
edematous nasal mucosa, and usually responds to
topical corticosteroids.

Nasal Polyps

Multiple and bilateral nasal polyps can be the pre-
senting manifestation of cystic fibrosis, whether or
not the obstruction or rhinorrhea respond to antial-
lergic therapy.17

Diagnostic Plan

Usually, no diagnostic studies are necessary or use-
ful for the evaluation of a patient with the common
cold syndrome.

Treatment

Antibiotics

Studies in college students, military recruits, and
children have repeatedly documented the lack of
efficacy of antibiotics in the treatment of the com-
mon cold.18–20 A Cochrane database review of pro-
spective placebo-controlled trials concluded that
antibiotic treatment of the common cold produces
no clinical benefit.21 This is an expected outcome
because bacteria do not cause the disease. Common
cold is only occasionally complicated by secondary
bacterial infection, and prophylaxis against this un-
usual occurrence is not effective.22 Worse, the over-
use of antibiotics in clinical pediatrics is a major
contributing factor for the emergence of antimicro-
bial resistance in bacteria. Multiple studies have
identified recent antibiotic use as a risk factor for
invasive disease with resistant pneumococci.23 Pa-
rental desire for antibiotics is not an indication for

their use in this benign, self-limited illness. Unfor-
tunately, surveys show that although almost all
physicians understand this concept, about half of
them routinely prescribe antibiotics anyway.24

Cough Medications

Cough is not in itself an indication for cough
suppression. Antitussive medicines are usually not
necessary in the common cold but may be helpful
for selective cases if the cough is not useful to raise
sputum, interferes significantly with sleep, or pre-
cipitates vomiting. Severe or protracted coughing
should make the physician rethink the diagnosis
of common cold syndrome. Asthma is particularly
underdiagnosed in this setting, as common cold can
trigger an exacerbation of reactive airways disease
(see Chapter 7). When needed, dextromethorphan
is almost as potent an antitussive as codeine, but it
is not addictive. Studies proving the antitussive ef-
fect of dextromethorphan in children are lacking.
Parents should be educated about the fact that most
of the combination cough medications that are
available over-the-counter contain other drugs not
necessary for treatment of the cough, which can
produce significant side effects. Nonsensical combi-
nations are also marketed, such as guaifenesin
(thins mucus to make it easier to expectorate) and
dextromethorphan (stops the cough that would
expel the thinned mucus). Generally, stopping a
cough requires a larger dose of dextromethorphan
(0.5–1.0 mg/kg) than is recommended on the bot-
tle. Attempting to achieve this dosage in combina-
tion syrups is likely to lead to overdosage of one of
the other ingredients. Physicians should recom-
mend the simplest formulations available if they
choose to medicate cough at all.

Decongestants

Nose drops, nasal sprays, and oral decongestants
may provide temporary relief of nasal obstruction.
However, excessive use of nose drops can produce
sensitization or rebound vasodilation (rhinitis me-
dicamentosa). Several prospective, placebo-con-
trolled studies of antihistamine-decongestant com-
binations in children have shown no measurable
efficacy.25,26 The younger the child, the less likely
these medicines are to be effective. No study has
ever shown clinical improvement in a child less
than age 3 years with the use of these medications.
Despite this, physicians continue to recommend
over-the-counter antihistamine-decongestant med-
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ications, which have the potential to produce fright-
ening and even life-threatening side effects.27

Expectorants

Drugs such as guaifenesin are intended to reduce
the viscosity of sputum. They are unnecessary in
the treatment of the uncomplicated common cold.
Even in acute bronchitis their value is not clearly
established. They may be of some benefit in the
treatment of chronic bronchitis in adults. Toxic ef-
fects of iodides include acne and goiter. Iodides are
contraindicated during pregnancy and breastfeed-
ing, because they can produce goiter in the infant.

Antihistamines

The symptoms of the common cold are caused by
virus replication and by the host immune response
to the virus, not by histamine release. However,
some patients can get partial relief from nasal
congestion by the drying effects of antihistamines,
a nonspecific side effect of these medications. A
metaanalysis of all the prospective, placebo-con-
trolled trials of antihistamines in common cold syn-
drome concluded “the primary literature offers little
support for the use of antihistamines in the com-
mon cold.”28 Antihistamines may also produce se-
dation, decreased bladder tone, and rare severe re-
actions. If the cough is productive of sputum, the
drying effect of antihistamines is undesirable.

Vitamin C

At present, the efficacy of vitamin C is not proved.
It has been most highly touted as a preventive,
rather than a treatment. A review in the British Jour-
nal of Nutrition of the six largest vitamin C supple-
mentation studies (studies that used dosages of 1
g/day or greater) showed no reduction in the inci-
dence of common cold in recipients of vitamin C.29

This analysis included over 5,000 episodes.
The relative risk of contracting a cold while on
high-dose vitamin C was seen to be 0.99 (95% con-
fidence interval 0.93–1.04). Adverse effects of high-
dose vitamin C, other than stomach upset, are un-
common. The urine is acidified, however, which
can lead to increased excretion of oxalic acid (a
metabolic byproduct of ascorbic acid); this, in turn,
can cause urinary tract calculi in predisposed indi-
viduals. Other than cost, perhaps the most impor-
tant disadvantage is that this therapy may encour-
age people to use excessive doses of other,

nonwater-soluble vitamins, some of which are ex-
ceedingly toxic.

Zinc Gluconate

A prospective study in adults with community-ac-
quired common cold syndrome showed that sub-
jects who received zinc gluconate lozenges every 2
hours for the duration of their colds recovered 3
days sooner, had half as many days with cough,
one third fewer days of hoarseness and headache,
two days less nasal drainage, and one third the du-
ration of sore throat as compared with subjects in
the placebo group.30 There was no difference in
resolution of fever, muscle aches, scratchy throat,
or sneezing. Side effect profiles were impressive,
with 20% of subjects experiencing nausea and 80%
complaining of bad-taste reactions. The mechanism
of action of zinc is unknown. An attempt to trans-
late the adult experience into a pediatric population
was unsuccessful.31 No benefits of zinc gluconate
have yet been demonstrated in childhood. The side
effects, however, were preserved.

Other Therapies

Various other therapies have been tried, including
anticholinergic nasal sprays, mast cell stabilizers,
steroids, and new anti-viral agents active against
enteroviruses including the rhinoviruses. Table 2-
1 is a summary of these trials, along with the zinc
trial mentioned above. The most effective therapy
with the lowest side effect profile is probably nasal
irrigation with warm salt water, but this has not
been well studied. Commercial saline nasal sprays
may not be entirely innocuous; most contain ben-
zalkonium chloride, which is toxic to white blood
cells in vitro.

Prevention

Vaccines

The need for rhinovirus vaccines, if indeed one ex-
ists, is based primarily on the frequency, rather than
the severity, of rhinovirus infections. The large
number of serotypes of rhinovirus, coupled with
the fact that not all colds are due to rhinovirus infec-
tion, make a “common cold vaccine” impractical.

Avoid Exposure

Avoidance of exposure is not a practical measure
within a family, although handwashing and not



CHAPTER 2 • NOSE AND THROAT SYNDROMES18

TABLE 2-1. TRIALS OF TREATMENTS FOR THE COMMON COLD SYNDROME

DRUG DOSING DESIGN RESULTS SIDE EFFECTS COMMENTS REF.

Note: None of these trials was performed in children.
aProspective, randomized, double-blind, placebo-controlled trial.
Source: 1Mossad SB, et al. Ann Intern Med 1996;125 : 81–88; 2Hayden FG, et al. Ann Inten Med 1996;125 : 89–97; 3Hayden FG,
et al. Antimicrob Agents Chemother 1995;39 : 290–294; 4Gwaltney JM, et al. Clin Infect Dis 1996;22 : 656–662; 5Aberg N, et al. Clin
Exper Allergy 1996;26 : 1045–1050; 6Gustafson LM, et al. J Aller Clin Immunol 1996;97 : 1009–1014.

Zinc

Ipatropium
bromide

Pirodavir
(antiviral)

Clemastine
fumarate

Na Cromogly-
cate

Prednisone

Antihista-
mines

13 mg q 2hr

1–2 sprays per
nostril qid

2 mg i.n. 6
times/d for 5
days

1.34 mg po q
12 hr for 4 days

20 mg powder
or 5.2 mg spray
q 2hr for 2
days, then qid
for 5 days

20 mg tid for 5
days

Many trials

PRDBPCTa

PRDBPCT

PRDBPCT

PRDBPCT

PRDBPCT

PRDBPCT

Many designs

Duration of cold
sxs

↓Nasal d/c (30%)

↓virus shedding;
no sx relief

↓Runny nose,
↓sneezing on
days 2–4

↓Duration;
↓severity on last
several days

No effect; ↑virus
titers

Little or no
benefit

Nausea 20%;
bad taste 80%

Bloody mucus
(12%), dryness

Dryness, bloody
mucus, bad
taste

Dryness

None

Negliglble

Dryness,
sedation

High price to
pay?

Saline spray
helped, too

Fancy drug
without
efficacy

Worthless and
potentially
dangerous

More side
effects than
effects

1

2

3

4

5

6

sharing glassware, silverware, etc. may be helpful.
Attack rates for rhinovirus infection within a family
are high but irregular.

Rhinoviruses can be transmitted by self-inocula-
tion of the nose or conjunctivae with the fingers.32

As nonenveloped, hard protein-shelled viruses,
they can survive on environmental surfaces and
fomites for prolonged periods. These viruses can be
spread by large aerosol particles33 but not usually
by droplet nuclei, which implies that the virus is
not likely to be spread beyond 6 feet by air. An
instructional program on handwashing and germs
decreased the incidence of respiratory infections in
a day-care setting.34

■ PURULENT RHINITIS AND NASAL
ABSCESS

Purulent rhinitis is an objective diagnosis that im-
plies the presence of thick nasal discharge, usually
yellow to green in color. This diagnosis does not
imply the presence of bacterial infection. Even if

exudate has been cleaned off, the nostrils usually
appear crusted. Fever may be present but is usually
not greater than 102�F (38.9�C). Excoriation
around the nostril may be present.

This diagnostic classification should be used as
a preliminary descriptive diagnosis only when there
are no findings to suggest sinusitis or otitis. Most
children for whom purulent rhinitis is the only find-
ing are younger than 5 years. Purulent or febrile
rhinitis usually has been specifically excluded from
studies of antibiotic value in uncomplicated upper
respiratory infections.

It is not unusual for nasal discharge to change
from watery early in the course of a common cold
to more viscous and yellow to green 4–7 days after
the onset. This is part of the natural history of the
common cold syndrome. The mucus changes color
because of the influx of lymphocytes, which are
there to lyse infected cells and clear the infection.
Thus, the appearance of thickened and possibly col-
ored nasal discharge is a good sign, usually her-
alding recovery from the cold within 3–4 days. The



PURULENT RHINITIS AND NASAL ABSCESS 19

child usually feels quite well by this time. Parents
and physicians alike seem to believe that green
mucus is tantamount to a bacterial infection that
must be treated with antibiotics, but no study has
ever shown a correlation between the color of nasal
secretions and the presence of bacteria. Despite this
fact, in one study 97% of physicians admitted to
routinely prescribing antibiotics for “purulent rhi-
nitis” of any duration.24

Sometimes, however, persistent purulent rhini-
tis is caused by bacterial infection of the sinuses.
Often, it is the nasal mucosa or adenoidal lymphoid
tissue that is the source of the pus. Bacterial sinusitis
can be a reasonable diagnosis in cases when the
nasal discharge persists for 10–14 days without im-
provement (See section on sinusitis, Chapter 5.)

Possible Etiologies

Group A Beta-hemolytic Streptococcus

This organism typically produces a thin, slightly
bloody discharge. If there is a slow-healing excoria-
tion about the nostril, Group A beta-hemolytic
streptococcus is a likely etiology.35

Streptococcus pneumoniae

With this organism, also called the pneumococcus,
the discharge is usually green and thick. If the dis-
charge is protracted, or signs of sinusitis are present
(fever, facial pain, periorbital swelling), the patient
may respond to a course of therapy with amoxi-
cillin.

Sinusitis

This diagnosis should be considered in any patient
with purulent nasal discharge and is discussed in
detail in Chapter 5.

Uncommon Causes

A foreign body should be considered in young chil-
dren, especially if the discharge is unilateral and/or
foul smelling. Nasal diphtheria is a rare cause of
purulent rhinitis. A membrane is sometimes seen,
and slight bleeding is often present. Allergic rhinitis
is unlikely to produce a purulent discharge. Viral
infections, such as those with adenoviruses, might
produce purulent discharge, but this has not been
documented. Purulent rhinitis without sinusitis
caused by other bacteria, such as H. influenzae or
Staphylococcus aureus, is difficult to document, be-

cause recovery of such normal flora on culture may
be coincidental.

Diagnostic Plan

The nose should be examined carefully to exclude
the presence of a foreign body. Occasionally, cul-
ture of the discharge to exclude Group A strepto-
coccal infection may be indicated. Radiologic stud-
ies such as sinus x-rays or computed tomographic
scans are usually not helpful.

Treatment

Many physicians use antibiotics to treat purulent
rhinitis. Only a small prospective study of purulent
rhinitis has been done, which indicated no benefit
of cephalexin over placebo, with about 35 children
in each group.36 In a carefully controlled study of
minor respiratory infections of children, true puru-
lent rhinitis was observed as a complication in only
5 of about 670 patients.37 Thickening and discolor-
ation of mucus near the end of a common cold
occurs with much greater regularity. In general, ob-
servation without treatment is indicated for patients
with green nasal discharge unless the presence of
Group A streptococci (which can be confirmed by
culture) or a concomitant diagnosis of sinusitis is
strongly suspected.

Complications

Acute purulent otitis media or sinusitis may occur
as a complication of purulent rhinitis. The fre-
quency of these complications is unknown, because
no prospective study of purulent rhinitis has been
done.

Nasal Septal Abscess or Hematoma

A history of a nasal furuncle or minor trauma is
sometimes present in these cases.38 Dental infec-
tions can be a source.39 The swelling is usually bilat-
eral and appears to arise medially. Fever and nasal
obstruction are present, but the nasal discharge is
usually serous rather than purulent.

Needle aspiration for confirmation and culture
and surgical drainage are indicated.40

A nasal septal hematoma can be associated with
bacteria without an abscess.41 Hematomas can be-
come infected and produce purulent drainage. The
hematoma should be evacuated as an urgent proce-
dure to prevent erosion of the nasal septal cartilage.
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■ PHARYNGITIS

The terms “tonsillitis,” “tonsillopharyngitis,” and
“pharyngitis” are often used interchangeably. In this
section, the more general term “pharyngitis” is used
for brevity, as the tonsils may have been removed.
Pharyngitis is best defined by objective evidence
of inflammation of the pharynx, such as exudate,
ulceration, or definite erythema. Redness of the
throat may occur as part of the general redness of
all mucous membranes in a patient with fever.
Therefore, a diagnosis of pharyngitis is not justified
when the pharynx is no redder than the rest of the
oral mucosa or if there is only slight injection of
the pharynx.

The symptom of sore throat should be distin-
guished from the clinical diagnosis of pharyngitis,
which should be based on the evidence of definite
signs on physical examination. “Sore throat” often
refers to tracheal irritation, as can often be demon-
strated by asking the patient to point to the location
of the soreness. In tracheitis, the patient usually
points to the trachea in the midline with one finger.
In pharyngitis, the patient typically points with one
hand, using the thumb and forefinger to point to
the tonsillar nodes.

Diagnostic Approach

It is important to get a thorough look at the pharynx
with a good light using whatever restraint is neces-
sary. The pharyngeal examination can be one of the
more unpleasant parts of the physical examination,
and there seems to be a tendency to rationalize a
cursory look. Exudate, which usually resembles a
thin layer of milk or cream on the surface, should be
distinguished from cryptic debris, which is shiny,
yellow-tinted, hard, and smooth and forms a cast of
the tonsillar crypts. A cast of debris can be carefully
picked out of the crypts, but this is not advisable.
Submucosal spherical white areas may be seen,
which give the tonsils the appearance of raw ground
beef—red with white spheres mixed throughout.
These white submucosal areas are not exudate but
probably are nodules of lymphoid hyperplasia.

The palate, buccal mucosa, gums, and tongue
should be examined for erythema or ulcers. The
size and tenderness of the anterior (tonsillar) and
posterior cervical nodes should be noted. Careful
examination should be done for generalized lym-
phadenopathy, splenomegaly, liver tenderness, and
edema of the eyelids or upper malar area, all of
which suggest infectious mononucleosis. Absence

of a heart murmur or dependent edema should be
noted for their relevance to rheumatic fever and
glomerulonephritis. Vital signs, including blood
pressure, should be recorded. Poor quality of the
heart sounds raises the question of diphtheritic
myocarditis.

Anatomic Classification

Exudative Pharyngitis

The definition of exudative pharyngitis is the pres-
ence of a white or gray scum on the surface of the
tonsils or pharynx. This scum resembles milk and
is readily wiped off without producing bleeding.
White material seen in the tonsillar crypts is usually
cryptic debris, not exudate.

Ulcerative Pharyngitis

The criterion for ulcerative pharyngitis is the pres-
ence of circular or oval shallow ulcers on the soft
palate, tonsillar area, or posterior pharynx. Herpan-
gina is an older term still used for this syndrome,
discussed later.

Membranous Pharyngitis

This is defined by the presence of a membrane (also
called a pseudomembrane) on the tonsils, palate,
or other part of the pharynx. It is defined as a gray-
white layer of materials that can be peeled from
the pharynx, usually leaving the surface underneath
bleeding. Membranous pharyngitis is rare. In the
United States, the cause is rarely diphtheria, which
typically occurs in unimmunized children. Instead,
most cases are due to infectious mononucleosis,
particularly in teenagers and young adults.

Uvulitis

Uvulitis is uncommon. It can be associated with
serious disease or can be an isolated finding. Several
patterns have been recognized.42–44 Uvulitis can
occur in conjunction with streptococcal or other
severe pharyngitis. In this case, the uvula is very
red and swollen, as are the tonsils and the rest of
the pharynx.

Uvulitis can also represent an extension of the
acute inflammatory process of epiglottitis, so laryn-
geal or obstructive signs should be noted. A lateral
soft-tissue roentgenogram of the neck might be in-
dicated, as described in the section on epiglottitis.
Isolated uvulitis has also been reported to occur
with bacteremia due to Haemophilus influenzae type
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b (Hib) without epiglottitis. Since the advent of the
conjugated Hib vaccine, epiglottitis and bacteremia
due to this agent have become vanishingly rare in
the United States. Prior to the routine use of this
vaccine, Hib bacteremia occurred primarily in
younger patients and produced high fever and tox-
icity. Uvulitis due to Group A streptococcal infec-
tion, in contrast, is more common in school-age
children, and does not cause respiratory distress or
high fever.

Other causes of uvulitis include acute uvular
edema.44 This can be an allergic reaction, so that
the uvula is more swollen than red. Antihistamines
have been recommended to shorten the course of
this type of uvulitis.

Throat Culture
The most important and practical decision about
pharyngitis is whether it is caused by the Group A
streptococcus (S. pyogenes). The throat culture is a
useful guide in this decision, but the clinician
should make the final judgment as to its signifi-
cance. Culturing for bacteria other than beta-hemo-
lytic streptococci is unnecessary and usually more
expensive.

The value of the throat culture has been clearly
established by controlled clinical studies done in
physicians’ offices during the 1950s. Valuable stud-
ies were done by Breese, Stillerman, and others,
who demonstrated that throat cultures are ex-
tremely useful for the prevention of rheumatic fever
and therefore can be regarded as the gold standard
for office practice. Rapid methods for the detection
of Group A streptococcal antigen are discussed
later.

The standard method for throat cultures, which
has been best studied and is in longest use, is swab-
bing the symptomatic patient’s throat, inoculating
a sheep blood-agar plate, and streaking it with a
flamed wire loop to separate the colonies.45 Breese,
Stillerman, and others have found this method suf-
ficiently sensitive to identify those outpatients who
needed antibiotic therapy to prevent complications.
The principal variables involved with this method
include use of clinical judgment to decide which
patients to culture and which plates with few or
questionable beta-hemolytic colonies to ignore. The
more carefully one attends to the first question, the
easier the second question is to answer. Indiscrimi-
nate testing of patients who lack objective evidence
of pharyngitis leads to a decreased percentage of
positive tests, and, more crucially, to an increased
number of false-positive test results.46 For this

reason, the practice of allowing patients to have
a “throat culture only” outpatient visit, during
which the patient is not seen by a physician, is
discouraged.

The standard throat culture method outlined
above has been practical and accurate to the degree
that acute rheumatic fever is virtually never ob-
served by those physicians in private practice who
use it as a guide to the diagnosis and treatment of
streptococcal pharyngitis.

Etiologic Classification

For practical purposes, pharyngitis can be classified
as streptococcal or nonstreptococcal on the basis
of a conventional throat culture for beta-hemolytic
streptococci. “Group A streptococci” and “beta-he-
molytic streptococci” are two phrases that, although
not synonymous, will be used interchangeably in
this chapter, because beta-hemolytic streptococci
that cause pharyngitis are almost always Group A.

The throat culture is primarily useful to exclude
the diagnosis of streptococcal pharyngitis.47 The re-
covery of beta-streptococci on throat culture does
not prove a streptococcal infection; infection is usu-
ally defined by a streptococcal antibody titer rise
(which may be partially inhibited by early antibiotic
therapy). Although Group A streptococci may not
always be the cause of the pharyngitis when found
in the throat, their recovery from the throat is infre-
quent enough using office culture methods that a
positive throat culture in a patient with pharyngitis
is both a convenient and a practical basis for defin-
ing streptococcal pharyngitis. The carrier rate de-
pends on many variables, discussed later in this
section.

Frequency of Streptococcal Pharyngitis

Streptococcal pharyngitis is a common disease in
children. In one study of school-age children, beta-
hemolytic streptococcus was the most frequent
cause of moderate to severe pharyngitis and the
most common cause of fever greater than 101�F
(38.4�C).48 The frequency of beta-hemolytic strep-
tococci as a cause of pharyngitis is closely related
to age. In children less than 3 years of age, severe
exudative pharyngitis was usually not streptoccocal
in one study.49 The exact reason why Group A
streptococcal pharyngitis is not common in infants
and young children is not well understood. Chil-
dren less than 3 years of age who have school-age
siblings may be at higher risk. Certainly they should
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have throat cultures if they have suggestive symp-
toms and older siblings or adults in the family have
compatible illnesses or positive throat cultures.
Clinical experience suggests that young children
have a somewhat different pattern of illness, with
fewer symptoms referable to the throat. It is not
uncommon for a young child to not complain of
throat pain at all, but rather to have headache, ab-
dominal pain, fever, nausea and vomiting, or some
combination of these symptoms. Streptococcal
pharyngitis is certainly not unheard of in young
children. One study of children with pharyngitis
indicated that 17% of those less than 1 year, 19%
of those 1–2 years, and 35% of those 2–3 years of
age had Group A streptococci recovered.50 Young
adults without exposure to children, and older
adults also do not frequently contract Group A
streptococcal pharyngitis. However, a study of
adults presenting to an emergency room with phar-
yngitis indicated that it is worthwhile to culture
those patients with fever or exudates.51

Laboratory Methods

Throat Culture

Swabbing the tonsillar area for inoculation of a
sheep blood-agar plate is the practical specific
method for recognition of streptococcal pharyngi-
tis. Nasal cultures need not be done and are much

■ FIGURE 2-1 Effect of various treatments on mean rise in ASO titer in children with moderate or severe
group A streptococcal pharyngitis. (Redrawn from Moffet HL et al: Antimicrobial Agents and Chemotherapy-
1963. � 1964, American Society for Microbiology)

less sensitive than are throat cultures for the detec-
tion of Group A streptococci if the patient has phar-
yngitis. Viral culture of the throat is not a practical
method for early diagnosis of viral pharyngitis. Viral
agents causing pharyngitis are more likely to be re-
covered from a swab of the deep nasopharynx. Oc-
casionally, viral throat cultures will have educa-
tional value for late confirmation of a clinical
diagnosis.

Antistreptolysin O Titer

Serologic methods are also of no practical value in
determining whether pharyngitis is streptococcal or
not. A rise in antistreptolysin O (ASO) titer takes
3–6 weeks or longer, and waiting that long without
antibiotic therapy increases the risk of acute rheu-
matic fever. Antibiotic therapy tends to prevent a
rise in ASO titer, but if a rise occurs in spite of
antibiotic therapy, this can be taken as accurate evi-
dence of a streptococcal pharyngitis. Sometimes it
is asserted that failure to develop an antibody titer
rise is evidence that a patient was a streptococcal
carrier and that the pharyngitis had some other
cause. However, carriers should not be defined in
this way, because the ASO titer is suppressed by
antibiotic therapy, and more so by early treatment
and larger doses (Fig. 2-1).52–54

The ASO titer may be useful to demonstrate that
a recent unrecognized and untreated streptococcal
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infection has occurred in a patient with suspected
acute rheumatic fever, as discussed in Chapter 18.
However, it is neither necessary nor advisable to
use ASO titers to follow the antibody response of
patients with streptococcal pharyngitis who are ad-
equately treated with antibiotics.

Antigen Detection Methods

Group A streptococcal antigen tests that detect the
presence of streptococci in throat swabs are now
widely available and are being used with increasing
frequency in the routine evaluation of children with
pharyngitis.

The most relevant problem of these rapid anti-
gen tests is whether the sensitivity is sufficient.
Studies show that most commercially available anti-
gen detection kits have a sensitivity of about 90%
compared with conventional throat culture tech-
niques, especially if cultures with fewer than 10
colonies are considered negative.55 However, many
children with fewer than ten colonies of Group A
streptococci on throat cultures will have a rise in
their titer of antistreptococcal antibodies if un-
treated. This has led many clinicians to back up
rapid antigen detection methods with conventional
culture. Children with positive antigen tests are
treated, and those with negative tests are not treated
unless their throat culture becomes positive. Newer
rapid antigen tests that utilize an optical immunoas-
say (OIA) may actually be more sensitive than tradi-
tional culture,56 but are not yet widely available (in
this study Todd-Hewitt broth culture was used as
the gold standard). In a recent study, polymerase
chain reaction was as sensitive as culture and much
more so than antigen testing.57 However, this test
takes longer than rapid antigen testing and is not
yet widely available.

The consequences of having rapidly available re-
sults in the office are important. The patient (or
patient’s family) is often interested in obtaining a
rapid diagnosis so that therapy can begin as soon
as possible. There is also a psychological benefit
from obtaining a diagnosis on the day of the visit.
Enthusiasm for these tests needs to be tempered by
remembering that (1) streptococcal pharyngitis is
a self-limited disease, in which the symptoms are
modulated somewhat but not eliminated by antibi-
otic therapy, (2) there is no increased risk of non-
suppurative complications by delaying therapy
until the throat culture results are available, and (3)
early institution of therapy against Group A strepto-

coccus may ameliorate the patient’s antibody re-
sponse, which may predispose to more frequent
reinfection.58

The gold standard against which all these rapid
antigen tests are measured is the usual office proce-
dure of using a sheep blood-agar plate streaked on
the surface and cultured in ordinary incubator tem-
perature without CO2 or anaerobic conditions.
False-negative cultures may be obtained when
throats are too gingerly or rapidly swabbed, or
when the patient has had a recent dose of an antibi-
otic.

Nonspecific Laboratory Methods

These studies are of little value in the etiologic diag-
nosis of pharyngitis. Throat smears are of no value
in making an etiologic diagnosis of any type of phar-
yngitis, and are likely to be misleading in the diag-
nosis of diphtheria because “diphtheroids” are fre-
quently seen. Owing to an effective vaccine,
diphtheria has become so rare that there are few
technicians, bacteriologists, or pathologists who see
it often enough to maintain competence in reading
smears for corynebacteria. The interpretation of
smears for diphtheria is frequently false positive.

White blood cell counts are often equivocal and
are of no specific value in ruling in or out the diag-
nosis of streptococcal disease. The presence of lym-
phocytosis or atypical lymphocytes may aid in the
diagnosis of infectious mononucleosis. High white
blood cell counts may occur in viral, as well as in
Group A streptococcal, pharyngitis.

C-reactive protein or other measures of inflam-
mation are of no value in distinguishing streptococ-
cal from viral pharyngitis.59

Reasons to Do Throat Cultures

Throat cultures for streptococci are recommended,
especially for school-age and preschool children,
when the following conditions are present:

1. Pharyngitis without hoarseness or significant
cough, especially with fever

2. Febrile cervical adenitis
3. Illnesses with definite fever but no apparent

focus of infection, especially if headache, ab-
dominal pain, vomiting without diarrhea, or a
scarlatiniform rash are present

4. Symptomatic family contacts of patients with
streptococcal pharyngitis.60 Asymptomatic fam-
ily contacts should not be cultured.
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TABLE 2-2. FINAL CLINICAL DIAGNOSES
IN 230 CONSECUTIVE ADMISSIONS TO
A CHILDRENS’ HOME INFIRMARY OF
SCHOOL-AGE CHILDREN WITH AN ORAL
TEMPERATURE OF 101ºF OR HIGHER

% WITH

CLINICAL DIAGNOSIS NUMBER � TCc FOR GASd

Pharyngitis 128 79

Otitis media 18 28

FWLSa 59 19

LRIb 13 8

Other 12 0

Total 230

aFever without localizing signs.
bLower respiratory infections.
cThroat culture
dGroup A streptococcus
Source: Moffet HL, Cramblett HG, Smith A. Group A
streptococcal infections in a children’s home; II. Clinical and
epidemiologic patterns of illness. Pediatrics 1964;33:11–17.

As shown in Table 2-2, both otitis media and
fever without localizing signs are associated with
Group A streptococci significantly more frequently
than they are seen in a normal control group. The
office throat culture is a simple and inexpensive
way to detect concurrent streptococcal pharyngitis.
In patients with obvious acute otitis media that re-
quires treatment with antibiotics (see Chapter 5),
throat culture may be omitted because the antibiot-
ics that treat otitis media also treat streptococcal
pharyngitis.

Methods for Throat Culture

Personnel charged with obtaining throat cultures
must be trained in the proper technique in order
to derive useful information. A single cotton-tipped
swab is used to swab the patient’s tonsillar area.
Refrigerating the swab overnight or retaining it at
room temperature for several hours does not signifi-
cantly reduce the accuracy of the method.61 “False-
negative” results where two consecutive cultures re-
veal one positive and one negative result are usually
found in patients with small numbers of colonies
and probably have little if any clinical signifi-
cance.48,52

Anaerobic incubation or incubation in CO2 may
yield a slightly greater frequency of positive cultures

■ FIGURE 2-2 Comparison of size of hemolysis zone pro-
duced by beta-hemolytic streptococci with that produced by
hemolytic S. aureus.

for Group A streptococci.62 However, the simpler,
practical methods described above have been suffi-
ciently sensitive for prevention of rheumatic fever
by detecting streptococcal pharyngitis in office
practice.45 Selective media for Group A streptococci
are available, but their increased sensitivity has not
been proved necessary in office practice.

As mentioned above, after inoculation onto a
sheep blood-agar plate, the culture should be
streaked with a flamed wire loop. Beta-hemolysis
can often be recognized after 12–16 hours of incu-
bation at 37�C. The area of hemolysis is large com-
pared with the colony size (Fig. 2-2). The plate
should be reexamined for beta-hemolytic colonies
after an additional 24 hours at room temperature,
since this will detect approximately 10% of the ad-
ditional positive cultures. Non-Group A beta-he-
molytic streptococci are not inhibited by a bacitra-
cin disk placed on the plate at the time of
inoculation (Fig. 2-3).

■ FIGURE 2-3 Group A streptococci are inhibited by bacitra-
cin, but other groups of streptococci are not.
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Although there are more sensitive methods for
the recovery of Group A streptococci, the above
method is sensitive enough for practice purposes
and avoids identifying small numbers of Group A
streptococci in well individuals. The simple surface
streaking method has a long history of successful
discrimination between normal children and those
at risk for acute rheumatic fever.45

Non-Group A Streptococcal Pharyngitis

The fact that beta-hemolytic streptococci other than
Group A can cause streptococcal pharyngitis has
been well established for at least 25 years. The pri-
mary basis of this evidence is food-borne outbreaks,
where one of the non-Group A streptococci has
contaminated food, particularly milk, and resulted
in an outbreak of pharyngitis. Such outbreaks have
confirmed that Group C or Group G streptococci
can cause pharyngitis.63 Of course, outbreaks of
Group A streptococcal infection due to contami-
nated foodstuffs have also been reported, usually
when food was contaminated by someone with ac-
tive Group A streptococcal pharyngitis.64 One out-
break of food-borne Group A streptococcal pharyn-
gitis secondary to foodstuff contaminated by a cook
with an infected hand wound has been reported.65

Group B streptococci also have a statistical rela-
tion with pharyngitis.66 Because Groups C, G, and
B can also be normal pharyngeal flora, it is still not
known whether it is important to look for these
organisms in nonoutbreak situations, or whether
penicillin therapy should be given when they are
recovered from the throat. A reasonable solution is
that if on throat culture a patient with pharyngitis
has streptococci that are not bacitracin sensitive, a
recheck of the patient’s symptoms should be done;
if the patient is still sick, one could consider using
penicillin, which may afford some symptomatic re-
lief. However, it should be emphasized that there
is no risk of acute rheumatic fever after non-Group
A streptococcal pharyngitis.

Interpretation of Throat Culture

Carrier Rates

Interpretation of positive throat cultures is occa-
sionally complicated by the fact that the isolation
of Group A streptococci from the throat does not
necessarily imply infection. The frequency of Group
A streptococcal carriage in normal children has var-

ied from study to study and is a function of the
sensitivity of the culture method and the relative
certainty of the patient’s being “normal.”45 In a pri-
vate practice, where the certainty that an individual
was “normal” was great, Group A streptococci were
recovered from 3–5% of children.45,67 In a study
in a children’s home in which children were under
close supervision, about 8% of normal children
with nonpharyngeal disease had positive cultures
with more than 10 colonies of Group A streptococci
(see Table 2-2).48 In surveys of schoolchildren, in
which many have had a recent unreported illness,
the recovery rate of Group A streptococci has usu-
ally been about 10–40% but has been as high as an
average of 30% of “normal” (nonsick) individuals.45

The high carrier rates found in surveys of school-
children is best explained by use of excessively sen-
sitive methods for recovery of Group A streptococci,
use of multiple cultures, failure to assess the nor-
mality of the children by history and physical exam-
ination, and detection of a high convalescent carrier
rate in a lower socioeconomic group that often did
not seek medical care for illness.45 The lower carrier
rates of about 5–10% or less by Breese, Moffet,
McCracken, and others reflect use of a single culture
and careful screening to exclude convalescent indi-
viduals.45,48,68

Numbers of Colonies

In general, there is a correlation between the num-
ber of colonies of Group A streptococci found on
throat culture and the clinical and laboratory find-
ings of the patient. That is, the fewer the colonies
on the culture plate, the less likely the patient is
to have had recent or severe clinical pharyngitis, a
typable Group A streptococcus, or an ASO titer rise.
However, some patients with a severe pharyngitis
do have fewer than 10 colonies; in one series, 33%
of patients with fewer than 10 colonies had an ASO
titer rise.69 Another study revealed that 82 (29%)
of 279 children with fewer than 10 colonies of beta-
hemolytic streptococci had a typable organism, and
one third of these 82 children had an ASO titer rise
(Table 2-3). Thus, about 10% of children with
fewer than 10 colonies will have both a typable
Group A streptococcus and an ASO titer rise. Yet
another study gave even a higher estimate: about
half of patients with 10 or fewer colonies had a rise
in ASO or anti-DNAse B titer.53

Sometimes there may be only two or three colo-
nies of beta-hemolytic organisms and the organism
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TABLE 2-3. TYPABILITY AND ASO TITER RISE AS A FUNCTION OF
NUMBER OF COLONIES OF BETA-HEMOLYTIC STREPTOCOCCI IN
UNTREATED CHILDREN STUDIED AT CHILDREN’S MEMORIAL
HOSPITAL, CHICAGO, 1956–1968

NUMBER OF TOTAL PATIENTS WITH ASO

COLONIES PATIENTS TITER RISE (%)

Group A typable �10 82 27 (33)

�10 343 176 (51)

Group A nontypable �10 125 30 (24)

�10 338 143 (42)

Not Group A �10 72 13 (18)

�10 39 130 (30)

(Siegal AC, Johnson E, Loeffen M, Yarashus D; unpublished data.)

cannot be isolated on subculture to test bacitracin
sensitivity. A repeat culture may clarify the situation
and often reveals no Group A streptococci.70 In this
situation, withholding of antibiotics is usually rea-
sonable.

■ STREPTOCOCCAL PHARYNGITIS

Objective evidence of pharyngitis and a throat cul-
ture positive for beta-hemolytic streptococci is the
most practical basis for the presumptive diagnosis
of streptococcal pharyngitis.

Importance

Nonsuppurative Complications

Streptococcal pharyngitis is important because a
few untreated patients develop acute rheumatic
fever and some patients with acute rheumatic fever
suffer permanent damage to the heart valves. Thus,
the most important reason for treating streptococcal
pharyngitis is to prevent rheumatic fever and rheu-
matic heart disease. Relief of symptoms can usually
be obtained with acetaminophen and gargling with
warm water. Early therapy with antibiotics also pro-
vides a slightly more rapid improvement in symp-
toms, but antibiotic treatment need not be regarded
as an urgent way to relieve symptoms.

Another nonsuppurative complication of strep-
tococcal pharyngitis is acute glomerulonephritis.
This complication is not prevented by treatment of
the pharyngitis with antibiotics. These two compli-
cations are immunologically mediated, not caused
by direct extension of infection.

Two interesting but rare nonsuppurative com-
plications that have been associated with Group A
streptococcus infection are: (1) poststreptococcal
reactive arthritis (PSRA) and (2) pediatric autoim-
mune neuropsychiatric disorders associated with
streptococcal infections (PANDAS). Patients with
PSRA develop asymmetric, nonmigratory arthritis
primarily involving the large joints, one to several
weeks after streptococcal pharyngitis. Other fea-
tures of acute rheumatic fever are absent.71 Al-
though usually not associated with long-term se-
quelae, about 5% of patients with PSRA have
subsequently developed carditis, prompting some
experts to recommend penicillin prophylaxis for up
to 1 year in these patients.72

The theory behind the second of these syn-
dromes, PANDAS, is that in some patients, strepto-
coccal infection triggers exacerbation of extant
obsessive-compulsive disorders (OCD) or tic disor-
ders. This is believed to be mediated through the
same mechanism that causes Sydenham’s chorea.73

Children prone to this usually have a known OCD
or tic disorder, but sometimes latent OCD is uncov-
ered by streptococcal infection. Treatment of the
infection typically results in resolution of symp-
toms. The link between Group A streptococcus in-
fection of the pharynx and OCD or tic disorder in
these patients is not yet firmly established. There-
fore, although the authors of original study73 be-
lieve that patients with severe or frequent symptoms
may require prophylactic treatment, there does not
yet seem to be a clear indication for long-term anti-
streptococcal prophylaxis. The questions concern-
ing PANDAS, its possible link to streptococcal in-
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fection, and the role of antibiotic therapy in this
syndrome remain to be answered by prospective
clinical trials.

Although the cause of Kawasaki disease is not
known, up to 25% of patients with Kawasaki dis-
ease have a preceding Group A streptococcus infec-
tion.74 At the least, there can be some overlap in the
clinical symptomatology of streptococcal infection
(especially with toxin-producing strains) and Kawa-
saki disease. Clinicians should certainly not exclude
the possibility of Kawasaki disease in the patient
with concomitant or recent streptococcal pharyngi-
tis.75 (See Chapter 11 on rash syndromes.)

Suppurative Complications

Direct purulent extensions of streptococcal pharyn-
gitis include:

1. Otitis media (discussed in Chapter 5)
2. Sinusitis or mastoiditis (discussed in Chapter 5)
3. Peritonsillar cellulitis or abscess, which should

be considered when one tonsil is larger and
pushed toward the midline, with or without lat-
eral deviation of the uvula. An abscess is difficult
to distinguish clinically from cellulitis. Periton-
sillar infections are discussed later in this chapter

4. Retropharyngeal abscess, an uncommon syn-
drome that typically produces difficulty swal-
lowing and may be confused with epiglottitis
(discussed in Chapter 6).

Clinical Diagnosis

Presumptive Diagnosis

The presumptive clinical diagnosis of streptococcal
pharyngitis can be based on probability using epi-
demiologic and historical factors and observations
from the physical examination. The following find-
ings increase the probability that the pharyngitis is
streptococcal:

1. Scarlatiniform rash
2. Fever greater than 101�F (38.4�C), definite exu-

date, and definite pharyngeal edema
3. Tender tonsillar nodes, palatal petechiae, and

edema of the uvula
4. Frontal headache, abdominal pain, vomiting

(especially in younger patients)
5. Age 5–16 years
6. Exposure to a sibling or other contact with

known streptococcal pharyngitis
7. High frequency of streptococcal pharyngitis in

the community at the time the patient is seen.

Conversely, the following findings decrease the
likelihood that the pharyngitis is due to Group A
streptococci:

1. Concurrent common cold-like symptoms, in-
cluding runny nose, nasal stuffiness, hoarseness,
or cough

2. Conjunctivitis
3. Absence of fever
3. Nonspecific (i.e., nonscarlatiniform) rash
4. Hepatomegaly or splenomegaly.

The above features assist the clinician in decid-
ing whether to test for streptococcal pharyngitis;
they are neither sufficiently sensitive nor specific to
enable an accurate diagnosis without confirmation
by throat culture.

Natural History of Streptococcal
Pharyngitis

If a school-age child is seen very early in the course
of streptococcal pharyngitis, tonsillar exudate may
not yet be present (see Fig. 2-4). If the child is
seen late in the course, the fever and redness of the
pharynx may be gone, and only old exudate may
remain. The clinical diagnosis becomes much less
accurate after a day or two of illness.

Using clinical features to make the presumptive
diagnosis of streptococcal pharyngitis, the physi-
cian can often decide to begin antibiotic treatment
on the basis of a positive rapid streptococcal antigen
test. Opting for conventional throat culture and
awaiting its results is appropriate. Patients with neg-
ative rapid streptococcal antigen tests should almost
never be treated with antibiotics pending results of
conventional throat culture. Treatment of patients
who have negative rapid antigen tests occasionally
leads to confusing and expensive complications; a
series of inappropriate laboratory tests may further
alter the natural history and obscure a diagnosis
that would have otherwise become apparent. One
of the authors was recently consulted on a patient
who, after being treated inappropriately for strepto-
coccal pharyngitis despite a negative rapid antigen
test, developed a moderately severe rash that was
mistaken for Rocky Mountain spotted fever (RMSF)
at an emergency treatment facility. An inappro-
priate serologic test for RMSF was ordered, which
directed the physicians even further from the actual
diagnosis, which was acute Epstein-Barr virus infec-
tion (see Chapter 3).

Treatment can be delayed 24 hours while await-
ing throat culture results without any greater risk
of either suppurative or nonsuppurative complica-
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■ FIGURE 2-4 Average course of streptococcal pharyngitis in school-age chil-
dren over the first 3 days of illness, based on illnesses observed by Dr. Moffet
twice a day during a 3-year period. Symptomatic therapy (aspirin, gargling)
was given the first day, and antibiotics were begun on the second day. (Moffet
HL et al: Pediatrics 1964;33:11–17)

tions. In fact, treatment may be delayed by several
days without increasing the risk of acute rheumatic
fever.76 Therefore, the decision to treat presump-
tively should be based on: (1) unavailability of a
rapid antigen test, and (2) a high likelihood that
waiting for culture results will lead to an untreated
child.

Treatment

Purpose

Antibiotic therapy is traditionally regarded as hav-
ing the primary goal of prevention of suppurative
and nonsuppurative complications. As was shown
in military recruits in the 1950s, acute rheumatic
fever can be reduced in frequency to about 0.02%
in antibiotic-treated patients compared with about
2–3% in untreated controls.77 Patients who devel-
oped rheumatic fever despite antibiotic therapy still
had streptococci present in their throats after treat-
ment.78 Therefore, in many subsequent studies,
eradication of the organism from the throat was
equated with the adequacy of various antibiotic reg-
imens.

During the 1950s and 1960s, treatment of strep-
tococcal pharyngitis was intended to prevent rheu-
matic fever. It was recognized that fever and sore
throat did improve, as could be shown statisti-

cally.79 However, one frequently heard the state-
ment that therapy did not change the natural his-
tory of streptococcal pharyngitis very much, and
this concept became incorrectly altered to mean
treatment did not change symptoms at all.

These studies have now been repeated in chil-
dren.58,80–82 It is not surprising to see that children,
like recruits, do have statistically significant reduc-
tion of symptoms in the first 48–72 hours of peni-
cillin treatment when compared with placebo or no
treatment. However, it should be noted that those
studies generally withheld antipyretics or other
symptomatic therapy. Treatment of streptococcal
pharyngitis also decreases the communicability of
the infection to others. More than 80% of children
will become culture negative for Group A strepto-
coccus within 24 hours of the initiation of appropri-
ate antibiotic therapy and, thus, may return to
school or daycare thereafter.83

American Heart Association
Recommendations

A committee of the American Heart Association
(AHA) has made recommendations for the treat-
ment of streptococcal pharyngitis based primarily
on efficacy in eliminating organisms from the
throat, as well as on efficacy in preventing acute
rheumatic fever.72 The AHA continues to recom-
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mend 10 days of oral penicillin V as the drug of
choice for acute streptococcal pharyngitis. Several
studies have suggested that shorter courses of oral
cephalosporins are equally effective at eradicating
the organism from the pharynx,84,85 but studies
proving protection against subsequent rheumatic
fever are lacking, and these antimicrobial agents are
considerably more expensive than penicillin. Group
A streptococcus remains exquisitely sensitive to
penicillin, and no penicillin-resistant Group A
streptococcus strains have yet been detected.

Recommended Doses
The dose recommended by the AHA since 1984 has
been oral penicillin V 125 mg or 250 mg three or
four times a day for a full 10 days for adults or
children.72 Studies have demonstrated, however,
equal eradication rates with the same total daily
dose of penicillin V but given in divided doses twice
a day, and compliance is likely to be better.86 Some
people feel that because, on a twice-a-day schedule,
one missed dose makes the therapy effectively a
once-a-day regimen, prescribing the medication
three times a day provides an extra measure of
safety. For intramuscular (one injection) benzathine
penicillin, the dose is 1.2 million units for adults
and 600,000 units for children less than 60 lbs.
For children, 900,000 units of benzathine penicillin
combined with 300,000 units of procaine is satis-
factory. Intramuscular penicillin has the advantage
that compliance with the regimen is assured. How-
ever, there are several disadvantages to this regi-
men. First is that the eradication rate of IM penicil-
lin therapy is lower than most people think it is
(approximately 79%).87 Second, the administration
of IM penicillin carries the risk of Hoigne’s syn-
drome if it is inadvertently administered intrave-
nously. Because IM penicillin is opaque and vis-
cous, a moderate amount of blood may be drawn
up into the syringe and not be detectable to the
person administering the drug.88 Hoigne’s syn-
drome is a very dramatic, albeit harmless, reaction
in which the patient may fall or flop down to the
floor and make erratic body movements that resem-
ble those of a fish out of water. Psychosis and true
seizures may occur.89 In the majority of cases the
patient recovers spontaneously. Patients who have
experienced Hoigne’s syndrome are likely to be la-
beled “penicillin-allergic,” although the syndrome
is a nonallergic reaction to procaine; these patients
may safely be administered penicillin or penicillin
derivatives when they are needed. If IM penicillin
is inadvertently administered into an artery, worse

complications may occur, including distal tissue ne-
crosis.88

Penicillin-allergic patients may be treated with
erythromycin estolate at 30 to 40 mg/kg/day or
erythromycin ethyl succinate at 40 mg/kg/day in
divided doses two to four times per day for 10 days.

Carriers

The 1995 recommendations are liberal about not
treating carriers: “Chronic streptococcal carriers
usually do not need to be identified or treated with
antibiotics. However, a difficult diagnostic problem
arises when symptomatic upper respiratory tract
viral infections develop in carriers. Because it is im-
possible to distinguish carriers from infected indi-
viduals, a single course of appropriate antibiotic
therapy should be administered to any patient with
pharyngitis and evidence of Group A streptococcus”
infection.72 Streptococcal carriers are not at risk for
rheumatic fever, and are definitively not like “ty-
phoid Mary.” That is to say, carriers are not re-
garded as important reservoirs for the spread of
streptococcal infection.

If, in some special circumstances, it is decided
to eradicate the carrier state, clindamycin alone or
rifampin plus penicillin can be used. In one study,
clindamycin 20 mg/kg/day divided TID for 10 days
eradicated carriage in 24 (92%) of 26 patients; by
comparison, IM penicillin plus rifampin (20 mg/
kg/day divided BID for 4 days) was effective in only
12 (55%) of 22 patients.90

Duration

The usual recommendation of 10 days of oral ther-
apy is based on studies of eradication of the strepto-
coccus, since no study has been done to determine
the attack rate of rheumatic fever if shorter courses
of penicillin are used.91 It is assumed, and rationally
so, that eradication of the organism is a reasonable
surrogate for the prevention of rheumatic fever. In
one study, one million units of oral penicillin twice
a day for 5 days failed to eradicate the organism in
about 40% of men, compared with a failure rate
that approximated zero when the same total dose
was given for 10 days. There was persistence of the
carrier state in 70–80% of untreated controls. Thus,
the longer therapy of 10 days is the conventional
recommendation.

Antibiotics other than Penicillin

Sulfonamides should not be used for the treatment
of streptococcal pharyngitis. In one study, the fre-
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quency of acute rheumatic fever after therapy of
streptococcal pharyngitis with sulfadize was about
5%, not significantly different from that of an un-
treated control group of 264 individuals, of whom
11 (4%) developed rheumatic fever.92 Trimetho-
prim-sulfamethoxazole (TMP-SMX) will not eradi-
cate infection. As many as 20% of Group A strepto-
cocci are resistant to tetracycline, so it should not
be used for therapy of streptococcal pharyngitis.93

In the United States, an increasing percentage of
Group A streptococcal isolates are resistant to eryth-
romycin,94 which is likely a consequence of increas-
ing macrolide use.95 Any of the oral cephalosporins
is effective at eradicating Group A streptococcal in-
fections of the throat, and some of them have a
better eradication rate than that of penicillin, but
they are more expensive, have a higher side effect
profile, and have not been clinically proven to be
otherwise advantageous. A single large-scale trial in
children comparing a 10-day course of oral penicil-
lin with a 5-day course of other antimicrobials in
the treatment of culture-confirmed streptococcal
pharyngitis has been published.96 In this trial,
4,782 children were randomized, in a 1:2 ratio, to
receive either 10 days of penicillin or 5 days of a
different antimicrobial agent (amoxicillin/clavula-
nate, ceftibuten, cefuroxime axetil, loracarbef, clar-
ithromycin, or erythromycin). Patients were fol-
lowed for 12 months thereafter. Clinical response
and acute eradication rates were similar. Of the
4,782 subjects enrolled, acute rheumatic fever
(ARF) developed in only three, all of whom were in
one of the 5-day treatment groups.96 This difference
was not statistically significant; however, because
of the low baseline incidence of ARF, even a study
of this size is insufficiently powered to detect a dif-
ference between the two groups.

Amoxicillin, though frequently used, has no mi-
crobiologic benefit over penicillin and is more ex-
pensive. Practitioners used to say they preferred
amoxicillin because it could be given three times a
day versus the four times a day regimen of penicil-
lin; with studies showing successful eradication of
Group A streptococci with thrice- and even twice-
a-day penicillin therapy, that particular argument
in favor of amoxicillin is no longer relevant. The
last remaining point of discussion seems to be that
amoxicillin is more palatable, and thus more likely
to be taken. As no drug is effective if it is not in-
gested, amoxicillin may be considered in cases
where the child is likely to be averse to taking peni-
cillin. Ampicillin is also not better than penicillin,

and has the disadvantages of more frequent side
effects, including diarrhea and rash. If used empiri-
cally, or when the culture is negative for Group A
streptococci, the cause of the pharyngitis may be
Epstein-Barr virus. In that case, ampicillin (and, to
a lesser extent, amoxicillin) may cause an extensive
maculopapular rash.

Recurrences

Clinical recurrences are best defined as pharyngitis
and a positive culture within 30 days of starting
therapy. Recurrence of the same type is usually not
possible to distinguish from a new infection with a
new type, because typing is not readily available.
Bacteriologic recurrences are best defined as a posi-
tive follow-up culture within 30 days without clini-
cal disease. This could also be called treatment fail-
ure but is not known to be associated with an
increased risk of acute rheumatic fever if the treat-
ment was appropriate.

Clinical or bacteriologic recurrences are rela-
tively frequent (5–15%) after oral antibiotic ther-
apy, depending on the dose and type of antibiotics
used. Even intramuscular benzathine penicillin has
a significant recurrence rate (about 20% of the same
serotype). A “false” recurrence (recovery of a non-
Group A streptococci) can be recognized by testing
for bacitracin resistance. Ordinarily, reculture after
therapy is not advisable except in patients with a
history of rheumatic fever or rheumatic heart dis-
ease. However, some authorities recommend a fol-
low-up culture as a precaution if the patient is given
oral therapy and is judged unlikely to take the full
course of antibiotics. There is no reason to obtain
routine follow-up throat cultures except in patients
not likely to comply with oral therapy.

Clinical recurrences should probably be treated
with clindamycin or an oral cephalosporin, either of
which is more effective than oral or intramuscular
penicillin in such circumstances.97 Erythromycin,
once an effective second choice, is a less desirable
choice because an increasing percentage of strepto-
coccal isolates are erythromycin resistant.

Causes of Streptococcal Recurrences

1. Nonadherence. Because the symptoms of the dis-
ease are likely to disappear before 10 days
passes, with or without antibiotic therapy, and
because adherence to an antibiotic regimen
when fully recovered from an illness is difficult,
failure to complete the entire 10-day course of
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oral antibiotic therapy is fairly common. Nonad-
herence with the 10-day penicillin regimen is
certainly a cause of bacteriologic treatment fail-
ures. It has not been shown, however, that non-
adherence is a cause of streptococcal recur-
rences.98

2. Typability. Several studies have shown a recur-
rence rate of about 20% if the original isolate
was typable and about 10% if it was not.98

3. Presence of beta-lactamase-producing anaerobic
bacteria. Cultures of tonsils removed at tonsillec-
tomy have indicated that beta-lactamase-pro-
ducing anaerobes, especially Bacteroides species,
can often be grown.99 It has been shown by a
number of studies that antibiotics such as eryth-
romycin, and clindamycin are more effective
than beta-lactam antibiotics at eradicating
Group A streptococci and in the treatment of a
clinical recurrence of streptococcal pharyngitis.
Beta-lactamase producing bacteria were more
frequently recovered from children who fail
penicillin therapy for Group A streptococci than
in patients who did not fail therapy.100 Further
confirmation of this theory that beta-lactamase
producers might be important was derived from
a study of the clinical efficacy of penicillin,
erythromycin, and clindamycin. Although such
studies have not yet involved large numbers, it
does appear that patients treated with clinda-
mycin are more likely to have the Group A strep-
tococci eradicated than are patients treated with
erythromycin, who, in turn, are more likely to
have the beta-streptococci eliminated than are
patients treated with penicillin.101 Some of this
effect may be due to the fact that clindamycin
achieves much higher tissue levels than do beta-
lactam antibiotics. Given the side-effect profile
of clindamycin, as well as the uncertain clinical
significance of this phenomenon, penicillin re-
mains the drug of choice for an initial episode
of Group A streptococcal pharyngitis.

4. Penicillin-tolerant Group A streptococci. One of the
theoretical explanations for recurrent Group A
streptococcal infections after treatment with
penicillin is that penicillin only inhibits, but
does not kill, some strains of the organism. This
theory is well established for Group B strepto-
cocci, where it applies to perhaps 5% of such
isolates. In a study of the applicability of this
theory to recurrent Group A streptococcal infec-
tions, there appeared to be an increased fre-
quency of penicillin-tolerant streptococci in the

recurrent cases.102 However, further studies of
the possible role of penicillin-tolerant Group A
streptococci have not indicated that this is a clin-
ically significant factor.103 In addition, tolerance
to penicillin among Group A streptococcus iso-
lates is rare. Therefore, the possible role of toler-
ance as a cause of recurrences is not estab-
lished.104

5. Presence of penicillin-resistant staphylococci. In the
laboratory, penicillinase-producing Staphylococ-
cus aureus protect Group A streptococci from
the effects of penicillin.105 This observation led
to the hypothesis that the same effect might
occur in patients with streptococcal pharyngitis,
leading to recurrences. However, the bacterio-
logic recurrence rate does not appear to correlate
with the presence of penicillinase-producing S.
aureus in the throat.99,106 Therapy with a peni-
cillinase-resistant antibiotic such as nafcillin or
cephalexin results in less frequent recurrences
than does penicillin treatment, but the differ-
ence is not statistically significant.99,106 Thus,
treatment with the more expensive penicil-
linase-resistant penicillin is not indicated.

6. Reinfection with the same serotype from the pa-
tient’s toothbrush. There are no clinical studies to
show that this is a factor in recurrences. How-
ever, one study did show that toothbrushes may
harbor the offending Group A streptococci for
up to 15 days after the patient has been treated
for streptococcal pharyngitis.107

Culture of Contacts

Other family members may also have a positive cul-
ture, but these contacts are unlikely to have been
a source of recurrent infection. Speculation about
the role of contacts in recurrent streptococcal phar-
yngitis has led some clinicians to culture even fam-
ily pets. One study showed that culturing pets resid-
ing in the household is unlikely to yield a positive
culture; no group A beta-hemolytic streptococci
were recovered from any body site in a total of 230
dogs and cats.108 The evidence favors regrowth of
the patient’s original serotype for one of the reasons
above; only testimonial anecdotes support contacts
as a source of reinfection.

Management of Recurrences
1. Make sure that recurrences are truly streptococ-

cal infections, and that you are not just cultur-
ing Group A streptococcus from a carrier with
a series of viral pharyngitides. Clinical features
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of illness that suggest viral infection, i.e., cough,
hoarseness, runny nose, indolent onset, etc. can
be helpful. It may also be useful to obtain a
throat culture on the patient when he is entirely
asymptomatic to verify the carrier status.

2. Confirm that recurrences are caused by Group
A streptococci by sending the isolate to a labora-
tory that can identify Group A by agglutination
methods.

3. On the second or third clinical recurrence, use
clindamycin instead of oral or intramuscular
penicillin.

4. Give the patient with multiple recurrences a pro-
phylaxis regimen similar to that used for preven-
tion of acute rheumatic fever for approximately
3 months.109 During this period, if the patient
takes the medication as instructed, the physician
can reassure the parents, based on a large body
of controlled studies of rheumatic fever preven-
tion, that the child is not at risk for rheumatic
fever. Episodes of pharyngitis that occur during
penicillin prophylaxis are likely to be viral in
origin.

5. Consider a tonsillectomy for selected patients
who have recurrent streptococcal pharyngitis.
This may be, in the long run, less expensive than
multiple courses of antibiotics and treatment
visits, although the physician should take into
consideration the size of the tonsils and the se-
verity of the illness.

6. Have the patient dispose of his or her toothbrush
and buy a new one sometime just before therapy
is completed. Although there is no evidence that
this will change the recurrence rate, the fact that
many toothbrushes still harbor the same isolate
as the one that caused the pharyngitis suggests
that it may be helpful.107

Tonsillectomy

A prospective study has been done of the effect of
tonsillectomy on severe recurrent pharyngitis with
documented fever or cervical adenopathy or exu-
date or a positive culture for Group A strepto-
cocci.110 After tonsillectomy (with or without
adenoidectomy), there were moderately but signifi-
cantly fewer throat infections than in children with-
out tonsillectomy (who also had fewer infections
than before admission to the control group). Some
patients with frequent tonsillitis before tonsillec-
tomy become patients with frequent pharyngitis
after tonsillectomy.

Prevention

History of Rheumatic Fever

Daily oral penicillin or monthly benzathine penicil-
lin injection is effective in the prevention of strepto-
coccal infections. This type of prophylaxis is used
almost exclusively for patients who have probably
had rheumatic fever,111 but it has been used in situ-
ations where there is a high risk of infection, such
as military camps.

Management of Exposed Family Contacts

Family contacts should generally not be cultured
unless they develop signs and symptoms suggestive
of streptococcal pharyngitis. If there is a history of
rheumatic fever in the family, parents and siblings
should be cultured 2–3 days after the index patient
has begun to receive antibiotic therapy, and should
be treated if the culture is positive, even in the ab-
sence of symptoms.112 Alternatively, reliable fami-
lies, even with a history of rheumatic fever, may be
cultured only when they develop symptoms.113

Severe PANDAS

Some children with frequent or severe PANDAS
(discussed earlier) have been managed with antibi-
otic prophylaxis identical to that given to patients
with a history of acute rheumatic fever, although
with unproven benefit. Other therapies, such as im-
mune globulin, remain investigational. These pa-
tients should be managed by an infectious diseases
specialist in concert with a pediatric neurologist.

Axioms

The diagnosis and management of streptococcal
pharyngitis is complex and controversial. There are
conflicting studies regarding laboratory detection
as well as practical guides to treatment. Axioms for
the practitioner are provided in Box 2.

■ PERITONSILLAR CELLULITIS OR
ABSCESS

Peritonsillar abscess can be defined as a collection
of pus lateral to the tonsil that pushes the tonsil
toward the midline. These abscesses are usually the
result of severe tonsillitis. Peritonsillar cellulitis also
displaces the tonsil medially but consists of edema
and engorged mucosa without pus formation. The
distinction between peritonsillar cellulitis and ab-
scess can be difficult to make. Placing a needle into
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BOX 2-2 ■ Axioms for Diagnosis and
Treatment of Streptococcal
Pharyngitis

1. Don’t culture anyone you wouldn’t treat if
the culture were positive.

2. A throat culture is a laboratory guide, not a
decision maker.

3. Don’t treat patients unless you have
laboratory confirmation of streptococcal
infection.

4. Don’t look for asymptomatic carriers unless
rheumatic fever is involved.

5. Don’t culture for bacteria other than
beta-streptococci (usually).

6. Don’t treat streptococcal pharyngitis with
broad-spectrum antibiotics.

7. Don’t bother with follow-up cultures unless
adherence with oral medication is doubted.

8. Don’t get ASO titers unless acute rheumatic
fever is suspected.

9. Don’t bother with C-reactive protein,
streptozyme, or white blood cell and
differential counts in pharyngitis. (If
mononucleosis is suspected, get a white
blood cell and differential count as well as a
slide test for heterophile antibodies.)

10. Much of the controversy about streptococcal
pharyngitis is due to:
a. Different sensitivity of culture methods.
b. Averaging the results of cases of very

severe, very mild, and intermediate
clinical severity.

c. Lack of careful definition of asymptomatic
children including history and physical
examination.

d. Defining antibiotic-treated patients who
don’t develop antibodies as carriers.

the swollen area and aspirating for pus is the tradi-
tional way of distinguishing the two; in recent years,
investigators have studied intraoral sonography and
computed tomographic scans as alternative meth-
ods. Computed tomography (CT) scans differen-
tiate the two conditions with ease;114 intraoral so-
nography, when tolerated, is also useful in this
regard.115 It is not entirely clear, however, that
either of these methods yields results superior to
those obtained by the old-fashioned methods. A re-
view of 43 consecutive cases of clinically diagnosed
peritonsillar abscess in children ages 7–8 years
showed positive aspirate results in 76%; in 87% of
these patients the abscess resolved; 6% each re-
quired two aspirations and immediate tonsillec-

tomy.116 If the disease is detected early enough,
neither biopsy nor surgical drainage is necessary.

Both of these entities are more frequent in teen-
agers and adults, perhaps a result of intense focal
antigen-antibody reaction after years of making var-
ious streptococcal antibodies. In one study, the age
range was 11–73 years, with half being 25 years or
younger.117

Clinical Diagnosis
Usually, there is fever and painful swallowing. The
patient may speak in a muffled “hot potato” voice.
There may be ear pain and trismus on the affected
side.118 Trismus and painful swallowing result from
inflammation abutting the muscles of mastication.
Toxicity or neck swelling raises the question of ex-
tension down the neck. Age less than 12 years and
trismus are more frequent in cellulitis; age 13 or
older, dysphagia, and drooling are more common
in abscess.119

Bacteria
Group A, non-Group A, alpha-hemolytic, and
Group D streptococci are frequent.119 The most
common aerobic isolates are Streptococcus pyogenes
(Group A streptococcus), Streptococcus milleri
group, and viridans Streptococci.120 Anaerobes
may be more frequent than aerobes, especially in
older adolescents and adults. Fusobacterium spp.
and Prevotella spp. are most frequent, followed by
Actinomyces, Peptostreptococcus, and others. Many
patients have mixed infections. Mouth organisms
like Eikenella corrodens are sometimes seen.121 H.
influenzae and S. aureus are not common.122,123

Throat cultures are often negative, but cultures of
the tonsillar needle aspirate may grow GAS or many
of the above bacteria.124

Treatment
For ambulatory patients early in the course of the
infection, oral clindamycin or amoxicillin/clavula-
nate is a rational choice. For hospitalized children,
intravenous clindamycin is effective against strepto-
cocci, staphylococci, and almost all throat anaero-
bic bacteria. Ticarcillin/clavulanate or ampicillin/
sulbactam are reasonable alternatives. One study
showed that all but one isolate in a series of 53
abscesses contained bacteria that were sensitive to
either penicillin or metronidazole, and recom-
mended the combination of the two.125 There is no
consensus, however, on the optimal treatment for
patients with peritonsillar abscess. Herzon pub-
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lished an exhaustive review of the management of
peritonsillar abscess that used a cohort study of 123
patients, a national survey of management practices
of otolaryngologists, and a meta-analysis in order
to devise guidelines.126 The conclusions were that:
(1) needle aspiration should be used as the initial
surgical drainage procedure for all patients who do
not have indications for abscess tonsillectomy, and
(2) antibiotic regimens for these patients should in-
clude penicillin. Intravenous penicillin has been
used for years, but no direct comparative trials of
penicillin to clindamycin have been performed. In
one small, prospective trial, intramuscular procaine
penicillin was as effective as ampicillin/sulbactam
at effecting a cure. All patients underwent peroral
drainage.127 High doses of penicillin are needed to
achieve good tonsillar tissue concentrations.123

Complications
Fatal necrotizing fasciitis of the neck has been re-
ported in adults after late treatment.128 Rarely, me-
diastinitis or other deep neck space infections may
occur.129 Lemierre’s disease, also known as postan-
ginal sepsis, is a rare condition associated with Fuso-
bacterium necrophorum infection of the deep tissues
of the neck in which intermittent bacteremia and
septic embolization occur secondary to infection of
the jugular vein (discussed later).130

Tonsillectomy
The need for tonsillectomy during the acute phase
of the illness, or after recovery to prevent recur-
rences is the subject of some debate. Many otolaryn-
gologists do routine tonsillectomy for all patients
with peritonsillar abscess, because of a reported
15% recurrence rate. It turns out that in the United
States, the recurrence rate is only 10%, which is
significantly different from the rest of the world (p
� 0.02).126 A large abscess compromising the air-
way may require urgent drainage. Approximately
30% of patients will have a relative indication for
immediate, or “quinsy” tonsillectomy.126 If a tonsil-
lectomy is to be performed, prospective data show
that performing it immediately is technically sim-
pler, associated with fewer working days lost (in
adult patients), and less intraoperative blood
loss.131

The majority of patients are not that sick, and
really have peritonsillar cellulitis, which responds
to intravenous antibiotics. In one review, only one
of 41 patients who had needle drainage had a recur-
rent peritonsillitis.132 Another study comparing in-

cision and drainage with needle aspiration found
the advantages of needle aspiration alone out-
weighed its acceptably low failure rate.133

■ NONSTREPTOCOCCAL PHARYNGITIS

Nonstreptococcal pharyngitis can be defined as ob-
jective evidence of pharyngitis and a throat culture
negative for beta-hemolytic streptococci. Ulcerative
pharyngitis and membranous pharyngitis are spe-
cial anatomic types of pharyngitis and are discussed
in later sections.

It is a very common error to recover a microor-
ganism from the throat of a patient with pharyngitis
and say it is the cause. Many case reports of unusual
causes of pharyngitis represent coincidental recov-
ery of the agent. Recovery is less likely to be coinci-
dental if there is bacteremia. However, statistical
studies comparing normal controls and patients
with pharyngitis are necessary to prove an associa-
tion, as discussed in Chapter 1. Even experimental
production of pharyngitis by inoculation of an
agent may not be confirmed by epidemiologic stud-
ies, as exemplified by M. hominis, discussed below.

“Sore throat” is not pharyngitis and may be
caused by trauma, allergy, and tracheal irritation
from respiratory viruses, smoking, or inhalation of
other irritants.134 This section deals with definitive
pharyngitis, as determined by objective observa-
tions on physical examination.

Possible Etiologies

Adenoviruses

These viruses are the most frequent cause of non-
streptococcal pharyngitis in young children (Box
3).135–137 There are more than thirty respiratory
serotypes of this virus, but most infections are
caused by types 1–7.

Nasal obstruction or discharge and cough are
often present. Conjunctivitis is sometimes seen. In
some patients, a small pulmonary infiltrate, with or
without evidence of pneumonia on physical exami-
nation, may be seen. Mild to moderate abdominal
pain, with some loose stools, is occasionally pres-
ent, as is otitis media (Fig. 2-5). A rash, usually
lasting fewer than 3 days, may be observed. The
rash is usually maculopapular but may rarely be
petechial.

The tonsils frequently have flecks of superficial
exudate or white spherical areas beneath their mu-
cosal surfaces but occasionally have a necrotic-ap-
pearing exudate resembling that seen with infec-
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BOX 2-3 ■ Causes of Nonstreptococcal
Pharyngitis

Common
Adenovirus (especially in preschoolers)
EBV (especially in teenagers)
Herpes simplex type 1

Less Common
Enteroviruses
Influenza virus (in epidemics)
Respiratory syncytial virus (in epidemics)
Pharyngitis as part of a systemic disease (such as

Kawasaki disease)
Measles
Parainfluenza virus
Meningococcus
Mumps
Arcanobacterium hemolyticum

Rare
Diphtheria
Anaerobes
Yersiniosis
Mycoplasma pneumoniae
Corynebacterium ulcerans, C.

pseudodiphtheriticum
Non-Group A streptococci

Special Exposures
Herpes simplex type 2
Tularemia
H. ducreyi
Gonococcus

tious mononucleosis. Typically in these cases the
child is less than 5 years of age.

Adenovirus also causes a very specific syndrome
known as pharyngoconjunctival fever.138 Patients
present with abrupt onset of pharyngitis, mild to
moderate conjunctivitis, and fever. The pharyngitis
is exudative in about a third of patients. Eye com-
plaints are less than might be expected based on
the appearance of the palpebral conjunctivae,
which usually have a granular appearance. In severe
cases, the appearance mimics subconjunctival hem-
orrhage. Fever to greater than 39�C (102.2�F) oc-
curs in 50% of patients, and is accompanied by
headache. The febrile episodes last from 4 to 7 days,
and total duration of illness may approach 14
days.138

Herpes Simplex

Although more commonly associated with gingi-
vostomatitis in toddlers, primary infection with

■ FIGURE 2-5 Adenovirus pharyngitis is usually associated
with conjunctivitis. Minimal pneumonia, otitis media, mild
diarrhea, febrile convulsion, or leukocytosis with a predomi-
nance of neutrophils can be present.

herpes simplex type 1 may produce a sore throat
with redness and sometimes a tonsillar exudate.139

Typical ulcerations or bleeding may not appear
until a day or two after the onset and may not be
observed at all if the patient is not reexamined after
the first visit (Fig. 2-6). Many teenagers reach col-
lege without neutralizing antibodies to this herpes-
virus.140

Herpes simplex type 2 can cause exudative phar-
yngitis as well as ulcerative pharyngitis in individu-
als with oral-genital contact.141,142

Coxsackie and Echoviruses

These viruses typically produce ulcerative pharyn-
gitis but are sometimes recovered from patients
without vesicular or ulcerative lesions.136,143 They
may produce ulcerative lesions in the context of
hand, foot, and mouth disease (see Chapter 11).
Coxsackie B virus sometimes produces a definite
pharyngitis along with several days of high fever.
Exudate is uncommon in this situation.144 Echovi-
rus is sometimes associated with a definite pharyn-
gitis.145

Parainfluenza Viruses

Usually, these viruses produce only a mild pharyn-
gitis associated with a more prominent cough and
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■ FIGURE 2-6 Typical course of ulcerative pharyngitis caused by herpes sim-
plex virus. (Moffet HL, et al: J Pediatr 1968;73:51–60)

bronchitis. The frequency with which parainfluenza
viruses are associated with pharyngitis is not clear,
because most studies have combined patients with
rhinitis, bronchitis, and pharyngitis.

Influenza Virus

This virus may produce pharyngeal erythema, but
usually there is an additional Group A streptococcal
infection if tonsillar exudate is present.146 The sore
throat observed with influenza virus infection is
usually tracheal as opposed to pharyngeal.147 The
complaint of sore throat is usually out of proportion
to the objective evidence seen on physical examina-
tion.

Respiratory Syncytial Virus

Although not usually thought of as a virus that
causes pharyngitis, a review of 20 years of outpa-
tient respiratory syncytial virus infection found that
almost 70% of patients infected with this virus had
pharyngitis on physical examination.148 It is possi-
ble that some or all of these children had redness
of the pharynx secondary to irritation from cough.
Cough, wheezing, and tachypnea are usually more
prominent clinical signs.

Epstein-Barr Virus

After 10 years of age, heterophile-positive infectious
mononucleosis is a common cause of severe exuda-
tive pharyngitis, as discussed later in this chapter
and in Chapter 3. The heterophile test is often false
negative before the age of 10 years. Nonstreptococ-

cal febrile exudative pharyngitis was associated with
a positive heterophile antibody test in only 3 (3%)
of 93 younger children with nonstreptococcal phar-
yngitis in one study,136 although some of these chil-
dren may have had Epstein-Barr Virus (EBV) infec-
tions. EBV infection causing pharyngitis may be less
common in children less than 10 years of age, al-
though an insufficient amount of study has been
performed in this age group. Acute EBV infection
may be diagnosed by EBV serology at any age.

Mycoplasmas

Mycoplasma hominis is capable of causing exudative
pharyngitis when experimentally inoculated into
adult volunteers.149 Mycoplasma pneumoniae may
cause a mild pharyngitis in younger children, and
a more pronounced pharyngitis in older children
and young adults, usually associated with headache
and cough.

Tularemia

Oropharyngeal tularemia is a very rare cause of
nonstreptococcal pharyngitis. The pharyngitis and
cervical adenopathy resemble those of streptococcal
pharyngitis.150,151 Alternatively, patients may have
a membrane indistinguishable from that of diph-
theria.

Gonococcus

“Sore throat” is a frequent symptom of gonorrhea in
individuals with oral-genital contact, but exudative
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pharyngitis is not common. The frequency of Neis-
seria gonorrheae as a cause of pharyngitis has not
been established by studies that exclude other
causes, so that recovery of gonococcus from the
throat may be coincidental to the pharyngitis, just
as the presence of Group A streptococcus can be
coincidental.152

Chancroid (Haemophilus ducreyi infection) also
can be added to the list of causes of pharyngitis in
persons with an orogenital exposure history.153

Anaerobes

Because anaerobes are normal inhabitants of the
oropharynx, it is more difficult to prove a causative
association between their isolation and the presence
of pharyngitis. Bacteroides melaninogenicus is proba-
bly a relatively rare cause of pharyngitis.154 It may
produce a beta-lactamase that interferes with the
penicillin therapy of streptococcal pharyngitis, as
previously described. Fusobacterium species can be
a rare cause of severe exudative pharyngitis with
cellulitis of the neck and septic emboli.155

Diphtheria

Corynebacterium diphtheriae infection has become
rare because of immunization, but should always
be considered a possible cause of nonstreptococcal
exudative pharyngitis. Early in the illness, the typi-
cal pseudomembrane may not be present. Usually,
however, diphtheria produces a pseudomembrane
on the soft palate, uvula, tonsil, or posterior phar-
ynx. If such a membrane is present, the diagnosis
should be “membranous pharyngitis,” thus greatly
limiting the etiologic possibilities, as described later
in this chapter.

Arcanobacterium hemolyticum

Arcanobacterium hemolyticum has been reported to
cause pharyngitis, occasionally with a scarlet fever-
like rash in teenagers and young adults.156 It is re-
covered more frequently from patients with acute
pharyngitis than it is from controls. It has also been
demonstrated that patients mount an antibody re-
sponse to this organism following an episode of
pharyngitis from which it was recovered.157 In lon-
gitudinal studies, Arcanobacterium hemolyticum is
isolated from approximately 2–3% of patients with
acute pharyngitis.158 Despite its resemblance to
streptococcal pharyngitis, illness caused by A. he-
molyticum is self-limited, and nonsuppurative com-
plications do not occur.

Mumps

This virus occasionally produces pharyngitis.159

However, the clinical diagnosis is usually based on
minimal erythema. Pharyngitis may also be as-
sumed to be present because the parotid or sub-
mandibular swelling is mistaken for cervical ade-
nitis.

Measles

In classic measles, oral mucous membrane ery-
thema may be prominent. In this case, the physician
should recognize that the pharyngeal redness is of
the same degree as that seen in all of the oral mucosa
and that significant conjunctivitis and prominent
cough are also present.

Other Microorganisms

Candida albicans is sometimes recovered from older
children with severe pharyngitis, but it is probably
coincidental.

Staphylococcus aureus, Streptococcus pneumoniae,
fusiform bacteria, and spirochetes are agents that
have not been proven to be causes of pharyngitis
but are often coincidentally recovered from pa-
tients.

Chlamydia trachomatis has been implicated in
pharyngitis by serologic studies performed in
adults,160 but these reports lacked important clini-
cal details. This agent is probably not a cause of
pharyngitis.161

In milk-borne yersiniosis involving all age
groups, only adults were noted to have fever and
pharyngitis with a throat culture positive for Yer-
sinia enterocolitica.162,163

Noninfectious Causes

Rarely, lymphoma in teenagers presents as an exu-
dative pharyngitis.117

Diagnostic Plan and Treatment

If the throat culture is negative for beta-hemolytic
streptococci, few further diagnostic studies are use-
ful except in special clinical circumstances. A slide
test for infectious mononucleosis may be indicated
for older children, or EBV serology for younger ones
with suspicion of EBV infection. Viral cultures (e.g.,
for adenovirus) are occasionally of interest, espe-
cially in the immunocompromised host. Patients
with risk factors for other agents, i.e., ingestion of
undercooked meat (tularemia), history of orogeni-
tal contact (gonorrhea), should be evaluated for
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those specific diseases. This entails notifying the
microbiology laboratory so that specimens are
plated on proper media. Conventional throat cul-
tures for Group A streptococcus will not detect the
gonococcus. Tularemia is diagnosed by serology, as
culturing the organism is hazardous to laboratory
personnel.

No specific treatment is of value for nonstrepto-
coccal pharyngitis except as noted earlier. In gen-
eral, observation and the avoidance of unnecessary
antibiotics are all that is necessary.

Postanginal Sepsis (Lemierre’s
Syndrome)
Rarely, pharyngitis is complicated by extension of
the infection into the adjacent veins, with septic
thrombophlebitis beginning in the tonsillar vein.
This postanginal sepsis (also called Lemierre’s syn-
drome) can occur in normal children (especially
teenagers) as well as in immunocompromised chil-
dren .130, 155, 164, 165 Lemierre’s syndrome is classi-
cally associated with Fusobacterium necrophorum, al-
though other anaerobes that are part of the normal
flora, such as Bacteroides or Eikenella are occasion-
ally reported.

Physical findings include severe pharyngitis,
tender tonsillar nodes, and tenderness and swelling
along the lateral aspect of the sternocleidomastoid
muscle (over the internal jugular vein).164The septic
portion of the disease may follow the pharyngitis by
4–8 days. Therefore, in many cases, the pharyngitis
may have resolved before the patient seeks medical
care.165 Septic pulmonary emboli may occur, as can
septic embolization to abdominal organs, muscles,
or joints. The knees and hips are the most commonly
infected joints.165 Ampicillin-sulbactam is reasona-
ble empiric antibiotic therapy pending blood culture
results, as Eikenella species are uniformly resistant to
clindamycin.166 Metronidazole retains good activity
against most penicillin-resistant anaerobes, and may
be added. All Fusobacterium species are sensitive to
penicillin, and intravenous penicillin G is the drug
of choice once the bacterium has been isolated and
definitively identified.

Recurrences of Nonstreptococcal
Pharyngitis
A frustrating problem to family and physician, re-
current nonstreptococcal pharyngitis remains a
puzzle, primarily because of the difficulty of identi-
fying an infectious cause or a host defect. Is this
something we can now name as a syndrome (i.e.,

recurrent nonstreptococcal pharyngitis) with the
causes yet to be found?

An increasingly recognized cause of pharyngitis,
although it usually presents as fevers of uncertain
etiology, is the syndrome known as periodic fever,
adenitis, pharyngitis, and apthous stomatitis
(PFAPA).167 Not all of the features need to be pres-
ent to make the diagnosis. The most consistent fea-
ture is a fever that is truly “periodic,” i.e., comes
and goes at a fixed interval, usually 28 days. Most
patients have some degree of pharyngitis and adeni-
tis, and may wrongly be treated as if they have re-
current streptococcal infection, especially if cul-
tures are not routinely obtained. Fevers are usually
high and the symptoms last 4 to 5 days and then
spontaneously disappear. The etiology of this syn-
drome is still not known; information about treat-
ment, prognosis, and differential diagnosis are con-
tained in Chapter 10 on fever syndromes.

■ ULCERATIVE PHARYNGITIS AND
HERPANGINA

Ulcerative pharyngitis is defined by ulcerations or
vesicular lesions on the soft palate, anterior tonsillar
fauces, or posterior pharynx. If glossitis or gingivos-
tomatitis is present, the patient probably has her-
petic gingivostomatitis (see Chapter 4). Thus, the
diagnosis of ulcerative pharyngitis implies absence
of erythematous, swollen, or bleeding gums and
buccal mucosa.

“Herpangina” is a term first used in 1920 to de-
scribe pharyngitis with small vesicular lesions in
the posterior pharynx. This term is still frequently
used and now usually refers to any kind of vesicular
or ulcerative pharyngitis.168 Herpangina occurs al-
most exclusively in the summer or fall when Cox-
sackie and echoviruses are prevalent. Nodular phar-
yngitis without vesicles has been called acute
lymphonodular pharyngitis,169 and has been attrib-
uted to Coxsackie A virus. When ulcerative or vesic-
ular stomatitis occurs with a vesicular or papular
rash on the hands and/or feet, it is called hand, foot,
and mouth disease (classically due to Coxsackie
A16), and is discussed further in Chapter 11.

Possible Etiologies

Coxsackie A Virus

Because this virus grows poorly in cell culture,
mouse inoculation is required to recover it. Cox-
sackie A virus is probably the most common cause
of ulcerative pharyngitis.170 Lesions begin shortly
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after the onset of fever, and may be papular at first,
but quickly become vesicular and then ulcerative.
By the time patients come to medical attention the
lesions are usually ulcerative. There are often only
a few lesions, from one to about 15, and they are
small, 1–2 mm in diameter with surrounding ery-
thema. The most common site is the anterior tonsil-
lar pillar, but ulcers may occur anywhere in the
mouth. Sometimes so-called hand, foot, and mouth
syndrome really involves only the mouth; occasion-
ally the rash on the hands and feet is seen without
concomitant oral lesions. This syndrome is in gen-
eral mild and self-limited, and lasts for 4–6 days.
As the rash resolves, there is often fine desquama-
tion of the papular lesions.

Herpes Simplex

In these cases, the ulcerations on the soft palate or
pharynx are usually larger (3–8 mm in diameter)
than those produced by Coxsackie A virus. If mouth
or circular lip ulcers are also present, the cause is

■ FIGURE 2-7 Circular ulcers on the palate, lip, and tongue
of a child with herpes simplex virus infection.

probably herpes simplex virus (Fig. 2-7). In one
study of university students, ulcerative pharyngitis
was the usual presentation of herpes simplex virus
(HSV) infection, and only one-fourth of them also
had anterior lesions of the mouth or lips.171 Reacti-
vation of HSV1 usually produces lip lesions (“cold
sores”) at any age. A history of genital exposure is
probably more helpful in the diagnosis of HSV2
pharyngitis than is the actual appearance of the
throat.

Other Causes

Coxsackie B viruses and echoviruses can also pro-
duce an ulcerative or vesicular pharyngitis that is
indistinguishable from that caused by Coxsackie A
virus.169,172 There is some evidence that Coxsackie
B virus infection is becoming more common in re-
cent years.173 Other enteroviruses, including polio-
virus, can produce similar lesions, and this enan-
them has been noted in both sporadic and epidemic
poliomyelitis.174 Corynebacterium ulcerans is a rare
cause of ulcerative pharyngitis.175 The disease is a
zoonosis, and is seen in patients with animal contact
or a history of consumption of contaminated raw
milk. Primary syphilis can produce an ulcer of the
tonsil, usually without fever, and with an appear-
ance “suspicious” of a primary chancre.176,177

Diagnostic Plan
Antigen Detection

Often, the diagnosis of herpetic stomatitis is a clini-
cal one, but herpes simplex antigen can be detected
with a slide agglutination test,178 or the virus can
be cultured readily from active lesions when the
diagnosis is in doubt. Virus isolation from any her-
pesvirus group-induced disease is maximized by
sampling fresh (not crusted) lesions, and by rapid,
cold transport and quick tissue culture inoculation.
Polymerase chain reaction (PCR) can also be used
to detect HSV DNA with high sensitivity and speci-
ficity.179

Virus Culture

Ulcerative pharyngitis is typically caused by a virus.
Throat cultures for Group A streptococci can be
obtained when there are signs and symptoms
suggestive of a coexisting streptococcal infection.
Cultures for virus may be of educational value but
are rarely practical. Sometimes they give retrospec-
tive reassurance to the patient. Coxsackie A virus,
the usual cause of ulcerative pharyngitis, is unlikely
to be recovered unless suckling mice are injected
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with the specimen, and this is both too expensive
and too impractical to justify its use in the diagnosis
of pharyngitis. Enteroviral PCR can be performed
on throat swabs, but this technology is not yet
widely available and offers little clinical benefit for
this self-limited illness.180

Serum Antibodies

Serologic diagnosis is not practical for Coxsackie or
echovirus infection. Paired sera could be obtained
in an attempt to demonstrate herpes simplex virus
infection, but this is seldom clinically useful.

Treatment

For the most part, symptomatic therapy is all that is
required. Investigational antienteroviral agents may
eventually be commercially available, but will prob-
ably not be indicated for these self-limited infections.
Treatment of HSV pharyngitis is discussed under
therapy for HSV gingivostomatitis in Chapter 4.

■ MEMBRANOUS PHARYNGITIS

Membranous pharyngitis can be defined as a defi-
nite membrane over the tonsils, pharynx, soft pal-
ate, or uvula. Bleeding is typical when the mem-
brane is peeled off, as can be done with a swab or
tongue blade. “Membrane” is used here as a syn-
onym for “pseudomembrane” for convenience. In
reality, there is a fundamental difference, in that
pseudomembranes do not have a true epithelial
layer.

■ FIGURE 2-8 Diphtheritic membrane on the soft palate and uvula. (Kallick
CA et al.: Ill Med J 1970;137:505–512)

Possible Etiologies

Infectious Mononucleosis

A membranous pharyngitis in the United States
today is most likely to be caused by infectious
mononucleosis, discussed in Chapter 3.

Diphtheria

Even though the disease is rare in the United States,
diphtheria should be regarded as the presumptive
cause of membranous pharyngitis in an unimmu-
nized individual. There is a substantial group of
parents who are now withholding vaccinations for
their children either for religious or sociopolitical
reasons. In addition, diphtheria has become com-
mon in the former Soviet Union, so the diagnosis
should be suspected in patients with membranous
pharyngitis and an appropriate travel history.

The incubation period is 2–5 days.181 Typically
the membrane is gray to black, depending upon
how much blood it contains. It bleeds easily. It usu-
ally begins on the tonsils and spreads toward the
uvula.181 If the membrane extends over the soft
palate and uvula, diphtheria is a much more likely
diagnosis than infectious mononucleosis (Fig. 2-8).

Additional findings that suggest diphtheria in-
clude cervical adenitis with severe swelling of the
neck (bullneck diphtheria); tachycardia, hypoten-
sion, or arrhythmia, which suggest myocarditis (this
complication may occur as early as 3–5 days after
the onset of illness); and proteinuria, secondary to
the effect of the toxin on the kidneys. Palatal paraly-
sis, which reflects a local effect of the toxin, may
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also occur in the first week of illness. Involvement
of the nose, with a visible membrane or bleeding,
or involvement of the larynx or trachea, resulting
in croupy cough or stridor, occasionally coexists
with the membranous pharyngitis.

Myocarditis may result in cardiogenic shock or
congestive heart failure.182,183 Occasionally, the de-
velopment of electrocardiographic findings consis-
tent with myocarditis is the best evidence available
for the diagnosis of diphtheria when cultures have
been negative. Late complications include most fre-
quently a reversible polyneuritis, which involves
the motor nerves and is usually symmetric.184 Cuta-
neous diphtheria is manifested by a scaling rash
or by ulcers with clearly demarcated edges. Most
isolates are nontoxigenic.

Other Causes

Membranelike exudate has been described rarely
in presumed viral or streptococcal pharyngitis. The
exudate that forms after an adenotonsillectomy may
resemble a membrane. Arcanobacterium hemolyt-
icum has been reported to produce infections
strongly mimicking diphtheria.185 Rarely, other
corynbacterium species (such as C. pseudodiphtheri-
ticum or C. ulcerans) cause the clinical syndrome
known as diphtheria. Oropharyngeal tularemia is a
rare cause of membranous pharyngitis that can be
indistinguishable from that of diphtheria.186

Diagnostic Plan

Tests for Infectious Mononucleosis

A slide test or serology for EBV infection should be
done immediately, although they may not become
positive until later. The peripheral blood should be
examined for atypical lymphocytes. In the vacci-
nated child with no history of travel to an area of
diphtheria endemicity, infectious mononucleosis is
the likely cause.

Immunization History

Written evidence of recent adequate immunization
against diphtheria does not exclude the diagnosis
but makes it much less likely. It should be remem-
bered that because the vaccine is a toxoid, it does
not protect against nontoxigenic strains, which can
cause infection but usually produce a disease that
is not as severe. Prognosis for the patient with diph-
theria is better if he or she is fully immunized.187

Throat Smear

Diphtheroids are species of Corynebacterium other
than Corynebacterium diphtheriae that can be found
in the throat of normal persons, so the diagnosis of
diphtheria should not be based on a stain of a throat
smear. Even the presence of typical-appearing or-
ganisms is not diagnostic of diphtheria. Fluorescent
antibody methods may be useful if the antiserum is
specific and proper controls are done. Considerable
confusion may result if cross-reactions are reported
as weakly positive, such as may occur with many
other throat organisms found in patients without
diphtheria.

Throat Culture

The diphtheria bacillus can be recognized by the
appearance of its colonies on special media (tellurite
or Tinsdale), but these media are often not immedi-
ately available. Fortunately, the organism also
grows satisfactorily on sheep blood agar or choco-
late agar plates. The toxigenicity of a diphtheria ba-
cillus can be determined by several tests, which
must be done in a reference laboratory. The essen-
tial test of virulence is the production of toxin.

Public Health Importance

The laboratory confirmation of a clinically sus-
pected case of diphtheria is of great public health
importance. Respiratory diphtheria is now rare in
the United States, with only 49 cases reported from
1980 through 1999. However, toxigenic C. diphth-
eriae is occasionally isolated from cutaneous le-
sions, particularly in certain Native American com-
munities. Cutaneous diphtheria can serve as both
a reservoir and a source, and may be more impor-
tant than is oropharyngeal carriage as a factor in
some outbreaks.188 One case of diphtheria usually
leads to vigorous public health measures to prevent
further spread. Many contacts are cultured and
given diphtheria toxoid boosters. If there is clinical
suspicion of early disease, antitoxin (horse serum) is
given, and this is frequently associated with serum
sickness. Therefore, bacteriologic confirmation of
the first suspected cases is very important.

Outbreaks of respiratory diphtheria occurred in
1970 in Austin and San Antonio, Texas; Miami,
Florida; and Chicago.189 Cutaneous diphtheria was
a reservoir for respiratory diphtheria in the Seattle,
Washington area in the late 1970s.190 The single
most important factor in the public health problem
posed by diphtheria is that approximately 50–60%
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of adults in the United States are not up-to-date on
their booster immunizations.191 Immunity to diph-
theria wanes, and boosters are required every 10
years.

In the acute situation, public health officials will
not proceed with measures necessary to control an
outbreak unless there is bacteriologic confirmation
of suspected cases. “Epidemic” is the word that ap-
pears to be necessary in order to mobilize people
to get booster immunizations.

Treatment

Airway

Patients with a pharyngeal membrane should have
laryngoscopy or bronchoscopy with the physician
ready to provide an airway, if needed.192 Orotra-
cheal intubation is one way of securing an emer-
gency airway. However, tracheotomy will usually
be advisable after intubation.

Antitoxin

If the clinical diagnosis is diphtheria, administra-
tion of antitoxin should never be delayed while
awaiting laboratory confirmation. Antitoxin is able
to neutralize free toxin and toxin that is adherent
to cells, but cannot reverse the effects of toxin that
has already entered cells. Therefore, both morbidity
and mortality of diphtheria are related to the length
of the delay in receiving antitoxin. In severe cases,
antitoxin may need to be given intravenously, be-
cause of the delayed onset of action when given
intramuscularly.193 A test for allergy to the product,
as described in the package circular, should be done
before use, because it is a horse serum product.

Other Therapy

Some authorities recommend digoxin if congestive
heart failure occurs, but it must be given cau-
tiously.189 Antibiotic therapy has minimal effect on
the clinical progression and should never be used
as a substitute for antitoxin. However, antibiotics
decrease communicability. The disease is usually
not communicable 48 hours after antibiotics are
given. Oral erythromycin or intramuscular procaine
penicillin G are given for 14 days. In a study in
Thailand, corticosteroids failed to prevent or mod-
ify myocarditis or neuritis.194

Management of Contacts

With the assistance of public health authorities,
household contacts of a patient with a clinical suspi-

cion of diphtheria should be examined and cultured
without awaiting final laboratory confirmation of
the index patient’s culture. Contacts with signs
suggestive of diphtheria should be treated with
diphtheria antitoxin and parenteral penicillin (or
erythromycin if they are penicillin allergic). All con-
tacts of a patient with probable diphtheria, regard-
less of immunization status, should be treated with
oral erythromycin for 7 days or intramuscular ben-
zathine penicillin (1.2 million units for adults;
600,000 units for children less than 6 years of age),
immunized with diphtheria toxoid, and undergo
daily surveillance for clinical evidence of diphtheria
or for the diphtheria organism, which presumably
is present.195 Cultures should be obtained at 1 day
and 2 weeks after treatment. If surveillance is not
possible, the unimmunized household contacts
should also be given diphtheria antitoxin.195

All individuals with positive cultures should be
isolated (see section on isolation, below). Even if
asymptomatic, they should be treated with anti-
toxin because of the significant risk of serious dis-
ease, particularly myocarditis. Antitoxin should not
be withheld while awaiting culture results if the
diagnosis of diphtheria is strongly suspected on
clinical grounds, regardless of immunization his-
tory. In a 1978 survey of children in Chicago, only
75% of those less than 10 years of age who had
received three diphtheria toxoid vaccinations had
protective levels of antibodies in their serum.196

Isolation Procedures

Droplet precautions are recommended for patients
and carriers with pharyngeal diphtheria until at
least two cultures of nose and throat are negative.
Patients with cutaneous diphtheria require contact
precautions. All medical personnel caring for pa-
tients with diphtheria should be up-to-date on
diphtheria booster immunizations. Cultures of
medical care personnel are neither necessary nor
recommended. Diphtheria toxoid boosters are usu-
ally given to adequately immunized adults only at
10-year intervals. However, when an outbreak is
present in a community with a large unimmunized
population, diphtheria toxoid is usually given on a
mass basis without individualization.

■ REFERENCES

1. Moffet HL. Common infections in ambulatory patients.
Ann Intern Med 1978;89(Part 2):743–5.

2. Gwaltney JM Jr, Phillips CD, Miller RD, et al. Computed



REFERENCES 43

tomographic study of the common cold. N Engl J Med
1994;330:25–30.

3. Fox JP, Cooney MK, Hall CE, et al. Rhinovirus in Seattle
families, 1975-1979. Am J Epidemiol 1985;122:830–46.

4. McMillan JA, Weiner LB, Higgins AM, et al. Rhinovirus
infection associated with severe illness among pediatric
patients. Pediatr Infect Dis J 1993;12:321–5.

5. Rakes GP, Arruda E, Ingram JM, et al. Rhinovirus and
respiratory syncytial virus in wheezing children requiring
emergency care. IgE and eosinophil analyses. Am J Respir
Crit Care Med 1999;159:785–90.

6. Bradburne AF, Bynoe ML, Tyrrell DAJ. Effects of a “new”
human respiratory virus in volunteers. Br Med J 1967;3:
767–9.

7. Isaacs D, Flowers D, Clarke JR, et al. Epidemiology of
coronavirus respiratory infections. Arch Dis Child 1983;
58:500–3.

8. McIntosh K, Chao RK, Krause HE, et al. Coronavirus infec-
tion in acute lower respiratory tract disease of infants. J
Infect Dis 1974;130:502–7.

9. Fernald GW, Collier AM, Clyde WA, Jr. Respiratory infec-
tions due to Mycoplasma pneumoniae in infants and chil-
dren. Pediatrics 1975;55:327–35.

10. Hall CB, Walsh EE, Long CE, Schnabel KC. Immunity
to and frequency of reinfection with respiratory syncytial
virus. J Infect Dis 1991;163:693–8.

11. Johnson KM, Bloom HH, Mufson MA, et al. Natural rein-
fection of adults by respiratory syncytial virus: possible
relation to mild upper respiratory disease. N Engl J Med
1962;267:68–72.

12. Krasinski K, Nelson JD, Butler S, et al. Possible association
of mycoplasma and viral respiratory infections with bacte-
rial meningitis. Am J Epidemiol 1987;125:499–508.

13. Ingall M, Glaser J, Meltzer RS, et al. Allergic rhinitis in
early infancy: review of the literature and report of a case
in a newborn. Pediatrics 1965:36:108–12.

14. Miller RE, Paradise JL, Firday GA, et al. The nasal smear
for eosinophils. Am J Dis Child 1982;136:1009—11.

15. Fagin J, Friedman R, Fireman P. Allergic rhinitis. Pediatr
Clin North Am 1981;28:797–806.

16. Rupp GH, Friedman RA. Eosinophilic nonallergic rhinitis
in children. Pediatrics 1982;70:437–9.

17. Stern RC, Boat TF, Wood RE, et al. Treatment and prog-
nosis of nasal polyps in cystic fibrosis. Am J Dis Child
1982;136:1067–70.

18. Cronk GO, Naumann DE, McDermott H, et al. A con-
trolled study of the effect of oral penicillin G in the treat-
ment of nonspecific upper respiratory infections. Am J Med
1954;16:804–9.

19. Soyka LF, Robinson DS, Lachant N, et al. The misuse of
antibiotics for the treatment of upper respiratory tract in-
fections in children. Pediatrics 1975;55:552–6.

20. Taylor B, Abbott GE, Kerr MM, et al. Amoxicillin and co-
trimoxazole in presumed viral respiratory infection in
childhood: placebo-controlled trial. Br Med J 1977;2:
552–4.

21. Arroll B, Kenealy T. Antibiotics for the common cold.
Cochrane Database Syst Rev 2000;2:CD000247.

22. Gadomski AM. Potential interventions for preventing
pneumonia among young children: lack of effect of antibi-
otic treatment for upper respiratory infections. Pediatr In-
fect Dis J 1993;12:115–20.

23. Dowell SF, Schwartz B. Resistant pneumococci: protecting
patients through judicious use of antibiotics. Am Fam Phy-
sician 1997;55:1647–54.

24. Watson RL, Dowell SF, Jayaraman M, et al. Antimicrobial
use for pediatric upper respiratory infections: reported
practice, actual practice, and parent beliefs. Pediatrics
1999;104:1251–57.

25. Clemens CJ, Taylor JA, Almquist JR, et al. Is an antihista-
mine-decongestant combination effective in temporarily
relieving symptoms of the common cold in preschool chil-
dren? J Pediatr 1997;130:463–6.

26. Hutton N, Wilson MH, Melliti ED, et al. Effectiveness of
an antihistamine-decongestant combination for young
children with the common cold: a randomized, controlled
clinical trial. J Pediatr 1991;118:125–30.

27. Joseph MM, King WD. Dystonic reaction following recom-
mended use of a cold syrup. Ann Emerg Med 1995;26:
749–51.

28. Luks D, Anderson MR. Antihistamines and the common
cold. A review and critique of the literature. J Gen Int Med
1996;11:240–4.

29. Hamila H. Vitamin C intake and susceptibility to the com-
mon cold. Br J Nutr 1997;77:59–72.

30. Mossad SB, Macknin ML, Medendore SV, et al. Zinc gluco-
nate lozenges for treating the common cold: a randomized,
double-blind, placebo-controlled study. Ann Intern Med
1996;125:81–8.

31. Macknin ML, Piedmonte M, Calendine C, et al. Zinc gluco-
nate lozenges for treating the common cold in children: a
randomized, controlled trial. JAMA. 1998;279:1962–7.

32. Hendley JO, Wenzel RP, Gwaltney JM Jr. Transmission of
rhinovirus colds by self-inoculation. N Engl J Med 1973;
288:1361–4.

33. Dick EC, Jennings LC, Mink KA, et al. Aerosol transmis-
sion of rhinovirus colds. J Infect Dis 1987;156:442–8.

34. Niffenegger JP. Proper handwashing promotes wellness in
child care. J Pediatr Health Care 1997;11:26–31.

35. Hays GC, Mullard JE. Can nasal bacteria be predicted from
clinical findings? Pediatrics 1972;49:596–9.

36. Todd JK, Todd N, Damato J, et al. Bacteriology and treat-
ment of purulent nasopharyngitis: a double-blind, pla-
cebo-controlled evaluation. Pediatr Infect Dis J 1984;3:
226–32.

37. Townsend EH Jr, Radebaugh JF. Treatment of complica-
tions of respiratory illness in pediatric practice. N Engl J
Med 1962;267:854–8.

38. Eavey RD, Malekzakeh M, Wright HT Jr. Bacterial menin-
gitis secondary to abscess of the nasal septum. Pediatrics
1977;60:102–4.

39. Da Silva M, Helman J, Eliacher I, et al. Nasal septal abscess
of dental origin. Arch Otolaryngol 1982;108:380–81.

40. Ambrus PS, Eavey RD, Baker AS, et al. Management of
nasal septal abscess. Laryngoscope 1981;91:575–82.

41. Olsen KD, Carpenter RJ III, Kern EB. Nasal septal trauma
in children. Pediatrics 1979;64:32–5.

42. Wynder SG, Lampe RM, Shoemaker ME. Uvulitis and
Haemophilus influenzae b bacteremia. Pediatr Emerg Care
1986;2:23–35.

43. Li KI, Kiernan S, Wald ER, Reilly JS. Isolated uvulitis due
to Haemophilus influenzae type b. Pediatrics 19847;74:
1054–7.



CHAPTER 2 • NOSE AND THROAT SYNDROMES44

44. Reddy CR, Margolin SJ. Acute uvular edema. Am J Dis
Child 1983;137:1204-5.

45. Breese BB, Hall CB. Beta-Hemolytic Streptoccocal Disease.
Boston: Houghton Mifflin, 1978.

46. Bisno AL, Gerber MA, Gwaltney JM Jr, et al. Practice guide-
lines for the diagnosis and management of Group A strep-
tococcal pharyngitis. Infectious Diseases Society of Amer-
ica. Clin Infect Dis 2002;35:113–25.

47. Wannamaker LW. Perplexity and precision in the diagno-
sis of streptococcal pharyngitis. Am J Dis Child 1972;124:
352–8.

48. Moffet HL, Cramblett HG, Smith A. Group A streptococcal
infection in a children’s home. II: clinical and epidemio-
logic patterns of illness. Pediatrics 1964;33:11–17.

49. Alpert JJ, Pickering MR, Warren RJ. Failure to isolate strep-
tococci from children under the age of 3 years with exuda-
tive tonsillitis. Pediatrics 1966;38:663–6.

50. Schwartz RH, Hayden GF, Wientzen R. Children less than
three-years-old with pharyngitis: are Group A streptococci
really that uncommon? Clin Pediatr 1986;25:185–8.

51. Heckerling PS, Harris AA. Streptococcal pharyngitis in an
adult emergency room population. J Fam Pract 1985;21:
302–7.

52. Kaplan EL, Top FH Jr, Dudding BA, et al. Diagnosis of
streptococcal pharyngitis: differentiation of active infection
from the carrier state in the symptomatic child. J Infect
Dis 1971;123:490–501.

53. Moffet HL, Cramblett HG, Black JP, et al. Erythromycin
estolate and phenoxymethly penicillin in the treatment of
streptococcal pharyngitis. Antimicrob Agents Chemother
1964;1963:759–764.

54. Gerber MA, Randolph MR, Chanatry J, et al. Antigen detec-
tion test for streptococcal pharyngitis: evaluation of sensi-
tivity with respect to true infections. J Pediatr 1986;108:
654–8.

55. Kellogg JA, Manzella JP. Detection of Group A streptococci
in the laboratory or physician’s office. JAMA 1986;255:
2638–42.

56. Gerber MA, Tanz RR, Kabat W, et al. Optical immunoassay
for group A beta-hemolytic streptococcal pharyngitis. An
office-based, multicenter investigation. JAMA 1997;277:
899–903.

57. Uhl JR, Adamson SC, Vetter EA, et al. Comparison of
LightCycler PCR, rapid antigen immunoassay, and culture
for detection of group A streptococci from throat swabs.
J Clin Microbiol 2003;41:242–9.

58. Pinchichero ME, Disney FA, Talney WB, et al. Adverse
and beneficial effects of immediate treatment of group A
beta-hemolytic streptococcal pharyngitis with penicillin.
Pediatr Infect Dis J 1987;6:635–43.

59. Moffet HL, Siegel AC, Doyle HK. Nonstreptococcal phar-
yngitis. J Pediatr 1968;73:51–60.

60. Honikman LH, Massell BF. Guidelines for the selective use
of throat cultures in the diagnosis of streptococcal respira-
tory infection. Pediatrics 1971;48:573–82.

61. Moffet HL, Cramblett HG, Black JP. Group A streptococcal
infections in a children’s home. I: evaluation of practical
bacteriologic methods. Pediatrics 1964;33:5–10.

62. Randolph MF, Redys JJ, Cope JB. Evaluation of aerobic
and anaerobic methods for recovery of streptococci from
throat cultures. J Pediatr 1984;104:897–9.

63. Benjamin JT, Perriello VA Jr. Pharyngitis due to group

C hemolytic streptococci in children. J Pediatr 1976;89:
254–6.

64. Gallo G, Berzero R, Cattai N, et al. An outbreak of group
A food-borne streptococcal pharyngitis. Eur J Epidemiol
1992;8:292–7.

65. Farley TA, Wilson SA, Mahoney F, et al. Direct inoculation
of food as the cause of an outbreak of group A streptococcal
pharyngitis. J Infect Dis 1993;167:1232–5.

66. Chretien JH, McGinniss CG, Thompson J, et al. Group
B beta-hemolytic streptococci causing pharyngitis. J Clin
Microbiol 1979;10:263–6.

67. Breese BB, Disney FA, Talpey W. The nature of a small
group pediatric practice. II: the incidence of beta hemolytic
streptococcal illness in a private pediatric practice. Pediat-
rics 1966;38:277–85.

68. Ginsburg CM, McCracken GH Jr, Crow SD, et al. Seroepi-
demiology of the Group-A streptococcal carriage state in
a private pediatric practice. Am J Dis Child 1985;139:
614–17.

69. Kaplan EL, Top FH Jr, Dudding BA, et al. diagnosis of
streptococcal pharyngitis: differentiation of active infection
from the carrier state in the symptomatic child. J Infect
Dis 1971;123:490–501.

70. Margileth AM, Mella GW, Zilvetti EE. Streptococci in chil-
dren’s respiratory infections: diagnosis and treatment. Clin
Pediatr 1971;10:69–77.

71. Ahmed S, Ayoub EM, Scornik JC, et al. Poststreptococcal
reactive arthritis: clinical characteristics and association
with HLA-DR alleles. Arthritis Rheum 1998;41:1096–
102.

72. Dajani A, Taubert K, Ferrieri P, et al. Treatment of acute
streptococcal pharyngitis and prevention of rheumatic
fever: a statement for health professionals. Pediatrics 1995;
96:758–64.

73. Swedo SE, Leonard HL, Garvey M, et al. Pediatric autoim-
mune neuropsychiatric disorders associated with strepto-
coccal infections: clinical description of the first 50 cases.
Am J Psychiatry 1998;155:264–71.

74. Dhillon R, Newton L, Rudd PT, et al. Management of Ka-
wasaki disease in the British Isles. Arch Dis Child 1993;
69:637–8.

75. Hoare S, Abinun M, Cant AJ. Overlap between Kawasaki
disease and group A streptococcal infection [letter]. Pediatr
Infect Dis J 1997;16:633–64.

76. Cantanzareo FJ, Stetson CA, Morris AJ, et al. The role of
the streptococcus in the pathogenesis of rheumatic fever.
Am J Med 1954;17:749–59.

77. Mortimer EA Jr, Rammelkamp CH Jr. Prophylaxis of rheu-
matic fever. Circulation 1956;14:1144–52.

78. Cantanzareo FA, Rammelkamp CH Jr, Chamovitz R. Pre-
vention of rheumatic fever by treatment of streptococcal
infections. II: factors responsible for failures. N Engl J Med
1958;259:51–7.

79. Denny FW, Wannamaker LW, Hahn EO. Comparative ef-
fects of penicillin, aureomycin and terramycin on strepto-
coccal tonsillitis and pharyngitis. Pediatrics 1953;11:
7–14.

80. Nelson JD. The effect of penicillin therapy on the symp-
toms and signs of streptococcal pharyngitis. Pediatr Infect
Dis J 1984;3:10–3.

81. Hall CB, Breese BB. Does penicillin make Johnny’s strep
throat better? Pediatr Infect Dis J 1984;3:7–9.



REFERENCES 45

82. Denny FW. Effect of treatment on streptococcal pharyngi-
tis: Is the issue really settled? Pediatr Infect Dis J 1985;4:
352–4.

83. Snellman LW, Stang HJ, Stang JM, et al. Duration of posi-
tive throat cultures for group A streptococci after initiation
of antibiotic therapy. Pediatrics 1993;91:1166–70.

84. Pichichero ME, Goodch WM 3rd. Comparison of cefdinir
and penicillin V in the treatment of pediatric streptococcal
tonsillopharyngitis. Pediatr Infect Dis J 2000;19:S171–3.

85. Milatovic D, Adam D, Hamilton H, et al. Cefprozil versus
penicillin V in treatment of streptococcal tonsillopharyn-
gitis. Antimicrob Agents Chemother 1993;37:1620–3.

86. Krober MS, Weir MR, Themilis NJ, et al. Optimal dosing
interval for penicillin treatment of streptococcal pharyngi-
tis. Clin Pediatr 1990;29:646–8.

87. Feldman S, Bisno AL, Lott L, et al. Efficacy of benzathine
penicillin G in group A streptococcal pharyngitis: reevalua-
tion. J Pediatr 1987;110:783–7.

88. Weir MR. Intravascular injuries from intramuscular peni-
cillin. Clin Pediatr 1988;27:85–90.

89. Silber TJ, D’Angelo L. Psychosis and seizures following the
injection of penicillin G procaine: Hoigne’s syndrome. Am
J Dis Child 1985;139:335–7.

90. Tanz RR, Poncher JR, Corydon KE, et al. Clindamycin
treatment of chronic pharyngeal carriage of group A strep-
tococci. J Pediatr 1991;119:123–8.

91. Schwartz RH, Wientzen RL Jr, Pedreira F, et al. Penicillin
V for group A streptococcal pharyngotonsillitis. A random-
ized trial of seven vs ten days’ therapy. JAMA 1981;246:
1790–5.

92. Morris AJ, Chamovitz R, Cantanzaro FJ, et al. Prevention
of rheumatic fever by treatment of streptococcal infections:
effect of sulfadiazine. JAMA 1956;160:114–6.

93. McCormack RG, Kaye D, Hood FW. Resistance of group
A streptococci to tetracycline. N Engl J Med 1962;267:
323–26.

94. Martin JM, Green M, Barbadora KA, Wald ER. Erythromy-
cin-resistant group A streptococci in school children in
Pittsburgh. N Engl J Med 2002;346:1200–6.

95. Bergman M, Huikko S, Pihlajamaki M, et al. Effect of mac-
rolide consumption on erythromycin resistance in strepto-
coccus pyogenes in Finland in 1997–2001. Clin Infect Dis
2004;38:1251–6.

96. Adam D, Scholz H, Helmerking M. Short-course antibiotic
treatment of 4782 culture-proven cases of group A strepto-
coccal tonsillopharyngitis and incidence of poststreptococ-
cal sequelae. J Infect Dis 2000;182:509–16.

97. Breese BB, Disney FA, Talpey WB, et al. Beta-hemolytic
streptococcal infection: comparison of penicillin and linco-
mycin in the treatment of recurrent infections or the carrier
state. Am J Dis Child 1969;117:147–52.

98. Rosenstein BJ, Markowitz M, Goldstein E, et al. Factors
involved in treatment failures following oral penicillin
therapy of streptococcal pharyngitis. J Pediatr 1968;73:
513–20.

99. Brook I. Role of anaerobic beta-lactamase-producing bac-
teria in upper respiratory tract infections. Pediatr Infect
Dis J 1987;6:310–6.

100. Brook I. Role of beta-lactamase-producing bacteria in the
failure of penicillin to eradicate group A streptococci. Pedi-
atr Infect Dis J 1985;4:491–5.

101. Brook I, Hirokawa R. Treatment of patients with a history

of recurrent tonsillitis due to group A streptococci. Clin
Pediatr 1985;24:331–6.

102. Kim KS, Kaplan EL. Association of penicillin tolerance with
failure to eradicate group A streptococci from patients with
pharyngitis. J Pediatr 1985;107:681–4.

103. Feldman S, Bisno AL, Lott L, et al. Efficacy of benzathine
penicillin G in group A streptococcal pharyngitis: reevalua-
tion. J Pediatr 1987;110:783–7.

104. Dagan R, Ferne M, Sheinis M, et al. An epidemic of penicil-
lin-tolerant group A streptococcal pharyngitis in children
in a closed community: mass treatment with erythromycin.
J Infect Dis 1987;156:514–6.

105. Simon HJ, Sadai W. Staphylococcal antagonism to penicil-
lin-G therapy of hemolytic streptococcal pharyngeal infec-
tion: effect of oxacillin. Pediatrics 1963;31:463–9.

106. Stillerman M, Isenberg HG, Moody M. Streptococcal phar-
yngitis therapy: comparison of cephalexin, phenoxymethyl
penicillin, and ampicillin. Am J Dis Child 1972;123:
457–61.

107. Brook I, Gober AE. Persistence of group A beta-hemolytic
streptococci in toothbrushes and removable orthodontic
appliances following treatment of pharyngotonsillitis. Arch
Otolaryngol Head Neck Surg 1998;124:993–5.

108. Wilson KS, Maroney SA, Gander RM. The family pet as
an unlikely source of group A beta-hemolytic streptococcal
infection in humans. Pediatr Infect Dis J 1995;14:372–5.

109. Breese BB, Denny FW, Dillon HC, et al. Consensus: diffi-
cult management problems in children with streptococcal
pharyngitis. Pediatr Infect Dis J 1985;4:10–3.

110. Hendley JO. Tonsillectomy: justified but not mandated
in special patients (editorial). N Engl J Med 1984;310:
717–8.

111. Feinstein AR, Spagnuola M, Jonas S, et al. Prophylaxis
of recurrent rheumatic fever: therapeutic-continuous oral
penicillin vs. monthly injections. JAMA 1968;206:565–8.

112. Mortimer EA Jr, Boxerbaum B. Diagnosis and treatment:
group A streptococcal infections. Pediatrics 1965;36:
930–2.

113. Shulman ST, Amren DP, Bisno AL, et al. Prevention of
rheumatic fever. Circulation 1984;70:1118A–22A.

114. Patel KS, Ahmad S, O’Leary G, et al. The role of computed
tomography in the management of peritonsillar abscess.
Otolaryngol Head Neck Surg 1992;107:727–32.

115. Buckley AR, Moss EH, Blokmanis A. Diagnosis of periton-
sillar abscess: value of intraoral sonography. AJR Am J
Roentgenol 1994;162:961–4.

116. Weinberg E, Brodsky L, Stanievich J, et al. Needle aspira-
tion of peritonsillar abscess in children. Arch Otolaryn-
gol—Head and Neck Surg 1993;119:169–72.

117. Schechter GL, Sly DE, Roper AL, et al. Changing face of
treatment of peritonsillar abscess. Laryngoscope 1982;92:
657–9.

118. McCurdy JA Jr. Peritonsillar abscess. Arch Otolaryngol
1977;103:414–18.

119. Shoemaker M, Lampe RM, Weir MR. Peritonsillitis: abscess
or cellulitis? Pediatr Infect Dis J 1986;5:435–9.

120. Jousimies-Somer H, Savolainen S, Matkie A, et al. Bacterio-
logic findings in peritonsillar abscesses in young adults.
Clin Infect Dis 1993;16Suppl A:S212–18.

121. Knudsen TD, Simko EJ. Eikenella corrodens: an unex-
pected pathogen causing a persistent peritonsillar abscess.
Ear Nose Throat J 1995;74:114–17.



CHAPTER 2 • NOSE AND THROAT SYNDROMES46

122. Sugita R, Kawamura S, Ichikawa G, et al. Microorganisms
isolated from peritonsillar abscess and indicated chemo-
therapy. Arch Otolaryngol 1982;108:655–8.

123. Maisel RH. Peritonsillar abscess: tonsil antibiotic levels in
patients treated by acute abscess surgery. Laryngoscope
1982;92:80–7.

124. Gray WC. Throat culture in impending peritonsillar ab-
scess. South Med J 1984;77:1545–7.

125. Prior A, Montgomery P, Mitchelmore I, et al. The microbi-
ology and antibiotic treatment of peritonsillar abscesses.
Clin Otolaryngol Allied Sci 1995;20:219–23.

126. Herzon FS, Harris P. Peritonsillar abscess: Incidence, cur-
rent management practices, and a proposal for treatment
guidelines. Laryngoscope 1995;105(8 Part 3 S74):1–17.

127. Yilmaz T, Unal OF, Figen G, et al. A comparison of pro-
caine penicillin with sulbactam-ampicillin in the treatment
of peritonsillar abscess. Eur Arch Otorhinolaryngol 1998;
255:163–5.

128. Wenig BL, Shikowitz MJ, Abramson AL. Necrotizing fasci-
itis as a lethal complication of peritonsillar abscess. Laryn-
goscope 1984;94:1576–9.

129. Nielsen TR, Clement F, Andeasson HK. Mediastinitis—a
rare complication of a peritonsillar abscess. J Otolaryngol
Otol 1996;110:175–6.

130. Moreno S, Garcia Altozano J, Pinilla B, et al. Lemierre’s
disease: postanginal bacteremia and pulmonary involve-
ment caused by Fusobacterium necrophorum. Rev Infect Dis
1989;11:319–24.

131. Fagan JJ, Wormald PJ. Quinsy tonsillectomy or interval
tonsillectomy—a prospective, randomized trial. South Afr
Med J 1994;84:689–90.

132. Fried MP, Forrest JO. Peritonsillitis. Arch Otolaryngol
1981;107:283–6.

133. Spires JR, Owens JJ, Woodson GE, et al. Treatment of
peritonsillar abscess: a prospective study of aspiration vs.
incision and drainage. Arch Otolaryngol Head Neck Surg
1987;113:984–6.

134. Schwartz RH, Wientzen RL, Grundfast KM. Sore throats
in adolescents. Pediatr Infect Dis J 1982;1:443–7.

135. Glezen WP, Clyde WA, Senior RJ, et al. Group A strepto-
cocci, mycoplasmas, and viruses associated with acute
pharyngitis. JAMA 1967;202:455–60.

136. Moffet HL, Siegel AC, Doyle HK. Non-streptococcal phar-
yngitis. J Pediatr 1968;73:51–60.

137. Ruuskanen O, Sarkkinen H, Meurman O, et al. Rapid diag-
nosis of adenoviral tonsillitis: a prospective clinical study.
J Pediatr 1984;104:725–8.

138. Giladi N, Herman J. Pharyngoconjunctival fever. Arch Dis
Child 1984;59:1182–3.

139. Evans AS, Dick EC. Acute pharyngitis and tonsillitis in
University of Wisconsin students. JAMA 1964;190:
699–708.

140. Glezen WP, Fernald GW, Lohr JA. Acute respiratory dis-
ease of university students with special reference to the
etiologic role of Herpesvirus hominis. Am J Epidemiol
1975;101:111–21.

141. Young EJ, Vainrub B, Musher DM, et al. Acute pharyngo-
tonsillitis cause by herpesvirus type 2. JAMA 1978;239:
1885–6.

142. Chang T-W. Herpetic angina following orogenital expo-
sure. J Am Vener Dis Assoc 1975;1:163–4.

143. Cramblett HG, Moffet HL, Black JP, et al. Coxsackie virus
infections. J Pediatr 1964;64:406–14.

144. Moffet HL, Cramblett HG, Smith A. Group A streptococcal
infections in a children’s home. II: clinical and epidemio-
logic patterns of illness. Pediatrics 1964;33:11–17.

145. Anonymous. Echovirus type 9 outbreak—New York.
MMWR 1978;28:392–4.

146. Moffet HL, Cramblett HG, Middleton GK, et al. Outbreak
of influenza B in a children’s home. JAMA 1962;182:
834–8.

147. Schultz I, Gendelfinger B, Rosenbaum M, et al. Compari-
son of clinical manifestations of respiratory illnesses due
to Asian strain influenza, adenovirus and unknown cause.
J Lab Clin Med 1960;55:497–509.

148. Fisher RG, Gruber WC, Edwards KM, et al. Twenty years
of outpatient respiratory syncytial virus infection: a frame-
work for vaccine efficacy trials. Pediatrics 1999;e7:2.

149. Mufson MA, Ludwig WM, Purcell RH, et al. Exudative
pharyngitis following experimental Mycoplasma hominis
type 1 infection. JAMA 1965;192:1146–52.

150. Jacobs RF, Condrey YM, Yamauchi T. Tularemia in adults
and children: a changing presentation. Pediatrics 1985;46:
818–22.

151. Tyson HK. Tularemia: an unappreciated cause of exudative
pharyngitis. Pediatrics 1976;58:864–6.

152. Wallin J, Siegel MS. Pharyngeal Neisseria gonorrhoeae:
Colonizer or pathogen? Br Med J 1979;1:1462–3.

153. Kinghorn GR, Hafiz S, McEntegart MG. Oropharyngeal
Haemophilus ducreyi infection. Br Med J 1983;287:650.

154. Brook I, Gober AE. Bacteroides melaningogenicus: its recov-
ery from tonsils of children with acute tonsillitis. Arch
Otolaryngol 1983;109:818–20.

155. Vogel LC, Boyer KM. Metastatic complications of Fusobac-
terium necrophorum sepsis. Am J Dis Child 1980;134:
356–8.

156. Miller RA, Brancato F, Holmes KK. Corynebacterium
haemolyticum as a cause of pharyngitis and scarlatiniform
rash in young adults. Ann Intern Med 1986;105:867–72.

157. Nyman M, Alugupalli KR, Stromberg S, et al. Antibody
response to Arcanobacterium haemolyticum infection in hu-
mans. J Infect Dis 1997;175:1515–8.

158. Mackenzie A, Fuitte LA, Chan FT, et al. Incidence and
pathogenicity of Arcanobacterium haemolyticum during a 2-
year study in Ottawa. Clin Infect Dis 1995;21:177–81.

159. Person DA, Smith TF, Herrmann EC Jr. Experiences in
laboratory diagnosis of mumps virus infections in routine
medical practice. Mayo Clin Proc 1971;46:544–8.

160. Komaroff AL, Aronson MD, Pass TM, et al. Viral and bacte-
rial organisms associated with pharyngitis in a school-aged
population. J Pediatr 1986;109:747–52.

161. Neinstein LS, Inderlied C. Low prevalence of Chlamydia
trachomatis in the oropharynx of adolescents. Pediatr Infect
Dis J 1986;5:660–2.

162. Rose FB, Camp CJ, Antes EJ. Family outbreak of fatal Yer-
sinia enterocolitica pharyngitis. Am J Med 1987;82:636–7.

163. Tacket CO, Davis BR, Carter GP, et al. Yersinia enterocolitica
pharyngitis. Ann Intern Med 1983;99:40–2.

164. Irigoyen MM, Katz M, Larsen JG. Postanginal sepsis in
adolescence. Pediatr Infect Dis J 1983;2:248–50.

165. Leugers CM, Clover R. Lemierre syndrome: post-anginal
sepsis. J Am Board Fam Pract 1995;8:384–91.

166. Celikel TH, Muthuswamy PP. Septic pulmonary emboli



REFERENCES 47

secondary to internal jugular vein phlebitis (postanginal
sepsis) caused by Eikenella corrodens. Am Rev Resp
Dis1984;130:510–3.

167. Thomas KT, Feder HM, Lawton AR, et al. Periodic fever
syndrome in children. J Pediatr 1999;135;15–21.

168. Cherry JD, Jahn CL. Herpangina: the etiologic spectrum.
Pediatrics 1965;36:632–4.

169. Steigman AJ, Lipton MM, Braspennickx H. Acute lympho-
nodular pharngitis: a newly described condition due to
Coxsackie A virus. J Pediatr 1962;61:331–6.

170. Parrott RH, Wolf SI, Nudelman J, et al. Clinical and labora-
tory differentiation between herpangina and infectious
(herpetic) gingivostomatitis. Pediatrics 1954;14:122–9.

171. Glezen WP, Fernald GW, Lohr JA. Acute respiratory dis-
ease of university students with special reference to the
etiologic role of Herpesvirus hominis. Am J Epidemiol
1975;101:111–21.

172. Suzaki N, Ishikawa K, Horiuchi T, et al. Age-related symp-
tomatology of echo 11 virus infections in children. Pediat-
rics 1980;65:284–6.

173. Nakayama T, Urano T, Osano M, et al. Outbreak of her-
pangina associated with Coxsackie virus B3 infection. Ped-
iatr Infect Dis J 1989;8:495–8.

174. Zahorsky J. Herpangina: a specific infectious disease. Arch
Pediatr 1924;41:181–4.

175. Liesky BA, Goldberger AC, Tompkins LS, et al. Infections
caused by nondiphtheria corynebacteria. Rev Infect Dis
1982;4:1220–35.

176. Viers WA. Primary syphilis of the tonsil: presentation of
four cases. Laryngoscope 1981;91:1507–11.

177. Fiumara NJ, Walker EA. Primary syphilis of the tonsil.
Arch Otolaryngol 1982;108:43–44.

178. Cohen PR. Tests for detecting herpes simplex virus and
varicella-zoster virus infections. Dermatol Clin 1994;12:
51–68.

179. Espy MJ, Uhl JR, Mitchell PS, et al. Diagnosis of herpes
simplex virus infection in the clinical laboratory by
LightCycler PCR. J Clin Microbiol 2000;38:795–9.

180. Kuan MM. Detection and rapid differentiation of human
enteroviruses following genomic amplification. J Clin Mi-
crobiol 1997;35:2598–601.

181. Hodes H. Diphtheria. Pediatr Clin North Am 1979;26:
445–59.

182. Morgan BC. Cardiac complications of diphtheria. Pediat-
rics 1963;32:549–57.

183. Tahernia AC. Electrocardiographic abnormalities and
serum transaminase levels in diphtheritic myocarditis. J
Pediatr 1969;75:1008–14.

184. Dietze WE, Sudderth JF. Post-diphtheria polyneuritis: 3
case reports. Laryngoscope 1972;82:765–80.

185. Green SL, LaPeter KS. Pseudodiphtheritic membranous
pharyngitis caused by Corynebacterium hemolyticum. JAMA
1981;245:2330–1.

186. Luotonen J, Syrjala H, Jokinene K, et al. Tularemia in otola-
ryngologic practice. An analysis of 127 cases. Arch Otola-
ryngol—Head Neck Surg 1986;42:77–80.

187. Doege TC, Heath CW, Sherman II. Diphtheria in the
United States: 1959–1960. Pediatrics 1962;30:194–205.

188. Bowler CJ, Mandal BK, Schlecht B, et al. Diphtheria: the
continuing hazard. Arch. Dis Child 1988;63:194–5.

189. McClosky RV, Eller JJ, Green M, et al. The 1970 epidemic
of diphtheria in San Antonio. Ann Intern Med 1972;75:
495–502.

190. Bader M, Pedersen AHB, Spearman J, et al. An unusual
case of cutaneous diphtheria. JAMA 1978;240:1382–3.

191. Popovic T, Wharton M, Wenger JD, et al. Are we ready
for diphtheria? A report from the Diphtheria Diagnostic
Workshop, Atlanta, 11 and 12 July 1994. J Infect Dis 1995;
171:765–7.

192. Dobie RA, Tobey DN. Clinical features of diphtheria in
the respiratory tract. JAMA 1979;242:2197–2201.

193. Tasman A, Minkenhof JE, Vink HH, et al. Importance of
intravenous injection of diphtheria antiserum. Lancet
1958;1:1299–304.

194. Thisyakorn U, Wongvanich J, Kumpeng V. Failure of corti-
costeroid therapy to prevent diphtheritic myocarditis or
neuritis. Pediatr Infect Dis J 1984;3:126–8.

195. Public Health Service Advisory Committee on Immuniza-
tion Practices. Diphtheria antitoxin for case contacts.
MMWR 1977;26:402–7.

196. Nelson LA, Peri BA, Rieger CHL, et al. Immunity to diph-
theria in an urban population. Pediatrics 1978;61:703–10.



C H A P T E R 3

Infectious Mononucleosis and
Mononucleosis-like Syndromes

■ CLASSIC INFECTIOUS
MONONUCLEOSIS

Definitions and Classifications

Terminology is a problem in infectious mononucle-
osis (IM) and related syndromes, and historical
usage needs to be integrated with practical and
meaningful definitions. Clinical IM was classified
by Hoagland in 1960 as having pharyngeal (very
common), typhoidal (fever only), and icteric forms.
The last two forms are now readily recognized if
Epstein-Barr virus (EBV) serology is done in pa-
tients with acute hepatitis and in febrile patients
with atypical lymphocytes on blood smear. The
classification used in this book is outlined in Table
3-1. Classic IM is defined as meeting all three crite-
ria of clinical, hematologic, and serologic
features.

The clinical features of classic IM (or “mono”)
typically include at least three of the following: exu-
dative pharyngitis, generalized lymphadenopathy,
splenomegaly, malar facial swelling, and easy fatiga-
bility. The hematologic feature is the presence in
the peripheral blood smear of at least 5% atypical
lymphocytes (Fig. 3-1). The serologic feature is a
slide test positive for IM antibodies (agglutinins for
sheep or horse erythrocytes). This book uses “het-
erophile antibody” to mean the current customary
usage; namely, the sheep or horse erythrocyte-ag-
glutinating antibody that is absorbed by guinea pig
antigen but not by beef antigen. Perhaps Paul and
Bunnell’s original speculation was correct that the
agent of IM (EBV) has a cross-reacting antigen that
usually stimulates humans (except many young
children) to produce such a heterophile antibody.1

Primary EBV infection can now be demonstrated
by antibody titers. However, “EBV infection” and
“infectious mononucleosis” should not be used as
synonyms: EBV infection often does not result in
classic IM, and mono-like illness can have causes

other than EBV infection. This distinction in termi-
nology is analogous to distinguishing between
mumps virus infection and parotitis. EBV is a possi-
ble etiology of many syndromes that are not like
IM, as discussed in chapters on other syndromes.
Heterophile-negative IM is discussed in the section
on mono-like syndromes.

Clinical Diagnosis

Pharyngitis

Febrile exudative pharyngitis is the most frequent
clinical picture of IM.2–9 It often is severe and may
resemble the membranous pharyngitis of diphthe-
ria. Concurrent Group A streptococcal pharyngitis
is no more common than in normal controls.6 How-
ever, a throat culture to exclude concurrent strepto-
coccal pharyngitis is reasonable in this situation, as
the pharyngitis of Group A streptococcus and that
of EBV infection are clinically indistinguishable. A
certain number of streptococcal carriers will be
falsely identified as having streptococcal pharyngi-
tis when this approach is taken. Therefore, if the
diagnosis of IM is clinically obvious the pharyngitis
can be attributed to EBV infection, and the throat
culture omitted. Petechiae on the hard palate are
an occasional feature of both streptococcal and EBV
pharyngitis.

Lymphadenopathy

Most patients with IM have generalized adenopa-
thy. Enlargement of the anterior cervical (tonsillar)
nodes is of little diagnostic value, since it may ac-
company tonsillitis from any cause. Posterior cervi-
cal adenopathy is much more suggestive of IM.5

Splenomegaly

Most patients with classic IM have splenomegaly,
a sign that may make the physician suspect IM.
Athletic teenagers often have well-developed
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TABLE 3-1. LOGICAL COMBINATIONS OF THREE FEATURES OF
INFECTIOUS MONONUCLEOSIS-LIKE SYNDROMES

DIAGNOSTIC CLASSIFICATION CLINICAL HEMATOLOGIC SEROLOGIC

Classical IM � � �

IM without atypical lymphocytosis � 0 �

Asymptomatic IM 0 � or 0 �

Heterophile-negative IM � � 0

Pharyngitis, lymphadenopathy,
splenomegaly � 0 0

Atypical lymphocytosis 0 � 0

abdominal musculature that impairs palpation,
but typically they have splenic enlargement by
percussion.

Edema around Eyes

Edema of the upper eyelid, and especially edema of
the upper cheek just below the eye, is an extremely
useful, if often overlooked, finding that is present
in about one third of adolescents or young adults
with IM (Figure 3-2).5 This feature was first de-
scribed by Hoagland and is sometimes called
“Hoagland’s sign.”

Jaundice

About 5% of young adults with IM have jaundice.
In one series of children under 16, serum amino-
transferase levels were elevated in about 40% dur-
ing the acute illness.7 When unusually high alkaline
phosphatase levels are found in nongrowing teen-
agers or young adults with minimal and dispropor-

■ FIGURE 3-1 Dented or scalloped cytoplasm of atypical lymphocytes. This finding is readily
recognized by even an inexperienced observer and is very suggestive of infectious mononucleo-
sis. (Photo from Dr. I. Davidsohn)

tionately low bilirubin levels, IM should be sus-
pected.8

Mild Abdominal Pain

The enlarged liver or spleen may produce mild
upper abdominal pain and tenderness on palpation.

Rash

A maculopapular rash has been noted in about 10%
of children3 but was noted in 40% of patients in
one large series.9 If the patient has been given ampi-
cillin (a poor choice for any pharyngitis), a rash
occurs in 70–100% and usually is confluent and
extensive and may be frightening. In bygone days,
the appearance of a rash in patients with IM upon
exposure to ampicillin was used as a diagnostic test.
The rash may also occur in patients with IM due
to cytomegalovirus (CMV) infection, as well as in
patients with acute lymphocytic leukemia.10 Rash
may also occur upon treatment with other antibiot-
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■ FIGURE 3-2 Eye swelling during infectious mononucleosis. (A and B) during illness;
(C and D) after recovery. (Copyright 1958 CIBA Pharmaceutical Company, Division
of CIBA-GEIGY Corporation. Reproduced with permission from Clinical Symposia. All
rights reserved.)

ics, including amoxicillin and cephalexin.11 The
mechanism by which antibiotic-associated rash is
produced in patients with IM is not understood.

Easy Fatigability

Most children who are old enough to articulate this
symptom will volunteer it or acknowledge it on
questioning.

Laboratory Approach

Atypical Lymphocytosis

An increase in the number of lymphocytes with atyp-
ical forms is usually found in IM. Atypical lymphocy-
tosis can be observed in association with many viral
diseases (Box 3–1), some nonviral diseases (toxo-
plasmosis, babesiosis, malaria, tsutsugamushi scrub
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BOX 3-1 ■ Causes of Lymphocytosis

Atypical lymphocytosis
Common
Epstein-Barr virus
Cytomegalovirus
Uncommon
Hepatitis A virusa

Respiratory syncytial virusa,15

HIV (Acute retroviral syndrome)b

Rare
Toxoplasmosisa

Babesiosisa

Malariac

Drug-hypersensitivity syndromes
Toxin exposure
Malignancies (especially non-Hodgkin’s

lymphoma)

Typical lymphocytosis
Pertussis
Acute infectious lymphocytosis16

aUsually does not cause an atypical lymphocytosis.
bFrequently causes atypical lymphocytosis.
cAlmost always associated with some degree of atypical
lymphocytosis.

typhus), poisoning, toxin exposure, radiation, ma-
lignancies, drug reactions, and allergies.4,12 Some
authorities emphasize that the atypical lymphocytes
of IM can often be distinguished from those of other
diseases, but few laboratory technologists can make
this distinction accurately. Thus, the finding of atyp-
ical lymphocytes is not specific, but it is useful to
stimulate a search for more specific diagnostic infor-
mation, especially if more than 10% of the lympho-
cytes are atypical. Some laboratories report a small
percentage of atypical lymphocytes in many patients
who do not have IM. This finding is usually of no
significance. Patients with IM commonly also have a
“shift” toward the lymphocyte lineage, in that greater
than 50% of the white blood cells are lymphocytic.
Experienced observers use many features of staining
and morphology to recognize atypical lymphocytes.
For the physician who does not examine smears
often, the presence of denting or scalloping of lym-
phocytes by erythrocytes is a useful finding (Fig. 3-
1). Dented cytoplasm is also seen in the atypical lym-
phocytes of the mono-like syndrome caused by cyto-
megalovirus.

Pertussis is classically associated with a lympho-
cytosis, but the lymphocytes are not atypical and
the clinical presentation does not resemble IM (see

Chapter 7). Rarely, other infections may be associ-
ated with extremely high white blood cell counts
with a lymphocytic predominance. This pattern has
been termed acute infectious lymphocytosis. Typi-
cally, the etiologic agent is not discovered. Cases
attributable to viral13 and even parasitic14 infections
have been described. Atypical lymphocytes are not
observed. As the lymphocytosis resolves, a transient
eosinophilia sometimes develops.

Serologic Diagnosis

The traditional serologic test for heterophile anti-
body is a tube dilution test using sheep erythrocytes
as antigen, but cumbersome tube tests are no longer
necessary. Several slide tests using horse or sheep
erythrocytes are simple and rapid screening tests
for the antibody and can easily be repeated in a
week or so if the initial test is negative but the diag-
nosis is still suspected. When the person reading
the test is experienced in the practice, slide screen-
ing tests (such as Monospot®), have a high degree
of specificity for IM; that is, false-positive results
are uncommon.17,18 A small percentage of normal
individuals, however, will have persistently false-
positive slide tests.

The principal limitation of these tests is their low
sensitivity. A negative slide screening test in no way
eliminates the diagnosis of IM. The negative predic-
tive value of the slide test was found to be 82% in
one recent study involving 299 children and adoles-
cents with clinically and serologically defined IM.19

Another study showed that 271 (82%) of 329 pa-
tients with clinical IM who eventually had positive
heterophile antibody tests required more than one
sample before a positive result was obtained.20 Fi-
nally, in a small cohort, no correlation could be
found between severity of disease and the percent
positive by heterophile antibody testing.21 This im-
plies that even patients who are very sick with EBV-
induced IM may test falsely negative by heterophile
antibody testing methods. Clinical practice backs
up the experience reported in these studies; we have
seen hospitalized patients with EBV-induced IM
who had 2 or even 3 negative Monospot® tests. In
these patients, the diagnosis can be made by testing
for specific antibody production with EBV serology.
Those with CMV-induced IM are also negative by
heterophile antibody tests, so inclusion of CMV ti-
ters is often helpful in evaluation of patients with
clinically suspect IM but negative slide screening
tests.
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Interpreting EBV serologic results is simpler if
you use this seemingly silly but useful analogy and
think of EBV as a peanut M&M. The candy coating
is the viral capsid antigen (VCA). Since the candy
is the first thing you taste when eating a peanut
M&M, this reminds you that antibodies, both im-
munoglobulin M (IgM) and immunoglobulin G
(IgG), to VCA are the first antibodies the immune
system makes after EBV infection. The next layer is
the chocolate, which represents EBV early antigen
(EA). Antibody to EA, therefore, is made second.
Finally, the peanut symbolizes the Epstein-Barr nu-
clear antigen (EBNA). Antibody to EBNA arises last.
IgG antibody to VCA and antibody to EBNA persist
for life, but antibody to early antigen wanes, usually
within 6–9 months (Table 3-2). Stretching the anal-
ogy slightly further, remembering that chocolate
melts makes it easy to recall that antibody to EA
goes away over time.

Duration of Positivity

The most useful specific antibody for diagnosing
primary EBV infection is the IgM EBV capsid anti-
body (Table 3-2). This appears within one month
and becomes negative by three months in 80% of
patients. As noted above, antibody to EA disappears
within 9 months in most patients, but can persist
for several years. There is no clinical significance

TABLE 3-2. ANTIBODIES USUALLY INCLUDED IN AN EBV-ANTIBODY
PANEL (EBV SEROLOGY), AND THEIR INTERPRETATION

ANTIBODY ANTIGEN TO WHICH

AND TYPE THE ANTIBODY IS DIRECTED COMMENTS

VCA IgM antibody

VCA IgG antibody

EA antibody

EBNA antibody

Viral capsid antigen (VCA)

VCA

EBV early antigen

Epstein-Barr nuclear antigen

Arises quickly; gone by 4
months; absence does not rule
out acute EBV infection

Peaks at 3 weeks; remains for
life

Arises slightly later than
antibody to VCA; usually wanes
and becomes undetectable by
6–9 months; in some patients
may persist for several years,
but this is of no clinical
significance

Arises more than 1 month after
infection; remains for life.
Occasionally, EBNA responses
are mounted late or not at all

to this phenomenon. The heterophile antibody test
may remain positive in 75% of patients for up to
one year.

Age Frequency

A positive heterophile slide test occurs most fre-
quently in the 10- to 29-year-old group.9,22 In one
series of 575 cases of heterophile-positive IM in
Georgia, less than 1% were 4 years of age or
younger, only 5% were less than 10 years of age,
and only 3% were 30 years of age or older.9 This
is not to suggest, however, that EBV infection does
not occur in young children, but rather that it may
be harder to diagnose. It is not known why young
children do not reliably produce heterophile anti-
bodies in response to EBV infection. These patients
can be diagnosed, however, by specific EBV serol-
ogy. In the study cited above, all patients, including
those less than 2 years of age, mounted a measura-
ble serologic response to the viral capsid antigen,
although Monospot® testing was often negative.

In summary, the majority of children less than
10 years of age who have EBV infections are asymp-
tomatic or have illnesses that do not resemble clas-
sic IM.23,24 However, if a young child does appear
to have classic IM, specific EBV antibody tests, in
addition to a test for heterophile antibody, should
be done. Some will be rapid slide test positive; one
study showed that 35% of children ages 2 and 3
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years were positive, versus 80% of children between
the ages of 4 and 11 years.25

Contagion

Initial lytic replication of EBV probably takes place
in mucosal epithelial cells of the oropharynx. From
there the virus infects and then immortalizes B cells,
in which it establishes latency. It has been shown to
be periodically shed from the oropharynx. Several
recent investigations suggest that replication in B
cells must occasionally be lytic; using polymerase
chain reaction (PCR), EBV DNA can be found in
the serum of at least 20% of patients with EBV-
induced IM.26,27 Studies have also identified not
only EBV genome, but also replication-competent
EBV particles in the urine of patients with IM,28

although there is no epidemiologic evidence sup-
porting transmission of the virus through urine.

The spread of the disease by saliva was deduced
by Hoagland as early as 1960 from West Point ca-
dets.29 He noted lack of spread among roommates,
and an incubation period of 5–7 weeks based on
histories of brief episodes of intimate kissing. He
also noted an incubation period of 21 days after
blood transfusions.

Outbreaks have been reported, documented by
EBV-specific serology.30 However, outbreaks re-
ported on the basis of slide tests may well be
pseudo-outbreaks related to improper performance
and interpretation of the tests.31 Studies of families
have indicated that about one-fourth of susceptible
members will develop infection as evidenced by ser-
oconversion, but that the younger children will
usually not develop clinical disease.32 EBV has been
recovered from the pharynx 9 days before onset of
symptoms and can persist for as long as 6
months.32,33 It has also been shown that asymptom-
atic shedding of EBV in saliva can and does occur
intermittently throughout life after EBV infection.
At any point in time, between 6 and 20% of adults
have measurable amounts of EBV in their saliva.34

Many factors, including stress and intercurrent ill-
ness, have been implicated in the periodic asymp-
tomatic reactivation of EBV replication.

Treatment and Prevention

Rest is usually the only treatment necessary. Most
patients have significant fatigue, so rest is not diffi-
cult to enforce. Corticosteroid therapy for 6–10
days has been advocated for severe cases, such as
those with potential airway obstruction. Corticoste-

roids are effective in reducing fever and other symp-
toms,35 but it is doubtful that such potent therapy
is justified for symptomatic relief in a self-limiting
illness, and therapy may even prolong recovery.

In vitro, acyclovir inhibits lytic replication of
EBV. Acyclovir given intravenously (10 mg/kg)
every 8 hours for 7 days was statistically more effec-
tive than placebo, but only when six measures of
improvement were combined.36 Liver enzymes
were not improved in the treated group. Another
study looked at using prednisolone and acyclovir
in uncomplicated IM. Oropharyngeal EBV shed-
ding was significantly decreased in the treatment
group, but no effect was observed on duration of
illness, sore throat, weight loss, or other symptom-
atic parameters.37 The lack of effect of acyclovir is
intuitive, because the clinical manifestations of EBV
infection are primarily due to the host immune re-
sponse, not to viral replication.

Recently, ranitidine was investigated as a poten-
tial treatment for IM in a randomized, prospective
clinical trial. No statistically significant differences
could be found between the treatment and placebo
groups.38

■ COMPLICATIONS OF INFECTIOUS
MONONUCLEOSIS AND EPSTEIN-
BARR VIRUS INFECTION

Complications typically associated with the clinical
syndrome of IM, and those associated with EBV
infection (not necessarily in the context of symp-
tomatic IM) will be discussed separately. Complica-
tions listed as local and hematologic, such as peri-
tonsillar abscess, partial airway obstruction, and
acute hemolytic anemia, most often occur in pa-
tients who have clinically typical IM, but many of
the other complications of EBV infection occur in
patients who do not have typical mono-like
illnesses.

Complications of Infectious
Mononucleosis

Spontaneous rupture of the spleen can occur, espe-
cially during the first two weeks of the illness when
the spleen is enlarging, but this complication is rare
in childhood. Later rupture is presumed to be re-
lated to trauma to the still-enlarged spleen.39 Return
to nonathletic classroom activities can be based on
the patient’s strength and fatigability.
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Return to competitive athletics after the patient
feels well enough cannot easily be based on time
alone, since recommendations have ranged from 3
weeks to 6 months. A normal spleen size is a more
reasonable guide than use of an arbitrary time. This
usually can be determined by a plain abdominal
film.39 Before especially traumatic body-contact
sports, ultrasonic confirmation of a normal spleen
size is sometimes advisable if the x-ray is equivocal.

Airway obstruction secondary to tonsillar and
pharyngeal lymphoid hypertrophy and edema can
occur. The teenager may be anxious and may avoid
lying down because of difficulty swallowing secre-
tions. Usually, airway obstruction can be antici-
pated and treated with corticosteroids, which often
produces dramatic relief secondary to shrinking of
the hypertrophied lymphoid tissue. Tracheal intu-
bation and tracheotomy have been required in some
patients.

Pneumonia with nodules or pleural effusion ap-
pears to be very rare, but concurrent mycoplasmal
pneumonia may be more common and more severe
than is generally expected and may account for
some of the pneumonia attributed to IM.

Neurologic complications, such as aseptic men-
ingitis, encephalitis, myelitis, peripheral nerve pa-
ralysis, or Guillain-Barré syndrome are usually self-
limited and reversible. However, EBV-induced en-
cephalitis may be severe, and a recent retrospective
study of cases of EBV encephalitis suggests that out-
comes may not be universally good.40 EBV has been
recovered from the spinal fluid. Occasionally, the
neurologic involvement is the first or predominant
finding, so serologic tests for EBV should be done
routinely in such illness whenever the etiology is
not known. The more specific serologic tests should
always be done, especially for young children, who
may not have a positive heterophile test. Seizures
may occur in children with a convulsive disorder
as a result of increased clearance of phenytoin. Hal-
lucinations or acute visual distortions have been
described as a complication and called “Alice in
Wonderland syndrome” because of the shrinking
or enlarging perceptions.41

Clinical hepatitis is found in about 5% of cases
and subclinical hepatitis in 20–40%. Acute liver
failure has been reported, as well as unexplained
death.

Hematologic complications include hemolytic
anemia with a positive direct Coombs test; fortu-
nately, this complication is rare. Severe neutropenia
is much more common, but usually does not lead

to superinfection with bacteria or fungi. Thrombo-
cytopenia is also not rare, and occasionally pancyto-
penia with capillary leak syndrome (with expanded
plasma volume, pulmonary edema, and ascites) has
been reported.

Acute renal failure as a result of severe rhabdo-
myolysis has been reported. Nephrotic syndrome
has also been seen,42 as has interstitial nephritis.43

Concurrent genital ulceration of the labia has been
reported in the absence of herpes simplex infection.
Cardiac complications include complete heart
block, severe myocarditis, and pericarditis.

Complications of EBV Infection

Numerous complications have been reported dur-
ing EBV infection, some of which may be coinciden-
tal occurrences (Box 3–2). Sometimes, the EBV
infection is manifested as a classic IM illness, but in
younger children, there occasionally are no clinical
findings or atypical lymphocytes to lead the clini-
cian to suspect EBV. The malignancies associated
with EBV, such as Burkitt’s lymphoma and naso-
pharyngeal carcinoma, are not listed, as their pre-
sentation is not acute, nor do they resemble an in-
fectious disease. Chronic or recurrent clinical IM or
fatigue attributed to IM is discussed later.

EBV is associated with lymphoproliferative dis-
ease in patients with congenital or acquired immu-
nodeficiency, and it is the most common cause
of post-transplant lymphoproliferative disease
(PTLD). These patients have impaired T-cell immu-
nity and are unable to control the proliferation of
EBV-infected B cells. Although they may present
with symptoms of IM, more commonly they present
with localized or disseminated lymphoproliferation
involving the lymph nodes, liver, lung, kidney,
bone marrow, central nervous sytem, or small intes-
tine. The diagnosis requires demonstration of EBV
genome in biopsy material.

Diagnosis

In some reported cases, there were no atypical lym-
phocytes to provide a clue to the diagnosis of EBV
infection, as in the reference listed for migraine and
chorea. However, these cryptic EBV complications
are included on the list for completeness.

In general, when children do not have atypical
lymphocytosis with EBV infections, they also do
not have the clinical features of classic IM.96 Thus
children manifest at least two distinct patterns of
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BOX 3-2 ■ Complications Associated with
EBV Infection

Local
Peritonsillar abscess; postanginal sepsis44,45

Partial airway obstruction46

Splenic rupture29

Liver failure47

Mediastinal lymphadenopathy48

Sinusitis, orbital cellulitis49

Hematemesis, melena50

Membranous laryngitis51

Hematologic
Hemolytic anemia,52 cryoglobulinemia53

Thrombocytopenia54

Agranulocytosis; pancytopenia55,56

Hemophagocytic syndrome57

Angioimmunoblastic lymphadenopathy58

X-linked lymphoproliferative syndrome59,60

Post-transplant lymphoproliferative disease61

Aplastic anemia62

Neurologic or Behavioral
Encephalitis63

Polyneuritis64,65

Ataxia, paralysis, cerebellitis64,66

Hallucinations; psychosis41,67

Depression; anxiety68

Seizures secondary to increased phenytoin
clearance69

Migraine; chorea70

Lumbosacral radiculoplexopathy71

Aphonia72 (palsy of the recurrent laryngeal
nerve)

Cranial neuritis73

Retrobulbar neuritis74

Opsoclonus-myoclonus75

Other
Deafness76

Myocarditis77,78

Pancreatitis79

Renal failure; rhabdomyolysis80,81

Mycoplasmal pneumonia82

Cold-induced acrocyanosis or urticaria83,84

Genital ulceration85,86

Inappropriate secretion of antidiuretic
hormone87

Migratory polyarthritis88

Pleural effusion89

Erythema multiforme90

Pneumonia91

Gianotti-Crosti syndrome92

Gall bladder hydrops93

Precipitation of hereditary angioedema94

Acute aqueductal stenosis95

EBV infection—the classic clinical IM pattern with
atypical lymphocytes and an asymptomatic or atyp-
ical form without lymphocytosis. An earlier study
from Israel also clearly described some young chil-
dren who had atypical lymphocytes with nonspe-
cific symptoms and negative heterophile tests.97

When the diseases and disorders listed as com-
plications are encountered as diagnostic problems,
the most useful test is for IgM antibody to EBV
capsid antigen, which is usually included in any
EBV antibody panel.

Treatment

Corticosteroid treatment is often used, especially
for more severe complications, but should be indi-
vidualized. For a teenager with partial respiratory
obstruction, a burst of prednisone beginning with
60 mg and tapering over 10 days can be used.98

For hemolytic anemia or an ongoing problem, a
moderate daily dose (40 mg for a teenager) can be
continued and then tapered when sufficient im-
provement occurs.

■ MONO-LIKE ILLNESS

There are three logical combinations of the clinical
or hematologic features of heterophile-negative
mono-like syndromes: the clinical features, the he-
matologic features, or both (see Table 3.1). Atypical
lymphocytosis has been discussed earlier. If only
the rapid slide serology test is negative, the pattern
is usually called heterophile-negative mono-like ill-
ness (Box 3–3).

Heterophile-Negative Mono-like Illness

EBV Infection

This virus is the most frequent cause of heterophile-
negative IM syndrome.99–101 The heterophile anti-
body may not be produced because of the young
age of the patient, or it may be missed because of
the timing of the serum collection. Dual infections
with EBV and other herpesviruses can occur.102

CMV Infection

This virus is another common cause of heterophile-
negative IM, accounting for 30 (70%) of 43 patients
in one study.101 Fever, atypical lymphocytosis,
splenomegaly, and occasionally hepatic involve-
ment can be caused by this virus whether acquired
by blood transfusion or by other routes, particularly
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BOX 3-3 ■ Causes of Mono-like Syndrome
with Negative Heterophile
Antibody Tests

With atypical lymphocytosis
EBV
Cytomegalovirus
Acute toxoplasmosis
Hepatitis A
HHV-6
Acute HIV infection

Without atypical lymphocytosis
EBV
Cytomegalovirus
Acute toxoplasmosis
Coxsackie virus
Adenovirus
Herpes simplex virus
Rubella
Drugs (e.g., phenytoin, sulfa)
Malignancies

saliva. Pharyngitis is less common in CMV than it
is in EBV mononucleosis. Cough is often present.100

CMV infection is more likely to resemble classic
EBV-induced IM in young children than it is in
teenagers or adults. Lymphadenopathy tends to be
less pronounced than in children with EBV.103

CMV infection should be considered in individ-
uals who develop fever and atypical lymphocytosis
2–3 weeks after transfusion, although this syn-
drome is becoming less common.

Although EBV infection is the most common
cause of heterophile-negative IM overall, in
adults104 CMV seems to predominate. In a review
of immunologically normal adults (mean age, 28
years) with CMV-induced IM, splenomegaly and
adenopathy occurred in about one-third, tonsillitis
in 6%, and mild elevation of serum transaminases
in 90%.105 About 26% had atypical lymphocytes
on the peripheral blood smear.

In a report of 124 children from birth to 12 years
with symptoms clinically compatible with IM, EBV
was more common than CMV at all ages. However,
14 (70%) of the 20 CMV cases were diagnosed in
children from birth to age four years, whereas in
EBV IM, cases were fairly evenly distributed among
the age groups.106 In a comparison of cytomegalovi-
rus mononucleosis from Brazil, exudative tonsillitis
was seen in children but not in adults. The mean
age of the children was 5 years, and their illnesses
were typically mono-like.107

Acute Toxoplasmosis

This protozoan can cause fever, atypical lymphocy-
tosis, generalized lymphadenopathy, splenomegaly,
and myalgia.108 Leukopenia or a rash may also be
present. Often, there is a history of exposure to
cats, undercooked meat such as venison or lamb,
or goat’s milk.

Hepatitis A

As discussed in Chapter 13, hepatitis A can occa-
sionally present as a mono-like illness with fever,
hepatosplenomegaly, elevated liver enzymes, gen-
eralized lymphadenopathy, and atypical lympho-
cytes.

Human Herpes Virus Type 6

Because human herpes virus type 6 (HHV-6) is a
member of the same virus family, and causes similar
pathologic changes in monocytes, as EBV, it is not
surprising that HHV-6 has been recently described
as the cause of a mononucleosis-like syndrome in
young adults. The clinical features of this illness
were indistinguishable from those of EBV or CMV
infection, and patients developed a mild atypical
lymphocytosis.109 Caution must be taken in inter-
preting serologic tests for this virus, however, given
the fact that EBV is a known polyclonal B-cell acti-
vator, and has been shown specifically to increase
antibody titers against HHV-6.110 EBV infection is
not likely to stimulate the production of HHV-6
antibody without concurrently causing an antibody
response to EBV.

Human Immunodeficiency Virus

It has been shown that the majority of patients who
contract human immunodeficiency virus (HIV) in-
fection have an acute HIV syndrome several weeks
after acquisition of infection. This syndrome clini-
cally resembles IM.111 A fair number of these pa-
tients also have an atypical lymphocytosis. It is im-
portant to remember acute HIV syndrome in the
differential diagnosis of heterophile-negative mono-
like illness, especially in patients known to be sex-
ually active. HIV infection is discussed in more de-
tail in Chapter 20.

Mono-like Illness Without Atypical
Lymphocytosis

This syndrome consists of the clinical manifesta-
tions of IM, such as febrile pharyngitis with
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lymphadenopathy or splenomegaly, without atypi-
cal lymphocytosis. Cervical lymphadenopathy is
discussed in Chapter 6.

Cytomegalovirus can produce a mono-like syn-
drome without atypical lymphocytes.112 Acute
toxoplasmosis typically produces generalized lym-
phadenopathy and fever, but splenomegaly and
pharyngitis are occasionally observed.

Coxsackievirus

These viruses have been associated with a syndrome
of febrile pharyngitis, generalized lymphadenopa-
thy, conjunctivitis, and painful liver or spleen en-
largement.113 A few patients had atypical lympho-
cytosis or a rash.

Other Infectious Causes

Adenovirus, herpes simplex, HHV-6, HIV, and
other agents such as those causing nonstreptococcal
pharyngitis can cause a mono-like illness. Rubella
virus infection without a rash can produce this pat-
tern.

Drugs

Phenytoin, sulfas, and other drugs can produce a
heterophile-negative IM-like syndrome.

Malignancies

Lymphoma or other hematologic malignancy also
can cause fever with splenomegaly or hepatosple-
nomegaly.

Diagnostic Plan

Serology

IgM antibody can be determined for specific agents
such as cytomegalovirus, toxoplasma, and rubella.
If IgM-specific antibodies are not available, paired
sera can be evaluated for antibodies to EBV, CMV,
toxoplasmosis, or other viruses. A definitive sero-
logic result will eliminate concern over a possible
lymphatic malignancy. Lymphoma or leukemia is
a consideration when the adenopathy and spleno-
megaly persist after the initial febrile period.

Unfortunately, enzyme-linked immunosorbent
assay (ELISA)/Western Blot will not always detect
acute HIV infection because of the time required
for the antibody response to develop. PCR testing
is much more sensitive in this setting, but can occa-

sionally produce false positive results,114 which can
be a source of undue stress for patients. A judicious
approach to this problem might be to consider the
diagnosis of HIV infection in patients with a mono-
nucleosis-like syndrome, but only order PCR test-
ing when EBV and CMV serology is negative or
when the patient has risk factors for HIV infection.

■ CHRONIC OR RECURRENT EBV
INFECTION

Chronic active EBV (CABEV) infection is a very rare
disorder that has been defined by the presence of
the following three features: severe illness of more
than six months’ duration that begins as a primary
EBV infection or that is associated with abnormal
EBV antibody titers; histologic evidence of organ
disease, such as pneumonitis, hepatitis, bone mar-
row hypoplasia, or uveitis; and demonstration of
EBV antigens or EBV DNA in tissue. There are often
extreme elevations of virus-specific antibody ti-
ters.115 In contrast, chronic fatigue syndrome,
which is not caused by EBV, is a different disorder
in which patients may have slightly elevated anti-
body titers to EBV and other viruses.

The majority of patients suspected of chronic or
recurrent EBV infection lack the clinical and labora-
tory parameters described above, but develop their
illness immediately after a documented clinical epi-
sode of IM. In these cases, it is advisable to use
“post-mononucleosis fatigue” as a diagnostic cate-
gory. A fair number of teenagers develop prolonged
easy fatigability after IM. Many of them fit the socio-
economic and psychological profile of patients who
develop chronic fatigue syndrome (CFS), but the
illness never gets severe enough to meet diagnostic
criteria for CFS. If antibody titers fall to levels typi-
cally associated with past EBV infection, the diagno-
sis of chronic active EBV infection is effectively
ruled out. The pathogenesis of post-mononucleosis
fatigue is not understood.

There does appear to be a true syndrome of
chronic active EBV infection, however. The most
common symptoms are those associated with acute
EBV infection, viz., pharyngitis, adenopathy, fever,
headaches, and fatigue. Some patients also com-
plain of myalgias, arthralgias, and depression. It is
not known why the virus, which normally trans-
forms B cells and establishes latency, would pro-
duce a chronic infection with ongoing viral replica-
tion in some people. Some investigators have found
differences in the production of immediate early
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gene products thought to be important in the in-
duction of latency.116 Others believe that, epide-
miologically at least, there appears to be a familial
component.117 Time and experience with this rare
clinical entity may eventually provide an answer to
this question. In the meantime, the diagnosis of
CAEBV infection should be made with caution, and
only when the diagnostic criteria outlined above
are met. Patients suspected of having this very rare
syndrome should be managed in concert with an
infectious diseases specialist.

■ CHRONIC FATIGUE SYNDROME

In contrast, chronic fatigue syndrome is a different
and much more common phenomenon sometimes
seen in adolescents and young adults. There is no
known infectious cause. Patients usually date the
onset of their fatigue to the time of an acute illness
in the distant past. The illness may have been a
mono-like illness, sometimes even confirmed as
due to EBV infection. However, patients with CFS
are no more likely than healthy controls to have
serologic or virologic evidence of recent EBV
infection.118

Patients with CFS are often high-achievers who
have difficulty resuming normal activities after a
period of convalescence from the acute illness. As
a result of inactivity, they become deconditioned,
so that even mild exertion causes extreme fatigue.
Psychosocial and psychosomatic aspects may also
play a role in the genesis and perpetuation of the
syndrome. There may even be an element of classi-
cal conditioning in the on-going syndrome; specifi-
cally, expectation of illness makes recovery difficult.
CFS is a diagnosis of exclusion, and other causes
of fatigue, such as anemia and hypothyroidism,
should be ruled out. The diagnostic criteria are
listed in Table 3-3. Management is supportive. The
physician must often walk a fine line: terse dismissal
of the illness as non-disease is counterproductive,
but excessive laboratory testing and sympathy for
the illness may exacerbate or perpetuate the syn-
drome. A program of gradually increasing physical
activity is important to recovery; a physical thera-
pist may be able to assist the physician in planning
a program. Evaluation by a psychologist or psychia-
trist can assist the patient in dealing with the
depression and family stress that nearly always
either accompanies or precipitates CFS in adoles-
cents. Many of these teenagers were overcommitted
to extracurricular activities before the development

TABLE 3-3. CENTERS FOR DISEASE
CONTROL AND PREVENTION’S REVISED
CASE DEFINITION OF CHRONIC FATIGUE
SYNDROME119

Clinically evaluated, unexplained, persistent or
relapsing fatigue for 6 months or longer that is:

• of new or definite onset

• not the result of ongoing exertion

• not substantially alleviated by rest

resulting in substantial reduction in previous levels
of occupational, educational, social, or personal
activities AND

The presence of at least four of the following
symptoms:

• Impaired concentration or short-term memory

• Sore throat

• Tender cervical or axillary lymph nodes

• Muscle pain

• Arthralgia without swelling or redness

• Headaches of new type, pattern, or severity

• Nonrestorative sleep

• Postexertional malaise lasting more than 24
hours

of their fatigue and may need to prioritize which
activities to resume. Homebound schooling should
be avoided, and regular school attendance should
be strongly encouraged.
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C H A P T E R 4

Mouth and Salivary Gland
Syndromes

■ GINGIVITIS, STOMATITIS, AND
DENTAL INFECTIONS

Definitions

Inflammatory disease of the oral cavity should be
diagnosed first in terms of the anatomic area in-
volved, and then in terms of the probable etiology.
Anatomic diagnoses commonly used include sto-
matitis (inflammation of the buccal mucosa), gingi-
vitis (inflammation of the gums), gingivostomatitis,
and glossitis (inflammation of the tongue). Inflam-
mation of the lips is best called labiitis (Table 4.1).

Clinical Patterns

Recurrent Aphthous Stomatitis

Called “canker sores” by laypersons, these lesions
usually appear as a superficial red ring with a shal-
low mucosal ulceration covered by a gray mem-
brane (Figure 4-1). They involve the wet, moveable
mucosa—typically the buccal mucosa, occasionally
the ventral surface of the tongue, and less com-
monly the lips or gums. These lesions do not in-
volve the attached gingiva or hard palate. In the
most severe form, the lesion extends into the sub-
mucosa and is called periadenitis aphthae. The
cause of aphthous stomatitis remains uncertain, but
investigations suggest several associations. First,
aphthous ulcers are associated with poor cytotoxic
T lymphocyte function and/or neutropenia.1 Sec-
ond, some patients with recurrent aphthous stoma-
titis have poor regulation of the inflammatory cyto-
kine cascade.2

Recurrent aphthous stomatitis in association
with fever may be a clue to a syndrome of unknown
cause called PFAPA (periodic fever, adenitis, phar-
yngitis, and aphthous stomatitis) (see Chapter 10).3

Children with human immunodeficiency virus
(HIV) infection can also be afflicted with refractory
aphthous ulcers.4 Children with cyclic neutropenia

TABLE 4-1. MOUTH AND DENTAL
INFLAMMATORY DIESEASE

SYNDROME POSSIBLE CAUSES

Buccal stomatitis Apthous stomatitis
(unknown cause?
Strep. sangits)
Behçet syndrome;
Trauma

Gingivitis Herpes simplex
Enteroviruses
(hand-foot-mouth
syndrome)

Gingivostomatitis Herpes simplex
Stevens-Johnson
syndrome
Candida albicans
Oral erythema
multiforme

Necrotizing ulcerative Periodontitis (poor
gingivitis hygiene; fusobacteria 
(Vincent’s angina) and spirochetes

as secondary invaders)

Labiitis Herpes simplex
(ulcers or general
edema)

Glossitis Group A streptoccocci,
Staph. aureus, H.
influenzae, herpes
simplex (ulcerative)

Gum abscess Local normal oral
flora; rarely, occult
bacteremia (embolic)

Pulpitis Normal local flora

Periapical abscess Normal local flora

Uvulitis Group A streptococci,
H. influenzae, Strep.
pneumoniae
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■ FIGURE 4-1 Aphthous stomatitis. (A) Lesions of mucosa
below the gingiva. (Photo from Dr. John Duffy) (B) Lesions
of the upper lip. (Photo from Dr. Edward Graykowski)

or chronic granulomatous disease (CGD) may also
present with recurrent aphthous ulcers.5,6 Interest-
ingly, most carriers of X-linked CGD have recurrent
aphthous ulcers as well.7 Rarely, recurrent aph-
thous stomatitis is a clue to the diagnosis of Behçet’s
disease, discussed below.

Whether infectious agents sometimes cause aph-
thous ulcers is not known. Most attempts at associ-
ating infectious agents with this disease have been
fruitless. Physical and psychological stress precipi-
tates attacks in susceptible people, probably by af-
fecting the function of the immune system.8

Aphthous ulcers resolve without treatment. Pain
relief may be afforded by treatment with over-the-
counter products. Frequent or severe ulceration
may respond to topical application of nonaqueous
steroid sprays intended for intranasal use. The mu-
cosa is simply wiped dry, and the ulcer is sprayed.
This may be done twice a day and usually results
in rapid resolution. Some patients with recurrent
aphthous ulceration respond to a toothpaste that
does not contain sodium lauryl sulfate.9 Severe, re-

fractory, or widespread aphthous ulceration such
as that seen in HIV disease is occasionally treated
with thalidomide.10 These patients should be in the
care of an infectious diseases specialist.

Necrotizing Ulcerative Gingivitis

Formerly called “trench mouth” (because it was
common in soldiers in the trenches in WWII) or
“Vincent’s angina,” necrotizing ulcerative gingivitis
(NUG) occurs at the gingival papillae between the
teeth (Fig. 4-2, panel A).11 The diagnostic triad of
NUG is pain, interdental ulceration, and bleeding,

■ FIGURE 4-2 (A) Necrotizing ulcerative gingivitis showing
involvement of the papillae of the gums between the teeth.
(B) Traumatic lesion of tongue. (C) Traumatic lesion of lower
lip. (Photos from Dr. John Duffy)
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and patients may also develop fetid breath and form
a pseudomembrane.12 NUG has been attributed to a
synergistic infection with spirochetes, fusobacteria,
or, in childhood especially, Actinobacillus actinomy-
cetemcomitans.13 All of these organisms are normal
inhabitants of the mouth, so a causal association
has been hard to prove. Molecular techniques have
shown, however, that the spirochetes found in these
lesions contain pathogen-specific determinants and
that patients with NUG often have a serological re-
sponse to these spirochetes, which would not be
expected if they were not pathogenic.14

Most cases occur in adults, but the disease can
be seen in adolescents or younger children. Al-
though it occurs with higher frequency in people
who live in crowded settings, it is not thought to
be contagious.15 Transmission by fomites or vectors
has never been documented.16 The lay diagnosis of
“trench mouth” in a young child is likely to refer
to herpes simplex gingivostomatitis.

In adults, risk factors for NUG include poor oral
hygiene, unusual emotional stress, inadequate
sleep, Caucasian race, age 18–21 years, and recent
illness.12 Severe juvenile NUG should raise the
question of a defect in neutrophil locomotion. Ac-
quired immunodeficiency syndrome (AIDS) pa-
tients also are at higher risk of NUG, and occasion-
ally acute NUG is the presenting sign of HIV
infection, at least in young adults.17 In children
with cancer, especially those with neutropenia,
poor nutrition, and marginal oral hygiene, acute
NUG can result in loss of teeth.18

Penicillin usually results in dramatic improve-
ment.19 Interestingly, the effectiveness of the anti-
parasitic drug metronidazole against anaerobes was
discovered when it was used for trichomonal vagi-
nitis and produced dramatic improvement in a pa-
tient with NUG.

Gum Abscess

This abscess may be seen before the eruption of
teeth.19 It is usually caused by normal mouth flora,
but a case caused by the gonococcus has been re-
ported.20 It is also called a parulis or “gum boil.”

Gingivitis or cystic, pink, nontender gingival
masses about 1 cm in diameter have been described
in patients with occult pneumococcal bacteremia
(see Chapter 10).21

Glossitis

A swollen, painful tongue can be caused by acute
bacterial infection of any type but in children is

most likely to be due to Group A beta-hemolytic
streptococcal, staphylococcal, or Haemophilus in-
fluenzae type b (Hib) infection.22 The latter has be-
come exceedingly rare since the institution of an
effective H. flu type b vaccine. In patients with HIV
infection or other severe immune suppression,
herpes simplex virus can cause a syndrome known
as herpetic geometric glossitis.23 This clinical syn-
drome is marked by painful tongue fissures or fur-
rows, and responds to intravenous acyclovir.

Glossitis has also been associated with systemic
diseases, especially vitamin B12 deficiency and per-
nicious anemia.24 Geometric tongue is a noninfec-
tious condition seen in fair numbers of otherwise
well children. The pattern on the tongue changes
with time, and is not symptomatic. Coated tongue
is a condition that can be seen in normal children
during the course of acute infection with respiratory
viruses. The cause of coated tongue is not well de-
lineated. It goes away with resolution of the respira-
tory infection. The exception is “coated tongue” in
patients with immune suppression25—this clinical
scenario is likely to be a manifestation of thrush
and should be treated (discussed later). Coated
tongue is also a common finding in typhoid fever.

Pulpitis and Periapical Abscess

Infection of the pulp of a tooth is the most common
cause of toothache.19 Pain is severe, and is exacer-
bated by hot, cold, and percussion. Occasionally,
facial cellulitis develops. The definitive treatment
is incision and drainage, although antibiotics are
usually also prescribed.26

Complications of Dental Infections

A periapical abscess of a mandibular tooth can drain
to the outside of the lower gum as a sinus tract
(parulis) or can spread medially to produce a neck
space infection.27 An abscess of a maxillary tooth
can spread medially to form a submucosal abscess
of the hard palate, or laterally to produce facial cel-
lulitis.27 Chronic proliferative periostitis (Garre’s
osteomyelitis) usually is a reaction to adjacent den-
tal infection. It produces an “onion skin” appear-
ance of the mandible on x-ray, and resembles Caf-
fey’s disease. Treatment of the dental problem is
indicated, but systemic antibiotics are usually not
required.27

Uvulitis

A red or swollen uvula may have several causes,
discussed in the section on pharyngitis (Chapter 2).
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Possible Etiologies

Herpes Simplex

This virus is the usual cause of acute gingivostomat-
itis in children. The primary infection typically oc-
curs in the first 6 years of life. The illness is often
associated with fever. There is often slight bleeding
when the gums or buccal mucosa are touched.
Glossitis may be present, with superficial circular
ulceration of the tongue covered with a thin layer
of white or gray exudate (see Fig. 2-7). Carefully
moving the buccal mucosa out of the way with a
tongue depressor will usually reveal ulcers on the
gingivae. Lip involvement is not common in the
first infection. The incubation period is about 7
days, with a range of 3–9 days.28 The patient usu-
ally improves in 3–5 days and has recovered by 14
days. Outbreaks of acute gingivostomatitis caused
by this virus have been observed in young children
in nurseries or orphanages.28

Reactivation of latent herpes simplex virus
(HSV) infection can also cause recurrent stomatitis,
gingivostomatitis, or labiitis. Recurrences are usu-
ally extraoral, on or near the lips (see Fig. 11-9),
unlike the primary infection, which is usually in-
traoral. The severity of recurrent illness is usually
much less than that of the first episode. However,
occasionally there is a recurrence of severe stomati-
tis with fever and mucosal bleeding. HSV is the
most common trigger of erythema multiforme (EM)
in children, in some cases leading to recurrent epi-
sodes of EM.29,30 Recurrent labiitis or stomatitis
caused by HSV can be precipitated by another ill-
ness, such as pneumococcal pneumonia, or menin-
gococcal or H. influenzae meningitis. Occasionally,
the labiitis or stomatitis precedes signs of the pre-
cipitating disease, so the child should be examined
carefully for another disease if some clinical find-
ings seem atypical or overly severe to be explained
by herpetic stomatitis alone.

As mentioned above, HSV can also cause her-
petic geometric glossitis in patients with immune
deficiency states. It has been reported in one child
after cardiac transplant, and in one child with acute
myelogenous leukemia in addition to being seen in
children with AIDS.23

HSV stomatitis may present a difficult diagnostic
problem when a febrile child is seen early in the
illness and the stomatitis has not yet appeared.
When stomatitis occurs a day or two later, it is diffi-
cult to be certain that the gingivostomatitis does
not represent a secondary reactivation of a latent

infection by fever of some other cause. In one study,
the fever sometimes preceded stomatitis by a day
or two, and HSV was believed to be the cause of
both the fever and of the later stomatitis.31 How-
ever, in experimental infections in adults with other
viruses, HSV was frequently recovered before the
experimental illness, suggesting that HSV often is
a coincidental isolate associated with another infec-
tious process.32

Virus excretion in patients with recurrent herpes
labialis is greater during episodes of the common
cold or after oral trauma.33 Patients with prodromal
symptoms that lead them to expect a recurrence
often have increased excretion of the virus in the
absence of visible lesions.

Coxsackievirus

Stomatitis somewhat resembling aphthous stomati-
tis can be caused by Coxsackievirus A. However,
the lesions of coxsackievirus infection are usually
smaller and more erythematous and tend to be
more predominantly located in the posterior oro-
pharynx. The illness is called hand-foot-and-mouth
syndrome when it is associated with a papular rash
on the palms and soles, as described in Chapter
11. The disease sometimes presents with stomatitis
alone.

Behçet’s Syndrome

Aphthous stomatitis rarely is an indication that a
child has Behçet syndrome.34,35 This syndrome has
been observed in children as young as 2 months of
age and eventually may include arthritis, erythema
nodosum, sterile cellulitis, perineal or genital ulcer-
ations, and involvement of the eye, gastrointestinal
tract, or neurologic system.35 Corticosteroid ther-
apy usually provides symptomatic relief.36 Children
with suspected or confirmed Behçet’s syndrome
should be managed in concert with a pediatric
rheumatologist.

Candida albicans

Stomatitis produced by this yeast typically occurs
in young infants and often involves the tongue as
well as the buccal mucosa. When yeasts are found
to be a cause of stomatitis after about 6 months of
age, a defect of cell-mediated immunity should be
suspected.37 Chronic mucocutaneous candidiasis is
discussed in Chapter 23.



CHAPTER 4 • MOUTH AND SALIVARY GLAND SYNDROMES66

Syphilis

The chancre of primary syphilis is a rare cause of an
ulcer on the lip, buccal mucosa, or palate. Regional
lymphadenopathy is usually present.38

Stevens-Johnson Syndrome

Severe gingivostomatitis is also rarely caused by Ste-
vens-Johnson syndrome (discussed in Chapter 11).
Typically, there is involvement of at least one other
mucous membrane such as the conjunctiva or the
urethra. This syndrome probably represents a hy-
persensitivity reaction. It is most commonly drug
induced, but is occasionally secondary to an infec-
tious process.39

Other Causes

Neutropenia from any cause should be excluded by
a white blood count and differential study when
ulcerative or necrotic lesions are seen on the
gums.11 Langerhans cell histiocytosis is a rare cause
of necrotizing gingivitis.40 Infectious mononucleo-
sis is rarely associated with gingivitis or stomatitis.11

Trauma of the buccal mucosa or the gums can
produce lesions resembling the ulcerations of sto-
matitis (Fig. 4-2). It is commonly secondary to
chewing, operative procedures, or suctioning. Li-
chen planus can produce lesions in the buccal mu-
cosa resembling those of aphthous stomatitis.

Vesicular stomatitis virus of cattle rarely pro-
duces infections in humans. Such infections occur
in people who are exposed to cattle or who work
with the virus in the laboratory.41 The clinical mani-
festations include headache, fever, vomiting, and
pharyngitis. Vesicular lesions occur on the gums,
buccal mucosa, pharynx, and, rarely, lips or
fingers.

In addition to glossitis, as mentioned above, sto-
matitis and mucosal ulcerations have long been rec-
ognized as signs of vitamin B12 deficiency. Oral
changes may precede the development of anemia
and macrocytosis.42 Glossodynia is another promi-
nent feature of the oral symptoms in patients with
pernicious anemia.24

Diagnostic Plan

Gram stain and culture for Candida albicans may be
indicated. Culture and PCR for HSV are usually
positive in typical cases of acute gingivostomatitis.

The clinical features of this illness are familiar
enough that most clinicians can make the diagnosis
by history and physical examination alone. Chemo-
therapy-induced neutropenia is often associated
with mucositis. If the mucositis is more severe or
more prolonged than expected, concomitant HSV
infection should be ruled out by PCR or culture.

Laboratory studies to rule out vitamin B12 defi-
ciency and pernicious anemia may be indicated. Re-
current aphthous ulceration, especially in the pres-
ence of fever, should prompt evaluation of cyclic
neutropenia and consideration of the diagnosis of
PFAPA, as well as disorders of neutrophil function
such as CGD. Patients with HIV infection who de-
velop severe or recurrent aphthous stomatitis
should be referred to a specialist in pediatric infec-
tious diseases.

Treatment

Supportive Measures

In severe stomatitis, the affected child will often not
eat solids well. Cold foods such as ice cream may
be soothing. Bland oral fluids should be encouraged
in order to prevent dehydration and provide nour-
ishment. Drinking citrus juices may cause pain. It
may be necessary to administer intravenous fluids
to small children with high fever who refuse oral
fluids.

Gentian violet stains linens and neither provides
pain relief nor influences the course of the illness.
Local anesthetic ointments such as viscous lido-
caine or maximum-strength benzocaine applied to
the mouth may provide some pain relief, but are
usually not used because of reports of children in-
juring themselves by biting on anesthetized mucosa
or lips. Rinsing with dilute bland mouthwashes or
with weak bicarbonate solutions may be soothing.
Antibiotics are not necessary. Periodontal disease
should be treated by a dentist.

Specific Therapy

A controlled trial of topical acyclovir ointment dem-
onstrated no clinical benefit over placebo in the
treatment of recurrent HSV labialis.43 More re-
cently, a large trial of penciclovir cream showed a
minimal benefit (median time to healing of lesions
4.8 days versus 5.5 days with placebo).44 Oral anti-
viral agents provide similarly disappointing results
when administered at the onset of symptoms in
patients with recurrent HSV stomatitis.45 In con-
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trast, they are effective for treatment of primary in-
fection. A double-blind, placebo-controlled trial
showed benefit of acyclovir therapy for primary
herpetic gingivostomatitis in a subset of children
hospitalized for the disease.46 Children had mild to
moderate disease based on the number of lesions,
and all presented to the hospital or doctor’s office
within 72 hours of the onset of the illness. In this
group, 15 mg/kg of acyclovir, given 5 times a day
for 7 days reduced the duration of oral lesions from
4–10 days, cut short the eating and drinking diffi-
culty to 3 days rather than 6, and caused viral shed-
ding to stop in 1 day versus 5 days in the placebo
group.46 Toddlers and young children admitted to
the hospital for hydration therapy because of severe
herpetic gingivostomatitis are often given intrave-
nous acyclovir.

Penicillin is usually effective for necrotizing ul-
cerative gingivitis.

Oral candidiasis can be treated with nystatin,
200,000 units per dose. For refractory cases, a per-
sistent source such as a pacifier, thumb sucking, or
the nipple of the mother or bottle should be ex-
cluded. For areas with a thick coating of thrush,
such as the tongue, the nystatin must often be
brushed on with a cotton swab to be effective. Ad-
ministering nystatin every 3 hours rather than every
6 hours may cure refractory cases.47 Clotrimazole
(troches for older children, topical or vaginal for
application to the nipple and buccal mucosa) and
emulsified miconazole suppositories or vaginal
cream have also been advocated.47 Cases that fail
all of the above measures, or cases of thrush in
immunocompromised hosts, are probably best
treated with oral fluconazole.48

Prevention

Herpes simplex vaccines have been periodically re-
ported to be effective. However, a double-blind
study showed no difference between the effective-
ness of a placebo and the vaccine, with both having
about a 70% efficacy in preventing recurrent labial
lesions.49 This high rate of spontaneous improve-
ment probably accounts for the reported success of
past vaccines.

Long-term oral acyclovir greatly limits the num-
ber of recurrences of HSV infection in immunodefi-
cient patients.50 Oral or intravenous acyclovir is
used to prevent reactivation of latent HSV during
periods of maximum immunosuppression for pa-
tients with neutropenia following bone marrow

transplant or chemotherapy.51 Prophylactic
acyclovir may also be considered for immunocom-
petent people with frequent recurrences of HSV sto-
matitis. In adults, 400 mg of oral acyclovir twice
daily decreased the number of clinical episodes of
HSV stomatitis by 53% compared with placebo.52

The prophylactic use of oral glutamine in chil-
dren receiving cancer chemotherapy has been
shown to decrease the severity and duration of
mucositis.53

■ PAROTITIS AND SIALITIS

Painful enlargement of a salivary gland (sialitis)
most commonly involves the parotid. Parotitis can
be diagnosed when there is enlargement of the par-
otid gland accompanied by fever. A layperson may
mistakenly believe that a child has “mumps,” when
in reality it is the anterior cervical (tonsillar) lymph
nodes that are enlarged. The clinician should be
able to distinguish cervical adenitis from parotitis
by looking carefully at the anatomic location of the
swelling. When the parotid gland is enlarged, the
swelling is equally distributed above and below the
angle of the jaw (except that edema sometimes low-
ers the center of the swelling somewhat). In con-
trast, when cervical nodes are enlarged, the center
of the swelling is located below the jaw. Minimal
parotid swelling can best be detected by inspection
of the parotid area rather than by palpation.

Several other findings are helpful in recognizing
parotitis. Parotid enlargement may occur rapidly if
major ducts are obstructed. Parotitis is usually
somewhat painful because of stretching of the cap-
sule and is usually made worse by foods that stimu-
late production of saliva. A bacterial infection, such
as a cervical abscess, is usually tender to palpation,
whereas parotitis is usually not tender unless it is
suppurative (which is rare outside of the neonatal
period). In parotitis, the openings of Stensen’s
ducts, which are easily seen in the buccal mucosa,
are often red and swollen and may exude pus if the
condition is suppurative (Fig. 4-3).

Submandibular salivary gland enlargement
should also be looked for in patients with exposure
to mumps or with concurrent parotitis. Enlarge-
ment of this salivary gland is often mistaken for
lymph node enlargement. Apparent enlargement of
a single salivary gland sometimes turns out to be
either a soft-tissue abscess not related to the gland
or a lymph node.
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■ FIGURE 4-3 Edematous Stensen’s duct orifice, often pres-
ent in parotitis of any cause.

Mumps versus Parotitis

The word “mumps” originally referred to the swell-
ing seen in epidemic parotitis. Mumps virus is a
common cause of parotitis, but parotitis may also
be caused by other infectious and inflammatory
conditions. In addition, parotitis occurs in only
30–40% of mumps virus infections. Therefore, the
word “mumps” should not be used as a synonym
for parotitis. The best problem-oriented diagnostic
phrasing is “parotitis, probably caused by mumps
virus.” Outbreaks of parotitis, or cases of parotitis
that can be related to exposure to another person
with parotitis, are almost always caused by mumps
virus (Box 4–1).

Infectious Causes

Mumps Virus Infection

In the past, this was by far the most common cause
of parotitis. With routine use of measles-mumps-
rubella (MMR) vaccine, mumps is now uncommon,
with fewer than 400 U.S. cases reported annually.
Classical mumps virus infection is painful parotitis,
with enlargement of the parotid glands, and fever.
Parotid swelling is unilateral at the onset and subse-
quently becomes bilateral in three-quarters of cases.

Edema of the openings of Stensen’s ducts in the
mouth can often be seen. The other salivary glands
may also be enlarged. Edema of the neck or prester-
nal area can occur in severe cases. Headache and
vomiting may be severe. The incubation period is
longer than that of the other common childhood
diseases, averaging 21 days, so the exposure may
have been forgotten.

Other Viruses

Parainfluenza virus is one of the most common
causes of acute parotitis.54 Other viruses that can
cause parotitis include influenza virus, lymphocytic
choriomeningitis virus, Coxsackie A and B viruses,
echoviruses, and Epstein-Barr virus.55,56

Cat Scratch Disease

This bacterial disease can rarely cause inflammation
of the lymph nodes within the parotid gland, pro-
ducing a clinical syndrome closely resembling
parotitis.57

Bacterial (Suppurative) Parotitis

The usual cause of bacterial parotitis is Staphylococ-
cus aureus.55 Occasionally H. influenzae causes sup-
purative parotitis.58 Postoperative suppurative par-
otitis is rare in children.59 In such cases, purulent
material can often be expressed from the ducts.
Suppurative parotitis can occur in the newborn pe-
riod, especially in premature infants.55,60 In these
cases, gramnegative rods such as Klebsiella or Pseu-
domonas may be recovered.

Both immune compromised and immune com-
petent hosts with Salmonella parotitis have been re-
ported.60 Streptococcus pneumoniae seems to be a
more common cause among children with HIV in-
fection.61 This bacterium probably gets to the par-
otid gland via the bloodstream.

Other

Mycobacterium tuberculosis is a rare cause of parotid
enlargement due to granulomatous parotitis.62

Nontuberculous mycobacteria including Mycobac-
terium avium complex are also seen.63 Mycobacteria
may infect the gland itself, or the lymphoid tissue
that resides within the parotid gland. Actinomyco-
sis is a rare cause of parotitis;64 it is usually associ-
ated with a more typical facial or cervical lesion.
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BOX 4-1 ■ Causes of Parotitis

Acute

Nonsuppurative Suppurative
Mumps virus Staphylococcus aureus
Parainfluenza viruses Streptococcus pyogenes
Influenza viruses Streptococcus pneumoniaea

Coxsackie viruses Haemophilus species
Echovirus Pseudomonas aeruginosab

Epstein-Barr virus Escherichia colib

Cytomegalovirus Klebsiella speciesb

Lymphocytic choriomeningitis virus Proteus speciesb

Drugs Salmonella speciesb

iodides Anaerobic bacteria
nitrofurantoin Peptostreptococci
cimetidine Prevotella species

Fusobacteria
Actinomyces species

Recurrent
Juvenile recurrent parotitis
Sialithiasis
Sialectasis
Self-induced pneumoparotitis

Subacute or Chronic
Bartonella henselae (cat scratch) Sarcoidosis
Mycobacterium tuberculosisc Milkulicz’s disease
Mycobacterium avium intercellularec Sjögren’s syndrome
Mixed connective tissue disease Mucoepidermoid carcinoma
Masseter muscle hypertrophy

aHigher incidence in children with HIV/AIDS.
bEspecially seen in neonates.
cCauses granulomatous parotitis.

Noninfectious Causes

Reactive Follicular Hyperplasia

The parotid gland is the only salivary gland that
contains lymphoid tissue within it. Reactive follicu-
lar hyperplasia may, therefore, cause a clinical syn-
drome indistinguishable from recurrent parotitis.
This has been reported in otherwise well children,65

but is very common in children infected with HIV.
Children with HIV infection may also be more sus-
ceptible to suppurative and viral parotitis.

Salivary Gland Stones

Sialolithiasis is rare in children. The average age at
presentation is about 10 years.55 Stones may result
in fever, suppurative parotitis, and trismus. Some-
times, they can be palpated, and they may be radio-
paque, especially those in the submandibular duct.

Persistent or Recurrent Parotid
Enlargement

The widespread lay belief that a second mumps
virus infection is a common cause of recurrent par-
otitis is incorrect and is based on the lack of under-
standing that parotitis can have many causes. Par-
otitis has been observed in a few patients who had
mumps virus antibody before the parotitis and sub-
sequently developed a fourfold rise in titer to
mumps virus.66 However, viral cultures were not
done, and it is difficult to exclude cross-reacting
antibody to a parainfluenza virus. Parotitis with iso-
lation of mumps virus in spite of past live mumps-
virus vaccine has been documented.67 A second ep-
isode of parotitis might result from a virus other
than mumps, but several other possibilities should
always be considered.

The syndrome of juvenile recurrent parotitis is
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an under-appreciated cause of parotitis in children.
In some series, it is the second most common sali-
vary gland disease of childhood (after mumps), and
it is probably the most common cause of recurrent
parotitis in children.68 This condition is character-
ized by periodic acute or subacute parotid swelling,
usually accompanied by pain as well as fever and
malaise. Between attacks the child is free of subjec-
tive symptoms. Typical onset is between 3 and 6
years of age.69 Exacerbations occur every 3–4
months, but usually subside after puberty. Both
sporadic and autosomal-dominant forms have been
described.70 Sialograms show multiple small sialec-
tases. Ultrasound reveals hypoechoic heterogene-
ous areas and is more sensitive than sialograms in
detecting changes over time.71 Histologic findings
include dilated interlobular ducts with surrounding
infiltration.68 Although various bacteria have been
cultured from the saliva of such children, episodes
resolve with or without antibiotics in 2–5 days.

Salivary stasis may occur in children, sometimes
due to parotid duct narrowing (sialectasis), which
presumably is secondary to past inflammation.55,72

Drug hypersensitivity, such as from iodides or ni-
trofurantoin,73 and rheumatoid mandibular joint
swelling also can cause recurrent sialectasis.

A rare cause of persistent or recurrent parotid
enlargement is Sjögren’s syndrome, which occurs
uncommonly in children.74 Mikulicz’s disease usu-
ally occurs in adults but has been observed in chil-
dren and is usually associated with inadequate tears
as well as lacrimal and salivary gland enlargement,
often with a collagen disease such as systemic lupus
erythematosus.75 In adolescent girls, mixed con-
nective-tissue disease is a rare cause of persistent
parotid enlargement with intermittent fever and ar-
thritis.76 There is a single case report of Wegener’s
granulomatosis presenting as swelling of the major
salivary glands.77

Pneumoparotitis is an unusual cause of (usually)
bilateral parotid gland swelling.78 It is caused by
forcing air retrograde through Stensen’s duct and
actually inflating the parotid gland. It has been re-
ported secondary to dental procedures and anesthe-
sia (“anesthetic mumps”). Those who play wind in-
struments are also at higher risk. Several cases of
children who autoinflated their parotid glands,
either by blowing with great force against the palm
of the hand or by performing a Valsalva maneuver
against a closed mouth, have been reported.78 In
this situation, recurrent parotid swelling occurs. Pa-
tients are afebrile, and the parotid is not erythema-

tous. Crepitus over the gland, and the production
of air or frothy but clear saliva from Stensen’s duct
upon external pressure over the parotid are pathog-
nomonic. Patients who repeatedly autoinflate the
parotid glands should be referred for psychologic
counseling.

Infantile cortical hyperostosis, which occurs in
the first year of life, is occasionally mistaken for
persistent mumps.79 Sarcoidosis also is a rare cause
of persistent parotid enlargement in children.80

Neoplasms of the parotid gland are likewise rare.
Unilateral hypertrophy of the masseter muscle is
occasionally mistaken for parotid enlargement.

Mucoepidermoid carcinoma, the most common
malignant salivary neoplasm in adults, is rarely
found in teenagers.81

Complications of Mumps Virus
Infection

The frequency of various complications of mumps
has not been adequately studied in a prospective
fashion. Some reported serious complications
might in reality have been coincidental, because
mumps was a frequent disease before the vaccine
was available. The proven complications include
the following:

1. Orchitis appears to occur in about 10–20% of
adult men with mumps, although the frequency
has been studied prospectively in very few out-
breaks.82,83 Oophoritis may occur as frequently
as orchitis, but atrophy apparently does not
occur, presumably because the ovary is not sur-
rounded by an inelastic tunica albuginea, as is
the testis.

2. Deafness appears to be exceedingly rare,84,85 but
there are no adequate data on its frequency.

3. Aseptic meningitis syndrome is common, but sig-
nificant permanent neurologic sequelae are rare.
The patient may have severe headache and tran-
sient delirium, but brain involvement (encepha-
litis) is rare (see Chapter 9).86

4. Encephalitis, defined as a severe and persistent
disturbance of consciousness with cerebrospinal
fluid lymphocytosis, is rare.86 Death caused by
mumps virus infection has rarely been docu-
mented by virus isolation with exclusion of
other causes.

5. Pancreatitis is probably less frequent than is
commonly believed. The serum amylase con-
centration may be elevated because of parotitis
rather than pancreatitis.
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Very rare complications, and reported complica-
tions that may have been coincidental, include the
following:

1. Endocardial fibroelastosis (EF), long suspected of
being associated with antecedent mumps virus
infection because of studies showing positive
mumps skin tests in infants with this disease,
has now been shown by PCR to be definitely
associated with mumps infection.87 EF is a “van-
ishing” disease that used to be much more com-
mon. Of 29 infants who died of EF, more than
70% had evidence of mumps virus genome in
myocardial samples by PCR testing. None of 65
control myocardial samples tested positive.87

2. Hydrocephalus secondary to aqueductal stenosis
has been reported in experimental infections in
rodents but has not been shown to occur in
humans.

3. Other rare complications attributed to mumps
virus include arthritis, thyroiditis, myocarditis,
facial paralysis, transient psychosis, thrombocy-
topenic purpura, and transverse myelitis.88–91

Diabetes mellitus in children has been suggested
as a possible late sequela of mumps virus infec-
tion, but this is not proved.

Laboratory Studies

Virus Cultures

Mumps, parainfluenza, cytomegalovirus, and influ-
enza viruses are relatively easily isolated in laborato-
ries equipped for virus isolation.

Serum Antibodies

Enzyme immunoassay is available commercially
and is the most sensitive test. Assays for both immu-
noglobulin M (IgM) and immunoglobulin G (IgG)
are available. IgM antibodies peak about a week
after the onset of illness. The diagnosis can also be
made by documenting a fourfold or greater rise of
IgG titers in specimens obtained 2 to 4 weeks apart.

Mumps Skin Test

This skin test antigen, once commercially and read-
ily available, is unreliable and is no longer used.

Serum Amylase

In patients with parotitis, the serum amylase con-
centration is elevated. This may be a useful labora-

tory guide to help distinguish parotitis from cervical
adenitis or other masses in the neck. However, amy-
lase elevation is not specific for mumps parotitis.
Fractionated amylase measurements are usually
available, which separates parotid amylase from
that of pancreatic origin.

Imaging Studies

In juvenile recurrent parotitis, ultrasound is the im-
aging study of first choice.92 Sialograms may also
be helpful, and, in some cases, at least transiently
therapeutic. In chronic parotitis, computed tomog-
raphy scanning may help to define the process.

Histopathology

In chronic or frequently recurrent parotitis of un-
known etiology, biopsy may be indicated. Some-
times biopsy will aid in the diagnosis of chronic
parotid infections with atypical mycobacteria or ac-
tinomyces species.93

Treatment

Parotitis

There is no specific treatment for viral parotitis, and
symptomatic treatment is rarely needed. Bed rest
to prevent complications is often advocated by lay-
persons who fear that orchitis may occur even in
the prepubertal male. Bed rest is of no proven value,
but complications that occur in patients allowed
activity are usually blamed on the activity and on
the person who allowed it.

Acute suppurative parotitis occurring in neo-
nates or in postoperative children should be treated
with broad-spectrum antibiotics that cover staphy-
lococci and streptococci as well as gram-negative
organisms and anaerobes. Klebsiella, Salmonella,
and Pseudomonas are among the gram-negative
pathogens isolated from babies with this condition.
Strictly anaerobic cases, as well as mixed infections
have been documented.94 Antibiotic therapy can be
tailored after the results of Gram stain and particu-
larly culture are available. Material expressed from
Stensen’s duct is the best source of the infecting
organism.

Recurrent suppurative parotitis should be
treated with antistaphylococcal antibiotics. Fre-
quent recurrences should prompt evaluation for
possible stones or duct narrowing. There may be a
familial disposition.
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Although juvenile recurrent parotitis usually
spontaneously resolves by puberty, the disease can
cause frequent and troublesome symptoms. For this
reason, some authors have advocated superficial
parotidectomy.95 Complete remission was achieved
in eight of ten patients treated with surgery, partial
remission in the other two, and no patient experi-
enced facial nerve impairment. This option should
be reserved only for patients with extreme forms of
this condition.

Orchitis

In one controlled study of orchitis, steroids were of
no value in relief of pain, swelling, or tenderness
and apparently did not influence the extent of tes-
ticular atrophy seen 6 months after infection.82 As-
pirin or codeine and support of the scrotum usually
provide some relief. Other causes of orchitis are
discussed in Chapter 15.

Prevention

Live-attenuated mumps virus vaccine is safe and
effective. Two doses of mumps vaccine (given as
MMR), separated by at least 4 weeks, are routinely
recommended for all children. The first dose of
MMR should be given at 12 months of age. Persons
exposed to mumps who have not previously been
vaccinated can be given mumps vaccine in an at-
tempt to produce vaccine-virus illness in advance
of the wild-virus illness. However, the efficacy of
this measure in preventing infection and complica-
tions from the current exposure has not been
proved. The vaccine will provide protection against
any subsequent exposures. Many adults are im-
mune because of previous subclinical infection.
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Eye, Ear, and Sinus Syndromes

■ ACUTE OTITIS MEDIA
Otitis media is best considered a disease of eusta-
chian tube dysfunction. The bacteria trapped in the
middle ear represent the nasopharyngeal flora. An-
tibiotic treatment is aided by gradual and sponta-
neous improvement in eustachian tube function
during the natural history of the disease. The physi-
ology and mechanism of eustachian tube dysfunc-
tion and the frequency of various pathogens have
been well reviewed.1,2

Ear Examination
Cleaning of the Ear Canal

The ear should be examined as thoroughly as possi-
ble before attempting to remove the earwax, be-
cause such attempts sometimes make adequate re-
moval and visibility more difficult.

Suctioning is the most effective method of re-
moving wax. A bent 14-gauge blunt needle attached
by tubing to a trap and a suction machine is popular
and is especially useful for sticky wax. Water irriga-
tion is also useful if there is no perforation. It can
be done using either an ear syringe or a water-jet
machine of the type used for cleaning between
teeth. The water-jet machine should be set at its
lowest force because perforation can occur at the
highest force. Tools such as a dull loop or a dewax-
ing speculum also can be used. Large cotton swabs
are not helpful, but small nasopharyngeal swabs
can be. Calcium alginate swabs are very flexible and
can be bent into an effective and pliable loop. Wax
solvents or hydrogen peroxide followed by water
irrigation or suction have been found useful by
some physicians. However, severe local reactions to
commercial wax solvents have been reported. These
reactions can be avoided by rinsing the ear canal
with water after allowing the solvent a few minutes
to work.

Appearance of the Tympanic Membranes

After the wax has been adequately removed, the
tympanic membranes should be carefully exam-

ined. The eardrum is normally gray or pink, but
can also be red, blue, or injected (prominent blood
vessels). Tympanic membranes are often red in a
crying infant or in a baby with fever from any cause.
Comparing the degree of erythema with the other
tympanic membrane may be helpful.

The drum normally appears thin and reflects the
otoscope light. Diseased drums can appear dull or
thick without light reflection. The drum has a nor-
mal position but can be bulging or retracted (atelec-
tatic). Perforations, calcifications, whitish exudate,
or bullae may be noted. Landmarks should be noted
as an aid to description. The more complete the
description, the easier it is to gauge improvement
at the time of follow-up examination. A simple dia-
gram of the eardrum can be sketched and labeled
for the patient’s record (Fig. 5-1).

Pneumatic Otoscopy

The mobility of the eardrum should be evaluated
by applying pressure and suction, usually by means
of a rubber bulb attached to the head of the oto-
scope by a rubber tube. For this technique to be
effective, there must be an adequate air seal between
the speculum and the ear canal.1 Failure to perform
an evaluation of the tympanic membrane’s mobility
is one of the most frequent mistakes in pediatric
practice. Any examination of the middle ear that

■ FIGURE 5-1 Diagram of landmarks of right tympanic
membrane. Note that a line from the umbo to the short
process points to the right, the side being examined.
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does not include an assessment of mobility is in-
complete. Incomplete examination often leads to
incorrect diagnosis; in this case, it often leads to
overdiagnosis of otitis media, an error that is to be
strenuously avoided.

Failure of the eardrum to move with suction and
pressure implies that the middle ear is full of fluid
or is under negative pressure. A normal eardrum
moves in and out easily with gentle pressure
changes (Fig. 5-2A). If the drum only moves out-
ward, it may be atelectatic (collapsed), as in the
tympanogram shown in Figure 5-2C. Pneumatic
otoscopy is a reasonably accurate way of detecting
and observing the course of fluid in the middle ear.
Rarely, an immobile drum is caused by a rigid or
scarred membrane or an undetected perforation.

Tympanometry

In tympanometry, also called impedance audiome-
try, changes in the reflection of sound energy by
the tympanic membrane are measured in the exter-
nal ear canal in response to changes in ear-canal
pressure (Figure 5-2).3 As in pneumatic otoscopy,
a pressure seal is required. This method has been
especially useful in studying the development of
middle-ear effusions and in screening young chil-
dren for asymptomatic effusions, because large
numbers of examinations are needed to make the
equipment cost effective. Tympanometry is also
being used to investigate the onset, diagnosis, and
course of acute otitis media. As a more objective
measure of the presence of middle ear fluid, tympa-
nometry is also a good training tool for medical
students, residents, physicians assistants, and nurse
practitioners; the “student” can examine the middle
ear using pneumatic otoscopy first, and then con-
firm the validity of his/her examination by
tympanometry.

Acoustic Reflectometry

Middle-ear effusions can be detected by a simple
acoustic otoscope and confirmed by myringotomy
or tympanocentesis.4

Tympanocentesis

Since the 1970s, needle puncture of the tympanic
membrane (tympanocentesis) has been used spo-
radically. It can be useful to derive statistical infor-
mation about the frequency of various bacteria in
middle-ear effusions. Tympanocentesis is also used

■ FIGURE 5-2 (A) Type A (normal) tympanogram demon-
strating normal middle-ear pressure and compliance. (B) Type
B tympanogram, as found with serous otitis or perforation,
demonstrating reduced eardrum compliance and no point
of peak compliance throughout the air pressure range. (C)
Type C tympanogram demonstrating negative middle-ear
pressure (retracted tympanic membrane). (Rees TS: Clin Pedi-
atr 1976;15:368–73).
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by some physicians in particular situations, as de-
scribed later. The technique has been described for
both aerobic and anaerobic collection of speci-
mens.5 In 6 (5%) of 122 children with bilateral
acute otitis media, culture results revealed different
pathogens from the two ears.6 This is unlikely to
be clinically significant, as many cases self-resolve
without therapy, as discussed later. However, it
may explain why on some occasions one side may
respond poorly and the other well to treatment.

Criteria for tympanocentesis include: (1) a se-
verely ill child who has developed otitis while re-
ceiving an antibiotic or who is still toxic after 48
to 72 hours of antibiotic therapy; (2) otitis in the
sick-appearing newborn or in an immunocompro-
mised child; (3) middle-ear effusion in a toxic infant
without other signs of infection or in whom there
is a suppurative complication without accessible
culture material (i.e., brain abscess or cerebral ve-
nous sinus thrombosis); or, sometimes, (4) chronic
middle-ear effusion with an acute exacerbation. In
addition, continued clinical failure after chang-
ing antibiotics is a relative indication for
tympanocentesis.

Predisposing Factors

Otitis media is generally more common in boys
than in girls. Eskimos and Native Americans have
a particularly high incidence. Patients with cleft pal-
ate, submucous cleft palate, Down syndrome, su-
pine swallowing (bottle-propping), allergic rhinitis,
environmental tobacco smoke exposure, or exclu-
sive bottle feeding have a higher incidence of mid-
dle-ear infection. Most cases of acute otitis media
are preceded by a viral respiratory infection.7 All
respiratory viruses can predispose to the develop-
ment of otitis media.

Classic Clinical Findings

The classic clinical picture of otitis media is the
sudden development of fever and otalgia in a pa-
tient with a respiratory infection, usually the com-
mon cold syndrome. Unfortunately, the classic
findings are often absent. Fever is variably present.
Small children are not able to complain of ear pain,
but may tug at or dig into their ears. Ear tugging
in and of itself (i.e., in the complete absence of other
signs of disease) is not usually a sign of acute otitis
media.8 Young children may have nonspecific signs
of illness, such as irritability, decreased appetite, or
diarrhea.

Examination of the ear may reveal a red tym-
panic membrane that is tense or bulging or may
show the presence of pus behind the thickened
membrane. Insufflation shows decreased move-
ment with both positive and negative pressure. The
tympanic membrane may have blisters or bullae on
it (bullous myringitis, discussed later). A gray bulg-
ing membrane may be found.9 Very high fever
(above 40�C) is rare.10 The white blood cell count
is of no predictive value.11

Classification
Otitis media can be classified on the basis of a num-
ber of variables. The onset and course can be acute,
subacute, chronic, asymptomatic, or recurrent. Ac-
curate classification on the basis of middle-ear fluid
is possible only if fluid is examined directly; that
is, only if there is spontaneous perforation with
drainage or if tympanocentesis or myringotomy is
performed. The middle-ear fluid may be purulent
(cloudy, with many white blood cells), serous (clear
and yellow like serum), or mucoid (sticky, with
threads of mucus).

Problem-oriented diagnoses are not yet widely
used to describe acute otitis media, but they are
gaining in popularity. The frequency of antibiotic
prescriptions for otitis media has hastened the de-
velopment of resistance in Streptococcus pneumoniae,
which has forced pediatricians to come to terms
with the concept of problem-oriented diagnosis in
otitis media in order to have a conceptual basis for
a “watch and wait” approach to certain kinds of
otitis media. It is, therefore, helpful to make prob-
lem-oriented descriptive diagnoses on the basis of
the onset and course of the illness and the appear-
ance and mobility of the tympanic membrane. If
middle-ear fluid is obtained for examination, addi-
tional diagnostic descriptions can be given. A rea-
sonable classification according to diagnoses that
can usually be made is shown in Box 5-1.

The management of a patient with otitis media
needs to be based on the specific subgroup diagno-
sis. The following are some examples of this ap-
proach:

1. Fever with red, but mobile drums. This category,
sometimes loosely called “red ear,” is probably
the most frequent form of so-called acute otitis
media reported in series published before 1970.
However, those who believe that middle-ear
fluid is required for the diagnosis do not regard
red but mobile tympanic membranes as otitis
media. This is probably the most reasonable po-
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BOX 5-1 ■ Problem-orinted Classification of
Otitis Media

Fever and red, mobile drums
Acute otitis media
Otitis media with effusion
Bullous myringitis
Recurrent otitis media
Draining ear
Acute otitis media with perforation versus otitis 

externa
Chronic otitis media without perforation
Chronic otitis media with perforation
Acute otitis media in a child with tympanostomy 

tubes
Chronically draining ear in a child with

tympanostomy tubes
Asymptomatic middle-ear effusion

sition, because tympanic membranes can be-
come transiently red with crying or fever. Most
young children who are brought to the doctor’s
office and have a speculum placed into their ex-
ternal ear canal have both fever and crying. Inclu-
sion of many febrile children with “red ears” in
early studies of otitis media probably decreased
the accuracy of these studies and led to some
reports that a placebo was as effective as an anti-
biotic. The frequency of development of middle-
ear fluid in these patients has not been ade-
quately studied, but it is reasonable to suspect
that large series that concluded antibiotics were
no more effective than placebo probably in-
cluded many such patients.

2. Acute otitis media (AOM). This diagnostic cate-
gory corresponds to what has been called acute
purulent otitis media. This is a disease with a
sudden onset, ear pain, and usually some degree
of fever. Patients are clearly suffering from a
moderate to severe illness. The eardrum is usu-
ally red, the normal landmarks are obscured,
and there is fluid behind the drum that can be
appreciated visually or by poor mobility on in-
sufflation. The exact consistency of fluid seen
behind the inflamed tympanic membrane in this
condition is not always easy to determine; it may
be assumed that pus is there based on the pre-
sentation and course of this illness. This is the
classification of otitis media that usually calls for
antimicrobial therapy, as discussed later.

3. Otitis media with effusion (OME). This is the cur-

rent classification of a disease that used to be
more frequently referred to as “serous otitis
media.” OME is a condition in which the patient
has fluid behind the tympanic membrane, but
has neither signs nor symptoms of acute illness.
The patient may have some dullness or even
some redness to the drum. Otalgia, if present
at all, is mild. Older patients may complain of
decreased hearing acuity or may say that they
feel as if they should but cannot “pop their ears.”
OME may follow a course of AOM, or it may
arise by itself. Some patients have bacteria re-
covered on tympanocentesis, but most do not.
Many of these effusions will resolve sponta-
neously over the course of 1 to 3 months.

4. Bullous myringitis. This condition is character-
ized by the formation of blebs, vesicles, or bullae
on the tympanic membrane, sometimes creating
a cobblestone appearance. It tends to be quite
painful, although some children do not seem to
be bothered by it. It was originally linked to
mycoplasmal infection, but has subsequently
been shown to be simply a variant of AOM, as
discussed later.

5. Recurrent otitis media. This is defined by recur-
rences of AOM with normal tympanic mem-
branes between acute episodes.

6. Draining ear. This is a preliminary diagnosis that
should eventually be resolved into either acute
otitis externa, AOM with perforation, or chronic
otitis media with perforation.

7. Chronic middle-ear effusion. If the effusion per-
sists for more than 3 months, as it does in
5–10% of acute cases, it is defined as chronic.
Myringotomy with aspiration is often the first
step in surgical treatment. If the effusion reaccu-
mulates, ventilation tubes may be necessary, as
described later in this chapter. In general, the
longer the middle-ear fluid is present, the more
viscous it becomes, and thus the more difficult
it is for it to drain spontaneously.

8. Asymptomatic middle-ear effusion of unknown du-
ration. This problem-oriented diagnosis can be
made when immobile, dull eardrums are noted
on a routine examination. A good air seal is
needed for the test. This condition is also called
asymptomatic OME, although this term assumes
that the fluid is serous rather than purulent or
mucoid. Asymptomatic effusion can be a stage
in the course of AOM. This particular condi-
tion should never prompt a course of
antibiotics.
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9. Draining ear in a child with tympanostomy tubes.
It is appropriate to consider this as a separate
category because the management is different
from that of the child without tympanostomy
tubes. As in a child without tympanostomy
tubes, this should be classified as either acute
or chronic drainage.

Possible Infectious Causes

Bacteria

In children with otitis media, the most frequent
bacteria recovered from ear puncture are S. pneu-
moniae (pneumococcus), nontypable Haemophilus
influenzae, and Moraxella catarrhalis. The frequency
of the various organisms recovered by needle punc-
ture or myringotomy is diagrammed in Figure 5-3.

Approximately 30% of middle-ear cultures show
no growth. This sometimes is the result of a failure
of the culture techniques to detect fastidious bacte-
ria, small numbers of bacteria, bacteria no longer
capable of replication because of antibiotic therapy,
or microorganisms other than bacteria. Sometimes
the patient’s bacterial infection has been eradicated,
although signs and symptoms of inflammation are
still present. In other words, you may have cured
the patient, but the patient may not know that he
has been cured. It used to be thought that anaerobic
bacteria accounted for much of this “no-growth”
percentage,12 but this is no longer believed to be the
case. Aerobic pathogens can be found in middle-ear
fluid by polymerase chain reaction (PCR) in a high
percentage of “sterile” effusions.13 It is still not clear
whether this means these patients will benefit from
antibiotic therapy. The 30% figure also suggests
that in some cases, middle-ear fluid is sterile and
not formed as a response to bacterial infection. It
supports the concepts that (1) eustachian tube dys-

No growth 16%

Streptococcus
pneumoniae 35%

Haemophilus influenzae 23%

Moraxella (Branhamella)
catarrhalis 14%

Pseudomonas aeruginosa 1%

Other bacteria 28%

α Streptococci 3%
Group A streptococci 3%

Staphylococcus aureus 1%

■ FIGURE 5-3 Frequency of various microorganisms found by tympanocen-
tesis in 2807 cases of acute otitis media. (Adapted from Bluestone CD, et al.
Pediatr Infect Dis J 1992;11:S7–S11)

function is the basic mechanism of otitis media, and
(2) not all cases of otitis media require therapy.

Gram-negative enteric bacteria and S. aureus
were the bacteria most frequently recovered from
the middle ear of premature or term neonates in
some early studies and may have represented the
nasopharyngeal flora of these infants,14 as subse-
quent studies have indicated that these bacteria are
uncommon in infections. Young infants occasion-
ally have Group B streptococci recovered from the
middle ear.15 The recovery of Neisseria species or
of S. epidermidis, which are not usually associated
with disease, also suggests that some bacteria re-
covered from the middle ear are, in fact, normal
flora of the nasopharynx that have reached the mid-
dle ear after eustachian tube dysfunction and are
not the cause of the otitis media. In addition, inade-
quate disinfection of the ear canal before tympano-
centesis may be a factor, as S. epidermidis and diph-
theroids are especially likely contaminants from the
external ear canal.16 The possible contribution of
these low-virulence organisms to the illness has not
been adequately evaluated; they may be important
in some cases. If a young infant (less than 2 months
of age) has otitis media and appears toxic, hospitali-
zation, tympanocentesis, lumbar puncture, blood
culture, and intravenous antibiotics are indicated.
AOM with low-grade fever in a well-appearing
young infant can usually be treated with oral antibi-
otics provided that close follow-up can be ensured.

Viruses

It has now been well established that viruses can
not only predispose to otitis media because of in-
flammation of the eustachian tubes, but they can
also be etiologic agents of otitis media.17,18 Respira-
tory syncytial virus, parainfluenza viruses, cox-
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sackie viruses, and others have been recovered from
middle-ear fluid by conventional cell culture.19

Studies suggest that the concomitant presence of a
viral pathogen and a bacterial pathogen in the mid-
dle-ear space signals a disease process that is more
difficult to eradicate.20 On occasion, a virus is the
only pathogen recovered. Viral antigens and genetic
material have also been found by ELISA and PCR.
PCR positivity for viral antigens does not prove ac-
tive infection, as dead or replication-incompetent
viruses will still produce a positive PCR.

Any respiratory viral infection can serve as an
inciting event for the development of AOM. It is
often thought that RSV is the agent most likely to
do so;21 however, the most comprehensive study
on this issue to date shows that the difference in the
prevalence of otitis media in children with culture-
proven respiratory syncytial virus infection versus
the prevalence in infection with other respiratory
viruses is small.22

Mycoplasma

Bullous myringitis occurs in some cases of experi-
mental infection of human volunteers with Myco-
plasma pneumoniae.23 However, later studies em-
phasize the fact that Mycoplasma is a rare cause of
otitis media, even in the presence of bullous myrin-
gitis.24 In fact, when tympanocenteses are per-
formed in patients with bullous myringitis, the
breakdown of pathogens mirrors that in patients
with AOM in the absence of bullae (i.e., S. pneumon-
iae is most common, followed by nontypable H.
influenzae, and then by M. catarrhalis).24 These find-
ings suggest bullous myringitis is, in fact, nothing
more than a variant of AOM. As such, it should be
treated with the same antibiotics one would choose
for uncomplicated AOM. The clinician should feel
absolutely no compulsion to add erythromycin or
to use an erythromycin-containing antibiotic or a
newer macrolide in the treatment of patients with
bullous myringitis.

Chlamydia

Chlamydia trachomatis appears to be a cause of some
recurrent middle-ear effusions, as discussed later.
Special culture techniques and PCR revealed the
presence of C. pneumoniae in a small percentage of
both acute and refractory cases of otitis media. In
most cases it was not the sole pathogen recovered.25

Noninfectious Etiologies

Hemorrhagic or bullous myringitis can result from
trauma.

Treatment

Many cooperative studies of antibiotics have been
done, and excellent reviews are available.26,27 It is
important to distinguish the subgroup of otitis
media to which a particular management applies.

No Antibiotic Treatment

Physicians in some European countries have
adopted a strategy of watchful waiting (or as one
author phrased it, “masterful inactivity”28) for most
cases of AOM. Analgesics are given. Several pub-
lished studies show a remarkable success rate using
this strategy.28,29 Physicians in the United States
have been reluctant to adopt this concept because
of concerns about mastoiditis, persistent effusions,
spontaneous perforation, and other complica-
tions.26,27 However, the rapid emergence of penicil-
lin-resistant S. pneumoniae in most areas of the
United States has necessitated a rethinking of our
routine antibiotic approach to the care of patients
with otitis media. In the late 1980s, papers that
urged pediatricians to withhold therapy for a subset
of children with otitis media began to emerge.30,31

It has been well recognized for years that a high
percentage of cases labeled “otitis media” will re-
solve without antibiotic therapy.

Recent recommendations from the American
Academy of Pediatrics have emphasized a selective
approach to the treatment of otitis media.32 Patients
with OME (mild redness of the tympanic mem-
brane, low-grade to no fever, a serous fluid collec-
tion behind the drum, and no toxicity) are best ob-
served without antibiotic therapy. Analgesia,
preferably with acetaminophen with or without
topical analgesics, may be prescribed if needed. Pa-
tients with “red ear” should never be administered
antibiotic therapy.

Acute Otitis Media

Patients with true AOM (i.e., bright red, bulging
tympanic membranes; moderate to high fever; se-
vere otalgia; or toxicity) are clear candidates for an-
tibiotic therapy. Therapy should be directed at the
pathogens most likely to require therapy (see next
paragraph).
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Virgil Howie’s early studies of the bacterial etiol-
ogy of otitis media using placebo therapy and serial
tympanocenteses reveal that the spontaneous reso-
lution rate of otitis media is, to a large extent, deter-
mined by the specific pathogen.33 His data show
that of 25 children who had “nonpathogens” (most
of which were probably M. catarrhalis) at the time
of the first tympanocentesis, 7 (28%) had no exu-
date at 2- to 7-day follow-up. Thirteen (52%) of
the 25 had a persistently positive culture. H. influen-
zae was somewhat less likely to spontaneously re-
solve: of 21 initial isolates, 3 (14%) had no exudate
and 12 (57%) remained culture positive by the re-
peat tympanocentesis. In contrast, of 45 children
with isolates of S. pneumoniae, only 2 (4%) had no
exudate, and 36 (82%) were still culture positive at
follow-up tympanocentesis.33 Persistence of viable
bacteria after failed treatment also varies by patho-
gen, being highest in S. pneumoniae infections.34 In
this study, only 5% of cultures of AOM treatment
failures yielded M. catarrhalis, despite the fact that
almost 90% of the M. catarrhalis isolates were beta-
lactamase producers.34 Experience and subsequent
clinical research have proved this fact: AOM caused
by S. pneumoniae is the least likely to resolve on its
own. Group A streptococcal otitis also has a low
spontaneous resolution rate. If there were a way of
knowing which pathogen the patient was harboring,
antibiotic therapy could almost certainly be safely
withheld for most patients with H. influenzae and al-
most all patients with M. catarrhalis ear infections.
The fact that suppurative complications of otitis
media such as mastoiditis are almost never caused
by M. catarrhalis further underscores the low patho-
genic potential of this organism in otitis media.

It is difficult to establish the exact etiologic agent
in any one case of AOM; nasopharyngeal cultures
do not reflect the pathogen infecting the middle-ear
space and are therefore not recommended. Because
there is no way, short of obtaining middle-ear fluid
for culture, of knowing with certainty what patho-
gen is inhabiting the middle ear of a patient, and
because suppurative complications are potentially
devastating, antibiotic therapy against AOM
should, first and foremost, be directed against the
pneumococcus. In doing this, some activity against
beta-lactamase-producing H. influenzae and M. ca-
tarrhalis will be lost, but the trade-off is reasonable,
given the fact that most patients with these other
pathogens will undergo spontaneous resolution of
their disease, even if they have true AOM at the
onset. Studies of inflammatory mediators in serum

have shown that the body’s response to the pneu-
mococcus differs markedly from its response to
other pathogens of otitis media.35 These serologic
findings have a clinical correlate: patients with
pneumococcal otitis media are, in general, sicker
than those with AOM due to H. influenzae or M.
catarrhalis. Specifically, children with S. pneumoniae
AOM are more likely to have a temperature of
greater than 38.5�C and to have red and bulging
tympanic membranes.36,36a The difference is more
pronounced in children less than 24 months of age,
in whom the findings of fever and a red, bulging
tympanic membrane have a sensitivity of almost
60%, and absence of these findings has a specificity
of 98% for otitis media caused by S. pneumoniae.
Pneumococcal otitis media, therefore, can almost
be looked on as a separate disease from otitis caused
by other bacteria. One editorial suggested that phy-
sicians should think only about pneumococcus
when planning therapy for AOM.37

Amoxicillin is still the best drug for initial treat-
ment of AOM, despite increasing penicillin resis-
tance in S. pneumoniae isolates, mainly because of
its excellent penetration into the middle-ear space
and its slow elimination.38,39 “Resistance” is not ab-
solute, but is related to the concentration of drug
needed to inhibit the growth of a bacterial isolate
(MIC). Once the MIC is exceeded, bacterial killing
will take place. The rationale behind high-dose
amoxicillin therapy is to achieve middle-ear fluid
levels that exceed the MIC of the organism. If there
is a high prevalence (greater than about 25%) of
penicillin-resistant S. pneumoniae in your area, it is
prudent to begin therapy with an amoxicillin dose
of approximately 80–90 mg/kg/day, as opposed to
the more traditional dosing of 40–45 mg/kg/day.
In areas of low prevalence, low- or intermediate-
dose amoxicillin can be started, with a follow-up
visit in 48–72 hours. Early studies showed that lack
of clinical improvement in the first 2–3 days pre-
dicted clinical failure of the antibiotic regimen; later
studies correlated the clinical response with early
eradication of the infecting organisms.40 Changing
therapy early in the course of disease is preferable
to treating with an ineffective antibiotic for a full 10
days. The most commonly used second-line agent is
amoxicillin-clavulanic acid. A new formulation of
this antibiotic that contains these agents in a 14:1
ratio and allows for a high-dose regimen without
excessive rates of diarrhea has improved tolerabil-
ity. A child with no improvement after consecutive
3-day courses of two different antibiotics should
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probably undergo tympanocentesis. This has the
benefit of draining the pus, which may be therapeu-
tic, in addition to enabling a sample to be obtained
for culture and sensitivity testing.

A patient with unilateral AOM and ipsilateral
conjunctivitis has otitis-conjunctivitis syndrome.
Patients with this syndrome are more likely to have
H. influenzae as the causative agent of their AOM.
Because of the high likelihood of beta-lactamase
production by H. influenzae isolates, patients with
otitis-conjunctivitis syndrome should be treated
with a drug that is beta-lactamase stable. Trimetho-
prim-sulfamethoxazole (FMP-SMX), amoxicillin-
clavulanate, a second- or third-generation cephalo-
sporin, or a macrolide would be appropriate. Cost
concerns favor a trial of TMP-SMX. No systematic
comparison of these alternatives in this situation
has been performed.

Several acceptable alternative initial therapies are
available for penicillin-allergic patients. Cefpodox-
ime, cefuroxime, and cefprozil have been tested and
found to be reasonably effective in the treatment of
AOM. Cefdinir is a similar drug that has the advan-
tage of being more palatable. Caution must be used
when prescribing cephalosporins to patients with
true penicillin allergy, as there is a small (�5%)
incidence of cross-sensitivity. Cefaclor suspension
should not be used. This antibiotic is unstable in
suspension; one of the breakdown products causes
a rash to occur in some patients. Developing a rash
while taking cefaclor suspension, therefore, does
not prove cephalosporin allergy. In any case, cef-
aclor is a poor choice as empiric therapy for AOM
because its activity against S. pneumoniae is unac-
ceptably low. Loracarbef, ceftibuten, and cefixime
also have relatively poor activity against S. pneumon-
iae. Clindamycin has activity against most strains
of the pneumococcus, but no activity against H.
influenzae or M. catarrhalis, and its use should prob-
ably be reserved for cases in which S. pneumoniae
has been cultured from middle ear fluid. The com-
bination of erythromycin ethylsuccinate and sulfi-
soxazole suffers from the fact that these two drugs
are antagonistic. The newer macrolides (azithro-
mycin and clarithromycin) are popular but offer no
particular advantage over other agents. Pneumo-
coccal resistance against these agents appears to be
on the rise.

Persistent middle ear effusion

Effusion is still present in about 50% of children
10 days after treatment,41 especially those younger

than 24 months.42 With time, the effusion resolves:
90% are resolved within 3 months. After that time,
few cases resolve.43

It used to be common practice to have a 2-week
follow-up visit for all children with AOM. Because
the natural history of the disease is that at least half
of the children will not have a normal ear examina-
tion at that visit, it is prudent to delay the follow-
up visit to approximately 4 weeks in children whose
symptoms have resolved. As mentioned earlier,
children who still have ongoing moderate to severe
symptoms should be seen sooner than 2 weeks,
preferably at 2 to 3 days. Children with continued
effusion, but without symptoms at 4-week follow-
up are best managed by watchful waiting and fol-
low-up evaluation. TMP-SMX for 14 days failed to
promote resolution of effusion in a controlled
study.41

Persistence of middle-ear fluid after acute otitis
media occurs more commonly in white children
under 2 years of age and can cause transiently im-
paired hearing, although long-term follow-up re-
veals normal hearing and normal speech and lan-
guage development in most.44 When an episode of
AOM results in persistence of middle ear fluid for
3 months, as described in the preceding section,
and the tympanic membrane remains immobile,
consultation with an ear specialist is advisable. A
short course of oral steroids in concert with antimi-
crobial therapy has been advocated as a last resort
before referral to an otolaryngologist,45 but not all
studies have shown a beneficial effect.46 Recent
guidelines recommend against their use.46a

Bullous myringitis

As discussed previously, this condition should be
considered a variant of AOM, and treated appropri-
ately. If there are associated middle or lower respira-
tory findings, it may be reasonable to consider ther-
apy with a macrolide, although data about the
efficacy of this approach are lacking.

Asymptomatic effusion

OME can be asymptomatic in early infancy and may
be detected only by routine examination at well-
child visits.47 Fifty percent of effusions in young
infants resolve in one month, but about 15% will
remain unresolved after 3 months. Therapy of this
primarily benign condition with TMP-SMX for 4
weeks significantly increases the frequency of reso-
lution compared with placebo, but the therapy itself
is not benign. A 2-week course of amoxicillin also
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hastens resolution. In the era of antimicrobial resis-
tance, an approach of no antibiotic therapy and
monthly follow-up seems wise, especially in the ab-
sence of risk factors for severe or disseminated in-
fection (extreme young age, prematurity, or immu-
nodeficiency states). Antihistamine-decongestant
combinations offer no additional benefit.48

Neonatal otitis media

Examination of the ear in the newborn requires rel-
atively deeper penetration with the speculum and
pulling of the pinna down and posteriorly in order
to straighten the canal.49 In the first 3 months of
life, hospitalized infants, especially those in inten-
sive care units, may have S. aureus or enteric gram-
negative bacilli recovered on tympanocentesis,50

whereas infants this age seen as outpatients are
likely to have the conventional pathogens.51

It has been suggested that amniotic fluid viscos-
ity is a relevant variable in resorption of middle-ear
fluid in the first 48 hours of life and may be relevant
to the pathogenesis of later middle-ear effusions and
infections in young infants.52 The eustachian tube
is more horizontal, and the tensor veli palatini mus-
cle, the contraction of which opens the tube, does
not have mature function in the young infant. In
fact, innervation and function of this muscle usually
is not complete until about the age of 6 years. This
helps to explain why recurrent otitis media be-
comes a relatively rare disease in children over the
age of 6.

Other Treatment
Oral decongestants and antihistamines were of no
value for AOM or for chronic effusion in two con-
trolled studies.21,48 In the third study, antihista-
mines for AOM were associated with a longer dura-
tion of middle ear effusion.52a In many children,
antihistamines produce sedation, masking the neu-
rologic symptoms of rare complications such as
meningitis or brain abscess. However, antihista-
mines may be helpful in recurrent OME in children
with documented allergic problems. The use of
nonsedating antihistamines in children with this
condition has not been evaluated.

Allergies and upper respiratory infections appear
to disrupt eustachian tube function. Prevention of
otitis media by symptomatic treatment of allergies
has not been demonstrated. The incidence of AOM
are decreased in children given influenza vaccina-
tion53 and also in children who were treated with
respiratory syncytial virus-enriched IVIG for the
prevention of RSV disease.54

Myringotomy

Incision of the tympanic membrane may be useful
for relief of pain but does not appear to significantly
alter the clinical course or prognosis of the illness.22

It rarely has been used in the treatment of AOM
since the 1970s and usually need not be considered
unless medical therapy fails. Myringotomy should
only be performed by physicians experienced with
the procedure. In selected cases, tympanocentesis
can be done to relieve pressure. More frequently,
tympanocentesis is performed to obtain fluid for
culture in refractory cases. The recovery and specia-
tion of pathogens is very helpful because antibiotic
susceptibility testing can be performed and the re-
sults used to guide antimicrobial decisions.

Some physicians are now using a laser device to
puncture the tympanic membrane, principally for
relief of pressure, in cases of severe or refractory
AOM. The true utility of the procedure awaits fur-
ther study; it shows some potential in reducing the
unnecessary use of antibiotic therapy.

Analgesics

Acetaminophen or ibuprofen may be used for relief
of ear pain. On rare occasions, a dose or two of
codeine may be indicated for severe pain. Topical
application of Auralgan, containing dehydrated
glycerin, antipyrine, and benzocaine, may be of
some value in pain relief and may soften earwax for
easier removal. This preparation is especially useful
in the first two or three days of therapy for a full-
blown case of AOM, in which pain can be intense.

Duration of Therapy and Follow-Up

Reexamination, as mentioned earlier, should be
done in 48–72 hours in severe or unresponsive
cases. It can be postponed to 4 weeks for others.
Older children (greater than age 3 or 4) may not
require a formal follow-up examination at all: if the
child says he is feeling better, the condition is al-
most always resolved. Keep in mind that even at
a 4-week follow-up visit, some fluid may still be
present, although it may be sterile.

The optimal duration of therapy has undergone
some intensive investigation over the past few
years.55 Antibiotics with long half-lives, such as
azithromycin, have been recommended to be given
for only 5 days. This recommendation is based on
the fact that a 5-day course provides almost 10 days
of antimicrobial coverage given the disappearance
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of the active drug from the tissues. More recently,
recommendations have been published that chil-
dren at low risk for suppurative complications,
(such as children greater than 4 years old, children
without a history of frequent or severe AOM, and
children without severe disease at the time of diag-
nosis) can be treated for 5–7 days with conven-
tional antibiotics.32 Children less than 5 years old,
those with frequent AOM or a history of severe
AOM or AOM with complications, and patients
with high fever or who are ill appearing at the time
of diagnosis should continue to receive a full 10-
day course of antibiotic therapy.

Studies have shown that one intramuscular in-
jection of ceftriaxone is as effective as a 10-day
course of amoxicillin-clavulanate for the initial
treatment of AOM.56 For treatment of previously
unresponsive cases, three consecutive days of ther-
apy is superior to a single injection.57 However,
the use of ceftriaxone for treatment of otitis media
should not be routine. A single dose of intramuscu-
lar ceftriaxone has been shown to increase penicillin
resistance among the pneumococci colonizing the
nasopharynx.58 Although some refractory cases of
AOM due to multiply resistant organisms will re-
spond to a 3-consecutive-day schedule of intramus-
cular ceftriaxone,32 this approach to therapy is pain-
ful and inconvenient. Sometimes it can allow a
patient to avoid ear surgery, and in those cases it
seems to be the lesser of two evils.

Draining Ears

A new discharge from the external ear canal can be
caused by perforated AOM or acute otitis externa.
Ear drainage is an expected finding in the child
with tympanostomy tubes and AOM. A chronically
draining ear can be caused by chronic otitis media
with perforation, with the draining pus producing
secondary otitis externa. A chronically draining ear
is seldom attributable to otitis externa alone.
Chronic drainage may also be a sign of mastoiditis.

■ OTITIS EXTERNA

Acute Otitis Externa

Otitis externa is defined as redness, itching, or
edema of the external ear canal, with or without
exudate. The ear canal is usually very painful, the
pain perhaps aggravated by chewing. Typically,
pain is produced by moving the pinna and by inser-
tion of the speculum into the external ear. Fever

is uncommon. There may be erythema and edema
around the external auditory canal, so that the phy-
sician may at first suspect mastoiditis or parotitis.
“Swimmer’s ear” is an otitis externa apparently initi-
ated or exacerbated by water in the ear.

Chronic Otitis Externa

This condition is usually secondary to chronic
drainage from a perforated eardrum.

Malignant otitis externa

Occurring predominately in adults, especially dia-
betics, malignant otitis has been observed rarely in
newborn infants, and in children with diabetes mel-
litus or other immunocompromising condi-
tions.59,60 It is characterized by progressive, inva-
sive external-ear infection, typically caused by
Pseudomonas aeruginosa. It is likely that the child
will be in poor general health. The disease may in-
vade the bone of the mastoid, mandible, or skull,
with cranial nerve paralysis or even death.61 Tech-
netium bone scan may be helpful in the early diag-
nosis of osteomyelitis associated with malignant oti-
tis externa.61 A 4-week course of parenteral
antibiotics active against Pseudomonas has been ad-
vised, with surgical drainage only if no clinical re-
sponse is obtained with antibiotics.62 Both an ami-
noglycoside and an antipseudomonal penicillin
should be used, at least for the first week. Patients
who get through this illness may be beset with late
complications including sensorineural hearing
loss,63 stenosis of the external canal, or necrosis of
the tympanic membrane.64

Mechanisms

Otitis externa is usually related to water in the ear
canal. This may be caused by excessive exposure
to water, such as in swimming (especially under
water) or heated whirlpool baths, or by a contami-
nated infant bath sponge or failure to dry the ear
after exposure to water. The external ear canal pro-
tects itself with a layer of cerumen, which normally
removes contaminants by trapping and moving
them slowly toward the outlet of the canal, where
they can be removed by gentle swabbing. Anything
that damages this layer can predispose to external
otitis, including excessive or vigorous cerumen re-
moval with a cotton-tipped swab. Parents should
be instructed that it is neither necessary nor advis-
able to put cotton-tipped swabs into the external ear
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canal. Problems of earwax build-up in the external
canal are also sometimes related to attempts at wax
removal. Inexperienced people may actually be
pushing the earwax closer to the tympanic mem-
brane, where it can collect. Once the wax dries, it
is harder for it to move toward the outlet as it
should. This can also macerate the epithelium of
the canal and predispose to otitis externa.

Otitis externa is more common in the summer.
This is presumably because more people are swim-
ming in the summertime; however, some experts
believe that excessive humidity of the hot summer
air may be a cause, as well.

Etiologies

The principal differential diagnostic problem in a
draining ear is distinguishing otitis externa from
otitis media with perforation and drainage obscur-
ing the eardrum. The problem is complicated by
the fact that a chronically draining ear secondary
to otitis media may predispose to subsequent otitis
externa. A history of recent swimming or of past
otitis media is helpful. Physical examination includ-
ing manipulation of the canal is also helpful. Pa-
tients with rupture of the tympanic membrane (TM)
from otitis media will often have a history of severe
ear pain with rather sudden resolution, as rupture
of the TM often brings relief of pressure pain. They
may also have had fever prior to the rupture of the
TM. In contrast, patients with otitis externa usually
have increasing symptomatology, without a history
of relief. Fever is uncommon. Movement of the tra-
gus is sharply painful.

Suctioning of the drainage may allow the clini-
cian to see the perforation of the TM. Perforations
may also alter the results of tympanometry, as it
measures the volume of air communicating with
the external auditory canal.

P. aeruginosa is the organism most often re-
covered in acute otitis externa, whereas S. pneumon-
iae, H. influenzae, or beta-hemolytic streptococci are
more common in AOM with rupture. In addition
to Pseudomonas, Proteus species, Escherichia coli, or
anaerobes may be recovered from a chronically
draining ear. Candida, Aspergillus, or other fungi can
cause otitis externa, especially in hot, damp
climates.62

Allergic otitis externa is not unusual and may
result from eardrops or chronic eczematoid otitis
externa. Other diseases, such as Langerhans cell his-

tiocytosis and Wegener’s granulomatosis, are rare
causes of draining ears.

Laboratory Approach

Gram Stain

In a chronically draining ear, a Gram stain may
reveal more than one kind of gram-negative rod. If
only one grows out in culture, the other may be an
anaerobe.

Culture

Patients with external ear drainage secondary to oti-
tis externa need not have cultures performed. Pa-
tients with chronic otitis media with drainage
through a perforated TM or myringotomy tube
should have cultures done on the pus. Swabbing
pus that is already present in the canal usually yields
a mixture of aerobes and anaerobes, most of which
are commensals and do not provide any useful in-
formation. If the area can be cleaned first, fresh
pus is occasionally recoverable. An ENT specialist
is able to suction pus from the PE tube orifice or
from a perforation, and thus get a more useful speci-
men. If a culture is obtained within 24 to 48 hours
in perforated otitis media, it may provide useful
information even without disinfection of the ear
canal.65 This is a practical office procedure for any
office set up to do throat cultures for beta-hemolytic
streptococci, although H. influenzae will not be re-
covered unless the swab is smeared on a chocolate
agar plate and incubated in a candle jar.

Often, the culture shows no growth or yields
only a skin contaminant. However, if pneumococci,
H. influenzae, or beta-hemolytic streptococci are re-
covered, the culture is useful and indicates drainage
from a recently perforated otitis media. Recovery of
P. aeruginosa, S. aureus, or an enteric gram-negative
rod suggests exudate from otitis externa or a chroni-
cally infected, perforated otitis media. Pseudomon-
ads, however, are frequently commensal; their re-
covery must be interpreted in clinical context.

Treatment of Otitis Externa

Antibacterial Eardrops

Dilute (0.25%) acetic acid can be effective against
P. aeruginosa and is inexpensive. A 1:1 mixture of
household vinegar (dilute acetic acid) and rubbing
(isopropyl) alcohol adds the drying effect of alcohol



CHAPTER 5 • EYE, EAR, AND SINUS SYNDROMES86

and may also be used. Cortisporin (polymixin B-
bacitracin-neomycin-hydrocortisone) suspension
can be used without much irritation of the middle
ear if the drainage is from a perforation. The clear
Cortisporin solution has a theoretical advantage of
allowing the canal to be better visualized, but is
more acidic than the suspension and often is poorly
tolerated because of burning or stinging.62 Oph-
thalmic solutions of Cortisporin or gentamicin may
be tried even if Cortisporin suspension is not toler-
ated.62 Hydrocortisone-acetic acid (VoSoL-HC) ap-
peared to be as effective as Cortisporin solution in
the treatment of otitis externa.66 Otic Domeboro
solution (2% acetic acid in modified Burrow’s solu-
tion) is another effective local agent that is applied
every 3 or 4 hours. It will relieve pain and reduce
edema. Umbilical tape or commercially available
ear wicks can be used if there is edema of the canal.
If the edema is marked, topical agents are unlikely
to reach their intended sites. In this situation, refer-
ral to an ENT specialist for daily suctioning of debris
and wick placement is often necessary.

Prophylactic use of an antifungal, antibacterial
medication (VoSoL) appeared to prevent swimmer’s
ear in a controlled study of campers.67 Otic Dome-
boro left in for 5 minutes is also effective when
given on arising, after swimming, and at bedtime.62

A hair dryer may be helpful, but the use of cotton
swabs to dry the ear is not recommended,62 as
trauma to the canal facilitates the development of
otitis externa (OE). Ear hoods are of no value.

Analgesia

Dry heat may be helpful for pain. A few doses of
acetaminophen, ibuprofen, or even codeine may
sometimes be necessary.

■ CHRONIC AND RECURRENT OTITIS
MEDIA

Definitions

Recurrent otitis media

Recurrent AOM has been defined as more than
three episodes of AOM within 6 months.68 The
middle ear is normal, without effusions, between
episodes.

Chronic otitis media

Called chronic serous otitis in the past, this pattern
is usually defined as a middle-ear effusion that has

been present for at least 3 months.68 Persistent
structural changes, such as a persistent eardrum
perforation, imply past otitis but not necessarily
chronic infection. Management of these problems
remains difficult for most physicians, and only an
introductory discussion of the principles will be
given. Some sort of eustachian tube dysfunction is
the principal predisposing factor.

Chronic Draining Ear

The diagnosis of chronic draining ear can be made
on the basis of a reliable history. Typically, there is
a chronic suppurative otitis media (CSOM) with a
perforation. Perforations that occur at the margin
are a special problem, because they are often associ-
ated with cholesteatomas, discussed later in this
section. Chronic draining ear may also be a sign of
mastoiditis. CSOM in the child with tympanostomy
tubes is a particularly common problem, occurring
in 5% to 10% of tube insertions.69

Recurrent Draining Ear

Recurrent draining ear should be the working diag-
nosis when an ear discharge is present intermit-
tently. The diagnosis of otitis externa can be made
if a perforation can be excluded, as discussed earlier
in the chapter.

Persistent Middle-Ear Effusion

When an episode of otitis media results in persis-
tence of middle-ear fluid for 3 months, as described
in the preceding section, and the tympanic mem-
brane remains immobile, consultation with an ear
specialist is advisable.70,71 Persistence of middle-ear
fluid after AOM is more common in white children
under age 2.72

Terms that imply knowledge about the character
of the middle-ear fluid (such as serous otitis) or
the mechanism of pathogenesis (such as secretory
otitis) should be reserved for cases in which the
physician is certain they are correct. Otherwise, the
term otitis media with effusion (OME) should be
used.

Rarely, the drum appears purple or blue as a
result of bloody fluid.73 Trauma can also cause this
clinical picture.

Bone conduction (sound heard through the mas-
toid) is better than air conduction (sound heard
through the external auditory canal). Sound from
a tuning fork placed on the top of the skull is
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lateralized to the ear with the greater impairment
of hearing.

If the ear is punctured for examination of the
fluid early in the course of the illness, the fluid is
usually thin and yellow (serous); later in the course,
the fluid becomes more viscid and adhesive (glue-
like), and the eardrum may appear retracted. Some
authorities believe that production of fluid of these
two consistencies is caused by different mecha-
nisms rather than by differences in duration of ill-
ness,74 but this remains unproved.

A spinal fluid leak into the middle ear is a rare
cause of unilateral middle-ear fluid and can result
from head trauma or without any recognized
injury.75

Possible Mechanisms

Eustachian Tube Dysfunction

For all practical purposes, all children from birth
to age 4 or 5 can be considered to have some degree
of eustachian tube dysfunction, as the innervation
of the tensor veli palatini muscle is not complete.
A subset of children has very poor function: ob-
struction, reflux, and failure to clear middle-ear
fluid are the most common dysfunctions. For exam-
ple, cleft palate is invariably associated with OME
secondary to eustachian tube dysfunction.76

Other Mechanisms

Risk of recurrent or chronic middle-ear infections
may also occur or be increased by mechanisms in-
dependent of eustachian tube dysfunction. Defects
of mucociliary action77 or of protective immuno-
logic mechanisms of the middle ear may also be
involved in infection in the absence of true obstruc-
tion. The clearing of the middle-ear fluid of bacteria
in H. influenzae or S. pneumoniae infection is closely
related to whether a specific antibody can be found
in the fluid.78 Therefore, some children with immu-
noglobulin deficiencies have frequent otitis media
(see chapter 23). Exposure to environmental to-
bacco smoke and day-care attendance both increase
the risk of AOM. Breast-feeding is protective against
AOM, probably because of the transfer of secretory
IgA as well as a more upright feeding position in
comparison to bottle-fed infants.79

Allergy

Hypersecretion of mucus on an allergic basis is an-
other possible explanation of middle-ear fluid for-

mation without obstruction.80 Obstruction of the
eustachian tube by edema of lymphoid hypertrophy
secondary to allergy has also been postulated.81

Disordered Mucous Production or Primary
Ciliary Dyskinesia

Patients with cystic fibrosis are at risk of frequent
otitis media. Ciliary dysmotility as a predisposing
factor in frequent AOM is discussed in the section
on primary ciliary dyskinesia, later in this Chapter
(and in Chapter 23).

Infectious Causes

Recurrent Otitis

The bacteria in recurrent AOM are the same as those
in a single first episode, except that in children who
have undergone multiple courses of antibiotic ther-
apy, the causative agents tend to become increas-
ingly resistant over time.82 Second episodes are
more often new infections with a different pathogen
than they are recrudescences of the old pathogen.

Chronic Otitis Media

Typically, these patients have had several courses
of different antibiotics, so the nasopharyngeal flora
and the middle-ear fluid often contain resistant bac-
teria. P. aeruginosa was recovered frequently on
tympanocentesis in one study of 36 children with
chronic otitis media.83 Another study found H. in-
fluenzae most frequently in serous effusions (62%)
and S. epidermidis (42%) in mucoid effusions.84 S.
aureus, viridans group streptococci, S. pneumoniae,
enteric gram-negative rods, and anaerobes were
also frequent. Bacteria have been recovered from
tympanocenteses in the absence of middle-ear effu-
sions in a carefully done study.74

Chronic suppurative otitis (CSOM) that has
been treated with numerous courses of conven-
tional antibiotics often is caused by penicillin-resis-
tant S. pneumoniae. Many samples are culture nega-
tive.

When faced with a child with chronic draining
ears despite multiple courses of antibiotics, the cli-
nician should make sure the child does not have
mastoiditis. An ENT specialist should examine the
patient, and careful cultures should be obtained.
Intravenous clindamycin and gentamicin should
provide adequate antibiotic coverage pending the
results of culture. Topical antibiotic drops may be
simultaneously administered.
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Viral or Mycoplasmal Infections

Viruses are certainly a cause of AOM, as described
earlier. Viral or mycoplasmal infections have been
proposed as a possible cause of OME, but there is
little evidence to support this notion. Viral cultures
of serous ear fluid rarely reveal a virus.85 Outbreaks
of some viruses have, however, been temporally as-
sociated with an increased frequency of OME.85

Chlamydia

Recurrent otitis media occurs twice as frequently in
infants born to women who had chlamydia in the
cervix.86

Other

Although M. tuberculosis is a rare cause of chronic
otitis media, it is important to identify.87 A chroni-
cally draining TM is usually found, often with asso-
ciated hearing loss and sometimes with unilateral
facial palsy.88 Nontuberculosis mycobacteria and
fungi are also occasional causes of CSOM and re-
quire specific culture mediator detection.

Treatment and Prevention

Culture of the ear drainage is sometimes helpful as
a guide to antibiotic therapy in chronic otitis media.
If there is a permanently perforated eardrum, the
organisms often enter the middle ear from the out-
side, and enteric bacteria or S. aureus may be found.
Systemic antibiotic therapy is often indicated for
CSOM, but the perforation should be repaired if
possible. Occasionally, the discharge is a primary
foreign-body response to a tympanostomy tube. In
this case, removal of the tube will usually result in
abatement of the discharge.

A study comparing topical ofloxacin otic solu-
tion to oral amoxicillin-clavulanate for the child
with tympanostomy tubes and AOM showed no
significant difference in the cure rate.89 Topical
ofloxacin has good activity against Pseudomonas and
is thus usually effective for cases of CSOM in chil-
dren with tympanostomy tubes as well. Rarely, in-
travenous antipseudomonal agents are required.69

Chemoprophylaxis

In the recent past, children with frequent episodes
of AOM were often given chemoprophylaxis to pre-

vent the development of new episodes. Ampicillin
was shown to be effective for prophylaxis of native
Alaskan children with frequent purulent otitis
media.90 Chemoprophylaxis with sulfisoxazole was
more effective than placebo in a study of New York
children with frequent otitis media.91 However, in
this era of increasing antibiotic resistance among
the organisms that cause otitis media, some experts
question the wisdom of initiating chemoprophy-
laxis under any circumstances. In essence, chemo-
prophylaxis is designed to provide a continuous low
concentration of antibiotic in the middle-ear space,
a condition that, at least in theory, maximizes the
chances of developing antibiotic resistance. There
are no prospective trials evaluating whether chemo-
prophylaxis actually produces more antimicrobial
resistance, but the setting is certainly ideal. Thus
maximizing treatment by episode, and referring the
most refractory patients for myringotomy tube
placement is often a better option than chemopro-
phylaxis.

Vaccine Prophylaxis

The use of the polysaccharide pneumococcal vac-
cine has not proved efficacious92 in the prevention
of recurrent otitis media, except perhaps in asth-
matic children.93 However, the protein-conjugate
pneumococcal vaccine is immunogenic in both oti-
tis-free and otitis-prone children.94 The vaccine also
decreases, albeit modestly, the incidence of otitis
media in vaccine recipients.94a All of the major sero-
types of the pneumococcus that cause otitis media
are in the conjugate vaccine, and presumably good
antibody titers to these pathogens should be helpful
in the host defense against otitis media. In some
studies vaccination against influenza virus has been
shown to decrease the incidence of AOM in chil-
dren by approximately 30%.95 However, a repeat
randomized controlled trial failed to demonstrate a
reduction in AOM in children give a inactivated
influenza vaccine.95a

Other Therapy

Antihistamines and nasal decongestants are of un-
proved value, either alone or in combination.96 An
antihistamine was no better than placebo in one
study of treatment and prevention of OME.97 There
is not much evidence supporting the pathogenic
role of allergies in OME; therefore, most experts do
not recommend referral to an allergist, even for
those who seem allergy prone. Obviously, allergen
avoidance pays other dividends to these patients.
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Cigarette smoke exposure should be minimized. If
possible, day-care attendance should be kept to a
minimum, and children should be enrolled in small
day-care centers if available. Breast-feeding should
be encouraged. There is no scientific evidence to
support claims that alternative therapies, such as
chiropractic manipulation, homeopathy, or naturo-
pathic remedies, provide any benefit to patients
with frequent otitis media.32,46a Two studies from
the same group showed that children who chew
xylitol-containing gum have a reduced incidence of
otitis media,98,99 unfortunately, the age group that
has the highest incidence of recurrent otitis media
is too young to obtain these benefits.

Stopping the practice of allowing the baby to
suck from a bottle while supine (bottle-propping)
may eliminate many situations of recurrent otitis
media.100

Complications

Hearing Impairment

Serial audiometric examinations of patients with
AOM indicate some temporary hearing loss in the
majority and persistent hearing loss in about
12%.101 Because of the correlation between the ap-
pearance of the eardrum and hearing loss, audiome-
try should be considered at 6 and 12 months after
a protracted episode of middle-ear space disease,102

as such hearing impairment could potentially result
in substantial learning and speech acquisition de-
lays if not recognized.103

Extension of Infection

Brain abscess, meningitis, and lateral sinus throm-
bosis are rare sequelae of otitis media because the
use of antibiotics has become widespread.104 Mas-
toiditis (discussed later) is much more common
than any of the preceding complications. The oc-
currence of infection in contiguous spaces other
than the mastoid is rare, even in countries that do
not routinely prescribe antibiotic therapy for chil-
dren with otitis media.30

Paralysis

Facial nerve paralysis or oculosympathetic nerve
paralysis (constricted pupil with ptosis) is rare but
has been reported.105

Vestibular Symptoms

Occasionally, children with otitis media present
with balance problems secondary to involvement
of the vestibular system.106

Cholesteatoma

An enlarging mass of stratified squamous epithe-
lium, a cholesteatoma is dangerous because it is
invasive and can erode bone. It can begin with an
invagination or perforation of the tympanic mem-
brane. It usually is related to chronic adhesive mid-
dle-ear infection.107 Adhesive OM refers to a condi-
tion caused by healing of chronic inflammation in
the middle ear that leads to proliferation of fibrous
tissue in the mucosal lining and impairment of
ossicular movement. Rarely, a cholesteatoma is con-
genital108 or the result of implantation of tympanos-
tomy tubes.109 On otoscopic examination, a choles-
teatoma appears as white, shiny, greasy debris
behind the tympanic membrane, often accompa-
nied by foul-smelling discharge. It cannot be cured
by antibiotics but must be removed surgically be-
fore it becomes infected and allows infection to
spread to bone or brain. Cholesteatoma is usually
a silent, painless disease.

Otitic Hydrocephalus

Bulging of the anterior fontanelle may be a compli-
cation of severe bilateral otitis media.110 It can be
secondary to increased intracranial pressure with
spontaneous recovery, or less commonly, a result
of lateral sinus thrombosis.

Referral to an Otolaryngologist

Referral for ear infection is indicated under the fol-
lowing conditions:111–114

1. For myringotomy for unusually severe pain,
concurrent intracranial suppuration, or a sus-
pected unusual pathogen in an immunosup-
pressed child. Myringotomy may also be indi-
cated for children with persistence of acute
symptomatic otitis media that progresses or fails
to improve at all after reasonable first- and sec-
ond-line therapy. In this case, myringotomy is
not performed simply to allay symptoms, but to
provide material for culture and antibiotic sensi-
tivities. The timing of referral for this procedure
may depend somewhat on the prevalence and
severity of antibiotic-resistant pneumococcal
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isolates in a practitioner’s patient population. In
general, there is a higher percentage of resistant
organisms among patients with frequent otitis
media, a history of recent broad-spectrum anti-
microbial use, and day-care attendance. Even
children who have never had even a single
course of antibiotics may harbor drug-resistant
organisms if they attend a day care or reside with
siblings with recent antibiotic use.115 Simple
myringotomy in the office is usually not suffi-
cient to facilitate adequate drainage of an effu-
sion that persists after an ordinary episode of
AOM.116

2. For tympanostomy tube placement for persis-
tent (more than 3 or 4 months) middle-ear effu-
sion, or for recurrent otitis media (four or more
episodes in 6 months or 6 or more episodes in
12 months) when all other measures have failed.
Tympanostomy tube placement should be per-
formed at a time that will maximize its benefit.
For example, it is often possible to avoid tympa-
nostomy tube placement near the end of the re-
spiratory virus season, when frequent recurrent
AOM is likely to resolve anyway. Similarly, be-
cause the peak age of AOM is 6 to 24 months,
if the child is approaching his or her second
birthday, the frequency of middle ear infections
is likely to decrease even without tube place-
ment. Parents should clearly understand that
improvement from the procedure is temporary
(usually 6 to 9 months). Tympanostomy tubes
have been associated with the long-term devel-
opment of tympanosclerosis,117 which can im-
pair tympanic membrane mobility.

3. For mastoidectomy for simple chronic mastoid-
itis with draining purulent otitis media that fails
to stop after 1 to 2 weeks of appropriate intrave-
nous antibiotics118 and for acute suppurative
mastoiditis with postauricular swelling (see next
section).

Studies on the value of adenoidectomy in the
prevention of eustachian tube obstruction and re-
current otitis media have reached conflicting re-
sults; however, it is now generally believed that re-
current AOM in and of itself is not an appropriate
indication for adenoidectomy.

■ MASTOIDITIS
Mastoiditis refers to infection of the mastoid air
spaces and/or the bones that surround them. The
mastoid air cells communicate with the middle ear,
and their mucous membrane is contiguous with

that of the middle ear. All purulent middle-ear in-
fections, therefore, probably involve the mastoid air
spaces to some degree. The clinical syndrome
known as acute mastoiditis is a more severe involve-
ment of those air spaces or bone in the infectious
process. Pressure can build up in the middle-ear
space when the tympanic membrane is intact and
the eustachian tube is completely obstructed; this
probably participates in the pathogenesis of acute
mastoiditis.

Acute mastoiditis is an uncommon but not rare
complication of otitis media. Although accurate
numbers are not kept, acute mastoiditis is probably
on the rise in the last few years.119 This slightly
increased incidence is likely not due to, as some
have speculated, the decreased use of antibiotics
in otitis media, but rather to the rise in resistant
organisms due to the overuse of antibiotic ther-
apy.120 Mastoiditis occurred in 4 cases out of 6800
in a Dutch study of otitis media in which antibiotics
were never given at the time of presentation but
were reserved for patients who failed a trial of “tinc-
ture of time” plus pain medications. All patients
had mild cases of mastoiditis that responded to oral
antibiotic therapy no more intensive that what we
use to treat uncomplicated otitis media in the
United States.30

Acute mastoiditis should be suspected when oti-
tis media is complicated by mastoid pain, tender-
ness, erythema, or swelling behind the ear. Often,
there has been recent perforation of the tympanic
membrane; drainage may or may not be ongoing at
the time of examination. The ear typically is pushed
forward and down by the postauricular swelling
in children less than 1 year of age, whereas older
children have a pneumatized mastoid process, and
the ear lobe is elevated.121 Radiographs typically
reveal clouding or one or both mastoids and may
show destruction and coalescence of mastoid air
cells (osteitis). Mastoiditis may be considered an
abscess; antibiotic therapy may help contain or lo-
calize infection, but surgical drainage is often
required.

Chronic mastoiditis typically occurs in children
with a chronic draining ear, who may have no phys-
ical signs of mastoid disease.

Computed Tomography Scans

Where there is clinical evidence suggesting intracra-
nial complications, a cholesteatoma, or chronic
mastoiditis producing a chronically draining ear, a
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computed tomography (CT) scan is usually
helpful.122,123

Differential Diagnosis

Otitis externa may produce sufficient redness
around the ear canal to resemble mastoiditis, but
the tenderness is centered in the canal, not over the
mastoid area. In otitis externa, there is often pain
when the auricle is gently manipulated, whereas
this does not usually occur with mastoiditis. A fu-
runcle within the ear canal can produce swelling
and tenderness, but is usually not associated with
fever or “toxicity.” Parotitis may push the ear out
and can be mistaken for mastoiditis. Cellulitis or a
wound infection behind the ear usually has a visible
site of injury on careful examination.

Possible Etiologies

In acute mastoiditis, pneumococci, other strepto-
cocci, and S. aureus appear to be the most common
causes.121 H. influenzae and the bacteria found in
chronic mastoiditis are less likely. M. catarrhalis is
almost never seen.

In chronic mastoiditis or in acute mastoiditis
complicating chronic otitis that has been treated
with many courses of antibiotics, anaerobic bacte-
ria, enteric bacteria, and P. aeruginosa are more
likely.124 In the last few years, we have seen several
cases of acute mastoiditis caused by multiply drug-
resistant S. pneumoniae in patients with frequent oti-
tis media and numerous courses of broad-spectrum
antibiotics.

Rarely, mycobacteria such as M. tuberculosis or
M. avium-intracellulare will produce an acute or
chronic mastoiditis in an immunocompetent
child.125

Some patients with acute suppurative mastoid-
itis and cultures reported to be sterile may in reality
have been infected with anaerobic upper-respira-
tory flora such as Fusobacterium.126

Treatment

For acute mastoiditis, a myringotomy should be
done if the ear is not already draining adequately.
Intravenous antibiotics (such as a third-generation
cephalosporin) that cover the most likely pathogens
should be given and adjusted in accordance with
culture results. Antibiotic therapy should be contin-
ued for a minimum of 3 weeks; in cases with exten-
sive bony involvement, 6 weeks is sometimes re-

quired. In one study, the mastoid radiograph
played no part in the decision to operate, which was
based on the presence of a subperiostial abscess,127

manifested clinically by postauricular fluctuance.
Some children in that study who had postauricular
swelling thought to be small abscesses were man-
aged with antibiotics alone or incision and drainage
after needle aspiration. A few children thought to
have acute disease were found at operation to have
unrecognized chronic mastoid disease, including
one cholesteatoma.

The authors of another study of acute mastoiditis
recommended that children without a neurologic
complication or subperiosteal abscess be treated
with myringotomy and intravenous antibiotics and
that the need for mastoidectomy be reassessed in
those who fail to respond in 24 to 48 hours.128

In a chronically draining ear that fails to respond
to two or more courses of oral antibiotics, a CT
scan may indicate a chronic coalescent mastoiditis,
which will usually improve after mastoidectomy.
Antibiotic therapy should cover anaerobes and P.
aeruginosa; for example, intravenous clindamycin
and gentamicin, or the combination of ceftazidime
or ticarcillin and gentamicin can be given until cul-
ture results are known. Many microbiology labora-
tories will not culture surface ear drainage for anaer-
obes. Ear drainage should be gram stained and, in
chronic disease, stained for acid-fast organisms.

Complications

Unrecognized mastoiditis can extend to the brain
or meninges, producing brain abscess or meningi-
tis.123,128,129 Even in the antibiotic era, complica-
tions of mastoiditis can occur: Goldstein et al. noted
that 18 (25%) of 72 children with mastoiditis re-
quired total mastoidectomy for subperiosteal or Be-
zold’s abscess (an abscess of the deep neck spaces),
or cholesteatoma; complete or partial facial paraly-
sis occurred in 31%; petrositis requiring mastoidec-
tomy was found in 6%; and labyrinthitis was diag-
nosed in 7%.130 Lateral sinus thrombosis is a rare
complication.

■ SINUSITIS

Definitions

Sinusitis in children is a complex and controversial
subject.131–133 Dr. Ellen Wald proposed what is
perhaps the most useful operational definition in
her extensive studies of sinusitis in childhood; si-
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nusitis may be reasonably diagnosed when children
have symptoms of a common cold that last longer
than 10 days without any improvement. This will
be discussed in more detail later. Any sort of opera-
tional definition is better than the consensus defini-
tion from a symposium on sinusitis, which was “an
inflammation of the mucosal lining of the paranasal
sinuses.” Sinusitis can be classified as acute if � 4
weeks in duration, subacute when 1–3 months in
duration, and chronic if it lasts greater than 3
months.

Acute purulent sinusitis can be defined as pus
in a sinus, as seen coming from an orifice of a sinus
or found at aspiration of the sinus. Radiologic sinus-
itis can be defined as mucosal thickening, air-fluid
interfaces, or complete sinus opacification. Sinus
pain is pain in the area of a sinus, particularly under
the maxillary or frontal bones. Other sinus symp-
toms include nasal discharge and obstruction, mal-
odorous breath, and daytime cough. The problem-
oriented diagnosis of sinusitis symptoms can be
used when sinus roentgenograms are not done and
the sinus openings cannot be directly observed. The
particular sinuses involved should be stated.

Experimental Studies

Sinus pain has been well studied by experiments
in adults using stimulation by an electric probe,
heat and cold, or sinus pressure.134 In the classic
studies of sinus pain by McAuliffe and associates in
1943, it was found that the most pain-sensitive area
is the mucosa covering the nasal openings (ostia)
of the paranasal sinuses (Fig. 5-4). Although pain

■ FIGURE 5-4 Orifices of paranasal sinuses, nasolacrimal duct, and eustachian tube.

may be referred to the sinus cavity, the mucosal
cavity within the sinus is relatively insensitive to
pain.134

These investigators used a wire insulated by var-
nish to its tip to produce the faradic current stimu-
lation. The same electric stimulus that was felt as
1� pain on the tongue was felt as 4� to 6� pain
on the nasal turbinates and 6� to 9� pain when
applied to the sinus ostia. However, the same stimu-
lus produced only 1� to 2� pain when applied
to the mucosa in the frontal or maxillary sinus cav-
ity.134 The stimulus to the opening of the sinus cav-
ity produced pain that was referred to a site other
than the opening, namely, the cavity of the sinus.
The pain was described as diffuse, deep, aching,
nonpulsatile, and sustained. Pain in the back of the
head or the neck never resulted from stimulation
of the nasal mucosa. These investigators concluded
that headaches not associated with turbinate en-
gorgement or inflammation and not reduced by
nasal vasoconstriction or nasal anesthesia are not
caused by disease of the nasal or perinasal
structures.134

Sinus pain and sinus symptoms are probably
many times more frequent than true bacterial sinus-
itis. This is probably because of the common prac-
tice of diagnosing sinusitis when nasal symptoms
are present and pain is referred to the sinuses. This
fact may partially explain why somewhere between
30% and 65% of episodes of “sinusitis” resolve
without therapy. It stands to reason that many cases
self-diagnosed as sinusitis are really inflammation
localized primarily to the nasal mucosa and might
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be more accurately called sinus pain or sinus
symptoms.

Age Factors

The age distribution of sinusitis in children depends
on the age at which the sinuses develop and are
large enough to form a cavity that can be ob-
structed.135 Development of the maxillary and eth-
moid sinuses begins in utero, but these sinuses are
not usually well enough developed to be clinically
relevant until about the age of 2 years. The frontal
and sphenoid sinuses are identifiable and can be-
come clinically important by about 6 years of age,
although most patients with clinical infections of
these sinuses are at least age 10. In general, the
younger the child, the less frequent the complaint
of sinus pain, an observation that has been attrib-
uted to their relatively large ostia, which are less
likely to be under pressure.

Predisposing Factors

Sinusitis follows retention of secretions, which may
have several contributing factors: first, obstruction
of the sinus ostia; second, decrease in number or
function of cilia; third, a change in the production
or the viscosity of the secretions. The most common
predisposing factor is a recent viral upper respira-
tory infection; bacterial sinusitis complicates
0.5–5% of episodes of the common cold.136 Me-
chanical obstruction can be caused by nasal mu-
cosal swelling from viral infection, swimming,
trauma, foreign bodies, polyps, or a deviated nasal
septum.131 Nasotracheal intubation may also lead
to obstruction and the development of sinusitis in
intensive care unit patients.137 Ciliary function is
abnormal in patients with primary ciliary dyskine-
sia (with or without situs inversus [Kartagener’s
syndrome]).138 Viral infections, especially influenza
or parainfluenza virus infection, can rapidly immo-
bilize cilia, even in normal hosts.131 Cigarette or
cigar smoking also leads to inactivation of cilia on
respiratory epithelial cells and exposure to environ-
mental tabacco smoke alters nasal mycociliary
clearance.138a Mucous secretions are abnormally
viscous in patients with cystic fibrosis139 and be-
come abnormally copious in patients with respira-
tory viral infections. Patients with chronic rhinitis
due to allergy and patients with asthma are prone
to the development of sinusitis.140,141 Occasionally,

BOX 5-2 ■ Possible Predisposing Factors for
Recurrent or Persistent Sinusitis

Allergy
Primary ciliary dyskinesia
Wegener’s granulomatosis
Nonbacterial infection (i.e., fungal sinusitis—see

text)
Nasotracheal intubation
Nasogasmic tube 
Cystic fibrosis
Angiofibroma of nasopharynx
Immunocompromised status
Dental infection
Cyanotic congenital heart disease

patients with deficiencies in immune function, es-
pecially humoral immune deficiencies, will have
chronic or recurrent sinusitis.142 Although this has
not been well studied in children, one study of adult
patients with HIV/AIDS showed a 54% prevalence
of self-diagnosed sinusitis. Patients also self-re-
ported that their sinonasal disease severity was sig-
nificantly higher than that of mouth or throat dis-
ease, ear disease, or neck and salivary gland
disease.143 Finally, cyanotic congenital heart dis-
ease is frequently complicated by sinusitis (Box
5-2).

Association with Other Diseases

Purulent otitis media occurs with purulent sinusitis.
Bronchiectasis is often secondary to or associated
with sinusitis.

Cystic fibrosis should be considered in patients
with chronic sinusitis or nasal polyposis.139 Wegen-
er’s granulomatosis is a rare disease that may pres-
ent as a clinical triad of chronic sinusitis, nodular
or cavitary pulmonary lesions with hemoptysis, and
hematuria.144 Angiofibroma of the posterior naso-
pharynx typically occurs in adolescent boys and
may produce refractory sinusitis because of
obstruction.145

Midline granuloma is an extremely rare disease
associated with sinusitis. Fungal sinusitis should be
considered in immunocompromised individuals,
but also occurs in healthy persons.142 The preva-
lence of fungal sinusitis increases with the duration
of the symptoms. Mucormycosis is fortunately a
rare disease that should be considered when severe
necrotizing rhinitis is observed in patients with dia-
betes mellitus or malignancy.
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Primary Ciliary Dyskinesia (PCD)

Primary ciliary dyskinesia (PCD) is the term for dis-
eases that are characterized by various ultrastruc-
tural aberrations in the dynein arms or radial spokes
of the cilia of the respiratory epithelium of the nose,
bronchi, and middle ear.138 Also, the tails of sper-
matozoa are usually immotile because of absent
dynein arms. Mucociliary clearance is defective be-
cause of the resultant inadequacy of ciliary motion.
Acute sinusitis and otitis media are frequent, and
eventually bronchiectasis occurs.146,147 Children
with PCD also often have chronic rhinitis, nasal
polyps, absent or underdeveloped sinuses, chronic
bronchitis, and recurrent pneumonia. The diagno-
sis can be made by electron microscopy of biopsies
taken from the nasal mucosa.

A subgroup of PCD, Kartagener’s syndrome, was
described early because of its associated dextrocar-
dia.148 The syndrome is a triad of sinusitis, bronchi-
ectasis, and situs inversus and is usually suspected
if the chest x-ray is properly labeled as to left and
right sides. In about half of patients with PCD, the
heart rotates normally to the left during embryonic
development, whereas the other half (those with
Kartagener’s syndrome) have dextrocardia.149

Acute Purulent Sinusitis

Acute purulent sinusitis, as mentioned earlier, is
best defined as pus in a sinus cavity. This can be a
relatively certain diagnosis if pus is seen to appear
at a meatus immediately after the area is wiped or
if pus is obtained by cannulation or puncture of a
sinus.131,132 Tenderness to pressure over a sinus
and opaque transillumination, which are suggestive
of sinusitis in adults, are not helpful in young chil-
dren, although children may have pain on percus-
sion.135 This physical examination finding is part
of the most clear-cut pattern of sinusitis in school-
age children or adolescents, which is marked by
leukocytosis, purulent nasal discharge, and sinus
pain. Radiographically, there may be air-fluid levels
visible in a sinus, but sometimes plain films are
normal. The microbiology typically reflects the
normal flora of the nasopharynx in children.

In younger children, sinusitis usually presents
differently than in older children, often as a pro-
tracted common cold.150 Fatigue, malodorous
breath, nasal discharge that persists without im-
provement for 10 days, daytime and nighttime
cough (probably by a respiratory reflex mecha-
nism), and brief morning periorbital swelling have

all been correlated with purulent sinusitis docu-
mented by sinus aspiration.151

In teenagers and adults, nasal allergy can mimic
sinusitis and may respond to immunotherapy.

Other Patterns of Sinusitis

Subacute or chronic sinusitis is more likely to be
related to an underlying disease. Anaerobes have
predominated in studies of chronic sinusitis, but
the usual respiratory flora may be found.152 These
patients are more likely to have pathogens that are
resistant to standard antimicrobials. Studies in
adults with chronic sinusitis have indicated a high
incidence of fungal pathogens.153 Fungal infections
of the sinus produce a long-standing, indolent dis-
ease course. Allergic inflammation, especially in si-
nusitis induced by Aspergillus species, may predom-
inate. Other black molds (dematiaceous fungi) are
also commonly found. Although these molds are
noninvasive, patients often develop problems sec-
ondary to pressure phenomena and may present,
for example, with proptosis complicating the course
of a chronic sinusitis.154 The diagnostic criteria for
allergic fungal sinusitis are as follows: radiographi-
cally confirmed sinusitis; presence of thick,
black allergic mucini within a sinus, demonstration
of fungal hyphae in the allergic mucini, absence
of fungal invasion; and absence of immune
compromise.154a

Diagnostic Approach

Clinical Diagnosis

Most children with acute, uncomplicated sinusitis
may be diagnosed by history and physical examina-
tion alone, without resorting to either laboratory
tests or diagnostic radiology. The criteria discussed
earlier, namely persistent nasal drainage in associa-
tion with a cold that lasts at least 10 days and is
not improving, is a reasonable operative definition
of sinusitis. However, it should be realized that this
definition results in overdiagnosis of bacterial
sinusitis. In both adults and children with uncom-
plicated colds, about 20–30% will still have symp-
toms of cough or nasal discharge after 10 days of
illness.136,155

Radiography

The reliability of radiographic findings has recently
been clarified. At one time, it was believed that



SINUSITIS 95

many children had radiologic evidence of sinusitis
even in the complete absence of symptoms. This
belief was based on reviews of films obtained in
children with head injuries. However, newer stud-
ies of patients who were carefully selected on the
basis of the absence of symptoms indicated that
radiographic abnormalities of the maxillary sinuses
were rare and that children who had abnormal si-
nuses but who were thought to be “normal” really
had respiratory complaints. In children older than
one year, abnormal maxillary sinus radiographs are
rare and generally indicate inflammatory disease.156

Whether this disease requires therapy is another
matter.

Certain radiographic views are good at showing
sinusitis in certain sinuses: for example, the antero-
posterior view demonstrates the ethmoid sinuses,
whereas the lateral view shows the frontal and sphe-
noid sinuses. Visualizing the maxillary sinuses re-
quires a Waters’s view. Air-fluid interfaces and
complete opacification are fairly obvious x-ray signs
of sinusitis; mucosal thickening is less specific, but
in the right clinical situation can still be helpful.
The sinus mucosae should not be thicker than 5
mm in adults or adolescents, nor should they be
thicker than 4 mm in children. An abnormal
Waters’s view x-ray coupled with clinical signs and
symptoms of sinusitis correlates with positive cul-
ture on sinus aspiration 86% of the time.157

Computed tomography is an even more sensitive
way to view sinus disease at any age. Unfortunately,
however, it has been demonstrated that during the
course of an uncomplicated common cold, most
people have abnormalities of their sinuses by CT
scan.158 Thus, this imaging modality may be overly
sensitive for use in the diagnosis of sinus disease
and should be reserved for patients who fail to re-
spond to therapy or who have historical or physical
examination findings suggestive of suppurative
complications of their sinus disease. A recent study
in adults with chronic sinusitis showed no correla-
tion between findings on CT scan and severity of
clinical symptoms.159 One final reason for discour-
aging the use of CT scans is their expense and
inconvenience.

Clinical study shows that ultrasonic examination
of the sinuses is not as sensitive as either roentgen-
ography or MRI imaging, but may be useful for fol-
low-up imaging in some cases.160

Cultures

Sinus aspiration can be done in selected situations
by an otolaryngologist in the outpatient set-

ting.135,150 Quantitative culture of the aspirate aids
in its interpretation. This is the gold standard that
has helped define sinusitis syndromes.

Indications for maxillary sinus puncture include
immunosuppression, life-threatening complica-
tions, and rarely, relief of severe pain. Culture in
acute sinusitis yields the usual normal upper respi-
ratory flora of children, with a predominance of S.
pneumoniae, H. influenzae, and M. catarrhalis.135 In
chronic sinusitis, anaerobes are frequently found
and may predominate.152 As mentioned earlier, var-
ious types of fungi are also occasional causes of
chronic sinusitis in children. Culture of the nasal
surface correlates poorly with puncture cultures
and is not recommended, although culture of pus
from a sinus ostium after it has been wiped may be
of some value.135

Children with cystic fibrosis are likely to have
P. aeruginosa and anaerobes, as well as the usual
respiratory flora, on maxillary sinus aspiration.161

Differential Diagnosis

The clinical diagnosis of sinusitis in childhood is
fairly uncomplicated. However, there are other dis-
ease states that mimic sinusitis that must be elimi-
nated (see Box 5-3), especially when making the
diagnosis without radiologic guidance.

Treatment

Antibiotics

The first consideration is whether antibiotic therapy
is indicated.132 A placebo was almost as effective
as amoxicillin in one study.162 This result may be
partially due to the fact that the study may have
included people with “sinus pain” rather than a true
sinus infection. There is little standardization in the

BOX 5-3 ■ Differential Diagnosis of Sinusitis

1. Chronic or copious nasal discharge
Nasal foreign body
Allergic rhinitis
Rhinitis medicamentosa

2. Persistent cough
Cough-variant asthma
Cystic fibrosis
Pertussis
Atypical pneumonia
Gastroesophageal reflux
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diagnosis of sinusitis, especially in children. This
problem has led to a lack of consensus in the ap-
proach to treatment. Careful studies of sinusitis in
children suggest that improvement occurs relatively
rapidly; within 48 hours, most children feel signifi-
cantly better, defervesce, and have decreased
cough.152

In an early study, antibiotic treatment of patients
who met the clinical diagnostic criteria resulted in
quicker resolution of symptoms than did treatment
with placebo.151 An attempt to replicate that study
in 188 children with 10–28 days of “sinus symp-
toms” failed to demonstrate benefit over placebo
using either amoxicillin or amoxicillin/clavulanic
acid.163 When bacterial maxillary sinusitis is pres-
ent, therapy directed at the normal upper respira-
tory flora is effective.152 Amoxicillin remains the
drug of first choice, even in the era of antibiotic
resistance, because high levels can be achieved in
the sinuses. Amoxicillin-clavulanate offers the addi-
tional benefit of predictable coverage against beta-
lactamase producing organisms such as H. influen-
zae and M. catarrhalis; its benefits must be weighed
against its increased cost and side effects when com-
pared with amoxicillin. Although studies in adult
patients suggest that azithromycin164 and clarithro-
mycin165 may both be fairly effective in the treat-
ment of sinusitis, studies in children are lacking.
Immunocytochemical study of the mucosal epithe-
lia of adults and children with sinusitis (with and
without cystic fibrosis) suggests that the pathophys-
iology of sinus infection in children may differ from
that of adults,166 which makes extrapolation of
adult studies that much more hazardous. Clarithro-
mycin is somewhat weak against nontypable H. in-
fluenzae, and neither clarithromycin nor azithro-
mycin is consistently active in vitro against
penicillin-resistant S. pneumoniae.

Traditionally, it was believed that a long course
of therapy was necessary. Adults were generally
treated for 21 days. Most experts are now treating
adults with shorter courses, and for children a 10-
to 14-day course is adequate. Longer therapy may
be appropriate in certain situations (e.g., when a
patient is improving greatly but is not completely
well at the end of a 2-week course). Children with
chronic sinusitis may require 3 to 4 weeks of con-
tinuous antibiotic therapy. Those who fail to re-
spond to this course of antibiotics should probably
be referred to an otolaryngologist for evaluation,
sinus puncture, and culture.

Adjunctive Therapy

Decongestants

Oral decongestants and antihistamines have not
been demonstrated to be effective. Topical applica-
tion of vasoconstrictive drugs may have some initial
benefit, at least in symptom relief. However, in ad-
dition to shrinking the nasal mucosa, they also tend
to induce ciliary stasis. These medicines should be
used judiciously because overuse causes rhinitis
medicamentosa (rebound vasodilatation), worsen-
ing the patient’s condition.

Normal Saline and Hypertonic Saline Nose
Sprays

Although there is probably no harm in using over-
the-counter normal saline nose drops or sprays,
they have never been demonstrated to be effective
as adjunctive therapy for children with sinusitis. In
vitro, the benzalkonium chloride used as a preserv-
ative causes leukocyte inactivity and death. Studies
attempting to find a clinical correlate of this phe-
nomenon are ongoing. Nose drops may be used (in
infants and toddlers) to loosen up mucus so it can
be more effectively removed by bulb suctioning.
Hypertonic saline, however, demonstrated no ben-
efits and was associated with burning in 32% of
recipients in a recent double-blinded, randomized
trial.167

Other Therapy

Both intranasal corticosteroids and oral leukotriene
receptor antagonists have been used for patients
with sinusitis. Although some patients may benefit
from these adjunctive therapies, their use should
not be routine.

Sinus Puncture and Aspiration

Persistence of a nasal discharge in an otherwise
asymptomatic child at the end of a 2-week course of
antibiotics is not sufficient grounds for performing a
sinus aspiration.132 If there is clinical and radiologic
evidence of persistent sinusitis after several 2-week
courses of appropriate antimicrobials, aspiration of
the maxillary sinus and irrigation is advisable. The
Proetz irrigation procedure done by an otolaryngol-
ogist may also help frontal and ethmoid sinusitis.132

Antral puncture of the maxillary sinus by an oto-
laryngologist may be appropriate if chronic maxil-
lary sinusitis does not resolve after one or two irriga-
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BOX 5-4 ■ Complications of Sinusitis

Central nervous system infection (brain abscess,
epidural abscess, meningitis)

Orbital cellulitis
Reactive meningitis
Carotid aneurysm
Optic neuritis
Osteomyelitis of overlying bone
Cavernous or lateral sinus thrombosis

tions.132 Some otolaryngologists do not lavage the
sinuses in younger children but do the antrostomy
when medical measures have failed, as both lavage
and antrostomy require a general anesthetic.168

Complications

Extension of Infection

Acute frontal sinusitis may be associated with brain
abscess, epidural abscess, or meningitis.131,169 Or-
bital cellulitis (discussed in the next section) is an
important complication of ethmoid or maxillary
sinusitis.170,171 Other complications include frontal
osteomyelitis (Pott’s puffy tumor), orbital ab-
scess,172 optic neuritis,173 bacterial carotid aneu-
rysms,174 and cavernous or lateral sinus thrombosis
(Box 5-4).175 A recent review of suppurative com-
plications of sinusitis in adults at one hospital
showed that, of patients with established complica-
tions, 23% had epidural abscess, 18% each had
subdural empyema and meningitis, 14% had cere-
bral abscess, and 9% had superior sagittal sinus
thrombosis, cavernous sinus thrombosis, and os-
teomyelitis.176 Antibiotic therapy for those infec-
tions should include coverage for anaerobes; for ex-
ample, a third-generation cephalosporin plus
metronidazole, or ticarcillin-clavulanate plus genta-
micin.

Reactive or Parainfectious Meningitis

Acute sinusitis or mastoiditis is occasionally associ-
ated with a spinal fluid pleocytosis with a negative
culture. The white cell count may sometimes be
greater than 1000/mcL, but the glucose concentra-
tion is typically normal. This can be called “reactive
meningitis” and is usually secondary to infection
near the meninges that is not producing a true bac-
terial meningitis, as discussed in Chapter 9. The
treatment for this kind of reactive meningitis should

be vigorous and should consist of intravenous anti-
biotics like those recommended for central nervous
system extensions of sinus infections, unless blood
cultures or well-obtained sinus cultures reveal an
organism that should be treated differently. The pa-
tient should be evaluated for possible brain abscess
(see Chapter 9), although early in the acute stages
of the illness any brain involvement may not be
detectable by CT.

■ ORBITAL CELLULITIS

It is customary to make a distinction between peri-
orbital cellulitis and orbital cellulitis.177–180 Orbital
cellulitis implies inflammation behind the orbital
septum, as indicated by proptosis and limitation
of eye motion. Fever and leukocytosis are usually
present. Periorbital cellulitis (often called preseptal
cellulitis) does not have the more serious findings
of orbital cellulitis and is defined by redness and
edema of the eyelids and periorbital area. Usually, it
is unilateral. It has many possible causes, including
severe conjunctivitis, local trauma, impetigo, insect
bites, or infection with H. influenzae, S. aureus, or
Group A streptococci.177 It can be secondary to bac-
teremia, particularly with H. influenzae, without any
apparent focus.179 Facial swelling caused by maxil-
lary or ethmoid sinusitis can be confused with peri-
orbital cellulitis.

Cellulitis of the cheek area should be referred to
as facial or buccal cellulitis. This disease (discussed
in Chapter 6), once quite common, was often asso-
ciated with H. influenzae bacteremia in infants and
young children. It has, fortunately, become a rarity
in the era of conjugate Hib vaccine use.

Mechanisms

Orbital cellulitis is usually an extension of an infec-
tion from a paranasal sinus or an injury near the
eye. Sinusitis, usually ethmoid sinusitis in young
children, is the usual source of the infection. A trau-
matic wound near the eye is an occasional source.
It is useful to distinguish these two sources, because
gram-negative enteric bacteria or S. aureus are more
likely from traumatic cellulitis, whereas orbital cel-
lulitis secondary to ethmoid sinusitis is usually
caused by upper respiratory tract pathogens.
Rarely, orbital cellulitis is an extension of a pustule
or stye near the eye or of a dental abscess. In chil-
dren 10 years of age and older, frontal sinusitis is
a more likely cause of orbital cellulitis than is eth-
moid sinus infection.
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The orbital veins connect with facial veins with-
out valves, so skin infections near the nose can be
a source of orbital cellulitis. There are no lymphatics
in the periorbital space, and edema tends to appear
primarily in the upper eyelid, where the most loose
tissue and potential space is present.

Orbital cellulitis secondary to frontal sinusitis re-
quires aggressive therapy such as open drainage be-
cause of the proximity of the sinus to the brain.

Clinical Diagnosis

Redness and swelling of the periorbital area along
with fever are sufficient for a presumptive diagnosis
of periorbital cellulitis. Other common findings in-
clude headache and purulent nasal discharge. If
there is proptosis, limitation of eye motion, eye
pain, or decreased vision (Fig. 5-5), the diagnosis
should be orbital cellulitis. Early proptosis may be
subtle; tilting the child’s head down and looking
down on the head from the apex may reveal propto-
sis not evident from face-to-face examination. Loss
of retinal vein pulsation indicates thrombosis, but
often the fundus cannot be adequately examined
because of the severe swelling of the eyelids. Bilat-
eral proptosis is uncommon and suggests cavernous
sinus thrombosis. Papilledema is usually not pres-
ent but sometimes is observed if the eyelids can be
separated enough to examine the fundi. The sever-
ity and toxicity of the illness may be made milder
by preceding oral antibiotics. A spectrum of severity
can be observed, ranging from periorbital inflam-
matory edema to cavernous sinus thrombosis (Fig.
5-6). A CT scan of the orbit may suggest an abscess,
but operative drainage often is not necessary, espe-
cially if the onset is acute and not delayed by prior
antibiotic therapy.

Laboratory Approach

Typically, there is a marked leukocytosis. Pus pres-
ent in the eye or nose may be cultured, but the
results cannot be considered as conclusive as a posi-
tive blood culture. Unfortunately, blood cultures
are often negative. In one series of 59 cases, cultures
were positive in only 6 (10%).181 If the patient has
a subperiosteal abscess, Gram stain and culture of
material removed at surgery has the best chance
of providing direct etiologic confirmation. Ethmoid
sinus aspirate, if required for patient well-being, is
also definitive.

Aspiration of subcutaneous fluid for Gram stain

■ FIGURE 5-5 Orbital cellulitis. Beta-hemolytic streptococci
were recovered from pus obtained by operative drainage of
the ethmoid sinus.
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■ FIGURE 5-6 Spectrum of severity of infection involving
the orbit, from inflammatory edema to cavernous sinus
thrombosis. (Chandler JR et al: Laryngoscope 1970;80:1414)

and culture is useful in cellulitis in many locations,
but obtaining this kind of sample near the eye is a
very precise procedure that requires the child to be
completely restrained and preferably anesthetized.

Differential Diagnosis

Purulent Conjunctivitis

If severe enough, conjunctivitis (particularly gono-
coccal) may produce enough surrounding edema
and erythema to cause periorbital cellulitis.

Adenoviral Conjunctivitis

In young children (5 months to about 2 years of
age), adenovirus infection of the conjunctiva pro-
duces much more adnexal inflammation than it
does in adults. Conjunctivitis due to this virus can
produce a clinical picture difficult to distinguish
from periorbital cellulitis. A series of 80 children
referred to ophthalmology consultation for either
periorbital or orbital cellulitis included 13 patients
with adenovirus types 8 or 19. These cases occurred
between December and March. A distinguishing
feature on physical examination was the presence of
a whitish membrane on the palpebral conjunctivae;
this was seen in 12 of the patients on the initial
examination, and the 13th developed it within 3
days.182 A history of exposure to a playmate or a
family member with recent ocular infection may

be helpful. The presence of preauricular nodes and
follicular versus nonfollicular nature of the con-
junctivitis did not prove to be helpful in distin-
guishing adenoviral conjunctivitis from periorbital
cellulitis in this series of patients. As adenoviral cul-
ture of the eye takes about a week to become posi-
tive, culture is helpful only as a confirmatory test
and for epidemiologic purposes. Rapid diagnosis is
possible through PCR;183 this test, if it is available,
should be considered in infants and toddlers with
the clinical picture described earlier.

Viral Infections Near the Eye

Herpes simplex can produce cellulitis in the area
of the pustules, which may occur near the eye (Fig.
5-7). Secondary bacterial infection is often sus-
pected because of the intense inflammatory reaction
to the virus. Herpes simplex virus infections of the
eye may be associated with gingivostomatitis.

Other Infectious Causes

Clostridial myonecrosis of the eyelid after trauma
near the eye has been reported.184

■ FIGURE 5-7 Herpes simplex virus infection near the eye.
Diagnosis was confirmed by virus isolations.
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Idiopathic Orbital Inflammatory
Pseudotumor

Inflammatory pseudotumors, when they occur in
childhood, are almost always asymptomatic lung
lesions found when chest x-rays are obtained for
other reasons.185 Extrapulmonary tumors are usu-
ally in the abdomen or pelvis, but they rarely may
occur in the orbit. The tumor is nonmalignant and
of unknown etiology. When it occurs in the orbit,
it produces early-morning swelling, chemosis, con-
junctival injection, proptosis, a palpable superior
orbital mass, and limitation of eye movement.186

Because biopsy often shows eosinophilic infiltra-
tion, a parasitic etiology might be considered. Papil-
ledema or iritis develops in about one-third of
children.

The edema responds to corticosteroids. How-
ever, because steroid therapy may allow bacterial
orbital cellulitis to worsen, the diagnosis of pseu-
dotumor requiring corticosteroids should be made
with great caution.

Other Causes

Rhabdomyosarcoma is the most common primary
malignancy of the eye in children. Sarcoidosis can
produce supraorbital swelling.187 Idiopathic orbital
myositis can produce limited adduction, pain, and
a swollen eyelid. These patients are neither febrile
nor ill-appearing.188 Retinoblastoma can present
with a picture that closely resembles orbital celluli-
tis.189 Of two reported cases of malignant lym-
phoma complicated by hemophagocytosis that re-
sembled orbital cellulitis, one was in a 16-year-old
female.190 Rarely, other neoplasms such as Burkitt’s
lymphoma, leukemia, or Langerhans cell histio-
cytosis (Letterer-Siwe disease) can present with an
orbital cellulitis-like picture. Finally, infarction of
a facial bone, with resultant fever and proptosis,
has been reported in patients with hemoglobinopa-
thies.191 Dysthyroid exophthalmia should be read-
ily distinguishable from orbital cellulitis.

Possible Etiologies

The reported series of cases in orbital cellulitis have
not included enough positive blood cultures to give
reliable information about the frequency of various
bacterial causes. It is clear, however, that the intro-
duction of universal immunization against H. in-
fluenzae type b (Hib) has changed the microbiology
of this disease. A retrospective report from a tertiary

care children’s hospital reported that only 1 of 70
cases of peri- and orbital cellulitis had a blood cul-
ture positive for Hib. This occurred in a child who
was unvaccinated. They report no new cases of peri-
orbital cellulitis and H. influenzae bacteremia in the
10 years from 1988 to 1998.181 In a separate series
of 133 blood cultures obtained from patients with
orbital cellulitis, only two were positive for Hib. Of
101 patients discharged after July of 1987, none
had a positive culture for Hib.192 These reports are
in contrast to earlier series, in which H. influenzae
type b was the most frequently recovered bacterium
in cases with positive blood cultures.

S. aureus is the most common cause when peri-
orbital cellulitis develops following trauma or an
insect bite. It is less frequently recovered from
blood culture when the patient has ethmoid sinus-
itis as the source of infection and has not had previ-
ous antibiotic therapy. Pneumococci or beta-hemo-
lytic streptococci are occasional causes.180

Gram-negative enteric bacteria or P. aeruginosa
may also cause orbital cellulitis secondary to con-
taminated wounds. The frequency of P. aeruginosa
is increased in patients with AIDS.193 In one series
of eight adult patients with AIDS and orbital celluli-
tis, Aspergillus fumigatus was the most common
pathogen. This series also included two patients
with P. aeruginosa.194 There are no published series
of orbital infections in children with HIV/AIDS. P.
aeruginosa is a rare cause of orbital cellulitis second-
ary to conjunctivitis in very young infants.195

Fungal orbital abscesses are rare, but can occur,
typically in patients with diabetic ketoacidosis. As-
pergillus and the agents of mucormycosis are the
most common pathogens. “Orbital apex syn-
drome,” marked by paralysis of all the ocular mus-
cles, may occur. Therapy includes intravenous am-
photericin B and surgical debridement.

The larvae of Echinococcus granulosis can cause
hydatid cysts of the orbit that may mimic orbital
abscess. Patients present with noninflammatory
proptosis and dull orbital pain.

Diagnostic Approach
Pus should be Gram stained and cultured, whether
found in a wound near the eye, exuding from the
conjunctivae, or present as a nasal or posterior pha-
ryngeal discharge. Culture of the blood is positive
in some cases and is therefore a useful procedure.

CT scan of the orbit may be useful to define an
orbital abscess or subperiosteal abscess that may
require operative drainage. CT should include nar-
row cuts of the frontal lobes. A preliminary report
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suggests that standardized orbital ultrasound may
be more sensitive than CT scan in picking up sub-
periosteal abscesses.196

The use of lumbar puncture in the evaluation of
children with orbital cellulitis has been on the rise;
one retrospective study showed that 62% of pa-
tients underwent the procedure from 1985–1991,
whereas only 14% had a spinal tap as part of the
initial workup during the years 1979–1984.197 De-
spite the increase in the number of lumbar punc-
tures, the yield was no greater; in fact, only 2 (1%)
of 214 patients had meningitis, and the diagnosis
was strongly suspected in both prior to the proce-
dure. In general, lumbar puncture is not indicated
unless the patient either has signs or symptoms
suggestive of intracranial complication, or meets
other criteria for the performance of a lumbar punc-
ture (e.g., very young with high fever, immunocom-
promised host).

Treatment

Hospitalization

Because of the severity of complications and the
need for intravenous antibiotics, hospitalization is
indicated in all patients with clinical findings
suggestive of orbital cellulitis.

Antibiotic Therapy

Intravenous ceftriaxone, cefotaxime, or cefepime
would be a logical empiric antibiotic if the source
is sinusitis, because the usual pathogens are suscep-
tible. Nafcillin or some other penicillinase-resistant
penicillin should be included if the patient is less
than 3 months old, if the Gram stain of the pus
shows staphylococci, or if the infection is secondary
to a wound and no satisfactory material is available
for Gram stain. Gentamicin and nafcillin should be
used initially if there has been a grossly contami-
nated penetrating wound. Anaerobic coverage
should be added if the source was chronically in-
fected sinuses or a dental abscess.

Duration of antibiotic therapy must be individu-
alized. Usually, periorbital cellulitis is treated with
IV antibiotics until redness and swelling is signifi-
cantly decreased, then oral antibiotics are given for
an additional 7 to 10 days. Patients with orbital
involvement are usually given parenteral antibiotics
for 1 to 2 weeks and continued on oral antibiotics
with close outpatient follow-up to complete a 3- to
4-week total course of therapy, depending on the
patient’s clinical response.170,197a

Adjunctive Therapies and Measures

Patients need to have serial visual examinations.
These may be performed at the bedside. It is help-
ful, if possible, to have all the examinations admin-
istered by the same person, to minimize interob-
server variability. CT scan should be repeated if the
patient is slow to improve on standard therapy, or
if physical findings or clinical course suggest the
development of a complication. If sinusitis is pres-
ent, as it is in up to 96% of patients with orbital
cellulitis and 81% of patients with periorbital cellu-
litis,192 nasal vasoconstrictor sprays may be of value
to shrink nasal mucosa and allow drainage through
the meatus. Cocaine is sometimes used by local ap-
plication by otolaryngologists, who should be con-
sulted. Potent vasoconstrictors given by nasal spray
are sometimes judiciously used.

For all cases of orbital cellulitis, early consulta-
tion with a pediatric ophthalmologist is strongly
recommended.

Operative Drainage

Pus may be present behind or adjacent to the globe
or in the subperiosteal area contiguous with the
ethmoid sinus. Operative drainage by an ophthal-
mologist may be necessary if there is no response
to adequate antibiotic therapy, particularly if visual
acuity is decreased.198

Not all patients with CT findings of orbital ab-
scess need to have operative drainage, as a trial of
antibiotic therapy may produce resolution, espe-
cially if it is started early in the illness.199 Periosteal
abscesses are more prone to nonsurgical resolution
than are true “orbital abscesses,” in which the entire
orbit is filled with pus. Pressure phenomena from
the abscess can compromise vision; in such cases
early drainage is advisable to spare visual acuity.
Other relative indications for surgical drainage in-
clude age greater than 9 years, presence of frontal
sinusitis, suspicion of anaerobic infection (presence
of gas within the abscess space on CT), evidence of
chronic sinusitis, optic nerve or retinal compro-
mise, and infection of dental origin.199

Complications

Complications have been rare since the availability
of antibiotics. Compression or stretching of the
optic nerve may produce loss of vision. Exposure
keratitis can occur if the proptotic eye is not
protected.
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Suppurative complications include meningitis,
estimated to occur in about 2% of patients, cavern-
ous sinus thrombosis and brain abscesses, which
occur in about 1% apiece, and the more common
local abscesses (subperiosteal abscesses occur in
about 7% of patients). Cavernous sinus thrombosis
usually is secondary to staphylococcal furuncles
near the nose.200 Eye involvement is typically bilat-
eral, and retinal veins appear engorged. Pus in
the anterior chamber (hypopyon) is a rare
complication.201

Loss of vision to one degree or another occurs in
approximately 1% of patients with orbital cellulitis.
Primary or secondary optic neuritis can occur but
is rare.

Usual Course

Typically, the cellulitis responds to appropriate
therapy with lessened toxicity, a gradual decrease
in fever, and a darkening of the skin color from pink
or red to a darker red to purple. Swelling below
the opposite eye may be expected to occur with
improvement, as this subcutaneous tissue easily be-
comes edematous.

Progression from unilateral to bilateral eye in-
volvement, with continued or worsening signs of
toxicity, suggests the development of cavernous
sinus thrombosis and requires immediate evalua-
tion with magnetic resonance venography (MRV).

■ EYE INFECTIONS

Classification

Eye infections are classified by anatomic loca-
tion.202–204 Minor pustular infections involving the
lids are common in children. Penetrating eye inju-
ries and infections secondary to injury or foreign
bodies are also relatively common. Corneal infec-
tion (keratitis) is relatively uncommon in children,
as is chronic infection of the lid margins
(blepharitis).202

Pustules and conjunctivitis can be managed by
pediatricians and family practitioners, but the other
eye infections discussed later in this section usually
mandate consultation with an ophthalmologist.
These more difficult infections are mentioned so
that the physician can be aware of them and recog-
nize the general principles and terminology
involved.

Pustules

It is useful to distinguish two types of hordeolum.
The first, and more common, is an external hordeo-
lum, which is a superficial staphylococcal infection
of a gland of Zeis (sebaceous glands that extend
along the base of the eyelashes). This type of
hordeolum is popularly referred to as a sty. A sty
is a self-limited infection; with or without therapy
they invariably point and drain within several days.
Warm compresses may speed this process. Incision
may lessen pain but is not necessary. There is no
indication for antibiotic therapy for the common
sty.205 An internal hordeolum, on the other hand,
is an infection of a meibomian gland. These glands
are located within the tarsus and seldom drain
spontaneously. Symptoms are considerably worse
than those of the common sty. Therapy for an inter-
nal hordeolum consists of oral antistaphylococcal
antibiotics and warm compresses.

The lacrimal sac may become infected, particu-
larly if partially obstructed. Infants and young chil-
dren with nasolacrimal duct obstruction are prone
to this condition. The sac is located nasally, below
the inner canthus. Infection of the lacrimal sac is
called dacryocystitis. It occurs in acute and chronic
forms. The infection is usually staphylococcal or
pneumococcal but may be caused by other bacteria.
A review of 54 cases of acute and chronic dacryo-
cystitis revealed that two-thirds of cases were the
chronic, insidious form.206 The average age of all
patients was 20 months, with a range of 4 months
to 5 years. Chronic dacryocystitis was usually suc-
cessfully treated by outpatient nasolacrimal duct
probing; patients with acute dacryocystitis were ad-
mitted to the hospital for intravenous antibiotics
with or without surgical intervention. One case was
complicated by orbital cellulitis. In almost all cases,
nasolacrimal duct probing was ultimately
required.206

S. epidermidis and S. aureus can be cultured so
frequently from asymptomatic persons that they
can be considered normal flora.202,207 Therefore,
the clinical presentation and Gram stain of an eye
discharge are essential in the infants without bowel
control, gram-negative enteric bacteria can occa-
sionally be cultured from the eye, presumably car-
ried there on the hands.

■ CONJUNCTIVITIS

Conjunctivitis can be defined as a definite redness
of the conjunctivae, with hyperemia and congestion
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of the vessels and various severities of purulent exu-
date. Preauricular adenopathy may be present.
When the redness involves only the palpebral con-
junctivae, it may be very difficult to be sure that
conjunctivitis is present because the redness may
be the result of hyperemia of all mucous mem-
branes and skin with flushing of the skin and oral
mucosa. When the vessels of bulbar conjunctivae
are congested and hyperemic, the diagnosis of con-
junctivitis can be made with more certainty.

In most cases of conjunctivitis, the redness is
more prominent away from the cornea. Redness
that is intense near the cornea suggests keratitis or
iridocyclitis (discussed later). These conditions are
often accompanied by pain, whereas acute conjunc-
tivitis is more often associated with itching, burn-
ing, or a foreign body sensation. Acute conjunctivi-
tis never causes a decrease in visual acuity; change
in vision should prompt a search for other eye
diseases.

Classification

It is useful to distinguish several syndromes of con-
junctivitis (Box 5-5).

Nonpurulent Conjunctivitis

The two most common causes of nonpurulent con-
junctivitis are allergy and viral infection; sometimes
they are difficult to differentiate. With either cause,
purulent exudate is minimal and usually is present
only in the morning or after sleeping. Stasis and
drying of serous secretions may also produce the
appearance of purulence on awakening from sleep.
With viral conjunctivitis, itching is not usually
prominent, and symptoms are usually unilateral at
onset, although the other eye often becomes sec-
ondarily infected. Sometimes the lymphoid follicles
enlarge, producing a pebbly appearance called fol-
licular conjunctivitis; this also usually indicates a
viral cause. Adenoviruses of various serotypes are
the most common infectious cause of this pattern
in children. Patients may present with mild photo-
phobia, a foreign body sensation, watering, and red-
ness. Subconjunctival hemorrhage is occasionally
present. A grayish-pink, friable membrane that ad-
heres to the palpebral conjunctiva is the most spe-
cific sign of adenoviral conjunctivitis.182 The mem-
brane may be removed with a cotton swab, which
affords a great deal of symptomatic relief. However,
it may reform several times over a 3- to 4-day period
and may bleed slightly when removed. Patients

BOX 5-5 ■ Causes of Various Conjunctivitis
Syndromes

Nonpurulent
Adnovirus (frequent)
Allergy (frequent)
Herpes simplex virus
Ultraviolet light
Kawasaki disease
Measles

Purulent
Mild

H. influenzae (nontypable)
H. aegyptius
Moraxella spp., especially catarrhalis
Gram-positive anaerobes (susceptible to
common antibiotics)

S. pyogenes

Severe
N. gonorrheae
N. meningitidis
S. aureus
S. pneumoniae
H. influenzae (in children less than 5 years)

Follicular
Adenovirus
Nontrachomatis chlamydiae (C. pneumoniae, C.

psittaci)

Oculoglandular
Tularemia (Francisella tularensis)
Sporotrichosis, tuberculosis, syphilis (rare)
B. henselae (cat-scratch bacillus)
Adenovirus

Neonatal
N. gonorrheae
C. trachomatis
S. pneumoniae
S. aureus
Haemophilus spp.
Herpes simplex virus (rare)
Chemical (secondary to eye prophylaxis)
Rarely, other species listed under purulent

Hemorrhagic conjunctivitis
Enterovirus type 70
Coxsackie virus type A24
Adenovirus type 11 (occasionally, other types)

Otitis-Conjunctivitis Syndrome
H. influenzae (nontypable)

Keratoconjunctivitis
Adenovirus (several types)
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often have contact with another person with con-
junctivitis. Occasionally, a common source is impli-
cated, such as a swimming pool. Prodromal upper
respiratory tract infection signs such as pharyngitis
or rhinitis are frequently present. Adenoviral con-
junctivitis is highly contagious. The incubation pe-
riod is approximately 5 to 10 days, but may be as
long as 21 days. The virus is shed for 7 to 12 days.
Total duration of adenoviral conjunctivitis is usu-
ally from 2 to 4 weeks.205 Good hand washing is
important in limiting spread. It is impractical to
exclude children from day care for this period of
time, and antimicrobial therapy is obviously of no
benefit. Occasionally, a diffuse, punctate keratitis
forms that outlasts the conjunctivitis. Treatment is
symptomatic, with cold compresses and acetamino-
phen. If keratitis is severe, ophthalmology consulta-
tion should be obtained.

Allergic conjunctivitis is also quite common, and
presents with itching and tearing as the most promi-
nent symptoms. Usually both eyes are involved and
often there are concomitant symptoms of allergic
rhinitis. The presence of eosinophils in conjunctival
scrapings supports the diagnosis, but their absence
does not exclude allergy.208 Allergic conjunctivitis
may respond to topical or systemic antihistamines.
Reduction of exposure to known allergens or im-
munotherapy for those with other signs of allergies
may also be helpful.

Purulent Conjunctivitis
In this form, purulent exudate (pus) is present to
a greater degree and throughout the day, and edema
of the eyelids may be present.209 Bacterial conjunc-
tivitis may be unilateral or bilateral. Chemosis may
be prominent. Gonococcal conjunctivitis is marked
by copious, thick secretions.

Bacterial conjunctivitis outside the neonatal pe-
riod is a self-limited syndrome, with resolution in
about 1–2 weeks, even without therapy.210 Any
kind of topical antibiotic ointment or drops will
shorten the course somewhat. As there is no partic-
ular therapeutic benefit of one preparation over the
others, caregivers may be allowed the choice of
therapeutic agents. Sulfa-containing eyedrops carry
a small but real risk of allergic reactions including
anaphylaxis and Stevens-Johnson syndrome, and
the drops sting on application. Neomycin- or other
aminoglycoside-containing preparations may in-
duce an allergic blepharoconjunctivitis that is much
more severe than was the original disease. Very
young children with bacterial conjunctivitis (who

may not tolerate ocular application of antibiotics)
may be treated with oral antibiotics, if treatment is
deemed necessary.

Rarely, bacterial conjunctivitis may be severe,
particularly in the immunocompromised child.
This form can be sight- and even life-threatening
and requires prompt attention and intravenous an-
tibiotic therapy. Gram stain of conjunctival material
may provide guidance as to the initial therapy,
which can then be changed if the culture results
so dictate. Gram-positive cocci on original Gram
staining should be treated with topical erythromy-
cin or ciprofloxacin and with intravenous nafcillin
or cefuroxime. If the Gram stain shows gram-nega-
tive cocci, treatment should be started with topical
erythromycin in concert with intravenous cefurox-
ime or ceftriaxone.

Follicular Conjunctivitis

Some cases of conjunctivitis, particularly those that
preferentially involve the palpebral conjunctivae,
are associated with a prominent follicular pattern.
Adenovirus accounts for most, but not all, cases of
this syndrome. Four of 15 samples from patients
with chronic conjunctivitis with a follicular pattern
were found by PCR to be caused by nontrachomatis
species of chlamydia, such as C. pneumoniae or C.
psittaci, versus none of 24 control samples.211 There
are no data on this infection in children, nor are
there sufficient data to ascertain the frequency of
nontrachomatis chlamydial species as the cause of
follicular conjunctivitis. In the patients described
in the preceding study, short courses of antibiotics
were insufficient to eradicate the clinical problem.

Oculoglandular Syndrome

This syndrome is characterized by conjunctivitis
and ipsilateral preauricular adenopathy. The con-
junctivitis is often in the form of one or multiple
granulomas of the palpebral conjunctiva. In an en-
demic area, cat scratch disease is the most common
cause, and both the conjunctivitis and adenopathy
are painless. Tularemia may also cause this syn-
drome, in which case both the node and the con-
junctiva are usually very painful.212 Patients with
adenoviral conjunctivitis quite commonly have a
palpable preauricular node. In contrast, bacterial
conjunctivitis is not typically associated with
adenopathy.
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Neonatal Conjunctivitis

The term ophthalmia neonatorum is giving way to
“conjunctivitis in the newborn” or “neonatal
conjunctivitis.” In the developed world, many cases
are averted by the use of prophylaxis, discussed
later. Although many etiologies are possible, the
most important agents of neonatal conjunctivitis are
Chlamydia trachomatis and Neisseria gonorrheae. S.
aureus is another cause that must be considered.
C. trachomatis conjunctivitis may begin at any time
between birth and age 3 weeks, but generally these
babies present at about a week of age. N. gonorrheae
conjunctivitis usually presents earlier. The dis-
charge associated with N. gonorrheae conjunctivitis
typically is copious and mucopurulent and rapidly
reaccumulates after removal. However, etiologic di-
agnoses in neonatal conjunctivitis cannot be made
by historic and clinical findings.

Babies who present in the first weeks of life with
conjunctivitis should be investigated for an etio-
logic diagnosis. Gram stain and culture of the exu-
date should be obtained. Cells should be scraped
from the lower palpebral conjunctivae for chlamyd-
ial antigen testing (e.g., by EIA or DFA), chlamydial
culture, and/or a nucleic acid amplification test
(where available). If gram-negative diplococci are
seen on Gram stain, the baby should be hospitalized
with a diagnosis of probable gonococcal infection.
An investigation for disseminated disease, including
a careful physical examination, blood culture, and
lumbar puncture with cerebrospinal fluid culture
should be performed. Disseminated disease is
found only in a small percentage of patients, but
proper treatment is imperative. Treatment for gono-
coccal conjunctivitis in the newborn is with ceftri-
axone 50 mg/kg (maximum dose 125 mg) IV or
IM. A single dose is usually sufficient to eradicate
disease, but patients are often given multiple doses
while awaiting the results of blood and cerebrospi-
nal fluid cultures. Frequent saline irrigation of the
eyes is an adjunctive therapy that may be helpful
in patients with thick exudates. Patients with chla-
mydial conjunctivitis should be treated with oral
erythromycin, 50 mg/kg/day divided into four
doses and administered for 14 days. Topical eryth-
romycin therapy is inferior to oral therapy because
oral therapy eradicates carriage of the organism.
Limited experience with azithromycin suggests it
may also be effective, but trials are lacking.

Neonates with either gonococcal or chlamydial
conjunctivitis should be evaluated for the possibil-
ity of syphilis and HIV infection.

Conjunctivitis-Otitis Syndrome

The association of unilateral conjunctivitis with an
ipsilateral otitis media is usually caused by nontyp-
able H. influenzae infection.213 Patients with this
syndrome should be initially treated with a beta-
lactamase stable oral antibiotic. Concomitant topi-
cal antibiotics are not necessary.

Conjunctivitis in Immunosuppressed Hosts

Many opportunistic bacteria can cause conjunctivi-
tis; P. aeruginosa is especially prominent. Primary
fungal conjunctivitis almost never occurs, even in
severely compromised hosts.

Acute Hemorrhagic Conjunctivitis

Adenovirus conjunctivitis is sometimes compli-
cated by subconjunctival hemorrhage. Enterovirus
70214 and coxsackievirus A24215 are occasional
causes of this disease.

Keratoconjunctivitis

In this pattern, the cornea is also involved, as sug-
gested by corneal pain, and confirmed by the obser-
vation of subepithelial infiltrates on the cornea seen
on slit-lamp examination. A foreign body sensation
is also a frequent complaint. Severe or persistent
foreign body sensation should prompt the physi-
cian to perform fluorescein staining and to refer the
patient for slit-lamp examination. These patients
should also have a close examination of the palpe-
bral conjunctivae, as a membrane there (such as is
seen in adenoviral conjunctivitis) can also produce
the same symptoms (see previous discussion).

Patients with keratoconjunctivitis usually have a
mucoid rather than a purulent exudate, and lacri-
mation can be prominent. The redness of the con-
junctivae may be worse centrally than it is in the
periphery. This pattern is unusual in children, but
can be seen in outbreaks of adenovirus types 8, 19,
and 37, which have been well documented in the
United States.216 Herpes simplex virus infection can
also produce this pattern. Fluorescein staining fol-
lowed by slit-lamp examination may reveal a den-
dritic pattern on the cornea. Patients suspected of
having herpes simplex virus keratitis should be re-
ferred to an ophthalmologist on an urgent basis, as
this infection can also be sight threatening. Such
patients may or may not have simultaneous peri-
ocular herpetic skin lesions.
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Differential Diagnosis of Infective
Conjunctivitis

Conjunctivitis Associated with Systemic
Diseases

Several systemic diseases, infectious and noninfec-
tious, are associated with conjunctival involvement.
Toxic shock syndrome, whether caused by S. aureus
or S. pyogenes, is usually accompanied by a diffuse
conjunctival injection. Children with Kawasaki dis-
ease almost always have conjunctivitis, which is bi-
lateral, nonpurulent, spares the limbus, and usually
affects the bulbar conjunctiva to a greater extent
than the palpebral conjunctiva. Patients with Ste-
vens-Johnson syndrome usually have conjunctival
injection.

Periorbital Edema

Edema of the lids and congestion of the conjuncti-
val vessels is difficult to distinguish from conjuncti-
vitis, but the conjunctival tissue between the vessels
is not excessively red. Migratory palpebral erythema
and edema has been described in adenoviral pha-
ryngoconjunctival fever.217 In periorbital or orbital
cellulitis, discussed earlier in this chapter, both
edema and congested conjunctival vessels are pres-
ent. Infectious mononucleosis and trichinosis are
causes of periorbital edema and should be consid-
ered. One of the authors has been consulted on a
patient whose initial manifestation of Henoch-
Schönlein purpura was periorbital edema.

Conjunctivitis Medicamentosa

Over-the-counter decongestant-containing eye-
drops can lead to a fairly severe conjunctivitis. It
usually occurs after 4 or more days of use, but can
occur after as little as 8 hours.218 In a series of 70
patients with this condition, conjunctival hyper-
emia was the most prominent pattern, seen in 50
patients.218 Follicular conjunctivitis was seen in 17
cases, and an eczematoid blepharoconjunctivitis
was seen in a very small number of patients (3 of
70). Treatment of this condition consists primarily
of discontinuing the use of over-the-counter eye-
drops. On average, conjunctivitis persisted for 4
weeks after stopping the eyedrops.

Dysversion of the Lateral Eyelashes

Recurrent red, watery, sore, and itchy eyes in chil-
dren may be due to this condition, in which fine,

long, flexible lateral eyelashes curve inward and rub
on the conjunctiva and cornea, causing the symp-
toms of the syndrome. This condition can be diag-
nosed by close inspection of the lateral eyelashes.
Treatment consists of manual repositioning of the
eyelashes. Failure to recognize this fairly common
condition may lead to unnecessary use of topical
antibiotic preparations.219

Ptosis

A droopy eyelid may appear to be a swollen upper
eyelid, but no inflammation is present.

Allergy

This is discussed in the section on nonpurulent
conjunctivitis

Nasolacrimal Duct Obstruction (Obstructed
Tear Duct, Dacryostenosis)

Nasolacrimal duct obstruction may be either con-
genital or acquired. Infants with nasolacrimal duct
obstruction will present with what appears to be
chronic or recurrent episodes of purulent conjunc-
tivitis. The eyes will be especially full of secretions
just after awakening, and the parent may report that
the eye is “sealed shut.” The difficulty in caring for
these patients has always been in differentiating true
conjunctival infection from the symptoms that
occur completely as epiphenomena of the obstruc-
tion to the normal flow of tears. A study looking at
conjunctival culture results from 158 children with
nasolacrimal duct obstruction and 176 normal con-
trols revealed that the number and types of organ-
isms grown in culture were the same in each group.
Additionally, the rate of spontaneous resolution of
infection that did occur was not statistically differ-
ent.220 These results suggest that frequent culturing
and topical antibiotic therapy are probably not nec-
essary in the management of these patients.

Pediatricians have long recommended nasolacri-
mal duct massage, which is done by placing the tip
of the fifth finger between the inner canthus of the
eye and the bridge of the nose and gently rolling it
downward and centrally for 5 minutes at a time
several times a day. However, no studies document
the efficacy of this therapy. Most cases sponta-
neously resolve with growth, although some require
surgical probing. Patients who develop dacryocys-
titis almost always end up requiring surgical
care.206
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Neonatal Conjunctivitis Prophylaxis

Erythromycin 0.5% ointment, tetracycline 1% oint-
ment, and silver nitrate 1% solution are all effective
in preventing gonorrheal ophthalmia neonatorum.
However, none effectively prevents chlamydial con-
junctivitis.222–224 None of the prophylactic regi-
mens is 100% effective in preventing gonococcal
infection, however, especially if there has been pro-
longed rupture of membranes or if the mother’s
disease is severe. A single trial showed that a 2.5%
solution of povidone-iodine was a more effective
prophylactic agent against C. trachomatis than either
silver nitrate or erythromycin, and it was equally
effective against N. gonorrheae.224

Nongonococcal, nonchlamydial neonatal con-
junctivitis can also be prevented by these agents. A
large, prospective, randomized trial of silver nitrate
versus either erythromycin ointment or no prophy-
laxis showed that both preparations decreased the
incidence of conjunctivitis in the first 2 months of
life in babies born to mothers who were carefully
screened to exclude the presence of N. gonorrheae
infection. Overall, 107 (17%) of 630 neonates de-
veloped mild conjunctivitis, most within the first 2
weeks of life.225 The authors concluded that paren-
tal choice of prophylaxis agent including no pro-
phylaxis at all is reasonable if the mother has had
good prenatal care and is carefully screened for sex-
ually transmitted diseases during pregnancy.

■ KERATITIS

Keratitis (corneal inflammation) typically is unilat-
eral and produces pain as well as a foreign body
sensation. Aside from outbreaks of adenovirus kera-
toconjunctivitis (discussed previously), keratitis is
an uncommon condition in childhood. Because in-
fection of the cornea may lead to scarring, corneal
rupture, and loss of vision, this condition is poten-
tially urgent, and patients suspected of having kera-
titis should be referred to the care of an ophthalmol-
ogist as quickly as possible. Keratitis should be
suspected when eye symptoms such as pain, lacri-
mation, and photophobia are severe.226 Fluorescein
staining in the pediatrician’s office may reveal cor-
neal ulcers.

Herpes simplex virus is the leading cause of kera-
titis in the developed world, but its incidence in
childhood is low.227 Damage to vision rarely occurs
in primary keratitis in childhood, but some loss of
vision may be difficult to prevent even with antiviral
eyedrops.209 The infection is usually unilateral. The

virus typically produces a dendritic (branching) le-
sion, although sometimes the lesion is ameboid.
The diagnosis can be strongly suspected on clinical
grounds; scraped stromal specimens may be used
for viral culture. Local therapy with a topical anti-
viral agent (usually trifluridine) is the treatment of
choice. The use of topical steroids in the eye is dan-
gerous because herpetic infection may be made
more severe by steroids. Paradoxically, severe cases,
especially those involving the stroma, may require
the anti-inflammatory action of a topical steroid;
227,228 the management is complex and requires ex-
pert attention. Steroids, if used, are weaned as
quickly as possible.205 Steroids can also produce
side effects of ocular hypertension and posterior
subcapsular cataracts.225 There is no benefit to the
addition of oral acyclovir to the regimen.229 Even
after successful treatment, recurrence is seen in
30–50% of adult patients.205

Other viruses of the herpesvirus group also can
produce keratitis, but do so less frequently than
herpes simplex virus (HSV-1). Keratitis from vari-
cella zoster virus (VZV) occurs during primary
chickenpox on rare occasions.230 VZV more com-
monly causes keratitis upon endogenous reactiva-
tion (zoster); the disease is known as herpes zoster
ophthalmicus. As in most cases of zoster (shingles),
waning cellular immunity is the harbinger of this
condition; therefore it is seen in childhood mostly
in the setting of immune deficiency syndromes. De-
ndritic lesions of the cornea may be seen, but they
are usually slightly different from those of HSV and
far less destructive. Dendritic keratitis mimicking
that of HSV has also been reported from Epstein-
Barr virus (EBV) infection. Cytomegalovirus (CMV)
can cause keratitis; this infection is usually accom-
panied by retinitis and is seen in immune-sup-
pressed patients. Measles virus, which commonly
causes conjunctivitis, occasionally involves the cor-
nea. In healthy, well-nourished children, it is tran-
sient and resolves without therapy. It can be devas-
tating in children with vitamin A deficiency.

Bacterial keratitis can be acute and destructive.
A scratched cornea or foreign body is a frequent
predisposing factor, especially if bacterially con-
taminated eyedrops have been used. Contact lens
wearers have an 80-fold increased risk of acquiring
this disease.231 The risk for patients who use ex-
tended wear lenses is three to eight times higher
still.232 A prospective trial has shown that it is pri-
marily the wearing of contact lenses for extended
periods of time (as opposed to the material used to
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make the contacts) that predisposes to infection.233

P. aeruginosa is the most common pathogen in cases
attributed to infection following overnight wear of
soft contact lenses.205 This pathogen can produce
a very fulminant keratitis, with subsequent loss of
the eye.233 S. aureus and the pneumococcus are the
most frequent causes of bacterially infected corneal
ulcers not associated with soft contact lens wear.234

Rare bacterial causes include Listeria, many
members of the Enterobacteriaciae family, atypical
mycobacteria, Nocardia, anaerobes such as Propioni-
bacterium acnes, Peptostreptococcus, and others. Shi-
gella keratitis has been reported. It can be treated
with topical neomycin-bacitracin-polymyxin or
topical sulfa or gentamicin ophthalmic prepara-
tions.235 Enterobacteriaciae such as Serratia marces-
cens infections are hard to prevent because the con-
centrations of antibacterials that would need to be
in contact lens solutions to prevent their growth
are toxic to the eye.236

Fungi can also be a cause of keratitis, especially
after a corneal injury from a branch or a stick of
wood. A variety of fungal species have been impli-
cated. Most are soil saprophytes. Fungi with sep-
tate, branching hyphae such as Aspergillus species
are common in hot, humid climes near the equator,
whereas in the southern United States pigmented
fungi such as Curvularia predominate, and in the
northern United States and Canada, Candida species
are the most frequent pathogens. Amebic keratitis
can also occur from contact lens wear and tends
to be severe. The rarity of corneal infections is a
testament to the powerful antibacterial activity of
tears and the resilience of an intact corneal epithelial
layer. One study, which cultured contact lens cases
of 101 lens wearers who used hydrogen peroxide
as a disinfectant and only used commercial saline
solutions, showed that 81% of the cases were con-
taminated. Seventy-seven percent were positive for
bacterial pathogens, 24% for fungi, and 20% for
protozoa. Acanthameba were found in 8%. All bac-
teria isolated produced catalase, which inactivates
hydrogen peroxide.237 Contact lens wearers should
be encouraged to scrub their lens cases frequently,
to wash them in very hot water, and to allow them
to air dry between uses.

Laboratory evaluation of keratitis should include
a direct microscopic examination and culture of a
corneal scraping for fungi, as well as a Gram stain
and bacterial culture. Culture yield may be in-
creased by using BactoR2A low-nutrient agar.238

Dendritic or ameboid keratitis should be cultured
for viruses, particularly HSV.

Bacterial keratitis is treated with local and sys-
temic antibiotics after culture is obtained. Tradi-
tionally, two antimicrobials have been used, but
monotherapy with fluoroquinolones has been pop-
ular since a topical preparation became available.205

However, ciprofloxacin-resistant isolates of P. aeru-
ginosa are beginning to be a problem.239 Mycotic
keratitis is usually treated with local application of
amphotericin B solution. Steroids or antibacterial
antibiotics may make fungal keratitis worse.

Congenital syphilis is a cause of interstitial stro-
mal keratitis. Clinical manifestations usually begin
sometime between the ages of 5 and 25 years. The
condition begins as a peripheral corneal inflamma-
tion and progresses centrally. It is usually bilateral
and may impair vision significantly.

Noninfectious causes include keratitis, ichthyo-
sis, and deafness (KID) syndrome;240 Cogan’s syn-
drome, which is a vasculitic disorder of unknown
etiology;241 incontinentia pigmenti;242 and tyro-
sinemia type II, in which tyrosine builds up in the
cornea and induces an inflammatory reaction.243

Abuse of topical anesthetic drops can also cause a
ring keratitis.244

■ UVEITIS

Uveitis is inflammation of the uveal tract (iris, cili-
ary body, and choroid). It is usually classified as
anterior (iridocyclitis) or posterior (chorioretinitis).
Uveitis can be secondary to a number of causes
including trauma, chemical irritation, pauciarticu-
lar rheumatoid arthritis, a nearby infectious pro-
cess, or sarcoidosis.245 In most cases, however, the
cause cannot be found, and it is referred to as en-
dogenous uveitis or uveitis of obscure etiology.

Iridocyclitis

Clinical Picture

Acute iridocyclitis may resemble conjunctivitis be-
cause of the redness of the conjunctiva, but iridocy-
clitis is usually associated with pain and is much
more serious than conjunctivitis, being a true oph-
thalmologic emergency. It is distinguished from
conjunctivitis by the photophobia and the promi-
nent inflammation near the cornea. The individual
blood vessels are not as well seen as in conjunctivi-
tis, and they do not move with the conjunctivae.
There may be a slight constriction of the affected
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pupil, which may be irregular. There is absence of
purulent secretions, although tearing may be pres-
ent. The iridocyclitis of juvenile rheumatoid arthri-
tis (JRA) is insidious and may be entirely
asymptomatic.

Etiologies

Many of the herpesviruses have been implicated.
Herpes simplex virus usually produces iridocyclitis
in association with corneal disease, discussed ear-
lier. EBV produces a follicular conjunctivitis in a
small percentage of children with infectious mono-
nucleosis, and a subset of them may develop irido-
cyclitis. VZV rarely produces an anterior uveitis
during primary chickenpox and can also produce
the disease on reactivation, sometimes in the ab-
sence of typical zosteriform skin lesions.246 HHV-
6 infection has been implicated in the onset and
reactivation of some cases of iridocyclitis associated
with JRA.247 Finally, CMV may cause an anterior
uveitis, although it usually causes a chorioretinitis.
The disease is usually asymptomatic and occurs in
patients with advanced AIDS or other severe im-
mune suppression.

Several ocular complications are seen in primary
mumps virus infection. The most common of these
is dacryoadenitis, but conjunctivitis, scleritis, kera-
titis, and iridocyclitis can also be seen.248 Entero-
viruses such as coxsackievirus A24 and enterovirus
71 cause a follicular conjunctivitis that is rarely as-
sociated with iridocyclitis. At least two large out-
breaks of echovirus 11 that caused fairly severe uve-
itis in babies and toddlers have been reported from
eastern Europe;249 to date, similar outbreaks have
not been seen in the United States. Kawasaki disease
had uveitis as an early finding in 66% of cases in
one series.250

Mycobacterium tuberculosis can infect any part of
the eye; iridocyclitis due to M. tuberculosis has been
reported in a 2-year-old girl who lived in a nonen-
demic area.251

Syphilis is a possible cause of chronic iridocycli-
tis. It may occur in conjunction with interstitial ker-
atitis, which is a late finding of congenital syphilis,
or it may arise during secondary syphilis. Any pa-
tient suspected of having syphilitic iridocyclitis
should undergo lumbar puncture to rule out
asymptomatic neurosyphilis. Leptospirosis and
Rocky Mountain spotted fever are rare causes of
acute uveitis, but typically there are more promi-
nent manifestations of the disease.

Acute iridocyclitis can be produced by rheuma-
toid disease, although a chronic iritis with insidious
onset is more frequent. The iritis can be detected
late in the disease by recognition of irregular pupils,
but regular slit-lamp examination is needed for
early detection of clinically silent iritis in children
with pauciarticular juvenile rheumatoid arthritis
(JRA). Rarely, iridocyclitis may be the presenting
symptom of undiagnosed JRA. Young girls with
pauciarticular disease who are antinuclear antibody
(ANA) positive are at particular risk. They should
be screened every 3 to 4 months.252 Other nonin-
fectious causes include tubointerstitial nephritis
with uveitis (TINU syndrome),253 a disease of un-
known etiology seen in adolescents; bilateral irido-
cyclitis with retinal capillaritis (BIRC),254 another
syndrome of questionable etiology seen mostly in
teenagers; and sarcoidosis.255 Iridocyclitis also has
been reported as an adverse reaction to chronic ibu-
profen use.256

Chorioretinitis

Chorioretinitis can be congential or acquired. Con-
genital chorioretinitis is usually suspected in new-
born or young infants because of other associated
defects, as described in Chapter 19. However, it
is sometimes first detected by routine funduscopic
examination. Acquired chorioretinitis is usually
first recognized because of decreased vision or float-
ing spots or specks.

Etiologies

Toxoplasmosis is probably the most frequent cause
of congenital chorioretinitis and is discussed in
Chapter 19. Cytomegalovirus is a rare cause of con-
genital chorioretinitis. Chorioretinitis recognized in
infancy and childhood usually is secondary to con-
genital toxoplasmosis but can be an acquired dis-
ease.257 Diagnosis can usually be made clinically.
PCR of vitreous fluid can be a useful diagnostic
test in patients with chorioretinitis in which the
diagnosis is in doubt.258 Toxocara canis infection,
caused by ingestion of dog roundworm ova, is an
occasional cause of acquired chorioretinitis. It typi-
cally is associated with eosinophilia.

Chorioretinitis is commonly found in patients
with the syndrome of congenital varicella zoster in-
fection. However, in utero primary varicella zoster
virus infection sometimes causes unrecognized reti-
nitis. For this reason, any patient who presents
within the first year of life with zoster should be
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referred to an ophthalmologist for retinal
examination.259

Rare infectious causes of acute chorioretinitis in-
clude tuberculosis, histoplasmosis and other granu-
lomatous disease, amebiasis, coxsackie B4 virus,260

and herpes simplex virus. Rarely, chorioretinitis
complicates Epstein-Barr virus–induced infectious
mononucleosis.261 Secondary syphilis can also pro-
duce chorioretinitis, usually in immunosuppressed
patients.262 Lyme disease (Borrelia burgdorferi infec-
tion) can cause either bilateral or unilateral choiore-
tinitis.263 Bartonella henselae (the cat scratch bacil-
lus) has been associated with a neuroretinitis and
stellate pattern seen on the retina.264 Optic nerve
involvement is common, and a small percentage
have residual visual loss after the acute illness has
resolved.265 No treatment benefit has been proven
by controlled trial, but the combination of doxycy-
cline and rifampin for 4 to 6 weeks produced
quicker resolution than that seen in historical
controls.266

Aicardi syndrome has a characteristic chorioreti-
nopathy and neurological defects and can resemble
the clinical appearance of severe congenital toxo-
plasmosis.267 The infants are typically females, with
infantile spasms, mental retardation, and vertebral
anomalies. The etiology is unknown. Children with
chronic granulomatous disease frequently have
“punched out” retinal lesions with pigment clump-
ing. Nine (24%) of 38 patients and 3 (8%) of 36
carriers were noted to have retinal pathology on
slit-lamp examination.268

Cytomegalovirus chorioretinitis has been ob-
served in immunosuppressed adults with renal allo-
grafts.269 Disseminated cryptococcosis has also
been described as a cause of chorioretinitis in severe
immune suppression.270

Eye involvement occurs in about 50% of patients
with subacute sclerosing panencephalitis. Usually
the eye problems occur at the same time as other
neurologic symptoms, but can precede them by
weeks or even months.271

Treatment

A mydriatic such as 1% atropine is the emergency
treatment for acute iridocyclitis pending identifica-
tion of its cause. Local, or even systemic, corticoste-
roids may be indicated, but an ophthalmologist
should be consulted. For recently detected ocular
toxoplasmosis, steroids plus antiparasitic chemo-
therapy with pyrimethamine, sulfadiazine, and foli-

nic acid are indicated. A recent phase I trial showed
that atovaquone was well tolerated in 17 patients
with ocular toxoplasmosis. All patients showed
signs of improvement within 1 to 3 weeks of start-
ing therapy, and visual acuity improved from a
mean of 20/200 to a mean of 20/25 during an aver-
age follow-up length of 10 months.272 Further
study will be needed, but this approach looks
promising.

Complications

Acute iridocyclitis may become chronic and lead to
posterior synechiae (adhesions), cataract formation,
or glaucoma.

■ INTRAOCULAR INFECTIONS

Pus in the anterior chamber of the eye is called
a hypopyon. It can be an extension of a bacterial
infection within the eye, or it can be a sterile reac-
tion to a corneal infection. Blood in the same area
is called a hyphema and is usually a result of an
injury to the eye.

Penetrating eye injuries carry a great risk of in-
fection within the eye (endophthalmitis), and anti-
biotic prophylaxis is advisable. An 8-year-old boy
with endophthalmitis secondary to an intraocular
graphite pencil lead has been reported.273 Nafcillin
and gentamicin is a reasonable combination. An
ophthalmologist should be consulted. Intravitreous
or subscleral administration of antibiotics is often
indicated, especially in severe or relapsing cases.

Endophthalmitis also occurs after eye surgery,
although the incidence of postsurgical infection is
low, 0.09% in one large series.274 The microorga-
nisms isolated from postoperative endophthalmitis
do not differ much from those of posttraumatic in-
fection; the incidence of gram-negative organisms
and fungi may be slightly higher.275,276 No direct
comparison has been performed. Propionibacterium
acnes is a fairly common cause of late-onset, insidi-
ous postoperative endophthalmitis.277 Finally, Ba-
cillus cereus deserves special mention as a cause of
this infection. Usually associated with food poison-
ing, B. cereus is an uncommon but devastating
pathogen in endophthalmitis.

Candidal endophthalmitis may occur in prema-
ture infants, usually in association with candidemia
and disseminated candidal infection.278 In adult pa-
tients, the incidence of endophthalmitis in patients
with systemic candidal infection is considerably
lower than it once was, presumably secondary to a
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trend toward rapid institution of antifungal ther-
apy.279 No thorough review of the incidence in neo-
natal intensive care units has been published, but
experience suggests that the adult data are being
mirrored in the premature babies. Amphotericin B
is the drug of choice.

Ceftazidime penetrates aqueous humor well and
is probably useful in penetrating eye injuries when
gram-negative enteric bacilli, especially Pseudomo-
nas species, are suspected.280
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Face and Neck Syndromes

■ CERVICAL ADENITIS AND
ADENOPATHY

Cervical adenitis is defined as enlarged, tender
lymph nodes in the neck. Unilateral acute cervical
adenitis is usually caused by a pyogenic bacterium.1

Involvement of the anterior cervical (tonsillar) nodes
under the angle of the jaw suggests a tonsillar disease.
The submandibular nodes may be involved. En-
largement of the posterior cervical nodes behind the
sternocleidomastoid muscle is more likely to be as-
sociated with infectious mononucleosis.

The diagnosis should be cervical adenopathy if
there is no erythema over the node and no tender-
ness. Many patients without such evidence of local
inflammation have an infectious cause of the ade-
nopathy, but many noninfectious diseases also re-
sult in cervical adenopathy.

Acute Unilateral Cervical Adenitis

A practical approach to cervical adenitis is to divide
it into acute febrile unilateral cervical adenitis and
all other forms. Acute unilateral cervical lymphade-
nitis can be empirically treated with oral antibiotics
active against the two most likely etiologic agents,
Staphylococcus aureus and Group A streptococci
(such as dicloxacillin, cephalexin, or amoxicillin/
clavulanate). Some improvement in clinical symp-
toms should take place within 48 hours, and ulti-
mately most patients are cured, especially if they
are seen early in the illness. However, a small pro-
portion of patients will not respond, especially if
the swelling appeared rapidly or is already large,
and will continue to have an enlarging node. For
such patients, oral antibiotic therapy on an outpa-
tient basis usually does not produce a cure, and it
is necessary to hospitalize them.

After hospitalization, an intravenous antibiotic
such as nafcillin or clindamycin can be given for
approximately 24–48 hours. During this time, the
surrounding inflammatory process typically be-
comes less prominent, and the node will feel firmer

and harder. Although the feeling of the node does
not suggest that it is compressible or fluctuant, the
tenseness of the node is probably caused by pus
under pressure. Within the node is a variable area of
liquefaction (Fig. 6-1) surrounded by an intensely
inflammatory process with firmness secondary to
infiltration of cells. Ultrasound may help define the
process.

After about 24–48 hours of antibiotic therapy,
it is often appropriate to do an incision and drainage
of the lymph nodes, usually with a drain left in.
The infecting organism may grow out of a culture
of pus, as it may not be eliminated by antibiotic
therapy, even if it is sensitive to the drug that was
administered.

With this approach, most patients will have a
short hospital stay and minimal complications.
Once the fever is reduced by intravenous antibiot-
ics, and after incision and drainage has been done
and the drain removed in a day or so, healing usu-
ally occurs rapidly. The patient can then be dis-
charged on oral antibiotics.

The management of other kinds of cervical ade-
nitis is different and depends on whether the dis-
ease is chronic or subacute.

Infectious Etiologies
There is overlap between the causes of cervical ade-
nitis and adenopathy, as the bacteria that can cause
adenitis can also cause adenopathy, particularly if
the findings are made milder by previous antibiotic
therapy or by partial immunity of the patient. Thus
Group A streptococci, one of the most frequent
causes of cervical adenitis, is also a common cause
of cervical adenopathy, which is usually bilateral.
Infectious causes of cervical adenitis or adenopathy,
in approximate order of frequency, are shown in
Box 6–1.

Group A Streptococci and Staphylococcus
Aureus

Determining whether Group A streptococci or
staphylococci are the most common cause of acute
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■ FIGURE 6-1 Six cuts of a neck CT scan showing irregular liquefaction (arrow) and loculation
in infected cervical lymph node. Liquid pus and semisolid material were obtained at incision
and drainage, when the surgeon broke up the loculated septae. (CT scan from Dr. Richard
Logan)

BOX 6-1 ■ Infectious Causes of Cervical
Adenitis

Acute Cervical Adenitis
S. aureus
Group A streptococci
Other streptococci, including pneumococci
Anaerobic mouth flora, especially after dental

work
Epstein-Barr virus (EBV)*
Cytomegalovirus (CMV)*
Adenovirus*
Enterovirus*
H. influenzae
Mycoplasma hominis (newborn)
Kawasaki disease

Chronic or Subacute Adenitis/Adenopathy
Nontuberculous mycobacteria
Bartonella henselae (cat scratch disease)
Human immunodeficiency virus (HIV)*
Tularemia
Fungi (histoplasmosis, coccidioidomycosis)
M. tuberculosis*
Toxoplasmosis*
Actinomycosis/nocardiosis

*Commonly associated with bilateral cervical or general-
ized adenopathy

unilateral cervical lymphadenitis is fraught with dif-
ficulty. It is generally agreed that approximately
65–90% of all cases are due to one or the other.
One series suggested that the incidence of Group
A streptococcus and S. aureus was nearly identical.2

In a series of children who had not received antibi-
otics, Group A streptococci were the most frequent
cause of cervical adenitis, as demonstrated by cul-
ture of the organism by needle aspiration, incision
and drainage of the fluctuant nodes, or rising antis-
treptolysin O titers.3 In some cases, S. aureus was
recovered from the node, by itself, or in concert
with Group A streptococcus, and an antibody re-
sponse to Group A streptococcus was demon-
strated. Another series ranked beta-hemolytic strep-
tococci second to S. aureus regardless of prior
antibiotic therapy.4 Throat culture is not necessarily
predictive of the infecting organism; some patients
have positive throat cultures for Group A strepto-
coccus when the lymphadenitis is due to S. aureus;
sometimes, beta-hemolytic streptococci are not re-
covered from the throat, even though the organism
is recovered by needle aspiration of the node.3,4

Published studies may underestimate the frequency
of Group A streptococcus, as these children tend
to recover after simple antibiotic therapy and thus
not go on to drainage and culture.
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S. aureus is more likely in patients who have had
unsuccessful antibiotic therapy and require incision
and drainage; in one series of 65 such patients S.
aureus was four times more frequently recovered.5

However, as noted earlier, one series found no rela-
tion between previous penicillin therapy and recov-
ery of S. aureus on node aspiration.4 Staphylococcal
adenitis also may occur in young infants as a result
of nursery colonization.6

Other Bacteria

Pneumococci, anaerobic bacteria, or gram-negative
rods rarely produce cervical adenitis, especially in
young infants.4,6 Neonates may also develop a syn-
drome called “cellulitis-adenitis syndrome” second-
ary to Group B streptococci. This condition is more
common in males.7 Dental infections may be a pre-
disposing factor for some unusual organisms, par-
ticularly anaerobes.8 Haemophilus influenzae is a rare
cause of cervical adenitis.

Infectious Mononucleosis

Cervical adenitis in older children and adolescents
can be caused by Epstein-Barr virus (EBV). The ten-
derness is variable depending on the severity of the
pharyngitis and often is associated with splenomeg-
aly and generalized adenopathy (Chapter 3). EBV
can be associated with a unilateral neck mass.9

Subacute Cervical Adenitis
Nontuberculous Mycobacteria

Most of these mycobacteria, previously called un-
classified, anonymous, or atypical, have now been

■ FIGURE 6-2 Chronic cervical adenitis caused by Mycobac-
terium scrofulaceum. (Photo from Dr. Henry Rikkers)

assigned species names. Prior to 1978, the most
common species recovered from cervical adenitis
in children was Mycobacterium scrofulaceum, named
for scrofula, an old term for tuberculous cervical
adenitis (Fig. 6-2).10,11 An abrupt shift to M. avium
intercellulare complex took place in the late 1970s.
The reason behind this epidemiologic change is not
explained.12

Nontuberculous mycobacterial adenitis is a dis-
ease that affects predominantly children between
the ages of 1 and 5. It is almost always unilateral and
has a predilection for the anterior cervical nodes in
the submandibular area near the angle of the jaw.12

In two series, there was a slight female predomi-
nance.13 Patients are otherwise healthy and present
with painless lymph node swelling without signifi-
cant fever or other systemic symptoms. Signs of
local inflammation are scant. Over time, the nodes
may develop a violaceous hue, but are usually nei-
ther bright red nor hot. Left untreated, many will
progress to spontaneous rupture and develop a
chronic draining sinus tract; the clinical course is
variable, however, and the local progression of any
one case is difficult to predict.12 Disseminated dis-
ease does not occur in the immunocompetent host.

The histologic appearance of a biopsy specimen
of the node depends somewhat on how old the le-
sion is when it is resected; they tend to progress
from dimorphic granulomas to caseating granu-
lomas and finally to calcified granulomas. Acid-fast
bacilli can often be found in the smear of aspirated
pus or biopsy section. In one large series, 88% of
patients had a positive tuberculin skin test (TST)
of from 6–15 mm; 9 of 13 “nonresponders” were
positive if rechallenged with second-strength (250
TU) purified protein derivative (PPD).12 This TST
response, in contrast to that caused by BCG immu-
nization, seems to last for years. In some cases, non-
tuberculous mycobacterial adenitis that occurred
before the age of 5 years has been responsible for
making a preemployment TST positive in adult-
hood.12 Others have found the initial TST response
less reliable; Hazra et al. reported that only 2 of 13
patients were TST positive at presentation.13 Skin
tests using representative atypical mycobacterial an-
tigens can be compared with the reaction to a stan-
dard tuberculin test: in nontuberculous mycobacte-
rial diseases, a larger area of induration is produced
by an atypical antigen. Unfortunately, nontubercu-
lous mycobacterial skin-test antigens have been re-
called by the FDA because proof of reproducibility
was lacking. Culture of a nontuberculous mycobac-
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terium from a node is conclusive, but in one series,
only about one-third of children with the diagnosis
based on skin tests had a positive culture.14

Excisional biopsy of the node is the treatment
of choice.14 Whether chemotherapy prevents pro-
gression of disease is unknown. Reports of anec-
dotal success may reflect the natural history of this
infection. The use of antimicrobials should be re-
served for cases in which surgical excision carries
considerable risk, or when surgical excision is in-
complete (usually because of proximity of the facial
nerve). The combination of clarithromycin (20–30
mg/kg/day) in two divided doses and ethambutol
(15 mg/kg/day) as a single dose is a rational choice
based on representative sensitivity patterns of atypi-
cal mycobacteria.13 If the organism is obtained,
therapy can be tailored to susceptibility testing
done in a reference laboratory. A prolonged course
of therapy may be necessary and should usually
be undertaken with the assistance of an infectious
diseases specialist.

Tuberculous Adenitis

This is rare in children born in the United States
but should be considered in children from other
countries or in those with a history of exposure to
tuberculosis.15 Mycobacterium tuberculosis is more
likely to infect nodes behind the sternocleidomas-
toid muscle or deep in the neck just above the clavi-
cle.12 In the past, most patients with M. tuberculosis
lymphadenitis usually had lung or mediastinal in-
volvement as well, probably because of presentation
later in the course of illness. However, a recent se-
ries of 60 patients with tuberculous cervical lym-
phadenitis reported abnormal chest x-ray findings
in only 10 (16%).16 In this series, the commonest
age group affected was 11 to 20 years, constitutional
symptoms were uncommon, and the TST was �
10 mm in 95% and � 15 mm in 84% of patients.
Treatment is the same as for pulmonary tuberculo-
sis (see Chapter 8).

Tularemia

Cervical adenitis can be caused by Francisella tular-
ensis, spread by a tick bite or handling of infected
tissue carcasses.17,18 The node typically is unre-
sponsive to antistaphylococcal antibiotics and be-
comes fluctuant and may ulcerate. There is usually
a history of an acute illness characterized by fever,
headache, abdominal pain, and malaise that ante-
dates the development of the lymphadenopathy.

Careful physical examination may reveal a healing
ulcer at the site of a tick bite on the scalp or concom-
itant inflammation of either the conjunctivae or the
pharynx. Diagnosis is made by demonstrating an
antibody response to Francisella tularensis. Classi-
cally, this requires a fourfold or greater increase
in antibody titer of paired sera. However, because
exposure to F. tularensis is uncommon, a presump-
tive diagnosis can also be made when a single anti-
body titer is 1:160 or greater. Antibodies may not
be detected until the second or third week of illness.
Culture is not recommended because of the risk of
laboratory personnel acquiring inhalational disease.

Toxoplasmosis

The relative frequency of toxoplasmosis as a cause
of cervical adenitis or adenopathy in the United
States is not clearly established.19 Probably, it is
frequently undiagnosed because the patient im-
proves and diagnostic studies are not done. In one
outbreak, 25 (68%) of 37 patients were ill enough
to seek medical attention, but the correct diagnosis
was made in only 3 (12%).20 The most common
presenting symptoms were fever, lymphadenopa-
thy, headache, and myalgia.

Exposure to cat feces or undercooked meat may
signal a need to suspect the diagnosis. Toxoplasmo-
sis should also be considered when atypical lym-
phocytosis is present with a negative heterophile
test. It can be confirmed by demonstrating a four-
fold rise in titer of immunoglobulin (IgG) to Tox-
oplasma antibodies or by the presence of IgM anti-
bodies in a single specimen. However, the quality
of available tests is highly variable; false-positive
and, to a lesser extent, false-negative results have
been a problem with some commercial kits.21

A highly sensitive polymerase chain reaction
(PCR) that worked well in the diagnosis of both
encephalitis and myocarditis due to Toxoplasma
gondii failed to identify the organism in 8 of 9 lymph
nodes with histologically proven toxoplasma infec-
tion.22 The histopathologic findings, however, are
highly characteristic and can be identified by expe-
rienced pathologists.23 The cyst form of the parasite
can sometimes be seen in histologic sections of ex-
cised lymph nodes.24

Cat Scratch Disease

The enlarged nodes are in the head and neck in
about one-fourth of patients with cat scratch disease
(CSD) (Fig. 6–3).25 Cat scratches are found in some
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patients; a history of cat exposure is very common.
Bacteremia with Bartonella henselae, the agent of
CSD, is more common in kittens than in full-grown
cats and in cats that spend part of their time out-
doors than in those restricted to a home environ-
ment. Suppuration occurs in 10–25% of infected
nodes.25,26 Despite the fact that this disease was
originally called cat scratch fever, systemic symp-
toms such as fever are relatively uncommon; about
one-fourth may have temperature elevation to
greater than 38.3�C (101�F), usually for less than
a week. A rash, conjunctivitis, or parotid enlarge-
ment is noted in 3–5% of patients. The enlarged
node is usually noticed about 2 weeks after the
scratch but may occur as late as 7 weeks or as early
as 3 days.25 In certain locations (such as the south-
eastern United States), this condition is one of the
most common causes of subacute lymphadenopa-
thy in childhood. Cats can also transmit the infec-
tion by licking nonintact skin. Surgical removal or
biopsy is unnecessary for diagnosis, but is some-
times performed for patient comfort .

The diagnosis is usually made serologically, with
a single elevated titer of B. henselae IgG or IgM often
considered diagnostic, although unfortunately,
both false-negative and false-positive results are rel-
atively common.27 In our experience, some chil-
dren with CSD have negative serology until rela-
tively late in the disease; therefore, if suspicion of
CSD is high, serologic titers should be repeated. If

■ FIGURE 6-3 Cat scratch disease showing regional lymph
node enlargement. (Photo from Dr. Andrew Margileth)

the diagnosis remains in doubt, definitive etiologic
diagnosis can now be obtained by PCR of aspirated
pus.28 A small percentage of patients who appear
to have an enlarged node as the sole manifestation
of CSD can be demonstrated to have hepatic and
splenic microabscesses by abdominal ultrasound.29

This procedure should not, however, be used as a
diagnostic test for CSD. The presence of asymptom-
atic hepatosplenic abscesses does not mandate
therapy.

Actinomycosis

“Lumpy jaw” is the most characteristic pattern of
actinomycosis in cattle, but it is a very rare disease
in humans.30 Usually, there is a firm, tender mass
in the submandibular area, which often results in
draining sinuses. Drainage from these sinuses may
contain characteristic “sulfur granules.”30 The infec-
tion spreads locally without regard for potential
spaces or fascial planes. Males outnumber females.
Rarely, the disease extends to the mandible and pro-
duces osteomyelitis. Typically, the center of the
mass becomes black and necrotic.

Nocardiosis

Cervicofacial nocardiosis in children can occur
without any immune deficiency and typically pre-
sents as a pustule and regional submandibular ade-
nopathy, either of which may produce chronic
drainage.31 The drainage may contain sulfur gran-
ules, mimicking actinomycosis. Nocardia are
weakly acid-fast, and Kinyoun stain will sometimes
differentiate the two diseases.32

Fungi

Histoplasmosis, blastomycosis, and coccidiodo-
mycosis are occasionally causes of cervical adenitis
in areas of the United States where these organisms
are endemic.33 Fungi are a special consideration in
children with leukemia.34

Other Causes

Patients with acute HIV infection may present with
a monolike illness, which often includes bilateral
cervical adenopathy.35 Yersinia enterocolitica is a
rare cause of cervical adenitis.36

Lymphogranuloma venereum is also a rare cause
of cervical lymphadenitis and is found in individu-
als with oral-genital contact.37 Syphilis is a rare
cause that can be excluded by a VDRL test.
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Mycoplasma hominis is a possible cause of cervical
adenitis in the newborn perod.38 This infection is
probably a result of aspiration of normal flora of
the uterine cervix before or during delivery.

Kawasaki Disease

“Mucocutaneous lymph node syndrome” is a syn-
onym for this cause of cervical lymphadenopathy;
it is discussed in Chapter 11.

Noninfectious Causes

Congenital Neck Anomalies

Cystic hygroma, bronchial cleft cysts, or thyroglos-
sal duct cysts can be mistaken for lymph nodes.
These cysts may become infected and the masses
mistaken for cervical adenopathy.

Sinus Histiocytosis

Also called Rosai-Dorfman disease, this is a cause
of massive painless cervical lymphadenopathy with
fever, leukocytosis, and hypergammaglobuli-
nemia.39,40 It is benign but may last for several
years. The involved lymph nodes show dilated si-
nuses with numerous histiocytes. The cause is un-
known.

Autoimmune Lymphoproliferative
Syndrome

This disorder results when lymphocytes fail to
undergo the normal process of apoptosis (pro-
grammed cell death).41 It presents with subacute
or chronic bilateral cervical (or sometimes general-
ized) lymphadenopathy. Hypergammaglobuli-
nemia and splenomegaly are common features, as
are various autoimmune phenomena, such as he-
molytic anemia and thrombocytopenia.42 Some pa-
tients’ symptoms respond to corticosteroids. Severe
hypersplenism may necessitate splenectomy.

Histiocytic Necrotizing Lymphadenitis
(Kikuchi’s Disease)

Originally described in Japan in 1972, this is an
uncommonly recognized cause of cervical adenopa-
thy in children, adolescents, and young adults.43

Fever is common, and leukopenia is present in 20%
of patients, often prompting concern of malignancy
and biopsy of an enlarged node.44 Although cases
are initially often misdiagnosed as lymphoma, Ki-

kuchi’s disease can be distinguished from lym-
phoma histologically by virtue of its polymorphous
appearance and its focal, circumscribed involve-
ment of lymph nodes. Females are affected four
times as frequently as males. Nodes are rarely
greater than 2 cm in size and are not tender or fixed.
The cause is unknown. Spontaneous resolution oc-
curs in 1 to 6 months.45

Neoplasms

Non-Hodgkin’s lymphoma or Hodgkin’s disease are
rare causes of cervical adenopathy in children. Eo-
sinophilia may be present. Other clues include ele-
vated serum uric acid and lactate dehydrogenase
(LDH) and mediastinal lymphadenopathy on chest
x-ray. Typically, the adenopathy is painless and
without signs of inflammation. Lymph nodes with
these characteristics that are large (> 4 cm) or rap-
idly expanding should undergo excisional biopsy
to rule out malignant causes.

Drugs

Phenytoin can be a cause of cervical adenopathy.

Diagnostic Plan

A white blood cell count and differential study may
reveal leukocytosis, which implies bacterial adeni-
tis. Atypical lymphocytosis suggests infectious
mononucleosis or, rarely, toxoplasmosis. A rapid
slide serologic test for infectious mononucleosis an-
tibodies should be done if the child is 5 years of
age or older. Specific serologic tests for EBV may
be helpful. Serologic evaluation for toxoplasmosis,
coccidioidomycosis, HIV, or cytomegalovirus
(CMV) may be selectively used.

A tuberculin test is usually indicated in a patient
with cervical adenitis or adenopathy that does not
respond to initial antibiotic therapy or whose ade-
nopathy persists for longer than 2 weeks. Equivocal
or even positive reactions may be the result of cross-
reactions from nontuberculous mycobacterial in-
fection. A recent study reported 15 mm induration
in 17 (59%) of 29 children with nontuberculous
mycobacterial lymphadenitis.46 Definitive diagno-
sis can usually be made by culture or DNA probe
of material obtained by excisional biopsy.

The chest radiograph is occasionally abnormal
in tuberculous cervical adenitis but is essentially
always normal in adenitis due to nontuberculous
mycobacteria. It may reveal mediastinal lymphade-
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nopathy if cervical adenopathy is caused by a neo-
plasm or a fungal disease such as histoplasmosis.

For acute cervical adenitis, needle aspiration or
incision and drainage, with Gram stain and culture
of the pus, is often conclusive. Aspiration of fluc-
tuant nodes should usually be performed if 48
hours of antimicrobial therapy has failed or if the
infection is severe enough to require intravenous
antibiotics and there is “aspiratable” material pres-
ent. Anaerobic culture of pus may be useful.47

Smear and culture of the pus for acid-fast organisms
and for fungi should also be done. In subacute or
chronic adenitis, surgical excision is preferred over
incision and drainage.13 Biopsy or excision of the
node with histologic examination may reveal the
caseating granulomatous lesions of mycobacteria or
fungi, the noncaseating granulomas typical of CSD
or tularemia, the “sulfur granules” of actinomycosis,
or the eosinophilic histiocytes of toxoplasmosis.

CSD is often diagnosed on clinical grounds
alone, especially if the kitten exposure history is
strong or if a telltale papule can be found. This is
especially true in areas with a high incidence of
CSD, such as the southeastern United States. As
mentioned earlier, serologic tests are widely avail-
able but lack sensitivity and specificity. Aspirated
pus can be sent to a reference laboratory for PCR
diagnosis of B. henselae infection.28 Skin testing
with cat-scratch disease antigen has fallen out of
favor; antigen is no longer available.

Treatment

Local heat may be of value for symptomatic relief
in mild cases. As the majority of cases are due to
either Group A streptococci or S. aureus, initial
treatment should be with an antimicrobial agent
that covers both pathogens. Cephalexin, clinda-
mycin, or amoxicillin-clavulanate would be appro-
priate. In some areas of the country, community-
acquired strains of methicillin-resistant S. aureus are
becoming common.47a Fortunately, these organ-
isms are generally susceptible to clindamycin. Usu-
ally, the nodes will shrink soon after the antibiotic
is started. If there is no improvement in 2 or 3 days,
needle aspiration of the node should be considered,
and antibiotic therapy should be changed as guided
by Gram stain and culture. If there is still no de-
crease in nodal size in another 3 days, incision and
drainage of the node will probably be necessary.
When the mass becomes fluctuant, the abscess
should be incised widely and the septae broken up.

If the tuberculin test is positive or nontuberculous
mycobacteria is suspected clinically, the node
should be excised surgically to prevent a chronic
draining sinus from developing.

Antituberculous chemotherapy is indicated if M.
tuberculosis is found. Although surgical excision was
commonly advocated in the past, a recent series
reported excellent outcomes in 60 cases of tubercu-
lous cervical lymphadenopathy. In this series, exci-
sional biopsy was performed in only four patients;
the remainder received 6 months of combination
chemotherapy only. Six months after completion of
therapy, there were no local or systemic recur-
rences.16

Excision is sufficient for nontuberculous myco-
bacterial adenitis, but sometimes complete resec-
tion is impossible without compromising the facial
nerve. In such cases, clarithromycin and ethambu-
tol may be used pending susceptibility testing, as
described above. Most cases of CSD adenitis resolve
without specific antimicrobial therapy.

■ TORTICOLLIS

Torticollis (wryneck) can be divided into congenital
and acquired categories. Congenital torticollis is al-
most never secondary to infection. This condition
presents within the first few months of life and is
often accompanied by a sternocleidomastoid
“tumor.”48 Acquired torticollis may occur as a com-
plication of cervical adenitis, peritonsillar infection,
or retropharyngeal abscess.49 In one survey, a head
or neck inflammatory focus was found in 85% of
children presenting with acute nontraumatic ac-
quired torticollis.50

When it occurs after known trauma, it may be
caused by atlantoaxial rotatory subluxation, best di-
agnosed by spiral computed tomography (CT) im-
aging.51 This condition is important to diagnose
because reduction becomes more difficult with
time.52

Sandifer’s syndrome is the occurrence of torti-
collis in association with hiatal hernia and severe
gastroesophageal reflux. Surgical correction of the
hernia corrects the torticollis.53 Toddlers may pres-
ent with head tilt resembling torticollis but without
limitation of motion of the neck secondary to ocular
muscle disorders.54 An interesting case of a 6-year-
old girl who presented with torticollis as the first
manifestation of systemic onset juvenile rheuma-
toid arthritis has been reported.55 A teenager with
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torticollis from osteomyelitis of the first rib has been
described.56

Recurrent torticollis can be caused by recur-
rently infected congenital anomalies of the neck,
such as branchial cleft cysts or a laryngeal pyriform
sinus diverticulum.57 CT can be useful in detecting
such anomalies.

■ FACE AND NECK INFECTIONS

Cellulitis of the face and neck, suppurative thyroidi-
tis, and retropharyngeal abscess are discussed in
this section. Orbital cellulitis, which is usually re-
lated to sinusitis, is discussed in Chapter 5 and ton-
sillar complications of peritonsillar abscess and
postanginal sepsis are discussed in Chapter 2.

Facial (Buccal) Cellulitis

“Facial” or “buccal” cellulitis refers to cellulitis of
the cheeks. This is another disease that is currently
seldom seen because of the efficacy of the conju-
gated H. influenzae type b vaccine.57a In the absence
of a wound or maxillary sinusitis, it typically occurs
in infants less than 2 years of age.58 The cheek is
usually swollen and faintly red and later sometimes
becomes bluish-purple-red. The patient may be ill-
appearing and have a high fever. Blood cultures are
positive in from 55–86% of patients.59 The condi-
tion can be bilateral, and small outbreaks were ob-
served in the past.60,61 Rarely, the infant with infec-
tious facial cellulitis is afebrile but usually has a
leukocytosis.

H. influenzae type b is the usual cause. Other
serotypes of H. influenzae are not prone to cause
this infection. The bluish-purple hue of the cheeks
is not specific for H. influenzae, as it has also been
observed with pneumococcal cellulitis.62 Meningi-
tis may complicate up to 9% of bacteremic buccal
cellulitis.63 Thus, lumbar puncture is indicated in
the young child with buccal cellulitis thought to be
due to H. influenzae type b. In the newborn period,
or in the school-age child with a dental abscess, S.
aureus is a possible cause. S. aureus is also seen in
some children who have facial cellulitis secondary
to a wound or other small portal of entry. Group
B streptococcus can cause facial cellulitis in the first
3 months of life, usually as part of the cellulitis-
adenitis syndrome mentioned earlier.64

Treatment

Ceftriaxone or cefotaxime are useful to treat facial
cellulitis because they are effective against ampicil-

lin-resistant H. influenzae and most strains of S.
pneumoniae. Antistaphylococcal coverage should be
added if the facial cellulitis stems from a dental ab-
scess. Ampicillin-sulbactam is effective against am-
picillin-resistant H. influenzae and has the advantage
of being effective for rare anaerobes as well as many
strains of S. aureus.

Unusual Causes

Acute wound infections usually can easily be related
to a recent injury. However, some bacteria can
cause a facial abscess that is chronic and indolent,
with the original injury having been minor and for-
gotten. Nontuberculous mycobacteria such as M.
chelonei can result in such a pattern.65 Incision and
drainage is typically needed. Such rapidly growing
nontuberculous mycobacteria usually are resistant
to conventional antituberculous drugs. Therapy de-
pends on the particular species and should be dis-
cussed with an infectious diseases specialist.

Facial edema with induration is an uncommon
complication of severe cystic acne.66

Other conditions resembling infectious facial
cellulitis include trauma, insect bite, burn, atopic
dermatitis, contact dermatitis, erythema infectio-
sum, and exposure to cold.67 A special subset of
cold panniculitis that occurs in the summertime is
so-called popsicle panniculitis.68

Ludwig’s Angina and Other Neck
Space Infections

Definitions

Ludwig’s angina is defined as indurated cellulitis of
the submandibular or sublingual spaces.69,70 It is
rare and usually related to a dental infection, a lacer-
ation of the floor of the mouth, or mandibular frac-
ture. A case related to tongue piercing has also been
reported.71

Other neck infections can be classified by the
anatomic compartments formed by the superficial
cervical fascia and the three layers of deep cervical
fascia.72,73 Superficial fascial-space infections occur
above the platysma muscle and rarely extend
through the deep fascia but can extend into the
axillary area.72 The anterior cervical fascial space,
enclosed by the superficial layer of the deep fascia,
encloses the parotid and submandibular glands.
The middle layer encloses the larynx, esophagus,
and thyroid gland. The deep layer is located in front
of the vertebra and extends from the base of the
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skull to the coccyx.72 These various spaces and
compartments have names and numbers, but for
the clinician who is not an otolaryngologist, the
areas are best named for the nearest familiar gland
or anatomic landmark. Examples include the space
within the carotid sheath, the submandibular space
(Ludwig’s angina), the lateral pharyngeal space
(parapharyngeal abscess), the peritonsillar space
(peritonsillar abscess), the buccal space, the retro-
pharyngeal space (retropharyngeal or prevertebral
abscess), and the parotid space.72,74 Fortunately,
deep neck infections are rare in children.

Diagnostic Studies

Computed tomography is an excellent way to define
the extent of cervical infections and to distinguish
phlegmon from abscess.75

Infecting Microorganisms

The usual bacteria involved in neck space infections
are viridans streptococci, S. aureus, S. epidermidis,
beta-hemolytic streptococci, and mouth anaer-
obes.76 The prevalence of group A streptococcus as
a cause of deep neck infections has dropped consid-
erably in recent years, probably due to prompt anti-
biotic therapy of streptococcus pharyngitis; only 8
(7%) of 110 deep neck abscesses grew Group A
streptococci in one review.76

Treatment

Neck space infections should be treated aggres-
sively with antibiotics effective against anaerobes
and S. aureus, such as ampicillin-sulbactam or clin-
damycin, with early surgical consultation for proper
drainage.77,78 An abscess that is small or not yet
liquefied (so-called phlegmon) can sometimes be
managed without surgical drainage.

Complications

The most common and devastating complication of
Ludwig’s angina is airway obstruction, which can
occur quickly and without much warning. In one
review of deep neck abscesses, 50% of patients with
Ludwig’s angina who were not given a tracheotomy
at the time of presentation required emergency tra-
cheotomy later.76 The authors of that review advo-
cate tracheotomy in all patients with this condition.
In another survey, only 1 of 14 patients required
tracheotomy; these authors believe that early surgi-
cal intervention coupled with aggressive antimicro-

bial therapy can reduce the rate of tracheotomy and
mortality.79 Ludwig’s angina (submandibular-sub-
mental fascial cellulitis) can extend to produce a
mediastinal abscess. Jugular thrombophlebitis with
septic pulmonary emboli can occur (postanginal
sepsis or Lemierre’s syndrome,80 discussed in
Chapter 2). Necrotizing fasciitis can occur in the
neck, as it can in any fascial area, and in these rare
cases results in similar complications as well as in
airway obstruction.81

Neck Abscesses

Cervical adenitis can produce a neck abscess and
is discussed in the section on cervical adenitis. Tor-
ticollis is often secondary to cervical node infection
and is also discussed in that section.

Congenital anomalies that can become infected
include thyroglossal duct cysts and branchial cleft
cysts or sinus tracts. The infected thyroglossal duct
cyst is always below the level of the hyoid bone,
at or very near the midline of the neck. Recurrent
inflammation sometimes causes rupture with drain-
age through an external sinus tract.82 Branchial cleft
cysts or fistulae can be infected; these are usually
located along the anterior border of the sternoclei-
domastoid muscle below the hyoid bone, although
first branchial cleft fistulae can actually open into
the external ear canal.82 Branchial cleft cysts can
also become abscesses and are treated by incision
and drainage with operative removal of all remnant
structures.

Most cystic hygromas are located behind the
sternocleidomastoid muscle in the supraclavicular
fossa and are soft and rounded and transilluminate
well.83 Now the approach is usually to dissect out
the entire lesion.

Retropharyngeal Abscess

The incidence of retropharyngeal abscess, the most
common of deep cervical space abscesses in child-
hood, has decreased greatly in the antibiotic era.
Although uncommon, it is important to consider
this condition because of the potential for severe
and even life-threatening complications. Because it
usually is the result of infection of the retropharyn-
geal lymph nodes, which regress at or before pu-
berty, it is much more common in young children.
One review of 65 cases of retropharyngeal abscess
revealed that half the patients were younger than 3
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years of age, and 71% were younger than 6 years.84

It has, however, been noted to occur in older chil-
dren and adults.85 In adults it is more likely to be
secondary to trauma, foreign bodies, or as a compli-
cation of dental infection.86 In childhood it is usu-
ally secondary to severe adenotonsillar disease. The
most common aerobes include alpha- and gamma-
hemolytic streptococci, S. aureus, Haemophilus spe-
cies, and Group A beta-hemolytic streptococci. An-
aerobes most frequently isolated include Bacteroi-
des, Peptostreptococci, and Fusobacteria. Infection
is often polymicrobial.87, 87a Rarely, cervical verte-
bral infection such as tuberculosis presents as a cer-
vical abscess.88

Diagnosis

Painful or difficult swallowing, drooling secretions,
or regurgitation can occur. Meningismus may be
present. Airway compromise and stridor may be
relatively late signs in infants. Direct examination
often reveals a posterior pharyngeal mass bulging
forward. Inspiratory lateral roentgenograms of the
soft tissues of the neck should reveal bulging of the
retropharyngeal tissues into the pharynx.89 Caution
must be used in interpreting lateral neck x-rays
taken during expiration; one report describes the
appearance of retropharyngeal thickening and even
deep neck space air pockets in infants whose inspi-
ratory films were entirely normal.90

CT can be a valuable tool. Two studies that com-
pared preoperative CT scan findings with surgical
findings concluded that CT scanning had a sensitiv-
ity of 85–90% and a specificity of 87–88%.91,92

Therefore, some experts recommend that all chil-
dren who present with a disease compatible with
deep neck abscess be initially treated with intrave-
nous antibiotics, and that surgery be reserved for
those who are either acutely ill at the time of presen-
tation or who fail to respond to intravenous antibi-
otics.93 Once the patient clinically requires surgery,
however, it is best to obtain CT scanning prior to
the surgical procedure. A cautionary tale about an
infant who had multiple abscesses, one of which
caused recurrent disease about 1 week after suc-
cessful surgical drainage of the largest, has been
reported.94

One small study concluded that measuring the
distance from the internal carotid artery to the cer-
vical vertebra by color Doppler ultrasonography de-
tected retropharyngeal abscess in 5 cases and was
negative in all 50 controls.95 This procedure also

allowed the investigators to monitor progress, with-
out exposing patients to radiation, by doing serial
ultrasonographic measurements. The true clinical
utility of this procedure awaits further study.

Other causes of retropharyngeal masses include
cystic hygroma, neuroblastoma or other neurogenic
neoplasms, or an enlarged thyroid.96 However,
none of these would be likely to produce the fever,
leukocytosis, or toxicity of an abscess.

Treatment

Tracheal intubation is needed to secure the airway
in advanced cases. A retropharyngeal phlegmon
without true abscess formation usually responds to
parenteral antibiotic therapy alone. There is some
evidence that early antibiotic therapy may prevent
cellulitis from progressing to abscess. True ab-
scesses are approached surgically; this can be done
intraorally in most cases. The abscess is aspirated
for culture and detection of pus and is incised and
drained if pus in present.89 Some otolaryngologists
treat small abscesses ( i.e., � 1–2 cm) conserva-
tively and monitor with serial CT scans. Antibiotic
therapy should cover the group A streptococcus,
S. aureus, and anaerobes. Ampicillin-sulbactam or
clindamycin would be reasonable choices.

Complications

The abscess can dissect into the mediastinum or
burst into the pharynx, with resultant empyema or
aspiration of pus.97,98

Suppurative Thyroiditis

Suppurative thyroiditis is rare in children.99,100

This is thought to be secondary to the excellent
blood and lymphatic supply of the thyroid, in addi-
tion to its protective capsule and high local iodine
content. Injecting bacterial suspensions directly
into the thyroid artery does not produce suppura-
tive thyroiditis in dogs.101 Nonsuppurative bacterial
thyroiditis can occur in newborns.102

The disease is usually preceded by an upper re-
spiratory tract infection. Patients then present with
fever, cough, dysphagia, and a tender left anterior
neck mass. The mass is usually nonfluctuant at first,
but many progress to fluctuance. The left pole of
the thyroid is involved in almost 90% of cases. This
is because the pathogenesis of this condition in
childhood almost always involves a pyriform sinus
fistula, which occurs on the left. Therefore, patients
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who present with suppurative thyroiditis should
undergo barium esophagogram to detect the abnor-
mality. A thorough review of all pediatric cases in
the literature showed that esophagograms were ab-
normal in 89% of children with suppurative thyroi-
ditis.103 In others, pyriform sinus fistulae were dis-
covered by surgical exploration, even though
esophagograms were normal (acute inflammation
may temporarily close the sinus tract, producing a
false negative test). Pyriform sinus fistulae must be
surgically repaired or the condition will recur. Thy-
roglossal duct remnants also have been associated
with the development of suppurative thyroiditis.

Early literature reports suggested that S. aureus
and S. pneumoniae were common etiologic
agents.104 Review of all published cases shows,
however, that most cases are caused by indigenous
microflora of the oropharynx. Streptococcal species
of one type or another have accounted for almost
half of all cases. Following streptococcal species,
Bacteroides, Peptococcus, Staphylococcus, Enterobac-
teriaciae, Eikenella, and Haemophilus species have
been found, in approximately that order. About
40% of cultures grow more than one species of bac-
teria. Anaerobic bacteria are found in about one-
third, sometimes alone, and sometimes in mixed
infection. S. pneumoniae has not been reported as a
pathogen of suppurative thyroiditis in childhood.

Psittacosis can produce thyroiditis. Fungi and
mycobacteria can cause infectious thyroiditis, espe-
cially in immunocompromised hosts.105 Pneumo-
cystis jiroveci (previously P. carinii) is a pathogen of
increasing importance in adults with severe im-
mune compromise;106 this agent has not yet been
reported as a cause of thyroiditis in children.

The disease may be mistaken for cervical adeni-
tis, but the mass may be seen to move with swallow-
ing. Skillful physical examination should make the
diagnosis obvious, except that the condition is rare
enough that the clinician may not suspect it. Ultra-
sound is useful to differentiate this condition from
malignancy.107 CT scanning with and without con-
trast may also help to narrow the differential diag-
nosis.108 Suppurative thyroiditis will enhance with
contrast. Thyroid scans are abnormal in 100% of
cases. Thyroid function tests have been normal in
all pediatric cases outside the neonatal period. Non-
suppurative thyroiditis is a frequent initial misdi-
agnosis.110

Initial antibiotic agents should include coverage
for anaerobic organisms. Ampicillin-sulbactam plus
an aminoglycoside, penicillin plus clindamycin, or

mevoppnem would seem to be logical antibiotic
choices, but none of these has been adequately
studied. Surgical drainage and repair of fistulous
tracts are important facets of the management of
this condition.

Esophagitis

Children with esophagitis are usually immunocom-
promised, and the causes are usually Candida albi-
cans, herpes simplex virus (HSV), or cytomegalo-
virus (CMV). Newborn infants can have candidal
esophagitis, producing frequent emesis.111 Al-
though candidal esophagitis can occur in normal
persons who have received antibiotics,112 this diag-
nosis in a host who is presumed to be immunologi-
cally normal should prompt evaluation for acquired
or congenital immunodeficiency (Chapter 23). HSV
esophagitis has been observed in normal children
as an extension of oral herpes.113

The symptoms typically include difficult or pain-
ful swallowing and retrosternal pain. CMV may pro-
duce more systemic symptoms, such as nausea,
vomiting, and fever. Candidal esophagitis can occur
in the absence of thrush; between a fifth114 and
half115 of all immunocompromised patients eventu-
ally proven to have candidal esophagitis have a nor-
mal oropharynx by physical examination. Radio-
logic examination with contrast medium appears
to be sensitive and reveals ulcerations, abnormal
motility, or plaques.116 Alternatively, esophagos-
copy with smear, biopsy, and culture can be done.

Esophagitis due to HSV is treated with acyclovir,
and that due to CMV is treated with ganciclovir.
Candidal esophagitis almost always responds to flu-
conazole. Refractory cases may be treated with itra-
conazole, voriconazole or intravenous amphoteri-
cin B, or caspofungia.117
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C H A P T E R 7

Middle Respiratory Syndromes

■ GENERAL CONCEPTS

The middle respiratory tract can be defined as the
area from the top of the larynx to the bronchioles.
Pharyngitis and other upper respiratory infections
are discussed in Chapter 2. Pneumonia syndromes
are discussed in Chapter 8, although the frequency
and some of the physiologic problems of both
pneumonia and middle respiratory syndromes are
discussed in this section.

Respiratory physiology, respiratory insuffi-
ciency, and arterial blood gas analysis are discussed
in simplified terms. More specialized textbooks
should be consulted for further details.1–3

Symptoms in Pulmonary Disease

Tachypnea

Rapid breathing is often obvious, but counting and
observing respirations is generally neglected. The
child should be observed and examined without
clothing covering the chest. If there is no cough or
other physical sign of pulmonary disease accompa-
nying the tachypnea, a metabolic acidosis (such as
diabetic acidosis or acidosis from dehydration)
should be suspected. In this case, the hyperventila-
tion is a respiratory compensation for metabolic aci-
dosis. If cough and other pulmonary signs are pres-
ent, hypoxemia is the likely cause of the tachypnea.
Fever in young children will often cause both tach-
ypnea and tachycardia.

Acute Chest Pain

In children with respiratory disease, acute chest
pain is usually increased by breathing (pleuritic)
and indicates pleural disease, usually infection. Pain
on coughing also implies pleuritic disease. In young
children, pleural disease is manifested by splinting
or unequal expansion.

Chest pain may be caused by pneumothorax or
pneumomediastinum, which may be spontaneous

or occur after mild trauma or coughing. Chest pain
may also be related to anxiety, costochondritis, or
strained intercostal muscles. Pulmonary embolism
or infarction is exceedingly rare in children and
should suggest a thrombotic disorder. Coxsackie
B virus infection can cause fever and chest pain
(pleurodynia).

Physical Signs in Pulmonary Disease

Anxiety

Facial expression and hyperactivity may imply anx-
iety, which in turn implies hypoxemia. Nasal flar-
ing, retractions, and grunting also may be observed
by simple inspection of the patient.

Splinting

Pain on inspiration can sometimes be inferred by
observing protection of the involved side by hold-
ing it, not moving it as well, or by lying on it.

Names for Chest Signs

Rales are a fine crackling noise that may be simu-
lated by rubbing the hair behind your ear between
thumb and forefinger. They are also referred to as
crackles and are more commonly inspiratory. They
may be heard in pneumonia, bronchiolitis, atelecta-
sis, and heart failure. End-inspiratory rales are typi-
cal of pneumonia. Rales that disappear after cough-
ing are usually of no significance. Rhonchi are harsh
upper airway noises that typically occur during
both inspiration and expiration. Wheezes are high-
pitched, whistling noises that occur most com-
monly during expiration and are produced by
airflow through a partially obstructed airway. Poly-
phonic (musical) wheezes are typical of asthma,
whereas those in other conditions (such as bron-
chomalacia) are often monophonic. Stridor is a
high-pitched crowing sound that usually indicates
large airway obstruction. If the obstruction is extra-
thoracic (from nose to midtrachea), the stridor is
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mostly inspiratory, as in croup; if the obstruction
is intrathoracic, the stridor is usually expiratory.
Stertor is the name given to loud noises that occur
because of nasopharyngeal restriction, usually from
mucus (similar to snoring). Dyspnea, or distress
during breathing, is manifested in children by nasal
flaring, suprasternal and infrasternal retractions, cy-
anosis, and a rapid respiratory rate.

Apnea Spells

Periods of not breathing (apnea) can have many
causes. Apnea of less than 15 seconds is often a
normal finding in infants, whereas apneic episodes
longer than 15 seconds are usually abnormal. Cer-
tain infections can produce apnea,4,5 especially per-
tussis, chlamydia, and respiratory syncytial virus
(RSV) infection (Box 7-1). Lower respiratory tract
infection was the fourth most common discharge
diagnosis in a study of 130 infants admitted with
a diagnosis of apparent life-threatening event
(ALTE).6 Among children with RSV infection, risk
factors for apnea include young age, prematurity,
hypercapnia, hypothermia, and atelectasis on chext
x-ray.

Noninfectious causes in infants include seizures
and gastroesophageal reflux.7

Classification

In middle and lower respiratory infections, a
complete diagnosis ideally includes an anatomic di-
agnosis (such as “right middle lobe pneumonia”),
an etiologic diagnosis (such as “probably pneumo-
coccal”), and a physiologic diagnosis formulated as

BOX 7-1 ■ Causes of Apnea in Infancy

Infectious
Respiratory syncytial virus (RSV)
Pertussis
Chlamydial pneumonia
Rotavirus8

Epstein-Barr virus9

Pneumocystis jiroveci (formerly carinii)
pneumonia
Other lower respiratory-tract infections

Noninfectious
Gastroesophageal reflux
Seizures
Prematurity
Others

quantitatively as possible (such as “respiratory aci-
dosis, probably well compensated now”). Thus, re-
spiratory syndromes can be classified on the basis of
anatomic syndrome, etiologic agent, or physiologic
problem.

Anatomic Syndrome

It is customary to use the diagnostic term that indi-
cates the most severe illness if more than one ana-
tomic area is involved. For example, if the patient
has both bronchitis and pneumonia, usually only
pneumonia is recorded. Furthermore, a multiple
term such as laryngotracheobronchitis (LTB) has
the disadvantage of vagueness and diffuseness. The
diagnosis of “croup syndrome” or “laryngitis” more
accurately identifies the site of the most dangerous
involvement: the larynx. The anatomic diagnosis
should localize the disease as specifically as possi-
ble. For example, “bilateral interstitial pneumonia”
is much more meaningful than simply “pneumo-
nia.” In the following sections, the anatomic diag-
noses are discussed, beginning with the larynx at
the top of the tracheobronchial tree and descending
to the small bronchioles (Box 7-2). Syndromes in-
volving the alveoli and pleural space are discussed
in Chapter 8.

Etiologic Classification

In the following sections, the etiologic diagnoses
are discussed in terms of probabilities for each ana-
tomic syndrome. A clinical prediction of the etiol-
ogy of a patient’s lower respiratory infection can be
made on the basis of the anatomic area involved,
the particular clinical manifestations of the illness,

BOX 7-2 ■ Classification of Middle
Respiratory Syndromes

Cough only
Laryngitis

Supraglottitis (epiglottitis)
Croup
Episodic croup (“spasmodic” croup)
Purulent tracheobronchitis

Acute bronchitis
Pertussis-like illness
Influenza-like illness
Bronchiolitis
Asthmatic bronchitis
Asthma
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past statistical studies of similar cases, and Gram
staining of specimens to be cultured.

The general principles for the use of laboratory
procedures and cultures for both pneumonia and
middle respiratory infections are discussed at the
beginning of chapter 8. Etiologic diagnoses are im-
portant and necessary for specific chemotherapy.
However, in severe lower respiratory infections, the
early diagnosis and treatment of physiologic distur-
bances may be lifesaving.

Physiologic Disturbances

The physician should identify and evaluate the de-
gree of physiologic disturbances in all patients with
significant respiratory problems (Table 7-1).

Frequency

In a study of consecutive visits by 1,570 ill children
to a pediatric group’s office in Rochester, New York,
approximately one-fourth of all illnesses were respi-
ratory infections.10 In a study of visits to an emer-
gency room during hours that physicians’ offices
were closed, children less than 18 years of age ac-
counted for about 60% of the visits.11 Of the 858
randomly selected visits for infections, about 24%
were classified as upper respiratory, 12% as middle
respiratory, 6% as lower respiratory, 23% as
pararespiratory (such as otitis or sinusitis), and 35%
other infections. Thus, middle respiratory (airway)

TABLE 7-1. MIDDLE AND LOWER RESPIRATORY PHYSIOLOGIC
PROBLEMS

PROBLEM EXAMPLES

High airway obstruction

Low airway obstruction

Respiratory muscle weakness

Impaired diffusion of oxygen
(alveolar diffusion block)

Restriction of lung expansion

Perfusion–ventilation
mismatching

Respiratory center depression

Central hyperventilation

Acidotic hyperventilation

Croup; foreign body; purulent tracheobronchitis

Bronchiolitis; asthma; foreign body

Any acute prolonged lower respiratory infection,
especially in a premature or debilitated infant or
in a patient with muscle disease

Interstitial fibrosis

Pneumothorax; pleural effusion; ascites; severe
obesity

Atelectasis; arteriovenous shunting; reduced
pulmonary blood flow; shock, especially septic

Drugs; head injury

Meningitis; encephalitis

Diabetes

syndromes were twice as common as lower respira-
tory syndromes (pneumonia).

Respiratory Insufficiency

Respiratory insufficiency can lead to acute respira-
tory failure, defined as hypoxemia, hypercarbia (re-
spiratory acidosis) or both.12 The clinician must be
able to recognize the clinical signs that suggest im-
pending respiratory failure.13,14

Respiratory Acidosis

Resulting from excess CO2 (hypercarbia), respira-
tory acidosis is secondary to hypoventilation or a
severe ventilation–perfusion mismatch. Signs of
acute respiratory acidosis include sweating, anxious
expression on the face, falling rates of respiration
and pulse, and rising blood pressure. Cyanosis is a
late sign. A widened QRS pattern on EKG also oc-
curs later. Because acute CO2 retention is typically
the result of hypoventilation, it is usually best
treated by mechanical ventilation unless the cause
of the hypoventilation can be rapidly reversed.

Hypoxemia

This is defined as a low arterial pO2, whereas
hypoxia implies oxygen deficiency in the tissues.
Hypoxemia is usually secondary to ventilation–per-
fusion imbalance, venous-to-arterial shunt, hypo-
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ventilation, or diffusion impairment. Signs of hypo-
xemia include tachypnea, cyanosis, restlessness,
poor judgment, weakness, and confusion. In severe
hypoxia, the muscle tone is poor, and the patient
is often limp. Hypoxemia is best treated with oxy-
gen, first with increased concentrations, then as-
sisted ventilation if necessary. Spot or continuous
monitoring of oxygen saturation provides a useful
guide for the administration of oxygen.

Anticipation of Respiratory Insufficiency

The most serious error in the treatment of middle
or lower respiratory infections is to fail to recognize
how seriously ill the patient really is. Early recogni-
tion of respiratory insufficiency is difficult unless
the physician is experienced and can make frequent
clinical observations. Therefore, if there is doubt,
the patient should be transferred to a location where
intensive observation can be done and arterial
blood gases measured frequently and accurately.

■ COUGH ONLY

Cough only is a useful preliminary diagnosis when
cough is present without fever, rhonchi, rales, or
dyspnea. By definition, it is an isolated symptom,
without lower respiratory signs and without fever
(rectal temperature 101�F � 38.4�C). Chronic
cough can be defined as persistence of a cough for
more than 3 weeks.15 Except for psychological
coughs,16 this symptom usually reflects irritation of
the tracheobronchial tree. This irritation may be
caused by inhalants (such as cigarette smoke), local
inflammation, or secretions entering the trachea
from above (sinuses). Cough only is rarely caused
by pulmonary parenchymal disease, as discussed
later.

Causes and Diagnostic Approach

The possible causes of cough only are listed in Box
7-3. Asthma is a common cause of chronic cough in
children.17,18 Although there is much controversy
about the diagnosis of cough-variant asthma, most
experts agree that some children do display their
asthma with cough alone. These children have ab-
normal pulmonary function tests and an abnormal
response to methacholine challenge similar to those
with classic asthma. Children with cough-variant
ashthma often have a family or personal history of
atopy. Cough is likely to be worse at night, to dis-
rupt sleep, and to sound like the cough of a classic

BOX 7-3 ■ Possible Causes of Cough Only

Cough-variant asthma
Postinfectious (after bronchitis, influenza,

pertussis, mycoplasmal infection)
Foreign body in larynx or bronchus
Rhinitis, sinusitis, or postnasal drip syndrome
Habit cough
Smoking (active or passive)
Irritation of the pleura, diaphragm, or

pericardium
Irritation of the auricular branch of the vagus

nerve (foreign body or wax in ear canal)
Elongated uvula
Tourette’s syndrome
Gastroesophageal reflux
Vascular ring or vascular sling
Pollution or irritant exposure (environmental

dust, cigarette smoke, etc.)

asthmatic.19 Cough may also be exacerbated by ex-
ercise or exposure to cold air. Some of these patients
will go on to develop classic wheezing asthma over
time. Chronic cough is by no means synonymous
with cough-variant asthma, however, and failure
to respond to bronchodilator or anti-inflammatory
therapy over the course of several weeks should
lead the physician to consider other diagnostic
possibilities.

Cystic fibrosis is a rare cause of cough only.
Sweat chloride concentration should be measured
in children who have nasal polyps, poor growth,
or both in addition to cough. Radiologic evidence
of pulmonary disease is usually present in patients
with cough secondary to cystic fibrosis.

The quality of the cough may also be instructive.
Seal-like or croupy cough suggests tracheomalacia.
The cough of children with vascular rings may have
a similar quality.

Subacute or chronic sinusitis may cause cough
in the absence of either headache or fever, as dis-
cussed in Chapter 5. History may reveal that the
cough began during an episode of the common cold
syndrome. Thus it must be differentiated from post-
viral cough syndrome, which occurs in the absence
of demonstrable sinus infection. Sinus serie
x-rays or coronal computed tomography (CT)
may be helpful when the diagnosis is seriously
considered.20

Gastroesophageal reflux (GER) may cause a wet-
sounding cough that occurs mostly when the infant
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or child is lying down. Paradoxically, it has been
shown that thickening the formula with rice cereal
actually increases the frequency of cough in infants
with GER.21

Children may aspirate a foreign body, such as a
peanut, which may lodge in any part of the airway.
Typically, the child is 1 to 2 years old.22 There may
be a history of a foreign body in the mouth, usually
a food, with an episode of falling or choking, fol-
lowed by persistent cough, unilateral wheezing, and
decreased air entry on the affected side.23 Unfortu-
nately, the actual aspiration event is often unwit-
nessed and may be followed by a clinically silent
stage. The aspirated foreign body is often vegetable
matter and is therefore radiolucent. This may rarely
lead to a child presenting with a chronic intractable
pneumonia.24 Laryngoscopy or bronchoscopy is
often necessary. If a foreign body is suspected, rigid
rather than flexible bronchoscopy is preferred.25

A careful history and physical examination can
establish the cause of cough in most cases. Chest
x-ray is usually indicated. Children older than 6
years should undergo pulmonary function testing.
Exercise challenge or methacholine challenge are
usually not necessary. A history of possible expo-
sures to tuberculosis should be taken and, if posi-
tive, tuberculin skin testing performed. In one se-
ries of children with chronic cough, a trial of
therapy directed at the most likely cause established
the diagnosis in 58% of cases.26

Barium swallow or endoscopy should be consid-

TABLE 7-2. FINDINGS IN LARYNGEAL SYNDROMES

SUBGLOTTIC SUPRAGLOTTIC PURULENT TRACHEO-

(VIRAL CROUP) (EPIGLOTTITIS) BRONCHITIS

Appearance Usually not seriously ill Seriously ill, drooling Variable

Preferred position Lying Sitting Variable

Barking cough Typical Rare Possible

Hoarseness or aphonia Variable Typical Uncommon

Red or edematous epiglottis Absent Typical Absent

Inspiratory stridor or retraction Present Present Variable

Expiratory wheezes Absent Absent Often present

Fever Variable Usually high Moderately high

Purulent secretions in trachea Absent Rare Typical

Course Gradual—days Rapid—hours Rapid atelectasis;
airway needed

ered if the preceding studies are negative and the
cough persists, especially in infants.27

Treatment

No specific therapy is needed in the absence of a
specific etiology. Symptomatic therapy includes at-
tempts to improve humidification and use of over-
the-counter antihistamines to decrease postnasal
drip.

Cough syrups are discussed in Chapter 2. They
should be avoided in young children, as no cough
suppressant has been studied for efficacy or safety
in children less than 2 years of age.

■ LARYNGEAL SYNDROMES

Definitions

The manifestations of laryngitis may include stridor
and voice changes such as hoarseness, a barking or
brassy cough, or aphonia (usually due to refusal to
speak). The child may indicate to the parent that
the “throat” (laryngeal area) is sore.

In adults, laryngitis is recognized by hoarseness.
In children, subglottic laryngitis is usually called
croup. Inspiratory stridor is the most characteristic
sign in laryngitis and is the hallmark of high respira-
tory obstruction of any cause (Table 7-2). Subster-
nal inspiratory retraction is typically present in
moderate to severe cases and also is a general sign
of upper airway (extrathoracic) obstruction.
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A child with laryngitis or any other upper airway
obstruction has trouble getting air into the lungs,
whereas the child with bronchiolitis, or other lower
airway (intrathoracic) obstruction, has trouble get-
ting air out of the lungs. In laryngitis, breath sounds
are usually decreased throughout all lung fields,
and this is usually described as poor air entry or
exchange.

Classification

The literature contains a dizzying array of different
diagnostic terms for the various conditions that af-
fect the larynx and trachea. Laryngitis is a working
diagnosis that is best used when the location of
the laryngeal disease cannot be further identified.
Laryngitis can be classified into subglottic or supra-
glottic laryngitis. Although it is useful to distinguish
between supraglottic and subglottic laryngitis, this
distinction is often difficult when the child is first
seen. Laryngitis or croup syndrome is a useful pre-
liminary descriptive diagnosis until more definitive
information (such as a lateral roentgenogram of the
neck) is available. “Croup syndrome” also has been
used to emphasize the variety of possible causes
and location of the laryngeal disease. In this section,
“croup” is used to refer to subglottic laryngitis, pre-
sumably viral (Table 7-2). “Epiglottitis” is an impre-
cise term often used in place of the better “supra-
glottitis;” the latter term is superior because the
epiglottis may be minimally involved in some cases
in which most of the swelling is in the aryepiglottic
folds. Spasmodic croup is also a poor name, due
to the lack of evidence that laryngospasm plays an
etiologic role in the condition. Preferred terms are
as follows (with the usual terms in parentheses):
croup, supraglottitis (epiglottitis), episodic croup
(spasmodic croup), and suppurative tracheitis,
laryngotracheitis, laryngotracheobronchitis, or lary-
ngotracheobronchopneumonitis (bacterial trache-
itis), depending on the extent of the bacterial
superinfection.

Severe laryngitis, whether subglottic or supra-
glottic, is an extremely important pediatric emer-
gency. It may be necessary to call an anesthesiolo-
gist or otorhinolaryngologist to perform tracheal
intubation or tracheostomy. The primary care phy-
sician in training should learn to perform difficult
intubations as well as emergency ventilation with a
bag and mask. However, intubation may be impos-
sible in some patients with supraglottitis (epiglot-
titis), so an operative airway procedure, such as tra-

cheostomy or cricothyroid membrane puncture,
may be needed.

Age and Frequency

Laryngitis in adults characteristically produces only
hoarseness or loss of voice. However, when chil-
dren have laryngitis, they may have a much more
serious illness because the larynx is smaller. Edema
in a child’s larynx thus produces more obstruction
of the airway than the same amount of edema in
an adult. Another important factor is that young
children are usually experiencing primary infection
with a particular respiratory virus, whereas adults
will have been previously infected. Primary infec-
tion with the parainfluenza viruses and respiratory
syncytial virus tends to be more severe and to
spread more widely in the respiratory tract. This is
in contrast to second or later infections, in which
these viruses tend to be restricted to the upper
airway.

Hospitalization is needed for only a small per-
centage of patients with laryngitis seen in an office
or outpatient clinic. Although only a few children
hospitalized because of croup are likely to need in-
tubation, the possibility of acute progression of the
obstruction must always be remembered.

Viral croup tends to be seasonal, especially when
caused by parainfluenza virus type 1, its most fre-
quent etiologic agent. Peak time for admissions
from croup in temperate climates is late fall, and the
epidemic is more severe in odd-numbered years.28

Parainfluenza type 3 can also produce severe croup
in an endemic pattern. Summertime croup may be
due to enteroviruses, adenovirus, or parainfluenza
type 3.

Supraglottitis, in contrast, has no seasonal peak.
This disease, almost always caused by Haemophilus
influenzae type b bacteremia, has been virtually
eradicated. The peak age frequency for croup is 1–3
years. Supraglottitis occurs in older children, with
a peak between 3 and 6 years. Suppurative tracheo-
bronchitis also tends to be a disease of preschool
and school-age children.

Physiologic Principles

Laryngeal Edema

The major components in laryngeal obstruction in
laryngitis are edema and spasm.

Laryngitis is a classic example of a respiratory
infection in which the main problem is upper air-
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way obstruction. Some children have severe enough
respiratory obstruction so that if the obstruction is
not relieved by an endotracheal tube or tracheot-
omy, death may occur.

Laryngospasm

Laryngospasm is a feared complication of supra-
glottitis. Manipulation of the posterior pharynx,
such as gagging the patient with a tongue blade,
may produce aspiration of secretions, laryngo-
spasm, or both and lead to rapid obstruction of
the airway. Examination of the posterior pharynx
should not be attempted in the child with severe
respiratory distress suspected to be caused by su-
praglottitis, especially if it involves restraining the
child in the supine position. In an older child who
can cooperate and in whom supraglottitis is thought
to be unlikely, a skilled laryngoscopist can some-
times perform indirect laryngoscopy to exclude the
diagnosis.29 However, equipment and skills should
be available for bag and mask ventilation and intu-
bation if direct visual examination is attempted.

The principal cause of episodic croup (“spas-
modic croup”) is not, as the name suggests, laryngo-
spasm, but rather acute edematous swelling of the
subglottic tissues. What causes this process is not
well understood. The appearance of the tissues is
that of noninflammatory edema.

Purulent Secretions

Rarely, purulent secretions add to obstruction in
the trachea and major bronchi. Suctioning is unnec-
essary in most forms of laryngitis and should usu-
ally be avoided, because trauma from the suctioning
tube may make the spasm or edema worse.

■ FIGURE 7-1 Unfavorable progression of respiratory insufficiency, showing
progressive fall of arterial pO2. PCO2 elevation is a late finding.

Hypoxemia

The principal physiologic disturbance in croup is
hypoxemia,30 the mechanism of which is complex.
It may be caused by a diffusion block from involve-
ment of the lower airways with infection or by pul-
monary edema secondary to high resistance. In any
case, low arterial pO2 is frequently present in
croup.30 CO2 retention is unusual, and the pCO2

is usually low because of hyperventilation. When
the pCO2 becomes normal or elevated, the ventila-
tion may be inadequate, indicating a more serious
situation (see Fig. 7-1). Except for a rising pCO2,
blood gases are not well correlated with the need
for intubation.31

Clinical Appearance of Laryngeal
Syndromes

Acute upper respiratory obstruction can be classi-
fied into several anatomic syndromes on the basis
of the location of the obstruction and the clinical
findings (Table 7-2). However, the syndromes often
cannot be distinguished early in the course. Mild
viral croup and episodic croup often may not be
distinguishable.

Supraglottitis (Epiglottitis)

Obstruction by edema at and above the glottis
(vocal cords) is characterized by pooling of secre-
tions in the pharynx, with drooling. The position
of comfort is sitting with the chin forward (Fig. 7-
2).32 Respirations may be slow and careful. Swelling
of the entire neck is sometimes observed. The voice
is absent (aphonia) or is hoarse, muffled, or gut-
tural. The patient generally appears quite anxious.
Onset of the disease is usually quite rapid, and,
because this condition is usually accompanied by
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■ FIGURE 7-2 Typical appearance in severe supraglottic ob-
struction. See text. (Fearon B: Pediatr Clin North Am 1962;
9:1095–1112)

bacteremia, high fever is seen. This syndrome is
an urgent situation, because obstruction may occur
suddenly. The epiglottis may be cherry red and
spherical, but rarely it can be normal, with the
edema localized to the aryepiglottic folds.

Croup

Obstruction by edema below the vocal cords is
characterized by pooling of secretions below the
vocal cords in the trachea or by edema in the conus
elasticus, the loose alveolar tissue below the vocal
cords. The position of comfort is usually a lying
position, but the child may prefer lying on the back
with the neck hyperextended over a pillow. Respi-
ration is usually rapid. There is a brassy or barking
cough, usually without hoarseness. Aphonia is un-
common. This form of laryngitis usually has a grad-
ual onset and course, with fatigue as a major factor
in respiratory insufficiency. There is sometimes a
history of croup.

Purulent Tracheobronchitis

Also called bacterial tracheitis and pseudomembra-
nous tracheitis, purulent tracheobronchitis should

be considered as a separate entity, because the phys-
iologic disturbance and treatment are different from
those of the preceding two syndromes.33–37 The
condition resembles croup with minimal laryngeal
manifestations. Often, a foreign body is suspected
because of focal low-pitched inspiratory and expira-
tory wheezes.35 It is characterized by pooling of
purulent secretions in the trachea and major bron-
chi. Copious amounts of purulent secretions may
be coughed up or suctioned. Laryngeal manifesta-
tions are minimal or variable, so that the severity
of obstruction may not be recognized. Brassy cough
and croupy stridor are usually not present, although
viral tracheitis may be a predisposing factor.36

However, coarse inspiratory and expiratory
wheezes, and sometimes rales, can be heard with a
stethoscope. Air trapping is common. The wheez-
ing may be lateralized to one major bronchus,
which is partially obstructed by purulent secretions,
and this may raise the suspicion of a foreign body.
Atelectasis is common in severe cases. Chest x-ray
may reveal diffuse pulmonary involvement, and
sometimes loose pseudomembranes can be seen.
Lateral films more easily reveal the narrowing of the
tracheal airway with shaggy borders due to thick,
purulent secretions.

Acute respiratory insufficiency may occur be-
cause of acute obstruction at the trachea or several
major bronchi. Nasotracheal intubation or bron-
choscopy and suctioning may be lifesaving. A tra-
cheostomy may be necessary to facilitate suctioning.
It is important to diagnose this condition rapidly,
as a delay in diagnosis leads to poorer outcome.

Episodic Croup (Spasmodic Croup)

This clinical pattern is characterized by sudden
onset of croupy cough and inspiratory stridor that
typically lasts less than a day or begins to improve
in less than a day.38 Recurrences are common. The
syndrome usually develops in a child who was well
or only minimally sick at the time he was placed to
bed. The patient then awakens with a brassy cough,
with or without inspiratory stridor. Fever is absent.

Laryngoscopic examination reveals that the
symptoms are caused by the rapid accumulation of
edema in the laryngeal tissues. Viral infections are
usually implicated, but why some children develop
this sudden edema is not well understood. This pre-
disposition tends to run in families. Long-term fol-
low-up studies reveal a higher incidence of asthma
in patients with a history of episodic croup.
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Rapid response to mist is usually seen. Some-
times, the drive to the hospital will be enough to
completely eliminate the symptoms. It tends to
recur, sometimes in the same night, and almost al-
ways on subsequent nights for 1 to 4 days. During
the day the child will occur well or nearly so. Par-
ents can expose the child to mist from the bathroom
shower, or may be able to hold off a recurrence by
adequately humidifying the child’s bedroom. Mist
need not be cool. Despite its initial sometimes
frightening appearance, episodic croup is almost al-
ways benign.

Possible Etiologies

Viruses

Parainfluenza viruses are the most common viral
cause of croup and appear to account for 30–40%
of the laryngitis in children.39 Extrapolations from
epidemiologic studies suggest that parainfluenza vi-
ruses account for approximately 250,000 emer-
gency room visits, 70,000 hospitalizations, and
about $190 million in health care costs each year
in the United States alone.40 Parainfluenza viruses
types 1 and 3 cause moderate to severe croup,
whereas the course of croup secondary to parainflu-
enza virus type 2 is generally mild. RSV, influenza
A and B, adenoviruses, and enteroviruses are occa-
sional causes of croup syndrome, as is the newly
discovered human metapupumovirus.39 Croup
caused by a virus usually has a gradual onset and
gradual course, although croup secondary to influ-
enza virus can be unusually severe.41

There is a fairly high rate of croup syndrome in
children with measles infection. Several outbreaks
of measles were reported among undervaccinated
populations in the early 1990s; in one of these, 82
(19%) of 440 children diagnosed as having measles
also had croup.42

Herpes simplex virus (HSV) has been identified
as the cause of prolonged croup symptoms in pa-
tients with severe gingivostomatitis.43 Epstein-Barr
virus (EBV) was the cause in one 12-year-old who
developed a pseudomembrane.44

Parainfluenza or influenza viruses appear to be
rare causes of supraglottic laryngitis.45

A particularly recalcitrant cause of recurrent
hoarseness, stridor, and sometimes respiratory ob-
struction is laryngeal papillomatosis, a condition
caused by human papillomaviruses (usually sero-
type 6 or 11) that are acquired via passage through
the birth canal. Multiple and sometimes frequent

surgical procedures may be required to relieve ob-
structive symptoms.

Bacteria

H. influenzae supraglottitis may be an extreme med-
ical emergency. It usually is characterized by the
findings of supraglottic obstruction, with a red
swollen epiglottis and a rapid course.46,47 In a few
cases of H. influenzae laryngitis, the subglottic area
may be the major focus of the obstruction.

Other bacteria, particularly Groups A, B, or C
beta-hemolytic streptococci, may rarely produce se-
vere laryngitis.48–50 Mycoplasma pneumoniae has
been associated with croup in some patients. Diph-
theria may produce a membranous obstruction in
the larynx or trachea. This disease is now relatively
rare but should still be considered, especially when
exudative pharyngitis is present with croup in an
unimmunized child. Staphylococcus aureus is the
usual cause of purulent tracheobronchitis accord-
ing to cultures of the purulent tracheal aspirates.
Gram-negative enteric organisms are rarely impli-
cated in purulent laryngotracheobronchitis.

Previous immunization with H. influenzae type
b vaccine does not exclude the possibility of H. in-
fluenzae supraglottitis, but a child who has received
the entire immunization series is highly unlikely to
develop this disease. In addition, herd immunity
from the widespread use of the vaccine has ren-
dered the condition rare, even in unimmunized
children.

Fungi

Inspiratory stridor in a young infant and supraglot-
titis in immunocompromised adults have been
caused by Candida albicans.51,52 One of us has man-
aged a young child with recurrent croup caused by
infection with Sporothrix shenkii, which was exacer-
bated by treatment with systemic corticosteroids.52a

Foreign Body

Aspiration of a foreign body into the larynx or
esophagus by a small child can produce the croup
syndrome, usually with subglottic obstruction.53,54

The illness may closely resemble infectious croup,
especially if fever develops because of pneumonia
in the obstructed lung.

Gastroesophageal Reflux

Gastroesophageal reflux (GER) can be a cause of
episodic croup. One retrospective study of 66
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patients with recurrent croup episodes found that
47% of the patients had GER.55 Because of its retro-
spective nature this study was likely subject to se-
lection bias. However, the authors did demonstrate
a “dose-response” relationship of sorts; children
who were hospitalized three or more times for
croup had a higher prevalence of GER.55 These pa-
tients tended to be younger and to have a shorter
interval between episodes of croup. No controls
were evaluated. Another small study documented
that eight of eight children with recurrent croup
who underwent esophageal pH probe studies had
GER. Six control subjects had normal pH probe
studies.56

Allergy or Irritation

Allergic laryngeal edema can be severe and danger-
ous. Inhaled irritants can produce laryngeal spasm
in individuals who are particularly susceptible. This
may be one possible cause of episodic croup. Some
cases appear to be precipitated by cold air (e.g.,
from an air conditioner). Aspiration of a small
amount of gastric contents also appears to be an
occasional cause of laryngeal irritation and a
crouplike illness. Toxic inhalants can produce an
episodic croup.57 Hot beverages can cause thermal
epiglottitis in infants.

Other Syndromes

Laryngitis may be suspected when upper airway
obstruction results in inspiratory stridor. Retropha-

■ FIGURE 7-3 Roentgenogram of lateral neck in epiglottis. (A) Epiglottitis;
(B) normal. Compare with Figure 7-4. (Rapkin RH: J Pediatr 1972;80:96–98)

ryngeal abscess can produce stridor and is dis-
cussed further in Chapter 6. Epilepsy can cause re-
current laryngospasm.58 Hereditary angioedema
can produce the rapid onset of symptoms of croup.
This condition is related to C1 esterase inhibitor
deficiency.58a Teenagers may present with acute
upper airway obstruction due to vocal cord dys-
function. This condition is caused by paradoxical
closure of the vocal cords and may present with
stridor or wheezing. It is most common in adoles-
cent females and responds to speech therapy and
psychotherapy.59

Diagnostic Approach

Lateral Neck Radiograph

These radiographs, ordered for viewing the soft tis-
sues rather than the cervical spine, are frequently
used to determine the area of obstruction when the
patient’s condition is good (Figs. 7-3 and 7-4). Ra-
diographs of the lateral neck require experience to
interpret, and comparison with diagrams of this
area may be helpful (Figs. 7-3 and 7-4). Anteropos-
terior views may show subglottic edema in supra-
glottic laryngitis, in addition to supraglottic
edema.60 A radiopaque foreign body can be ex-
cluded by these radiographs. A review of lateral
neck radiographs by radiologists who did not know
the diagnosis indicated that for subglottic laryngitis,
the interpretation is very reliable except in severe
cases with unreadable roentgenograms.61 A newer
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■ FIGURE 7-4 Diagrams of lateral neck radiographs in laryngitis. (A) Normal anatomy; the esophagus is
normally not visible on lateral neck roentgenograms because it does not contain air. (B) Roentgenogram
in epiglottitis; as shown in Figure 7-3A. (C) Normal roentgenogram as shown in Figure 7-3B. (D) Roentgeno-
gram in another case of epiglottitis. (E) Roentgenogram in subglottic laryngitis. (D and E from Poole CA,
Altman D: Radiology 1963;80:798–805)

study compared the results of plain radiography
with diagnosis made at microlaryngoscopy and
bronchoscopy in 144 children with acute upper air-
way obstruction.62 X-ray diagnosis was � 86% sen-
sitive for diagnosing suppurative laryngotracheitis,
foreign body, and innominate artery compression.
The sensitivity of plain films in the diagnosis of
laryngomalacia and tracheomalacia was 5% and
62%, respectively.62 Another review indicated that
poor-quality radiographs interfered with accurate
radiologic interpretation.63

A child in severe respiratory distress should not
be sent for a radiograph but should have a direct
examination with operating room facilities, an anes-
thesiologist, and an otolaryngologist who can intu-
bate or do endoscopy or tracheostomy. Even a
mildly ill child should be accompanied by someone
capable of providing an emergency airway or venti-
lation.

White Blood Cell Count and Differential

Sometimes, a white cell count and differential is
used as a guide to whether antibiotics should be
used; these studies usually are of no special value.
No laboratory values were of use in distinguishing
viral croup from purulent tracheobronchitis in one
small study.64

Cultures

Throat culture for bacteria is of no value. Tracheal
secretions recovered at the time of intubation
should be cultured for H. influenzae and other bac-
teria, as well as for viruses. Blood culture may be
of value in children with suspected supraglottitis,
although the yield is low. Patients with croup need
not undergo blood culturing. In a study of 249
highly febrile (temperature � 39�C) children
between the ages of 3 and 36 months who had a
clinical diagnosis of croup,65 none had a positive
culture.

Arterial Blood Gases

If the patient appears seriously ill and possibly in
need of an airway soon, then restraint, such as for
arterial puncture, should not be done. Capillary
blood gases are most useful in a gradually progres-
sive illness where the adequacy of air exchange may
be difficult to assess but did not correlate with the
need for endotracheal intubation in one study of
croup and epiglottitis.31

Treatment of Suspected Supraglottitis

Although supraglottitis is rarely seen, its diagnosis
and treatment are critical because it can be rapidly
fatal. Therefore, a discussion of its treatment is first.
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It is sometimes difficult for the clinician to distin-
guish between the two major kinds of laryngitis; a
cautious approach is indicated. Hospitals should
have their own written protocol for management
of a child with suspected supraglottitis.47,66,67 The
following approach is based on the possibility that
the child might have supraglottitis (Box 7-4).

Tracheal Intubation

In severe laryngeal obstruction, tracheal intubation
may be needed.68–73 It has been used successfully
instead of tracheotomy in most cases of acute epi-
glottitis, but the risk of delayed or unsuccessful in-

BOX 7-4 ■ Summary of Priorities in Severe
Laryngitis

1. Allow the child to assume a position of
comfort while observing respirations and
taking history. Offer oxygen by mask when
available.

2. Obtain the proper size bag and face mask,
oxygen supply, and intubating equipment.

3. Call an otolaryngologist and anesthesiologist
(who should notify the operating room) if
history and examination or if lateral neck
film indicates supraglottic obstruction.

4. Ventilate with bag and mask (or mouth to
mouth) if respiratory arrest occurs.

5. Accompany the child from the office to the
hospital or from the emergency room to the
radiology department, ward, or operating
room, and be prepared to resuscitate and
provide an airway.

6. Examine gently. If child is in distress, do not
restrain. Use a light to examine pharynx,
without gagging.

7. Avoid unessential manipulation, such as
venipunctures or injections.

8. Request 0.3 mg/kg of dexamethasone, a mist
tent, 4 mL of 1 : 8 racemic epinephrine, a
respiratory therapist and respiratory
equipment to deliver the racemic
epinephrine.

9. Obtain a lateral film soft tissues of the neck,
at the bedside if possible.

10. Use racemic epinephrine as part of oxygen
therapy, if tolerated.

11. Use dexamethasone IM or IV if intubation
attempt is anticipated.

12. Intubate in operating room or area with
setup for tracheostomy if needed.

tubation is always present, especially if laryngeal
edema is severe.

The principal value of this procedure is its imme-
diate availability for emergency use. It appears to
be preferable when experienced personnel are avail-
able for intubation. The major disadvantage is the
occasional postintubation complication of subglot-
tic stenosis, which is a greater problem than re-
moval of the tube from a tracheostomy.

Tracheostomy

Routine elective tracheostomy was advocated in the
early 1970s for patients with supraglottitis, because
usually 20 or 30 minutes were necessary to mobilize
personnel to do an urgent tracheotomy, and intuba-
tion was difficult.68,74

Antibiotics

Ceftriaxone (or its equivalent) is indicated for feb-
rile, toxic patients. Antibiotics do not decrease the
need for careful observation early in the course of
severe laryngitis and have a lower priority than eval-
uation of the airway.

Treatment of Croup

The management of severe croup includes many of
the same steps described previously for supraglot-
titis (Box 7-4). Other treatment possibilities for
croup follow.

Nebulized Racemic Epinephrine

This is a mixture of equal parts of d and l (ordinary)
epinephrine. Because d-epinephrine has relatively
little activity, the equal parts mixture gets its activity
almost entirely from the l-epinephrine (the form
commonly available diluted 1:1000). Thus, the
standard preparation of 2.25% racemic (d,l) epi-
nephrine is physiologically equivalent to 1% epi-
nephrine (USP). A small but well-designed study
that assigned 16 children with severe croup to race-
mic epinephrine and 15 to l-epinephrine treatment
demonstrated that l-epinephrine is at least as effec-
tive as racemic epinephrine.75 L-epinephrine has
the advantages of lower cost, more widespread
availability, and potentially lower adverse event
rate.

Epinephrine apparently produces relief of ob-
struction by local vasoconstriction, which shrinks
the edematous mucosa. Epinephrine is widely used
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and appears to be helpful in laryngotracheitis, at
least for several hours.76 The usual dose is 2.5%
racemic epinephrine or 1% l-epinephrine diluted
1:8 (0.5 ml of epinephrine in 3.5 ml distilled water)
given by face mask without positive pressure.77 One
drawback of nebulized epinephrine has been the
potential for rebound, wherein the patient tran-
siently improves but then becomes quite suddenly
worse when the therapy “wears off.” Because of this
concern, it was once widely believed that patients
who received epinephrine in the emergency depart-
ment needed to be admitted to the hospital. A pro-
spective cohort study showed that patients with
croup who received both epinephrine and dexa-
methasone and, at the end of a two-hour observa-
tion period, had neither stridor nor intercostal re-
tractions at rest could be safely discharged home.78

Of 82 patients treated in this way, only 6 required
more therapy within the next 48 hours and only 2
required hospital admission.78 Nebulized epineph-
rine is not without risk, however. A recent report
tells of a young child who developed an acute
myocardial infarction after receiving multiple
doses of racemic epinephrine in the emergency
department.79

Corticosteroids

Although some small, early studies showed no bene-
fit from the administration of corticosteroids, there
is now a substantial body of literature supporting
their use. Steroid therapy should be reserved for
patients with moderate to severe croup and used
sparingly, if at all, in patients who present with
classic episodic croup, who usually respond quite
rapidly to nebulized saline. Patients with severe epi-
sodic croup, however, do respond to corticoste-
roids; thus, this treatment can be selectively em-
ployed. If the patient requires a prolonged course
of therapy or increasing doses to control symptoms,
referral to an ear, nose, and throat specialist for
laryngoscopy should be made. Many studies have
been criticized for failing to sort out episodic croup,
but this criticism is not correct. Supraglottitis and
purulent tracheobronchitis are readily excluded
clinically, whereas patients with mild episodic
croup rarely are hospitalized. Patients with severe
episodic croup requiring hospitalization often can-
not be adequately distinguished from patients with
viral croup, as defined in this section. Thus, studies
with adequate numbers and adequate controls that
indicate benefit should not be discarded because of

failure to make clinical diagnostic determinations
that are difficult or impossible. The variations in
severity should fall equally into placebo and treated
groups if randomization is done correctly.

Studies show that corticosteroids are effective in
croup whether they are administered intramuscu-
larly, by nebulization, or by the oral route. A pro-
spective, randomized, blinded study of 144 chil-
dren with moderate to severe croup compared
intramuscular dexamethasone or inhaled budeson-
ide to placebo.80 All patients were also given nebu-
lized epinephrine. Hospitalization rates were 71%
in the placebo group, 38% in the nebulized bude-
sonide group, and 23% in the intramuscular dexa-
methasone group.80 Oral dexamethasone at a dose
of 0.15 mg/kg administered to patients with mild
croup produced a measurable benefit: none of 50
patients who received the steroid treatment versus
8 (16%) of 50 who received placebo returned for
further medical care during the same illness.81 This
study, however, failed to demonstrate a difference
in the total duration of croup symptoms or the du-
ration of symptoms of viral illness. This result is in
agreement with the conclusions of a meta-analysis
of 24 studies of corticosteroids in the management
of croup, which demonstrated improved croup
scores at 6 and 12 hours after steroid administra-
tion, but not at 24 hours.82 The benefits of gluco-
corticoid treatment in laryngotracheitis, then, are
transient but real; short-term improvement is often
all that is needed to alleviate troublesome symp-
toms and avert hospitalization in this patient group.

Currently, 0.3 to 0.5 mg/kg of dexamethasone
intramuscularly can be recommended in severe
croup, especially when there will be a delay of 30
minutes or longer before receiving oxygen and mist
in the hospital.

Epinephrine

Use of a trial of 0.01 ml/kg of the standard aqueous
solution of 1:1000 epinephrine intramuscularly is
reasonable when an allergic basis is strongly sus-
pected, whether of episodic croup or supraglottic
allergic edema.

Helium–Oxygen Mixtures

Because its density is less than nitrogen, helium,
when mixed with oxygen, should facilitate oxygen
passage through partially obstructed airways. How-
ever, its use is still investigational, and in one study
in newborns with subglottic stenosis, the mixture
resulted in hypoxemia.83
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Complications

Pulmonary Edema

Laryngeal obstruction can produce pulmonary
edema, manifested by extensive pulmonary infil-
trates without cardiac enlargement.84,85 The treat-
ment includes positive end-expiratory pressure
(PEEP), oxygen, morphine, and a diuretic such as
furosemide.

Extralaryngeal Infection

Meningitis, pericarditis, and septic arthritis are
extremely rare complications of H. influenzae
epiglottitis.46

■ BRONCHITIS AND COUGHING
SYNDROMES

Definitions

There exists no clear consensus on an operational
definition of acute bronchitis in childhood. The dic-
tionary definition, “inflammation of the bronchi,”
is clearly inconvenient for diagnostic purposes, as
the bronchi cannot be visualized noninvasively. For
many busy practitioners, the term bronchitis has
been a “trash can” diagnosis, into which all children
who are “too sick to have a common cold, but too
well to have pneumonia” have been tossed. Physi-
cians may also make the diagnosis of bronchitis to
justify the administration of antimicrobial agents
when they are expected by a child’s parents,86 al-
though the diagnosis generally fails to provide an
indication for antibiotic therapy. Acute bronchitis
is probably best defined as cough with rhonchi or
coarse crackles that clear with coughing and no evi-
dence of pneumonia. The cough may be paroxys-
mal or nighttime. Tracheitis is often present. Fever
is generally present but usually not significant. If
marked lymphocytosis or a whoop is present, it is
a pertussis-like illness (Table 7-3). If headache and
weakness are prominent, the condition should be
diagnosed as an influenza-like illness. If wheezing
is present and persistent, the illness is usually diag-
nosed as asthmatic bronchitis (Table 7-4).

Bronchiolitis and asthmatic bronchitis are dis-
cussed in a later section on wheezing syndromes.

Classification

Acute bronchitis in children can be classified into
subgroups and possible etiologies according to ad-
ditional features (see Table 7-3). The table distin-

TABLE 7-3. CLASSIFICATION OF ACUTE
COUGHING SYNDROMES

CHARACTERISTIC

SUBGROUPS FEATURES

Acute bronchitis

Pertussis-like illness

Influenza-like illness

Other

Cough, coarse rhonchi or
wheezes

Coarse crackles that clear
on coughing

Fever variable

Acute bronchitis, plus
lymphocytosis and/or
paroxysmal coughing
spells with or without
inspiratory whoop or
post-tussive emesis

Acute bronchitis, plus
marked myalgia and/or
headache, fever with
chills, influenza
epidemic in community

Foreign body aspiration:
toddler, focal wheezing

Chlamydia: 1–6 months,
usually afebrile, with or
without, peripheral
eosinophilia

Measles: unvaccinated,
conjunctivitis, possible
lymphopenia

Allergy: see asthmatic
bronchitis and Table 7–4

guishing bronchiolitis, asthmatic bronchitis, and
asthma (Table 7-4) should be used to complete the
spectrum of syndromes.

Epidemiology and Pathology

The diagnosis of “bronchitis” is very common in
pediatric practice. In one study of 5,489 outpatients
with respiratory tract illnesses other than common
cold, 40% were assigned the diagnosis of acute
bronchitis.87

Clearly established predisposing factors include
day-care attendance and passive smoking. Former
premature babies with bronchopulmonary dyspla-
sia often present with recurrent bronchitis. Some
reports suggest that children with IgG subclass defi-
ciencies are at higher risk for bronchitis, especially
in recurrent or chronic form.88,89 Measurement of
IgG subclasses is not likely to be informative in
children younger than 3 years.
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TABLE 7-4. DIFFERENTIATION OF THREE WHEEZING SYNDROMES

ASTHMATIC

BRONCHIOLITIS BRONCHITIS ASTHMA

Usual age � 2 years 1–4 years � 4 years

Recurrences Not yet Sometimes Repeated

Presumed location Bronchioles Small bronchi All bronchi

Auscultatory Coarse sounds,
Features Wheezes, rhonchi Wheezes, rhonchi Musical wheezes

Usual etiology* RSV, hMPV, AV, RV, AV, PIV, IV, EV, Allergens, inhalants,
PIV, IV, EV other respiratory or respiratory 

viruses viruses

*In approximate decreasing order of frequency

RSV � respiratory syncytial virus, hMPV � human metapneumovirus, AV � adenovirus, PIV � parain-
fluenza viruses, RV � rhinoviruses, IV � influenza viruses, EV � enteroviruses

Because bronchitis is rarely fatal, little is known
about the histopathology of this condition. One re-
port examined the results of bronchial biopsy and
bronchial wash specimens in nonatopic children
with a history of chronic bronchitis.90 Despite the
fact that the specimens were collected at a time
when the children had not had a recent acute infec-
tion, 87% of the specimens showed extensive respi-
ratory epithelial damage. Lymphocytic infiltration,
edema, increased protein content of mucus, and
decreased mucociliary function were all demon-
strated.90

Causes
Respiratory Viruses

The grand majority of cases are due to infection
with a respiratory virus. Adenoviruses (especially
types 4 and 7), influenza, parainfluenza, and RSV
are the most common causes of acute bronchitis in
childhood. Rhinovirus and some enteroviruses are
also capable of causing acute bronchitis.87 Adeno-
viruses have been reported to produce an illness
indistinguishable from classical whooping cough,
including the marked lymphocytosis91. However,
subsequent reports concluded that the adenovirus
may have been reactivated by Bordetella pertussis
(which is very difficult to culture), and statistical
evidence does not support a role for adenoviruses
in pertussis-like illnesses.92 Of the parainfluenza vi-
ruses, type 3 is a more common cause of bronchitis
than either type 1 or type 2, in contradistinction to
the relative frequencies seen in croup.

Measles virus infection always involves the bron-
chi. As discussed in Chapter 11 on rashes, coughing

and fever are prominent before the eruption of the
rash.

Mycoplasmas

Mycoplasma pneumoniae is an occasional cause of
acute bronchitis, especially in school-age chil-
dren.91 Radiologic or clinical evidence of pneumo-
nia is not detected, despite prominent cough and
fever. Poor air exchange and even cyanosis may be
present. Cold agglutinins are often positive in this
disease, although the presence of IgM antibodies to
M. pneumoniae is a more sensitive and specific test.

Chlamydia

C. trachomatis can cause cough and tachypnea in
the infant 1 to 6 months of age along with a
bilateral interstitial pneumonia and sometimes an
eosinophilia.93 It is discussed further in the section
on pulmonary infiltrates with eosinophilia in
Chapter 8.

There is conflicting information on the role of
C. pneumoniae in acute bronchitis, largely because
the diagnosis of C. pneumoniae infection is fraught
with difficulty. Because it grows in cell culture only,
it cannot be cultivated on typical agar plates used
for isolating bacteria. It needs to be transported in
proper media and kept cold. Direct antigen testing
is fairly unreliable. Of late, reports on the use of
polymerase chain reaction (PCR) in the detection
of C. pneumoniae have been appearing, but further
evaluation will be required. Serologic responses can
be suggestive of recent infection; an IgM response
appears in about 3 weeks and IgG at about 6 to
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8 weeks. Grayston and colleagues suggest that a
fourfold rise in antibody titer between acute and
convalescent samples, or a single IgM titer of 1:16
or higher, or a single IgG titer of 1:512 or higher
are reasonable criteria for proof of C. pneumoniae
infection.94

A study of 365 adults with acute repiratory ill-
nesses found that 9 (47%) of 19 with serologic evi-
dence of C. pneumoniae infection had broncho-
spasm at the time of evaluation, and that there was
a strong quantitative association of C. pneumoniae
antibody titer and wheezing.95 In contrast, a study
that attempted to find C. pneumoniae in gargled
water specimens of 193 children with respiratory
infections was solidly unsuccessful;96 indirect im-
munofluorescence was negative in all, enzyme im-
munosorbent assay was negative in all, and PCR
detected C. pneumoniae in a total of 3 cases (1.6%).
Of those three, all had subacute or chronic bronchi-
tis-like symptoms, and in two the chest x-ray con-
firmed involvement of the pulmonary paren-
chyma.96 Part of the problem may be that the
nasopharynx, not the oropharynx, is the optimal
site for isolation of the organism.

Passive Smoking

Infants exposed to smoking parents have twice the
risk of an attack of bronchitis or pneumonia in the
first year of life.97

Foreign Body

This was discussed in the preceding section on
cough only.

Bacterial Infections

The possible bacterial etiologies of acute bronchitis
in children have not been adequately studied. B.
pertussis causes a bronchitic syndrome, usually in
association with other features, as discussed later.
In acute exacerbations in adults with chronic bron-
chitis, nontypable H. influenzae has been found
more frequently than during remissions, and antibi-
otic therapy directed at H. influenzae usually is
helpful.

Children may have bacterial bronchitis compli-
cating sinusitis,98 or more commonly, the symp-
toms of sinusitis may mimic those of bronchitis.

Bacteria, particularly S. aureus, can cause a puru-
lent tracheobronchitis, which can be mistaken for
laryngitis or a foreign body, as discussed in the sec-
tion on laryngeal syndrome.

Chronic Bronchitis

In children, unlike adults, chronic bronchitis is
not adequately defined.98 Practitioner surveys re-
vealed an absence of a widely accepted operational
definition.99 In addition to children with asthma or
cystic fibrosis,98,99 chronic bronchitis can be
proved by endoscopy in children with IgG subclass
abnormalities.100

Cast (Plastic) Bronchitis

In children with chronic bronchitis (usually sec-
ondary to asthma), large, branching bronchial casts
may be expectorated or removed at bronchos-
copy.101 This condition was once thought to be ex-
tremely rare in childhood, and the diagnosis is still
seldom established. A report from a pulmonologist
from Spain who has personally seen and treated
over 74 children with cast bronchitis, however, sug-
gests that cast bronchitis may be more common
than is generally appreciated.102 Adults are often
diagnosed with cast bronchitis when they expecto-
rate casts after vigorous coughing. Young children
swallow, rather than expectorate, whatever they
bring up with coughing. Dr. Perez-Soler, therefore,
performed early morning gastric aspirates to look
for casts. He found casts ranging from 0.5–2.0 cm
in length and 0.2–0.7 cm in diameter. They were
composed of epithelial cells, varying numbers of
inflammatory cells, and noncellular fibrinous mate-
rial. Clinically, 90% of the patients were between
6 months and 3 years of age; the main symptoms
were dyspnea and low-grade fever. Physical exami-
nation revealed diffuse wheezing, sometimes with
rales. Sixty-five (88%) of the cases took more than
9 months to completely resolve.102

■ PERTUSSIS-LIKE ILLNESS

Typical Pertussis

An acute prolonged bronchitis plus either a marked
lymphocytosis or a characteristic whoop can be de-
fined as typical pertussis (see Table 7-3). The dis-
ease has historically been divided into three stages.
The catarrhal stage lasts for little more than a week
and is marked by common cold-like symptoms.
The paroxysmal stage is named for the forceful
coughing spells. This stage may last from a week
to a month. Finally, a long convalescent stage leads
to eventual recovery. Infants with classic pertussis
usually have close contact with an adult with the
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disease. Pertussis in adults or children, however,
often follows a less classic course103 (resembling
a refractory bronchitis, such as that seen with C.
pneumoniae infection), so the exposure may be
unknown. The clinical picture in infancy is charac-
terized by a paroxysmal cough followed by an inspi-
ratory whoop. Post-tussive emesis is another
frequent symptom. Lymphocytosis (total white
blood cell count above 15,000 with greater than
60% lymphocytes) is a helpful clue when present.
Lymphocyte counts may be high enough to raise
suspicion of leukemia. However, lymphocytosis is
less common in infants less than 2 months of age.104

Adenopathy and splenomegaly are not present, and
eosinophilia may be frequent but masked by the
lymphocytosis.105

Atypical Pertussis

In young infants infection with B. pertussis can
occur without a whoop.106 They may have mild
disease or severe disease with vomiting following
coughing. The diagnosis may be suspected only be-
cause of a known exposure to an older sibling or
parent.

Cases of neonatal pertussis occurring within the
first three weeks of life have been described.107 All
infants had extreme lymphocytosis, apneic spells,
feeding difficulties, neurologic complications, and
bronchopneumonia. Two of the infants had about
a week of gradually increasing difficulty before hos-
pitalization. In one study of infants less than 6
months of age, about half of 35 nonhospitalized
infants did not have a whoop and were usually cul-
tured because of exposure to a known case.106 Per-
tussis is often misdiagnosed in infants as bronchio-
litis or pneumonia.108

Older children, adolescents, or adults, many of
whom have partial immunity because of either prior
immunization, prior infection, or both, usually lack
features of classic pertussis. Paroxysmal coughing
is still fairly frequent, but the whoop is often ab-
sent.109 Laboratory parameters such as lymphocy-
tosis are entirely missing; one study of pertussis in
adults seen in an emergency room setting found
that both total white count and absolute lympho-
cyte count in patients with pertussis were indistin-
guishable from those of patients with other cough
illnesses.110 Seizures, apnea, and other central ner-
vous system manifestations occasionally seen in ba-
bies with pertussis are absent in older patients.

Differential Diagnosis
Classic pertussis produces a readily diagnosable
clinical syndrome. However, other pathogens can
also cause pertussis-like syndromes. In a serologic
study in children who coughed for greater than 7
days and had no evidence of B. pertussis infection,
adenovirus was the most frequent pathogen found,
followed by the parainfluenza viruses, Mycoplasma
pneumoniae, and RSV.111 Patients with adenovirus
did not cough for as long a period as did those with
pertussis, but more than 80% met the Centers for
Disease Control and Prevention (CDC) diagnostic
criteria (two weeks or more of cough, associated
with paroxysms, inspiratory “whoop,” or post-tus-
sive emesis, without other obvious cause). Whoop-
ing occurred in 20% of children without a serologic
diagnosis of pertussis, and post-tussive emesis was
noted in greater than 50% of patients with a sero-
logic diagnosis of adenovirus infection.111 How-
ever, serologic evidence of adenovirus infection is
not always reliable, and a serologic response may
be occasioned by B. pertussis infection. An outbreak
of pertussis-like illness secondary to C. pneumoniae
has been reported from Japan.112

Diagnostic Approach
A chest roentgenogram is indicated in most patients
with acute bronchitis, depending on the severity or
duration of the illness and the age of the patient.
A tuberculin skin test is indicated for children with
acute bronchitis and a history of possible exposure
to Mycobacterium tuberculosis.

Culture

If lymphocytosis is present or if pertussis is present
in the community, culture for B. pertussis should
be done. The organism is fastidious and difficult
to grow in culture; the probability of isolating the
organism is, in part, related to the manner in which
the culture is obtained and handled. Yield is maxi-
mized by obtaining Bordet-Gengou plates from the
microbiology laboratory before getting the specimen
from the patient. A calcium alginate swab should
be used and the posterior nasopharynx somewhat
vigorously swabbed. The specimen is then plated
on the agar at the bedside and transported to the
laboratory by hand immediately thereafter. If direct
bedside inoculation is not possible, Regan-Lowe
transport medium should be used. Cultures are
more likely to be positive if they are obtained within
the first 3 weeks of the onset of illness. Sensitivity
of properly performed culture or direct fluorescent
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antibody testing approaches 80% if done in the
early stages of illness in patients who have not been
on antibiotic therapy.113 Atypical pertussis in adults
or immunized children is usually culture negative
but has been detected by serologic studies (see
following).114

Fluorescent-Antibody Staining of Smear

Fluorescent-antibody methods are useful for rapid
diagnosis from a nasal smear and complement the
culture for B. pertussis.

Polymerase Chain Reaction

PCR diagnosis of pertussis is becoming more widely
used; preliminary studies suggest that it is more
sensitive than culture. In a study of patients
undergoing nasopharyngeal swab testing for per-
tussis, 319 consecutive specimens were tested by
culture, direct fluorescent antibody (DFA), and
PCR. Cases were defined by the CDC clinical crite-
ria plus either a positive DFA or PCR. The sensitivity
of culture was 15%, DFA 52%, and PCR 93%.115

A more recent study suggests that LightCycler PCR
may be even more sensitive than conventional
PCR.115a

Chlamydia Studies

Methods used in studies for Chlamydia are de-
scribed in the section on pulmonary infiltrates with
eosinophilia in Chapter 8.

Serum Antibodies

Natural infection with B. pertussis causes an increase
in specific serum IgG, IgM, and IgA. Immunization
produces boosted titers of IgG and IgM, but not of
IgA. A serologic diagnosis is made by finding an
agglutinizing titer rise of either IgA or IgG to B.
pertussis components pertussis toxin (PT), filamen-
tous hemagglutinin, pertactin, fimbriae, or soni-
cated whole organism. High antibody titers on a
single sample can be diagnostic if age-specific
norms are used. IgA antibodies against B. pertussis
appear in the nasopharyngeal secretions during the
second or third week of illness and persist for at
least 3 months. One study of 525 cases and 321
controls showed that a single serum sample was not
very helpful if it was drawn between the first and
third week of the onset of coughing; in convalescent
samples, drawn between 5 and 10 weeks after
onset, detection of IgG directed at pertussis toxin
was the best single test, with a sensitivity varying
from 61% in infants to 74% in previously unvacci-
nated schoolchildren.116

Unfortunately, serologic diagnosis of pertussis is
not widely used and therefore not readily available;
it is performed in some reference laboratories.113,114

Treatment of Acute Bronchitis
Observation

Antibiotics are not indicated for most children with
bronchitis. Cough syrups with expectorants or de-
congestants have no demonstrated value but may
help some patients.

Asthmatic bronchitis is discussed in the section
on bronchiolitis. Wheezing with bronchitis may re-
spond well to therapies used for asthma.

Antibiotics

Amoxicillin is sometimes used to treat young chil-
dren and infants because of the belief that H. influen-
zae may be an occasional cause of acute bronchitis
in this age group. Erythromycin or one of the newer
macrolides (clarithromycin or azithromycin) is a
better choice, as they have some efficacy against
Chlamydia, Mycoplasma, and B. pertussis.

Some children diagnosed with bronchitis proba-
bly have bacterial sinusitis as the cause of their
cough, and these children may benefit from a
course of antibiotics. In general, if cough is present
for more than 2 weeks, observation alone for 5–7
days or a trial of anti-asthma medications is war-
ranted. If the cough is present for less than 2 weeks
and is not getting better, attempts at both anatomic
and etiologic diagnosis should be made. This would
include such studies as chest x-ray, coronal sinus
CT, serology for Mycoplasma and Chlamydia pneu-
moniae, and a test for pertussis. Other studies, such
as peak flow measurement, pulmonary function
studies, and tuberculin skin testing, should also be
considered.

Treatment of Pertussis
Erythromycin should be used if pertussis is sus-
pected. The estolate form has been thought to be
more active than the ethylsuccinate form; however,
there are no compelling data to suggest that this is
true.117 It should be remembered that the pharma-
cokinetics and dosing recommendations of the two
preparations are different. The estolate preparation
can be dosed at 30 mg/kg/day divided BID or TID,
wheras the ethylsuccinate form is dosed at 40 mg/
kg/day divided QID.118 On the basis of more fre-
quent case reports, the estolate form was thought
to be more likely to cause cholestatic jaundice.
Population-based studies have shown that rates
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of this complication are similar with all forms of
erythromycin.119

An open-label study of azithromycin showed
that after a 5-day course, the organism was eradi-
cated from the nasopharynx of all 34 patients when
tested at 14 days.120 The significance of this finding
is uncertain because B. pertussis is difficult to culture
even in the absense of prior therapy. More recently,
a randomized trial compared both microbiologic
and clinical cure rates in 153 patients (including
62 culture-positive cases) receiving either 7 days of
clarithromycin or 14 days of erythromycin. In an
intent-to-treat analysis, microbiologic eradication
was documented in 89% of patients in each arm of
the study. Clinical cure was documented in 94%
of patients receiving clarithromycin and 89% of pa-
tients receiving erythromycin.121

Erythromycin is effective in eliminating the or-
ganism from the nasopharyngeal secretions and
probably alters the course of the illness if given
shortly after the paroxysmal stage has begun.122

Bacterial relapse may occur if erythromycin is used
for fewer than 14 days, but the significance of this
with respect to contagion is not known. Recently,
the use of erythromycin in newborns has been asso-
ciated with an increased risk of hypertrophic pylo-
ric stenosis.123 The slightly increased risk of pyloric
stenosis needs to be weighed against the risk of
clinical pertussis, which can be severe in this age
group. Whether other macrolides would have a
similar effect is not known.

Early studies looking at the use of pertussis hy-
perimmune globulin showed no benefit but used
relatively low doses. A randomized, double-blind,
placebo-controlled trial of high-titer pertussis im-
mune globulin in 73 children with clinical pertussis
demonstrated a decrease in the duration of whoops
from 21 days in the placebo group to 9 days in
those receiving pertussis immune globulin.124 Un-
fortunately, pertussis immunoglobin is not com-
mercially available. Unfortunately, pertussis immu-
noglobin is not commercially available.

Salbutamol (albuterol), a beta-2 agonist, has
seemed to be helpful in pertussis in a few small
studies but has not been thoroughly studied and is
not used much for therapy in the United States.

Corticosteroids are not well studied in humans
but caused increased mortality in a mouse model;
they are not advocated by many in the United
States.

Hospitalization

Infants less than 12 months old with pertus-
sis—and older children with severe pertus-
sis—should be hospitalized. The patient should be
put in a single-patient room with droplet precau-
tions.125 Monitoring for apnea should be done. Par-
enteral feeding may be advisable for very sick young
infants.108 Measuring capillary pCO2 for hypercap-
nia may be helpful in severe cases. Recording the
number of paroxysmal coughing attacks per 8- or
12-hour nursing shift can provide a guide to
the progress of the illness and help in discharge
planning.

Mist, Oxygen, and Suctioning

Mist is indicated to prevent drying of bronchial se-
cretions if the relative humidity of the hospital room
is low. In pertussis, suctioning of the oropharynx
should be done after a coughing spell, particularly
if sticky secretions are obtainable. Intubation or
bronchoscopy to facilitate suctioning may be help-
ful in severely ill young infants. Oxygen can be de-
livered by tent or face mask, particularly if there
are periods of cyanosis. In some severe cases, me-
chanical ventilation may be needed.

Complications of Pertussis

Apnea

Episodes of apnea and bradycardia are common
in severe pertussis and may be related to a toxin
produced by the organism, as these episodes may
occur in the absence of paroxysmal coughing
spells.126,127 All complications of pertussis are
more common in young infants; this is particularly
true for apnea. Such a toxin might also explain
other neurologic complications such as seizures
and encephalopathy.126,127

Pneumonia

The initial pneumonia in pertussis is typically peri-
hilar, often producing irregularity of the right heart
border, the “shaggy heart.” In severe cases, the
pneumonia may progress, and other bacteria, such
as S. aureus or Pseudomonas aeruginosa, may pro-
duce a secondary pneumonia. The degree of hy-
poxia often seems to be more severe than the radio-
logic picture would indicate. Dyspnea between
paroxysms, tachypnea, and fever are not present in
uncomplicated pertussis and suggest a secondary
bacterial pneumonia (or a primary diagnosis other
than pertussis).
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Atelectasis

This is a frequent complication of pertussis and
typically involves the right middle or right upper
lobe.128 Before modern respiratory therapy tech-
niques were used, reexpansion took a month or two
and sometimes as long as 10 or 11 months.130,131

Now, bronchiectasis or change in pulmonary func-
tion is rare.

Encephalopathy

This is a rare complication of pertussis. It might
occur because of hypoxemia but may also be due to
the heat-stable pertussis toxin, which is histamine-
sensitizing, lymphocyte-stimulating, and stimulat-
ing to the pancreatic islets.127 Hypoglycemia may
be a contributing factor.105 A report of a 7-year-old
unimmunized girl who developed encephalopathy
with pertussis demonstrated a titer of antibody to
filamentous hemagglutinin (FHA) in cerebrospinal
fluid (CSF) that was 9-fold higher than that found
in serum.132 The CSF/serum ratio of albumin was
normal. This suggests that the patient had antibody
production within the CSF to a B. pertussis antigen
other than pertussis toxin.132 Convulsions during
a severe illness occasionally occur, but long-term
brain damage is rare.

In a surveillance study in the United States from
1979 to 1981, seizures were reported for 4% of
1,277 patients and encephalopathy was reported
for 0.4% of patients, all younger than 1 year of
age.133 Current figures for seizures and encephalop-
athy are similar; the odd reports of encephalopathy
in a school-age child132 or cerebellar ataxia in ado-
lescents134 have begun to appear.

Long-term Lung Function

Adults with a history of pertussis during childhood
have a small but measureable decrease in lung func-
tion compared with those who do not have a history
of pertussis.135

Prevention of Pertussis
Exposed Contacts

Erythromycin is currently recommended for all ex-
posed family contacts. Treatment of the index case
eliminates the organism in 4 days but must be con-
tinued for 14 days to avoid bacteriologic relapse.137

A recent prospective, placebo-controlled study of
household contacts of patients with culture-proven
pertussis showed that although erythromycin sig-
nificantly decreased the number of culture-positive

cough illnesses, the total number of cases of severe
cough illnesses clinically compatible with pertussis
was unchanged by prophylaxis.138 It is probable
that the decreased number of culture-positive cases
would translate into a reduction in tertiary cases
and community spread. Women with pertussis dur-
ing labor did not transmit the infection to the nurs-
ing infant if both were given erythromycin.139

Pertussis vaccine, as a DTaP booster, is recom-
mended for previously immunized children less
than 7 years of age who are in contact with a known
or suspected case of pertussis, unless a dose has
been received within the past 3 years.140

Primary Immunization of Children

Pertussis immunization, given as DPT vaccine, is
fairly reactogenic. Local pain, swelling, fever, febrile
seizures, an unusual high-pitched cry, inconsolabil-
ity, and hypotonic-hyporesponsive episodes have
been temporally associated with its receipt. Because
of this, and the public misconception that whole-
cell pertussis vaccine was causally associated with
encephalopathy, many people (and even entire
countries) chose to risk natural pertussis rather than
obtain the vaccine. A large outbreak of pertussis,
associated with mortality, occurred in England
in the late 1970s when pertussis vaccination was
discontinued.141

Fortunately, immunogenic and protective acel-
lular pertussis vaccines have been developed and
are now the only pertussis vaccines used in the
United States. Five acellular vaccines containing
from two to five antigens are licensed for use in the
United States. All have been shown to be immuno-
genic and protective. The incidence of side effects
from acellular vaccines is considerably lower than
that of whole-cell vaccines. Uncommonly, patients
will experience swelling of an entire limb after a
booster dose of acellular pertussis vaccine.142 Com-
plete recovery without permanent sequelae oc-
curred in all patients. The incidence of this side
effect does not seem to be related to the number of
antigens contained in the vaccine. Routine pertussis
vaccination is an immensely important public
health measure, and unlike polio (wherein a chance
at eradication exists), pertussis is an ever-present
threat. Parents and caregivers should be educated
about the improved safety and decreased reactogen-
icity of acellular pertussis vaccines, and every effort
should be made to immunize all infants and
children.
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Booster Immunization of Adults

Immunity to pertussis, whether engendered by nat-
ural infection or by vaccination, is relatively short-
lived. Most children who received the complete pri-
mary vaccine series are susceptible to pertussis in-
fection by the time they reach the age of 12 years.143

Pertussis causes anywhere from 12% to 28% of pro-
longed cough illnesses in adults.144 Although adults
usually experience atypical pertussis, the disease is
still quite distressing and long-lived. Additionally,
they serve as a reservoir for the bacterium and aid in
spreading the infection to fully susceptible infants,
who suffer more severe disease.144a

Two formulations of a cellular pertussis vaccine
combined with dT for use in adolescents and adults
are currently under review by the Food and Drug
Administration (FDA). Acellular pertussis vaccines
are well tolerated and immunogenic in adults. Only
a small amount of antigen is necessary to boost anti-
body responses.145 Some unusual reactions to the
vaccine were seen in several trials; most notably,
late or biphasic local reactions, occuring 5 to 7 days
after vaccine receipt.109 Unfortunately, only about
60% of the adult population is currently in compli-
ance with the every-10-year booster dose of dT vac-
cine, and it is difficult to imagine that number esca-
lating with the addition of the acellular pertussis
component. Moreover, mathematical modeling of
the epidemiology of pertussis predicts that an adult
vaccination program would be unable to produce
herd immunity, and thus might have only a mar-
ginal effect on the incidence of severe pertussis in
young children.146 The underlying epidemiologic
principle is that it is difficult to produce significant
herd immunity to an endemic disease using a vac-
cine that causes short-lived immunity. Selective im-
munization of adults with extensive child contact
may prove to be equally effective and considerably
less expensive.147

■ INFLUENZA-LIKE ILLNESS

Definitions

Influenza and flu are words that are often used by
laypersons to refer to almost any gastrointestinal or
respiratory illness. The physician may sometimes
wish to use the patients’ understanding of these
words to communicate with them. However, for
best communication among physicians, it is prefer-
able to avoid the word flu and to use influenza only
in the context of influenza virus infection or influ-
enza-like illness, a phrase usually used to refer to

the classic pattern of illness produced by the influ-
enza virus.

Classic influenza-like illness is characterized by
fever, cough, headache, sore throat often localized
to the trachea, muscle aches, and weakness (Box 7-
5). Onset is generally quite abrupt. Influenza virus
illness occurs in the context of an epidemic or out-
break; sporadic cases are rare. Thus, epidemiologic
clues are helpful in establishing a presumptive diag-
nosis of influenza. Fever is usually a prominent
component of the illness, especially in young chil-
dren; one study showed that the majority of young
children with proven influenza virus infection had
a fever of higher than 38.9�C.148 In order for a respi-
ratory illness without significant fever to be classi-
fied as influenza-like, myalgia should be prominent.

Physical examination usually reveals no remark-
able respiratory signs to correspond with the respi-
ratory symptoms. Dyspnea and fine crackles are not
present in uncomplicated cases. Coarse crackles
that clear with coughing may be heard. Influenza-
like illnesses sometimes resemble bronchitis or lar-
yngitis, but there is severe weakness or prostration
that seems out of proportion to the rest of the ill-
ness.

Spectrum of Severity
The classic pattern of influenza-like illness is that
of an acute illness of only a few days’ duration, but
the severity of the illness is variable. In severe cases,
the temperature can be as high as 104�F to 105�F
(40�C to 40.5�C) for 5 to 7 days, although school-
age children usually do not appear critically ill at

BOX 7-5 ■ Typical Findings in Influenza
Virus Infection

• Fever (� 101°F or 38.3°C), usually with
sweating; occasionally with shivering

• Cough
• Headache
• Sore throat often localized to trachea;

substernal pressure; “congestive feeling”;
occasionally hoarseness

• Fatigue, weakness, excessive sleeping, or
prostration

• Muscle pains; eye pain; dizziness
• Anorexia
• Significant respiratory signs, such as rales, are

not common
• Abdominal signs and symptoms are

uncommon, except in the very young
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■ FIGURE 7-5 Typical course of influenza virus infection in
a child.

any point. In the mildest pattern, the patient does
not have a high fever but has myalgia or weakness
and hoarseness, nasal obstruction, or cough that
may persist for several weeks (Fig. 7-5).

Influenza Virus Infection in Young
Children

The presentation of influenza in infants and young
children may differ from that seen in school-age
children, teenagers, and adults. Children less than
6 months of age have a high incidence of influenza-
related hospitalization.149 Typically, it presents as
an undifferentiated viral illness with fever.148 The
patient may appear moderately toxic and have clear
rhinorrhea, irritability, and cough. Gastrointestinal
symptoms are much more common in young chil-
dren and may dominate the clinical picture. One
study of 53 infants (� 12 months of age) found that
diarrhea was a prominent symptom in 18 (34%).150

Young children may also present with febrile sei-
zures. Classic laryngotracheitis or croup syndrome
is seen in young children with influenza, and its
course tends to be more severe than that seen with
parainfluenza viruses.151

Causes of Influenza-like Illnesses

Influenza Virus

Influenza virus is the usual cause of influenza-like
illness in large outbreaks in civilians.152–154 In
school-age children, the clinical findings are usually

classic, as closely observed in an outbreak involving
280 children in a children’s home (see Box 7-5).152

A large study showed that symptoms and signs that
were more common in children than in adults were
anorexia, abdominal pain, nausea and vomiting,
cervical lymphadenopathy, and temperature greater
than 38.9�C.148 Symptoms that were more promi-
nent in adults than in children were sneezing and
sputum production.

Muscle pain and tenderness, particularly in the
calf muscles, are not uncommon in children and are
typically associated with elevated muscle enzyme
concentrations (especially creatine phosphokinase)
in the serum.155,156 Myalgia may become so severe
that the child will be unable or unwilling to walk.
Most cases are caused by influenza B virus.155 The
onset of myositis is sometimes several days after that
of the influenza-like illness and resolves without
residual weakness over about a week.

Disease caused by influenza virus infection is
more severe in children with underlying medical
problems such as bronchopulmonary dysplasia, di-
abetes mellitus, congenital heart diseases, neuro-
muscular disorders, or neoplasms. Chronic respira-
tory disease such as bronchopulmonary dysplasia
is the most common background medical problem
seen in children hospitalized with influenza virus
infection.157

Other Viruses

Adenoviruses are the second most frequent cause
of influenza-like illness in military bases and also in
civilians.158,159 Parainfluenza viruses are a frequent
cause of influenza-like illness.160,161 Myalgia or
weakness is usually not recognized by children, and
headaches or general aches are not prominent in
adults. Coxsackieviruses are an occasional cause of
influenzalike illness.162

Other Infectious Agents

Mycoplasma pneumoniae may produce influenzalike
illnesses without pneumonia.163 Group A strepto-
coccus should be considered a possible cause of
influenza-like illness, because fever, headache, sore
throat, and myalgia may occur in streptococcal
pharyngitis. Summertime influenza-like illness
should bring to mind the possibility of Rocky
Mountain spotted fever. Several potential agents of
bioterrorism (e.g., anthrax, plague, tularemia, and
smallpox) can present initially as a severe influenza-
like illness.
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Laboratory Approach
Group A streptococcal infection should be excluded
in children with an influenzalike illness if there is
objective evidence of pharyngitis. Early streptococ-
cal pharyngitis may resemble an influenza-like ill-
ness, and concurrent streptococcal pharyngitis may
occur with illness caused by a virus.

Serum Antibodies

Influenza, parainfluenza, and adenovirus infection
can be confirmed by demonstration of a rise in titer
between a serum specimen obtained early in the
illness and one obtained about 2 weeks later. A
serologic study comparing the prevalence of spe-
cific IgA, IgM, and IgG and the kinetics of antibody
production in patients with culture- or antigen-de-
tection-proven influenza virus infection showed
that: (1) the prevalence of IgA against influenza
virus in controls was less than 4%, and (2) IgA, and
the bulk of IgG was synthesized within the first
week of illness. Therefore, a measurable titer of in-
fluenza-specific IgA on a single sample is highly
suggestive of acute influenza virus infection.164

Measurement of influenza-specific IgA, however, is
not widely available. Antibody production to influ-
enza virus can be measured either by ELISA or by
hemagglutination-inhibition. Both methods are rea-
sonably sensitive. Laboratory confirmation of such
a virus infection is of retrospective interest primarily
for severe illnesses. Serologic studies for these vi-
ruses are of special interest when influenzalike ill-
nesses are first appearing in a community, because
the presence of confirmed influenza virus infection
may be useful in stimulating public health mea-
sures, such as immunization, throughout the state.

Viral Cultures
The viruses that can cause influenza-like illnesses
grow readily in cell cultures. Viral cultures are also
useful to confirm the presence of influenza virus in
a community and to define the virus type.

In the first 3 or 4 days of symptomatic influenza
virus infection, about 70–90% of children shed the
virus, but by the fifth day of illness, this drops to
about 20%.165 The virus titer and frequency of re-
covery increase with severe illness.152,165

Rapid Antigen Detection Tests

Commercially available antigen detection kits for
the diagnosis of influenza infection are widely avail-
able. Some kits detect influenza A only, whereas
others detect both influenza A and B. The test is

sensitive and fairly reliable if a good nasopharyngeal
or oropharyngeal swab specimen is obtained. In
general, nose washes provide better results than na-
sopharyngeal swab specimens, but either is accept-
able. The test can be run in less than 30 minutes
and is helpful when rapid diagnosis is desirable.

Multi-virus Rapid Tests

It is possible to screen for influenza virus infection
and, at the same time, screen for RSV, respiratory
adenoviruses, and the parainfluenza viruses using
the fluorescent antibody method. This test, unlike
the rapid antigen detection kits discussed previ-
ously, requires a nose wash specimen and is highly
observer-dependent. Cells from the nose wash are
fixed to a glass slide, then a mix of antibodies is
allowed to react with the specimen. Antibodies thus
attached to the viral antigens are then labeled with
fluorescein-tagged antibodies. Skilled performance
and observation are required. The test is only avail-
able at select institutions.

PCR

Influenza virus infections lack a viremic phase, and
PCR examinations of serum are almost always nega-
tive.166 However, PCR of respiratory secretions has
been experimentally shown to correlate well (98%
concordance) with standard rapid antigen detection
tests.167 The future of rapid diagnosis of severe
acute respiratory tract disease will probably evolve
along these lines. The ability to rapidly pinpoint
the etiologic diagnosis of respiratory illnesses will
be a great boon to the practicing physician.

Treatment of Influenza
Antibiotic therapy of an influenza-like illness is un-
necessary unless concurrent group A streptococcal
infection, otitis media, or pneumonia is present.
Symptomatic therapy includes acetaminophen or
NSAIDs (but not aspirin, which may increase the
risk of Reye’s syndrome) for headache and myalgia.
Cough syrup is rarely necessary.

Amantadine hydrochloride has been shown to
be of value in both prevention and treatment of
influenza A virus infection in placebo-controlled,
double-blind studies in adults and children.168,169

Rimantadine is a drug of similar chemical composi-
tion and mode of action but with a much lower
incidence of CNS side effects. Rimantadine is me-
tabolized by the liver before being excreted renally;
its dosage needs some adjustment for patients with
renal failure. It can be given once a day, which
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makes it an attractive option. Rimantadine is ap-
proved for prophylaxis in children as young as 1
year of age. Although it is only approved for treat-
ment of children age 13 years or older, many physi-
cians use it for this purpose in younger children.168

Zanamivir and oseltamivir are neuraminidase in-
hibitors. Unlike amantadine and rimantadine, these
compounds are active against both influenza A and
influenza B isolates.170 Zanamivir is delivered lo-
cally to the site of influenza virus replication by an
inhalational device. The main side effect is broncho-
spasm, which may be severe, especially in patients
with a previous history of ashthma.171 The package
insert contains a warning that zanamivir generally
should not be given to patients with underlying
airway disease. This drug is approved for treatment
of influenza in persons 7 years and older; it has not
yet been approved for prophylaxis.

Oseltamivir is a neuraminidase inhibitor that is
taken by mouth. Inhibitory concentrations of the
drug reach the lungs, and the drug has been shown
to provide benefit to subjects with experimental in-
fluenza virus infections in clinical trials.172 The
principal side effect of oseltamivir is nausea and
vomiting, which occurred in up to 14% of recipi-
ents as compared with 9% of placebo recipients.172

This can usually be alleviated by taking the medica-
tion with food. Oseltamivir is approved for prophy-
laxis in children older than 12 years and for
treatment in children over 12 months. None of the
four antiviral agents has been demonstrated to be
effective in preventing serious influenza-related
complications.

Most children with influenza seen in the outpa-
tient setting do not require specific antiviral ther-
apy. However, for the child with influenza who is
at high risk for complications, antiviral therapy
should be considered. This includes children for
whom the influenza vaccine is recommended. Anti-
viral therapy should also be considered for any
child with influenza whose illness is severe enough
to require hospitalization. No antiviral therapy is
effective against influenza if started greater than 48
hours after the onset of symptoms.

Complications
Pneumonia or Bronchiolitis

Influenza-like illness caused by influenza virus or
another virus is sometimes complicated by pneu-
monia or bronchiolitis.153,157 This subject is dis-
cussed further in the sections on atypical pneumo-
nia and fulminating pneumonia in Chapter 8.

Toxic Shock Syndrome

S. aureus can superinfect patients with influenza
virus infection, and if it is a toxin-1 producing
strain, the patient may develop hypotension, rash,
and the other manifestations discussed in Chapter
10.173,174

Encephalopathy

Rarely, influenza virus infection is complicated by
an acute encephalitis or encephalopathy.175 It can
occur during infection with influenza or as a postin-
fectious complication.176

Reye’s syndrome is an acute encephalopathy and
hepatopathy that has been associated with influenza
virus infection and the intake of aspirin or aspirin-
containing products. Reye’s syndrome is discussed
in more detail in Chapter 9.

Others

Other rare complications include renal failure from
myoglobinuria,177 Stevens-Johnson syndrome, and
Guillain-Barré syndrome. Leukopenia may accom-
pany influenza virus infection with some frequency;
pancytopenia, anemia, and thrombocytopenia that
developed concurrently with influenza virus infec-
tion and resolved spontaneously when the respira-
tory disease abated have been reported.178 Chronic
pulmonary disease such as pulmonary fibrosis or
bronchiectasis can follow childhood influenza.179

In a study of volunteers experimentally infected
with wild influenza virus, increased bronchial reac-
tivity occurred and persisted about 4 weeks.180

Prevention of Influenza
Chemoprophylaxis

Amantadine or rimantidine can be given daily to
exposed susceptible children older than 12 months
of age at risk for severe complications (the same
group that should have received vaccine). Prophy-
laxis should be continued until such time as the
influenza virus is no longer in the community, usu-
ally about 6–12 weeks.168 Chemoprophylaxis can
also be considered for immunodeficient patients
who are unable to mount a suitable response to
influenza vaccination.

Neither drug interferes with the immune re-
sponse to influenza vaccine, which should have
been given before the virus entered the community
but may still be given afterward. These drugs have
activity only against influenza A virus, for which
they are between 70–90% effective at preventing
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symptomatic infection. They do not have activity
against influenza B virus. Amantidine can increase
the risk of seizures in those with a seizure disorder
and is also associated with other neurologic side
effects (such as nervousness, lightheadedness, and
difficulty concentrating) in about 13% of patients.
These side effects occur about half as frequently
with rimantidine, which is more expensive.

Studies of the prevention of influenza infection
by neuraminidase inhibitors have shown that they
are 70–90% effective in prophylaxis.170,181 They
are active against both influenza A and B. Oseltami-
vir is approved for prophylaxis in children age 12
years or older and can be used in a similar fashion
to that described for amantidine and rimantidine.
Zanamivir is not approved for prophylaxis. The
neuraminidase inhibitors do not impair immune re-
sponses to influenza vaccine.

Inactivated Influenza Vaccine

Children at risk for severe complications of influ-
enza virus infection include those who have chronic
cardiac or pulmonary disease, such as asthma, cys-
tic fibrosis and bronchopulmonary dysplasia, those
receiving long-term aspirin therapy, and those with
poorly controlled metabolic, renal, or hematologic
diseases. Children who are immunocompromised
by disease or chemotherapy generally should be im-
munized at a time when they are likely to respond
to inactivated-virus vaccines168 if possible, but the
vaccine should not be withheld because of concern
regarding poor immune response.

Recommendations regarding dosages and prepa-
rations for children 6 months to 12 years of age are
made each year, usually in the summer, and should
be implemented before December.168 As children
serve as reservoirs of influenza virus in the commu-
nity, many are now advocating influenza vaccina-
tion for all schoolchildren.182 Concerns about inac-
tivated influenza vaccine precipitating acute attacks
in patients with asthma have been largely put to
rest.183 Although egg hypersensitivity has long been
regarded as an absolute contraindication to influ-
enza vaccination (as the vaccine virus is grown in
embryonated eggs), a multicenter trial showed that
the vaccine could be safely administered even to
patients with reliable histories and demonstrated
responses to oral egg challenge.184 This group of
investigators administered the vaccine to 83 pa-
tients with egg allergy and saw no adverse reactions,
even in patients with positive vaccine skin prick
tests. They gave one-tenth of the recommended vac-

cine dose first, followed by the remaining nine-
tenths 30 minutes later.

Live-Attenuated Influenza Vaccine

A trivalent live-attenuated influenza vaccine that is
administered by nasal spray (FluMist) has been
FDA-approved for use in healthy persons ages 5 to
49 years old. Unfortunately, the vaccine is most
efficacious in a group for which it is not approved
(i.e., children with little prior experience with influ-
enza).185 Its superior efficacy in young children may
relate to its ability to induce a mucosal immune
response,186 which has been shown to be poor in
unprimed children receiving the inactivated vac-
cine.187 Children younger than 5 years old are also
the age group in which the convenience of a nasal
spray vaccine would be most welcome.

The reason for the exclusion relates to a possible
increased risk of asthma episodes in young children
receiving the vaccine. In a large safety study, 14
(0.7%) of 2,032 children ages 1 to 4 years old devel-
oped an episode of asthma in the 6 weeks after
vaccination with FluMist as compared with 2
(0.2%) of 1,025 placebo recipients in that age group
(P � 0.11).187a Although this difference was not
statistically significant at the 95% confidence level,
the FDA decided that further study was needed be-
fore it could recommend use of the vaccine in chil-
dren younger than 5. Studies regarding the safety
and immunogenicity of this vaccine in young chil-
dren and in immunocompromised patients are
ongoing. Currently it is not recommended for
these groups, but future studies may expand its in-
dications.

■ BRONCHIOLITIS AND WHEEZING
The term bronchiolitis indicates inflammation of the
bronchioles, although this cannot be observed di-
rectly. There is no clinical definition of bronchiolitis
as a syndrome that is universally accepted; the one
used in the 1975 edition of this text, based on a
collaborative study, is given following.188

Three characteristics are typical features of
bronchiolitis:

1. Acute generalized peripheral airway obstruction
(“air trapping”), as recognized by tachypnea, de-
creased breath sounds, and low diaphragms on
chest roentgenogram

2. Occurrence in the infant age group (less than
one year of age), because their airways are
smaller and contribute a larger fraction of airway
resistance
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■ FIGURE 7-6 Typical course of bronchiolitis in an infant.

3. Usually, no evidence of similar episodes in the
past

A broader clinical definition of bronchiolitis can
be given by describing the classic clinical pattern
of illness requiring hospitalization see next section.
Variations from the classic pattern may still be legit-
imately classified as bronchiolitis as a presumptive
diagnosis pending further observations.

Classic Clinical Bronchiolitis

Typically, an infant in the first year of life has minor
respiratory symptoms for a few days.189 Then, the
parents recognize increasing difficulty and rate of
breathing (Fig. 7-6). When the infant is first exam-
ined, there is usually tachypnea, bilateral intercostal
retractions, and poor air exchange (diminished
breath sounds) in all lung fields. Wheezing is a
prominent feature. After therapy with humidified
oxygen, alveolar aeration may improve, as indicated
by louder breath sounds. Coarse inspiratory and
expiratory breath sounds, or coarse inspiratory
crackles, may then be heard throughout the chest.
In bronchiolitis, the crackles are coarse and are
often heard through most of inspiration and some-
times during expiration, suggesting disease in the
small air passages rather than in the alveoli. This
contrasts with pneumonia, in which the crackles
are fine and occur at the end of inspiration.

An inspiratory chest roentgenogram will almost
always show low diaphragms (hyperinflation). Oc-
casionally, the film shows intercostal lung bulging,
areas of linear atelectasis, or small areas of intersti-
tial pneumonia. Segmental or patchy pulmonary

densities usually represent atelectasis. True consoli-
dation is rarely seen.190 The principal physiologic
problem in bronchiolitis is obstruction of the lower
respiratory passages, not fluid in the alveoli (“pneu-
monia”). If sparse pulmonary densities are seen, an
appropriate problem-oriented diagnosis would be
“bronchiolitis with patchy pneumonia.” The sever-
ity of symptoms often waxes and wanes before there
is evidence of clear improvement. Oxygen satura-
tion as measured by pulse oximetry can also vary
from moment to moment. Often, the ability of the
infant to breast- or bottle-feed is the best index
of disease severity and the most useful indication
for hospitalization. Dyspnea lasts about 5 days (see
Fig. 7-6).

In a population-based cohort of 280 children
hospitalized for bronchiolitis from 1990–1999, the
median age at the diagnosis was 4 months, and
nearly two-thirds of the patients were male. Four-
teen percent were born at before 36 weeks of gesta-
tion, 5% has congenital heart disease, 2% has bron-
chopulmonary dysplasia, and 12% had a prior
diagnosis of reactive airways. Two-thirds of patients
required supplemental oxygen, 27% were admitted
to the intensive care unit, and 6% required mechan-
ical ventilation. The mean hospital stay was 2.7 days
(range 1–15 days).190a

Other Wheezing Syndromes

The following definitions were used in the 1975
edition of this book and still seem to be in fairly
common usage in the United States.

Acute bronchial asthma, asthmatic bronchitis,
and bronchiolitis all refer to illnesses with acute
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lower respiratory (peripheral airway) obstruction
(see Table 7-4). The term asthma (or bronchial
asthma) is usually reserved for recurrent episodes
of wheezing that have an allergic, viral, or exercise-
induced basis and typically respond to bronchodi-
lators, inhaled corticosteroids, or both. This diagno-
sis can rarely be made with accuracy during the
first episode in infants and usually is not used until
the episodes recur and until responses to broncho-
dilators and antiinflammatory therapies are demon-
strated.

The term asthmatic bronchitis can be used to de-
scribe the illness of a young child who has had
several episodes of bronchitis with wheezing. Other
terms in common use include reactive airways dis-
ease (RAD) and reactive obstructive airways disease
syndrome (ROADS). Usually, the child is 1 to 4 years
of age and may have no further evidence of asthma
later in life. If recurrent episodes continue, the term
asthma is used.

Bronchiolitis is usually the most appropriate diag-
nosis for the first episode of acute lower respiratory
obstruction in an infant. Usually, the infant is
younger than 1 year if it is the first episode. In
two large population-based studies of bronchiolitis
hospitalizations, 64–67% occurred in children less
than 6 months of age.191,192 Recovery of a virus is
more likely in an infant with a first episode (bron-
chiolitis) than in one with a history of wheezing
(asthmatic bronchitis).193

Physiologic Disturbances

Lower Respiratory Obstruction

One of the reasons that the young infant has more
difficulty with respiratory tract obstruction may be
the small size of the airways and their greater contri-
bution to total airway resistance.194,195 The princi-
pal mechanism of obstruction in bronchiolitis is
presumed to be edema of the bronchioles, because
improvement often occurs within a few days. Re-
view of autopsy findings in acute bronchiolitis
shows that the bronchioles are plugged with mucus
and necrotic cell debris, but this probably is more
characteristic of fatal cases.196 Bronchospasm, as
defined by improved air exchange after administra-
tion of bronchodilators, rarely can be documented.
Secretions may be present in the bronchi, as evi-
denced by coarse crackles, but these are not a con-
stant finding. Attempts to aspirate these secretions
are usually unnecessary and may be harmful.

Immune Response and Disease Severity

A formalin-inactivated vaccine in the 1960s caused
recipients to mount an antibody response, but exac-
erbated clinical disease when patients were infected
with wild-type RSV.197 Some investigators showed
that these antibodies were nonneutralizing, which
fueled speculation that passive antibodies worsened
RSV disease.198 Subsequent studies have conclu-
sively proven that passive antibody to RSV is at least
partially protective against severe disease, and that
the higher the antibody titer the better.199 Murine
models suggest that enhanced illness was the result
of selective activation of type 2 CD4� lympho-
cytes, leading to altered cytokine (e.g., IL-4) and
immunoglobulin (e.g., IgE) production.200 Among
infants with RSV infection, those manifesting bron-
chiolitis have significantly higher titers of RSV-spe-
cific IgE in nasopharyngeal secretions than those
without bronchiolitis.201 However, what deter-
mines whether the immune response to RSV infec-
tion is predominantly type 1 or type 2 remains
unknown.

Hypoxemia

Because of the bronchiolar obstruction, there is un-
even ventilation of various parts of the lung, result-
ing in ventilation-perfusion disparity (“mismatch”)
and therefore hypoxemia.202 The arterial pCO2 is
usually normal in mild cases or may be low because
of hyperventilation, as shown in Figure 7-1. In pa-
tients with more severe obstruction of the smaller
airways, CO2 retention also occurs but is rare except
as a late finding.202,203 Severe persistent obstruction
can result in acute respiratory failure.

Causes of Bronchiolitis or Wheezing

The syndrome of bronchiolitis occurs every month
of the year in the northern United States and should
be regarded as having many possible etiologies.204

It is useful to distinguish between epidemic bron-
chiolitis, which is usually caused by RSV, and spo-
radic bronchiolitis, which may have a number of
possible causes.

Viral Infection

Respiratory syncytial virus is the most frequent viral
cause of bronchiolitis throughout the world. These
infections tend to be seasonal and typically are asso-
ciated with outbreaks (Fig. 7-7). About 65% of in-
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■ FIGURE 7-7 Sporadic and epidemic bronchiolitis. Note months in fall and
early winter of 1969 when admissions to Children’s Memorial Hospital for bron-
chiolitis were not associated with respiratory syncytial virus isolations (sporadic
bronchiolitis).

fants experience RSV infection within the first 12
months of life; by age 2, almost all children have
been infected at least once. RSV-positive bronchio-
litis occurs primarily in infants less than 6 months
of age, usually with less fever or leukocytosis than
is observed with RSV-negative bronchiolitis.189 Re-
infection with RSV is extremely common; some-
times children are infected twice within a single
RSV “season.” Fortunately, disease with reinfection
is usually less severe than that seen with primary
infection.

Adenoviruses are an occasional cause of bron-
chiolitis.205,206 Influenza virus, parainfluenza vi-
ruses, and rhinoviruses also can cause bronchio-
litis.207 In longitudinal studies of respiratory
diseases in infants, a large proportion have no virus
isolated. To some extent, this may be due to the
technical difficulties of virus cultures. However, it
also may indicate that other, unknown, viruses are
important or that nonviral etiologies (allergy) are
also frequently involved. This supposition was con-
firmed with the discovery of human metapneumo-
virus (hMPV), a paramyxovirus that causes a spec-
trum of illness very similar to that of RSV.207a In a
study of over 600 outpatient visits from children
under 5 years old with lower respiratory tract illness
from 1976 to 2001, archived nasal wash specimens
were tested for hMPV by reverse transcriptase

PCR.207b Overall, 12% of lower respiratory tract in-
fections were found to be caused by hMPV infec-
tion. hMPV was associated with bronchiolitis
(59%), croup (18%), asthma exacerbation (14%),
and pneumonia (8%). In a prospective, population-
based study of 675 hospitalizations for respiratory
disease in children younger than 5 years old, RSV
was responsible for 18%, parainfluenza 6%, hMPV
4%, and influenza 3%.207c Half of children hospital-
ized with hMPV infection received supplemental ox-
ygen, and 15% required admission to the intensive
care unit. All hMPV infections occurred from Janu-
ary to May, with a peak in March, which is slightly
later than RSV season. The peak age of infection was
6 to 12 months of age, as compared with RSV infec-
tion, which peaks in the first 6 months of life.207c

Cytomegalovirus can produce bronchiolitis
in immunocompromised children but has not been
reported as a cause of bronchiolitis in normal
children.208

Allergy

Many infants apparently have an allergic basis for
their symptoms.196,209 This is particularly true of
sporadic bronchiolitis as opposed to epidemic
bronchiolitis.

Both parainfluenza viruses and RSV stimulate
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some children to produce significant amounts of
virus-specific IgE antibody and histamine in nasal
secretions.207 Interestingly, it is these children who
respond to the virus infection with wheezing, sug-
gesting a role for immediate hypersensitivity reac-
tions in both the initial illness and the recurrent
wheezing or asthma that may occur later in many
cases. Investigations have been unable, however,
to link either total eosinophil count or the serum
concentration of eosinophil cationic protein with
the subsequent development of asthma.210 It is
likely that the pathogenesis of wheezing relates to
a complex interplay of cytokines, chemokines, ad-
hesion molecules, and other mediators of inflam-
mation. The specifics of these responses are cur-
rently under investigation both in naturally infected
humans and in experimental animal models.

Mycoplasma Infection

M. pneumoniae is an uncommon cause of bronchio-
litis in infants.204 It was recovered from about 50%
of wheezing-associated respiratory illnesses in chil-
dren 9 to 15 years of age but from only 3% of
children less than 2 years of age who had a similar
illness.

Cystic Fibrosis

This disease can cause an acute persistent episode
of expiratory obstruction, often initially diagnosed
as bronchiolitis (Fig. 7-8). Persistence of expiratory
obstruction with low diaphragms for longer than 1
week in bronchiolitis should suggest the possibility
of cystic fibrosis. Recurrent expiratory obstruction
can also be caused by cystic fibrosis.

Others

Congestive heart failure may mimic bronchiolitis.
In addition, bronchiolitis of unusual severity may
be the first manifestation of previously undiagnosed
congenital heart disease.

Course

Bronchiolitis has a spectrum of severity. The aver-
age illness lasts 3 to 7 days. The hospitalization rate
is 1–2%190,191,199 and the mortality rate is approxi-
mately 2.4 per 100,000 infants younger than 1 year
of age.211 Case-fatality rates are highest in patients
with underlying severe cardiac or pulmonary dis-
ease. Although the rate of secondary bacterial infec-

■ FIGURE 7-8 Low diaphragms in a patient with bronchio-
litis. This infant had respiratory syncytial virus isolated but
had a progressively worsening course and died, with cystic
fibrosis of the pancreas.

tion is low, patients with bronchiolitis may develop
pneumonia, especially after cardiac or respiratory
arrest and resuscitation.

The recent survival of more very low birthweight
infants and more infants with bronchopulmonary
dysplasia have added to the pool of infants with
greater severity of bronchiolitis. Despite this, the
incidence of death due to bronchiolitis has not in-
creased over the past two decades.211

At first, rapid respiratory rates usually indicate
good compensation by the patient. In severe cases,
the respiratory rate may decrease as the infant
becomes fatigued and may indicate impending
respiratory failure. Infants who are weak or debili-
tated before the illness may become unable to venti-
late adequately relatively early in the illness. In such
infants, respiratory acidosis and cardiac arrest may
occur, and measurement of arterial pO2, pCO2, and
pH may be helpful to warn the physician of progres-
sive respiratory failure and impending cardiac
arrest.
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Diagnostic Approach

Chest Roentgenogram

A chest film is useful to confirm low diaphragms
and to exclude pneumonia and cardiomegaly
(Fig. 7-8).

White Cell Count and Differential

In bronchiolitis, white cell counts are typically not
helpful.

Cultures

Viral cultures may be available in some centers,
but culture results do not influence the initial
management.

Rapid Antigen Testing

Rapid antigen testing for RSV can be performed
easily using a commercially available ELISA kit. It
takes approximately 20 minutes to perform, but
samples are usually batched. The test is almost al-
ways positive in children with RSV bronchiolitis
because these patients typically shed large quan-
tities of virus from the nasopharynx. Nasal washes
are more reliable samples, but naspharyngeal swab-
bing is also acceptable.

When identification of other viruses is desirable,
nasal washings can be tested using fluorescein-
tagged antibodies, as described earlier.

RT-PCR

Although still experimental, RT-PCR techniques for
the detection of respiratory viruses in children with
bronchiolitis are under development. A study that
enrolled 216 children with bronchiolitis showed a
97% correlation between RT-PCR results and re-
sults of virus isolation and immunofluorescence
tests.212 This technique is also able to distinguish
between RSV-A and RSV-B.

Clinical Diagnosis

During the middle of an RSV epidemic, the majority
of babies less than 6 months of age who present
with classic clinical features of bronchiolitis are in-
fected with RSV.

Treatment

Humidified Oxygen

Essentially all infants sick enough to be hospitalized
with RSV infection have some degree of hypoxemia.

Therefore, humidified oxygen guided by O2 satura-
tion monitoring should be offered to all patients.
Humidified oxygen is the only treatment consis-
tently proven to provide benefit for patients with
RSV bronchiolitis and is thus the mainstay of ther-
apy. A level of 30–40% oxygen is usually sufficient
to improve the hypoxemia and does not result in
CO2 retention.202

Mist Therapy

Use of mist has not been shown to be of value in
bronchiolitis. In one small controlled study, mist
therapy was associated with longer periods of cough
and rhonchi but a lesser duration of anxiety in in-
fants with pneumonitis and lower respiratory ob-
struction.213 In asthma, mist therapy sometimes
makes the child worse,214 and occasionally an in-
fant with bronchiolitis appears to improve after re-
moval from mist, probably because of broncho-
spasm. Cool mist can produce hypothermia in a
young infant.215

Epinephrine and Bronchodilators

In the distant past, a clinical trial of 0.01 ml/kg (up
to 0.3 ml) of subcutaneous epinephrine (1:1000)
was sometimes employed in an effort to help sort
out bronchiolitis from allergic disease. This method
was never particularly successful, although it some-
times produced rapid improvement in older infants
with allergy-mediated disease. No data have shown
that an early trial of epinephrine prevents hospitali-
zation in patients who present to emergency depart-
ments with bronchiolitis. In addition, the use of
nebulized epinephrine in infants hospitalized with
bronchiolitis does not reduce the length of hospital
stay.215a Therefore, a trial of epinephrine is no
longer recommended for patients with clinical
histories and physical examinations highly sugges-
tive of bronchiolitis. It may be used in severely ill
children in whom the diagnosis is not clear. Epi-
nephrine should not be used if tachycardia is severe
(consistently more than 200 per minute).

Bronchodilators such as albuterol are in wide
use for the treatment of moderate to severe bron-
chiolitis. Chart review indicates that about 85% of
children hospitalized for RSV bronchiolitis are pre-
scribed bronchodilator therapy (RG Fisher, unpub-
lished data), despite lack of convincing data for its
usefulness. A meta-analysis of 20 randomized
controlled trials reported modest short-term im-
provement in clinical scores, but no effect on oxy-
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genation, rate of hospitalization, or duration of hos-
pitalization.216 Given the marginal benefit and the
total annual cost of $37 million to provide inhaled
bronchodilator therapy to infants with first-time
bronchiolitis, routine use is not justified. Careful
thought reveals that the idea of using bronchodila-
tor therapy, extrapolated from response in patients
with asthma, is probably wrongheaded from the
start. The pathophysiology of wheezing in these ba-
bies differs from that of asthmatics. Young infants,
who become sickest with RSV infection, lack both
the amount of smooth muscle217 and the beta-ad-
renergic receptors218 they would need to derive a
clinical response from bronchodilators. Moreover,
the primary cause of airway narrowing is edema
and mucous plugging, not bronchospasm.

Nevertheless, a clinical bias remains that some
patients do respond to nebulized bronchodilator
therapy, and because virtually no other therapeutic
option exists, a trial of a bronchodilator is endorsed
by most experts. However, if bronchodilators are
used, careful pre- and posttherapeutic assessment
should be employed and the therapy stopped if a
clear benefit cannot be ascertained. Unfortunately,
both clinical observation and published clinical re-
search show that physicians tend to continue bron-
chodilators despite obvious indication of no benefit.
One study showed that although 61% of patients
with bronchiolitis who were initially started on
bronchodilators had clear, chart-documented evi-
dence of no response to therapy, 87% of them con-
tinued to receive nebulized albuterol throughout
their hospital course.219 Amazingly, 54% continued
to receive albuterol as outpatients after hospital dis-
charge. This approach to the treatment of bronchio-
litis is wasteful of health care dollars and exposes
the patient to the unnecessary risk of side effects
or paradoxical worsening of lung function.220

Intravenous Bronchodilators

In severe, life-threatening cases, the physician can
try aminophylline, but such potent agents should
be avoided except in extreme cases. Theophylline
blood-level measurements are essential when high
doses are used. A retrospective study showed no
value for theophylline in moderate bronchiolitis.221

Another study of 15 infants with bronchiolitis (14
of whom had proven RSV infection) requiring me-
chanical ventilation and continuous positive airway
pressure (CPAP) noted no adverse effects of amino-
philline and general improvement in many mea-

sures of respiratory function.222 As with aersolized
bronchodilator therapy, this form of treatment
should be discontinued if no response is seen.

Antibiotics

The incidence of secondary bacterial infection in
bronchiolitis is very low. Hall and colleagues docu-
mented bacterial infection in only 7 (1.2%) of 565
cases;223 Greenes and Harper found a positive
blood culture in only 1 (0.2%) of 411 children aged
3 to 36 months, even though subjects were selected
for the study because of the presence of high fever
(� 39�C).65 A separate study looked at secondary
bacterial infections in very young infants (� 90
days) in whom evaluations for sepsis were likely to
be undertaken: 165 (78%) of 211 consecutive ba-
bies with fever and bronchiolitis underwent some
combination of blood, urine, and CSF cultures; not
a single case of bacterial infection was found.224

Secondary bacterial pneumonia is rare even if a defi-
nite pulmonary infiltrate is present. Unfortunately,
antibiotics are often prescribed inappropriately in
this setting.

Acute otitis media (AOM), on the other hand, is
common in patients with RSV-induced bronchio-
litis. In one study of 42 children with bronchiolitis,
36 (86%) had AOM at some time during the clinical
course.225 Middle-ear fluid cultures revealed a bac-
terial pathogen in all cases, and the proportion of
cases due to S. pneumoniae, nontypable H. influen-
zae, and Moraxella catarrhalis mirrored that seen
in all middle-ear fluid culture studies. RSV is also
frequently found in the middle-ear fluid, but not
usually as a solitary pathogen. Therapy of AOM in
this setting need not differ from the usual approach.

Corticosteroids

It is suspected that much of the pathology in bron-
chiolitis is due to host response (inflammation)
rather than to viral replication, so it would seem
logical that antiinflammatory therapy would prove
beneficial. Unfortunately, studies of heterogeneous
patients have not shown any statistical difference
between corticosteroid and placebo-treated groups,
either in terms of benefit or adverse effects of corti-
costeroids.188 Newer studies again confirm no
short- or long-term benefit from either oral226 or
nebulized corticosteroids.227 The latter study
started therapy as early in the course as possible
and continued it for 6 weeks, but still showed no
benefit. Observation of some individual cases seems
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to indicate that corticosteroids influence favorably
the course of life-threatening disease; however,
without blinding and without controls, these cases
amount to little more than anecdotes. Thus there
is currently no scientific support for the use of corti-
costeroids in the treatment of bronchiolitis. Cer-
tainly they should not be used outside the direst
circumstances.

Diuretics

In the very sick patient with bronchiolitis, one or
more doses of a diuretic may be helpful if there is
evidence of fluid overload.98 Careful fluid manage-
ment from the outset may allow the clinician to
avoid diuretic use.

Inhaled Nitric Oxide

Nitric oxide exerts a bronchodilatory effect and has
been used with varying success in the treatment of
other respiratory diseases. One small prospective
study of inhaled nitric oxide in infants with bron-
chiolitis was not promising; no apparent broncho-
dilatory effect and no measurable clinical benefit
was demonstrated.228

Helium-Oxygen (Heliox)

The theory behind heliox is that oxygen as well as
aerosolized medications are able to reach the alveoli
with greater ease because of the reduced density
of heliox compared with conventional air-oxygen
mixtures. Only one small (13 randomized and 5
nonrandomized subjects) study has been pub-
lished.229 Subjects in this study were patients ad-
mitted to the pediatric intensive care unit with re-
spiratory failure secondary to RSV bronchiolitis.
Patients given heliox experienced a decrease in their
clinical asthma scores. The therapy seemed to pro-
duce the most improvement in those who were
sickest at the time treatment was begun. No compli-
cations were seen. Much more study is needed, but
heliox therapy may hold some promise in the treat-
ment of severely ill children with bronchiolitis.

Mechanical Ventilation and CPAP

Continuous positive airway pressure with mechani-
cal ventilation is being used more frequently, as
more infants with underlying respiratory or muscu-
lar handicaps are surviving after neonatal intensive
care.222,230

Ribavirin

Ribavirin is a guanine analogue with broad-spec-
trum in vitro antiviral activity. Early studies of ri-
bavirin in the treatment of severe RSV disease
showed some efficacy. One of the most influential
early studies was performed on subjects already in-
tubated and ventilated for respiratory failure; im-
provement was seen in the ribavirin group com-
pared with placebo.231 The difficulty in studying
ribavirin is that the method of its administration
(nebulized by mask or through a ventilator setup
18 hours a day) precludes a simple placebo. If a
study is to be properly blinded, control patients
must be receiving some sort of nebulization. The
study mentioned earlier has been criticized due to
the choice of nebulized sterile water as the “pla-
cebo.” Nebulized water is not entirely benign and
provokes bronchospasm in some infants. The ques-
tion, however, cannot be easily solved just by
choosing 0.9% saline, either. The exact mechanics
and physics of the condensation of nebulized fluids
in the oropharynx and airway are complicated and
speculative.

Most subsequent ribavirin studies have utilized
nebulized normal saline as a control, and although
probably not perfect, normal saline is a better con-
trol than is sterile water. Almost uniformly, studies
using saline as a control have either failed to dem-
onstrate a clinical benefit or have documented
worsening of disease in recipients of ribavirin.232

The recommendation from the American Academy
of Pediatrics Section on Infectious Diseases has,
therefore, vacillated somewhat. With each ensuing
edition of the Red Book, the recommendation for
ribavirin treatment is less firmly given.233 Many ex-
perts currently believe that ribavirin need never be
used in the treatment of RSV bronchiolitis, no mat-
ter how severe. It has utility in the treatment of
children with severe immune suppression due to
either cancer chemotherapy, bone marrow trans-
plant, advanced AIDS, or severe combined immune
deficiency (SCID). Aside from this group of pa-
tients, ribavirin can be considered on a case-by-case
basis and at the discretion of local intensive care
unit policies. It should probably not be utilized ex-
cept in infants at high risk for severe or complicated
RSV infection.

RSV should be proven by rapid diagnostic test
or tissue culture isolation before embarking on ri-
bavirin therapy. The toxicity of ribavirin appears to
be negligible, but precautions should be taken to
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keep it from precipitating and thereby obstructing
ventilating equipment. It has also caused birth de-
fects in laboratory animals. Because of this, preg-
nant medical care personnel should be excused
from caring for patients receiving aerosolized ribav-
irin, even though studies have not found evidence
of ribavirin in either plasma or urine samples of
health care professionals caring for patients on the
drug.

Isolation techniques to avoid nosocomial spread
of the virus should be observed.

Immunotherapy

Intravenous immunoglobulin (IVIG) selected for
high-titer activity against RSV has been marketed
as Respigam. Although RSV-IG has demonstrable
efficacy in the prevention of RSV disease in high-
risk babies, its use in treatment proved fruitless.234

A humanized murine monoclonal antibody against
RSV, called palivizumab (trade name Synagis), has
also been shown to be useful in prophylaxis. To
date, no studies on treatment of established RSV
infection with this product have been published.

Leukotriene Receptor Antagonist

A single trial has reported the use of montclukast
for therapy of wheezing illness after an episode of
RSV bronchiolitis.234a Infants given montclukast
were free of asthma symptoms 22% of the time
compared with 4% of the time in infants on pla-
cebo. Further research with this class of medica-
tions is needed.

Digoxin

Congestive heart failure is sometimes suspected be-
cause the liver and spleen, pushed down by the
diaphragm, often are palpable. However, cardiac
catheterization of three infants with bronchiolitis
indicated that congestive failure was not present in
such cases.235 Digoxin is not indicated unless some
other evidence of congestive heart failure is ob-
served, such as neck vein distension, dependent
edema, or cardiomegaly. An ECG may be indicated
to exclude left ventricular hypertrophy, which
would be observed in left-sided congestive heart
failure, and to recognize myocarditis.

Complications
Apnea

In young infants with bronchiolitis or pneumonia
caused by RSV, apneic spells are not unusual,202 as
discussed in the beginning of this chapter.

Respiratory Failure

Some degree of hypoxemia is present in most in-
fants, and hypercapnia occurs in the more severe
cases. Mechanical ventilation may be needed in se-
vere cases.

Cardiac Dysrhthymia

Although rare, several cases of supraventicular
tachycardia in association with RSV bronchiolitis
have been reported.236 In addition, a single case of
ventricular arrhthymia in an infant with RSV bron-
chiolitis has been published, which could represent
a coincidental finding.237

Lung Damage

Bronchiectasis and unilateral hyperlucent lung
(Swyer-James syndrome) have been reported as
complicating bronchiolitis, apparently caused by
adenovirus, in native Canadians and native Alas-
kans.189,206 Exercise-induced bronchospasm or
other abnormal pulmonary function tests are not
unusual 10 years later.238

Pneumonia or Atelectasis

Complications of bronchiolitis in infants are often
detected by chest roentgenogram. The pneumonia
or atelectasis is often patchy and minimal and does
not have a significant impact on the illness, because
obstruction, rather than collapsed or fluid-filled
alveoli, is the principal problem. The pneumonia
or atelectasis is occasionally segmental or more
extensive.

Immunocompromised Children

Life-threatening bronchiolitis caused by RSV can
occur in older children who are immunocompro-
mised by leukemia or a defect in cell-mediated
immunity.239

Relation to Asthma

An association between acute bronchiolitis in in-
fancy and recurrent wheezing later in life has been
recognized for decades. It has always been a
“chicken or egg” question as to whether early RSV
infection actually predisposes a patient toward the
development of asthma or whether severe disease
with RSV infection comes about because of a preex-
isting predilection toward wheezing that exists in
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patients who subsequently develop asthma. The an-
swer is likely to be a combination of the two.239a

Certainly, infants at high familial and environmen-
tal risk for the development of asthma tend to
wheeze more when they develop RSV bronchiolitis.
This was documented in a prospective study of 24
infants with bronchiolitis, which demonstrated that
nasal eosinophilia, family history of allergy, and
personal history of allergy were all useful in predict-
ing which patients would later develop typical
asthma.240

On the other hand, animal models of RSV infec-
tion suggest that early infections with certain patho-
gens can “set” a person’s immune system so that it
responds somewhat differently to later infections
than it would otherwise. This phenomenon was the
cause of the greatly exaggerated RSV disease that
occurred in patients who received formalin-inacti-
vated RSV vaccine in the 1960s and then contracted
wild-type RSV infection.197 Larsen et al. have also
documented long-term alterations in the neuronal
control of airway smooth muscle following experi-
mental RSV infection in an animal model.241

What is clear is that bronchiolitis in infancy,
even mild bronchiolitis, is associated with wheezing
later in childhood, even when variables of family
and personal history of allergy and exposure to pas-
sive smoking are considered.

Prevention

Vaccines

Several theoretical problems need to be addressed
in RSV vaccine development: (1) The worst disease
occurs in very young infants. This is a problem be-
cause the immune system of a young infant is not
as well equipped to respond to vaccination. (2) All
adults have been infected with RSV, and therefore
antibodies are passed to the fetus transplacentally.
The presence of maternally derived passive anti-
body in neonatal serum could blunt the response
to a vaccine. (3) Multiple doses of vaccine will prob-
ably be required, and parents are becoming both
weary and leery of the number of vaccinations.
Adding to the problem is that RSV doesn’t make
most parents’ short list of feared childhood diseases
because it doesn’t get much press. (4) Most viruses
against which we have developed effective vaccines
are systemic illnesses or include viremia as a part
of their pathogenesis. RSV is, for the most part,
a mucosally restricted pathogen. This means that
vaccination will probably need to produce mucosal

immunity in order to be maximally effective. (5)
The first vaccination effort against RSV did not just
fail; it was an unmitigated disaster. Therefore, vac-
cine research will have to be approached gingerly,
and with an eye toward making sure that no harm
is induced by the vaccine. (6) Immune correlates
of protection are not well understood. (7) Finally,
wild-type disease is not protective against reinfec-
tion, so the best that could be expected from a vac-
cine is attenuated disease.

At present, live-attenuated RSV vaccines seem
to hold the most promise. Hundreds of potential
candidates have been screened. Most strains have
been either underattenuated (causing disease in re-
cipients) or overattenuated (resulting in a poor anti-
body response).242 However, there is a fairly good
candidate on the horizon.243 Subunit vaccines have
shown some promise in a rodent model.244 How-
ever, mice are semipermissive hosts and, as such,
are easier to protect from disease than are human
babies.

Passive Antibody

As mentioned earlier, two antibody preparations
have been tested and shown to be useful in the
prevention of RSV infection in infants at high risk
of severe RSV disease. These antibody products are
the only availiable mechanism for preventing severe
RSV disease in infants at high risk. The first is a
high-titer RSV-IG preparation that reduced the rate
of RSV-associated hospitalization from 13.5% in the
placebo group to 8.0% in the intervention group
(a relative reduction of 41%).245 The second is a
humanized murine monoclonal antibody prepara-
tion called palivizumab that reduced the rate of
RSV-associated hospitalization from 10.6% in the
placebo group to 4.8% in the intervention group (a
relative reduction of 55%).246 Both of the preceding
studies were restricted to children with broncho-
pulmonary dysplasia (BPD) or prematurity. In a
subsequent study of 1,287 children with congenital
heart disease, palivizumab was found to be both
safe and efficacious in this population.246a The rate
of RSV-associated hospitalization was 9.7% in the
placebo group and 5.3% in the palivizumab group
(a relative reduction of 45%).

Palivizumab is more convenient than RSV-IG be-
cause of the much smaller volume of antibody prod-
uct that needs to be administered. It is given intra-
muscularly, rather than intravenously. This cuts
down on both infusion-related costs and the rate
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of adverse events. RSV-IG, on the other hand, also
reduced hospitalization due to other respiratory
virus infections and reduced the rate of acute otitis
media in recipients. Palivizumab contains only anti-
bodies directed at the fusion protein of RSV and
thus protects very specifically against RSV disease.

Guidelines for the use of these products, pub-
lished by the American Academy of Pediat-
rics,233,247 are summarized following.

Palivizumab prophylaxis should be considered
for the following.

1. Children less than 2 years of age with chronic
lung disease who have required medical therapy
within 6 months of the start of the RSV season.

2. Infants born at 28 weeks gestational age or ear-
lier who are or will be less than 12 months of
age at the onset of the RSV season; infants born
at 29 to 32 weeks gestational who are or will be
less than 6 months of age at the onset of the
RSV season.

3. Infants born between 32 and 35 weeks gesta-
tional age may be considered candidates for pro-
phylaxis in the first 6 months of life if they have
at least two additional risk factors for severe dis-
ease, such as neurologic impairment, immuno-
deficiency, day-care center attendance, multiple
siblings, secondhand tobacco smoke exposure,
and congenital abnormalities of the airways. De-
cisions should be made on a case-by-case basis.

4. Consideration may be given to the use of palivi-
zumab in children 24 months of age or younger
with hemodynamically significant congenital
heart disease (whether cyanotic or acyanotic).
Those most likely to benefit are children
younger than 12 months of age who are cur-
rently receiving medication to control conges-
tive heart failure, have moderate to severe pul-
monary hypertension, or have cyanotic heart
disease.233

Because of the enormous cost, most hospitals
have modified the guidelines somewhat. The cost-
benefit ratio and the “number needed to treat” im-
prove when the products are given only to patients
at highest risk. Except for children with BPD, RSV
prophylaxis is unlikely to be cost effective after the
first 12 months of life.192 Other monoclonal anti-
body preparations have been developed and are
undergoing clinical trials. It is important to remem-
ber that currently only about 15% of all RSV hospi-
talizations occur in children for whom prophylaxis
with RSV antibodies is licensed.192 In addition, pali-

vizumab is only about 55% effective. Thus, for
major inroads to be made in the prevention of RSV
disease, vaccine development is crucial.

■ INFECTIOUS COMPLICATIONS OF
ASTHMA

This section gives only basic concepts and guide-
lines; asthma is thoroughly discussed in textbooks
of allergy.

Definitions

The term asthma is used in a number of different
ways. In its broadest definition, asthma is used to
mean wheezing for any reason, although it is gener-
ally not applied in this way. A more practical defini-
tion was given in the section on wheezing illnesses.

Factors Triggering Asthma

Infections

Frequent episodes of bronchitis may precede the
recognition of acute bronchial asthma. Night
cough, cough after exertion, frequent “colds” (rhini-
tis), or frequent episodes of bronchitis during the
preschool years suggest the diagnosis of bronchial
asthma precipitated by viral infections. Asthma in
which infections are usually the precipitating factor
in an attack is sometimes called intrinsic asthma.248

A viral respiratory infection rather than a bacterial
infection is the usual precipitating factor in infec-
tious asthma. Rhinoviruses and RSV are the most
common precipitating infections.249 If both extrin-
sic allergens and infections appear to be involved
as precipitating factors, this is sometimes called the
mixed type of asthma.

Sinusitis

It is clear that sinusitis is a common co-morbidity
in children with asthma. Radiographic evidence of
sinusitis is present in a higher percentage of chil-
dren with ashthma (20–30%) than in healthy chil-
dren (approximately 5%).250,251 However, the com-
mon perception that concomitant sinusitis causes
exacerbation of lower airway disease in patients
with asthma has not been proved.252 Diagnostic cri-
teria for sinusitis are the same as for children with-
out asthma (see Chapter 5). When the diagnosis of
sinusitis is made in a child experiencing an asthma
exacerbation, both conditions should be treated.
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Right Middle-Lobe Syndrome

Chronic or recurrent episodes of atelectasis or
pneumonia of the right middle lobe are called right
middle-lobe syndrome. This syndrome is discussed
in the section of chronic or recurrent pneumonias
in Chapter 8.

Aspergillosis

Allergic pulmonary aspergillosis is usually associ-
ated with eosinophilia and pneumonia and is dis-
cussed in the section of Chapter 8 on pulmonary
infiltrates and eosinophilia.

Bronchiectasis and Emphysema

These conditions are uncommon and occur in se-
vere cases after years of difficulty.

Corticosteroid-related Infections

Recent corticosteroid use may be a risk factor for
increased severity of varicella in children.253 A few
case reports of disseminated fungal or tuberculous
disease have been noted in asthmatic adults receiv-
ing corticosteroids. Both Legionella and Pneumo-
cystis pneumonia have been reported in asthmatic
children receiving long-term therapy with systemic
corticosteroids.254 In another study of children with
asthma, use of short courses of prednisone did not
appear to increase the risk of infection.255
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C H A P T E R 8

Pneumonia Syndromes

■ GENERAL CONCEPTS AND METHODS

Pneumonia should be suspected when there is a
history of cough, fever, and difficult or rapid
breathing. Physical findings such as inspiratory
crackles, decreased breath sounds, dullness to per-
cussion, or grunting or painful breathing usually
are reliable enough to be taken as presumptive evi-
dence of pneumonia—physical examination of the
chest is discussed further in Chapter 7. In general,
the signs and symptoms that have a high degree of
sensitivity (e.g., fever and tachypnea) lack specific-
ity, while those that have a high degree of specificity
(e.g., rales and pleuritic pain) lack sensitivity.1

Thus, if pneumonia is suspected, a chest x-ray
should usually be obtained; the radiologic findings
are usually regarded as definitive for confirmation
of the presence and location of pneumonia, and
they provide some assistance in distinguishing the
probable cause.

The term pneumonitis literally means inflamma-
tion of the lungs; sometimes it is used interchangea-
bly with pneumonia, and sometimes it is used to
mean minimal pneumonia. The phrase pulmonary
infiltrate is more precise and problem-oriented than
pneumonia and may be used when the clinician sus-
pects a noninfectious process. A recent review de-
fines pneumonia in children as the presence of
fever, acute respiratory symptoms, or both, plus
evidence of parenchymal infiltrates on chest radiog-
raphy.1

The most frequent etiologies for acute pneumo-
nias discussed in this chapter are listed in Table
8-1.

Classification

The historic classification of pneumonias in the
1920s used the terms “typical” for classic pneumo-
coccal pneumonia and “atypical” for almost all other
pneumonias. When chest radiology became easily
available in the 1930s, “silent pneumonia” and
“walking pneumonia” were recognized, particularly

during screening of military recruits. “Walking
pneumonia” is now largely a lay term.

Pneumonias are now best classified as specific
syndromes, using several variables:

1. Onset and course: Pneumonia can be acute or
chronic, progressive or improving, recurrent or
a first episode.

2. Severity: Pneumonia can be classified on the
basis of severity, as estimated by clinical obser-
vations or by quantitation of respiratory acidosis
and hypoxemia.

3. Anatomic pattern: Pneumonia can be classified
as lobar, multilobar, segmental, subsegmental,
lobular, interstitial, perihilar, nodular, or mili-
ary. Combinations of these forms are also pos-
sible.

4. Additional anatomic features: Pleural thickening
or effusion, cavitation, pneumatoceles, or pneu-
mothorax may be present.

5. Extrapulmonary features: Eosinophilia in the pe-
ripheral blood smear and underlying chronic
disease may be present. Pneumonia complicat-
ing cystic fibrosis or malignancy is discussed in
Chapter 22.

6. Etiology: Most pneumonias in children are
caused by infectious agents: viruses, bacteria (in-
cluding mycobacteria), mycoplasmas, fungi, and
protozoans. Etiologic diagnoses are not as easy
to determine or as accurate as is sometimes im-
plied, and proof of the etiology is not obtained
in most cases.

To make a therapeutic decision in children, ra-
diologic findings of the chest alone are not sufficient
or accurate enough to distinguish a viral from a
bacterial etiology.2 However, the age of the child is a
very important factor in selecting antibiotic therapy.
The additional pulmonary features are also helpful,
as confirmed viral pneumonias are rarely lobar, al-
though they may be sublobular, and almost never
produce hilar adenopathy, effusion, pneumotho-
rax, pneumatoceles, or cavitation.3

It is helpful to give an accurate description for
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TABLE 8-1. MOST FREQUENT ETIOLOGIES OF ACUTE PNEUMONIA SYNDROMES

PNEUMONIA SYNDROMES MOST FREQUENT ETIOLOGIES

Lobar, segmental, spherical pneumonia or Streptococcus pneumoniae, Group A 
pneumonia with effusion streptococcus, Staphylococcus aureus, 

Haemophilus influenzae

Bilateral interstitial pneumonia or mild subacute Mycoplasma pneumoniae, Chlamydia
pneumonia with minimal infiltrates pneumoniae, adenovirus (school-age), 

respiratory syncytial virus (infants), 
other viruses

Cold-agglutinin-positive pneumonia M. pneumoniae or adenovirus 

Fulminating pneumonia Influenza virus, S. pneumoniae, Group A 
streptococcus, S. aureus, M. pneumoniae,
cytomegalovirus, varicella (immuno-
suppressed child)

Pulmonary infiltrates with eosinophilia (PIE) Unknown, C. pneumoniae, aspergillus

Miliary pneumonia Tuberculosis, unidentified

Nodular pneumonia Disseminated bacteremias (usually S.
aureus), disseminated fungemias

Pneumonia complicating cystic fibrosis S. aureus, H. influenzae, Pseudomonas 
aeruginosa, Burkholderia cepacia

Immunosuppressed state or malignancy S. aureus, P. aeruginosa, Pneumocystis 
jiroveci, Aspergillus, other mycoses, 
Mycobacterium tuberculosis, other
mycobacteria, cytomegalovirus, other 
viruses

the primary diagnosis or statement of the problem.
The etiologic diagnosis should usually be expressed
as a probability, along with a statement of other
reasonable possibilities. Examples of such prelimi-
nary clinical diagnoses include:

• Acute lobar pneumonia; probably pneumococcal,
possibly Haemophilus influenzae.

• Severe bilateral interstitial pneumonia; probably
caused by influenza virus.

• Recurrent right middle-lobe pneumonia; proba-
bly pneumococcal; consider partial bronchial ob-
struction.

• Persistent right peripheral pneumonia with hilar
adenopathy; probably tuberculous.

• Bilateral interstitial pneumonia complicating
acute leukemia; consider cytomegalovirus.

The remainder of this section discusses the gen-
eral principles involved in obtaining microbiologic
specimens in pneumonias and the frequency of var-
ious etiologic agents. Subsequent sections discuss
the various syndromes, such as lobar pneumonia,
and the etiologic agents most commonly associated

with each. The physiologic principles involved in
pneumonia, including respiratory insufficiency, are
discussed in Chapter 7.

Etiologic Sources

Attempts to obtain a definitive etiologic diagnosis
in pneumonia involve the use of culture, histology
(smear or biopsy), skin tests, or serology. The sig-
nificance of culture results in pneumonia depends
on the source of the culture and the probability
of finding the infectious agent from that source in
normal individuals. One way to classify organisms
is whether they may sometimes colonize the respi-
ratory tract in the absence of disease. For organisms
that do not colonize the respiratory tract, their isola-
tion can be considered diagnostic of infection, re-
gardless of the clinical setting (Box 8-1).

While considering such procedures as lung
puncture or flexible bronchoscopy, the physician
must weigh the balance between the likely value of
the procedure and the risk to the patient.4 In most
clinical situations, a conclusive etiologic diagnosis
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BOX 8-1 ■ Classification of Pathogens Based
on Whether Isolation of the
Organism from the Respiratory
Tract is generally Diagnostic of
Infection

Diagnostic Nondiagnostic

Bacteria
Mycobacterium tuberculosis Nontuberculous
Legionella pneumophila mycobacteria
Francisella tularensis All other bacteria
Bordetella pertussis
Nocardia spp.
Mycoplasma spp.

Viruses
Influenza All other viruses
Parainfluenza
Respiratory syncytial virus
Hantavirus
Measles
Enterovirus
Adenovirus

Fungi
Histoplasma capsulatum Candida species
Blastomyces dermatiditis Aspergillus species
Coccidioides immitis
Cryptococcus neoformans
Pneumocystis jiroreci (carinii)

Parasites
Toxoplasma gondii All others
Strongyloides stercoralis

by a definitive procedure is not essential for optimal
treatment and thus may entail an unnecessary risk
to the patient. However, in immunocompromised
children, invasive techniques such as lung biopsy
may be indicated. Prospective randomized studies
of risks and benefits have not been done even in
adults.4

Conclusive Culture Sources

Cultures of blood, pleural fluid, material obtained
by lung puncture, or lung biopsy specimens are
usually considered conclusive.

Occasionally, one encounters statements about
pneumonia that are not substantiated by any accu-
rate data and in fact are examples of reverse logic.
For example, the statement that 20% of patients
with pneumococcal pneumonia have pneumococ-
cal bacteremia requires some conclusive evidence
that the other 80% without bacteremia had pneu-

mococcal pneumonia. Such statistics are usually not
supported by any conclusive tests such as lung
puncture. However, it can be accurate to say that
20% of a group of patients with lobar pneumonia
had pneumococcal bacteremia.

Occasionally Significant Culture Sources

Material obtained from flexible fiberoptic bron-
choscopy,5,6 tracheostomy secretions,7 rigid bron-
choscopy aspiration, and transtracheal aspirations
may occasionally be useful in identifying the etio-
logic agent. Transtracheal aspiration, although used
in adults, has rarely been used in children because
of their small, growing tracheas. In one study of
children, the correlation between the types of bacte-
ria recovered from transtracheal aspiration and
those recovered from lung puncture was only fair.8

Reported complications include transient hemopty-
sis, mediastinal or subcutaneous emphysema, and
cardiac arrest, perhaps secondary to anoxia, vagal
reflex, or vomiting with aspiration.9

Cultures of Dubious Significance

Direct orotracheal aspirates sometimes are useful
in newborns with pneumonia.10 Sputum culture is
usually not useful, as children seldom produce spu-
tum before about 6 years of age. After this age, spec-
imen collection can sometimes be facilitated by
techniques to induce sputum production, such as
nebulized hypertonic saline. Occasionally, younger
children do cough up and spit out tracheal secre-
tions, especially if they have chronic pulmonary dis-
ease. However, sputum is an unreliable source for
culture in children with acute pneumonia, because
more than one potential pathogen can often be
found even in normal individuals. In chronic pneu-
monias, even a 2-year-old may cough up purulent
sputum, which may reveal budding yeasts (Fig.
8-1) or bacterial pathogens (as in cystic fibrosis).

Cultures of endotracheal tube secretions in
patients on mechanical ventilators are similarly
fraught with interpretational difficulties. One study
suggests that endotracheal tube aspirates with nega-
tive Gram stains or with greater than 10 squamous
epithelial cells per low-power field should be re-
jected.11 Obtaining surveillance cultures from en-
dotracheal tubes of all patients on mechanical venti-
lation does not predict the etiology of subsequent
invasive disease.12 Other than for epidemiologic
purposes, this practice should be abandoned.

Nose or nasopharyngeal cultures usually yield a
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■ FIGURE 8-1 Blastomycosis. Yeast forms, including budding yeasts in unstained sputum, from a two-year-old child.
Cryptococcus yeast forms have a very similar appearance in urine.

high frequency of potential pathogens and are not
useful in diagnosing bacterial pneumonia. They
may occasionally be useful if a viral pathogen, such
as respiratory syncytial virus (RSV) or influenza,
is suspected. Throat cultures are not useful in the
etiologic diagnosis of pneumonia.

Gram Stain

A Gram stain of clinical material is often helpful.
When the stain is done on material from a moder-
ately significant culture source, it may help guide
empiric therapy. The results of Gram staining may
also aid interpretation of cultures obtained from
sites that are often contaminated, such as the endo-
tracheal tube, which may be cultured when ventila-
tor-associated pneumonia is suspected. Endotra-
cheal tubes are nearly always colonized with flora
common to the intensive care unit, and therefore
cultures are usually positive. If the Gram stain
shows many neutrophils and a single bacterial mor-
phology, the cultured organism is more likely to be
a pathogen than if the Gram stain shows few white
cells and mixed flora.

Detection of Antigens

Assaying sputum, pleural fluid, or serum for anti-
gens is neither useful nor approved for the diagnosis

of pneumonia. In 1999, the Food and Drug Admin-
istration (FDA) approved a rapid assay for the de-
tection of pneumococcal antigen in the urine. How-
ever, this assay lacks specificity in children and is
not recommended for use in that population.13

Bronchoalveolar Lavage

Bronchoalveolar lavage (BAL) often is a useful pro-
cedure in immunocompromised hosts with pulmo-
nary infiltrates. In non-neutropenic patients with
diffuse pulmonary infiltrates, the sensitivity of BAL
is 80–90% and is highest in detecting Pneumocystis
jiroveci (formerly carinii) pneumonia (PCP) in pa-
tients with human immunodeficiency virus (HIV)
infection.14 It is somewhat less sensitive in neutro-
penic cancer patients, and thus a negative result
cannot rule out the possibility of an infectious cause
of the infiltrates. For any patient population, the
diagnostic yield in the case of focal infiltrates is rela-
tively low.

Normal BAL cell counts in children have been
published and are summarized in Box 8-2.15

Biopsy of the Lung or Pleura

Lung biopsy may be done thoracoscopically, by
thoracotomy (open biopsy), or by needle. Open
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BOX 8-2 ■ Normal Range of Bronchoalveolar
Lavage Differential Cell Counts in
Children*

WBC 7 � 104/mL to 50 � 104/mL
Macrophages 84–93%
Lymphocytes 7–13%
Neutrophils 1– 4%
Eosinophils 0–0.2%

* Values are the approximate range of median values
from five studies.

lung biopsy is most useful for the diagnosis of tu-
berculosis (TB) or of opportunistic microorganisms
such as Pneumocystis in an immunocompromised
host16 or in chronic pneumonias (described later).
It can be done using a limited thoracotomy (i.e.,
no rib resection).17 A small pilot study in 13 immu-
nocompromised patients with pneumonia showed
that open lung biopsy yielded superior diagnostic
information compared with BAL 5 of the patients
had diagnoses established by open lung biopsy
only.18 However, we have occasionally seen pa-
tients in which the reverse was true (i.e., diagnosis
was made by BAL with a negative lung biopsy).

Transbronchial lung biopsy using a flexible fi-
beroptic bronchoscope has been useful in distin-
guishing tumor from opportunistic infection in
adults.19 The use of this technique in children is
limited because of an increased risk of bleeding and
pneumothorax compared with adults.14 In addi-
tion, transbronchial biopsy is contraindicated in pa-
tients receiving mechanical ventilation because of
the risk of tension pneumothorax.20

Percutaneous needle biopsy under fluoroscopic
guidance for histologic diagnosis is sometimes done
in adults,21 especially when malignancy is a consid-
eration, but it is rarely done in children. Pleural
biopsy is discussed in the section on pneumonia
with effusion.

Thoracoscopy

Thorascopy has been used in children to rule out
PCP, usually using sedation and local anesthesia.22

It is also useful in evaluating intrathoracic tumors
but is sometimes complicated by pneumothorax or
bleeding. Its primary role is in decortication of locu-
lated empyema and is discussed in the section on
pneumonia with effusion.

Computed Tomography and Ultrasound

The use of computed tomography (CT) and ultra-
sound procedures is discussed in the sections on
the syndromes where they are helpful. For example,
ultrasound is most useful in detecting pleural effu-
sion and in guiding thoracentesis. CT scanning is
certainly more sensitive than plain chest films in
picking up pleural effusions;23 typically, however,
any effusion small enough to be detected only by
CT scanning is probably too small to be clinically
significant. CT scanning also improves visualization
of abscesses, and affords the clinician a better view
of the mediastinum and its structures.24

Serum Antibodies

Serologic diagnosis is usually retrospective, except
for cold agglutinins, which usually appear after one
week of illness, often at about the time the patient
seeks medical attention. Testing of paired sera is
most useful for the diagnosis of Chlamydia pneumon-
iae, Mycoplasma pneumoniae, Q fever, and psittaco-
sis. Serologic methods can be used for the detection
of respiratory syncytial virus (RSV), influenza virus,
parainfluenza virus, and adenovirus infection, but
rapid antigen testing or viral culture methods are
preferable.

Skin Tests

The intermediate-strength tuberculin test is very
useful for the diagnosis of tuberculous pneumonia.
However, serologic tests are better than skin tests
for the diagnosis of current pneumonia caused by
Histoplasma or Coccidioides species. Furthermore,
skin tests for fungi may boost the antibody titer,
resulting in a misleading rise.

■ ACUTE FOCAL PNEUMONIA

Acute lobar or segmental pneumonia is usually
pneumococcal in all groups beyond the newborn
period. It was once called typical pneumonia, in
contrast to atypical pneumonia.

The following characteristics can be considered
typical: significant fever above 102�F (38.8�C) is
usually present; chills often are noted in older chil-
dren and adults; and often, there is a toxic appear-
ance, defined as appearing acutely ill, anxious, and
distressed. Also, definite chest signs are usually pres-
ent and lateralized including consolidation, which is
defined by dullness to percussion, decreased breath
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sounds, increased fremitus (vibration felt on palpa-
tion of the chest wall, produced by the spoken
voice), and, sometimes, bronchophony (increased
intensity and clarity of voice sounds heard over a
bronchus surrounded by consolidated lung tissue).
Fine end-inspiratory rales are often present. Rhonchi
are often described, which may be loud enough to
make the end-inspiratory rales difficult to discern.
Pleuritic pain or splinting may be noted.

The pain in lower-lobe pneumonia is sometimes
mistaken for abdominal pain or is referred to the
abdomen. The patient may be unwilling to breathe
deeply to aid auscultation. Shallow breathing
(splinting) and a rapid breathing rate are sometimes
the only definite signs suggesting that the illness
involves the chest. Grunting may be noted in infants
or young children. Older children may fail to
breathe deeply when asked to do so or complain
of pain and cough when they do. On occasion, chil-
dren with a round (spherical) pneumonia due to S.
pneumoniae will present with fever only.

Pleurisy is often used as a lay term or older medi-
cal term for pleuritis or pleural pain. Pleurodynia
refers to chest pain that is usually pleuritic but with-
out pneumonia or pleural effusion and is character-
istically caused by coxsackie B virus infection.25

In typical pneumonia, the chest roentgenogram
shows a dense infiltrate. It may appear segmental or
lobar or even spherical26 (Fig. 8-2) but typically
does not have multiple fluffy areas or bilateral thin
linear infiltrates. Response to antibiotic therapy is

■ FIGURE 8-2 Spherical pneumonia in the left lower lobe of a 4-year-old child. No special evaluation is necessary in this
variation of a focal pneumonia, which responds to antibiotic therapy (Roentgenogram courtesy of Dr. Richard Logan).

often (but not always) dramatic, with the tempera-
ture falling from 104�F (40�C) to 98�F (36.7�C)
after the first dose and remaining normal.

Possible Causes

The best evidence for the frequency of various
causes of lobar pneumonia is that based on lung
puncture or blood culture studies.

Streptococcus pneumoniae

The pneumococcus is almost always the cause of
classic typical pneumonia as described earlier.
However, the pneumococcus can also produce
other forms of pneumonia, such as pneumonia that
fails to respond promptly to antibiotics, pneumonia
with effusion, and even interstitial pneumonia.27 A
retrospective review of 85 children between the
ages of 5 months and 16 years with bacteremic
pneumococcal pneumonia found that 70% of chil-
dren had the “typical” illness described before, with
high fever, leukocytosis (white blood cell [WBC]
greater than 15,000/mcL), and lobar or segmental
consolidation on chest x-ray.28 Interestingly, how-
ever, one-fourth of the patients presented without
any respiratory symptoms. Thirty-eight percent of
patients had gastrointestinal tract symptomatology,
but only 5 (6%) of the 85 children had gastrointesti-
nal symptoms in the absence of respiratory symp-
toms.

Routine use of the conjugated heptavalent pneu-
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mococcal vaccine will decrease the incidence of
pneumococcal pneumonia, but it will not eliminate
it. In a large, randomized controlled trial, the inci-
dence of radiographically-confirmed pneumonia
among vaccinees was decreased by 35%.29

H. influenzae Type B

The prevalence of H. influenzae type b (Hib) as a
cause of pneumonia in children has greatly de-
creased because of widespread use of conjugated
Hib vaccine. It is still a possible cause of lobar or
segmental pneumonia in the unvaccinated child
and is frequently accompanied by pleural effu-
sion.30,31 The onset is usually gradual but can be
acute. Otitis media is frequent.30 Purulent conjunc-
tivitis is occasionally present. Hib can produce lobar
or segmental pneumonia in older children and
adults. The response to amoxicillin in recognized
cases is typically poor. H. influenzae non-type b is
also an occasional cause of pneumonia, especially
in children younger than 10 years.

Uncommon Causes

Staphylococcus aureus is an uncommon cause of
lobar pneumonia (see Box 8-3).32 It should be con-
sidered in young or debilitated infants or when
there is effusion or pneumatoceles, as discussed in
a later section.

Group A streptococcal pneumonia often is asso-
ciated with pleuritic pain and marked leukocyto-
sis.33 Often the organism cannot be recovered from

BOX 8-3 ■ Causes of Acute Focal Pneumonia

Usual
Streptococcus pneumoniae

Uncommon
H. influenzae type b (� 5 years old)
Nontypable H. influenzae
S. aureus
Group A streptococcus
Mycoplasma pneumoniae
Chlamydia pneumoniae

Rare
Francisella tularensis
Mycobacterium tuberculosis
Respiratory viruses (usually lobular): RSV, 

parainfluenza, adenovirus
Meningococcus
Enteric bacteria

the throat culture. A scarlatiniform rash may be
present. Empyema and pneumatoceles occasionally
occur, and S. aureus infection may be suspected.
Group A streptococcal pneumonia tends to occur
following a viral infection (especially varicella) and
to have a fairly severe and protracted course.34 In
stark contrast to pneumonia caused by the pneu-
mococcus, fever in Group A streptococcal pneumo-
nia persists for days to weeks even in the face of
appropriate antimicrobial therapy. Pneumonia
caused by toxin-producing strains of S. aureus or
Group A streptococcus may result in toxic shock
syndrome (see Chapter 11).

Mycoplasma pneumoniae has to be considered as a
possible cause of lobar pneumonia.35 It is discussed
further in the section on atypical pneumonia syn-
dromes.

Primary pulmonary TB occasionally causes an
acute lobar pneumonia, and in such a case, the tu-
berculin test is almost always positive at the time
the pneumonia occurs.36 All children with acute
lobar pneumonia that is poorly responsive to em-
piric antibacterial therapy should have a tuberculin
skin test placed. Tuberculosis also can be the basis
for a segmental bacterial pneumonia, particularly
in the right middle lobe, or for obstruction of a
major bronchus by a lymph node. Histoplasma or
other systemic fungi also can do this and should
be considered in endemic areas.

The right middle-lobe syndrome and other re-
current or chronic lobar pneumonias are discussed
later in this chapter.

Klebsiella pneumoniae is rarely documented as a
cause of pneumonia in children by blood culture or
lung puncture except in association with neonatal
sepsis, nosocomial infection, or in immunocompro-
mised hosts.

Meningococcal pneumonia without meningitis
has been documented by blood cultures but is un-
common in children.37 It may be more frequent in
military populations 16–30 years of age and may
follow influenza or adenovirus pneumonia. Sero-
group Y is more likely to be associated with pneu-
monia than are the other serotypes. Septic shock
may occur, but the typical purpuric rash may be
absent.

Francisella tularensis is also a possible cause of
acute focal pneumonia.38 Most cases of tularemia
follow the bite of a tick or a deerfly, and cause a
systemic disease plus local inflammation at the site
of the bite. The pneumonic form of tularemia usu-
ally occurs after inhalation of airborne organisms.
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Typically in these cases, there is an interesting expo-
sure history; for example, beating a dead infected
rabbit with sticks can be a cause of aerosolization.
Pleuropulmonary involvement also occurs in ty-
phoidal tularemia, which in children is sometimes
acquired by ingestion of the agent.39 Enteric bacte-
ria such as E. coli, Enterobacter, and Pseudomonas
aeruginosa are extremely rare causes of pneumonia
unless there is an underlying disease or nosocomial
acquisition in an intensive care unit.

Psittacosis with a lobar segmental pneumonia
may present with an acute onset of chills and high
fever. Patients with psittacosis usually do not have
a leukocytosis.

Treatment

Antibiotic Therapy of Presumed
Pneumococcal Pneumonia

Due to the ever-increasing numbers of penicillin-
resistant pneumococci, therapy with ceftriaxone or
cefotaxime should be instituted for an acute lobar
pneumonia presumed to be due to the pneumococ-
cus and requiring intravenous therapy (Table 8-2).
If one is fortunate enough to isolate the organism
from the blood, a pleural effusion, or another relia-
ble sample (discussed earlier), sensitivity testing

TABLE 8-2. INITIAL THERAPY OF PNEUMONIA

TREATMENT

AGE OUTPATIENT HOSPITALIZED PRINCIPAL PATHOGENS

� occasional cause; �� common cause
* Or ceftriaxone or cefuroxime
† Erythromycin, azithromycin, or clarithromycin
‡ Or cefepime

0–4 weeks

1–5 months

6 months–6 years

� 6  years

Immuno-
compromised

–

Amoxicillin (or
amoxicillin-
clavulanate)

Amoxicillin (or
amoxicillin-
clavulanate)

Macrolide † (�/�
amoxicillin)

–

Ampicillin and
gentamicin
(�/� cefotaxime)

Cefotaxime*

Cefotaxime* �/�
macrolide †

Cefotaxime* and
macrolide †

Ceftazidime ‡ and
vancomycin�/�
macrolid �

Group B streptococcus (��)

Enteric gram negative bacilli (�)

Pneumococcus (��); viruses (��);
S. aureus (�)

Pneumococcus (��); viruses (��);
S. aureus (�); Group A streptococcus (�);
Mycoplasma (�)

Mycoplasma (��); pneumococcus (�);
S. aureus (�); Group A streptococcus (�);
Chlamydia (�)

Many

should be done, and therapy switched to penicillin
for sensitive strains. For patients requiring intrave-
nous therapy, administering penicillin by continu-
ous infusion is an effective and cost-effective ap-
proach. The dose is generally 150,000–250,000
units/kg/day (with a maximum of 24 million units
per day).40 This provides constant serum levels that
easily exceed the minimum inhibitory concentra-
tion (MIC) for all but highly penicillin resistant
strains.41 The outcome in patients with pneumo-
coccal pneumonia is similar whether the organism
is sensitive or resistant to penicillin.42

It is important to remember that resistance is
relative and can often be overcome by higher doses
of antibiotics. Success also depends on the ability
of the antibiotic to achieve therapeutic levels at the
site of infection (e.g., lung tissue or meninges).
Confusion is compounded when some reports refer
to both highly-resistant strains and intermediately-
resistant strains as nonsusceptible, when in reality
infections with intermediately-resistant strains are
often easily treated by higher doses of penicillin or
other beta-lactam antibiotics. The recent interpre-
tive standards published by the National Commit-
tee for Clinical Laboratory Standards (NCCLS) ad-
dress this issue by citing different MIC cutoffs
depending on whether the isolate is from cerebro-
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TABLE 8-3. INTERPRETIVE STANDARDS FOR S. PNEUMONIAE

SUSCEPTIBLE INTERMEDIATE RESISTANT

Penicillin � 0.06 0.12–1 	 2

Amoxicillin or � 2 4 	 8
Amoxicillin-clavulanic acid

Cefotaxime or ceftriaxone (meningitis) � 0.5 1 	 4

Cefotaxime or ceftriaxone (nonmeningitis) � 1 2 	 4

spinal fluid (CSF) or some other source (see Table
8-3).43 In general, it is rarely necessary to add van-
comycin for therapy of pneumococcal pneumonia.
Poor response to therapy is more likely due to inad-
equate drainage of an empyema. In contrast, as dis-
cussed in Chapter 9, the addition of vancomycin is
advocated for meningitis caused by strains that are
intermediate or resistant to cephalosporins.

One study of 26 children with culture proven
pneumococcal pneumonia and complicated parap-
neumonic effusions found that children with peni-
cillin-resistant isolates were younger than those
with susceptible organisms. Bacteremia was also
more common.44

Patients with presumed pneumococcal pneumo-
nia who are well enough to be managed as outpa-
tients can be given high-dose amoxicillin (80 mg/
kg/day) or cefuroxime axetil, with close follow-up.
Tetracycline should not be used for treatment of
presumed pneumococcal pneumonia. Macrolides
have relatively poor anti-pneumococcal activity as
well. Fluoroquinolones are commonly used for
community-acquired pneumonia in adults and ado-
lescents. A report suggests that recent exposure to
a fluoroquinolone antibiotic increases the risk of
fluoroquinolone resistance and treatment failure of
pneumococcal pneumonia.45

Patients who have a late diagnosis, who are seri-
ously ill, or who have underlying disease should
not be treated as outpatients.

Treatment of Young Children

Moderately ill children of preschool age should be
admitted and treated with a parenteral antibiotic
effective against both S. pneumoniae and beta-lacta-
mase producing strains of H. influenzae. The third-
generation cephalosporins are stable against these
beta-lactamases and are therefore a good choice.

Supportive Therapy

Oxygen, bed rest, positioning, and other supportive
therapies are discussed later. Chest physiotherapy
is at best useless for the treatment of acute pneumo-
nia in adults.46,47

Complications

Persistent Pneumonia

Persistent pneumonia is defined by persistence of
consolidation on chest roentgenogram for more
than 1 month. Pleural thickening, paralysis of the
diaphragm, or atelectasis may explain some cases.
Other causes of persistence of lobar or segmental
densities are described in the section on chronic
pneumonia.

Hemolytic-uremic Syndrome

Hemolytic-uremic syndrome (HUS) is an impor-
tant, albeit uncommon, complication of pneumo-
coccal pneumonia. Although occurring via a differ-
ent mechanism, it presents similarly to other forms
of HUS, with anemia, thrombocytopenia, and acute
renal failure. Neuraminidase produced by S. pneu-
moniae removes N-acetylneuraminic acid from cell
surface glycoproteins, exposing the T-antigen on
red blood cells, platelets, and glomeruli. Immuno-
globulin M (IgM) antibodies that are present in
most human plasma react with the exposed T-anti-
gen, resulting in hemolysis and damage to glomeru-
lar endothelial cells.48

Typically, cases occur in young children (1–2
years old) with severe or even fulminant pneumo-
coccal pneumonia. Most patients have a positive
direct Coomb’s test.49

Because plasma products contain IgM antibodies
that can activate the T-antigen, their use is contrain-
dicated. In addition, if transfusions are necessary,
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the red blood cells should be washed to reduce the
amount of IgM present.50

Poor Response to Antibiotic Therapy

This occasionally occurs in uncomplicated pneu-
mococcal pneumonia. Patients with low white
blood cell counts and multilobar involvement have
the highest mortality rate. Poor clinical response
may also occur in patients infected with highly pen-
icillin-resistant strains of the pneumococcus. Occa-
sionally, patients with pneumonia severe enough to
require mechanical ventilation will have an initial
response to therapy but then develop recrudescent
fever. Such patients are often found to have second-
ary nosocomial pneumonia with a different organ-
ism (usually a gram negative).

Rare but serious complications include pericar-
ditis, meningitis, endocarditis, arthritis, and perito-
nitis. Pleural effusion and empyema are described
in the following section and should always be con-
sidered when there is failure of a lobar pneumonia
to respond to adequate therapy (Fig. 8-3).

■ FIGURE 8-3 Lateral decubitus position to show pleural
effusion. (A) Right side up; (B) left side up. Left pleural effu-
sion is best seen as a density in view A. Cavity can be seen
behind heart on left side.

Effect on Lung Function in Adulthood

This question of the effect on lung function in adult-
hood was addressed by a prospective cohort study
of 1392 British children followed from their births
in 1958. Of these, 193 children had a history of
pneumonia by the age of 7 years. At 35 years of
age, pulmonary function testing was performed in
all subjects. A history of pneumonia was associated
with a small but significant decrease in forced expi-
ratory volume in 1 second (FEV1) and forced vital
capacity (FVC), even after controlling for a history
of wheezing and multiple other confounding fac-
tors. The effect was no greater for the subjects who
had pneumonia at younger than 2 years than for
those who had pneumonia between ages 2 and 7.
It remains unclear whether pneumonia causes the
deficit in lung function or whether pneumonia is
more common among children who have poorer
lung function before the disease.51

Follow-Up Chest Radiograph

In one study of 70 children, about 20% had residual
pulmonary infiltrates 3–4 weeks after an acute
pneumonia, and all who returned for follow-up had
cleared the infiltrate within 3 months.52 It was con-
cluded that routine follow-up chest films are not
necessary for children unless there is persistent re-
spiratory difficulty or failure to thrive.

■ ACUTE PNEUMONIA WITH EFFUSION
OR PNEUMATOCELE

Definitions

Pleural effusions in children typically accompany
pneumonia, although they may be a result of nonin-
fectious diseases. A pleural effusion in the setting
of a known pneumonia is best referred to as a para-
pneumonic effusion.

Distinctions are traditionally made between effu-
sions as exudates or transudates, which can be de-
fined by the concentration of protein and lactic de-
hydrogenase (LDH). Exudates typically have a
pleural fluid protein concentration greater than
one-half that of the serum and usually also have an
elevated LDH (greater than 200 units or greater
than two-thirds of the upper limit of normal for
serum LDH).53 Other factors have also been used
to classify an effusion as an exudate, such as glucose
less than 40 mg/dl and pH less than 7.2.54

As a rule, children who have fluid in the chest
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secondary to congestive heart failure, chronic renal
failure, or low serum protein have these known pre-
disposing causes, so that the finding of a transudate
by analysis of the pleural fluid is not a surprise.

Empyema is traditional term for a thick purulent
pleural effusion. An empyema may be simple, i.e.,
with free-flowing pus, or loculated. In addition,
many exudates that are a result of an infectious dis-
ease in the chest at first appear straw-colored and
serous and become thicker and cloudier over time.
Whenever an entire hemi-thorax appears opaque,
a large pleural effusion or hemothorax should be
suspected.55

Radiographic Studies

Pleural effusion can be defined on a practical clini-
cal basis as any fluid in the pleural space, as deter-
mined by thoracentesis. This definition should be
distinguished from the radiologic criterion for a
pleural effusion, because much more fluid (about
50 mL in children) is necessary to be visible on a
chest film. Furthermore, demonstration of a pleural
effusion by chest roentgenogram depends on
proper positioning of the patient. A lateral decubi-
tus or upright view is better than the supine view
for demonstration of an effusion (Fig. 8-3).

A number of other imaging methods are useful
to detect pleural fluid. Perhaps portable ultrasonic
evaluation is the most convenient for detecting
small amounts, which then can be tapped conven-
iently.56 Ultrasound can also help differentiate effu-
sion from consolidation.57 Computed tomography
is exceedingly useful in studying unusual pleural
effusions detected by other methods, particularly
in determining possible underlying disease.58

In adults, it usually takes approximately
200–500 mL of fluid to produce blunting of the
costophrenic angle in an erect postero-anterior ra-
diograph. This amount of fluid typically produces
a noticeable increase in the density of the lower lung
zone on the supine radiograph.58 As the amount of
effusion increases according to the upright film, the
density in the supine radiograph also increases in
stepwise fashion. The classic findings of increased
density over the entire hemithorax with apical cap-
ping occurs only with a large pleural effusion (Fig.
8-4).59 Another useful sign on the frontal film is the
thorn sign, a thorn-like protrusion of fluid at the
lateral end of the minor fissure.60

Fluid recovered by thoracentesis can be regarded
as pleural fluid if it does not have the same hemato-

■ FIGURE 8-4 Empyema caused by H. influenzae. Note
shift of trachea and right heart border to the right, suggesting
fluid on the left. Pleural effusion should always be considered
when there is opacification of the lower part of a hemithorax,
especially if clinical response to therapy is poor.

crit as the patient’s venous blood. The gross appear-
ance of pleural fluid may be bloody (suggesting
traumatic hemothorax or entry of the needle into
a blood vessel), blood-tinged (often a result of slight
bleeding from the procedure), cloudy and purulent
(suggesting an exudate from an infectious process),
or serous (suggesting a transudate). Patients who
have had recent thoracic surgery may have a chy-
lous effusion (milky-appearing) from disruption of
the thoracic duct.

Even if the fluid obtained is not grossly purulent,
it should be Gram-stained and cultured. A white
cell count and differential study is useful. Measure-
ment of protein content and LDH can be cancelled
if the Gram stain shows bacteria.

Diagnostic Procedures
Several procedures may be of value in patients with
suspected pleural effusions. Thoracentesis is the
most common procedure if fluid is obviously pres-
ent. Lung puncture is a closely related procedure,
since attempts at lung puncture often yield unsus-
pected pleural fluid. Needle biopsy of the pleura is
rarely done in children.

When pleural fluid is suspected, or even if the
problem is distinguishing lung abscess or pneumo-
nia from pleural effusion, thoracentesis should be
done promptly (see Box 8-4).

Thoracentesis

Whenever there is radiologic evidence of pleural
fluid in a patient with pneumonia, some of the fluid
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BOX 8-4 ■ Management of Parapneumonic Effusions in Children

1. Suspect effusions when there is cough,
dyspnea, and flatness to percussion in a
lower lobe. Other findings include a decrease
in tactile fremitus and the presence of
egophony (upon auscultation the sound e is
heard as an a).

2. Confirm with upright posteroanterior and
lateral radiographs or ultrasound. “The sun
should never set on a parapneumonic
effusion.” 63

3. If density is in the pleural area but does not
extend to the costovertebral angle, consider
loculation.

4. Portable ultrasound scanning is useful to
locate effusions and mark the place for the
needle to be inserted.

5. Sedation is advisable.
6. Position patient sitting with spine straight

(usually).
7. Anesthetize with 1–2% lidocaine and insert a

20-gauge needle on a 10-ml syringe or use
Angiocath plastic tubing.

8. It is useful to heparinize the syringe and the
sterile plastic container to avoid clotting of
the fluid so tests can be done.

9. Use of a three-way stopcock is often helpful.
10. Avoid removing large volumes of fluid

relative to the size of the child to avoid too-
rapid reexpansion of the lung.

11. A postthoracentesis upright radiograph is
advisable, as a small pneumothorax may be
present.

12. Fluid should be sent for cell count,
differential, Gram stain, and bacterial culture;
if the illness has been over a week in duration,
culture for fungi and tuberculosis also.

13. Unless the child has underlying disease that
can cause transudates, such as heart disease
or nephrotic syndrome, additional studies of
the pleural fluid to distinguish a transudate
are not needed.

14. When transudates such as that of congestive
heart failure are considered a reasonable
possibility, additional studies that might be
helpful include pH, lactate dehydrogenase,
and protein. Glucose and specific gravity
usually do not add any new information, but
confirm that the effusion is secondary to an
infection as suspected.

15. In selected cases, rapidly centrifuging a
specimen for cytology study for malignant
cells might be appropriate.

16. Pleural effusions in children without chronic
illness are almost always infectious exudates
and not secondary to any of the long list of
causes of effusions in adults.

17. Even when the pleural effusion is thin and
straw colored, it is usually advisable to
insert a chest tube for complete drainage;
in infectious effusions, the fluid often
becomes thicker and loculated and more
difficult to drain if the chest tube is inserted
later.

18. If the fluid is loculated, often thoracoscopy
with lysis of adhesions or even open
thoracotomy with decortication of the
pleural rind is necessary.

19. In general, we are often slow to recognize an
effusion, then delay the tap, then delay chest
tube placement, and then leave the chest
tube in too long.

should be removed for Gram stain and culture.61

Thoracentesis is rarely associated with complica-
tions.62 However, overly-rapid removal of large vol-
umes may cause a sudden shift of the mediastinum
with reflex changes in heart rate and, occasionally,
cardiac arrest. Pneumothorax is rare.

The purpose of the procedure is to obtain
enough fluid for diagnostic purposes, but occasion-
ally respiratory excursions are improved by the re-
moval of moderate volumes. Thoracentesis and
exact bacteriologic diagnosis are especially needed
in a severely ill patient. Even a small amount is
useful for diagnostic study.

Fluid Studies

Thoracentesis is especially useful for culture of pus
to determine the identity of the infecting organism
so antibiotic therapy can be tailored. If the Gram
stain is quickly available and reveals definite bacte-
ria, the cell count, differential, protein measure-
ment, glucose, and other studies add little. Both
aerobic and anaerobic cultures should be ordered.

Rapid Antigen Testing

Type-specific antigens of pneumococci or H. in-
fluenzae can sometimes be detected in pleural fluid
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using various techniques, although these tests are
unavailable in many centers and their sensitivity
and specificity are unknown.

Intrapleural Fibrinolytic Therapy

Empyemas treated with closed chest tube drainage
frequently loculate and then require a surgical pro-
cedure to remove the congealed pus. Several small
trials have studied the idea of instilling fibrinolytic
agents (such as urokinase) through the chest tube
to prevent or even treat loculation.64–66

In children, only case series are reported.67 In
adults, this practice seems to be safe and to have a
modest effect in shortening hospital stay and de-
creasing the need for surgical intervention. A sys-
tematic review concluded that because of the small
size of these randomized trials there was insufficient
evidence to support the routine use of intrapleural
fibrinolytic therapy in the management of empy-
ema.68 A large, multicenter trial is currently un-
derway.

Needle Biopsy of the Pleura

Percutaneous needle biopsy of the pleura is espe-
cially useful in the diagnosis of tuberculous pleurisy
in adults. The procedure has also been used in chil-
dren.69

Infectious Etiologies of Pleural
Effusion

Sterile infectious effusions are relatively frequent.
In a recent review of 76 cases of complicated para-
pneumonic effusions in children, 32 (42%) were
sterile.70 The most commonly identified agents
were S. pneumoniae (31 patients), S. aureus (7 pa-
tients), and Group A streptococcus (5 patients). The
proportion of cases caused by S. aureus increased
from 6% in 1996–2000 to 30% in 2001. The more
recent cases of S. aureus pneumonia were also more
likely to be caused by methicillin-resistant strains.70

Thin Effusions

If the pleural fluid exudate is relatively clear, several
etiologies are more likely (Box 8-5). Tuberculosis
is a possibility if the fluid appears serous but the
protein concentration is high. In tuberculous effu-
sion, which reflects hypersensitivity, the tuberculin
test is almost always positive.71 Partially treated
bacterial pneumonia with effusion is also a frequent
cause of exudate that is not grossly purulent.

BOX 8-5 ■ Causes of Pneumonia with
Effusion

Common
S. aureus
S. pneumoniae
Mycoplasma pneumoniae (small effusion)
Group B streptococci (newborn)
Sterile effusions (usually because of prior 

antibiotics)

Uncommon
Group A streptococci
Other streptococci
H. influenzae type b
Nontypable H. influenzae
Systemic fungi
Anaerobic enteric bacteria
Tuberculosis (adolescent)

Rare
F. tularensis
Pasteurella multocida
Atypical measles
Adenovirus (newborn)
Paragonimiasis (immigrant from Far East)
Aerobic enteric gram-negative rods
Hepatitis B
Hepatitis A
Yersinia, Listeria, Chlamydia
Cat scratch disease
Amebiasis
Dengue fever
Leptospirosis

Noninfectious
Congestive heart failure
Nephrotic syndrome
Cirrhosis (late complication of cystic fibrosis)
Vitamin A intoxication
Malignancy
Low serum protein diseases
Snake envenomation
Lymphatic abnormalities

Mycoplasma pneumoniae can cause small effu-
sions in children.72 In a study of young adults with
mycoplasmal and viral pneumonia, small pleural
effusions were found in about 20% of the 59 pa-
tients with serologic evidence of nonbacterial pneu-
monia.73 Pleural effusions were seen in 6 (21%) of
29 patients with Mycoplasma, 1 (14%) of 7 with
adenovirus, 1 (25%) of 4 with influenza virus pneu-
monia, and in 4 (21%) of 19 patients with elevated
titers to cold agglutinins 73 Another study of 56
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patients with moderately severe disease from M.
pneumoniae revealed that pleural effusions were de-
tectable in 8 (14)%.74 However, other studies have
indicated that the frequency of pleural effusions in
Mycoplasma pneumoniae in young adults is closer to
5%.75

Adenovirus, particularly type 7, can cause mas-
sive pleural effusions and disseminated disease,
which may be fatal.76 Epstein-Barr virus (EBV) is
sometimes associated with a pleural effusion.77 In
infants and young children, the illness may not re-
semble infectious mononucleosis except for the
presence of atypical lymphocytosis.78 When a
pleural effusion accompanies typical infectious
mononucleosis in teenagers, a concurrent myco-
plasmal pneumonia may be present.

A small pleural effusion can occur with viral hep-
atitis and may precede jaundice.79 In an effusion
secondary to hepatitis B, which is an immune-com-
plex reaction, both blood and pleural fluid are posi-
tive for hepatitis B surface antigen, and serum trans-
aminases are elevated even if jaundice has not yet
appeared. Pleural effusion during the course of hep-
atitis A virus infection has been reported.80 Cat
scratch disease can produce a pleural effusion and
anicteric hepatitis.81 Leptospirosis can be associated
with a pleural effusion; other features of the disease
may lead to the correct diagnosis.82 Yellow nail syn-
drome is an exceedingly rare lymphatic abnormality
that may cause pleural, as well as pericardial, effu-
sions.83

Purulent Effusions

Frankly purulent pleural fluid (empyema) is almost
always caused by bacterial pneumonia. Before anti-
biotics were available, the pneumococcus or beta-
hemolytic streptococci were the most common
causes of empyema.84 86 For a time thereafter,
Staphylococcus aureus became the most common
cause of empyema, but in recent years S. pneumon-
iae has again become prominent. The percentage of
patients with pneumococcal pneumonia who have
parapneumonic effusions is not as high as that seen
with S. aureus (approximately 80% of children with
S. aureus pneumonia have effusions);32 but cases
of pneumococcal pneumonia outnumber those of
staphylococcal pneumonia by a large margin. In
one series, 88% of culture-positive cases of para-
pneumonic effusion were due to S. pneumoniae.87

A more recent study suggest that S. aureus may once
again be surpassing the pneumococcus as a cause

of empyema.88 As mentioned earlier, Group A
streptococcus is an occasional cause. Rare causes
include F. tularensis,89 H. influenzae type b, and
gram-negative enteric bacteria such as Pseudomonas
or Salmonella.90,91

The viridans group of streptococci and diphthe-
roids (which are normal mouth flora) are rare
causes of empyema associated with aspiration
pneumonia, particularly in adults. Pasteurella mul-
tocida has caused empyema in a child with underly-
ing pulmonary disease and exposure to animals.92

Nocardia is a rare cause of pleural effusion, typically
in compromised hosts. Other uncommon infectious
causes of pleural effusions include Yersinia, Chla-
mydia trachomatis, and Listeria.93–95

Bacteroides or Clostridium species, anaerobic acti-
nomyces, and anaerobic streptococci are occasional
causes of empyema (particularly in adults), so that
any fluid removed should be cultured anaerobi-
cally.96,97 Blastomycosis, histoplasmosis, and coc-
cidioidomycosis can be associated with thin to
moderately purulent pleural effusions.98–100 These
fungi and cryptococci are special risks for immuno-
suppressed patients.101–104 However, massive lung
disease can sometimes occur in immunologically
normal hosts who are exposed to a large inoculum
of the fungus. Parasitic causes include paragonimi-
asis (in Far Eastern immigrants) and amebi-
asis.105,106

Noninfectious Causes

Noninfectious diseases also must be considered as
possible causes of pleural exudates. Malignancy in-
volving the pleura, especially lymphoma and neu-
roblastoma, sometimes produces effusions resem-
bling those of tuberculosis. Rheumatoid disease,
pancreatitis, and pulmonary infarction, which may
occur in adults, are rare causes of thin exudates in
children. Nitrofurantoin has been reported as a
cause of allergic pneumonitis with effusion in
adults. Trauma has been reported as a cause of effu-
sion that may contain eosinophils.107 Snake enven-
omation has been cited as a cause of pleural effu-
sion.108 Vitamin A intoxication is a rare cause in
children.109

Intra-abdominal Abscess

Empyema is rarely the result of a perforated appen-
dix.110 Sometimes it is difficult to determine
whether fluid is above or below the diaphragm if
CT scanning is not readily available. Usually, it is



CHAPTER 8 • PNEUMONIA SYNDROMES188

better to do a thoracentesis and look for pleural
fluid first, as removal of pleural fluid often results
in the disappearance of radiologically apparent sub-
diaphragmatic fluid.

Pulmonary Embolism

Pulmonary embolism (PE) is uncommon in chil-
dren, and when it occurs the diagnosis is usually
delayed. The symptoms of tachypnea, chest pain,
dyspnea, and fever are easily confused with pneu-
monia, which is usually the initial diagnosis. Most
children with PE have one of several well-described
risk factors, such as recent surgery, immobilization,
malignancy, pregnancy, obesity, heart disease, the
presence of a central venous catheter, oral contra-
ceptive use, nephrotic syndrome, and sickle cell
anemia.111–114

In children who develop PE without apparent
risk factors, nearly all are found to have an anti-
phospholipid antibody or coagulation regulation
protein abnormality (such as protein C or S defi-
ciency).115

Tuberculous Pleural Effusions

Tuberculosis is much less common now in the
United States than it used to be, and the relevant
studies are now old. However, it remains common
in the developing world, and physicians should
consider the diagnosis in patients from endemic
areas or with a suggestive exposure history. In one
study of 202 children with tuberculous pleural effu-
sion, published in 1958, the average duration of
cough was 21 days. Difficulty breathing was noticed
in only 25 (12%) of the children. The age range
for pleural effusions indicated a rather even distri-
bution between 1 and 13 years of age.71 A newer
report from Spain looked at 175 children with
pulmonary tuberculosis; 22% of them had an
effusion. On average, patients who had an effusion
accompanying their pulmonary tuberculosis were
older than those without effusion (13.5 vs. 7
years). In 41%, the effusion was the sole radio-
graphic manifestation of pulmonary TB. Almost
all of them had a tuberculin skin test (TST) greater
than 5 mm.116 Pleural effusions in TB are often
accompanied by erythema nodosum. Sometimes,
pleural effusions develop during chemotherapy for
pulmonary tuberculosis.117

The most accurate way to confirm the diagnosis
of a tuberculous effusion when it cannot be detected
by examining the fluid for acid-fast bacilli is by

pleural biopsy.69 In the Spanish study, pleural fluid
cultures were positive in 44%, biopsy cultures were
positive in 67%, and the pleural biopsy yielded
granulomatous changes in 78% of patients.116

Pleural biopsy may not be necessary in a child with
a suspected tuberculous effusion if the typical find-
ings of pulmonary tuberculosis are present, espe-
cially if the organism can be cultured from another
source, such as gastric aspirates.

Mycobacteria other than Mycobacterium tubercu-
losis can cause effusion, although this is most com-
monly associated with acquired immune deficiency
syndrome (AIDS) in adults. Most often, the organ-
ism is of the Mycobacterium avium complex.118

Infectious Causes in the Newborn

In the newborn period, there are several causes of
pneumonia associated with a pleural effusion.
These include:

1. Group B streptococci119

2. Adenovirus with congenital pleural effusion120

3. E. coli121

4. Long-term ventilator therapy, especially with
multiple courses of antibiotics; this can result in
empyema caused by almost any of the nosoco-
mial pathogens found in neonatal intensive care
units.

Neonatal pneumonia and other pulmonary dis-
eases in the newborn are discussed further in Chap-
ter 19.

Pneumatoceles

Pneumatoceles occurring with empyema usually in-
dicate staphylococcal pneumonia (Box 8-6).

BOX 8-6 ■ Causes of Pneumatoceles

Common
S. aureus

Rare
Group A streptococci
E. coli (newborn)
P. aeruginosa
B. cepacia (cystic fibrosis)
Pneumocystis jiroreci (carinii)

(immunosuppressed)
Aspirated anaerobes
K. pneumoniae
H. influenzae
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However, necrotizing pneumonia caused by other
bacteria, including H. influenzae, Pseudomonas,
and Klebsiella, can result in pneumatoceles.122,123

Group A streptococci can produce pneumatoceles,
and the throat culture may be negative for beta-
hemolytic streptococci.85 E. coli is an occasional
cause of empyema, especially in the newborn pe-
riod, and can produce pneumatoceles identical to
those caused by staphylococci.124 Rarely, septic em-
boli secondary to Fusobacterium infection produce
pneumatoceles and may originate as exudative
pharyngitis. Pneumatoceles can also occur with
pneumococcal pneumonia, after hydrocarbon aspi-
ration, and in Pneumocystis pneumonia.84,125–127

Chest Tubes

After thoracentesis has confirmed an empyema, a
chest tube should be placed early so that the fluid
can be removed thoroughly before it becomes too
thick. The chest tube can be put into loculated fluid
with guidance from ultrasound.

If it is a free-flowing effusion, as can be deter-
mined by lateral decubitus films (Fig. 8-3), the cath-
eter can be put in a comfortable dependent location
so that the patient can lie in comfort. Thoracoscopy
can also be used for insertion of the chest tube.128

A large chest tube with continuous suction or
straight drainage (no suction) should be inserted in
all patients with anything more than small amounts
of fluid. Small pigtail catheters drain transudates
adequately, but should never be used in an attempt
to drain parapneumonic effusions.129 Decortication
is rarely necessary if adequate chest tube drainage
is used early.130 The chest tube need not be inserted
immediately if the fluid is serous, until the thora-
centesis fluid has been analyzed. However, even if
the fluid is thin, if it has the characteristics of an
exudate, a chest tube should be put in, as the fluid
may become more purulent except when tubercu-
losis is the cause.

The approach to loculated or thick and poorly
draining pleural fluid is the subject of some debate.
Studies show that early decortication reduces the
duration of hospitalization and the length of ill-
ness.88,131,132 However, others have reported that
instillation of urokinase through an existing chest
tube resulted in increased drainage and avoidance
of surgery in 6 of 7133 and in 8 of 9 67 children
with loculated pleural effusions. These authors rec-
ommend a trial of intrapleural urokinase instillation
prior to surgical decortication. Clearly, much work

remains to be done in defining the optimal ap-
proach to complicated pleural effusions in child-
hood.

Antibiotic Treatment

Antibiotic treatment should be directed at penicil-
lin-resistant staphylococci and S. pneumoniae unless
smear or culture indicates another organism. As a
single agent, cefuroxime has reasonable activity
against both S. aureus and the pneumococcus, al-
though it is not the agent of choice for either organ-
ism. Thus, the combination of oxacillin (for supe-
rior S. aureus coverage) and cefotaxime (for superior
S. pneumoniae coverage) is often used. In areas with
a high incidence of community-acquired methicil-
lin-resistant S. aureus, the use of vancomycin or
clindamycin should be considered.134 If the fluid
has a fetid odor, the possibility of an anaerobic in-
fection should be considered and clindamycin or
metronidazole should be added.54

Complications

Pneumothorax may occur because of a bron-
chopleural fistula resulting from a break in a bron-
chial wall. Tension pneumothorax is suggested by
a sudden increase in dyspnea and cyanosis. It may
occur when the bronchial tear produces a valve-
like effect, with entry of air into the pleural space
on inspiration, and trapping of air by closure of the
passage on expiration. This may produce collapse
of the lung and a shift of the heart and mediastinum,
especially in infants, who have a more movable me-
diastinum than do older children. Emergency re-
lease of the pressure should be done by insertion
of a large needle and withdrawal of the free air until
a chest tube can be inserted.

As with other severe infections, anemia is com-
mon in severe empyema of any cause; transfusion
is only necessary if the child is symptomatic, which
is uncommon.135

■ ATYPICAL PNEUMONIA SYNDROMES

Definitions

Criteria for the preliminary diagnosis of atypical
pneumonia are the opposite of those for typical
lobar pneumonia. The following features are usu-
ally regarded as atypical:

1. Subacute onset. The onset is gradual, with cough
for several days before the patient seeks medical
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attention. Toxicity is absent, and fever, if pres-
ent, is low-grade.

2. Prominent extrapulmonary features. Headache,
sore throat, and pharyngeal exudates may be
present and are often more prominent than non-
productive cough or dyspnea.

3. Minimal or disparate chest signs. Rales may be
bilateral or localized, but there is often a dispar-
ity between the auscultatory and radiologic find-
ings. That is, the chest film often shows more
extensive involvement than the clinician hears.
On the other hand, sometimes the radiologic
findings are minimal when the patient is cya-
notic with a severe diffusion block.

4. Chest infiltrate not focal. The infiltrate is patchy or
mottled, with various degrees of density, usually
without a single dense area of consolidation.136

There may be a wedge-shaped or linear infiltrate
or a bilateral interstitial infiltrate.

5. No clinical response to penicillins or cephalosporins.
6. No significant leukocytosis.
7. Slow course. There is gradual improvement,

sometimes with a long convalescence.

There are a number of other clinical patterns of
pneumonias that are not typical of lobar pneumonia
that can be excluded from the group of atypical
pneumonia because of distinctive features. These
pneumonias are discussed in other sections of this
chapter: chronic or recurrent pneumonia, progres-
sive or fulminating pneumonia, pneumonia with
eosinophilia (Loeffler’s syndrome), and miliary or
multiple nodular pneumonia. Bronchiolitis with
pneumonia and pertussis are discussed in Chap-
ter 7.

Classification

It is useful to preserve the term atypical pneumonia
as a broad preliminary clinical and radiologic diag-
nosis that can be subdivided into more specific
problem-oriented diagnoses on the basis of certain
features. Most patients with atypical pneumonia
can be classified into one of the following
subgroups or a combination of two of them. As
noted earlier, most atypical pneumonias have a sub-
acute onset.

Subacute Minimal Patchy Pneumonia

This subgroup is distinguished by a gradual onset
over several days, usually with prominent extrapul-
monary symptoms. The chest roentgenogram

shows one or more patches of minimal foci of pneu-
monia. The most common causes are Mycoplasma
pneumoniae, Chlamydia pneumoniae, and adenovi-
ruses. Other causes are discussed in the following
section on possible etiologies.

Subacute Dense Focal Pneumonia

This subgroup is distinguished by a subacute onset
and an unexpectedly dense focal infiltrate that is
segmental or smaller. Most of the other features of
acute focal pneumonias (typical pneumonia), such
as fever, toxicity, marked leukocytosis, and focal
chest signs, are absent. Tuberculosis is an important
consideration to exclude.

Acute Interstitial Pneumonia

This subgroup is distinguished by the absence of
a solid focal or even minimal focal infiltrate. The
infiltrate is sometimes described as reticular or
patchy. There are many possible causes, most of
which are viral and self-limited, but some of which
are not viral or are progressive (Box 8-7).

Preliminary Diagnoses to Avoid

Mycoplasmal pneumonia should not be used as a
preliminary diagnosis without proof of etiology, be-
cause many atypical pneumonias are not caused by
M. pneumoniae. Furthermore, it is not possible to
distinguish mycoplasmal pneumonia from other
atypical types on clinical grounds.138

Nonbacterial pneumonia is a conclusion usually
based on such observations as failure to respond to
antimicrobial therapy, absence of leukocytosis, and
sparse infiltrate. However, the term nonbacterial
pneumonia should not be used, because it implies
that bacterial causes have been excluded, when in
fact this can rarely be done with certainty.

Possible Etiologies

The following etiologies are listed in approximate
decreasing frequency of occurrence of the infectious
agents within each microbiologic category.

Mycoplasmas

M. pneumoniae is probably the most frequent cause
of atypical pneumonia, especially in school-age
children and young adults.139,140 Usually, the ra-
diologic pattern is subacute with minimal densities,
but occasionally it is an acute bilateral interstitial
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BOX 8-7 ■ Possible Causes of Atypical
Pneumonia Patterns

Common
C. trachomatis (� 4 months)
RSV (� 5 years)
Mycoplasma pneumoniae (� 5 years)
Chlamydia pneumoniae (� 5 years)
Adenoviruses
Parainfluenza viruses
Influenza virus (in epidemics)
CMV; varicella-zoster virus (in 

immunosuppressed)
B. pertussis (usually not associated with 

pneumonia)

Uncommon
Hypersensitivity pneumonitis
Drug hypersensitivity
Herpes simplex virus
Pneumocystis jiroreci (carinii)
Chlamydia psittaci
H. influenzae
S. pneumoniae
Systemic fungi
Tuberculosis

Rare or Unproved
Ureaplasma urealyticum (� 3 months)
Mycoplasma hominis (� 3 months)
Q fever
Rhinoviruses; enteroviruses
Late-onset rubella syndrome
Human metapneumovirus137

SARS-coronavirus

pneumonia.141 Rarely, it is lobar, as cited in the
preceding section on focal pneumonias. The physi-
cian is often aware of an outbreak of atypical pneu-
monia syndrome (“walking pneumonia”) in the
community. Typically, there is a long incubation
period (2–3 weeks) between illnesses in the same
family, a feature that helps with the diagnosis.139

However, cases seen in association with outbreaks
may have incubation periods as short as one
week. Occasionally, a point-source outbreak oc-
curs,142,143 but usually the illnesses involve separate
members of a family over a long period of time.139

Otitis media with severe, painful, extremely red
tympanic membranes is rarely caused by M. pneu-
moniae (as discussed previously). Urticarial or non-
specific maculopapular rashes are also associated in
some cases.139 Eosinophilia exceeding 5% is not
unusual.140 More severe complications are dis-
cussed at the end of this section.

It is often taught that mycoplasmal pneumonia
has a classic radiographic appearance, which con-
sists of bilateral reticular or interstitial infiltrates,
with or without patchy infiltrates. However, almost
any x-ray pattern is possible. Brolin and Wernstedt
reported the radiographic findings of 56 patients
with M. pneumoniae lower respiratory tract infec-
tion: 8 (14%) of patients had lobar findings and 21
(38%) had lobar or predominantly alveolar find-
ings. Some had a combination of lobar/alveolar and
interstitial infiltrates; if those are added, 36 (64%)
of 56 patients had some component of lobar or
alveolar infiltration. Twenty (36%) of the patients
showed a purely interstitial pattern, and 33 (59%)
had some component of interstitial infiltration. In-
terestingly, 22% had hilar adenopathy and 14% had
a pleural effusion.74

M. pneumoniae pneumonia occurs most fre-
quently in individuals 5–12 years old.144 Subclini-
cal infection is probably common before 5 years of
age, but the organism is a relatively unusual cause
of pneumonia in this group.145 Most young adults
have serum antibodies, which suggests a past infec-
tion and indicates that past infection is apparently
not protective against future reinfection.

Chlamydiae

There are three medically important species in this
genus. C. trachomatis is a frequent cause of acute
bilateral afebrile pneumonia in infants less than 4
months of age and a less-frequent cause of pneumo-
nia in older children and adults. Because it is some-
times associated with peripheral eosinophilia, it is
discussed in the section on pulmonary infiltrates
with eosinophilia (PIE syndrome).

C. psittaci infection (psittacosis) is uncommon in
the United States, with only about 50 cases reported
annually. Nevertheless, it is important to recognize
because it responds to tetracycline. There is typi-
cally an exposure to parakeets or other birds.146

Large outbreaks have been reported from turkey
processing plants.147 Psittacine birds (those with a
bent beak) are more likely to be infected, and most
birds with psittacosis are ill. C. psittaci infection in
humans usually produces fever, chills, and severe
headache; arthralgia is sometimes present. Typi-
cally, there has been the gradual onset of cough,
and there is a patchy infiltrate on chest x-ray. Usu-
ally there is no leukocytosis, but eosinophilia is
sometimes present. Elevated serum transaminase
and alkaline phosphatase can occur.
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C. pneumoniae, originally classified as a strain of
C. psittaci called the TWAR agent (named after the
first two respiratory isolates, TW-183 and AR-39)
is now recognized as a fairly common cause of respi-
ratory disease in school-aged children, adolescents,
and adults. Studies documenting its prevalence
have been hampered by the lack of a diagnostic
gold standard. The organism will not grow on cell-
free media but is cultivatable in tissue culture. A
nasopharyngeal swab is an appropriate specimen.
The sample must be transported in culture trans-
port media and processed within 24 hours of collec-
tion. The epidemiology of C. pneumoniae is similar
to that of M. pneumoniae in that infection with this
organism is rare in infancy, and becomes more
common through childhood and peaks at adoles-
cence. Most infections are probably asymptom-
atic.148

At all age points it appears to be somewhat less
common than M. pneumoniae.149 Respiratory dis-
ease caused by C. pneumoniae is very similar to that
caused by M. pneumoniae. A prospective study of
667 college students with acute respiratory disease
found 20 patients (3%) with C. pneumoniae and 29
patients (4%) with M. pneumoniae infection; pa-
tients with C. pneumoniae were less likely to have
a temperature greater than 100� F (37.8� C) and
were more likely to present with sore throat as a
prominent complaint (80% vs. 52%). Hoarseness
was seen in 30% of patients with C. pneumoniae
infection but only in 3% of patients with M. pneu-
moniae.150 Finally, the time from onset of symptoms
to presentation for medical care was longer in pa-
tients with C. pneumoniae infection.

A variety of serologic tests are available that
make a retrospective diagnosis. It may take 3–4
weeks to mount a measurable response; when con-
valescent titers are ordered too soon the diagnosis
may be missed. Polymerase chain reaction (PCR)
has been done experimentally, but the results are
not always concordant with culture and serology.
From 10–90% of patients positive for C. pneumon-
iae infection by PCR do not mount appropriate se-
rologic responses.151,152

Some people harbor the organism for months
after the acute infection. Such patients may be
asymptomatic, or they may have problems with pe-
riodic wheezing and asthma. It has been suggested
that some adults with severe, refractory wheezing
may have chronic C. pneumoniae infection. In one
study, resolution of infection correlated with im-
provement in asthma control.153 Another study

found that children with persistent C. pneumoniae
PCR positivity suffered from more frequent asthma
attacks.154 C. pneumoniae-specific immunoglobulin
E (IgE) was found in 12 (86%) of 14 culture-posi-
tive children with wheezing compared with only 1
(9%) of 11 culture-positive children without
wheezing.155 The precise relationship between C.
pneumoniae infection and asthma is not understood.

Patients with cystic fibrosis can undergo pulmo-
nary exacerbations in association with C. pneumon-
iae infection. In the one published study on this
topic, M. pneumoniae, by contrast, was not found
to be associated with exacerbations.156

Unusual Bacterial Causes

Some bacterial pneumonias are patchy or interstitial
and do not respond to macrolides, the usual antibi-
otic therapy for M. pneumoniae. Tularemia is an ex-
ample.157

Viruses

RSV is a frequent and important cause of atypical
pneumonia, which is usually of the acute bilateral
interstitial subgroup but can be patchy or even
densely focal. The airway disease is more important
than the alveolar involvement (Chapter 7).

A newly discovered virus, termed the human
metapneumovirus (hMPV), was first isolated from
nasopharyngeal aspirates of 28 children in the
Netherlands who presented with respiratory tract
symptoms and negative tests for known causes.137

Like RSV, symptomatic infection appears to be most
common in the first year of life. Symptoms ranged
from mild respiratory problems to severe bronchio-
litis or pneumonia, often accompanied by high fever
and vomiting. Serologic testing suggests that infec-
tion within the first 5 years of life is nearly universal.

Adenoviruses, of which there are more than 40
serotypes, are a frequent cause of atypical pneumo-
nia. Adenoviral pneumonia cannot be distinguished
on clinical grounds from mycoplasmal pneumo-
nia.138 Occasionally, epidemics occur with severe
disease, often with accompanying gastrointestinal
signs.158

Influenza viruses almost always are associated
with epidemics or large outbreaks. They can cause
an atypical pneumonia usually associated with
prominent extrapulmonary manifestations.

Parainfluenza virus type 3 can cause atypical
pneumonia, especially in young children. It usually
produces bronchiolitis (discussed in Chapter 7),
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possibly with minimal patchy pneumonitis, but oc-
casionally produces bilateral interstitial pneumonia
or perihilar pneumonia without bronchiolitis.

Rhinoviruses rarely cause atypical pneumo-
nia.159 Likewise, coxsackie A or B viruses are rarely
associated. Coxsackievirus B has been recovered
from the lungs of patients dying with pneumonia,
and in the rare newborn or infantile case, the clini-
cal syndrome is usually that of fulminant disease
with concurrent myocarditis.

Measles virus is frequently associated with inter-
stitial infiltrates when there is a classic measles ill-
ness.160 It is not ordinarily considered a cause of
atypical pneumonia, because the diagnosis is ob-
vious in the classic case. However, pneumonitis is
present before the eruption in about 20% of pa-
tients with classic measles.160 Measles virus can
cause fulminant pneumonia, as described in a later
section.

Varicella-zoster virus can produce atypical
pneumonia, especially in adults. The diagnosis
should present no problem if the typical rash is
present. The syndrome usually presents as chick-
enpox with pneumonia rather than as atypical
pneumonia possibly caused by chickenpox virus.
The virus can cause fulminating pneumonia in an
immunosuppressed patient.

Cytomegalovirus (CMV) can produce an atypical
pneumonia but more often produces an acute inter-
stitial pneumonia in a patient with an immunologic
problem (especially solid organ or stem cell trans-
plant patients). In this population, CMV pneumo-
nia is characterized by high fever, hypoxemia, and
diffuse interstitial infiltrates. This is a serious dis-
ease with a high mortality rate. CMV also can cause
interstitial pneumonia in very young infants, who
appear to become colonized from their mother’s
genitourinary tract just before or during de-
livery.161,162

Herpes simplex can cause interstitial pneumo-
nia, especially in immunosuppressed patients and
newborns, that may become severe and exten-
sive.163,164

Late-onset rubella syndrome is a rare cause of
bilateral interstitial pneumonia.165 It is typically as-
sociated with diarrhea, a skin rash, and hypoglobul-
inemia. It usually occurs between 3 and 12 months
of age, with cough, tachypnea, and cyanosis and is
associated with circulating immune complexes.

Infectious mononucleosis can produce hilar ade-
nopathy as a part of the generalized lymphadenopa-
thy, and a few patients have small pulmonary infil-

trates.166 Concurrent infection with M. pneumoniae
might explain some cases of infectious mononucle-
osis with pneumonia, as both diseases are common
in young adults.167

The recently discovered severe acute respiratory
syndrome (SARS) coronavirus is discussed in the
section on progressive or fulminating pneumonias.

Bacteria

Bordetella pertussis can be associated with an atypi-
cal pneumonia with subacute onset of cough, slight
fever, and pulmonary infiltrates, especially linear
lower-lobe interstitial infiltrates, perihilar infiltrates
(shaggy heart border), or wedge-shaped upper-lobe
infiltrates, perhaps with atelectasis. Lymphocytosis
is usually present; when it is not, the clinical diag-
nosis is likely to be atypical pneumonia with perihi-
lar infiltrate. Most children with pertussis have nei-
ther fever nor pulmonary infiltrates unless a
secondary bacterial pneumonia (e.g., S. aureus) en-
sues. Pertussis-like illnesses are discussed in Chap-
ter 7.

Other bacteria that can cause atypical pneumo-
nia include the pneumococcus and H. influenzae.
They are probably a more frequent cause of atypical
pneumonia than are bacteria rarely causing human
infection, such as F. tularensis. P. aeruginosa, ac-
quired from water, can rarely cause atypical pneu-
monia.168 Legionella is an important consideration,
particularly in the immunocompromised host.

Mycobacteria

Mycobacterium tuberculosis is an uncommon but im-
portant cause of atypical pneumonia with a sub-
acute onset, low-grade fever, and diffuse or linear
infiltrates. Most often, the pneumonia is focal and
dense, but the rest of the features are atypical, which
would fit into the subgroup of a subacute dense
focal pneumonia.

Occasionally other mycobacterium species are
associated with an atypical pneumonia. Recently,
nontuberculous mycobacteria (especially M. avium
complex) have been associated with a diffuse pneu-
monia in patients exposed to hot tubs. Patients
present subacutely with dyspnea, cough, hypoxia,
and fever.169 Some patients respond to corticoste-
roids alone, and thus the illness may be due to a
hypersensitivity reaction to the organism.170

Rickettsiae

Coxiella burnetii, the cause of Query fever (Q fever),
is a rare cause of atypical pneumonia.171 The organ-
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ism is excreted in large numbers at the time farm
animals, particularly sheep, give birth. Long after
the fact, viable organisms remain in the soil, and
can be blown about by the wind. Thus, the patient
need not have been in attendance at a birth but
usually lives in a rural area and has some farm ani-
mal exposure history. The condition usually re-
sponds to doxycycline or erythromycin, which may
be given because of suspected mycoplasmal pneu-
monia.

Inhalational Anthrax

In the past, this disease was very rare, and occurred
primarily in those exposed to contaminated animal
products (wool sorter’s disease). Although still rare,
recent bioterrorism-related cases were well publi-
cized.172 The illness presents in two stages. The first
stage is that of an influenza-like illness with fever,
cough, and chest pain. The second stage presents
a few days later with abrupt onset of high fever,
severe dyspnea, and shock. Chest x-ray classically
demonstrates only a widened mediastinum, but
progressive perihilar infiltrates can be present as
well.172 At least two drugs active against B. anthracis
are recommended for treatment, (such as a fluoro-
quinolone plus rifampin). Despite appropriate ther-
apy, the mortality rate is more than 50%.

Fungi

Histoplasma capsulatum and Coccidioides immitis are
occasional causes of an atypical pneumonia. Pa-
tients may present with an acute interstitial pattern
when there has been a single overwhelming expo-
sure, but more often they present with a focal infil-
trate of subacute onset.

Pneumocystis jiroveci can cause bilateral pulmo-
nary infiltrates in immunocompetent infants 2–12
weeks of age.173 Infants receiving high doses of sys-
temic corticosteroids for prolonged periods of time
are at increased risk,173a as are children with HIV
infection (Chapter 20), transplant recipients (Chap-
ter 22), and patients with primary cellular immuno-
deficiency (Chapter 23). Cough, tachypnea, and ap-
neic episodes may occur, but fever is unusual, so
that the clinical pattern resembles that of pertussis
or chlamydial pneumonia. Serum IgM is usually
elevated. Treatment is with trimethoprim-sulfa-
methoxazole, which is now used as routine prophy-
laxis for immunocompromised patients.

Miscellaneous Mycoplasma Species

Mycoplasma hominis and Ureaplasma urealyticum are
uterine cervical flora that can colonize an infant just
before or during delivery and lead to pneumonia.161

One case of pneumonia with pleural effusion in a
postpartum adolescent that was due to M. hominis
has been reported.174

Noninfectious Causes

Congestive heart failure often resembles an atypical
pneumonia. Pulmonary infarction or embolism is
uncommon in children, as discussed in the section
on pneumonia with effusion.

Allergies to Actinomyces species (which may con-
taminate air conditioners), to pigeons (pigeon
breeder’s disease), and to maple bark also may
cause noninfectious atypical pneumonia with dif-
fuse interstitial infiltrates. These pneumonias are
discussed in the sections on chronic and recurrent
pneumonia and PIE syndrome.

Toxic causes include silo filler’s disease, caused
by inhalation of nitrogen oxides, and other occupa-
tional inhalants. Medications such as pheny-
toin or nitrofurantoin are a rare cause of acute inter-
stitial pneumonia.175

Collagen diseases occasionally associated with
atypical pneumonia include rheumatic fever (Chap-
ter 18) or rheumatoid arthritis (Chapter 10).

Laboratory Tests

Cold Agglutinins

Because the test is neither sensitive nor specific
enough to establish a diagnosis, the use of cold ag-
glutinins is in decline. In certain situations, how-
ever, the test may be helpful. If a specimen is de-
sired, it may be obtained as soon as the pneumonia
is recognized as “atypical,” as agglutinins are often
present at this point in the illness. This specimen
can also be used as an acute serum for mycoplasmal
and viral antibody studies.

Cold agglutinins are found in low titers (about
1:10) in about 10% of normal adults.176 A titer of
1:32 or higher has been regarded as abnormal. M.
pneumoniae, C. pneumoniae, and adenoviruses are
the most likely causes of cold-agglutinin positive
atypical pneumonia. However, RSV, parainfluenza
viruses, and coxsackieviruses may also be to
blame.177 Cold agglutinin titers greater than 1:10
are unusual in influenza-virus infection but can
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occur in patients with pneumococcal pneumonia
with bacteremia.176

A rapid bedside screening test for cold aggluti-
nins can be performed by placing a few drops of
blood into an anticoagulant tube and cooling it on
ice. After inserting the specimen in ice, agglutina-
tion of red blood cells is visible as clumps when
the tube is held up to a light source and rolled
slowly. Quantification of a titer of cold agglutinins
is not possible at the bedside, although blood with
large quantities agglutinates more than does blood
with low titers. In one study, 50% of children with
acute respiratory disease and 75% of children with
pneumonia and serologic evidence of M. pneumon-
iae infection had a positive screening test for cold
agglutinins.178 If a cold agglutinin test is positive in
a preschool child, the pneumonia is probably viral.
If it is positive in a school-aged child, the pneumo-
nia is probably mycoplasmal. Quantification of cold
agglutinin titers is of less utility in children less than
10 years of age.

Rapid Antigen Detection Methods

Some centers offer simultaneous fluorescent-anti-
body detection of the most common respiratory vi-
ruses, including RSV, influenza A and B, the parain-
fluenza viruses, and adenovirus. Enzyme-linked
immunosorbent assay (ELISA) tests are also avail-
able for rapid detection of respiratory agents. Such
rapid tests are especially useful if there is an estab-
lished treatment, as for herpes simplex, varicella
viruses, or M. pneumoniae, or a treatment that is
possibly effective, as for influenza. Commercial
ELISA tests for RSV and influenza A virus are readily
available.

Serum Antibodies

The serum tested for cold agglutinins can also be
used as an acute-phase serum for a battery of anti-
body studies in comparison with a later serum spec-
imen. Antibodies that may be studied in paired sera
include M. pneumoniae, C. pneumoniae, adenovirus,
psittacosis, Q fever, influenza virus, and RSV. Occa-
sionally, other agents known by recent laboratory
studies to be prevalent in the community will be
sought by the reference laboratory.

Often, complement-fixing antibodies to M. pneu-
moniae are present in low to moderate concentra-
tions in the first serum obtained, which often is a
week or so after the onset of the illness. Such low
to moderate titers can be regarded as presumptive

evidence of current infection with this organism,
because these antibodies are usually not detectable
in healthy children or adolescents. In one study, an
IgM-capture assay drawn in the convalescent phase
of illness was the single most reliable test in the
diagnosis of M. pneumoniae infection.179 However,
in our experience, infections with other organisms
can sometimes result in a nonspecific rise in myco-
plasma IgM antibodies.

Mycoplasma Cultures

Culture of M. pneumoniae is technically difficult,
less sensitive than serology, and not readily avail-
able.

Viral Cultures

Culture for viral agents is generally slow. RSV may
grow within 3–4 days. Herpes simplex virus, like-
wise, may be fairly rapidly grown in cell culture.
Other respiratory viruses may take a week or two.
When virus cultures are available and inexpensive,
they may be useful in selected cases, especially to
identify viruses prevalent in the community. Some
laboratories are able to do a “shell vial” assay for
adenovirus, which uses centrifugation and detec-
tion of early gene products to speed up the process,
in which case results may be available within 48
hours.180

Polymerase Chain Reaction

PCR testing for M. pneumoniae and C. pneumoniae
on throat swabs or nasopharyngeal aspirates are
available on an experimental basis. The sensitivity
of such tests is a matter of debate. Evaluation of
these tests is ongoing. PCR testing of cerebrospinal
fluid, when positive, can establish the diagnosis of
M. pneumoniae encephalitis.181

Treatment of Atypical Pneumonia

Treatment decisions should be based on diagnostic
algorithms that begin with the age of the child, then
consider clinical and epidemiologic factors, and fi-
nally take into account the results of laboratory
studies and chest radiography.1

Indications for Antibiotics

Antibiotics are of no value in the treatment of viral
pneumonia and have not been adequately studied
to determine their value for the prevention of se-
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condary bacterial pneumonia. In a study of military
recruits with epidemic adenoviral pneumonia, the
clinical distinction between viral and bacterial
pneumonia was “extremely difficult if not impossi-
ble” using radiologic and laboratory techniques.182

Similarly, there is usually great difficulty in being
certain a child has an uncomplicated viral pneumo-
nia.183 Experienced physicians who have withheld
antibiotics in such circumstances have sometimes
observed that the course of the illness indicated a
bacterial pneumonia, and early antibiotic therapy
might have made the illness less severe. These are
the basic reasons why antibiotics are usually given
to children with atypical pneumonia of uncertain
etiology, which is statistically likely to be viral.

Whether to use antibiotics for a child with an
atypical pneumonia remains a complex decision,
based on criteria of age, severity, reliability of the
parents, ability to observe the child closely, and
prevalent etiologic agents. Antibiotic treatment of
the child with subacute mild pneumonia as if the
condition were mycoplasmal is a reasonable general
approach given the present state of knowledge and
diagnostic techniques (see Table 8-2).

Chemotherapy

In many cases, the patient will already have been
treated with amoxicillin or a cephalosporin without
any clinical response. In mycoplasmal pneumonia
treated early enough, tetracyclines or erythromycin
seem to be effective in making some patients re-
cover slightly faster than those in an untreated
group.184 However, in patients treated later than 1
week after onset, there is very little effect.185 Tetra-
cycline can be used for children older than 8 years
of age, because there is no risk of staining the teeth.
Both psittacosis and Q fever respond to tetracycline.
Erythromycin is preferable for children less than 8
years of age who still have teeth developing. Eryth-
romycin also is sometimes effective against staphy-
lococci, H. influenzae, and pneumococci and is su-
perior to tetracycline in such cases. If there is no
response to one of these two antibiotics, changing
to the other is usually of no value. A newer macro-
lide, clarithromycin,186 and an azalide, azithro-
mycin,187 have both been tested in the treatment
of community-acquired atypical pneumonias and
have been found to be as effective as erythromycin.
The incidence of gastric side effects seen with clar-
ithromycin or azithromycin is considerably less
than that seen with erythromycin. The macrolides

have only fair activity against S. pneumoniae; there-
fore, if the illness has some features of typical pneu-
monia, it is sometimes reasonable to prescribe both
amoxicillin (to cover S. pneumoniae) and a macro-
lide (to cover Mycoplasma). For the older adoles-
cent, fluoroquinolones are sometimes used and
have the advantage of reasonably good activity
against both of these organisms.

Management of Exposed Individuals

Administration of tetracycline to exposed family
members appeared to result in subclinical infec-
tions rather than clinical illness.188 This result sug-
gests that when family contacts of individuals with
cold-agglutinin-positive pneumonia show early
manifestations of atypical pneumonia, prompt
treatment with tetracycline or erythromycin may
reduce the severity of clinical disease. The addition
of azithromycin to environmental control assisted
in the interruption of a Mycoplasma outbreak at an
institution.189

Complications

Neurologic Complications

In mycoplasmal encephalitis, the patient typically
has a history of progressive lower respiratory dis-
ease for 1–2 weeks before the onset of central ner-
vous system manifestations, which range from
headache and stiff neck to focal seizures and
coma.190 Typically, cold agglutinins are present,
and serial Mycoplasma pneumoniae antibody titers
are high or rising. The cell count of the cerebrospi-
nal fluid is usually 30–300, with more than 90%
neutrophils early and predominately lymphocytes
later. M. pneumoniae has been recovered from the
spinal fluid in some cases. PCR assays have been
recently used. Paralytic disease (hemiplegia, as-
cending paralysis, cranial nerve paralysis, and my-
elitis) has been reported.190,191 Myositis may also
be present.

Arthritis

Arthralgia or arthritis is a rare complication of my-
coplasmal pneumonia.192 The association has been
proven to be non-spurious by the finding of M.
pneumoniae-specific IgM and IgG by ELISA and im-
munoblotting in children with arthropathy.193
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Hematologic Abnormalities and
Hypercoagulation

Mycoplasmal pneumonia is rarely fatal, but throm-
bosis, acute hemolytic anemia, or both may
occur.194,195 Two cases in which children with pre-
existing hematologic abnormalities developed
aplastic anemia in association with acute M. pneu-
moniae infection have been reported.196 A child in
Taiwan suffered a severe case of pulmonary M.
pneumoniae infection complicated by lung abscess,
pleural effusion, thrombocytopenia, and dissemi-
nated intravascular coagulation.197

Residual Pulmonary Disease

Severe mycoplasmal pneumonia may result in
bronchiectasis, usually manifested as recurrent
focal (or multifocal) pneumonia.198 Severe adenovi-
rus pneumonia also can result in residual pulmo-
nary disease, including bronchiectasis.158

Dermatologic Problems

An erythematous macular or maculopapular rash
in conjunction with acute M. pneumoniae infection
is not uncommon, as discussed earlier. A more se-
vere complication, Stevens-Johnson syndrome, has
been reported at least 70 times.199 In contrast, ery-
thema multiforme is rare with mycoplasmal infec-
tion.

Other Complications

Pancreatitis is rarely seen in association with severe
mycoplasmal infection.200

Double Infections

Sometimes, pneumonia is “atypical” because it is
complicated by a second pathogen, resulting in

TABLE 8-4. CAUSES OF NODULAR AND MILIARY PNEUMONIA

TYPE OR SITUATION POSSIBLE CAUSES

Miliary

Acute interstitial pattern appears reticular or miliary Usually viral

Hepatosplenomegaly present Tuberculosis

Nodular

Acute, severe Septic emboli

In compromised host Disseminated fungi, CMV, Pneumocystis

Ventilator or muscular weakness Multiple aspirations

CMV, cytomegalovirus

confusing persistence of the illness or prominent
findings in another organ system, such as diarrhea.
A prospective study of 201 children with commu-
nity-acquired pneumonia in Finland found that 9
patients (4%) had serologic evidence of concomi-
tant M. pneumoniae and C. pneumoniae infection.201

During the winter, persistence of fever in a child
with typical or atypical pneumonia can be due to
influenza. Conversely, influenza can predispose to
these secondary pneumonias. RSV infection may
occur concurrently with pertussis or shigellosis; sal-
monellosis or rotaviral diarrhea has been reported
in conjunction with RSV infection.202,203

■ MILIARY AND NODULAR
PNEUMONIAS

This section assumes that these pneumonias are
acute or at least urgent when recognized, although
the disease may really be chronic. Miliary or nodu-
lar pneumonia is an anatomic diagnosis based on
a chest imaging study that shows multiple circular
densities. Miliary refers to the size of a millet seed
(millet is a grass cultured for hay). In general, mili-
ary therefore refers to small densities (about 2 mm
in diameter), whereas nodular refers to larger densi-
ties (usually about 6 mm in diameter).204–206 For
convenience, the general term nodular is used to
include both finely and coarsely nodular dissemi-
nated patterns (Table 8-4).

Mechanisms

Any blood-borne infectious agent or particle can be
disseminated evenly to the lungs. Relatively evenly
distributed densities of the same size result from
gradual release of small particles. In experimental
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miliary tuberculosis in rabbits caused by virulent
or avirulent bovine tubercule bacilli, the miliary le-
sions become visible about 3 weeks after intrave-
nous injection.207 If dissemination of bacteria or
emboli to the lung occurs irregularly, it usually pro-
duces a radiographic appearance of larger densities
with more focal involvement of some parts of the
lungs.

Classification

The syndromes associated with these radiologic
findings are best classified according to the onset
and course of the clinical illnesses.

Acute Nodular Pneumonia

The patient has high fever and appears moderately
sick. The possible etiologies are discussed later.

Chronic Nodular Pneumonia

This type has a gradual onset, often with weight
loss and low-grade fever, and the patient appears
chronically ill.208,209 Chronic nodular pneumonia
is rare in children. Possible etiologies include mili-
ary tuberculosis, disseminated fungal disease, pul-
monary metastases, polyarteritis nodosa, Wegener’s
granulomatosis, and other collagen vascular dis-
eases and even pneumoconioses. Pulmonary
Langerhans cell histiocytosis is a rare cause of
chronic nodules in children.209,210 Alveolar pro-
teinosis, pulmonary hemosiderosis, sarcoidosis,
and diffuse interstitial fibrosis are discussed in the
section on chronic pneumonia.

Asymptomatic Pulmonary Nodules

Such nodules are rare in children. The patient usu-
ally has had a chest roentgenogram taken for symp-
toms presumably unrelated to the finding. Multiple
densities in these circumstances often are calcified.
Histoplasmosis or coccidioidomycosis is the most
likely cause of asymptomatic miliary calcifications.
Miliary tuberculosis is a rare cause. Chickenpox can
cause calcifications that are uneven, irregular, and
numerous.211 Alveolar microlithiasis is a rare cause
of calcifications in children. The particles are fine
and usually require overexposed films to be vis-
ible.212

Etiologies of Acute Miliary
Pneumonias

Most patients with an acute miliary pattern on a
chest film are treated as if they have miliary tubercu-

losis, at least until a more definite diagnosis can be
made.205,206 It is important to note the other fea-
tures of miliary tuberculosis and other nodular
pneumonias, which may help in differentiating
them.

Acute Interstitial Pneumonia

Several viruses can cause an acute bilateral intersti-
tial pneumonia that may be called reticular (like a
fine net), as described in the section on atypical
pneumonia. The reticular appearance may be
slightly nodular, but follow-up films clarify the situ-
ation by showing either coalescence or clearing.

Acute Miliary Tuberculosis

Acute hematogenous tuberculosis is usually associ-
ated with a known exposure to active tuberculosis,
but anywhere from 30–75% of patients do not have
a positive tuberculin skin test on admission.213, 214

Occasionally, children with pulmonary tuberculo-
sis present with wheezing secondary to bronchial
obstruction and are misdiagnosed with asthma.
Empiric treatment with corticosteroids may allow
the development of miliary disease.

Miliary tuberculosis is largely a disease of in-
fancy; a review of 94 cases in childhood reported
a mean age of 11 months.215 Cough and fever were
the most common symptoms, seen in 72% and
61%, respectively. Forty percent of patients had de-
creased appetite or weight loss. Vomiting and diar-
rhea were seen in a third of this cohort. Hepatomeg-
aly and splenomegaly were seen in most cases, and
lymphadenopathy was seen in almost half.215 Dys-
pnea is seen only in the more severe cases. Addi-
tional focal pneumonia and hilar adenopathy are
common. Tubercules may be seen in the retina.
Skin lesions are not uncommon; many of these re-
veal granulomas on biopsy. A follow-up chest ra-
diograph one week later will show that the miliary
lesions are still present. The lesions are typically
0.5–2 mm in diameter, but lesions 4–8 mm can
occur in disseminated tuberculosis. In adults,
thrombocytopenia and inappropriate antidiuretic
hormone secretion with hyponatremia have been
reported.216

Frank meningitis is found in about 20% of chil-
dren with disseminated tuberculous disease. More
subtle involvement of the central nervous system
(CNS) may be much more common; Gupta et al.
performed magnetic resonance imaging (MRI) stud-
ies on 7 patients who had miliary pulmonary tuber-
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culosis without any signs of CNS disease and found
abnormalities in all.217 Three patients had multiple
lesions of greater than 3 mm in diameter, which
were readily visualized. The others had lesions
smaller than 3 mm in diameter; these were best
visualized with contrast enhancement. The clinical
significance of this finding is not known. The le-
sions regressed with therapy in all 7 patients.

Multiple Septic Emboli

Any bacteremia can result in multiple septic pulmo-
nary emboli that may create a fine or coarse nodular
pattern218 or may produce a target sign, a density
within a thin-walled cyst,219 which represents cavi-
tation as the necrotic process proceeds.220 Brucel-
losis and tularemia, the examples often given, are
now rare. In children, a focal S. aureus infection
(e.g., endocarditis, osteomyelitis, or organ abscess)
is probably the most common cause of septic em-
boli. The multiple septic foci in the lung are often
larger than lesions of miliary tuberculosis, are often
irregular in size or distribution, and may be con-
nected or confluent. Typically, there is cough with
purulent sputum, dyspnea, and an apparent source
of bacteremia.

Disseminated Fungal Diseases

Histoplasmosis, coccidioidomycosis, aspergillosis,
candidiasis, mucormycosis, paracoccidiodomy-
cosis, and blastomycosis can look very similar
to miliary tuberculosis by chest radiography
(Fig. 8-5).221–225 Any number of other, less com-
mon fungal pathogens have also been reported to

■ FIGURE 8-5 Bilateral nodular pneumonia caused by histo-
plasmosis.

cause a similar roentgenographic pattern. Pneumo-
cystis jiroveci pneumonia can produce bilateral nod-
ular pneumonia and is discussed in the section on
chronic pneumonia.

Viral Disease

CMV can produce diffuse nodular pulmonary infil-
trates.226 Severely immune suppressed patients may
develop nodular pneumonias secondary to other
herpes group viruses as well, including varicella
zoster virus, herpes simplex virus,227and EBV. Any
of the common respiratory viruses can produce a
reticulonodular pattern on chest x-ray.

Multiple Aspirations

This is a common cause of nodular densities in chil-
dren who are predisposed to aspirate. The densities
are usually rather large and have a predilection for
the lower lobes. The predisposing cause of the aspi-
rations is usually evident.228

Lymphocytic Interstitial Pneumonitis

Lymphocytic interstitial pneumonitis (LIP), associ-
ated with EBV infection, produces a reticulonodular
x-ray pattern in children with HIV infection (Chap-
ter 20). Clubbing and diffuse lymphadenopathy are
commonly associated. Children with LIP some-
times also have chronic or recurrent parotitis. Corti-
costeroids seem to provide benefit for the more se-
verely affected patients.

Other Causes

Psittacosis and mycoplasmal infection occasionally
produce acute nodular pneumonias.

In newborn babies, listeriosis can produce a mil-
iary pattern, as can Group B streptococcal infection.
Often these infections produce a finely reticulono-
dular pattern resembling the ground-glass appear-
ance of respiratory distress syndrome.

Nocardiosis is an uncommon cause of nodular
pneumonia. Aspergillosis is a cause of chronic nod-
ular pneumonia, especially in patients with intracel-
lular killing defects such as chronic granulomatous
disease.229 Infection with Coxiella burnetii, the agent
of Q fever, can produce a reticulonodular x-ray pat-
tern.

Leptospirosis is a zoonotic disease usually asso-
ciated with a systemic infection characterized by a
biphasic pattern, fever, hepatorenal involvement,
and sometimes meningitis; however, 91 (59%) of
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■ FIGURE 8-6 Bilateral nodular pneumonia in a 10-year-old
girl due to Legionella pneumophila. She had been receiving
immunosuppressive therapy for idiopathic pulmonary hemo-
siderosis and developed fever and dyspnea 1 week after ex-
posure to a hot tub.

154 cases recently reported had pulmonary in-
volvement, and reticulonodular infiltration was
seen in 40% of these patients.230

Legionella can cause acute pneumonia with a
nodular pattern on chest x-ray, particularly in im-
munocompromised hosts (Fig. 8-6). 230a

Noninfectious Causes

Pulmonary edema occasionally has a miliary ap-
pearance. Inhalation of toxic gases or acid fumes
can produce an acute pneumonia with a miliary
appearance (bronchiolitis fibrosis obliterans).205

Wegener’s granulomatosis can present as a chronic
nodular pneumonia.231 Langerhans cell histio-
cytosis can be a cause of bilateral reticular or reticu-
lonodular pulmonary infiltrates.232 This type of x-
ray pattern is also common in hypersensitivity
pneumonitis. Most cases of lipoid pneumonia pro-
duce bilateral air space consolidation, but a reticu-
lonodular pattern is occasionally seen.233 Unlike
the disease in adults, which usually produces a con-
fluent x-ray pattern, pulmonary alveolar proteinosis
in childhood produces variable patterns on x-ray,
including nodular, miliary, and scattered linear
densities.234

Diagnostic Approach

A thorough history of risk factors for and possible
exposures to tuberculosis should be taken. In chil-

dren with tuberculosis, often the best way to obtain
the organism is to isolate it from the sputum of the
adult source case. An intermediate strength tuber-
culin test should be done, although patients with
miliary tuberculosis are often anergic. Sputum
should be obtained if possible for Gram stain, acid-
fast stain, and culture for bacteria, mycobacteria,
and fungi. In young children, a gastric aspirate is
often performed instead. This is best done in the
hospital with three consecutive early morning sam-
ples obtained by personnel trained in the proce-
dure.235,236

Blood culture for bacteria should be done in
acute nodular pneumonias. If miliary tuberculosis
is suspected, spinal fluid should be examined for
evidence of tuberculous meningitis.

Liver biopsy or bone marrow aspiration may be
of value in chronic miliary pneumonias, because it
may reveal evidence of tuberculosis or disseminated
fungal disease. Serologic methods may make retro-
spective diagnoses in disseminated fungal diseases.
Urine histoplasmosis antigen testing is usually posi-
tive in cases of disseminated histoplasmosis. BAL
may be useful if other methods fail to reveal the
diagnosis. In children with pulmonary tuberculosis,
the yield with BAL is similar to that with gastric
aspirates, but occasionally performing both tests in-
creases the yield.237,238 BAL has the advantage of
being able to be performed as an outpatient proce-
dure.

Lung puncture, transbronchial biopsy, and
pleural biopsy are rarely indicated. These proce-
dures are discussed at the beginning of this chapter.

Treatment
Chemotherapy

If there is reasonable suspicion of acute miliary tu-
berculosis, antimycobacterial therapy with 4 drugs
(usually isoniazid, rifampin, pyrazinamide, and
ethambutol) should be started. Usually, it is not
necessary to add another antibiotic directed at bac-
teria such as staphylococci. However, this may be
a reasonable step if the patient is seriously ill or
diagnostic information is scant.

A change in the presumptive diagnosis of acute
miliary tuberculosis can be made on the basis of
results of these early tests and the course of the
illness.

Corticosteroids

Patients with acute miliary tuberculosis have been
treated with steroids in addition to appropriate anti-
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tuberculous therapy, reportedly with good re-
sults.239 However, no controlled studies have been
done, and most experts reserve corticosteroid ther-
apy for patients with confirmed CNS disease or se-
vere hilar adenopathy causing bronchial obstruc-
tion.

■ PROGRESSIVE OR FULMINATING
PNEUMONIAS

Progressive pneumonia can be defined as one that
becomes radiologically and clinically worse in spite
of antibiotic therapy that should be effective against
the presumed etiologic agent. This situation often
makes the physician consider methicillin-resistant
S. aureus or gram-negative rods, including Klebsiella
or P. aeruginosa, as the etiologic agent and change
antibiotic therapy to treat these possibilities. How-
ever, the cause is often nonbacterial or even nonin-
fectious (Box 8-8).

Fulminating pneumonia can be defined as a se-
vere bilateral pneumonia with an unusually rapid
progression, clinically or radiologically, over 24–48
hours. Usually, fine moist inspiratory rales are
heard in all lung fields, as in acute pulmonary
edema. Pneumonia in newborn infants and in com-
promised hosts is discussed in Chapters 19 and 22,
respectively.

Possible Infectious Etiologies

Influenza Virus

Fulminating pneumonia is seen more frequently
during influenza outbreaks, and some cases are
clearly documented by recovery of the virus from
the lung at autopsy. Usually, the pneumonia is bilat-
eral and interstitial. In rapidly fatal cases, S. aureus
is often also cultured from the lungs at autopsy, but
Pseudomonas aeruginosa may be found in patients
who have had mechanical ventilation. The white
blood cell count is exceedingly variable but often
is low in fatal cases.240–242 Grossly bloody sputum,
cyanosis, and irreversible progressive hypoxemia
are characteristic of fatal cases. Myocarditis, intra-
vascular coagulation, or invasive fungal pneumonia
can occur.243

Bacterial pneumonia complicating influenza
virus pneumonia can be particularly virulent, espe-
cially that caused by staphylococci or strepto-
cocci.244,245 Influenza virus and some gram-positive
bacteria may have a synergistic effect: the bacteria
carry enzymes that catalyze the cleavage of viral

BOX 8-8 ■ Causes of Progressive or
Fulminant Pneumonia

Common
Influenza virus (during epidemics)

Uncommon
B. pertussis
Measles virus
Varicella zoster virus
Adenovirus
Mycoplasma pneumoniae
Chlamydia psittaci
Pulmonary vasculitis
Legionella pneumophila
Listeria monocytogenes (in newborns)
Coxiella burnetii (Q fever)
Neoplasia
Group A streptococcus
Group C streptococcus
Hantavirus
Nipah virus (exposure to pigs in Malaysia and 

Singapore)
Hendra virus (exposure to horses in Australia)
Rocky Mountain spotted fever
Ehrlichiosis
SARS-coronavirus
Adult respiratory distress syndrome (ARDS)

In Immunosuppressed (Primarily)
Enteric gram-negative rods
Legionella
Tuberculosis
Systemic fungi
Pneumocystis jiroreci (carinii)
Herpes simplex
Toxoplasma gondii
Stenotrophomonas maltophilia
Acinetobacter baumanii
Mycobacteria chelonae

proteins, which speeds infectivity of the virus; viral
infectivity causes decreased ciliary motion, denuda-
tion, and leakage of fluids, creating an atmosphere
that is conducive to bacterial growth. Staphylococ-
cal toxic shock syndrome can be a fatal complica-
tion (Chapter 10).

SARS-coronavirus

In the spring of 2003, a worldwide outbreak of
severe acute respiratory syndrome (SARS) oc-
curred. Within a matter of weeks it was shown to
be caused by a novel and highly transmissible coro-
navirus termed SARS-CoV.245 The outbreak began
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in China and rapidly spread to 30 other countries.
More than 8000 cases occurred, approximately
10% of them fatal.245a

The illness has a biphasic—or sometimes tripha-
sic—course.245b After an incubation period of 2 to
10 days, patients initially present with nonspecific
influenza-like symptoms of fever, myalgia, and
headache. Lymphopenia is common. The respira-
tory phase starts within 2 to 4 days of onset of fever
with a dry, nonproductive cough. The third phase,
occurring in about 20% of patients, manifests as
severe hypoxemia and the adult respiratory distress
syndrome (ARDS). Chest radiographs of patients
with SARS show patchy focal infiltrates or consoli-
dation, often with a peripheral distribution, which
may progress to diffuse infiltrates.245b Compared
with adults and teenagers, SARS appears to have a
less aggressive course in younger children.245c

The diagnosis can be made in reference laborato-
ries by culture or reverse transcriptase-PCR (RT-
PCR) of respiratory secretions or, in retrospect, by
paired sera demonstrating an antibody response.245

There is no proven antiviral therapy. Screening for
suspect cases and strict infection control procedures
are critical to preventing spread.245b

Other Viruses

Adenoviruses can produce a progressive fatal pneu-
monia.246–248 The patient can be a normal host but
often has an underlying disease. Conjunctivitis or
pharyngitis is often found. In severe cases, rhabdo-
myolysis and hemoglobinuria can occur.248

Herpes simplex virus has been reported to cause
a fulminating fatal pneumonia in a previously
healthy 9-month-old child.249

Wild-type measles infection can produce a ful-
minating pneumonia, especially in immunosup-
pressed patients.250 The disease also has been re-
ported in apparently normal individuals.251 In some
hosts, there is no typical rash, especially if the pa-
tient has a severe underlying disease such as leu-
kemia.252

EBV can also cause a progressive, but eventually
reversible, pneumonia in infants and preschool
children. Hepatosplenomegaly and atypical lym-
phocytes are typically present, but the heterophile
test is almost always negative in this age group.253

Varicella zoster virus can produce a rapidly pro-
gressive, often fatal pneumonia in pregnant
women.254 Patients with compromised cellular im-

munity can also suffer a severe pneumonitis from
this agent.

Hantavirus infection causes progressive and
often fatal respiratory failure after an influenza-like
prodrome. Most cases occur in adults. The disease,
hantavirus pulmonary syndrome (HPS), was first
described in 1994 after an outbreak of cases in the
southwest US.255 Isolated cases have since been de-
scribed in other parts of the Americas. The primary
risk factor for infection is exposure to rodents, the
natural hosts of the virus. Features that help distin-
guish HPS from other causes of fulminant pneumo-
nia include 3 clinical characteristics at admission
(dizziness, nausea, and absence of cough) and 3
laboratory parameters (thrombocytopenia, acidosis,
and elevated hematocrit).256

Gram-Negative Rods

P. aeruginosa, E. coli, Klebsiella, Enterobacter, and
other gram-negative rods sometimes cause pneu-
monia. Predisposing factors include cystic fibrosis,
burns, malignancy, chronic pulmonary disease,
corticosteroid or immunosuppressive therapy, pre-
vious antimicrobial therapy, tracheostomy, me-
chanical ventilation, operative procedures on the
kidney or bowel, and inhalation of contaminated
aerosols from aerosol therapy or from contaminated
heated whirlpool baths.257,258

In adults, K. pneumoniae can produce either pro-
gressive or fulminating pneumonia, particularly if
the organism is resistant to the antibiotics being
used. The condition is characterized by tenacious
sputum, probably related to the extremely mucoid
capsule of the organism. The white blood cell count
is often low with a predominance of neutrophils.
Sputum smear reveals neutrophils and gram-nega-
tive rods. In children, K. pneumoniae is a very rare
cause of progressive pneumonia. Culture results
must be interpreted with caution, because this or-
ganism is sometimes cultured from upper respira-
tory specimens of healthy infants. Prior treatment
with amoxicillin (and probably other antibiotics)
predisposes the upper respiratory tract to coloniza-
tion with Klebsiella.

In adults, the radiologic appearance of a gram-
negative pneumonia is usually focal or diffusely
nodular.258 Pseudomonas pneumonia often has dif-
fuse nodular alveolar infiltrates that progress rap-
idly to cavitation. Infiltrative, localized, or cavitary
pneumonia due to Pseudomonas aeruginosa is seen
in adults and children with AIDS. K. pneumoniae
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usually causes dense lobar consolidation with a pre-
dilection for the upper lungs.257 Often, there is
bulging of the fissures and abscess formation with
cavitation. Extensive pleural effusion with putrid
empyema suggests Bacteroides. However, any gram-
negative enteric rod can produce any of these radio-
graphic patterns.

It may be difficult to distinguish coincidental
colonization of the respiratory tract, which is fre-
quent in chronically ill patients, from pulmonary
infection. Gram-negative enteric bacilli may be
found in sputum cultures without being the cause
of pneumonia, and small amounts of coliforms may
be present in the upper respiratory tract, particu-
larly in patients receiving antibiotics. Contamina-
tion also may occur during collection of the speci-
men. If there is a significant delay before the
specimen is cultured, the coliforms, which multiply
at room temperature, overgrow the other flora. The
bacteriologic diagnosis is certain only if the organ-
ism is recovered from lung puncture, pleural fluid,
or blood or by finding the characteristic histologic
pattern described above. Nevertheless, the physi-
cian often must begin treatment based on clues
from the Gram stain, without a positive bacterio-
logic diagnosis, especially when the patient is ex-
tremely ill.

Mycoplasma

M. pneumoniae is an occasional cause of life-threat-
ening pneumonia with severe cyanosis.259 Oxygen
therapy is important, and steroids may produce
dramatic improvement.

Rare Causes

Psittacosis can manifest as a progressive pneumonia
but usually responds to tetracycline.260 Tuberculo-
sis can cause either fulminating or progressive
pneumonia.261,262 Characteristically, rales are not
heard.

Legionnaires’ disease appears to be uncommon
in children, but the childhood patterns of illness
caused by Legionella species have not been fully de-
fined. L. pneumophila is capable of causing fulmi-
nant necrotizing pneumonia in previously young,
healthy adults. It has rarely been reported to cause
disease complicating hematologic malignancies (see
Chapter 22).

Histoplasmosis, blastomycosis, coccidioidomy-
cosis, aspergillosis, and nocardiosis should also be
considered.263,264 Pseudomonas pseudomallei infec-

tion (melioidosis) can cause a progressive pneumo-
nia and might be suspected in refugees or persons
recently returned from Southeast Asia or India.265

Leukocytosis may not be remarkable in spite of ab-
scess formation in the liver and spleen as well as
in the lungs. Initial treatment with ceftazidime is
associated with decreased mortality as compared to
older regimens.266 Imipenem appears to be equally
effective for initial treatment. Once the patient re-
sponds clinically, multi-drug oral therapy is pro-
vided for several months.267

Mucormycosis has been reported as a cause of
rapidly progressive pneumonia in patients with dia-
betes mellitus.268 Q fever, which usually causes an
atypical pneumonia (discussed earlier), has been re-
ported to cause rapidly progressive pneumonia.269

Even with pneumonia, systemic symptoms such as
headache, myalgia, and fever may predominate.
Pneumonia may be present even in the absence of
cough. In patients with AIDS, Toxoplasma gondii
may cause a severe, progressive pneumonia.270

Tricuspid-valve endocarditis presents with
pleuritic chest pain, fever, and pulmonary infiltrates
and is easily confused with pneumonia. The patient
is usually acutely ill with a systolic murmur that
is loudest on inspiration. However, the peripheral
stigmata of endocarditis are lacking.271 Injection
drug users and those with indwelling central ve-
nous catheters are at especially increased risk for
this infection, but it occasionally occurs in those
without known risk factors, in which case anemia
and microscopic hematuria may be the only
clues.272

Rocky Mountain spotted fever (RMSF) may pres-
ent with progressive respiratory failure, mimicking
a primary respiratory tract process. In one retro-
spective study, 15 (43%) of 35 patients with RMSF
developed rales, abnormal chest roentgenograms,
and impaired gas exchange, likely from noncardio-
genic pulmonary edema.273 In 8 patients (23%), the
presence of respiratory symptoms led to an incor-
rect initial diagnosis and delay of appropriate
therapy.

Cough (30%) and pulmonary infiltrates (10%)
have also been reported in ehrlichiosis; rarely severe
ARDS occurs.274

ARDS has also been reported in patients with
Lyme disease275 and babesiosis.276

Acute suppurative mediastinitis can be associ-
ated with marked leukocytosis or leukopenia, tach-
ypnea, and a peculiar interrupted inspiration pat-
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tern.277 In addition to antimicrobial therapy,
operative drainage may be necessary.

Noninfectious Etiologies

Malignancies, particularly Hodgkin’s or non-Hodg-
kin’s lymphoma, are an occasional cause of progres-
sive pulmonary infiltrates in children. Hemorrhage
or infarction from an embolus is likewise an occa-
sional cause.

Acute pulmonary edema secondary to congenital
heart disease, acute myocarditis, or acute glomeru-
lonephritis may be a cause of progressive pulmo-
nary infiltrates in children. In addition, several
types of pneumonia have been associated with sub-
sequent development of acute glomerulonephri-
tis.278–281 Mycoplasma is perhaps the most com-
monly cited association.282 Recurrent pneumonia
and glomerulonephritis should bring to mind the
possibility of C3 deficiency.283

Rarely, rheumatic pneumonia is fulminating. It
is typically associated with some carditis.284 Weg-
ener’s disease, Goodpasture’s disease, systemic
lupus erythematosis, and Henoch-Schönlein pur-
pura can all present with both renal and pulmonary
involvement.285 Pathergic granulomatosis is a very
rare disease that combines features of periarteritis
nodosa, Wegener’s granulomatosis, and allergic
vasculitis.286 High fever, conjunctivitis, focal pneu-
monia, and marked leukocytosis, with death in
about 2 weeks has been reported. Thrombotic
thrombocytopenia purpura can cause fulminating
pneumonia in young adults.287

Churg-Strauss syndrome is a systemic disease
that presents with hypereosinophilia, asthma, pul-
monary infiltrates, and clinical evidence of vasculi-
tis.288 Some cases have been described in asthmatics
receiving leukotriene receptor antagonists.288a

Laboratory Approach

Examination of sputum (if possible) or tracheal se-
cretions for neutrophils and bacteria is important.
Special stains for fungi or mycobacteria should be
considered, as well as viral cultures. Urine antigen
testing for Histoplasma capsulatum or Legionella
pneumophila serotype 1 may be appropriate.

Blood cultures should be done. The white blood
cell count is usually of no specific value. A low
white count usually suggests that the basic pulmo-
nary disease is not bacterial, but in some severe
bacterial pneumonias the count is low, usually with
a shift to the left.

Occasionally, chest CT will reveal diagnostic
clues not appreciated on chest radiographs, such as
a mass, cavity, adenopathy, parenchymal abscess,
or bronchiectasis.

Urinalysis should be done to look for evidence
of acute glomerulonephritis. An electrocardiogram
or echocardiogram may be indicated to look for
evidence of myocarditis or congenital heart disease.
It is not uncommon for children with an undetected
congenital heart defect or cardiomyopathy to pres-
ent initially with a secondary pneumonia, which
may result in severe respiratory distress due to low
cardiac reserve.

In progressive pneumonia that is not responding
to empiric antibiotics, the physician must strongly
consider more invasive diagnostic techniques such
as bronchoalveolar lavage or open lung biopsy, de-
pending on the situation.

Treatment

Oxygen by mask is indicated immediately. Intuba-
tion and assisted ventilation may be urgently
needed.

Other conditions such as pulmonary edema,
huge pneumothorax, and extensive atelectasis
should be excluded. If pulmonary edema is diag-
nosed, furosemide (and possibly an inotropic agent)
is indicated.

Antibiotic therapy should be determined by the
specific situation. Nafcillin (or cefuroxime) and
gentamicin may be a good combination for sus-
pected bacterial pneumonia in a patient without un-
derlying immune deficiency who has a severe com-
munity-acquired pneumonia. Vancomycin should
be added to the beta-lactam antibiotic if the patient
acquired the infection in the hospital or if there is a
high incidence of methicillin-resistant S. aureus in
the community. Consideration should be given to
the use of a macrolide to cover atypical causes. If
there are epidemiologic or clinical clues to the possi-
bility of psittacosis, RMSF, or ehrlichiosis, doxycy-
cline should be added. Patients with cystic fibrosis
or immune deficiency states have a higher likelihood
of having a gram-negative pneumonia; ceftazidime
plus gentamicin with or without vancomikin or an-
other broad-spectrum anti-pseudomonal combina-
tion should be considered. Therapy should be
guided by the results of history, physical examina-
tion, Gram stains, and cultures.
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■ ASPIRATION PNEUMONIAS

Classification

Aspiration pneumonias can be classified according
to what is aspirated, which can be relatively inert
(water, saline, blood, buffered gastric contents),
toxic (hydrocarbons, acid gastric contents), or oro-
pharyngeal secretions.289 Aspiration pneumonitis is a
chemical injury caused by the inhalation of sterile
gastric contents, whereas aspiration pneumonia is an
infectious process caused by the inhalation of oro-
pharyngeal secretions that are colonized by patho-
genic bacteria.289 Aspiration pneumonia secondary
to oropharyngeal secretions can be classified as
acute (as in a recently unconscious patient who is
having the first episode of aspiration pneumonia)
or chronic or recurrent (as in severely retarded chil-
dren or long-term comatose or ventilator patients,
who often are receiving antibiotics). The manage-
ment of these different syndromes should be con-
sidered separately. For example, a single large aspi-
ration in a child after cardiac surgery might best be
treated very aggressively, as the underlying problem
can be expected to improve over a week, so that
antibiotic resistance would be less of a problem. On
the other hand, a small aspiration pneumonia in
a patient with permanent weakness might best be
treated in a stepwise fashion, beginning with simple
therapy directed at usual pharyngeal flora and pro-
ceeding to more potent and toxic therapy only after
failure to improve on simple therapy.

Acute Aspiration Pneumonias

Hydrocarbon Pneumonia

Small children may swallow and aspirate hydrocar-
bon products such as kerosene. Because further as-
piration might occur, vomiting should not be in-
duced. This discussion is limited to the aspiration
pneumonia that often results, but several toxic ef-
fects can occur. Prophylactic antibiotics do not ap-
pear to be of value clinically and are not recom-
mended.290 Oxygen and assisted ventilation may be
needed.

If, after 24–48 hours, the patient develops fever
and leukocytosis, therapeutic antibiotics for pre-
sumed bacterial superinfection may be indicated.
Ceftriaxone or cefotaxime would be a reasonable
single antibiotic to empirically treat infection with
the usual pharyngeal flora, particularly S. aureus, S.
pneumoniae, or H. influenzae.

Near Drowning

In general, the principles for antibiotics are the
same as previously noted. That is, prophylactic anti-
biotics are not recommended, but antibiotics used
empirically or based on appropriate cultures are
reasonable when a secondary pulmonary infection
occurs.291 Neither steroid prophylaxis nor steroid
therapy is supported by controlled studies.291 Some
experts think steroids may actually be harmful.292

Gastric Aspiration

In neurologically normal children, gastric aspira-
tion usually occurs as a complication of anesthesia
for surgical procedures. The overall incidence of
clinically significant aspiration in children undergo-
ing surgery is low: only 52 (0.1%) of 50,880 chil-
dren who underwent general anesthesia in one re-
port293 and 24 (0.04%) of 63,180 in another.294

Aspiration is more common in emergency surgeries
than in scheduled procedures. In the studies cited
above, the overall outcome was good; serious respi-
ratory morbidity was unusual, and no deaths oc-
curred. Stomach contents are generally sterile;
therefore, prophylactic antibiotics are not advo-
cated.289 Corticosteroids do not affect the resolu-
tion of the injury.295 Gastric emptying is slowest
with breast milk, faster with low-fat milk, and faster
still with a glucose solution.296 Studies have shown
that fasting longer than 2 hours after clear liquid
ingestion changes neither the gastric volume nor
the pH of the gastric contents.297 Regardless of the
duration of fasting, fewer than half of pediatric pa-
tients ever achieve a gastric volume less than 0.4
ml/kg of body weight, nor do they achieve a gastric
pH greater than 2.5 (values that have been touted
as “desirable” to minimize the risk of aspiration
pneumonitis with sedation or anesthesia).

Gastric aspiration may occur on a chronic or
recurrent basis in children with neurologic impair-
ment, suck-swallow difficulties, and various rare
defects such as bifid epiglottis.298

Particle Aspiration

Whenever solid particles have been aspirated, as in
dirt aspiration, bronchoscopy is essential for their
removal so that ventilation can be adequate.299 Case
reports of infants having respiratory failure from the
inhalation of various powders used during diaper
changes, including talcum and cornstarch, have
been reported.300
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Bacterial Aspiration Pneumonias

As mentioned earlier, aspiration pneumonia is to
be differentiated from aspiration pneumonitis, in
which gastric contents are aspirated. Unless the pa-
tient is on chronic antacids, H2 blockers, or proton
pump inhibitors, gastric acidity renders stomach
contents sterile. Aspiration pneumonitis, therefore,
is a chemical process and generally does not require
antibiotic therapy. In contrast, the basic defect lead-
ing to bacterial aspiration pneumonia is failure of
the normal oropharyngeal defense mechanisms,
particularly coughing. This causes the patient to
aspirate colonized secretions from the oropharynx,
leading to pneumonia in the dependent lung seg-
ments.289 The patient typically has a depressed state
of consciousness or has a neuromuscular defect that
prevents adequate coughing.

Normal adults aspirate during sleep,301 as can
be demonstrated by dripping a radioactive tracer
solution into the pharynx by a small nasopharyn-
geal tube. About half of normal adults demonstrate
positive scans of peripheral pulmonary areas after
normal deep sleep whereas about 70% of adults
with depressed consciousness aspirate.301

Recurrent Pneumonia

In many patients with a long-term depressed state
of consciousness or neuromuscular impairment, re-
current bacterial aspiration pneumonia may be in-
evitable. Extremely enlarged tonsils and adenoids
can contribute to aspiration during sleep and to
recurrent lower airway infection.302

Prevention by selection of foods, positioning, or
suctioning may be the most important method of
management. Some children with demonstrated
esophageal reflux might benefit by gastric tube
feedings. Inevitably, a subset of these patients will
require surgical means to control chronic or recur-
rent aspiration. The traditional surgical procedure
is the Nissen fundoplication, but bilateral subman-
dibular gland excision and parotid duct ligation
may be an effective surgical treatment for chronic
or recurrent aspiration in children with neurologic
impairment.303

Acute episodes of recurrent aspiration in the ab-
sence of recent antibiotic therapy can be treated
using antibiotics directed at normal pharyngeal
flora. Again, making a distinction between aspira-
tion pneumonitis (due to aspiration of stomach
contents), in which antibiotic therapy is usually un-
necessary, and aspiration pneumonia (due to aspi-

ration of oropharyngeal secretions), in which anti-
biotics are needed, is crucial. The decision to use
or to withhold antibiotics is not always straightfor-
ward, and should be individualized. No good pro-
spective studies are available to clarify the decision,
so clinical judgment must be employed.

Percutaneous transtracheal aspiration has indi-
cated that aspiration pneumonia in severely re-
tarded institutionalized children is polymicrobial
and often involves anaerobes.304 These children are
likely to harbor penicillin-resistant anaerobic or-
ganisms. A study comparing clindamycin, ticarcil-
lin-clavulanate, and ceftriaxone for aspiration pneu-
monia in neurologically impaired children showed
that antibiotics effective against penicillin-resistant
anaerobes were superior to ceftriaxone, with satis-
factory clinical and microbiological responses oc-
curring in 89–91% of those treated with ticarcillin-
clavulanate or clindamycin versus 50% of those
treated with ceftriaxone.305 When aerobic gram-
negative enteric rods are present or suspected, gen-
tamicin is effective.306

Acute Aspiration Pneumonia

Adequately controlled studies have not been done
for acute aspiration pneumonia. In the child who
has recently aspirated for the first time and whose
underlying disease is acute and likely to improve,
an aggressive course of antibiotics can be advocated.
Waiting for worsening clinical findings before giv-
ing broad coverage for anaerobes and gram-nega-
tive rods may allow the pneumonia to become more
severe. Reasonable options in this case include the
combination of clindamycin and gentamicin or
monotherapy with either piperacillin/tazobactam or
meropenem.

■ PNEUMONIA WITH EOSINOPHILIA
SYNDROME

Pulmonary infiltration with eosinophilia is a term
coined to encompass all of the various clinical pat-
terns with these findings.307 Loeffler’ syndrome was
previously used to describe any type of pulmonary
infiltrate associated with eosinophilia of the periph-
eral blood. Loeffler originally described transitory
infiltrates with few symptoms and a benign course.
Some of the causes of PIE syndrome are listed in
Box 8-9. Because the presentation, clinical findings,
prognosis, and treatment of PIE syndromes varies
widely, a more complicated classification scheme
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BOX 8-9 ■ Causes of PIE Syndrome

Common
C. trachomatis (especially in infants less than 3 

months of age)
Allergic bronchopulmonary aspergillosis 

(asthmatics, cystic fibrosis)

Uncommon
Parasitic larvae in lungs: Toxocara, Ascaris, and 

others
Fungi (cryptococcus, candida spp, etc.)

Noninfectious
Hypersensitivity pneumonitis (acute allergic 

alveolitis)
Hematologic malignancies
Drug hypersensitivities
Pulmonary vasculitides

has been proposed.308 This new scheme contains
the following classifications:

1. Loeffler’s syndrome is now another term for sim-
ple pulmonary eosinophilia.

2. Chronic eosinophilic pneumonia (rare in chil-
dren).

3. Acute eosinophilic pneumonia.
4. Allergic granulomatosis (Churg-Strauss syn-

drome).
5. Allergic bronchopulmonary aspergillosis (ABPA).
6. Parasite-induced eosinophilia.
7. Drug reaction.
8. Idiopathic hypereosinophilic syndrome (rare in

children).
9. Infant pulmonary eosinophilia.

Eosinophilic pneumonia is more common in
adults than it is in children. Because of its rarity,
the typical clinical course is difficult to describe.
Initial signs and symptoms are usually non-specific,
and may include fever, cough, and dyspnea, with
or without weight loss. In one report of 11 children
with PIE, 8 had dyspnea, 6 had crackles on physical
examination, and only 3 had wheezing.309 Of these
11 cases, 3 were cases of acute eosinophilic pneu-
monia (one fatal), 2 were drug reactions, 2 were
parasite induced, 2 were a new syndrome that was
named infant pulmonary eosinophilia, 1 was
Churg-Strauss syndrome, and 1 was atypical
chronic PIE.

Eosinophilic pneumonia is defined by micro-
scopic examination of the lung, which shows an
eosinophilic infiltrate that may not be accompanied

by eosinophilia in the peripheral blood. Eosinophils
are usually present in broncheoalveolar lavage fluid,
but rarely may be absent in that sample as well.309

Idiopathic chronic eosinophilic pneumonia occurs
in adults but is extremely rare in children.310

Possible Mechanisms

In some cases, the pulmonary infiltrates are caused
by trapping of worm larvae in the smaller blood
vessels of the lung. In other cases, both the pulmo-
nary infiltrates and the blood eosinophilia appear
to be hypersensitivity phenomena, such as during
desensitization to poison ivy, or as a reaction to a
medication. Patients with PIE usually have elevated
levels of interleukin-5 (IL-5) in BAL fluid and in
pleural fluid, if present.311 Antidepressants, sulfa
drugs such as sulfasalazine, and minocycline are
some of the drugs more commonly associated with
the development of PIE.

Chlamydial Pneumonia

C. trachomatis can produce afebrile bilateral pneu-
monia in young infants (usually 1–3 months of age)
that is marked by the gradual onset and worsening
of a chronic interstitial pneumonia, usually with
mild to moderate peripheral eosinophilia.312 Often,
the infant has had a mild and persistent mucoid
conjunctivitis since a few days after birth, a result
of the C. trachomatis contracted from the mother’s
cervix. Conjunctival infection may occur despite
appropriate perinatal eye prophylaxis. The disease
can occur in very young infants that have been born
by cesarean section.

The illness may resemble bronchiolitis because
of the afebrile tachypnea and hyperinflated lungs
with low diaphragms, but chlamydial pneumonia
is more chronic. Scattered rales are sometimes
heard, but wheezing is unusual. Radiographic find-
ings include bilateral symmetrical interstitial infil-
trates and reticulo-nodular infiltrates (probably at-
electasis, as it clears rapidly).313 Areas of moderate
atelectasis may occur, but consolidation, pleural ef-
fusion, and cardiomegaly are not observed.313 The
chest x-ray findings are typically out of proportion
to the clinical symptoms. The cough is staccato and
persistent, and can be distinguished from the par-
oxysmal cough of pertussis by the pattern of breath-
ing. Staccato cough is characterized by a breath be-
tween each cough, whereas the paroxysms of
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pertussis consist of a prolonged series of coughs,
followed by a single deep breath, usually with a
whoop. Mild leukocytosis with lymphocyte pre-
dominance may be seen; but unlike pertussis, abso-
lute lymphocyte counts greater than 10,000 per
mcL are rare. Occasionally, atypical lymphocytes
are found in the smear.

Eosinophilia greater than 300 per mcL was
found in 71% of cases in one series.312 The serum
IgM is typically very high for the baby’s age, consis-
tent with a chronic infection present since birth. IgA
and IgG concentrations are usually elevated also.312

The clinical diagnosis is often obvious, but in the
absence of conjunctival infection it is more difficult.
Definitive etiologic diagnosis is established by re-
covering the organism in tissue culture. Because C.
trachomatis is an obligate intracellular pathogen,
culture samples must include cells, not just secre-
tions. A direct fluorescent antibody (DFA) test is
available and provides excellent sensitivity and
specificity when used to diagnose conjunctival in-
fection; its sensitivity drops off considerably when
it is used on nasopharyngeal secretions in an at-
tempt to diagnose C. trachomatis pneumonia. PCR
testing is both more sensitive and more specific,
and can be used where it is available. Serologic diag-
nosis is possible; the presence of specific IgM anti-
body to C. trachomatis is diagnostic. Paired sera may
be used to demonstrate a four-fold rise in IgG anti-
body titer. In patients with concurrent chlamydial
conjunctivitis, the etiologic diagnosis is probably
established most quickly by sending a conjunctival
scraping for DFA testing.

Erythromycin or sulfisoxazole stops the shed-
ding of Chlamydia and appears to help the clinical
illness.314 The currently recommended therapy is
oral erythromycin 40–50 mg/kg/day divided every
6 hours for 14 days. Because the administration of
erythromycin to babies younger than 2 months of
age has been associated with the development of
idiopathic hypertrophic pyloric stenosis, parents
should be informed of this potential risk. Both clar-
ithromycin and azithromycin have excellent in vitro
activity against C. trachomatis, and azithromycin is
often used in the treatment of genital infection with
this organism. Neither of these newer macrolides
has been studied in the treatment of afebrile pneu-
monia of infancy. In vitro susceptibilities have not
always correlated with in vivo efficacy in animal
models of C. trachomatis pulmonary disease.315 An
intravenous formulation of azithromycin has been

tested against genital chlamydial infection but not
in the treatment of pneumonia.316

Bacterial superinfection is rare.317 Myocarditis
is likewise a rare complication.318 Occasionally, an
infant may present with apnea or develop it during
the course of the disease. Chronic respiratory dis-
ease can develop with chronic cough and abnormal
pulmonary function.319 Infections in premature in-
fants with C. trachomatis may result in chronic pul-
monary disease resembling bronchopulmonary
dysplasia.320

Other Infectious Causes

Corynebacterial Pneumonia

A case of PIE syndrome has been reported in which
C. pseudotuberculosis was recovered in a transtra-
cheal aspirate from a veterinary student who was
exposed to horses.321 C. pseudotuberculosis causes
lymphadenitis in livestock but had not been re-
ported previously in humans.

Parasites

Ascaris (human roundworm), Toxocara canis (dog
roundworm), and Toxocara cati (cat roundworm)
are the most frequent parasitic causes of PIE syn-
drome in the United States. Visceral larval migrans
is the name for a syndrome caused by T. canis or
T. cati that is associated with recurrent pneumonia
or wheezing, hepatosplenomegaly, eosinophilia,
hyperglobulinemia, and, rarely, eye infection.322

Amebiasis, trichinosis, trichuriasis (whipworm),
hookworm, and filariasis are also possible causes.

Strongyloides stercoralis can become dissemi-
nated in immunocompromised hosts and is impor-
tant to recognize because it can be cured with iver-
mectin or thiabendazole when found in the stool
before it disseminates.323 Eosinophilia is found only
in some cases.

Allergic Bronchopulmonary Aspergillosis
(ABPA)

ABPA should always be considered if an asthmatic
child develops the PIE syndrome.324 Clinical find-
ings include increased wheezing with low-grade
fever, transient peripheral pulmonary infiltrates,
and, occasionally, focal pneumonia or atelectasis.
The child may spit up mucous plugs containing
mycelia, and a sputum smear may reveal eosino-
philia.324 This disease can occur in young infants,
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having been reported as early as 6 months of age.325

Chronic or recurrent aspergillosis may lead to bron-
chiectasis. Standard diagnostic criteria for establish-
ing the presence of ABPA are listed in Chapter 22
in the section on cystic fibrosis.

Rare cases of a similar clinical syndrome associ-
ated with candidal infection rather than aspergillus
have been reported.326 Allergic bronchopulmonary
mycosis is the general name for the same clinical
pattern caused by fungi other than Aspergillus.327

Aspergillus Infection

The clinical picture of acute eosinophilic pneumo-
nia is rarely caused by invasive pulmonary aspergil-
losis. In one case, a previously well child initially
diagnosed with idiopathic eosinophilic pneumonia
(later proven to be invasive aspergillosis with necro-
tizing granulomas) was found to have chronic gran-
ulomatous disease (CGD). She had two healthy sib-
lings who also tested positive for CGD.328 Another
cautionary tale is that of a boy diagnosed with acute
eosinophilic pneumonia who had an initial re-
sponse to steroid therapy but then had rapid clinical
deterioration and death from invasive aspergil-
losis.329

Noninfectious Causes

Hypersensitivity Pneumonia

The acute onset of bilateral interstitial pneumonia
with associated eosinophilia can be caused by hy-
persensitivity to a number of antigens. These epi-
sodes occur several hours after exposure and usu-
ally last only a day or two. A number of inhalant
allergens have been identified, most of which are
molds: moldy hay (farmer’s lung), moldy dust from
air conditioners, thermophilic actinomyces in hu-
midifiers, antigens in saunas, or dust from
birds.330–332

Hypersensitivity pneumonias are of two types:
(1) acute, diffuse alveolitis (extrinsic allergic alveo-
litis) with severe dyspnea, cough, fever, sweating,
and basilar rales, as in pigeon-breeder’s (bird-fan-
cier’s) lung; and (2) chronic and possibly localized
infiltrates, with wheezing and low-grade fever, ex-
pectoration of mucous plugs, and peripheral eosin-
ophilia, as in bronchopulmonary aspergillosis. Hy-
persensitivity pneumonias can cause chronic or
recurrent pneumonias without eosinophilia as dis-
cussed in that section.

Asthma

Eosinophilia and pulmonary infiltrates can occur in
patients with asthma, but the eosinophilia is usually
minimal.

Other Causes

Polyarteritis nodosa, Hodgkin’s disease or other
lymphoma, Wegener’s granulomatosis, Churg-
Strauss syndrome, and other pulmonary vasculiti-
des,333 rheumatoid disease, nitrofurantoin or tetra-
cycline hypersensitivity,334 and tropical eosino-
philia of unknown etiology are rare causes of the
PIE syndrome and primarily afflict adults. Chest
trauma may result in effusion and peripheral eosin-
ophilia.

PIE has been reported in association with in-
haled drugs of abuse, including Scotchguard� 335

and crack cocaine.336

Idiopathic

Many children with the PIE syndrome recover com-
pletely with no specific cause being found. Probably
some of these illnesses are caused by hypersensitiv-
ity to a self-limited infection or an inhaled allergen.

Diagnostic Approach

Examination of the stool for parasites is usually in-
dicated. If ascariasis is suspected, examination of a
gastric aspirate diluted in normal saline with so-
dium hydroxide may reveal Ascaris larvae.

If aspergillosis is suspected, a sputum smear and
culture for Aspergillus is indicated. However, isola-
tion of Aspergillus from respiratory secretions is not
necessarily diagnostic of a causal association (see
Box 8-1). Serologic tests for Aspergillus species may
be available in some medical centers. Serum IgE
levels are frequently extremely high in ABPA and
may be useful for diagnosis and to follow the course
of illness.325 Eosinophilic cationic protein is ele-
vated in the serum of patients with PIE, and levels
decline with successful therapy.337

Tests for the diagnosis of chlamydial pneumonia
in a young infant are discussed earlier. If hypersen-
sitivity pneumonitis is suspected, the patient’s
serum can be tested at a reference laboratory for
antibodies against a battery of suspected antigens.

Toxocara antibodies can now be detected by sen-
sitive methods and should be looked for if visceral
larval migrans is suspected.
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Treatment

With the exception of acute eosinophilic pneumo-
nia, which can be life-threatening, the syndrome
usually has a benign etiology, and special therapy
is unnecessary unless a specific cause is found. Al-
lergic aspergillosis usually responds to corticoste-
roids. In fact, most cases of PIE are responsive to
corticosteroid therapy. Chlamydial pneumonia is
improved by treatment with erythromycin or sulfi-
soxazole. Parasitic causes can usually be treated
with antiparasitic agents. Pulmonary failure, if it
occurs, should be treated with mechanical ventila-
tion. Some cases of PIE in the neonatal period have
required extracorporeal membrane oxygenation
(ECMO).

■ CHRONIC AND RECURRENT
PNEUMONIA SYNDROMES

Chronic pneumonia can be defined as a pulmonary
density that does not improve within one month.
Recurrent pneumonia can be defined as more than
one episode within a 1-year period or more than
three episodes in a lifetime. Cough and fever are
usually present at the onset but may not persist.

Many children with a chronic pulmonary lesion
(especially a congenital anomaly) are thought to
have recurrent pneumonias if chest roentgeno-
grams are taken only during febrile respiratory in-
fection.

Classification

Chronic pneumonias are best classified on the basis
of the anatomic pattern, whether focal, interstitial,
with hilar adenopathy, or with cysts, cavities, or
spherical masses (Boxes 8-10 and 8-11).

Recurrent pneumonias are classified as focal or
interstitial for purposes of discussion (Box 8-12).

Chronic Focal Pneumonias

Untreated or Undertreated Acute
Pneumonia

Pneumonia due to a common pathogen that has
been untreated or in which the treatment was never
completed is a possible cause of chronic pneumo-
nia. In treatment failures, resistant organisms may
be responsible. Penicillin-resistant S. pneumoniae
treated with antibiotics (such as TMP-SMX or a
macrolide) that have moderate to poor activity

BOX 8-10 ■ Causes of Chronic Focal
Pulmonary Disease

Infectious
Mycobacterium tuberculosis
Systemic fungi
Nontuberculous mycobacteria
Paragonimiasis

Noninfectious
Malignancy
Atelectasis
Foreign body
Congenital anomalies of lung, thymus, 

or mediastinum
Vascular rings
Eventration of diaphragm (RLL)
Plasma cell granuloma
Inflammatory pseudotumor

against the pneumococcus may produce this clini-
cal picture.

Tuberculosis

Pneumonia caused by M. tuberculosis is often de-
tected when a chest x-ray is done because of a posi-
tive tuberculin test in an exposed but asymptomatic
child, so the duration may be unknown. Alterna-
tively, the infiltrate may be discovered when the
child has an x-ray because of fever with mild respi-
ratory signs and symptoms from another cause. Oc-
casionally, tuberculosis presents as an acute febrile
lobar pneumonia. Failure of the infiltrate to clear
after antibiotic therapy may be noted before tuber-
culosis is suspected. Often, the infiltrate is wedge
shaped and associated with regional hilar adenopa-
thy. Tuberculosis is discussed further in a later sec-
tion.

Nontuberculous Mycobacterial Pneumonia

M. avium-intracellulare complex and other myco-
bacteria can produce a tuberculosis-like disease, es-
pecially in children with defective cell-mediated im-
munity, but rarely in normal children.338

Fungal Pneumonia

Histoplasmosis, coccidioidomycosis, blastomyco-
sis, cryptococcosis, and sporotrichosis can all pro-
duce a chronic focal pneumonia in children. The
clinical presentation can be as varied as that in tu-
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BOX 8-11 ■ Causes of Chronic Interstitial Pulmonary Disease; Pneumonia with Hilar Adenopathy;
and Chronic Cavitary, Cystic, or Nodular Pneumonias

Causes of Chronic Interstitial Pulmonary Disease
Infectious

Pneumocystis jiroveci
CMV
Lymphocytic interstitial pneumonitis (in patients

with HIV infection)
C. trachomatis
Late-onset congenital rubella syndrome

Noninfectious
Bronchopulmonary dysplasia
Congestive heart failure
Chronic interstitial fibrosis
Lymphoid granulomatosis 
Pulmonary alveolar proteinosis
Lipoid interstitial pneumonitis
Bronchiolitis obliterans
Desquamative interstitial pneumonia
Pulmonary hemosiderosis
Histiocytosis
Sarcoidosis
Juvenile rheumatoid arthritis
Giant-cell pneumonitis
Idiopathic fibrosing alveolitis (usual interstitial 

pneumonitis)

Causes of Pneumonia with Hilar Adenopathy
Common

Mycobacterium tuberculosis
Histoplasmosis
Mycoplasma pneumoniae
Chlamydia pneumoniae

Uncommon
Nontuberculosis mycobacteria
Fungi other than histoplasmosis

Actinomycosis
F. tularensis
Lung abscess
Anthrax

Noninfectious
Lymphoma
Other neoplasms

Causes of Chronic Cavitary, Cystic, or Nodular 
Pneumonias
Infectious

Tuberculosis
Systemic fungi
Lung abscess
Atypical measles
Dog heartworm
Paragonimiasis (Far East immigrant) 
Mycoplasma pneumoniae
Necrotizing bacterial pneumonia, especially

gram-negative rods such as Pseudomonads,
Klebsiellae, and Pseudoallescheria boydii

Actinomycosis
Nocardiosis

Noninfectious
Congenital anomalies
Malignancy
Traumatic cyst

-1 Anti-trypsin deficiency
Anti-thyroid therapy
Eosinophilic granuloma
Pulmonary sarcoidosis

berculosis, from asymptomatic to a chronic cough
with a low-grade fever to an acute lobar pneumonia.
The radiographic appearance is often a chronic seg-
mental consolidation but can be multiple nodules
or a cavitary lesion. Hilar adenopathy is often noted,
especially in histoplasmosis.

Unusual Pathogens

Coxiella burnetti (Q fever agent) and Chlamydia psit-
taci may cause chronic pneumonia. Systemic symp-
tomas such as headaches and myalgias may domi-
nate the clinical picture. The key to diagnosis is to
ask the right questions regarding possible expo-
sures (see Chapter 21).

Atelectasis

Chronic or recurrent focal pneumonias can be sec-
ondary to a focal anatomic abnormality, such as

atelectasis. The underlying cause of the atelectasis
might be a foreign body, a mucoid impaction of a
small bronchus after an asthmatic attack or after
pertussis, or a narrowed bronchus obstructed by
secretions. Atelectasis can also be the result of
compression of a bronchus due to cardiovascular
anomalies, an enlarged lymph node, tumor, or post-
pneumonic inflammatory changes. Atelectasis can
be round and give the impression that a tumor is
present.339

Foreign Body

A radiolucent small foreign body, such as a peanut
or a piece of Styrofoam, can cause a focal pneumo-
nia. A history of choking is frequently reported340

and wheezing is sometimes present. Inspiratory and
expiratory roentgenograms sometimes show a shift
of the mediastinum and an increased lucency on
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BOX 8-12 ■ Causes of Recurrent
Pneumonias

Recurrent Focal Densities
Asthma
Cystic fibrosis
Bronchiectasis
Right middle-lobe syndrome
Multiple aspiration pneumonia
Migratory foreign body
Congenital obstructing anomalies
Immunodeficiency diseases
Primary ciliary dyskinesia

Recurrent Interstitial Infiltrates
Asthma
Hypersensitivity pneumonias
Unilateral hyperlucent lung
Lymphocytic interstitial pneumonia (in patients 

with HIV infection)

the affected side. Computed tomography may be
helpful in difficult cases.341 Bronchoscopy is likely
to be necessary to detect occult foreign bodies.342

Aspiration of the flowering head or spike (inflo-
rescence) of a stalk of grass such as the Timothy
grass can cause especially severe problems with per-
sistent focal pneumonia, often with hemoptysis.343

The aspiration is often forgotten, and broncho-
scopic removal is often unsuccessful, leading to
bronchiectasis and eventually to pulmonary resec-
tion. Acute symptoms of respiratory foreign-body
aspiration are discussed in Chapter 7.

Congenital Anomalies

Many rare anomalies can give the impression of a
chronic focal pneumonia and are often initially de-
tected when a chest x-ray is taken during an episode
of fever and respiratory symptoms. In addition,
some conditions predispose to secondary bacterial
pneumonia in the affected area of the lung due to
trapping of secretions. These anomalies include
hypoplasia of the lung, thymic tumors or cysts,
posterior mediastinal accessory thymus, tracheal
bronchus, cystic adenomatoid malformation, bron-
chogenic cysts, and congenital pulmonary seques-
tration of non-functioning lung tissue.344,345

Parasites

Paragonimiasis (lung fluke infection) can cause dif-
fuse perihilar infiltrates, cysts, or hilar adenopathy

in individuals from the Far East who eat contami-
nated freshwater crabs or crayfish.346 Differentia-
tion from smear-negative pulmonary tuberculosis
may be difficult.347 Diagnosis is by detection of the
parasite in sputum or a gastric aspirate.

Neoplasms

Solid focal “pneumonias” occasionally are a result
of a neoplasm, such as neuroblastoma.

Chronic Linear or Interstitial Infiltrates

Although these chronic pneumonias are rarely due
to infections, infectious possibilities will be consid-
ered first.

Chlamydial Pneumonia

As described in the section on pulmonary infiltrates
with eosinophilia, C. trachomatis typically produces
subacute or chronic interstital pneumonia in chil-
dren less than 6 months of age. This organism is
also a rare cause of this syndrome in older children
and adults, but eosinophilia is usually not
present.348

Cytomegalovirus Pneumonia

Typically, CMV produces disease in immunosup-
pressed individuals, especially recipients of solid
organ or stem cell transplants as described in Chap-
ter 22. Infants may become colonized with CMV in
the nursery or during delivery and develop a
chronic interstitial pneumonia even without the
usual iatrogenic immunosuppression associated
with CMV disease.349 Cough, wheezing, and tach-
ypnea may occur without the usual chronic intersti-
tial pneumonia, but most infants with symptoms
appearing after 3 months of age have some underly-
ing disease.350

Pneumocystis Pneumonia

Immunocompetent infants aged 2–12 weeks have
been found to have chronic diffuse pneumonia with
tachypnea caused by Pneumocystis jiroveci.351 The
median hospitalization was 3 weeks, with apparent
clinical response to oxygen and trimethoprim-sulfa-
methoxazole.

Bronchopulmonary Dysplasia

Premature infants who have required mechanical
ventilation can develop bronchopulmonary dyspla-
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sia (BPD) characterized by diffuse, often linear, in-
filtrates, focal hyperinflation, and chronic pulmo-
nary insufficiency with exacerbations during
intercurrent respiratory infections.352,353 A new
definition of BPD was recently proposed by a con-
sensus panel and focuses on the need for supple-
mental oxygen for at least 28 days after birth.354

Congestive Heart Failure

This is a frequent cause of bilateral interstitial infil-
trates in patients with congenital heart disease.
Often, cardiomegaly and hepatomegaly are present.

Idiopathic Interstitial Pulmonary Diseases

This is a general term for a group of noninfectious
pneumonias. Some chronic progressive forms are
familial,355 and circulating immune complexes may
be involved in the pathogenesis of some of these.356

Lung biopsy is necessary to make the diagnosis.
Hydroxychloroquine, cyclosporine, or cyclophos-
phamide therapy produces improvement in some
forms of this complex of diseases when corticoste-
roid therapy, the first choice, fails.355

Pulmonary alveolar proteinosis is characterized by
progressive dyspnea with an oxygen diffusion block
and cyanosis.357 The chest x-ray may resemble that
of pulmonary edema without cardiomegaly but
often shows reticulonodular, miliary, or healing
nodules.358 The disease has been reported in chil-
dren as young as 3 months of age. Recently, it has
been discovered that mutations in the genes for
granulocyte-macrophage colony-stimulating factor
(GM-CSF) or its receptor can cause the syndrome,
and the therapeutic use of aerosolized GM-CSF is
promising.359

Several idiopathic diffuse interstitial lung dis-
eases are seen exclusively in infancy. Persistent tach-
ypnea of infancy presents with tachypnea and hy-
poxia and a normal chest x-ray.360 The syndrome
has an excellent prognosis and resolves over
months to years. Infantile cellular interstitial pneumo-
nitis usually is a reaction to another lung process;
chest x-rays reveal a ground-glass pattern and lung
biopsy shows infiltration of structural cells that
have proliferated abnormally. The disease tends to
go away when the underlying disease state re-
solves.360 Chronic pneumonitis of infancy is a disease
of unknown etiology that presents with tachypnea
and hypoxemia. Biopsy shows cellular proliferation
and an alveloar exudate consisting mainly of macro-
phages and eosinophilic debris. The prognosis of

chronic pneumonitis of infancy is guarded; many
patients suffer progressive pulmonary deteriora-
tion.361

Desquamative interstitial pneumonia (DIP) is asso-
ciated with the use of unfiltered cigarettes in adults;
the incidence has been declining over the last dec-
ade. The incidence of DIP in childhood, however,
has not changed. DIP is characterized by progres-
sive dyspnea with an oxygen diffusion block and
cyanosis, with the alveoli being filled with desqua-
mated cells. This condition can occur in young in-
fants with congenital rubella syndrome, apparently
resulting from deposition of antigen-antibody com-
plexes in the lungs.362 It has also been associated
with other infectious agents, including CMV.363

Several cases have been observed in the first year of
life, and it can be familial.364 Steroid therapy often
produces improvement, and sometimes chlo-
roquine therapy is helpful.365

Usual interstitial pneumonia (idiopathic fibrosing
alveolitis) is seen almost exclusively in adults. It
typically has a fine reticular or finely nodular radio-
logic appearance but may appear linear. It can be
familial and is sometimes reversed by corticosteroid
therapy.366

Idiopathic pulmonary hemosiderosis is character-
ized by recurrent hemoptysis, bilateral diffuse mot-
tled densities, and “honeycomb lung” and has been
reported in infants as young as 9 months of age.367

Goodpasture’s syndrome appears to be a severe
form of pulmonary hemosiderosis with renal in-
volvement. The onset is associated with hemoptysis
and iron-deficiency anemia, with uremia occurring
later. In the 1990s a cluster of cases of acute pulmo-
nary hemosiderosis and pulmonary hemorrhage in
infants was initially attributed to exposure to the
common mold Stachybotrys atra. However, the pur-
ported association remains unproven.368,369

Other Causes

Pulmonary Langerhans’ cell histiocytosis is a rare
cause of chronic diffuse interstitial pneumonia in
children.370 Lymphoid granulomatosis is a rare
cause of progressive respiratory insufficiency with
bilateral diffuse reticular pneumonia.371 It has also
been reported in association with hypogammaglob-
ulinemia, HIV infection, and juvenile rheumatoid
arthritis.372,373 Lymphoid interstitial pneumonitis is
a frequent occurrence in children with HIV/AIDS.
It is associated with EBV infection and usually her-
alds a good prognosis in comparison with children
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who develop other opportunistic respiratory infec-
tions.374 Diffuse chronic interstitial infiltrates can
be an early presentation of sarcoidosis.375

Hilar Adenopathy

Hilar nodes typically appear as a rounded, lobu-
lated mass and can be best seen at first by lateral
chest roentgenograms376 and further defined by
computed tomography.377

Chronic pneumonia with hilar adenopathy in
children is usually mycobacterial or fungal. Sub-
acute pneumonia with hilar adenopathy can be
caused by Mycoplasma.378 The most common
chronic pneumonia associated with hilar adenopa-
thy in children is probably tuberculosis, discussed
later. Histoplasmosis may be more common in areas
of endemicity. Coccidioidomycosis and, less com-
monly, blastomycosis are possibilities to be consid-
ered. Actinomyces and nontuberculous mycobac-
teria are other rare causes.379,380

Sarcoidosis is a very rare cause of chronic pneu-
monia with hilar and paratracheal adenopathy in
children.375 Bilateral mottling and generalized ade-
nopathy is usually present. Uveitis, hypercalcemia,
bone lesions in the hands, and erythema nodosum
are sometimes found. The disease can affect chil-
dren as young as 2 years of age. Most large series
have been reported from Virginia or the Caro-
linas.375

Lung abscess is another cause of hilar adenopa-
thy, which disappears when the abscess is re-
solved.381 Usually, the abscess can be identified as
a circular mass, which eventually cavitates, as de-
scribed in a later section.

Tularemia can cause hilar adenopathy and is dis-
cussed in the sections on acute focal pneumonia
and pleural effusions.

Lymphomas or neoplasms of the mediastinum
are a cause of hilar adenopathy and may be mis-
taken for chronic infections.382

Cysts, Cavities, or Spherical Masses

Spherical masses, with or without cavitation, are
often of infectious origin in children.383 A child
with an acute febrile illness and a spherical density
on a chest film may be suspected of having a tumor.
However, such spherical masses are almost always
infectious, as can be readily determined by their
resolution during antibiotic therapy.384

Mycobacteria or Fungi

Tuberculosis is a possible cause of pulmonary ca-
vitation in teenagers384 and, rarely, in younger
children.385 Histoplasmosis, sporotrichosis, coc-
cidioidomycosis, cryptococcosis, actinomycosis,
nocardiosis, and blastomycosis should also be con-
sidered.386,387 Sporotrichosis is a rare cause of
chronic pulmonary disease with cavitation. Al-
though the skin ulcerations usually respond dra-
matically to iodide therapy, the rare pulmonary
form usually responds only to amphotericin B or
itraconazole.

Cavities or Lung Abscess

The bacteria that produce necrotizing pneumonia
include S. aureus, gram-negative enterics, and an-
aerobes.388–393 Prior to the advent of good anaero-
bic culture techniques, S. aureus was the most fre-
quently recovered organism. A review of the
literature since then reveals that Bacteroides fragilis
is the most common pathogen, followed by S. au-
reus, alpha-hemolytic streptococci, peptostrepto-
coccus, and Pseudomonas aeruginosa. E. coli and
Klebsiella pneumoniae are the most common gram-
negative organisms found in lung abscesses. The
pneumococcus is a rare cause of cavitary disease in
childhood; a series of 3 pediatric cases in which
typical lobar pneumonia was followed in several
days by the appearance of pneumatoceles or frank
abscess has been reported.394 In adults, additional
infection with anaerobes is usually present.388

Group A streptococci have been recovered from
lung abscesses.395 H. influenzae and M. pneumoniae
have been reported as rare causes of cavitary pneu-
monia or a lung abscess.389,390 Fungi, especially As-
pergillus, have to be considered in the immunocom-
promised host. In patients with HIV/AIDS,
Nocardia, Pneumocystis, and Rhodococcus equi should
be added to the differential diagnosis.396

Lung abscesses may appear to be cystic, cavitary,
or solid, and in children are usually associated with
underlying risks, most frequently neurologic or on-
cologic disorders. Abscess formation is also more
common in patients with certain immune deficien-
cies. Bronchial obstruction, suppurative pneumo-
nia, or dental infections also heighten the
risk.391,392 In infants and children, respiratory mus-
cular weakness, a swallowing disturbance, or as-
sisted ventilation may be reasons for aspiration
which could lead to abscess formation.

The diagnosis of lung abscess is usually based



CHRONIC AND RECURRENT PNEUMONIA SYNDROMES 215

on radiologic demonstration of a circular density
with an air-fluid interface. CT scan is excellent in
defining abscesses and allowing the detection of
smaller ones. Sputum or bronchoscopy-obtained
secretions should be examined for Aspergillus, tu-
bercle bacilli, and anaerobic bacteria. Percutaneous
transtracheal aspiration studies indicate that anaer-
obes are common, and invasive techniques to ob-
tain material for cultures can be used to aid therapy
in severe or refractory cases.393

Treatment consists of antibiotic therapy based
on stain and culture results and correction of the
underlying conditions if possible. In general, em-
piric therapy should cover anaerobes and gram-
negative bacilli. This can be accomplished by using
clindamycin and ceftazidime, piperacillin-tazobac-
tam, or nafcillin/gentamicin/metronidazole. Gener-
ally, intravenous therapy is continued until the pa-
tient is stable, usually less than a week. Total
duration of therapy is usually 2–3 weeks, except
in complicated cases, when therapy should con-
tinue for 2–3 weeks from stabilization. Amoxicillin-
clavulanate or clindamycin (depending on the clini-
cal situation) may be appropriate oral agents for
completion of therapy. Lung abscesses can some-
times be drained by bronchoscopy or fluoroscopy-
guided percutaneous aspiration, but such invasive
procedures are usually not indicated, as many cases
heal well without such drainage.397 Radiographic
resolution may take weeks to months. Follow-up
chest x-rays to document the disappearance of the
lesion should be obtained.

Parasites

Parasitic infection is a rare cause of cavitary disease.
For example, paragonimiasis can be a cause of cavi-
tary pneumonia in an adopted or immigrant child
from the Far East.346

Nodular or coin-shaped densities may occur in
human infection with the dog heartworm Dirofilaria
immitis.398 Dogs are the reservoir host, and the mi-
crofilariae are apparently transferred by mosquito
bite from the dog’s bloodstream to the human,
where the mature adult later dies and becomes en-
capsulated in the lung. The mature adult cannot
produce microfilariae in humans. About a hundred
human infections have been confirmed, but none
of these occurred in children. Cough, myalgia, and
low-grade fever may occur. Eosinophils are noted
in the lung lesions, but peripheral eosinophils rarely
exceed 10%. Lung abscess due to amebiasis is not

uncommon in the developing world. Patients with
lung involvement almost always have concomitant
liver abscesses.399

Pulmonary hydatid cysts due to infection with
Echinococcus granulosus are not uncommon in en-
demic areas (parts of Africa, central Asia, and Aus-
tralia). In children, the lung is the most common
site of involvement, and there may be single or mul-
tiple cysts.400 Surgery is the treatment of choice for
most patients with pulmonary hydatid disease, and
conservative surgical methods that preserve lung
parenchyma are generally preferred.401

Noninfectious Causes

Neoplasms, especially lymphomas or metastatic
malignancies, are an occasional cause of spherical
pulmonary lesions in children. Langerhans’ cell his-
tiocytosis may be associated with multiple cysts in
the lung, sometimes with pneumothorax (Fig.8-
7).402 Generalized or cervical adenopathy is likely
to be present. Inflammatory pseudotumor is a rare
cause of a circular pulmonary mass in children; it
is usually asymptomatic.

Pulmonary cavitation can be the result of alpha1-
antitrypsin deficiency in children.

Trauma can cause lung cysts.403 Other causes
include bronchopulmonary dysplasia, Wegener’s
granulomatosis, autoimmune disease, and cystic
bronchiectasis.404 Antithyroid drugs can produce
toxic side effects that can include cutaneous vasculi-
tis and pulmonary cavitation.

Recurrent Focal Pneumonia
The child with only a few episodes of recurrent
pneumonia often has no detectable defect and has

■ FIGURE 8-7 Multiple cysts caused by histiocytosis. Note
large cyst behind the heart. Pneumothorax may occur.
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been categorized as a “normal but unlucky” child,
if all findings are normal between episodes, growth
and family history are normal, there is no history
of other infections, and the child has a negative
tuberculin skin test (see Box 8-12).405 The next
most frequent cause of recurrent focal or interstitial
pneumonia is asthma.405,406

Right Middle-Lobe Syndrome

Recurrent or persistent pneumonia or atelectasis in
the right middle lobe has been called the right mid-
dle-lobe syndrome, but the same pattern can occur
in other lobes.407 The underlying cause in children
is often asthma, with obstruction by spasm and
bronchial secretions. Hilar node or other extrinsic
compression of a bronchus is another mechanism.
Blastomycosis was found to be the cause in one
patient, although fungal infection is usually not as-
sociated with the syndrome.408 A seven-year fol-
low-up study of 17 children who had the diagnosis
in early childhood showed that 5 had ongoing re-
spiratory problems: 4 had asthma and 1 had bron-
chiectasis. Pulmonary function tests were lower in
those with continued respiratory disease.409 Flexi-
ble bronchoscopy can be useful for removal of mu-
cous plugs or secretions, even in young infants.410

In one series of 21 cases, bronchoscopy was thought
to be therapeutic in 14 (67%). Four patients eventu-
ally required lobectomy, and two had persistent but
improving symptoms.411

Cystic Fibrosis

The underlying disease in chronic or recurrent
pneumonias can be cystic fibrosis (see Chapter 22),
which can be excluded by a sweat test. The type of
pneumonia seen in cystic fibrosis is variable but is
usually segmental or lobular.

Multiple Aspirations

An episode of aspiration can often be observed dur-
ing hospitalization. An H-type tracheoesophageal
fistula or aspiration caused by a swallowing abnor-
mality can be excluded by a barium esophagram.
Many cases of recurrent aspiration in children are
related to a neuromuscular disturbance, particu-
larly muscle weakness, as discussed in an earlier
section.

Gastroesophageal Reflux

Some children with recurrent focal pneumonia
have gastroesophageal reflux.412

Bronchiectasis

In patients with more than one episode of focal
pneumonia, bronchiectasis should be suspected,
particularly if the same area is involved and if each
illness responds promptly to antibiotic therapy. In
pediatrics, bronchiectasis is most commonly seen in
association with cystic fibrosis. Occasionally, serial
roentgenograms will demonstrate gradual resolu-
tion of an atelectasis, which is in reality a complete
collapse with gradual hyperexpansion of an adja-
cent lobe as the diseased lobe atrophies. Prophylac-
tic antibiotics are controversial. In a study of adults
who had bronchiectasis but not cystic fibrosis, the
condition was improved in a higher proportion of
those who got amoxicillin prophylaxis than in con-
trols. The frequency of exacerbations remained the
same, but the severity was decreased.413 The possi-
ble benefit of prophylactic antibiotics must be
weighed against the risk of creating antimicrobial
resistance.

Bronchiectasis is sometimes reversible. In one
series, bronchograms were done in 60 consecutive
acute pneumonias in soldiers.414 Bronchiectasis
was demonstrated in 8, of which 3 returned to nor-
mal within 4 months. Mild bronchial abnormalities
were demonstrated in another 17 soldiers, and most
returned to normal by 2 months.

Bronchiectasis and recurrent pneumonia can
also result from a congenitally aberrant bron-
chus.415 Other congenital or familial causes of bron-
chiectasis include cystic fibrosis, primary ciliary
dyskinesia, alpha1-antitrypsin deficiency, IgG or
IgA deficiency, and complement or neutrophil de-
fects.416 Primary ciliary dyskinesia is discussed fur-
ther in Chapters 5, 22, and 23.417

Specific infectious diseases, such as pertussis,
Mycoplasma, or adenovirus infection, sometimes re-
sult in bronchiectasis or recurrent pneumonia,
often with a unilateral hyperlucent lung.418

Migratory Foreign Body

Recurrent focal pneumonia can be caused by a mi-
gratory radiolucent foreign body.419

Congenital Anomalies

Recurrent pneumonias may be secondary to tra-
cheomalacia, bronchomalacia, a vascular ring, or an
H-type tracheoesophageal fistula.420,421 Uncom-
mon causes of chronic focal pneumonias include
intralobar sequestration, an enteric-respiratory tract
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fistula, congenital cystic adenomatoid malforma-
tion, and paralysis or eventration of the diaphragm.

Immunologic Deficiency Diseases

Recurrent or progressive bacterial pneumonias
occur in many such diseases, particularly in hypo-
gammaglobinemia and in chronic granulomatous
disease (see Chapter 23).422

Recurrent Linear or Interstitial
Infiltrates

Asthma

The most common cause of recurrent interstitial
pneumonia is acute bronchial asthma or asthmatic
bronchitis, discussed in Chapter 7. These diagnoses
are sometimes not easy to make on only the second
or third episode, especially if there is little wheezing
and the signs of the precipitating infection are
prominent.

Hypersensitivity Pneumonitis

Also called extrinsic alveolitis, this disease is caused
by allergic reactions to a variety of inhalants. The
syndrome of hypersensitivity pneumonitis has been
reported in children as young as 18 months of age.
These pneumonias are sometimes associated with
peripheral eosinophilia, in which case they would
be categorized as PIE syndrome (see earlier section).
So-called “farmer’s lung,” caused by hypersensitiv-
ity to antigens encountered on a farm, can be
chronic and occur without eosinophilia. Like most
hypersensitivity pneumonias, it responds well to
corticosteroid therapy and avoidance of the inciting
antigen.423

Pneumonias in Children with AIDS

Infants and young children with HIV infection fre-
quently have recurrent or chronic pneumonia, as
discussed in Chapter 20. Typically, hepatospleno-
megaly, generalized lymphadenopathy, and failure
to thrive are also present.

Three types of pneumonia are especially associ-
ated with AIDS in young children:424–426

1. Pneumocystis jiroveci pneumonia, which is usu-
ally a subacute, diffuse interstitial pneumonia.

2. Lymphoid interstitial pneumonitis, which typi-
cally has a chronic, diffuse, nodular pattern, and
is often associated with early clubbing and very
high EBV IgG.425

3. A subset of children with HIV infection is prone
to recurrent S. pneumoniae infection. In some
cases, this presents as recurrent pneumonia, al-
though they may also develop bacteremia or
grow the pneumococcus from unusual sites, in-
cluding the parotid gland, the cervical lymph
nodes, and even long bones.

Diagnostic Approach

The relative priority of these tests depends on the
etiologies suspected. The beginning of this chapter
discusses the use of laboratory tests and diagnostic
procedures for pneumonia.

Skin Tests

An intermediate strength tuberculin skin test
should be done routinely in a patient with chronic
or recurrent pneumonia. Positive histoplasmin or
coccidioidin skin tests only indicate past infection
and so are not helpful. Testing of urine for Histo-
plasma antigen is probably worthwhile, although a
negative result does not rule out histoplasmosis.
The skin test for blastomycosis is unreliable. In a
large outbreak involving normal children, it was
positive in only 40% of patients with clinically sus-
pected acute blastomycosis, but a serologic test de-
tected 77% of cases.427

Smear and Culture

Tracheal or bronchial secretions obtained by endo-
scopic procedures described later are probably the
best material for smear and culture. Sputum may be
available from older children or even preschoolers if
they have chronic lung disease. Flexible bronchos-
copy may provide helpful specimens in young chil-
dren.

Serologic Tests for Fungi

Serologic tests for histoplasmosis and coccidioido-
mycosis are usually helpful. Serologic tests for blas-
tomycosis and sporotrichosis may be available in a
reference laboratory. Serologic testing for blastomy-
cosis is insensitive.

Radiographic Studies

An esophagram is useful in infants or young chil-
dren when compression of the trachea or a major
bronchus is suspected. Aspiration, defects in swal-
lowing, or an H-type tracheoesophageal fistula may
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be observed during fluoroscopy as the radiopaque
material is swallowed. Computed tomography is
useful to identify cysts or cavities within apparently
solid masses. An aortogram can demonstrate aber-
rant bronchial arteries to a sequestered lung seg-
ment. Radioisotopic lung scanning may be appro-
priate to find suspected ventilation or perfusion
abnormalities.

Endoscopic Procedures

Direct laryngoscopy can be done in young infants
for diagnostic purposes and for obtaining secretions
for examination. Bronchoscopy is especially useful
to confirm suspected tracheomalacia, foreign body,
or external compression of the trachobronchial tree.
It is also useful to obtain secretions for microscopic
examination and culture and to aspirate obstructing
mucous plugs or secretions. Bronchial brushing is
especially useful for documenting pulmonary infec-
tion with opportunistic pathogens in immunocom-
promised hosts.

Biopsies

Lung puncture and pleural biopsy are discussed at
the beginning of this chapter. Open or thoraco-
scopic lung biopsy may be advisable in difficult
cases of chronic pneumonia.

HIV Serology

In a young child, chronic or interstitial pneumonia,
hepatosplenomegaly, failure to thrive, or other re-
current infections should suggest the possibility of
perinatally-acquired HIV infection (Chapter 20).
Other immune deficiencies should also be consid-
ered (Chapter 23).

■ PULMONARY TUBERCULOSIS

Definitions

Tuberculosis (TB) is complex, but understanding a
few definitions can simplify things greatly. TB expo-
sure is defined as contact with an infectious case in
the previous 3 months. The exposed child has a
negative tubeculin skin test (TST), a normal physi-
cal examination, and a negative chest x-ray. The
skin test is negative even in children who have be-
come infected because it takes the child a few weeks
to mount a delayed-type hypersensitivity response.
Because children younger than 4 years old are at
increased risk of rapid progression to disease, they

are treated with isoniazid for 3 months and repeat
skin testing is done at that time. If the repeat test
is negative, isoniazid can be discontinued. The same
can be done for older children, especially house-
hold contacts; alternatively, isonizaid therapy can
be omitted and a repeat skin test performed in 3
months.

Patients with latent TB infection (LTBI) have a
positive skin test but no signs or symptoms, and
they have a negative chest x-ray. Treatment is indi-
cated, usually with isoniazid for 9 months. In the
past, this had been referred to as “preventive ther-
apy,” which is an oxymoron; the term “treatment
of LTBI” is more accurate and is preferred. The goal
of therapy in this case is to prevent the child from
progressing to TB disease (definition following). Al-
though the child with LTBI is infected with M. tu-
berculosis, the organism load is much lower than in
patients with tuberculosis disease, and thus a single
agent is usually sufficient. Persons with LTBI are
not contagious.

TB disease (sometimes referred to as active TB)
is defined as disease in a person with infection in
whom symptoms, signs, or radiographic manifesta-
tions caused by M. tuberculosis are apparent. Pri-
mary disease occurs as a complication of the initial
infection, and this is the usual case in children. Sec-
ondary or reactivation disease occurs after a period
of dormancy and is typical of disease in adults. Tu-
berculosis disease may or may not be contagious
depending on the patient’s age, site of organ in-
volvement, symptoms, and duration of effective
therapy. Adults with pulmonary tuberculosis are
often contagious and are the usual source of trans-
mission of infection to children. Distinguishing dis-
ease from infection is critical, because treatment of
disease requires multi-drug therapy to avoid the
creation of resistant organisms, which can be disas-
trous both from the perspective of the individual
patient and from a public health standpoint.

Typical Childhood TB
Most childhood TB in the United States now pre-
sents as hilar adenopathy with or without periph-
eral pneumonia or is discovered by skin testing,
usually because of a possible exposure. The source
case often acquired the disease outside the United
States or from a high-risk area within, such as a jail
or a nursing home.

TB Outbreaks

In populations where the disease is rare, the fre-
quency of various tuberculous presentations can be
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judged by outbreaks, which typically occur after
a highly contagious index case joins a susceptible
group.428,429 In a British outbreak in 1984, there
were 32 children found to have TB after contact
with a woman who had extensive bilateral cavitary
disease.428 Of the 32 children, 75% had hilar ade-
nopathy alone, 6% had tuberculous pneumonia,
6% had miliary tuberculosis, and 13% had a posi-
tive TST with a negative chest roentgenogram.

In an Oregon high school outbreak, the source
case was a Korean teenager who had lived in the
United States for one year.429 When she was discov-
ered to have cavitary tuberculosis, tuberculin test-
ing of classroom contacts revealed 16 non-foreign-
born classmates who were tuberculin positive. LTBI
treatment was given, but four new cases of pulmo-
nary tuberculosis developed, apparently in individ-
uals who did not take the medication properly.
More recently, 5 New York elementary school bus
drivers were found to have TB. As a result, 3300
students in 49 schools were exposed. Amazingly,
contact investigation revealed that only one of the
bus drivers transmitted the infection to anyone;
10% of his contacts were skin test positive, and
one case of active pulmonary disease in a child was
discovered.430

Primary (“Ghon”) Complex

The second most common form of childhood pul-
monary tuberculosis (after isolated hilar adenopa-
thy) is a peripheral pulmonary infiltrate with hilar
adenopathy, often called the primary complex or
the Ghon complex (Fig. 8-8). The hilar nodes may
show calcium deposition, which usually indicates
that the complex has been present at least 6 months
but it may occur by as early as 2 months. Tubercu-
lous nodes may compress a bronchus, resulting in
atelectasis, or may erode through the bronchus,
producing airway spread of the disease. Compres-
sion of the esophagus causing dysphagia may also
occur. Bronchial obstruction may produce emphy-
sema or, more commonly, a segmental fan-shaped
x-ray lesion. Bronchial compression can cause
wheezing and the child may be incorrectly diag-
nosed with asthma.

Laboratory Evaluation

Young children often do not cough and produce
sputum. Although gastric washings can be done,
searching for the contact source (usually a family
member) and obtaining the isolate from that per-

son’s sputum is usually quicker and more reliable.
This is best facilitated by prompt reporting of cases
to the local health department. The yield from gas-
tric washings, if properly done, may be as high as
40%; it is even higher in infants. Washings must
be done first thing in the morning, just as the child
is awakening, before the swallowed secretions from
the previous night have left the stomach. Because
M. tuberculosis is sensitive to sodium, a saline-free
solution, such as sterile water, must be used. They
should be done on three consecutive days. If a
skilled bronchoscopist is available, that procedure
may be done instead. A positive acid-fast stain from
sputum, gastric washings, or bronchoscopy indi-
cates the presumptive diagnosis of tuberculosis and
means an isolate will likely be cultured that can be
used for susceptibility testing.

DNA hybridization methods allow for immedi-
ate speciation and can be useful to separate M. tuber-
culosis from other mycobacteria. However, they are
expensive, their sensitivity is not higher than cul-
ture, and they do not provide information regarding
susceptibility. Nontuberculous mycobacteria are
unlikely except in immunosuppressed patients and
children with chronic cervical adenitis.

Tuberculin Skin Test

Indications

Persons in high-risk groups should have tuberculin
tests yearly. The primary purpose of such routine
testing is early recognition of tuberculous infection
so that treatment can be given before progression
or dissemination occurs. The other indications for
testing are symptoms compatible with TB disease
(e.g., chronic cough, fever, and lower respiratory
tract disease) and suspected or known exposure to
TB. A 48- to 72-hour follow-up examination for the
illness is usually required, at which time the results
of the test can be ascertained. It is wise to place a
TST on patients with fever of unknown origin, even
in the absence of respiratory symptoms. Children
with presumed bacterial pneumonia who fail to re-
spond to empiric antimicrobial therapy should have
a TST placed. In the instance when primary pulmo-
nary tuberculosis presents as pneumonia, the tuber-
culin test will be positive at its onset.

Routine screening of patients who are at low risk
for tuberculosis (such as for school entry or at well-
baby check-ups) is inappropriate; greater than 90%
of all positive tests in such low-risk populations
are falsely positive.431 Because there is no follow-up
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■ FIGURE 8-8 Hilar adenopathy (arrow) with diffuse pneumonia in child with a
primary complex caused by tuberculosis. (Photo courtesy of Dr. Justin Wolfson).

diagnostic test, all patients who test positive must
receive 9 months of isoniazid (INH) therapy (“a
decision to test is a decision to treat”). The Centers
for Disease Control and Prevention (CDC) and the
American Academy of Pediatrics (AAP) have long
recommended abandonment of routine tuberculin
testing in schools.432,433

The optimal way of controlling the disease is
with thorough outbreak investigations and prompt
and effective therapy for cases of TB disease. A child
with LTBI is a harbinger that there is an untreated
adult with contagious TB disease in the community.
When a new case of active TB is recognized, the
close contacts should have tuberculin tests and
chest roentgenograms. The tuberculin-negative pa-
tients who are younger than 4 years old should then
be given INH for 3 months with periodic evaluation
before then, depending on their reliability and the
risk.434 If the TST and chest roentgenogram remain
negative after 3 months, INH can be discontinued.

Methods

Unless otherwise specified, TST refers to the admin-
istration of 5 Tuberculin Units (intermediate
strength) of purified proteins of the organism.435

There are two methods of applying the antigen to
the skin. The intradermal injection, called the Man-
toux test, is the gold standard method and should
always be used. Multiple-puncture methods should
be abandoned because the amount of antigen on

the tines is not standardized, which makes interpre-
tation of the tests difficult.436

A convenient location for the test is midway be-
tween the wrist and elbow creases on the ulnar side
of the right arm, using 0.1 mL of diluted purified
protein derivative (PPD). The diluted PPD does not
change in potency when stored at refrigerator tem-
perature for up to 9 months except for a slight drop
in potency the first day or so.437 However, there is
a risk of loss of potency through absorption of the
antigen unless there has been stabilization with
Tween.

Interpretation

The reaction should be measured at 48–72 hours
and recorded in millimeters of induration (not ery-
thema). Equivocal tests at 48 hours should be re-
read at 72 hours, when nonspecific soft tissue swell-
ing will have subsided. Interpretation of the TST is
fraught with difficulty. Many experts believe that
the ballpoint pen method is the most reliable way
of measuring the diameter of the response. How-
ever, the area should be palpated first; there are no
nerve endings at the tip of a ballpoint pen! Health
care providers should read the TST. Studies have
shown that parents frequently misread skin test re-
sults; in one high-risk population, only 22% of par-
ents read skin test results accurately.438

Age, nutrition, concomitant viral infections, cor-
ticosteroid or other immunosuppressive therapy,



PULMONARY TUBERCULOSIS 221

and receipt of live virus vaccines can suppress the
TST response. A 10-mm reaction was, at one time,
considered positive regardless of circumstance. In
an effort to increase both the sensitivity and the
specificity of the test, however, newer guidelines
suggest that the cut-off value should vary depend-
ing on epidemiologic and historical factors (Box 8-
13).439 Patients with known contact with conta-
gious individuals, or those at high risk for dissemi-
nation should they become infected, are considered
to have a positive TST if the reaction reaches 5 mm.
For those who are at no particular risk and have
no known exposure (i.e., those who, according to
the CDC and AAP, should never have been tested
in the first place), 15 mm is considered positive.
For all others, the old standard of greater than or
equal to 10 mm still applies.

It should be noted that there are certain parts
of the country where exposure to non-tuberculous
mycobacteria (NTM) in the soil is common. This
type of exposure is likely to occasion a small reac-
tion to a 5 TU PPD. Infection with one of the NTM
(as, for example, in a cervical node) will produce
a somewhat larger response (usually 6–9 mm).
Sometimes, infection with NTM will produce a re-
sponse greater than 15 mm, in which case interpre-

BOX 8-13 ■ Cut-Off Values for Positive
Tuberculin Skin Test

5 mm
Children in close contact with known or

suspected contagious tuberculosis
Children suspected to have tuberculosis disease,

based on chest x-ray abnormalities or clinical
evidence of tuberculosis

10 mm
Children at risk of dissemination, including those

younger than age 4 years and those who have
medical conditions such as HIV infection,
diabetes, renal failure, or solid tumors

Children with increased exposure, including
frequent exposure to HIV-infected persons,
drug users, incarcerated persons, migrant farm
workers, or nursing home residents

Children from areas endemic for tuberculosis and
children who have contact with adults from
these areas (Asia, Middle East, Africa, Latin
America)

15 mm
Children 4 years of age and over without risk

factors

tation may be difficult.440 However, the majority of
children infected with M. avium intracellulare (the
most common of the NTMs in the United States)
have responses less then 10 mm.441

Receipt of Bacille Calmette-Guerin (BCG) vac-
cine generally produces a response that is moderate
and short-lived; most children who received BCG
vaccine as newborns will have a negative TST by
3–5 years. Additionally, children who have a his-
tory of BCG receipt are usually from parts of the
world where the prevalence of TB is very high; a
positive test in such cases is more likely to result
from exposure to TB than from a residual of BCG
vaccination. Therefore, it is imperative that a posi-
tive TST not be ignored on the basis of past receipt
of BCG vaccine. In fact, no modification of the
guidelines is indicated: prior receipt of BCG vaccine
should be disregarded. 442 A recent study in a pedi-
atric population with high BCG vaccination cover-
age confirmed the utility of the TST in predicting
true infection in this setting.443

Two other strengths of PPD are available but
are seldom used. Measles vaccine, polio vaccine,
measles, and chickenpox may temporarily suppress
the tuberculin reaction,435 but giving a vaccine and
a tuberculin test on the same day does not invalidate
the tuberculin test results.432 Steroids or immuno-
suppressive agents also suppress the tuberculin re-
action.

The accidental injection of the antigen subcuta-
neously, rather than the proper intradermal injec-
tion, is probably not an important source of error.
In one study of children with primary pulmonary
TB, the extent of induration was not significantly
different in concurrently administered intradermal
and subcutaneous intermediate-strength PPD
tests.444 Furthermore, 0.05 mL is as accurate as 0.1
mL when given intradermally.445

Anergy

A positive TST indicates past or present infection
but is not useful as a guide to immunity. Individuals
with a positive tuberculin test who have received 9
months of INH chemotherapy can be regarded as
relatively immune but might have reactivation of
disease under adverse host conditions. A negative
TST is a relatively reliable indicator of susceptibility
but can be the result of suppression by a disease
such as chickenpox or rubella.

Tuberculin anergy (failure to react to the TST
when infection is present) is not rare in adults. In
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one study, 25% of 200 adults with active pulmo-
nary TB had less than 10 mm of induration in re-
sponse to intermediate-strength PPD. The fre-
quency of tuberculin anergy in children has not
been adequately studied. Specific tuberculin anergy
in adults in most cases appears to be a result of
circulating inhibitors rather than loss of T cells or
lack of T-cell sensitization.446 Control antigens such
as candida have been simultaneously applied in
order to test general T-cell reactivity to antigens
to which the child has previously been exposed.
However, this practice is ineffective and is no longer
recommended. 447 In some cases, anergy to M. tu-
berculosis is specific, which falsely leads the physi-
cian to believe that TB has been excluded from the
differential diagnosis. A negative TST never ex-
cludes the diagnosis of tuberculosis. In fact, chil-
dren with miliary or meningeal tuberculosis often
have a negative TST. Children who are able to de-
velop a delayed-type hypersensitivity response to
tuberculosis (which the TST measures) are likely to
be able to control the infection and usually present
with either LTBI or granulomas in the lung or
lymph nodes. In contrast, children who develop
disseminated disease have been unable to mount a
sufficient cell-mediated immune response to infec-
tion with M. tuberculosis and often will not respond
to TST either.

Booster Effect

A booster effect may be observed when two tuber-
culin tests are given a week apart in individuals who
have tuberculin hypersensitivity that has waned but
is “boosted” by the first of the tests. The first test
stimulates proliferation of memory T cells, so the
second test is positive. The use of two tuberculin
tests a week apart has been recommended to deter-
mine the true tuberculin status of those who are
routinely and repeatedly tested (such as health care
workers), but this is not necessary for testing in
children. In the absence of actual M. tuberculosis
infection, receipt of multiple TSTs does not provide
enough antigenic stimulation to cause a false-posi-
tive TST. However, if routine testing is done more
frequently than every 2 years, the booster effect may
result in false positives from past non-tuberculous
mycobacterial exposure or from previous BCG.

Whole-Blood Interferon-Gamma Assay

In 2001, the FDA approved the QuantiFERON®-
TB test as an aid to the diagnosis of LTBI. The assay

measures the amount of interferon-gamma released
from sensitized lymphocytes after overnight incu-
bation with PPD. A study of 1226 adults showed
that the test performed well in comparison with
TST and was better able to distinguish LTBI from a
response to NTM and from previous BCG.448 Other
studies have reported less satisfactory results, par-
ticularly in patients with TB disease. The test has
not yet been evaluated in children. CDC has pub-
lished guidelines for use of the test as an adjunct
to TST in detecting LTBI. 449 It should not be used
in patients being evaluated for TB disease, as active
TB is associated with suppression of the interferon-
gamma response.

Management of LTBI in Children

Tuberculin “convertors” are defined as individuals
who have had their TST change from negative to
positive within the past 2 years. Tuberculin “reac-
tors” are defined as individuals who have a positive
TST.

By virtue of their young age, infants and children
younger than 4 years old with LTBI have by defini-
tion been infected recently and are at high risk of
progression to disease. Isoniazid therapy for LTBI
appears to be more effective for children than
adults, with several large clinical trials demonstrat-
ing risk-reduction of 70–90%.

INH at 10–15 mg/kg/day up to a maximum dose
of 300 mg per day for 9 months is the currently
favored regimen for patients with LTBI that is
known or presumed to be due to an INH-sensitive
strain. Therapy is instituted when a patient has met
the guidelines for a positive TST, based on exposure
history, age, and degree of risk (Box 8-13).

Every effort should be made to determine the
strain’s susceptibilities. This is usually accom-
plished by testing the strain isolated from the source
case’s sputum. If INH resistance in the source case’s
isolate is strongly suspected, rifampin should be
added initially. For LTBI therapy in children when
the source case is known to be infected with an
INH-resistant organism, the AAP recommends a 6-
month course of rifampin,439 although this regimen
has not been studied in children. Treatment of LTBI
caused by multi-drug resistant strains should be
performed in consultation with a TB expert.

Treatment of TB Disease

Empiric therapy of TB disease in children should
be with at least 3 drugs (usually isoniazid, rifampin,
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and pyrazinamide). If suspicion for resistance in the
source case is high, ethambutol should be added
as well. All patients with TB disease in the United
States should receive directly observed therapy
(DOT), which means that a dispassionate third
party (not a family member) observes the patient
taking the medication. Guidelines for the treatment
of TB disease are published and periodically up-
dated by the CDC (www.cdc.gov).434 Because of its
complexity, TB disease should generally be man-
aged with the assistance of a TB expert.

Use of Bacille Calmette-Guerin Vaccine

Efficacy

BCG is the most commonly administered vaccine
in the world. It is currently given to newborns in
over 100 countries.450 BCG vaccine is effective at
reducing disseminated infection and meningitis due
to M. tuberculosis.451 Studies regarding its efficacy
in the prevention of pulmonary TB, however, have
varied greatly. BCG does not prevent infection with
M. tuberculosis. Variation in potency of different
substrains of the vaccine also occurs. Controlled
trials before 1955 using different BCG strains indi-
cated protection of 0–80% of recipients. Because
lasting protection is not assured, TB should always
be considered as a possible cause of TB-like disease
in BCG-vaccinated persons.

BCG vaccine is seldom used in the United
States.452 Its use can be recommended in the rare
situation of constant exposure to a person with con-
tagious pulmonary TB who is either being poorly
treated or who is infected with a multiply drug-
resistant strain, and when removal from exposure
is not feasible. In these situations, physical separa-
tion is preferable. A TST should be done to ascertain
tuberculin negativity before administration of BCG
except in infants younger than 2 months of age.

Complications and Side Effects

BCG vaccination is generally well tolerated. Re-
gional lymphadenitis, which sometimes progresses
to a cold abscess, sometimes occurs. It is more com-
mon in children with HIV infection.453 Osteomyeli-
tis is rare.454 Disseminated disease due to BCG
(sometimes called BCGosis) can occur in patients
with immune deficiency, especially severe com-
bined immune deficiency (SCID)455 or interferon-
gamma receptor deficiency.456 Disease caused by
BCG is often not responsive to INH, and therapy

with rifampin and ethambutol or ethionamide
should be considered before INH in a patient with
significant disease.

Contraindications

Any individual with a known defect of cell-me-
diated immunity should not be given BCG. Skin
infections, superficial abrasions, burns, and cortico-
steroid therapy are also contraindications. Concur-
rent administration of INH is a contraindication,
since this usually prevents effective infection by the
vaccine organism. BCG should not be given to tu-
berculin-positive persons.

Public Health Considerations

Childhood TB is a public health emergency, as it
represents ongoing transmission and failure of con-
trol measures in the community. Thus, every case
of suspected TB disease should be promptly re-
ported to the local health agency. In addition, LTBI
in children younger than 4 years old should also
be reported, since by virtue of their young age, ac-
quisition (and thus transmission) has been rela-
tively recent.
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Neurologic Syndromes

■ GENERAL

Acute infection of the central nervous system (CNS)
is the most likely cause of a febrile illness with mani-
festations of CNS involvement (Table 9-1). Stiff
neck or crying when handled suggests meningeal
irritation. Bulging fontanel, headache, or vomiting
suggests increased intracranial pressure. Papille-
dema is unusual in any of the acute neurologic in-
fections but should be excluded before doing a lum-
bar puncture. If severe papilledema is present, a
more chronic process may be involved.

A change in consciousness, such as confusion or
disorientation, is an alarming sign that suggests a
disturbance of cerebral cortical function that may
have many causes, including cerebral anoxia, in-
flammation, or edema. Any of the findings in Table
9-1 should be regarded as suggesting a medical
emergency until further evaluated.

■ CLASSIFICATION

Purulent Meningitis

Purulent meningitis is best defined by a cerebrospi-
nal fluid (CSF) that is cloudy and contains more
than 1000 neutrophils/mcL. Whether or not a bac-
terial etiology is proven by culture, purulent menin-
gitis is almost always bacterial. When the term
“meningitis” is not further modified, it usually
means purulent meningitis (Table 9-2).

Nonpurulent Meningitis

A CSF leukocyte count of 10–500/mcL, usually
predominantly lymphocytes, can be defined as non-
purulent meningitis and this usually indicates a
nonbacterial process (aseptic meningitis syn-
drome), but not always. Patients with CSF cell
counts in the intermediate range (500–1000/mcL)
can usually be classified as having presumed bacte-
rial meningitis or aseptic meningitis syndrome on
the basis of the cell count and differential, glucose,
protein, Gram stain, and state of consciousness.

Definitions of aseptic meningitis syndrome are dis-
cussed further in that section.

Acute Encephalitis

Acute encephalitis is defined in this book as a severe
and nontransient disturbance of consciousness with
a CSF cell count like that of nonpurulent meningi-
tis. Fever is usually present. Ordinarily, the number
of leukocytes is less than 300 but sometimes ex-
ceeds 1000 per mcL. A disturbance of conscious-
ness should be considered nontransient if it persists
for more than 8 hours and should be distinguished
from febrile delirium, which occurs only at the time
of a high fever.

Acute Encephalopathy

In this book, the acute onset of severe and nontran-
sient disturbance of consciousness and a normal
CSF white cell count (fewer than 10/mcL) is defined
as acute encephalopathy. Other manifestations of
brain disease, such as convulsions and abnormal
focal neurologic signs, are variably present. Fever
is often absent. Otherwise, encephalopathy has the
same clinical pattern as encephalitis except for a
normal CSF white cell count. This distinction be-
tween encephalitis and encephalopathy is a useful
one, as the causes of encephalitis are usually infec-
tious or postinfectious, whereas the causes of en-
cephalopathy are usually toxic, metabolic, or vascu-
lar. Encephalitis and encephalopathy are discussed
in detail later in this chapter.

This classification is not perfect, and there is
definite overlapping, but it is a helpful preliminary
classification that has remained useful with years of
use.1 It is also useful to search in both the encephali-
tis and encephalopathy sections for answers.

Rarely, we have used two preliminary problem-
oriented diagnoses such as purulent meningitis or
encephalitis (in a case of La Crosse encephalitis) or
acute encephalitis or encephalopathy (in a case
when the cause was never found). The term
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TABLE 9-1. MANIFESTATIONS OF CENTRAL NERVOUS SYSTEM
INFECTIONS

SIGNS OR SYMPTOMS SUGGESTS

Severe headache Increased intracranial
pressure

Persistent vomiting

Bulging fontanel

Stiff neck Meningeal irritation

Crying when handled

Disturbed consciousness (lethargy, irritability) Brain involvement

High fever Infection

“meningoencephalitis” is used too often when the
patient can be classified as having nonpurulent
meningitis or acute encephalitis, using the state of
consciousness to distinguish them.

OTHER CNS SYNDROMES

Other syndromes associated with paralysis, ataxia,
tetanus-like rigidity, or ventriculitis are discussed
in later sections. The relative frequency of these syn-
dromes in hospital admissions depends on the age
of the child, on the season, and on whether a lum-
bar puncture is done before admission. In commu-
nity hospitals, aseptic meningitis is more frequent
than purulent meningitis, especially in the summer
and fall months. Referral hospitals have more ad-
missions for purulent meningitis than for aseptic
meningitis, probably because such clinically severe
illness often requires referral. All of these various
syndromes occur most frequently in young infants.

TABLE 9-2. CLASSIFICATION OF MAJOR INFECTIOUS NEUROLOGIC SYNDROMES

SPINAL FLUID FINDINGS

PROTEIN GLUCOSE

SYNDROME LEUKOCYTES (PER mcL) (MG/DL) (MG/DL) CONSCIOUSNESS

Purulent Meningitis

Nonpurulent Meningitis

Normal glucose subgroup

Low glucose subgroup

Acute Encephalitis

Acute Encephalopathy

�1000 (mostly “polys”)

10–500 (Usually
lymphocytes)

10–1000

�10

�100 (high)

Normal

Usually high

Sometimes high

Normal

�40 (low)

�40

�40

Varies

Normal

Lethargic to comatose

Irritable; variable

Lethargic to comatose

Severely disturbed

Severely disturbed

■ DIFFERENTIAL DIAGNOSIS

Meningismus
“Meningismus” is a term best used to describe a stiff
neck secondary to local or reflex irritation, which
may occur from streptococcal pharyngitis or pneu-
monia. Rheumatoid arthritis and tetanus also may
be associated with nuchal rigidity and normal spinal
fluid. This diagnosis should not be made unless the
spinal fluid is normal.2,3 The term “meningismus”
is sometimes used as a synonym for “nuchal rigid-
ity” or “stiff neck,” a usage that should be avoided,
as it spoils its meaning of “stiff neck with normal
spinal fluid,” which is a cumbersome substitute for
“meningismus.”

Retropharyngeal Abscess
Deep cervical adenitis and retropharyngeal abscess
may produce meningismus and are discussed in
Chapter 6.
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Pseudotumor Cerebri
An increased pressure, manifested by a bulging fon-
tanel or papilledema, with infection, tumor, sinus
thrombosis, and obstruction of the ventricular sys-
tem specifically excluded, is defined as benign intra-
cranial hypertension or pseudotumor cerebri. Tetra-
cycline is a possible cause. A bulging fontanel may
also be produced by early congestive heart failure.

■ LUMBAR PUNCTURE

Indications and Risks
When meningitis is suspected, lumbar puncture is
an emergency procedure. Lumbar puncture (LP) is
relatively simple in children and should be done
when bacterial meningitis is suspected, because the
risk of undiagnosed or inadequately treated menin-
gitis is significant. If the results are normal, but the
child’s clinical condition is worsening and still sug-
gests meningitis, then the tap should be repeated.4

Clinical suspicion should not be ignored; we have
seen bacterial meningitis (confirmed by culture) in
patients with a classical presentation but normal
initial CSF profile.

Before lumbar puncture is done, the optic fundi
should be examined to exclude papilledema. Papil-
ledema takes time to develop, and its absence does
not rule out elevated intracranial pressure (ICP).
Clinical features that suggest elevated ICP include
focal neurologic signs, postural or respiratory ab-
normalities, absent oculocephlic (doll’s eyes) re-
flexes, dilated or unequal pupils, ophthalmoplegia,
protracted seizures, or severe obtundation or coma
(Glasgow Coma Scale less than 8).5,6 Patients with
these signs or symptoms should receive an emer-
gency computed tomography (CT) scan prior to
lumbar puncture in order to minimize the risk of
cerebral herniation. Unfortunately, even a normal
CT scan is not entirely protective; several cases of
children who experienced herniation following
lumbar puncture despite a normal CT scan have
been reported.6,7 Spinal subdural hematomas8 and
even intracranial hematomas have been reported,9

but these complications are extremely rare. Overall
the procedure is safe. Although the decision regard-
ing performance of a lumbar puncture should be
made thoughtfully, in the vast majority of patients
the benefits of early lumbar puncture far outweigh
the small risks. The practice of routinely ordering
head CT scans prior to lumbar puncture has no
support in the literature and may cause unnecessary
delay in institution of treatment.

Several diseases may require special caution or
delay in doing a lumbar puncture. Reye syndrome
is a disease in which lumbar puncture should some-
times not be done because of increased pressure.4

Papilledema is usually not present, but cerebral
edema may be extreme. An elevated serum trans-
aminase concentration and elevated blood ammo-
nia is helpful in making the diagnosis if the clinical
findings are compatible, as described in the section
on acute encephalopathy. Fortunately, Reye syn-
drome is now quite rare. Children with posterior
fossa tumors may present with fever and nuchal
rigidity, but a careful history will usually indicate
that the illness began several days or even weeks
earlier. Suspicion of a brain abscess may be a reason
for the physician to postpone a lumbar puncture if
a brain CT scan can be obtained on an emergency
basis. A cautious lumbar puncture 30 minutes after
a mannitol infusion, as described later, with with-
drawal of less than 1 mL of fluid, is probably the
best way to deal with this dilemma when increased
pressure is suspected but cannot be evaluated.

Patients with hemophilia A (or B) may safely
undergo the procedure if they are given infusions
of factor VIII (or factor IX) prior to beginning; no
complication occurred in a series of 58 patients
managed in this way.10

Technique

Use of a scalp vein needle without a stylet appears
to be simpler for newborns. However, the possibil-
ity of the needle cutting a core of skin and injecting
the dermal cells into the lumbar space has been
suggested as a cause of epidermoid CNS tumors.
Therefore, this method is not recommended. An
alternative method, in which the stylet is removed
after the needle has been advanced through the skin
and subcutaneous tissues, has been suggested as a
way to minimize the number of traumatic lumbar
punctures without increasing the risk of spinal epi-
dermoid tumors, but this hypothesis has not been
proved. Lumbar puncture in newborn infants re-
quires special caution. Studies have indicated the
newborn should not be positioned with the neck
flexed lying in the lateral position, and the sitting
position is probably preferable to avoid respiratory
deterioration.11,12

The measurement of pressure is not indicated
when acute infection is suspected, and attempts to
measure pressure with a manometer may result in
a bloody tap. Pressure can be estimated by counting
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the number of drops over a specified period of time.
At patient temperatures lower than 40�C, using a
22-gauge 1.5 inch needle, the number of drops of
CSF delivered in 21 seconds is an estimate of CSF
pressure in cm of H2O. For a 22-gauge, 3.5 inch
needle, the counting time is 39 seconds, while for
a 20 gauge, 3.5 inch needle, the counting time is
12 seconds. If the patient’s temperature is higher
than 40�C, the counting periods are shorter: 20,
37, and 11 seconds, respectively. These estimates
are accurate if the patient is calm and in the lateral
recumbent position.13

In larger children, measurement of the opening
pressure can be more easily obtained without com-
promising the integrity of the LP, and should be
done.

If the fluid appears cloudy or purulent, an imme-
diate rapid intravenous infusion or injection of a
third-generation cephalosporin, followed by vanco-
mycin infusion, is indicated without delay, as de-
scribed later in the section on emergency treatment
of meningitis.

Cell Count

A Wright stain of a smear should be examined
under oil for an accurate differential count. When
the tap has been traumatic, the presence of red
blood cells suggests that some of the white blood
cells have come from the peripheral blood. Various
formulas based on experimental studies have been
used to try to calculate the effect of contamination
of CSF by peripheral blood, but the calculations are
complicated by the decreased survival time of white
blood cells (WBC), especially neutrophils.14,15

Contamination with more than 100,000 red
cells/mcL occasionally can obscure the recognition
of purulent bacterial meningitis, and the use of pe-
ripheral white to red blood cell ratios to interpret
the CSF often underestimates the CSF white
count.16,17 Many authors who have studied this
problem suggest “corrected white blood cell counts
of blood-contaminated fluids (should) be viewed
with skepticism and not be given undue weight in
clinical decisions.”17 However, a review of 92 chil-
dren who had a traumatic LP, 30 of whom had
bacterial meningitis, showed that all patients with
bacterial meningitis had an observed to predicted
ratio of WBC greater than 1. In fact, 28 (93%) of the
30 had a ratio greater than 10, and 24 (80%) had ra-
tios greater than 100.18 Additionally, a predomi-
nance of neutrophils in the CSF (97% vs. 11%), hy-

poglycorrhachia, (73% vs. 3%) and positive Gram
stains (80% vs. zero) were found more commonly in
the patients with meningitis.

It is sometimes important to differentiate a trau-
matic tap from subarachnoid hemorrhage. Blood
contamination of the CSF tends to decrease from
the first tube to the last, and often produces a differ-
ence that can be seen by the naked eye. Addition-
ally, centrifugation of the fluid usually produces a
clear supernatant in traumatic tap, whereas xan-
thochromia persists in cases of subarachnoid hem-
orrhage. The best test for differentiating a traumatic
tap from subarachnoid hemorrhage is the D-dimer
assay; D-dimer assay is negative in traumatic tap.19

The CSF protein is also frequently elevated beyond
that expected by calculations in the cleared tube of
a “bloody tap.”

A study of the spinal fluid of 108 term neonates
in whom infection was very carefully excluded
showed a mean of 7.3 WBC/mcL, with a median
of 4 and a range of 0 – 130.20 The patient with 130
WBC was clearly an outlier, however. Older studies
defined normal as a maximum of 7/mcL with as
many as 4 of these being polymorphonuclear
cells.21 After 6 weeks of age, the maximum count
in normal CSF can be taken as 5, of which 2 can
be “polys.”21 In an earlier study, in the first week
of life, normal term infants had a maximum of 32
leukocytes with a mean of 8/mcL.22 Preterm infants
had a maximum of 29 leukocytes, with a mean of
9/mcL.

Glucose and Protein

In general, glucose and protein values should be
determined whenever spinal fluid is obtained. The
importance of these values and the mechanisms in-
volved in creating abnormal ones are discussed in
the sections on purulent meningitis and nonpuru-
lent meningitis. The CSF glucose can be considered
abnormal when it is less than 40 mg/dL or less than
40% of the blood glucose.23

Smears

Centrifugation of the spinal fluid before micro-
scopic examination may be helpful, but it is usually
not practical when small amounts of fluid have been
obtained. One drop of sediment from the centri-
fuged CSF should be allowed to dry on each of
two slides and fixed by brief gentle flaming. One
specimen is Gram stained and examined for bacte-
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ria. The other is stained with Wright stain for a
differential count if necessary.

A Gram stain should be done on all spinal fluid
specimens with an increased number of white
blood cells. Bacteria are most likely to be observed
in purulent fluid and are rarely seen in CSF with
low leukocyte counts. The exceptions include some
cases of neonatal meningitis, where there may be a
poor leukocyte response, with only a few hundred
leukocytes per mcL, yet many bacteria. Early infec-
tion with meningococci or pneumococci occasion-
ally produces a positive Gram stain of the CSF, con-
firmed by culture, before any remarkable CSF
pleocytosis occurs.24 The ability to detect bacteria
on the Gram stain depends on their CSF concentra-
tion, which is correlated with the concentration of
bacteria in the blood.25

Contamination of tubes or other equipment is
rare. In such cases, a variety of stained bacteria are
typically seen.

CSF Culture

Although the main purpose is culture of the spinal
fluid for bacteria, an extra tube can be held in the
laboratory until the cell count, the glucose, and the
protein are determined, in case this information
suggests the need for further studies such as culture
for viruses or tuberculosis (TB).

The microbiology laboratory may delay report-
ing the species obtained from the spinal fluid until
all the metabolic studies are complete. However,
the physician can make clinical judgments sooner
and can presume, for example, that a pure culture
of a gram-negative diplococcus is going to be me-
ningococcus, even though definitive identification
may require several days.

The frequency of various bacterial contaminants
of CSF cultures has been studied.26 Staphylococcus
epidermidis and diphtheroids are the most common
contaminants, but in special circumstances (espe-
cially CSF shunts) they can be pathogens.

Positive CSF Culture with Minimal CSF
Abnormalities (Seeded Meningitis)

Sometimes, the physician finds a positive CSF cul-
ture with minimal other abnormalities. This prob-
lem was the subject of a short clinical report, but
most large series of patients with meningitis include
a few examples.24 Bacteremia is usually found if
a blood culture has been taken and involves the

organism recovered on culture of the CSF, although
the cell count, Gram stain glucose, and protein are
normal. Usually, patients with these findings are
very sick and are suspected of having a bacteremia
of unknown source. Typically, the patient is hospi-
talized and treated for sepsis and often gets a second
lumbar puncture 12–36 hours later that reveals pu-
rulent meningitis.27 Occasionally, this pattern is ob-
served early in endocarditis (Chapter 18) or in bac-
teremia in an outpatient (Chapter 10).

The working diagnosis for severely ill patients
should be “probable sepsis” until objective evidence
of CSF abnormalities or a positive CSF culture is
found. The diagnosis of meningitis should generally
not be made with normal CSF findings, but a word
is needed to describe a positive CSF culture in this
situation. Bacteria in the CSF can be called “bacter-
rhachia,” analogous to “bacteremia” and “hypogly-
corrhachia.” Bacterrhachia without CSF pleocytosis
is further discussed later.

The pattern of “seeding” of the CSF during bac-
teremia without any other CSF abnormalities is
typically not associated with the complications of
purulent bacterial meningitis. The prognosis de-
pends rather on the disease causing the bacteremia.

Antigen Detection

Various methods have been developed to detect
bacterial antigens in the CSF.28 It was hoped that
these tests would be positive when prior antibiotics
prevented a positive culture. In reality, these tests
for bacterial antigens (latex agglutination, enzyme-
linked immunosorbent assay [ELISA], or other)
rarely help and should not be ordered routinely.
Antigen detection studies can be ordered when the
patient has received previous antibiotics but can
be delayed until the Gram stained smear is found
negative by a qualified technologist.

Other CSF Tests

Tests for bacterial endotoxin (Limulus lysate test),
bacterial enzymes (transaminase, lactic acid dehy-
drogenase), bacterial products (lactic acid), and
acute-phase reactants (C-reactive protein), among
other things, have been studied in an attempt to
aid in the differentiation of viral meningitis from
partially-treated bacterial meningitis. Many of these
substances are elevated in the CSF, but either the
sensitivity and specificity are not sufficient to aid
in diagnosis or the test is reflected in other, simpler
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tests. For example, lactate levels increase linearly
with lactate-producing cells; therefore, they corre-
late with leukocytosis,29 which is a lab value the
clinician already has at hand. In adults, neither CSF
lactate nor CSF C-reactive protein, nor a combina-
tion of the two yields anything better than 60%
positive predictive value for bacterial meningitis.30

The enthusiasm for such tests has been based on
their good correlation with clear-cut cases of bacte-
rial meningitis or normals. However, the results are
typically equivocal in patients with negative cul-
tures and an equivocal conventional CSF glucose,
protein, and cell count.

As yet, no test has been shown to correlate better
with cultures than the combination of protein, glu-
cose, and white cell count with a differential
study.31,32 If available, enteroviral polymerase chain
reaction (PCR) on CSF can be helpful in distin-
guishing viral meningitis from bacterial meningitis
obscured by previous oral antibiotic therapy.33 This
test is particularly cost-effective during enteroviral
season (summer and fall).34

Serum Tests
Serum tests have actually fared much better than
CSF tests in navigating the muddy waters. In one
large study of 325 children with bacterial meningi-
tis and 182 with proven or suspected viral meningi-
tis, the serum C-reactive protein level (CRP) aver-
aged 11.5 mg/dL in those with bacterial disease
versus less than 20 mg/dL in those with viral CNS
infections. Serum CRP was the only test that reliably
discriminated gram-stain negative bacterial menin-
gitis from meningitis of viral etiology; a serum CRP
of less than 2.0 mg/dL had a negative predictive
value of 99% for bacterial meningitis.35 In another
study, 18 children with bacterial meningitis had
a mean serum procalcitonin value of 54.5 mg/L,
whereas 41 children with viral meningitis had a
mean value of 0.32 mg/L. The highest value found
in a child with viral meningitis was 1.7 mg/L, and
the lowest found in a child with a positive CSF
culture was 4.8 mg/L; thus, there was no overlap
between the two groups.36 Although the prelimi-
nary data look fairly promising, these laboratory
tests have not yet become commonplace in clinical
practice.

■ FEVER AND CONVULSIONS

Definitions
Several diagnostic phrases are used to describe a
variety of clinical situations with fever and convul-

sions.37 “Fever and convulsions” is the most neutral
expression and therefore the best syndrome diagno-
sis when no etiologic diagnosis is yet possible. “Sei-
zures precipitated by fever” is an etiologic diagnosis
indicating that the patient is known to have a con-
vulsive disorder and now has had a convulsion pre-
cipitated by fever. “Simple febrile convulsion” is
best regarded as an etiologic diagnosis that should
be based on exclusion of many other possibilities.
In a child with a first convulsion with fever, the
following criteria should be present for the etiologic
diagnosis of simple febrile convulsion:

1. Fever at the time of the convulsion.
2. Brief generalized (nonfocal) seizure, usually last-

ing less than 5 minutes and not longer than 15
or 20 minutes, in a child 6 months to 5 years
of age. No recurrence of seizure within the first
24 hours.

3. Prompt recovery to normal state of conscious-
ness without definite neurologic abnormalities,
such as paralysis or weakness. If the state of con-
sciousness does not return to normal within
about 30 minutes after the convulsion, the pa-
tient should be considered to have an acute en-
cephalopathy or a CNS infection until proven
otherwise.

4. Family history of febrile convulsions or past
convulsion with fever supports the diagnosis of
simple febrile seizure but is not in itself sufficient
to establish the diagnosis.

5. Exclusion of increased intracranial pressure by
examination of the optic fundi.

6. Exclusion of CNS infections such as meningitis
or encephalitis, when lumbar puncture is indi-
cated.

7. Exclusion of metabolic causes of convulsions,
such as hypoglycemia, hypocalcemia, or hypo-
natremia, when indicated.

8. Normal developmental history.

The principal advantage of the use of the diagno-
sis of simple febrile seizure is that it avoids the term
“epilepsy,” which is often associated with much
misunderstanding and fear among laypersons. The
major disadvantage is that the improper use of this
diagnosis may lull the physician into symptomatic
therapy without searching for treatable, and some-
times urgent, specific causes.

Emergency Management

A quick history should be obtained to look for recent
head injury (in which case sedation may be con-



FEVER AND CONVULSIONS 241

traindicated) and current or recent medications
such as anticonvulsants or toxin or poison inges-
tion. A quick physical examination should be done
to check for evidence of head injury and to clear
the airway and position the child with the head
turned to avoid aspiration. Fever reduction by phar-
macologic means should be begun immediately if
the temperature is above 40�C (104�F). Oxygen may
be indicated if the patient is cyanotic, and the air-
way should be checked to be sure it is clear.

Anticonvulsant drugs should be given to stop the
convulsion if it has not already stopped. A short-
acting anticonvulsant such as lorazepam is given in
a dose of 0.05–0.10 mg/kg. This dose can be re-
peated if the seizure persists. On a rare occasion,
phenytoin (or fosphenytoin) at a dose of 15–20 mg/
kg will be required. This drug should be adminis-
tered slowly to avoid hypotension and cardiac
rhythm problems.

Phenobarbital can also be used, at an intrave-
nous dose of 10–20 mg/kg (loading dose) to stop
prolonged seizures.38 If the patient has intermittent
seizures but has stopped convulsing before any
medications are given, 5 mg/kg can be given instead
of 10 mg/kg to prevent further seizures.39

For stopping a prolonged seizure (defined here
as longer than 15 or 20 minutes), intravenous lora-
zepam, phenobarbital, or phenytoin is usually rec-
ommended.38–43 These drugs all have potential
dangers. All primary care physicians and emergency
rooms should have a written plan or protocol read-
ily available for the control of prolonged seizures.

Possible Etiologies

CNS Infection

Between 15–25% of all patients with meningitis
will have seizure with fever either at the time of
presentation or sometime during the course of the
disease. Patients with meningitis almost always
have symptoms other than seizure that suggest the
diagnosis. Meningitis or encephalitis should always
be excluded by examination of the spinal fluid if
there is any question of the state of consciousness
or meningeal irrigation.

Non-CNS Infection

Infection not involving the CNS with seizure pre-
cipitated by fever or toxins, such as shigellosis,
pneumococcal bacteremia, or infection with human
herpesvirus type 6 (HHV-6) is another category of

causes. There was a lot of enthusiasm for HHV-6
as a cause of febrile seizures after it was discovered
that one third of patients up to the age of two years
presenting to the emergency department with the
clinical syndrome of simple febrile seizure had
HHV-6 infection.44

However, a subsequent case-control study found
evidence of acute HHV-6 infection in 15 (43%) of
35 patients with febrile seizures and in 15 (45%)
of 33 controls.45 The conclusion of these authors
was that HHV-6 infection is not a major factor in the
pathogenesis of febrile seizures. A more plausible
interpretation might be that HHV-6 infection is a
frequent cause of high fever in the age group at
risk for febrile seizures, and that some children are
predisposed to the development of seizures with
fever.

Toxic and Metabolic Causes

Convulsion secondary to a specific cause such as
lead encephalopathy or hypoglycemia can accom-
pany fever caused by an infection and need to be
excluded if suggestive clinical findings are present.

Seizure Disorder

Idiopathic convulsive disorder (“epilepsy”) with sei-
zure precipitated by fever is the proper diagnosis if
there is an abnormal electroencephalogram (EEG)
obtained at least a week after the seizure or if con-
vulsions also occur without fever.

Simple Febrile Convulsion

This is by far the most common cause of seizure
with fever, occurring in approximately 4% of chil-
dren between the ages of 6 months and 5 years.
Simple febrile seizures are a benign condition
whose main complication is recurrence, which hap-
pens in about one-third of patients. Recurrence risk
is difficult to predict, but seems to be higher in
children who present at a younger age.46 The diag-
nosis of simple febrile seizure is fairly straightfor-
ward in older toddlers who have a classic history
and physical examination, but it is more difficult
in younger patients.

Diagnostic Approach

Lumbar Puncture

There has been much discussion about the need for
lumbar puncture in the evaluation of seizure and
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fever; clearly, the yield is low in cases where the
diagnosis of simple febrile seizure is clinically sug-
gested. However, meningitis can present with sei-
zure and fever, and in young children, other signs
of meningitis may be subtle. Because of this, the
American Academy of Pediatrics (AAP) practice pa-
rameter recommends that excluding CNS infection
by lumbar puncture be strongly considered in chil-
dren younger than 12 months, and considered for
children between 12 and 18 months of age.47

A recent review of 503 cases of meningitis (97%
of which were proven or suspected to be bacterial)
showed that 115 presented with seizures (23%). Of
these patients, 105 (91%) were obtunded or coma-
tose, and thus obvious candidates for lumbar punc-
ture. Of the other 10, 6 had nuchal rigidity, 1 had
prolonged focal seizures, and 1 had multiple sei-
zures and a petechial rash, all independent reasons
to obtain spinal fluid by lumbar puncture. Two
were suspected, on clinical grounds, of having viral
meningitis.48

In an older review of 152 children with purulent
meningitis, 27 (18%) had fever and seizures.49 Of
these 27 children, 11 (41%) had no recorded me-
ningeal irritation, no change of consciousness, and
no bulging fontanelle; all of these children were
less than 18 months of age. It is often stated that
clinicians with experience can exclude meningitis
on clinical grounds; however, science supporting
this statement is absent. In fact, one of the authors
of this last study argued that after years of experi-
ence it is still difficult to exclude meningitis in
young children on clinical grounds alone, and he
would do a lumbar puncture on all children under
16 months of age who present with fever and a
convulsion.50

In a retrospective review of 709 outpatients
undergoing lumbar puncture, 225 (32%) had fever
and a convulsion as the reason for the puncture.51

Only five had abnormal CSF, and most of these
also had signs of meningeal irritation. A prospective
emergency department study that allowed physi-
cians to decide which patients required lumbar
puncture (and thus biased the results toward find-
ing a higher percentage of children with meningitis)
found a total of 7 cases of meningitis (3 bacterial)
in 102 patients who underwent lumbar puncture.
There were 98 patients who were thought not to
need the test. Most of the children with meningitis
had lethargy, irritability, or vomiting; all had fea-
tures of complex febrile seizure.52 The “catch-22”
is this: those who clearly have simple febrile seizure

need not undergo lumbar puncture; however, ab-
sence of meningitis is one of the criteria for estab-
lishing the diagnosis of simple febrile seizure. The
author of Clinical Pediatric Neurology says that “a
brief, generalized seizure from which the child re-
covers rapidly and completely is not caused by
meningitis, especially if the fever subsides sponta-
neously...”53 Certainly, lumbar puncture in a child
with fever and a convulsion can be selectively ob-
tained, and other findings must be considered.

Criteria suggested for electing lumbar puncture
are:

1. Any clinical suspicion of meningitis
2. Under 18 months of age
3. Unusually slow recovery of normal function

after a febrile seizure54

4. Complex febrile seizure, especially focal seizure.

Electroencephalogram

An EEG is usually not indicated immediately after
the convulsion.54 It will often be abnormal even
after a simple febrile convulsion, although an expert
can often distinguish between a simple postictal ab-
normality and abnormalities suggesting epilepsy. If
the EEG reveals epileptogenic activity several weeks
after the seizure, the correct diagnosis is more likely
to be “convulsive disorder precipitated by fever.”
The pattern of activity seen on acute EEG is not
predictive of recurrence risk.55

Other Tests

Skull roentgenogram and blood glucose, calcium,
sodium, or blood urea nitrogen (BUN) measure-
ments are unlikely to reveal an abnormality and are
not recommended unless there is some clinical basis
for suspecting an abnormality.54,56–58

Hospitalization is not recommended except for
severe or multiple seizures or when the parents are
too frightened or otherwise unable to observe the
child.54

Prevention

Antipyretic Medication

Various antipyretic medications, given at the onset
of fever and at a fixed interval throughout the
course of a febrile illness, have been tested in pro-
phylaxis against febrile seizures. Prospective ran-
domized trials of acetaminophen59 and ibuprofen60

have failed to show a reduction in the number of
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recurrences. Although antipyresis may have other
beneficial effects, there appears to be no scientific
basis for the use of antipyretics in the prevention
of febrile seizures.

Anticonvulsant Medication

About one-third of patients will develop recurrence
of febrile seizure, and half of those patients go on
to a third episode. These recurrences can be de-
creased by continuous anticonvulsant therapy with
either phenobarbital or valproic acid, but these
medications are not without risk. Prophylaxis
against recurrent febrile seizure with phenobarbital
has been shown to lower achievement scores even
5 years out.61 Valproic acid is more effective at pre-
vention of seizures,62 but carries the risk of idio-
pathic and irreversible severe hepatotoxicity.63

In one study, diazepam, taken at the onset of
fever, was also shown to decrease the incidence of
febrile seizures; 39% of recipients, however, devel-
oped side effects of the medication.64 Other studies
failed to duplicate the beneficial effect.62 Some au-
thorities believe that prophylaxis is even less likely
to be needed if the convulsion is associated with
roseola, shigellosis, or viral meningitis, because
these illnesses have a tendency to be associated with
convulsions. A lower recurrence rate among chil-
dren whose first febrile seizure was associated with
HHV-6 (the causative agent of roseola) has been
confirmed by a prospective clinical trial.65 A major
factor to consider is that in the grand majority of
cases, febrile seizure, even if it recurs, is a benign
disorder with an excellent prognosis. The risk of
most prophylactic regimens outweighs the potential
benefits.

Exceptions could include children with neuro-
logic disease, those with focal seizures, a family his-
tory of epilepsy, or a febrile seizure lasting more
than 15 minutes or followed by a neurologic abnor-
mality.66

Postictal Pleocytosis

Occasionally the question arises as to whether sei-
zure activity alone may be responsible for the find-
ing of leukocytes in the CSF. In approximately 5%
of cases, WBCs may be found in the CSF within 72
hours of a seizure, and most commonly within 12
hours of a seizure.67–69 The maximum number of
WBCs in the spinal fluid is usually less than 15 per
mcL, but may rarely be as high as 80 per mcL.70

Mildly increased protein may also be observed after

seizures in about 10% of cases.67 Postictal pleo-
cytosis can occur after simple, complex partial, or
generalized tonic-clonic seizures.68 Clearly, this is
a diagnosis of exclusion, and infectious causes
should be pursued vigorously.

■ PURULENT MENINGITIS

Definitions

Purulent meningitis is a medical emergency. It is
usually manifested by clinical signs of acute neuro-
logic infection and cloudy spinal fluid. Typically,
the CSF has more than 1000 leukocytes/mcL with
a predominance of neutrophils, low glucose (often
0–10 mg/dL), and elevated protein (usually more
than 100 mg/dL). Some patients with early bacterial
meningitis have cell counts, glucose, and protein
in the same range found in nonpurulent meningitis;
that is, aseptic meningitis syndrome, which is dis-
cussed in the following section. Prior oral antibiotic
treatment decreases yield of CSF culture, but does
not significantly alter the CSF parameters; total
number of white blood cells, glucose levels, and
protein levels are not affected. In order to avoid
jumping to etiologic conclusions, it is useful to use
the terms “purulent” and “nonpurulent” meningitis
until a bacterial etiology is confirmed or excluded
by culture. In the patient with apparent purulent
meningitis but a negative Gram stain, the possibility
of a parameningeal infection (such as a brain ab-
scess or subdural empyema) should be considered.

Ventriculitis may occur without meningitis, par-
ticularly if the CSF flow is obstructed. This is most
likely as a complication of neurosurgical shunting
operations for hydrocephalus and is discussed later
in this chapter.

Age

In the past, purulent meningitis occurred predomi-
nately in children. The advent of the protein conju-
gate H. influenzae type b vaccine has had a dramatic
effect on the epidemiology of bacterial meningitis.
In 1986, 62% of bacterial meningitis in the United
States occurred in children younger than 2 years of
age and 79% occurred in children younger than
18. By 1995, children younger than 2 years old
accounted for 25% of all cases of bacterial meningi-
tis and those younger than 18 accounted for 48%.71

It is reasonable to assume that widespread use
of the protein conjugate pneumococcal vaccine will
decrease the incidence of bacterial meningitis in
young children even further.
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Risk Factors

Males are slightly more likely to acquire meningitis
than are females. There is a suggestion that menin-
gitis is more common in poor populations. The inci-
dence of pneumococcal meningitis is 8- to 24-fold
higher in blacks, irrespective of socioeconomic sta-
tus or crowding.72 Patients with asplenia/polys-
plenia, sickle cell disease, or other hemoglobinopa-
thies that lead to splenic dysfunction are at higher
risk than the general population. Patients with ma-
lignancies or immunodeficiencies have a higher rate
of meningitis and are more likely to be infected
with uncommon bacteria. Malnourishment causes
immune dysregulation that is the probable cause
of increased risk in these children.73 Patients with
occult or known dermal sinuses or dural defects are
at increased risk. Children with cochlear implants
have a 30-fold increased risk for pneumococcal
meningitis.74 Finally, systemic diseases, especially
diabetes mellitus or chronic renal disease, may con-
fer a higher risk of meningitis.

Clinical Presentation

Patients suffering from purulent meningitis are gen-
erally ill-appearing. They usually have some combi-
nation of fever, headache, nausea, vomiting, photo-
phobia, and neck stiffness. They may be irritable
or lethargic. Obtundation and coma are late signs.
On physical examination, nuchal rigidity may be
found; this finding is less common in infants. Clas-
sically, Kernig and Brudzinski signs are sought.
Kernig sign is elicited as follows: with the patient
in the supine position with the hip flexed 90 de-
grees (knee pointing straight up), the knee joint is
extended by slowly raising the foot upwards. Kernig
sign is positive if this motion causes extreme dis-
comfort. With the patient remaining supine, Brud-
zinski sign is positive if the hips are involuntarily
flexed when the examiner bends the head down
toward the chest. As with simple testing for nuchal
rigidity, Kernig and Brudzinski signs are meant to
help the physician detect inflammation of the me-
ninges. Although these signs are often discussed,
rigorous examination of their clinical utility is
largely lacking. One prospective study of 295 adults
with suspected meningitis found that neither the
Kernig sign nor the Brudzinski sign was of clinical
utility in differentiating patients with meningitis
from those without meningitis.75

Possible Infectious Causes

Most purulent meningitis is caused by Neisseria
meningitidis, Streptococcus pneumoniae, or Haemophi-
lus influenzae type b (Hib). The epidemiology of
meningitis has changed drastically since the intro-
duction of the Hib vaccine. Prior to the vaccine,
H. influenzae was by far the most common cause,
especially in children between the ages of 1 month
and 5 years. The incidence of Hib meningitis
dropped from 19.4 cases per 100,000 in 1980 to 3.7
cases per 100,000 in 1991.76 The vaccine was intro-
duced in October of 1990. There has been a contin-
ued decline in the number of cases of Hib meningitis
to even lower levels. The vaccine induces protection
against nasopharyngeal carriage, which allows even
the unvaccinated some measure of protection. From
1–23 months of age, pneumococcal meningitis is
slightly more common than meningococcal menin-
gitis. In children between the ages of 2 and 18 years,
N. meningitidis accounts for 59% of cases; in adults
S. pneumoniae predominates.71

In the first 30 days of life, the most common
causes are Group B streptococci and enteric bacteria
(particularly E. coli). Other bacteria that rarely cause
meningitis except in the newborn period include
other enteric gram-negative rods, Listeria monocyto-
genes, and Staphylococcus aureus. These agents also
are an occasional cause of meningitis in the first
few months of life, especially in prematurely born
or debilitated infants.

Unusual infectious causes are discussed in the
section on therapy of unusual infections.

Early Diagnosis

In young infants, it is important to do a lumbar
puncture and examine the spinal fluid whenever
the neck is questionably stiff or the anterior fontanel
is questionably bulging and the patient appears ill.
Disturbed consciousness (lethargy, irritability) and
crying when handled are especially important
symptoms suggesting early meningitis, as nuchal
rigidity may be absent or appear late in young in-
fants.

Treatment Before Lumbar Puncture

In rare cases, the illness may be so severe that sup-
portive therapy should be started before the diag-
nostic studies. Any of the three major pathogens of
meningitis can cause septic shock or cerebral
edema. For example, in patients in whom meningo-
coccemia is suspected because of hypotension and
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BOX 9-1 ■ Emergency Treatment of Meningitis

1. Do rapid history and examination, including
vital signs, testing for meningeal irritation,
pupillary size and reflexes, “choked” optic
disks, and capillary refill of nail beds.

2. Take blood pressure. If hypotensive, reinflate
cuff and obtain an antecubital intravenous
route for fluid therapy of shock before doing
the lumbar puncture. Give 25 mL/kg of saline
or Ringer’s lactate solution over a 5- to 30-
minute period. Administer a third-generation
cephalosporin as a bolus and start vancomycin
to infuse over one hour. Blood for culture and
other studies can be obtained at the time the
intravenous infusion is begun. If hypotension
or a petechial rash is noted, all attendants
should put on masks if they have not already
done so.

3. If the patient has signs of rapidly deteriorating
level of consciousness, the trachea should be
intubated and hyperventilation begun.
Examine pupils. If pupils are unequal or
dilated and react sluggishly to light, give 0.5
g/kg of 20% mannitol over 30 minutes before
doing a lumbar puncture. Deep coma,
convulsions, apnea, cardiopulmonary arrest, or
Cheyne-Stokes breathing are also usually
indications for a mannitol infusion. In these
cases, a CT scan should probably be obtained
prior to the lumbar puncture. Obviously,
intravenous antibiotic therapy should not be

delayed until after an imaging study.
4. Examine optic fundi. If choked optic disks are

not present, proceed with the lumbar puncture.
Do not measure pressure. Minimal or
questionable blurring of the disks is not unusual
in meningitis, and the lumbar puncture is less
risky than delay in the diagnosis. Coincidental
high fever in a child with chronic, severely
increased intracranial pressure (as from brain
tumor, lead poisoning, or abscess) is very
uncommon and typically produces obvious
severe papilledema.

5. Cloudy fluid is obtained. Send cerebrospinal fluid
(CSF) for study. As soon as puncture is finished,
draw a blood culture from a large vein and give
one-half to two-thirds the daily dose of a third-
generation cephalosporin (such as ceftriaxone or
cefotaxime). As before, start vancomycin as well
until the identity and sensitivity of the organism
causing the meningitis is known. Keep the IV
route if it is practical, until a secure line can be
started in another vein. The bolus of antibiotic
allows the physician to move the patient and to
feel less urgency about securing an IV, provided
hypotension is not present.

6. Begin flow sheet. Every 15–30 minutes, record
the pulse, blood pressure, respiratory rate and
regularity, state of consciousness, pupil size
and reaction to light, and spontaneous
movements.

purpura, good intravenous access should be estab-
lished and treatment of shock begun before doing
a lumbar puncture. Meningococcemia can occur
without meningitis, and the early treatment of sep-
tic shock is more important than determining if
meningitis is present. An intravenous bolus of cef-
triaxone can be given as soon as access is estab-
lished. Some patients with evidence of life-threaten-
ing cerebral edema may be treated with mannitol
before a lumbar puncture is done. Priorities in the
emergency management of purulent meningitis are
listed in Box 9-1.

In patients who are going to be transported to a
hospital, if lumbar puncture cannot be done locally,
presumptive antibiotic therapy should be begun
without obtaining CSF if meningitis is suspected
and transport will delay treatment.77

Children with purulent meningitis should gen-
erally be admitted to the critical care unit for close
neurological monitoring, at least for the first 24

hours of illness, when complications such as shock,
herniation, cerebral infarction, and seizures are
most common.

Spinal Fluid Examination
Indications and technique of lumbar puncture and
examination of the spinal fluid are described in an
earlier section. Complete examination of the CSF
should be done in order to detect any abnormality
that may be helpful in the diagnosis. A Gram-
stained smear should be examined even when few
or no white blood cells are found. A few organisms
can sometimes be found that originate on the slide
or in the stain, but in rare instances, many organ-
isms are found in spinal fluids that have no pleo-
cytosis, especially in pneumococcal meningitis. The
meningococcus is the organism most frequently
missed on smear but found on culture, and H. in-
fluenzae is often misinterpreted as another or-
ganism.



CHAPTER 9 • NEUROLOGIC SYNDROMES246

Glucose and protein should be determined and
are discussed in the following section.

Antibiotic therapy should not be delayed until
the spinal fluid studies are available, especially if
the fluid is grossly cloudy. As soon as the CSF is
obtained, a third-generation cephalosporin such as
ceftriaxone, 80 mg/kg as a loading dose,78 should
be given as an intravenous bolus. If there is likely
to be a delay in starting the infusion into a small
vein, the antibiotic should be given into a large vein,
such as an antecubital or external jugular vein, or
even intramuscularly if an intravenous route is not
readily obtainable. As soon as an intravenous line is
available, vancomycin should also be administered.

Prior Antibiotic Therapy

Often, patients are receiving oral antibiotic therapy
(as for otitis media) when the clinical and CSF find-
ings of purulent (or nonpurulent) meningitis occur.
This should not be called “partially treated meningi-
tis.” “Meningitis during antibiotic therapy” is more
accurate and does not imply a missed bacterial men-
ingitis.

Meningitis during antibiotic therapy represents
one of the most frequent and difficult situations in
pediatrics. Prior antibiotic therapy is associated
with a longer duration of symptoms,78–80 especially
in children with H. influenzae type b infection,
which led to the theory that H. influenzae meningitis
has two forms, one rapid and one slower in onset.80

It has been suggested that the slower-onset form
has a lower mortality rate,80 but bacteriologically
confirmed H. influenzae meningitis with prior oral
antibiotics has a higher incidence of neurologic se-
quelae.81

The definitive study of the effects of prior oral
or intramuscular antibiotic therapy on modifying
the CSF findings in bacterial meningitis has not
been done, nor is it likely to be done. The design
needed was described by Wheeler in a 1970 edito-
rial.82 In 1975, in a chart review, the authors con-
cluded “little more can be learned by a chart review
of cases with positive cultures” and indicated that
a prospective study with better diagnostic methods
was needed.80

The prospective (and unlikely) study that would
approach the issues directly would involve follow-
ing, without antibiotic therapy, children who had
developed clinical signs of meningitis while receiv-
ing oral antibiotics, who have CSF findings of
10–1000 white blood cells/mcL (with or without

a predominance of “polys”), normal or abnormal
glucose, and normal or abnormal protein.

In the absence of such a study to evaluate vari-
ables of age, dose and duration of antibiotics, and
the predictive value of low glucose, high protein,
or CSF leukocyte count, clinicians decide whether
to treat “as if” the patient had a bacterial meningitis
by making an individualized clinical judgment
based on these variables.

An infant less than 1 year of age is more likely
to be treated for bacterial meningitis because the
risk of brain damage is greater in the developing
brain. Similarly, either a low glucose or an elevated
protein in the CSF is much more likely to reflect a
bacterial than a viral meningitis. As described later
in the section on atypical presentations, however,
the actual number and type of cells is sometimes
the opposite of the expectation, even when no prior
antibiotics have been given. Finally, patients with
typical purulent meningitis (low glucose, high pro-
tein, high number and percent of neutrophils) have
negative cultures in about 5–10% of cases with no
preceding antibiotics and have just as bad a prog-
nosis as those with positive cultures.79

In the absence of the definitive prospective
study, several types of imperfect alternate studies
are sometimes cited, although they do not provide
conclusive guidance:

1. Proved bacterial meningitis. The CSF findings in
proved H. influenzae meningitis do not differ sig-
nificantly between patients with and without
prior antibiotics when the culture is positive.80

One study concluded an oral antibiotic preced-
ing admission would not alter the CSF findings
in most patients to an extent that would pre-
clude establishing a diagnosis of H. influenzae
meningitis.81 In a study in Denmark that in-
cluded 569 patients with pneumococcal, menin-
gococcal, or Haemophilus meningitis, prior anti-
biotic therapy did not statistically change the
frequency of CSF WBC counts below 1000/mcL,
nor was there any increase in mortality rate or
late sequelae.83

2. Examining CSF after IV therapy. Studies regard-
ing the effect of antibiotics on CSF parameters
have reached conflicting results. In one study,
full appropriate IV antibiotic therapy of estab-
lished bacterial meningitis for 44–68 hours did
not alter the findings characteristic of bacterial
meningitis (i.e., low CSF glucose, predominance
of polymorphonuclear leukocytes) on the sec-
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ond lumbar puncture.84 In that study, three chil-
dren with meningococcal meningitis had a nor-
mal CSF glucose and negative culture after 48
hours of therapy, but the remaining 65 children
showed no statistically significant alterations in
CSF cytology or biochemistry after about 48
hours’ treatment. However, in another study of
42 patients, which was done to compare ampi-
cillin and chloramphenicol against H. influenzae
meningitis, many test values in both groups fell
into a range of normal for glucose, protein, and
total WBC count after 1–4 days of therapy.85

3. Comparing bacterial with nonbacterial meningitis.
In some studies, the two groups compared were
defined by positive or negative CSF cultures,
and the CSF findings are statistically signifi-
cantly different in terms of mean values, al-
though overlap of values for each measure is
present. In one study that included 38 children
given antibiotic therapy in the 48-hour period
before lumbar puncture, two patients with a
positive CSF culture had cell and differential
counts characteristic of “aseptic meningitis,”
with a slightly decreased glucose and definitely
elevated protein.86 No patient with a positive
bacterial culture had all CSF findings compatible
with aseptic disease, but the range of cell count,
percentage of polymorphonuclear cells, glucose,
and protein clearly overlapped those of the
prior-antibiotic group whether or not the cul-
ture was positive. These authors interpreted
their data to support Wheeler’s 1970 editorial
that “there is a small but important group” in
whom prior antibiotic therapy may significantly
alter the CSF laboratory values. However, others
have speculated that it would be rare for prior
antibiotics to alter all measurements simultane-
ously.87 There is no evidence that bacterial anti-
gen tests are more sensitive than Gram stain for
the detection of meningitis in patients pretreated
with antibiotics.88

Investigators continue to search for a biologic
marker that would clearly differentiate viral menin-
gitis from bacterial meningitis with antibiotic treat-
ment. One study showed that CSF ferritin levels
were greater than 18 ng/mL in 46 (98%) of 47 cases
of bacterial meningitis, and that these levels did not
correlate with CSF neutrophil count, CSF protein
concentration, serum ferritin levels, or the age of
the patient.89 Furthermore, in 16 (84%) of 19 pa-
tients who had additional lumbar punctures per-

formed, the ferritin levels remained elevated for an
average of 15 days, despite appropriate intravenous
antibiotic therapy. However, 15 (3%) of the 441
control patients also had ferritin levels greater than
18 ng/mL; 12 had bacteremia or pneumonia, 2 had
relapsed CNS leukemia, and 1 had hemorrhagic
herpes encephalitis.

Another group of investigators measured the N-
acetyl neuraminic acid (NANA) levels in the CSF
of 68 patients with bacterial meningitis, 37 of whom
had pyogenic organisms and 31 of whom had tu-
berculous meningitis. They found that free NANA
levels were elevated only in patients with pyogenic
meningitis, and that the increase was not related to
cell count or CSF glucose levels.90 Unfortunately,
however, this paper did not address the fate of the
NANA levels after antibiotic treatment, so it does
not directly address the question.

In spite of the various interpretations of the avail-
able studies, reasonable guidelines for continuing
antibiotic therapy in a child developing meningitis
while receiving antibiotics can be proposed, recog-
nizing that experienced clinicians disagree. We sug-
gest continuing IV antibiotic therapy if any of the
following is present:

1. Significant neurologic signs such as lethargy,
vomiting, paresis, convulsions

2. Age less than 1 year (some would include older
infants)

3. CSF glucose or protein clearly abnormal
4. CSF WBC count exceeding 300/mcL or exceed-

ing 60% polymorphonuclear cells
5. Any early complication of bacterial meningitis.

If the patient is neurologically normal at 72
hours when the CSF culture is negative and maxi-
mum temperature is less than 101�F (38.4�C), anti-
biotics can be discontinued. If bacteria are seen on
initial Gram stain and found on review, or if neuro-
logic abnormalities are present, therapy should be
continued for the usual duration.

A second lumbar puncture may be indicated if
significant fever or neurologic signs persist, with
consideration of appropriate studies for the numer-
ous causes of nonpurulent meningitis. A CT scan
may be indicated for persistent fever or neurologic
abnormalities.

Fortunately, most patients with viral meningitis
will be clinically very much improved after 72
hours. A patient with bacterial meningitis suffi-
ciently modified by prior antibiotics who has none
of the above criteria for continuing antibiotics is
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likely to be fully cured by 72 hours of further IV
antibiotics.

In a school-age child with a good state of con-
sciousness and no significant neurologic signs, with
fewer than 300 cells/mcL (predominately mononu-
clear), with normal CSF glucose and protein, the
clinician can elect to stop antibiotics and observe
carefully. If the patient is not definitely improved
in 8–12 hours, the CSF can be reexamined, with
the various causes of nonpurulent meningitis kept
in mind for further study.

Atypical Presentations

Bacterial meningitis may not develop in the usual
clinical pattern (Table 9-3). Probably the most com-
mon atypical presentation is mistaken for pneumo-
nia; fever and rapid breathing, presumably caused
by central hyperventilation, dominate the clinical
picture. Weakness or ataxia also is presumably of
CNS origin.

Even after the newborn period, signs of menin-
geal irritation were absent in 16 (1.5%) of 1064 of
patients in one series.91 Acute hearing loss has been
reported as the presenting sign in a 6-year-old with
meningitis after a posttraumatic basilar skull frac-
ture.92

It is important to note that fever is not uniformLy
present in children with bacterial meningitis. Neo-
nates with meningitis are at least as likely to have
a normal or low temperature as they are to have an
elevated temperature at the time of presentation. In
children outside the neonatal period, more than
85% will have fever at the time of presentation.93

TABLE 9-3. ATYPICAL PRESENTATIONS
OF MENINGITIS

CLINICAL

Fever and tachypnea

Weakness or ataxia

Absent meningeal signs

Hemiparesis

LABORATORY FINDINGS

Many bacteria; few leukocytes

Few (�100) CSF leukocytes

Predominance of CSF lymphocytes

CSF within normal limits

In one review of children older than 6 years old
with bacterial meningitis, 11 (44%) of 25 were afe-
brile on presentation, suggesting that fever may be
less common in older children.94 Overall, the clas-
sic triad of fever, stiff neck, and mental status
changes occurs in only one-half to two-thirds of
patients with bacterial meningitis.93

Bacterrhachia Without Pleocytosis

Atypical CSF findings include spinal fluid with cell
count, glucose, and protein within normal limits,
a situation where bacteremia “seeds” the meninges
and the bacteria are culturable before the inflamma-
tory reaction has occurred. A review found that 7
(3%) of 261 children with bacterial meningitis had
CSF findings within normal limits when first seen.95

All appeared sick enough to be hospitalized, and all
but one child were immediately treated for sepsis,
indicating that children with bacteremia producing
positive CSF cultures and normal CSF findings usu-
ally appear sick enough to be hospitalized and
treated for suspected septicemia. Another report de-
scribed the atypical finding of cloudy spinal fluid
with innumerable pneumococci and few leuko-
cytes.96

Low CSF cell counts (nonpurulent meningitis)
may also occur with bacteremia. The prognosis in
this situation depends on the prognosis for the bac-
teremic disease more than on the prognosis for
meningitis if appropriate antibiotic therapy is given.
Early meningococcemia or infective endocarditis
may produce a “seeding” of the CSF with fewer than
100 leukocytes/mcL and normal CSF glucose and
protein.

Other Atypical Patterns

Prior antibiotic therapy is probably the most fre-
quent factor causing delay in diagnosis of bacterial
meningitis.97 Previous immunization with the poly-
saccharide H. influenzae type b vaccine occasionally
resulted in a more gradual onset in H. influenzae
meningitis, presumably related to partial protection
by antibodies stimulated by the vaccine. This clini-
cal pattern has not been seen following receipt of
the protein-conjugate Hib vaccine.

A predominance of mononuclear cells with low
glucose and high protein can occur with Listeria
or tularemia.98 On the other hand, several virus
infections (such as enteroviruses or La Crosse virus)
may present with a leukocyte count above 1000/
mcL, although the CSF glucose and protein are typi-
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cally normal or near normal (see section on puru-
lent meningitis with negative culture).

Eosinophilic meningitis is discussed in the sec-
tion on non-purulent meningitis.

Initial Antibiotic Therapy
Purulent meningitis is an extremely serious disease,
and the outcome can range from complete recovery
to brain damage or death. For this reason, no area
in pediatric infectious diseases has had so many
changing recommendations for antibiotic therapy.
The epidemiology of the disease has also changed,
due mostly to the efficacy of the conjugated Hib
vaccine, but also to the overuse of antibiotics and
subsequent spread of penicillin-resistant S. pneu-
moniae isolates. The two most likely pathogens in
children outside the neonatal period are the pneu-
mococcus and N. meningitidis; empiric therapy
should be directed against these two pathogens.
Third-generation cephalosporins such as ceftriax-
one or cefotaxime penetrate CSF well and have
good activity against all isolates of N. meningitidis;
they are also active against all penicillin-susceptible
and most penicillin-resistant isolates of S. pneumon-
iae. Unfortunately, a recent rise in the percentage of
pneumococcal isolates that are only intermediately
sensitive to these cephalosporins has mandated the
inclusion of vancomycin in the empiric treatment
of suspected bacterial meningitis in children out-
side the neonatal period. Vancomycin is a large
molecule that crosses the blood-brain barrier
poorly; therefore, children should be given large
doses (20 mg/kg/dose) to enhance penetration into
CSF. Once an organism has been identified and
susceptibilities are available, therapy should be tai-
lored appropriately.

Empiric therapy for neonates should be directed
against Group B streptococci and the enteric gram-
negative rods. The combination of ampicillin and
gentamicin, or ampicillin and cefotaxime, are rea-
sonable choices. Some experts would use all 3 drugs
initially if purulent spinal fluid is obtained. Ceftri-
axone should probably be avoided in the first 6
weeks of life because of its propensity to displace
bilirubin from albumin binding sites and to cause
“sludging” of bile in the gall bladder; both of these
effects raise serum bilirubin levels.

Specific Antibiotic Treatment
Pneumococcal Meningitis

As soon as S. pneumoniae is identified as the cause
of meningitis and penicillin- and cephalosporin-re-

sistance have been excluded by an oxacillin disk
diffusion, minimal inhibitory concentration (MIC)
test, and/or the e-test, penicillin alone is sufficient
therapy and is less expensive than ampicillin. The
dose is 250,000 units/kg per day divided into four
to six doses. Penicillin-allergic patients can be
treated with ceftriaxone, unless there is a history
of anaphylaxis, in which case beta-lactam agents
should probably be avoided. Vancomycin plus ri-
fampin may be used in this unusual circumstance.

Patients infected with penicillin-resistant strains
should be treated with a third-generation cephalo-
sporin. In the event the isolate is intermediately or
completely resistant to third-generation cephalo-
sporins as well, vancomycin should be continued
for the entire course of therapy. The cephalosporin
should not be discontinued, as levels achieved in
the spinal fluid may exceed the minimum inhibitory
concentration of even “resistant” strains. For cases
of meningitis caused by highly resistant strains,
some experts advocate a repeat lumbar puncture
48–72 hours into therapy to document sterilization
of the CSF.

Meningococcal Meningitis

Penicillin, ampicillin, or third-generation cephalo-
sporins are effective. Penicillin is the drug of choice
for susceptible strains. Usually, patients allergic to
penicillin can be treated with a third-generation
cephalosporin. Prophylaxis of household and other
intimate contacts (such as daycare contacts) should
be carried out as detailed in Table 21-9. There are
several drugs that have been shown to eradicate
carriage of meningococci; these drugs are effective
prophylactic agents. Rifampin 600 mg twice a day
for four total doses is effective in adults; children
can be given 10 mg/kg/dose for four doses. Children
less than one year should get 5 mg/kg/dose instead.
A single dose of 500 mg of ciprofloxacin has been
shown to be effective in adults and is considerably
less cumbersome. One intramuscular dose of ceftri-
axone is also effective,99 and may be considered in
cases where compliance to the other regimens is
likely to be poor, or in situations where the other
agents are contraindicated, as, for example, for pro-
phylaxis of a pregnant woman.

A deficiency of the terminal components of com-
plement is sufficiently common in systemic menin-
gococcal infection that the patient should be
screened for this disorder with a CH50.100 It is more
common in patients of African-American descent.
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A second case of invasive meningococcal infection
is especially suspicious. The family should be
screened if the patient has a complement deficiency.

H. influenzae Meningitis

As alternatives to ceftriaxone listed in Table 9-4,
cefotaxime can be used for initial empiric therapy,
depending on cost and availability.77

Unusual Bacterial Causes

Other bacterial causes are usually related to trauma,
the newborn period, or to some host defect. Recom-

TABLE 9-4. INITIAL EMPIRIC THERAPY OF BACTERIAL MENINGITIS

*Dosing may be different for premature or low-birth weight infants.
† If suspect Group B streptococcus, enterococcus, or Listeria, add gentamicin 7.5 mg/kg/day div Q8 hr. 
‡ If suspect S. pneumoniae, add vancomycin 60 mg/kg/day div Q6 hr. 
¶Or ceftriaxone 100 mg/kg/day div Q12 hr (max daily dose 4 g) 
Note: All doses assume normal renal function. 

AGE / CONDITION

0–4 wk*

4–12 wk

3 mo to 18 yr

Immunocompromised
host

Basilar skull fracture

Head trauma; post-
neurosurgery

Cerebrospinal fluid
shunt infection

COMMON BACTERIAL PATHOGENS

Group B streptococcus, E. coli, K.
pneumoniae, Salmonella, other gram-
negative bacilli, Listeria, Enterococcus

Group B streptococcus, S. pneumoniae,
N. meningitidis, E. coli, H. influenzae,
Listeria

S. pneumoniae, N. meningitidis, H.
influenzae

S. pneumoniae, N. meningitidis,
Listeria monocytogenes, gram-
negative bacilli including
Pseudomonas

S. pneumoniae, H. influenzae, Group
A streptococcus

S. aureus, S. epidermidis, gram-
negative bacilli (including
Pseudomonas)

S. epidermidis, S. aureus, P. acnes,
gram-negative bacilli (including
Pseudomonas)

RECOMMENDED EMPIRIC THERAPY

Ampicillin 300 mg/kg/day div Q6h
PLUS cefotaxime 200 mg/kg/day div
Q6h (†)

Ampicillin 300 mg/kg/day div Q6h
PLUS cefotaxime 300 mg/kg/day div
Q6h (†, ‡)

Cefotaxime¶ 300 mg/kg/day div Q6h
(max daily dose 12 g) PLUS
vancomycin 60 mg/kg/day div Q6h or
Q8h

Ampicillin 300 mg/kg/day div Q6h
(max daily dose 12 g) PLUS cefepime
150 mg/kg/day div Q8h (max daily
dose 6 g) PLUS vancomycin 60
mg/kg/day div Q6h or Q8h

Cefotaxime¶ 300 mg/kg/day div Q6h
(max daily dose 12 g) PLUS
vancomycin 60 mg/kg/day div Q6h or
Q8h

Cefepime 150 mg/kg/day div Q8h
(max daily dose 6 g) PLUS
vancomycin 60 mg/kg/day div Q6h or
Q8h

Cefepime 150 mg/kg/day div Q8h
(max daily dose 6 g) PLUS
vancomycin 60 mg/kg/day div Q6h or
Q8h

mended initial chemotherapy is shown in Table
9-5.

Nafcillin appears to be the best of the penicil-
linase-resistant penicillins for penetration of the
CSF.101 Clindamycin penetrates CSF poorly. Bacte-
roides meningitis also has been successfully treated
with oral metronidadole.102

Duration of Therapy

For the patient with uncomplicated bacterial men-
ingitis, antibiotic therapy should be given for at least
10 days except for meningococcal meningitis,
where 5–7 days is sufficient.78 Patients should gen-
erally be afebrile for 48–72 hours before therapy is
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TABLE 9-5. ANTIBIOTICS FOR UNUSUAL BACTERIA
CAUSING MENINGITIS

BACTERIA ANTIBIOTIC ALTERNATE

TMP-SMX, trimethoprim-sulfamethoxazole

MSSA, methicillin-susceptible Staphylococcus aureus

MRSA, methicillin-resistant Staphlycoccus aureus

Listeria

MSSA

MRSA

S. epidermidis

Viridans streptococci

Enterococci

E. coli; Klebsiella

Pseudomonas

Stenotrophomonas

Bacteroides

Ampicillin � gentamicin

Nafcillin

Vancomycin

Vancomycin

Cefotaxime

Ampicillin � gentamicin

Cefotaxime

Cefepime

TMP-SMX

Metronidazole

TMP-SMX

Vancomycin

Linezolid

Linezolid

Vancomycin

Vancomycin � gentamicin

Meropenem

Meropenem

Levofloxacin

Meropenem

stopped. If therapy is begun late, or if the prognosis
is otherwise poor, 14 days of IV therapy should be
given. Duration of therapy for gram-negative men-
ingitis should probably be longer; 21 days is consid-
ered standard.

In our opinion, treatment of bacterial meningitis
should be completed in the hospital by the intrave-
nous route. When there is unusually severe illness,
when the patient is a young infant, or when there
is a delay in diagnosis and treatment, the clinician
should choose the longer duration and the higher
doses of antibiotics, using the surest route. CSF pro-
tein and WBC do not usually return to normal until
well after therapy has been completed; normaliza-
tion of CSF parameters should not be used as a
criterion for duration of therapy.

Relative Importance of Antibiotic Therapy

The management of meningitis requires more than
the choice of the best antibiotic, the best dose, and
the best route. Indeed, antibiotic therapy of menin-
gitis is relatively standardized; the anticipation,
early recognition, and effective treatment of compli-
cations, particularly cerebral edema, must be em-
phasized.

Neonatal Meningitis

Meningitis occurring in the first month of life differs
from meningitis in older individuals in a number
of important respects:

1. Poor prognosis. The diagnosis is often late be-
cause of minimal symptoms. Also, brain compli-
cations are more likely and more severe, because
the central nervous system is still developing.

2. Misleading clinical response. Newborn infants
often have a prompt return of the temperature
to normal, suck well, and appear to be fairly
normal yet may ultimately develop hydrocepha-
lus or signs of brain damage. Repeat lumbar
punctures should be done to follow the response
to therapy early in the course.

3. Infecting organisms. Group B streptococci and E.
coli are the usual pathogens, but Listeria, other
streptococci, staphylococci, Hemophilus, and
many gram-negative bacillary species are also
possible.103 E. coli is almost never a cause of
meningitis after the first 6 weeks of life, although
rare exceptions might occur in a very premature
infant or an infant with an underlying disease,
such as severe congenital heart disease.

4. Chemotherapy. A collaborative study showed no
evidence of difference between ampicillin plus
amikacin (representing aminoglycosides) and
ampicillin plus moxalactam (representing a
third-generation cephalosporin).104 Each regi-
men has its benefits and its drawbacks: the com-
bination of ampicillin and an aminoglycoside
(gentamicin, tobramycin) is synergistic for
Group B streptococcal infection and effective
against gram-negative meningitis as well, but in
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some hospitals monitoring of serum levels is
cumbersome, and aminoglycosides have well-
known renal and ototoxicity. Ampicillin plus a
third-generation cephalosporin (usually cefo-
taxime) is more convenient and less toxic, but
is probably less reliable against Group B strepto-
cocci, especially those that are ampicillin toler-
ant (discussed later). Many experts would use
all three days initially (ampicillin plus gentami-
cin plus cefotoxime).

A 72- to 96-hour follow-up lumbar puncture
should be done in neonatal meningitis to ensure
sterility as a guide to efficacy and prognosis.

In the newborn or very young infant with
meningitis caused by Group B streptococci, am-
picillin and gentamicin appear to be synergistic
and should be used for 14 days or longer.78 Al-
though penicillin-resistant Group B streptococci
have not been identified, some isolates are peni-
cillin tolerant (the minimum bactericidal con-
centration is more than 4 times greater than the
minimum inhibitory concentration). Therefore,
high doses of penicillin (450,000 U/kg/day) or
ampicillin (300 mg/kg/day) should be used. The
incidence of side effects with high-dose penicil-
lin or ampicillin is no higher than that seen with
lower doses. For gram-negative enteric bacilli,
adding gentamicin to cefotaxime may produce
a synergistic effect. Some gram-negative bacilli
(especially Enterobacter and Citrobacter) possess
a chromosomal, inducible beta-lactamase and
can develop resistance to beta-lactams during
therapy, even if initial susceptibility testing is
favorable.105 For these pathogens, a carbapenem
(meropenem) or fourth-generation cephalospo-
rin (cefepime) plus an aminoglycoside (gentami-
cin or tobramycin) is appropriate therapy. Other
gram-negatives (especially Klebsiella and Ser-
ratia) may also harbor extended-spectrum beta-
lactamases that can render semi-synthetic peni-
cillins and cephalosporins useless. When caring
for newborns with gram-negative meningitis of
any kind, consultation with an infectious dis-
eases specialist is advised. Patients with gram-
negative meningitis should be treated for 21
days or longer.

5. Other therapy. The poor outcomes seen with
gram-negative meningitis have led some to con-
sider trials of intraventricular or intrathecal anti-
biotic therapy. A multicenter, randomized, con-
trolled trial of intravenous ampicillin and
gentamicin with or without intrathecal gentami-

cin was conducted in 117 infants with gram-
negative enteric meningitis. There were no sig-
nificant differences in the mortality, morbidity,
or time to CSF sterilization between the two
groups.106

Seizures in neonates with gram-negative menin-
gitis have multiple potential causes, including poor
cerebral perfusion, infarcts, edema, and hypoglyce-
mia. The development of cerebral abscesses is com-
mon and should be screened for with computed
tomography. Drainage by a neurosurgeon may be
necessary.

Early Complications

The complications of meningitis can be divided into
early complications (those that occur during the
first 24 hours and may be the immediate cause of
death) and late complications (those usually recog-
nized after several days or later) (Table 9-6). The
early complications are cerebral edema, septic
shock, disseminated intravascular coagulation,
myocarditis, hyponatremia with water intoxication
(which aggravates cerebral edema), and convul-
sions.107 Sensorineural deafness is also an early
complication but may not be detected until later.
Cerebral edema and endotoxic shock are the princi-
pal causes of death after patients have reached the
hospital and are receiving antibiotics. In order to
detect early signs of these severe complications, the
physician should be sure the indicators of shock
and cerebral edema (described below) are charted
on a flow sheet every 15 minutes in the early hours
of treatment, just as one would chart such vital data
in a hospitalized diabetic in severe acidosis.

Diagnosis of Cerebral Edema

The recognition of cerebral edema is based on pro-
gressive changes in several physical findings108

(Table 9-7). A flow sheet is useful to follow the
course (Fig. 9-1). In cerebral edema, the state of
consciousness changes from alert but irritable, to
lethargic but arousable, to stuporous, and finally
to deep coma. Pupillary reflexes change from mid-
position, equal, and reactive to light to dilated and
sluggish and, finally, to dilated and fixed. The optic
discs are usually not a useful guide, because rapid
changes in pressure are often not reflected by any-
thing more than minimal blurring of the discs. Such
a minimal blurring in acute purulent meningitis is
not a contraindication to a careful lumbar puncture.
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TABLE 9-6. ACUTE COMPLICATIONS OF BACTERIAL
MENINGITIS

COMPLICATION THERAPY

Brain swelling Mannitol, urea, or corticosteroids

Septic shock* Plasma volume replacement

Disseminated intravascular
coagulation*

Myocarditis Digitalization

Pericarditis Pericardiocentesis

Hyponatremia Reduce water intake

Convulsions Depends on mechanism

Hemiparesis; focal signs Observation if no increased pressure

Endophthalmitis; endocarditis

Carotid artery thrombosis

Cortical blindness; opsoclonus

Brain abscess

* Septic shock and disseminated intravascular coagulation are discussed in Chapter 10.

TABLE 9-7. PROGRESSION OF SIGNS OF BRAIN SWELLING

LEVEL OF RESPONSE TO

CONSCIOUSNESS PUPILS STIMULATION BREATHING

Alert but irritable

Lethargic but arousable

Stuporous

Deep coma

Mid position, equal, briskly
reactive

Dilated, sluggish

Dilated, fixed

Crying, withdrawal

Stiffening, rigidity

Flaccid

Regular

Irregular, periodic

Cheyne-Stokes

Marked papilledema or choked discs implies a more
dangerous situation, and a chronic illness such as
lead encephalopathy should be considered, as dis-
cussed earlier under Indications and Risks. Eye
movements change from fixation on distant objects
when the neck is rotated, to rotation in concert with
the head, as if staring (doll’s eye movement) late in
the course of the disease. Response to pain changes
from purposeful withdrawal of the extremity to
which the painful stimulus is applied, to non-pur-
poseful withdrawal and stiffening with decerebrate
rigidity, to complete flaccidity.

The pattern of breathing is an important guide
to increased intracranial pressure. In cerebral
edema, the breathing pattern changes from regular
to irregular to the Cheyne-Stokes pattern. Cheyne-

Stokes respirations are characterized by periods of
deep and rapid respirations alternating with periods
of slow, shallow respirations or apnea. The late
changes in breathing and eye movements are re-
lated to compression of the brainstem and are often
not seen if the child receives early chemotherapy.

The fontanel may change from flat to bulging.
Convulsions may occur. Patients with meningitis
who have had convulsions should not be kept
deeply sedated, because this obscures changes of
consciousness that are a guide to the severity of
cerebral edema. Lateral rectus palsy may be seen
in severe or chronic cerebral edema and is not of
localizing value.

There is one report of 5 children who developed
cutaneous flushing, an obvious but transient red-
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■ FIGURE 9-1 Flow sheet for observation for brain swelling. Use Table 9-7 for signs to be recorded.

dening of the skin, at the same time they experi-
enced neurologic deterioration secondary to in-
creased intracranial pressure. The epidermal
flushing involved the upper chest, face, or arms,
and lasted from 5–15 minutes. The exact origin of
this response is unknown, but it is postulated that
it may be a centrally mediated response to sudden
elevations in ICP.109

These changes associated with cerebral edema
resemble the progression of stages during induction
of general anesthesia and have also been described
in patients with brain tumors when herniation is
imminent. This progression can sometimes be re-
versed by drugs such as mannitol that create an
osmotic gradient between the brain and the plasma.
Osmolar agents rapidly remove water from all of
the extravascular space, but it is the removal of
water from the swollen brain cells that may be life-
saving. Increased cerebral blood flow also occurs
during mannitol infusion and may be a factor in its
cerebral effects.110

Corticosteroids such as dexamethasone also re-
duce cerebral edema, according to studies of pa-
tients with brain tumors.

Other agents have been shown to decrease intra-
cerebral pressure in experimental meningitis in ani-
mal models, including the calcium-channel block-
ing agent nimodipine.111

The use of mannitol or dexamethasone in pa-
tients with meningitis and progressive worsening
of brain signs has not yet been proved effective in
any prospective controlled comparative study. The
evidence for its effectiveness is derived primarily

from repeated observation of reversal of the signs
of brain deterioration in individual patients when
this therapy is given.

Cerebral Herniation

The fatal consequence of cerebral edema is cerebral
herniation and typically occurs within 8 hours of
admission.112 This is the usual cause of death in
the first 24 hours of H. influenzae meningitis.113

However, it is not always fatal when treated (e.g.,
with mannitol), as described later in this section.
Prevention by limiting intravenous fluids, as de-
scribed later, is better than having to treat the cere-
bral edema, but fluid restriction has no immediate
effect in an urgent cerebral edema situation. In ad-
dition, cerebral perfusion pressure is dependent on
adequate systemic blood pressure; fluid restriction
is thus inappropriate in the patient with hypoten-
sion and shock.

Relation of Cerebral Edema to CSF
Manometric Pressure

The presence of cerebral edema should be recog-
nized by clinical observations. The actual measure-
ment of opening pressure at the time of lumbar
puncture is much more easily accomplished in
older patients who are lucent enough to be coopera-
tive with the examination (i.e., those who likely
have normal pressures). In smaller children and in
babies, attempting to measure the CNS pressure by
manometry increases the risk of needle manipula-
tion and may produce intrathecal bleeding. This
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blood in the spinal fluid may make the CSF cell
count and protein results, which are of critical im-
portance in a patient with suspected meningitis, dif-
ficult to interpret. Free back-flow is often not ob-
tained if the patient is straining. Localized cerebral
edema may be present in the absence of increased
spinal fluid pressure as measured in the lumbar
area.114 Finally, the finding of a normal opening
pressure does not rule out the presence of increased
pressure a few hours later, after intravenous fluids
have begun to correct dehydration.

Treatment of Cerebral Edema

Mannitol, urea, and dexamethasone appear to be
effective in reducing cerebral edema from causes
other than meningitis. The use of these agents has
not been adequately studied in meningitis.

Mannitol has some theoretical advantages: there
is no commitment to continuous therapy, and there
is no risk of adrenal suppression or gastric ulcera-
tion or of masking fever, as is the case with dexa-
methasone. Moreover, there is no preparation time
because of addition of diluents required, and no
confusion about possible renal insufficiency, as in
the case of urea. Urea is seldom used.

Mannitol is usually given intravenously as a 25%
solution, 0.25–0.5 g/kg/dose, over a 20- to 30-min-
ute period, for trauma.115 A review of supportive
therapy recommended mannitol at 0.5–2.0 g/kg/

■ FIGURE 9-2 Effect of mannitol on intracranial pressure. (From Wise BL,
Chafer N. J Neurosurg 1962;19:1038–43.)

dose over a 30-minute period, repeated as neces-
sary.107

A decrease in CSF pressure has been noted in
brain tumors within 1/2 hour of starting the infu-
sion, with the lowest pressure reached after 2–4
hours (Fig. 9-2). Pressure returned to previous lev-
els by 6–10 hours. Mannitol can be repeated as
soon as 4–6 hours after the last infusion if signs of
cerebral edema are again noted. However, after
about 48 hours, or six to eight doses, the patient’s
long-term prognosis is likely to be unchangeable.
The decrease in cerebral edema produced by man-
nitol or urea is only temporary, and the result de-
pends on improvement of the disease process itself.

Prevention of Cerebral Edema

There has been some controversy over the role of
fluid restriction in the prevention of cerebral edema
in patients with meningitis. Prospective studies
have shown that as many as 88% of patients with
meningitis develop the syndrome of inappropriate
antidiuretic hormone secretion (SIADH).116 Fur-
thermore, studies done in patients who were never
fluid restricted showed that the development of
SIADH correlated with poor neurologic out-
comes.117 However, the diagnosis of SIADH should
never be made in a patient who is dehydrated (be-
cause the release of ADH in the setting of dehydra-
tion is not inappropriate). Restriction of fluids in
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the setting of even mild dehydration may decrease
cerebral perfusion. A prospective study of 50 chil-
dren with meningitis suggested a worse outcome
in patients who were fluid restricted.118

After restoring circulatory perfusion, restricting
fluid therapy to approximately two-thirds mainte-
nance in patients with hyponatremia would be a
rational approach. Fluid restriction should be con-
tinued only until it can be demonstrated that the
patient does not have SIADH, after which fluids
are liberalized. This can usually be accomplished
within 24–36 hours by careful monitoring of the
patient’s input, output, serum sodium concentra-
tions, and urine specific gravities and osmolalities.
Serum sodium concentration should be monitored
at least twice every 24 hours, especially in patients
with documented sodium levels less than 130 mg/
dL. Use of less than one-half the calculated mainte-
nance dose as a preliminary guide may contribute
to low blood volume, hypotension, or cerebral vas-
cular sludging and venous thrombosis and is there-
fore to be avoided.

Initial Treatment of Poor Perfusion
(Compensated Shock)

Often, children with meningitis have poor circula-
tory perfusion when first seen, as judged by poor
capillary refilling in nail beds and cool extremities.
This is not the same as septic shock, which is a
later, more severe, situation. Treatment consists of
a rapid intravenous infusion of Ringer’s lactate,
10–20 mL/kg/dose, repeated as necessary, to re-
store circulatory blood volume and improve brain
perfusion.

Septic Shock

Shock is usually recognized by low systemic blood
pressure and a fast, weak pulse. The extremities
may be warm, so that septic shock is sometimes
called “warm shock.” Slow filling of the capillary
nail beds may be a useful guide to septic shock.

Treatment of Shock

The therapy of septic shock is controversial and is
discussed in more detail in Chapter 10. The optimal
therapy is plasma volume expansion, which can be
done using plasma or 5% albumin, with an esti-
mated initial dose of 25 mL/kg/dose. Patients with
meningitis and shock need to receive enough fluid
to keep systolic blood pressures adequate, and to

keep urine output above 0.5 mL/kg/hour. Central
venous pressure should be monitored. Pressor
agents such as dopamine can be used to support
blood pressure when needed but are not a substi-
tute for adequate filling volume.

The total amount of plasma or 5% albumin given
should be based on the blood pressure and on the
central venous pressure. When the blood pressure
is low or unobtainable, blood volume replacement
should be given until blood pressure is adequate or
central venous pressure is high.

Disseminated Intravascular Coagulation

The patient with meningococcemia is much more
likely to develop disseminated intravascular coagu-
lation (DIC) with purpura than is a patient with
bacterial meningitis of another cause. This problem
is discussed further in Chapter 10.

Myocarditis

Congestive heart failure, manifested by rapid pulse,
enlarging tender liver, or pulmonary edema, is not
always caused by over-treatment of endotoxin
shock by excessive intravenous fluids. Myocarditis,
presumably secondary to endotoxin, has been dem-
onstrated in some cases by autopsy findings of pete-
chiae, cell infiltrates, and muscle fiber necrosis. Di-
goxin may be of value.

Purulent pericarditis may also occur, especially
as a complication of H. influenzae meningitis. Small,
self-limited effusions were detected in 20% of 100
consecutive cases.119 They were usually not signifi-
cant clinically.

Hyponatremia

Decreased serum sodium concentration may be
noted as early as the time of admission to the hospi-
tal, although it usually appears after the patient has
had some intravenous therapy. This hyponatremia
is probably secondary to brain disease and is me-
diated by an “inappropriate” excessive secretion of
ADH. Use of 0.5 normal saline as the maintenance
intravenous fluid is reasonable, with continued
fluid restriction. Mannitol should be avoided when
the patient is severely hyponatremic, because it in-
creases sodium losses. It is an error to focus on
correction of serum sodium and the mechanism of
inappropriate ADH secretion to the neglect of the
basic complication of cerebral edema and its treat-
ment.
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Convulsions

In a patient with meningitis, convulsions may occur
because of cerebral edema, hyponatremia, subdural
effusion, fever, and, by unexplained mechanisms,
the disease itself. It is important to consider all pos-
sible underlying causes that might be improved by
treatment other than anticonvulsants. Barbiturates
in low to moderate doses may actually improve the
state of consciousness in a patient with constant
seizures. However, high doses of barbiturates or
other anticonvulsants can obscure the persistence
of a physiologic disturbance that should be cor-
rected, such as cerebral edema or subdural effu-
sions.

Hemiparesis or Focal Signs

Focal or lateralized signs observed during the first
few days of purulent meningitis have several possi-
ble etiologies.120 Usually, mild focal signs such as
slight asymmetry of strength or reflexes improve
with observation and specific antibiotics and pre-
sumably have a vascular or inflammatory basis.
However, hemiparesis or total paralysis may be
caused by bleeding from DIC, indicating potential
residual damage. Focal signs can also be caused by
subdural effusions or asymmetric cerebral edema.
CT scanning is indicated in the patient with focal
neurologic signs.

Subdural Effusion

In young children with bacterial meningitis sub-
dural effusions are very common, occurring in 44
(39%) of 113 children aged 1–18 months old in
one study. Only one child had a documented sub-
dural empyema.121

Long-term follow-up (median 5.5 years) demon-
strated no increased incidence of seizures, hearing
loss, neurologic deficits, or developmental delay.
The authors concluded that specific invasive ther-
apy is not indicated in infants with meningitis and
subdural effusion who are otherwise improving.
The rare child with a subdural empyema will usu-
ally not improve clinically on antibiotics alone or
will have an initial improvement followed by re-
lapse. In the older child, whose cranial sutures are
closed, subdural effusions are potentially more seri-
ous, especially if large or if associated with midline
brain shift. Neurosurgical consultation for possible
drainage should be obtained immediately.

Brain Abscess

Except for gram-negative meningitis in the neonatal
period, brain abscess is extremely rare in the first
week of purulent meningitis. Operative drainage is
not usually necessary unless intracranial pressure
is increasing.

Anemia

As with other severe infections, meningitis is fre-
quently accompanied by the anemia of inflamma-
tion.122

Diagnostic Approach

EEG

One retrospective study of neonates with meningi-
tis concluded that a markedly abnormal EEG during
the acute phase of meningitis correlated with long-
term poor neurologic outcome.123 The study
looked at 75 EEGs in 29 neonates; babies with nor-
mal or near-normal EEGs had good outcomes. This
study also suggested that in a population of neo-
nates, EEG may be useful for detecting subtle or
subclinical seizure activity.123

Brain Scans

The availability of CT and magnetic resonance im-
aging (MRI) scanning has revolutionized CNS diag-
nosis. Scanning is useful for detecting brain abscess
or subdural effusion (neither of which usually needs
to be drained), large lateral ventricles (implying
ventricular obstruction and ventriculitis), small
lateral ventricles (cerebral edema), and diminished
attenuation or focal hemorrhage (neither particu-
larly treatable nor closely correlated with prog-
nosis).124 Imaging may be useful for the patient
who is not responding as expected after several days
of adequate therapy; to look for cerebral edema
when there is no clinical emergency and a chronic
process is suspected; and to evaluate possible hy-
drocephalus. It is also useful for the patient with
focal neurologic signs. However, routine brain
scanning in all patients with meningitis is not indi-
cated: one prospective study of serial CT scans in
meningitis concluded that clinical management was
not influenced by scan results, which failed to reveal
any significant abnormalities not suspected on neu-
rologic examination.125 Another study of 58 chil-
dren with meningitis showed that positive findings
with obvious clinical significance were found in
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only 6 (10%) of 58 CT scans, all of which were
occasioned by complex or prolonged seizures or
prolonged fever.126 The procedure demonstrates
what clinicians and pathologists have always
known: purulent meningitis exerts a profound ef-
fect on the brain parenchyma as well as on the me-
ninges. If imaging is deemed necessary, contrast-
enhanced MRI is probably the best imaging mo-
dality.127

Hearing Loss

Sensorineural hearing loss is the most common ad-
verse neurologic outcome in children who recover
from bacterial meningitis. This complication occurs
in about 10% of patients, with about half of these
cases being bilateral.128 It is most common with
meningitis due to S. pneumoniae (31%), as com-
pared with N. meningitidis (11%) or H. influenzae
(6%).128 It appears to be unrelated to the number
of days of illness before admission or the type of
antibiotic therapy but is correlated with ataxia, se-
vere neurologic deficits, or initial CSF glucose of
less than 20 mg/dL.128 It is thought that hearing
loss is secondary to inflammation that results not
only from the infection itself, but also from the bac-
terial products released by lysis during antibiotic
therapy.

Pretreatment with dexamethasone decreases the
concentrations of some inflammatory mediators
and leads to decreased hearing loss in animal
models of experimental meningitis, especially men-
ingitis caused by H. influenzae. Some clinical studies
also documented better hearing outcomes in pa-
tients pretreated with dexamethasone versus pla-
cebo.129 Most of the patients in these trials were
suffering from H. influenzae infection, as the trials
were carried out when Hib was the most common
pathogen. Even though some aspects of the patho-
genesis of disease are similar, extrapolation of data
obtained from children with H. influenzae meningi-
tis to those with S. pneumoniae or N. meningitidis
infection may not be straightforward. A small, pro-
spective trial of dexamethasone vs. placebo in chil-
dren with pneumococcal meningitis showed a trend
toward better audiologic outcomes in the dexa-
methasone recipients.130 Limitations of the study
include that the numbers were small and that ampi-
cillin/sulbactam was the antimicrobial therapy em-
ployed. It has already been demonstrated that hear-
ing outcomes vary with differing antimicrobial
regimens.

A large, prospective, multicenter trial demon-
strated that hearing loss, when it occurred, was
present within the first several hours of illness.131

There is also the theoretical concern about the abil-
ity of dexamethasone to tighten the blood-brain
barrier that is opened due to the inflammation of
meningitis. This would normally be considered
good, as it decreases the transport of plasma pro-
teins, etc.; however, in this era of increasingly resis-
tant S. pneumoniae isolates, the concern is that the
transport of large molecules such as vancomycin
would also be decreased. In a rabbit model of men-
ingitis, CSF concentrations of vancomycin have
been shown to be lower in rabbits that received
concomitant dexamethasone.132

Most experts advise pretreatment with dexa-
methasone in cases where the suspicion of H. in-
fluenzae infection is high (e.g., contact with a
known case, gram-negative rods on Gram stain, pa-
tient from a group that gets no vaccinations for reli-
gious reasons). A recent randomized, placebo-con-
trolled trial in adults with bacterial meningitis
demonstrated decreased morality in the dexameth-
asone-treated group.133 However, the use of ste-
roids in the treatment of bacterial meningitis re-
mains controversial. The preponderance of the
clinical evidence suggests that benefit for patients
with pathogens other than H. influenzae, if indeed
a benefit exists, is small enough to be clinically diffi-
cult to demonstrate. The risk of having meningitis
secondary to a multiply-resistant pneumococcus
that requires vancomycin therapy, on the other
hand, is tangible.

Hearing loss, if it is going to occur, is present
within 48 hours of presentation. Children with bac-
terial meningitis should thus have their hearing
tested prior to discharge from the hospital or shortly
thereafter. If it is normal, no further testing is neces-
sary. If abnormal, repeat testing should be per-
formed, because about one-third of children will
regain hearing over the ensuing 6 months. For in-
fants under about 1 year of age, routine electrical
auditory testing is advisable. Behavioral hearing
testing by a pediatric audiologist in a soundproof
room is the best method for a cooperative child.

Prognosis

Purulent meningitis is still one of the most impor-
tant medical emergencies. It should be suspected
and diagnosed early by prompt lumbar puncture
and treated vigorously. Management includes antic-
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ipation and treatment of cerebral edema and shock
as early complications. Late complications and per-
manent brain damage remain significantly frequent.

The clinician should usually avoid predictions
to the family about prognosis and about intellectual
recovery and should instead advise parents to wait
and see how the child does, using follow-up exami-
nations and, later, specialized testing if necessary
as a guide.

Later Complications

These complications occur from a few days to a few
weeks after onset and include subdural effusion,
hydrocephalus, and brain damage with mental re-
tardation.

Subdural Effusion

The subdural space normally contains no fluid.
Subdural effusions occur in about a third of chil-
dren with meningitis, according to subdural taps
done routinely.121 The best explanation of the path-
ogenesis of subdural effusion is that protein enters
the subdural space from dural blood vessels, which
are abnormally permeable in meningitis. The pro-
tein then brings in fluid from the vessels by osmotic
action. In early papers, it was suggested that subd-
ural effusions are more likely to occur when rela-
tively large amounts of spinal fluid are removed at
lumbar puncture. Although this has not been
clearly documented, the theoretical risk has re-
sulted in the consensus that the volume of fluid
removed at lumbar puncture should be kept to the
minimum necessary for study (a total of 2–3 mL).

Subdural effusions are least frequent after me-
ningococcal meningitis135 and, after correction for
age, are about equally frequent in H. influenzae and
S. pneumoniae meningitis.

A subdural effusion is not likely to occur until
several days after the onset of purulent meningitis
but rarely is found on the first day that meningitis is
recognized, particularly if there has been preceding
antibiotic therapy.

Because small asymptomatic effusions are com-
mon, and because asymptomatic moderate effu-
sions typically resolve without drainage, they need
not be looked for and drained routinely, as was
done in the past. Effusions are often blamed for
persistent fever, vomiting, or other complications of
meningitis; subdural effusions are common enough
that you might expect to find them in patients with
these clinical features. Causation is more difficult

to establish. Prospective studies suggest that the
neurologic outcome is no worse for those with effu-
sions than for those without.121 Effusions presum-
ably also occur in older children with closed fonta-
nels and usually resolve without drainage. Subdural
punctures are rarely done when small effusions are
detected on older infants, because the procedure is
much more invasive if the anterior fontanel is
closed. CT scans demonstrate that even large effu-
sions may resolve completely.137

Clinical indications to obtain CT scans consist
primarily of persistent or recurrent neurologic ab-
normalities after 48 hours of therapy. These include
focal neurologic signs, continuing lethargy, sei-
zures, bulging fontanel, or increase in head circum-
ference.138 Usually, the fever is higher than ex-
pected for the day of the illness. CT scans can only
detect effusions of about 30 mL or larger, but
smaller effusions are unlikely to be clinically signifi-
cant.138 Transillumination is a simple, less expen-
sive way to detect the thin layer of fluid and can
be used to supplement the CT scan (Fig. 9-3).

If an effusion is found concurrently with any
of the above neurologic findings, subdural needle
aspiration through an open fontanel should be con-
sidered to see if improvement occurs. A second as-
piration is usually not indicated unless the first aspi-
rate is positive on culture or unless neurologic
findings are relieved and then recur later to an
equally severe degree. Large volumes of fluid (25

■ FIGURE 9-3 Transillumination is useful to detect subdural
effusions. (Photo courtesy of Dr. Raymond Chun.)
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mL or more) should not be removed rapidly, be-
cause this may result in rapid expansion of the com-
pressed brain, which may be manifested by pallor,
tachycardia, or even apnea. Persistent subdural
effusions have been treated by neurosurgical
shunting of the fluid from the subdural space into
the peritoneal cavity. However, the more conserva-
tive approach of waiting for absorption of the fluid
may be just as effective in most cases.

Subdural Empyema

This term is used when the effusion is purulent,
containing more than 5000 leukocytes/mcL. It is
more likely to be associated with a positive culture
and severe neurologic damage.138 Subdural empy-
ema can also occur as a complication of severe si-
nusitis or mastoiditis without presenting as a puru-
lent meningitis.139 In contrast to patients with
simple effusions, patients with subdural empyema
usually present with focal signs, especially hemipa-
resis. Imaging may reveal shift of the midline struc-
tures, requiring an immediate neurosurgical referral
for drainage.

Slow Improvement During Days 3 to 7

During the first 2 days of treatment for purulent
meningitis, the patient often improves significantly
in terms of state of consciousness and fever. From
the third to the seventh day, improvement is steady
but less rapid, as the temperature may remain
somewhat elevated, the neck somewhat stiff, and
the child irritable (Fig. 9-4). The physicians need
patience during this time. They should not do un-
necessary procedures (such as a CT scan or a repeat
lumbar puncture, which often leads to a third).
Solid clinical reasons should make the clinician “do
something” diagnostic, but this is typically a time
of “worry, but watch carefully.”

Follow-up Lumbar Puncture

A follow-up LP should be performed 3–4 days into
therapy in neonates with gram-negative meningitis
and in patients infected with drug-resistant pneu-
mococci, and should be considered in anyone who
has a poor response to therapy. Neonates with bac-
terial meningitis of any etiology should have a re-
peat LP at the end of therapy. However, routine
follow-up examination of the spinal fluid is unnec-
essary as a test of cure.77,140 Sometimes, equivocal
results on the follow-up examination as the result

of laboratory variation or a traumatic (bloody) tap
prolong hospitalization and lead to another lumbar
puncture, both of which are clinically unnecessary.

Patients with neurosyphilis generally get a fol-
low-up LP at 6 months and those with cryptococcal
meningitis are “re-tapped” two weeks into therapy.
Meningitis caused by multidrug resistant Mycobac-
terium tuberculosis is a vexing problem; follow-up
LP may be required on more than one occasion.

Persistent Pleocytosis or Low Glucose

Persistent pleocytosis alone should not be used as
a reason for prolonging therapy beyond 14 days.
Repeat lumbar puncture to be sure the CSF glucose
has risen to normal is not essential, if the response
has otherwise been adequate. The frequency distri-
butions of glucose, protein, and leukocyte counts
show wide variation after successful treatment of
meningitis.140

Persistent Fever

The most frequent causes of fever beyond the ex-
pected range are drug fever, unrelated infections,
phlebitis, arthritis, and unknown etiology.141

Sometimes prolonged fever is diagnosed and evalu-
ated based on an unrealistic expectation of the ra-
pidity of defervescence. Prolonged and even sec-
ondary fevers (fever occurring after a period of
defervescence) are not uncommon in children with
bacterial meningitis, even in the absence of compli-
cations. A brain CT scan is not automatically indi-
cated. Several studies have documented that ap-
proximately 10–13% of patients with meningitis
have fever beyond 8 days, and about 15–20% de-
velop secondary fevers.142 The presence of pro-
longed or secondary fever does not correlate with
adverse neurologic outcome, nor does it correlate
with relapse or recrudescence.143 If the child is neu-
rologically well, and progressive improvement in
clinical condition (other than fever) is noted, watch-
ful waiting is the best approach. Plotting a graph
of the child’s fever curve may also reveal a decrease
in the temperature index, which is encouraging.
Small undetected collections of serous fluid con-
taining antigen-antibody complexes may be present
in a joint, pleural space, pericardial space, or intra-
cranially. This theoretical explanation is based on
the detection of larger fluid collections in some pa-
tients with persistent fever.

Antibiotic therapy need not be continued be-
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■ FIGURE 9-4 Typical course of patients with bacterial meningitis, showing
usual range of clinical and cerebrospinal fluid findings.

yond the previously recommended times if the clin-
ical condition is satisfactory.

Hydrocephalus

Hydrocephalus may be communicating or obstruc-
tive. Obstructive hydrocephalus can occur within
a few days of the onset of the illness if there is thick
pus in the ventricles that blocks CSF flow out of
the ventricular system, especially in newborns or
very small infants. Obstructive hydrocephalus oc-
curring early in the illness is usually manifested by
acutely increased intracranial pressure, with slow
pulse, rising blood pressure, and apnea. Emergency
treatment consists of insertion of a needle into the
ventricles to remove CSF and relieve pressure.

Communicating hydrocephalus usually is not
noted until 2 weeks or more after the onset of the
illness. It occurs more frequently in patients with
a delay in beginning therapy. It may also occur in
young infants with meningococcal meningitis,
where the onset of the disease may be slow even
without modification by preceding antibiotic ther-
apy. Hydrocephalus is sometimes first suspected by
noting a “setting sun” appearance of the eyes (Fig.
9-5), and an enlarging head can be confirmed by
daily measurement of the head circumference. A
CT scan or sonogram is useful to determine whether
the ventricles are dilated throughout (communicat-

ing) or if there is obstruction of the aqueduct with
a small fourth ventricle. Hydrocephalus is a more
common complication of tuberculous or cryptococ-
cal meningitis.

Brain Damage with Mental Retardation

Severe intellectual damage is probably the most
dreaded complication of meningitis. Other neuro-
logic deficits that may result include seizures, paral-
ysis, and deafness. Many mechanisms can con-

■ FIGURE 9-5 Setting sun appearance of the eyes in early
hydrocephalus. The pupils and iris are the “sun,” with in-
creased visibility of the white sclera as the “sky.”
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tribute to this damage. Cerebral anoxia with subse-
quent infarction may occur because of shock or
apnea or increased intracranial pressure. Direct in-
fectious or toxic destruction of brain tissue may also
occur.

Statistical data are usually not helpful in discus-
sing the prognosis of an individual patient with the
parents. Bad prognostic factors include coma, hy-
pothermia, shock, age less than 12 months, anemia,
and seizures that are intractable or last (or have
their onset) greater than 72 hours into antibiotic
therapy. In most patients with sequelae, functional
improvement tends to occur to at least some extent
over time.

Hemorrhage, Thrombosis, or Infarct

With CT scanning, these findings are recognized
more often, but no specific therapy is available. In-
farctions are more common with meningitis caused
by S. pneumoniae. Hemiparesis may be present but
sometimes resolves with time. Occlusion of the in-
ternal carotid artery has been reported.120

Immune or Reactive Arthritis

Sterile arthritis representing a presumed antigen-
antibody reaction has been recognized as a compli-
cation of infections such as hepatitis B, yersiniosis,
salmonellosis, meningococcemia, and gonorrhea.
During the course of H. influenzae meningitis, a ster-
ile high-protein arthritis with fever is occasionally
observed, which typically responds promptly after
removal of the fluid. Arthritis during the first few
days, on the other hand, is usually septic.144,145

Other Complications

Transient or permanent cortical blindness, quadri-
plegia, acute endocarditis, and endophthalmitis are
basically not preventable. Brain abscess can occur,
especially in neonatal enteric bacterial meningi-
tis.146 Movement disorders, such as athetosis, as
well as convulsive disorders, can occur.147

Purulent Meningitis With Negative
Culture

Bacterial Meningitis

This is presumed to be the usual cause of purulent
meningitis with a negative spinal fluid culture. In
many cases, the culture is negative because of pre-
ceding antibiotic therapy,148 and in a few cases,

cultures may be negative because of improper col-
lection or delay in delivery to the laboratory. This is
discussed further in the following section on aseptic
meningitis syndrome. Listeria monocytogenes may
not be positive on culture until 72 hours of incuba-
tion.

Congenital Dermal Sinus

The CSF culture may be negative, or a skin or other
“contaminant” bacterium may be found, so the cul-
ture is regarded as negative when the source is a
congenital dermal sinus. Any child suffering from
meningitis who is noted to have a midline dimple
over any part of the vertebral column should have
an MRI performed to look for the presence of an
associated dermal sinus. If present, the sinus tract
should be resected after recovery from the meningi-
tis to prevent a second episode.

Anaerobic Meningitis

Anaerobes are a very rare cause of bacterial menin-
gitis and would result in a negative conventional
culture.149 Anaerobic meningitis is usually associ-
ated with prior CNS or otolaryngologic surgical
procedures or penetrating trauma. The diagnosis is
sometimes suspected by the finding of pneumo-
cephaly on imaging studies.150 The principal pre-
disposing cause in a child would be chronic sinus-
itis or chronic otitis media. An illustrative case of
an 18-year-old with infectious mononucleosis who
developed Lemierre’s syndrome and associated
meningitis has been reported. The blood culture
grew Fusobacterium necrophorum, but the CSF cul-
ture grew Prevotella bivia. CT scan showed pan-si-
nusitis.151 Another report tells of a previously
healthy child who developed Fusobacterium necro-
phorum meningitis secondary to purulent otitis
media with the same organism.152 A 3-year-old who
injured her eye with a toothbrush developed men-
ingitis secondary to Veillonella parvula, a gram-neg-
ative anaerobic coccus found in the mouth flora.153

Reactive Meningitis (Parameningeal
Infection)

Acute sinusitis or other bacterial infection near the
meninges may produce more than 1000 WBC/mcL,
predominately neutrophils, whereas the glucose
and protein are usually normal or nearly normal,
and the Gram stain typically reveals no organisms.
In the absence of prior antibiotics, parameningeal
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infection should be suspected, and head imaging
should be obtained.

Amebic Meningitis

Amebic meningitis is exceedingly rare. However,
the physician should be aware that purulent menin-
gitis with a negative culture can be due to amebae
such as Naegleria species.154 The patient sometimes
has a history of swimming in lake water, which may
be the source of the ameba. It has been suggested
that the route of inoculation is through the nose to
the olfactory bulbs. The CSF cell count is usually
in the purulent meningitis range, with a predomi-
nance of neutrophils. Erythrocytes are often present
and may provide a useful clue. The spinal fluid glu-
cose may be normal or slightly depressed. The CSF
protein is usually elevated.

This diagnosis can be made by isolating the
ameba from the brain or by observing the motile
organism in the spinal fluid (Fig. 9-6). Specific
chemotherapy with amphotericin B, miconazole,
and rifampin has cured several cases,154,155 but the
prognosis is extremely poor. In animal models, pas-
sive antibody prior to infection is protective,156 and
antibody given intracisternally as therapy prolongs
survival but does not prevent death.157

Contaminated CSF Collection

In this situation, there are no CSF findings of puru-
lent meningitis except a smear showing bacteria,
which may be traced to commercial lumbar punc-
ture kits.158 False positive gram staining due to con-
tamination of the ethanol the slides were stored in
has been reported. If contaminated gentian violet
is placed on a hot slide, false positive Gram stains
may result; this problem is solved by placing gen-
tian violet on slides that have cooled.159

■ FIGURE 9-6 (A) Naegleria as seen in cerebrospinal fluid. (Photo courtesy of Drs. James Seidel and Zane Price.
From N Engl J Med 1982 306;346–8.) (B) Hartmanella (Acanthamoeba) culbertsoni. (C) Naegleria aeroba. (B and
C courtesy of Dr. Clyde G. Culbertson.)

Cerebravascular Accidents

Hemorrhage or thrombosis of the brain occasion-
ally results in a CSF leukocytosis beyond what can
be explained on the basis of the red blood cells
present. It should be remembered that erythrocytes
become hemolyzed in the CSF, resulting in the su-
pernatant CSF becoming xanthochromic.

Herpes Simplex Encephalitis

As discussed later in this chapter, herpes simplex
encephalitis can resemble bacterial meningitis with
negative bacterial cultures.

Mycoplasma Meningitis

Mycoplasma pneumoniae produces CNS involve-
ment in approximately 1 in 1000 patients. The pri-
mary manifestation is usually encephalitis, but
meningitis and meningoencephalitis may also be
seen. In meningitis secondary to Mycoplasma pneu-
moniae the cells may be predominantly neutrophils
and the protein may be elevated, but the glucose is
normal.160 Typically, there is a preceding definite
middle or lower respiratory infection, as discussed
in Chapter 8.

Mycoplasma hominis is carried in the genital tract
of 12–50% of pregnant women. Prevalence of infec-
tion and frequency of antibody titers increase with
increasing parity.161 M. hominis cannot be seen on
Gram stain and is difficult to isolate on routine mi-
crobiology laboratory media. Waites et al. found
evidence of CNS infection with M. hominis in 5 of
100 predominantly preterm babies being evaluated
for meningitis. In 4 babies, the organism was re-
peatedly isolated over several weeks.162 In another
study of infants with good prenatal care, M. hominis
was isolated from 9 (3%) of 318 infants who under-
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went lumbar puncture. Most cleared the infection
without specific therapy. In all these studies, the
lack of a control group of healthy infants makes
interpretation of the findings difficult.

Mollaret’s Meningitis

This is an uncommon syndrome of recurrent asep-
tic meningitis, usually seen in adults and rarely
teenagers, characterized by cloudy spinal fluid, usu-
ally with a neutrophilic pleocytosis and normal glu-
cose and protein. The presence of “Mollaret cells,”
once thought to be endothelial but now known to
be of the monocyte/macrophage family, is pathog-
nomonic. This syndrome is now thought to be sec-
ondary to HSV-2. This conclusion is based on the
PCR finding of HSV-2 DNA in the CSF of three
patients with the disorder and on the known pro-
pensity of herpes group viruses to cause recurrent
disease.163

Intravenous Immunoglobulin

Several cases of aseptic meningitis after receipt of
high-dose immune globulin have been reported.
Bacterial meningitis is often suspected initially be-
cause of the neutrophilic predominance.164,165 In a
review of 11 cases,165 the mean CSF leukocyte
count was 1123 per mcL (median, 451) with a
mean of 74% neutrophils (median 87%).

Neonatal Intraventricular Hemorrhage

After the red blood cells have been lysed, the white
blood cells and protein may remain for several days
after an intraventricular hemorrhage. The CSF glu-
cose also is usually depressed early or several weeks
later, and this may persist. The finding of xantho-
chromic fluid is the principal clue to this cause of
suspected meningitis with negative cultures.

Chronic Meningitis

Persistently low CSF glucose concentrations may
occur, particularly in enteric bacterial meningitis of
newborns. This finding may indicate brain dysfunc-
tion rather than persistence of infection.166

Most chronic meningitis is of fungal or mycobac-
terial origin.167 Malignant infiltrations usually occur
in patients with known malignant disease. In adults,
other noninfectious causes include vasculitis, sar-
coidosis, systemic lupus erythematosus, Sjögren’s
syndrome, and drug reactions. Other causes are dis-
cussed under recurrent meningitis.

Relapsing or Recurrent Meningitis

Recurrent episodes of purulent meningitis with
negative cultures can be categorized under the diag-
nosis of Mollaret’s meningitis. An extremely rare
cause of chronic CSF pleocytosis in teenagers with
recurrent oral, genital, or ocular lesions is Behçet’s
syndrome.168 An intracranial epidermoid cyst or
other tumor can cause recurrent sterile menin-
gitis.169,170

An immunoglobulin deficiency is rarely a cause
of repeated episodes of meningitis. Deficiency of a
terminal component of complement or of proper-
din is a cause of recurrent meningococcal menin-
gitis.171,172

A neurenteric fistula associated with presacral
mass and an abnormal sacrum is seen in Currarino
syndrome, which can be a cause of recurrent or
polymicrobial meningitis. Most patients have a his-
tory of constipation because of associated anal ste-
nosis. A congenital encephalocele may extend into
the sinuses and result in recurrent meningitis. The
diagnosis is made with a fine-cut MRI of the sinuses.

Posttraumatic or Post-Operative
Meningitis

An abnormal communication with the CSF, such
as a skull or spinal wound, skull fracture, or a con-
genital dermal sinus in the sacral or occipital areas,
should be sought early in all cases of persistent,
relapsing, or recurrent meningitis.173,174 Recurrent
pneumococcal meningitis suggests an occult CSF
leak through a dural tear held open by a skull frac-
ture.173 Imaging of the sacral spine may reveal ab-
normalities in patients with recurrent meningitis
caused by enteric gram-negative rods, or in babies
with polymicrobial gram-negative meningitis.

CSF rhinorrhea after trauma may be localized
by radiographic techniques and repaired if sponta-
neous closure does not occur.175–177

■ NONPURULENT MENINGITIS

Definitions

Nonpurulent meningitis (aseptic meningitis syn-
drome) can be separated from the general category
of presumptive CNS infections by the absence of
severe cerebral manifestations, such as a severe dis-
turbance of consciousness, and by a spinal fluid cell
count of 10–500 leukocytes/mcL (see Table 9-2).

Usually, encephalitis can be distinguished clini-
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cally from nonpurulent meningitis. In one study of
both these syndromes, mild impairment of con-
sciousness, febrile convulsions, or mental dysfunc-
tion associated with high fever alone were not ac-
cepted as definite evidence of encephalitis.178

Obviously, patients with 500–1000 WBC/mcL
need to be fit in to one of the categories on the basis
of other criteria. This classification is intended as a
preliminary one, and exceptional cases occur. In
mumps virus meningitis, the CSF WBC count
sometimes exceeds 1000/mcL but is typically
mostly lymphocytes. In enterovirus outbreaks, es-
pecially of Coxsackie-virus meningitis, the protein
may be slightly elevated or the glucose slightly de-
pressed or the cell count may be above 500/mcL
with a slight predominance of neutrophils, even on
an early repeat tap. In a study of 150 children in
an epidemic of echovirus meningitis, only 3% had
an initial CSF glucose below 40 mg/dL and none
were less than 20 mg/d1.179 However, 23% of the
children had an initial CSF white blood cell count
exceeding 1000/mcL, 21% had a predominance of
neutrophils, and 12% had a CSF protein exceeding
80 mg/dL. (These abnormalities did not necessarily
occur concurrently.)179 Thus, the preliminary cate-
gories are not absolutely perfect in predicting the
possible etiologies, and patients who have findings
atypical of purulent or nonpurulent categories
should be judged individually by clinical findings
and according to whether there is enterovirus dis-
ease in the community. Many such patients, espe-
cially infants, get treated for bacterial meningitis
until their diagnosis is clarified.

“Aseptic meningitis syndrome” is the term now
used most frequently. “Viral meningitis” and “me-
ningoencephalitis” are terms with significant disad-
vantages. All of these terms can be further defined.

Aseptic meningitis syndrome was originally de-
fined by Wallgren as an acute illness with meningeal
signs and symptoms, a small or large number of
cells in the cerebrospinal fluid, and absence of bac-
teria on direct smear or culture of CSF with no
general or local parameningeal infection, and a rela-
tively short benign course (Table 9-8).180 Aseptic
meningitis syndrome is now usually defined on the
basis of CSF findings that allow the prediction that
bacterial pathogens will not be found; namely, a
moderate number of leukocytes that are predomi-
nately lymphocytes and a smear negative for bacte-
ria (Fig. 9-7). The CSF glucose and protein may or
may not be abnormal by this definition. The Centers
for Disease Control and Prevention (CDC) include

recovery without antibiotics in its recording of de-
finitive cases of aseptic meningitis.

The diagnosis of viral meningitis should not be
regarded as equivalent to aseptic meningitis syn-
drome, which is a syndrome that has many other
possible etiologies that are extremely important to
consider (Table 9-9). “Nonpurulent meningitis” is a
better problem-oriented diagnosis because it makes
the clinician more likely to consider such important
etiologic possibilities as tuberculosis or partially
treated bacterial meningitis.

The term “meningoencephalitis” has the disad-
vantage of failing to distinguish patients who should
be said to have “encephalitis,” which has severe ce-
rebral signs and a higher probability of brain dam-
age. A severe and persistent (at least 8 hours) dis-
turbance of consciousness is an early and relatively
reliable indication of a poor prognosis. Nonpuru-
lent meningitis and acute encephalitis also differ in
probable etiologies.

A single virus can produce a spectrum of severity
of illness, from asymptomatic to mild to severe to
fatal. Coxsackieviruses, for example, can cause a
spectrum of severity from headache and fever, to
nonpurulent meningitis, to paralytic poliomyelitis-
like syndrome, to acute and fatal encephalitis. How-
ever, from the starting point of a single patient’s
illness, it is useful to make a presumptive diagnosis
of either nonpurulent meningitis or acute encepha-
litis and then analyze the etiologic possibilities.

Importance of CSF Glucose

A decreased CSF glucose concentration (hypogly-
corrhachia) is usually present in purulent meningi-
tis. It has little more than supportive diagnostic
value because the purulent spinal fluid and Gram
stain already indicate the presumptive diagnosis of
bacterial meningitis. The decreased CSF glucose ap-
pears to be related to decreased glucose transport
across the blood-CSF barrier and conversion of the
brain metabolism from oxidative to the less efficient
glycogenolysis. Thus, a lowered glucose suggests
more severe brain involvement.

In nonpurulent meningitis, a low CSF glucose
is correlated with more chronic or more serious
etiologic agents, such as Mycobacterium tuberculosis.
Therefore, in patients with nonpurulent meningitis,
a decreased CSF glucose has special diagnostic
value. It is thus useful to divide nonpurulent men-
ingitis into two subgroups: those with and those
without decreased CSF glucose (Table 9-2). It is
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TABLE 9-8. DEFINITIONS OF SOME ACUTE CENTRAL NERVOUS SYSTEM SYNDROMES

SYNDROME SIGNS

Aseptic meningitis syndrome (Wallgren’s
original definition)

Aseptic meningitis syndrome (current usage)

Acute encephalitis

Acute encephalopathy

Acute meningeal signs and symptoms 

Cerebrospinal fluid (CSF) pleocytosis, small or large number of cells

No bacteria by smear or culture

No general or local parameningeal infection

Relatively short benign course

Acute meningeal signs and symptoms usually, but no significant
disturbance of consciousness

CSF pleocytosis, nonpurulent, mostly lymphocytes

No bacteria by smear

Recovery without antibiotic therapy

Acute, severe, nontransient disturbance of consciousness

CSF pleocytosis, nonpurulent, mostly lymphocytes

No bacteria, normal CSF glucose

Acute, severe, nontransient disturbance of consciousness

No CSF pleocytosis

No bacteria, normal CSF glucose

■ FIGURE 9-7 Typical course of coxsackievirus meningitis, showing normal
glucose and protein and predominance of lymphocytes in cerebrospinal fluid
after a few days of illness.
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TABLE 9-9. NONPURULENT MENINGITIS: CLASSIFICATION OF ETIOLOGIES

TYPE OF

ETIOLOGY CAUSES

Infectious

Noninfectious

Viral meningitis (e.g. echo virus, coxsackie virus, mumps)

Early bacterial meningitis (especially meningococcal or neonatal, and
embolization to the meninges in bacterial endocarditis)

Partially treated bacterial meningitis

Brain abscess and other adjacent infections, including sinusitis and
mastoiditis

Uncommon infections (leptospirosis, syphilis, toxoplasmosis, trichinosis)

Low CSF glucose group (tuberculosis, cryptococcosis and other fungi,
occasionally mumps, listeriosis, lymphocytic choriomeningitis,
meningeal neoplasm)

H. influenzae vaccine-modified meningitis

Lyme disease

Poisons (lead, arsenic)

Medications (immune giobulin, nonsteroidal anti-inflammatory drugs)

Trauma (subdural hematoma; intrathecal injections)

Hypersensitivity (serum sickness)

Kawasaki disease

useful to define CSF glucose as definitely lowered
if it is less than 40% of the blood glucose, or as less
than 40 mg/dL if the blood glucose is not known.

An elevation of CSF protein concentration is
often also present when there is a decreased CSF
glucose. However, a slightly elevated protein may
be a result of laboratory variability, of slight bleed-
ing during the lumbar puncture, or of previous
traumatic lumbar punctures or operative proce-
dures.

Low-Glucose Subgroup

Bacterial Meningitis

When a patient develops nonpurulent meningitis
while receiving an antibiotic, the most reliable clue
to bacterial meningitis may be a significantly de-
creased CSF glucose. In this situation, the protein
may also be elevated. Because prior antibiotic ther-
apy may prevent recovery of the infecting organism
on culture, the frequency of this etiology is un-
known, but it is probably the most frequent cause
of hypoglycorrhachia in children.181 This situation
is discussed in detail in the section on purulent
meningitis.

Early bacterial meningitis may also produce this
CSF pattern. Listeria monocytogenes produces non-
purulent meningitis with predominately lympho-
cytes in a small proportion of cases. The CSF glu-
cose is almost always low and the protein almost
always high in such cases.182

Bacterial meningitis can also present as nonpu-
rulent meningitis with a normal CSF glucose, as
discussed later.

Tuberculous Meningitis

Tuberculous meningitis presents subacutely in 3
clinical stages. Stage 1 consists of nospecific signs
such as fever and headache. In stage 2 the patient
develops mental confusion and early focal signs,
such as cranial nerve palsies. In stage 3 the patient
progresses to obtundation and coma. The prognosis
is directly related to the clinical stage at the time
therapy is begun. Thus, it is critical to make the
diagnosis as early as possible.

Tuberculous meningitis usually results in hypo-
glycorrhachia. In a series of 405 children with tu-
berculous meningitis from 1987–1998, 80% had
depressed CSF glucose levels. CSF protein was
greater than 100 mg/dL in 65%. Half of patients
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had less than 60 WBC per mcL, 45% had 60–500
WBC/mcL, and 5% had more than 500 WBC/mcL.
Just over half had evidence of pulmonary involve-
ment, and only 16% had a positive tuberculin skin
test (TST). Nearly 70% had a positive family history
of tuberculosis.183

Another study reported a higher percentage of
pulmonary involvement: 87% of 214 children with
tuberculosus (TB) meningitis in that series had an
abnormal chest x-ray.184 Family or exposure history
was found in 66%, and the TST was greater than
10 mm in only 30%.

A study comparing 110 children with tubercu-
lous meningitis to 94 patients with non-TB aseptic
meningitis syndrome identified 5 clinical features
that suggested TB:

1. prodromal stage of one week or longer
2. optic atrophy
3. focal neurologic deficit
4. abnormal movements, and
5. less than 50% of CSF white blood cells of the

polymorphonuclear phenotype

When tuberculous meningitis is suspected, three
factors should be evaluated: TST, chest roentgeno-
gram, and exposure history (including past travel
to or residence in a high-risk area). If the TST is
negative (less than 5 mm), the chest roentgento-
gram is normal, and there is no history of exposure
to tuberculosis (or residence in high-risk areas),
then tuberculous meningitis is much less likely. In
contrast to past teaching, pulmonary tuberculosis
that has been present long enough to calcify (more
than about 6 months) may still be associated with
dissemination.185 Thus, even if the three factors
listed above are negative, tuberculous meningitis
should be considered if the CSF glucose is low and
there is a CSF lymphocytosis.

A second lumbar puncture and CSF examination
should be done if the CSF glucose is borderline
low on the first test, because during the course of
untreated tuberculous meningitis, there is almost
always a progressive fall in the glucose, a rise in the
protein, and a continuation of the CSF lymphocy-
tosis.

Studies of early detection or surrogate markers
of tuberculous meningitis have been published. A
good method is needed primarily because AFB stain
is positive in only about 15% and culture in only
about 30% of cases.184 In one study, 80–85% of
children with TB meningitis were shown by ELISA
to have immunoglobulin G (IgG) or immunoglobu-

lin M (IgM) to antigen A60 in serum, and 60–75%
had antibodies in the CSF; unfortunately, no con-
trols were reported.186 Another report looked at de-
tection of H37Rv antigen in CSF; this test was 90%
sensitive and 96% specific for the diagnosis.187 Fi-
nally, a PCR for the detection of Mycobacterium tu-
berculosis DNA in CSF has been developed and
tested; the sensitivity ranges from 60–85%, and the
specificity ranges from 94–100%, depending on the
report.188,189 Only the PCR test is commercially
available.

Fungal Meningitis

Cryptococcal meningitis, generally only seen in pa-
tients with advanced immunodeficiency, may have
an indolent onset and may present with subtle signs
and symptoms, such as intermittent headache with
or without low-grade fever. This condition is associ-
ated with a low glucose and a high protein.190,191

The sensitivity of the India ink test to detect bud-
ding yeast forms in the CSF is about 50%; however,
either serum or CSF cryptococcal antigen testing
will be positive in nearly every patient with cryp-
tococcal meningitis.192

The organism often grows out in a few days on
most of the solid media usually used for the culture
of Mycobacterium tuberculosis.

Candida albicans can cause a nonpurulent men-
ingitis with low CSF glucose, high protein, and,
usually, a predominance of CSF neutrophils.193 Pre-
mature infants with many prior courses of antibiot-
ics are most frequently affected.

Coccidioidomycosis uncommonly presents as a
meningitis in patients with illness severe enough to
require hospitalization.194 Blastomycosis and histo-
plasmosis rarely produce meningitis, and when
they do, disseminated disease is usually also present
with hepatosplenomegaly in histoplasmosis and
chronic pulmonary disease in blastomycosis. Urine
histoplasma antigen is positive (greater than 1 unit)
in approximately 80% of patients with dissemi-
nated disease.195

In immunosuppressed patients, aspergillosis,
mucormycosis, or superficial fungi occasionally
produce meningitis.

Serologic and antigen studies for fungi, as well
as CSF smears for fungi, should be done if the fea-
tures of presumed tuberculous meningitis are atypi-
cal. The CSF can be tested for cryptococcal antigen
or coccidioidal antibody for rapid diagnosis. It is
important to detect fungal causes of nonpurulent
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meningitis, because therapy with appropriate anti-
fungal agents can be lifesaving.

Viral Meningitis

Viruses can lower the CSF glucose,196,197 although
this is uncommon. Mumps meningitis is occasion-
ally associated with slightly decreased CSF glucose
concentration,198 although most studies indicate
glucose below 40 mg/dL in only about 3%.197,199

Mumps virus can be cultured from CSF or saliva.
Paired sera can be used to demonstrate an antibody
titer rise.

Echoviruses and coxsackieviruses have pro-
duced low CSF glucose and elevated protein along
with their typical lymphocytic pleocytosis, thus re-
sembling tuberculous meningitis, especially in in-
fants.200,201 One study of 17 babies 2 months of age
or younger with coxsackievirus type B1 meningitis
reported that 64% had hypoglycorrhachia.202 The
patients’ clinical and CSF results improve steadily
in such cases (Fig. 9-7).

Lymphocytic choriomeningitis virus can lower
the CSF glucose. The CSF protein may be ele-
vated.203 The virus can sometimes be cultured from
CSF, but usually the diagnosis is made on the basis
of an antibody titer rise.

Amebic Meningitis

Free-living amebae such as Naegleria species can
produce lower CSF glucose and high protein. The
cells are usually predominately neutrophils, as dis-
cussed in the section on purulent meningitis with
negative culture. Chemotherapy may be helpful, so
this is an important diagnosis to consider despite
its rarity.

Unusual Infectious Causes

Toxoplasmosis can present with nonpurulent men-
ingitis with a lymphocytic predominance and de-
pressed CSF glucose.204 Listeriosis can produce
nonpurulent meningitis with cranial nerve palsies
and low CSF glucose, resembling the basilar menin-
gitis (rhombencephalitis) of tuberculous menin-
gitis.205

Chronic enteroviral (usually echovirus) menin-
gitis in children with agammaglobulinemia typi-
cally has fewer than 1000 white blood cells/mcL,
elevated CSF protein, and depressed CSF glucose
(between 15 and 45 mg/dL).206 These patients often
improve after intravenous immunoglobulin ther-

apy. Pleconaril, previuosly available on a compas-
sionate use basis for chronic or severe enteroviral
infections,207 is no longer available from the manu-
facturer.

Noninfectious Causes

Chemical meningitis can result from injections into
the subarachnoid space and may produce lowered
glucose as well as pleocytosis. Spinal anesthetics or
even corticosteroids may be implicated.208

Cerebral neoplasms, particularly meningeal neo-
plasms, can produce a low CSF glucose. There also
may be an increase in leukocytes in the CSF. Intra-
cranial bleeding or hematoma also can be a cause
of low CSF glucose with pleocytosis.

Normal-Glucose Subgroup

Viral Meningitis

Viruses are the most common, but not the only,
cause nonpurulent meningitis with a normal CSF
glucose. In three large series with viral cultures of
patients with nonpurulent meningitis in the 1950s,
the most common causes were coxsackieviruses
(20–50%), echoviruses (10–15%), and mumps
virus (5–15%). Mumps virus is now a rare cause.
The typical course of coxsackievirus meningitis is
shown in Figure 9-7.

In the United States, coxsackieviruses and echo-
viruses characteristically are found in the summer
and fall, although echoviruses may be found all
year. Wintertime outbreaks of echovirus meningitis
have been reported.209 Young infants may be more
likely to have echoviruses as a cause of nonpurulent
meningitis, especially in outbreaks.210,211 The prog-
nosis for full intellectual functioning after recovery
in infants less than 3 months old with enteroviral
meningitis is as good as for matched controls.212

Outcomes may be worse in babies infected within
the first week of life, however.

Newly recognized enteroviruses are no longer
classified as echoviruses or coxsackieviruses, so that
enterovirus types (such as enterovirus type 71) are
now being reported as causes of nonpurulent men-
ingitis.213 A report comparing the clinical symp-
tomatology of patients with enterovirus 71 infection
versus those with coxsackievirus A16 infection dur-
ing a large outbreak showed that, in general, entero-
virus 71 infection was more severe. A total of 7% of
the group with enterovirus 71 infection had aseptic
meningitis, 10% had encephalitis, 5% were classi-
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fied as encephalomyelitis, and the mortality rate
was 7%; all deaths were attributed to pulmonary
edema. In contrast, 94% of the Coxsackie A16 in-
fections were uncomplicated, only 6% had aseptic
meningitis syndrome, and there were no deaths.214

Outbreaks of enterovirus disease associated with
day-care centers and neonatal nurseries have been
reported.215,216

Vaccination history should be obtained. Immu-
nization has made mumps virus infection much less
common now than it was in the past, but a history
of mumps exposure should be sought, especially in
the unvaccinated child, and the patient should be
examined carefully for parotid enlargement. An ele-
vated serum amylase in the presence of suspected
parotid enlargement is supportive evidence for the
diagnosis of mumps. Mumps virus or enteroviruses
can often be recovered on culture in a virus diagnos-
tic laboratory, so viral cultures of the throat, rectum,
and CSF should be done if facilities are available.196

Enteroviral PCR on CSF is performed in some labo-
ratories and can be very helpful in this setting.217

Antibody studies using two sera, one obtained
as soon as possible after the onset and the second
obtained 3–6 weeks later, are useful for diagnosis
of a number of viruses: mumps, lymphocytic
choriomeningitis, California group (La Crosse) en-
cephalitis, Eastern equine encephalitis, Western
equine encephalitis, St. Louis encephalitis, and
West Nile virus encephalitis. However, with the ex-
ception of La Crosse virus and West Nile virus, in-
fection with these viruses is relatively uncommon
in the United States, except in occasional localized
outbreaks.

Pet hamsters or mice can be a source of lympho-
cytic choriomeningitis virus infection. Adenovirus
is a rare cause of aseptic meningitis.218 Measles en-
cephalitis is rarely associated with a predominance
and persistence of a CSF neutrophilic pleo-
cytosis.219 Rotavirus gastroenteritis has been associ-
ated with nonpurulent meningitis in a patient with
minimal CSF pleocytosis and detection of rotavirus
antigen in the CSF. Typical rotavirus particles were
seen in the CSF by immunoelectron micros-
copy.220

Infectious mononucleosis is sometimes compli-
cated by a CSF pleocytosis and a variety of neuro-
logic complications, as discussed in the section on
encephalitis.

Unknown Etiology

In the three large studies mentioned previously,
about 30–50% of patients with nonpurulent men-

ingitis had negative cultures and negative serologic
studies for viruses. Probably some of these patients
had a viral etiology for their illness, but viruses are
often difficult to isolate from the CSF.

Mycoplasma

Mycoplasma pneumoniae can cause nonpurulent
meningitis, often with preceding respiratory symp-
toms.221 Usually, the CSF glucose and protein levels
are normal and the CSF leukocyte count is in the
nonpurulent range, with a predominance of lym-
phocytes. The organism can also be a rare cause of
encephalitis, polyneuritis, paralysis, and psychosis,
as discussed in these sections. PCR can be used
to detect M. pneumoniae in spinal fluid specimens,
although not all cases with meningeal or encephali-
tic involvement are PCR positive.222 CSF PCR is
more likely to be positive in encephalitis. In all
cases, the duration of illness prior to the develop-
ment of CNS symptoms is an important predictor
of the sensitivity of PCR; the shorter the duration,
the more likely the PCR will be positive.223

The genital mycoplasmas Mycoplasma hominis
and Ureaplasma urealyticum are rare causes of non-
purulent meningitis in the newborn period.224 In
many cases, sepsis is suspected since there may be
no CSF pleocytosis. Intraventricular hemorrhage
and hydrocephalus also have been reported to be
associated with recovery of these microorganisms
from the CSF, especially in preterm infants.224

Lyme Disease

Borrelia burgdorferi can cause nonpurulent meningi-
tis, sometimes with a cranial neuritis. Neurologic
symptoms are typically preceded by a rash at the
site of the tick bite. In one study of 201 children
with Lyme disease, 2% were diagnosed with aseptic
meningitis.224 CSF PCR is relatively insensitive, but
serology is usually positive.225,226

Rickettsial Diseases

Rocky Mountain spotted fever and ehrlichiosis (see
Chapter 11) are both typically associated with a
mononuclear pleocytosis of 10–100 WBC/
mL.224a,224b In patients with a history of travel to
sub-equatorial Africa, African tick bite fever is a
possible cause of fever, headache, and stiff neck.
The disease is caused by the recently identified Rick-
ettsia africae and responds rapidly to treatment with
doxycycline.
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Infectious Mononucleosis

As discussed in Chapter 3, Epstein-Barr virus (EBV)
can produce nonpurulent meningitis as the pre-
dominant clinical manifestation.

Cat-Scratch Disease

Occasionally, central nervous system complications
occur in cat-scratch disease. Encephalitis is more
common than aseptic meningitis. Usually, there is
regional adenopathy, as described in Chapter 6.

Parameningeal lnfection

Sometimes, infection near the central nervous sys-
tem, particularly ethmoid or sphenoid sinusitis,
produces a sterile, nonpurulent meningitis.227

Typically, the CSF glucose and protein are normal,
and neutrophils are usually the predominant cell
in the pleocytosis.

Chlamydia species

The increased frequency and study of sexually
transmitted Chlamydia trachomatis has led to the
recognition of its rare association with nonpurulent
meningitis.228

C. pneumoniae has also rarely been associated
with aseptic meningitis syndrome.229

Early Bacterial Meningitis (“Seeded
Meningitis”)

In bacteremic patients, the CSF may contain bacte-
ria from the blood, with minimal cellular pleo-
cytosis and normal CSF glucose and protein, as dis-
cussed previously.

Leptospirosis

Leptospira were the apparent cause of about 4% of
430 cases of nonpurulent meningitis in one study.
The illness can be associated with conjunctival in-
jection, muscle pain and tenderness, and a rash.
Jaundice, tender liver, microscopic hematuria, py-
uria, and proteinuria may also be present, as dis-
cussed in Chapter 13. Involvement of the CNS in
the process of systemic leptospirosis is common,
usually mild, and mostly unrecognized. Isolated
CNS involvement, without other signs and symp-
toms, is extraordinarily rare.230 Spinal fluid xan-
thochromia is common, but decreased CSF glucose
is rare.231 Culture is possible but usually not practi-
cal, so serologic studies should be done if there is

a history of exposure to animal urine (see Chapter
21). A leptospiral PCR has now been tested experi-
mentally but is not readily available.232

Brain Abscess

With brain abscess, the CSF protein may be ele-
vated, but the CSF glucose is normal, as discussed
in a later section of this chapter.

Tuberculosis

A tuberculin skin test, chest roentgenogram, and a
thorough history of exposure to tuberculosis should
be done for most patients with the aseptic meningi-
tis syndrome even if the initial CSF glucose and
protein are normal. A second lumbar puncture
should be done in all patients who have not im-
proved after several days’ observation in order to
be certain the CSF glucose is not falling and the
protein rising, as normally occurs in the course of
tuberculous meningitis. Transient CSF lymphocy-
tosis with normal glucose and protein and sponta-
neous recovery has been reported rarely with recov-
ery of the tubercle bacillus from the spinal fluid.233

Bacterial Meningitis Modified by Prior
Antibiotics

Nonpurulent meningitis with a normal glucose is
sometimes the result of bacterial meningitis occur-
ring during antibiotic therapy.82 The frequency of
this situation is unknown, as discussed in detail in
the section on purulent meningitis. Some published
studies have stated that prior antibiotic therapy
does not “significantly” modify the CSF findings in
bacterial meningitis. However, these studies com-
pared the mean values for patients with proved bac-
terial meningitis with and without preceding antibi-
otic therapy, although the range of CSF glucose,
protein, cell count, and differential overlapped.
Further confirmation of this overlap can be found in
studies of antibiotic therapy with proved bacterial
meningitis.85,234 In these studies, the mean CSF
glucose was often normal after a few days of appro-
priate antibiotic therapy for bacterial meningitis.
The mean CSF protein is usually still elevated at
this time, but the range of the protein was as low
as 25 mg/dL.

In addition, prior antibiotic therapy reduces the
concentration of bacteria in the CSF of some pa-
tients.235 Conclusive evidence that preceding anti-
biotic therapy sometimes modifies the CSF findings
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and results in a nonpurulent meningitis with nor-
mal CSF glucose and protein can be seen in individ-
ual case histories. Occasional patients with this clin-
ical pattern have been observed and have not had
antibiotics continued. Relapse has followed within
a day or two, with more typical findings of bacterial
meningitis and a positive culture. The frequency of
antibiotic-modified bacterial meningitis is un-
known. Use of nonculture techniques, such as de-
tection of bacterial antigens, has not been helpful
in clarifying this issue.

Noninfectious Causes

Nonpurulent meningitis with a normal glucose can
have a number of possible noninfectious inflamma-
tory causes. These include chemicals injected into
the subdural space for diagnosis or therapy (such
as myelography) and oral medications (such as tol-
metin).236,237 Nonsteroidal anti-inflammatory
drugs and antibiotics such as trimethoprim-sulfa-
methoxazole can produce this pattern of disease.238

Kawasaki Disease

This multi-system disease is discussed in Chapter
11. Usually, fever and an erythematous rash are the
predominant findings, but a sterile CSF pleocytosis
can be present. Of patients with Kawasaki disease
who undergo lumbar puncture, more than one-
third have a pleocytosis.239

Eosinophilic Meningitis

Nonpurulent meningitis may rarely be associated
with eosinophils in the CSF, peripheral blood eo-
sinophilia, or both. Parasitic causes include cysti-
cercosis, toxocariasis, toxoplasmosis, trichinosis,
disseminated strongyloidiasis, and numerous para-
sites in other countries.240,241

An emerging cause of eosinophilic meningitis in
the United States is neural larva migrans caused by
inadvertent ingestion of the raccoon roundworm,
Baylisascaris procyonis.242 Patients described in the
literature are young children (usually boys) with a
history of geophagia (soil ingestion) or with exten-
sive exposure to raccoons. Presentation may be in-
dolent or fulminant. Symptoms are usually those
of encephalitis, and include progressive lethargy,
somnolence, and confusion. Seizures and develop-
mental delay may occur. Fever is variable. Neuro-
retinitis secondary to larval invasion of the eye is
frequently seen. There is usually a mild CSF pleo-

cytosis with the presence of eosinophils. Peripheral
eosinophilia may be present as well. Diagnosis is
made by demonstrating the presence of antibodies
to B. procyonis in the serum or CSF. Treatment is
with a larvicidal agent with good CNS penetration,
such as albendazole. However, based on cases re-
ported to date, the prognosis is grave, with or with-
out treatment.242

Other possible causes include chronic lympho-
cytic choriomeningitis virus meningitis,243 foreign
bodies (such as ventriculoperitoneal shunts), hy-
pereosinophilic syndrome, lymphoma, and demye-
linating diseases.244 We have seen inexperienced
laboratory technicians report neutrophils as eosino-
phils.

Diagnostic Approach

Bacterial culture of the spinal fluid should be done.
The use of viral cultures and paired sera for viral
antibodies is discussed in the section on acute en-
cephalitis.

A rapid slide test for heteroph antibodies is sim-
ple and appropriate if there is any suspicion of in-
fectious mononucleosis. If suspicion of EBV infec-
tion is high and the rapid test is negative, EBV
serologies should be performed.

Cold agglutinins are non-specific but immedi-
ately available, and mycoplasma serology to detect
IgM antibody may be ordered when mycoplasmal
meningitis is suspected.

Treatment

Antibiotics

The following general rules are useful for the treat-
ment of nonpurulent meningitis. If an antibiotic has
not been given before the lumbar puncture, antibi-
otic therapy need not be used. Exceptions to this
rule include the patient who appears seriously ill
or is a young infant or a newborn. Even young in-
fants can have viral meningitis, but the clinical and
CSF response in bacterial meningitis of newborns
or young infants can be atypical.245 If the patient
has received antibiotic therapy before the lumbar
puncture, the patient should be treated with an an-
tibiotic as if it were a partially treated bacterial men-
ingitis, as described further in the section on puru-
lent meningitis. Exceptions to this rule include the
older child who does not appear sick and who can
be observed carefully in the hospital, particularly
when coxsackievirus or echovirus infections are
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known to be frequent in the community. A second
lumbar puncture 24 hours later in a hospitalized
patient not given antibiotics will sometimes clarify
the diagnosis.246 However, a recent retrospective
study of children presenting with aseptic meningitis
syndrome during the summer showed that 57% of
children with aseptic meningitis (defined as WBC
in the CSF with a negative culture and no prior
antibiotic therapy) had a polymorphonuclear pre-
dominance at the time of first lumbar puncture, and
that the duration of illness prior to lumbar puncture
did not significantly alter that result. In other
words, the polymorphonuclear predominance may
last longer than 24 hours in children with nonpuru-
lent meningitis and negative CSF cultures.247

An alternative policy followed by some clinicians
for patients with nonpurulent meningitis and no
preceding antibiotics is to treat the patient with in-
travenous antibiotics until the CSF culture is known
to be negative, usually about 2–3 days.82 This pol-
icy has the disadvantage that many patients with
nonpurulent meningitis are still febrile and rela-
tively sick after 3 days. The clinician might then
consider continuing antibiotic therapy, although
doubting the diagnosis of bacterial meningitis, and
have difficulty interpreting the results of another
CSF examination. In addition, about 10–15% of
patients with purulent meningitis will have no
growth on CSF cultures even in the absence of prior
antibiotic therapy.79 Therefore, it may occasionally
be appropriate to continue antibiotics in spite of a
negative culture in nonpurulent meningitis. A posi-
tive enteroviral PCR on spinal fluid, as mentioned
previously, can help with the decision to stop anti-
biotics.217

Supportive Treatment

Inappropriate ADH secretion has been reported in
about 10% of children hospitalized with nonpuru-
lent meningitis.248 The intravenous administration
of hypotonic fluids in hospitalized children should
generally be avoided to prevent iatrogenic hypona-
tremia.249

Antituberculous Therapy

Children nearly always acquire tuberculous menin-
gitis from adults with pulmonary tuberculosis.
There is no time to await culture results and suscep-
tibility studies in tuberculous meningitis. Unless the
source of the child’s illness is known with certainty
and that contact’s organism is known to be suscepti-

ble, initial therapy should cover the possibility of a
resistant organism.

For tuberculous meningitis, isoniazid, rifampin,
pyrazinamide, and streptomycin are usually given
for 2 months, followed by 10 months of isoniazid
and rifampin for susceptible strains. Consultation
with an expert in the management of tuberculosis
is recommended.

Corticosteroids

Dexamethasone has been useful in reducing the in-
creased intracranial pressure in tuberculous menin-
gitis, with clinical improvement in the first 72 hours
of therapy.250,251 The spinal fluid cell count, glu-
cose, and protein returned to normal sooner in ste-
roid-treated patients than in controls, but no im-
provement in morbidity or mortality rates was
shown to be related to these changes. Gastrointesti-
nal bleeding was more common in the steroid-
treated group. Increased survival appears to be re-
lated to decreased intracranial pressure early in the
illness. The equivalent of 1–2 mg/kg/day of pred-
nisolone is usually given for 4–8 weeks.252

Antifungal Chemotherapy

Amphotericin B is the most effective therapy for
meningitis caused by cryptococcus or other fungi.
Nephrotoxicity is a potential problem. The newer
lipid preparations of amphotericin are less nephro-
toxic but are also much more costly. Standard ther-
apy of cryptococcal meningitis consists of intrave-
nous amphotericin B, 0.7–1 mg/kg/day, plus oral
flucytosine, 100 mg/kg/day, for 6–10 weeks. An
alternative to this regimen consists of these two
agents for 2 weeks, followed by at least 10 weeks
of fluconazole. Flucytosine can never be given as a
single agent, because resistance is predictable and
rapid.

In patients with HIV infection or other immune
compromise, fluconazole is continued for life.253

Careful attention to the management of intracra-
nial pressure is critical; patients with cryptococcal
meningitis may require frequent spinal taps to re-
duce the pressure.

■ ACUTE ENCEPHALITIS

Definitions

Acute encephalitis typically produces signs suggest-
ing acute central nervous system infection: fever,



CHAPTER 9 • NEUROLOGIC SYNDROMES274

disturbed consciousness, and increased intracranial
pressure. However, signs of meningeal irritation are
often absent. As defined in this book, a severe and
non-transient disturbance of consciousness is the
essential characteristic of both encephalitis and en-
cephalopathy. This disturbance is not always pres-
ent at the time of admission to a hospital but is
usually noted within 24 hours. Acute psychoses re-
lated to infections are discussed later in this chapter.

Spinal fluid pleocytosis is the characteristic used
to make the clinical distinction between encephali-
tis and encephalopathy. If spinal fluid pleocytosis
of more than 10 leukocytes/mcL is present, then
the presumptive diagnosis should be encephalitis.
This clinical definition is especially useful because
the acute encephalitides are often related to infec-
tions, whereas the acute encephalopathies are usu-
ally not infectious but rather have toxic, metabolic,
or vascular etiologies. High fever is characteristic of
acute encephalitis, but fever is often absent in acute
encephalopathy. The differentiating features of en-
cephalitis and encephalopathy are summarized in
Table 9-10.

Purulent meningitis is often associated with de-
pressed consciousness but usually is easily distin-
guished from acute encephalitis, which does not
produce purulent spinal fluid. Aseptic meningitis
syndrome can be distinguished from acute enceph-
alitis by the absence of a severe or lasting disturb-
ance of consciousness.

Febrile delirium, defined by its transient occur-
rence during high fever, is often found in bacter-

TABLE 9-10. DIFFERENTIATION OF ACUTE ENCEPHALITIS AND ACUTE
ENCEPHALOPATHY

CHARACTERISTIC ACUTE ENCEPHALITIS ACUTE ENCEPHALOPATHY

Acute onset Present Present

Disturbed consciousness Present Present

CSF lymphocytosis Present Absent

Increased CSF pressure Variable Usual

High fever Usual Often absent

Meningeal irritation Variable Usually absent

Increased CSF protein Variable Variable

Usual etiologies Infection or Toxic, metabolic, vascular,
unknown or unknown

Usual prognosis Variable, depending Variable, depending
on etiology on etiology

emias, infective endocarditis, shigellosis, and ty-
phoid fever.256

Frequency

Because most cases go unreported, it is difficult to
get accurate data about the frequency of encephali-
tis or encephalopathy or the frequency of the var-
ious etiologies of either. In addition, most sporadic
cases never have an etiology proved. Approximately
1500 cases of encephalitis are reported per year in
the US, with about 200 deaths.257 It is estimated
that the number of cases of encephalitis is about
10 times higher than the number reported.258 The
incidence in children is about 2–4 times that in
adults, and is thought to be around 16 cases per
100,000 person-years.1,259 With the emergence of
West Nile virus the current incidence is somewhat
higher.260,261

Infectious Etiologies

Epidemic acute encephalitis is usually caused by an
arbovirus such as West Nile virus or La Crosse virus
(a member of the California encephalitis group of
viruses). The term arbovirus is short for arthropod-
borne and includes viruses of multiple genera; their
geographic distributions are discussed in Chapter
21. Sporadic acute encephalitis has many possible
causes, but herpes simplex virus is the most impor-
tant, as chemotherapy is available and greatly affects
outcome. Many causes of acute encephalitis are pos-
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sible, and there is some overlap with the causes of
acute encephalopathy (Boxes 9-2,3).261-277

Herpes Simplex Virus

Outside of the newborn period, the classic clinical
findings are temporal lobe symptoms, focal paraly-
sis, lateralized seizures, and CSF pleocytosis with
some erythrocytes. Mucosal or cutaneous lesions
are present in less than 10% of documented cases,
but this can be coincidental.278

Temporal lobe symptoms include curious bi-
zarre behavior and hallucinations of taste and smell.
Focal paralysis, particularly cranial nerve paralysis,
or aphasia may occur. Facial nerve paralysis is com-
mon. Such focal paralyses also can occur in tuber-
culosis, which usually produces a low CSF glucose,
and brain abscess, which often has a distant focus
of infection as its source. Lateralized seizures or
motor changes may be explained by the tendency
for HSV to spread contiguously from cell to cell.
Lateralized seizures also may occur in brain abscess,
La Crosse virus infection, and many other diseases.
Fever is almost always present (90%).279

In the spinal fluid, WBCs, usually predominately
lymphocytes, are present in numbers from 10–300/
mcL. Red blood cells are also frequently found in
small numbers. A severe fulminating HSV encepha-
litis, called acute necrotizing hemorrhagic encepha-
lopathy, is manifested by severe focal signs with
many red blood cells as well as WBCs in the spinal
fluid. Uncommonly (5%), no leukocytes are present
in the CSF, so this etiology must be considered in
patients preliminarily classified as having acute en-
cephalopathy.279

Abnormalities on EEG (characteristic spike and
slow wave complexes at 2–3 second intervals)
occur earlier in the course of the disease than do
imaging abnormalities. MRI is more sensitive than
CT scan for finding focal abnormalities. Focal CT
or MRI scans can occur in nonherpetic viral enceph-
alitis, tumors, and even congenital metabolic distur-
bances, such as urea cycle disorders.280

Serum and CSF serology and antibody ratios are
not reliable.281 Of 113 biopsy-proved cases, 32
(28%) did not develop a serum antibody titer rise;
therefore serology is not useful even as a retrospec-
tive tool.

Brain Biopsy and PCR

Once the most reliable method of establishing the
diagnosis of herpesvirus encephalitis, brain biopsy

BOX 9-2 ■ Possible Causes of Acute
Encephalitis

Frequent
No etiology found

Less Common
Herpes simplex virus 1 and 2
Arboviruses (epidemic)
Enteroviruses
Varicella zoster virus (chickenpox, zoster)
Mumps, measles, rubella
Epstein-Barr virus
Cytomegalovirus
Mycoplasma pneumoniae
Tuberculous meningitis
Rickettsia rickettsiae (Rocky Mountain spotted 

fever)
Borrelia burgdorferi (Lyme disease)
HHV-6
Bartonella henselae (cat scratch disease)
Pertussis
Influenza virus

Rare
Listeria
Adenovirus
Lymphocytic choriomeningitis virus
Toxoplasmosis
Trichinosis
Psittacosis
Ehrlichiosis
Chlamydia pneumoniae
Brucellosis
Cryptococcosis, histoplasmosis, coccidiodomycosis, 

blastomycosis
Hendra virus
Nipah virus
Progressive multifocal leukoencephalopathy

(JC virus)
Naegleria fowleri
Plasmodium falciparum (cerebral malaria)
Rabies (unrecognized contact)
Neural larva migrans (Baylisascaris procyonis)
Acute onset of a usually chronic neurologic 

disorder

Noninfectious
Postinfectious or postvaccinal reactions (acute 

disseminated encephalomyelitis, acute 
hemorrhagic leukoencephalitis)

Drug-induced, intrathecal injections
Serum sickness, rupture of dermoid or 

epidermoid cyst
Granulomatous angiitis, lymphoid 

granulomatosis
Systemic lupus erythematosis, metastatic 

malignancy



CHAPTER 9 • NEUROLOGIC SYNDROMES276

is now seldom employed. PCR of CSF for herpesvi-
rus has replaced the brain biopsy in clinical prac-
tice. PCR is favored because it is non-invasive and
highly sensitive. Sensitivity and specificity of PCR
are both about 92%,282 but they depend greatly on
the experience of the laboratory performing the test.
Occasionally, the HSV PCR can be negative early
in the patient’s course.282 Thus, patients with sus-
pected HSV encephalitis and a negative PCR should
continue to receive antiviral therapy and undergo
a repeat lumbar puncture in 4–7 days.

One advantage of brain biopsy is the ability to
establish other diagnoses. There are other clinical
syndromes, such as tumor, toxoplasmosis, and in-
fection with other viruses (which usually require
culture confirmation) that can be found at the time
of brain biopsy. On the other hand, false-negative
brain biopsies can occur, although they are believed
to be rare (fewer than 5%).281

Treatment for HSV

Acyclovir is now the standard treatment for all age
groups and is superior to vidarabine.278,283 It is safe,
but renal toxicity can occur with too-rapid adminis-
tration.278 For central nervous system infection, the
dose is 45–60 mg/kg/dose intravenously divided
every 8 hours for 21 days. Although well-tolerated
by neonates, the higher dose often precipitates re-
versible renal failure in older children and adults.

A repeat lumbar puncture should be performed
at the end of therapy. If the PCR is still positive, an
additional 7 days of therapy should be given. If a
clinical recurrence is noted, the course should be
repeated. In severe encephalitis, the clinician may
want to use empiric acyclovir until the clinical pic-
ture becomes clearer, but it has been recommended
that acyclovir should not be used empirically when
there are no focal neurologic findings.284

Arbovirus Encephalitides

La Crosse virus (a member of the California enceph-
alitis virus group) is the most common cause of
arthropod-borne virus encephalitis in childhood.
La Crosse virus is responsible for almost all infec-
tions by California encephalitis group viruses in the
United States. In some places, the terms “California
virus encephalitis” and “California encephalitis” are
used; these should be abandoned in favor of La
Crosse virus encephalitis, in part because these in-
fections are most common in the Midwestern and
mid-Atlantic states, so the term is misleading. Most

cases are relatively mild and resolve in about a
week. Focal signs are present in 15–25% of cases,
which may make the disease resemble herpesvirus
encephalitis. The mortality rate is less than 1%;
however, residual neurologic deficits are found in
up to 12% of patients.285 The tree-hole mosquito
is both the reservoir of the virus in nature and the
vector for transmission of infection to humans. The
virus is able to persist in nature due to 1) transovar-
ial transmission and overwintering in infected eggs
and 2) horizontal transmission to small mammals
(especially chipmunks and squirrels), which serve
as amplifying hosts of the virus. The disease is most
frequent in late summer. Outbreaks have been
traced to sources of standing water such as found
in holes in trees or in old tires.286

Other arboviruses are transmitted by the bites
of different mosquitoes. St. Louis encephalitis virus
affects adult more frequently than children. As with
La Crosse encephalitis, the ratio of asymptomatic
to symptomatic disease approximates 100:1.287

Eastern equine encephalitis (EEE) is a fulminant
disease with a high mortality rate. CSF white blood
cell counts tend to be higher in EEE than in the
other encephalitides (as high as 2000 cells/mL), and
a predominance of polymorphonuclear leukocytes
is not uncommon.287 Western equine encephalitis
is also associated with significant morbidity.

West Nile virus encephalitis was first reported
in the United States in August 1999, when it caused
an outbreak in New York City. Initially confined to
the Northeast, in subsequent summers it has spread
further west.261 In 2002, most of the 3,700 reported
cases occurred in Illinois, Michigan, Ohio, and Lou-
isiana. In 2003, Colorado, South Dakota, and Ne-
braska reported the most cases.287a Overall, there
were more than 9,800 reported cases and 264
deaths. In 2004, most cases were reported from
Arizona and California.287aAfter an incubation pe-
riod of 5–15 days, patients present with fever,
headache, stiff neck, altered mental status, rash,
photophobia, and myalgia. Muscle weakness is
common and helps distinguish West Nile virus in-
fection from other causes of encephalitis.287b Illness
is most severe in the elderly.288 Diagnosis is by ser-
ology or by PCR of spinal fluid. Treatment is sup-
portive. Prevention rests with avoiding mosquito
bites, which can be accomplished with the use of
insect repellent containing 20–30% DEET.

Many of the clinical findings of an acute arbovi-
rus encephalitis closely resemble those of herpes
simplex encephalitis.289 Diagnosis is usually estab-
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lished by acute and convalescent serology. Conva-
lescent serology should be done in 4–6 weeks. The
first sample should be saved so the assays can be
run in tandem. An elevated serum IgM to La Crosse
virus is nearly always present at the time of presen-
tation.290

Infectious Mononucleosis

Neurologic manifestations have been reported in
about 2–5% of patients with infectious mononucle-
osis, but true acute encephalitis is uncom-
mon.291–293 EBV has been recovered from the
spinal fluid of a child with encephalitis complicat-
ing heterophile-positive infectious mononucleo-
sis.294 In most cases, the central nervous system in-
volvement is not the only symptom.295 CSF usually
has a lymphocytic pleocytosis, an elevated protein,
and a normal glucose concentration. Diagnosis can
be established by finding EBV DNA in the spinal
fluid using PCR technology.287

Mycoplasmal Encephalitis

Like EBV, Mycoplasma pneumoniae can produce
many different neurologic complications, including
acute encephalitis.296,297 In a series of 50 hospital-
ized children with acute encephalitis who under-
went microbiological investigation, M. pneumoniae
was the most common etiologic agent identified. It
was found in 9 (18%) of 50 cases (45% of the 20
cases in which an etiologic agent was identified).298

About 20% of patients have no preceding respi-
ratory symptoms.296 Typically, the spinal fluid has
about 50–300 WBC/mcL, with a predominance of
neutrophils early in the illness. One study found
that 5% of patients sick enough to be hospitalized
with M. pneumoniae infection had CNS involve-
ment.299

Rickettsia rickettsii

Rocky Mountain spotted fever (RMSF) is an acute
systemic disease caused by infection with Rickettsia
rickettsii, which is transmitted by the bite of a tick.
The tick must be attached for at least 6 hours for
infection to occur. The disease is heralded by fever,
headache, nausea and vomiting, and myalgia. The
characteristic rash usually appears first on the an-
kles, but it can rapidly spread centripetally and in-
volves the palms and soles. Signs of encephalitis
occur in about one-fourth of patients with RMSF.300

RMSF should be considered in any patient with

encephalitis and a rash. Other common manifesta-
tions include adult respiratory distress syndrome
(ARDS), renal failure, coagulopathy, hyponatremia,
thrombocytopenia, and elevated liver enzymes.
CSF specimens usually reveal a low WBC count
(less than 100/mcL), a lymphocyte predominance,
and an elevated protein. Doxycycline is the treat-
ment of choice. RMSF is discussed further in Chap-
ter 11.

Human Herpesvirus type 6 (HHV-6)

HHV-6 is a ubiquitous virus whose spectrum of
disease continues to enlarge. It is the most common
cause of roseola infantum (discussed in Chapter
11). It can occasionally be associated with encepha-
litis; focal seizures and a focal neurologic examina-
tion are not uncommon, thus resembling HSV in-
fection. The diagnosis can only be established by
the concomitant isolation of the virus from CSF and
the finding of a four-fold or greater rise in serum
antibody titer between acute and convalescent sam-
ples. CSF PCR may be positive in asymptomatic
reactivation, and thus by itself cannot be used to
make the diagnosis of active disease. The virus is
relatively resistant to acyclovir, and it is not known
whether treatment is of any benefit.

Enteroviruses

Usually a cause of nonpurulent meningitis, as dis-
cussed earlier, the enteroviruses can also cause en-
cephalitis. The syndrome is usually associated with
a macular or maculopapular rash and seizures. Mac-
ular lesions may occur on the palms and soles as
well. Petechiae are occasionally found on the trunk
and lower extremities, but purpura is not seen. PCR
can be used to identify the viral genome in CSF.

Post-infectious Encephalitis

This group includes encephalitis following measles,
mumps, influenza, chickenpox or zoster, rubella,
and vaccination against smallpox. Other infectious
agents, such as EBV, may be associated as well.

Also referred to as acute disseminated encepha-
lomyelitis (ADEM), post-infectious encephalitis is
estimated to account for 10–15% of cases of acute
encephalitis in the United States.300a Presentation
is similar to infectious encephalitis, but the onset
is typically 1–3 weeks after recovery from a respira-
tory or other illness. Examination of CSF usually
demonstrates a mild mononuclear cell pleocytosis
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and slightly elevated protein, but CSF is completely
normal in one-third of patients.300a The most useful
test is T2-weighted MRI, which usually shows bilat-
eral, asymmetrical, patchy areas of demyelination in
the white matter, basal ganglia, or spinal cord.300b

Although no clinical trials have been performed,
corticosteroids are often used and anecdotally ap-
pear to be of benefit.300b Occasionally relapses
occur, which make distinction between ADEM and
multiple sclerosis difficult.

Other Rare Infections

Measles is associated with an acute encephalitis
during the rash (and measles may not always be an
obvious clinical diagnosis).301 In addition, enceph-
alitis may occur 1–6 months after mild measles or
measles immunization in the immunocompromised
host.302,303 Finally, it is associated with a slowly
progressive subacute sclerosing panencephalitis
1–10 years after the measles virus infection.

Kawasaki disease, which resembles an infectious
disease, can be associated with acute encephalitis
and with acute cerebral vasculitis.304 Encephalitis
can be caused by toxoplasmosis,305 lymphocytic
choriomeningitis virus,306 rabies,307 adenovirus,291

hepatitis A virus,308 and Legionnaires’ disease.309

Influenza Virus

Encephalitis that occurs at the height of culture-
proven influenza virus infection has been reported;
virus has not been recovered from either CSF or
brain tissue.310

A recent influenza epidemic in Japan was associ-
ated with a large number of cases of encephalitis/
encephalopathy.310a Of 148 cases reported, 121
(82%) were in children younger than 5 years old.
Most patients developed CNS disease either on the
day that influenza signs appeared or on the next
day. Three categories of patients were described: 6
patients (4%) had a Reye syndrome-like illness with
hypoglycemia and hyperammonemia; 14 (10%)
had encephalitis (defined as more than 8 WBC/mcL
in the CSF); and 128 (86%) had encephalopathy
without CSF pleocytosis. An attempt to detect influ-
enza in the CSF by reverse transcriptase-PCR (RT-
PCR) was made in 18 patients; only 3 (17%) of
specimens yielded positive results. The case-fatality
rate was 32%. Predictors of poor outcome included
platelet count less than 50,000/mcL and AST more
than 1000 IU/L. None of the patients had received
the influenza vaccine. Encephalitis/encephalopathy

has been described in association with both influ-
enza A and influenza B virus infections.310b

Tuberculosis

Although it usually presents subacutely, tubercu-
lous meningitis should always be considered a pos-
sible cause of acute encephalitis, because both a
disturbed consciousness and CSF lymphocytes may
be present.311 Either decreased glucose or elevated
protein in the CSF should alert the physician to this
important possibility.

Reye Syndrome

Occasionally, a mild CSF pleocytosis occurs in Reye
syndrome, which is best diagnosed by evidence of
severe liver involvement, particularly elevated levels
of serum aminotransferas and ammonia. Usually,
however, there is no pleocytosis, so Reye syndrome
is discussed in the section on acute encephalopa-
thies.

Diagnostic Approach

Brain scans and EEG may be helpful to localize a
lesion or to detect unrecognized seizures but do not
help much for specific diagnosis, except in the case
of ADEM where demyelinating lesions on MRI can
be diagnostic. IgM-specific antibodies can provide
an early diagnosis and are often available for EBV,
toxoplasmosis, and La Crosse virus encephalitis.
IgM-specific serology or fluorescent antibody tests
may be available in some areas for the rapid diagno-
sis of Mycoplasma pneumoniae, Legionella, hepatitis
A, and other infectious agents. Influenza can be di-
agnosed by sending a nasopharyngeal swab for
rapid antigen testing or culture. All but the most
mildly affected patients with encephalitis should
have spinal fluid sent for HSV PCR, as discussed
earlier.

Therapy

Acyclovir

As discussed earlier, IV acyclovir is often used with
or without a specific diagnosis while awaiting the
results of PCR testing for HSV. Many times this is
a rational choice, as specific therapy for most other
causes is not available, and the prognosis of HSV
encephalitis without treatment is abysmal.
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Corticosteroids

No adequate studies have been done. In encephali-
tis secondary to a cerebral vasculitis or in post-infec-
tious encephalitis, a clinical trial of corticosteroids
may be indicated. Some experience suggests that
corticosteroids, given in concert with effective anti-
biotics, may be helpful in patients suffering from
encephalitis due to Mycoplasma pneumoniae.312

■ ACUTE ENCEPHALOPATHY

Definitions

Acute encephalopathy is defined as the recent onset
of severe, continuing (more than 12 hours) change
of consciousness with no definite CSF pleocytosis
(fewer than 10 WBC/mcL). The CSF protein may
be elevated. The condition is distinguished from
acute encephalitis by this absence of CSF pleo-
cytosis (see preceding sections). In general, enceph-
alopathies are not usually related to infections,
whereas encephalitides often are.

Acute encephalopathy is usually not used as a
syndrome diagnosis when the cause of the change
of consciousness is known; for example, a known
head injury or poisoning. Convulsions may occur
in this syndrome and may be focal or generalized,
brief or persistent. Fever and signs of meningeal
irritation are usually absent, but if present, physi-
cians should not exclude this as a working diagno-
sis. Acute psychoses related to infections are dis-
cussed later in this chapter.

Other diagnostic phrases sometimes used to de-
scribe this syndrome are “acute cerebral edema” or
“acute toxic encephalopathy.” However, “acute en-
cephalopathy” is used in this section as a more gen-
eral and less restrictive preliminary diagnosis of a
syndrome that has many possible causes. When
known possible causes (trauma, hypertension, dia-
betic coma, poisoning) have been excluded, the
preliminary diagnosis can be acute encephalopathy
of obscure origin.

Possible etiologies of acute encephalopathy, with
appropriate references, are shown in Box 9-3.

Reye Syndrome

Encephalopathy and fatty degeneration of the vis-
cera as a disease entity in childhood was described
by Reye and others in 1963.

In Reye’s report, there were usually minor respi-
ratory symptoms and vomiting for several days fol-

lowed by convulsions.313 Wild delirium and
seizures were common. Firm hepatomegaly, hyper-
pnea, dilated pupils, tachycardia, and a characteris-
tic posture with clenched hands, flexed elbows, and
extended legs were observed. Other findings were
occasional brief apparent abdominal pain and a
poorly described rash that may be mistaken for
chickenpox. Vomiting is often the most persistent
and prominent finding. Laboratory findings in-
cluded elevated serum amino transferas and ammo-
nia, hypoglycemia, and low CSF glucose with no
leukocyte. Autopsy findings include swollen brain
and fatty infiltration of the liver and kidney.313

Because Reye syndrome is now rare, any child
with that presumptive diagnosis should undergo
testing for the many inborn metabolic errors that
can mimic Reye syndrome.

The etiology of Reye syndrome is unknown. Its
association with treatment of influenza or chick-
enpox with salicylates is well known.314 Although
part of the dramatic decline in Reye syndrome inci-
dence could be attributable to differences in the
currently circulating strains of influenza, most of
the decline can be attributed to decreased aspirin
use.315

Treatment

Treatment should be specific for the cause of the
encephalopathy, whenever this is possible to deter-
mine. Consultation with an expert in metabolic dis-
orders is critical.

Mannitol treatment of cerebral edema, as out-
lined in the section on meningitis, may be of tempo-
rary value for many encephalopathies. Intravenous
glucose may be indicated for hypoglycemia. When
carefully analyzed and controlled for the stage of
severity of Reye syndrome, no therapy has been
proved to be of value.316

■ ACUTE PARALYSIS AND WEAKNESS
SYNDROMES

Infectious agents are a frequent cause of paralysis
or weakness in children. Most children with paraly-
sis or weakness can be given a preliminary problem-
oriented diagnosis as shown in Table 9-11.

Acute Flaccid Paralysis (Paralytic
Poliomyelitis)

This syndrome can be defined as nonpurulent men-
ingitis with asymmetric flaccid (lower motor neu-
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BOX 9-3 ■ Possible Etiologies of Acute Encephalopathy

Metabolic
Inborn errors of metabolism
Urea cycle defects, organic acidemias, Leigh 

disease,274 aminoacidopathies (MSUD), Wernicke 
encephalopathy, mitochondrial disease (MELOS)

Adrenoleukodystrophy
Uremia
Intrahepatic shunts
Postdialysis
Diabetic acidosis
Hyperosmolar nonketotic coma
Water intoxication
Respiratory acidosis
Hypoglycemia, hyponatremia, hypernatremia, 

hypocalcemia
Hypoxia
CO2 narcosis
Acidosis
Late relapse after hypoxia268

Toxic
Carbon monoxide, lead,262 heavy metals, 

mushrooms, Jimson weed, ethanol,263

antiemetics,264 drug abuse or narcotic 
overdose,265 salicylates,266 insect repellents,267

diphenhydramine overdose, sedative hypnotic 
overdose, organophosphates

Infections
Viral agents listed under acute encephalitis; 

respiratory viruses such as influenza269 or
adenovirus270

Brain abscess
Cat scratch disease271

Cerebral malaria
Infectious hepatitis
Listeriosis272

Intracranial Disease
Epidural hematoma
Subdural hematoma
Subarachnoid hemorrhage
Tumor
Intracranial hemorrhage (ruptured berry 

aneurysm)
Head injury
Cerebral edema

Vascular
Stroke
Hypertension
Migraine

Demyelinating Disease
Acute demyelinating encephalomyelitis (ADEM)
Acute multiple sclerosis273

Central pontine myelinolysis

Idiopathic
Henoch-Schönlein purpura
Hemolytic-uremic syndrome
Reye syndrome
Hemorrhagic shock and encephalopathy275–277

Acute distention of a hollow viscus 
(intussusception, acute bladder hydrops)

ron) paralysis. Although the term poliomyelitis
technically refers to inflammation of the gray matter
of the spinal cord (polio � gray; myelitis � inflam-
mation of the spinal cord), the term has been widely
associated with poliovirus infection. This clinical
syndrome can be caused by other agents, and, in
fact, is less and less likely to be due to poliovirus
infection; for this reason, the term acute flaccid pa-
ralysis is preferred. Histologically there is destruc-
tion of the anterior horn cells of the spinal cord.
This clinical syndrome also has been called “infan-
tile paralysis,” because at one time, it was most fre-
quent in young children.

Poliovirus Infection

Before polio vaccine was available, wild poliovirus
was the cause of most cases of aseptic meningitis
in the summer. Outbreaks of “polio” occurred, but
for every patient with paralysis, there were many
with asymptomatic infection or with aseptic menin-
gitis syndrome without paralysis, called “nonpara-
lytic poliomyelitis.” Rarely, paralysis of muscles of
breathing or involvement of the medullary centers
resulted in death.317 The diagnosis of poliomyelitis
traditionally has relied on recovery of the wild-type
poliovirus in stool or rectal swab culture. These cul-
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TABLE 9-11. PROBLEM-ORIENTED DIAGNOSIS OF INFECTIOUS
PARALYTIC DISEASES

SYNDROME PARALYSIS TYPE CEREBROSPINAL OTHER

FLUID

Polio-like illness

Ascending paralysis

Descending paralysis

Isolated cranial-nerve 
paralysis

Acute hemiplegia

Acute paraplegia

Focal, flaccid

Usually symmetric

Typically includes
cranial nerves

Focal

Usually spastic

Fixed level at cord

Lymphocytosis

Normal or elevated
protein

Usually normal

Usually normal

Variable

Variable

Fever, stiff neck

Sensory and nerve
conduction changes

tures are most likely to be positive in the first two
weeks after onset of disease. Thereafter, serology
looking for IgM directed against poliovirus is much
more sensitive.318

Polio Vaccine Virus

Until recently, live attenuated polio vaccine virus
(Sabin vaccine virus) has accounted for about 10 or
so cases of paralytic disease each year in the United
States. Each year, about four cases occurred in re-
cipients of the vaccine, about five cases occurred in
contacts of recipients, and about 1 case occurred
in an immunodeficient person.319 Paralytic polio-
myelitis was most likely to occur at the time of the
infant’s first oral vaccine, presumably because pre-
existing immunity from prior vaccine(s) prevented
the development of disease after later doses. This
syndrome, called vaccine-associated paralytic po-
liomyelitis (VAPP), has disappeared in the United
States since use of the live-attenuated vaccine has
been abandoned in favor of the inactivated poliovi-
rus vaccine (Salk vaccine). However, cases of VAPP
continue to occur in other countries. Investigations
suggest that a form of “provocation poliomyelitis”
(the occurrence of clinically significant poliovirus
disease related to injections given after contact with
poliovirus) may be responsible for the high rate of
VAPP in some countries, specifically Romania.320

The association of intramuscular injections and
VAPP was strongest for patients who received 10
or more injections in the 30 days following vaccina-
tion (odds ratio�57).

Enteroviruses

Since polio vaccine has been widely used, and since
specific laboratory diagnosis of many viral infec-
tions has become available, it has been recognized
that several other enteroviruses are rare causes of
acute flaccid paralysis. These viruses include cox-
sackieviruses and certain enterovirus serotypes.
Coxsackievirus A7, enterovirus type 70, and en-
terovirus type 71 have been documented as causes
of outbreaks of paralytic disease involving more
than three individuals.321–324 Enterovirus 71 may
be particularly virulent; outbreaks associated with
central nervous system disease have been reported.
In Taiwan, 4 (10%) of 41 children with culture-
proven enterovirus 71 infection had acute flaccid
paralysis.325 In Brazil, of 426 children with acute
neurologic syndromes of any type, enterovirus 71
was recovered from 24 (6%) of them.326 In a 1987
outbreak in the United States due to enterovirus
71, 27 (60%) of 45 children with culture-proven
cases had neurologic involvement: 6 (13%) chil-
dren had paralysis and 1 (2%) had Guillain-Barre
syndrome.327

Coxsackieviruses are probably the most frequent
non-poliovirus cause of what is usually a mild para-
lytic disease.328 A series of 44 patients with cox-
sackievirus B infection and limb paralyses has been
reported from Africa. Single limb paralysis was self-
resolving and mild, but those who presented with
paralysis of more than one limb had a poorer prog-
nosis, with only 1 (7%) of 15 demonstrating com-
plete recovery 5 months after the illness.329
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Japanese Encephalitis Virus

Japanese encephalitis virus is another possible
cause of acute flaccid paralysis, especially in areas
where infection with the virus in endemic. In a se-
ries of 22 children in Vietnam with acute flaccid
paralysis, 1 (5%) had wild-type poliovirus infec-
tion, 3 (14%) had infections with a nonpolio entero-
virus, and 12 (55%) proved to have Japanese en-
cephalitis virus infection. Only one (1%) of a
control group of 88 age-matched children had evi-
dence of Japanese encephalitis virus infection.330

Other Viruses

Mumps virus, HSV, and St. Louis encephalitis virus
have been reported to cause acute flaccid paraly-
sis.331,332 In one case, a 7-year-old boy who devel-
oped subtotal and permanent upper extremity pa-
ralysis after a respiratory tract infection was found
to have HSV-1 DNA in PCR of spinal fluid.333

Poliomyelitis-Like Syndrome and Asthma
(Hopkins syndrome)

A syndrome that has a poor prognosis for recovery
of the paralyzed limb is a poliomyelitis-like syn-
drome complicating asthma. The etiology is un-
known.334 Perhaps some cases had unrecognized
Mycoplasma-induced asthma. One case of Hopkins
syndrome associated with serologic evidence of My-
coplasma pneumoniae infection has been re-
ported.335

Mycoplasma

Mycoplasma pneumoniae can cause stiff neck, CSF
pleocytosis, and flaccid paralysis, especially after
the respiratory symptoms.336 It can also cause
transverse myelitis.337

Malaria

Infection with Plasmodium falciparum sometimes in-
cludes a syndrome known as cerebral malaria. A
variety of nervous system symptoms can develop,
including, rarely, transient muscle paralysis that re-
sembles periodic paralysis.338

Nutritional Deficiency

A 4-year-old child, unimmunized against poliovi-
rus, who presented with sudden inability to stand
or walk, fever, respiratory infection, muscle tender-
ness, and weakness in the lower limbs, was given

a preliminary diagnosis of paralytic poliomyelitis
until a plain film of the left thigh revealed features
of scurvy. Parenteral vitamin C therapy resulted in
normal ambulation within 2 weeks.339

Ascending Paralysis

Acute ascending paralysis can be defined as the sud-
den onset of paralysis of both legs with evidence of
progression of the paralysis to involve the arms, the
muscles of breathing, or the cranial nerves. There
are many possible etiologies of ascending paralysis.

Guillain-Barré Syndrome

The diagnosis of Guillain-Barré syndrome is usually
made by exclusion of specific causes of ascending
paralysis. This syndrome is characterized by de-
creased conduction velocity of peripheral nerves as
measured by an oscilloscope and by cyto-albu-
minologic dissociation (high CSF protein, with nor-
mal or only slightly elevated leukocytes in the CSF).
These findings may not be noted on the first lumbar
puncture but are present within a week of onset.
There usually is complete recovery and return to
normal activities, provided the patient receives ade-
quate supportive care. Mechanical ventilation may
be necessary if the respiratory muscles are involved.
This syndrome may even occur in young infants.340

Until quite recently, the cause of Guillain-Barré
syndrome was completely unknown, although it
was often regarded as an infectious disease caused
by an unknown agent. Although there are undoubt-
edly a number of antecedents to this condition, in-
fection with Campylobacter jejuni has emerged as
the most common; it is estimated that 30–40% of
cases are preceded by this infection.341 The hypoth-
esis is that the lipopolysaccharides of Campylobacter
species contain ganglioside-like epitopes, and that
antibodies formed in response to the infection at-
tack the molecularly similar sites on peripheral
nerves after the infection has resolved. This is
known as “molecular mimicry.”342

Other pathogens associated with Guillain-Barre
syndrome with some frequency include HSV, EBV,
varicella-zoster virus (VZV), cytomegalovirus
(CMV), and M. pneumoniae. The 1976 “swine flu”
influenza vaccine was credibly linked with Guillain-
Barre syndrome.343 Other vaccines (particularly ra-
bies, tetanus, and influenza vaccine) have been an-
ecdotally reported to be associated with Guillain-
Barre syndrome, but careful epidemiologic studies
have shown that if a true association exists, it is
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extremely rare.343a,343b Guillain-Barré syndrome is
often the erroneous diagnosis in a child with degen-
erative polyneuropathy.344

Tick Paralysis

Tick paralysis is caused by a neurotoxin injected
by an attached tick and is cured by removing the
tick.345,346 The ascending paralysis then rapidly re-
verses. As in the Guillain-Barré syndrome, nerve
conduction velocity may be slowed. Characteristi-
cally, the disease occurs in the warm seasons when
ticks are found and occurs more frequently in girls,
because the tick is more likely to be overlooked in
long hair.

Herpes Simplex Virus

Human herpesvirus infection appears to be an occa-
sional cause of ascending paralysis as demonstrated
by recovery of the virus from the spinal fluid.347 In
one adult with this disease, the initial spinal fluid
obtained at the time of flaccid paralysis of the legs
revealed 13,000 WBC/mcL with a predominance of
neutrophils, and a spinal fluid glucose of 2 mg/
dL but no growth of bacteria (and no preceding
antibiotics).347

Cercopithicine herpesvirus 1

Cercopithicine herpesvirus 1 (B virus, Herpes virus
B) infection of humans, usually acquired by the bite
of a macaque monkey, can produce an ascending
paralysis that is usually, but not always, fatal.348

Acyclovir may be lifesaving.349

Other Causes

Buckthorn berry ingestion can produce an ascend-
ing flaccid paralysis. A careful history should be
obtained of any berry ingestion. Most cases have
been reported from Texas, New Mexico, and north-
ern Mexico in children who have eaten the coyotillo
berry.350

Paralytic shellfish poisoning (red tide) can also
cause ascending paralysis, as can Addison’s dis-
ease.351 One case of a patient with severe tonsillo-
pharyngitis without abscess who developed Guil-
lain-Barre syndrome and facial palsy has been
reported.352 A neonate who presented in the second
week of life with microcephaly, microphthalmia,
and progressive ascending motor and sensory defi-
cit that led to complete paralysis and death at age

27 days was found to have Toxoplasma gondii tro-
phozoites within CSF macrophages.353

Acute Paraparesis and Paraplegia

Acute paraparasis is sudden bilateral weakness, and
paraplegia is paralysis of both legs. If the paralysis
increases to involve the trunk and upper extremi-
ties, the diagnosis should be changed to ascending
paralysis and the etiologies listed in that section
should be considered.

Transverse Myelopathy

Transverse myelopathy (often called transverse my-
elitis) is the cause of paraplegia presumed to be
due to an infectious agent when a vascular accident
cannot be demonstrated. The term “myelopathy” is
preferred because evidence of inflammation is not
always found. Synchronous viral or mycoplasmal
infections are sometimes found, but proof of causa-
tion is lacking.354 Possible viral associations include
all common childhood viral infections (such as
chickenpox) plus hepatitis A virus, CMV, EBV,355

Borrelia burgdorferi (Lyme disease),356 and Myco-
plasma pneumoniae.357,358 This condition is rarely
reported as a complication of bacterial meningi-
tis.359 The meningovascular form of syphilis may
mimic transverse myelopathy and requires immedi-
ate treatment. One case of transverse myelopathy
secondary to the inadvertent administration of ben-
zathine penicillin into an artery has been re-
ported.360 In a patient with freshwater exposure
from an area endemic for schistosomiasis, the possi-
bility of spinal cord schistosomiasis should be con-
sidered. Praziquantel is the treatment of choice.361

The role of corticosteroids in the treatment of
infectious or post-infectious transverse myelitis is
unclear, but they are often given. Careful monitor-
ing and supportive care are critical.

Spinal Epidural Abscess

Spinal epidural abscess is rare, but it is important
to identify because it may respond to operative
drainage of the abscess and antibiotics.362 The dis-
ease may start insidiously with what has been
termed “spinal ache.” A thorough spinal examina-
tion in which all the spinous processes are tapped
by the examiner may disclose the location of a sub-
tle ache. This is followed by root pain, and finally
by weakness or paralysis. The neck is often stiff,
and fever is usually present. Frank meningitis may
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occur later. The CSF protein is almost always ele-
vated, sometimes greater than 1000 mg/dL, with
few WBCs found early in the course. However, lum-
bar puncture should not be performed when an
epidural abscess is suspected. In a series of 12 he-
modialysis patients with spinal epidural abscess,
plain films, CT scans without contrast, and bone
scans were of low diagnostic yield. MRI had a sensi-
tivity of 80%, and myelography or CT-myelography
revealed the diagnosis in all twelve.363 MRI is most
commonly used to make this diagnosis and should
be obtained emergently if the diagnosis is sus-
pected.

Staphylococcus aureus is the most common cause,
followed by aerobic and anaerobic streptococci.
Treatment is urgent. Despite a recent anecdote of
a good outcome in a child with very early spinal
epidural abscess who was treated by medical man-
agement alone, if this diagnosis is suspected, a neu-
rosurgeon should be consulted. The combination of
surgical intervention and aggressive antimicrobial
therapy seems to offer the best hope of recovery.
After surgical drainage, intravenous antibiotics are
given for a minimum of 3–4 weeks, often followed
by a course of oral antibiotics. A recent review sug-
gested that relapse is less likely if a total of 8 weeks
of therapy is given.364 The prognosis of spinal epi-
dural abscess is poor; the case fatality rate is about
one-third, and another third have permanent neu-
rologic sequelae. This disease should always be con-
sidered in a patient with paralysis of both legs, par-
ticularly if furuncles, diabetes, or any skin infection
is present.

Rabies

Rabies sometimes develops from a mild illness with
paresthesias into paralysis, especially in the bitten
extremity. It may progress to a flaccid quadriplegia.
A CSF pleocytosis is typically present.307

Anterior Spinal Artery Thrombosis

Anterior spinal artery thrombosis may cause acute
paraplegia.365 Pain is often the initial symptom, fol-
lowed by weakness or paralysis of the legs. The
paralysis may be flaccid at first because of spinal
shock but soon becomes flaccid at the level of the
lesion and spastic below that level. Vibratory and
position sense are spared, but pain and temperature
sense are lost. Urinary retention, hyperactive re-
flexes, and positive Babinski signs are usually pres-
ent. There is usually no ascending progression of

the disease. Later, there is generally gradual im-
provement as the vascular supply to the cord in-
creases. If the ischemia is severe or permanent,
however, flaccid paralysis may persist because of
degeneration of the anterior horn cells.

Neuromyelitis Optica

Transverse myelitis may occur with optic neuritis
(neuromyelitis optica or Devic syndrome).366

Spinal fluid shows mild monocytosis and increased
protein. It is rare in children, but may follow com-
mon childhood infections, and typically responds
to corticosteroid therapy. The largest report of
childhood neuromyelitis optica was a series of 9
patients. This series revealed an average age of onset
of 7 years, a mild respiratory illness prodrome in
all patients, and complete and sustained recovery
in all nine.367 This pattern of illness differs from that
seen in adults, which has a much worse prognosis.

This disease has some similarities to multiple
sclerosis, which is a very rare cause of sensory or
motor disturbances or of optic neuritis in chil-
dren.368 Neuromyelitis has been reported to accom-
pany zoster in immunosuppressed patients369 and
coincidentally with pulmonary tuberculosis with-
out CNS involvement.370 Finally, Devic syndrome
has been seen with secondary syphilis.371

Conversion Hysteria

Probably the most frequent cause of sudden weak-
ness or “paralysis” of the legs in older children is
conversion hysteria. The muscle strength and tone
and the deep tendon reflexes are normal. Often,
evidence of normal function of the legs can be elic-
ited while distracting the patient.

Descending and Cranial Nerve
Paralysis

Food-Borne and Wound Botulism

Food-borne botulism is usually associated with the
ingestion of home-canned or home-processed
foods; asparagus, green beans, and peppers are the
most common items. Fewer than 5% of reported
outbreaks are associated with restaurants, but they
are responsible for about 40% of the cases. Items
implicated in restaurant outbreaks include improp-
erly canned jalapeno peppers (79 cases),372 baked
potatoes wrapped in foil (30 cases),373 sautéed on-
ions (28 cases),374 and improperly stored commer-
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cial cheese sauce (8 cases).375 In each case, these
foods were prepared by ordinary cooking proce-
dures (which do not kill C. botulinum spores) and
then stored for hours to days under relatively anaer-
obic conditions at temperatures warm enough to
encourage the outgrowth of spores and production
of toxin but not hot enough to kill the heat-labile
toxin. The foods were then eaten without having
been thoroughly reheated. The incubation period
is usually between 18 and 36 hours.

Wounds can also become infected with C. botuli-
num and serve as a nidus for toxin-production. This
is now most commonly associated with injection of
contaminated black tar heroin, although half of
cases in the United States are seen in teenagers,
many of whom suffered from compound fractures
of limb bones.376

The clinical manifestations of foodborne and
wound botulism are the same, with the following
exceptions: in wound botulism, fever is more com-
mon and gastrointestinal symptoms are lacking.
The paralysis almost always begins with the cranial
nerves, with impaired swallowing, speaking, and/
or seeing (Fig. 9-8). Findings may be subtle, but it
is not possible to have botulism without the pres-
ence of multiple cranial nerve palsies. Ptosis and
diplopia are common. Dry mouth and sore throat
may occur. Weakness and paralysis of the extremi-
ties may develop later, but usually deep tendon re-
flexes are normal. Mental status is maintained. Sud-
den and unexpected death may result from cardiac
arrhythmias caused by the toxin. Approximately
15% of patients require ventilatory support. Equine
trivalent botulinum antitoxin is effective if given
early in the illness and is available from the Centers
for Diseases Control and Prevention through state
health departments. About 9% of patients develop
hypersensitivity reactions, so it should not be given
when the diagnosis is doubtful.377

Single-fiber electromyography may be the most
sensitive of the neurophysiologic tests.378 The char-
acteristic finding is an incremental response to
rapid repetitive stimulation at 50 Hz. Because bind-
ing of the toxin to the neuromuscular junction is
irreversible, recovery requires the regrowth of nerve
endings, which may take several months.

Herpes Simplex Virus

This virus has been recognized as an important
cause of cranial nerve paralysis in children, teenag-
ers, and young adults. Facial nerve palsy is espe-

■ FIGURE 9-8 Cranial nerve paralysis in patient with botu-
lism. Note deviation of the left eye, droopy eyelid (ptosis),
and facial asymmetry. Tubing from a tracheotomy to a venti-
lator can also be seen. (Photo courtesy of Drs. William Ter-
ranova and Joel Breman. From Moffet HL. Clinical Microbiol-
ogy. Philadelphia: JB Lippincott, 1980.)

cially common, but the oculomotor and trigeminal
nerves have also been involved.379 Benign intracra-
nial hypertension may be associated with facial
nerve paralysis (Bell palsy) and recovery of herpes
simplex virus.

Other Infectious Causes

Mycoplasma pneumoniae can cause isolated cranial
nerve paralysis. Lyme disease, discussed in Chapter
11, can cause cranial neuropathies, including uni-
lateral or bilateral facial paralysis.380

Varicella-zoster virus, CMV, influenza virus,
mumps, and EBV infection have all been observed
concurrently with peripheral facial nerve (Bell)
palsy.381,382 In Japan, 396 patients with Bell palsy
had serologic testing for VZV, HSV, and adenovir-
uses; positive titers were found in 8%, 4%, and 4%,
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respectively.383 No controls were studied. Evidence
of viral infection was more likely to be found in
younger patients.

In one case, facial palsy was the presenting fea-
ture of cat-scratch disease.384 Patients with Bell
palsy may have a CSF pleocytosis, or benign intra-
cranial hypertension may be present.385,386 In
adults, 7th cranial nerve paralysis is the most com-
mon manifestation of neurosarcoidosis.387 Orbital
myositis is a possible cause detectable by enlarged
orbital muscles on CT scan.388

Ramsay Hunt syndrome (herpes zoster oticus)
is caused by reactivation of VZV from the geniculate
ganglion.383a It results in unilateral facial nerve
palsy, sensorineural hearing loss, and vestibuloco-
chlear dysfunction. Vesicles may be visible in the
ear canal. Prompt treament with acyclovir may im-
prove the outcome.383a

Bell palsy can also be caused by otitis media.
Benign recurrent isolated cranial sixth-nerve

palsy is a diagnosis made by exclusion of other,
serious causes.389,390 Melkersson-Rosenthal syn-
drome is an uncommon condition in which recur-
rent facial nerve palsy is associated with recurrent
orofacial edema and lingua plicata (a fissured
tongue).391 Sometimes, one or more of the descrip-
tive triad may be missing. Granulomatous cheilitis
is the pathologic hallmark of this condition.

Acute Hemiplegia

Unilateral paralysis of the arm and leg is usually a
spastic paralysis caused by an intracranial lesion.
Hemiplegic migraine can occur in a teenager or
young adult.392 Despite the fact that cerebral vascu-
lar accidents are rare in children, cerebral vascular
disease accounted for two-thirds of all acute hemi-
plegia in a series of 57 infants and children in Tai-
wan.393 In Japan, about half of cerebrovascular acci-
dents in pediatric patients are caused by moyamoya
disease,394 which is a progressive arterial disease of
unknown pathogenesis that can be familial. Protein
C deficiency may increase the risk of cerebrovascu-
lar occlusive accidents.395 Hemiplegia has also been
reported in patients with sickle cell disease.396 Rup-
ture of a berry aneurysm is more likely in a child
or a young adult than is thrombosis and can occur
in the first year of life.397 Carotid artery thrombosis
is unusual.398 Thrombosis of a cerebral vessel also
can complicate cyanotic congenital heart disease
with polycythemia.

It is important to take a history for trauma that

may have been forgotten. There are several reports
of children developing vertebral artery dissection
and stroke after using trampolines.398a As these
children did not sustain a fall, the mechanism is
presumably from rapid shearing forces during
jumping. Similarly, there are multiple reports of
chiropractic manipulation leading to vertebral ar-
tery dissection and stroke.398b

Although multiple sclerosis is rare in childhood,
acute hemiparesis was the most common present-
ing feature in a recent review.399 Two cases of
human herpesvirus 7 (HHV-7) infection manifested
as exanthem subitum and acute hemiplegia have
been reported.400 One 4-year-old boy presented
with acute hemiplegia, ataxia, and dysarthria and
24 hours later exhibited a typical varicella exan-
them. MRI findings were consistent with multiple
cerebral ischemic infarcts. It was suggested that he
may have seeded his central nervous system vessels
during the secondary viremia stage of varicella zos-
ter virus infection.401 Four children developed
acute hemiplegia weeks to months after chick-
enpox. Although a definitive link could not be es-
tablished, 2 of these had middle cerebral artery le-
sions reminiscent of those seen with herpes zoster
opthalmicus.402 Acute hemiplegia secondary to a
large infarct in a 16-month-old with HIV encepha-
lopathy has been reported.403

Infantile acquired hemiplegia is characterized by
fever, convulsions, and hemiplegia and may com-
plicate a variety of acute infections.404–406 Residual
hemiplegia is usually mild. Occasionally, the infant
dies, and autopsy reveals vascular lesions.

Brain abscess can produce hemiplegia, as dis-
cussed in a later section.

One of us recently cared for a teenager who pre-
sented with a 3-day history of headache, left-sided
neck pain, and decreased movement of his left
upper extremity. MRI demonstrated a cervical epi-
dural abscess, and intraoperative cultures and
blood cultures grew Group A streptococcus. Spinal
epidural abscess is discussed in the previous section
on Acute Paraparesis and Paraplegia.

Cerebral vasculitis may be secondary to sinusitis
and typically is associated with hemiparesis, fever,
convulsions, and, occasionally, a stiff neck with
CSF pleocytosis.407 MRI scanning may be helpful
in eliciting a cause for acute hemiplegia,408 and gad-
olinium-enhanced MRI is better suited to reveal
small lesions such as capsular infarctions.394 Mag-
netic resonance angiography may be used.

Variants of Guillain Barré syndrome can occur
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that involve only cranial nerves or begin with in-
volvement of the arms.409

Injury to an extremity may result in apparent
paralyses (painful paralysis).

Weakness, Myalgia, and Myositis

Infant Botulism

In a weak young infant, botulism is a possible infec-
tious etiology.410–413 Botulinum toxin has been
found in honey, and cases of infant botulism have
been traced directly to its ingestion. For this reason,
honey should never be fed to a baby younger than
12 months old. Although there has been some con-
cern about corn syrups (sometimes employed by
mothers in the therapy of “constipation”), the latest
information suggests that these syrups are not likely
to be a source of botulism. In most cases the exact
exposure is never ascertained. Cases in which expo-
sure to dust precipitated the disease have been re-
ported. The other diagnostic possibilities in a baby
with a botulism-like syndrome include hereditary
muscular disorders, sepsis, and neonatal myas-
thenia gravis.413 The peak age of botulism is 2–4
months, by which time congenital myasthenia
gravis will have already made itself known.

Babies with botulism are almost always afebrile,
which helps to differentiate this condition from sep-
sis. Weakness dominates the clinical picture. As
with the other forms of botulism, bulbar symptoms
are always present but are sometimes subtle. Re-
peatedly shining a light into the patient’s eye and
watching the pupillary reflex will reveal a dimin-
ished response with repeated testing; muscular fati-
gability with repetitive contraction is a hallmark of
infant botulism. The spectrum of botulism may
range from sudden infant death to a mild outpatient
illness with “failure to thrive” and hypotonia. Con-
stipation is a prominent early feature but is histori-
cally often overlooked. Mothers will often report
poor feeding. In hospitalized infants, ptosis, expres-
sionless facies, and loss of suck and gag reflexes
may be seen.

The diagnosis can be confirmed by recovery of
botulinum toxin or Clostridium botulinum from the
stool. In the past, scientific support for horse-serum
derived antitoxin was scant; however, administra-
tion of a human-derived botulinum antitoxin has
been shown by a 5-year prospective placebo-con-
trolled study to reduce length of hospital stay in
hospitalized infants with botulism. The average
length of stay was reduced from 5.5 days to 2.5

days at a savings of $70,000 in costs per case. It
should be administered as soon as the diagnosis is
strongly suspected, rather than awaiting laboratory
confirmation. The antitoxin is available from the
California Department of Health Services (1-510-
540-2646). Mechanical ventilation may be neces-
sary. Babies who survive the acute phase of the ill-
ness usually recover full neurologic function, but
recovery may be prolonged.

Up to 1 in 20 cases of SIDS were attributable to
infant botulism in one California study.414 Infant
botulism is less common in other parts of the coun-
try, however.

Influenza and Other Viruses

Influenza virus415–417 clearly causes myalgia, myo-
sitis, and myoglobinuria, as described in Chapter
7. Myalgia occurs to a lesser degree in other viral
infections.418

Septic Myositis

In staphylococcal bacteremia, myalgia and myositis
may be prominent.419

Other Causes

In toxic shock syndrome due to either S. aureus or
S. pyogenes (Chapter 10), myalgia and myositis are
often prominent. Myalgia is also prominent in
Rocky Mountain spotted fever and in dengue fever.
Withdrawal of corticosteroid therapy can cause my-
algia.

Rhabdomyolysis

Severe muscle involvement can result in muscle ne-
crosis and myoglobinuria (resembling hemoglobin-
uria [rhabdomyolysis]). This is the severe end of
the spectrum of myositis and can be caused by in-
fluenza virus, enteroviruses, superimposed beta-he-
molytic streptococcal infection, and tula-
remia.420–422

Management of Acute Paralysis

The extent and severity of the paralysis should be
defined and recorded, so that progression can be
recognized. Etiologies with a specific treatment
should be looked for, especially poisonings such
as botulism and acute infections such as epidural
abscess. Those with botulism should be treated as
soon as possible with botulinum antitoxin. Antibi-
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otic therapy should not be used in patients with
botulism unless an obvious secondary infection oc-
curs, because antibiotics can actually worsen the
disease by releasing toxin from lysed bacteria.

Acute respiratory failure is the principal cause
of death in most of these syndromes. Weakness of
the diaphragms and intercostal muscles leads to in-
adequate lung expansion. Weak cough and swal-
lowing lead to obstruction of the respiratory tract
by secretions, producing atelectasis. Tracheal intu-
bation with suctioning and mechanical ventilation
followed by tracheotomy are the chief emergency
measures the physician should be prepared to use.
Respiratory muscle paralysis may not occur until
several days after the onset of paralysis in another
area but unfortunately may be the first indication
that the paralysis is ascending. Aspiration pneumo-
nia and atelectasis may to some extent be prevented
by suctioning and positioning.

■ ACUTE INFECTIOUS PYSCHOSES

Acute infectious psychoses are characterized by the
acute onset of disorientation or hallucinations con-
currently with manifestations of a mild fever in the
absence of high fever, stiff neck, ataxia, coma, semi-
coma, or other manifestations of the CNS syn-
dromes previously described in this chapter. Usu-
ally, there is no headache. Hallucinations or bizarre
behavior are the predominant manifestations.

Differential Diagnosis

Infectious mononucleosis is a common infectious
cause of apparent psychosis.423 Visual aberration
and a detached feeling have been described (the
“Alice-in-Wonderland syndrome”).424 One adoles-
cent female became frankly psychotic and at-
tempted suicide during infection with EBV; her
mental status returned to normal with resolution
of the infection.425 Mycoplasma pneumoniae has also
been etiologically linked to acute psychotic epi-
sodes.426,427 Several cases in which neurocysti-
cercosis has been associated with acute psychosis
have been reported.428 Patients with HSV encepha-
litis can present with temporal lobe syndrome-like
symptoms, in which extreme disinhibition and bi-
zarre behavior might be misinterpreted as acute
psychosis. A 13-year-old boy with typhoid fever
and infection-associated hemophagocytic syn-
drome presented with psychosis, fever, and pancy-
topenia.429

Intracranial abscesses have been associated with
behavioral changes described as “feeling goofy,”
confusion, and incoherent speech; but these pa-
tients have had other clues to intracranial suppura-
tion.430

Antibiotic therapies of various types have been
associated with acute psychosis. Treatment of an
infection with procaine penicillin can be associated
with brief, immediate hallucinations due to inad-
vertent intravenous injection, apparently related to
the procaine component, and often associated with
a seizure (Hoigne’s syndrome).431 Psychosis in as-
sociation with both oral432 and intravenous433 tri-
methoprim-sulfamethoxazole has been reported.
Fluoroquinolones have also been temporally associ-
ated with acute psychotic episodes.434,435 A series
of 6 patients who developed a self-limiting psy-
chosis after receiving mefloquine for malaria has
been reported. All were neurologically normal prior
to receiving the drug, developed symptoms within
8–24 hours of taking it, and recovered com-
pletely.436 Decongestants containing pseudoephed-
rine can produce hallucinations.437

Acute Noninfectious Causes

Temporal-lobe epilepsy should be considered as an
acute noninfectious cause. Sleepwalking and night
terrors have been associated with febrile ill-
nesses.438 Childhood migraine can produce time
and body distortion and hallucinations.439

Poisoning or drug abuse, as with Jimson weed,
narcotics, methamphetamine and others can pro-
duce hallucinations.440

■ VENTRICULITIS AND INFECTED
SHUNTS

Ventriculitis can be conveniently and arbitrarily de-
fined as more than 25 leukocytes/mcL or as a posi-
tive culture from cerebrospinal fluid obtained from
a ventricle of the brain. The level of spinal fluid
protein is usually elevated but that of glucose is
often normal rather than decreased. Increased leu-
kocytes and protein are often secondary to infection
but can be due to a recent neurosurgical procedure,
increased pressure from obstruction, or drugs put
into the ventricles. CSF eosinophilia is relatively
common in children with CNS shunts and is a
marker both for subsequent shunt failure and infec-
tion.441



VENTRICULITIS AND INFECTED SHUNTS 289

Predisposing Causes

Infection of the ventricles of the brain occurs in
patients with meningitis or with an artificial ventric-
ular shunt. In most cases, the infection is a compli-
cation of hydrocephalus treated by the insertion of
plastic tubing, which shunts the spinal fluid from
a lateral ventricle to the vena cava or peritoneal
cavity (Fig. 9-9). Because most shunt infections
occur within the first 8–24 weeks after surgical
placement,442 it is thought that most infections re-
sult from the tube’s acting as a foreign-body focus
for infection by skin bacteria introduced at the time
of surgery. Obstruction of the tubing, as by a mal-
functioning valve, predisposes the shunt to infec-
tion. Usually, the bacteria in the valve or tubing
pass through the tubing to the peritoneum or blood.
A prospective study showed that 6 (3%) of 173
shunts were culture positive at the time of implanta-
tion surgery; all 6 of them developed malfunction
during the first few weeks.443 In a series of 727
shunt insertions or revisions, patient age of less than
2 years at the time of implantation of the shunt was

■ FIGURE 9-9 Typical location (top) and tubing and reservoir parts (bottom) of a ventriculo-
peritoneal shunt.

the single most important risk factor for infec-
tion.444 In a recent study of 820 consecutive ven-
triculoperitoneal shunt placements in children, 92
shunts (11%) became infected a median of 19 days
after insertion. Premature birth, previous shunt
infection, and intraoperative use of the neuro-
endoscope were independent risk factors for shunt
infection.445

Prophylactic intravenous antibiotics at the time
of shunt placement appeared to decrease the risk
of shunt infections in the first few months in one
study, but intraventricular vancomycin or intrave-
nous nafcillin did not help in other studies.447,448

In one study, a large dose of ceftriaxone was given
perioperatively to 100 consecutive shunt placement
patients; over the ensuing 4 years no shunt infec-
tions were diagnosed in the cohort.449 This study
was uncontrolled, and subsequent controlled stud-
ies have been unable to replicate the findings. A
prospective, randomized, placebo-controlled trial
of a prophylactic second-generation cephalosporin
showed an infection rate of 8% in the treatment
group versus 13% in the control group;450 however,
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the control rate of 13% was higher than the ex-
pected background infection rate in shunting pro-
cedures, which is usually from 4–8%. A meta-anal-
ysis looking at this question found that of 12
randomized, properly-performed prospective trials,
only one showed a statistically significant benefit
from perioperative antimicrobial prophylaxis.
However, in aggregate, they found an approxi-
mately 50% reduction in shunt infections between
patients in the treatment arms.451 The scientific
basis for the value of prophylactic antibiotics is de-
batable, but most neurosurgeons use them. Because
of the consequences of infection, use of a periopera-
tive antibiotic (such as intravenous cefazolin) is rea-
sonable. By extrapolation with prophylaxis for
other surgical procedures, a single preoperative
dose given 30 minutes prior to skin incision pro-
vides adequate tissue levels throughout the surgery,
and postoperative doses are usually unnecessary.452

One group of investigators hypothesized that the
reason shunt infections were more common in pre-
mature neonates was that their humoral immune
system is not fully functioning. To test this hypothe-
sis, they administered IVIG at a dose of 1 gm/kg to
30 neonates the night prior to shunt implantation,
and gave a placebo infusion to 30 others. No patient
who received IVIG developed a shunt infection over
the following 6 months, whereas the infection rate
per procedure in the control group was approxi-
mately 5%.453 These numbers did not reach statisti-
cal significance, and further study on this type of
prophylaxis has not been published.

Ventriculitis is probably frequent with bacterial
meningitis but has no immediate clinical impor-
tance unless pus or edema obstructs the ventricles,
as can occur in newborn and young infants with
very thick exudates and small aqueducts.

Ordinary bacterial meningitis can occur in a pa-
tient with a shunt. H. influenzae meningitis, for ex-
ample, may respond to usual therapy without re-
moval of the shunt.454 Our experience has been
that such patients appear less seriously ill than the
usual child with meningitis, probably because the
cerebral edema effects are relieved to a large extent
by a functioning shunt. Shunt infections secondary
to H. influenzae (either type b or untypable) occur
much later than do infections with staphylococci,
presumably because they are secondary to hema-
togenous spread rather than to contamination of
the shunt during surgery.455 Infections due to Hib,
of course, are rare in the conjugate vaccine era, but
nontypable strains are still occasionally seen.

Shunt Infections

Obstruction of the shunt can be diagnosed by clini-
cal findings and confirmed by CT scan, which usu-
ally shows an increase in the size of the lateral ven-
tricles.456 However, diagnosis of shunt infections
may be difficult for many reasons.

Minimal Systemic Signs

Much of the delay is due to the lack of signs of
toxicity usually expected with meningitis. Fever to
103�F or higher is common, but the patient often
looks well enough that spinal fluid examination is
postponed. Signs of ventricular obstruction and in-
creased intracranial pressure, such as vomiting,
may occur later. Nuchal rigidity is usually absent.
Headache and malaise are common but nonspecific.
In the child with recurrent shunt infection, the as-
tute parent can often correctly diagnose a presump-
tive infection based on similar manifestations to
previous episodes.

Variable Location of Infection

It is important to understand the anatomy and the
type of shunt equipment used in an individual pa-
tient’s shunt (see Fig. 9-9).457 It is also extremely
important that the spinal fluid specimens be pre-
cisely labeled as to source when sent to the labora-
tory. A negative examination and culture of spinal
fluid obtained from one area is not sufficient to
exclude a shunt infection in another area. The infec-
tion can be a wound infection, a ventriculitis, a peri-
tonitis, or embolization of the blood or peritoneum
from the valve or the tubing. For example, the find-
ing of normal spinal fluid in a ventricle does not
exclude infection in the valve. Similarly, normal
spinal fluid in the ventricle does not exclude menin-
geal infection. Lumbar puncture may be indicated
if ventricular cultures are negative, because acute
hematogenous meningitis can be milder in patients
with shunts, since intracranial pressure is relieved
by the shunt. Cultures of CSF obtained by lumbar
puncture, on the other hand, may be negative in
the face of a positive shunt culture.

Minimal CSF Findings

An elevated protein concentration may be the result
of obstruction of the ventricles as well as of infec-
tion. The cellular response in ventriculitis is typi-
cally much less than that found in purulent menin-
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gitis: cell counts may be only 10–600 WBC/mcL.
This may be attributable to the low virulence of the
organism, but more likely it is due to the difference
between the ventricles and meninges in terms of
inflammatory response capabilities. A low spinal
fluid glucose sometimes helps distinguish an infec-
tious ventriculitis from a postoperative inflamma-
tion, but it is not a regular finding early in the
course. Normal spinal fluid glucose concentration
is the rule, rather than the exception.

Culture of Possible Contaminants

The culture may reveal an organism of low viru-
lence, such as S. epidermidis, which is a frequent
skin contaminant in cultures. The organism may be
regarded by the physician as a contaminant, partic-
ularly since the patient usually does not appear
“septic,” although fever is usually present. Recovery
of S. epidermidis from spinal or ventricular fluid of
a patient with a shunt should be regarded as poten-
tially significant, as this is the most frequent cause of
ventriculitis in such patients.458 Propionibacterium
acnes (“anaerobic diphtheroid”), which is normal
flora of the skin, is also capable of causing shunt
infections, and its recovery should not be regarded
as evidence of contamination.459 Of course, both S.
epidermidis and Propionibacterium spp can contami-
nate CSF cultures of patients with shunts. Recovery
of such organisms from more than one culture
(taken either from different sites during the same
surgery or from the same site during different sur-
geries) increases the likelihood of true infection.

One of the things that causes confusion is that
most microbiology laboratories utilize thioglycolate
broth cultures in addition to the standard agar cul-
tures in the evaluation of possible shunt infection.
Broth cultures increase the sensitivity of culture a
great deal; if only one organism is present in a sam-
ple the broth culture will turn positive. The cost of
this increased sensitivity is that contaminants will
also be identified more frequently. A review of 1188
shunt-derived spinal fluid samples shed some light
on the interpretation of these “broth-only” isolates.
There was no instance in which S. epidermidis grown
in the broth only was considered to be causing true
infection. The clinical significance of Propionibacte-
rium spp was a little less clear; in several cases, the
broth was the only positive culture in patients with
real infection.460 These data suggest that if a coagu-
lase-negative staphylococcus is grown in a single
culture from the thioglycolate broth but does not

grow on solid agar, it can be reasonably assumed
to be a contaminant.

In addition to coagulase-negative staphylococci
and Propionibacterium spp., common pathogens in-
clude S. aureus, viridans streptococci, enterococci,
and Corynebacteria. Gram negative organisms, such
as E. coli, are less frequent causes. Candida albicans,
as well as other species of Candida, can infect
shunts.461 Fungal infection of shunts seems to be
more common in premature neonates who receive
a shunt because of complications of intraventricular
hemorrhage.462

Minimal Local Signs

In peritonitis, the peritoneal signs may at first be
minimal because the bacteria, such as S. epidermidis,
are of low virulence.463 Tenderness may be local-
ized around the site of the peritoneal insertion of
the tube, which is often tender even in the absence
of infection because of the flow of spinal fluid into
a loculation within the peritoneal cavity. However,
fever and obvious peritoneal irritation eventually
develop.464 Cyst formation, colon perforation, de-
velopment of an inguinal hernia, appendicitis, or
volvulus around the tubing can also occur,465 as
can simple kinking of the tube.

In wound infections, the infection around the
tubing, which is subcutaneous during most of its
route, may erode through the surface of the skin.
It is necessary to determine whether the erythema
and tenderness over the tube is caused by a foreign-
body reaction or an infection with a low-virulence
organism.

Ascites and pseudocyst formation may occur
without infection.466,467

Diagnostic Strategies

Cultures can be obtained through the reservoir (if
there is one) or by needle aspiration of the valve.
Pumping the valve and culturing the blood can be
done in the case of the less commonly used ventri-
culo-atrial shunt. Peritoneal tap is rarely helpful.
Lumbar puncture is needed only if systemic menin-
gitis is suspected.

If the Gram stain of ventricular fluid shows bac-
teria, antibiotics based on the stain can be begun.
Otherwise, antibiotics should be withheld until two
sets of cultures are obtained, as it is essential to
obtain the infecting organism.
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Treatment Strategies

In addition to the use of antibiotics, there are essen-
tially three options for management of shunt infec-
tions:

1. remove the shunt and utilize an external ventric-
ular drainage device for decompression (usually
for 7–10 days), followed by reinsertion of an-
other shunt;

2. remove the infected shunt and replace it imme-
diately with a new indwelling device; and

3. leave the shunt in place (antibiotic therapy
only).

Bisno and Sternau compiled the results from 20
different studies comparing these three strategies.
Of 227 infections treated with shunt removal and
insertion of an external drainage device, 213 (94%)
were cured, compared with 114 (71%) of 161 infec-
tions treated with immediate shunt replacement,
and 95 (37%) of 254 infections in which shunts
were left in place.468

Given these data, the first strategy is recom-
mended for most patients with CNS shunt infec-
tions. Treatment with antibiotics alone may some-
times be tried for very low-grade infections, or if
the shunt is apparently in the last possible location.
Sometimes the reservoir is a vital route to treat leu-
kemia or carcinomatous meningitis, in which case
the second strategy may be used. For ascending
infections in which the source is the periotoneal
cavity, an alternative is to externalize the distal end
of the peritoneal shunt, although many such pa-
tients will require a complete shunt revision.

Treatment

It is difficult to interpret the results of reviews of
treatment because of the many changes in approach
from early cases to more recent cases.469,470 Each
short series every 4 years is helpful only in indicat-
ing what has been successful in some cases.

Good communication is essential between the
neurosurgeon, who knows the anatomy and the
mechanics of the shunt, and the medical consultant.

The tubing acts as a foreign body in perpetuating
the infection and usually must be removed. How-
ever, this step may allow pressure to increase within
the ventricles and tends to perpetuate the infection
unless the obstruction is relieved by repeated ven-
tricle or reservoir puncture or by temporary exter-
nalization of the peritoneal catheter.471 As dis-

cussed previously, the best approach is to remove
all tubing and utilize an external ventricular device
for several days. Fluid can be obtained daily or
every other day for cell count, Gram stain, and cul-
ture. Once sterility of the fluid is documented, a
new shunt can be inserted, usually after 7–10 days.
Penetration of some antibiotics into the ventricles
is poor. Local instillation of antibiotics is sometimes
helpful in eradicating the organism,471 but is not
used routinely.

There are more similarities to subacute bacterial
endocarditis than to meningitis. Unlike acute bacte-
rial meningitis, there is usually time (12–24 hours)
to get adequate cultures. Study of the organism’s
minimum inhibitory and bactericidal concentra-
tions is useful. Testing the patient’s ventricular fluid
for antibacterial activity against the isolate also is
useful. A penicillin and an aminoglycoside are often
synergistic. Vancomycin and rifampin have been
useful in S. epidermidis infections,472–475 but rifam-
pin may not be necessary.474

Removal of Shunt

The entire shunt usually has to be removed to con-
trol the infection.476 However, antibiotic therapy is
occasionally attempted first. In general, S. epider-
midis and other skin bacteria are more likely to be
eradicated without removal of the shunt than are
enteric gram-negative bacteria and Pseudomonas
aeruginosa, which almost always require removal of
the shunt.476 In our experience, it is best to remove
the shunt even with the less virulent organisms.

Systemic Antimicrobials

As noted, the situation is analogous to subacute
bacterial endocarditis in several respects. First, anti-
biotic therapy must wait until sufficient cultures are
obtained, so that therapy can be based on sensitivity
studies. Second, antibiotics must be bactericidal,
because the usual host resistance factors are of little
help. Third, dosages must be as high as possible
without toxicity because of poor penetration into
the infected areas. Finally, therapy must be long
enough to prevent relapse.

For most Gram positive infections, 10–14 days
of antibiotics is sufficient, provided that the infected
shunt has been removed. For S. aureus, a minimum
of 14 days of therapy should be given. The usual
practice is to treat with antibiotics for 7–10 days
while the external drain is in place, and then for an
additional 24–48 hours after the new shunt has
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been placed. Gram negative infections and those
due to fungi require longer courses of therapy (usu-
ally 21 days). Bactericidal activity of ventricular
fluid against the patient’s own organism, minimal
bactericidal concentration, and antibiotic concen-
tration and duration in the ventricular fluid may be
useful to determine, as described in the section on
infective endocarditis (Chapter 18).

Intraventricular Antibiotics

Whether intraventricular antibiotics are helpful in
eradicating infection has not been studied systemat-
ically. They may occasionally be necessary to treat
a difficult infection, but are not usually necessary
if the approach described above (removal, use of an
external drainage device, and delayed reinsertion) is
used. In addition, they are not without complica-
tions. If they are used, an antibiotic that is not irri-
tating to the brain tissue should be injected. A reser-
voir is useful to avoid needling brain tissue (see Fig.
9-9). If a functioning shunt is present, the intraven-
tricular antibiotic may run off very rapidly if there
is increased pressure. Penicillin may produce con-
vulsions if present in concentrations above 1000
units/mL. However, penicillin derivatives and ceph-
alosporins have been injected into the ventricles in
infants with hydrocephalus and ventriculitis with-
out adverse effects, with some cures.477 Kanamy-
cin, gentamicin, or polymyxin B have been used
for infections caused by gram-negative rods. The
dose depends on the estimated volume of the
ventriculitis.

Dosages for children and adults for penicillins
or cephalosporins for intraventricular use are de-
scribed in the larger series.459,477 The doses are cal-
culated by estimating the ventricular volume and
inserting enough drug to produce a CSF concentra-
tion at least as high as the maximum desired serum
concentrations. For example, 1 mg of gentamicin
in 100 mL of CSF results in 10 ug/mL.

Oral trimethoprim-sulfamethoxazole and rifam-
pin with intrathecal vancomycin (10–20 mg per
dose) has been successful in some patients without
removing the shunt.478

In patients without any obstruction, intraven-
tricular drugs are diluted by newly formed spinal
fluid and absorbed through the arachnoid villi or
run out through the shunt. In patients with ob-
structive hydrocephalus, drugs may remain in the
ventricles for many days, with additive increases in
concentration if more drug is injected. If intraven-

tricular antibiotics are used, measurement of antibi-
otic concentrations in ventricular fluid is important.
Determination of bactericidal titer of the ventricular
fluid against the patient’s own organism may be
useful, if available.

Reduce Intraventricular Pressure

Ventricular pressure should be relieved when nec-
essary by insertion of a needle through the burr
hole originally made to insert the tubing or through
the diaphragm of a reservoir. If the external ventric-
ular device becomes dislodged in a patient who was
previously shunt-dependent, it should be replaced
without delay. This is particularly true for those
at increased risk for tonsillar herniation, such as a
patient with an Arnold-Chiari malformation.

Reduction of intraventricular pressure by nee-
dling the system after high pressures have been
built up may result in tearing small vessels and
bleeding. Continuous external ventricular drainage
may be necessary when spinal fluid production is
high and obstruction is complete.471 In some pa-
tients, improvement may occur only after the CSF
production is decreased as a result of damage from
the infection.

Complications

Nephritis with hematuria, proteinuria, and azote-
mia may occur in ventriculo-atrial (VA) shunts but
not in ventriculo-peritoneal (VP) shunts. The find-
ing of decreased serum complement and the results
of electron microscopy and immunofluorescence
studies suggest an immunologic mechanism.479

Candida albicans shunt infections can follow imme-
diately after therapy for bacterial shunt infections.

Brain damage may occur due to destructive ef-
fects of long-term infection, which may only be sup-
pressed by antibiotics. This is especially true in in-
fections caused by more virulent organisms, such
as Enterobacter spp. Sometimes, a chronic, slowly
progressive intellectual deterioration occurs in
spite of the absence of any documentation of
infection or pressure. This phenomenon might be
the result of antigen-antibody reaction or to atro-
phy after ischemia.

■ TETANUS-LIKE ILLNESSES

Tetanus is a clinical syndrome manifested by gener-
alized muscle rigidity, characteristically with epi-
sodes of muscle spasms. Due to the advent of mod-
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ern intensive care, the mortality rate is lower than
it used to be; in most series, it is between 10 and
50%. Intensive care in a large medical center should
be given if possible. The patient often has a tightly
clenched jaw secondary to masseter spasm (tris-
mus), which gave rise to the name “lockjaw.” Clos-
tridium tetani, the etiologic agent of tetanus, is a
strictly anaerobic organism that is difficult to re-
cover in most clinical laboratories. Therefore, pa-
tients might be given the descriptive diagnosis of
“tetanus-like illness” until the diagnosis can be
either confirmed by culture or the clinical course
or excluded by demonstrating drug toxicity by use
of an antidote.

Tetanus is extremely rare in children in the
United States. Between 1995 and 1997, there were
124 cases of tetanus reported, and only 5% of those
occurred in patients younger than 20 years. The
overall annual incidence in the U.S. is approxi-
mately 0.15 cases per million population.480

Classification

Episodic Generalized Rigidity

Generalized rigidity is the usual clinical pattern of
tetanus and is the severe form of the disease implied
when the term “tetanus” is used unmodified.

Neonatal Episodic Rigidity

Neonatal tetanus occurs in the first month of life,
usually with the tetanus bacilli infecting the umbili-
cal stump after a home delivery. Use of nonsterile
instruments to cut the cord, dressing the cord with
dirty rags, and the direct application of mud or ani-
mal feces onto the umbilical stump are major risk
factors in third-world countries. Poor sucking is an
early symptom.481 Neonatal tetanus is usually con-
sidered separately in tetanus statistics because of the
extremely high mortality rate. Due to widespread
vaccination, neonatal tetanus is rare in the United
States, but it is responsible for nearly 300,000
deaths worldwide each year. Neonates born to
women who did not receive a complete primary
tetanus vaccine series are at increased risk. Such
groups include foreign-born persons and those who
object to vaccination for philosophical rea-
sons.482,483

Obstetricians should specifically inquire about
tetanus vaccination status in pregnant women; un-
vaccinated patients should receive tetanus and
diphtheria toxoid vaccine (dT) during preg-
nancy.484,485

Prognosis is poorest for the babies who present
at the youngest age. Poor prognosis is also heralded
by presentation with risus sardonicus (a grimacing
facial expression, literally “sardonic smile”) and/or
opisthotonus (hyperextension of the neck and
spine).486

Localized Rigidity

Localized tetanus can occur in the region of the
wound, usually in an extremity.

Mild Rigidity

“Modified tetanus” is a term sometimes applied to
mild or atypical tetanus, especially that in a patient
who has had some previous immunization.487 The
mild form of the disease is more likely to occur in
children than it is in adults.488 The diagnosis cannot
be certain unless both previous immunization and
infection with C. tetani are documented.489 Serum
for measurement of antitoxin should be obtained
before antitoxin therapy is given to a patient with
apparent tetanus after immunizations.487,489 Rarely,
generalized tetanus can occur with antitoxin levels
previously assumed to be protective.490

Physiologic Principles

Tetanus is produced by an exotoxin that acts di-
rectly on the anterior horn cells of the spinal cord
to block the inhibitory transmitter at synapses, pro-
ducing repeated muscle contractions or spasms
lasting a few seconds to minutes. Once the toxin
is fixed to neural tissue, it cannot be released, so
antitoxin cannot reverse the effects of already at-
tached toxin. Antitoxin treatment of tetanus acts
primarily to neutralize any new toxin produced by
the organism. Toxigenic strains of C. tetani contain
a plasmid that codes for neurotoxin production,
whereas nontoxigenic strains lack that plasmid.

Muscle spasm is best detected in unopposed
muscles such as the jaw and the abdominal muscles.
The mechanism of death is almost always respira-
tory failure. The patient is unable to breathe because
of muscle spasms. Management consists of drugs
to relax the muscles to allow the patient to breathe
and, in some cases, mechanical ventilation. If
breathing can be maintained for the period of time
required for the toxin effects to wear off (usually 3
weeks or longer) without severe pneumonia, the
patient will probably recover.

The toxin is a poor antigen and does not stimu-
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late adequate antibody production by the patient.
An attack of the disease does not produce immu-
nity, and some narcotic addicts have had the disease
several times. Therefore, active immunization with
tetanus toxoid should be given to prevent further
attacks.491

Many people in China, India, and the Galapagos
Islands have antibodies to tetanus toxin without
ever having been immunized by tetanus toxoid, ap-
parently from being immunized by ingested tetanus
bacteria and subclinical illness.492

Early Clinical Diagnosis

Muscle Spasms

Tetanus should be suspected in any patient who has
generalized muscle spasms. There may be difficulty
walking or pain in the abdomen or back due to
muscle spasm. Occasionally, the neck stiffness is
prominent enough to lead the physician to do a
lumbar puncture.

Trismus

Spasm of the masseter muscle is the usual early
manifestation that allows the physician to make a
presumptive diagnosis of tetanus. When the physi-
cian attempts to examine the pharynx, it is found
that the patient cannot open the mouth well. The
presence of trismus, episodic muscle spasms that
may be painful, and exclusion of drug ingestion
(particularly phenothiazines) is sufficient to allow
the physician to make a presumptive diagnosis of
tetanus.

Convulsions

Generalized seizures can be the presenting finding
in tetanus. The trismus and increased muscle tone
after the convulsion should suggest the diagnosis.

Wound Infection

Many patients with tetanus have an infected lacera-
tion or other wound. Although is it popularly be-
lieved that deep puncture wounds are more likely
to be associated with tetanus, many patients have
a history of only minor trauma. Others have sources
of the toxin that are more difficult to recognize,
such as necrotic umbilical stump of a newborn in-
fant, otitis media (especially in neglected otitis in
individuals with no medical care), phlebitis or skin
or muscle abscesses complicating repeated non-

sterile injections by drug addicts, recent gastroin-
testinal surgery, crushing injuries, burns, septic
abortions, infected decubitus ulcers, animal bites,
or dental infections.491 A few patients have no iden-
tifiable source of the toxin, and undoubtedly some
of the reported sources of infection are coincidental.

Immunization History

Most patients with tetanus have never been immu-
nized against it. Some have had their first injection
of toxoid at the time the injury was treated, which
is inadequate to prevent tetanus.491 Such patients
should start a schedule to receive the entire primary
series. They may also require tetanus immune glob-
ulin, as outlined in Table 17-2.

Culture

Bacteriologic confirmation is difficult, because the
organism is such a strict anaerobe, and unnecessary,
since the clinical findings are usually sufficient to
be certain of the diagnosis. The organism can occa-
sionally be isolated from draining wounds or ears.
Therapy should not be delayed in order to await
cultural confirmation, but phenothiazine toxicity
should be excluded.

Other Causes of Rigidity

Generalized Rigidity

An adverse reaction to a phenothiazine should be
suspected when a patient with this syndrome has
received Chlorpromazine, prochlorperazine, or tri-
methylbenzamide.493,494 Immediate reversal of the
effect occurs after the intravenous administration
of 25–100 mg of diphenhydramine (Benadryl)495

or physostigmine.496 The mechanism of action is
not known.

Spinal cord tumors occasionally present as per-
sistent spinal rigidity. However, this occurs gradu-
ally and usually does not present any confusion
with tetanus. Krabbe disease is rare. It usually be-
gins at about 5 months of age with rigidity and
tonic spasms. It is primarily familial and has the
histologic findings of diffuse cerebral sclerosis.

Stiff-person syndrome is a rare neurologic disor-
der with autoimmune features. It is most common
in adult females and responds to IVIG therapy.496a

Maple syrup urine disease begins at about 3–5 days
of age with rigidity and, later, opisthotonus and
may be confused with neonatal tetanus. Convul-
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sions may occur. Maple syrup urine disease may be
suspected by the maple syrup odor of the urine.
The disease is fatal at about the age of 3 months if
not recognized and treated with a special diet.

Other causes of episodic generalized rigidity in-
clude strychnine poisoning, black widow spider
bite, hypocalcemic tetany, and any convulsive dis-
order causing tonic convulsions.

A physician in Italy has described a genetic dis-
order that presents with trismus, muscular hyperto-
nia, and occasionally opisthotonus that resembles
that of tetanus. However, the syndrome is also char-
acterized by dysmorphic facial features, camptodac-
tyly, and dysregulation of body temperature.497

Isolated Trismus

Infections near the masseter muscle, as of the teeth,
throat, or parotid gland, can produce trismus.498

Rabies often causes spasms related to swallowing,
but this is not true trismus.

Treatment

Diphenhydramine Trial

If there is a suspicion of phenothiazide ingestion,
diphenhydramine should be given intrave-
nously.495 This should not be done if the patient is
having spasms that may interfere with breathing.

Sedation

Sedation should be begun as soon as a patient is
suspected of having tetanus and before diagnostic
studies are done. If a painful procedure is done
before the patient is completely relaxed, it may pre-
cipitate spasms, which may interfere with breath-
ing. Lumbar punctures, injections, venipunctures,
and unessential parts of the physical examination
are all contraindicated if severe spasms are occur-
ring in a patient with a clinical presumption of teta-
nus. Fortunately, the onset of tetanus is usually
gradual, so that the early signs of muscle rigidity
are present for a day or so before the spasms become
so frequent and lasting that they interfere with
breathing, and usually, patients are ambulatory
when first seen by a physician. The spasms get
worse over the first few days and require higher
and higher doses of sedation.

At the time a patient is first seen, it is not possible
to know whether the illness will be a severe one,
which will require 3 or more weeks of sedation,

muscle-paralyzing agents such as vecuronium, and
mechanical ventilation, or whether the patient can
be managed by a less complicated program of seda-
tion alone. Therefore, the physician should sedate
the patient sufficiently, and admit the patient to the
intensive care unit.

Benzodiazepines are now the drug of choice for
spasms associated with tetanus; they are effective
anti-seizure agents as well. Diazepam (Valium) or
lorazepam (Ativan) are usually used. Doses are de-
scribed in the section on febrile convulsion.

Airway and Assisted Ventilation

It is both difficult and a dangerous waste of time
to attempt to force an airway or to ventilate a patient
while a spasm is occurring. It is of no value to do
a tracheotomy or intubate to provide an airway un-
less the patient is adequately relaxed. It is an error
to attempt intubation or do a tracheotomy during
a tetanic spasm, because the physiologic problem
is muscle spasm, not obstructed airway. In the case
of cyanosis from a long spasm of the chest muscles,
immediate intravenous medication should be given
to paralyze the muscles: succinylcholine or a short-
acting barbiturate such as thiopental. Then the pa-
tient should be ventilated by bag and mask. Intuba-
tion may not be needed.

Antitoxin

This should not be given until the patient’s muscle
spasms are controlled by sedation. It is a common
error to give antitoxin higher priority than sedation
to prevent chest muscle spasms. Sedation is of pri-
mary importance and should be given without
delay. Antitoxin (tetanus immune globulin) is prob-
ably only of value to neutralize any toxin still being
released. Human antitoxin should be given, in a
dose of 500 units intramuscularly. Although its
value is not clearly established, in a retrospective
review of 545 cases, patients treated with antitoxin
had a significantly lower case-fatality rate.499 If it is
not available, IVIG can be used.

Antibiotics

Penicillin eradicates the organism, but may act as
an agonist to tetanospasmin by inhibiting gamma-
aminobutyric acid. Therefore, metronidazole is cur-
rently the drug of choice. The dose is 15 mg/kg
for loading, followed by 30 mg/kg/day divided q
6 hours. Attempting to eradicate C. tetani is, like
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antitoxin therapy, less urgent than muscle relaxa-
tion. In an open-label study, response to treatment,
duration of hospital stay, and mortality were all im-
proved by metronidazole therapy.500

Other Measures

Debridement of the infected wound is indicated fol-
lowing the same surgical principles as any other
situation. It should be limited to removal of dead
tissue until viable tissue is reached, which should
not be sacrificed. Hyperbaric oxygen is of no value.

Complications

Aspiration pneumonia is usually the first complica-
tion of tetanus. It may occur within the first couple
of days or a week later. In prior years, when patients
were treated with penicillin for tetanus, the pneu-
monia was usually caused by a penicillin-resistant
organism, usually S. aureus. Other complications
include urinary retention with urinary infection.

Prevention

Approximately 50 cases of tetanus are reported an-
nually in the United States, and despite improve-
ments in intensive care treatments, the disease has
a high fatality rate of from 10–50%. The mortality
rate is highest in newborns, intravenous drug
abusers, and in the elderly. In the most recent re-
port, 87% of all patients with tetanus were not fully
vaccinated. All of the deaths from tetanus in the
United States are preventable by immunization.

Active immunization with tetanus toxoid is indi-
cated in childhood, with boosters throughout life.
Immunization of women of childbearing age is ef-
fective in preventing tetanus of the newborn.501

Passive immunization with tetanus immune glob-
ulin is effective when medical care is sought for a
wound. This should be administered, in concert
with a dT booster, to anyone with a tetanus-prone
wound and an unknown or incomplete vaccination
history. Tetanus immune globulin need not be ad-
ministered to anyone who has solid proof of a com-
plete vaccination history. dT boosters, however,
should be given to patients with tetanus-prone
wounds who have not had a booster shot in the
previous 5 years and to all patients for whom it has
been more than 10 years. since their last booster.
A summary of the approach to tetanus prophylaxis
after wounds is presented in Table 17-2.

Antibiotic therapy for wounds is not an adequate
substitute for active immunization before injury.

■ ACUTE ATAXIA AND VERTIGO

Acute ataxia is defined as the sudden loss of balance
in sitting or walking by a previously well individual.
“Acute cerebellar ataxia” is a diagnosis often used to
describe a pattern of acute ataxia in young children;
502–504 however, it is more useful to regard acute
ataxia in children as a syndrome with many possible
etiologies until the physician has excluded these
causes. Only after the patient improves with no eti-
ology found should the diagnosis be “acute cerebel-
lar ataxia” or “acute post-infectious cerebellitis.”

Infectious Causes

Bacterial Meningitis

Although this is a rare cause of acute ataxia, it
should always be considered because of its potential
severity. Spinal fluid findings of purulent meningi-
tis with a positive CSF culture have been docu-
mented in children with acute ataxia but no menin-
geal signs.505 A few of the reported cases have had
no fever or no meningeal signs. Possibly bacterial
meningitis can occur simultaneously with acute cer-
ebellar ataxia, but these case reports suggest that
ataxia can be the major or only neurologic
symptom.

Acute Postinfectious Cerebellitis

Acute postinfectious cerebellitis (acute cerebellar
ataxia) is a common pattern of ataxia. At least half
of patients have antecedent symptoms compatible
with an infection. However, the condition is most
common in children between the ages of 1 and 5
years, a time that coincides with a high incidence
of viral infection, and thus proof of causation is
difficult. The association of varicella and acute cere-
bella ataxia, however, has been well studied and is
well established. In the largest series of consecutive
cases of acute post-viral cerebellitis, varicella infec-
tion accounted for 19 (26%) of 73 cases.506 Other
infectious diseases and agent temporally associated
with acute benign cerebellar ataxia of childhood
include acute histoplasmosis,507 HSV, coxsackievir-
uses, Mycoplasma pneumoniae, infectious mononu-
cleosis,508 mumps,509 and legionellosis.510 One
child with ataxia secondary to neurobrucellosis has
been reported.511 There is a case report of echovirus
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type 9 recovered from the spinal fluid of a patient
with the typical illness,512 but CSF cultures for vi-
ruses otherwise have been negative. EBV infection
has been found with acute ataxia, with normal CSF
except for elevated lactic dehydrogenase.513 In a
large outbreak of enterovirus 71 infection in Tai-
wan, 20 (49%) of 41 children with neurologic man-
ifestations presented with rhombencephalitis which
was characterized by jerks, tremors, or ataxia.325

In the typical pattern, the child is 1–5 years of
age. Often, there is a prodrome of mild respiratory
or gastrointestinal symptoms occurring for a day or
two before the ataxia is noted. The onset of ataxia
is sudden, and reaches maximal severity within the
first 24 hours. Ataxia that waxes and wanes or pro-
gresses more slowly is likely to represent a different
clinical syndrome. Fever is uncommon. Most pa-
tients maintain a normal level of consciousness, no
matter how severe the ataxia becomes. Hypotonia
may or may not be present. Absent reflexes suggest
Miller-Fisher syndrome, discussed below. Nystag-
mus is rare. A few patients have focal cerebral signs
or increased pressure sufficient to justify studies to
exclude an intracranial tumor.502 The transient na-
ture of the disease suggests that edema or a vascular
mechanism may be the basis of the cerebellar signs.
Long-term outcome is almost uniformLy excel-
lent.506

Brainstem Encephalitis

This condition is defined by more severe cerebral
disease with primary involvement of the cerebel-
lum. Many cases that might be called brainstem
encephalitis have been reported in series of acute
cerebellar ataxia. This pattern also may follow a spe-
cific infection such as that caused by measles, ade-
novirus, or enteroviruses. The cranial nerves are
often involved. Complete recovery is less likely than
in acute postinfectious cerebellitis. Brainstem en-
cephalitis is usually characterized by some mono-
nuclear pleocytosis in the spinal fluid, whereas
acute cerebellar ataxia usually has few or no cells.

Noninfectious Causes

Poisoning

Phenytoin, phenothiazides (e.g., Compazine), ben-
zodiazepines, chlordiazepoxide, and ethyl alcohol
are the most common causes of drug-induced ataxia
in children.514 Some mouthwashes contain enough
alcohol and taste good enough that a toddler may

ingest enough to become ataxic and even hypogly-
cemic.263 Anti-seizure medications such as carba-
mazepime (Tegretol) taken in large amounts precip-
itate nystagmus and ataxia.515 Excessive use of
antihistamines in toddlers with common colds can
produce ataxia. In a series of 40 children with
ataxia, drug screening proved to be the most useful
diagnostic test, helping to establish the diagnosis in
over 60% of cases.516

Brain Tumor

Brain tumor is a common solid tumor in children.
Typically, the ataxia is chronic, with a gradual onset
and a progressive course, but it occasionally resem-
bles the acute ataxias. Brain tumor is usually associ-
ated with increased CSF pressure if it produces
ataxia, because in cerebellar or pons tumors, ob-
struction to CSF flow usually occurs very early.
When the tumor is not in the midline, there are
usually some lateralizing signs. A subdural hema-
toma can produce the same kind of mass effect as
a neoplasm.

Occult Neuroblastoma

Ataxia is a rare presentation of neuroblastoma and
is usually associated with intention tremor and op-
soclonus (multidirectional, chaotic movements of
the eyes).517 The combination of opsoclonus and
myoclonus (so-called Kinsbourne syndrome)
should always make the clinician think of neuro-
blastoma. A case where this combination of symp-
toms was associated with T-cell lymphoma of the
brain has also been reported.518

Other Causes

Congenital cerebellar hypoplasia may have the early
onset of delayed development of balance, with de-
layed sitting and walking because of ataxia. Usually,
some gradual improvement occurs as the patient
learns to compensate for the cerebellar dysfunction.
Vermal aplasia, seen in Joubert syndrome and
Dandy-Walker malformation, is another congenital
ataxia disorder.

There are many genetic disorders that cause
ataxia. Most of these produce either ongoing or pro-
gressive disease. Many have other features that may
be more prominent than the ataxic component. Pro-
gressive degenerative ataxia usually has an insidious
onset of ataxia with progression of the disease
slowly over a period of years. In one series,
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Friedreich ataxia presented before the age of 10
years in 36 (38%) of 95 cases.519 Ataxia-telangiecta-
sia is discussed in Chapter 23. Metabolic disorders
such as maple syrup urine disease, Hartnup disease,
and others may produce either recurrent or pro-
gressive ataxia. Paroxysmal tonic upgaze of child-
hood with ataxia is the somewhat cumbersome
name attached to a rare childhood disorder that is
thought to be autosomal dominantly inherited.520

There are two forms of inherited ataxia, called epi-
sodic ataxia types I and II; type II is more frequently
responsive to acetazolamide.521

Basilar migraine produces gait ataxia in about
half of sufferers. Visual loss, vertigo, alternating
hemiparesis, and paresthesias can also occur. The
syndrome peaks in the teenage years and is more
common in girls.522 The neurologic symptoms are
often followed by a severe, pulsatile headache. Be-
cause the tendency toward basilar migraine is inher-
ited in an autosomal dominant fashion, there is
often a family history.

Tick paralysis (see the section on ascending pa-
ralysis) can present as ataxia.

Miller-Fisher syndrome, a syndrome of ataxia,
areflexia, and ophthalmoplegia, is a variant of Guil-
lain-Barre syndrome. Antibodies to the lipopolysac-
charide of a particular serotype of C. jejuni (Penner
serotype 2) cross react with ganglioside epitopes of
the cranial nerves and deep cerebellar nuclei, caus-
ing ophthalmoplegia and cerebellar ataxia.523

Multiple sclerosis may begin with ataxia as early
as 2 years of age.524 In early childhood multiple
sclerosis, the female to male preponderance seen
in adults may be reversed, especially in those who
develop the disease before 24 months of age. Prog-
nosis is unfavorable in this group. The most com-
mon presenting symptom in children less than 6
years of age is ataxia.525

Wernicke encephalopathy, caused by thiamine
deficiency and usually associated with alcoholism,
is an uncommon cause of ataxia in childhood; how-
ever, at least 31 cases have been reported. Most
patients had underlying disorders such as malig-
nancy.526 Only 6 (19%) of the 31 patients demon-
strated the classic triad of mental status changes,
ocular signs, and ataxia. Patients on long-term total
parenteral nutrition who are not receiving intrave-
nous vitamins, even if they are on oral vitamin sup-
plements, are at risk.527

■ VERTIGO SYNDROMES
Defined as a true twirling or spinning sensation,
vertigo can produce ataxia, often with nystagmus.

It often is caused by an abnormality of the vestibular
system.528,529 Most vertigo syndromes occur in
adults, but occasionally the question is raised
whether the young child really has vertigo (the sen-
sation of spinning) but cannot verbalize it. In gen-
eral, Meniere’s syndrome and vestibular neuronitis
are exceedingly rare in children younger than 15
years of age.529,530 However, outbreaks of vestibu-
lar neuronitis, which is usually associated with an
upper respiratory infection, have been reported;
some of these outbreaks apparently included pre-
school children. The syndrome of epidemic vertigo
has been associated with atypical lymphocytes in
the peripheral blood smear, 5–15 lymphocytes/
mcL in the CSF, and weakness.531 A definitive etiol-
ogy has never been proven. In a case-control study
of a large outbreak of vertigo that occurred in Wyo-
ming in 1992, 74% of cases versus 54% of controls
had serologic evidence of recent enterovirus infec-
tion.532 It is presumed to be central, rather than
labyrinthine, in origin.

Benign recurrent vertigo is a syndrome marked
by abrupt onset of severe vertigo that lasts from
a few minutes to several hours. Some attacks are
associated with, or followed by, headache. This dis-
order is thought to be a migraine variant, and suffer-
ers often benefit from migraine prophylaxis. Benign
paroxysmal vertigo is characterized by brief, multi-
ple sporadic episodes of ataxia, often with anxiety,
nystagmus, and vomiting.533 Headache is not an
initial symptom. Patients may have pallor and ap-
pear panicked. It usually occurs between 1 and 3
years of age and attacks last less than 5 minutes.
Over time, attacks of vertigo may be replaced by
attacks of severe headache, readily distinguishable
as migrainous.

Bacterial labyrinthitis is commonly an extension
from middle ear or meningeal infection and usually
is associated with hearing loss. Viral infection of the
labyrinth probably also occurs, with similar symp-
toms. Vestibular symptoms are sometimes seen in
patients with infectious mononucleosis. A case of
vertigo occurring during the course of mumps virus
infection has been reported.534

Antibiotics can produce vestibular toxicity that
may result in vertigo. Streptomycin has been partic-
ularly indicted, but all the aminoglycosides may
have this effect. Minocycline can produce dizziness
and ataxia even when given in recommended dos-
ages.

Sometimes simple partial seizures may be mani-
fested as vertigo. Vertigo in association with tinnitus
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and decreased hearing suggests Meniere disease. It
is uncommon in childhood.

Patients with postural tachycardia syndrome,
sometimes referred to as orthostatic intolerance or
autonomic dysfunction syndrome, usually present
with fatigue, exercise intolerance, dizziness, nausea,
pallor, and recurrent syncope.535,536 Some patients
will complain of vertigo or ataxia upon standing as
well.

Vertigo can be the presenting symptom of multi-
ple sclerosis in teenagers.537

Ramsay Hunt syndrome (herpes zoster oticus)
can result in vertigo and is discussed in the preceed-
ing section on Descending and Cranial Nerve Paral-
ysis.383a

Diagnostic Plan and Treatment

Lateralizing signs and increased intracranial pres-
sure should be looked for carefully. Lumbar punc-
ture should be considered to exclude bacterial men-
ingitis if there is no evidence of increased
intracranial pressure. Examination of the spinal
fluid may also indicate intracranial bleeding. Skull
films may be indicated to exclude separation of the
sutures. An EEG is rarely helpful. Consultation with
an otolaryngologist for special tests of eighth-nerve
function is indicated for any persistent vertigo.
Careful examination of the ear canal for vesicles
should be done, and serologic testing for varicella
IgM should be considered.

Treatment depends on the identification of a
specific cause.

■ BRAIN ABSCESS

Predisposing Causes

Most brain abscesses in children occur with cya-
notic congenital heart disease or are secondary to
spread from sinusitis, chronic otitis, or mastoid-
itis.538–542 In one report, 12% of cerebral and 63%
of extra-axial brain abscesses were complications
of sinusitis.543 Other predisposing causes include
dental infections, head trauma, and cranial opera-
tions. Meningitis is rarely associated with brain ab-
scess, except in neonates with gram-negative men-
ingitis, in which case it is relatively common.
Sometimes brain abscess develops after seemingly
minor trauma, especially to the eye.544 A prospec-
tive study showed that 72% of children undergoing
esophageal dilatation for stenosis became bacter-
emic, mostly with alpha-hemolytic streptococci;545

brain abscess is a rare complication.546 Patients
with cystic fibrosis and immunosuppressed hosts
also are at greater risk for brain abscess.

Clinical Patterns

Brain abscesses can be classified on the basis of the
anatomic location or the etiologic agent. From the
clinician’s point of view, the clinical pattern of ill-
ness is the most important starting point. A brain
abscess usually presents with pressure (like a brain
tumor) or with lateralizing signs (like a focal lesion).

Brain Tumor-like Presentation

A brain abscess can produce manifestations of a
mass or tumor and should always be considered in
the differential diagnosis of brain tumors because
of its better prognosis. The source of infection can
be found in 60–80% of patients with proved ab-
scesses.540 The source may be an adjacent infection
near the brain, particularly otitis media, mastoiditis,
and sinusitis. Identification of a site of infection is
usually useful in identifying the location of a contig-
uous abscess. The source may also be a metastatic
infection, as from pulmonary infection, endocardi-
tis, or an abscess elsewhere.

Nonpurulent Meningitis

Brain abscess should be considered as a rare cause
of nonpurulent meningitis and only if there are lat-
eralizing signs or increased intracranial pressure.
If the brain abscess has not ruptured to produce
purulent meningitis, the spinal fluid white cell
count is usually in the non-purulent range
(20–500/mcL) with elevated protein and a normal
glucose. Brain abscesses are usually, but not always,
associated with a CSF pleocytosis.

Fever and Hemiparesis with Cyanotic
Congenital Heart Disease

The CSF may be normal, but the combination of
fever, hemiparesis, and cyanotic heart disease
should be considered to indicate a brain abscess
until proved otherwise.541 The absence of fever,
however, does not rule out the possibility of a brain
abscess; only about half of patients with brain ab-
scess have fever. In addition, the presence of a right-
to-left cardiac shunt may be previously undiag-
nosed, such as with a patent foramen ovale.541a

Occasionally, a cerebral thrombosis mimics a
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brain abscess in a patient with cyanotic heart dis-
ease, particularly if polycythemia is present. Papille-
dema and dilated, tortuous retinal veins may occur
in children with cyanotic congenital heart disease
because of the polycythemia and decreased oxygen
saturation, without a brain abscess.542

Hemiparesis and Purulent Meningitis

A ruptured brain abscess may produce the combi-
nation of lateralized paralysis and purulent menin-
gitis. This is usually fatal within a few hours. How-
ever, if the CSF glucose is normal and many
erythrocytes are found in addition to the neutro-
phils, acute necrotizing hemorrhagic encephalopa-
thy secondary to HSV should be considered (see
the section on encephalitis), although this disease
is rare.

Possible Etiologies

Anaerobic Bacteria

Cultures of brain abscesses indicate that anaerobic
streptococci are the most common agents.547 Bacte-
roides species are probably more frequent than pub-
lished reports indicate, because these anaerobes are
very difficult to grow. Actinomyces species also can
produce brain abscess. Therefore, anaerobic cul-
tures should always be done of pus obtained in a
brain abscess.

Aerobic Bacteria

Many different aerobic organisms have been found
in brain abscesses. Gram-positive cocci are espe-
cially common, particularly Streptococcus milleri
group (which may be alpha-, beta-, or non-hemo-
lytic). Other streptococci, enterococci, S. aureus,
and S. epidermidis are also frequently seen. Nocardia
is found in about 2% of brain abscesses.548 The
pneumococcus is a rare cause. A report of the sys-
temic complications of Pseudomonas aeruginosa con-
junctivitis in a neonatal intensive care unit included
a case of brain abscess.549 Gram-negative enteric
bacteria also are sometimes recovered, particularly
in neonates.

Multiple or Unusual Pathogens

Mixed flora were recovered in about one-third of
those cultured in one series. Anaerobes are often
found in mixed culture with aerobes. Fungi or atyp-
ical mycobacteria are uncommon causes of brain

abscesses. Multiple brain abscesses were found in
one 2-month-old with typhoid fever.550 Toxoplas-
mosis of the CNS can resemble a brain abscess and
should be considered in immunocompromised pa-
tients.551 Immunosuppressed patients also acquire
fungal brain abscesses; a review of 12 brain ab-
scesses in children with cancer revealed that the
most common organisms in this set of patients were
Aspergillus fumigatus, Listeria monocytogenes, Fu-
sarium spp, and Candida lusitaneae.552

Diagnostic Approach

Imaging Studies

MRI is the imaging modality of choice, although CT
scans with intravenous contrast also offer excellent
resolution. Brain scanning has revolutionized the
diagnosis of brain abscess and has undoubtedly led
to a significant lowering of the mortality rate.553

Many small abscesses have been successfully treated
with antibiotic therapy without surgical interven-
tion.553,554

Brain abscess has been studied experimentally
in dogs using CT to monitor the effects of direct
intracerebral inoculation of bacteria.555,556 Stages
have been defined as early cerebritis (1–3 days after
inoculation); late cerebritis, days 4–9; early capsule
formation, days 10–13; and late capsule formation,
from day 14 on.555,556 Cerebritis is patchy but later
develops into a characteristic (but not specific) le-
sion surrounded by a uniform ring, which is en-
hanced if steroids are withdrawn.553 The abscess
can also be a dense nodule. CT scanning has al-
lowed a clearer definition of cerebritis, which was
previously a clinical definition. Cerebritis may be
defined as a focal brain infection that has not pro-
gressed to an abscess. There are clinical or radio-
logic findings of a focus, with sterile CSF, usually
with normal glucose, elevated protein, and about
10–500WBC/mcL.557

Radionuclide Scan

This procedure may be available in some hospitals
that do not have CT scanning facilities. This scan
may indicate a focus of cerebritis that may not be
exerting a mass effect. Apparent abscesses or cere-
britis complicating bacterial meningitis may resolve
with proper antibiotic therapy without any neuro-
surgical intervention (Fig. 9-10).
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■ FIGURE 9-10 Brain abscess in child with congenital cya-
notic heart disease. Radionucleotide scan (right) shows in-
creased activity in right temporal region. Computed tomogra-
phy (CT) without contrast (upper left) shows low-density lesion,
and CT scan with contrast (lower left) shows typical ring en-
hancement and surrounding low-density edema. (Photo cour-
tesy of Dr. Richard Shore.)

Other Approaches

Use of arteriograms or ventriculograms may occa-
sionally be appropriate, but have largely been re-
placed by MRI and CT scanning. EEG adds little to
the diagnostic evaluation. Lumbar puncture should
be mentioned only to emphasize its danger. It does
not localize the lesion and often results in serious
complications, particularly herniation. If papille-
dema is present, or if a brain abscess is suspected
clinically, a CT should be obtained before a lumbar
puncture is performed.

Treatment

Surgical Drainage

Like abscesses in other locations, surgical drainage
remains the treatment of choice for brain abscesses,
especially those that are large and well developed.
Excision is associated with high risks and is usually
not attempted. Stereotactic CT-guided aspiration is
usually successful; in a series of 21 patients with 58
abscesses, this approach, combined with 8 weeks of
antimicrobial therapy, resulted in good outcomes

for all 21 patients.558 Repeat aspirations may be
necessary in some cases. A Japanese study of 11
patients with brain abscess attempted to answer the
question: “How small must a brain abscess be before
it can be decided that further aspiration is not nec-
essary?” The authors conclusion was that once an
abscess becomes less than 2 cm in diameter and
the size is not increasing on serial CT scans, it will
probably be successfully treated with antimicrobial
therapy alone.559 These results and clinical experi-
ence suggest that with the help of good imaging,
sometimes surgical procedures to aspirate brain ab-
scesses can be postponed or even omitted. Usually,
antibiotic therapy is done first, followed by aspira-
tion when the abscess is better localized and the
patient stabilized. Gas in an abscess appears to be
an indication for surgical excision.560

Systemic Antibiotics

Antibiotic therapy should be given to try to localize
the infection. The choice depends on age and possi-
bly upon the source of infection. Nafcillin or vanco-
mycin (dosed at anti-meningitic doses) plus cefo-
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taxime and metronidazole appears to be a
reasonable initial choice. Anti-pseudomonal antibi-
otics may be considered if the abscess is secondary
to chronic otitis media (for example, ceftazidime
can be substituted for cefotaxime). Depending
upon whether staphylococci, anaerobic strepto-
cocci, or gram-negative bacteria are recovered, the
therapy can be adjusted. Many clinicians opt to con-
tinue coverage for anaerobic infection even if anaer-
obes are not isolated. The duration of therapy
should be guided by the patient’s clinical course,
follow-up imaging studies, and whether or not the
abscess was drained. In general, 6–12 weeks of
therapy is appropriate.

Local Antibiotics

In unusually difficult cases, injection of antibiotics
into the cavity can be done to try to sterilize the
area before operation, following the same principles
as discussed in the section on ventriculitis.561 How-
ever, this is rarely necessary.

■ PSEUDOTUMOR CEREBRI

Pseudotumor cerebri can be defined as an elevated
intracranial pressure, normal ventricular system,
and normal spinal fluid.562 It has also been called
“benign intracranial hypertension,” with a clinical
picture including sudden onset of headache, papil-
ledema, frequent sixth-nerve paralysis, and absence
of convulsions or focal neurologic abnormalities.563

Possible Causes

Corticosteroid withdrawal, vitamin A intoxication,
venous sinus thrombosis,564 oral contraceptives,
systemic lupus erythematosus, and tetracycline565

are but a few of the noninfectious causes. Respira-
tory infections have been concurrently present but
are probably coincidental.

Treatment

A therapeutic lumbar puncture in which the closing
pressure is taken to half of the opening pressure is
curative in many cases. Occasionally another lum-
bar puncture will be required. When medications
are used, most experts recommend acetazolamide
at 10 mg/kg/day. If these measures fail, a two-week
course of dexamethasone is occasionally tried. In
severe cases, insertion of a lumbar drain may be
required. However, for many cases, observation has
been an acceptable approach.
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Fever and Shock Syndromes

■ GENERAL CONCEPTS

Definitions

Despite its frequency, there is no generally accepted
definition of fever. A practical definition is a tem-
perature above 38�C (100.4�F) by mouth or above
38.4�C (101�F) by rectum. Lower temperatures
have been proposed as a definition of fever but are
not practical and contribute to excessive concern,
especially because it is not abnormal for a child to
have a rectal temperature between 100�F and 101�F
in the afternoon or after exercise.1

Fever is not equivalent to hyperthermia. Fever
is an adaptive response that is well regulated by the
body and is not dangerous in and of itself (although
the cause of the fever may be quite serious). Tem-
peratures due to fever almost never exceed 41�C
(105.8�F). In contrast, hyperthermia is an elevated
body temperature caused by a dysregulation of the
normal mechanisms and can be very dangerous,
with temperatures exceeding the body’s set point.
Examples include heat stroke (in which body tem-
perature is elevated by external means) and malig-
nant hyperthermia (caused by markedly increased
heat production via uncoupling of oxidative phos-
phorylation).

Normal body temperature shows a diurnal varia-
tion, being lowest before awakening and highest in
the late afternoon or evening. Fever curves usually
follow this diurnal pattern also.

Conversion between Centigrade and Fahrenheit
degrees can be made using the following formulas:

(C x 9/5) � 32 � F
(F � 32) x 5/9 � C

■ MECHANISMS

Body temperature is a dynamic balance between
heat production and heat loss. In the case of infec-
tions, fever is probably produced both by vasocon-
striction and by increased heat production. These
functions are controlled by the thermoregulatory

center in the hypothalamus, which responds to
stimulation by pyrogens. Experimental studies have
increased the understanding of the exogenous pyro-
gens of bacteria and the endogenous pyrogens pro-
duced by leukocytes. Currently recognized endoge-
nous pyrogens include interleukin-1, TNF-�,
interleukin-6, and interferon.2

Elevated core body temperature is the cardinal
symptom of fever, but multiple other processes are
involved. Fever is a well-regulated and complex
physiologic response, involving generation of a host
of cytokines and acute phase reactants and activa-
tion of numerous physiological, endocrinologic,
and immunologic mechanisms.2

The increase in body temperature is modulated
by the up-regulation of the thermostatic set point in
the hypothalamus. The primary thermoregulatory
mechanism used to maintain an elevated tempera-
ture is the redirection of blood flow from cutaneous
to deep vascular beds, which minimizes heat loss
through the skin.3

■ DANGERS AND BENEFITS

Convulsions can occur in children who have fever
during relatively minor illnesses, as discussed in the
section on febrile convulsions in Chapter 9. Body
temperatures in excess of 42�C have multiple harm-
ful effects. However, body temperature caused by
the fever mechanism almost never reaches this
level, unless there is failure of the thermoregulatory
mechanims.4

Body temperatures above 42�C are nearly always
the result of hyperthermia, not fever. Temperatures
this high have numerous damaging cellular ef-
fects—most deaths from hyperthermia are due to
cardiac arrhythmias.3

Fever has been postulated to have several effects
that might be expected to be useful in the control of
infectious diseases: white cell mobility is increased,
some viruses and bacteria are killed, natural killer
cell activity is increased, killing of bacteria by anti-
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biotics is enhanced, and the effects of interferon are
augmented. Despite these theoretical benefits, there
is no clear evidence that fever has a measurable
favorable influence on the course of any infectious
disease in humans.

Temperature Measurement

Axillary temperature measurement is slow, has poor
sensitivity in detecting fever, and is not recom-
mended for use in infants and children in outpatient
settings.5 In rapidly breathing patients, even when
there is no obvious mouth breathing, oral tempera-
tures may be erroneously low.6 The so-called tem-
padots (papers that are placed on the child’s fore-
head) and temperature-taking pacifiers are
inaccurate and should not be used. Tympanic mem-
brane thermometers (“ear thermometers”) have the
advantage of being rapid, noninvasive, and pain-
less; however, their accuracy has been questioned
in several studies. Mothers’ estimation of high fever
in young children (� 2 years old) and their estima-
tion that a child has no significant fever are very
accurate most of the time, without the use of a ther-
mometer.7 However, the determination of so-called
tactile fever should not be relied on in infants in
the first 2 months of life.8

Medical lore holds that children with severe cen-
tral nervous system (CNS) abnormalities have de-
creased temperature regulation and exaggerated
fever responses, and this is supported by some
studies.9,10

Corticosteroids, like antipyretics, can obscure
the presence of fever. Sometimes, high fever occurs
in children receiving high doses of corticosteroids,
and other times, fever is obscured by steroids, espe-
cially in tuberculosis.11

Symptomatic Treatment

In each child with a fever, the physician should first
ask whether any symptomatic treatment is really
necessary. The phrase fever phobia has been used to
describe undue worry by parents about fever.12,13

A recent study showed that fever phobia persists
despite efforts at education. About 25% of parents
became worried enough about their child’s fever
that they measured his/her temperature five or more
times a day, and an equal percentage of parents
slept in the same room as the child with fever.14

Fear of fever has also been documented to exist
among medical professionals.15

Guidelines in counseling parents have been rec-
ommended for use for children over 6 months of
age.1,13 These include retaking the temperature
after the child rests for one-half hour, defining
105�F as a high fever, teaching parents that normal
body temperature regulation will keep the fever
from going “out of control,” and using antipyretic
therapy only when fever makes the child uncom-
fortable.13 Sponging has been recommended only
if the temperatures are over 40�C (104�F) and then
only if the temperature has not improved within 1
hour of giving an antipyretic. The child is not to
be awakened for temperature taking or antipyretic
administration because sleep is more important.
The parents are taught that temperature taking or
“breaking the fever” is not a substitute for more
important observations, such as watching for dys-
pnea, change in consciousness, or pain.1,13

In general, excessive clothing or blankets should
be removed to a point of comfort. Hydration with
oral fluids is usually advised but should not be
forced.

Sponging with tepid (but not cold) water is a
comfortable and effective method that is traditional
for high fever. One study showed that over the first
30 minutes sponging was more effective than either
acetaminophen or ibuprofen, but by 60 minutes it
was inferior to both of these agents.16

Sometimes hospitalized patients with high fevers
are placed on cooling blankets to decrease their
body temperature. A study of febrile adults in an
intensive care unit found that the use of cooling
blankets plus acetaminophen was no more effective
in reducing fever than the use of acetaminophen
alone. In addition, the use of cooling blankets was
associated with wide fluctuation in temperatures
and with rebound hypothermia.17

Unlike antipyretics, external cooling acts not by
reducing the elevated set point but by overwhelm-
ing metabolically expensive effector mechanisms
that have been evoked by the elevated set-point.18

For patients with hyperthermia, external cooling
may be lifesaving. However, for patients with fever,
the use of cooling blankets is nonsensical, as it
causes forced peripheral vasoconstriction at a time
when the body is attempting to dissipate heat by
vasodilatation.

Antipyretics

Acetaminophen is similar to aspirin as an antipy-
retic and is less toxic to animals. Acetaminophen



CHAPTER 10 • FEVER AND SHOCK SYNDROMES320

alone is comparable in efficacy to tepid water
sponging and when used together, there is some
additive effect.19 The pediatric community has
amassed a considerable amount of clinical experi-
ence using acetaminophen since aspirin (the old
standard of care) was dropped as a pediatric antipy-
retic because of its association with Reye’s syn-
drome.

Over the past decade, ibuprofen has been used
with increasing frequency. Early reports about ibu-
profen appeared to show that it reduced fever more
rapidly and kept the fever down for a longer period
of time than acetaminophen.20, 21 However, a care-
ful reading of those studies shows that the dosages
of acetaminophen used were below the standard
dose, which may have biased them toward finding
ibuprofen to be superior. Furthermore, more recent
studies have failed to find a difference, even when
using a suboptimal dose of acetaminophen: no dif-
ference in time to lowest temperature, extent of
temperature decrease, rate of temperature decrease,
or duration of fever was found in groups taking 10
mg/kg of either preparation.22

Finally, although many pediatricians advise par-
ents to alternate acetaminophen and ibuprofen,
presumably to give a more frequent dose of antipy-
retics, there are no data supporting either the safety
or the utility of this approach.23 Until such a study
has been performed, there is no rationale for the
alternating antipyretic approach. Advising such a
course of action is unwise; furthermore, it implies
that absolute fever control is medically necessary,
which it is not.

Complications of Fever Treatment

Sometimes, the treatment of fever produces more
problems than the fever. Complications of treat-
ment include antipyretic overdosage, particularly
aspirin poisoning (salicylism), which was more
common in the past. Acetaminophen can produce
delayed liver toxicity or the rare complications of
dermatitis, hypoglycemia, agranulocytosis, throm-
bocytopenia, and methemoglobinemia. Overdosage
may produce prolongation of the prothrombin
time, vomiting, hepatic failure, and death after 2–7
days. The toxicity of aspirin and acetaminophen
have been reviewed in detail.24

Children administered ibuprofen have a higher
rate of gastrointestinal bleeding than those treated
with acetaminophen. Renal side effects have been
reported, too, especially in children with preexist-

ing renal problems or intravascular volume contrac-
tion.25 There has been some concern that the use
of ibuprofen for antipyresis in children with vari-
cella may increase the risk of necrotizing fasciitis
caused by Group A streptococcal superinfection.
The evidence in favor of this association is one case-
control study and one retrospective cohort study.
The case-control study showed an odds ratio of
11.5 for ibuprofen use in children with necrotizing
fasciitis versus the control group;26 in many of these
cases, ibuprofen use was initiated after the child
had developed symptoms of secondary infection.
This fact is used by many to say that perhaps ibu-
profen use was simply a marker for more severe
infection. However, studies in a rabbit model sug-
gest that ibuprofen is capable of preventing neutro-
phil adhesion, suppressing azurophil granule secre-
tion, and decreasing the production of
superoxide,27 all of which are mechanisms by
which ibuprofen potentially could increase the risk
of progression of an existing superinfection. The
cohort study showed that if ibuprofen was dis-
pensed to a child within the 30 days prior to the
onset of varicella, the rate of bacterial skin superin-
fection was 3.1 times higher; if only superinfections
severe enough to warrant hospitalization were in-
cluded, that ratio rose to 5.1.28 Problems with this
study include that there is no evidence the children
actually took the medication and that the confidence
intervals of both odds ratios are wide, and the P
values nonsignificant. Nevertheless, the suggestion
of a possible association, coupled with the severity
of the disease in question and the ready availability
of an alternative antipyretic agent would seem to
argue against the use of ibuprofen in children with
varicella.

Poisoning can occur from inhalation of alcohol
used to sponge the skin and may produce hypogly-
cemia and coma.29,30

In hospitalized patients who are being treated
with an antibiotic, the use of antipyretics for moder-
ate fever can interfere with the interpretation of the
effectiveness of the antibiotic. However, if the in-
fecting organism is known and the therapy known
to be appropriate, then use of antipyretics for dis-
comfort is appropriate.

■ CLASSIFICATION OF FEVER
PATTERNS

Interpretation of fever patterns is difficult for many
reasons: children are given antipyretics, which may
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alter the pattern; or consecutive temperatures may
be taken by differing routes. Nevertheless, if a pat-
tern of fever can be discerned, this information may
provide additional diagnostic clues to the clinician.
The classical fever pattern descriptions, along with
the syndromes with which they have been associ-
ated, are shown in Table 10-1.2

Classification of Fever Syndromes

It is helpful to have a classification of fever syn-
dromes for use in the problem-oriented approach.
The classification in Table 10-2 was developed by
Dechovitz and Moffet in 1968 by analyzing the rec-
ords of 155 children hospitalized for fever and is
the basis for subsequent individual sections in this
chapter.31

Prolonged unexplained fever is defined as a
documented fever higher than 38.4�C (101�F) oc-
curring daily for more than 10 days. This pattern
is often called “fever of unknown origin (FUO).”

Fever without localizing signs is defined as a
fever of less than or equal to 10 days’ duration, with
no signs of the source of the infection on physical
examination and normal urine. Newborn infants
younger than 2 months old are excluded from this
category, and children from 2 months to 2 years of

TABLE 10-1. SOME FEVER PATTERNS AND ASSOCIATED CAUSES 

PATTERN USUAL ASSOCIATED DISEASES

* Sustained fever with only slight remissions not exceeding 2°F
† Exaggeration of the normal diurnal pattern, with low temperatures in the morning and high
temperatures in the late afternoon
‡ Two spikes per day
¶ Several days of fever, afebrile for about 24 hours, then several additional days of fever
§ Sporadic episodes of fever mixed with periods of normal temperatures
** Fever for a week or longer, afebrile for similar period, then febrile again
†† Reversal of normal diurnal pattern (highest temperature elevation in the early morning)
CNS, central nervous system; IE, infective endocarditis; JRA, juvenile rheumatoid arthritis; 
TB, tuberculosis; LCMV, lymphocytic choriomeningitis virus
Modified from Mackowiak PA, Bartlett JG, Borden EC, et al. Concepts of fever: recent advances and lingering
dogma. Clin Infect Dis 1997;25:119–38.

Continuous fever*

Intermittent fever (quotidian)†

Double quotidian‡

Saddle-back (biphasic) fever¶

Intermittent hectic fever§

Pel-Ebstein fever**

Typhus inversus††

Pneumonia, typhoid, CNS disorders, tularemia,
rickettsioses, falciparum malaria

Abscesses, IE, brucellosis, JRA

Salmonellosis, miliary TB, Neisserial IE

Dengue, yellow fever, Colorado tick fever, relapsing
fever, influenza, LCMV infection, leptospirosis

Cholangitis, JRA

Hodgkin’s, relapsing fever, brucellosis

Military TB, hepatic abscess, IE, salmonellosis

age are considered a special subgroup because of an
increased risk for occult bacteremia. At the time this
classification was devised, many physicians were
using the diagnosis of FUO wrongly to describe chil-
dren with fever of brief duration without localizing
signs. Of course, not every child with fever has a uri-
nalysis and/or urine culture done in practice, but it
is useful to retain this requirement in the definition
to remind the clinician that the possibility of a uri-
nary infection has not been excluded.

Fever with Nonspecific signs is defined as a
fever of less than or equal to 10 days’ duration and
some abnormal physical findings that direct investi-
gation to a specific area.

Fever complicating a chronic disease is de-
fined as fever in a patient with a disease known to
have a predilection for a particular febrile complica-
tion. Many chronic diseases have a particular ex-
pected febrile complication, such as subacute bacte-
rial endocarditis or brain abscess, which must be
considered in fever with congenital heart disease.

Fever in an immunocompromised host should
be considered a separate category because the diag-
nostic considerations must be broadened to include
opportunistic infections and because the urgency
of providing specific therapy is usually greater (see
Chapters 20, 22, and 23).
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TABLE 10-2. CLASSIFICATION OF FEVER SYNDROMES

PATIENT GROUP CHARACTERISTICS

Fever without localizing signs

Fever with nonspecific signs

Fever of unknown origin (prolonged
unexplained fever)

Fever complicating chronic disease

Fever in an immunocompromised host

Fever secondary to a specific infection 

Suspected septicemia

Neonatal fever

Recurrent fever

Periodic fever

Pseudofever

Does not appear seriously ill

No abnormalities on physical examination

Normal urinalysis

Duration � 10 days

Increased risk of occult bacteremia in those � 2 years old

Signs such as hepatosplenomegaly or abdominal mass are present
but not diagnostic

Signs may be present but are not diagnostic. Initial studies (e.g.,
chest x-ray, throat culture, blood culture, and urine culture) are
negative. Duration � 10 days

Patient has chronic disease with expected complication to be
excluded

Differential diagnosis includes opportunistic pathogens

Patient’s increased susceptibility necessitates a more rapid and/or
invasive diagnostic approach

Diagnosis of a specific, often localized, infection can be made by
initial physical examination

Child appears seriously ill or hypotensive

Suspect septicemia in infants � 2 months old. Hypothermia is
equally important

Multiple separate episodes of documented high fever

Recurrent fevers that occur at regular or predictable intervals
(often 21 to 28 days)

Temperatures � 38°C oral or � 38.4°C rectal in a well-appearing
child

Recurrent fever is defined as separate episodes
of definite high fever.

Periodic fever is defined as recurrent episodes
of definite fever that occur at regular or predictable
intervals.

Influenza-like illness is defined as fever with
prominent respiratory symptoms of cough and sore
throat without remarkable respiratory signs such as
dyspnea or rales and usually including myalgia.
This syndrome is discussed in Chapter 7. “Viral syn-
drome” is an inadequate working diagnosis, as it
lacks the specificity of the previous diagnostic
phrases.

Pseudofever is the term used when parents
bring a child to medical attention for temperatures
that are above their concept of “normal” but do not
meet the definition of fever given earlier; that is,
temperature greater than 37�C (98.6� F) but less

than 38�C (100.4� F) oral or 38.4�C (101�F) rectal.
Because this is not true fever at all or is just diurnal
or exercise temperature variation, the clinician
should try to avoid reiterating the parent’s use of
the word fever. It is helpful to explain to the parents
that this is a normal variation of temperature, espe-
cially when the child’s appearance and examination
are normal, as discussed later.

■ FEVER WITHOUT LOCALIZING SIGNS

Definition

Fever without localizing signs is a tentative or work-
ing diagnosis and is best defined as:

1. Documented fever (rectal temperature of 38.4�C
[101�F] or higher)

2. Brief duration (less than or equal to 10 days and
usually only a few days)
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3. No localizing signs sufficient to account for the
fever

4. Normal urinalysis including microscopic exami-
nation and negative urine culture.

A urine dipstick examination that includes test-
ing for leukocyte esterase and bacterial products
such as nitrites might be substituted for a micro-
scopic study. However, if a clean-catch urine has
been obtained, the additional time involved in the
more thorough study is usually minimal. It is not
rare to discover important urinary tract disease
when a proper urinalysis is done after a number of
febrile illnesses attributed to respiratory infections
(see Chapter 14).

The preliminary diagnosis of fever without local-
izing signs should be reserved for patients who do
not appear seriously ill. Suspected septicemia
should be the preliminary diagnosis if the patient
is seriously ill or hypotensive.

Fever without localizing signs (FWLS) also
should be defined to exclude the newborn and
young infant in the first 2 months of life (Table 10-
2). Neonatal fever is a better preliminary descriptive
diagnosis and raises the question of sepsis, dis-
cussed in Chapter 19.

Fever without localizing signs as a preliminary
diagnosis helps to avoid using more exact, but less
certain, diagnoses. Other descriptive diagnoses
with a similar meaning include “fever only,” “undif-
ferentiated febrile illness,” “undiagnosed fever,” and
“fever, not seriously ill-appearing.” All of these pre-
liminary diagnoses are acceptable, but the term
fever without localizing signs is being used more
widely and is readily understood.

Inadequate Definitions

Although “flu syndrome” has been used to describe
this pattern, it is not accurate, because influenza-
like illnesses characteristically have prominent re-
spiratory symptoms, especially cough and sore
throat, as described in Chapter 7. “Viremia” has also
been used to describe this syndrome, but this term
is neither useful nor accurate, because documenta-
tion of a virus in the blood is rarely possible using
currently available methods.

“Upper respiratory infection” (URI) is also an in-
appropriate diagnosis, because these patients do not
have sufficient upper respiratory signs or symptoms
to account for the magnitude of the fever. URI is

too vague a diagnosis even when respiratory symp-
toms are present.

Clinical Course

The preliminary diagnosis of fever without localiz-
ing signs may be changed to another diagnosis as
the course of the illness evolves. There are several
courses the illness may take:

1. Development of new signs. When these signs
occur, the physician may make a diagnosis of a
specific localized infection, a viral exanthem
such as roseola, or a working diagnosis of fever
with nonspecific signs, indicating an area for in-
vestigation. Fever with nonspecific signs such
as splenomegaly is discussed in a subsequent
section of this chapter.

2. Persistence of fever. When fever persists for
more than 10 days, the working diagnosis of
prolonged unexplained fever or fever of un-
known origin (FUO) is applicable, as described
in a later section.

3. Complete, uneventful recovery. When the pa-
tient recovers uneventfully from the illness, the
retrospective diagnosis can be undifferentiated
febrile illness or self-limited febrile illness, as
discussed later. In one study of 102 children
with fever without localizing signs, about 70%
had an uneventful recovery, whereas about 30%
developed signs of a specific infectious disease.31

“Self-limited febrile illness” is a retrospective de-
scriptive diagnosis used for a fever persisting for
several days from which the patient recovers with-
out antibiotic therapy and without any localized
infection, rash, or other signs.32 A urinary tract in-
fection must be reliably excluded to make this diag-
nosis. If antibiotic therapy is used, the term self-
limited is not appropriate. This syndrome is usually
presumed to be a viral illness and has also been
called “3-day fever,” “acute undifferentiated febrile
illness,” “systemic infection,” and “febrile illness of
short duration.”

Causes

Common Viruses

Coxsackieviruses and echoviruses are probably the
most common causes of self-limited febrile illnesses
in the United States.33 Parainfluenza viruses also
appear to be a common cause of this syndrome.34

Adenovirus and influenza virus sometimes cause
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this syndrome (especially in young infants) but
more frequently result in sufficient respiratory
symptoms to be classified as an influenza-like
illness.35

Bacteria

Many bacterial infections can be self-limited with-
out antibiotic therapy (ear infections, streptococcal
pharyngitis). Even bacteremias such as pneumococ-
cemia, discussed later in this section, can be self-
limited.

Uncommon

In endemic areas of the United States, arboviruses
are an occasional cause of self-limited febrile ill-
nesses during the season of the year that humans
can be exposed to the arthropod vector. Such vi-
ruses include La Crosse encephalitis virus (Califor-
nia encephalitis virus) and equine encephalitis
viruses.

Other uncommon causes of self-limited febrile
illnesses in the United States include lymphocytic
choriomeningitis virus infection,36 Colorado tick
fever (a virus),37 and tick-borne relapsing fever, a
spirochetal disease in the western United States.38

Ehrlichiosis

There are two forms of ehrlichiosis: human mono-
cytic ehrlichiosis (HME) and human granulocytic
ehrlichiosis (HGE). HME is much more common.
It is caused by a rickettsial organism known as Ehr-
lichia chaffeensis that can cause fever in humans after
a tick bite.39,40 Formerly recognized only in dogs,
the human disease was originally described as re-
sembling Rocky Mountain spotted fever (RMSF)
without a rash, and therefore was sometimes re-
ferred to as Rocky Mountain spotless fever. This
name, for several reasons, should not be used. First,
the same name is being applied to patients who
become infected with Rickettsia rickettsiae and de-
velop symptoms of RMSF but without a rash. Sec-
ond, some patients do develop a rash during the
course of ehrlichiosis. In fact, rash seems to be more
common in children than it is in adults and was
found in two-thirds of childhood cases of HME in
the largest series published to date.41

Fever and myalgia are seen in most patients, and
about a fourth have headache, vomiting, and diar-
rhea.41 Laboratory findings that suggest the diagno-
sis include thrombocytopenia, lymphopenia or leu-

kopenia, anemia, and hyponatremia. Liver enzymes
are commonly mildly elevated. This diagnosis needs
to be seriously considered in patients who present
during “tick season” with fever, myalgia, and head-
ache, with or without rash, who have suppression
of one or more cell lines on complete blood count.
Doxycycline is the drug of choice in all age
groups.42 The illness can be quite severe and even
life-threatening.43 Some patients with long-term
cognitive or subtle neurologic abnormalities have
been identified,41 but most make a complete recov-
ery with appropriate therapy. The diagnosis is es-
tablished by demonstrating a fourfold rise in anti-
body titers to E. chaffeensis, or by an acute titer over
1:64 in a patient with a clinically compatible illness.
Polymerase chain reaction (PCR) is very sensitive
but is not widely available.43a Morulae (cytoplasmic
vacuoles containing the organisms) are usually not
demonstrable. Therapy must be started before the
diagnosis is confirmed. HGE, caused by Anaplasma
(formerly, Ehrlichia) phagocytophila,43b clinically re-
sembles HME but granulocytopenia, rather than
lymphopenia, is observed. Because this pathogen is
carried by the Ixodes species of tick, its distribution
resembles that of Lyme disease.43c

Unknown

Unknown or unidentified viruses may be a cause
of this syndrome, but most children do not have
any virus recovered when studied using available
techniques. Other infectious agents such as Ep-
stein-Barr virus (EBV) or cytomegalovirus (CMV)
are often not detected, because no specific diagnos-
tic studies are done when the child does not seem
very sick and is afebrile within a few days.

Development of Focal Infections

Pharyngitis

Frequently in young children, infections are mani-
fested only by fever, with considerable delay in lo-
calization of the infection. Frontal headaches and
abdominal pain may develop and provide a clue to
the diagnosis. It is wise to perform a throat culture
for Group A streptococci in most young children
with fever without localizing signs in the first day
or two of the fever (see Table 2-4). However, even
school-age children sometimes do not develop
signs of exudative pharyngitis until a day after the
onset of fever (see Fig. 2-4).32 Because of such de-
lays in localization of infection, the physician
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should not omit follow-up physical examination in
a patient with continued fever on the assumption
that the patient has a benign, self-limiting viral
illness.

Pneumonia

Unrecognized pneumonia is one of the most fre-
quent focal causes of fever without localizing signs.
Abdominal pain (probably really pleuritic or re-
ferred from the diaphragm) and vomiting may mis-
lead the clinician toward the abdomen.

Other

Although the majority of infections observed will
not be serious, a few patients will be found to have
such serious illnesses as osteomyelitis, septic arthri-
tis, or meningitis. One value of the preliminary
diagnosis of fever without localizing signs is the
emphasis on the need to repeat the physical exam
ination looking for localizing signs of infection.

In a 1968 study of hospitalized children, the ear-
liest indication of a localized infection was usually
the development of abnormalities on physical ex-
amination.31 In fact, about 20% of the 105 patients
hospitalized because of undiagnosed fever had evi-
dence of a specific localized infection on the first
physical examination after admission. Presumably,
they had developed these signs of a specific infec-
tion after the physical examination that led to the
hospitalization. After throat culture and urinalysis
were negative, further laboratory studies rarely pro-
vided the first clue to the final diagnosis. A notable
exception was the chest x-ray, which revealed six
unsuspected cases of pneumonia, usually lobar or
segmental, which presumably were pneumococcal.

In children, the most frequent infections that are
likely to be recognized by new localized signs are
exanthems (especially roseola syndrome, presumed
enteroviral rashes, or occasionally rickettsial dis-
ease); exudative tonsillitis, otitis media, or stomati-
tis; meningitis (purulent or aseptic); pneumonia,
parotitis or cervical adenitis; and arthritis or osteo-
myelitis. These localized infections are discussed
further in other chapters.

Laboratory Approach

Exposures

In a child older than 2 years, the history and physi-
cal examination usually allow the clinician to decide

if a laboratory workup is needed. If other family
members or school contacts have been having self-
limited febrile illnesses, this is an important clue to
the probability of a viral etiology, and it is likely
that no further laboratory studies are required.

No laboratory test should be done routinely in a
child with fever without localizing signs. Some-
times, minor symptoms might suggest some value
to a particular test, especially if the general appear-
ance or magnitude of the fever (above 39.5�C
[103�F]) is suspicious.

Throat Culture

This may reveal Group A streptococci if sore throat
is present early in the illness and the fever is above
38.8�C (102�F), as discussed earlier.

Urinalysis and Culture

This has already been mentioned in the definition
of fever without localizing signs. Usually, fever sec-
ondary to a urinary infection is accompanied by
urinary symptoms, but these may not be recognized
in a younger child. The yield for finding a positive
urine culture is low (2%) in febrile children,44 but
urinary tract infections are important to diagnose
and treat.

White Blood Cell Count and Differential

This study may be useful in a teenager with fever
and fatigue to detect atypical lymphocytosis in the
typhoidal presentation of infectious mononucleo-
sis. It also may be useful for the sicker-appearing
child with a higher fever, although leukocytosis is
nonspecific and may only stimulate a more careful
reexamination or possibly other simple specific
studies.

Chest Roentgenogram

In the younger, sicker-appearing child, especially
one with leukocytosis and some cough, an unrecog-
nized bacterial pneumonia may be present without
many clinical signs. Reexamination after the diag-
nosis may reveal some slight splinting or tachypnea
(beyond that attributable to the fever), but often it
does not. A chest roentgenogram was the most use-
ful study that detected a focal infection unsuspected
by physical examination in one large study of febrile
children.31 This is a lesson frequently relearned
even by experienced clinicians. It is reasonable to
include a chest x-ray in the evaluation of the child
with FWLS, even in the absence of respiratory signs
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or symptoms if the fever has been present for three
or more days.

Lumbar Puncture

If there is any clinical suspicion of a CNS infection
in febrile infants or young children, a lumbar punc-
ture is indicated. In children beyond infancy, more
definite signs are usually present with CNS infec-
tions. With increased experience, the physician be-
comes more skillful at recognizing these findings.
However, in situations in which parents are unrelia-
ble about observing the young child or seeking care
promptly, lumbar puncture should be done for less-
obvious medical indications.

Management

In the child over 2 years of age with fever without
localizing signs, clinical decisions concerning hos-
pitalization and therapy can be based on the clinical
findings, ability of parents to judge changes, and
convenience and reliability of follow-up contacts.
Usually, the child can be followed by telephone if
done carefully, with return visits as necessary for
reexamination and without antibiotic therapy if
there is no specific likely explanation for the fever.
New symptoms or signs may be noted on follow-
up, the illness may resolve without a diagnosis, or
hospitalization may be needed for further study.

Instructions to Parents

The parents can be told that a bacterial infection is
unlikely but that the child should be reexamined
if significant new symptoms develop, such as diffi-
culty in arousing the child, difficult breathing,
changes in sleep patterns, or pain or tenderness in
any area. Parents can make the other clinical obser-
vations (such as playfulness) described later. They
should be told to note the general appearance and
alertness of the child and to call the physician if the
child appears worse by the preceding criteria or if
a rash is noted. The availability of the physician for
follow-up should be emphasized. A return visit in
24 hours should be required for some patients, such
as those who have very high fever (>39.5�C). For
other children, the parents should be instructed to
bring the child back for another examination if the
fever is still present in 3 to 4 days. Fluids should be
encouraged; solids are unnecessary but permissible.
Symptomatic treatment of fever may be indicated,
as described earlier in this chapter.

■ HIGH FEVER IN NEONATES, INFANTS,
AND TODDLERS

Historical Factors

Beginning in the early 1970s, there was an increas-
ing appreciation of the occurrence of unrecognized
(“occult” or “outpatient”) bacteremia in young chil-
dren (younger than 2 years and younger than 3
months became established as the major age break-
points). Within recent years, the cutoff age for hos-
pital admission for suspected sepsis in babies with
fever has been changed to 2 months in some cen-
ters, and to 4–6 weeks in others. Prospective stud-
ies have looked at many clinical, laboratory, and
epidemiologic variables, so that more accurate in-
formation is now available about one of the most
difficult clinical diagnostic problems: high fever in
young children.

It is not surprising that age breakpoints have
become so helpful in assessing the probabilities for
various infections, as pediatrics is a field that makes
progressively finer age distinctions at younger ages.

Age Differences

Infants younger than 2 months are susceptible to
more diseases and are often treated similarly to
newborns, but they also may have many of the same
diseases as older infants. Early in this period, there
is less social eye contact and less social smiling, and
as a consequence, the general appearance is harder
to evaluate.45 Additionally, babies are unable to
communicate, which makes interpretation and di-
agnosis of their illnesses somewhat trickier. Finally,
young infants often develop similar, nonspecific
signs and symptoms in response to a wide variety
of illnesses; this makes distinguishing the cause of
the fever difficult.

Most physicians have routinely hospitalized in-
fants less than 2 months of age because of fever,
regardless of the results of preliminary laboratory
studies. This policy is discussed later. In one series
of 169 children aged 3 months or younger, serious
infections were found in 8 (36%) of 22 infants with
a temperature of 40�C (104�F) or higher and in 15
(10%) of 147 infants with fever of 37.5�C to 39.9�C
(100�F to 103.9�F) who were brought to an emer-
gency room.46

In another series of infants less than 6 months
of age, the frequency of serious illness was higher
in those with very high temperatures.47 This general
correlation of magnitude of fever with seriousness
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of illness has been found in many studies, but addi-
tional clinical and laboratory findings can be used
to develop more predictive accuracy than the fever
alone. An exception to this rule is a temperature
41.1�C (106�F) or more, which is frequently associ-
ated with serious illness regardless of other find-
ings.48 In general, hospitalization can be individual-
ized rather than routine for those older than 1
month old, depending on the findings and the abil-
ity and accessibility of the parents (Table 10-3).

Causes

Viral Infections

In a study of 182 young infants with fever, entero-
viruses (coxsackieviruses and echovirus) were the
most frequent cause,49 as is the case in older infants
and preschool children.50 During influenza virus

TABLE 10-3. MODIFIED ROCHESTER CRITERIA AND MODIFIED
PHILADELPHIA CRITERIA FOR IDENTIFICATION OF FEBRILE INFANTS 28–90
DAYS WHO ARE AT LOW RISK FOR SERIOUS BACTERIAL INFECTION

ROCHESTER PHILADELPHIA

Clinical appearance “Well-appearing” Yale observational
score � 10

History � 37 weeks gestation Absence of recognizable
immunodeficiency

• Discharged from birth
hospitalization with
mother (or before)

• No hyperbilirubinemia

• No antibiotics (either
perinatally or more recently)

No underlying illness

Physical examination No evidence of focal infection No evidence of focal infection
(soft tissue, bone, joint, or ear) (soft tissue, bone, joint, or ear)

Laboratory evaluation

CBC • WBC 5000 to 15,000/�L WBC � 15,000/�L

• Band count � 1500/�L Band to neutrophil
ratio � 0.2

Urinalysis � 10 WBC/hpf � 10 WBC/hpf; negative
Gram stain

Cerebrospinal fluid None � 8 WBC/�L; negative
Gram stain

Chest x-ray None No infiltrate*

Stool studies � 5 WBC/hpf* “Normal”*

Abbreviations: CBC � complete blood count; WBC � white blood count; hpf � high-powered field.
* These studies were obtained selectively.

outbreaks, high fever and lethargy secondary to in-
fluenza virus infections can mimic septicemia in
young infants.51

In a study of 258 febrile children in Finland,
66% of whom were less than 2 years of age, fever
from respiratory virus infection was just as likely to
be as high and to last as long as in serious bacterial
infections, with 37% of the children having fever
lasting 5 days or longer.52 In another study of very
young infants with fever, nonpurulent meningitis
(presumably viral) was the most frequent cause
found, but nearly 70% of infants had no cause
found and presumably had self-limited viral infec-
tions.53

Focal Bacterial Infections

In one study, urinary tract infections were a fre-
quent cause of fever in young infants, particularly
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in uncircumcised boys.49 Salmonellosis, with or
without diarrhea, was also observed in this study.
Other studies have indicated other focal infections
such as bone and joint infections.

Occult Bacteremia

Occult bacteremia is a condition in which a young
child is febrile, physical examination reveals no ob-
vious source for the fever, and the child is judged
well enough to be managed as an outpatient, but
blood culture obtained at the time of evaluation
yields a pathogenic bacterium. This condition is
most commonly caused by the pneumococcus, but
cases of unsuspected bacteremia with meningococ-
cus, Haemophilus influenzae type b, nontyphi Salmo-
nella species, and other bacteria also occur. The in-
cidence of occult bacteremia secondary to Hib has
decreased because of the widespread use of conju-
gated Hib vaccine. The prognosis of occult bacter-
emia has, therefore, changed; this is discussed in
more detail later. Occult bacteremia is an important
cause of fever in infants up to about 2 years of
age.54–56 The child typically has high fever without
localizing signs, although a few patients have upper
respiratory findings and a few have had a seizure.
Historically, the incidence of occult bacteremia in
children between the ages of 6 and 24 months who
present with FWLS has been estimated to be ap-
proximately 5%; a more recent, large study found
a lower incidence of 1.9%.57 To a certain extent,
the prevalence of occult bacteremia in a study of
children with FWLS depends on the stringency of
the inclusion criteria used in the study. Bass et al.
found that about 16% of children in their study
had occult bacteremia; their study enrolled only
children with fever greater than 39.5�C and a white
blood cell (WBC) count greater than 15,000/�L, or
children with fever greater than 40.0�C.58 However,
the overall incidence of occult bacteremia continues
to decline based on the widespread use of conju-
gated vaccines against both Hib and Streptococcus
pneumoniae.

Marked leukocytosis (greater than 25,000/�L)
is often found with pneumococcal bacteremia. In
one series of 111 infants and children with pneu-
mococcal bacteremia, 41 (37%) had a WBC count
higher than 25,000/�L.54 There were fifteen pa-
tients with no clearly defined source of the bacter-
emia, and seven of these had an initial WBC count
higher than 24,000/�L. In another series of twelve
patients with unexpected pneumococcal bacter-

emia, all had a white cell count higher than 20,000/
�L.55 In another report of twenty-two patients with
occult pneumococcal bacteremia, nine had WBC
counts higher than 20,000/�L.56 Although very
high WBC counts are frequently seen with pneumo-
coccal bacteremia, this finding is not universal; thus
one is not able to rule out bacteremia based on a
lower WBC count.

Febrile convulsions occasionally occur in pneu-
mococcal bacteremia.54–56 Hyponatremia, pete-
chiae, and vomiting were also observed in some of
these patients. 54–56

The prognosis of occult bacteremia is changing;
in general it is better than might be expected given
the presence of bacteria in the blood stream. Older,
retrospective studies warned the physician of a
5–10% risk of bacterial meningitis, a 10% risk of
localized bacterial infection, and another 30% risk
of continued bacteremia and fever.59 One study that
helped to prompt the widespread use of intramus-
cular ceftriaxone in the outpatient setting estimated
that the risk of meningitis in occult bacteremia was
9.8% in patients given no antibiotic therapy, 8.2%
in patients treated with oral antibiotics, and 0.3% in
those given parenteral antibiotic treatment.60 This
study was a Bayesian meta-analysis of published
studies available at the time. Of importance is that
all cases of bacterial meningitis that resulted from
untreated or insufficiently treated occult bacteremia
were caused by Hib. Because Hib is no longer the
second most common cause of occult bacteremia,
the outcome of pneumococcal bacteremia has be-
come the statistic of most interest. The course of
unrecognized pneumococcal bacteremia is varied,
but it is better than that of occult bacteremia due
to Hib or to the meningococcus. Hib is about 12
times more likely than S. pneumoniae to cause men-
ingitis in patients who present with occult bacter-
emia.61

Two recent large studies paint a clearer picture
of risks in the current environment. The first was
a prospective evaluation of children between 3 and
36 months of age with fever of 39�C or higher who
had no obvious focus of infection and were dis-
charged home from the emergency department.
This study focused primarily on determining the
prevalence of occult bacteremia in this population.
Blood cultures were obtained from 9,465 children
who fit this description; (1.6%) children had blood
cultures that were positive for pathogenic organ-
isms.62 The second was a retrospective study of
FWLS in children from 2–24 months of age in a
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pediatric emergency department. This study found
bacteremia in 111 (1.8%) of 5,901 children; 83%
were caused by the pneumococcus, and 96% of
those underwent resolution of their bacteremia
without therapy.57 Salmonella was the second most
common isolate, accounting for 5.4% of occult bac-
teremia, followed by Group A streptococci. No
cases of either Hib or meningococcal occult bacter-
emia were seen.

Bacteremia caused by the meningococcus, Sal-
monella, Staphylococcus aureus, and even gram-nega-
tive enteric bacteria are uncommon causes of fever
in infants.63–65 Hib bacteremia has become very
rare. The child typically becomes sicker within
hours or develops localizing signs. The clinical
manifestations of septicemia with these bacteria
are discussed later in the section on septicemia and
bacteremia.

Clinical Evaluation

The separation of febrile infants with early serious
infections from those with benign self-limited ill-
nesses is one of the most difficult decisions in the
care of children. Every experienced pediatrician has
known the feeling of not recognizing an early seri-
ous infection.

Prospective studies have been done, especially
by McCarthy and colleagues, to help give guidelines
for both clinical and laboratory evaluation.66–70

Unfortunately, rapid and unexpected change is typ-
ical of illness in young children. No laboratory tests
or clinical observations detect all of the children
who progress to a serious illness, so that follow-up
clinical observations by the physician and parents
are essential.

What observations help the parent or physician
detect a worsening course? In studies directed at
this question, the child’s playfulness and eye con-
tact were helpful guides.69,70 Other useful criteria
were the degree of alertness and of consolability,
essential observations needed to determine poten-
tial severity. Other definable components include
the infant’s use of its eyes to observe people, sponta-
neous arm and leg movement, appropriate smiling
or crying, playing, sucking, reaching, and vocaliz-
ing. Generally, patients as a group can be divided
into those who are at high risk and those who are at
low risk of bacteremia or invasive disease. However,
this ability does not extend to the individual patient
level; in other words, some children initially desig-
nated as being at low risk for serious infection prove

to develop serious infection, and some children ini-
tially thought to be at high risk prove to have trivial
self-limiting illnesses.

Duration of Fever

In young children at risk for occult bacteremia, the
duration of fever correlates inversely with the pres-
ence of bacteremia. A prospective study of 6,619
children with FWLS showed that a greater propor-
tion of those with fever for less than one day had
positive blood cultures than those with fever for
greater than one day.71 The incidence in those with
fever for less than 2 days, in turn, was higher than
for those with fever for longer than 2 days. Presum-
ably, patients with occult bacteremia become ill
quite suddenly and seek medical attention more
quickly than do patients without bacteremia.

Afebrile Bacteremia

In a review of 182 children with bacteremia during
an 18-month period, 24 (13%) were afebrile at the
time of evaluation in the emergency room.72 How-
ever, half had received recent antipyretics because
of a history of fever. Of the five afebrile children
who also had no recent history of fever, localizing
signs of meningitis, pneumonia, or orbital cellulitis
were present in four, and the other appeared clini-
cally “toxic.” This study serves to remind clinicians
what they already know: Absence of fever can ac-
company clinical findings of significant infection.

Response to Acetaminophen

Improvement in clinical appearance and reduction
of fever after an appropriate dose of acetaminophen
does not exclude the possibility of severe illness.73

A prospective trial of 154 children with FWLS, 19
of whom had positive blood cultures, showed that
the response to acetaminophen did not differ be-
tween the groups; furthermore, the appearance of
the child when afebrile (often cited as a differentiat-
ing factor by practicing physicians) was shown to
be identical.74 Only those with meningitis remained
ill appearing when fever was reduced. Perhaps the
clinician should be more wary when a child remains
ill appearing after fever reduction, but response to
acetaminophen or ibuprofen can be misleading and
thus should not be used as a diagnostic test.

Laboratory Approach
White Blood Cell Count and Differential

Most prospective studies have confirmed the value
of the WBC count that was observed in retro-
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spective reviews of “outpatient bacteremia” and oc-
cult pneumococcemia in the 1970s.53,75–80 It ap-
pears to be the simplest and most reliable of the
laboratory tests, is applicable to office practice, and
can be used together with clinical and social factors
either to help decrease the concern for serious dis-
ease or to stimulate further laboratory studies.

A marked leukocytosis (greater than 25,000/�L)
with a predominance of neutrophils is often taken
as presumptive evidence for a bacterial infection,
although this criterion has not been adequately
studied in a prospective fashion, because the final
etiologic diagnosis is often unknown. The most
widely used screening values (in conjunction with
high fever) are a count of 15,000/�L or more and
total segmented neutrophils of 10,000/�L or more.

Bass et al.’s careful, multicenter, prospective
study of children with high fever clearly showed an
increased risk of occult bacteremia with increasing
peripheral WBC count. Bacteremia was docu-
mented in none of 99 children with a WBC count
less than 10,000/�L; in 21 (8%) of 265 children
with a WBC count from 10,000/�L to less than
20,000/�L; in 30 (24%) of 127 children with a
WBC count from 20,000/�L to less than 30,000/
�L; and in 9 (43%) of 21 children with a WBC
count more than 30,000/�L.58

Vacuolization and Toxic Granulation

The value of these morphologic changes in seg-
mented neutrophils is unclear. They were found to
be sensitive and specific predictors of bacteremia in
one study80 but of no predictive value in another.81

C-Reactive Protein

Although C-reactive protein is usually elevated in
children with occult bacteremia, sensitivity and
specificity are insufficient to make the test of any
clinical utility.82,83

Chest Roentgenogram

The principles discussed earlier for the child over
2 years of age with fever without localizing signs
also apply to the infant with fever. In the older
infant, unsuspected pneumonia may be discovered
by a chest x-ray to be the cause of high fever and
marked leukocytosis. Outpatient management may
be practical for some older infants.

Lumbar Puncture

Meningitis is likely to be subtler in terms of clinical
findings as the age of the infant decreases. A lumbar
puncture may also reveal nonpurulent meningitis,
giving an explanation for the fever that can be man-
aged as described in Chapter 9. Lumbar puncture
should not be withheld for fear of producing men-
ingitis in a bacteremic child.86

Urinalysis and Urine Culture

A collaborative study to determine the frequency
of urinary infection in febrile infants indicated a
rate of 4%, all in girls.87 Another study found uncir-
cumcised boys to be at higher risk than circumcised
boys.49 As discussed in Chapter 14, bagged urine
specimens often reflect the periurethral flora. When
there is no indication of the source of the fever,
especially if the temperature is 103�F or higher, a
catheterized urine for microscopic study and cul-
ture is reasonable. Although the yield is low,87 it is
the young infant who is at highest risk for renal
damage from unrecognized infection, especially if
there is an underlying congenital urinary tract
anomaly (Chapter 14).

Outpatient Blood Cultures

Studies of outpatients in the early 1970s showed
that blood cultures were positive in a small percent-
age of children with fever, particularly those under
2 years of age with higher fever (104�F, 40�C) or
leukocytosis (greater than 20,000/L).63 S. pneumon-
iae and H. influenzae were the most frequent species
detected, but Group A streptococci, S. aureus, Salmo-
nella, and meningococci were also detected, along
with a number of skin contaminants. One emer-
gency room study reported that 25% of the positive
blood cultures were attributable to contaminants.64

In the newer study mentioned previously, however,
only 2.1% of positive blood cultures were thought
to be secondary to contamination.57 Using continu-
ously monitored blood culture systems such as
BACTEC may be helpful in differentiating true
pathogens from contaminants: The mean time to
positivity in patients with true pathogens was 15
hours; it was 31 hours in those with contaminants.57

In other studies, some of the children did not
seem seriously ill or had seemingly trivial illnesses,
but a high fever (140�F, 40�C) or a high leukocyte
count (20,000/�L) was clearly a risk factor.

These studies led to the definition and recogni-
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tion of occult bacteremia. Many pediatricians in pri-
vate practice have been skeptical that outpatient
blood culture is superior to careful follow-up, espe-
cially because many bacteremic children do not de-
velop serious illness rapidly or without clinical find-
ings on follow-up examination. In one study of
4,151 visits to private practices, with 145 children
aged 3–24 months deemed “at risk” for occult bac-
teremia, blood cultures, sedimentation rates, and
WBC counts were seldom used, but hospitaliza-
tions were rare, and no deaths or notable sequelae
were encountered.88

Bacteremia with H. influenzae is certainly a po-
tentially serious disease. One study of 69 children
with culture-proven Hib bacteremia found that on
follow-up, 36 (52%) of the children were still clini-
cally ill; 17 developed meningitis, 5 got pneumonia,
3 had epiglottitis, 5 had cellulitis, 3 had septic ar-
thritis, and 3 were persistently febrile. Even the pa-
tients who felt well at follow-up were apparently
not safe; 3 (9%) of 33 were still bacteremic despite
being afebrile, and 5 (15%) developed a secondary
focus of infection.89 This is in sharp contrast to the
96% spontaneous cure rate observed with pneumo-
coccal bacteremia in the retrospective emergency
department study cited earlier.57

The criteria have not been entirely clarified for
the use of blood cultures in the office of the private
pediatrician or the walk-in clinic, which may deal
with a different patient population. One of the best
analyses of this dilemma deserves quotation: “When
good observation or a well-functioning relationship
with the medical system does not exist, the blood
culture may serve an ‘administrative’ function by
bringing to attention those infants in need of
prompt recall and re-evaluation.”90

For some physicians, “obtaining a blood culture
binds anxiety” (by giving the feeling that one is
‘doing something’), but it is not by itself therapeutic
for the infant.”90 At the present time, most investi-
gators emphasize that blood cultures obtained se-
lectively, using some clinical and laboratory criteria,
do result in the detection of infants at higher risk
of developing serious disease. However, it has also
been noted that the same criteria for obtaining
blood cultures can be applied for using outpatient
antibiotic therapy until culture results are known.91

The efficacy of such treatment is unknown, and the
patient must still be followed carefully. The rate of
false-positive blood cultures (2% to 40%) and the
cost of cultures also make them only another test,
the value of which depends on the clinician’s judg-

ment and experience with its use. Sloppy, injudi-
cious, and unwise use and interpretation of blood
cultures in the setting of fever can lead to enormous
costs, both financial and psychological. In one ex-
treme example, 41% of positive blood cultures con-
tained only contaminants; despite this, phone calls,
return visits, extra diagnostic procedures, and hos-
pital admissions resulted, amassing a cost of
$78,904, or $642 for every true pathogen iso-
lated.92 It should be noted that, in most centers,
the rate of false positive blood cultures is less than
5%.

Antibiotics in Febrile Outpatients

Antibiotics are usually not indicated in children
over 2 years of age with fever without localizing
signs, because most of these illnesses are viral. If
an antibiotic is used and fever persists, there may
be continued confusion and changing of antibiotics.
In addition, antibiotics may disguise localizing signs
of infection and sometimes allow unrecognized
progression of tissue damage. Antibiotics do not
reduce bacterial complications of acute viral dis-
eases. In addition, antibiotics can be a cause of per-
sistent fever and rarely may have serious, even life-
threatening, toxicities.

Criteria for Antibiotic Use

In children younger than 2 years of age, it has been
suggested that a nontoxic infant who meets the cri-
teria for an outpatient blood culture merits antibi-
otic therapy.91,93 Some studies of antibiotics in fe-
brile infants have been done. In the oldest studies,
an injection of procaine-benzathine penicillin fol-
lowed by oral penicillin V was better than a placebo
for nonhospitalized infants at high risk of bacter-
emia.94 Oral amoxicillin was no different from a
placebo in another study of febrile infants.95 A
meta-analysis of all published trials that compared
oral antibiotics (usually amoxicillin) with no treat-
ment in children whose cultures eventually grew S.
pneumoniae showed a modest benefit of oral antibi-
otics. A total of 656 cases of pneumococcal occult
bacteremia were identified. The incidence of serious
bacterial infections was 3.3% in the group given
oral antibiotics versus 9.9% in those left untreated.
Meningitis developed in 7 (2.7%) of 257 children
in the untreated control group, but only in 3 (0.8%)
of the 399 children given oral antimicrobials.96 The
numbers concerning the incidence of meningitis
were too small to reach statistical significance, but
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a trend was demonstrated. It must be remembered
that this study included only those with proven bac-
teremia, not a population of children with FWLS,
the majority of whom do not have occult bacter-
emia.

It has become increasingly popular to give chil-
dren who present with high fever and/or a WBC
count over 15,000/�L an injection of intramuscular
ceftriaxone. Although emergency department phy-
sicians could not agree about which patients need
WBC counts, which patients need blood cultures,
or which patients require other diagnostic evalua-
tions, 75% of them agreed on IM ceftriaxone as
their first choice for patients at high risk for occult
bacteremia.97 The popularity of IM ceftriaxone in
the setting of FWLS stems from a couple of studies:
(1) The study that cited a 9.8% risk of progression
to meningitis in children without therapy of occult
bacteremia also found that none of 139 patients
who received IM ceftriaxone developed meningi-
tis.97a (2) A multicenter prospective trial of IM cef-
triaxone versus oral amoxicillin for patients with
occult bacteremia reported that there were three
patients with persistently positive blood cultures
and two children with positive spinal fluid cultures
among those who were randomized to the oral
amoxicillin arm, but none in the ceftriaxone group.
The paper went on to state that probable or definite
serious bacterial infections occurred in six children
in the oral amoxicillin group, but in only three
children in the ceftriaxone group. Finally, fever
persisted longer in those who received oral
amoxicillin.98

How do we account for these differences, if cef-
triaxone is not, indeed, superior? In the first study,
all the patients who developed meningitis had Hib
infection. Occult bacteremia due to Hib, as men-
tioned earlier, is a disappearing disease. In the sec-
ond study, the children in the parenteral group re-
ceived 50 mg/kg of ceftriaxone, whereas the
children in the oral treatment group received 20
mg/kg/dose of amoxicillin for 6 doses (60 mg/kg/d
for 2 days). These dosages are probably not equiva-
lent. In the era of increasing penicillin resistance
among isolates of the pneumococcus, a larger dose
of amoxicillin would be prudent to ensure levels
that exceed the minimum inhibitory concentration
of most isolates. A careful reading of the second
study also reveals some problems with outcome as-
signment. One of the patients in the amoxicillin
group grew S. pneumoniae from spinal fluid that
was obtained before amoxicillin was administered.

Additionally, two children in the ceftriaxone group
had cerebrospinal fluid (CSF) pleocytosis at the
time of follow-up; in the setting of proven bacter-
emia, these findings are indicative of bacterial men-
ingitis, despite negative CSF cultures. Reassigning
these patients gives a total of five serious bacterial
infections (four meningitis) in the ceftriaxone group
and five serious bacterial infections (two meningi-
tis) in the amoxicillin group, results that surely can-
not be construed to support the supposed superior-
ity of ceftriaxone.98a

Moreover, the incidence of bad outcomes from
occult bacteremia is decidedly lower in the post-
Hib era. Thus, differences in efficacy between IM
ceftriaxone and oral amoxicillin, even if they exist,
are not likely to be clinically significant. One large
meta-analysis comparing the two regimens con-
cluded that the differences are so small that a study
that included more than 7,500 bacteremic children
(approximately 300,000 with FWLS) would be re-
quired to demonstrate superiority of one regimen
over the other.98b Drawbacks to the widespread use
of IM ceftriaxone, on the other hand, are obvious
and include pain, expense, potentially serious drug
reactions, and widespread increases in antibiotic re-
sistance patterns of common bacteria. Giving IM
ceftriaxone in this setting effectively asks the par-
ents to judge whether they think their child is devel-
oping partially treated bacterial meningitis, a daunt-
ing task even for the trained professional.98a There
is no support for the unfortunately widespread
practice of administering IM ceftriaxone without
obtaining blood cultures.

The problem becomes stickier still if one extends
it to its true setting; that is, in clinical practice, the
physician doesn’t know which children with fever
are bacteremic and which are not. In this setting,
the use of either IM ceftriaxone or oral amoxicillin is
not convincingly effective. Both forms of treatment
trend toward being beneficial, but statistical signifi-
cance is not reached. A meta-analysis of empiric
antibiotic therapy for children with fever reached
the conclusion that approximately 414 children
would need to be treated unnecessarily in order to
prevent 1 serious bacterial infection.99 It is clear
that widespread use of empiric antibiotics for chil-
dren with FWLS is likely to treat many children
who cannot possibly benefit from the therapy.

Recommendations

An expert panel met and published practice guide-
lines in 1993.100 Their recommendations were
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based on a review of available literature and discus-
sion of the issues. They recommended the follow-
ing: (1) hospitalization and intravenous antibiotics
for all children less than 28 days and for all toxic-
appearing infants and children, (2) febrile infants
between 28 and 90 days of age may be defined to
be at low risk by specific clinical and laboratory
criteria (Table 10-3) and, if so judged, can be man-
aged as outpatients if close follow-up is ensured,
(3) children 3–24 months old with fever less than
39�C without a source need neither antibiotics nor
laboratory tests, (4) children 3–24 months of age
with fever greater than 39�C and a WBC count of
15,000/�L or greater should be considered for
blood culture and antibiotic treatment pending cul-
ture results, and (5) urine cultures should be ob-
tained in all boys 6 months of age or less and all
girls 2 years of age or less who are treated with
antibiotics.

The choice of empiric antibiotic for those who
are judged to be at highest risk for true occult bac-
teremia should be either high-dose amoxicillin
(80–150 mg/kg/day divided TID) or ceftriaxone 50
mg/kg as a single intramuscular dose, to be given
after blood culture and possibly CSF culture is ob-
tained. Follow-up examination is of utmost impor-
tance and should be scheduled for the next
morning.

Hospitalization
Hospitalization is more likely to be indicated if the
child is very young or appears “toxic” or if the par-
ents are too anxious or too unreliable to be alert
for changes in the general appearance as described
earlier. Symptoms of dyspnea, somnolence, or areas
of pain or tenderness also call for hospitalization.

Hospitalization need not be done routinely for
the infant less than 2 months of age, as iatrogenic
risks and financial costs argue against routine admis-
sion.45,101 Infants who are deemed to be at higher
risk for severe infection because of prematurity,
poor growth, or other parameters are routinely hos-
pitalized. Clinical and laboratory criteria (Table 10-
3) for identifying babies over 1 month of age who
are at low risk for serious bacterial infection have
been identified, studied, and even established as
the standard of care in some hospital emergency
departments.102,103 The Rochester criteria have a
greater focus on the babies’ health history, whereas
the Philadelphia criteria place more weight on clini-
cal appearance and laboratory findings (Table
10-3).

Most pediatricians routinely hospitalize babies
who develop fever during the first 28 days of life,
probably because of a perception that the risk of
severe infection is higher in these babies. Strictly
speaking, this perception is true. There is no magic
shift in immune function that occurs at the age of
29 days, however, and children between the ages
of 28 days and 2 months with high fever remain
candidates, on a case-by-case basis, for hospitaliza-
tion. Some authors are attempting to apply the ap-
proach of screening with selective treatment even
to babies less than 28 days of age. In one study,
only one (0.8%) of 131 febrile neonates younger
than 28 days who appeared well, had no focal phys-
ical examination findings, had a peripheral WBC
count of between 5,000 and 15,000/�L, a neutro-
phil band form count of less than 5,000/�L, a spun
urine specimen that had less than 10 WBCs per
high-power field, and a C-reactive protein of less
than 20 mg/dL had a bacterial infection.104 Further
study along these lines will be required before the
standard of care is altered. Most experts agree that
babies less than 28 days old with fever should
undergo a complete work-up for sepsis, be hospital-
ized, and be given intravenous antibiotics expect-
antly. Treatment is generally ampicillin plus either
gentamicin or cefotaxime. If the reason for hospital-
ization is related more to parents’ ability to observe
or return, then observation without antibiotics is
satisfactory.

■ FEVER OF UNKNOWN ORIGIN (FUO)

Prolonged unexplained fever is a more precise diag-
nosis than FUO, particularly when the original defi-
nition of FUO is not observed. FUO is a convenient
working diagnosis if properly defined. The review
and classification of fever by Dechovitz and Moffet
in 1968 was stimulated by the prevalent misuse of
the diagnosis of FUO in children now classified as
having fever without localizing signs.31

Fever of unknown origin was classically defined
by three criteria:105

1. Documented fever of at least 38.4�C (101�F) rec-
tally and usually higher.

2. Prolonged fever of at least 2 weeks’ duration in
some definitions106 and at least 3 weeks’ in
others.

3. Unexplained fever with no diagnosis after sim-
ple laboratory tests after 1 week of study in a
hospital.

These criteria were developed for use in adults
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and at a time when sophisticated radiographic
screening techniques were not readily available.
These criteria are neither practical nor particularly
useful in the modern practice of pediatrics. In gen-
eral, diagnoses are established much sooner now
than they were in the past.

Old lists of causes of FUO are more a guide to
the utility of early studies than a true list of late-
diagnosed diseases. Indeed, the subgroup here
called fever with nonspecific signs, discussed later,
has clues about anatomic areas to investigate and
includes many diagnoses on the old list of causes
of FUO.

The list of causes of FUO changes depending on
the definition used for “prolonged.” If the duration
of fever is set at 7 days, for example, one is likely
to include many more cases of respiratory illnesses
and other self-limited viral illnesses that lack classic
features. If the duration is set to 3 weeks, as in the
past, all self-limited infections will be excluded, and
the percentage of patients with serious illnesses will
increase. It seems to us that a reasonable clinical
definition of FUO in childhood would be the pres-
ence of fever greater than 38.3�C (101�F) for more
than 10 consecutive days in a patient without an
obvious focus of infection by physical examination
and screening laboratory evaluation.

It is useful to preserve the concept of a syndrome
of fever that is documented, prolonged, and unex-
plained. Many other working diagnoses that de-
scribe this syndrome have been used, including
fever (or pyrexia) of unexplained origin, fever of
obscure origin, fever of undetermined origin, ob-
scure fever, persistent perplexing pyrexia, and pro-
longed undiagnosed fever. Many of these terms lack
an important component of this clinical picture,
which is that the fever is prolonged. This is a prob-
lem with the currently used appellation, fever of
unknown origin, as well, although the term is
widely understood. In contrast, fever of recent onset
should be regarded as a different syndrome, be-
cause it is usually benign and self-limited.

“Pseudo-FUO” has been used for patients with
a history of fever that cannot be documented, often
in families with stress, misinformation, or behav-
ioral problems.107

Causes

The frequencies of the various possible causes of
prolonged undiagnosed fever are considerably dif-
ferent in children than in adults, and children are

not included in most reviews of fever in adults.
There are only a few reviews to consult for the possi-
ble causes of prolonged fever in children.106–109

The possible causes are described following and are
listed in Box 10-1.106–122

The text follows the sequence of the table. For
completeness, some very rare possibilities are listed,
which often are based on a few case reports. It may
seem difficult to see how some of these possibilities
were not diagnosed earlier, but retrospective analy-
sis always seems simpler.

Juvenile Rheumatoid Arthritis (JRA)

One of the most common causes of prolonged fever
in children is acute rheumatoid disease.109 Rheu-
matoid arthritis is defined by rheumatologists using
rather strict criteria on the basis of definite arthritis
involving multiple joints and lasting over a period
of at least several months. In adults or older chil-
dren, rheumatoid arthritis usually presents as a
problem of arthritis. This form of rheumatoid ar-
thritis occasionally resembles acute rheumatic fever
or infectious arthritis. In young children, however,
rheumatoid arthritis may present as a diagnostic
problem of prolonged fever without definite arthri-
tis. This form of the disease is commonly referred
to as “systemic-onset juvenile rheumatoid arthritis”
or Still’s disease. No specific laboratory test is avail-
able, and the diagnosis is a clinical one, often delay-
ing therapy.

Any form of rheumatoid arthritis occurring in
children younger than 16 years of age is called JRA.

JRA is especially difficult to identify when it has
its onset during or at the end of another illness, as
it often does, thus appearing to be a complication
or continuation of the first illness.

Because acute JRA with a systemic form of onset
is one of the most frequent causes of prolonged
fever in children, and because the diagnosis usually
must be based on clinical findings, it is discussed
in detail later in a separate section.

Other Collagen Vascular Diseases

Systemic lupus erythematosus or acute rheumatic
fever are a rare causes of prolonged unexplained
fever. Usually, however, polyarthritis or poly-
arthralgia is prominent, as described in Chapter 16.
In polyarteritis nodosa in children, abdominal pain
and hypertension are usually present.110
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BOX 10-1 ■ Some Causes of Prolonged
Unexplained Fever in Children

I. Noninfectious inflammatory diseases
1. Juvenile rheumatoid arthritis (systemic onset

type)
2. Less-common collagen vascular diseases

(systemic lupus erythematosus, acute
rheumatic fever, polyarteritis nodosa)

3. Inflammatory bowel disease (Crohn’s disease,
ulcerative colitis)

II. Infectious Diseases
1. Abscess (especially abdominal)
2. Other focal infections (low-grade or antibiotic-

modified, such as osteomyelitis, nonbacterial
meningitis, extrapulmonary tuberculosis such
as mesenteric lymphadenitis, sinusitis)

3. Nonfocal bacterial infections (endocarditis,
cat-scratch disease, Salmonella enteric fever,
chronic meningococcemia, chronic H.
influenzae bacteremia, miliary tuberculosis,
brucellosis, tularemia)

4. Viral infections (EBV, CMV, lymphocytic
choriomeningitis virus, chronic echovirus,
adenovirus, hepatitis viruses)

5. Other microorganisms
Rickettsiae (Rocky Mountain spotted fever, 

ehrlichiosis, Q fever)
Spirochetes (Lyme disease, leptospirosis, 

Borrelia relapsing fever)
Mycoplasmas (M. pneumoniae)
Parasites (toxoplasmosis, visceral larval 

migrans, malaria, babesiosis)
Fungi (disseminated systemic mycoses)
Unclassified (sarcoidosis)

III. Malignancies
1. Occult solid tumors (neuroblastoma, Wilms’

tumor, retinoblastoma)
2. Hematologic tumors (lymphoma and

Hodgkin’s disease)

IV. Miscellaneous
1. Factitious
2. Metabolic (drug fever, milk allergy,

dehydrated diabetes insipidis)
3. Genetic (familial Mediterranean fever,

infantile cortical hyperostosis [Caffey’s
disease], hypothalamic dysfunction,
ectodermal dysplasia, familial dysautonomia,
hemoglobinopathy crisis)

4. Never diagnosed

Inflammatory Bowel Disease

Crohn’s disease can begin with chronic fever before
bowel symptoms appear. There is usually a normo-
cytic anemia and at least a mildly elevated erythro-
cyte sedimentation rate (ESR).106

Occult Abscesses

Abdominal abscesses can be a cause of prolonged
fever in children (see Chapter 12). Liver abscess
can be pyogenic or amebic and is best diagnosed
by a scanning method as described in chapter 12.
In pyogenic abscess, the children usually have an
underlying disease or are infants who have had um-
bilical catheterization or septicemia. Typically, the
liver is enlarged and tender.

Intraabdominal abscesses can occur in the
spleen, kidney, psoas muscle, and above or below
the liver, as well as in the liver. Computed tomogra-
phy (CT) is usually the diagnostic study of choice.

Typically, there are clinical clues that the source
of the fever is in the abdomen. In a series that used
abdominal CT scans to look for the cause of FUO,
22 (79%) of 28 patients ultimately shown to have
intraabdominal abscesses had previous findings
suggesting disease in the abdomen, and only two
of the remaining six had a source of fever found on
CT scan in the absence of abdominal findings.111

Other Focal Infections

Meningitis, osteomyelitis, and other focal infections
are much more frequent causes of prolonged fever
in children than adults.108,109 Careful physical ex-
amination will sometimes detect subtle findings,
giving a clue to the location of the infection. The
diagnostic approach to suspected focal infection is
discussed following. Other focal infections include
extrapulmonary tuberculosis, such as mesenteric
adenitis.112

Bacteremias

Prolonged fever can be caused by Salmonella spe-
cies, especially S. typhi and S. paratyphi. Indeed, the
form of many diseases that is manifested by fever
alone is often called the typhoidal form of that dis-
ease. Blood cultures for bacteria ought to detect bac-
teremia, but sometimes they are not done or are
interfered with by antibiotics.

Infective endocarditis is occasionally associated
with negative blood cultures (see Chapter 18).
Compared with adults, children with endocarditis
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are more frequently known to have structurally ab-
normal hearts. Chronic or unrecognized bacteremia
can occur in chronic meningococcemia (usually
with arthralgias), brucellosis, tularemia, and even
H. influenzae infection.113 Many other species can
produce FUO without resulting in focal infection.

The spirillum bacteria of rat bite fever cannot
be cultured on ordinary media and require mouse
inoculation. However, in the United States, rat bite
fever is almost always caused by Streptobacillus mo-
niliformis. Similarly, mycobacteria cannot be grown
from ordinary blood culture bottles, although non-
tuberculous mycobacteria can be grown in special
bottles if requested. Miliary tuberculosis is techni-
cally a bacterial disease, but the diagnosis in chil-
dren is likely to be made by liver or bone marrow
acid-fast stains; it should be suspected when there
is an exposure to tuberculosis, usually in the pres-
ence of hepatosplenomegaly.

Brucellosis

Brucellosis is a very rare cause of continued
fever.114 Chills, headache, weight loss, mild arthral-
gia, and muscle aches are often present. Leukopenia
with atypical lymphocytosis may occur. The patient
almost always has had a special exposure to cattle
or swine, or has a family member who is a farmer or
veterinarian.115 However, children with brucellosis
are more likely than adults to have no recognized
exposure. Dogs, especially beagles, are another pos-
sible source of Brucella in humans. Raw milk is
rarely a source in the United States in recent years
because of the control of brucellosis in cattle by
testing and slaughtering infected animals. However,
imported goat cheese has been a source, so that a
history should be obtained of imported food expo-
sure in patients with unexplained fever.

The diagnosis is confirmed by culture of the or-
ganism from the blood or from bone marrow. The
latter has a higher yield.116 The brucella agglutinin
test measures antibodies to B. melitensis, B. suis, and
B. abortus, reflecting infection acquired from cattle,
swine, and goats, respectively. A separate antibody
test is required to diagnose B. canis infection.117 A
single high titer of agglutinating antibodies (� 1:
160) to the organism is suggestive but not diagnostic.

Viruses

EBV can produce a typhoidal form of infectious
mononucleosis as well as many atypical presenta-
tions (Chapter 3) and is one of the most common

diagnoses made in children referred to an infectious
diseases physician for prolonged unexplained fever.
CMV has been a cause of FUO in most of the series
reported in children. Lymphocytic choriomeningi-
tis virus is a rare cause of prolonged fever in chil-
dren. Other common viruses rarely cause FUO,
although adenoviruses, echoviruses, and coxsackie-
viruses can sometimes cause fever for as long as
10–14 days.

Cat-Scratch Disease (Bartonella henselae
Infection)

Although the principal manifestation of Bartonella
henselae infection is regional adenitis, it is increas-
ingly being implicated in FUO. Patients with pro-
longed fever in association with cat-scratch disease
often have hepatic and/or splenic microabscesses
that can easily be visualized by abdominal ultra-
sound. In one series of pediatric cases of FUO, three
of seven children ultimately diagnosed as having
cat-scratch disease had prolonged fever as the only
manifestation.118 Most children with hepatosplenic
involvement in cat-scratch disease, have abdominal
pain, although it may be vague and unimpres-
sive.119 A recent report that described the course of
fever in 13 children with hepatosplenic cat-scratch
disease found that fever lasted from 3–16 weeks.
All hepatic and splenic lesions resolved without se-
quelae except for residual splenic calcification in
one child.120

Parasitic Causes

An appropriate travel history is critical to consider-
ing the possibility of malaria. In nonendemic set-
tings, more than 60% of malaria cases are initially
misdiagnosed.121 Malaria usually occurs after travel
to a tropical area without the use of chemoprophy-
laxis, although breakthrough cases are not uncom-
mon. Examination of at least three thick and thin
blood smears by an experienced laboratorian is nec-
essary to exclude the diagnosis. Very rarely, malaria
is acquired in the United States via blood transfu-
sion or when it is passed (via mosquito bite) from
someone who returned from travel to an endemic
area.122 Hepatosplenomegaly is sometimes present
in malaria. Malaria is so common that any patient
with fever who has been in a malarious area during
the previous two months (usual incubation period,
2 weeks) should be considered to have malaria until
proven otherwise.123

Tick exposure is usually known in babesiosis. A
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history of residence in or travel to an endemic area
is helpful. This includes certain areas of Massachu-
setts, Rhode Island, New York, and Connecticut.124

It can also be transmitted by blood transfusion.
Other parasitic causes of FUO include toxoplasmo-
sis, detectable by serology, and visceral larval mi-
grans, associated with eosinophilia.

Other Microorganisms

Rickettsiae, particularly those responsible for
RMSF, ehrlichiosis, and Q fever, can cause FUO.
Spirochetes, such as leptospirosis, borrelial relaps-
ing fever (in the western United States), and Lyme
disease are discussed in Chapter 21. Mycoplasma
pneumoniae without remarkable respiratory disease
has been reported as a cause of FUO in an adult.125

Malignancies

Neuroblastoma is one of the commonest malignan-
cies in young children and may be the most fre-
quent malignant cause of FUO. Testing the urine
for increased excretion of catecholamines or vanillyl
mandelic acid may be useful if neuroblastoma is
considered. However, the diagnostic approach to
FUO is best done in a systematic fashion, as de-
scribed later. Lymphoma also can have persistent
fever as a prominent presenting complaint, but usu-
ally lymph node, spleen, or liver enlargement is
present. Leukemia occasionally presents with fever,
but usually some peripheral hematologic abnormal-
ity is present.109 Ewing’s sarcoma may have promi-
nent fever as an early manifestation, but bone mass
or tenderness usually makes the illness resemble
osteomyelitis rather than FUO. Retinoblastoma is
apparently a rare cause of continued fever.126

Other proliferative disorders, such as benign
giant lymph-node hyperplasia of a mesenteric node,
associated with refractory anemia and hyperglobul-
inemia and detected by a small bowel roentgeno-
gram, have been reported as a cause of continued
fever.127

Kawasaki Disease

When children are first hospitalized for evaluation
of high fever, they may not have developed enough
of the findings of Kawasaki disease for that diagno-
sis to be suspected. As discussed in Chapter 11,
swelling of the dorsum of the hands and feet is
a helpful sign in Kawasaki disease. Early findings
typically include a scarlet-fever-like rash, conjuncti-

val injection, and cervical lymphadenopathy, which
may lead to ineffective antibiotic use for the mis-
taken diagnosis of cervical adenitis.

Miscellaneous Causes

Factitious fever is occasionally the result of heating
of the thermometer by an older child or parent.128

Testing the urine temperature immediately after
voiding and retaking the temperature immediately
under supervision can help confirm the diagnosis.

Drug fever can be caused by many common
medications, including beta-lactam antibiotics, iso-
niazid, anticonvulsants, sulfonamides, and a long
list of others.129 Eosinophilia is often present. No
characteristic fever pattern is found, and little risk
is associated with rechallenge with the suspected
drug if no cardiovascular disease is present.129

The case of a 14-year-old girl with fever for 2
months and vague left arm pain, who was eventu-
ally diagnosed as having Takayasu’s arteritis, has
been reported.130 A series of three children between
the ages of 3 and 11 years with sarcoidosis that
presented with prolonged fever has been de-
scribed.131 Kikuchi’s disease (histiocytic necrotiz-
ing lymphadenitis) was found to be the cause of
prolonged fever with generalized lymphadenopathy
in an 8-year-old boy, and in a 13-year-old boy, fever
and leukopenia had been present for a
month.132,133

Inflammatory pseudotumor of the abdomen or
pelvis can cause prolonged fever along with weight
loss, anemia, and elevated sedimentation rate.134

Genetic and metabolic causes listed in Box 10-
1 often have other signs of the generalized disease
and are referenced in the reviews cited and under
recurrent fever later in this chapter.

Unknown and undiagnosed causes are found in
as many as 25% of children with FUO.106

Diagnostic Approach

The following actions should be considered and are
listed in order of usefulness:

1. Stop medications. Drug fever is especially
likely in the unexpected persistence of fever
following antibiotic therapy of a febrile illness.
In drug fever, the temperature typically returns
to normal when the drug is eliminated from the
system, which usually occurs within a duration
equivalent to five half-lives (within 48 hours
for most commonly used agents).
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2. Observation of the fever in the hospital for
24–48 hours without antipyretics is advisable
to document it and observe the pattern before
undertaking elaborate diagnostic procedures.
Repeated physical examinations should be
done, especially for transient arthritis, limita-
tion of the range of joint motion, or transient
rash, all of which suggest systemic-onset JRA,
discussed in the next section. Careful fun-
duscopic exam should be done to look for cho-
roid tubercles.

3. Blood cultures are useful to exclude subacute
bacterial endocarditis and may detect an unex-
pected bacteremia, as in chronic meningococ-
cemia, a rare cause of persistent fever and rash
in children.

4. Complete blood count, tuberculin skin test,
sedimentation rate, and urine culture should
be done. A test for occult blood in the stool is
a simple way to screen for inflammatory bowel
disease (but may be negative early in the dis-
ease process).

5. Radiologic examination of the chest and a renal
ultrasound examination should be done. Ra-
diologic examination of joints is of no value
in the diagnosis of systemic onset JRA. Bony
changes of arthritis are almost never seen un-
less clinical evidence of arthritis has been pres-
ent for weeks or months. Occasionally, radio-
logic examination may be useful to detect
changes of decreased bone density, particularly
if the history of past joint symptoms is vague
or unreliable. Bony changes due to leukemia
may be discovered.

6. Serologic tests. Of all the serologic tests that
may be sent in the evaluation of prolonged
unexplained fever, measurement of serum anti-
bodies to Epstein-Barr virus is most likely to
be diagnostic. A heterophile antibody test is
helpful if it is positive, but a negative test does
not exclude the diagnosis. By the time a child
reaches the point of being evaluated for pro-
longed unexplained fever, EBV antibody titers,
rather than a heterophile antibody test should
be obtained. Antibody titers to CMV should
also be sent. B. henselae antibody titers should
be sent if there is a history of cat ownership or
cat contact and can be considered on a case-
by-case basis for others. Repeated testing for
B. henselae antibodies may need to be obtained,
as early testing may produce false-negative re-
sults. False-positive results also occur and may

distract the clinician from considering other
possibilities. Serology for histoplasmosis and
coccidioidomycosis may be indicated. In areas
of histoplasmosis endemicity, disseminated
disease can be diagnosed by sending a urine
sample for histoplasmosis antigen testing.
Where a clinical suspicion exists, antibody ti-
ters for RMSF, ehrlichiosis, leptospirosis, tula-
remia, and others may be helpful; however, a
reasoned, directed approach is superior to a
“shotgun” approach. For some conditions such
as RMSF, it may take weeks to develop an anti-
body response. Thus, if there is a reasonable
clinical suspicion of RMSF, the patient should
be treated empirically with doxycycline.

It is very difficult to confirm the diagnosis
of acute rheumatoid disease by serologic tests,
because autoantibodies to IgG are rarely de-
tected in this stage of the illness in children.
Latex fixation and other tests for rheumatoid
factors that are commonly found in patients
with manifest rheumatoid joint disease are al-
most universally negative in acute juvenile
rheumatoid disease of the systemic-onset type.
Antinuclear antibodies also are rarely found in
such patients.

7. Bone marrow aspiration should be considered
with examination of the smear for acid-fast ba-
cilli, yeast forms, and bacteria, as well as for
malignancy. Culture of the marrow for fungi,
mycobacteria, and other bacteria should be
done.

8. Lumbar puncture will sometimes reveal either
viral meningitis or bacterial meningitis that has
been suppressed by antibiotics. The test may
already have been done because of cervical ar-
thralgia and high fever of systemic-onset JRA.

9. Radiography. In adults, scanning using CT has
been useful in some patients with suspected
intraabdominal malignancy or abscess, espe-
cially of the liver. Scanning of the abdomen
also may be useful in children if there is some
evidence of liver tenderness or abnormal liver
function or other intraabdominal findings. Ab-
dominal and pelvic ultrasound may also reveal
abscesses, masses, or the focal granulomas of
systemic cat-scratch disease. Immunoscintigra-
phy may be helpful if available; in one retro-
spective study of young children with FUO, a
site of infection was found in 11 (37%) of 30
patients by this test. Five of the children in
whom immunoscintigraphy was not helpful
eventually proved to have systemic-onset JRA;
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patients with a clinical diagnosis of suspected
endocarditis also had negative scans.135

Radioactive gallium (67Ga) can be useful for
the detection of abscesses, especially in the ab-
domen, by scanning for increased uptake of
the isotope in a focus of inflammation. A pro-
spective study of 30 children with fever for
more than 2 weeks without a known cause who
underwent gallium scanning showed that it
was much more likely to be helpful in patients
who had some sign or symptom of focal dis-
ease; scans were unrevealing in 24 (96%) of 25
patients who had an illness that was entirely
systemic in nature.136

10. Biopsy of the liver or a lymph node should be
considered in selected cases if there is abnor-
mal enlargement.

11. Empiric trial. A trial of antimicrobial therapy
is rarely useful and makes interpretation of
subsequent culture results difficult. It should
not be done except in life-threatening situa-
tions such as suspected disseminated tubercu-
losis. In children, a nonsteroidal antiinflamma-
tory trial may be justified when there is a strong
suspicion of systemic JRA.

■ SYSTEMIC JUVENILE RHEUMATOID
ARTHRITIS

Juvenile rheumatoid arthritis with systemic onset is
a common cause of prolonged unexplained fever in

■ FIGURE 10-1 Typical course of juvenile rheumatoid arthritis with systemic
onset, showing fever spike twice a day (double quotidian fever).

children. No specific laboratory tests are conclusive,
so the diagnosis must usually be based on a constel-
lation of clinical and laboratory findings, as de-
scribed following.

Clinical Findings

High Fever

Typically, the temperature ranges from as low as
about 35�C (94�F or 95�F) to as high as about 41�C
(104�F to 105�F). The fever spikes may occur once
a day (quotidian) or twice a day (double quotid-
ian).137 Classically, a fever spike occurs in the late
afternoon or early evening. There is no response of
the fever to antibiotics. Usually, there is no response
to ordinary doses of aspirin (Fig. 10-1). The tem-
perature usually spikes up abruptly and goes back
to normal rapidly as well, a pattern that is correctly
described as “hectic fever.”

Transient Rash

The rash usually is faint, evanescent, and maculo-
papular or macular. It is usually red or salmon-
colored, typically occurring at the height of fever,
often on the trunk or over joints.137–140 Often,
large, flat, red macules with pale centers are seen.
The rash may be linear from scratching (Fig. 10-2).
The major characteristic of the rash is its evanescent
character; often, it is present only for a few minutes



CHAPTER 10 • FEVER AND SHOCK SYNDROMES340

■ FIGURE 10-2 Typical rash in rheumatoid arthritis of systemic onset. (Photo
from Dr. Richard Hong)

or hours. The rash appears to be related in some
cases to pressure. Occasionally, it is pruritic.

Arthralgias and Myalgias

Arthralgia is often present but may not be easy to
detect.139,141,142 It is often noted on flexing the
spine. A lumbar puncture is occasionally done in
these patients, because the stiff neck or back and
the higher fever make the physician want to exclude
meningitis. Arthralgia is also often noted in shoul-
ders and knees when the range of motion of these
joints is tested. Often, the young child will refuse
to walk and will want to be held on the lap without
being moved, which appears to cause discomfort.
At the beginning of the illness, objective evidence of
arthritis is often transient or absent in the systemic-
onset type of rheumatoid disease. Usually, arthritis
appears within weeks or months, but the course is
highly variable.

Isomorphic Response (Koebner
Phenomenon)

This is a wheal that appears on the skin a few min-
utes after the physician makes a superficial scratch
mark.140 The phenomenon provides some support
for a diagnosis of rheumatoid disease but is not
specific.

Other Clinical Findings

Abdominal pain occasionally is severe enough to re-
semble an acute abdomen. The pain may result from

enlarged mesenteric nodes, as demonstrated at lapa-
rotomy in some studies. In such cases, generalized
lymphadenopathy is usually present. Liver and
spleen enlargement occasionally is prominent.143

Laboratory and Other Findings

The erythrocyte sedimentation rate is markedly ele-
vated. A leukocytosis of greater than 20,000/uL (as
high as 100,000/uL) with a predominance of neu-
trophils may be found after the fever has been pres-
ent for several days or weeks. Anemia may not be
present at first, but usually the hemoglobin progres-
sively falls from about 12 to 8 or 9 g/dL. Thrombo-
cytosis of 500,000 to 1,000,000/uL may be found.

Rheumatoid factor is not found in JRA of sys-
temic onset and is of supportive value in the diagno-
sis only in older children with polyarticular
arthritis.

Although not specific for JRA, patients with the
systemic onset form often will have extremely high
serum ferritin levels when disease is active.144

A chest roentgenogram may reveal cardiac en-
largement, or the electrocardiogram may reveal
changes suggesting myocarditis or pericarditis (see
Complications). Echocardiography may be useful
to detect small pericardial effusions.145

Therapy

High doses of aspirin, beginning with 100 mg/kg
per day and increasing to a salicylate level of about
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25 mg/dL, are usually effective in returning the tem-
perature to normal or to a low-grade fever in several
days, with marked relief of joint and other inflam-
matory symptoms.146 Many rheumatologists favor
naproxen sodium (5–10 mg/kg/dose BID) or other
non-salicylate-containing anti-inflammatory
agents.

Complications

Confusing complications can occur, usually after a
few weeks of high fever but occasionally ear-
lier.139,147 These include:

1. Pericarditis with effusion and sometimes tam-
ponade148

2. Myocarditis (less common)
3. Pleural effusions, usually small
4. Interstitial pneumonitis (may precede joint

signs)149

Course

In most cases, the diagnosis of systemic-onset JRA
is confirmed by the eventual appearance of chronic
or recurrent polyarthritis, since the arthritis usually
occurs within 6 months.139,141 Occasionally, the di-
agnosis proves erroneous or is never confirmed. A
study was done of the course of 43 children with
a diagnosis of rheumatoid arthritis that could not be
confirmed during the first hospitalization.141 This
diagnosis was based predominantly on findings of
arthralgia or synovitis and elevated erythrocyte
sedimentation rate, often with fever, rash, and lym-
phadenopathy. Five children eventually developed
typical rheumatoid polyarthritis and 15 eventually
had another diagnosis including psoriasis, ulcera-
tive colitis, rheumatic fever, ankylosing spondylitis,
osteochondritis, probable septic arthritis, Ray-
naud’s disease, systemic lupus erythematosus, der-
matomyositis, and scleroderma.141 Of the 43 chil-
dren, 23 (53%) had a course that led to the
continuing working diagnosis of probable rheuma-
toid arthritis. These 23 children could be classified
into three patterns, according to their course: 10
had a benign systemic course with rash, fever, and
lymphadenopathy with minimal symptoms or signs
in the joints but never developed chronic polyar-
thritis; 9 had an oligoarthritic course, with chronic
arthritis but with less than four joints involved; 4
had a transient polyarthritic course with few or no
systemic findings. Their polyarthritis was of too
short a duration (less than 3 months) to meet crite-
ria for rheumatoid arthritis.

■ FEVER WITH NONSPECIFIC SIGNS

Fever with various nonspecific signs can be defined
as a definite fever of at least 38.4�C rectal (101�F) of
less than 10 days’ duration with abnormal physical
findings that indicate an area for diagnostic study.
“Fever with nonspecific signs” is a general category,
and the specific sign or signs should be stated such
as “fever and splenomegaly,” “fever with hepato-
splenomegaly,” or a similar phrase. Further discus-
sion is found in the appropriate section as shown
in Table 10-4. It seems apparent that many cases
included in pediatric series of FUO really had fever
with nonspecific signs. This may partially account
for the fact that at least one large series found EBV
infection to be the most common cause of pediatric
FUO.125

Causes of Fever and
Hepatosplenomegaly

Infections are the most important causes of fever
and hepatosplenomegaly. Some cases may be cured
by early diagnosis and proper chemotherapy. Mili-
ary tuberculosis is discussed in chapter 8. Infectious
mononucleosis-like syndromes are discussed in
Chapter 3. If malignancy is the cause, peripheral
hematologic abnormalities are usually suggestive,
but sometimes lymph node or liver biopsy, or even
splenectomy, is necessary for diagnosis.

Epstein-Barr Virus or Cytomegalovirus
Infection

In many cases, fever and mild-to-moderate hepato-
splenomegaly are the only signs of EBV or CMV
infection. The diagnosis is readily established by
testing for serologic response to these viruses.

Systemic Bartonellosis (Bartonella henselae
Infection)

Often in cat-scratch disease with hepatosplenic in-
volvement, no obvious hepatosplenomegaly is seen.
However, subtle splenomegaly can sometimes be
found on careful physical examination.

Acute Disseminated Histoplasmosis

Fever and hepatosplenomegaly are the major find-
ings in acute disseminated histoplasmosis, which
occurs most commonly in young infants or debili-
tated adults (Fig. 10-3). The chest film is typically
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TABLE 10-4. CHAPTERS GIVING FURTHER DISCUSSION OF FEVER WITH
NONSPECIFIC SIGNS

NONSPECIFIC SIGN DIFFERENTIAL DIAGNOSIS CHAPTER

Liver or spleen enlargement Disseminated fungal or
mycobacterial infection 10

Malignancy 10

Jaundice Hepatitis 13

Neonatal hepatitis 19

Pleuritis; pericarditis Rheumatoid disease 10

Pneumonia 8

Carditis 18

Rash Viral or bacterial 11
infection, noninfectious

Abdominal distention or pain Appendicitis, cholecystitis, 12
or pancreatitis

Urinary tract infection 14

Pneumonia 8

Discitis or pelvic osteomyelitis 16

Generalized lymphadenopathy Infectious mononucleosis-like 3
illness

HIV infection 20

normal but occasionally reveals miliary lesions. His-
toplasmosis antibodies are usually present when the
patient is first seen. Urine testing for histoplasmosis
antigen is almost uniformly positive (> 1 arbitrary
unit). Hematologic abnormalities are usually pres-

■ FIGURE 10-3 A 4-month-old child with massive hepatosplenomegaly and
thrombocytopenia caused by disseminated histoplasmosis.

ent and often are prominent enough to receive the
major diagnostic consideration. In other cases,
bowel involvement is severe and may lead to misdi-
agnoses such as infantile inflammatory bowel
disease.
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Hemolytic anemia with reticulocytosis, leukope-
nia, and thrombocytopenia may be the major pre-
senting pattern.150 Because fever and hepatospleno-
megaly are often present, acute leukemia may be
considered. The bone marrow does not reveal an
abnormal number of blast cells, but the yeast-phase
oval Histoplasma organisms can usually be found.
Disseminated intravascular coagulation is a possible
complication of disseminated histoplasmosis.150

Culture from bone marrow requires about 10
days, and this may delay treatment too long in the
disseminated form of the disease. Thus, a careful
examination of a bone marrow smear should be
done when disseminated histoplasmosis is sus-
pected. The yeast forms of the organism can usually
be identified by their typical morphology in stained
smears. The clinician should tell the technician
what is suspected, although a hematology techni-
cian may recognize the organism in such a stain
even without a warning. Disseminated histoplas-
mosis in infancy thus resembles acute leukemia,
with thrombocytopenia, hepatosplenomegaly, ane-
mia, leukopenia, but without excessive blast forms.
Histoplasma budding yeast forms should be looked
for in all cases of suspected leukemia in which leu-
kemia cannot be confirmed by bone marrow exami-
nation. Fluorescent antibody stains of the bone
marrow smear may be extremely useful if dissemi-
nated histoplasmosis is suspected,150 but they are
unlikely to be available except in geographic areas
where the disease is frequent.

Disseminated Infection with Other Fungi

Disseminated coccidioidomycosis may occur in
children living in the southwestern United States.
Blastomycosis can also have a disseminated form.
The diagnostic approach is the same as that de-
scribed previously for histoplasmosis.

Disseminated fungal diseases occurring in im-
munosuppressed patients are discussed in Chapters
22 and 23.

Hemophagocytic Syndrome

This syndrome (also called hemophagocytic lymph-
ohistiocytosis or HLH) consists of fever, hepatosple-
nomegaly, lymphadenopathy, peripheral pancyto-
penia, and increased numbers of histiocytes that
have engulfed platelets, myeloid elements, and
erythrocytes.151 EBV is one of the causes of this
syndrome, which may resemble Langerhans cell
histiocytosis.

Malignant Infiltrations

Leukemia, lymphoma, histiocytosis, neuroblas-
toma, and metastatic tumors are the most frequent
malignant causes of fever with enlarged liver,
spleen, or lymph nodes. If there is a family history
of a similar illness in a sibling or a cousin who
eventually died, the patient probably has familial
reticuloendotheliosis.152 Eosinophilia may be pres-
ent in reticuloendotheliosis or lymphomatous
malignancies.

Storage Diseases

In Niemann-Pick disease, Gaucher’s disease, and
other lipidoses, the fever is usually caused by an
unrelated concurrent infection.

Malaria or Babesiosis

Both of these diseases may present with fever and
hepatosplenomegaly. Travel history may raise the
suspicion of malaria. A new form of babesiosis has
been reported in adolescents and young adults liv-
ing in parts of northern California.153 This disease
is probably underdiagnosed because of its relative
obscurity.

Collagen Vascular Diseases

Systemic-onset JRA is sometimes associated with
marked enlargement of the liver and was discussed
earlier.

Diagnostic Approach

In patients with fever and nonspecific signs such as
hepatosplenomegaly, prompt diagnosis and specific
therapy may be lifesaving if the cause is infectious.
Malaria, histoplasmosis, and tuberculosis deserve
special emphasis, because specific chemotherapy
exists, and these diseases are often not considered.
If history and physical examination do not indicate
a different priority, the following tests should be
done in approximately this order:

1. Peripheral blood smear. A peripheral blood
smear may reveal blast forms, atypical lym-
phocytes, malarial forms, or an extreme pre-
dominance of lymphocytes, suggesting leuke-
mia. If malaria is a possibility, thick and thin
smears should be performed and reviewed
by a parasitologist.

2. Complete blood count. Any combination of
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suppression of the three cell lines (red blood
cells, WBCs, and platelets) may be found in
patients with malignant bone-marrow infiltra-
tion or infection. Hypersplenism may produce
a low platelet count.

3. Infectious mononucleosis tests. For evalua-
tion of infectious mononucleosis, a rapid slide
test should be done. If positive, this may allow
cancellation of the bone marrow examination.
If the slide test is negative, serologic tests for
EBV, toxoplasmosis, and CMV should be done,
even if atypical lymphocytes are not present on
the blood smear.

4. Chest roentgenogram. Evidence of mediasti-
nal adenopathy or unsuspected pulmonary dis-
ease may be shown by a chest x-ray.

5. Tuberculin skin test. The tuberculin skin test
is discussed in chapter 8. As a reminder, a neg-
ative test does not rule out the possibility of
tuberculosis.

6. Ultrasonography. Fever and hepatospleno-
megaly may be secondary to renal malignancy
or infected hydronephrosis pushing the liver
or spleen down and forward. An ultrasound
scan is usually indicated early in the evaluation.

7. Serologic tests for fungi. Histoplasmosis or
coccidioidomycosis, in the appropriate geo-
graphic area, should be evaluated by serology.
The use of skin testing for fungi is not useful
because the test is rarely positive in acute dis-
seminated forms of disease, and a positive test
may simply reflect prior exposure. In areas
where histoplasmosis is endemic, urine histo-
plasmosis antigen testing is usually readily
available and may be as sensitive as bone mar-
row aspiration for the diagnosis of dissemi-
nated histoplasmosis.

8. Bone marrow smear and culture. By exami-
nation of the bone marrow smear, many diag-
noses can be made, including leukemia, stor-
age diseases, and infections such as
histoplasmosis. Culture of the marrow should
routinely be done. Even as little as 1/2 mL of
marrow, inoculated using the same technique
as for a blood culture, is likely to yield more
positive results than a peripheral blood culture.
It is especially useful for the recovery of histo-
plasma and intracellular bacteria such as Sal-
monella and in patients with special suscepti-
bility to opportunistic infections, as in
leukemia154 or AIDS.

9. Scanning. Radionuclide or CT scanning may
be especially useful.

10. Biopsies. Biopsy of the liver or a lymph node
is reasonable as an early procedure, especially
if there is clinical or laboratory evidence of liver
disease or lymphadenopathy.

■ RECURRENT AND PERIODIC FEVER

In the evaluation of the child with recurrent fever,
perhaps the most important step is the separation
of fever that recurs at random intervals from fever
that recurs at predictable intervals, as the conditions
associated with each are entirely different.154a Re-
current fever can be defined as recurrent, nonpre-
dictable episodes of definite fever of at least 38.4�C
(101�F), confirmed by medical personnel, with in-
tervening periods of entirely normal temperature.
The term periodic, on the other hand, means occur-
ring at fixed intervals. This term should not be used
to mean happening occasionally, as the term is used
in daily speech. The parents of children with true
periodic fever can sometimes predict the onset of
the next fever within hours or a day. Daily fever for
more than 10 days was discussed in the section on
fever of unknown origin. Episodes of fever with
temperature less than 38.4�C (101�F) are discussed
later.

Common Causes of Recurrent Fever

Recurrent Respiratory Infection

The most frequent cause of recurrent episodes of
fever in young children is probably unrelated respi-
ratory infections, as discussed in Chapters 2 and
23. The child with recurrent bronchitis may also
have signs of allergy and later develop asthma, as
discussed in Chapter 7. Typically, the patient has
mild respiratory findings, such as cough or rhinitis,
noted with each episode. Usually, the child im-
proves gradually, whether or not antibiotic therapy
is used. Often, antibiotic therapy is resorted to late
in an infection when natural resolution is about to
begin. Consequently, administration of an antibi-
otic is associated with resolution of symptoms in
the minds of the parents.

Occasionally, successive viral infections may
occur with fever as the only symptom. Enterovir-
uses, EBV, CMV, HHV-6, and other viruses can all
result in fever only, as discussed earlier. However,
it is unusual for a child to have three or more suc-
cessive viral illnesses in which fever is the only
symptom.
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Recurrent Urinary Infection

It is important not to assume that recurrent fever
is a result of respiratory infection simply because
mild respiratory symptoms are present. Urinary in-
fections are sometimes overlooked because the
urine is not examined, especially in small children
who often have mild respiratory symptoms and
who are usually difficult about furnishing urine
specimens.

Factitious Fever

Children about 8 years of age and older sometimes
produce abnormal thermometer readings by heat-
ing or rubbing the thermometer. The parent may
produce the false thermometer readings. Hospitali-
zation may be necessary to detect this diagnosis.

Individual Idiosyncrasy

The only explanation in some cases of recurrent
fever is an individual idiosyncrasy. As medical
knowledge increases, fewer patients will have to be
placed in this category.

Uncommon Causes

Rare Infections

Relapsing fever is a disease caused by the Borreliae,
a group of spirochetes.155,156 The disease is usually
transmitted by ticks and is found primarily in the
northwestern United States. Headache, arthralgia,
myalgia, and severe fatigue are often present. There
may be from 1–3 relapses of fever lasting from 2–7
days, alternating with afebrile periods of 2–4 days.
Diagnosis is best made by examination of peripheral
blood during a febrile episode.

Immune Deficiency Syndromes

Immune deficiency syndromes are not associated
with recurrent fever unless definite clinical infec-
tion is present (Chapter 23).

Chronic Diseases with Recurrent Infections

Cystic fibrosis, which is associated with recurrent
pneumonia, is discussed in Chapter 22. Cystic fi-
brosis is not particularly associated with recurrent
episodes of fever unless pneumonia is also present.

Rheumatoid Disease

The ultimate diagnosis in some patients with recur-
rent episodes of fever is JRA, which was discussed

earlier. It should be considered when there are re-
current episodes of fever, especially if arthralgia or
a rash is also present.

Inflammatory Bowel Disease

Children with Crohn’s disease may present with
prolonged, unexplained fever or, less commonly,
with recurrent episodes of fever. They usually have
anemia and an elevated sedimentation rate.

Allergies

Many children with recurrent respiratory infections
later are recognized to have asthma. The fever in
these patients is caused by infection rather than al-
lergy. However, allergy to drugs or food can be a
rare cause of fever. Foods such as milk can be a
cause of recurrent fever episodes, but the episode
is typically accompanied by gastrointestinal mani-
festations.

Temperature Regulation Defects

Some patients with static encephalopathies or other
neurologic diseases may have an exaggerated febrile
response to ordinary respiratory infections.157 Ecto-
dermal dysplasia of the anhidrotic type is a cause
of recurrent fever because of the absence of sweat
glands.158 Familial dysautonomia (Riley-Day syn-
drome) is a very rare disease producing drooling
and difficult swallowing in infancy, as well as epi-
sodes of unexplained fever.159 The diagnosis can be
made by examination of the tongue, which lacks
fungiform papillae.160

Causes of Periodic Fever

Periodic Fever, Adenitis, Pharyngitis, and
Aphthous Stomatitis (PFAPA)

PFAPA is a relatively recently described syndrome
of unknown etiology that causes episodes of fever
lasting 3–5 days that recur at approximately 4-week
intervals.161 This condition is uncommon, but it
is by no means rare. Patients with this condition
develop high fevers (103�F–105�F) that begin
abruptly, last for several days, and then disappear.
During the febrile episode patients appear some-
what ill; activity level is decreased, appetite is de-
creased, and pallor may be noted. Physical exami-
nation often reveals tender cervical adenitis and
nonexudative pharyngitis. Aphthous ulcers may or
may not be present. Laboratory values are nonspe-
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cific, but may include a slightly elevated erythrocyte
sedimentation rate. Throat cultures are repeatedly
negative. Between episodes, patients appear com-
pletely well. Growth and development are normal.
Any weight lost during febrile episodes is quickly
regained.

These children do not seem to be more suscepti-
ble to infections; if anything, the opposite seems to
be the case, as they are often reported (aside from
the febrile episodes) to be sick less often than their
siblings. Primary care pediatricians and family prac-
titioners alike will often attribute this pattern to re-
current respiratory infection; it is only when the
mother produces a calendar and demonstrates the
extreme predictability of the febrile episodes that
recurrent viral infection seems unlikely.

Episodes of fever are reproducibly aborted by a
single oral dose of prednisone, 1–2 mg/kg, given
at the onset of the fever. Occasionally, a second
dose 12–24 hours later is necessary. This strategy
saves the patient and the family an immense
amount of inconvenience. However, treatment with
prednisone sometimes produces the unwanted ef-
fect increasing the frequency of the febrile episodes.
Anecdotally, tonsillectomy has been reported to be
curative in several patients.162 Cimetidine, origi-
nally reported to be possibly beneficial,163 is no
longer promising.161 With or without treatment,
the syndrome has a universally good prognosis; in
most patients, the febrile episodes continue for sev-
eral years and then the condition self-resolves. Res-
olution is often heralded by a gradual lengthening
of the time between episodes.161

Familial Mediterranean Fever (FMF)

FMF is an autosomal recessive disease and an un-
common cause of periodic fever. In most cases, the
episodes do not occur with precise periodicity. Epi-
sodes of fever are almost always accompanied by
abdominal pain; arthralgia and chest pain are also
relatively common. Symptoms typically last only a
day or two. The disease usually occurs in persons of
Armenian, Arabic, Turkish, or Jewish background.
The gene responsible for FMF has been cloned, and
genetic testing at a reference laboratory can detect
at least one mutation in about three-quarters of
cases.164

In adults and children, episodes can usually be
prevented with daily colchicine, but relapse occurs
if the drug is stopped.165 Importantly, the use of
prophylactic colchicine significantly decreases the

risk of developing amyloidosis, the major long-term
risk in patients with FMF.166 The usual dose in
adults is 1 mg daily.

Cyclic Neutropenia

Cyclic neutropenia is a disorder of blood cell matu-
ration that causes recurrent episodes of neutro-
penia. These episodes are accompanied by fever
even when an infection is not present. Patients may
also experience malaise and headache. As with
PFAPA, stomatitis can be a prominent part of the
clinical picture, as can adenitis and pharyngitis.
Periodontal disease is common. The periodicity is
usually shorter than with PFAPA, with fevers occur-
ring every 18–21 days. During periods of neutro-
penia, the patient is at increased risk of acquiring
infections; therefore, it is important to establish or
rule out this diagnosis in patients with periodic
fever. Most cases are sporadic, but an autosomal
dominant form has also been described.167 Family
members may know of a relative who died of un-
known causes or of a sudden severe infection in
early childhood.

Treatment is with G-CSF, which significantly in-
creases neutrophil counts, decreases the frequency
of infections, and improves periodontal disease. It
does, however, tend to shorten the interval between
episodes to about 14 days.168

Most patients do not develop life-threatening in-
fections, but occasionally sepsis with unusual or-
ganisms, such as Clostridium septicum, occurs.169

Hyper-IgD Syndrome (HIDS)

HIDS is an extremely uncommon cause of recurrent
fever associated with elevated levels of IgD. The
clinical syndrome often includes headache, abdom-
inal pain, skin rashes, and arthralgias or true arthri-
tis. Patients may also have diarrhea. The attacks
usually last 4–6 days and recur every 4–6 weeks,
although the interval can be quite variable. The di-
agnosis can be established by obtaining IgD levels;
affected patients usually have continuously high
levels (greater than 100 IU/mL). No specific therapy
has been shown to be effective.170

Tumor Necrosis Factor Receptor-Associated
Periodic Syndrome (TRAPS)

This autosomal dominant condition, originally
termed Familial Hibernian Fever and thought to
involve only one family in Ireland, has been discov-



NONFEVER (PSEUDOFEVER) 347

ered to be due to a TNF-alpha receptor abnormality.
Attacks of disease usually begin within the first 18
months of life and sometimes within the first 6
months. In addition to fever, patients have systemic
symptoms, including rash in 84%, unilateral con-
junctivitis or periorbital edema in 44%, abdominal
discomfort in 88%, and myalgia in 80%. About
two-thirds have headache, half have arthralgia, and
about 40% have pleuritic chest pain.171 Treatment
is investigational, but use of an anti-TNF alpha
agent (etanercept) appears promising.170

Laboratory Approach
Identification of the cause of a single episode of
fever is useful in the patient with recurrent episodes
of fever. This can be done by noting exposure to
infectious disease, physical examination for signs of
a specific infectious disease, WBC count and differ-
ential, urinalysis, and culture of the throat for strep-
tococci. Erythrocyte sedimentation rate or C-reac-
tive protein may be useful. In some conditions (e.g.,
Crohn’s disease, tuberculosis, occult bacterial infec-
tion, and systemic-onset JRA) these markers remain
elevated in between febrile episodes. In contrast,
children with PFAPA, hyper-IgD, and FMF have
elevated inflammatory markers only when febrile.
The child with recurrent viral infections usually has
a normal ESR, even during the illness. Viral cultures
or specific serologic testing may be helpful in cer-
tain cases.

When there is a suspicion that the patient’s fever
pattern may be periodic, establishing that fact with
fever charts is helpful. The patient should be exam-
ined during a febrile episode. Careful examination
of the mouth and oropharynx should be performed.
The diagnosis of cyclic neutropenia should be ruled
out by obtaining a complete blood count during a
febrile episode and repeating this laboratory test
when the child is well and again at the time of
the next fever. If the absolute neutrophil count is
normal on all three occasions, cyclic neutropenia is
effectively eliminated from the diagnostic possibili-
ties.

Most children with periodic fever have PFAPA,
and not all patients with PFAPA demonstrate all
components of the syndrome. Our experience has
been that a trial of prednisone as described earlier
is usually effective at eliminating the clinical fea-
tures of PFAPA, even in patients who lack one or
more features. If the diagnosis of PFAPA is in doubt,
cyclic neutropenia has been eliminated, and the pa-
tient has diarrhea, abdominal pain, skin rashes, and

other features suggestive of Hyper-IgD syndrome,
an IgD level can be obtained. Young children with
periodic fever, rash, conjunctivitis, and abdominal
or chest pain can be investigated for the presence
of the missense codon in the TNF-alpha receptor
gene at a reference laboratory. Similarly, genetic
testing is available for FMF, but not all mutations
are detected. Thus, in patients with a classic presen-
tation, a trial of colchicine is reasonable.

■ NONFEVER (PSEUDOFEVER)

Parents will sometimes bring children in for evalua-
tion of “fever” that a child has had for weeks or even
months. Typically, the child experienced a definite
illness with real fever, but without a definitive diag-
nosis. Thereafter, the parent feels compelled to
check the child’s temperature frequently, often sev-
eral times a day. The parent may bring a piece of
paper with temperatures carefully recorded. Tem-
peratures will be in the range of an oral temperature
not higher than 38.0�C (100.4�F) or a rectal tem-
perature usually not higher than 38.5�C (101.1�F).
If graphed, the temperature curve may show wide
swings (attributable to the normal diurnal variation
and sometimes due to a mix of axillary and rectal
measurements), and the “spikes” are interpreted as
a fever, even though the absolute level is lower than
38.5�C rectally. The child does not appear sick.
Physical examination is entirely normal. This non-
fever category is similar to the syndrome called
pseudo-FUO, mentioned in the section on FUO.107

Causes

Parental anxiety, often supported by the physician,
is the usual reason for repeated temperature mea-
surement. Strenuous exercise, a large meal, ovula-
tion, or exposures to chemicals are other possible
causes of nonfever. Important diseases to be ex-
cluded include urinary infection and tuberculosis.

Diagnostic Approach and Management

Elaborate diagnostic studies are not warranted for
the patient with nonfever, if no abnormal physical
findings are present. The physician should perform
repeated physical examination at times of “fever,”
along with confirmation of the temperature eleva-
tion. Simple diagnostic studies, such as routine
blood count, urinalysis and culture, erythrocyte
sedimentation rate, tuberculin test, and chest roent-
genogram, may be reasonable in selected patients.
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The parents should be told about the normal
diurnal temperature variation and the effect of exer-
cise on the temperature. If simple screening studies
are negative, the temperature should not be taken
unless the child has other indications of illness.
Sometimes it requires a great deal of persuasion to
convince a parent to stop taking the child’s temper-
ature. Some parents become heavily “invested” in
this activity and in believing that there is something
wrong with the child. Multiple visits for reassurance
purposes may be necessary.

■ FEVER COMPLICATING CHRONIC
DISEASES

Fever complicating a chronic disease is a useful de-
scriptive diagnosis when a fever is documented in
a patient with a chronic disease known to have one
or more febrile complications. The diagnosis should
be phrased as “fever complicating ...” specifying the
disease involved. The following section gives some
of the more frequent examples and is not intended
to include every possibility. These febrile complica-
tions should always be considered first when a pa-
tient with one of these diseases develops a fever.

TABLE 10-5. CHAPTERS GIVING FURTHER DISCUSSION OF FEVER
COMPLICATING CHRONIC DISEASES

CHRONIC DISEASE CAUSE TO BE EXCLUDED CHAPTER(S)

Heart disease Endocarditis, recurrent 18
rheumatic fever, brain abscess

Malignancy Sepsis, line infection 10, 22

Shunted hydrocephalus Ventriculitis 9

Chronic renal disease Urinary tract infection; 14, 22
peritonitis

Cystic fibrosis Pneumonia 8, 22

Solid organ or hematopoietic Sepsis, opportunistic infection 22
stem cell transplant of specific organ system

Hemoglobinopathies Sepsis from encapsulated 22
organisms

Injection drug use Hepatitis B and C, 13, 18, 20
infective endocarditis,
HIV infection

HIV infection Multiple common and 20
opportunistic pathogens

Congenital immunodeficiency Multiple common and
syndromes opportunistic pathogens 23

The complicating infections are discussed in more
detail in the appropriate chapters, as shown in
Table 10-5.

Fever After Hospitalization

Nosocomial Respiratory or Gastrointestinal
Infections

A new episode of fever after hospitalization is rela-
tively common in children. In one study of 50 new
episodes of fever in hospitalized children, intercur-
rent respiratory infection, such as Group A strepto-
coccal infection or parainfluenza virus infection,
was the most common cause.34 In the appropriate
season, nosocomial RSV infection is fairly common,
especially if appropriate infection control measures
are not undertaken. In a community hospital espe-
cially, fever after hospitalization usually represents
intrahospital transmission of a common community
infection.172

Postoperative, Posttraumatic, and
Postinstrumentation Fever

Causes of fever from these sources are discussed
in the chapters dealing with the anatomic system
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involved. Thus, bladder catheter-related infections
are discussed in Chapter 14, fever after cardiac sur-
gery is discussed in Chapter 18, and postoperative
or aspiration pneumonia is discussed in Chapter
8. Infections secondary to intravenous cannulas or
contaminated intravenous fluids are discussed later
in this chapter in the section on septicemia and
bacteremia. Fever can occur secondary to trauma
and was observed about 5 days after injury in 40%
of children with closed fracture of the femoral
shaft.173

Malignant Hyperthermia

This is a complication of general anesthesia that
had about a 65% mortality rate before the use of
dantrolene for treatment.174 Hyperthermia, muscle
rigidity, metabolic acidosis, and rapid pulse and
breathing occur during or soon after general anes-
thesia. The role of the primary care physician is to
help detect a family history of this disease, as it is
usually familial with unclear genetic factors, so that
the patient can be evaluated before anesthesia for
potential risk.174

■ INTRAVASCULAR DEVICE
INFECTIONS

Definitions

Types of Intravascular Devices

This section emphasizes central venous catheters
(CVC) of the type developed by Broviac and Hick-
man.176,177 These Silastic catheters may have more
than one lumen and typically have a subcutaneous
tunnel and skin exit site, with the distal tip ending
in a large central vein (superior vena cava, subcla-
vian) or right atrium. It is important to distinguish
these long-term intravenous access devices from
shorter term CVCs that are not tunneled subcutane-
ously. This section deals to a lesser extent with pe-
ripheral venous catheters or monitoring devices, to
which the same principles apply. A CVC is usually
inserted for administration of antibiotics, chemo-
therapy for oncology patients, or parenteral hyper-
alimentation.

Types of Catheter-Related Infections

Contaminated intravenous (IV) solutions or tubing,
exit-site infection, tunnel infections, pocket infec-
tion, catheter colonization, catheter-related bacter-

emia, and septic phlebitis are examples of line-re-
lated infections.

Culture Methods

Central Venous Line Cultures

Prior to withdrawing blood from a CVC, the tip
should be cleaned with Betadine and allowed to
dry. A sufficient volume of blood, depending on
the child’s weight, is withdrawn from a central line
and cultured. In the bacteremic patient, the yield
is directly related to the volume of blood obtained
for culture; a common mistake is to obtain too little
blood. If the CVC contains more than one port, it
is important to culture each port separately, as re-
sults are sometimes disparate.178

Peripheral Venous Cultures

After preparing the skin with Betadine, blood is ob-
tained from a peripheral vein and cultured. Often,
obtaining a peripheral culture at the same time as
the CVC culture will provide additional informa-
tion that is helpful in defining the extent and possi-
bly the source of the infection. Infections that origi-
nate in a site other than the catheter and produce
bacteremia should cause both the peripheral ve-
nous culture and the CVC culture to be positive
with the same organism. Furthermore, if the cul-
tures are obtained at the same time and monitored
in an automated system such as BACTEC, both cul-
tures will become positive at about the same time.
Time to positivity depends on the inoculum of bac-
teria in the blood sample,179 which depends on the
amount of blood placed into the culture bottle;
therefore, the preceding rule of thumb assumes that
similar amounts of blood were cultured from each
site.

By contrast, infections that originate in the CVC
and then cause bacteremia can be detected because
the CVC culture becomes positive prior to the pe-
ripheral culture. If the CVC culture turns positive
120 minutes before the peripheral culture, the sen-
sitivity is 94% and the specificity 91% in identifying
catheter-related bacteremia.179 This distinction can
sometimes be made clinically, if another source of
infection is obvious. Time to positivity as a guide
to the source of the bacteremia is probably most
useful in caring for children with oncologic prob-
lems who are neutropenic secondary to chemother-
apy, in whom signs and symptoms of infection may
be subtle.180
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Peripheral venous cultures may also be helpful
in differentiating catheter-related bloodstream in-
fection from culture contamination or catheter col-
onization. In these cases, CVC cultures are positive
for coagulase-negative staphylococci, diphtheroids,
or more than one organism, whereas peripheral cul-
tures are sterile. Unfortunately, a pure growth of
coagulase-negative staphylococcus from a CVC
could represent either contamination or a line-cen-
tered infection, and differentiating the two is next to
impossible. Line infection with negative peripheral
cultures still presents a health hazard to the patient,
particularly one with a suppressed immune system.
In fact, one study that evaluated clinical outcomes
in 59 patients with CVC-related bacteremia and 91
patients with catheter infection without bacteremia
revealed that there were no differences in APACHE
II score, WBC count, length of hospital stay, time
from admission to fever, time from fever to treat-
ment, normalization of WBC, days of antibiotics,
gender, presence of comorbidities, or (most impor-
tantly) mortality rate between the two groups.181

Removed Catheter Tips

Quantitative or semiquantitative cultures can be
done from the cutoff distal 6 cm of the catheter by
rolling the tip on a culture plate (Maki method) or
by adding 1 mL of broth to the dry tip and culturing
a 0.1 mL specimen on a plate.182 The method with
the highest sensitivity involves sonication of the
catheter tip in broth prior to plating.183

If the catheter tip is available to culture, ob-
viously a clinical decision has been made that re-
moval was needed. More practical kinds of culture
methods are needed to give information before the
CVC is removed.

Quantitative Blood Cultures

Studies of quantitative cultures from the peripheral
venous and from CVC-obtained blood suggest the
utility of counting the microorganism using the lysis
centrifugation method (Isolator; DuPont) or by in-
oculating 0.5 mL on the surface of an agar plate at
the bedside.184–186 Quantitative blood culture
methods are costly and not readily available; the
evidence suggests that time to positivity is a reason-
able and inexpensive surrogate for quantitative
blood culture techniques (see previous).

Management

Fever in a Child with a CVC

Several groups have reported their experience and
recommendations for these children.177,184–190

Some adults have brief self-limited bacteremia from
CVCs,191 but routine blood cultures of asymptom-
atic patients does not seem to be helpful clinically.
On the basis of the references cited earlier, a broad
plan for the management of the child with a CVC
who develops fever is shown in Box 10-2. In gen-
eral, empiric antimicrobial therapy for suspected
bloodstream infection while awaiting culture results
should be based on the severity of the patient’s clini-
cal disease, the nature and severity of the patient’s
underlying condition, and local knowledge of the
relative frequency and susceptibility patterns of
nosocomial pathogens.

Criteria for Removal of CVC

Recovery from infection with almost any type of
bacterium is aided by removal of the infected de-
vice. In some cases, removal alone is curative. How-
ever, in most cases, the CVC is needed for the man-
agement of whatever condition prompted the
placement of the line; thus, in certain situations
clinicians will try to “salvage the line” (i.e., treat the
infection without removing the line). The Infectious
Diseases Society of America has published clinical
guidelines for treatment of infected intravascular
devices.183

In general, nontunneled catheters should usually
be removed if thought to be infected. For infections
of tunneled catheters (e.g., Hickman catheters,
Broviac catheters, and port-a-caths), an initial at-
tempt is usually made to treat without line removal,
unless there is a clear indication for removal as de-
scribed following. Nontunneled catheters should be
removed empirically in patients with erythema or
purulence over the exit site or who have signs of
unexplained sepsis. In those with culture-proven
catheter-related infection, if the device is easily re-
movable, it should be removed unless the organism
is a coagulase-negative staphylococcus and there is
no evidence of persistent bloodstream infection. In
those with tunneled or implanted devices, removal
is still considered optimal management; however,
if catheter salvage is of utmost importance, it may
be attempted by combining antibiotic lock with sys-
temic antibiotics. If the patient’s condition deterio-
rates, local infection develops, or the bacteremia
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BOX 10-2 ■ Management of Fever in a Child with a Central Venous Catheter

1. If the CVC has multiple lumens, obtain a
blood culture from each one separately. If
possible, obtain blood cultures from a
peripheral vein also, using time-to-positivity
or quantitative cultures (if available).

2. For immunocompromised hosts, begin an
antipseudomonal cephalosporin
empirically.187 Vancomycin should be added
if the patient is a neonate, is seriously ill, or if
there are risk factors for MRSA or
cephalosporin-resistant viridans streptococci.
Gentamicin may also be added for the
immunocompromised host who is severely ill.

3. For hosts with normal immune systems who
do not appear particularly ill, it may be
reasonable to withhold antibiotics pending
culture results. For patients judged too ill for
the “wait and watch” approach, a regimen
that covers both gram-positive and gram-
negative organisms is appropriate. Such a
regimen might be oxacillin and an
antipseudomonal cephalosporin or an
aminoglycoside. In areas where MRSA is
prevalent, vancomycin may be used instead
of oxacillin.

4. For CVCs with multiple lumens, rotate the
administration of antibiotics so that
antibiotic is given through each lumen.
Obtain repeat blood cultures daily to
document clearance.

5. In the nonneutropenic patient, if blood
cultures are negative at 48 hours, stop
antibiotics unless there is evidence of
nonbacteremic focus of infection (adjust
choice of antibiotics).

6. If blood cultures are positive, adjust choice
of antibiotics and treat for 10–14 days from
the day of the first negative culture (if well)
or longer if patient has not recovered.

7. Infected non-tunneled catheters should
generally be removed. Tunneled, long-term
catheters should be removed if the patient
has severe sepsis and there is no other source
of infection, if the patient does not respond
clinically despite therapy, if there are
persistently positive blood cultures for � 48

hours despite adequate therapy, if
recrudescence of infection occurs despite
adequate treatment, or if the infection is
caused by Candida or certain difficult-to-
treat resistant organisms (such as
vancomycin-resistant enterococcus or
multidrug-resistant gram-negative rods).

8. Other indications for removal of the catheter
are infections of the subcutaneous track of a
tunneled catheter (tunnel infection) and
infection in the subcutaneous pocket
containing an implanted catheter (pocket
infection). Infections at the site where the
catheter exits the skin (exit-site infections) can
often be treated with a combination of local
and systemic therapy, but may necessitate
catheter removal if they are severe (especially
in an immunocompromised host).

9. In neonates, early line removal may be
prudent for organisms other than S.
epidermidis. In neonates, CVCs are unlikely to
be salvageable if cultures have been positive
for 3 or more consecutive days, even when
they are infected with relatively avirulent
organisms such as S. epidermidis.192,193

10. If cultures are positive for S. aureus,
especially if cultures remain positive after
line removal and appropriate
antistaphylococcal antibiotics, the clinician
should actively seek a focus of infection such
as endocarditis, infected thrombus
(endocarditis equivalent), bone or joint
infection, or intra-abdominal abscess.

11. If blood cultures obtained 48 hours after
stopping antibiotics are negative, the CVC
can be left in place.

12. In the nonneonatal population, if the
patient is well despite persistently positive
blood cultures, an attempt at antibiotic lock
therapy may be made.

13. If the catheter is removed, the duration of
therapy can often be shortened to 5–7 days
after removal of nonimplantable catheters
and 7–10 days after removal of implantable
catheters. More virulent organisms may
require longer therapy.
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does not clear rapidly, the line should be re-
moved.183 Catheter salvage should not be at-
tempted in patients whose blood cultures grow any
species of Candida.

The risk of serious disease or death resulting
from attempted catheter salvage depends on the
identity of the infecting organism and on the patient
population. Neonates may be at particularly high
risk for complications of line infections. A retro-
spective cohort study of CVC infections in neonates
suggested that Staphylococcus epidermidis and enter-
ococci were more likely to be successfully treated
without line removal. In contrast, enteric and non-
enteric gram-negative rods, S. aureus, and fungi of
any type were less likely to be successfully treated
without line removal.192 Adverse outcomes, includ-
ing seeding of a secondary site and death, were
more likely when treatment of these pathogens was
attempted through the CVC. The chances of line
salvage decreased with repeated recovery of the
same organism from cultures drawn through the
CVC. Even with coagulase-negative staphylococci,
lines were not salvageable if line cultures were posi-
tive on three consecutive days.192 Another study in
neonates demonstrated similar findings.193 Prema-
ture neonates may be particularly prone to adverse
outcomes from line infections treated with the line
in situ.

Reinsertion of a New CVC

If possible, a new CVC should not be placed until
repeat blood cultures have been negative for at least
48 hours. Delaying reinsertion of a CVC should
especially be considered in cases where the organ-
ism is known to be difficult to eradicate (e.g., Can-
dida spp. and S. aureus).

Exit-Site Infections

Antibiotics alone can generally cure exit-site infec-
tions, although in neutropenic patients the catheter
may need to be removed. Increasing the frequency
of dressing changes is important in being able to
monitor response to therapy. This also allows for
more frequent local site care with povidone-iodine
and alcohol, which may speed resolution of infec-
tion.

Tunnel or Pocket Infections

Tunnel infections of Hickman-type catheters and
pocket infections of subcutaneously implanted

ports nearly always require removal of the cath-
eter.176

Contaminated IV Solutions or Tubing

Although quality control of manufactured products
has improved since the initial major outbreaks of
infection, these sources are still a potential problem
and should be cultured if polymicrobial infection
or two or more cases occur.194,195 Lipid-containing
solutions have special importance because they can
support the growth of the superficial skin fungus
Malassezia furfur (the cause of tinea versicolor and
seborrheic dermatitis), which cannot be cultured in
the laboratory without special techniques.

Difficult Microorganisms

M. furfur does not grow on conventional media.
Consider it if high-lipid fluids have been given by
CVC and fever occurs with negative blood cultures
and there is no other site of infection. This pathogen
is especially likely to be found in premature neo-
nates and in patients with extreme immune-sup-
pressive states. It might be seen as budding yeasts
on Gram stain of a buffy coat smear from the pa-
tient.196 Subculture of blood culture broth onto Sa-
bouraud dextrose agar overlaid with sterile olive oil
has also helped in diagnosis.197 Other microorga-
nisms difficult to cure without removal of the cathe-
ter include Candida species, S. aureus, glucose non-
fermenting gram-negative rods, and Bacillus
species.177

Septic Phlebitis

Peripheral Vein Phlebitis

Catheter-associated phlebitis often occurs more
than 24 hours after withdrawal of the catheter in
adults.198 Incision and drainage of any purulent
material in a peripheral septic phlebitis may be nec-
essary, along with appropriate antibiotics.

Central Vein Phlebitis

Septic atrial thrombosis requires open heart surgery
to remove the thrombus.199 Urokinase, especially
without antibiotic therapy, does not appear to re-
solve septic phlebitis in children.200 Antibiotic ther-
apy and anticoagulation can be effective for deep
vein septic thrombophlebitis in adults, although in-
cision and drainage of an abscess may be needed.201

Consider septic thrombophlebitis to be a diagnostic
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possibility when removal of an infected catheter
coupled with appropriate antimicrobial chemother-
apy fails to clear a bloodstream infection.

Prevention of CVC Infections

Antibiotic-Impregnated Catheters

Multiple studies have shown that catheters impreg-
nated with antibiotics (especially minocycline/ri-
fampin or chlorhexidine/silver sulfadiazine) de-
crease the risk of both catheter colonization and
catheter-related bacteremia.202 Minocycline/rifam-
pin appears to be the best combination thus far.203

Heparin-Bonding

Heparin-bonded CVCs were much less likely to be-
come infected than were normal CVCs in one pro-
spective study in a pediatric intensive care unit set-
ting. Only 4 (4%) of 97 heparin-bonded catheters
versus 34 (33%) of 103 normal CVCs became in-
fected, yielding a relative risk of 0.34.204 Throm-
botic complications were also reduced.

“Antibiotic Lock” and Antibiotic Flush
Techniques

A prospective trial of antibiotic lock versus heparin
lock in children with cancer and neutropenia
clearly delineated the benefits of antibiotic locking:
16% of catheters in the control group became colo-
nized with bacteria, and 7% of these children devel-
oped bloodstream infections during the course of
the trial; none of the children in the treatment group
developed either adverse outcome.205 The tech-
nique used in this trial was to place 25 micrograms
of vancomycin in 10 units heparin per mL of solu-
tion, and to allow the solution to dwell in the cathe-
ter lumen for one hour every two days. This is a very
small and infrequent dose of vancomycin. There
is at least a theoretical risk of the development of
vancomycin resistance when the antibiotic is used
in this way. The authors of this study did not design
the study to evaluate this potential outcome.

Another prospective, randomized clinical trial
carried out in pediatric oncology patients used a
vancomycin/heparin/ciprofloxacin flush in one
group, a vancomycin/heparin flush in a second
group, and a plain heparin flush in a third group.206

A total of 153 CVCs in 126 patients were evaluated
for the incidence of infection and occlusive epi-
sodes. There were 40 line infections, 31 of which

occurred in the heparin only control group. Occlu-
sive episodes were also reduced by either antibiotic-
containing flush solution. No measurable amount
of any antibiotic was detected in the systemic circu-
lation in any group, and no adverse outcomes were
noted. The authors of this study also assayed for
vancomycin resistance in enterococcal isolates, and
found none in any group.

Vancomycin lock, which is usually accom-
plished by making the heparin solution have a con-
centration of 1–5 mg/mL of vancomycin, instilling
just enough to fill the catheter lumen, and allowing
it to sit in the lumen of the catheter for 8–12 hours
a day, is sometimes successful at eradicating CVC-
associated infections that are not amenable to ther-
apy through the line. Despite a lack of controlled
clinical trials, vancomycin locking has become a
popular technique and was recommended by an
expert panel.183

Scheduled Replacement of Catheters

About half of all intensivists report that they replace
CVCs on a scheduled, routine basis. However, it
appears as though the daily risk of catheter infec-
tions is a constant. Therefore, if you change lines
on a scheduled basis, you will succeed in reducing
the rate of infections per catheter, but the overall rate
of infections per catheter-day will not change.207 A
study looking at the utility of replacement of pe-
ripheral IVs every three days, as recommended by
the CDC, reported that there was no increased risk
of infection or thrombosis after catheter day 3. In
fact, the day-specific risk indicated a linear function
for all outcome variables.208 Thus it appears that
there is neither an experimental nor a pathophysio-
logic basis for the routine replacement of blood-
stream catheters of any kind. There is utility in re-
placing catheters that are no longer functioning
properly. Obviously, catheters should be removed
as soon as they are no longer needed.

Education About Sterile Catheter
Placement and Maintenance Techniques

A simple study showed that educating students and
residents to use a full-size sterile drape rather than
a small drape at the time of catheter insertion proce-
dures successfully decreased the rate of catheter in-
fections from 4.5 per 1000 catheter-days to 2.9 per
1000 catheter-days. The sum total of the educa-
tional process was a one-day course on infection
control practices and procedures that was given in
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June of 1996 and repeated in July of 1997. This
28% decrease in catheter infection rate saved the
hospital approximately $70,000 over the course of
18 months.209 In another study involving intensive
care unit nurses, a self-study module combined
with verbal instructions and fact sheets decreased
catheter-related infections from 10.8 per 1000 cath-
eter-days to 3.7 per 1000 catheter-days, resulting
in an 18-months’ savings of well over $185,000.210

■ SEPSIS AND BACTEREMIA

Sepsis, septicemia, and bacteremia all refer to bacte-
ria in the blood. As used in the United States, sepsis
and septicemia are equivalent terms and usually
imply an overwhelming infection and the patient’s
inflammatory response. However, surgeons and the
British also use the word sepsis to refer to wound
infections or any purulent drainage, as in wound
sepsis. As explained following, this is an imprecise
use of the term sepsis. This chapter will follow the
common practice of using sepsis to mean probable
septicemia.

Bacteremia is defined as a positive blood culture.
Probable sepsis is best defined as a clinical diagnosis
of probable bacteremia with a serious clinical status.
Thus, sepsis is usually a clinical diagnosis and bac-
teremia a laboratory finding. The working diagnosis
is phrased as probable sepsis, especially for the
newborn or for patients who appear seriously ill.
The diagnostic terminology suggested by the Soci-
ety of Critical Care Medicine includes “systemic in-
flammatory response syndrome (SIRS),” which de-
scribes a condition of hyper- or hypothermia in the
presence of elevated heart and/or respiratory rate
and an abnormal peripheral WBC count and differ-
ential. This condition is usually, but not always,
caused by bacterial infection. In this scheme, sepsis
refers to SIRS caused by an infection. Severe sepsis
is used to mean sepsis plus evidence of organ dys-
function, hypotension, or hypoperfusion. Septic
shock is severe sepsis (i.e., sepsis plus hypotension)
despite fluid resuscitation. Finally, multiple organ
dysfunction syndrome is altered organ function that
requires intervention.211

Clinical Patterns

Presumed Sepsis (Systemic Inflammatory
Response Syndrome)

The clinical diagnosis of presumed sepsis should
usually be made on the basis of one or more of the

following clinical findings: fever, “toxicity,” septic
shock, disseminated intravascular coagulation, and
often, a source of infection or a predisposing host
defect. In addition to the seriously ill appearance
of the patient, the number of bacteria found in the
blood by quantitative methods is often much higher
than with other bacteremias such as subacute bacte-
rial endocarditis, as discussed later.

Fulminating Bacteremia (Severe Sepsis or
Septic Shock)

Like presumed sepsis, this clinical pattern has clini-
cally serious findings such as rapid course, shock,
and often, a predisposing factor such as a nonfunc-
tioning spleen or neutropenia. In addition there is
confirmed bacteremia, often in larger numbers than
in other forms of bacteremia. One study that uti-
lized quantitative cultures to study 43 children with
meningococcal bacteremia showed that petechial/
purpuric disease or meningitis occurred in those
with more than 500 bacteria/mL, whereas all 13
with occult (unsuspected) bacteremia had fewer
than 500 bacteria/mL.212

Bacteremia with Focal Infection

Bacterial meningitis, septic arthritis, buccal celluli-
tis, and severe wound infections are examples of
focal infections clearly related to the bacteremia that
have the same bacteria readily culturable from the
focal source. Many series of bacteremias start with
the bacteriology laboratory and report the total
numbers and percentages of various bacteria with-
out separating the clinical situations as outlined in
this classification.

Bacteremia from Intravascular Cannulas
(Line-Associated Infection)

The more frequent use of plastic tubing for long-
term antibiotic or antineoplastic chemotherapy, for
monitoring, or for parenteral nutrition has resulted
in these transcutaneous catheters becoming the
most common source of bacteremia for compro-
mised patients and an increasingly common source
in immunologically normal patients who need in-
travenous therapy for even a short time. Manage-
ment of this category of bacteremia was discussed
in the previous section.

Occult Bacteremia

This category consists of patients thought to be at
risk of bacteremia because of young age, usually
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with a high fever and high white blood count, who
are not hospitalized but rather observed as outpa-
tients after laboratory studies including a blood cul-
ture have been done. The management of this group
was discussed in detail in the preceding section on
fever in infants and toddlers.

Neonatal Bacteremia

Because the bacteria are different and the prognosis
so much worse than for other age groups, neonatal
bacteremia is considered as a special category. It is
also discussed in chapter 19.

Contaminated Blood Cultures

In infants and children, contamination of blood cul-
tures is frequent and variable, occurring in about
10–40%. An emergency room study reported a
contamination rate of 25%,64 but more recent pedi-
atric studies report rates of 2–3% if the blood is
drawn by venipuncture and 3–9% if drawn through
a catheter.213,214 Bacillus species, Propionibacterium
acnes, and Corynebacterium species are almost al-
ways contaminants, but may occasionally cause
bacteremia in the certain populations (e.g., a neu-
tropenic patient with a CVC). In the nonneonate,
S. epidermidis can be considered a contaminant if
there is no intravascular line. Enterococci and the
viridans group of streptococci can be considered
probable contaminants in immunocompetent chil-
dren with no indwelling catheter, heart disease, uri-
nary infection, or bowel disease. Separating a true-
positive blood culture from a contaminant is made
easier if the patient has no risk factors for infection
with relatively avirulent organisms and appears
well. Of course, such a patient is not usually a can-

TABLE 10-6. BACTEREMIA IN NORMAL CHILDREN BY AGE

AGE MOST COMMON BACTERIA

0 to 30 days

1 to 3 months

3 to 24 months

2 to 5 years

� 5 years

Group B streptococci, E. coli, other enteric bacteria,
Listeria monocytogenes, S. aureus

S. pneumoniae, the preceding bacteria, N. meningitidis

S. pneumoniae, N. meningitidis, Salmonella spp.,
Group A streptococci, S. aureus, H. influenzae type b
(unimmunized), H. influenzae non type b

Same as 3 to 24 months

N. meningitidis, S. aureus, S. pneumoniae

didate for a blood culture in the first place. The
reason for the recommendation that blood cultures
usually be obtained in duplicate (i.e., two separate
venipunctures) is that if both cultures grow the
same organism, contamination is an unlikely expla-
nation. From a practical standpoint, this policy is
easier to adhere to in adults than in children. If the
patient has underlying risks or appears seriously ill,
a repeat set of blood cultures should be obtained
and appropriate antibiotics started. If the patient
appears well, it is simple enough to repeat the blood
culture and withhold antibiotics. Any patient with
a persistently positive blood culture should be in-
vestigated for the possibility of an occult focus of
infection, especially endocarditis (Chapter 18).

Age Frequency of Bacteremia

Initial antibiotic therapy for suspected sepsis is
based on results of past studies. Age and underlying
disease influence the bacteria found (Tables 10-6
and 10-7) and hence the choice of initial therapy
(Table 10-8). Table 10-6 lists the commonest causes
of bacteremia in normal children by age groups to
show the major changes by age, although obviously
many other causes of bacteremia are possible, espe-
cially with unrecognized predisposing condi-
tions.213,214

In addition, other life-threatening conditions can
mimic bacterial sepsis. One example is RMSF,
which requires therapy with an antimicrobial (dox-
ycycline) that is not normally used in the empiric
therapy for sepsis. Another is neonatal HSV infec-
tion, for which prompt therapy with acyclovir may
be life saving.

Group B streptococci and enteric bacteria cease
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TABLE 10-7. PREDISPOSING FACTORS ASSOCIATED WITH BACTEREMIA IN CHILDREN

PREDISPOSING FACTOR MOST COMMON BACTERIA

Intravascular device

Hematologic malignancy; neutropenia

Prior therapy with broad-spectrum
antibiotics

Splenic dysfunction

Immunologic disorders

S. epidermidis, S. aureus, C. albicans, other Candida spp.,
enterococci, Corynebacteria

Same as preceding plus: Enterobacteriaciae (E. coli, Klebsiella,
others), Pseudomonas aeruginosa, other nonenteric GNRs

Resistant enteric and nonenteric GNRs, Candida spp.

Encapsulated bacteria (S. pneumoniae, N. meningitidis,
Klebsiella, H. influenzae)

Pyogenic bacteria (antibody deficiency); N. meningitidis
(terminal complement deficiency; properdin deficiency);
Salmonella spp., GNRs (chronic granulomatous disease)

to be common after 3 months of age and S. aureus
becomes more common after 6 years of age. In vac-
cinated children, H. influenzae type b bacteremia is
uncommon. Predisposing factors are shown in
Table 10-7 with most common bacteria found. In
general, the age frequency in Table 10-6 is an added
factor. Often, several predisposing factors are pres-
ent in the same patient. For special exposures not
listed in Table 10-7, see Chapter 21.

TABLE 10-8. SOME CHOICES FOR EMPIRIC THERAPY OF SUSPECTED SEPSIS
IN CHILDREN

AGE OR SITUATION EMPIRIC THERAPY

*In the first month of life, consideration should be given to testing for herpes simplex virus infection and for
empiric acyclovir therapy (see Chapter 19)
†Or ceftriaxone

0 to 12 weeks old,* previously healthy

0 to 12 weeks old,* suspicion of bowel
perforation

1 to 12 weeks old,* residence in neonatal
intensive care unit and presence of an
intravenous line

3 months to 5 years, previously healthy

� 5 years, previously healthy

Malignancy, neutropenia or other
immunosuppression

Ampicillin plus gentamicin OR

Ampicillin plus cefotaxime

Ampicillin plus gentamicin plus metronidazole
(plus fluconazole or amphotericin B in selected
patients)

Ceftazidime plus vancomycin (plus fluconazole or
amphotericin B in selected patients)

Cefotaxime† OR

Cefotaxime† plus vancomycin

Cefotaxime† OR

Cefotaxime† plus nafcillin OR

Cefotaxime† plus vancomycin

Cefepime plus vancomycin (plus gentamicin
and/or amphotericin B in selected patients)

Empiric Therapy of Suspected Sepsis

Some suggested initial regimens for suspected sep-
sis are listed in Table 10-8. The actual choice of
therapy will depend both on local epidemiologic
factors (most common organisms, current resis-
tance patterns) and on patient-specific considera-
tions. For example, in some locations, a high per-
centage of penicillin-resistant S. pneumoniae or
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methicillin-resistant S. aureus may require empiric
therapy with vancomycin, whereas in other geo-
graphic areas it may be unnecessary. A neutropenic
patient who is only mildly ill may require treatment
with cefepime alone. However, one whose condi-
tion is unstable might require therapy with cefe-
pime, vancomycin, gentamicin, and an antifungal
agent. Early consultation with an infectious diseases
specialist is recommended. Once the susceptibility
pattern of the organism is known, therapy can be
changed if necessary.

Specific Bacteria

Staphylococcus aureus

S. aureus bacteremia often has an underlying focus
such as osteomyelitis, septic arthritis, intraabdomi-
nal abscess, endocarditis, or skin infection.215,216

In a child without a malignancy or intravenous de-
vice, the preliminary report of a blood culture
showing gram-positive cocci can be regarded as a
S. epidermidis contaminant provided the patient’s
clinical picture is consistent. Recovery of S. aureus
from the blood of an ill child almost always prompts
an evaluation for an underlying focus, usually in-
cluding careful physical examination, echocardiog-
raphy, and bone scan.

In certain children with malignancy, intravascu-
lar catheters, or hospital-acquired presumed sepsis,
vancomycin is used in initial therapy because of
the risk of methicillin-resistant (and hence nafcillin-
and cephalosporin-resistant) S. aureus or S. epider-
midis.217,218 As mentioned earlier, failure to remove
CVCs infected with S. aureus is associated with a
higher risk of secondary sites of infection.

Staphylococcus epidermidis

Coagulase-negative staphylococci are usually re-
ported as S. epidermidis, but some laboratories do
further speciation studies and report S. haemolyticus
and other such species. S. epidermidis has become
the most frequent cause of nosocomial bacteremia
because of the extensive use of intravascular cathe-
ters.

Most strains have the capacity to etch and erode
the plastic and cover themselves with their cell-wall
glycocalyx (slime). Perhaps antibiotic therapy has
helped select these strains. Although fatalities from
S. epidermidis are rare, many strains are methicillin
resistant. Thus, if blood cultures reveal S. epider-
midis and skin contamination is thought to be un-

likely, vancomycin is used pending susceptibility
results. Beyond the neonatal period, most cases can
be treated with retention of the catheter, although
this results in a threefold increased risk for recur-
rent infection compared with patients whose cathe-
ters are removed.219

Group A Streptococcal Sepsis

Bacteremia due to Group A streptococcus typically
occurs as a complication of cellulitis, bone or joint
infection, chickenpox, pneumonia, or a wound in-
fection. Of 60 children with Group A streptococcal
bacteremia, 48 (80%) had an identifiable underly-
ing source.220 Rarely, a primary bacteremia without
an obvious focus and with overwhelming sepsis can
occur, with embolization and secondary foci in the
lungs, meninges, or skin.221 Disseminated intravas-
cular coagulation can also occur.222

Fulminant Meningococcemia

Meningococcemia is the prototype of fulminating
bacteremia in a clinically normal individual. Typi-
cally, there is high fever and a petechial or purpuric
rash (purpura fulminans). Meningitis is variable,
and the prognosis is slightly better if there has been
time for a spinal fluid pleocytosis to develop. Ob-
taining a secure intravenous route for fluid therapy
takes precedence over lumbar puncture. Arthritis
or arthralgia is not unusual. Vomiting and diarrhea
occasionally occur. Shock, disseminated intravas-
cular coagulation, and myocarditis are common
mechanisms of death. Myocardial dysfunction is
due to a circulating meningococcal endotoxin.223

Measurement of left-ventricular shortening frac-
tion appears to have some prognostic significance
in children with meningococcal septic shock. In one
study of 26 children with fulminant meningococ-
cemia, 7 died; all 7 had shortening fractions of less
than 0.30 as compared with 10 (50%) of 20 survi-
vors (positive predictive value 41%).223

Treatment may require enormous volumes of
fluid. Some patients have such fulminant disease
that they die regardless of prompt diagnosis and
treatment. The incidence of congenital or acquired
complement deficiency in patients with meningo-
coccal infection is much higher in those with recur-
rent disease.224 Properdin deficiency also predis-
poses to recurrent meningococcal disease.

Fulminating Pneumococcemia

Typically, fulminating pneumococcemia occurs in
a patient with an absent or nonfunctioning spleen,
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as in sickle cell anemia or after splenectomy.225 The
classic presentation is that of fever, chills, hypoten-
sion, and symmetric peripheral gangrene.226 Be-
cause other encapsulated bacteria such as H. influen-
zae type b can also produce this pattern and can
be ampicillin- or penicillin-resistant, initial therapy
for presumed sepsis in a patient without a spleen
should consist of ceftriaxone or its equivalent. This
drug is also usually effective against encapsulated
Klebsiella (rare), and the dog-saliva bacterium Cap-
nocytophaga canimorsus (formerly called DF-2),
which can cause fulminating sepsis after a dog
bite.226

Fulminant H. influenzae Sepsis

Rarely, H. influenzae can resemble fulminant men-
ingococcemia, with petechiae and purpura. As de-
scribed in the section on petechial rashes, antibiotic
therapy for suspected meningococcal sepsis (for ex-
ample, ceftriaxone) should be effective against am-
picillin-resistant H. influenzae.

Children with absent or nonfunctional spleens
are susceptible to fulminating septicemia with these
encapsulated bacteria, just as in fulminating pneu-
mococcemia. Severe sepsis occasionally occurs in
normal infants, with later foci of metastatic infec-
tion, but this represents a very small proportion of
H. influenzae bacteremias.228 Children who have
not been immunized are at higher risk, especially
if they live in a community of largely unimmunized
children, as, for example, in a tight-knit community
that refuses vaccinations for religious reasons.

With widespread use of Hib vaccine in the
United States, invasive disease caused by non–type
b strains of H. influenzae is now 10 times more com-
mon than that caused by Hib.228a Type f is currently
the most common cause of invasive disease. In a
population-based study conducted from 1989 to
1994, the incidence of invasive disease due to type
f increased nearly fourfold.228b Of the 19 cases in
children, 13 (68%) were younger than 12 months
old. The case-fatality rate among children was 21%.
In contrast, a case-report and literature review de-
scribed 15 cases in children, none of whom
died.228c

Uncommon Causes of Fulminant
Septicemia

Few bacteria cause fulminant sepsis other than
those described. Pseudomonas aeruginosa is a rare
cause of bacteremia without a focal infection (pre-

sumably from bowel flora) in a normal infant,230

but is the most common cause of fulminant septice-
mia in fragile premature infants in neonatal inten-
sive care units. Salmonella species can cause bacter-
emia in association with diarrhea, but the illness is
often no more severe than in normal children with
nonbacteremic diarrhea.231 In infancy, however,
bacteremia with Salmonella sometimes seeds the
meninges, causing a gram-negative meningitis.

Fulminating bacteremias caused by bacteria not
mentioned previously can occur when there is an
anatomic or immunologic defect that is unrecog-
nized. None of the antibiotic regimens in Table 10-
8 contains enough antibiotics to cover all unlikely
possibilities. If bowel disease or malignancy is sus-
pected but unproved, the appropriate regimen can
be chosen.

Oral Therapy After Intravenous
Therapy

Children who have received IV antibiotics for bac-
teremia in the hospital can be changed to oral ther-
apy and discharged at some appropriate point. Cri-
teria are best established for bone and joint
infections and are discussed in Chapter 16.

Guidelines have not been established for occult
bacteremia or for bacteremia secondary to a focal
infection. The principal disadvantage to an oral reg-
imen is that its success depends on absorption from
the gastrointestinal tract. Additionally, these regi-
mens are dependent on strict adherence to a pre-
scribed regimen, which can seldom be ensured.
Measurement of peak and trough serum levels after
oral administration of an antibiotic and comparison
of those levels with the minimum inhibitory con-
centration (MIC) of the patient’s organism can be
performed. Dosage adjustments can then be made,
if necessary. Alternatively, the patient’s serum can
be serially diluted and tested against a culture of
his own organism in the laboratory (“serum bacteri-
cidal titers”). For serious infections such as osteo-
myelitis, such measurements can provide some re-
assurance about the possible efficacy of an oral
antibiotic regimen. However, these methods are
costly and time consuming. Accurate bactericidal
titers are also dependent on expertly trained labora-
tory personnel. Most clinicians favor the simpler
approach of giving large dosages of antibiotics that
are known to be well absorbed and scheduling close
outpatient follow-up.

Possible criteria for changing from IV to oral
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therapy include highly sensitive bacteria (e.g.,
group A streptococci, penicillin-sensitive pneumo-
cocci), bacteremias likely to be low grade (e.g., oc-
cult), absence of meningitis, early treatment after
onset of fever, child and parents reliable for taking
oral medication, and perhaps age more than 6
months. A major guideline should be documenta-
tion of negative blood cultures on therapy. Patients
should generally be afebrile for 24–48 hours before
switching to oral antibiotics. C-reactive protein is
an acute phase reactant that usually returns to nor-
mal when an infection is being adequately treated; a
normal C-reactive protein bodes well for successful
oral completion of antibiotic therapy.

■ SEPTIC SHOCK

Definition

Shock is impaired tissue perfusion or failure to meet
the metabolic demands of the body, which may be
secondary to hypovolemia, cardiac failure, circula-
tory obstruction, or maldistribution of the circula-
tion (distributive shock).231 Poor tissue perfusion
usually precedes shock, with cool extremities and
poor refill of capillaries in the nail beds, and can
be conveniently regarded as a preshock situation.
When the potential for shock is not appreciated,
the first recognized sign of shock may be falling
blood pressure; this emphasizes the importance of
taking the blood pressure in a febrile patient. Other
signs of impending shock reflect the sympathetic
nervous system’s reactions to compensate for the
inadequate tissue perfusion (e.g., tachycardia and
anxiety).

In a broad sense, microorganisms other than
bacteria can produce septic shock. Presumably, the
mechanisms for other infecting organisms are much
the same, with altered cellular metabolism and mal-
distribution of the circulation. Rickettsiae (RMSF),
fungi (candidiasis), protozoans (malaria), and vi-
ruses (hemorrhagic fevers) can all produce septic
shock.

Classification

Generally, shock is classified as either compensated
or uncompensated. The other terms discussed fol-
lowing are used only for descriptive purposes.

Compensated Shock

This is shock in which blood pressure is preserved.
Poor capillary refill in nail beds and cool extremities
often precede shock of any kind.

Warm Shock

This is also called low-resistance shock, because the
small blood vessels are dilated, producing little pe-
ripheral vascular resistance, and the skin feels
warm. It usually signals early septic shock, as it
characteristically occurs early in sepsis. The concept
of warm shock is especially important for children,
because it emphasizes the need to take the blood
pressure in all febrile children.

Septic shock, as in meningococcemia, some-
times begins as warm shock and later, as compensa-
tory vasoconstriction occurs, is manifested as cold
shock (see following).232 Septic shock can be asso-
ciated with low, normal, or high cardiac output.

Cold Shock

Cold shock is also called high-resistance shock, be-
cause there is peripheral vasoconstriction, and the
skin feels cold and clammy. It often occurs with
hypovolemic shock because it characteristically oc-
curs in hemorrhage, burns, diarrhea, or other con-
ditions associated with low blood volume, includ-
ing intussusception. However, cold shock is also
characteristic of cardiogenic shock (primary pump
failure) and obstructive shock (as in pericardial
tamponade). Cold shock can follow warm shock as
part of a continuum as septic shock evolves.

Cardiogenic Shock

Cardiogenic shock is also called congestive shock,
because there is circulatory congestion secondary to
reduced cardiac output. This is usually the principal
mechanism of shock in acute myocardial infarction
but it also may occur in myocarditis of infectious
etiology.

More than one type of shock may occur simul-
taneously, as in meningococcemia, which usually
is associated early with low-resistance (warm)
shock but may also have a cardiogenic basis because
of myocarditis.

Toxic Shock

The staphylococcal toxic shock syndrome typically
resembles either hypovolemic shock after diarrhea
or septic shock secondary to pyelonephritis or gas-
troenteritis. It is discussed as a separate section later
in this chapter.

Mechanisms

The mechanisms of septic shock are multifactorial
and include the effects of endotoxin on the cardio-
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vascular system, including poor cardiac contractil-
ity, venous pooling, arteriolar vasodilation, and ar-
teriovenous shunting, and increased capillary
permeability in the lungs as well as the rest of the
body. Endotoxin stimulates the release of inflam-
matory mediators. Tumor necrosis factor-alpha
(TNF-alpha) is thought to be the most important
of these in terms of production of septic shock or
systemic inflammatory response syndrome.233

Meningococci produce immense amounts of en-
dotoxin and can be regarded as the prototypic bac-
teria. Other bacteria such as Escherichia coli, P. aeru-
ginosa, and Klebsiella are also good endotoxin
producers and can produce septic shock. H. influen-
zae can produce septic shock, but it is usually much
less severe than that produced by gram-negative
enteric bacteria.234

Predisposing Factors

The predisposing factors for septic shock are the
same as those for bacteremia (see Table 10-7).

Antibiotic Treatment

Initial antibiotic therapy for septic shock is based on
the therapy for suspected sepsis. It should consist
of broad-spectrum coverage, especially for patients
who develop septic shock nosocomially. Outcomes
of bloodstream infections have been linked to the
appropriateness of the initial antimicrobial therapy
in a large retrospective study (n � 341).235 This
turned out to be especially true for pediatric pa-
tients, those with abdominal infections, and those
infected with Klebsiella pneumoniae.235

The clinical situation dictates which combina-
tion of antimicrobial agents should be used. The
combination of a third-generation cephalosporin,
an aminoglycoside (gentamicin or tobramycin), and
vancomycin may be reasonable initially. If the pa-
tient is immunocompromised or a nosocomial in-
fection is suspected, an antipseudomonal cephalo-
sporin (such as ceftazidime), or a semisynthetic
penicillin (such as ticarcillin or piperacillin) or a
carbapenem (such as micropenem) in combination
with an aminoglycoside should be used. If toxic
shock syndrome is suspected, clindamycin can be
added, as discussed following. If rickettsial disease
is a possibility, doxycycline should be added. In
the patient with nosocomial infection, antifungal
coverage with amphotericin B is sometimes appro-
priate.

Nonantibiotic Treatment

The first priority (after the ABC’s of airway, breath-
ing, circulation) is to secure adequate intravenous
access to support circulating blood volume, as well
as for delivering medications. Femoral venous cath-
eter insertion may be the most expedient route
when the usual veins are not available because of
vasoconstriction.231 Intraosseous infusion should
be considered if intravenous access is unattainable.

Doses for drugs on the basis of body weight
should be available on cards or tables in the
office, emergency room, or intensive care unit.
The sequence of supportive therapy depends on
monitoring.

In the most oversimplified terms, the circulatory
system can be compared to a pump and a circulat-
ing duct system. The usual treatment sequence is

1. Fill up the circulation.
2. Help the pump work.
3. Direct the circulation to vital areas.
4. Prevent or repair leaks.

Some of the functions that ideally are monitored
(such as pulmonary capillary wedge pressure) can-
not be done without the availability of an intensive
care unit and skilled personnel. The central venous
pressure measured through a catheter from a pe-
ripheral vein to a large central vein may be a helpful
guide to fluid replacement but is not as accurate
as more invasive monitoring, as with a pulmonary
artery catheter.

It has been well noted that many guidelines for
the treatment of patients with septic shock are being
developed by consensus rather than by science.237

The initial therapy for hypoperfusion is establishing
adequate intravascular volume and left ventricular
preload. This is especially true in children. Most
children with fluid-refractory septic shock respond
to inotrope and/or vasodilator therapy. Hemody-
namic states must be carefully monitored because
they change over time. An incorrect cardiovascular
regimen should be suspected in children with per-
sistent shock who have sufficient intravenous
fluids.238 The amount of fluid required to resusci-
tate a child in shock is often underestimeted.

Corticosteroids

Although early studies suggested that corticoste-
roids may be beneficial for the treatment of septic
shock,239 this was not confirmed by subsequent
studies.240 Two meta-analyses of the literature have
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concluded that there is no evidence to support the
use of steroids in patients with sepsis.241,242

Intravenous Immune Globulin (IVIG)

Polyclonal preparations of IVIG contain antibodies
to a variety of endotoxins. Additionally, modulation
of exuberant immune responses is effected by the
administration of IVIG in many disease states.
Therefore, it seems logical that IVIG may be of po-
tential benefit as an adjunct in the treatment of bac-
terial sepsis and septic shock. IVIG is not widely
used at present. However, a recent Cochrane data-
base review has been published. The authors of this
review included 27 of 55 published studies evaluat-
ing either polyclonal or monoclonal IVIG prepara-
tions versus placebo in a prospective fashion. Over-
all mortality was reduced in patients who received
IVIG. Relative risk of death was 0.60, with 95%
confidence intervals of 0.47–0.76. The authors
concluded that the evidence suggests that IVIG sig-
nificantly reduces mortality in sepsis and septic
shock and can be used as adjunctive therapy.243

These findings are tempered by the results of a re-
cent multicenter trial comparing polyclonal IVIG
with placebo in adults with sepsis. This study en-
rolled 653 patients (in comparison, the trials of
polyclonal IVIG in the Cochrane review included a
total of 492 patients) and showed, unfortunately,
that 28-day mortality was not reduced among pa-
tients in the IVIG arm.244

Monoclonal Antibodies

Monoclonal antibodies to a variety of inflammatory
mediators have been tried, either in human studies
or in animal models. In general, no monoclonal
antibody has consistently proven to be of value.
This makes sense in light of the tremendous redun-
dancy of the immune system and the complexity
of the response to infection that leads to sepsis. In
addition, the response to anti-inflammatory agents
may depend on the infecting organism; the patho-
genesis of sepsis from gram-positive organisms
may differ in fundamental ways from the pathogen-
esis of sepsis due to infection with gram-negative
organisms.245

Activated Protein C

The inflammatory cascade in sepsis includes a pro-
coagulant response, and activated protein C has
been shown to inhibit thrombosis and inflamma-

tion in patients with sepsis. A multicenter, random-
ized controlled trial comparing recombinant
human activated protein C with placebo among
1690 adults with sepsis has been published.246

The 28-day mortality rate was 31% in the pla-
cebo group and 25% in the group receiving acti-
vated protein C (p�0.005). Patients receiving acti-
vated protein C had a higher incidence of serious
bleeding episodes (3.5% versus 2.0%, p � 0.06).

The experience using activated protein C in chil-
dren is largely limited to those with meningococ-
cemia. One group reported giving protein C to 12
patients with severe meningococcal sepsis; there
was no control group. Based on the severity of their
illness, the predicted mortality of the group was
greater than 50%, but all patients survived. Both
patients who received protein C more than 24 hours
after admission required limb amputation as com-
pared with none of those who received it sooner.
Patients in this trial were also treated with hemofil-
tration, so the exact contribution of protein C is
difficult to assess.247 However, the use of protein C
appears to be more promising than other adjunctive
therapies for sepsis and deserves further study.248

Leukocytes, Plasma, and Complement

Newborns, the age group with the highest fre-
quency of sepsis, have been studied to determine
the efficacy of blood or its components in the treat-
ment of sepsis.249,250 The value of neutrophils
(buffy coat transfusions) remains unclear. Comple-
ment or other plasma components such as opsoniz-
ing antibodies have theoretical but unproven value
for treatment of the bacterial source of septic shock.

Other Adjunctive Therapies

Multiple other agents have been studied, including
pentoxifylline, nitrous oxide synthesis inhibitors,
platelet activating receptor antagonists, and plasma
filtration with polymyxin B immobilized fiber, but
none has been demonstrated unequivocally to be
effective.251–255

A trial of human growth hormone in adults in-
creased mortality from 9 to 20% (p � 0.001).256

Complications

Disseminated Intravascular Coagulation

This problem often occurs with shock. It can be
anticipated, or it may be first suspected when ooz-
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ing occurs at venipuncture sites. The diagnosis can
be confirmed by coagulation studies and smear (low
platelet count and fibrinogen concentration, in-
creased activated partial thromboplastin time, fibrin
split products, and prothrombin time).

Acute Respiratory Distress Syndrome
(ARDS)

When pulmonary capillary leakage is severe in sep-
tic shock, and the chest roentgenogram is opaque
in most areas, the complication is called ARDS or
shock lung.257

Acute Renal Failure

Acute renal failure occurs in approximately
20–25% of patients, with moderate to severe sepsis
and in 50% of patients with septic shock when
blood cultures are positive.257a

■ TOXIC SHOCK SYNDROME (TSS)

This syndrome was originally described in 1978
by Todd and associates as a cluster of findings in
children including fever, hypotension, S. aureus in-
fection, and other findings attributable to a staphy-
lococcal exotoxin.258 The presentation of classic
toxic shock syndrome included rash, injected bul-
bar conjunctivae, toxicity, and confusion, as these
were present in the seven children originally de-
scribed. Originally, Group A streptococcal infection
was excluded by culture or serology. Staphylococ-
cal TSS came to prominence with an outbreak of
cases in the late 1970s and early 1980s in menstru-
ating women that was associated with the use of
super-absorbent tampons.

Currently, about half of cases of staphylococcal
TSS are associated with neither tampons nor men-
struation. Additionally, it is now known that inva-
sive group A streptococcal infection can produce a
clinical syndrome very similar to classic staphylo-
coccal TSS. With cases caused by group A strepto-
coccus, the onset is somewhat more insidious, the
rash is more likely to be scarlatiniform, diarrhea
and vomiting are less likely to be present, severe
hyperesthesia is more common, and the mortality
rate is much higher (about 50%). In addition, a
focal source of infection is more often found in cases
caused by group A streptococcus.

Upon initial presentation, the working diagnosis
should generally be toxic shock syndrome, most
likely due to S. aureus (or group A streptococcus).

Once the etiology is confirmed, the diagnosis is
either staphylococcal TSS or streptococcal TSS.

Staphylococcal TSS

The Centers for Disease Control and Prevention has
established strict guidelines for establishing the di-
agnosis of staphylococcal TSS. These guidelines
may be remembered by using this mnemonic: “FDR
Had three organs.” The F stands for fever, the D
for desquamation, the R for rash, the H for hypoten-
sion, and the remainder reminds the clinician that
at least three organ systems must be involved. The
diagnostic criteria for staphylococcal TSS are shown
in Box 10-3. Serologic tests for leptospirosis, RMSF,
and measles, if these diseases are suspected and
blood work is drawn, are negative. Blood cultures
are almost always negative, but sometimes grow S.
aureus.

Subgroups

The syndrome is sometimes subdivided into men-
strual and nonmenstrual subgroups based on the

BOX 10-3 ■ Definition of Staphylococcal
Toxic Shock Syndrome

Major criteria (all required)
1. Fever � 38.8°C (102°F)
2. Hypotension (orthostatic or shock)
3. Rash (erythroderma early and desquamation

later)

Minor criteria (any three required)
1. Gastrointestinal. Vomiting or diarrhea
2. Muscular. Severe myalgia or creatinine

phosphokinase � 2x the upper limit of normal
3. Mucous membranes. Vaginal,

oropharyngeal, or conjunctival hyperemia
4. Renal. BUN or serum creatinine � 2 the upper

limit of normal or urinalysis with �5 WBC per
high-power field

5. Hepatic. Total bilirubin, AST or ALT � 2 the
upper limit of normal

6. Hematologic. Platelet count �100,000/�L
7. Central nervous system. Disorientation or

alteration in level of consciousness without
focality, noted when fever and hypotension
are absent

Exclusion criteria
1. Absence of other explanations
2. Blood cultures negative (except for S. aureus)
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source of the S. aureus. The epidemic of menstrual-
associated toxic shock peaked in the early 1980s
and has waned since the recognition of the role of
tampons. These cases had the onset of illness within
the first 5 days of menstruation, and tampons had
been used.

Nonmenstrual toxic shock syndrome can be sec-
ondary to a staphylococcal infection in many possi-
ble locations, including wound infections, acute en-
docarditis, dental infections, and lymphadenitis.

Toxins

Toxic shock syndrome toxin-1 (TSST-1) is the most
common enterotoxin responsible for producing the
syndrome. Many isolates of S. aureus associated
with TSS, however, do not produce TSST-1, or pro-
duce TSST-1 in association with another entero-
toxin. Staphylococcal enterotoxins A, B, and C have
also been associated with TSS-like illness.

Clinical Manifestations

Typical Presentation

The earliest symptoms are fever, myalgias, weak-
ness, headache, vomiting, and abdominal pain soon
followed by mucous membrane hyperemia, diffuse

■ FIGURE 10-4 Sequence of clinical findings in staphylococcal toxic shock syndrome. (Chesney
PJ et al: JAMA 1981;246:741; copyright 1981, American Medical Association)

erythroderma, dizziness (postural hypotension),
diarrhea, and confusion (Fig. 10-4).259,260 Almost
all organ systems are involved with clinical or labo-
ratory findings attributable to the toxin. Herpes sto-
matitis or genital herpes may occur.

Early Differential Diagnosis

Scarlet fever may be suspected because of the fever,
rash, injected conjunctivae, strawberry tongue,
fever, and leukocytosis with a predominance of
neutrophils. Acute diarrhea may be suspected as the
primary disease because of diarrhea and abdominal
pain and distension, although the degree and per-
sistence of shock exceeds that expected from the
amount of the diarrhea. Acute pyelonephritis with
septic shock may be suspected because of the shock
and pyuria, although bacteria are not prominent
on urine microscopic examination and the urine
culture does not confirm an infection. In children
under 8 years of age, Kawasaki disease may be con-
sidered because of the fever, rash, and conjunctival
injection.

Laboratory Findings

Typical early studies include a high WBC count
with immature neurophils, pyuria, elevated blood
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urea nitrogen (BUN) or creatinine, and slightly de-
creased platelet count. There may be a profound
lymphopenia.

A chemistry panel typically shows that the levels
of serum calcium, phosphorus, iron, total protein,
and albumin are very low. Transaminase levels are
elevated, especially the fraction from cardiac mus-
cle, and the level of creatinine phosphokinase is
very high, suggesting generalized muscle involve-
ment. Cultures of the blood are usually negative,
but cultures of body orifices, especially the vagina,
rectum, or nares, or the site of a purulent infection,
may reveal S. aureus. The chest roentgenogram may
show transient infiltrates.

Treatment

If possible, identification and drainage of the site
of infection is an important aspect of management.
Foreign bodies, such as tampons, need to be re-
moved. Wounds need to be drained and/or irri-
gated. Antistaphylococcal antibiotic therapy, usu-
ally with a semisynthetic penicillin such as nafcillin
or oxacillin, is initiated. Because toxic shock syn-
drome is a toxin-mediated illness, the concomitant
use of a protein-synthesis inhibiting antibiotic such
as clindamycin has been recommended. In vitro,
subinhibitory concentrations of clindamycin greatly
decrease the production of TSST-1. In contrast,
subinhibitory concentrations of nafcillin tend to
cause levels of TSST-1 in culture supernatants to
increase. This effect is blocked by the addition of
a protein-synthesis inhibitor. Therefore, the combi-
nation of nafcillin and clindamycin seems advisable.
In some geographic areas, the use of vancomycin
may be appropriate. Optimal duration of therapy
has not been clearly established. In the past, antista-
phylococcal therapy was thought to be of minor
importance in the care of TSS; inadequate antibiotic
therapy, however, clearly leads to a higher inci-
dence of recurrence. Most experts recommend anti-
biotic therapy for 10–14 days.

Although there are no randomized, placebo-con-
trolled trials of IVIG in the treatment of TSS, anec-
dotal evidence favors its use in severe cases. The
absence of a protective antitoxin antibody is one of
the prerequisites to the development of staphylo-
coccal TSS. This is in contrast to the general popula-
tion, most of which has measurable levels, even if
they lack a history of staphylococcal disease. There-
fore, all lots of IVIG contain antibody directed
against the toxins that are perpetuating the illness.

In animal models of TSS, administration of IVIG
prior to infection is protective against the syn-
drome, and survival is enhanced even when IVIG
is administered up to 29 hours after infection is
established.261 Case reports confirm rapid improve-
ment following administration of IVIG in some pa-
tients with TSS. A dose of 400 mg/kg infused over
several hours results in serum antibody titers that
are sufficient to block the action of TSST-1.262

Intravenous fluids are usually effective in main-
taining a low to low-normal blood pressure with
adequate urine output, but occasionally pressor
agents such as dopamine are necessary. Mainte-
nance of adequate blood pressures and monitoring
of patients for the development of adult respiratory
distress syndrome, renal failure, cardiac arrhyth-
mias, and other adverse events comprises the re-
mainder of the important management points.

Complications

Renal insufficiency may occur, sometimes making
the illness resemble hemolytic-uremic syndrome,
especially with the burr cells, anemia, and low
platelets. Disseminated intravascular coagulation
and adult-type respiratory distress syndrome
(ARDS or “shock lung”) have been observed. Dys-
rhythmia, possibly related to electrolyte imbal-
ances, and cardiac failure, possibly due to toxic car-
diomyopathy, may occur. Rarely, fatal dysrhythmia
develops. Death is rare and may be due to adult
respiratory distress syndrome or myocardial failure.

Desquamation of the palms and soles in thick
sheets occurs 7–10 days after the onset. At about
this time, edema or a pruritic rash also may be
noted. Damage or loss of hair or nails can occur
2–3 months later.

Recurrences

Adequate antistaphylococcal therapy of the first ep-
isode and discontinuing use of tampons are signifi-
cant factors in decreasing the risk of recurrences.263

Davis et al. showed that after an episode of men-
strual TSS, two-thirds of women who were not
treated with an antibiotic and who continued to use
tampons developed recurrent TSS during the next
5 months.260 Recurrences have also been reported
in cases of nonmenstrual TSS.264 Most patients do
not develop protective levels of antistaphylococcal
toxin antibodies following an episode of TSS; this
is likely related to recurrences.
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Recalcitrant, Erythematous
Desquamating Disorder (REDD)

This unusual variant, in which redness, desquama-
tion, and other symptoms of TSS occur in a milder
form for a prolonged time, has been seen mostly in
patients with AIDS. Recurrences are frequent, and
sometimes the disorder is fatal. A single case of this
clinical syndrome in a patient with no known im-
munodeficiency has been reported.264

Streptococcal Toxic Shock Syndrome

Clinical Manifestations and Epidemiology

Group A streptococci produce several toxins that
can produce a confusing multisystem disease simi-
lar in some ways to staphylococcal toxic shock syn-
drome.266,267 There is usually a focus of Group A
streptococcal infection such as the sinuses, skin, or
lungs. Blood cultures are positive more frequently
than in staphylococcal TSS. However, the multisys-
tem involvement (CNS, liver, lungs, kidney, cardio-
vascular system, and skin) is probably related to
toxemia. Group A streptococci produce three pyro-
genic (erythrogenic) toxins (called A, B, and C),
which may cause renal insufficiency and an ery-
thematous rash with subsequent desquamation.
Fever, sterile pyuria, and sometimes hypotension
are found. Superinfection of varicella lesions is a
common predisposing factor for streptococcal
TSS.268 The incidence of invasive group A strepto-
coccal infection among children with varicella is
12-fold higher than among children without vari-
cella.269 Invasive disease with group A streptococci
is on the rise, and about 15% of invasive Group A
streptococcal infection in childhood is related to
primary varicella infection.270 Streptococcal toxic
shock syndrome accounted for 7% of pediatric
cases of invasive Group A streptococcal disease in
one large study.269

Diagnosis

The diagnostic criteria for streptococcal toxic shock
syndrome are listed in Box 10-4.267 Note that, un-
like with staphylococcal TSS, a rash is not required
for the diagnosis. Thus, severe cases of necrotizing
fasciitis may meet the case definition of streptococ-
cal TSS. A definite case requires isolation of Group
A streptococci from a normally sterile body site.

BOX 10-4 ■ Definition of Streptococcal Toxic
Shock Syndrome

Hypotension or shock, plus any two of the
following:
1. Scarlet fever rash
2. Hepatic abnormalities
3. Renal insufficiency
4. Disseminated intravascular coagulopathy
5. Adult respiratory distress syndrome
6. Soft-tissue necrosis

Definite case: preceding requirements plus
isolation of group A streptococcus from a
normally sterile body site

Probable case: preceding requirements plus
isolation of group A streptococcus from a
nonsterile body site

Treatment

Penicillin is the drug of choice for documented in-
fections with group A streptococci. Analogous to
the discussion with staphylococcal TSS, clinda-
mycin is often added because of its ability to halt
toxin production.270 Similarly, IVIG is often given
to patients with streptococcal TSS based on theo-
retical considerations271 and studies using histori-
cal controls,272 but randomized controlled trials are
lacking. Massive amounts of fluids may be needed
to maintain adequate blood pressure. Pressors are
sometimes used but can result in peripheral gan-
grene with loss of digits.273 In general, the hypoten-
sion associated with streptococcal TSS is much
more difficult to manage than that associated with
staphylococcal TSS, resulting in substantially
greater morbidity and mortality.
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Rash Syndromes

■ INTRODUCTION

Rashes in children are often caused by a systemic
infection and are frequently associated with fever.
The same pathologic process that is producing the
skin eruption can involve other parts of the body
as well, such as the lungs, liver, and spleen. In fec-
tions of the skin are covered in Chapter 17.

Definitions

Exanthem is a term sometimes used to describe a
rash associated with a systemic illness, especially
with fever. The word exanthem comes from Latin
and means a “breaking out” or “blossoming out”
and implies a generalized illness accompanied by a
rash. The word is less useful than “fever and rash”
as a broad preliminary problem-oriented diagnosis.

Enanthem is sometimes used to describe an erup-
tion on the oral mucosa. It usually represents the
same pathologic process as the rash but occurring
in the mouth.

Most viral exanthems are more prominent in
areas exposed to the sun, especially if there is a
sunburn.1

Classification

Rashes can be classified according to either the ap-
pearance of the rash itself (maculopapular, pete-
chial, pustular) or the total illness pattern (rubella-
like illness or scarlet fever-like illness). In this chap-
ter, both forms of classification will be used. Within
each category of rash, the principal specific causes
will be described. It is a better and more specific
problem-oriented diagnosis to say “scarlet fever-like
illness” and reserve the broader diagnosis of “ery-
thematous rash” for cases with few, if any, features
of scarlet fever present.

■ ERYTHEMATOUS RASHES

Erythematous rashes (Box 11-1) usually are gener-
alized and extensive but may involve only part of

the body. They may resemble sunburn, with red-
ness that blanches when pressed with the fingers
but involving areas not exposed to the sun. They
may be slightly papular or perfectly flat (macular).

Possible Etiologies

Scarlet Fever

The scarlet fever rash is produced by an erythro-
genic toxin of Group A streptococci. Multiple toxins
can produce the syndrome. One study demon-
strated that strains of Group A streptococcus (GAS)
that produced two or three different toxins caused
a more intense rash. Those that produced erythro-
genic toxin B caused illness with a higher fever.2

Scarlet fever can occur more than once in a single
individual. Other than the rash, scarlet fever is no
different from streptococcal pharyngitis. Therefore,
the child typically will have clinical manifestations
of streptococcal pharyngitis, as discussed in Chap-
ter 2. Typically, these include headache, abdominal
complaints, and a sore throat. Actual pharyngeal
findings may be minimal. Suppurative and nonsup-
purative complications may also occur. A study
from Japan suggested that scarlet fever was associ-
ated more frequently with GAS serotype T4, which,
in their study, was more difficult to eradicate from
the pharynx than the other T types.3

Scarlet fever (scarlatina) is characterized by very
small, often confluent, fine red papules and typi-
cally occurs on the trunk and extremities. In dark-
skinned individuals, it is sometimes easier to diag-
nose by palpation than by vision. Patients often
complain that the rash itches. There is increased
redness in the folds of the skin, especially in the
inguinal or antecubital creases, producing lines of
redness called Pastia’s lines (Fig. 11-1). The face is
typically flushed, and there is circumoral pallor. A
“strawberry tongue” (rough and red), sometimes
with a white coating, may be present. The skin typi-
cally feels slightly rough, like fine sandpaper. The
rash of scarlet fever also involves areas of the body
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BOX 11-1 ■ Possible Causes of
Erythematous (Scarlet
Fever-like) Rashes

Group A streptococcal infection
Arcanobacterium haemolyticum pharyngitis
Staphylococcal scarlet fever
Staphylococcal scalded skin syndrome
Drug or plant allergic reactions
Erythema infectiosum involving cheeks
Kawasaki disease
Toxic shock syndrome
Atropine, Vancomycin, and other drugs
Atypical measles

usually covered by clothing, thus distinguishing it
from ordinary sunburn. After about 7–10 days, the
superficial layers of the skin may peel (desquama-
tion), especially on the hands and feet. Occasion-
ally, a localized area of streptococcal cellulitis is
overlooked because of the generalized scarlet fever
rash. Jaundice secondary to hepatocellular damage
can complicate scarlet fever and may cause some
diagnostic confusion if the physician is unaware of
this possibility.4 Rare reports of autoimmune dis-
eases such as guttate psoriasis occurring after scarlet
fever suggest the possibility that, in some patients,
superantigenic toxin stimulation of the immune
system may lead to immune dysregulation.5

When there is no clinical evidence of a strepto-
coccal pharyngitis, cellulitis, or other infection,
other possible causes of scarlet fever-like (scarlatini-
form) rashes should be considered.

■ FIGURE 11-1 Pastia’s lines in the antecubital fossa, a use-
ful aid in the diagnosis of scarlet fever (Photo from Dr. Charles
Kallick).

Staphylococcal Scarlet Fever

Some strains of Staphylococcus aureus can produce
a scarlet fever-like rash that has been called staphy-
lococcal scarlet fever.6 Enterotoxins G and I seem to
be involved in the pathogenesis of this syndrome.7

Unlike streptococcal scarlet fever, there is usually
no circumoral pallor or strawberry tongue, and the
erythematous skin is often painful or tender. As
in streptococcal scarlet fever, desquamation of the
superficial epidermis may occur after about a week.
If the superficial skin separates and sloughs after
only a few days, the patient should be classified
as having scalded skin syndrome. This syndrome
includes a group of illnesses, of which staphylococ-
cal scarlet fever is a mild form, and is described
further in Chapter 17.

Toxic Shock Syndrome (TSS)

This condition may be caused by Group A strepto-
coccus or S. aureus. In toxic shock syndrome (TSS),
the skin is flushed, and a scarlet fever-like rash may
be noted. Fever, mild diarrhea, dizziness, and hypo-
tension are common. Headache, sore throat, and
severe myalgia are often present. Sometimes, confu-
sion ensues. Misleading clinical features that may be
present include a red swollen tongue; a generalized
scarlet fever-like rash; nonpurulent conjunctivitis,
sometimes with a subconjunctival hemorrhage; and
mild subcutaneous edema. These clinical features
may resemble Kawasaki disease, described later in
this chapter. Herpes stomatitis or genital herpes
may occur. All mucous membranes are typically
very red. The focus of staphylococcal infection may
be quite subtle, such as a mildly inflamed cervical
lymph node. Tampon use is still a risk factor for
staphylococcal TSS. Although cases associated with
tampon use are less common today, they still com-
prise about half of all cases.

The white blood cell count (WBC) is typically
greater than 15,000/mcL3 with many immature
neutrophils. The hemoglobin may fall several
grams, suggesting hemolysis. The sedimentation
rate is very high. Urinalysis reveals proteinuria, py-
uria, and mild hematuria, but there are few or no
bacteria in the sediment. Other findings are de-
scribed in more detail in Chapter 10. Diagnostic
criteria are listed in Boxes 10-3 and 10-4.

Penicillin can be given without waiting for throat
culture results in a patient with pharyngitis and a
scarlet fever-like rash. If a wound infection is pres-
ent and the patient appears seriously ill or if TSS
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is suspected, intravenous nafcillin (or vancomylin)
and clindamycin should be used (see Chapter 10).

Arcanobacterial Scarlet Fever

Arcanobacterium haemolyticum has been recognized
as a cause of pharyngitis and a scarlet fever rash,
particularly in teenagers and young adults.8,9 An
urticarial or erythema multiforme-like rash has
been observed in some patients. Detection requires
incubating sheep blood agar for at least 72 hours
and observing for small alpha-hemolytic colonies;
alternatively, human or rabbit blood agar can be
used for more rapid detection. A. haemolyticum is
generally susceptible to penicillin, the cephalospo-
rins, and the macrolides. Whether antibiotic ther-
apy speeds recovery from this self-limited illness is
unknown. Rheumatic fever has not been reported
in association with A. haemolyticum infection.9

The terms streptococcal, staphylococcal, and arca-
nobacterial should be used as adjectives to further
define scarlet fever when possible.

Erythema infectiosum (‘‘Fifth Disease’’)

Usually a mild disease, erythema infectiosum is
caused by human parvovirus B19. The rash has
been aptly described to occur in three phases. Early
in the illness, there is an erythematous rash on the
cheeks (“slapped cheeks”), resembling that seen in
scarlet fever. Later, there is a macular or maculo-
papular, variably pruritic red rash that favors the
extensor surfaces of the limbs; it starts as solid red
areas, but as it progresses the middle parts clear in
a seemingly random fashion, leading to the classic
lacy, reticular appearance (Fig. 11-2), which typi-
cally lasts 2–5 days. The third phase of the rash is
recurrence. Patients and their families should be
informed that the rash may reappear after it is seem-
ingly gone. Recurrences are sometimes associated
with environmental triggers such as hot water or
sunlight.

Typically, the patient with erythema infectiosum
is not sick and seeks medical attention only because
of the rash. Arthralgia may occur but is much more
common in adults. Outbreaks are common. Com-
plications such as encephalitis are rare.10 Other
clinical conditions that have been reported to occur
in association with erythema infectiosum include
acute cerebellar ataxia,11 Guillain-Barré syn-
drome,12 hepatitis13 or fulminant liver failure,14

and chronic fatigue syndrome.15 Proof of causality
is lacking for most of these conditions, although

■ FIGURE 11-2 Erythema infectiosum (fifth disease) show-
ing typical gyrate rash in A and other appearances of the
rash in B and C. (Balfour HH Jr. Clin Pediatr. (Phila) 1969;8:
721–7).

parvovirus B19 DNA was found by polymerase
chain reaction (PCR) in the serum of some patients
with idiopathic hepatitis and was found in liver bi-
opsy specimens of some patients with fulminant
hepatic failure.

The historical background of fifth disease is of
some interest. About 1900, there was a controversy
over the number of rash diseases that might occur
in epidemics. At a boys’ school in Rugby, England,
Dukes observed what he thought were two different
rash diseases and wrote an article entitled “Confu-
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sion of Two Diseases under the Name of Rubella
(Rose-Rash).” Another physician questioned
Dukes’s observations in an article entitled, “Scarlet
Fever, Measles, and German Measles—Is there a
Fourth Disease?”16 Dukes claimed there was a
fourth disease on the basis of the absence of re-
peated attacks at the boys’ school. In the modern
era, medical history scholars have concluded that
this “fourth disease” described by Dr. Dukes proba-
bly never existed. Rather, these were likely to have
been cases of misdiagnosed rubella and scarlet
fever.17 Nevertheless, Dukes’s article led to the
naming of various exanthems as “fifth disease,”
“sixth disease,” and “seventh disease.” Of these
numbered diseases, only the term fifth disease is still
sometimes used as a synonym for erythema infecti-
osum. Sixth disease probably was roseola infantum,
described later in this chapter.

The etiology of the disease was in doubt for some
time, but parvovirus B19 has been clearly estab-
lished as the etiologic agent of erythema infectio-
sum. Serologic studies of outbreaks were the first
to support causality.18 Subsequently, PCR studies
demonstrated viral DNA in plasma samples of pa-
tients with erythema infectiosum.

Erythema infectiosum had an incubation period
of 4–12 days in a Canadian outbreak18 and of
13–18 days in a 1985 New York state cluster.19

In the Canadian outbreak, respiratory and systemic
symptoms were more prominent, the rash occurred
on the palms and soles, and facial erythema and a
lacy rash were less prominent than in previously
published cases.18

The rash appears to be preceded by a viremic
phase, with the virus present later in respiratory
secretions. The contagious period is not clearly es-
tablished, but patients are generally not contagious
by the time the rash is obvious. In a small but thor-
ough study in Canada, the attack rate in adults was
only 14%.18 The epidemiology is somewhat confus-
ing in that there appear to be peaks of disease that
last 3 years and occur every 6 years. The frequency
of infection in susceptible adult household contacts
is about 50%.20

Erythema infectiosum has always been regarded
as a benign illness in normal children. The virus
attachment protein is erythrocyte antigen P (globo-
side). This protein is expressed in largest amounts
on erythrocyte precursor cells. Hence, infection
with parvovirus B19 shuts down the production
of red cells in the bone marrow and reduces the
reticulocyte count to near zero. This transient shut-

down of red cell production is not a problem for
patients with normal hemoglobin. However, pa-
tients with sickle cell anemia or other hemoglobi
nopathies, who are dependent on maintaining a
high reticulocyte count, can experience aplastic
crises when infected with parvovirus. These crises
can be severe and even life threatening. Patients
with aplastic crises should be considered to be con-
tagious. Polyarthritis can occur in adults during
outbreaks of the rash in children, and laboratory
results also support a role for parvovirus in arthri-
tis.21 Chronic bone marrow failure with persistence
of parvovirus B19 in the marrow has been reported
in patients with organ or bone marrow trans-
plants,21a malignancies,21 combined immunodefi-
ciency,22 and humoral immunodeficiencies.23 This
condition may respond to intravenous immuno-
globulin (IVIG) therapy.21a Transient acute pancy-
topenia may occur in normal individuals.

Parvovirus infection during pregnancy is one of
the most common causes of nonimmune hydrops
fetalis (see chapter 19). Hydrops is more likely to
occur when maternal infection occurs during the
second trimester.24 Seropositivity rates in women
of childbearing age range from 35%25 to 65%26;
annual seroconversion rates are about 1.5%, but
may be as high as 13% in epidemics.26 The risk
of seroconverting during pregnancy is higher with
increasing numbers of children in the home; nurs-
ery school teachers have about a three-fold in-
creased risk of acquiring infection during preg-
nancy.26 When primary maternal infection does
occur, the fetus is often infected. However, most
cases are asymptomatic. One prospective study of
43 women who were infected during pregnancy
documented that 51% of the fetuses became in-
fected; however, all the babies were carried to term
and were born healthy.27 In another prospective
study of 1,610 women, 60 became infected during
pregnancy (3.7%); only one fetus was aborted sec-
ondary to parvovirus infection, yielding a risk of
fetal loss of 1.7% in known infection.25 The follow-
ing calculations are helpful in counseling pregnant
women who are exposed to parvovirus B19: ap-
proximately 50% of women of childbearing age are
susceptible, approximately 30% of susceptible
hosts become infected, approximately 25% of ex-
posed fetuses become infected, and approximately
10% of infected fetuses die. Thus, the risk of fetal
death in a woman exposed to parvovirus B19 is
about 0.5 x 0.3 x 0.25 x 0.1 � 0.4%.

Human parvovirus B19 is not the same parvovi-
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rus that infects dogs; that virus is species specific
and poses no risk to humans.

Other Causes

Drug reactions occasionally produce an erythema-
tous rash; for example, the pharmacologic effect of
atropine, rapid vancomycin infusion, or a reaction
to ampicillin. Chickenpox may have a transient ery-
thematous appearance before the vesicular erup-
tion. Many allergic reactions result in erythematous
rashes.

Erythromelalgia is a rare episodic disease of un-
known cause manifested by attacks of redness and
pain in the hands and feet that is relieved by immer-
sion in ice water or by aspirin.28 Contact dermatitis,
such as from plants, can produce erythematous
rashes often associated with itching and papules or
vesicles.29 Kawasaki disease (KD) should be in-
cluded in the differential diagnosis of scarlet fever-
like rashes but is given its own section because of
its importance.

■ KAWASAKI DISEASE

This disease was named in honor of Tokyo physi-
cian Tomisaku Kawasaki, who first reported it in
the United States’ literature in 1974.30 Most of the
children came to his attention during first 7 years
of the 1960s. He called the syndrome the mucocu-
taneous lymph node syndrome because of the ery-
thema of the eyes and mouth and either generalized
or focal lymph node enlargement. The first cases in
the United States were observed in 1971 in Hawaii,
and it was first reported in the continental United
States in 1976. Now that the disease is well de-
scribed and known, it is not an uncommon diag-
nosis.

Epidemiology

The disease occurs almost exclusively in children,
usually those less than 4 years of age, and is more
severe in Asian children, who may have a fatality
rate of 1–2% in severe cases. Sporadic case reports
of a similar disease in adults have been appearing.
There are over 6,000 cases per year in Japan, for an
average annual incidence of 105 cases per 100,000
children under 5 years of age.31 In San Diego, the
disease was found to have a higher incidence in
the coldest and rainiest months. Incidence was also
seen to be higher in those of Asian or Pacific Island
descent.32 The disease in Japanese children is signif-

icantly more frequent in those with HLA antigen
BW22. A recent case-control study suggested that
the incidence was higher in the children of health
care workers.33 This finding is interesting but re-
quires confirmation.

Etiology

Despite a resolute effort, the etiology of the disease
remains elusive. Because the disease resembles
toxin-mediated diseases such as scarlet fever and
toxic shock syndrome, some researchers have as-
sumed a bacterial cause; some have demonstrated
staphylococci that overproduce enterotoxin B34 or
protein A35 and have suggested, therefore, that
staphylococci with mutations in the accessory gene
regulation locus are responsible for the disease.36

Unfortunately, it has not been easy to find staphylo-
coccal infection in all cases of KD. Others have
claimed streptococci as the cause, but a series of
children with a history of KD had no antibodies to
streptococcal superantigens.37 A link to Chlamydia
pneumoniae infection was sought but not estab-
lished. Features of the disease resemble superanti-
gen-mediated illness, but this has not been clearly
established; even if it were, delineating the exact
source and nature of the superantigen would re-
quire much more work.

At present, it is not entirely clear that KD is actu-
ally an infectious disease. Clustering of cases, how-
ever, suggests that it probably is. It may be that
the disease is a final common pathway of multiple
infectious insults, rather than being attributable to
any one etiologic agent.

Pathophysiology

The clinical findings of KD are the result of the
release of multiple inflammatory mediators. In the
acute phase of the illness, vascular endothelial
growth factor (VGEF),38 monocyte chemotactic
protein 1 (MCP-1),39 and soluble CD4 levels40 are
increased in patients with KD. Some of these media-
tors have been linked to specific manifestations of
the disease. For example, VGEF levels are highest
in children who develop coronary artery abnormali-
ties38 and MCP-1 has been found in cardiac tissues
of children who died of KD.41 It is possible that
there is a genetic predisposition to the disease. Pe-
ripheral blood mononuclear cells from patients who
long ago recovered from KD overexpress TNF-
alpha in vitro compared with cells from patients
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without disease history.42 Anticardiac myosin anti-
bodies have also been demonstrated in the sera of
patients suffering from acute KD,43 which may help
explain the propensity of the disease to damage ves-
sels and specifically to damage the arteries that feed
the heart.

Clinical Presentation

Kawasaki disease may resemble scarlet fever be-
cause of the fever, the generalized erythematous
rash, the red oral mucosa and tongue, a marked
leukocytosis with a shift to the left, and later, the
desquamation of the fingertips and toes. Nonsup-
purative cervical adenitis may be prominent, but is
the most frequently absent of the classic findings.
The fever lasts 5–14 days and does not respond to
penicillin or other antibiotics.

The Centers for Disease Control and Prevention
(CDC) has defined criteria for the case definition
Box 11-2.44 It is important to remember that this
case definition was created for epidemiologic pur-
poses, not clinical ones. Epidemiologic case defini-
tions are meant to be specific (strict), so that pa-
tients with other diseases do not end up being
incorrectly classified as having the disease of inter-
est. The trade-off is that such definitions may lack
sensitivity. Such is the case with KD. If only patients
meeting the CDC criteria are diagnosed with KD,
cases will be missed. Often, only three or four of
the characteristics of KD are found, causing a great
diagnostic difficulty. Swelling of hands and feet is
a very helpful diagnostic point and may sometimes
be discovered only by the history. The rash is usu-
ally nonspecific, generalized, and maculopapular,

BOX 11-2 ■ Case Definition of Kawasaki
Disease

Fever for 5 or more days
Plus four of the following five clinical findings:
• Bilateral injection of the conjunctivae
• Fissuring of the lips, strawberry tongue, or

erythema of the oropharynx
• Early erythema of the palms and soles with

edema of dorsum of the hands and feet with
later desquamation

• Polymorphous erythematous rash
• Acute nonsuppurative enlargement of a

cervical lymph node (≥ 1.5 cm)
Plus exclusion of other causes

but may take almost any form, including one that
resembles erythema multiforme. The rash tends to
be most intense in the diaper area. Involvement of
the conjunctivae is one of the most constant features
of the disease. The sclerae tend to be injected with
many bright red vessels. The limbus is spared.
There is almost never a purulent discharge. Clinical
experience teaches that children (especially tod-
dlers) with KD are usually extremely irritable. The
fever is normally quite high and responds poorly,
if at all, to antipyretic administration.

A mild myocarditis is common at the time of
presentation, and careful auscultation will reveal
gallop rhythms in some patients. Despite this, fluid
tolerance is normally good, and even patients with
gallops tolerate the fluid load associated with IVIG
administration. Hydrops of the gallbladder is less
frequently seen (about 10% of cases), but its pres-
ence suggests KD in the appropriate clinical set-
ting.45,46 Abdominal ultrasound, therefore, is some-
times helpful is paring down the differential
diagnosis. Similarly, anterior uveitis (iritis) can be
detected on slit lamp examination in � 50% of pa-
tients, and its presence is supportive of KD in the
child with features consistent with the diagnosis.47

If the diagnosis of KD is clinically obvious, lumbar
puncture is not necessary. A retrospective review
of patients eventually shown to have KD who un-
derwent spinal tap at presentation in the ER showed
that almost 40% of them had a mild cerebrospinal
fluid (CSF) pleocytosis (mean of 23 WBC, 6% neu-
trophils). About 17% had an elevated protein, but
hypoglycorrhachia was not associated with the dis-
ease.48 In several different cases, children with KD
presented with a peritonsillar phlegmon or ab-
scess.49 Children from other countries who received
BCG in the newborn period occasionally develop
granulomatous inflammation at the site of the BCG
during acute KD.50

Differential Diagnosis

KD may be mistaken for Stevens-Johnson syndrome
(see following) because of the rash; conjunctivitis;
red oral mucosa with red, dry, fissured lips; and
failure to respond to antibiotics. The rash also can
resemble erythema multiforme, with central clear-
ing and iris lesions.51 However, the conjunctivitis
in KD is nonpurulent.

Other diseases resembling KD include Rocky
Mountain spotted fever (more common during the
summer months)52 and leptospirosis.53 Toxic
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shock syndrome (Chapter 10) caused by either S.
aureus or S. pyogenes may also resemble KD. Sys-
temic onset juvenile rheumatoid arthritis (Chapter
10) may mimic KD, as may adenoviral infection.

Laboratory Studies

Typically, there is a marked leukocytosis with a shift
to the left, slight anemia, thrombocytosis (a useful
later finding), elevated C-reactive protein (CRP), in-
creased alpha2-globulin, and a markedly increased
erythrocyte sedimentation rate (ESR). The serum
IgM and IgE are typically elevated.54 The serum IgE
often is persistently elevated if arthritis or cardiac
complications occur. Mild jaundice or slightly in-
creased serum amino-transferases occur.

Additional Findings and Complications

Often, the patient will have or develop prominent
findings other than those in the case definition.
These include diarrhea, focal ileus, myositis, malab-
sorption, arthralgia or arthritis, uveitis, hemolytic-
uremic syndrome, hyponatremia, proteinuria, ster-
ile pyuria, and others listed in Box 11-3.55–59

BOX 11-3 ■ Kawasaki Disease: Additional
Findings and Complications

Cardiac
Acute myocarditis
Acute mitral insufficiency
Coronary artery aneurysm or thrombosis (later)
Pericardial effusion

Other
Nonpurulent meningitis
Hydrops of gallbladder
Obstructive jaundice
Diarrhea, abdominal pain, ileus
Pancreatitis (later)
Arthralgia, arthritis
Sterile pyuria, urethritis
Uveitis, frequent and mild
Parotitis
Coombs-positive hemolytic anemia
Hemolytic-uremic syndrome
Retropharyngeal lymphoid mass
Myositis, weakness due to hypokalemia
Aseptic necrosis of bone (later)
Hyponatremia
Psoriatic skin lesions
Distal limb ischemia
Facial nerve palsy

Aneurysm or thrombosis of the coronary arteries
(resembling, but different from, infantile polyarteri-
tis nodosa) is the most frequent of the severe com-
plications.60 Myocardial infarction and sudden
death can occur.

Echocardiography may be useful to detect coro-
nary artery aneurysms. However, the timing of a
cardiac evaluation can be a source of uncertainty
to the physician. In the great majority of patients
who will develop coronary artery aneurysms, early
echocardiographic signs are present by 10–14 days
after illness onset.61 Consequently, the American
Heart Association (AHA) recommends an initial
echocardiogram at 10–14 days. The initial appear-
ance of aneurysms more than 6 weeks after onset
is very uncommon.62 Thus, the AHA guidelines call
for a second echocardiogram 6–8 weeks after illness
onset.61 A third echocardiogram is sometimes per-
formed 6–12 months after illness onset if there is
any concern about the previous studies.

Facial nerve palsy is an extremely rare complica-
tion of KD, but is of importance because of a possi-
ble association with coronary artery aneurysms; of
25 cases reported in the literature, more than half
also had coronary artery aneurysms.63

Complications of treatment occasionally de-
velop. One patient who developed aseptic meningi-
tis in response to IVIG therapy has been reported.64

We have also cared for a patient who developed an
infusion reaction that resulted in a fever spike to
105�F and a febrile seizure. The theoretical possibil-
ity of the development of Reye’s syndrome exists
because of long-term aspirin therapy during the
months when both varicella and influenza infection
are common. However, this has never been re-
ported. When feasible, influenza vaccination
should be administered. Varicella vaccination can
also be given but may not be effective for several
months after receipt of IVIG. The recommended
time interval between IVIG and varicelia or measles
vaccination is 11 months in the United States and
6–7 months in Japan. A recent study suggests that
even for patients who require repeat dosing (i.e., a
total of 4g/kg), 9 months was a sufficient interval.64a

Treatment

High-dose IVIG is the most effective treatment,
both in ameliorating the signs and symptoms and in
preventing the cardiac consequences of the disease.
The incidence of coronary artery abnormalities fol-
lowing KD has been shown to be inversely related
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to the dose of IVIG received.65 For this reason, dos-
ages less than 2 gm/kg are not recommended. The
physician should attempt to make the diagnosis and
start appropriate therapy as expeditiously as possi-
ble. Prospective studies of IVIG therapy for KD have
included only those patients diagnosed within 10
days of the onset of fever. However, retrospective
data suggest that for patients who are diagnosed
later, IVIG therapy is still beneficial after the 10th
day of illness.66 Most experts recommend adminis-
tering IVIG to such patients if there are signs of
ongoing inflammation.67

High-dose aspirin (80–100 mg/kg/day divided
in four doses) has been advocated for the acute part
of the illness, which is variously interpreted as a
duration of 2 weeks, until the patient is afebrile, or
until the CRP normalizes. In the study of outcomes
by IVIG dosage cited earlier, coronary artery abnor-
malities were shown to be unrelated to the dosage
of aspirin.65 Japanese physicians use 30–50 mg/kg/
day as their high-dose standard. In the past, serum
levels of aspirin were monitored, and a level of 20
mg/dL or greater was targeted; reaching those levels
often required as much as 100–180 mg/kg/day.
There is no evidence that serum aspirin levels pre-
dict outcome. Consequently, frequent aspirin level
measurements and dosage adjustments seem un-
warranted.

After the acute period of the disease, low-dose
aspirin is used to reduce the risk of coronary artery
thrombosis. Most American physicians use 3–5 mg/
kg/day in a single dose. Low-dose aspirin is contin-
ued until the ESR normalizes, which usually takes
1–3 months. Some believe that even if the ESR nor-
malizes sooner, low-dose aspirin therapy should be
continued no less than 8 weeks.68 Alternatively, the
most practical approach is probably to discontinue
the aspirin if the echocardiogram done 6–8 weeks
after the illness is negative.

The use of corticosteroids has never been studied
in a controlled fashion, but there is some suggestion
that they are associated with an increased risk of
coronary artery aneurysm. On the other hand, they
are sometimes used in the patient who fails to re-
spond to two doses of IVIG.69

Surgical correction of coronary artery damage
from Kawasaki disease is difficult but sometimes
possible.70,71

Prognosis
The most important predictor of outcome is
whether the patient receives IVIG or not. The rate

of coronary artery aneurysms at 7 weeks in patients
who do not receive IVIG is 15%.71a In contrast, if
IVIG is administered within 10 days of illness onset,
the rate is 2.4%.71b

If coronary artery aneurysms do not occur, the
prognosis is excellent. Most patients respond quite
dramatically to the infusion of IVIG. In some cases,
parents will describe how they watched the con-
junctival injection disappear right before their eyes
as the infusion progressed. However, there is a sig-
nificant minority of patients who do not respond
promptly to IVIG therapy. Many of them respond to
a second administration. Investigators have sought
clinical or laboratory parameters that would be pre-
dictive of a poor response to the first dose of IVIG.
Results have been mixed. Some have found that a
CRP greater than 10 mg/dL, an LDH greater than
590, and a hemoglobin of less than 10 g/dL were
predictive both of poor response to therapy and of
high risk for the development of coronary artery
aneurysms.72 Others have not been able to identify
any features of either the disease pattern or labora-
tory values that reliably predict response to therapy.

The following have been identified as placing the
patient at high-risk for coronary artery aneurysms:
duration of fever greater than 9 days prior to IVIG
therapy,73 age less than 1 year or greater than 8
years,74 highly elevated CRP level, presence of peri-
cardial effusions or ventricular dysfunction at pre-
sentation, and a recurrent case.75 A poor response
to the first dose of IVIG, including failure to become
afebrile within 48 hours or recrudescence of fever
after becoming afebrile,76 elevated WBC count, ab-
solute neutrophil count, or CRP level after IVIG
infusion have also been associated with the devel-
opment of coronary artery aneurysms.

About half of all coronary artery abnormalities
that are discovered within the first few days of treat-
ment regress and never reform.77

Incomplete Kawasaki Disease

The disease is harder to recognize in patients less
than 6 months or greater than 8 years of age, in the
former because it tends to occur in an incomplete
form and in the latter largely because it is unex-
pected in that age group. In either case, the prog-
nosis is worse than in children of the ages in be-
tween, who have a more readily recognizable form
of the disease. Children who have incomplete or
atypical KD, therefore, are at higher risk of develop-
ing coronary artery disease.78 Echocardiography
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has therefore been recommended for children who
have a long unexplained febrile illness with subse-
quent desquamation.79,80 Because delayed in diag-
nosis and treatment may be at least partially respon-
sible for the increased incidence of coronary artery
aneurysms in infants with incomplete KD, the diag-
nosis should be considered in patients with clinical
and/or laboratory findings noted in Box 11-4.

■ MEASLES-LIKE ILLNESSES

Measles-like illness has been defined for use in epi-
demic control by the CDC as a very broad syn-
drome:

1. Fever of 101�F or higher
2. Rash lasting 3 or more days
3. One or more of the following: cough, conjunc-

tivitis, or coryza

The preceding definition is useful in measles vac-
cination campaigns in areas of the world where
measles is common. In the United States, the vast
majority of children with symptoms meeting this
definition will not have measles. The spectrum of
measles virus infection is described in this section

BOX 11-4 ■ Clinical and Laboratory Findings
Suggestive of Possible
Incomplete Kawasaki Disease

Clinical findings
Daily high spiking fevers for 5 days or longer
without evidence of bacterial infection, with
either:
1. One or more diagnostic criteria for KD,

especially conjunctival injection, oral mucosal
changes, and/or rash, OR

2. Anterior uveitis by slit-lamp examination

Laboratory findings
1. Markedly elevated ESR or CRP
2. Elevated peripheral WBC count or normal WBC

count with > 60% neutrophils
3. Thrombocytosis after 7th day of fever, with or

without:
4. Sterile pyuria
5. Elevated alanine aminotransferase
6. Aseptic meningitis
7. Anemia
8. Hypoalbuminemia
9. Echocardiogram showing pericardial effusion

From Rowley AH. Incomplete (atypical) Kawasaki disease.
Pediatr Infect Dis J 2002;21:563–5.

using the terms classic, vaccine-modified, and immu-
noglobulin-modified. Other maculopapular rashes
that may resemble measles are described in the next
section. Rubeola is an older name for measles that
one hopes will become obsolete, because it is easily
confused with “rubella” (which is unfortunately
sometimes referred to as German measles).

Classic Measles

Epidemiology

Measles was once a very common childhood disease
in the United States; an average of 500,000 cases a
year were reported in this country before wide-
spread vaccination took place. Serologic surveys in
military recruits in the late 1960s found that almost
all were measles antibody positive. Disease oc-
curred in epidemics every 2–5 years. Epidemics
lasted from 2–4 months. In temperate climates,
measles was a disease of the late winter and spring.
In the prevaccine era, elementary school children
were most often infected. Measles is a highly conta-
gious disease. The virus spreads very rapidly
through a population, infecting all susceptible indi-
viduals. In the developing world, measles remains
a leading cause of preventable illness; it causes
800,000 deaths each year in children � 5 years
old.81

Killed virus vaccine was introduced first, and
then attenuated live virus vaccine was introduced.
The vaccine is highly effective, inducing durable
protection in approximately 95% of vaccinees with
a single dose. Widespread use of measles vaccine
caused the incidence of epidemic measles to drop
rapidly. By 1968 the number of cases of measles
reported to the CDC had decreased by more than
90% compared with the number reported in 1964.
However, over a 3-year period from 1988–1991
the incidence of measles jumped up again; there
were 27,786 reported cases in 1990. This resurg-
ence of measles cases prompted the recommenda-
tion for two doses of live, attenuated measles virus
vaccine. The principal purpose of the second dose
of vaccine is to produce immunity in subjects who
failed to make a response to the first dose of vaccine,
rather than to “boost” immunity in those who re-
sponded; however, there is some evidence that pro-
tection against disease is better in those who have
received two doses of vaccine.82 Additionally, avid-
ity studies of antibodies in vaccinees show that in
outbreak situations, some symptomatic measles in-
fections occur in patients who were vaccinated
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years prior to the epidemic.83 This effect was most
pronounced among those who received vaccine
prior to their first birthday. The two-dose measles
vaccine schedule appears to be working: the num-
ber of reported measles cases in the United States
during both 2001–2003 was 216, which is an all-
time low and represents an incidence of less than
0.3 cases per one million population.84

Clinical Presentation

Classic measles is a moderate to severe illness with
fever of 39.5–40.6�C (103–105�F) and severe
cough and conjunctivitis for several days before the
appearance of the rash. The early problem-oriented
diagnoses (before the rash appears) are likely to be
febrile bronchitis and nonpurulent conjunctivitis.
The incubation period between the exposure and
the first symptoms is 8–12 days, averaging about
10 days. The rash typically begins on the face and
neck and spreads downward to involve the entire
body. The rash is extensive and confluent and lasts
about 7 days. It tends to be more confluent in the
areas first affected and less so in the extremities. A
small amount of desquamation may occur as the
rash clears. Fever persists for several days after the
onset of the rash and then breaks abruptly. An en-
anthem (Koplik spots) often precedes the rash by
a day and consists of white papules the size of a
small pinhead on an erythematous base on the buc-
cal mucosa. Koplik’s spots are diagnostic of measles.
A generalized enanthem is often found during the
peak of the rash. Cough, rhinitis, and conjunctivitis
are prominent (Fig. 11-3). The conjunctivitis usu-
ally produces a copious, watery discharge, and
older patients sometimes describe photophobia.
Lymphadenopathy may be prominent, especially in
head and neck. Mortality is higher in developing
countries with crowded conditions or with more
than one case in a household.

Modified Measles

This is a technical term defined as measles virus
infection made milder by previous antibodies. The
term was commonly used when immunoglobulin
(IG) was given to exposed susceptible siblings be-
fore measles vaccine was available, from about 1950
to 1967. Mild to moderate measles-like illness can
have several causes, but in an endemic area measles
virus infection modified by antibodies is the com-
monest. These antibodies may be transplacental
maternal antibodies, which are present in the first

year of life, or be derived from recently adminis-
tered serum immune globulin. A modifying dose of
IG (0.05 ml/kg) prolongs the incubation period and
makes the illness milder. The traditional view was
that transplacental antibodies prevented disease in
the infant in the first 6 months of life and allowed
a modified measles illness between 6 and 12 months
of life. The term modified measles has also been used
to describe mild measles confirmed by serologic
testing in individuals who have received one or an-
other form of measles vaccine (Table 11-1).85

Revised Terminology

Because of the difficulty of using traditional termi-
nology to describe the live-vaccine alteration of
measles virus infections, a very useful classification
has been proposed.86 In this classification, “classic
measles” is infection with wild measles virus. Vac-
cine-modified measles is then subdivided into
killed or live vaccine modification, which seem to
have different patterns, the former with a more se-
vere course and an atypical rash and the latter with
a milder course much like immune globulin-modi-
fied measles. The term modified measles as used ear-
lier is then changed to “immunoglobulin-modified
measles” (see Table 11-1).

Killed Vaccine Modified Measles (‘‘Atypical
Measles’’)

Contracting measles after receipt of the killed virus
vaccine caused a variant form of measles that was
difficult to diagnose because it often lacked classic
features such as conjunctivitis, coryza, and Koplik’s
spots. The rash was also altered, sometimes being
vesicular or urticarial. Killed measles vaccine has
not been used in over three decades, so atypical
measles is no longer seen.

Live-Vaccine Modified Measles

After a person who has been immunized with live
attenuated measles vaccine is exposed to the wild
virus, there are three possible results. In at least
90% of exposures, the individual will be completely
protected and get no illness at all. Rarely, the indi-
vidual will get classic measles, indicative of a “vac-
cine failure,” sometimes attributable to improper
storage of vaccine, use in children younger than
12 months, or use with immune globulin, as was
sometimes done in the 1960s. Finally, a live-vac-
cine-modified measles can occur, with a shorter,
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■ FIGURE 11-3 Faces of two children with classic measles. Note eye swelling, nasal
discharge and obstruction, mouth breathing, and rash (Photos from Dr. Robert Lawson).

TABLE 11-1. FORMS OF MEASLES

IMMUNOGLUBLIN

OR LIVE-VACCINE-

CLASSIC KILLED VACCINE-MODIFIED MODIFIED

Incubation (days)

Fever (°F[C])

Cough

Nasal discharge

Koplik spots

Rash

Duration (days)

Kind

Other

Laboratory findings

Antibody titer

Contagiousness

10

104 (40)

Prominent

Prominent

Present near onset of rash

10 (until faded)

Moves downward from head;
maculopapular; confluent

Lymphadenopathy, esp. head
and neck, rare encephalitis

Leukopenia

Usual rise

Very

10

104 (40)

Prominent

Variable

Absent

3–6

Can begin in extremities;
changing or variable, possibly
petechial, vesicular, or
maculopapular

Headache, abdominal pain;
peripheral edema

Leukopenia
Possible eosinophilia, focal
pneumonia or pleural effusions

Exaggerated

Rarely, if ever

14–20

�102 (38.8)

Mild or absent

Mild

Absent

1–3

Sparse, discreet

None

Not remarkable;
virtually never
any complications

Usual

Not
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milder measles-like illness. This pattern resembles
the killed vaccine-modified pattern (“atypical mea-
sles”) but does not seem to have any focal pneumo-
nia or atypical rash attributable to an antigen–anti-
body reaction. Live-vaccine-modified measles more
nearly resembles immunoglobulin-modified mea-
sles; that is, with all the features of classic measles
made shorter and milder.

Diagnosis of Classic Measles

The diagnosis is usually a clinical one. In the setting
of an outbreak, diagnosis is relatively easy. Because
many currently practicing physicians have never
seen a case of measles, this disease, once fairly relia-
bly diagnosed by parents, may escape diagnosis in
some cases. Serologic studies are available when the
diagnosis is suspected, but in doubt; hemaggluti-
nin-inhibition methods are the most reliable. IgM
is usually detectable for about a month after the
rash begins. Acute and convalescent titers that show
a fourfold or greater rise in the setting of clinical
measles may be considered diagnostic. Nasopha-
ryngeal swab specimens or urine may be sent off
for viral culture. The physician should contact their
state laboratory before collecting specimens.

Treatment of Classic Measles

Specific antiviral therapy directed against measles
virus has not been shown to be efficacious in the
treatment of measles. Ribavirin is active against
measles virus in vitro and is used in the treatment
of severe measles virus disease in immune-compro-
mised hosts. Anecdotal, uncontrolled reports of
cure in patients with severe measles virus pneumo-
nia treated with ribavirin87 or the combination of
ribavirin and IVIG88 have been published. Experi-
mental antiviral agents that show greater activity
against measles virus in vitro89 and in the cotton
rat model90 are not yet available, nor are they rec-
ommended.

Acute measles virus infection takes a more seri-
ous course in patients who have vitamin A defi-
ciency, and vitamin A levels are depressed during
disease even in patients of normal nutritional sta-
tus.91 Severity of clinical illness correlates inversely
with vitamin A levels. Supplementation of vitamin
A during acute disease hastens recovery. A large,
retrospective study from South Africa is revealing:
The authors reviewed 1,061 cases of measles prior
to their use of vitamin A and compared these cases

with 651 seen after the institution of vitamin A ther-
apy for measles. Length of hospital stay (10 vs. 13
days), requirement for intensive care (4.3% vs.
10.5%) and mortality (1.6% vs. 5%) were all signifi-
cantly reduced in patients who received vitamin
A.92 The current recommendation is for patients
between the ages of 6 months and 2 years of age
who are hospitalized with measles to receive one
dose of vitamin A (100,000 units for children 6
months to 1 year of age, and 200,000 units for
children older than 12 months). Children who have
eye findings suggestive of a preexisting vitamin A
deficiency should get another dose the next day and
another one at 4 weeks.

Complications of Classic Measles

Common Respiratory Complications

Croup may complicate measles and is sometimes
severe and occasionally fatal. Cervical lymphadeni-
tis and bacterial pharyngitis are common. Otitis
media may occur and is usually nonbacterial, being
related to lymphoid hyperplasia obstructing the eu-
stachian tube.

Interstitial Pneumonia

Radiographic interstitial pneumonia is common
during measles virus infection. Sometimes, it is
complicated by secondary bacterial pneumonia. In
an outbreak in St. Louis in 1970, pneumonia neces-
sitating hospitalization was about ten times as fre-
quent as encephalitis and had a 10% mortality rate.

Acute Measles Encephalitis

This complication occurred in about 1 of 1,000 to
10,000 reported cases of measles during an out-
break when measles was common. It is associated
with a mortality rate of about 10%. Some degree
of neurologic damage, such as convulsive disorder
or mental retardation, follows in about 50% of
cases. Cell-mediated immunity is probably most
important in protection from the development of
encephalitis. In a mouse model, CD8 cytotoxicity
correlates with protection.93 Laboratory studies of
a patient who was immunosuppressed because of
therapy for ankylosing spondylitis and who eventu-
ally died of measles encephalitis revealed intact hu-
moral immunity but virtually no cell-mediated im-
munity.94 Patients with pure humoral immune
deficiency syndromes such as Bruton’s agamma-
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globulinemia almost always recover from measles
uneventfully. This makes sense given that measles
is an enveloped virus, and therefore infected cells
can produce progeny virions without being lysed.
Ultimately, clearance of these infections usually re-
quires active lysis by the host’s immune system.
Measles encephalitis typically begins sometime dur-
ing the period when the rash is present. About half
of the children with measles encephalitis in the
1970 St. Louis outbreak eventually required custo-
dial care.

Fatal Giant-Cell Pneumonia

In immunocompromised patients, such as those
with leukemia, there may be a fatal progressive bi-
lateral pneumonia. In such cases, giant cells are
typically found at autopsy. The measles may occur
without a rash. In one report of four immunocom-
promised patients who developed giant cell pneu-
monia during acute measles virus infection, autopsy
revealed the concomitant occurrence of pancreati-
tis, sialoadenitis, and thyroiditis.95 Occasionally,
this pneumonia occurs in otherwise-normal hosts.

Dissemination of Tuberculosis or Fungal
Infections

During measles, the virus may impair cell-mediated
immunity, and unrecognized tuberculosis or pul-
monary infection with fungi may disseminate. This
dissemination is typical in countries where unrec-
ognized tuberculosis is common.

Acute measles virus infection and vaccination
with measles-mumps-rubella (MMR) vaccine can
temporarily suppress tuberculin reactivity. A TST
can be given during the same visit that MMR is
given. However, if tuberculin testing is indicated
and cannot be performed at the same time as MMR
immunization, tuberculin testing should be de-
ferred for 4–6 weeks.96

Subacute Sclerosing Panencephalitis (SSPE)

This condition occurs about 2 to 10 years after the
initial infection and represents a latent measles virus
infection in the brain. The incidence of SSPE follow-
ing wild-type measles infection is somewhere be-
tween 0.5 and 2.0 per 100,000 cases. Attempts to
define risk factors for the development of SSPE have
been difficult; most experts believe that earlier ac-
quisition of measles virus infection leads to higher
risk.97 Usually, the disease begins with subtle men-

tal changes and poorer performance in school and
progresses to an intractable convulsive disorder.
Rare presentations include chorioretinitis98 and
optic neuritis.99 The condition progresses inexora-
bly to death within a year or two.

Whether SSPE can occur after vaccination with
MMR vaccine is controversial. If it does, it is ex-
tremely rare.

Encephalopathy in Children with
Malignancies

Children with leukemia or neuroblastoma can de-
velop a chronic progressive encephalopathy, appar-
ently caused by the measles virus, during the period
of acute measles infection.

■ OTHER MACULOPAPULAR RASHES

Many infectious and noninfectious illnesses can
produce a rash resembling measles. In such a case,
it is called morbilliform or measles-like. A maculo-
papular rash has elevated red bumps (papules) and
red flat areas (macules). The individual macules and
papules may become confluent after a day or so.

Papular rashes are described in a later section of
this chapter.

Causes and Manifestations

Severe Rubella

Rubella virus infection can produce a moderately
severe measles-like illness in adolescents and young
adults. Prodromal respiratory symptoms, cough,
rhinitis, conjunctivitis, pharyngitis, palatal pete-
chiae, and a rash lasting longer than 5 days have
been observed in laboratory-confirmed rubella
virus infections in this age group.100 Pain on motion
of the eyes, chills, and fever have been observed in
young adults with proven rubella virus infection.101

Unknown Agents

In communities where live measles vaccine has
been used extensively, measles-like illnesses are
sporadic and should be studied serologically to de-
termine if measles virus is the cause. In one study,
measles virus infection could not be demonstrated
serologically in 22 of 32 illnesses clinically compati-
ble with measles, and it was suggested that other
unidentified agents, presumably viruses, produced
the illnesses, including some with an enanthem
thought to be Koplik spots.102
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Rubella-like Illness

This condition is defined as a mild illness with mini-
mal fever or respiratory symptoms. Generalized
lymphadenopathy and a generalized rash that lasts
about 3 days are essential to the clinical diagnosis.
Laboratory studies are extremely important if expo-
sure of a pregnant woman is involved, as described
in Chapter 19.

Rubella virus is the most important cause of ru-
bella-like illness. Classical rubella virus infection is
usually a mild disease with little fever. The rash
appears about 14–21 days after the exposure, is
nonconfluent and maculopapular, and lasts about
3 days. Generalized lymphadenopathy, particularly
behind the ears (postauricular) and at the back of
the head (occipital), is usually present. Mild spleno-
megaly may also be present. Rubella virus can be
cultured from skin biopsies taken from the rash or
a nonrash area.

Other viruses or allergies can cause a rubella-
like illness, and there has been confusion and con-
troversy over the clinical diagnosis of rubella for
more than 100 years.103,104 Serologic studies have
shown the lack of reliability of the clinical diagnosis
of rubella by a physician or of the patient’s history
of having had rubella. This is even more likely to
be true today, when fewer and fewer physicians
have personal experience caring for patients with
the disease. Rubella virus infection also can occur
without a rash.105 Therefore, it is essential to do
specific serologic studies of a patient with the clini-
cal diagnosis of rubella if the prevention of congeni-
tal rubella infection is involved.

Infection with wild-type rubella virus produces
lifelong immunity against rubella virus-induced
disease. In the prerubella vaccine era, when wild-
type rubella virus was in wide circulation, asymp-
tomatic reinfection with rubella virus, as defined by
a rise in rubella antibody titer, was not unusual.
Reinfection with a second clinical illness has been
reported, although this presumably is exceedingly
rare.106 There are no recent serologic surveys that
examine the rate of asymptomatic rubella virus rein-
fection, but it would presumably be much less prev-
alent than it was in years past.

Arthritis is an occasional complication of rubella,
especially in women. Testicular pain is not uncom-
mon in postpubertal males.107 Other complica-
tions, such as encephalitis, are rare.108,109

Rubella immunization and congenital rubella
syndrome are discussed in Chapter 19.

As noted, many viruses other than rubella can
produce a rubella-like illness. Postauricular and oc-
cipital node enlargement have, in the past, been
regarded as very useful in the diagnosis of rubella.
However, this clinical pattern can be duplicated by
infection with adenoviruses, echoviruses, or cox-
sackieviruses.103

Febrile Maculopapular Exanthem

This is a noncommittal descriptive diagnosis that
can be made when the patient has fever, a maculo-
papular rash, and none of the typical associated
findings of measles, roseola, or rubella.110,111 Typi-
cally, such illnesses occur more frequently in the
summer and in outbreaks involving enough pa-
tients to make the physician recognize that this is
the rash disease that is “going around.” Coxsackie
viruses are the best-recognized causes of this type
of rash and should be suspected when the rash ap-
pears within about 24 hours of the fever.112 Ery-
thema infectiosum also may produce this type of
rash but typically has little or no fever (see Fig. 11-
2B, C).

Drug Rashes

Drugs, particularly ampicillin, can cause maculo-
papular exanthems (Fig. 11-4). Often, the patient
is receiving ampicillin for a febrile illness, so that
the rash appears to be a febrile exanthem.

Other Causes

In 1951, a maculopapular exanthem that occurred
after the patient’s fever had subsided and princi-
pally involved the face was observed in Boston. For

■ FIGURE 11-4 Ampicillin rash, a maculopapular rash often
confused with viral exanthems (Photo from Dr. Norman Fost).
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a time, the phrase “Boston exanthem” was used to
describe this particular pattern. This Boston out-
break was caused by type 16 echovirus.111,113,114

Other outbreaks of exanthems occurred in Boston
in 1959 and 1961 and were reported to be caused
by different echovirus types or by coxsackieviruses
and had a somewhat different clinical pattern. Based
on this experience, some physicians felt that they
could differentiate the viral etiology of an exanthe-
matous disease based on the clinical pattern and
rash distribution alone. However, there was always
a fair amount of variability even in the patterns ob-
served in a single outbreak. Thus, it is difficult if
not impossible to predict the type of echovirus or
coxsackievirus on clinical grounds.

Respiratory syncytial virus infection has rarely
been associated with a maculopapular rash, along
with the more usual lower respiratory disease.115

Meningococcal bacteremia is a rare cause of mac-
ulopapular rash with high fever. A blanching
blotchy rash has often been noted before the ap-
pearance of petechiae and probably is a vascular
phenomenon. Maculopapular rashes may also be
seen in Rocky Mountain spotted fever and, espe-
cially, ehrlichiosis.

Scarlet fever should always be considered in pa-
tients with maculopapular exanthems, because the
rash is sometimes atypical. Other signs usually asso-
ciated with scarlet fever may not yet have appeared.
Lyme disease is a possible cause of a maculopapular
rash, although the rash is usually macular. As dis-
cussed earlier, KD is usually associated with a mac-
ulopapular rash.

Diagnostic Approach

Throat cultures to exclude Group A streptococcal
pharyngitis may be indicated in some maculopapu-
lar exanthems because scarlet fever is sometimes
atypical.

If rubella is suspected and an exposure of a preg-
nant woman is involved, serum should be obtained
as soon as possible during the first week of the ill-
ness for use as an acute-phase serum. This specimen
can be held until a second serum is obtained 2–3
weeks later (convalescent-phase serum). Testing of
paired sera is especially important for laboratory
confirmation of rubella virus infection, but it also
can be used for demonstration of measles virus in-
fection in difficult cases.

Viral cultures can be obtained for recognition of
infections caused by adenoviruses, echoviruses, or

coxsackie B viruses. Recovery of one of these viruses
is sometimes useful, along with negative serologic
studies for rubella, to demonstrate that a rubella-
like illness was not caused by rubella virus.

Treatment

Antibiotic therapy is not indicated before a specific
diagnosis such as streptococci pharyngitis is con-
firmed unless the patient appears so seriously ill
as to suggest possible septicemia or otitis media,
pneumonia, or a similar complication is present.

■ PETECHIAL-PURPURIC RASHES AND
VASCULITIS

Petechial rashes have been given special importance
because they may be caused by bacteremia, particu-
larly meningococcemia (Box 11-5). Petechiae typi-
cally are circular flat lesions 1 mm or less in diame-
ter. At first, they are pink but change over the course
of 1–12 hours to dark red and then to purple or
brown. Unlike other exanthems, petechiae do not
blanch with pressure. Petechiae can be seen in nor-
mal children after compression of an arm by a tour-
niquet or a blood pressure cuff or on the chest, face,
or arms after prolonged coughing, crying, sneezing,
forceful vomiting, or other Valsalva maneuvers. Pe-
techiae also can be a result of thrombocytopenia,
which can be produced by several noninfectious
diseases, but the patient is usually not febrile or
acutely ill.

Prospective studies on children hospitalized
with fever and petechiae have generally docu-
mented approximately an 7% rate of meningococ-
cemia.116 Interestingly, a more recent, larger pro-
spective trial that enrolled all children under age 18
who presented to the emergency department with a
temperature over 38�C and petechiae found that
only 8 (2%) of 411 had bacteremia or clinical sep-
sis.117 All studies to date have shown that an ap-
proximation of the risk of serious disease in chil-
dren with fever and petechiae can be refined by
clinical and laboratory parameters, especially “ill
appearance” of the child, the location of the pete-
chiae, whether or not a mechanical factor known
to produce petechiae exists, and peripheral WBC
counts. In the largest study, the lack of ill appear-
ance had a negative predictive value of 1.0, as did
a WBC count between 5000 and 15,000/mL. A pro-
thrombin time less than 13.5 seconds, a partial
thromboplastin time of less than 30 seconds, and
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BOX 11-5 ■ Causes of Petechial or Purpuric
Rashes

Common
“Viral syndrome” (no specific etiologic agent 

recovered)
Valsalva effect of cough or vomiting
Trauma of blood pressure cuff or tourniquet
Streptococcal pharyngitis with petechiae

Uncommon
Meningococcemia
Pneumococcal bacteremia
H. influenzae bacteremia
Rocky Mountain spotted fever
Ehrlichiosis
Toxic shock syndrome
Infective endocarditis
Bacterial septic emboli (S. aureus, Pseudomonas,

gonococcus)
Disseminated intravascular coagulation (any 

cause)
Infectious mononucleosis
Adenovirus
Cytomegalovirus, especially in newborn
Rubella virus
Coxsackie or echoviruses
Parvovirus B19 (papular-purpuric gloves and socks 

syndrome)
RSV
Influenza or parainfluenza viruses
HIV
Anaphylactoid purpura
Thrombocytopenia from noninfectious causes

Rare
Murine typhus
Disseminated histoplasmosis
Brucellosis
Salmonellosis
Q fever
Dengue hemorrhagic fever
Brazilian purpuric fever (H. aegyptius infection)
Hantavirus
Collagen-vascular diseases

the absence of purpura had negative predictive val-
ues of 0.99.117 Both studies were in agreement that
if the petechiae were located only above the nipple
line, or if an obvious mechanical factor caused the
petechiae, the risk of serious infection is minimal.
The incidence of serious infection in children with
fever who had petechiae only above the nipple line
was zero in both studies (total n � 601).

The blood pressure should be obtained immedi-

ately in any febrile patient with a petechial rash (see
Chapter 10).

Purpura resembles traumatic bruising. Generally
speaking, children who present with fever and pur-
pura are at higher risk of having serious bacterial
infections than are children with fever and pete-
chiae. In Mandl’s study, the sensitivity of the finding
of a purpuric rash in predicting serious disease was
83%, and the positive predictive value was 0.31,
despite the very low incidence of invasive disease
in their cohort.117 Children presenting with pur-
pura and sepsis generally have other physical find-
ings and laboratory values suggestive of sepsis.

Noninfectious diseases with signs resembling
purpura include cutaneous vasculitis. In children,
a relatively common form of cutaneous vasculitis
is called anaphylactoid purpura (Henoch-Schönlein
purpura), which occurs predominately below the
waist except in infants.118 Purpura in children may
also result from immune thrombocytopenic pur-
pura, hemolytic-uremic syndrome or thrombotic
thrombocytopenic purpura, thrombocytopenia due
to HIV or other infectious agents, or thrombocyte
dysfunction secondary to drug therapy. Rarely, as-
pirin in therapeutic dosages has been reported to
cause thrombocytopenia119; this condition is rarer
still now that most children never receive aspirin
therapy.

Thrombocytopenia occurs commonly during
bacterial septicemia as part of the syndrome of dis-
seminated intravascular coagulation (DIC). This
syndrome can also be caused by severe viral, fungal,
or parasitic infections and is discussed further in
Chapter 10.

Possible Infectious Etiologies

Meningococcemia

This is the most important cause to be considered
in a patient with a petechial or purpuric rash, be-
cause the disease is rapidly fatal if untreated. Pa-
tients with a purpuric rash often develop septic
shock or DIC, as described in chapter 10. Patients
with a macular or petechial rash are likely to have
a better prognosis than those with purpuric le-
sions.120 Meningeal signs may be present, but men-
ingococcemia can occur without meningitis and
carries a worse prognosis. Early in the course of
meningococcemia, the rash may be absent. In order
to detect the possibility of occult meningococcemia,
careful measurement of blood pressure and serial
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physical examinations are indicated in the child
with high fever.

Haemophilus Influenzae

In a study of 129 children hospitalized for fever
and petechiae, 13 (10%) had Neisseria meningitidis,
8 (6%) had H. influenzae type b (Hib), and the ma-
jority had a viral illness.121 Septicemia secondary
to Hib is now a rarity in the United States because
of the routine use of the conjugated Hib vaccine.

Management of contacts exposed to the menin-
gococcus or H. influenzae is discussed in Chapter
21.

Streptococcal Pharyngitis

A common cause of petechiae and fever is strepto-
coccal pharyngitis.122 The child does not appear
septic, and there is usually an exudative pharyngi-
tis, especially in school-aged children. In children
younger than age 3, Group A streptococcal infec-
tion causing fever and petechiae in the absence of
any signs or symptoms of pharyngitis has been de-
scribed.117

Rocky Mountain Spotted Fever (RMSF)

The typical clinical pattern here includes exposure
to wood ticks or dog ticks and headache, myalgia,
chills, and high fever.123 The headache of RMSF is
relentless and intractable to pain relievers. Abdomi-
nal pain is not uncommon and can be severe. Typi-
cally, myalgia is extreme, and tenderness of the
muscles, especially of the calf and thigh, can be
elicited on physical examination. An explicit expo-
sure history is often not obtainable. Most patients,
however, live in areas or participate in activities
where exposure to ticks might be expected. Preva-
lence of the disease is widely disparate. North Caro-
lina, Oklahoma, Texas, and South Carolina ac-
counted for almost half the cases in the United
States between 1981 and 1992.124 Disease occurs
during the warmer months; 90% of cases occur be-
tween April and September.124 RMSF is almost un-
heard of in the dead of winter.

The incubation period is about 3–12 days. The
rash begins on about the fourth day of illness and
is first noted on the extremities, especially around
the ankles or the wrists. It usually begins as a macu-
lar rash but progresses to include petechiae. It

sometimes involves the palms and soles (Fig. 11-
5). Edema of the eyelids and extremities is common.
Photophobia may be present. Shock, neurologic or
pulmonary involvement, or renal failure may occur
in severe cases. The cerebrospinal fluid often reveals
a pleocytosis of less than 300 WBC/mL, predomi-
nantly lymphocytes, with normal glucose and ele-
vated protein. Usually, there is a moderate throm-
bocytopenia. The peripheral WBC count is often
elevated, with mostly neutrophils. The finding of
hyponatremia, though not specific for RMSF, sup-
ports the diagnosis.

RMSF carries a fairly high morbidity and mortal-
ity; bad outcomes are related to the duration of time
between onset of symptoms and receipt of appro-
priate antimicrobial therapy. Mortality increases by
almost fourfold if therapy is not started by the fifth
day of illness.125 Therefore, a high index of suspi-
cion must be maintained. A helpful adage to re-
member is that “summertime influenza” should be
considered RMSF until proven otherwise. Thus, in
highly endemic areas during the appropriate sea-
son, it is reasonable to treat patients who present
with fever, headache, and myalgia with an empiric
course of doxycycline. Diagnosis is usually made
(retrospectively) by acute and convalescent serol-
ogy, although immunofluorescence or immunoper
oxidase staining of biopsied skin is available.126 For
patients with suspected RMSF, therapy must not be
withheld pending definitive diagnosis. Treatment
with doxycycline is most reliably curative. This
drug should be given to all patients with suspected
or proven RMSF, without regard to the fear of stain-
ing the teeth in young children. Long-term follow-
up study of patients treated with short courses of
doxycycline during early childhood shows no ap-
preciable staining of the teeth.127 Early therapy can
be life saving. Chloramphenicol is sometimes used
but is associated with a higher mortality than treat-
ment with doxycycline.124

Prevention is best accomplished by measures di-
rected at minimizing tick exposure and at removing
attached ticks promptly. It is thought that approxi-
mately 6 hours of attachment is necessary to trans-
mit the infection. A vaccine, although thought to
be regionally needed,128 is not yet available. Several
candidate vaccines have been successful in protec-
tion against disease in animal models. A formalin-
killed vaccine produced measurable immune re-
sponses, but only protected 4 of 16 subjects from
developing RMSF when challenged.129
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■ FIGURE 11-5 Rocky Mountain spotted fever, showing edema of the hand (Photo from Dr. Arnold
Benardette).

Ehrlichiosis

Ehrlichiosis is a disease that is related to RMSF. It is
also transmitted by ticks. Patients with ehrlichiosis
present with some of the same features as patients
with RMSF. Rash is present in about two-thirds of
children; it can be macular, maculopapular, or pete-
chial.130

Thrombocytopenia and leukopenia are frequent.
Depression of two cell lines often raises the diagnos-
tic possibility of malignancy. Serum aminotransfer-

■ FIGURE 11-6 Purpuric rash in meningococcemia. Blood pressure and circulation perfusion should be monitored
carefully (Photo from Dr. Norman Fost).

ase levels are increased in nearly 90% of patients.130

Treatment is with doxycycline as in RMSF.

Thrombocytopenia of Disseminated
Intravascular Coagulation (DIC)

Thrombocytopenia and DIC (discussed in Chapter
10) can produce a petechial or purpuric rash, re-
gardless of the cause. It can occur in any of the
infections mentioned in this section. Disseminated
histoplasmosis or other disseminated fungal infec-
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tions can involve the liver, spleen, and bone mar-
row, with resultant fever and petechiae, as well as
hepatosplenomegaly and lymphopenia.

Infective Endocarditis

This diagnosis is considered when a patient with
heart disease develops fever (see Chapters 10 and
18). Typically, the petechiae are about 1 mm in
diameter and are accompanied by other manifesta-
tions, particularly splenomegaly and a history of
heart disease.

Septic Emboli (Pustular Purpura)

Staphylococcal septicemia can produce a pustular
purpura that may be mistaken for meningococcal
lesions.131 Pseudomonas septicemia also may be as-
sociated with skin lesions that sometimes appear
purpuric. The characteristic evolution is from a red
macule to a purple hemorrhagic bullous lesion.132

The lesion is called ecthyma gangrenosum and is
seen most frequently in neutropenic hosts (see
Chapter 22). Other organisms, such as Aeromonas,
can cause ecthyma gangrenosum as well.

Disseminated gonococcemia, occasionally seen
in sexually active adolescents, also has characteristic
lesions that evolve from petechiae to papule to pus-
tule to central necrosis or hemorrhagic vesicles.133

Thus, the typical evolution of septic skin lesions
begins with the early lesions of petechiae, small ery-
thematous macules, or small papules on an ery-
thematous base (Fig. 11-6).131,132 Later lesions can
be pustules or bullae, which can be hemorrhagic
and may contain purple or black necrotic areas of
skin infarction.

Many infected insect bites or scabies can some-
times resemble pustules of septicemia, but the child
is typically afebrile.

Chronic Congenital Infections

In the newborn infant, congenital rubella, cytomeg-
alovirus, syphilis, parvovirus B19, or toxoplasmosis
may be associated with petechiae or purpura
(Chapter 19). The lesions can be due to thrombocy-
topenia, but sometimes lesions that are thought to
be hemorrhagic are actually areas of dermal eryth-
ropoiesis.

Infectious Mononucleosis

Occasionally, thrombocytopenia with petechial or
purpuric lesions occurs in infectious mononucle-
osis.

Adenoviruses

Fever and a petechial rash are occasionally associ-
ated with adenovirus infection.134

Murine Typhus

Caused by infection with Rickettsia typhi, this dis-
ease occurs rarely in the United States, but 47 cases
were reported from Hawaii in 2002.135 There may
be a known exposure to rodents or cat fleas. Fever
lasts several days before the appearance of a macular
or petechial rash, which begins on the trunk, in
contrast to that of RMSF. The disease resembles a
mild case of epidemic louse-borne typhus, in which
high fever and delirium are usually severe.

Brazilian Purpuric Fever

This is a syndrome not yet seen in the United States
in which children develop purulent conjunctivitis,
high fever, prostration, and purpura. Blood cultures
are positive for a particular clone of Haemophilus
aegyptius that tends to be resistant to the bactericidal
activity of human serum.136

Dengue Hemorrhagic Fever

This disease, spread by the bite of the mosquito, is
a reasonably common cause of petechiae/purpura
in South America and Asia. Most cases seen in the
United States are imported (diagnosed in people
recently returned from areas of endemicity). A re-
view of 130 hospitalized patients in Singapore re-
vealed that the majority of patients were between
15 and 30 years of age. Petechiae developed in half
of this cohort. Seventy-five percent of those with
petechiae had a platelet count of less than 100,000/
mL. The petechiae developed about 6 days into the
illness and lasted approximately 3.5 days. Nineteen
(15%) of the 130 patients developed bleeding; the
gums were the most common site. All patients re-
covered.137

Other Infectious Causes

Several viral infections can cause petechial rashes
via thrombocytopenia. Acquired cytomegalovirus
infection has been associated with thrombocyto-
penia.138 Acquired rubella virus infection can cause
thrombocytopenic purpura.139 Mycoplasma pneu-
moniae can produce a rash that can be petechial
and purpuric and that is associated with fever and
leukocytosis. Usually, there is at least a mild pneu-
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monia.140 Petechiae in infants infected with RSV
has been described. Influenza virus or parainflu-
enza virus was isolated from 11 (17%) of 63 chil-
dren with an etiologic diagnosis of fever and pete-
chiae in one study.116 A variety of echoviruses and
coxsackievir uses have been recovered from chil-
dren with petechiae and fever.

Papular-pupuric gloves and socks syndrome is
an interesting manifestation of a viral infection. It
is usually attributed to infection with parvovirus B
19.140a One report suggests that in young children
this condition may also be associated with EBV or
CMV infection.140b

Other infections causing fever and petechiae
may include Escherichia coli urinary infections, KD,
salmonellosis, brucellosis, Q fever, reaction to MMR
immunization, and herpangina.121 Pertussis is com-
monly associated with petechiae on the trunk and
face because of the forceful coughing.

Noninfectious Causes

Petechiae can also be caused by thrombocytopenia
secondary to immune thrombocytopenic purpura,
leukemia/lymphoma, or Langham’s cell histio-
cytosis. In the latter condition, the infant usually
has an enlarged spleen, fever, anemia, and other
skin lesions, which usually resemble eczema.141

Thrombocytopenia may follow acute poststrepto-
coccal glomerulonephritis or be part of the hemo-
lytic-uremic syndrome.142

Cutaneous Vasculitis

This phrase is used to describe skin lesions caused
by inflammatory and necrotizing changes in the
blood vessels of the skin attributable to an immuno-
pathogenic mechanism.143 In adults, the underly-
ing vasculitides are usually polyarteritis nodosa,
Wegener’s granulomatosis, or a hypersensitivity re-
action; but in children, the most frequent diagnosis
is anaphylactoid (Henoch-Schönlein) purpura.143

Children with anaphylactoid purpura often have
dermal and glomerular deposition of IgA and altera-
tions of their complement system. The diagnosis of
cutaneous vasculitis is confirmed in the laboratory
only by histologic examination. However, the cuta-
neous lesion is suspected to be secondary to vasculi-
tis because of the patient’s underlying disease and
its clinical features of palpable, purpuric lesions on
an erythematous or necrotic base and in the absence
of thrombocytopenia. The lesions also may be indu-

rated, purpuric macules and are typically found
below the waist, especially on the legs and buttocks.

Anaphylactoid purpura sometimes has an addi-
tional resemblance to meningococcemia when there
are neurologic complications such as hemiparesis
or focal weakness, seizures, or mental changes.144

Anaphylactoid purpura may occur without the rash
and resemble acute glomerulonephritis, in which
case it is called Berger’s disease.145

Vasculitis can involve various sizes of veins or
arteries.146,147 This accounts for the variability of
the clinical presentation of vasculitis, which may
appear urticarial or nodular.146 Usually, vasculitis
is recognized as palpable purpura but it may be
papules, nodules, plaques, vesicles or hemorrhagic
bullae.147 Corticosteroids and other immune mod-
ulators are used in an attempt to interfere with im-
mune complex formation.147

Meningococcemia is usually more fulminant but
milder cases can mimic anaphylactoid purpura,
with fever, arthritis, and gastrointestinal symptoms,
especially if there is concurrent therapy with oral
antibacterials and antipyretics.148 Cytomegalovirus
can cause cutaneous vasculitis, especially in the im-
munosuppressed host.149

Purpura with Eosinophilia

A syndrome of nonthrombocytopenic purpura with
eosinophilia has been noted in children and young
adults in Southeast Asia and immigrants from this
area.150 The cause of this spontaneous bruising of
limbs, trunk, and face is unknown. Laboratory ab-
normalities include a prolonged bleeding time and
platelet function abnormalities with a normal plate-
let count. The duration of the illness is 5–12
months.

Acute Febrile Neutropenic Dermatosis
(Sweet Syndrome)

This rare skin disease can produce a fever and rash
illness in infants and children.151 There is often a
peripheral leukocytosis. The rash consists of waxy
erythematous to violaceous papules at sites of
trauma. The papules enlarge over several days to
become raised plaques and may heal with an atro-
phic scar. Biopsy reveals infiltration with mature
neutrophils. The cause is unknown. It is most com-
monly seen in association with underlying malig-
nancy, but it can be idiopathic.
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Diagnostic Plan

In the past, because of the specter of possible men-
ingococcemia, which can be rapidly fatal, all chil-
dren presenting with fever and petechiae were
down evaluated and treated as though they had
meningococcemia. At present there is not a clear
consensus as to the scope of the evaluation required
or as to whether a patient requires hospitalization
and empiric antimicrobial therapy. Infectious dis-
eases clinicians tend to be more conservative than
community general pediatricians, perhaps because
their view is skewed by the experience of caring for
the sickest of this group of patients.152 Prospective
studies on fever and petechiae, however, suggest
that not all children with this condition are at the
same risk of serious disease. Risk factors for invasive
disease reported by Mandl and colleagues were
mentioned earlier. Principally, they included ill ap-
pearance, the presence of purpura, and a prothrom-
bin time of greater than 13.5 seconds. A group in
England published a similar, albeit much smaller,
experience in children with fever and petechiae.
They reached similar conclusions (i.e., risk of seri-
ous disease in children with fever and petechiae can
be semiquantitated). They used the acronym “ILL,”
(irritable, lethargic, low capillary refill) and added
abnormal WBC count (� 5,000 or � 15,000 per/
mL) and an elevated CRP as indications of higher
risk.

If a child does not appear ill, and petechiae are
located only in areas of mechanical trauma or are
above the nipple line and associated with forceful
coughing or vomiting, the chance that the petechiae
signal severe or life-threatening infection is vanish-
ingly small. WBC from between 5,000–15,000 per/
mL is also reassuring. The predictive value of CRP
in this setting has not yet been clearly established.
Perhaps a period of observation to document that
deterioration does not occur would allow a less ag-
gressive workup. A normal blood pressure should
be documented. Follow-up evaluation would have
to be readily available.

If the child is irritable or lethargic, or has signs
of dehydration or shock, workup and treatment as
though the child has meningococcemia may be life
saving. During the warm months, doxycycline can
be added to treat RMSF, particularly in endemic
areas. WBC count and a peripheral blood smear
may show thrombocytopenia, blast forms, or other
evidence of a hematologic explanation of the pete-
chial or purpuric rash.

Throat cultures for Group A streptococci and a
blood culture are usually indicated. In many pa-
tients with fever and a petechial or purpuric rash,
ceftriaxone therapy for possible meningococcemia
or ampicillin-resistant H. influenzae is indicated im-
mediately after obtaining these cultures without
awaiting their results. Lumbar puncture may be in-
dicated to detect meningitis, and careful observa-
tion for signs of shock should certainly be done, as
discussed in Chapter 10. Gram stain of a scraping
or puncture of a petechia is helpful if gram-negative
diplococci (meningococci) are seen.

An acute serum specimen for measurement of
antibodies for infectious mononucleosis, RMSF,
ehrlichiosis, or murine typhus may be indicated. If
available, ehrlichia PCR can be done on whole
blood. In contrast, PCR for the agent of RMSF (Rick-
ettsia rickettsiae) is insensitive, because the target
organ is the endothelial cell, not the WBC. If RMSF
is suspected on clinical grounds, treatment with
doxycycline should not be delayed while awaiting
serologic confirmation of this disease.153

If anaphylactoid purpura is considered, exami-
nation for fecal occult blood and microscopic hema-
turia may be helpful.

Children with deficiencies of one of the late com-
ponents of complement are at higher risk of acquir-
ing meningococcemia, as are those with properdin
deficiency. Many experts recommend a CH50 to
screen for complement problems in patients admit-
ted with meningococcemia or meningococcal men-
ingitis. These deficiencies are more common in Afri-
can Americans. A family history of meningococcal
disease also increases the chances of finding such
a deficiency. A second episode of infection with N.
meningitidis is highly suggestive of late complement
deficiency or a barrier breach such as a basilar skull
fracture.

■ CHICKENPOX-LIKE RASHES

Chickenpox-like rashes have a characteristic evolu-
tion from papule (bump) to vesicle (blister) to pus-
tule (small boil) to ulcer with a crust (scab or es-
char) (Fig. 11-7). Chickenpox is the most familiar
example of this type of rash. Bullous rashes are
characterized by large blisters that undergo a similar
evolution. Sometimes these two types of rash are
classified together as vesiculobullous eruptions
(Box 11-6). However, it is useful to separate bullous
rashes, which are discussed in a later section. Pus-
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■ FIGURE 11-7 This child with moderately severe chick-
enpox has most skin lesions in the pustular stage, some of
which are umbilicated, and mucosal lesions in the mouth.

tules, boils, and abscesses are also discussed in
Chapter 17.

Possible Etiologies

Chickenpox

Chickenpox is caused by primary infection with
varicella zoster virus (VZV). Usually a mild disease
in children, chickenpox produces minimal respira-
tory symptoms and mild to moderate fever. The
parent usually knows the exposure, or the disease
is known to be present in the community. The rash
occurs 10–21 days after the exposure, with an aver-
age of 14 days. The characteristic lesions are clear
vesicles on an erythematous base, small pustules,
and small crusted ulcers (see Fig. 11-7). The pox
lesions appear in crops, and if several stages of the
lesion are present at the same time the diagnosis is
assured. Itching is prominent, and physicians are
often consulted only because of the itching. Lym-
phadenopathy also is prominent, particularly in the
nodes draining the scalp or areas of scratched le-
sions. A brief generalized erythematous rash may
precede the vesicular lesions. Mucosal lesions can
occur. Occasionally, the lesions are larger than the
usual 1 or 2 mm in diameter. Large bullae may
occur, which may resemble (or be due to) scalded

BOX 11-6 ■ Vesicular and Bullous Rashes

Vesicular
Chickenpox
Zoster
Herpes simplex virus infection
Hand-foot-mouth syndrome
Poison ivy
Scabies
Insect bites
Smallpox
Mastocytosis
Urticaria pigmentosa
Incontinentia pigmenti
Miliaria crystallina
Acropustulosis of infancy
Hyper IgE syndrome
Acrodermatitis enteropathica
Langerhans’ cell histiocytosis
Pityriasis lichenoides et varioliformis acuta 

(PLEVA)

Bullous
Stevens-Johnson syndrome
Congenital syphilis
Bullous impetigo
Bullous tinea
Dermatitis herpetiformis
Bullous pemphigoid
Pemphigus
Chronic bullous dermatosis of childhood (linear 

IgA bullous dermatosis)
Epidermolysis bullosa

skin syndrome.154 Secondary infection of the pus-
tules with S. aureus or Group A streptococci occa-
sionally occurs, which can be relatively benign, or
herald severe, necrotizing infection. Other compli-
cations are discussed later in this section.

Chickenpox can occur in children or adults with
malignancy, such as Hodgkin’s disease or leuke-
mia.155 In such cases, there is a high mortality rate
without acyclovir therapy, as discussed in Chapter
22.

Other skin diseases that may resemble chick-
enpox are discussed later in this chapter in the sec-
tions on bullous rashes and bitelike rashes.

Zoster

Zoster (shingles) is a disease that increases in fre-
quency with advancing age, but it can be seen at any
age, including neonates. It represents reactivation of
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latent VZV from dorsal root ganglia. The disease is
three times more common among adolescents than
it is in preschoolers. Zoster is at least three times
more common among children who contract pri-
mary varicella in the first year of life.156

A vesiculopustular rash in a sensory nerve der-
matome distribution is the typical appearance of
herpes zoster, although herpes simplex can also
sometimes produce this pattern (Fig. 11-8). It is
convenient to omit the term herpes in reference to
zoster to lessen the confusion with herpes simplex.
Zoster often occurs on the trunk and is unilateral,
ending abruptly at the midline or in the distribution
of the fifth cranial nerve. It is usually less painful
in children than in adults.157

Zoster-like distribution of vesicles in a sensory
dermatome is observed rarely with other viruses,
such as echoviruses.158

Zoster is contagious by direct contact with a pus-
tular lesion, whereas chickenpox is contagious by
respiratory spread as well. Patients with dissemi-
nated zoster may spread VZV infection by both
routes.

Infants who present with zoster must be pre-
sumed to have experienced varicella infection in the
womb. It is probably reasonable to have these ba-
bies undergo chorioretinal examination by an
ophthalmologist, as retinitis may be the only sign of
congenital varicella syndrome. Some patients with
HIV infection (Chapter 20) or with a primary im-
munodeficiency syndrome (Chapter 23) experience

■ FIGURE 11-8 Zoster, showing typical dermatome distribution on the right
lateral thigh (Photo from Dr. Norman Fost).

recurrent or severe cases of zoster. Zoster is rarely
the presenting symptom of malignancy.

Herpes Simplex Infections

The skin lesions of herpes simplex virus (HSV) typi-
cally present as groups of vesicles, which evolve
into pustules and crusts (Fig. 11-9). However, in
unusual locations, in patients with underlying dis-
eases, or at a certain stage of the evolution, the le-
sions are easily misdiagnosed. When located at a
fingertip the deep vesicles may resemble a bacterial
paronychia or felon and are referred to as herpetic
whitlow.159 Children who suck a thumb or finger
may also get a herpetic whitlow, which appears yel-
low and pustular. Occasionally, a herpetic whitlow
occurs in a baby whose mother trims the baby’s
fingernails with her teeth. When located in the geni-
tal area, the superficial circular ulceration might be
mistaken for a chancre. Wrestlers may infect each
other in unusual locations during their body con-
tact in areas of superficial trauma (herpes gladia-
torum).160

Infection of abnormal skin by HSV can be con-
fusing. Eczematous skin can become infected
(Kaposi’s varicelliform eruption), producing a se-
vere purulent condition that is often mistaken for a
bacterial infection. Burns can become infected with
HSV, as described in Chapter 17. Patients with leu-
kemia can develop large herpetic bullae, which rup-
ture and leave shallow ulcerations.161 Ulcerations
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■ FIGURE 11-9 Herpes simplex virus lesion near nose, show-
ing groups of vesicles (Photo from Dr. Gordon Tuffli).

from HSV can be chronic in immunosuppressed
patients.

Vesicles on a newborn infant may be a manifesta-
tion of life-threatening HSV infection, as the virus
can be transmitted from the mother’s cervix to the
skin of the infant. Perinatal herpesvirus infections
are discussed in Chapter 19.

Hand-Foot-Mouth Syndrome

This syndrome typically occurs in the summer or
fall. It is characterized by shallow ulcers in the
mouth and papular or vesicular lesions on the
hands and feet. Vesicular or papular lesions are also
frequently found on the buttocks (Fig. 11-10). Cox-
sackie A virus is the usual cause.162,163 Echoviruses
and coxsackieviruses can also produce the typical
papular or vesicular lesions of the hands, feet, and
buttocks without accompanying mouth lesions.

The prognosis is typically benign, but a few pa-
tients develop the nonpurulent meningitis syn-
drome (see Chapter 9). Patients with antibody defi-
ciencies have a particularly hard time with
nonenveloped viruses like those that cause hand-
foot-mouth disease; a case of three recurrent epi-
sodes of typical hand-foot-mouth syndrome in a
patient with common variable immune deficiency

has been reported.164 Fatal carditis and pneumonia
also have been reported.165

Mycoplasma pneumoniae

Mycoplasma pneumoniae can produce a rash that re-
sembles chickenpox and may be associated with
arthralgia.166

Smallpox

Smallpox is a systemic disease with fever and high
mortality. Although the disease has been eradi-
cated, there is concern that hidden supplies of virus
could be used as a weapon of bioterrorism.167

Like varicella, smallpox lesions go through var-
ious stages of evolution. However, the rash of small-
pox may be distinguished from varicella by its initial
appearance on the face and extremities, the pres-
ence of umbilicated pustules, and the fact that the
lesions are generally all at the same stage of develop-
ment at any one point in time.168 In addition, the
prodrome of smallpox is typically much more se-
vere, with 1–4 days of high fever and myalgias prior
to development of the rash.

Any patient who is suspected of having smallpox
should be placed in airborne precautions. Infection
control and public health officials should be con-
tacted immediately.

Vaccination against smallpox involves the use of
a live-attenuated vaccine (vaccinia virus). Because
smallpox vaccination has been almost entirely
abandoned, vaccinia virus disease is now rare. Lab-
oratory workers are still vaccinated. Accidental
transmission of vaccine virus to the broken skin of
another individual can produce the same stages as
deliberate vaccination, from papule to pustule to
crusted ulcer and finally scar. The pustules can be
mistaken for bacterial pustules. Fever up to 39�C
(104�F) may occur at the peak of the local reaction.
These days, most vaccinia-like illness (for example,
near the eye, as in Fig. 3-5) is likely to be caused
by herpes simplex virus. However, for reasons cited
earlier, the use of smallpox vaccine is likely to in-
crease, and physicians should be aware of the possi-
ble side effects of the vaccine. These include en-
cephalitis (four per million), eczema vaccinatum in
patients with atopic dermatitis (40 per million), and
progressive vaccinia or vaccinia gangrenosa in im-
munocompromised hosts (2 per million).169 Except
in dire circumstances, the vaccine is contraindi-
cated in patients with atopic dermatitis or immuno-
deficiency and in persons who have household con-
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■ FIGURE 11-10 Hand-foot-mouth syndrome showing typical rash: (A) hand; (B) foot; (C) foot; (D) buttocks (A and B
from Dr. Gordon Tuffli).

tact with such individuals. Accidental inoculation
of the eye with live vaccinia virus should be less
frequent in any future vaccine campaigns because
of improved materials for covering the vaccine site.

Monkeypox

Previously not reported in the Western Hemi-
sphere, an outbreak of 72 cases of monkeypox virus
infections occurred in the midwest United States in
the summer of 2003.169a Patients, including several
children, developed symptoms after exposure to ill
prairie dogs that were imported from West Africa.
Patients with monkeypox present with a short pro-
drome of high fever, sweats, and headache before
rash and lymphadenopathy occur. The skin lesions
evolve from papules to vesiculopustules and then
to serous or hemorrhagic crusts before detaching.
Several patients in the U.S. outbreak were hospital-
ized, but there were no deaths. In African out-

breaks, case-fatality rates have ranged from
4–22%.169a

Noninfectious Diseases

Ulcerative colitis may be associated with pustular
lesions that resemble chickenpox, but these lesions
are chronic.170

A noninfectious disease that resembles scabies
or atopic dermatitis to some extent is infantile acro-
pustulosis.171–173 Typically, the itching pustules
appear on the palms and soles in early infancy. The
individual lesions last from 7–10 days, and new
crops appear every 2 or 3 weeks.171 The lesions
may also occur on the extremities, trunk, or face.
The cause is unknown. A high percentage of pa-
tients have a history of a clinical diagnosis of sca-
bies, but the relationship between the two condi-
tions is unclear.174 Relapses may occur. Dapsone is
sometimes effective, as are topical corticoste-
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roids.174 The disease usually has disappeared by the
age of 2 or 3 years.

Dermatitis herpetiformis is now thought to be
the cutaneous manifestation of gluten sensitivity.175

IgA is deposited in the skin, producing itching,
burning papules, and vesicles or bullae. It is usually
bilateral and symmetrical.176 It is rare in children
but is important to identify because it often re-
sponds to treatment with a gluten-free diet. Other
immunobullous disorders of childhood may also
mimic varicella or HSV infection. These include
bullous pemphigoid, linear IgA bullous dermatosis,
pemphigus, and epidermolysis bullosa.177 Diagno-
sis is by skin biopsy.

Pityriasis lichenoides et varioliformis acuta
(PLEVA) is a disorder of T-cell proliferation that is
characterized by the development of maculopapu-
lar lesions that evolve into vesicles, followed by
crusting, much like varicella. However, the rash re-
curs for several months, and the patient is not sys-
temically ill. In addition, the lesions are not pru-
ritic.178

Patients with Langerhans cell histiocytosis may
present with a rash that is easily confused with vari-
cella or HSV infection.

Stevens-Johnson syndrome often is mistaken for
bullous chickenpox or HSV and is discussed both
later in this chapter and in the section on stomatitis
in Chapter 2.

Diagnostic Approach
Viral cultures of pustular lesions may be useful if
laboratory confirmation of infection with herpes
simplex or varicella virus is needed. Coxsackie A
viruses are usually not recovered unless mouse in-
oculations are done, and this is not practical.

Gram stain and culture of pustular or bullous
lesions is indicated if secondary bacterial infection
is suspected. Unfortunately, in immunocompro-
mised children, where it is important to detect
chickenpox or zoster, the clinical appearance is
often atypical, and the Tzanck preparation is often
falsely negative. Some laboratories have fluorescent
antibody or PCR tests that are accurate. Serology is
not useful for diagnosis. Airborne precautions
should be instituted until the clinical appearance
or laboratory studies are diagnostic.

Complications of Chickenpox
Secondary Bacterial Infections of the Skin

Secondary bacterial infection of lesions is the most
common complication of chickenpox. A clue is new

onset of fever after an initial defervescence. Prompt
use of antibiotics is justified in suspected secondary
bacterial infections of chickenpox, particularly
when there is unusually high fever or an unusual
amount of erythema, tenderness, or purulent dis-
charge. Beta-hemolytic streptococci can produce
potentially serious complications, such as varicella
gangrenosa,179 septic arthritis, or osteomyelitis.
Pain out of proportion to the clinical findings, hy-
ponatremia, and hypocalcemia suggest necrotizing
fasciitis.180 Management of necrotizing fasciitis re-
quires prompt surgical assistance and is discussed
in Chapter 17.

Central Nervous System (CNS)
Complications

Nervous system manifestations are the second most
commonly encountered complication of varicella
infection. Of these, cerebellar ataxia is by far the
most frequent, occurring in approximately 1 of
every 4,000 cases of chickenpox. The onset is acute
and usually follows resolution of the skin disease.
The prognosis is excellent. Reye’s syndrome (see
Chapter 9) is a rare but serious complication of
chickenpox. Encephalitis that occurs prior to the
onset of the rash181 is thought to be secondary to
direct viral invasion of the CNS, whereas the far
more common postinfectious encephalitis is
thought to be strictly immune mediated. There are
two clinical syndromes of encephalitis. The more
common one has a gradual onset of symptoms of
lethargy, ataxia, and change in mental status. Rarer
is an acute disease heralded by high fever, seizures,
and sometimes paralysis. CSF pleocytosis is seen in
either form. The mortality rate of acute varicella
encephalitis is from 5–20% and 15% of survivors
have neurologic sequelae. The incidence of enceph-
alitis is approximately 2.5 per 10,000 cases of vari-
cella.182

Pneumonia and Hepatitis

Varicella zoster virus (VZV) has a predilection for
the lungs and the liver. Patients with compromised
immunity are most likely to suffer from pneumonia
or hepatitis. The pneumonia usually has an intersti-
tial pattern and can be severe, sometimes necessitat-
ing mechanical ventilation and even extracorporeal
membrane oxygenation (ECMO) or nitric oxide
therapy. Women who experience primary varicella
during pregnancy seem to have a particularly poor
prognosis. Acyclovir is the drug of choice. Recov-
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ery, if it occurs, typically takes 6–10 days. Hepatitis
is less common than pneumonia and is usually not
life threatening, although severe cases with associ-
ated disseminated intravascular coagulation have
been reported.183

Miscellaneous Complications

Hemorrhagic varicella has several forms. Hemor-
rhage at the site of pox lesions does not always
indicate a more severe course, but some patients
develop “malignant chickenpox” with purpura,
which carries a high mortality. Thrombocytopenia
is common in any form of hemorrhagic varicella.
Postinfectious purpura can also occur, which is as-
sociated with a prolonged thrombocytopenia that
lasts weeks. Mono- or polyarticular arthritis occa-
sionally occurs with VZV infection. It is often due
to secondary bacterial infections, but sometimes the
virus is either recovered from joint fluid by culture
or proven to be present by the use of PCR.184 Myo-
carditis with VZV infection has been reported, as
has intractable ventricular tachycardia.185 Trans-
verse myelitis, neuromyelitis optica, post-varicella
bacterial meningitis, facial palsy, vasculitis with
stroke, acute retinal necrosis, hemolysis in patients
with congenital hemoglobinopathy, paroxysmal
cold hemoglobinuria, glomerulonephritis, and
Guillain-Barré syndrome are additional reported
complications.186–188 (Box 11-7). A temporal asso-
ciation between primary varicella infection and me-
ningococcal disease was noted in three children.189

Oddly, acute varicella seemed to greatly improve
the symptoms of juvenile rheumatoid arthritis in
two children with refractory joint disease.190 There
are two reports of children developing KD during
the course of varicella.191,192

We have cared for a girl who developed high
fever 3 days into her illness with otherwise uncom-
plicated varicella. Her fever persisted, and the diag-
nosis of KD was suspected when she developed
peeling around her fingers 14 days later. Echocar-
diogram showed coronary artery ectasia, and ab-
dominal ultrasound showed a hydropic gallbladder,
suggesting the diagnosis of KD. It is likely that these
cases represent mere temporal coincidence of two
relatively common diseases in childhood.

Treatment

Nonspecific Therapy

Therapy for uncomplicated chickenpox focuses
mainly on treatment of pruritus and includes appli-

BOX 11-7 ■ Complications of Chickenpox

Secondary bacterial infection, especially with 
staphylococci and streptococci

Interstitial pneumonia
Encephalitis (CSF pleocytosis)
Reye’s syndrome (no CSF pleocytosis)
Cerebellar ataxia or transverse myelitis
Labyrinthitis or vertigo
Septic arthritis or varicella arthritis
Glomerulonephritis (unrecognized secondary 

streptococcal infection?)
Purpura fulminans
Progressive disseminated chickenpox (in 

immunosuppressed)
Fatal transplacental chickenpox when mother has 

onset of rash 1 week before or after delivery 
(Chapter 19)

Congenital skin scarring and hypoplastic limbs 
from prenatal infection (Chapter 19)

Myocarditis with dysrhythmias
Acute retinal necrosis
Acute hemolysis in a patient with hereditary 

spherocytosis
Facial palsy
Guillain-Barré syndrome
Group A streptococcal epiglottitis
Paroxysmal cold hemoglobinuria

cation of lotions such as calamine. Absorption of the
diphenhydramine from excessively used Caladryl
lotion has been reported to cause delirium and hal-
lucinations masquerading as an encephalitis or
Reye’s syndrome in a child with extensive skin le-
sions.193 The physician should be especially cau-
tious not to administer oral diphenhydramine at the
same time a child is receiving topical treatment with
a diphenhydramine-containing lotion. Oatmeal
baths or cool compresses are benign forms of ther-
apy that are sometimes effective. Oral antihista-
mines may be indicated for patients with severe
itching. Aspirin should not be given to patients with
chickenpox because it increases the risk of Reye’s
syndrome (Chapter 9). The use of ibuprofen for
antipyresis during acute chickenpox has been asso-
ciated with the development of necrotizing fasciitis
in some case-control studies but not in others, as
discussed in Chapters 10 and 17. If pain control or
antipyresis is needed in children with chickenpox,
acetaminophen would appear to be the best choice.
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Specific Antiviral Therapy

Acyclovir is a pro-drug that must be phosphory-
lated three times to become active. The first phos-
phorylation step is catalyzed by a viral enzyme.
Acyclovir is poorly absorbed from the gastrointesti-
nal tract. Therefore, serious or life-threatening VZV
infections should be treated with the intravenous
form. Oral therapy for primary chickenpox has
been shown to decrease both the total number of
lesions and the total duration of the illness, but
the benefit is incremental. For this reason, and the
inconvenience of taking the drug four times a day, it
is not recommended for uncomplicated chickenpox
except in certain circumstances, such as for treat-
ment of chickenpox in adolescents, adults, or sec-
ondary household cases, all situations in which the
primary infection might reasonably be expected to
be severe. The dose is 80 mg/kg/day in 4 divided
doses for 5 days.

In immunosuppressed patients, intravenous
acyclovir is potentially lifesaving therapy for chick-
enpox, zoster, and herpes simplex virus infections.
Treatment is mandatory for immunocompromised
children and for patients thought to be immune
competent but in whom varicella pneumonia devel-
ops. Most experts would also recommend therapy
for varicella encephalitis, despite the fact that this
condition is usually immune mediated and not typi-
cally caused by ongoing viral replication. The dose
is 30 mg/kg/day in infants and 1,500 mg/m2/day in
older children, given in three divided doses and
administered over the course of an hour. Mainte-
nance of good hydration is important to prevent
the principal adverse event of acyclovir; namely,
precipitation in the urinary tract and subsequent
renal impairment. Once it has been decided that
therapy is necessary, treatment is generally contin-
ued for a minimum of 7 days or until 24 hours after
all lesions are crusted over.

Acyclovir has been used in normal adults with
zoster, who often have painful disease. It is proba-
bly not necessary in normal children unless there
is a complication, such as facial paralysis or oph-
thalmic zoster. Oral acyclovir may be useful for
some children with zoster managed as outpatients.
The dose is 600 mg/m2 per dose five times a day
for 7–10 days,194or 4000 mg/day in 5 divided doses
for children over 12 years of age. However, all trials
show benefit only if treatment is begun within 3
days of the onset of rash. In the immunocompro-
mised host, intravenous acyclovir is indicated if zos-

ter is severe, involves more than one dermatome
or the trigeminal nerve, is disseminated, or is not
responding to oral therapy.

Prevention

Varicella-Zoster Immune Globulin

Immunosuppressed children who have not had
chickenpox and are exposed to the disease should
be given varicella-zoster immune globulin (VZIG).
They must be isolated if they are in a hospital, as
they still may get chickenpox despite the VZIG and
may transmit the disease to others. They should be
placed in airborne precautions (negative pressure
room) from 8 to 28 days after exposure. Newborn
infants whose mothers have onset of chickenpox
within 5 days before or 2 days after delivery should
also be given VZIG, as discussed in Chapter 19.
Premature infants born at or before 28 weeks gesta-
tion, or who weighed less than 1000 grams at birth,
or hospitalized premature infants born at greater
than 28 weeks gestation but whose mothers lack a
reliable history of chickenpox, are also candidates
for VZIG on exposure to VZV. Because of the stated
predilection toward a more severe disease course,
varicella-susceptible pregnant women should also
be given VZIG when exposed. VZIG should be
given as soon as possible after exposure and not
more than 96 hours thereafter.

Varicella Vaccine

Live-attenuated varicella vaccine was licensed for
use in the United States in 1995. It is recommended
as part of the routine childhood immunization
schedule and is required for day care attendance
and kindergarten entry in many states. The vaccine
works quite well, providing almost 100% protec-
tion against severe chickenpox and approximately
80–90% protection against any form of chick-
enpox.195 Breakthrough infections that do occur are
almost always much milder than unmodified chick-
enpox.

The vaccine has been very well tolerated; most
reactions are local and mild. About one-fifth of re-
cipients develop local redness and swelling. Ap-
proximately 5% develop skin lesions. These lesions
may never develop a vesicular appearance. A very
small percentage of vaccinees develop a more gen-
eralized vesicular rash after being vaccinated with
varicella vaccine; counterintuitively, studies show
that such rashes that occur within the first 2 weeks
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of vaccination are more likely to be caused by wild-
type virus, whereas those that occur a month or
later after vaccination are more likely to contain
the Oka (vaccine) strain. Regardless, any child with
vesicular lesions should be considered contagious
until the vesicles crust. Transmission of vaccine
virus from vaccinees to susceptibles has been docu-
mented but is uncommon.196

Several concerns about and objections to vari-
cella vaccination have been widely discussed; some
physicians are still not routinely recommending the
vaccine because of them. For the most part, these
objections stem from misunderstandings about vac-
cinology and virologic pathology. The most com-
mon objections and their fallacies follow:

Q. The immunity produced by the vaccine will
probably wane, and chickenpox is a more severe
disease in older persons. Aren’t we just going to
produce a nation full of susceptible adolescents
and young adults? A. The earliest recipients in
Japan got the vaccine over 20 years ago. To date,
no waning of protection has been observed.
There are several possible reasons for the dura-
bility of immunity. First, this is a pattern com-
monly seen when using other attenuated live-
virus vaccines against viral diseases that include
a systemic (viremic) component, such as mea-
sles, mumps, and rubella. Second, it has been
well documented that people who are immune
to varicella undergo boosting of their antibody
titers when they are in contact with an active
case of varicella, for example, mothers with prior
immunity whose children develop chick-
enpox.197 This implies that local replication in
the nasopharynx (i.e., varicella infection) occurs,
even though varicella disease does not. Vaccinees
may periodically boost their immunity when
they come in contact with the virus in the com-
munity. Third, there is a suggestion that asymp-
tomatic endogenous reactivation of the Oka vac-
cine strain may occur in some vaccine recipients;
this is most likely to occur in those who mounted
borderline responses to the vaccine initially.198

This endogenous reactivation serves the same
purpose as a booster vaccination. The upshot of
all this is that waning immunity is unlikely to
be a significant problem. However, in the future
it is certainly possible that, as with MMR vaccine,
a second vaccination will be recommended to
provide coverage for the 5–10% of the popula-
tion who do not respond to the first vaccination.

Q. Is it really wise to immunize a healthy person
with a live, replication-competent virus that es-
tablishes latency in the dorsal root of sensory
ganglia? Do we want to give these well children
a lifelong infection? A. On the face of it, this
seems like a logical question. It would be a rea-
sonable concern if it weren’t for the fact that
almost all these children are eventually going to
have a virus of one type or another residing in
their sensory ganglia. In other words, we have
a choice of having the child’s sensory ganglia
occupied by an attenuated (weakened) virus, or
by a wild-type (virulent) virus. There is no third
choice. If you were a landlord and had an apart-
ment to rent, would you rather rent it to a choir-
boy or to the leader of the local hell’s angels
motorcycle club? Data from clinical studies sup-
port the logic, as vaccine recipients have a lower
incidence of zoster than do people who were
infected with wild-type virus.199

Q. Why do we need to vaccinate against chick-
enpox at all? The disease is self-limited and be-
nign. A. Although it is true that the disease is
mild in the vast majority of children, it does have
serious consequences to some. Prior to its licen-
sure, varicella was responsible for 4 million
cases, 11,000 hospitalizations, and 100 deaths
each year in the United States.182,200 The major-
ity of deaths occurred in previously healthy per-
sons. In areas with active surveillance, hospitali-
zations and deaths have decreased 80% since
implementation of vaccination.201 However,
until vaccine coverage increases further, varicella
will continue to be responsible for more U.S.
deaths than any other vaccine-preventable ill-
ness. Given that an immunogenic, well-tolerated
vaccine is available, the deaths, neurologic dis-
eases, and severe secondary infections can and
should be prevented.

■ BULLOUS RASHES
A bulla is a large vesicle, a centimeter or more in
size. Bullae may occur as part of an acute infectious
illness or as part of a chronic and recurrent skin
disease.202

Possible Infectious Etiologies
Staphylococci

Bullous impetigo, which is typically caused by S.
aureus, should be excluded by culture of the bullous
fluid and is discussed further in Chapter 17.
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Streptococci

Group A streptococci can cause a large vesicle, espe-
cially at the fingertips, where this infection can pro-
duce blistering distal dactylitis.203

Herpes Simplex Virus

This virus can produce bullae, especially in children
with a malignancy or who are otherwise immuno-
suppressed.204

Congenital Syphilis

This is a rare cause of a vesicular or bullous rash
in the newborn period but should be considered
because it is essential to recognize and treat.

Chickenpox

The pustules of chickenpox are occasionally large
and bullous, which should make the physician con-
sider secondary infection with S. aureus or Group
A streptococci.

Bacteremia

Bullous skin lesions may occur in association with
bacteremia caused by almost any bacterium but are
more frequently associated with gram-negative bac-
teremia, such as from Pseudomonas, E. coli, Aeromo-
nas, Vibrio vulnificus, or Yersinia.

Skin Fungi

Occasionally, tinea lesions can take on a bullous
appearance.205 In such cases, fungi can be visual-
ized on potassium hydroxide preparations or grown
in culture of fluid obtained from bullous lesions.206

Noninfectious Etiologies

Chronic or Recurrent Bullous Diseases

Possible causes of this condition include chronic
bullous dermatosis of childhood, bullous pemphi-
goid,207 dermatitis herpetiformis, and epidermoly-
sis bullosa.202,208 Each of these conditions can be
distinguished on the basis of direct and indirect
immunofluorescence staining patterns. Chronic
bullous dermatosis is caused by the linear deposi-
tion of IgA in the skin.209 Hence, it is also called
linear IgA bullous dermatosis of childhood. It is
treated with immune modulating agents such as
dapsone or sulfapyridine. Systemic steroids are re-

served for severe or refractory cases. The prognosis
is good; the disease usually remits after a few
months to 3 years of activity.

Stevens-Johnson Syndrome

This condition is characterized by bullae formation
and shallow ulcerations of mucosa of the mouth,
conjunctivae, urethra, anus, or vagina. In Stevens-
Johnson syndrome, one of the most constant fea-
tures is erosion of the lips, often with thick hemor-
rhagic crusting. It is discussed in Chapter 2 and
later in this chapter.

Pemphigoid Gestationis (Herpes
Gestationis)

This is a rare bullous disease that typically first de-
velops in early pregnancy, flares at the time of deliv-
ery, and subsides during the postpartum period.210

It can also be seen in the babies born to mothers
who suffer with this disorder.211 Its importance is
that it might be mistaken for HSV infection in a
pregnant woman. The fact that the disease has been
referred to as “herpes gestationis” only adds to the
confusion.

Chemical Irritations

Contact-type diaper rash and poison ivy should be
considered in the differential diagnosis of small bul-
lous lesions.

Burns

Bullae may be the result of a second-degree burn.
Child abuse with cigarette burns is occasionally
manifested as isolated bullae.

Mucha-Habermann’s Disease

This is a rare, chronic papulovesicular disease with
few symptoms except for crops of papules that
evolve into hemorrhagic or necrotic ulcers.212 It
may be improved by erythromycin. The initial pre-
sentation may resemble scabies or chickenpox.
Rarely, patients may present with fever and ulcero-
necrotic lesions. This form of the disease can be
severe and may require methotrexate therapy.213

‘‘Bug Bites’’

Spider or insect bites can cause vesicular or bullous
lesions.
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■ URTICARIAL-MULTIFORME-ANNULAR
RASHES

Urticarial-multiforme-annular rashes resemble each
other and may sometimes change from one category
to another (Box 11-8).

Types

Urticaria

This term is a synonym for hives and is character-
ized by pale red, elevated, intradermal edematous
plaques, often around joints. Biopsy of typical urti-
carial lesions reveals no evidence of vasculitis.214

Erythema Multiforme (EM)

This general descriptive diagnosis pertains to a
group of rashes including circular macules, often

BOX 11-8 ■ Urticarial-Multiforme-Annular
Rashes

Stevens-Johnson Syndrome
Drugs, especially sulfonamides (frequent)
M. pneumoniae (uncommon)
Herpes simplex, enteroviruses, or other viruses 

(rare)
Often unknown

Erythema Multiforme
Herpes simplex (frequent)
M. pneumoniae, enteroviruses, other viruses 

(occasional)
Any hypersensitivity
Juvenile rheumatoid arthritis

Annular Rashes
Erythema migrans (Lyme disease)
Erythema marginatum (rheumatic fever)
Erythema annulare centrifugum
Tinea
Creeping eruption (cutaneous larva migrans)
Larva currens (Strongyloides infection)
Neonatal lupus
Congenital Lyme disease
Annular erythema of infancy
Familial annular erythema
Urticarial bullous pemphigoid
Granuloma annulare
Erythema gyratum perstans

Urticaria
Any allergy: drugs, foods, infections (especially 

parasites and systemic fungi, hepatitis B, 
enteroviruses, group A streptococci), and hot 
or cold temperature

with target shapes with a ’bull’s-eye.215 Small pap-
ules, often with a dusky, bullous top or urticarial
components, may be present. Bullae may develop.
There is a recurrent oral form of erythema multi-
forme described in the section on stomatitis. EM is
most commonly triggered by an infection, such as
HSV.

Stevens-Johnson Syndrome (SJS)

Once thought to be simply a more severe form of
EM, it is now clear that EM and SJS are distinct
entities.216 The clinical picture of SJS is one of much
more severe, widely distributed macules and blis-
ters, with involvement of the mucous membranes
(eyes, nose, and/or mouth). It has a more severe
course than EM and carries a mortality rate of
around 15%. It is probably more closely related to
toxic epidermal necrolysis than it is to EM. Most
cases are due to adverse reactions to drugs. Of infec-
tious causes, M. pneumoniae infection is probably
the most common.

“Erythema multiforme-like rash” is a general de-
scriptive diagnosis that is useful when a more accu-
rate diagnosis is not certain. “Urticaria” or a “multi-
forme-like rash” may be as precise a diagnosis as
the clinician can make in many cases. These rashes
often are the presentation of systemic diseases such
as an enteroviral infection or Kawasaki disease.

Erythema Migrans

This rash is usually the initial manifestation of Lyme
disease and consists of circular or curved bands of
a widening red macular rash, which occasionally
has central clearing.217 The disease is caused by a
spirochete (Borrelia burgdorferi) transmitted by the
bite of a tick (Ixodes spp) and most often occurs in
the summer. The rash typically begins as a red mac-
ule at the site of the tick bite and expands outward
with central clearing. It also can have an expanding
triangular shape as a flat erythematous rash. Occa-
sionally, there is a central pustule at the bite site
that ulcerates and crusts.217 At the time of the rash,
most patients also will have fever and fatigue, and
some will have arthralgia and headache. Multiple
lesions occur as a result of hematogenous dissemi-
nation in about one-quarter of patients.218

This rash was thought to be pathognomonic for
Lyme disease. However, a similar rash can be
caused by a related, but distinct, pathogen known
as Borrelia lonestari, which is carried by the Lone
Star tick (Amblyomma americanum) in areas of the
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southeastern United States (where the presence of
true Lyme disease has not been convincingly docu-
mented ).219 The rash develops around a tick bite,
exactly identical to erythema migrans associated
with Borrelia burgdorferi infection. The distinction
is that B. lonestari does not cause any of the other,
later symptoms associated with Lyme disease, such
as arthritis, carditis, facial palsies, and encephalitis.

For treatment of childhood Lyme disease, amox-
icillin is adequate when given for 2–3 weeks.220

Doxycycline is preferred for children older than 8
years of age. For patients unable to take amoxicillin
or doxycycline, cefuroxime axetil is recommended.
Macrolide antibiotics are not recommended as first-
line therapy of Lyme disease but may be used in
the patient unable to take any of the three drugs
mentioned earlier. Patients with arthritis or Bell’s
palsy are treated for 4 weeks. If neurologic involve-
ment is present (aseptic meningitis or polyneuritis),
intravenous ceftriaxone for 14 to 31 days is usually
recommended.

Erythema Marginatum

This rash is rarely seen but is important to recognize
because it is associated with acute rheumatic fever,
almost exclusively with recurrences. It is a rapidly
expanding erythematous macular rash, which typi-
cally develops a pale center as it enlarges. It is called
“marginatum” because the margins are sometimes
elevated. The flat form of this rash is also called
erythema annulare.

Possible Etiologies

Herpes Simplex Virus

HSV is the most common cause of erythema multi-
forme. A history of clinically obvious antecedent
herpes infection is not necessary; in one study, 8
(80%) of 10 children without preceding HSV infec-
tion had HSV DNA detected in lesional skin by PCR
techniques.221 Molecular study shows that the
pathogenesis of HSV-associated erythema multi-
forme is different from that of cases that are induced
by medications; lesional skin in HSV-associated
cases is full of cells that express interferon-gamma,
whereas tumor necrosis factor-alpha is found in
drug-induced cases.222 HSV can also cause recur-
rent attacks of SJS,223 although most cases of SJS
are due to drug reactions.

Other Viruses

Coxsackie or echovirus infections appear to be
causes of urticaria.224 Hepatitis B virus infection
should always be considered, as urticaria and fever
can precede jaundice; in such cases, aminotransfer-
ase elevation should be present.225 Arthralgia may
also be present, resulting in a serum sickness-like
illness (see Chapter 13).226 A case in which ery-
thema multiforme developed 3 days prior to a clas-
sic chickenpox eruption has been described.227

Mycoplasma pneumoniae

Urticaria and erythema multiforme are sometimes
seen in patients with Mycoplasma infection,228 but
the association between Mycoplasma and SJS ap-
pears to be the strongest.229

Giardiasis

Urticaria can be associated with giardiasis, although
this is rare.230

Syphilis

The diagnosis of syphilis should be considered in
adolescents or newborns with any puzzling rash.
Secondary syphilis in the adolescent may be multi-
forme-like, papular, or papulo-squamous and may
involve the palms and soles. In the newborn, con-
genital syphilis may be vesicular or bullous.

Collagen-Vascular Diseases

An erythema multiforme-like rash is often seen in
patients with juvenile rheumatoid arthritis with an
acute systemic onset (see chapter 10).231 This rash
is sometimes quite typical, with salmon-pink, large
papules or nodules, and is then called erythema
multiforme rheumatoides. However, these patients
often have rashes that are not typical except for their
brief duration.

Systemic lupus erythematosus is sometimes as-
sociated with urticaria and multiforme lesions (as
well as papular, bullous, ulcerative, or nodular le-
sions). These lesions (erythema multiforme with
bullae especially) have been called urticarial vascu-
litis.232 Deposits of immunoglobulins, chronic hy-
pocomplementemia, and circulating immune com-
plexes are found.

At the onset, the rash of anaphylactoid purpura
(Henoch-Schönlein purpura) often resembles an
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urticarial rash. It is discussed further in a preceding
section of this chapter.

Bacterial Infections

Infection with Group A streptococcus is occasion-
ally associated with acute urticaria.233 Antibiotic
therapy is usually discontinued because of concern
for drug allergy, which may not be the cause of the
urticaria.233

Bacterial Endotoxin

Intradermal injection of heat-killed gram-negative
bacteria or their endotoxin can produce typical ery-
thema multiforme, indicating that a variety of bacte-
rial infections may be capable of producing ery-
thema multiforme.234 Vibrio parahaemolyticus
septicemia, for example, has been reported with
generalized erythema multiforme.

Allergy

Most urticarial rashes and some erythema multi-
forme-like rashes are probably caused by an allergic
reaction, although most such rashes never have the
etiology conclusively proven.235 Penicillin is a com-
mon cause of hives. The rash due to ampicillin typi-
cally is maculopapular and resembles measles, but
it can be urticarial. Cold temperature is also a cause.

Treatment

For urticaria, diphenhydramine has been the tradi-
tional therapy. Hydroxyzine is also currently used.
If treatment is discontinued too soon, the frequency
of recurrence is higher. Known precipitating causes,
such as heat or cold, should be avoided if possi-
ble.233 Subcutaneously administered epinephrine
1:1000, 0.01 mL/kg (maximum 0.3 mL) will result
in rapid relief of severe urticaria. This is sometimes
helpful diagnostically as well.

For SJS, one retrospective analysis suggested that
IVIG may be helpful,236 but its use is not routine.
Corticosteroids are not advisable, as they not only
do not increase the speed of recovery, but they in-
crease the frequency of complications.

For erythema multiforme, a search for the un-
derlying etiology may yield a potentially treatable
cause, such as HSV infection. Most cases self-
resolve.

■ ITCHING BITE-LIKE RASHES

Insect Bites

The typical bite-like rash is a papule that itches
intensely, often with surrounding erythema or urti-
caria. Often, the top is scratched off and becomes
crusted and may resemble a pox-like rash. Such
rashes are occasionally confused with chickenpox,
which is the most frequent itching pox-like rash.
This type of itching papule occurs with mosquito,
spider, chigger, kissing bug, or flea bites; scabies;
and schistosomal cercarial infestation (swimmer’s
itch).

Infections

Scabies

Human scabies is caused by infestation with Sar-
coptes scabiei. These mites burrow under the skin
and produce intense itching, which is the hallmark
of scabies.237 The itching is caused by sensitization
to the mite which takes 2–4 weeks after primary
infection and a much shorter period after reinfesta-
tion. Visible burrows are present in less than 25%
of affected infants.238 Typically, the fingerwebs and
the abdomen have the most characteristic lesions.
Blisters, ruptured bullae, and excoriation may make
the diagnosis more difficult. Scabies complicating
atopic dermatitis can be more severe and extensive.
Rarely, the source of scabies is contact with an ani-
mal (such as a dog) that has extensive sarcoptic
mange. The papules occur in areas that have come
in contact with the animal.

Hyperkeratotic crusted scabies of the hands and
feet, called Norwegian scabies, is usually seen only
in patients with immune suppression.239 This form
of the infestation sometimes leads to large outbreaks
because (1) it is often not recognized and properly
diagnosed in a timely fashion, (2) it usually does not
itch, which also hampers diagnosis, (3) the lesions
contain large numbers of mites, and (4) it is more
difficult to eradicate. The mite can be seen under
the microscope in a scraping from a burrow. A bur-
row can be well seen by applying a small amount
of ink, which flows readily into the burrow.240

Permethrin 5% cream is the topical drug of
choice for scabies. It is applied to the entire body
(including head, scalp, and neck in infants and
young children) and washed off 8–14 hours later.
Some experts recommend repeat application in 7
days to kill any newly hatched mites. Lindane 1%
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lotion (gamma benzene hexachloride) (Kwell;
Gammene) is an alternate treatment that is applied
in a similar manner. It is effective but can be toxic,
as it is absorbed. It should generally be avoided
in infants, preschoolers, and pregnant or nursing
women. Precipitated 5% sulfur in petrolatum and
crotamiton 10% have considerably lower cure
rates.241

A single dose of 150–200 micrograms/kg of oral
ivermectin is usually curative242 except in Norwe-
gian scabies, where multiple doses are sometimes
required.243 Ivermectin, along with strict isolation
and infection control procedures, has been used
for recalcitrant cases in outbreak settings.239,244 In
Colombia, 12 adults and 20 children were treated
topically with a 1% ivermectin in propylene glycol
solution at a dose of 400 micrograms/kg, repeated
once the following week. No side effects were ob-
served, and all patients were cured.245 The drug
has not been approved by the FDA for this indica-
tion, and questions remain about its safety profile.

The rash of scabies is largely due to a hypersensi-
tivity response to the mites; therefore, even after
the mites are all dead, some of the symptoms may
persist for a few weeks. Children who have been
treated with an effective scabicide should be al-
lowed to return to school or day care despite persis-
tence of symptoms. Sometimes topical steroids or
oral antihistamines are helpful for controlling itch-
ing in this resolution stage.

The patient’s clothing, towels, and bedding
should be washed in hot water to prevent reinfesta-
tion or transmission to another person. Alterna-
tively, they can be placed in a sealed plastic bag for
3 days.

Molluscum Contagiosum

This condition is caused by infection with the mol-
luscipox virus. It is manifested by 1- to 2-mm flesh-
colored to white or yellowish nodules, often umbili-
cated, which can be scratched or curetted out, leav-
ing a shallow ulcer. When the top has been
scratched off, the lesions may resemble those of
scabies. Uncommonly, the lesions may be sur-
rounded by a small to moderate-sized halo of
eczema-like erythema.246 Treatment with curettage,
light, or a blistering agent is helpful but not essen-
tial, as the disease abates over a period of several
months to 3 years.247 We are aware of one unfortu-
nate child whose early varicella lesions were con-
fused for molluscum contagiosum. The physician

described the curetting procedure to the mother,
who mistakenly attempted to curette the lesions as
they appeared. The child ended up in the intensive
care unit with extensive staphylococcal cellulitis
and sepsis.

Chronic molluscum is a common problem in
children with HIV infection and AIDS (Chapter 20).

Schistosomal Cercariae

Swimmers in U.S. lakes and oceans can get in-
tensely itching papules caused by the larval state
(cercariae) of wild duck schistosomes. In vitro, cer-
cariae activate the release of histamine from rat peri-
toneal mast cells, even without direct physical at-
tachment of the cercariae to the mast cells.248 The
release of histamine may be part of the pathogenesis
of the pruritus associated with the condition. Anti-
histamines and lotions may help relieve the itching,
which can last 2 weeks. Prevention is difficult but
is facilitated by limiting the time spent in the water
and by toweling off thoroughly as soon as possible
after exiting the water.

Other Causes

Infantile pustular acrodermatitis is also intensely
pruritic and is described in a previous section on
chickenpox-like rashes. Papular urticaria is a result
of hypersensitivity to insect bites, with intensely
itching urticarial papules.

■ MISCELLANEOUS RASHES

Roseola Syndrome (Exanthem
Subitum)

This syndrome typically occurs in an infant 6
months to 2 years of age and is one of the most
common rash illnesses of young childhood. It is
manifested by high fever, often to 105�F, for 2–5
days, sometimes with irritability, but the child does
not appear “toxic” or seriously ill. When the rash
abates, a pink macular to maculopapular rash ap-
pears. The rash consists of discrete lesions rather
than large areas of confluence. The difficulty posed
by this illness is that during the febrile period, there
are no specific signs or symptoms that suggest the
diagnosis to the clinician. Palpebral edema (“droopy
eyelids”) sometimes can be noted on the first or
second day of the fever.249 Erythema of the tym-
panic membranes, without frank otitis media, is fre-
quently found. Otherwise, the physical examina-
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tion is usually normal. The physician may suspect
the diagnosis of roseola on the basis of the lack of
toxicity and lack of convincing physical evidence of
another diagnosis and advise observation without
antibiotic therapy. Of course, the parents and phy-
sicians must continue to watch for signs of illness
other than fever (i.e., a change in consciousness,
difficulty breathing, or any area of pain or tender-
ness) because the diagnosis of roseola cannot be
made with certainty until the rash appears.

The most common cause of roseola is human
herpesvirus type 6 (HHV-6). Roseola caused by
HHV-6 does not have a seasonal occurrence pat-
tern, and does not usually occur in outbreaks.
HHV-6 is ubiquitous, and infection with HHV-6 is
common; most infections do not lead to the clinical
features of roseola. In one study, HHV-6 was sought
in 243 consecutive children who presented to an
emergency room with a nonspecific febrile illness;
34 of these (14%) had evidence of HHV-6 infection.
Children viremic with HHV-6 tended to be highly
febrile and irritable, but had few other physical
findings. Only 3 (approximately 10%) went on to
develop roseola (that is, rash that appeared at the
time of defervescence).250 Seroprevalence is some-
what variable, but in all studies it is common. It is
generally high at birth (secondary to the presence
of maternal antibody), declines during the first 6
months, and then increases between 6 and 24
months of life, which corresponds to the peak age
of clinical roseola.251–253

In children with roseola secondary to HHV-6
infection, viremia is common in the first 3 days of
illness;254 the titer of viremia correlates with the
severity of symptoms.255 Virus can be found by PCR
in the saliva and stool intermittently both during
and after the acute phase of the illness. HHV-7 is
a less-frequent cause of roseola. Roseola-like illness
caused by respiratory isolates of coxsackie A23
virus or echovirus 16 can occur in epidemics and
tends to occur during the summer months.256

The most common complication of roseola is a
febrile seizure. This is not surprising, given that the
virus causes high fevers, and infection occurs most
commonly in children of the age most likely to ex-
perience seizures with fever. A case-control study
compared the incidence of HHV-6 infection in chil-
dren with febrile seizures versus those with high
fever but no seizures and found that HHV-6 was
implicated in about 45% of illness in both
groups.257 This study suggests that the reason chil-
dren get febrile seizures with HHV-6 infection is

because of high fever, rather than because of some
special neurotropism of the virus or neuropathol-
ogy caused by the virus. However, one study
showed that patients with febrile seizures in associ-
ation with acute HHV-6 infection are more likely
to have complicated (i.e., focal, prolonged, or recur-
rent) febrile seizures than are matched controls with
febrile seizures but no HHV-6 infection.258 Addi-
tionally, occasional cases of encephalitis have been
reported; in some, evidence of virus replication
within the CNS was found.259,260 Other uncommon
complications include thrombocytopenia, elevation
of liver enzymes, and inappropriate secretion of
antidiuretic hormone.261,262

Papulosquamous Rashes
Papulosquamous rashes are characterized by red or
pink papules and a scaling surface. In children, the
most common rash of this kind is pityriasis
rosea.263 Occasionally, parapsoriasis and guttate
psoriasis occur in older children or teenagers263 or
even in infants264 but are uncommon in children
compared with pityriasis rosea. Tinea corporis and
tinea versicolor are possible causes of a papulosqua-
mous rash and are discussed in Chapter 17.

Pityriasis rosea produces a papulosquamous
rash, particularly on the trunk. The rash may have
a “Christmas tree” distribution on the back, because
the rash follows a symmetric diagonal pattern slant-
ing downward from the spine along the ribs. It is
preceded for a few days by a herald patch, a larger
(2–10 cm) patch, usually on the trunk.

This condition is common in children and tends
to last from 4–12 weeks. The onset may be mis-
taken for a viral exanthem, but the characteristic
scaling or squamous feature of the rash makes the
physician recognize that it belongs in the category
of papulosquamous rashes. Occasionally, oral le-
sions occur on the tongue, lip, or palate.265 The
oral lesions tend to improve at about the same time
as the rash.

Outbreaks of pityriasis rosea have occurred. This
has been reported in terms of approximately 100
cases over a period of 2 years in a small area in
England. The etiology is unknown. Although some
believe that HHV-7 is the cause, evidence of infec-
tion with this virus is found no more frequently in
patients with pityriasis rosea than in controls.266

No treatment is necessary.

Papular Rashes
Papular acrodermatitis of childhood (Gianotti-
Crosti syndrome) was first recognized as a compli-
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cation of hepatitis B virus infection and was de-
scribed in 1955 as erythematous flat papules occur-
ring primarily on the cheeks, arms, and legs, often
associated with mild hepatitis, arthritis or arthral-
gia, and generalized lymphadenopathy. The usual
age is approximately 1–4 years.267

Other causes of papular acrodermatitis include
infection with Epstein-Barr virus,268 cytomegalovi-
rus,269 coxsackieviruses, and parainfluenza vi-
ruses.270 Additional findings include fever, perior-
bital edema, and generalized lymphadenopathy.
The hepatitis may not be associated with any jaun-
dice.271

Outbreaks have been observed in Japan, Italy,
and the United States. In some cases, the condition
may be related to an antigen–antibody reaction,
with the antigen being the surface antigen of hepati-
tis B (HBsAg).

Other Rashes

Pseudomonas Folliculitis

Exposure to heated swimming pools or hot tubs
is the typical predisposing factor in Pseudomonas
aeruginosa folliculitis.272 The rash may be papular
or pustular and is variably pruritic. It tends to be
worst in the areas covered by the swimsuit. No anti-
biotic therapy is needed.

Leptospirosis

This infection is occasionally associated with sparse
generalized macular or papular rash.273 Sometimes
the rash is predominately over the skin of the lower
legs in a form of leptospirosis called pretibial fever.

Pustulosis Palmaris et Plantaris

This rash occurs in all age groups, including chil-
dren under the age of 10, although the peak fre-
quency is in adults aged 30–60. The disease is char-
acterized by a chronic recurring disorder of the
palms and soles that appears pustular and may con-
tain deep-seated eczematous vesicles.274

Rose Spots

This descriptive diagnosis can be made when there
are rosetted macules 1–4 mm in diameter. The clas-
sic cause of rose spots is typhoid fever,275 in which
the spots characteristically occur on the trunk dur-
ing the period of fever and blanch on pressure. Rose

spots are reported in 5%–30% of patients with ty-
phoid fever.276

They may appear in crops but usually are not
numerous (6–12 spots),275 and they are very diffi-
cult to detect in dark-skinned patients. A few dis-
eases other than typhoid, such as shigellosis, can
produce this rash.277 Hemangioma-like lesions as-
sociated with echovirus infections bear some resem-
blance to rose spots because they are sparse and
blanch on pressure.278

Sarcoidosis

Sarcoidosis is a rare cause of a chronic nonpruritic
maculopapular or follicular skin rash in children.279

Arthritis and uveitis are typical accompanying fea-
tures.280,281

Secondary Syphilis

The rash of secondary syphilis can be papulosqua-
mous, papular, or macular. It can occur on the
palms and soles and is sometimes associated with
lymphadenopathy.282 Pruritus, headaches, myal-
gias, fever, and loss of scalp hair may also occur.

Hypersensitivity Rashes

Hypersensitivity to an antibiotic (e.g., ampicillin)
often produces a rash at a time the patient is receiv-
ing the drug for another febrile illness. The rash
is generally diffuse and maculopapular, with small
bumps. Sometimes the combination of a respiratory
viral illness (which does not require treatment with
antibiotics) and the administration of an antibiotic
seems to conspire to produce a rash. These rashes
do not necessarily imply that the child is allergic
to the antibiotic, nor do they necessarily predict a
recurrence of rash at a subsequent exposure to the
same drug. Skin testing for IgE-mediated hypersen-
sitivity is usually negative.

■ RASHES IN NEWBORNS

Pustule-like Rashes

Erythema Toxicum Neonatorum

The name of this rash is a misnomer, because the
word toxicum seems to imply that the disease is
serious. Rather, this is a benign, self-limited papular
rash occurring in approximately 50% of newborns
during the first few days of life, sometimes appear-
ing at birth and possibly present as late as the 10th



CHAPTER 11 • RASH SYNDROMES410

day of life.283 The rash often appears macular at
first but generally is papular and sometimes pustu-
lar. The appearance of the pustules should alert the
examiner who is unsure to do a simple Gram stain
or Wright stain of a broken pustule. If the condition
is erythema toxicum neonatorum, eosinophils will
be seen, with few neutrophils and no gram-positive
cocci, as would be present in a staphylococcal pus-
tule. The cause is unknown. No treatment is neces-
sary.

Infectious Pustules

The most common cause of ordinary pustules in a
newborn, particularly after a day or two of life, is
S. aureus.283 The bacteria can be seen on Gram stain
of the pustule and are readily cultured. Characteris-
tically, staphylococcal pustules appear in areas of
irritation, particularly in the inguinal area, espe-
cially in boys. Hemorrhagic pustules that are scat-
tered and generalized may represent septic emboli
in a sick baby and should be Gram stained. If septic
pustules are suspected, immediate intravenous an-
tibiotic therapy for septicemia is indicated (see
Chapter 10).

Herpes Simplex Virus

These pustules are characteristically surrounded by
an area of erythema and appear in groups of two
to six or more confluent vesicles that quickly evolve
into pustules. Gram staining of grouped HSV pus-
tules may reveal some neutrophils but rarely reveals
any organisms. A histologic examination with
Giemsa staining may reveal characteristic multinu-
cleated giant cells. HSV grouped pustules appear
particularly in areas that may have been trauma-
tized, such as where scalp electrodes have been
placed. A history of HSV in the mother is not neces-
sarily found, as most babies with disseminated HSV
are born to mothers who are unaware of having had
genital herpes. The virus is readily cultured out of
the base of a lanced pustule or vesicle, usually re-
quiring only a day or two to produce its characteris-
tic cytopathic effect in cell culture. In our experi-
ence, even pustules that look like they are full of
purulent fluid are essentially dry when opened with
a lancet. Tzanck smears are both insensitive and
nonspecific and should never be a substitute for
viral culture. Rapid testing with direct fluorescent
antibodies or with PCR is available in many centers;
both tests are sensitive and specific. If the diagnosis

is suspected, treatment with acyclovir should not
await laboratory confirmation (Chapter 19).

Candida albicans

Pustules may occur in congenital candidiasis or in
an acquired candidal infection that may appear after
birth (about 2 weeks) when the baby has acquired
infection during vaginal delivery.283

Transient Neonatal Pustular Melanosis

This disease is characterized by hyperpigmented
macules and pustules in a newborn infant. Typi-
cally, there is a collarette of scale surrounding the
pigmented macules. The frequency in black babies
is estimated to be approximately 4% and that in
other babies about 1%.284 Examination of these
pustular-like lesions rarely shows any eosinophils
but does show a moderate number of neutrophils.
In most cases, the pustules are present at birth. They
usually last about 24–48 hours, but the hyperpig-
mented macules may take a number of weeks to
fade completely.

Acropustulosis of Infancy

Described in the section on chickenpox-like rashes,
this pustular disease of the extremities occasionally
occurs in the newborn period.283

Neonatal Scabies

In newborns, scabies tends to form pustules early
in the course and consistently involves the face,
neck, axilla, scalp, palms, and soles.285 Laboratory
confirmation and treatment of scabies are described
under bite-like rashes.

Bullous Rashes

Staphylococcal Scalded Skin Syndrome

Staphylococcal scalded skin syndrome (SSSS) oc-
curs as a bullous disease, usually of the newborn,
and is caused by infection with an epidermolytic
toxin-producing strain of S. aureus. The disease
usually begins with a diffuse erythroderma, but
then progresses to bullae formation. The bullae may
be small and localized, or they may cover almost
the entire body surface area (see Fig. 17-3). The
bullae tend to rupture easily and leave a tender,
erythematous base that dries quickly. Nikolsky’s
sign (i.e., easy sloughing of superficial layers of skin
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with slight finger pressure) is usually present. The
formation of bullae is mediated by the toxin, which
is usually released systemically from a distant, often
inconsequential local infection such as an infected
skin abrasion or conjunctivitis. Therefore, cultures
of the lesional fluid or the base of the lesions are
usually sterile (or they may be positive because of
bacteria colonizing adjacent skin). The disease was
originally described by Ritter and so is occasionally
called Ritter’s disease.

Cultures of the blood and the bullae should be
obtained. Some experts recommend also culturing
the nasopharynx, because the antibiotic susceptibil-
ity pattern of a staphylococcal isolate obtained from
any site might be helpful in guiding antibiotic
choice.286 If a patient outside the neonatal period
presents with a localized exfoliative rash and is
otherwise well, and the rash is consistent with SSSS,
cultures may be obtained, and oral anti-staphylo-
coccal antibiotics begun, with close follow-up. If
the patient is a neonate, appears systemically ill,
or has diffuse skin involvement, hospitalization for
intravenous antibiotics is warranted. There is no
literature to guide the duration of therapy, which
is considered on a case-by-case basis but is usually
7–14 days.

Bullous Impetigo

Bullous impetigo is essentially a localized form of
SSSS, the pathophysiologic difference being that the
condition is caused by a localized infection of the
superficial skin. The bullae, however, are caused by
locally produced and locally acting epidermolytic
toxin. In contrast to classic SSSS, described earlier,
cultures of the lesions of bullous impetigo will al-
most always yield the pathogen. There is a report in
the literature of a family outbreak of staphylococcal
disease in which the first patient had SSSS, and
subsequent family members developed bullous im-
petigo with the same bacterium.287

Epidermolysis Bullosa

Epidermolysis bullosa describes a group of genetic
disorders characterized by blistering after minor
trauma. Sometimes, a newborn infant presents with
no family history of the blistering disorder.283,288

Chronic Bullous Dermatosis of Childhood

This disease, also called linear IgA bullous dermato-
sis, resembles or is the same as transient bullous

dermolysis of the newborn.283,289 It is characterized
by multiple blisters or bullae and is occasionally
confused with neonatal HSV infection. It can be
distinguished from more severe congenital bullous
diseases by immunofluorescence staining of a skin
biopsy.

Localized Epidermolysis Bullosa (Bart
Syndrome)

This autosomal dominant disorder has a favorable
prognosis but may resemble a bullous infection.290

Nail deformities and bullae on the medial surfaces
of the upper legs, where the thighs can rub together,
may be present.

Congenital Bullous Urticaria Pigmentosa

This is a rare disease associated with bullae and
hyperpigmented macules seen shortly after deliv-
ery.291 There is a positive Darier sign, meaning that
after the skin has been lightly scratched, there will
be hyperemia and a wheal.

Urticarial Papules and Plaques

The occurrence of urticarial papules and plaques
in pregnancy is a rare disorder that has also been
observed in the newborn infant.292 The lesions in
the mother are pruritic, papular, vesicular, or urti-
carial plaques that typically involve the trunk and
proximal limbs in the third trimester. The lesions
in the newborn are multiple red papules that blanch
on pressure.292

Incontinentia Pigmenti

The vesicular rash from incontinentia pigmenti in
the newborn can be mistaken for the vesicles of
herpes simplex, and biopsy and viral culture are
usually indicated.293 After the vesicles resolve, the
patient is left with a darkly pigmented, swirling
rash.

Tinea

Superficial fungal infections can occur in the new-
born period and are discussed in Chapters 17 and
19.

Neonatal Lupus Erythematosus

Newborn infants of mothers with lupus erythema-
tosus (LE) can develop sharply marginated ery-
thematous plaques with a fine scale, telangiectasia,
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or atrophic lesions, usually beginning within the
first 3 months of life but occasionally occurring dur-
ing the newborn period.294 The LE preparation is
often positive, and there may be leukopenia. The
infant may be photosensitive and may develop a
first-degree heart block later in infancy. Ro (SSA)
antibody is typically found in the baby, represent-
ing transplacental passage of antibody. No treat-
ment is needed.

Cellulitis and Fasciitis

Necrotizing Fasciitis

Circumcision can be a predisposing factor for nec-
rotizing fasciitis.295 When the scrotum is involved,
necrotizing fasciitis is also called Fournier’s dis-
ease,296 described in Chapter 17. An infant whose
Plastibell circumcision ended up diverting his uri-
nary stream into a potential space in the abdomen,
producing a condition that mimicked necrotizing
fasciitis, has been described.297

Streptococcal Cellulitis

Either Group A or Group B streptococci can cause
neonatal cellulitis.298 Group B cellulitis in the new-
born typically involves the head, face, and neck.298
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Gastrointestinal Syndromes

■ GENERAL CONSIDERATIONS

Classification

The principal symptoms of infections involving the
gastrointestinal tract are diarrhea, vomiting, acute
abdominal pain, and jaundice. Often, these symp-
toms occur in combinations, but the clinician can
usually make a preliminary diagnosis based on
which of these symptoms is predominant.

Gastrointestinal infections are discussed in this
chapter under the following syndromes: acute diar-
rhea, chronic diarrhea, vomiting, acute abdominal
pain, and abdominal abscesses. Hepatitis syn-
dromes are discussed in Chapter 13.

Overall Frequency

Acute diarrhea (acute gastroenteritis) was the third
most frequent syndrome seen in general practice
by Hodgkin.1 Among children younger than 5 years
old who are hospitalized, 13% have a discharge di-
agnosis of diarrhea.1a The Centers for Disease Con-
trol and Prevention (CDC) estimates that food-
borne illness is responsible for 76 million illnesses,
325,000 hospitalizations, and 5,200 deaths each
year in the United States.

Frequency of Various Pathogens

On the basis of reviews of studies done in the
United States, including projections and estimates,
it is clear that most diarrhea in children is caused by
noncultivatible viral pathogens. Usually, diarrhea
acquired in the United States is noninvasive (non-
bloody), no specific etiologic diagnosis is made, and
the child responds to symptomatic treatment. In
contrast, bloody diarrhea in children usually has
a bacterial cause, and the child may benefit from
appropriate antibiotic therapy, depending on the
cause.

The frequency also varies with the age of the
patient and special exposure situations such as
child-care centers, where several pathogen-fre-

quency studies have been done.2–4 An increasing
percentage of children are enrolled in child-care
centers, with an estimated 75% of mothers working
outside the home in the year 2000.5 The rate of
diarrheal disease in children cared for outside the
home is two- to threefold higher than for children
who stay at home.6 Outbreaks of diarrheal disease
occur at a rate of approximately 1–2 per year for
centers that house children who are still in diapers.7

■ ACUTE DIARRHEA

Diarrhea can be defined as excessively liquid feces.
Most epidemiologic studies require at least three
loose stools in a 24-hour period for inclusion as a
case. Hyperactive bowel sounds and slight abdomi-
nal tenderness are usually present. Vomiting may
occur briefly at the onset but usually is not persis-
tent in patients who should be classified as having
acute diarrhea. Colicky (cramping) abdominal pain
may occur.

If the patient does not have vomiting, diarrhea
is a better term to use as a preliminary diagnosis
than is gastroenteritis, because “gastroenteritis” im-
plies an inflammatory or infectious disease. Al-
though acute diarrhea is usually caused by an infec-
tious agent, it also can be caused by poisoning or
have a number of other noninfectious etiologies.
Patients with vomiting and diarrhea may reasonably
be classified as having gastroenteritis.

Clinical Patterns

Acute diarrhea syndromes can be classified on the
basis of the severity of the illness, the appearance
of the stool, and the history of contact with others
with a similar illness. A secondary classification can
be made on the basis of possible etiologic agents
(Table 12-1).

Acute Inflammatory Diarrhea

Also called dysentery-like diarrhea, acute inflam-
matory diarrhea is characterized by mucosal inva-
sion and usually involves the large intestine. The
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TABLE 12-1. CLASSIFICATION AND COMMON CAUSES OF ACUTE
DIARRHEA

DIARRHEA PATTERN POSSIBLE CAUSES

Bloody

Watery

Commmon-source (food, water)

Neonatal

Traveler’s

Acute, not classifiable above

Campylobacter; Shigella

Salmonella

Yersinia (rare)

Ulcerative colitis; Crohn’s disease

Postantibiotic pseudomembranous colitis

E. coli hemorrhagic colitis

Other invasive E. coli

V. parahaemolyticus

Aeromonas; Pleisomonas

Acute amebiasis

Sexually transmitted pathogens producing proctitis

Diarrheagenic viruses

Enterotoxigenic E. coli

Giardiasis; cryptosporidiosis

V. cholera; noncholeral vibrios

Salmonellosis; Campylobacter

Diarrheagenic viruses

C. perfringens; Bacillus cereus

Necrotizing enterocolitis

Any of the above

Enterotoxigenic E. coli

Giardiasis, Salmonella, Shigella

Diarrheagenic viruses

Any of the above infectious agents

stools may contain blood, pus, or mucus, and fecal
leukocytes may be seen microscopically. Fever,
crampy abdominal pain, and urgency of defecation
occur frequently. The most common causes are bac-
teria, which may or may not produce toxins. The
most common causes are Salmonella, Shigella,
Campylobacter, and Shiga toxin–producing Esche-
richia coli (especially E. coli O157:H7). In addition
to the infectious causes listed in Table 12-1, nonin-
fectious causes, such as inflammatory bowel dis-
ease, intussusception, and cow’s milk allergy,
should be considered.

Acute Noninflammatory Diarrhea

This type is characterized by mucosal hypersecre-
tion or decreased absorption without mucosal inva-

sion. It is sometimes referred to as secretory diar-
rhea, but this implies that the mechanism is known,
which is not usually the case. Acute noninflamma-
tory diarrhea usually involves the small intestine.
Vomiting and abdominal pain is common, but fever
is variable. Stools are watery (without blood or
mucus), and fecal leukocytes, if present, are infre-
quent (� 5 per high-powered field). The most com-
mon causes are viruses, such as rotavirus, calicivi-
ruses (which include noroviruses and sapoviruses),
enteric adenoviruses (serotypes 40 and 41), and
astrovirus. Enteroviruses are so-named because of
replication in and recovery from the enteric tract;
however, they are not a common cause of diarrhea.
Certain toxin-producing bacteria (Clostridium per-
fringens, Bacillus cereus) also cause noninflammatory



CHAPTER 12 • GASTROINTESTINAL SYNDROMES422

diarrhea. The classic cause of severe secretory diar-
rhea, Vibrio cholerae, is rare in the United States,
even among returning travelers.8

Traveler’s Diarrhea

In areas of poor sanitation, newly arrived individu-
als often suffer an attack of acute diarrhea, whereas
residents of the area are apparently immune be-
cause of past infection. Although this may in part
be true, it is important to remember that diarrhea is
a common cause of morbidity and mortality among
residents of the developing world, particularly chil-
dren younger than 5 years old. Each year, more
than 2 million children die of diarrheal diseases,
the vast majority in the developing world.9

Traveler’s diarrhea is common, particularly in
young children. In a study of 363 children spending
at least 14 days in the developing world, the attack
rate was 40% for children younger than 2 years old,
9% for children 3–6 years, 22% for children 7–14
years, and 36% in persons 15-20 years old.10

The majority of episodes of traveler’s diarrhea
are caused by enterotoxigenic E. coli (ETEC). Other
common pathogens are Campylobacter jejuni, Sal-
monella spp., Shigella spp., rotavirus, caliciviruses,
and Giardia lamblia.11

Common-Source Diarrhea

When many individuals develop diarrhea at about
the same time, the clinician should suspect a com-
mon source of infection, such as food or water. This
pattern also can be called diarrheal food poisoning,
sewage poisoning, or waterborne diarrhea, but it is
useful to use the term common source until the
source is identified. Salmonella and C. perfringens
are the most common causes of diarrheal food poi-
soning, whereas Staphylococcus aureus typically pro-
duces food poisoning with predominately vomiting
and retching. Causes of common-source vomiting
are discussed later in this chapter in the section on
vomiting syndromes.

Neonatal Diarrhea

Diarrhea occurring in the first month of life is a
special case and should be sorted out with the diag-
nosis of neonatal diarrhea. In the past, enteropatho-
genic E. coli (EPEC) was a common cause of new-
born nursery outbreaks, but this is rarely reported
now. Salmonella and Yersinia can cause diarrhea in
young infants, but other bacteria rarely do so. Vi-

ruses are probably the most common cause. Neo-
natal diarrhea raises the possibility of necrotizing
enterocolitis or of septicemia and its differential
diagnosis.

■ CAUSES OF ACUTE
NONINFLAMMATORY DIARRHEA

Diarrheagenic Viruses

The majority of acute diarrheal illnesses in the
United States studied before 1975 did not have any
recognized pathogen recovered when conventional
bacterial and viral cultures were done.12 Most of
these illnesses were believed to have an infectious
etiology on the basis of concurrent findings, such
as acute onset, fever, and apparent contagiousness
to contacts, rather than on the basis of the ability
to demonstrate an infectious agent known to cause
diarrhea. This clinical pattern has been called “in-
fectious nonbacterial gastroenteritis” or “viral gas-
troenteritis,” but “acute diarrhea, probably viral”
(without etiologic guesses) is a more accurate prob-
lem-oriented diagnosis.

Rotavirus

First recognized by electron microscopy,13 much of
the acute diarrhea in infants in the United States is
now known to be caused by rotaviruses.14 Rotavirus
is the most common cause of diarrheal syndromes
severe enough to require hospitalization for intrave-
nous fluid rehydration therapy. Worldwide, dehy-
dration due to rotavirus is estimated to cause more
than 800,000 deaths a year.15

Mortality from rotavirus infection is rare in the
United States, but it is a common cause of hospitali-
zation.14 Rotavirus is also a common nosocomial
pathogen. Rarely, rotavirus infection causes sei-
zures or other central nervous system (CNS) symp-
toms not related to electrolyte disturbances; rotavi-
rus antigens have been found in cerebrospinal fluid
(CSF) using molecular techniques.16

In the late 1990s, a rhesus-reassortant, live-at-
tenuated rotavirus vaccine was briefly placed on the
market and recommended as a part of the routine
childhood vaccination schedule. The vaccine virus
was replication competent and produced protection
against severe rotavirus disease (although it did not
protect against infection). During the clinical trials,
the vaccine was well tolerated, with the major ad-
verse event being fever, which was reported in ap-
proximately 15–20% of recipients.17
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However, after being placed into routine clinical
use, a rare complication of the vaccine was discov-
ered. Some vaccine recipients developed intussus-
ception in temporal association with receipt of the
vaccine.18 Case-control studies estimated that,
compared with controls, the odds ratio for intussus-
ception among vaccine recipients was between 16
and 22. It was estimated that approximately 1 in
every 5,000–10,000 vaccinees would develop in-
tussusception if routine use continued. There is a
biologically plausible explanation for the occur-
rence of intussusception in vaccine recipients; vac-
cine virus replication in the gut could produce local
inflammation and lymph node hypertrophy. This,
in turn, could serve as a lead point for the develop-
ment of intussusception. The vaccine was eventu-
ally pulled from the market,19 not because the risk
of intussusception was high, but because the mor-
bidity from this rare complication was unaccepta-
ble, considering that rotavirus infection in the
United States is generally self-limited.

Two new investigational, live-attenuated rotavi-
ruses are currently undergoing large-scale trials.
One is a multivalent reassortant vaccine based on
a bovine rotavirus genome (Rotateq),19a and the
other is a monovalent human rotavirus strain that
has been attenuated by serial passage in cell culture
(Rotarix).19b

Caliciviruses

These viruses, the prototype of which is norovirus
(previously referred to as Norwalk-like virus), most
commonly infect older children and adults. Infec-
tions occur year-round, but there is an increase in
outbreaks during the winter months.20 These vi-
ruses are the principal cause of epidemic viral gas-
troenteritis in all age groups, what is frequently re-
ferred to inaccurately as the “stomach flu.”
Respiratory symptoms occur in about one-third of
children, and the extreme contagiousness suggests
possible respiratory transmission, although this has
not been proved. Fever and myalgias are common.
The incubation period is 12–48 hours. Some pa-
tients, especially young children, tend to have more
vomiting, whereas adults usually have more diar-
rhea. Detection in stools by electron microscopy is
specific but relatively insensitive. In addition, this
test is generally available only in research
laboratories.

Astrovirus

Astroviruses are small, double-stranded RNA vi-
ruses that are named for their appearance under

electron microscopy, which is rather like a star. In-
fection with astrovirus produces principally a self-
limited, watery diarrhea. Illness is generally much
milder than that caused by rotavirus. In a prospec-
tive study of 214 children from Mexico, the mean
duration of illness was 3 days, 20% of the patients
reported emesis, and only 7% had fever. Severe ill-
ness was not seen.21 A study from Finland charac-
terized the disease in 102 children who had astrovi-
rus detected in diarrheal stools. In this study, 72%
had watery diarrhea, 59% had vomiting, and 26%
had fever; however, only 5% required oral rehydra-
tion, and 3% were hospitalized.22 In both studies,
disease peaked in the winter and was most common
in toddlers from 13–18 months. Different serotypes
co-circulate during the same season.23

Enteric Adenovirus

Adenovirus serotypes 40 and 41 are the fourth most
common cause of childhood viral gastroenteritis in
most series.24,25 Infections occur year-round, with
a slight increase in summer. Children younger than
2 are primarily affected, and transmission occurs
from person to person by the fecal–oral route. Re-
spiratory symptoms occur in more than half of pa-
tients.26 The incubation period is 3–10 days. The
duration of symptoms is typically longer than with
other viruses, occasionally lasting as long as 2
weeks.26 In one study, the mean duration of symp-
toms was 5.4 days.27 An enzyme-linked immuno-
sorbent assay for detection of adenovirus serotypes
40 and 41 in stool is commercially available but
not widely used.

Other Possible Causes

Other viruses, such as coronavirus, have been pos-
tulated to cause diarrhea, but their etiologic role
has not been confirmed. Diarrhea sometimes occurs
as a nonspecific finding in children with systemic
infections. For example, although influenza virus
does not infect the gastrointestinal tract, infants
with documented influenza occasionally have diar-
rhea.28 In the immunocompromised host, cytomeg-
alovirus and some enteroviruses are a possible cause
of diarrhea (see Chapter 22).

Other Causes of Acute
Noninflammatory Diarrhea

In addition to the diarrheagenic viruses discussed
earlier, bacteria can cause noninflammatory diar-
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rhea as well. This occasionally occurs with the clas-
sic causes of bacterial gastroenteritis (Shigella, Sal-
monella, Campylobacter, and Shiga toxin–producing
E. coli). However, it is the usual presentation with
a few bacterial causes, such as V. cholerae, S. aureus,
C. perfringens, B. cereus, and enterotoxigenic E. coli
(ETEC). ETEC is discussed in the section on travel-
er’s diarrhea. S. aureus is discussed in the section
on vomiting syndromes.

Vibrio cholerae

Cholera is the classic cause of secretory diarrhea.
Mild illness is similar to that of ETEC infection.
However, severe cholera is distinctive, with massive
fluid loss (� 1 L per hour) and rapid death in the
absence of rehydration. Cholera toxin activates ade-
nylate cyclase in the small intestinal mucosa. The
increased intracellular concentration of cAMP stim-
ulates secretion of sodium and chloride into the gut
lumen, and water follows passively. The diarrhea
is usually watery and flecked with mucus (“rice-
water” stools). Vomiting is very common, but fever
and abdominal cramps are unusual. In areas with
poor sanitation, such as refugee camps, the poten-
tial for epidemic spread is devastating. Rapid rehy-
dration with oral rehydration solution (or intrave-
nous Ringer’s lactate for severe cases) can be life
saving. Definitive diagnosis requires recovering the
organism from stool culture, which is best accom-
plished by plating the stool on thiosulfate citrate
bile-salts sucrose (TCBS) agar. If cholera is sus-
pected, the microbiology laboratory should be noti-
fied so that this special culture medium can be used.

Vibrio parahaemolyticus

This is a common cause of diarrheal food poisoning
in Japan and has also been recognized in the United
States.29 Steamed crabs, boiled shrimp, and clams
have been sources of infection with this organism,
presumably after inadequate cooking. About 12
hours after ingestion, moderately severe abdominal
cramps, diarrhea, some vomiting, headache, chills,
and mild fever have been observed. Bloody diarrhea
occurs in about 5% of persons.29

Several other species of vibrio can produce a
similar illness after ingestion of contaminated and
undercooked seafood.

Clostridium perfringens

This organism produces toxins that are elaborated
in vivo and can cause diarrheal food poisoning.
These heat-labile toxins typically produce an illness

about 12 hours after the meal or experimental expo-
sure. Typically, the source is meat or gravy that has
been adequately cooked but inadequately refriger-
ated and served without cooking again.30

The predominant symptoms are watery diarrhea
and abdominal cramps. Vomiting and fever are un-
common. Symptoms last 1 to 2 days.

Bacillus cereus

This organism can cause two different syndromes,
depending on which of two toxins it elaborates. The
strains elaborating preformed enterotoxin produce
a syndrome indistinguishable from that of S. aureus
food poisoning and are discussed in the section on
vomiting syndromes. Other strains produce a heat-
labile toxin that is elaborated in vivo and causes a
syndrome indistinguishable from that of C. per-
fringens. As with C. perfringens, meats and gravies
are common vehicles.

Enterotoxigenic E. coli (ETEC)

A classification of diarrhea-causing E. coli is shown
in Box 12-1. The first four types on the list primarily
cause watery diarrhea among persons in the devel-
oping world. In contrast, EHEC cause bloody diar-
rhea and are discussed in the section on acute in-
flammatory diarrhea.

ETEC are now recognized as a common cause
of diarrhea in developing countries and the most
common cause of traveler’s diarrhea. A large inocu-
lum (approximately 108 organisms) is required to
produce disease. Risk factors for traveler’s diarrhea
include eating raw fruits or vegetables (especially
salads), ingesting foods or beverages sold by street
vendors, and drinking tap water. ETEC are also a
cause of acute gastroenteritis in the United States.
These pathogens are distinguished by their ability
to make toxins. The heat-stable toxin (called ST)
causes fluid and electrolyte secretion and is respon-
sible for the watery diarrhea typical of infection with

BOX 12-1 ■ Classification of E. coli

Enterotoxigenic (ETEC) (heat-labile toxin or
heat-stable toxin or both)

Enteropathogenic (EPEC)
Enteroinvasive (EIEC)
Enteroaggregative79,80 (EaggEC)
Enterohemorrhagic (EHEC) (Shiga toxin 

producers)
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these bacteria. The heat-labile (LT) toxin is similar
to cholera toxin. Adhesion is also necessary for
pathogenesis.

Enteropathogenic E. coli (EPEC)

Although EPEC can infect people of all ages, they
are generally thought of as pathogens of the very
young. The incidence is highest in infants under
the age of 6 months who are not breast-fed. Once
a common cause of diarrhea outbreaks in nurseries,
this subtype is now rare in the United States. In
vitro, they adhere to cells either diffusely or in local-
ized areas; those that adhere locally are the patho-
genic strains.

Enteroinvasive E. coli (EIEC)

EIEC display a pattern of enterocyte invasion that
is indistinguishable from that of Shigellae. Despite
the pathogenetic similarity, disease caused by enter-
oinvasive E. coli is usually marked by watery, rather
than bloody, diarrhea and low-grade fevers. EIEC
are primarily a concern in the developing world. A
large inoculum of bacteria is required to produce
disease. In experimental studies, the disease is made
more severe by prior ingestion of sodium bicarbon-
ate, which decreases gastric acidity and thus in-
creases the viability of the ingested bacteria.31

Enteroaggregative E. coli (EAggEC)

EAggEC stick to one another in a “stacked brick”
pattern in cell culture. Disease caused by these or-
ganisms tends to be of lower severity and longer
duration. Diarrhea for 2 weeks or more is not un-
common. However, in careful studies, these organ-
isms are commonly identified in asymptomatic in-
dividuals. Like the other types of E. coli listed
earlier, they are primarily a concern in developing
countries and can be a cause of traveler’s diarrhea.

None of the types of E. coli causing noninflam-
matory diarrhea can be detected in the clinical mi-
crobiology laboratory using routine techniques.
Thus, their true incidence is unknown.

Aeromonas Species

Aeromonas species are a possible cause of diar-
rhea.32 Most studies have demonstrated a higher
rate of recovery of the organism in children with
diarrhea than without diarrhea.33

The organism is a normal inhabitant of fresh or
brackish waters. Young children in the developing

world are most commonly affected. It can produce
a heat-labile enterotoxin. The diarrhea is usually
watery but dysentery occurs occasionally.34 Most
infections are self-limited, but persistent or severe
infections may respond to trimethoprim-sulfame-
thoxazole therapy.34

Yersinia enterocolitica

Yersinia enterocolitica is a cause of acute gastroenter-
itis4,35 that seems to be more common in colder
climates of the United States and in Scandinavia.
The bacterium grows well at room temperature, and
growth is enhanced after storage at refrigerator tem-
perature. Yersinia species have also been incrimi-
nated as a possible cause of mesenteric adenitis, as
discussed in the section on abdominal pain. About
65% of patients have abdominal pain,36 and in one
outbreak from contaminated chocolate milk in
Oneida County, New York, 16 (44%) of 36 hospi-
talized children with yersiniosis had unnecessary
appendectomies. The organism can cause bloody
stools37 (especially in children)38 or chronic diar-
rhea but more typically causes watery diarrhea.35

Reactive arthritis can occur as a complication, par-
ticularly in adults.35,37,38

The main risk factors are consumption of under-
cooked pork or unpasteurized milk. Infants may be
infected indirectly via the hands of caregivers who
prepare chitterlings (pig intestines, “chitlins”).39

Plesiomonas shigelloides

Plesiomonas shigelloides is a member of the vibrio
family that appears to be an uncommon cause of
diarrhea in the United States, typically related to
eating insufficiently cooked shellfish.40 Travel to
Mexico and other areas of the developing world is
also a risk factor for disease. More common in
adults than children, disease caused by this patho-
gen tends to last longer than disease caused by other
enteropathogenic bacteria; in one study, 76% of pa-
tients were sick for longer than 2 weeks and 32%
for over a month.41 Whether antimicrobial therapy
shortens the duration of diarrhea is unclear.42

Most isolates are susceptible to trimethoprim-
sulfamethoxazole and to the fluoroquinolones.42

■ CAUSES OF ACUTE INFLAMMATORY
DIARRHEA

Bacteria
Shigella

Until the discovery of the importance of Campylo-
bacter, shigellosis was accepted as the usual cause
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of dysentery-like diarrhea in the United States.
There are four species of Shigella: S. sonnei, S. boydii,
S. flexneri, and S. dysenteriae. S. sonnei causes the
mildest symptoms and is by far the most common
species found in the United States. S. dysenteriae
causes the most severe illness; it occurs in Africa
and India but is not endemic in the United States.
Among Shigella species, only S. dysenteriae type I is
capable of producing Shiga toxin and is thus associ-
ated with the hemolytic-uremic syndrome.

Classically, shigellosis presents with high fever,
abdominal pain, and cramping, which may precede
the diarrhea by a day or two (Fig. 12-1). This is
consistent with observations of experimental shigel-
losis in human volunteers, in which fever preceded
the diarrhea by about 2 days on the average.43 Shig-
ellosis caused by food-borne transmission tends to
be with a high inoculum and thus severe symptoms,
as listed earlier. However, in toddlers who acquire
it via person-to-person transmission, the inoculum
is much lower, and the symptoms tend to be milder.
This is particularly true with S. sonnei.

In a study of adult prisoners, the infectious dose
of Shigella was as few as 200 organisms.43 The mean

■ FIGURE 12-1 Typical clinical course of severe shigellosis in a child.

incubation period to fever was 2 days; to diarrhea,
4 days. The duration of excretion of Shigella without
antibiotic therapy was as long as 78 days, with a
mean of 27 days. A more recent study confirmed
the extremely low infectious dose and high acid-
tolerance of this organism; as few as 100 bacteria
were sufficient to induce disease.44

In addition to food-borne and waterborne trans-
mission, Shigella infection is spread by the fe-
cal–oral route. Spread within households and day-
care settings is common, probably because of the
low inoculum required to produce disease45. Ant-
acid use increases the risk of infection, because it
enhances the ability of the organism to survive
transit through the stomach. Outbreaks in associa-
tion with innumerable vehicles have been reported.
Common sources include salads touched by in-
fected food workers and raw produce such as fresh
parsley, lettuce, and green onions.46–48 Recrea-
tional water fountains and pools have served as a
point source for other outbreaks.49

The signs and symptoms of Shigella infection
may vary considerably based on the serotype of the
infecting organism and the size of the inoculum. In
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the United States, most cases are due to S. sonnei,
and disease is often acquired by low-inoculum
means, resulting in less-severe disease that may be
self-limited even without therapy (treatment is still
indicated for prevention of spread). Severe cases are
typified by sudden onset of high fever and dysen-
tery. There may be other members of the family
suffering from diarrheal disease. In rare cases, there
is loss of anal sphincter tone. A study of dysentery in
Bolivia found that crying during defecation, fever,
greater than five loose stools a day, and the finding
of more than 50 white blood cells (WBCs) per high
power field were associated with the isolation of
Shigella from stool cultures.50

Vomiting may be present early. Appendicitis is
occasionally suspected because of the severity of
the abdominal pain. Generally speaking, explora-
tory laparotomy is not indicated in patients with
severe abdominal pain in whom the diagnosis of
shigellosis has been clearly established. However,
surgical complications of Shigella infection occa-
sionally occur, including appendicitis, peritonitis,
and intestinal obstruction.51 Lumbar puncture is
sometimes done in patients with shigellosis when
the diarrhea does not begin until after fever and
convulsions. The spinal fluid is usually normal.

The key pathophysiologic event in Shigella dys-
entery is invasion of the intestinal mucosa. Intense
local inflammation is incited by a cytokine cascade.
Shigellae that are ingested by macrophages can in-
duce apoptosis in those cells. Once the organism
gets into the cytoplasm, it can then spread from cell
to cell.52 Although local inflammation and mucosal
ulceration can be severe, Shigellae rarely penetrate
the lamina propria; therefore, bacteremia is uncom-
mon.53 The components of innate immunity are
probably important both in protection from disease
and in recovery; high levels of lactoferrin, myelop-
eroxidase, and leukotriene B4 are found in the
stools of patients suffering from Shigella infection,54

and in animal models, lack of natural killer cells
predisposes to more severe and progressive dis-
ease.55 The pathophysiology behind the CNS effects
of shigellosis is not well understood.

Campylobacter

This organism was formerly included in the genus
Vibrio. The species associated with diarrhea is C.
jejuni.56–60 The species C. intestinalis typically
causes bacteremia in humans who are immuno-
compromised or have a malignancy. C. jejuni was

not recognized as a cause of diarrhea before the
mid 1970s because special culture techniques are
needed to isolate the organism. The frequency of
this pathogen as a cause of diarrhea has been under-
estimated because of the broad spectrum of disease
and the difficulty in its isolation. However, it is now
known to be more common than shigellosis in the
United States. Rates of Campylobacter infection are
highest in the state of Hawaii. A case-control study
there found two historical events that were signifi-
cantly associated with the acquisition of disease: (1)
consumption of chicken prepared by a commercial
food establishment in the 7 days prior to illness,
and (2) antibiotic use within 28 days of infection.61

There is a bimodal distribution of Campylobacter
illness, with the first peak in infancy and the second
in young adulthood.62

The clinical illness typically produced by Campy-
lobacter can mimic shigellosis in its various degrees
of severity, including diarrhea with convulsions at
the onset of the fever.60 Probably campylobacter-
iosis was the real cause of most of the past clinical
illnesses called “shigellosis” in which no Shigella
were cultured. In children, the diarrheal illness is
typically associated with mild vomiting, fever with
moderate abdominal pain, and frankly bloody
stools that begin about 2–4 days after the onset of
the other symptoms.58 The diarrhea and abdominal
pain last an average of 7 days. Fever has an average
duration of about 2 days. The illness may be con-
fused with acute idiopathic ulcerative colitis, espe-
cially when it occurs in young adults. Disease is
typically milder than that seen with Shigella infec-
tion, although severe cases, including two associ-
ated with colonic perforation, have been reported.63

Comparatively little is known about the patho-
genesis of Campylobacter enteritis. Attachment and
invasion are thought to be important. Rarely,
asymptomatic individuals can shed Campylobacter
organisms in their stool. Molecular comparison of
these isolates with those recovered from individuals
with illness revealed that there is an identifiable
marker found on disease-associated strains.64 This
locus has been named the invasion-associated
marker. The exact protein encoded and its function
have yet to be elucidated.

Waterborne outbreaks of Campylobacter diar-
rhea have been observed. It is normal flora of do-
mestic livestock, and it can be acquired from
ingestion of unpasteurized milk. Multiple studies
have documented that the vast majority of commer-
cial chicken is contaminated with Campylobacter.65
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Much of the disease caused by Campylobacter in the
United States comes from eating improperly cooked
or handled chicken. Backyard barbecues are a par-
ticular risk, as the organisms can be spread from
raw meat to other foods that will not be cooked,
such as salads. Unfortunately, one study of 60 “do-
mestic kitchens” showed that many surfaces are
contaminated with Campylobacter after preparation
of a chicken-containing meal, and that washing
with soap and water did not change the rate of
recovery of the organisms from surfaces. The situa-
tion was improved when hypochlorite was added
to the cleaning solution.66 C. jejuni is also found as
a cause of diarrhea in puppies and kittens. In one
case report, an infant developed Campylobacter bac-
teremia, and the organism was traced to a puppy
in the home. Person-to-person transmission occurs
but is uncommon.

Salmonella

Salmonellosis is the most frequent cause of diar-
rheal food poisoning in the United States.67 Salmo-
nellosis was on the increase in the United States
for approximately 40 years; however, recent data
support a decrease in the incidence of this disease
in the years from 1987 to 1997.68 The highest inci-
dence is seen in infancy, with a rate of approxi-
mately 159 cases per 100,000 at the age of 2
months.68 Infection with some serotypes is on the
rise despite a global downward trend; all such sero-
types are associated with exposure to reptiles and
amphibians.68a

Because Salmonella spp are commensals in many
animals used for food, consumption of contami-
nated foodstuffs is the usual route of infection. In-
adequately cooked poultry and raw or undercooked
eggs or egg products are usually impugned. Out-
breaks due to alfalfa sprouts, chopped lettuce and
tomato, fresh cilantro, and even peanut butter have
been reported. These outbreaks are probably sec-
ondary to cross contamination from infected work-
ers or irrigation systems. All of these vehicles have
been experimentally proven to support the growth
of Salmonellae.69,70 Many Salmonella species are re-
markably resistant to acid pH, explaining their sur-
vival in chopped tomatoes and fresh salsa,71 which
naturally have a pH of around 4.3. Interestingly,
the serotypes that most often cause human disease
are not the same as the serotypes that are found in
highest frequency in food animals after slaughter.72

Salmonella species are normal flora in all reptiles

and many amphibians. Salmonella is commonly
transmitted from pet reptiles (such as turtles,
snakes, iguanas, and lizards). Even without direct
contact with the reptile, infants can still acquire
salmonellosis when a caregiver prepares a bottle
after handling a reptile or touching its cage.73 Per-
son-to-person transmission also occurs but is un-
common.

Studies in adult volunteers have demonstrated
that, compared with Shigella spp, a much larger
number of organisms needs to be ingested to cause
disease; infection of children is probably more eas-
ily accomplished. The pathogenesis of the disease
involves internalization of the bacteria into the epi-
thelial cells of the gut. This has been shown to be
a complex sequence of events that terminates with
an actin-dependent rearrangement of the cellular
cytoskeleton.74 A series of virulence factors that al-
lows the bacterium to survive inside macrophages
and resist the bactericidal activity of complement
has been described.

In diarrhea caused by Salmonella species, fever
is often present, and occasionally blood or mucus
is present in the stool (dysentery-like diarrhea).
Often, however, the clinical pattern is that of a sub-
acute diarrhea, which does not have an explosive
onset but is somewhat persistent and may lead to
moderate dehydration after several days. It is most
severe in infants, young children, and debilitated
elderly adults. Bacteremia may occur without
greater severity of illness.75 However, the risk of
bacteremia is sufficient that antibiotic therapy has
been recommended for infants younger than 3
months old with Salmonella gastroenteritis.75 Young
infants may develop meningitis if there is bacter-
emic seeding of the meninges.

In one outbreak, a healthy child who ingested
the largest dose (as quantitated by the amount of
ice cream ingested) died, indicating that severity is
likely to be proportional to dose.76 In a study of
children with leukemia or solid cancers, there were
no deaths, and the severity of illness was similar to
that in children without cancer.77 However, sple-
nectomized children are at risk for more severe ill-
ness (Chapter 22).

Typhoid Fever

Infection with Salmonella typhi causes a systemic
illness with bacteremia that is distinct from other
salmonelloses. It is uncommon in the United States
but is occasionally seen in returning travelers.
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Transmission is from food or water that is contami-
nated by a human carrier. The incubation period is
longer than in other Salmonella infections; it is usu-
ally about 14 days (range 3–60 days).

Initially, influenza-like symptoms develop with
fever, malaise, headache, dry cough, and myalgia.
Poorly localized abdominal discomfort and nausea
are common. Children may develop diarrhea, but
constipation is more common in adults. Young chil-
dren may present with seizures. Fever rises progres-
sively, until by the second week it is high grade and
sustained. On physical examination, abdominal
tenderness and hepatosplenomegaly are common.
Occasionally, there is a faint maculopapular truncal
rash (referred to as rose spots). Complications, such
as gastrointestinal bleeding, intestinal perforation,
and typhoid encephalopathy, occur in 10–15% of
patients.78

Diagnosis is made by culture of blood (60–80%
sensitive) or bone marrow (80–95% sensitive).
Stool cultures are only positive in about 30% of
patients.

For persons traveling to endemic areas, two vac-
cines are available, each with approximately 80%
efficacy.79 The oral, live-attenuated vaccine (Ty21a)
is approved for use in immunocompetent persons
older than 6 years of age, and the intramuscularly
administered subunit vaccine (ViCPS) is approved
for persons older than 2 years old. Both have good
safety profile.80

Enterohemorrhagic E. coli (EHEC)

The classification of E. coli is shown in Box 12-1.
Only EHEC are a cause of inflammatory diarrhea
and are discussed here. EHEC are also referred to
as Shiga toxin–producing E. coli (STEC).

Enterohemorrhagic E. coli can cause severe,
hemorrhagic colitis. These organisms are of special
interest because of the propensity of infection with
these pathogens to cause a microangiopathic hemo-
lytic anemia. This may lead to a condition known as
the hemolytic-uremic syndrome (HUS). Although
more than 100 Shiga toxin–producing serotypes of
E. coli have been isolated from humans, not all such
serotypes have been shown to cause diarrhea or
HUS. Non-O157 EHEC appear less likely than E.
coli O157:H7 to cause bloody diarrhea. It is likely
that some non-O157 EHEC tend to produce bloody
diarrhea, others produce nonbloody diarrhea, and
others are not human pathogens.81

In the United States, more than 80% of all post-

diarrheal HUS is caused by E. coli O157:H7.82 In
some European countries, non-O157 serotypes are
relatively more common.83 E. coli O157:H7 is esti-
mated to cause more than 70,000 infections, more
than 2,000 hospitalizations, and approximately 60
deaths each year in the United States.84 The infec-
tious dose is on the order of several hundred organ-
isms. Children between the ages of 2 and 10 and
the elderly are at highest risk.

E. coli O157:H7 is normal intestinal flora in
about 1% of healthy cattle,85 and most infections
are due to consumption of undercooked ground
beef. However, numerous other vehicles have been
implicated. Unpasteurized apple cider has been a
common vehicle.86,87 Interestingly, in separate out-
breaks in the Northwest United States that were
traced to steak restaurants, careful epidemiologic
investigation revealed that the consumption of meat
was not a risk factor for infection; rather, cases were
traced to items in the salad bar.88 The largest out-
break occurred in Sakai, Japan, in 1996. In it, ap-
proximately 10,000 children were infected by con-
suming white radish sprouts in their school
lunches.89 Houseflies were incriminated as possible
vectors in one nursery school outbreak in Japan.90

An experimental study showed that when house-
flies were fed E. coli O157:H7, large numbers of
bacteria adhered to the mouthparts and proliferated
in the “minute spaces of the labellum.” The bacteria
were excreted in the flies’ feces for 3 days.90

Well-documented routes of transmission in-
clude unchlorinated municipal drinking water and
swimming in fecally contaminated lakes or
waterparks.91–93 Person-to-person transmission is
common, especially in the day-care setting, where
secondary attack rates as high as 22% have been
reported.94

Less than 10% of children symptomatically in-
fected with E. coli O157:H7 develop HUS, which
manifests a median of 6 days (range, 2–14 days)
after the onset of diarrhea.85 Several retrospective
studies have attempted to enumerate risk factors
for the development of HUS among patients in-
fected with E. coli O157:H7. One study of 252 chil-
dren involved in the Japanese outbreak found that
an elevated C-reactive protein (CRP) (defined as
greater than 1.2 mg/dL), an elevated WBC count
(defined as greater than 11,000/mcL), and an ele-
vated body temperature (defined as greater than
38�C) were risk factors, or perhaps more precisely,
clinical and laboratory markers of a high risk of
HUS.95 Another study, this one involving 221 chil-
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dren, found that young age was protective, and that
a duration of prodromal illness less than 3 days
and an elevated WBC count at presentation were
predictive of progression to HUS.96

Among children with HUS, risk factors for more
severe disease include age younger than 2 years,
anuria before admission, and elevated WBC
count.96a A prospective study of 71 children, 10 of
whom developed HUS, found that a high initial
WBC count carried a relative risk of 1.3 for progres-
sion to HUS. The major finding of this study, how-
ever, was that antibiotic treatment of hemorrhagic
colitis due to E. coli O157:H7 was the most impor-
tant risk factor for the development of HUS, with
a relative risk of 14. Antibiotic therapy remained an
independent risk factor in the multivariate analysis,
with a relative risk of 17 (95% confidence interval,
2.2–137).97 This clinical finding is not surprising,
given that in vitro studies show that production of
Shiga toxin is increased by subinhibitory concentra-
tions of several different classes of antibiotics.85

When ordering a bacterial stool culture, it is im-
portant to recognize that not all laboratories screen
stool specimens for the presence of E. coli O157:
H7.98 The clinician may need to specifically request
that stools be plated on sorbitol-MacConkey agar
for detection of the organism. An enzyme immuno-
assay for direct detection of Shiga toxin in stool has
been developed. It has a sensitivity of approxi-
mately 90% compared with culture for detection of
E. coli O157:H7. Its greatest benefit is in detecting
non-O157 serotypes. If used, it should be per-
formed in addition to—not in place of—culture on
sorbitol-MacConkey agar.99

Clostridium difficile

This organism is the most common cause of antibi-
otic-associated diarrhea for which an etiology can
be determined. Diarrhea as a side effect of either
oral or intravenous antibiotic administration is
common, occurring in 5–10% of antibiotic
courses.100

C. difficile is responsible for 10–20% of antibi-
otic-associated diarrhea; the remainder are idio-
pathic. C. difficile is especially likely to be the cause
if it is an inflammatory diarrhea with fever, cramps,
and bloody stools. The major risk factors are ad-
vanced age, hospitalization, and exposure to antibi-
otics.100 The severity of disease caused by C. difficile
is quite variable, from mild diarrhea to extensive
pseudomembranous colitis, which has a character-

istic endoscopic appearance with gray or yellow
plaques.

Diagnosis of C. difficile is usually by enzyme im-
munoassays that detect either toxin A or both toxins
A and B. Particularly in children, tests that detect
both toxins are preferred to avoid missing cases.101

A positive test in a young infant with diarrhea does
not automatically prove a causal relation.4,102–104

The bacteria, with or without the toxins, can be
found in from 40–80% of healthy neonates and
is recovered from about 3% of older outpatients
without diarrhea.105 Therefore, treatment (dis-
cussed later) is not automatically indicated. First,
any antibiotic should be stopped if possible, as the
antibiotic may itself be a cause of diarrhea or may
alter bowel flora and so produce diarrhea.

Children with Hirschsprung’s disease can de-
velop an enterocolitis, which may be caused by C.
difficile.106 Because C. difficile may be spread from
one patient to another via personnel, hospitalized
patients should be kept in contact isolation, as
should patients with diarrhea of unidentified cause.

Parasites

Entamoeba histolytica

E. histolytica is a rare cause of acute dysentery in
the United States. It occurs in warmer climates in
the South and in Mexican immigrants. Amebiasis
can cause bloody diarrhea even in young infants
and can be fulminant with perforations, peritonitis,
and hepatic abscesses.107–109

■ CHRONIC DIARRHEA

Diarrhea can be defined as chronic when it persists
for more than 2 weeks. In the United States, non-
infectious causes are at least as common as infec-
tious ones, particularly if the diarrhea persists for
longer than 4 weeks. The noninfectious causes of
chronic diarrhea are numerous and vary depending
on the child’s age. In the infant, common causes
include disaccharidase deficiency, cow or soy milk
protein intolerance, cystic fibrosis, or immunodefi-
ciency. In toddlers, chronic nonspecific diarrhea
(toddler’s diarrhea) and celiac disease should be
considered. In the older child, inflammatory bowel
disease, lactose intolerance, and irritable bowel syn-
drome are common causes.110 Several excellent re-
views on the approach to the patient with chronic
diarrhea are available.110–113

The rest of this discussion focuses on infectious
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causes only. The infectious causes of chronic diar-
rhea can be divided into parasitic and nonparasitic.
Parasites are far more common as agents of chronic
diarrhea than are viruses or bacteria. However, any
of the common causes of acute diarrhea can occa-
sionally cause persistent symptoms, especially Sal-
monella, Campylobacter, and enteric adenovirus. C.
difficile sometimes causes recurrent episodes of diar-
rhea. Oral vancomycin appears to be superior to
metronidazole in treatment of recurrent disease.114

One study suggested that the use of a probiotic
agent (Saccharomyces boulardii) provided added
benefit.115

Parasitic Causes of Chronic Diarrhea

Amebiasis

The term amebiasis is usually understood to mean
infection with Entamoeba histolytica. This infection
is uncommon in the United States but is an occa-
sional cause of chronic diarrhea after infancy.116,117

Often, there is a history of travel to a foreign coun-
try, such as Mexico. “Histolytica” refers to the inva-
sive power of this species, which secretes a lytic
substance that allows tissue invasion. Other species
of amoebae (e.g., Entamoeba coli, E. hartmanni, and
E. dispar) may be found in human feces as normal
flora.

The motile trophozoite of E. histolytica survives
only briefly after defecation. It is destroyed by gas-
tric acid and so is usually not contagious. The cyst
is the usual form seen and is the infective form. It
also is the usual form recovered from the patient
with chronic diarrhea.

Chronic or recurrent diarrhea secondary to ame-
biasis may be associated with episodes of abdominal
pain.116 Mild diarrhea may alternate with constipa-
tion. Weakness, weight loss, and anemia may occur.
Eosinophilia is unusual and is not striking when
present. Fever is usually absent or low-grade (less
than 38.4�C [101�F]).

Chronic amebiasis is often considered in the dif-
ferential diagnosis of ulcerative colitis. There may
be blood passed with the stool without much diar-
rhea.117 Hepatomegaly may be present, as may he-
patic abscess.118

E. histolytica is morphologically indistinguis-
hable from the nonpathogenic (and much more
common) E. dispar. A commercially available EIA
performed on stool is the best means of distinguish-
ing the two.119

Giardiasis

Giardia lamblia is a flagellated protozoan that is the
most common gastrointestinal parasitic infection in
the United States. It is a relatively frequent cause
of diarrhea, especially among those attending day-
care centers.120,121 Its usual mode of spread is fecal-
oral. Disease in adolescents and adults is related to
diaper changing.122 Outbreaks in day-care centers,
therefore, are most frequent in classrooms of dia-
pered children.123 It has been transmitted by con-
taminated water, although the risk of acquiring gi-
ardiasis from backcountry water has not been well
quantified.124 Dogs can be a source of human infec-
tion.121 The incubation period is usually about 1
week but may be as short as 3 days or as long as
3 weeks.

At least two different clinical syndromes are as-
sociated with Giardia infection. The acute form fea-
tures bulky, loose, foul-smelling stools, flatulence,
and sometimes abdominal cramping. Fever is un-
common. The chronic form of the disease is insidi-
ous; it is marked by waxing and waning symptoms.
Long-term bulky diarrhea, belching, flatulence, and
poor weight gain are the principal symptoms. Mal-
absorption and failure to thrive may be the only
symptoms. Rarely, vomiting may be associated. Hy-
pogammaglobulinemia is a predisposing factor,
with great difficulty eradicating the parasite in these
patients.125

The pathophysiology of giardiasis is not com-
pletely understood. The trophozoites in the duode-
num reach large numbers. They are not invasive,
but rather attach themselves to the outside of the
endothelial cells. Some experts believe that the
cause of the diarrhea and malabsorption is the ac-
tual physical obstruction caused by multitudinous
trophozoites attached to the absorptive layer of the
bowel wall.

The diagnosis can be made by visualizing the
cysts in stool. One stool sample provides at least
66% sensitivity for the diagnosis; two samples must
be evaluated to elevate the sensitivity to 90% or
greater.126,127 Enzyme immunoassays that test for
giardial antigens in stool have been developed and
are somewhat more sensitive than
microscopy.126 Neither test attains 100% sensitiv-
ity, because some patients with giardiasis shed the
cysts intermittently. If the suspicion of giardiasis is
high, a repeat stool sample should be sent. The
string test, in which a weighted string is swallowed
and allowed to pass through the duodenum, is an
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older test that was generally reserved for patients
in whom the diagnosis could not be otherwise es-
tablished. However, the test is quite unpleasant and
there is no scientific evidence that it is more sensi-
tive than microscopy or antigen testing. Rarely, di-
agnosis will be established by esophagogastroduo-
denoscopy (EGD) with biopsy. Invasive procedures
such as EGD, however, are almost never required.

Cryptosporidiosis

This protozoan belongs to the same suborder of
parasites as does Toxoplasma.128 Prior to 1976 it
was not known to be a cause of gastrointestinal
disease. However, it clearly can cause diarrhea out-
breaks in day-care centers.129 It is a cause of diar-
rhea in domestic animals, which can be a source of
human infections. A food-borne outbreak in which
the source was traced to raw produce in a restaurant
has been reported; one of the food handlers at the
restaurant was excreting oocysts in the stool.130

Cryptosporidia were also found to be the cause
of the largest outbreak of waterborne diarrhea in
the history of the United States, when over 400,000
people in Milwaukee became ill from cryptospori-
dial contamination of the municipal water sup-
ply.131 Control of waterborne outbreaks is difficult;
the oocysts manage to elude municipal water purifi-
cation systems and are remarkably resistant to chlo-
rination. In outbreak situations, residents are usu-
ally asked to boil water for at least 1 minute prior
to consumption. Post-outbreak surveys indicate
that the majority of people comply with this re-
quest; however, 20% admitted to washing produce
with tap water prior to consumption, and 57% used
tap water for toothbrushing.132 These exposures are
likely to pose significant risk, especially for immu-
nocompromised hosts. The importance of boiling
water for all uses needs to be emphasized in out-
break situations. Submicron point-of-use water fil-
ters proved to be protective against disease during
the Milwaukee outbreak, reducing the infection rate
from 50–80% to 18%.133 Filters with pores larger
than one micron don’t do anything but provide a
false sense of security.

Recreational water exposures such as swimming
pools and waterparks are also a common source of
infection.93,134,135 Because the infectious dose is as
small as 30 oocysts,136 person-to-person transmis-
sion is also common, especially in day-care
centers.137

After an incubation period of about a week

(range, 2–14 days), the illness is marked by watery
diarrhea in immunocompetent hosts. Study of the
Milwaukee outbreak showed the median duration
of illness to be 9 days. Ninety-three percent of pa-
tients with proven cryptosporidiosis had watery
diarrhea, 84% reported abdominal cramping, 57%
experienced low-grade fever, and about half had at
least one episode of vomiting.131 In immunocom-
promised hosts, the disease tends to be more insidi-
ous and lasts indefinitely. Patients with advanced
HIV disease are particularly prone to problematic
cryptosporidiosis. Over time, weight loss pro-
gresses to cachexia. Involvement of the biliary tract
can cause acalculous cholecystitis. Infection of the
respiratory tract can also occur in immunosup-
pressed hosts. The virulence of cryptosporidia var-
ies by serotype,138 and even within a serotype.

Degree of illness, duration of symptoms, and du-
ration of oocyst shedding vary widely. In a study
of traveler’s diarrhea in normal adults, the mean
incubation period was 1 week, the mean duration
of illness was 12 days, and the majority of patients
stopped excreting oocysts about 1 week after the
end of symptoms.139 In an outbreak associated with
a day-care center, symptoms lasted 1 day to 4
weeks, and oocyst excretion lasted as long as 48
days after the onset of symptoms.129 Interferon-
gamma seems to be important in protection against
severe cryptosporidiosis.140 The importance of cell-
mediated immunity in resolution of infection is at-
tested to by the inability of patients with advanced
HIV disease to clear the parasite. Many of these
patients mount aggressive antibody responses but
are still unable to resolve the disease. Antibodies
are not entirely unimportant, however, as witnessed
by the fact that patients with antibody-deficiency
states tend to suffer more severe disease when in-
fected with cryptosporidia.

Clinicians should be aware that routine ova and
parasite examination of stool does not detect the
presence of Cryptosporidium—testing for the organ-
ism needs to be specifically requested.141 Special
stains are required, and most laboratories do not
perform them routinely.142 When they do test for
Cryptosporidium, three-fourths of laboratories use
modified acid-fast staining. The sensitivity of this
stain for Cryptosporidium is relatively low, 41–76%,
particularly in cases in which the diarrheal illness
is mild.141 Auramine-rhodamine staining may be
more sensitive but lacks specificity.143 Enzyme-
linked immunosorbent and monoclonal antibody
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techniques appear to be have the best sensitivity
and specificity but tend to be more costly.143,144

Cyclospora cayetanensis

Infection with this protozoan causes a watery diar-
rhea that can last for several weeks. Disease was
originally found in returning travelers from areas
of endemicity. In one study of traveler’s diarrhea,
Cyclospora was found to be the cause in about 2–4%
of cases. More than two-thirds of patients had
symptoms for greater than 2 weeks, and about 40%
had a greater than 3-kg weight loss.145

In the 1990s, several outbreaks were reported
in the United States.146 Most outbreaks were due
to the consumption of imported produce from Latin
America, the largest implicating raspberries from
Guatemala.147 Other implicated vehicles include
mixed greens and fresh basil.146 In one outbreak,
traced to a fruit dessert at a wedding reception, the
incubation period averaged 7 days. All those who
were infected had watery diarrhea, 93% had weight
loss, 91% felt fatigued, and 90% had a loss of appe-
tite. In almost 90% of patients, the symptoms
waxed and waned, and in 61% of patients, symp-
toms lasted longer than 3 weeks.148 In immuno-
compromised patients, the disease is similar but
lasts even longer. One report of cholecystitis from
cyclosporiasis in a patient with AIDS has been
published.149

Cyclospora oocysts in freshly excreted stool are
noninfectious; they require days to weeks in the
environment to sporulate into the infectious form.
Thus, in contrast to Cryptosporidium, person-to-per-
son transmission has not been documented.

As with Cryptosporidium, routine ova and para-
site testing will not detect Cyclospora, and the physi-
cian should request that it be looked for when there
is a suspicion of cyclosporiasis.146 Safranin is the
best stain for demonstrating the oocysts.150 The dis-
ease may be underdiagnosed; in one study in Great
Britain, only 58% of laboratories were able to cor-
rectly identify this pathogen.151 Treatment with tri-
methoprim-sulfamethoxazole (TMP-SMX) alle-
viates symptoms and decreases the duration of
oocyst shedding.152

Isospora belli

This protozoan is very similar to C. cayetanensis,
except that large food-borne outbreaks have not
been reported. Infection is more common in tropi-
cal and subtropical areas of the world. Disease in

immunocompetent patients is marked by watery
diarrhea that resolves over several weeks. This
pathogen is particularly problematic for patients
with immune deficiencies, especially AIDS, in
whom it causes massive secretory diarrhea with
weight loss and cachexia, which can last for 6–10
months. When HIV infection is aggressively treated,
isosporiasis tends to resolve.153 It can be diagnosed
by fluorescence microscopy of concentrated feces
in a wet mount preparation.154 Alternatively, acid-
fast or safranin stains can be used.155 Treatment
with TMP-SMX is effective, but relapses are
common.156

Microsporidia

Microsporidia is the name given to a group of proto-
zoan parasites. Over 1,200 species have been iden-
tified, but only a few have been demonstrated to
cause disease in humans. Two species, Enterocyto-
zoon bieneusi and Encephalitozoon intestinalis, pri-
marily cause gastrointestinal infection.157

These pathogens are apparently rare in people
with normal immunity, although one report of re-
turning travelers with diarrhea found microspori-
diosis in 5 (3%) of 148 of them.158 Aside from this
report, however, almost all reported cases are in
patients with AIDS. Diagnosis is accomplished by
microscopy using a chromotrope-based or fluores-
cent stain.159,160

Patients with AIDS who are treated with effective
antiretroviral regimens respond much more favora-
bly to treatment for microsporidiosis.153 Albenda-
zole is effective against some species (including E.
intestinalis),161 but not others (such as E. bieneusi).
Cases where cure of E. bieneusi infection was ef-
fected with nitazoxanide have been reported but
controlled data are lacking.162 Despite reports of
thalidomide treatment, this drug should not be
used. In vitro, thalidomide does not suppress the
growth of any species of microsporidia.163

Dientamebiasis

Dientamoeba fragilis is closely related to the flagel-
lates, such as Trichomonas. It is a rare cause of
chronic diarrhea and abdominal pain and some-
times causes acute diarrhea.164 Peripheral eosino-
philia is common. The symptoms respond to
metronidazole.

Strongyloidiasis

This intestinal nematode can cause chronic diarrhea
associated with eosinophilia, weight loss, and ste-
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atorrhea.165 Patients usually come from Puerto
Rico, Mexico, or the rural southern United
States.165

Balantidium coli

Infection with this protozoan pathogen is usually
asymptomatic but can result in acute or chronic
diarrhea. Infection is most frequent in areas of the
developing world in which contact with pigs is
common. Diagnosis is by direct visualization of
fresh stool, and treatment is with tetracycline or
metronidazole.166

Probable Nonpathogenic Protozoa

Several organisms are occasionally reported by the
microbiology laboratory when found in stool sub-
mitted for routine ova and parasite testing.167 They
include Blastocystis hominis, Endolimax nana, and
nonpathogenic species of Entamoeba (E. dispar, E.
coli, and E. hartmanni). These organisms are de-
tected more frequently in children than adults and
may predict the presence of other (pathogenic) pro-
tozoa. However, conclusive evidence that they are
a cause of gastrointestinal symptoms is lacking.

Postinfectious Lactase Intolerance

The concept that lactose malabsorption is common
in the recovery phase of acute bacterial or viral diar-
rheal illnesses, and that in some children this results
in a significant persistence of the diarrhea,168 was
a popular notion. Many physicians still prescribe
a period of lactose restriction following an acute
diarrheal episode. Lactose-free formula has even
been developed to fill this clinical niche. Although
this concept may still hold true for individual chil-
dren, in population-based studies the time to recov-
ery from acute diarrheal illness is similar between
groups receiving lactose-containing formula or
breast milk and those receiving lactose-free milk.169

Thus, routine use of non-lactose-containing for-
mulas is not recommended for children with acute
diarrhea. However, the contribution of lactase defi-
ciency in young children with chronic diarrhea in
the developing world is thought to be substan-
tial.170 Risk factors for lactose intolerance in this
population include age younger than 6 months, low
socioeconomic class, and severe dehydration.

Bowel Bacteria Overgrowth

Bacteria such as Proteus or Pseudomonas, which nor-
mally are found in the bowel in small numbers,

often become the predominant species in a patient
with diarrhea. These organisms should not be as-
sumed to be the cause of the diarrhea but probably
are a “result” of the diarrhea. Klebsiella, Pseudomo-
nas, and other enteric gram-negative rods occasion-
ally contain plasmids that encode for toxins or inva-
siveness, much as E. coli do. Therefore, these
organisms may occasionally be the cause of diar-
rhea.171 However, causation is difficult to prove un-
less isolates are studied for virulence factors in a
research laboratory.

Unknown Agents

In surveys of diarrhea using all available techniques
to detect the frequency of various agents, there is
a moderate percentage of cases with no cause found.
Clearly, some agents that cause diarrhea remain to
be discovered.

■ DIARRHEA IN COMPROMISED HOSTS

Hirschsprung’s disease (aganglionic megacolon) is
associated with severe enterocolitis in some chil-
dren, sometimes attributable to C. difficile
infection.172

Bone marrow transplant recipients can have
diarrhea, especially from adenoviruses, rotaviruses,
enteroviruses, and C. difficile (Chapter 22).173

Chronic enterovirus infection and giardiasis are
common in children with agammaglobulinemia
(Chapter 23).

Diarrhea may be a prominent feature of dissemi-
nated histoplasmosis in infants. Despite the pres-
ence of massive hepatosplenomegaly, disseminated
histoplasmosis is sometimes initially misdiagnosed
as infantile inflammatory bowel disease.

Rotaviral infection, giardiasis, cryptosporidiosis,
cyclosporiasis, isosporiasis, and microsporidiosis
can cause persistent diarrhea in immunocompro-
mised children, such as those with AIDS (Chapter
20). All of these agents can also infect the immuno-
logically normal host as well and were discussed
earlier. Disease in immunocompromised hosts
tends to be of longer duration. In addition, compli-
cations, such as cholecystitis or disseminated infec-
tion with protozoan parasites, are more likely to
occur.

■ LABORATORY APPROACH

Several thoughtful reviews are available about the
clinical analysis and laboratory approach to chil-
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dren with diarrhea.174–177 A variety of tests is avail-
able, but many of these are nonspecific. Even the
most important test—bacterial stool cul-
ture—needs to be used selectively. As with any test
that is ordered, careful consideration should be
given to whether the results of the test will influence
the care of the patient or be of public health signifi-
cance. For example, rapid testing for rotavirus is
widely available, but the management of the young
child with rotavirus diarrhea is identical to that of a
child with watery diarrhea of any cause. In addition,
there are no specific public health implications of
detecting a child with rotaviral diarrhea.

Bacterial Cultures

Indications for this test include

1. Diarrhea with blood or mucus
2. Patients sick enough to be hospitalized
3. Special circumstances: day-care outbreaks, for-

eign travel, or suggestive exposure history

In acute-inflammatory diarrhea, stool culture is
usually the best laboratory procedure and often can
influence antibiotic therapy. In acute noninflamma-
tory diarrhea, no laboratory test is of much value
in determining the etiology or specific antibiotic
therapy, although culture should be done to ex-
clude a treatable bacterial cause when the illness is
moderately severe or necessitates hospitalization. In
chronic diarrhea, testing for specific parasitic causes
(Giardia, Cryptosporidium, and Cyclospora) is rea-
sonable. Patients with severe diarrhea and recent
antibiotic exposure should be tested for C. difficile
infection. A positive test in a young infant may rep-
resent colonization, but in an older child it is usu-
ally indicative of a causal relationship.

Bacterial Stool Cultures in Hospitalized
Patients

Studies in both adults and children have demon-
strated the extremely low yield of stool cultures in
the hospitalized patient. In a study of all 14,125
stool cultures from inpatients at Children’s Hospital
in Boston over a 5-year period, 174 (1%) were posi-
tive. Of 9,378 cultures from patients hospitalized
for more than 3 days, only 13 (0.1%) were positive.
Most of these were sent to document clearance in
a patient known to be infected with an enteric
pathogen.178 Many hospital laboratories reject re-
quests for stool cultures in patients hospitalized
more than 3 days, with substantial savings in costs.

Rectal Swab Cultures

Rectal swabbings may be taken directly from a pa-
tient or by swabbing the stool after it has been
passed, trying to swab any visible areas of pus or
mucus.

When a rectal swabbing is taken from a patient
who has watery stools, the swab sometimes will not
appear stool-colored. This does not mean that the
sample is inadequate, because the swab absorbs
much fecal water, which contains many organisms.
Weighing of swabs before and after swabbing indi-
cates that the swab collects about 50 mg of fecal
liquid, even when not discolored,12 and this is suffi-
cient for detecting bacterial pathogens, as the organ-
ism is present in large numbers. Whole-stool speci-
mens are necessary only to detect a carrier state,
where a large sample is needed to detect the small
numbers of organisms (� 1000 per gram of stool)
that may be found in carriers.179

Rectal swabbings may be streaked directly onto
a culture plate at the bedside at the time they are
obtained. Alternatively, the swab can be trans-
ported in broth or on a culturette and then plated
at the laboratory, a procedure of equal sensitivity.

Number of Cultures

Usually, one culture is sufficient to exclude the
common bacterial pathogens, but a second culture
should be done if the diarrhea persists. The main
disadvantage of a single culture is not so much that
the pathogen is irregularly excreted, but that an
error may occur in the collection or transportation
of a single specimen.

A presumptive laboratory identification of Shi-
gella, Salmonella, E. coli O157:H7, or Campylobacter
should be available 48 hours after the culture is
taken.

Fecal Leukocyte Smear

Smears for fecal leukocytes are occasionally done
to narrow the differential diagnosis. However, they
are generally unhelpful for several reasons. First,
the presence of fecal leukocytes is not specific for
infection; they can be seen with inflammatory
bowel disease as well as other non-infectious
causes. Second, even if the presence of fecal leuko-
cytes were specific for bacterial infection, testing for
their presence would not guide therapy, because
some bacterial causes of diarrhea require antibiotics
and others do not. Finally, if the stool has gross
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blood, it is not necessary to see fecal leukocytes to
recognize the disease as invasive. Studies that claim
a diagnostic value for leukocyte smears usually have
not analyzed the data after excluding grossly bloody
stools and include cases of Salmonella (which usu-
ally do not require treatment) and enterohemorr-
hagic E. coli (for which treatment is contraindi-
cated). Testing the stool for lactoferrin (a product
of WBCs), if the test is available, may be a slightly
more sensitive way of showing the presence of
WBCs in the stool. A meta-analysis of all studies
published to date suggests that lactoferrin is the
single most accurate laboratory predictor of a bacte-
rial etiology of diarrheal illness.180 Again, however,
none of these studies excluded cases of bacterial
enteritis due to organisms that should not be treated
with antibiotics.

Peripheral Blood Smear

If the differential smear has more band forms than
segmented neutrophils, Shigella is much more likely
than other etiologies.181

Parasites

If two bacterial cultures are presumptively negative
for enteric pathogens in persistent nonbloody diar-
rhea, or if there is a predisposing situation (such as
foreign travel or a day-care or institutional out-
break), then microscopic stool examination for
parasites is appropriate. Nonimported amebiasis is
rare in the United States, so giardiasis and crypto-
sporidiosis are the principal parasitic diseases to ex-
clude. Specific antigen detection in the stool is
probably the most sensitive means of detecting
these two organisms. Giardia is usually also visual-
ized on routine stool microscopy (ova and parasite
testing). Cryptosporidium requires specials stains.

Follow-up examination to detect asymptomatic
carriers or study of asymptomatic family members
is not necessary.

Viral Cultures

Because almost all diarrheagenic viruses can be de-
tected only by electron microscopy, cell cultures
are not useful.

Viral Antigen Detection

Rapid antigen detection is available in many labora-
tories for rotavirus and in fewer laboratories for en-

teric adenovirus. Whether detecting these organ-
isms saves the expense of further testing is doubtful.

Enterohemorrhagic E. coli Tests

In patients with hemorrhagic colitis, the laboratory
should be requested to culture for E. coli O157:
H7. This serotype is detected by its lack of sorbitol
fermentation plus serologic testing with O157 anti-
sera. Rapid detection of Shiga toxin in stool has a
sensitivity of about 90% compared with culture of
E. coli O157:H7. It is most useful in detection of
non-O157 strains of enterohemorrhagic E. coli.

Serology

Serum antibodies are rarely studied, either because
they are not reliably produced or because their pro-
duction is too delayed to be helpful in acute infec-
tion. One study reported that a rapid method of
detecting serum IgM antibodies to Salmonella was
93% sensitive and 95% specific compared with cul-
ture.182

■ PHYSIOLOGIC DISTURBANCES

The early recognition and treatment of the physio-
logic disturbances of acute diarrhea is usually more
important than antibiotic therapy directed at possi-
ble bacterial pathogens. The three principal physio-
logic disturbances that are most likely to occur in
acute diarrhea are dehydration, hypernatremia, and
metabolic acidosis (Fig. 12-2). Other possible dis-
turbances are hypokalemia, hypocalcemia, hypo-
magnesemia, hypoglycemia, and hypochloremic al-
kalosis.

■ MANAGEMENT

Fluids and Symptomatic Therapy

Since the World Health Organization adopted oral
rehydration therapy (ORT) in 1978 as its primary
tool to fight diarrhea, the number of deaths among
children suffering from acute diarrhea has fallen
from 4.6 million to 1.5 million annually.183 Despite
this dramatic success, ORT remains woefully un-
derutilized, particularly in the United States, where
more expensive intravenous therapy is often used
instead.184 Practical guidelines for the outpatient
management of acute gastroenteritis in children
have been published185 and are summarized in Box
12-2.

The practice of “bowel rest” for infants with diar-
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■ FIGURE 12-2 Dehydration in infants is often associated
with poor tissue turgor recognized by the failure of pinched
skin to snap back to normal. Top: Dehydrated baby with poor
turgor (demonstrated by pinching skin on the abdomen) and
sunken eyes. Bottom: Same infant 48 hours later after intra-
venous fluids (Moffet HL: Clinical Microbiology. Philadelphia:
JB Lippincott, 1980).

BOX 12-2 ■ Practical Guidelines for the
Management of Acute Diarrhea
in Young Children

1. Use of “clear fluids” is inappropriate because
they lack adequate sodium.

2. Use of juices, carbonated beverages, and
sports drinks can worsen diarrhea because of
the osmolar load.

3. Use commercially available oral rehydration
solutions.

4. Calculate the fluid deficit and replace over 4
hours. For example, in a 10-kg child with 5%
dehydration, the deficit is 5% of 10,000 g �
500 mL. Therefore give 125 mL of ORT per
hour for 4 hours.

5. If the child is breast-fed, continue breast-
feeding.

6. Reassess at 4 hours.
7. If rehydrated, start normal feeding, including

maintenance fluids.
8. Continue to supplement with ORT 10 mL/kg

for each watery stool or vomitus until child
recovers.

rhea, with all its conventions (clear liquids for a
day, then half-strength formula for a day, etc.) has
no basis in science. Studies have clearly shown that
continuing to give formula or breast milk to infants
suffering from acute diarrheal illnesses hastens re-
covery and does not worsen the severity of the
disease.169

Drug Therapy

Antimotility Agents

Studies of Lomotil (diphenoxylate and atropine) in
humans indicate that it makes experimental shigel-
losis worse.187 In general, Lomotil or similar antidi-
arrheal preparations such as loperamide (Imodium)
that inhibit intestinal motility should not be used
in infants or children under 5 years old.188

Kaolin-Pectin Suspension

Kaolin (a clay), pectin (found in apples), and a com-
bination of the two do not decrease the frequency
of defecation or the water content or the weight of
the stools189 but may decrease the urgency to defe-
cate and self-soiling. Use of these preparations is
unnecessary.

Lactobacilli

Commercial lactobacillus preparations often do not
survive in the intestine when administered to hu-
mans; a study comparing the incidence of diarrhea
in children attending a day-care center who were
given yogurt, lactobacillus-fermented milk, cultures
of Lactobacilli casei, or a control preparation for one
month at a time showed no difference in the num-
ber of diarrheal episodes.190 There is likely no po-
tential benefit to be gained by eating yogurt or
drinking lactobacillus-fermented milk as an aid to
recovery from acute diarrheal episodes or as a pre-
ventive against antibiotic-associated diarrhea.

However, a strain of lactobacillus known as lac-
tobacillus GG (LGG) does appear to have some sa-
lutory effect in certain circumstances, although
there are some inconsistencies in the data. For ex-
ample, in one study, LGG or placebo was given
to 119 children being treated with antibiotics for
respiratory infections; although the severity and du-
ration of diarrheal episodes were identical, the inci-
dence of diarrhea was 5% in the LGG group and
16% in controls.191 In a very similar study, 188
children were randomized to receive either LGG or
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placebo as prophylaxis against diarrhea while being
treated with antibiotics for other indications; in this
study, not only was the incidence of diarrhea de-
creased, but there was also a decrease in stool fre-
quency and an increase in stool consistency.192 A
reduction in nosocomial diarrhea193 and hastened
recovery from acute diarrheal episodes in children
given oral rehydration fluids plus lactobacilli194

have been demonstrated. In the latter study, a sig-
nificant difference between groups was found, even
though the lactobacilli that were administered had
been heat-killed. Finally, the duration of viral shed-
ding in children suffering from rotavirus infection
seems to be decreased by LGG administration.195

A meta-analysis of 10 randomized, double-blind
placebo controlled trials suggested a benefit of pro-
biotics in the treatment of acute diarrhea in children
(pooled estimate risk 0.43, 95% confidence interval
0.34–0.53).196

Complications

A list of possible complications of diarrhea is shown
in Table 12-2.

Convulsions were observed in 11% of children
with diarrhea caused by Shigella, compared with

TABLE 12-2. COMPLICATIONS OF ACUTE DIARRHEA

COMPLICATIONS USUAL AGENTS

Bacteremia

Convulsions and fever

Encephalopathy

Extraintestinal infections

Guillain-Barré syndrome

Hemolytic-uremic syndrome

Meningitis

Reactive arthritis

Bowel perforation, toxic megacolon, 
secondary bacteremia

Dural sinus thrombosis, renal vein thrombosis, 
transient methemoglobinemia, urinary 
infection

Convulsions/altered mental status

Subdural effusions

Salmonella, Yersinia

Shigella, Campylobacter, Salmonella

Shigella (more common) or Salmonella

Salmonella (more common); other 
bacteria occasionally

Campylobacter jejuni

E. coli O157: H7

Salmonella (neonates/young infants)

Salmonella, Shigella, Campylobacter, 
Yersinia

Invasive (bloody) diarrhea group

Any severe diarrhea

Severe diarrhea producing electrolyte 
imbalances

Any hypernatremic diarrhea

5% of those with diarrhea caused by Salmonella and
4% with diarrhea of undiagnosed etiology.197 The
pathophysiology of seizures in shigellosis has not
been clearly defined; in one animal model, an in-
crease in the production of TNF-alpha and inter-
feron-beta 1b was found within the CNS very early
in infection.198

This is a difficult area of study, because high
fever, severe dehydration, hypoglycemia, and hypo-
natremia, all clinical features known to be associ-
ated with seizures, may be present in patients with
dysentery. However, in many cases, seizures that
occur in association with Shigella infection actually
antedate the gastrointestinal symptoms. A recent
study of 863 patients in Bangladesh found that the
incidence of seizures in children with shigellosis
varied by age; of the children younger than age 15
years, 9% were unconscious at presentation, and
8% had seizures either by direct observation or by
history.199 No patient over the age of 15 had sei-
zures in association with Shigella infection. The
spinal fluid is almost always normal, but a few pa-
tients with convulsions associated with shigellosis
have been found to have 10–400 WBCs per
mcL.197,200 For the usual generalized convulsions
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lasting less than 10 minutes, neither drug therapy
nor diagnostic procedures were recommended in
one large study.201 Focal, continuing, or recurrent
seizures were observed in 20% of the children in
this series from Israel.201

Bacteremia is not unusual in diarrhea caused by
some species of Salmonella but is rare in shigello-
sis.202 Bacteremia with a different enteric organism,
such as Enterobacter, has been reported 5 or 6 days
after the onset of shigellosis in association with new
clinical findings, particularly high fever, leukocyto-
sis, and toxicity.203 Secondary bacteremia with en-
teric organisms is not surprising given the extent
of local mucosal destruction seen in shigellosis.

Perforation of the bowel and toxic megacolon
are rare complications of salmonellosis. Encepha-
lopathy has been reported in children with salmo-
nellosis or shigellosis but also appears to be
rare.204,205 Extraintestinal infections that can occur
with Shigella include conjunctivitis, urinary tract in-
fection, vaginitis, pneumonia, and arthritis.206 Bac-
teremia and meningitis may complicate salmo-
nellosis in the newborn period.207 Subdural
effusions may occur because of brain shrinkage sec-
ondary to hypernatremia. These are usually small
and require no therapy.200 The odd case of subdural
empyema208 or brain abscess209 due to Salmonella
species has been reported.

Urinary tract infection occasionally complicates
or causes acute diarrhea. Collection of a noncon-
taminated specimen from a female infant with diar-
rhea is difficult, but urinalysis reports in such pa-
tients should not be ignored. A specimen obtained
by catheter or bladder puncture may be needed for
a definitive diagnosis.

Secondary disease, presumably due to the im-
mune system’s response to the pathogen, can occur,
especially after Campylobacter infections. The asso-
ciation of Guillain-Barré syndrome and campylo-
bacteriosis is discussed in Chapter 9. There seems
to be a component of molecular mimicry in its path-
ogenesis. The incidence is less than 1 in 1,000 cases
of Campylobacter infection.62

Hemolytic-uremic syndrome complicates about
5–10% of cases of E. coli O157:H7 infection, as
discussed previously.

Reactive arthritis is an occasional complication
of bacterial enteritis (see Chapter 16). The joints
are painful and swollen, but, if aspirated, no organ-
isms are recovered. The patient usually remains afe-
brile. Over a course of days to weeks or even
months, the condition resolves, and no sequelae are

usually seen. In one study of 52 adults with reactive
arthritis, a definite etiologic cause could be found in
56% if appropriate studies were done.210 Salmonella
spp were the most commonly identified agents and
were the causative infections in 33% of cases in
which the cause could be elucidated. In another
74 adults with “undifferentiated oligoarthritis” who
lacked a preceding illness history, 35 (47%) were
found to have an identifiable cause. Salmonella
caused 12% of these cases and Yersinia spp, 19%.
Shigella and Campylobacter can also cause a reactive
arthritis; C. difficile and Giardia have been impli-
cated less frequently.

Acquired steatorrhea or acquired lactose intoler-
ance may follow mild infectious diarrhea in infancy
and may be the first step toward chronic diarrhea
and malnutrition, especially in developing coun-
tries.211,212

Management of Exposed Persons

Outbreaks of diarrhea in newborn nurseries may
present many problems in control, requiring adher-
ence to strict contact precautions. Careful hand hy-
giene in newborn nurseries may decrease exposure,
as indirect evidence indicates that hands are an im-
portant means of colonization by diarrheagenic E.
coli in the nursery.213 If an obstetric patient has
diarrhea, her infant should be isolated from other
newborn infants.

Isolation of hospitalized patients with diarrhea
is important. All caretakers should wear a gown and
gloves if contact with the patient or the patient’s
environment is expected.

Antibiotic Therapy

Before Culture Results

As discussed earlier, only some of the causes of bac-
terial enteritis require therapy (Table 12-3). In addi-
tion, antimicrobial therapy is contraindicated for
diarrhea caused by E. coli O157:H7. Because of the
difficulty in distinguishing the various causes of
acute inflammatory diarrhea on a clinical basis, em-
piric therapy is generally discouraged. One excep-
tion is the situation in which the patient is a contact
of a known case of shigellosis, in which case the
likelihood of infection with the same organism is
great.

Shigellosis

Ampicillin or TMP-SMX were long considered the
drugs of choice for hospitalized children with shig-
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TABLE 12-3. SPECIFIC CHEMOTHERAPY FOR ACUTE DIARRHEA

PATHOGEN FIRST-LINE CHEMOTHERAPY (ALTERNATIVES)

TMP-SMX � trimethoprim-sulfamethoxazole
HUS � hemolytic-uremic syndrome

Unknown (before culture results)

Amebiasis

Campylobacteriosis

Clostridium difficile

Cryptosporidium

Cyclospora

E. coli O157:H7

Enterotoxigenic E. coli

Giardiasis

Salmonellosis

Shigellosis

Typhoid fever

Vibrio parahaemolyticus

Yersiniosis

None

Metronidazole followed by paromomycin 
or iodoquinol

None (erythromycin, if severe)

Stop offending agent; Metronidazole 
(vancomycin)

Nitasoxanide

TMP-SMX

None (antibiotics increase risk of HUS)

Azithromycin (a fluoroquinolone)

Metronidazole (furazolidone)

None (ampicillin, ceftriaxone, TMP-SMX)

Cefixime (TMP-SMX, a fluoroquinolone)

A fluoroquinolone (ceftriaxone)

None (doxycycline)

None (ceftriaxone, doxycycline)

ellosis. The existence of many ampicillin- and TMP-
SMX-resistant strains in third-world countries has
been well reported. Until recently it was thought
that most U.S. strains remained sensitive to either
ampicillin or TMP-SMX. However, a report from
Oregon that looked at 369 isolates found that 63%
were resistant to ampicillin, and 59% were resistant
to TMP-SMX.214 A prospective, randomized trial of
2-day versus 5-day cefixime therapy for children
with shigellosis showed that all patients were either
improved or completely better by day 3, but that
bacteriologic failure 1 week later was much less fre-
quent in patients who received the 5-day course.215

About 20% of patients in each group experienced
a relapse. Cefixime resistance was rare (3%) in the
Oregon study cited earlier.214 A study comparing
5 days of cefixime with 5 days of ampicillin-sulbac-
tam also found that recovery was much quicker in
the cefixime-treated group.216

Patients who require antibiotic therapy for shig-
ellosis probably should be empirically treated with
cefixime (or a similar oral third-generation cephalo-
sporin) rather than ampicillin or TMP-SMX. Most
shigellae are also sensitive to fluoroquinolones. An-

tibiotic susceptibility testing of isolates should be
used to guide therapy. Patients with severe shigello-
sis who are infected with a strain sensitive only to
the fluoroquinolones should be treated with a fluor-
oquinolone, regardless of age.

Individuals who have recovered from their diar-
rhea by the time the laboratory report of Shigella is
received need not be treated with antibiotics, unless
the patient may be exposing others because he or
she is not toilet trained. A convalescent carrier state
(carriage for � 1 month) may occur, but a more
chronic carrier state is extremely unusual in shigel-
losis.217

Salmonellosis

There is no indication that duration of symptoms
in uncomplicated salmonellosis is shortened by an-
tibiotic therapy. Because of the risk of dissemination
to the bloodstream and CNS, salmonellosis in in-
fants 3 months of age or younger is generally treated
with ampicillin or a third-generation cephalospo-
rin. Susceptibility studies should guide therapy.
This area is somewhat controversial, because the
benefit of this approach has not been demonstrated.
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Salmonella Carriers

Family members or contacts of a patient with sal-
monellosis may be found to be excreting the same
serotype, but it is likely that they were infected by
the same food source as the patient, rather than
being a source themselves. Such carrier contacts
should be regarded as convalescent carriers and
usually should not be treated.

Carriers of Salmonella species other than S. typhi
are a possible source of infection to others, but un-
like the case in typhoid fever, other sources, such
as food, are more likely. In one study, severely debi-
litated individuals who were carriers of S. derby for
2–11 months apparently had no complications re-
lated to the carrier state.218 When the carrier state
must be eradicated for admission to an institution,
parenteral ampicillin or oral amoxicillin combined
with probenecid may be effective.

Typhoid Fever

Ampicillin and TMP-SMX resistance among S. typhi
is now common. Fluoroquinolones are the most
effective drugs for the treatment of typhoid fever;
they should generally be used, even in young chil-
dren. Several trials have shown that they are associ-
ated with the most rapid resolution of symptoms
and with the lowest rates of clinical and microbio-
logical failure. In areas where fluoroquinolone resis-
tance has emerged, ceftriaxone, cefixime, or
azithromycin may be used and are usually very ef-
fective also.78

In patients with chronic carriage, attempts at
eradication should be made. If susceptible, amoxi-
cillin 100 mg/kg/day with probenecid (30 mg/kg/
day) can be given for 3 months. Other regimens
may be tried, depending on the susceptibility of the
organism. Some carriers have chronic infection of
the gallbladder, in which case cholecystectomy may
be necessary to eradicate the organism.

Campylobacter

Mild cases probably do not require therapy. Chil-
dren with severe symptoms, grossly bloody diar-
rhea, fever, or suspected immune deficiencies
should be treated with oral erythromycin.219 There
is some controversy as to whether patients actually
benefit from erythromycin therapy; studies in chil-
dren seem to show some shortening of the duration
of illness and of fecal shedding. Clarithromycin and
azithromycin are likely to be effective and may be

better tolerated.220 Fluoroquinolones are often used
in the empiric treatment of dysentery in third-world
countries. However, resistance of Campylobacter to
fluoroquinolones ranges from 11–29% in studies
done in the mid-1990s.221 Resistance rates seem
to be rapidly increasing,62 probably secondary to
extensive quinolone use in the farm industry.222

Giardiasis

Furazolidone suspension is useful for young chil-
dren, given for 10 days at 9 mg per kg per day
(maximum 400 mg per day) divided in three or
four doses.121 Metronidazole is probably the most
commonly used drug for giardiasis, although it has
not been approved by the FDA for this indication.
Metronidazole carries a warning label that it is car-
cinogenic in mice and rats, and a pediatric usage
label that “safety and effectiveness in children have
not been established, except in amebiasis.” After
noting this, textbook and journal articles proceed
to give a dose of metronidazole for giardiasis in
children. Metronidazole can be used at 15 mg/kg/
day (maximum 750 mg) in three divided doses for
5 days. It should not be given to pregnant women
because of possible adverse effects on the fetus. The
bitter taste can be disguised somewhat with jam or
chocolate syrup. It has a powerful Antabuse-like
effect, so it should not be used concurrently with
any medication in an elixir form.

Nitazoxanide is available in a liquid formulation
and has recently been approved by the FDA for
treatment of giardiasis in children ages 1–11 years
old.223 In a clinical trial among Peruvian children
with Giardia infection, nitazoxanide was as effective
as metronidazole; both drugs had a cure rate of
80–85%.224 The dose in children 1–3 years old is
100-mg po BID for 3 days; children 4–11 years old
are given 200-mg po BID for 3 days. Quinacrine is
an effective drug, but it is no longer readily avail-
able. The dose is 6 mg/kg/day (maximum 300 mg)
for 7 days in three divided doses.225 The drug can
be obtained by calling Panoroma Pharmacy in Pa-
naroma City, CA, at 1-800-487-7113.

Enterohemorrhagic E. coli (EHEC)

In the case of E. coli O157:H7 infection, antibiotics
increase the risk of hemolytic-uremic syndrome and
should be avoided.97 Whether this is true for the
non-O157 EHEC is not clear, but it would be pru-
dent to avoid antibiotics in those cases as well.
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Enterotoxigenic E. coli (ETEC)

Traditionally, TMP-SMX was the preferred agent for
treatment of traveler’s diarrhea, the most common
cause of which is ETEC. However, antimicrobial
resistance to TMP-SMX has become common. In
one study from Thailand, more than 90% of Shigella
isolates and 40% of ETEC isolates were resistant to
TMP-SMX.226 Thus, fluoroquinolones have re-
placed TMP-SMX as the empiric therapy of choice
for adult travelers with diarrhea.220

Azithromycin is a reasonable alternative in
young children for whom fluoroquinolones are rel-
atively contraindicated. In the Thailand study,
azithromycin resistance was found in 15% of
ETEC.226 In addition, for children older than 5
years old, loperamide may be considered in con-
junction with an antibiotic for treatment of travel-
er’s diarrhea.220 For children, the main early treat-
ment for traveler’s diarrhea is oral rehydration. The
use of prophylactic antibiotics for travelers is gener-
ally not advised.

Cryptosporidiosis

In the past, no therapy had been shown to be effec-
tive in treating cryptosporidiosis. However, more
recent studies have shown efficacy of a new drug,
nitazoxanide, and in 2003 the FDA approved it for
treatment of Cryptosporidium infection in children
1–11 years old.223 A study in Egypt compared a 3-
day course of nitazoxanide with placebo. After 7
days, 21 (88%) of 24 children receiving nitazoxa-
nide were cured of diarrhea compared with 9 (38%)
of 24 children receiving placebo.227 Nitazoxanide
also decreased the duration of oocyte shedding in
the stool. A similar study in Zambia also demon-
strated effectiveness in immunocompetent chil-
dren; however, among children with HIV infection,
the drug was no more effective than placebo.228

Several other agents, including spiramycin, par-
omomycin, and azithromycin have been reported
to be effective in uncontrolled trials in immuno-
compromised patients, who may have diarrhea for
months. Unfortunately, none has been shown to be
effective in placebo-controlled trials.229,230 In pa-
tients with AIDS, the best treatment for Cryptospori-
dium is improvement of immune function with
highly active antiretroviral therapy.231,232

Clostridium Difficile

If possible, the offending antibiotic should be
stopped. If symptoms are mild, this may be all that

is needed. In more severe cases, or if the antibiotic
therapy cannot be discontinued, both oral metroni-
dazole and oral vancomycin are effective, with re-
sponse rates greater than 90%. Metronidazole is
preferred because it is less expensive and does not
promote the development of vancomycin-resistant
enterococci.100 If intravenous therapy is required,
metronidazole (but not vancomycin) may be used.-
Because of its enterohepatic circulation, sufficient
concentrations of metronidazole may reach the
colon, although this is not reliable.

Yersinia Diarrhea

Yersinia species can produce mesenteric adenitis
with abdominal pain severe enough to lead to ap-
pendectomy.223 Yersinia species also can produce
dysentery-like diarrhea. Usually, the organism is
not detected by conventional bacteriologic meth-
ods. Most Yersinia species are resistant to penicillins
but are sensitive in vitro to TMP-SMX tetracycline,
ceftriaxone, and gentamicin. In one clinical trial of
TMP-SMX, there was no benefit compared with pla-
cebo.234 Patients with severe immunocompromise
or who have extraintestinal sites of infection other
than the mesenteric nodes may benefit from antibi-
otic therapy.

Staphylococcus

S. aureus is found in about 15% of rectal cultures
of normal children. The physician should not treat
on the basis of the laboratory report of S. aureus in
the stool unless the Gram stain of the feces and the
clinical illness are compatible with staphylococcal
enterocolitis.

Cholera

Replacement of fluids and electrolytes is the main-
stay of cholera therapy.235 Therapy with tetracy-
cline or doxycycline eradicates V. cholerae, reduces
contagion, and shortens the duration of diarrhea,
and should be considered for patients with moder-
ate to severe illness. TMP-SMX may be used in chil-
dren younger than 8 years old.

Questionable Pathogens

Pseudomonas, Proteus, Enterobacter, and Citrobacter
may be recovered in pure culture or as the predomi-
nant aerobic bacteria from the stool of a patient
with diarrhea, but there is no reasonable statistical
or experimental evidence that the dominance of
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these organisms is anything other than a result of
changed flora secondary to diarrhea or selective
growth during antibiotic therapy.

■ VOMITING SYNDROMES

Vomiting can be defined as the forceful ejection of
gastric contents. Regurgitation can be defined as
passive spitting up of stomach contents with rela-
tively little effort, especially after eructation.

Diagnoses to Avoid

Stomach (or intestinal) flu, gastritis, and gastroen-
teritis should be avoided as preliminary diagnoses,
because they are usually not a precise enough de-
scription of the degree of vomiting or diarrhea and
imply an inflammatory etiology. Stomach flu is a
lay term that is not adequately defined but usually
implies an outbreak. Caliciviruses are a common
cause. However, in some human volunteer experi-
ments, ingesting caliciviruses produced predomi-
nantly vomiting in some subjects and predomi-
nantly diarrhea in others.

“Gastritis” implies that stomach inflammation is
involved in a vomiting illness, but this is rarely test-
able and is often not the principal factor. “Gastroen-
teritis” should not be used if vomiting rather than
diarrhea is the major manifestation. Keep in mind
that, in children, vomiting is often a nonspecific
symptom of systemic illness and does not necessar-
ily imply a gastrointestinal or even an abdominal
source. “Vomiting” or “vomiting with fever” may be
a more accurate problem-oriented diagnosis than
“gastroenteritis.” As discussed later, pharyngitis,
cystitis, meningitis, pneumonia, myocarditis, and
sepsis may all present initially with vomiting.

Classification

To aid the classification of a vomiting syndrome, it
is important to find out the frequency and severity
of the vomiting, the appearance of the vomitus, and
any exposure to other persons who are vomiting.
If diarrhea is more prominent, the patient should
be classified into one of the diarrheal syndromes.
If the patient has severe abdominal pain, signs of
intestinal obstruction, or signs of increased intracra-
nial pressure, the preliminary syndrome diagnosis
should be in one of these areas. When vomiting is
the principal clinical finding, the preliminary diag-
nosis should be based on whether the patient has

exposure to, or association with, other persons who
are also vomiting, as described later.

Clinical Syndromes

Epidemic Vomiting Syndrome

Epidemic vomiting syndrome is characterized by
repeated episodes of nausea and vomiting, often
with heaving, gagging, and retching.236,237 In the
typical case, vomiting occurs frequently over a pe-
riod of approximately 8 hours, with a gradual de-
crease in frequency over the next several days. In
order to define an illness as epidemic vomiting syn-
drome, it is necessary to know that the patient has
been exposed to another person with the same gen-
eral illness or that an outbreak of vomiting is occur-
ring in the community. Contacts may be friends or
others in the family or neighborhood who have had
similar illnesses. Alternatively, a point-source out-
break may be responsible in which multiple people
have ingested a contaminated item.

Winter Vomiting Disease

Winter vomiting disease237,238 was a term originally
applied to a form of sequential-onset vomiting ill-
ness that occurred more commonly in the winter.
As the epidemiology of caliciviruses has been more
clearly elucidated, it has been suggested that this
syndrome is just another name for epidemic calici-
virus outbreaks (discussed in more detail later).
Thus, the term winter adds nothing and should be
abandoned. Although epidemiologically it is useful
to contrast sequential onset vomiting from simul-
taneous onset vomiting, both syndromes are fre-
quently caused by caliciviruses.

Common-Source Vomiting

This syndrome also could be called emetic food
poisoning or simultaneous onset vomiting, which
is cumbersome but more precise. It can be defined
as the occurrence of vomiting in more than one
individual with the onset at approximately the same
time (within only a few hours of each other). The
vomiting pattern and other associated symptoms
may resemble those of epidemic vomiting syn-
drome. Some diarrhea may also be present. The
usual cause is staphylococcal enterotoxin produced
in food contaminated by a pustule from a food han-
dler, or caliciviruses shed by a food worker who is
either in the prodromal stages or is just recovering
from acute epidemic vomiting illness.238
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Food poisoning should not be used as a prelimi-
nary syndrome diagnosis without further descrip-
tion, such as emetic food poisoning. Food poison-
ing is usually defined as any illness transmitted by
food. Many anatomic syndromes can be produced
by the variety of microorganisms or toxins that can
be transmitted by food. Examples of such syn-
dromes and the usual etiology of the syndrome are
simultaneous onset vomiting, typically caused by
staphylococcal enterotoxin or caliciviruses; acute
diarrhea, typically caused by Salmonella, Campylo-
bacter, C. perfringens, or B. cereus; febrile exudative
pharyngitis, caused by Group A streptococci; cra-
nial nerve paralysis, caused by Clostridium botuli-
num; and histamine effects (headache, flushing, and
diarrhea) caused by scombroid (tuna family) fish
poisoning (Table 12-4). The existence of the so-
called Chinese restaurant syndrome, which was
thought to be secondary to monosodium glutamate
ingestion, has been called into question.240 The
syndrome is not reproducible even in self-pro-
claimed sufferers if monosodium glutamate is given
with food and an appropriate placebo is used.241

Mushroom poisoning may affect only a few
members of a family but is especially important to
identify, as specific therapies may reduce the mor-
tality rate.242

Possible Etiologies

Onset of an Acute Infection

Other signs of the infection besides vomiting be-
come more prominent with time and are discussed
in the sections on these diseases. Mumps virus infec-
tion can cause persistent vomiting without parotitis.
Reye’s syndrome usually begins with severe vomiting
followed by signs of acute encephalopathy. Shigello-
sis may be manifested by vomiting at the onset,
although vomiting is usually not persistent, and
diarrhea quickly becomes the predominant symp-
tom. A brief episode of vomiting precedes diarrhea,
as a general rule, in experimental Shigella infections.
Meningitis is often associated with vomiting at the
onset, probably because of increased intracranial
pressure. Young children with Group A streptococ-
cal pharyngitis often experience vomiting in associ-
ation with headache and abdominal pain. At the
time of the first clinic visit, these symptoms may
even predominate. Infants with urinary tract infec-
tions often present with vomiting and fever as the
principal symptoms. Other possibilities to keep in
mind are pneumonia, sepsis, and myocarditis.

Caliciviruses

Caliciviruses (noroviruses and sapoviruses) are the
most common causes of epidemic vomiting syn-
drome. Because these viruses are not cultivatable in
the laboratory, progress in virologic and epidemio-
logic studies has been slow. These viruses were first
seen using immunoelectron microscopy. All these
viruses were first called “small round-structured vi-
ruses” (SRSV) because of their appearance on elec-
tron microscopy. They are all now classified as types
of calicivirus. These viruses are extremely small and
relatively simple. Norwalk virus was named for
Norwalk, Ohio, where an outbreak of epidemic
vomiting syndrome occurred in 116 students and
teachers in an elementary school in 1968. Nausea
and vomiting occurred in 95%, abdominal cramps
in 60%, and diarrhea in 40% of the primary cases.
The secondary attack rate in families of the primary
cases was about 30%, indicating a contagious agent.
In an outbreak of Norwalk-related disease in a boys’
camp, the majority had nausea and vomiting,
whereas 9% of the campers (younger) had diarrhea,
and 55% of the staff (older) had diarrhea.243

Other similar viruses, all classified as calicivi-
ruses, resemble Norwalk virus morphologically and
can cause gastroenteritis.244 They are being named
for the locations or patients where they were first
recovered: Hawaii agent, MC (Montgomery
County) virus, W agent (Britain), Snow Mountain
agent (Colorado), Otofuke agent (Japan), and Marin
(County) agent. Collectively, these viruses are
known as noroviruses (formerly Norwalk-like vi-
ruses). Sapporo virus is another calicivirus that
causes epidemic vomiting syndrome. It is distrib-
uted worldwide. It is structurally different enough
that it and similar viruses are now classified in the
genus Sapovirus (formerly Sapporo-like viruses).

It is believed that the fecal–oral route is the main
mechanism of transmission of noroviruses. How-
ever, outbreaks in which airborne transmission has
appeared to play a major role have been de-
scribed.245 The secondary household infection rate
is higher than might be expected were fecal–oral
transmission the only mechanism of spread.

Immunity to noroviruses is type specific.246

Therefore, infection with one serotype is not protec-
tive against infection with a related virus. Addition-
ally, it appears that homotypic protection is not
long lived; therefore, after a couple of years, infec-
tion with the exact same serotype can occur.247

Virus is shed in the feces prior to the onset of symp-
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TABLE 12-4. FOOD POISONING SYNDROMES AND THEIR COMMON CAUSES

SYNDROME COMMON CAUSES

Gastrointestinal

Primarily vomiting

Diarrhea (with or without vomiting)

Persistent diarrhea (� 14 days)

Central nervous system

Cranial nerve palsies (descending paralysis)

Ascending paralysis and sensory deficits

Paresthesias, numbness, weakness

Seizures

Respiratory symptoms

Febrile exudative pharyngitis

Systemic illness

Anemia, thrombocytopenia, renal failure

Flu-like illness, cervical adenopathy

Diarrhea, fever, myalgia, periorbital edema

Flu-like illness, bacteremia, meningitis

Fever, abdominal pain, jaundice

Headache, fever, myalgia, arthralgia

Special situations

Mushroom poisoning (short acting, � 2 h)

Mushroom poisoning (long acting, 4–8 h)

Mass hysteria

S. aureus, B. cereus (emetic toxin), caliciviruses, heavy metals

C. perfringens, B. cereus (diarrheal toxin), Salmonella, 
Shigella, Campylobacter, enterohemorrhagic E. coli,
enterotoxigenic E. coli, Caliciviruses, Vibrio 
parahaemolyticus, Cryptosporidium, Cyclospora

Cyclospora, Cryptosporidium, Entamoeba histolytica, Giardia 
lambia

Botulism

Guillain-Barré syndrome secondary to C. jejuni infection

Ciguatera fish poisoning, shellfish toxins, puffer fish, 
scombroid, thallium, mercury, nitrites

Organophosphates, carbamates

Group A streptococcus, possibly other streptococci

Hemolytic-uremic syndrome secondary to 
enterohemorrhagic E. coli infection

Toxoplasma gondii

Trichinella spiralis

Listeria monocytogenes

Hepatitis A

Brucellosis

Vomiting, diarrhea, confusion, visual disturbance, salivation, 
diaphoresis, confusion

Diarrhea, abdominal cramps, hepatic and renal failure

Occasionally seen in schools or other close contact situations; 
common complaints include hyperventilation, dyspnea, 
headache, nausea, and abdominal pain

toms, and for several days (even up to a week) after
the symptomatic phase of the disease is over.248

The virus has also been found in vomitus.

Staphylococcal enterotoxin

Staphylococcal enterotoxin is probably the most fre-
quent cause of simultaneous onset vomiting. In a
large outbreak in Japan, the incubation period was
able to be determined for 2975 cases. Most patients
developed symptoms between 3 and 4 hours after
ingesting the contaminated milk; 85% of patients de-

veloped illness within 6 hours, and 96% developed
illness within 12 hours.249 Symptoms reported were
nausea or vomiting (75%), diarrhea (75%), abdomi-
nal cramps (50%), and low-grade fever (12%).249

Staphylococcal food poisoning can cause severe ill-
ness or even be fatal in older or immunocompro-
mised individuals.250

In outbreaks of staphylococcal food poisoning,
the source can usually be suspected on the basis of
the food history, usually a previously cooked high-
protein food, and is confirmed by testing the items
for enterotoxin.251,252 A food worker usually has
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contaminated the food. Typically, it has been stored
without refrigeration at temperatures sufficient to
allow staphylococcal growth.253 The enterotoxin is
heat stable; therefore, reheating foods stored at in-
correct temperatures can kill the bacteria, but the
toxin is not inactivated.

At least five serologically different types, labeled
A through E, have been identified. The most frequent
and most severe disease is caused by type A entero-
toxin. Enterotoxin-producing S. aureus can cause os-
teomyelitis and other staphylococcal diseases but
such infections are typically not associated with
vomiting.254 They are also occasionally responsible
for staphylococcal toxic shock syndrome, although
strains producing TSST-1 are a more common cause.

Bacillus cereus

Those strains of B. cereus that elaborate emetic toxin
cause an illness indistinguishable from that of S. au-
reus. Sudden onset of severe vomiting occurs 1–6
hours after ingestion of the preformed toxin. Fried
rice is the most common vehicle. This is because
many cooks allow the boiled rice to cool to room
temperature to avoid clumping. The bacteria repli-
cate in the rice and produce the heat-stabile toxin,
which is not inactivated by frying the rice.

Botulism

Occasionally, vomiting is prominent in botulism and
may divert attention from the usual neurologic find-
ings.255,256 In type E botulism, the expected pupil-
lary dilatation and extraocular paralysis may be ab-
sent, but the mouth is usually dry (see Fig. 9-8).

The CDC advises that suspected food be saved,
that stool and serum specimens be obtained from the
patient, that CSF be examined, that an electromyo-
gram be done, and that the patient’s vital capacity be
monitored preferably in an intensive care unit.257 As
described in Chapter 9 (paralysis and weakness sec-
tion), artificial ventilation may be required for the
paralysis. An equine polyvalent antiserum is avail-
able 24 hours a day through the CDC and is obtained
by contacting the appropriate state health depart-
ment.

Heavy Metals

Ingestion of certain heavy metals (e.g., antimony, ar-
senic, copper, thallium, tin, and zinc) may cause
vomiting. The incubation period is characteristically
very short (a few hours). Eating foods stored in a me-

tallic container may be a clue. Treatment is suppor-
tive.258

Noninfectious Causes

Vomiting can be a result of many noninfectious con-
ditions. These include ingestion of toxins; intestinal
obstruction; increased intracranial pressure; meta-
bolic causes, including diabetic acidosis and adrenal
insufficiency; and pregnancy.

Physiologic Disturbances

Dehydration, metabolic alkalosis from loss of gastric
acid, and later acidosis secondary to dehydration
may occur.

Prevention

In theory, many cases of epidemic vomiting syn-
drome or food poisoning are preventable. Good
kitchen hygiene and refrigeration practices should
decrease the number of cases of food-borne disease
from home-cooked meals. Health inspection ser-
vices attempt to keep commercial food-borne dis-
ease at bay with frequent inspections and education,
but it is impossible to prevent all such cases.

Secondary household cases of vomiting illness
due to caliciviruses are, at least in theory, minimiza-
ble by careful hand washing and cleaning, although
airborne spread may still occur.

Regarding future calicivirus vaccine prospects, it
is known that the second open-reading frame of the
calicivirus genome encodes the entire structure of
the virus; this portion of the genome can be ex-
pressed in baculovirus to produce “empty viri-
ons.”259 These resemble caliciviruses in every way,
but are only the outer structure. In animal models,
oral administration of these empty viruses is success-
ful at producing antibodies to the most important
outer membrane proteins. These empty virions may
prove to be viable vaccine candidates.

Management

Withhold Oral Feeding

Usually, no treatment is necessary except withhold-
ing oral feedings for a few hours before trying clear
fluids.260 In the absence of diarrhea, dehydration
will usually not be severe in an older child who has
no fluid for a 24-hour period, and infants generally
do reasonably well without fluid for 12 hours. A use-
ful guide to dehydration is documentation of weight
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loss, which can be done by the family or in the physi-
cian’s office.

Cautious Oral Fluids

Once the frequency of the vomiting decreases, small
feedings are begun with oral rehydration solution
(ORS) every 15 minutes (see Box 12–2). Even if the
child continues to vomit, some of the ORS will still be
absorbed. Intravenous therapy is seldom necessary
except when there is an underlying disease such as
diabetes or if the patient is a very young infant. If
diarrhea is also present, intravenous fluids may be
necessary in the infant.

Drug Therapy

In general, to avoid masking serious disease and be-
cause the ordinary bout of epidemic vomiting is be-
nign and self-limited, antiemetics should not be used
in vomiting patients. The phenothiazine drugs such
as prochlor perazine (Compazine�) probably are
not indicated because of the rare occurrence of neu-
rologic complications resembling tetanus (discussed
in Chapter 9), particularly spasms of the neck mus-
cles, which have been reported as a cause of death.261

Promethazine (Phenergan�) is commonly used as
an antiemetic but lacks proof of efficacy. Trimetho-
benzamide (Tigan�) has been associated with extra-
pyramidal toxicity. A small, prospective, random-
ized, placebo-controlled study showed that
intravenous ondansetron (Zofran�) decreased sub-
sequent bouts of emesis, and, in the subset of chil-
dren with serum carbon dioxide levels greater than
or equal to 15 mEq/L, decreased hospital admission
for fluid therapy.262

■ FOOD-BORNE DISEASE

An estimated 76 million persons contract food-
borne illnesses each year in the United States. 67,84

Formal surveillance is collected for only some of the
causes of food-borne illness. Nearly all of the organ-
isms discussed earlier as a cause of diarrhea or vomit-
ing can be acquired by food-borne transmission, al-
though some are more commonly transmitted from
person to person (e.g., rotavirus)263 or via contami-
nated water (e.g., Giardia).264 In addition, some or-
ganisms are transmitted via the food-borne route but
typically are not associated with either vomiting or
diarrhea (e.g., Listeria).258 Common causes of food-
borne illness are listed in Table 12-4.

■ WATERBORNE ILLNESS

The causes of waterborne illness are somewhat dif-
ferent from those of food-borne illness, although
there is overlap. Waterborne illness may be caused
by exposure to contaminated drinking water or rec-
reational water (e.g., swimming or wave pools). The
most common causes of gastroenteritis caused by
contaminated drinking water are Giardia, Shigella,
Salmonella, E. coli O157:H7, caliciviruses, Crypto-
sporidium, and chemical agents.266

The most common causes of gastroenteritis
caused by contaminated recreational water are Cryp-
tosporidium, E. coli O157:H7, and Shigella.266 This is
intuitive because each of these three agents has a low
infectious dose.

■ PEPTIC ULCER DISEASE

Definitions

An erosion is a mucosal break that does not penetrate
the muscularis mucosa. An ulcer is deeper and ex-
tends through the muscularis into the submucosa.
Peptic ulcer disease refers to erosions or ulcers of the
stomach or duodenum. They may be primary (the
most common cause of which is Helicobacter pylori
infection) or they may be secondary. The causes of
secondary ulcers are numerous and include sepsis,
autoimmune disease, and multiple drugs (such as
nonsteroidal anti-inflammatory drugs and ste-
roids).267 If there is histologic evidence of inflamma-
tion in a biopsy specimen, the terms gastritis or duo-
denitis are appropriate.

Helicobacter pylori

H. pylori is a gram-negative rod initially classified as
a Campylobacter. During the past decade, it has be-
come accepted that chronic infection with H. pylori
is the major factor in the pathogenesis of primary
peptic ulcer disease.268

Although peptic ulcer disease is less common in
children than adults, the diagnosis should be consid-
ered in the child with periumbilical or epigastric ab-
dominal pain, particularly if accompanied by vomit-
ing, blood in the stools (which may be occult), and
anemia. A family history of ulcers is also often elic-
ited.

In addition to causing most duodenal and gastric
ulcers, H. pylori infection is a strong risk factor for
the development of gastric carcinoma and gastric
lymphoma. Eradication of H. pylori infection dra-



CHAPTER 12 • GASTROINTESTINAL SYNDROMES448

matically decreases the subsequent risk of gastric
cancer.269

The diagnosis of H. pylori infection can be made
endoscopically or with noninvasive tests. However,
documentation of an ulcer can only be made
endoscopically. There is much controversy regard-
ing whether nonulcer dyspepsia in a patient who
tests positive for H. pylori infection requires treat-
ment. A recent systematic review reported that eradi-
cation of H. pylori improves symptoms in only about
10% of patients with nonulcer dyspepsia.270 How-
ever, given the long-term benefit of eradication, it is
possible that treatment for confirmed H. pylori non-
ulcer dyspepsia will become accepted practice in the
future.

Noninvasive tests include serology, urea breath
test, and stool antigen detection. Serologic testing in
children is much less sensitive than in adults.271 In
addition, serology cannot be used as a test of cure,
because antibody levels tend to remain elevated de-
spite eradication of the organism. The urea breath
test has sensitivity and specificity of approximately
95% compared with endoscopic biopsy and can be
used to determine eradication.272 However, the test
needs further validation in children � 6 years old.273

H. pylori antigen detection in stool has a sensitiv-
ity and specificity of about 93%, performs well in
children of all ages, and is probably the most conven-
ient test.268,272 It can be used for follow-up testing
starting 8 weeks after completion of therapy.

Combination therapy is required for successful
eradication of H. pylori. Several regimens are FDA-
approved in adults.268 However, treatment of H. py-
lori infection in children is less well studied.267 The
most commonly used regimen includes omeprazole
(1 mg/kg/day divided BID) plus clarithromycin (15
mg/kg/day divided BID) plus either amoxicillin (50
mg/kg/day divided BID) or metronidazole (30 mg/
kg/day divided BID). A treatment course of 14 days
is recommended.267

■ APPENDICITIS AND ABDOMINAL PAIN
SYNDROMES

Appendicitis is the most important and most fre-
quent of the severe, treatable, acute abdominal pain
syndromes. It is therefore the first diagnosis the clini-
cian should consider in a child with acute abdominal
pain. This section goes into considerable detail about
appendicitis and its differential diagnosis, with some
information of use primarily to the surgeon. How-
ever, this material is often a source of discussion be-

tween the primary care physician and the surgeon
and is not readily available in nonsurgical textbooks.

Appendicitis can be defined in terms of the gross
appearance of the appendix as observed at operation
or by the microscopic appearance of the appendix as
visualized by the pathologist. However, the clinician
usually makes a presumptive preoperative diagnosis
of appendicitis primarily on the basis of acute ab-
dominal pain with right lower quadrant pain and
tenderness, especially with tenderness lateralized to
the right on rectal examination.

Appendicitis is relatively common; the lifetime
risk is estimated to be between 7% and 9%. The peak
incidence occurs between ages 12 and 20 years. In
one series, during a 12-month period in Britain,
about 1 of every 200 children under 12 years of age
in the general population was hospitalized because
of abdominal pain.274 Approximately half of these
children had a laparotomy, and most had an appen-
dectomy.274 In England and Wales in the 1960s,
about 1 in every 800 children with appendicitis died,
and the mortality rate was eight times higher for chil-
dren under 5 years of age.275

In one study, appendicitis occurred most fre-
quently between 6 and 16 years of age, and the per-
centage of perforations rose sharply from 20–30%
in the 8- to 18-year-olds to 60–80% for children
younger than 5 years of age.276

Clinical Patterns

Classic Appendicitis

Typically, abdominal pain is the principal symptom.
At first, the pain is periumbilical; later, it is localized
to the right lower quadrant. Fever is usually slight to
moderate, usually less than 38.9�C (102�F). Rectal
examination usually confirms tenderness on the
right. Generalized abdominal tenderness is not pres-
ent unless there is perforation and peritonitis, in
which case gentle percussion of the abdomen usually
reveals exquisite tenderness. In the earlier stages, a
moderate tap on the heel of the patient who is lying
on the examination table may elicit abdominal pain.
Young children can be asked to hop down off the
exam table; this maneuver produces pain in patients
with peritonitis, but is tolerated by children with
nonspecific abdominal pain.

The WBC count is usually 10,000–20,000/mcL.
High fever (above 38�C) or leukocytosis greater than
20,000/mcL, if found early in the illness, should
make the physician consider another source of infec-
tion. Perforation usually induces a profound left
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shift, causing a bandemia, although the WBC count
may be similar to that seen in patients with appendi-
citis without rupture.277 Urinalysis may show pyuria
secondary to the appendicitis.

Atypical Appendicitis

The clinical diagnosis is much easier to make in older
children and adults than in young children and in-
fants, in whom signs and symptoms may be some-
what atypical. In this patient population, pediatri-
cians are likely to misdiagnose acute appendicitis as
acute gastroenteritis. Young children are more likely
to: (1) have nonlocalizing abdominal symptoms, (2)
have misleading signs to another, unrelated illness,
and (3) receive antibiotics prior to receiving the diag-
nosis of appendicitis. The fact that younger children
cannot adequately express the extent and character
of the abdominal pain also hampers early diagnosis.
In preschool children, fever and toxicity may be
greater, rectal examination may not be helpful, and
perforation occurs earlier.278,279 In adolescents re-
ceiving tetracycline for acne, the clinical manifesta-
tions of appendicitis might be milder.280

In the newborn with appendicitis, failure to eat
well, vomiting, and abdominal distension are usu-
ally present, early perforation is common, and the
mortality rate is high.281,282 Involuntary muscle
spasm may be found, particularly on the right, or a
right-lower-quadrant mass (abscess) may be felt.

Another atypical presentation is a predominance
of diarrhea.283 In this case, the patient is almost al-
ways misdiagnosed as having gastroenteritis. How-
ever, a careful history will reveal that the amount of
diarrhea is not sufficient to account for the degree of
toxicity, tachycardia, or hypotension. In one study,
one-third of young children had a diarrheal presen-
tation, and a history of diarrhea was independently
correlated with a longer hospital stay.284

Ruptured Appendix

In reviews of appendicitis in which the appendices
had ruptured, the most prominent clinical manifes-
tations, found in more than 75% of the children,
were cramping pain, vomiting, nausea, loss of appe-
tite, diffuse abdominal tenderness, guarding, and re-
bound tenderness.276,278,279 Rectal tenderness was
found in about half of the group. About 5–10% had
diarrhea or dysuria.

Diagnostic delay and young age are probably in-
terrelated, because the young child is less likely to
have typical symptoms of appendicitis. Of 120 chil-

dren under the age of 5 in one series, rate of rupture
was inversely related to age; all of 10 children under
12 months of age had undergone perforation before
the diagnosis of appendicitis was established.285 The
overall rate of perforation was an astounding 74%.
Another study showed that the rate of perforated ap-
pendicitis was lower in children who were admitted
from an emergency department versus from any out-
lying facility (including general pediatricians’ of-
fices).286 This may also be a result of diagnostic
delay; of children who went to their general pediatri-
cian’s office first, half were erroneously assigned a di-
agnosis of acute gastroenteritis.287

Predisposing Infections

Any viral disease that produces lymphoid hyperpla-
sia could theoretically produce obstruction of the ap-
pendiceal lumen. Influenza, measles, and adenovi-
rus infection can produce lymphoid hyperplasia,
and there is a reasonable suspicion that these viruses
predispose to appendicitis, although no clear etio-
logic relationship has been demonstrated statisti-
cally. There is some epidemiologic evidence suggest-
ing that common infectious agents may have a part
in the development of appendicitis, as some spatio-
temporal clustering of cases has been demon-
strated.288 Using fluorescent antibody techniques,
adenovirus and coxsackievirus B antigen have been
demonstrated in appendices removed at opera-
tion.289

The most clear-cut relation of a predisposing in-
fection is pinworm infestation, in which the worm
may obstruct the appendiceal lumen. Other round-
worms can also do this.

Several bacterial species have been found in pure
culture in the appendix, but it is not clear that they
have any specific causal role. They are probably coin-
cidental findings, although possibly capable of pro-
ducing inflammatory changes predisposing to ob-
struction.

There is a slight familial tendency toward having
appendicitis, especially if a sibling has had it.290

Some studies demonstrate an approximately two-
fold higher risk for Caucasians as compared with Af-
rican Americans.

It is important to consider appendicitis as a new
diagnosis or complication, even if the child is already
known to have a disease that can cause abdominal
pain.

Infectious Causes of Abdominal Pain
Many infectious diseases can resemble appendicitis
and should be included in the differential diagnosis.
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Pneumonia

Lower-lobe pneumonia can produce pain that may
be mistaken for abdominal pain, and the presence of
high fever and leukocytosis may lead the physician
to suspect a ruptured appendix.291 Pleurodynia sec-
ondary to coxsackievirus B also may produce pain
that may resemble the abdominal pain of appendi-
citis.292

Acute Mesenteric Lymphadenitis

The syndrome of acute mesenteric lymphadenitis is
characterized by abdominal pain, tenderness, fever,
and vomiting, which leads the surgeon to operate on
the patient for possible appendicitis.293–296 The ap-
pendix is normal, but large mesenteric nodes are
found. Cultures of these nodes have revealed a vari-
ety of pathogens, including beta-hemolytic strepto-
cocci, the meningococcus, Yersinia enterocolitica, and
Yersinia pseudotuberculosis.295–296 This syndrome
has also been temporally associated with EBV297 and
adenoviruses.

Acute Salpingitis

A pelvic examination should be done in sexually ac-
tive adolescent girls with lower abdominal pain.
Acute salpingitis can often be diagnosed clinically on
the basis of an enlarged tender fallopian tube. Puru-
lent discharge may be present in the cervical os, and
a culture for gonococcus should be done. Culture,
antigen, or DNA-based testing for Chlamydia tra-
chomatis should be done as well. A ruptured tubal
pregnancy is typically associated with vaginal bleed-
ing and can usually be excluded by a pregnancy test.
Ultrasound examination may be helpful to detect
these conditions in sexually active adolescent
girls.298

Gastroenteritis

Acute viral or bacterial gastroenteritis can be mis-
taken for appendicitis, particularly early in the ill-
ness, before diarrhea is prominent. However, the
pain and tenderness are typically generalized rather
than localized to the right lower quadrant. Y. entero-
colitica, described earlier under mesenteric adenitis,
is probably the most common cause of gastroenteri-
tis to mimic the symptoms of appendicitis.

Urinary Tract Infection

Urinalysis and culture of a carefully collected urine
specimen should be done (see Chapter 14).

Rare Infectious Causes

Hepatitis and Perihepatitis

Abdominal pain caused by liver infection is usually
associated with right upper quadrant tenderness (see
Chapter 13). Perihepatitis is also called Fitz-Hugh-
Curtis syndrome and is principally a disease of sex-
ually active adolescent females (Chapter 15).

Cholecystitis and Cholangitis

Inflammation of the gallbladder with associated in-
fection of the bile ducts is rare in children, but it does
occur.299 Obesity, gallstones, prior pregnancy, a he-
molytic disease, leukemia, Crohn’s disease, cystic fi-
brosis, and congenital stenosis of the biliary tract are
possible predisposing causes of cholecystitis in chil-
dren and adolescents. In childhood, cholecystitis ap-
pears to be divisible into two distinct syndromes:
acute (symptoms for less than 1 month) and chronic
(greater than 1 month). In one review of 25 children
with cholecystitis, 13 had acute disease. Of the 13
children with acute acalculous cholecystitis, 10
(75%) were male, 6 (46%) developed symptoms in
an immediate postoperative period, 5 (38%) had an
associated systemic illness, and 2 (15%) had Salmo-
nella infection.300 All patients had fever, right-
upper-quadrant pain, and emesis. Five (38%) of the
13 had jaundice, and three (23%) had a palpable
right-upper-quadrant mass. Most of the patients had
leukocytosis, and 8 (62%) had abnormal liver func-
tion tests. Ultrasound demonstrated inflammation of
the gallbladder wall. By contrast, of 12 children with
chronic acalculous cholecystitis, 8 (67%) were fe-
male. WBC counts and liver function tests were nor-
mal in all patients. Symptoms consisted of chronic
right-upper-quadrant pain with nausea or vomiting.
Cholecystography or HIDA scanning demonstrated
gallbladder dysfunction in 9 patients (75%).300

Cholangitis can be defined as sepsis in association
with biliary tract disease. The condition is rare in
children, in whom it is usually a late complication
of biliary atresia. However, it can complicate biliary
cirrhosis or cholecystitis from any cause,301 includ-
ing gallstones or biliary parasites. In children with
biliary atresia, recurrent episodes of bacterial cho-
langitis are common after portoenterostomy (Kasai
procedure) and may also occur after liver transplan-
tation.302 Only 70% of children display all three
components—fever, right-upper-quadrant pain,
and jaundice—of Charcot’s classic triad. In cholan-
gitis in adults, the serum alkaline phosphatase (a sen-
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sitive indicator of biliary obstruction) is almost al-
ways elevated, but this study is much less useful in
children, in whom the alkaline phosphatase usually
reflects active bone growth. In children, gamma glu-
tamyl transferase (GGT) is much more useful than
alkaline phosphatase as a sensitive indicator of bili-
ary obstruction. The most common organisms caus-
ing suppurative cholangitis are E. coli, Enterococcus
spp, Klebsiella spp, and gut anaerobes; infections are
usually polymicrobial.303 Blood culture will yield
the organism in about half of cases. In one series, per-
cutaneous liver aspirate culture produced an etio-
logic diagnosis in 40% of the children whose blood
cultures were sterile.304 Treatment involves antimi-
crobial therapy (e.g., piperacillin/tazobactam or am-
picillin/sulbactam or cefotaxime) with drainage of
the obstructed biliary tract in severe cases.305 In pa-
tients who develop cholangitis after transplantation,
the antimicrobial regimen should include coverage
for P. aeruginosa.

Ultrasound or computed tomography (CT) scan
to exclude hepatic abscess is usually indicated. Op-
erative relief of biliary obstruction is indicated if the
response to antibiotic therapy is poor.

Kawasaki disease may be complicated by hy-
drops of the gallbladder. In some cases, this condi-
tion produces extreme abdominal pain and even a
“surgical abdomen,” although emergency cholecys-
tectomy is rarely, if ever, required. In leukemia, pri-
mary gallbladder infections can occur, although
they are uncommon. In the largest published re-
port, 5 (1.7%) of 302 children with leukemia were
diagnosed with acute acalculous cholecystitis.306

Acute Pancreatitis

Acute pancreatitis is much more common in adults
than in children. The abdominal pain is intense, of
rapid onset, and usually localized to the midline.
Vomiting may be severe, and shock may be present.
Only about a third of patients are febrile at the time
of presentation. The patient may lie on the examina-
tion table with knees flexed. Epigastric tenderness
and decreased bowel sounds are commonly found.
An elevated serum amylase is useful to support the
diagnosis provided parotitis is not present, as dis-
cussed in the section on parotitis in Chapter 6. Am-
ylase levels correlate poorly with disease severity.
Additionally, they may normalize over the first 1–2
days of illness, causing false-negative results. Lipase
is more specific for the pancreas, but may be normal
over the first day or two of illness. Judicious inter-

pretation of laboratory tests results in correct diag-
nosis. Although nonspecific, CRP is relatively sensi-
tive in detecting acute pancreatitis; in addition, the
CRP value at 48 hours is currently the best available
laboratory marker of severity.306a

In adults, pancreatitis is usually secondary to al-
coholism or biliary disease, whereas in children the
causes are more diverse. In one series of 54 chil-
dren, drugs (such as steroids, thiazides, azathio-
prine, and tetracycline), trauma, and biliary anoma-
lieswere the most common causes.307 Antimicrobial
agents, especially sulfonamides, erythromycin, ri-
fampin, nitrofurantoin, and metronidazole, occa-
sionally cause acute pancreatitis. Two drugs em-
ployed in the care of children with HIVinfection
deserve special mention: didanosine (ddI) is a rela-
tively frequent cause of pancreatitis, and pentamid-
ine, used in both prevention and treatment of Pneu-
mocystis jiroveci (old name, carinii) infection, has
been linked to severe and sometimes life-threaten-
ing cases. In both children and adults, steroid ther-
apy and postoperative pancreatic duct obstruction
may be the cause of acute pancreatitis. Hereditary
pancreatitis and cystic fibrosis are rare causes. Chil-
dren with metabolic diseases may have repeated ep-
isodes. Acute pancreatitis may be part of multisys-
temic vasculitic diseases such as Kawasaki disease,
Henoch-Schönlein purpura, and systemic lupus er-
ythematosus. In two series of children with hemo-
lytic-uremic syndrome, 20% of patients developed
pancreatitis.308,309 In many cases of pancreatitis,
the cause is not found.307,310

When pancreatitis is due to an infectious agent,
a virus is almost always to blame. Mumps virus has
been thought to be the most common viral cause,
based on the fact that about 15% of patients with
mumps virus infection suffer from abdominal pain
and vomiting, and serum amylase is elevated. The
difficulty lies in the fact that serum amylase concen-
trations are also elevated by parotid inflammation,
which is the most obvious symptom of mumps
virus infection. Sometimes the abdominal pain an-
tedates the parotid swelling, but the source of the
amylase may still be the parotid. It is likely that
the importance of pancreatitis as a complication of
mumps is overestimated. However, acute necrotiz-
ing pancreatitis has been documented at operation
in association with unsuspected mumps virus infec-
tion.311 Very few patients have been reported with
unsuspected pancreatitis proved by surgery who
were later discovered to have mumps virus infec-
tion.311 Because the presence of parotid enlarge-
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ment or a history of recent mumps exposure is often
overlooked, one might expect this to have occurred
more often if pancreatitis were really a frequent
complication of mumps. A study of serum total am-
ylase, pancreatic isoamylase, and lipase in patients
suspected of having pancreatitis indicated that al-
most all discordant results were due to elevation of
the serum total amylase by salivary amylase.312

Coxsackievirus B has been clearly established as
a cause of pancreatitis. The abdominal findings may
be accompanied by nonpurulent meningitis, rash,
myocarditis, or other symptoms suggestive of cox-
sackievirus infection. In one study, one-third of pa-
tients with nonpurulent meningitis had elevations
of serum amylase concentration.313

Hepatitis A virus infection is rarely accompanied
by pancreatitis. Several viruses of the herpesvirus
group have been associated with pancreatic inflam-
mation. Pancreatitis is a rare complication of infec-
tious mononucleosis.314 One case of pancreatitis
occurring with acute varicella zoster virus infection
in an apparently immunocompetent child has been
reported.315 In immunocompromised patients, cy-
tomegalovirus can be a cause, as can the antiviral
agents used to treat it, including ganciclovir and
foscarnet. Adenovirus is a rare cause, especially in
bone marrow transplant recipients.

Especially in developing countries, ascariasis is
a cause of obstructive pancreatitis. In severely im-
munocompromised patients, Cryptosporidium par-
vum can be associated with pancreatic disease.

Mycoplasma pneumoniae appears to be a cause of
pancreatitis in children,316 usually in concert with
an atypical pneumonia syndrome. The fact that
some pancreatic cellular antigenic components may
cross react with Mycoplasma in serologic tests has
caused some confusion about how often Myco-
plasma infection truly causes pancreatitis.317

Exploratory abdominal operation should be
avoided if pancreatitis is suspected. Antibiotics or
anticholinergic drugs do not appear to alter the
course of acute nonnecrotizing pancreatitis.307

Treatment, therefore, consists of pain control, fluid
support, and bowel rest and/or nasogastric suction.
Surgery may be required if obstruction is present.
This is in contrast to acute necrotizing pancreatitis
(diagnosed by CT scan), which has a higher mortal-
ity rate and which should be treated with intrave-
nous antibiotics.318

Primary Peritonitis

This condition, also referred to as spontaneous bac-
terial peritonitis, is very uncommon. Children with

nephrotic syndrome or ascites for any reason are
more susceptible to primary peritonitis, probably
because (1) the presence of decreased serum immu-
noglobulins allows organisms entry to the perito-
neal space and (2) the ascitic fluid acts as a culture
medium for such bacteria. Primary (spontaneous)
peritonitis in children not receiving antibiotics is
usually pneumococcal or streptococcal. However,
primary peritonitis can be caused by gram-negative
enteric bacteria, meningococci, anaerobic bacteria,
or H. influenzae.319–321 Tuberculous peritonitis is
very rare and can be difficult to diagnose. A history
of exposure is usually present.322

Therapy of peritonitis should be guided by re-
sults of a Gram stain of paracentesis fluid.319 If no
organisms are seen, the initial therapy should be
the same as for bowel perforation until culture re-
sults are definitive. Exploration of an abdominal
perforation may be indicated.319

Perirectal Abscess

Rectal tenderness, fever, and leukocytosis may be
caused by perirectal abscess.323 This is rarely mis-
taken for appendicitis except during the first two
years of life, when most cases in childhood occur
and the diagnosis of appendicitis is especially diffi-
cult. In the older child or adolescent, such perianal
disease should alert the physician to consider
Crohn’s disease and the possibility of necrotizing
fasciitis. Treatment includes operative drainage and
initial antibiotic therapy such as ticarcillin-clavula-
nate or piperacillin-tazobactam until culture results
are available.

Spinal Infections

Abdominal pain can be produced or simulated by
disease of the spine, intervertebral disks, or nerve
roots. For example, intravertebral disk infection has
produced abdominal pain sufficient to result in op-
eration for appendicitis.324

Psoas Abscess

Characteristically, a psoas abscess produces signs
and symptoms referable to the hip joint and is dis-
cussed in the differential diagnosis of septic arthritis
in Chapter 16.

Acute Rheumatic Fever

In rheumatic fever, abdominal pain may be promi-
nent, and the patient may be operated on for sus-
pected appendicitis.325
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Pharyngitis and Abdominal Pain

Occasionally, streptococcal or nonstreptococcal
pharyngitis is associated with abdominal pain. The
abdominal pain may be accompanied by vomiting
or headache. Ordinarily, the clinical picture is not
that of an acute abdomen, and the pharyngitis is
readily apparent to the clinician. This association
was described by Brenneman in the 1920s,326 but
it has not been adequately studied using modern
laboratory methods. Perhaps the mechanism is the
concurrence of mesenteric adenitis and pharyngitis
due to the same cause, such as an adenovirus or a
Group A Streptococcus.

Influenza Virus Infection

Outbreaks of influenza infection occasionally in-
clude individual children in whom abdominal pain
is a prominent symptom.327,328 This seems to be
much more common in infection with influenza B
virus.327 Physicians wish to discourage the use of
the lay term flu for gastrointestinal diseases, but
abdominal pain, vomiting, and diarrhea do occur
in some children during influenza virus outbreaks
(see Chapter 7).329

Abdominal Pain from Other Infections

Pyogenic sacroilitis,330 pyomyositis of the rectus ab-
dominis muscle,331 Rocky Mountain spotted
fever,332 and an infected urachal cyst can cause ab-
dominal pain.333

Noninfectious Causes

Intussusception, torsion of the ovary, rupture of a
corpus luteal cyst, Henoch-Schönlein purpura, Mit-
telschmerz, abdominal migraine (cyclic vomiting
syndrome), torsion of the greater omentum, juve-
nile rheumatoid arthritis with systemic onset, ab-
dominal epilepsy, and porphyria are some of the
noninfectious causes of acute abdominal pain.
Sickle cell anemia can be associated with a sickle
cell “crisis” manifested by abdominal pain.

Abdominal myalgia can produce tenderness
without prominent myalgia in the muscles of the
extremities, as may occur in children who have
done strenuous or unusual exercises.

Laboratory Approach

WBC Count and Differential

Nonspecific information is provided by a white cell
count, but it is sometimes useful nevertheless. A

leukocytosis of more than 20,000/mcL suggests
peritonitis, abscess, severe urinary infection, or
pneumonia. A WBC count less than 10,000/mcL
would raise the question of a viral infection as a
cause of the abdominal pain. As mentioned earlier,
bandemia is suggestive of perforated appendi-
citis.277

Urinalysis

Urinalysis (and usually culture) should be done in
the patient with significant acute abdominal pain.

Abdominal Radiograph

Radiologic findings that are suggestive of appendi-
citis include a calcified fecalith in the right lower
quadrant (rare), an increase in the thickness of the
lateral abdominal wall on the right, scoliosis sec-
ondary to pain, paucity of bowel gas in the right
lower abdomen, dilated transverse colon, and ob-
scuration of the psoas shadow. The film might re-
veal a lower-lobe pneumonia if part of the chest is
included. In actual clinical practice, the abdominal
plain film suffers from a lack of sensitivity and spec-
ificity. In one large study, 268 (51%) of 525 patients
with acute appendicitis had an abnormal abdominal
x-ray; however, so did 139 (47%) of 296 patients
without appendicitis. Additionally, in 82 (10%) of
patients, the x-ray suggested a diagnosis, but in 47
(57%) of these cases, the diagnosis turned out to
be incorrect. Ultimately, at a cost of $67 per film,
the cost of one correct diagnosis of appendicitis
made by plain film exceeded $1500.334 Thus, in a
patient with a classic presentation of appendicitis,
proceeding directly to appendectomy is reasonable;
if the diagnosis is in doubt, CT is probably the most
reliable imaging study.

Barium Enema

A barium enema was advocated in the 1970s as a
radiologic aid to the diagnosis of acute appendicitis.
However, ultrasound and CT scanning have gener-
ally replaced this procedure for patients with a
higher risk of having an operation, such as those
with a bleeding problem.

Ultrasound and CT Scans

Graded compression ultrasound is now widely used
to establish the diagnosis of appendicitis. The tech-
nique is so named because the examiner gradually
adds increasing amounts of pressure with the trans-
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ducer, which moves gas and fluid out of overlying
bowel loops, maximizing the diagnostic utility of
the procedure. This imaging modality has a sensi-
tivity of 75% or above and a specificity of above
85% for establishing the diagnosis of acute appen-
dicitis.335 Non-contrasted helical CT scanning is an-
other excellent test for visualizing acute appendi-
ceal abnormalities. In one study of 443 patients who
underwent CT scanning when acute appendicitis
was suspected, the false-positive rate of CT was only
5%. Additionally, 243 (93%) of 260 patients with
negative CT scanning were able to be discharged
home. In 20%, the scan not only ruled out appendi-
citis, but also established an alternate diagnosis.336

In a head-to-head comparison of graded compres-
sion ultrasound with helical CT scanning, the sensi-
tivity of CT was 95% versus 78% for ultrasound.
The specificity was 93% for both. Of 82 patients
who underwent both ultrasound and CT scanning,
the results were discordant in 20; the CT scan estab-
lished the correct diagnosis in 17 (85%) of these.337

Appendicitis Management

Fluids

Intravenous fluid therapy for correction of dehydra-
tion has a high priority before operation and should
be begun early in the evaluation of a child with
suspected appendicitis. This is an important role
for the primary care physician, who should obtain
surgical consultation at an appropriately early time.
The primary care physician is likely to be familiar
with abdominal pain patterns in preschool chil-
dren, can observe the patient through the early part
of the illness, and can help recognize the atypical
presentation described in young children.

Surgery

The surgeon will determine the techniques in the
operation, but the primary care physician can dose
the preoperative and postoperative antibiotics. The
laparoscopic approach to patients with uncompli-
cated acute appendicitis has been used successfully
in adult patients for quite a few years; its use in
children was less popular because of a perception
that operative complication risk would be higher.
A prospective study compared the complication
rate of 362 children who underwent conventional
open laparotomy with 138 who underwent the la-
paroscopic procedure: the incidence of major com-
plications was 3% in open and zero in laparoscopic,

and of minor complications was 20% in open and
15% in laparoscopic patients.338 Unfortunately,
without good randomization, selection bias is likely
to affect the outcomes, because sicker patients
would be relegated to the open appendectomy
group.

There is considerable controversy about whether
drains should be left in place after surgery for a
ruptured appendix. Studies seem to indicate that
drains may be beneficial in certain situations but
harmful in others. One study showed that place-
ment of a drain decreased postoperative complica-
tions only if symptoms had been present for at least
5 days prior to surgery.339 In a prospective, ran-
domized study, however, peritoneal lavage proved
to be superior to tube drainage in length of hospital-
ization, duration of fever, and the duration of fast-
ing required after surgery.340 The number of post-
operative wound infections was also higher in the
tube drainage group.

Nonoperative Management (‘‘Interval
Appendectomy’’)

The practice of delaying surgery (treating with bed
rest, intravenous antibiotics, and fluids and then
performing “elective appendectomy” 4–8 weeks
later) for children in whom the appendix has al-
ready ruptured has been a source of controversy.
One study found that percutaneous drainages of
an appendiceal abscess with interval appendectomy
resulted in a lower complication rate and a shorter
hospital stay.341 Another study found that out-
comes with interval appendectomy for perforated
appendicitis were comparable to that of immediate
appendectomy in a select group of children.342 The
authors recommend interval appendectomy for pa-
tients who present with little or no signs of peritoni-
tis, only slightly elevated temperature, and a WBC
count that falls by at least 25% within 3–4 days.

In contrast to the situation in which the appen-
dix has already rupture, a patient with appendicitis
in which the appendix has not rupture should be
taking to operating room immediately. There is no
role for 24–48 hours of antibiotics to “cool down”
the appendix; such delay only leads to an increased
risk of perforation or peritonitis.

Antibiotic Therapy

Preoperative antibiotics should be added to the in-
travenous fluids when the operating room is sched-
uled. If the appendix is not perforated, the antibiot-
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TABLE 12-5. GUIDELINES FOR INITIATION AND DURATION
OF ANTIBIOTIC THERAPY OF APPENDICITIS

CLINICAL SITUATION RECOMMENDED TREATMENT

Abdominal pain; being observed
for appendicitis

In operating room, awaiting
appendectomy

Appendix visualized;
nongangrenous, not perforated

Gangrenous appendix, without
perforation

Perforated appendix

No antibiotics

Begin IV antibiotics

24–48 hours of IV antibiotics

48–72 hours of IV antibiotics;
discontinue when patient is afebrile
and able to eat

Minimum of 5 days of IV antibiotics
and until normalization of
temperature and WBC count and
return of gastrointestinal function

ics can be stopped at 24–48 hours.343 If the
appendix is perforated, antibiotic therapy should
be continued 5–10 days, depending on the patient’s
clinical course (see Table 12-5).344

For preoperative therapy, a single agent with ac-
tivity against anaerobes (e.g., ampicillin-sulbactam
or ticarcillin-clavulanate) may be used. If the ap-
pendix is ruptured, many surgeons use ampicillin,
gentamicin, and clindamycin (or metronidazole)
and may use this combination for initial ther-
apy.276,342–345 Prospective studies have shown that
either ticarcillin-clavulanate plus gentamicin346 or
ticarcillin-clavulanate as a single agent is at least as
effective as triple therapy.347 The antibiotic regimen
can be adjusted according to the sensitivities of or-
ganisms from peritoneal, abscess, or drainage
cultures.

Intraperitoneal Antibiotics

Most antibiotics penetrate the peritoneal space, so
that they need not be added to the irrigation fluid
at operation. Indeed, some antibiotics can be ab-
sorbed and reach toxic concentrations if large doses
are given intraperitoneally. Currently, most sur-
geons irrigate with saline.

Appendicitis Complications

Perforation occurs more frequently in preschool
children. Peritonitis usually occurs early after perfo-
ration. Appendiceal abscess is more likely to be
present if the illness has been modified by previous

antibiotics. Diagnostic ultrasound or CT scan may
be useful in detecting appendiceal or other intraab-
dominal abscesses.

Chronic or Recurrent Appendicitis

This diagnosis was used excessively in the past, so
that its use is typically regarded now with great
suspicion and skepticism. Nevertheless, chronic or
recurrent appendicitis occasionally occurs.348,349 If
the recurrent pain localizes to the right lower quad-
rant, imaging studies should be obtained.

■ ABDOMINAL ABSCESSES

Abdominal abscesses can occur in a variety of loca-
tions, usually detected now by ultrasonography or
CT scanning. The special features and treatment
will be discussed for each location. Perirectal ab-
scess is discussed in the preceding section on ab-
dominal pain and in the section on abscesses in
Chapter 17.

Predisposing Situations

Abdominal abscess is suspected in many situations
where there is fever, leukocytosis, abdominal ten-
derness or mass, and a predisposing situation such
as perforated gut, penetrating abdominal trauma,
or bacteremia.

Radiographic Studies

CT scanning and ultrasonography are the usual way
abdominal abscesses are localized, except for post-
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operative appendiceal abscess. CT appears to be
more sensitive than ultrasonography in most situa-
tions, except perhaps for diagnosis of tuboovarian
abscesses.350

Percutaneous Aspiration

Using CT or ultrasonography, many intraabdomi-
nal abscesses can be drained percutaneously, even
in children.351 Most abscesses should be drained
using either an open procedure or percutaneously,
although some surgeons prefer to administer antibi-
otic therapy for a day or two first to “cool off” the
process.

Liver Abscesses

Liver abscess is rare in children compared with
adults. In children, it generally occurs in the com-
promised host who has a malignancy, has had pre-
vious surgery, or has a bacteremia.352 Fever, ab-
dominal pain, and hepatomegaly are typically
found.353 Liver abscesses can be classified as pyo-
genic, amebic, or fungal.

Pyogenic Liver Abscess

In nonimmunocompromised children, the most
frequent organism is S. aureus, but enteric aerobic
and anaerobic bacteria may be found.354,355 Typi-
cally, there is a marked leukocytosis and elevation
of the erythrocyte sedimentation rate.

Liver abscess can occur in the newborn infant,
especially as a complication of umbilical vein cathe-
terization.356 Sickle cell disease can present with a
pyogenic liver abscess.357 Liver abscess may also be
associated with Crohn’s disease.358 In developing
countries, helminthic infections are a common
comorbidity.359 Immunologic changes caused by
the parasitic infection may make patients prone to
develop abscesses during episodes of bacteremia.360

Diabetes mellitus is a risk factor for liver abscess
due to Klebsiella pneumoniae.361

Antibiotic therapy to cover the preceding possi-
ble causes (and also amebae) may be appropriate
before drainage in some cases (e.g., in the patient
with fever, toxicity, and possible bacteremia). Cef-
triaxone with metronidazole is one reasonable regi-
men. For newborns, ampicillin and cefotaxime is
reasonable, as anaerobes and amebiasis are un-
likely. Ultimately, ultrasound-guided percutaneous
drainage and intravenous antibiotics, reserving sur-
gical resection for those failing to respond, is the

treatment of choice.362 Large, solitary, left-sided ab-
scesses are more likely to require surgical
drainage.363

Amebic Liver Abscess

Usually, amebic disease is known to be present in
the geographic area or subpopulation.364 In a re-
view of 124 reported children with amebic liver
abscess, 113 (91%) were less than 3 years old, and
most had hepatomegaly, leukocytosis, and ane-
mia.365 A series of 48 children with amebic liver
abscess confirmed that anemia is common by dem-
onstrating that 45 (94%) of the patients had a he-
moglobin level less than 10 g/dL. Growth failure
(defined as below the 5th percentile for both height
and weight) was found in 37 (77%).366 Amebae
often are not found in the stool, but serologic tests
(usually available in endemic areas) may be posi-
tive.367 Newer diagnostic tests such as PCR368 and
an ELISA for detecting salivary antibody369 are
being studied.

Treatment consists of metronidazole first, fol-
lowed by aspiration if indicated for large abscesses
or those that fail to improve after 72 hours of metro-
nidazole.370 Open operation is rarely indi-
cated.365,371 Rupture of the abscess can occur into
the chest or abdomen, and surgery should be re-
quired only for secondary bacterial complica-
tions.371 In 5 (33%) of 15 cases of rupture in one
series, the patient was thought to have a ruptured
appendix.371

After the abscess is cured, eradication of bowel
parasites with paromomycin or iodoquinol is
recommended.365

Fungal Liver Abscess

Usually, the child has been treated with many
courses of antibiotics because of possible septicemia
and has underlying problems of prematurity, an im-
munosuppressive disease, and a central venous
catheter. Candida albicans is the most common or-
ganism, especially in premature infants, but Asper-
gillus or another fungus may occur in the immuno-
suppressed patient.

Nonhepatic Abscesses

Pancreatic Abscess

Most pancreatic abscesses are infections in a pan-
creas damaged by pancreatitis.372
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Splenic Abscess

The usual predisposing causes in splenic abscesses
are trauma or embolization from a septic focus,
such as an infected intravenous line. Multiple small
splenic abscesses may occur in immunodeficient
hosts.373 In severely immunocompromised hosts,
splenic abscesses are usually considered fungal
until proven otherwise, especially if they are multi-
ple and widespread. In patients with fever and neu-
tropenia, an underlying diagnosis of relapsed leuke-
mia and positive surveillance (“colonization”)
cultures for Candida are risk factors for the develop-
ment of splenic abscesses (usually in association
(see Chapter 22).374 Splenic abscess can also occur
following nonoperative management of splenic
trauma.375 Splenic abscess rarely follows colonic
perforation secondary to dysentery.376

When multiple small abscesses are found in pre-
viously well patients with fever or other nonspecific
signs as the primary clinical manifestations, cat-
scratch disease is a likely diagnosis in areas endemic
for this infection.377

Subphrenic Abscess

This may occur as a complication of any contami-
nated intraabdominal operation. It may also be a
result of gallstones “spilled” into the abdomen dur-
ing laparoscopic cholecystectomy.378 The chest
roentgenogram typically shows unilateral pleural
effusion, elevated hemidiaphragm, and atelectasis.
Fluoroscopy of the diaphragm is the best screening
procedure and typically shows decreased excursion
on the involved side.379 In the past, the usual pre-
disposing cause was appendicitis, but recently, sur-
gery of the colon and trauma have become the most
important risk factors.

A 22-month-old child who presented with signs
and symptoms suggestive of pneumonia but who
proved to have a subphrenic abscess has been re-
ported.380 No obvious predisposing condition
could be found.

Suprarenal Abscess

This location for an abscess will raise concern about
a possible suprarenal malignancy. Preoperatively,
CT scanning will define whether the abscess is peri-
nephric or adrenal. Adrenal abscesses can occur in
newborn and young infants, and may be due to
Group B streptococcus.381,382
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Hepatitis Syndromes

Hepatitis is injury to the liver, with or without he-
patocyte necrosis, which results in an influx of acute
or chronic inflammatory cells. Damage to the liver
cell membrane results in release of liver enzymes
into the bloodstream. Thus, from a practical stand-
point, hepatitis can be broadly defined as the pre-
sumptive diagnosis when the serum aminotransfer-
ase levels are elevated. This definition remains
useful, despite the following limitations. First, mild
elevations are present in a small percentage of
healthy persons, causing some experts to consider
aminotransferase levels elevated only if they are per-
sistently twice the upper limit of normal, especially
in asymptomatic persons.1 Second, although pre-
dominantly found in hepatocytes, aspartate amino-
transferase (AST) and, to a lesser extent, alanine
aminotransferase (ALT) are found in other tissues
as well. Congestive heart failure, severe myositis,
and celiac disease are some of the conditions that
may cause elevation of serum aminotransferases in
the absence of liver disease.2 Third, some patients
with viral hepatitis do not have elevated liver en-
zymes, despite histologic evidence of chronic hepa-
titis.3,4

Although the term hepatitis is sometimes used to
mean infection caused by one of the lettered hepati-
tis viruses, it is more useful to regard hepatitis as a
syndrome of many possible etiologies.

■ CLASSIFICATION

A number of syndromes of hepatitis can be defined
on the basis of the onset, severity, and course. No
specific etiology should be inferred from these
terms.

Acute Icteric Hepatitis

Acute icteric hepatitis is best defined as the abrupt
onset of hepatocellular—not obstructive or hemo-
lytic—jaundice. The degree of hyperbilirubinemia
is variable, and fractionation is of little clinical
value. The early detection of urobilinogen is helpful

because it usually precedes jaundice. Fever, mal-
aise, anorexia, and vomiting are often prodromes
but are not essential to the definition. On physical
examination, the liver is usually enlarged and may
be tender. Typically improvement begins within a
week or two. It is useful to use the etiologically
neutral syndrome diagnosis of “acute hepatitis” as
a preliminary diagnosis rather than “infectious hep-
atitis,” in order to remain alert to the possible non-
infectious causes of this syndrome.

Anicteric Hepatitis

This is the most frequent form of hepatitis, espe-
cially in children, and is detected primarily by serial
measurement of serum aminotransferase levels in a
patient with a known exposure. The child may be
entirely asymptomatic or may have only nonspecific
symptoms such as fever and malaise, often leading
to the diagnosis of an influenza-like illness.

Fulminant Hepatitis

Fulminant hepatitis is characterized by rapid pro-
gression to liver failure, manifested primarily by a
change in consciousness progressing to coma over
the course of a few days. Bleeding often occurs sec-
ondary to hepatocellular failure and disseminated
intravascular coagulopathy. Although some chil-
dren recover spontaneously, emergency liver trans-
plantation is usually required for survival. The
cause of most cases of fulminant hepatitis remains
unknown, although viral infections, toxins, drugs,
and autoimmune diseases are occasionally impli-
cated.

Chronic Hepatitis

Chronic hepatitis is defined arbitrarily as hepatic
injury that persists for at least 6 months, with per-
sistently elevated bilirubin or liver enzymes in the
serum.5 In the past, terms such as chronic persistent
hepatitis or chronic active hepatitis were used as de-
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scriptors. However, it is most useful to specify the
etiology and histologic status, if known (e.g.,
chronic hepatitis B with mild fibrosis).

Recrudescent (Relapsing) Hepatitis

A small percentage of patients with acute viral hepa-
titis develop an increase in aminotransferase levels
after an initial period of recovery. In one study of
patients with hepatitis A virus infection, nearly 10%
developed this biphasic pattern, some of whom
were symptomatic during the second phase.6 In
hepatitis C virus infection, repeated episodes of re-
crudescence are usually a harbinger of chronic in-
fection.7 Occasionally, an apparent recrudescence
in a high-risk patient is the result of new infection
with a different hepatitis virus.

Hepatitis During Pregnancy

Hepatitis occurring during pregnancy is important
because of increased severity (particularly with hep-
atitis E virus infection) and because of the risk of
transmission of infection to the fetus (especially
with hepatitis B virus infection and to a lesser extent
with hepatitis C virus infection).8 Maternal–fetal
transmission is discussed in the section on preven-
tion.

Neonatal Hepatitis

In the first month of life, hepatitis with an infectious
cause is often a congenital infection and is discussed
in Chapter 19.

Perihepatitis

The Fitz-Hugh-Curtis syndrome complicating gon-
orrhea or Chlamydia trachomatis infection is associ-
ated with liver tenderness but not with significant
elevation of liver enzymes. Therefore, it does not
meet this chapter’s definition of hepatitis.

Granulomatous Hepatitis

Many systemic disorders, infectious and noninfec-
tious, can produce hepatic granulomas,9 which is
a more appropriate term than granulomatous hepa-
titis because the liver enzymes are usually normal.
Patients often present with fever of unknown origin,
and the granulomas are usually diagnosed by ultra-
sound or computed tomography (CT) of the liver.
In children from an area of high endemicity, cat-
scratch disease is now recognized as a relatively

common cause of hepatic granulomas.10 There may
be splenic involvement as well, and abdominal pain
may be a presenting symptom.11 Other causes of
hepatic granulomas include tuberculosis, histoplas-
mosis, sarcoidosis, chronic granulomatous disease,
and reactions to certain drugs.

Reactive Hepatitis

Many systemic infections are associated with focal
liver injury and elevated serum aminotransferase
levels. These are discussed in the subsequent sec-
tion on Other Infectious Causes. Because it is often
clinically difficult to differentiate between a reactive
hepatitis and hepatitis caused by a hepatotropic
virus, the distinction is not usually made until an
etiologic diagnosis is apparent. When encountering
a patient with hepatitis and systemic findings, it is
best to describe them both (e.g., acute icteric hepa-
titis in a patient with exudative pharyngitis).

■ LETTERED CAUSES OF HEPATITIS

Although many infections can cause hepatitis, the
lettered hepatitis viruses have particular tropism for
the liver and are discussed separately. Table 13-
1 gives an explanation of common abbreviations
associated with these viruses, and Table 13-2 sum-
marizes their major characteristics.

Hepatitis A Virus

Most cases of hepatitis A result from person-to-per-
son transmission by the fecal-oral route during pro-
longed communitywide outbreaks.12 Children in
day-care centers play an important role in transmit-
ting infection to adult contacts.13 Infection may also
be acquired during foreign travel or as part of a
common-source food borne outbreak.14 About half
of cases have no recognized source.

The spectrum of clinical illnesses produced by
hepatitis A virus has been well described on the
basis of experimental volunteer studies and out-
breaks. A landmark article describing the differ-
ences between hepatitis A and B was published in
1967.15 In children younger than 6 years of age,
most infections are asymptomatic. If illness does
occur, jaundice is usually absent. In contrast, older
children and adults usually present with acute ic-
teric hepatitis. About 1 month after exposure, the
patient with this form of hepatitis A develops high
fever, sweating, shaking chills, myalgia, severe an-
orexia, nausea, and possibly vomiting. Occasion-
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TABLE 13-1. TERMINOLOGY OF LETTERED HEPATITIS VIRUSES

ABBREVIATION TERM COMMENTS

Hepatitis A

HAV

Anti-HAV

IgM anti-HAV

Hepatitis B

HBV

HBsAg

HBcAg

HBeAg

Anti-HBs

Anti-HBc

IgM anti-HBc

Anti-HBe

HBIG

Hepatitis C

HCV

Anti-HCV

Hepatitis D

HDV

Anti-HDV

Hepatitis E

HEV

IgM anti-HEV

IgG anti-HEV

Hepatitis G

HGV (HGBV-C)

Hepatitis A virus

Total (IgM and IgG) antibody
to HAV

IgM class antibody to HAV

Hepatitis B virus

HBV surface antigen

HBV core antigen

HBV e antigen

Antibody to HBsAg

Antibody to HBcAg

IgM class antibody to HBcAg

Antibody to HBeAg

Hepatitis B immune globulin

Hepatitis C virus

IgG antibody to HCV

Hepatitis D virus (delta agent)

Antibody to HDV

Hepatitis E virus

IgM class antibody to HEV

IgG class antibody to HEV

Hepatitis G virus

Picornavirus (RNA genome).

Detectable at onset of symptoms; lifetime persistence
following infection or vaccination.

Indicates recent infection with hepatitis A; positive up
to 6–12 mo after infection.

Hepadnavirus (DNA genome). Can be measured with
quantitative PCR.

Envelope proteins of HBV made in excess and
detectable in large quantity in serum.

Nucleocapsid that encloses the viral DNA; no
commercial test available.

Circulating peptide derived from core gene; correlates
with HBV replication and infectivity of serum.

Indicates recovery from past infection with and
immunity to HBV, passive antibody from HBIG, or
immunity from HBV vaccine.

Indicates current or past infection with HBV; unlike
anti-HBs, this antibody is not protective.

Indicates recent (4–6 mo) infection with HBV.

Indicates clearance of e antigen; virus is no longer
replicating.

Contains high-titer antibodies to HBV for passive
immunization.

Flavivirus (RNA genome) Can be measured with
quantitative PCR (a positive result indicates ongoing
infection); multiple subtypes.

Indicates either acute, chronic, or resolved infection
with HCV.

Defective RNA virus; requires presence of HBV to
replicate.

Indicates past or present infection with HDV.

Unclassified (RNA genome); cause of endemic and
epidemic hepatitis in some developing areas.

Indicates recent infection (assay not widely available).

Indicates recent or past infection (assay not widely
available).

Flavivirus (RNA genome); no serologic test available;
detected by RNA PCR in research laboratories.
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TABLE 13-2. FEATURES OF LETTERED HEPATITIS VIRUSES

HAV HBV HCV HDV HEV HGV

Blood,
Major especially
routes of Fecal–oral, Blood, sexual, Blood, sexual, injection-drug Fecal–oral,
transmission foodborne perinatal perinatal use waterborne Unknown

Incubation 2–7 wk 6–25 wk 3–16 wk 3–20 wk 8–10 wk Unknown

Diagnosis IgM anti-HAV HBsAg Anti-HCV Anti-HDV Anti-HEV HGV PCR 
(research)

Epidemics Yes No No No Yes Unknown

Chronic No Yes Yes Yes No Yes
Infection

Liver cancer No Yes Yes Yes No Unknown

Vaccine Yes Yes No No No No

ally, a mono-like illness with or without atypical
lymphocytes may occur.16 An enlarged, tender liver
is palpable, but jaundice and bile in the urine may
not be noted for several days. The maximum serum
aminotransferase concentration usually occurs
about 2 days after the onset of illness. Symptoms
usually resolve by 2 months, but some patients have
one or more relapses. Fulminant hepatic failure is
very uncommon.17,18

Patients are most contagious during the 2-week
period before the onset of jaundice or elevation of
liver enzymes, when the concentration of virus in
the stool is highest.19 Viral excretion then declines
and is usually absent within 1 week after jaundice
appears.20 Occasionally, the virus may be shed for
several months, especially in infants and young
children.21 Viral shedding can also recur in patients
with relapsing illness.22

Hepatitis B Virus

Unlike hepatitis A virus, hepatitis B virus (HBV) is
not transmitted fecal-orally and is not associated
with common-source outbreaks. In areas of the
world with a high prevalence of hepatitis B infec-
tion, such as Asia and Africa, most infections are
acquired vertically at the time of birth. In contrast,
the majority of hepatitis B infections in developed
countries result from sexual activity, injection-drug
use, or occupational exposure.4 Because of donor
screening, the risk of hepatitis B infection from a
single blood transfusion is estimated to be 1 in

63,000.23 Importantly, no clear risk factors for in-
fection are found in 20–30% of patients.4

Clinical symptoms and course depend on the
age of the patient. Hepatitis B virus is not cyto-
pathic; the host immune response is the cause of
the liver injury.23a A vigorous immune response, as
seen in older children and adults, results in symp-
tomatic infection and high likelihood of viral clear-
ance. In contrast, because of their immature im-
mune system, more than 90% of infected neonates
have an asymptomatic infection followed by
chronic hepatitis. Up to 25% of persons with
chronic infection eventually die of end-stage liver
disease or hepatocellular carcinoma.24

In the older child, hepatitis B infection clinically
resembles hepatitis A, although symptoms are usu-
ally milder. Occasionally, an acute polyarthritis and
urticarial rash may precede the jaundice. Gianotti-
Crosti syndrome, also called papular acrodermatitis
of childhood, is an erythematous papular rash
sometimes seen in the child with acute hepatitis B
infection. It is thought to result from deposition of
immune complexes. Other viral infections such as
Epstein-Barr virus, coxsackievirus, and parainflu-
enza virus can produce an identical rash (see Chap-
ter 11).25,26

Hepatitis C Virus

This virus was identified in the late 1980s as the
cause of most transfusion-associated “non-A, non-
B” hepatitis. Currently, nearly 2% of the U.S. popu-
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lation is chronically infected with hepatitis C virus
(HCV), leading to its label as the “silent epi-
demic.”27 HCV-associated end-stage liver disease is
the most frequent indication for liver transplanta-
tion in adults. With the widespread implementation
of blood product screening in 1992, the current risk
of transfusion-associated hepatitis C is estimated at
1 in 100,000 units.23 The virus can also be transmit-
ted perinatally, sexually, and by injection drug use.
Approximately 5% of neonates born to HCV-posi-
tive mothers become infected; if the mother also
has HIV infection, the risk is 2–3 times higher.28

Sexual activity appears to be a relatively inefficient
means of transmission. Long-term spouses of pa-
tients with chronic HCV infection have a prevalence
of infection of less than 5%.29,30 In approximately
10% of people with hepatitis C infection, no source
can be identified.28

Most acute infections with HCV are inapparent;
fewer than a third of patients will have jaundice,
which may be accompanied by anorexia, malaise,
or abdominal pain. As with hepatitis A and B infec-
tion, a fulminant presentation with acute hepatitis C
infection is rare but has been reported in children.31

The hallmark of hepatitis C infection is its chronic-
ity; approximately 80% of infected people develop
chronic infection, which is often asymptomatic and
without abnormalities in liver enzymes. For this
reason, the Centers for Disease Control and Preven-
tion (CDC) has made recommendations for routine
screening of people in high-risk categories.28 These
include people with a history of injection-drug use,
long-term hemodialysis, persistently elevated ALT
levels, and those who received blood products or an
organ transplant prior to July 1992.28 In addition,
children born to women known to be HCV-positive
should be tested for the presence of HCV antibody
at 15–18 months of age, when passively transferred
maternal antibody is no longer detectable.

The natural history of hepatitis C infection in
children is largely unknown. Of 67 infants with
transfusion-acquired infection, only 55% had evi-
dence of chronic infection 20 years later, a figure
substantially lower than is usually seen in adults.32

In addition, only three patients had histologic evi-
dence of progressive liver disease. The majority of
neonates who acquire hepatitis C perinatally de-
velop chronic infection with only mild liver disease
during childhood, although long-term follow-up
data are lacking.33 In adults with chronic hepatitis
C infection, 15–20% eventually develop end-stage
liver disease.34 Once cirrhosis is established, the

risk of hepatocellular carcinoma is approximately
1% to 4% per year.35

Hepatitis D Virus

Also called delta virus, this is a defective RNA virus
that needs the help of the hepatitis B virus to repli-
cate. Thus, it is seen exclusively in patients acutely
or chronically infected with hepatitis B. Most infec-
tions occur in injection-drug users. Coinfection
with hepatitis D virus (HDV) considerably worsens
the prognosis of HBV infection. Therefore, hepatitis
D coinfection is an important consideration when
the condition of a patient with chronic hepatitis B
infection worsens or when a test for HBeAg is nega-
tive but active liver disease persists.4

Hepatitis E Virus

Previously known as enterically transmitted “non-
A, non-B” hepatitis, hepatitis E virus (HEV) shares
many similarities with hepatitis A, including route
of transmission, epidemic potential, increased inci-
dence in the developing world, and lack of a chronic
carrier state. The disease was first recognized in the
early 1980s when sera from persons affected during
a 1955 waterborne epidemic of hepatitis in Delhi,
India, were found to lack serological markers of
acute hepatitis A and B.36 The genome was cloned
and sequenced in the early 1990s.37,38

Large, waterborne outbreaks have been reported
from southeast and central Asia, Africa, the Middle
East, and Mexico.39 In contrast to hepatitis A, per-
son-to-person transmission is uncommon. Women
infected with HEV during the third trimester of
pregnancy may transmit infection to their fetuses,
with significant perinatal morbidity and mortal-
ity.40 The majority of clinically apparent infections
occur in young adults; most infected children are
probably asymptomatic.41 Symptomatic infection is
indistinguishable from acute icteric hepatitis of
other causes. A notable exception is that infection
in pregnant women often causes fulminant hepatic
failure, with mortality rates of 15–25%.42

Hepatitis G Virus

This virus, also referred to as hepatitis GB virus C,
has been detected in the serum of 1–2% of healthy
blood donors and can be transmitted by transfu-
sion.43 However, there is no evidence that it causes
hepatitis.44 As with the elusive hepatitis F virus,45
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its inclusion in the group of lettered hepatitis vi-
ruses was probably premature.

■ FREQUENCY IN CHILDREN

Of the lettered hepatitis viruses, hepatitis A virus
is the most frequent cause of hepatitis in children
in the United States.45a The incidence varies by race
and ethnicity, with the highest rates occurring
among American Indians/Alaskan Natives and His-
panics.46 Hepatitis B virus infection is much less
common and is usually secondary to transmission
during delivery. With the implementation of rou-
tine screening of pregnant women and postexpo-
sure prophylaxis of newborns with hepatitis B vac-
cine and hepatitis B immune globulin (see section
on Prevention), the incidence of hepatitis B in chil-
dren continues to decline.47 Among all age groups,
the prevalence of chronic hepatitis C infection in
the United States is approximately twice that of
hepatitis B.35 In children, the seroprevalence of
hepatitis C virus infection is 0.2% for those younger
than 12 years of age and 0.4% for those 12–19
years of age,48 although rates are highly variable
among population subgroups. Hepatitis in children
in the United States is frequently caused by agents
other than the lettered hepatitis viruses.

■ OTHER INFECTIOUS CAUSES

Many viruses can produce hepatitis in children, es-
pecially Epstein-Barr virus (EBV) (see Chapter 3).
Nonviral infections can also cause hepatitis (Box
13-1). Most of these infections are discussed in
other chapters and so are only mentioned here.

Bacterial sepsis can cause jaundice (especially in
the newborn) by several mechanisms, including he-
molysis and liver cell destruction, and the serum
aminotransferase concentrations can be signifi-
cantly elevated at the onset of jaundice.49 Hepatitis
with jaundice is an occasional complication of uri-
nary infection,50 scarlet fever,51 or Kawasaki dis-
ease.52,53 Acute suppurative cholangitis and, less
frequently, acute cholecystitis may be associated
with elevated bilirubin and aminotransferase levels
in the serum.54

Common Viruses

EBV can present with hyperbilirubinemia55 or as
anicteric hepatitis.56 Fulminant hepatitis is rare.57

There is some evidence to suggest that EBV infec-
tion can induce autoimmune hepatitis in suscepti-

BOX 13-1 ■ Some Infectious Causes of
Hepatitis in Children Other than
the Lettered Hepatitis Viruses

Viruses
Epstein-Barr virus56

Enteroviruses (coxsackieviruses, echoviruses)70

Human immunodeficiency virus65

Adenoviruses (immunocompromised host)76

Disseminated herpes simplex,59 varicella,61

cytomegalovirus63

Bacterial infections
Scarlet fever51

Urinary tract infections, especially in neonates50

Liver abscesses132

Cholangitis54

Uncommon infections
Psittacosis (pneumonia)133

Leptospirosis79

Brucellosis (FUO)134

Rocky Mountain spotted fever (rash)135

Ehrlichiosis (cytopenia)136

Early syphilis137

Cat-scratch disease (FUO)10

Mycoplasma (pneumonia)138

Lyme disease139

Visceral larva migrans140

Usually acquired outside the United States
Yellow fever (and other viral hemorrhagic 

fevers)141,142

Amebic liver abscess143

Schistosomiasis144

Liver flukes145

Hydatid disease146

Malaria147

Typhoid fever148

Dengue fever149

ble individuals.58 In addition to EBV, disseminated
infection by other members of the herpes virus fam-
ily (herpes simplex virus, varicella zoster virus, cy-
tomegalovirus, human herpes virus 6) typically in-
volves the liver, with the severity primarily
dependent on the immune status of the pa-
tient.59–64 Hepatic involvement in patients with pri-
mary HIV infection is not uncommon; 20% of pa-
tients with the acute retroviral syndrome will have
elevated liver enzymes.65

Neonates with disseminated disease due to
herpes simplex virus,66,67 enterovirus,68 or adeno-
virus69 infection commonly have elevated amino-
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transferase levels and may present with a picture
of fulminant hepatitis (see Chapter 19). Common
viruses that may on rare occasions produce hepatitis
after the neonatal period include coxsackieviruses
A and B70 and parvovirus B19.71 Measles in teenag-
ers and young adults can be associated with mild
hepatocellular jaundice.72 Adenovirus infection is
a cause of severe hepatitis in the immunocompro-
mised host.73–76

■ LEPTOSPIRA SPECIES
These spirochetes are usually encountered by expo-
sure to animal urine (Chapter 21). Outbreaks may
occur in persons exposed to contaminated
water.77,78 Leptospirosis is typically a biphasic ill-
ness, with fever, chills, headache, and myalgia for
4–7 days in the first (septicemic) phase.79 Vomiting
and abdominal pain may be prominent, and nonpu-
rulent conjunctival injection is a common physical
finding. After an asymptomatic period of 1–3 days,
the second (immune) phase is heralded by return
of fever and headache. The patient usually has non-
purulent meningitis with a cerebrospinal fluid
(CSF) cell count less than 500/mcL, normal to ele-
vated protein and normal glucose (see Chapter 9
for discussion of nonpurulent meningitis). About
10% of patients develop a severe, icteric form of
leptospirosis known as Weil’s syndrome. These pa-
tients present with hemorrhage, renal failure, and
jaundice and have a case fatality rate of 5–10%.
The separation between the two phases may be in-
distinct.

The diagnosis of leptospirosis requires a high
index of suspicion and is made by culture of the
organism from blood or CSF during the first 10
days of illness or from urine between 10–30 days
after onset. Special media are required, so the labo-
ratory must be notified that you suspect lep-
tospirosis. Several serologic tests are also avail-
able.79 Examination of urine by darkfield
microscopy may reveal the presence of the causative
spirochete. However, this method of diagnosis is
insensitive and requires a trained and experienced
observer. Penicillin G is the treatment of choice.

Disseminated Mycobacterial, Fungal,
or Parasitic Infections
As discussed in the section on granulomatous hepa-
titis, these agents may occasionally cause hepatic
granulomas. Although tuberculosis is a more fre-
quent cause, nontuberculous mycobacteria may be
associated with liver involvement, especially in pa-
tients with AIDS. Disseminated histoplasmosis is

the most common fungal etiology of hepatic granu-
lomas in the United States, although other fungal
infections are occasionally implicated.9 Hepato
splenic candidiasis is a well-described cause of he-
patic granulomas in the neutropenic cancer pa-
tient.80 Parasitic infections associated with hepatic
granulomas include schistosomiasis, amebiasis, and
visceral larva migrans (see Chapter 21).9

Hepatitis in the Returning Traveler

The causes of liver disease in the developing world
are numerous (Box 13-1), and a careful travel his-
tory should be obtained in the patient with hepa-
titis.

■ NONINFECTIOUS HEPATITIS

Many noninfectious diseases can cause elevated
liver enzymes and be confused with infectious hep-
atitis (Table 13-3). Reye’s syndrome, which has be-
come rare, resembles a fulminant hepatitis (Chapter
9). Almost any medication can cause an elevation
in liver enzymes.81 Common culprits include non-
steroidal antiinflammatory drugs, antibiotics, and
antiepileptic drugs.1 Some drug reactions can pro-
duce hepatic injury as part of a multisystem illness
including fever and rash, such as with Stevens-
Johnson syndrome or toxic epidermal necrolysis.82

Early recognition of the association and withdrawal
of the offending drug can be lifesaving. The physi-
cian should also inquire about the patient’s use of
herbal preparations, illicit drugs, and recreational
sniffing of chemicals. For patients with autoim-
mune hepatitis, it is especially important to make
the diagnosis in a timely fashion, because the treat-
ment for this disorder—immunosuppression—is
different from that for other causes of hepatitis, and
without treatment the prognosis is poor.83 Some
cases of aplastic anemia are preceded by a clinical
hepatitis.84 The cause is unknown, and it does not
appear to be caused by any of the known hepatitis
viruses.

■ DIAGNOSTIC APPROACH

Tests for Infectious Mononucleosis

Laboratory studies should be selected on the basis
of the clinical findings. A complete blood count
and examination of a peripheral smear should be
performed. Atypical lymphocytes are most com-
monly associated with EBV infection but can be
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TABLE 13-3. NONINFECTIOUS DISEASES THAT MAY RESEMBLE HEPATITIS

CAUSE OF ELEVATED LIVER ENZYMES SUPPORTIVE FINDINGS

Medications (including prescription, 
over-the-counter, and herbal)

Halothane anesthesia

Chemicals and toxins

Wilson’s disease

Autoimmune hepatitis

Nonalcoholic steatohepatitis

Reye syndrome

Severe congestive heart failure

Parenteral hyperalimentation (mostly 
cholestatic)

Hereditary muscular disorders

Celiac disease

Hereditary primary hemochromatosis

Inflammatory bowel disease

Alpha1-antitrypsin deficiency

History

History

History; toxicology testing

Decreased ceruloplasmin levels; increased urinary
copper excretion

Hypergammaglobulinemia; autoantibodies

Obesity; fatty infiltration of the liver on
ultrasound

Encephalopathy; recent aspirin use

History and physical examination

History

Elevated serum creatinine kinase and aldolase
levels

Elevated serum antiendomysial and antigliadin
antibodies

Elevated serum iron; transferrin saturation
� 45%

Occult blood in the stool; imaging and
endoscopic findings of Crohn’s disease or
ulcerative colitis

Decreased serum alpha1-antitrypsin levels

seen with other viral infections, including hepatitis
A. A rapid slide test for heterophile antibody may
be done, but this test is insensitive, especially in
young children, and it is expected to be negative
in CMV-induced mononucleosis. Thus, a complete
serologic profile for both EBV and CMV should usu-
ally be performed (Chapter 3). IgM antibody to the
EBV viral capsid antigen is the best test to detect
recent or current EBV infection. However, false-
positive results can occasionally occur in patients
with CMV, hepatitis A, parvovirus B19, and lep-
tospirosis.85,86 It is helpful to remember that pa-
tients with primary EBV infection usually have ele-
vated specific IgG antibodies and the absence of
antibodies to Epstein-Barr nuclear antigen.

Serologic Tests for Lettered Hepatitis
Viruses
Hepatitis A

If there are no risk factors for hepatitis B or C, it
may be more direct and less expensive to obtain

serum for measurement of IgM antibody to hepatitis
A virus. If this study is negative, tests for hepatitis
B and C can be done. Some laboratories test for
antibodies to all three viruses in a panel for a single
charge. Hepatitis A IgM antibody is usually gone
within 6 months of the onset of jaundice, but may
persist for more than a year.87,88 Persons who have
received the hepatitis A vaccine will have anti-HAV
total antibody. In addition, IgM anti-HAV can
sometimes be detected transiently about 2 weeks
after vaccination.89

Hepatitis B

A peculiar feature of hepatitis B virus infection is the
great excess of envelope material produced. Thus,
detection of surface antigen (HBsAg) in the blood
is the usual means of making the diagnosis of acute
HBV infection. In the rare patient with a negative
assay for HBsAg, the presence of IgM to core antigen
establishes the diagnosis. To determine past infec-
tion, obtaining surface antibody and core antibody
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(anti-HBs and anti-HBc) can be done. Theoretically,
both should be present after infection, but some-
times only one antibody is found. Core antibody is
usually regarded as the best indicator of past infec-
tion. After immunization with hepatitis B vaccine,
only surface antibody is produced, as the vaccine
contains only purified HBsAg.

The most confusing pattern, which can occur
shortly after hepatitis B infection, is the presence
of core antibody for several weeks before surface
antibody is produced (so-called window period).
During this time, an IgM core-antibody titer should
be obtained. If the IgM anti-HBc is positive, this
indicates a recent hepatitis B infection and possible
infectivity. If the IgM anti-HBc is negative with a
positive anti-HBc and negative anti-HBs, the result
is usually interpreted as evidence of a loss of anti-
HBs after an infection in the distant past.

The e antigen of HBV serves as a marker of active
viral replication and correlates with infectivity.
However, any time a patient is positive for surface
antigen, there is a risk of infectivity, even if the e
antigen is absent. Therefore, the precautions are the
same regardless of the presence of the e antigen.

All pregnant women should be routinely tested
for HBsAg during an early prenatal visit in each
pregnancy.90 Tests for other hepatitis B markers are
not necessary for the purpose of maternal screening.
However, HBsAg-positive women identified during
screening may have HBV-related liver disease and
should be evaluated.

Hepatitis C

Currently available serologic tests for this virus
measure IgG antibody to hepatitis C infection and
do not distinguish between acute, chronic, or re-
solved infection. Because approximately 80% of pa-
tients with hepatitis C infection develop chronic
infection, most true-positive tests represent chronic
infection. Both enzyme immunoassay (EIA) and re-
combinant immunoblot assay (RIBA) techniques
are more than 97% sensitive, but the latter is more
specific (fewer false-positives). Thus, the EIA is usu-
ally performed first and, if positive, confirmed with
the RIBA. To determine whether the patient has an
active infection, polymerase chain reaction (PCR)
is used to detect hepatitis C RNA in serum or
plasma. More than 95% of persons with acute or
chronic hepatitis C will test positive for HCV
RNA.28

In infants born to HCV-positive mothers, sero-

logic testing for perinatally acquired HCV infection
is confounded by the presence of maternal anti-
body. In � 95% of uninfected children, maternal
antibody will be absent by 15 months of age,91 and
testing is usually deferred until then. After the first
month of life, PCR is highly sensitive and specific
for diagnosing HCV infection.91 However, unlike
the situation with perinatal HIV infection, early di-
agnosis does not affect management and thus it is
reasonable to omit PCR testing.

Hepatitis D

Patients with severe or rapidly progressing HBV in-
fection may be coinfected with HDV. ELISA is used
to demonstrate antibodies to HDV. Serial testing
may be necessary.

Hepatitis E

Serologic testing for hepatitis E is available in some
reference laboratories. IgM anti-HEV appears early
during acute infection and disappears over 4–5
months. IgG anti-HEV is detectable a few days after
IgM and remains elevated at least for a few years;
the exact duration of its persistence is not known.39

Other Studies

Enteroviruses, cytomegalovirus, and adenoviruses
can be recovered by conventional cell culture tech-
niques, although PCR is rapidly replacing culture
in many laboratories. In the patient with hepatitis,
it is usually helpful to measure alkaline phosphatase
and bilirubin to look for evidence of cholestasis and
biliary obstruction. If elevated, ultrasonography of
the right upper quadrant can be done to assess the
hepatic parenchyma and bile ducts. Measuring the
prothrombin time and serum albumin assesses he-
patic synthetic function. The preceding tests are not
necessary in the patient with uncomplicated viral
hepatitis of known cause, but should be performed
in patients with severe hepatitis or hepatitis of un-
certain etiology. Liver biopsy is often useful for de-
termining the prognosis of fulminant or chronic
hepatitis and is occasionally helpful in determining
the etiology of liver disease.92

■ TREATMENT

Acute Hepatitis

In mild acute hepatitis A, no special treatment or
restrictions are necessary. In moderate to severe
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hepatitis of any cause, the patient should be hospi-
talized and liver function monitored daily. Drugs
metabolized by the liver should be avoided if possi-
ble. If their use is necessary, the dose should be
reduced and serum levels monitored. If a specific
cause for the hepatitis is found, therapy should be
directed to the underlying condition. For the most
common viral causes of hepatitis in the immuno-
competent host (EBV, CMV, and the lettered hepa-
titis viruses), no specific therapy is necessary in the
acute stage.

Chronic Hepatitis

The treatment of chronic infection with hepatitis B
or C virus is complex and should be undertaken in
concert with a gastroenterologist or an infectious
diseases specialist familiar with the currently avail-
able therapies. In the past, the mainstay of therapy
for both forms of chronic hepatitis has been inter-
feron alfa.93 Unfortunately, the side effects (e.g.,
headache, fatigue, myalgia, depression, and cytope-
nias) prompt discontinuation of therapy in approxi-
mately 10% of patients.

Among patients with HBV infection, those who
are HBeAg-positive are at increased risk of progres-
sion to cirrhosis, and thus they should generally
be treated. Response to therapy (defined as loss of
HBeAg and decline at ALT and HBV DNA levels)
occurs in about 30% of patients treated with inter-
feron alfa and in about 40% of patients treated with
lamivudine.23a,94,95 Development of resistance of
lamivudine is common, but the clinical significance
of this is uncertain. Recently, a third drug (ade-
fovir), was approved for the treatment of HBV infec-
tion.23a

For patients with chronic HCV infection, treat-
ment is recommended for those with detectable
HCV RNA and at least moderate inflammation with
bridging or portal fibrosis on biopsy.96 Treatment
is usually with a combination of interferon alfa and
vibavirin for 12 months. A sustained viral response
to therapy is defined as absence of serum HCV RNA
6 months after completion of therapy. Although
data in children are limited, one small study re-
ported a response rate of 40% with this regimen.97

Attaching polyethylene glycol to interferon alfa pro-
vides a longer half-life and possible a higher rate of
response.98

For patients with end-stage liver disease due to
either hepatitis B or C, liver transplantation is re-
quired. In the case of hepatitis C, recurrence of in-

fection in the transplanted liver is nearly universal.
In contrast, recurrences in patients receiving liver
transplants for hepatitis B infection can largely be
prevented by the use of hepatitis B immune glob-
ulin (HBIG) and lamivudine.99

■ COMPLICATIONS

Acute hepatic failure (also called fulminant hepati-
tis) is defined as that occurring within 8 weeks of
onset and fortunately is rare in children.100,101 It
can result from hepatitis of any cause. Signs of im-
pending acute liver failure include persistent vomit-
ing, progressive lethargy, increasing serum biliru-
bin and liver enzymes, and prolonged prothrombin
time. Intensive medical care is required. Depending
on the stability of the patient and the availability of
a donor organ, a liver transplant may be performed.

Other complications that have been reported in
children with hepatitis A infection include urti-
caria,102 acute pancreatitis,103 encephalitis,104

transverse myelitis,105 cerebella ataxia,106 sei-
zures,107 acute renal failure,108 ascites,109 pleural
effusion,110 and subsequent development of auto-
immune hepatitis.111 Hepatitis B virus infection is
occasionally complicated by immune complex for-
mation, which may manifest as pleuritis, arthritis,
vasculitis, or glomerulonephritis.4 A number of par-
ainfectious phenomena have been associated with
chronic hepatitis C infection. In a multicenter trial
of 321 patients, 38% had at least one extrahepatic
manifestation, including cutaneous findings, ar-
thralgia, and neuropathy.112 Immunologic abnor-
malities, such as the presence of mixed cryoglobul-
ins, rheumatoid factor, antinuclear antibodies, and
thrombocytopenia, were also common.

■ PREVENTION

Hepatitis A

Guidelines for preventing hepatitis A infection are
updated regularly by the Advisory Committee on
Immunization Practices (ACIP).46 The two means
of preventing hepatitis A are vaccination and im-
mune globulin (IG). In contrast to IG administra-
tion, hepatitis A vaccination provides long-term
protection and thus is generally preferred. How-
ever, hepatitis A vaccine is not approved for use in
children younger than 2 years, and its effectiveness
in the patient who has had a recent exposure to
hepatitis A is unknown (i.e., for postexposure pro-
phylaxis).
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Immune Globulin

A single intramuscular dose of IG (0.02 mL/kg,
maximum 2 mL) should be administered to all pre-
viously unvaccinated household or day-care con-
tacts of a person with serologically confirmed hepa-
titis A infection. It should be given as soon as
possible and not more than 2 weeks after the expo-
sure. If given within this time frame, it is more than
85% effective in preventing hepatitis A. It is reason-
able to also administer hepatitis A vaccine at the
same time to provide long-term protection from fu-
ture exposures. (IG does not interfere with the im-
mune response to inactivated vaccines.) For preex-
posure prophylaxis in children younger than 2
years old traveling to endemic areas, the dose of IG
depends on the length of stay: 0.02 mL/kg for stays
less than 2 months and 0.06 mL/kg for stays of 3
to 5 months.

Hepatitis A Vaccine

Two inactivated hepatitis A vaccines are approved
for use in children in the United States. Both are
administered in two-dose schedules, and both are
highly immunogenic and effective in children older
than 2 years old. Physicians should consult the cur-
rent Red Book or the package insert for doses, as
there are dosing differences between the two vac-
cines.

Currently, the ACIP recommends that children
living in areas where rates of hepatitis A are at least
twice the national average (primarily the western
United States) should be routinely vaccinated.46 Be-
cause children often have unrecognized infections,
they play an important role in hepatitis A virus
transmission in families and in the community.113

It is hoped that more widespread immunization of
children will significantly lower the incidence of
hepatitis A in the United States. Persons at increased
risk for infection with hepatitis A should also be
vaccinated. This includes homosexual males, illegal
drug users, persons with clotting-factor disorders,
and those traveling to countries with high rates of
hepatitis A. Although two doses are recommended,
most travelers present for advice only shortly before
their trip. Thus, a single dose is given, and the trav-
eler is instructed to return in 6 months to complete
the series. No data are available regarding the tim-
ing of appearance of protective antibody in chil-
dren. In adults, over 95% of vaccinees develop anti-
HAV antibodies within a month after receipt of a
single dose, and up to 80% may have antibodies

within 2 weeks.114 The booster dose given 6 to 12
months later results in higher antibody titers and
extends the duration of protection. Children with
chronic liver disease, including those who are
awaiting or who have received liver transplants,
should receive hepatitis A vaccine. Finally, public
health authorities may institute a widespread vacci-
nation campaign during certain communitywide
epidemics.

Hepatitis B

Two hepatitis B vaccines, which contain purified
HBsAg produced by recombinant DNA technology,
are approved for use in the United States. They are
highly immunogenic and effective in all age groups,
including newborns. Despite some claims espoused
by the media, they are also very safe; a recent study
demonstrated no association between hepatitis B
vaccination and the development of multiple scle-
rosis.115 Universal hepatitis B vaccination has been
shown to decrease the incidence of chronic hepatitis
in children by more than 90%116 and to decrease
the incidence of hepatocellular carcinoma.117

Routine Immunization

Hepatitis B vaccine is recommended for routine im-
munization of all infants. Initial attempts to imple-
ment a vaccine program targeted at high-risk
groups did not result in decreased HBV infection
rates. Universal infant vaccination is appropriate
because it is not possible to predict which children
will subsequently engage in high-risk behaviors and
because nearly one-third of people with HBV infec-
tion have no known risk factors. Giving the first
dose during the birth hospitalization increases the
likelihood of completing the three-dose series.118 It
may also be associated with timely receipt of other
routine vaccinations in infancy.119 Theoretical con-
cerns about the use of thimerosal, a mercury-based
compound used as a preservative, caused a decrease
in newborn vaccination rates.120 However, thimer-
osal is no longer used as a preservative in any of
the pediatric hepatitis B vaccines licensed in the
United States.121 The most efficient way to assure
high immunization rates in this setting is for hospi-
tals to have standing orders for routine hepatitis B
vaccination of newborns.

Older children who have not previously received
the hepatitis B vaccine series should be vaccinated
at 11–12 years of age.122 An alternate two-dose
schedule for adolescents aged 11–15 years using a
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higher titer of vaccine has recently been approved
and should lead to higher vaccination rates in this
age group.123

Premature Infants

Preterm infants weighing less than 2 kg have a de-
creased immune response to the vaccine. For these
children, initiation of immunization should be de-
layed until just before hospital discharge if the in-
fant weighs 2 kg or more, or until approximately
2 months of age when other routine immunizations
are given.124

High-risk Groups

In addition to routine vaccination of the age groups
outlined previously, children at high risk for hepati-
tis B infection should be vaccinated at any age.
These include the following groups: Alaskan Na-
tive/Pacific Islanders, children in households of
first-generation immigrants from countries where
HBV infection is endemic, adoptees from HBV-en-
demic areas, children in households with a known
hepatitis B carrier, and children receiving hemodi-
alysis or clotting-factor concentrates. Adolescents
who are sexually active (heterosexual or homosex-

TABLE 13-4. POSTEXPOSURE PROPHYLAXIS AFTER PERCUTANEOUS OR MUCOSAL
EXPOSURE TO HEPATITIS B VIRUS128

VACCINATION HISTORY

AND ANTIBODY

RESPONSE STATUS OF SOURCE SOURCE SOURCE

EXPOSED PERSON HBsAg-POSITIVE HBsAg-NEGATIVE STATUS UNKNOWN

* Dose of HBIG is 0.06 mL/kg intramuscularly.
† Responder is defined as person with serum antibody to HBsAg � 10 mIU/mL.

Unvaccinated

Previously vaccinated:

Known responder†

Known nonresponder†

Antibody response
unknown

HBIG* � 1; initiate HBV
vaccine series

No treatment

HBIG � 2 or HBIG � 1
and initiate revaccination

Test exposed person for
anti-HBs:

1. If adequate†, no
treatment

2. If inadequate, HBIG � 1
and vaccine booster

Initiate HBV vaccine
series

No treatment

No treatment

No treatment

Initiate HBV vaccine series

No treatment

If known high-risk source, treat
as if source were HBsAg
positive

Test exposed person for
anti-HBs:

1. If adequate†, no treatment

2. If inadequate, give vaccine
booster and recheck titer in
1–2 months

TREATMENT

ual) or injecting drug users should be vaccinated.90

Children who are awaiting or have received a liver
transplant should also receive hepatitis B vac-
cine.125

Screening Pregnant Women

Because screening only high-risk pregnant women
failed to identify more than half of HBV-infected
mothers,126 prenatal HBsAg testing of all pregnant
women is now recommended.90

Newborn of Hepatitis B Carrier

Children, including preterm infants, who are born
to HBsAg-positive mothers should receive hepatitis
B vaccine and HBIG (0.5 mL) at different sites
within 12 hours of birth. This regimen reduces the
risk of hepatitis B infection in the newborn from
approximately 80% to 5%.127 Breast-feeding is not
contraindicated for babies who have received these
prophylactic measures. For infants born to mothers
whose HBsAg status is unknown, hepatitis B vac-
cine should be given within 12 hours of birth. If
the newborn is a premature baby weighing less than
2 kg, HBIG (0.5 mL) is also given.
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Postexposure Prophylaxis

A rough estimate of the comparative risks of viral
transmission through a contaminated needlestick is
provided by the rule of threes: HBV is transmitted
in approximately 30% of exposures, HCV in 3%,
and HIV in 0.3%.35 The CDC’s recommendations
for accidental percutaneous or mucosal exposure
are given in Table 13-4.128 Although such expo-
sures usually occur in a medical setting, hepatitis
B can also be transmitted by a human bite.129 It
has also been transmitted by a needlestick from a
syringe that was discarded in a public place.130 Pre-
viously unvaccinated children with such exposures
should receive the hepatitis B vaccine as outlined
in Table 13-4. The effectiveness of postexposure
prophylaxis against HBV infection is � 75%.128

Combined Hepatitis A and B Vaccine

A combination vaccine was recently approved as a
three-dose series for adults older than 18 years. It
appears to be immunogenic in children as well.131

If approved for use in children, it would decrease
the number of injections for those requiring both
hepatitis A and B vaccination.

Hepatitis C

No vaccine is available for hepatitis C. In addition,
because immune globulin is manufactured from
plasma documented to lack antibodies to hepatitis
C, postexposure prophylaxis with this product is
not effective. Cesarean delivery does not decrease
perinatal transmission. Breast-feeding by mothers
with hepatitis C infection has not been documented
to transmit infection and may be permitted.
Whether body piercing or tattooing are risk factors
for hepatitis C infection is unclear. Currently, the
primary means of prevention is to avoid high-risk
drug and sexual practices.28

Hepatitis E

Travelers to areas endemic for hepatitis E can avoid
infection by drinking only boiled or bottled water.
Immune globulin is not effective, as most plasma
donors in the United States lack antibodies to hepa-
titis E.
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Urinary Syndromes

Urinary tract infection (UTI) is one of the most
common bacterial infections in children, affecting
approximately 8% of girls and 2% of boys in the
first 6 years of life.1 The exact prevalence depends
on multiple factors, including age, sex, race, pres-
ence of fever, and, for boys, whether the child is
circumcised. Among febrile infants in the first 3
months of life, the likelihood of UTI is approxi-
mately 13% for girls, 2% for circumcised boys, and
19% for uncircumcised boys.2 Among children less
than 1 year old with fever, the prevalence is about
6% for girls and 3% for boys. Between 1 and 2 years
of age, the prevalence in girls is 8%, and in boys it
is 2%.3

The symptoms of UTI are commonly nonspe-
cific, especially in infants and toddlers. Unfortu-
nately, testing for UTI in the febrile child is often
omitted. When testing is performed, results of uri-
nalysis and culture may be misinterpreted. Despite
its frequency, many controversies regarding the di-
agnosis and management of UTI persist. Most clini-
cians can agree on basic definitions.

■ DEFINITIONS

A presumptive diagnosis of UTI can be made on
the basis of typical clinical manifestations and pyuria,
but a laboratory-confirmed diagnosis depends on
the demonstration of significant bacteriuria. These
three characteristics need further definition.

Clinical Manifestations

The manifestations of UTI vary greatly depending
on the patient’s age. In adults and adolescents with
a urinary infection, high fever (>103�F; 39.5�C)
usually indicates renal involvement. Children may
occasionally have high fever without renal involve-
ment, although reflux with renal infection should
be suspected.4 Frequent or urgent urination implies
urethral or bladder irritation. Cloudy urine may
be caused by bacterial growth but may also result
from precipitated solutes. Foul-smelling urine im-

plies bacterial growth, but occasionally the parent
regards concentrated urine as foul smelling. Su-
prapubic pain or tenderness implies infection in-
volving the bladder; flank pain or tenderness im-
plies infection involving the kidney. Vomiting and
other gastrointestinal symptoms not suggesting the
urinary tract may be present.

In infants, symptoms are more likely to be ab-
sent, mild, or not referable to the urinary tract.
Fever may be the only symptom. It is the infant
group for whom it is most important, and also most
difficult, to diagnose a UTI. The distinction between
cystitis and pyelonephritis is particularly difficult
in this age group. Among febrile children less than
24 months old with UTI, approximately 60% are
found to have renal involvement by scintig-
raphy.5–7

Although peripheral white blood cell (WBC)
count, erythrocyte sedimentation rate, and C-reac-
tive protein tend to be higher in children with renal
involvement,8 these markers are not specific for py-
elonephritis. Asymptomatic infections are also not
rare in females and are detected in about 1% of
school-aged girls. True asymptomatic bacteriuria is
probably not a risk factor for adverse sequelae in
this population.9 However, in reality, some girls
with recurrent UTI have subtle symptoms, often
the same with each infection, which should not be
considered “asymptomatic bacteriuria.”

Pyuria

Generally, “pyuria” is defined as more than 5 (or 10)
leukocytes per high-power field in the centrifuged
sediment or as an elevated leukocyte count in the
uncentrifuged urine, using a hemocytometer to de-
termine the count rapidly.10 Most authorities agree
that 10 or more leukocytes per microliter, as
counted on a hemocytometer, represents pyuria.
(Centrifuging helps by concentrating the findings
of dilute urine and adding the potential for observa-
tion of other formed elements.) There is no widely
accepted definition of “pyuria,” so that the upper
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limit of normal for leukocytes in the urine is defined
by the laboratory or by the physician doing the ex-
amination and depends on the methods used. Usu-
ally, however, the number of leukocytes in the urine
is clearly more than normal, and there is no ques-
tion about the presence of pyuria. A recent meta-
analysis of 48 studies defined “pyuria” as 10 WBC
or greater per high-powered field of centrifuged
urine or 10 WBC or greater per �l of unspun
urine.11

Clumps or casts of WBCs also indicate pyuria.
The detection of pyuria (or its absence) is extremely
helpful in assessing the likelihood of UTI, with a
sensitivity of 80–90% and a specificity of
90–95%.8,12 This does not imply that a culture is
unnecessary—it demonstrates that pyuria can help
with interpretation of the culture results. In a popu-
lation with an overall prevalence of UTI of 5% (e.g.,
infants and young children who have fever without
localizing signs), the absence of pyuria predicts the
absence of a UTI with greater than 99% accuracy
(negative predictive value). The presence of pyuria
in this population predicts the presence of UTI in
approximately 50% (positive predictive value). The
presence of pyuria and microscopic bacteriuria (dis-
cussed later) increases the positive predictive value
to 85%.8 The leukocyte esterase test is a surrogate
for the presence of WBCs. Its sensitivity and speci-
ficity are both about 80%. In contrast, the nitrite
reaction is highly specific (approx. 98%) but lacks
sensitivity (approx. 50%).3

Bacteriuria

Microscopic

Microscopic examination for pyuria is also useful
for immediate recognition of the presence of bacte-
ria, which correlates well with the results of urine
culture.10,13 Although the absence of bacteria in the
centrifuged sediment does not exclude urinary in-
fection, especially with cocci, bacteria can usually
be seen in the sediment if the culture is going to
result in more than 100,000 bacteria/mL. Bacteria
in casts indicate pyelonephritis. A methylene blue
or Gram stain of a drop of uncentrifuged urine is
a slightly more sensitive test for microscopic bacte-
riuria.13

Controlled studies have repeatedly demon-
strated the usefulness of these methods, which have
a sensitivity of 80–90% for unstained centrifuged
urine, 85–94% for stained uncentrifuged urine, and
87–98% for stained centrifuged urine, depending

on the number of bacteria designated significant in
the microscopic study (1 or 5 or 10/hpf) and using
100,000 colonies/mL as the standard culture crite-
rion for significance.13 Obviously, some significant
cultures are not predicted by these methods. Most
experts regard any bacteria visualized as being sig-
nificant, especially if a gram-negative rod is
seen.11,14

Microscopic bacteriuria with a negative culture
can have several possible explanations. Most fre-
quently, the bacteria seen are contaminants that are
not recovered by the usual bacteriologic media, for
example, diphtheroids, vaginal lactobacilli, or
Haemophilus spp.15 However, artifacts and techni-
cal errors in collection and culture are much more
likely explanations than failure to grow a fastidious
pathogen.16,17

Significant Bacterial Growth

This term indicates that a properly collected urine
culture has had a quantitative culture (“colony
count”). Kass found that more than 100,000 bacte-
ria/mL in a clean voided urine usually indicates uri-
nary infection.17a The difficulties of this figure do
not lie with the accuracy of the counting, which is
well within the capabilities of office bacteriology,
using a quantitative loop, but rather with the collec-
tion of the specimen. The value of more than
100,000 bacteria/mL should not be taken as abso-
lutely reliable in itself, because it assumes a clean
voided urine.

Specimens obtained by catheter or suprapubic
puncture are significant for infection at a lower con-
centration. Many experts consider any pure growth
from a suprapubic puncture to be significant. Speci-
mens obtained by catheter are subject to a greater
risk of contamination by periurethral skin flora
(about 9% contamination rate) than suprapubic
puncture, and a higher cutoff is appropriate. Hober-
man et al.14 obtained 3257 catheterized urine speci-
mens from young febrile children and found that
counts less than 50,000 per mL were most likely
to be associated with nonpathogens, mixed flora,
or the absence of pyuria. Accordingly, they recom-
mend greater than 50,000 organisms per mL as the
cutoff for significant growth from a catheterized
specimen.

Interpretation of urine cultures requires that
multiple factors be taken into consideration. For
example, in a young febrile child without another
apparent source for the fever, pure growth of a com-
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mon urinary pathogen at less than 50,000 organ-
isms per mL from a catheterized specimen may be
significant, particularly if the urinalysis shows py-
uria. On the other hand, growth of 50,000 to
100,000 organisms per mL is unlikely to indicate
a UTI if there is another apparent cause of fever
(such as a viral illness), if the organism does not
commonly cause UTI (such as Staphylococcus au-
reus), if multiple organisms grow in culture (indi-
cating a contaminated specimen), or if there is no
pyuria.

Logical Classification

Using the three factors—clinical manifestations,
pyuria, and significant bacteriuria—it is possible to
classify any patient into one of eight logical possibil-
ities of combinations (Table 14-1). The use of such
a preliminary diagnostic category aids the clinician
by giving a guide to an anatomic diagnosis. The
logical preliminary diagnoses can have a number of
possible etiologies. Typical urinary infection means
that all three features (clinical findings, pyuria, and
significant bacteriuria) are present.

Urinary symptoms without pyuria or bacteriuria
should be the preliminary diagnosis when there are
signs and symptoms suggesting a UTI but no pyuria
or significant bacteriuria. There are several possible
causes of this pattern. Urethritis or vaginitis, espe-
cially that caused by Chlamydia (discussed in Chap-
ter 15), is a common cause. Infection with Ure-
aplasma urealyticum (and possibly Mycoplasma
hominis) may cause these symptoms, especially in
adults.18

Recent or current antibiotic therapy that has

TABLE 14-1. LOGICAL COMBINATIONS OF THREE MAJOR VARIABLES IN URINARY
INFECTIONS*

DIAGNOSTIC CLASSIFICATION SYMPTOMS PYURIA BACTERIURIA

Typical urinary infection � � �

Urinary symptoms without pyuria or bacteriuria � 0 0

Urinary symptoms and pyuria without bacteriuria � � 0

Urinary symptoms and bacteriuria without pyuria � 0 �

Asymptomatic bacteriuria and pyuria 0 � �

Asymptomatic bacteriuria without pyuria 0 0 �

Asymptomatic pyuria without bacteriuria 0 � 0

No bacterial urinary infection 0 0 0

* Modified from Moffet HL; Urinalysis and urine cultures in children. Urol Clin North Am 1974;1 : 387–396.

suppressed culture-confirmation of the infection is
one of the most frequent causes. Overhydration,
with rapid urine flow and frequent voiding before
bacteria can reach high concentrations, is a rare
cause.19 Medications, such as atropine-like drugs,
are an occasional cause of transient frequent urina-
tion. Unilateral pyelonephritis with complete ure-
teral obstruction can produce unusual or intermit-
tent urinary abnormalities.

Urinary symptoms and pyuria without bacteri-
uria is probably most frequently caused by urethri-
tis. The urethral syndrome (dysuria-pyuria syn-
drome) can do this and is discussed later in this
chapter. Gonorrhea and nongonococcal urethritis
are discussed in Chapter 15. Fastidious or anaero-
bic organisms causing a bladder or kidney infection
are an uncommon cause of this pattern.16 However,
Haemophilus influenzae is an example of an organ-
ism that will not grow on the plating media usually
used for urine and that should be regarded as a rare
cause of this pattern, usually only in association
with clinically suspected bacteremia.17 Suppression
of bacterial growth by contamination of the urine
with the disinfectant used to prepare the urethral
area is also a very unlikely cause.

Adenoviral cystitis is an uncommon cause of mi-
croscopic hematuria and pyuria without bacteri-
uria.20

M. hominis has been implicated in kidney infec-
tions in adults by antibody studies.21 Ureaplasma
urealyticum can cause a urethritis even in prepuber-
tal children.22 Gardnerella vaginalis is an uncom-
mon urinary pathogen.23

Campylobacter jejuni, which requires special
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media and higher incubator temperatures to grow,
can be missed if it is not suspected, as in a Gram
stain. It has been reported as a cause of urinary
infection in a girl who did not have any recent diar-
rhea, as might have been expected.24

Urinary symptoms and bacteriuria without py-
uria is uncommon. The specimen may have been
obtained very early on, before the development of
an inflammatory response (as manifested by pyuria)
could develop. Alternatively, symptoms may not
occur until several days after the onset of an infec-
tion when pyuria has decreased. The urinalysis and
culture should be repeated to clarify the situation,
if an antibiotic has not been given that would be
likely to eradicate the bacteriuria.

Asymptomatic bacteriuria and pyuria can be a
manifestation of a urinary infection where signs and
symptoms are suppressed by recent or current anti-
biotic therapy. It may also be attributable to poor
technique in collecting voided urine when there is
no true infection. This is especially likely if there is
vaginitis, or if the patient is an uncircumcised male,
or if there is a delay in inoculation of the culture
media.

Asymptomatic bacteriuria without pyuria can
have several causes. The most common reason is
bacterial contamination of the urine specimen. Un-
commonly, it may be seen early in an infection (be-
fore an inflammatory response occurs) or late in an
infection (after the initial clinical manifestations
and pyuria have disappeared). Rarely, it follows

suppression of symptoms and pyuria by inadequate
chemotherapy. Asymptomatic bacteriuria is not un-
common, especially in young girls, as discussed in
the introduction section of this chapter.

Asymptomatic pyuria without bacteriuria has
many possible causes, including several infectious
ones.25 A bacterial urinary infection suppressed by
antimicrobial therapy may produce this pattern.
Cystitis secondary to gram-positive bacteria is an-
other possible cause. Urethritis can be gonococcal,
nonspecific, or chemical, as discussed later. Renal
tuberculosis should also be considered in the ap-
propriate setting.

Poor urine collection, as mentioned previously,
is a possible cause. Pyuria without infection often
occurs after urethral instrumentation or bladder
surgery.26 Noninfectious subacute or chronic renal
disease can be associated with pyuria, but protein-
uria, casts, or hematuria are often present. Fever in
a patient with chronic renal disease may stimulate
pyuria. Pyuria is also observed during convales-

cence from acute glomerulonephritis or toxic ne-
phritis, but some hematuria is also usually present.
Kawasaki disease is frequently associated with a
sterile pyuria. Extreme dehydration can also pro-
duce pyuria. Patients with medication-induced in-
terstitial nephritis may have pyuria, especially with
eosinophils.

No bacterial urinary infection is a secure diagno-
sis if all three variables are negative, provided that
there has been no recent antibiotic therapy.

Risk Factors

The rate of UTI in uncircumcised males is approxi-
mately 5–10 times higher than in circumcised
males.27,28 The incidence of UTI is higher in white
children than in black children. The likelihood of
UTI increases with increased height and duration
of fever. UTI is less likely if there is another possible
explanation for the fever (such as a viral exan-
them).14,29

Any anatomic or functional abnormality that in-
hibits the ability to empty the bladder completely
will predispose to UTI. Examples include neuro-
genic bladder in patients with myelomeningocele;
obstruction from stones, tumors, or constipation;
congenital defects (such as ureteral stenosis or pos-
terior urethral valves in boys); and purposefully in-
frequent voiding. Indwelling urinary catheters are
also a risk for infection, as discussed later.

Vesicoureteral reflux (VUR) refers to the retro-
grade flow of urine from the bladder into the upper
urinary tract. It is present in about 1% of children
and is a predisposing factor for pyelonephritis in
children with bladder infection.30 VUR is present
in 25–40% of children with acute pyelonephritis.31

As mentioned, among young children with UTI,
about 60% have evidence of renal involvement by
scintigraphy; thus, about 15–25% of children with
UTI will have VUR. The degree of reflux is graded
from I to V based on results of voiding cystourethro-
gram (VCUG). Grade I indicates reflux to the proxi-
mal ureter, Grade II indicates reflux to the renal
pelvis without dilation, and Grades III, IV, and V
indicate mild, moderate, and severe ureteral and
calyceal dilation, respectively. The management of
VUR is discussed later in this chapter.

■ ROUTINE SCREENING OF HEALTHY
CHILDREN

Although the American Academy of Pediatrics rec-
ommends a screening urinalysis at the age of 5
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years,32 the practice of obtaining urinalyses on chil-
dren at well-child visits is controversial. Among
preschool-aged children, the rate of asymptomatic
bacteriuria is about 1% in girls and 0.03% in boys.
There are currently no data to suggest that detection
of and treatment of asymptomatic bacteriuria pre-
vents subsequent pyelonephritis or renal scarring.
Routine screening is costly and results in follow-up
testing and imaging in a large percentage of healthy
children with false-positive tests.33

Intermittent screening for UTI may be appropri-
ate for the child at particular risk (such as those
with neurogenic bladder). In addition, a low thresh-
old for obtaining a urinalysis and culture should be
maintained in the child with a previous history of
UTI who has symptoms, however mild, that suggest
the possibility of recurrent infection.

Some nephrologists believe that a screening uri-
nalysis (without culture) by laboratory methods or
even by “dipstick” at ages 5 and 12 years may be
helpful in the early diagnosis of certain glomerulo-
nephritides.

■ COLLECTION AND CULTURE OF
URINE

Methods

The bacteriologic confirmation of urinary tract in-
fection is only as accurate as the method of urine
collection and several variables involved in its cul-
ture. In school-aged children, the physician should
proceed from simple to more complicated methods
of urine collection and use the least painful method
appropriate for the clinical situation. In children
who cannot cooperate well, or in infants or children
who are not toilet trained and cannot produce a
reliable specimen, the clinician should not proceed
with antibiotic therapy without a specimen ob-
tained for culture by a highly reliable method. Un-
certainty about the validity of the diagnosis because
of a poorly collected urine sample may lead to a
decision for radiographic evaluations to avoid miss-
ing a correctable defect when there would have
been no basis for expensive and uncomfortable pro-
cedures if the urine had been collected properly.

Random Voided Bag Specimens

This method may be used to obtain a urinalysis
when looking for the presence of proteinuria, gly-
cosuria, or pyuria. It may also be used to detect
cytomegalovirus (CMV) infection in the young in-

fant. However, it is of no value for performing a
bacterial urine culture because of the high rate of
contamination. A large study (7584 cultures) re-
vealed a contamination rate of 63% when bag speci-
mens were cultured versus only 9% in catheterized
specimens. Uncertainty regarding culture results
led to unnecessary recall, treatment, radiologic in-
vestigations, and even hospital admission for some
infants.34 The problem with bag specimens is that
the culture generally reflects the bacteria present on
the skin of the periurethral area. In one study of
98 children, a periurethral culture was obtained,
followed immediately by a bag urine culture. In 20
(95%) of 21 urine cultures that contained a patho-
gen, the same organism was isolated from the peri-
urethral swab culture.35 Assuming a 5% prevalence
of UTI, the positive predictive value of a bag urine
specimen is 15% (that is, 85% of positive cultures
are false-positive). If the prevalence of UTI is 2%
(febrile boys), the false-positive rate is 93%; if the
prevalence is 0.2% (circumcised boys), the false-
positive rate is 99%.3

Bag specimens are only useful if they are culture-
negative. Unfortunately, they are so often positive
that it is hard to justify their use.

Midstream Specimens

Midstream specimens are readily obtainable from
cooperative toilet-trained children.36,37 In one
study of girls 2–12 years of age, there was a 97%
correlation between culture results of a midstream
clean-voided specimen and a simultaneous catheter
specimen.36 In older girls, a plastic device to spread
the labia may be useful.38 However, in actual prac-
tice, unless the office or clinic staff is very experi-
enced and supervises the urine collection, the
“clean catch” midstream urine might more accu-
rately be called the “dirty catch” specimen.19

The above comments apply to girls. For toilet-
trained boys who produced a midstream specimen,
5–10% had low colony counts and obvious con-
taminants, but cleaning the meatus with soap actu-
ally resulted in a higher contamination rate (10%)
than when the same boys were not cleaned before
the collection (5%).39 Similar studies in women
have shown that the contamination rate is the same
whether they are instructed to clean first, or
whether they are simply told to urinate into a cup.40

So-called midstream, or clean-catch, specimens
can also be obtained in infants or neonates, but the
technique requires extreme patience. The infant is
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held over a sterile collection device and then given
oral fluids. This results in fairly reliable specimens,
even when performed by parents.41 In a study of
50 circumcised males who served as their own con-
trols, the midstream collection technique was just
as reliable as suprapubic bladder aspiration.42

Catheterization

Young children who are not toilet trained and for
whom the diagnosis of UTI is being considered
should generally undergo bladder catheterization.
In addition to culture results, catheterization can
provide additional useful information. Bladder
catheterization is essential to determine residual
urine, which may be useful for evaluation of pa-
tients with recurrent urinary infection. Often, the
determination of residual urine can be combined
with obtaining a specimen for culture. The child
should be allowed to void without anxiety under
comfortable conditions, so maximum emptying is
likely. Then, the catheterization is done. This cathe-
terization can also be used in preparation for a void-
ing cystourethrogram (VCUG), thus doing only one
catheterization for the three procedures.

For patients in whom a first UTI is suspected,
the specificity of a catheterized specimen can be
increased by discarding the first few drops of urine
and then collecting the specimen for culture. Practi-
cally speaking, however, there is often not enough
specimen to allow for any wastage, especially in
neonates, who often urinate just as catheterization
is about to be performed or who urinate “around”
a too-small catheter. Anecdotally, if the person
doing the catheterization is prepared to catch urine
in a sterile cup in case the patient urinates prior to
catheterization, the results are usually reliable.

When catheterization is done for relief of ob-
struction, the urine should be cultured. Likewise,
when catheterization is done for severe acute ill-
nesses, such as in a child hospitalized because of
diabetic acidosis, the urine should be cultured.

Catheterization should not be regarded as a dan-
gerous procedure; the risk of introducing infection
is extremely low.43 In one study of children with
myelomeningocele, children who underwent clean
intermittent catheterization starting in the first year
of life (mean age of 7 months) had improved long-
term renal function compared with children in
whom catheterization was started after age 3 years
(mean age 44 months).44 Complications of urinary
catheterization were not seen.

Suprapubic Aspiration (Bladder Puncture)

Still considered the gold standard by some physi-
cians, suprapubic aspiration has generally fallen out
of favor in clinical practice, mainly because of the
desire to be as noninvasive as possible, but also
because of the frequency of “dry taps.” The follow-
ing three conditions45 are indications for bladder
puncture:

1. Inability to get a clean-voided midstream speci-
men, usually related to the patient’s inability to
cooperate, as in a newborn, small child, or co-
matose patient;

2. Urgency of the specimen, as when a patient has
a severe illness and information about urine
must be obtained immediately (e.g., suspected
septicemia); and

3. Urethral catheterization undesirable or imprac-
tical, as when vaginitis, urethritis, a tiny urethra,
or meatal disease is present.

If these three conditions are not met, catheteriza-
tion is the preferred method for obtaining urine for
culture. Contraindications to suprapubic bladder
aspiration include any bleeding problem and recent
voiding that has resulted in an empty bladder. If
the procedure is done on an infant or small child,
the patient should be immobilized in a supine posi-
tion. After cleaning and disinfecting the suprapubic
area, the urethra is compressed with a gloved finger
to prevent spontaneous voiding while a 10-mL sy-
ringe with a 22-gauge needle is quickly inserted
perpendicular to the table (Fig. 14-1). Gentle suc-
tion should aspirate urine, although failure to ob-
tain urine is not rare. In some studies, greater than
50% of aspirates failed to obtain urine.3

Success of the procedure depends upon the
amount of urine in the bladder; therefore, it is least
likely to be successful in a baby who is quite ill and,
therefore, dehydrated. In one study, unsuccessful
suprapubic aspirations were followed by successful
catheterizations in all 27 cases.46 Some gross hema-
turia occasionally is noted on the next spontaneous
voiding. Puncture of the bowel is rare.

Considerations in Diagnosing UTI

Recent or Current Antimicrobial Therapy

Antimicrobial therapy can inhibit bacterial growth
in the bladder, so that colony counts will be below
100,000/mL. No prospective studies have been
done to define precisely the length of time antimi-
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■ FIGURE 14-1 Anatomic relations for bladder puncture of
infant girl.

crobial therapy must be stopped in order to allow
bacterial growth. In general, 48 hours appears to
be reasonable on the basis of clinical experience
with this interval,37 although longer would, of
course, be better.

Concentration of Urine and Frequency of
Voiding

The lowest concentrations of bacteria in the urine
occur in the late afternoon and the highest concen-
trations in the early morning, presumably because
of concentration of the urine. However, this finding
may also be a function of infrequent voiding
through the night, because frequent voiding re-
duces bacterial concentrations in the urine.

Delay Before Inoculation

If there must be a delay in inoculation, refrigeration
of the urine specimen is appropriate to inhibit mul-
tiplication of bacteria, but the value of this depends
on urine pH and the species of the organism. For
example, enterococci that are causing an infection
may produce low colony counts (fewer than 40,000
organisms/mL) because they grow so poorly in acid
urine.

Skin Flora

Staphylococcus epidermidis is a cause of urinary infec-
tion in children in rare cases, so it should not auto-
matically be regarded as a contaminant when re-
ported as a pure growth in concentrations
exceeding 100,000/mL.

Staphylococcus saprophyticus is a coagulase-nega-
tive staphylococcus that is distinguished from S.
epidermidis primarily by the former’s resistance to
the obsolete antibiotic novobiocin. S. saprophyticus
is an important cause of UTI in adolescent girls and
young women that is temporally related to sexual
intercourse.47

Office Tests

A number of chemical screening tests have been
studied for use in the physician’s office for detection
of urinary infections without the delay and prob-
lems of culture. Many of these have been found
unsatisfactory after an initial period of enthusiasm.
Two methods have been used to simplify culturing.

Quantitative Loop

This method is clearly the best for culture of the
specimen; if the physician has facilities for office
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throat cultures for �-hemolytic streptococci, all that
is necessary is the purchase of a quantitative loop
for streaking the urine. This method is the one used
by most clinical bacteriology laboratories and has
an established record of practical utility in many
physicians’ offices.19 It is probably the best method
and can be combined with urine collection in Dixie
cups, as described in the section on screening near
the end of this chapter. Usually a 0.001 mL loop
is used. The number of colonies of the same type
are counted and then multiplied by 1000 to calcu-
late the number of organisms per mL of urine.

Susceptibility testing of isolates should not be
attempted in the office, because too much standard-
ization and several controls are required.

Other Bacteriologic Culture Methods

Dip slides have an agar coating and are simply
dipped in the urine and then incubated. The inocu-
lum of urine is less accurately measured than with
the quantitative loop. However, the screw-cap tubes
with an agar slide attached to the cap are convenient
for transport, especially from home to office, and
are sufficiently accurate for screening or follow-
up.19,48,49

■ ANATOMIC LOCALIZATION OF
INFECTION

Once the general diagnosis of UTI is made, the phy-
sician should attempt to make a clinical diagnosis
of the anatomic location of the infection. This deter-
mination is often more difficult than one might ex-
pect, because the exact location of the infection by
laboratory methods depends on excluding infection
higher in the urinary tract. The possible anatomic
locations of a urinary infection are the kidney, blad-
der, urethra, and prostate.

Kidney

Pyelonephritis

The term “pyelonephritis” refers to infection of the
kidney. The diagnosis may be based on several
kinds of observations.

Clinical Pyelonephritis

The manifestations of pain and tenderness in the
vicinity of the kidney, along with fever and signifi-
cant bacteriuria, are sufficient for this as a presump-
tive diagnosis. In young children, in whom classic

signs such as costovertebral angle tenderness or
flank pain are often absent, the combination of an
abnormal urinalysis and fever has been considered
diagnostic. Recently, that clinical assumption has
been proven to be valid; at least 60% of young chil-
dren with fever and a positive urine culture will
have pyelonephritis by DMSA scanning.5,6

Radiologic Pyelonephritis

Sometimes children present primarily with severe
abdominal pain, and the initial study performed is
an abdominal CT scan, which demonstrates multi-
ple streaky areas of poor enhancement in a kidney.
Alternatively, Doppler ultrasound may show in-
creased echogenicity with poor vascular flow. Both
of these studies would be highly suggestive of py-
elonephritis. However, a catheterized urine speci-
men should still be obtained for culture and suscep-
tibility testing.

Bacteriologic Pyelonephritis

Localization of a UTI to the kidney by culture meth-
ods is rarely done or needed. Culture of urine ob-
tained at cystoscopy by ureteral catheterization is
evidence for infection in the kidney, particularly if
the bladder has been washed out before collecting
urine coming from the kidney. Culture of kidney
tissue obtained by biopsy or nephrectomy is defini-
tive. Cultures obtained at autopsy are less reliable,
if there is any postmortem delay.

Histologic Pyelonephritis

Kidney tissue showing evidence of infection is
suggestive but not conclusive. Chronic pyelone-
phritis at autopsy diagnosed by histologic examina-
tion has formerly been presumed to be bacterial in
origin. However, ascribing these findings at autopsy
to past infections is unlikely to be accurate unless
such renal infections have been documented.50

In most cases, the clinical diagnosis of pyelone-
phritis should be considered only presumptive un-
less the patient has reflux. An exception can be
made for neonates, many of whom seed the kidney
via bloodstream infection. The term “urinary tract
infection” can be generally used when involvement
of the kidney is unknown. Scintigraphy (DMSA
scanning) has a sensitivity of about 90% in detect-
ing acute pyelonephritis. However, its use rarely
alters the management of UTI in the acute setting,
and so it is not routinely employed.7
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Renal Abscess

Renal abscesses can be subdivided into renal corti-
cal abscess and renal corticomedullary abscess. The
distinction is important because the pathophysiol-
ogy and bacteriology of the two conditions differ
markedly.

Renal Cortical Abscess

Most renal cortical abscesses are secondary to pri-
mary bacteremia. There may be a lag of weeks or
even months between the primary bacteremic epi-
sode and the development of the abscess.51 Alterna-
tively, the patient may have an obvious primary
focus, such as the skin or a lymph node. Ninety
percent of these abscesses are caused by S. aureus.52

Most cases occur in adults, in whom men outnum-
ber women by about 3 to 1. They are almost all
unilateral and solitary. A small number of these may
rupture, producing a perinephric abscess. Signs and
symptoms are usually nonspecific and include
fever, chills, and back or abdominal pain. Urinary
symptoms are uncommon, and the urinalysis is
usually normal (most of these abscesses do not
communicate with the collecting system).53 Both
ultrasound and CT scan are helpful in diagnosis,
but CT is better at distinguishing these from renal
tumors. If the abscess is large or very well walled

■ FIGURE 14-2 Left renal corticomedullary abscess in a 4-year-old girl who
presented with a 3-day history of high fever and vomiting. This CT scan with
contrast shows a thin rim of enhancement surrounding the phlegmon, with
only a very small area of liquefaction centrally. Urine cultures grew E. coli.
Complete resolution of the infection was achieved with a prolonged course of
intravenous antibiotics, without surgical drainage.

off, surgery may be required, but many patients
recover with intravenous antistaphylococcal antibi-
otics for 10–14 days, followed by oral antistaphylo-
coccal agents for several weeks.51,52 Percutaneous
drainage is sometimes both therapeutically and
diagnostically helpful.

Renal Corticomedullary Abscess

In contrast to cortical abscesses, most of these le-
sions are precipitated by ascending infection and
are thus associated with urinary tract abnormalities,
such as stones, outflow obstruction, or vesicoure-
teral reflux (VUR). The bacteriology is concordant
with the pathophysiology: Escherichia coli, Klebsiella
spp, and Proteus mirabilis are the most common iso-
lates.51,52 Renal corticomedullary abscesses can be
subdivided into acute focal bacterial nephritis and
xanthogranulomatous pyelonephritis.

Acute Focal Bacterial Nephritis

Acute focal bacterial nephritis (“acute lobar neph-
ronia” is an older term) occurs when pyelonephritis
develops into a focal renal infection that resembles
an abscess but has neither walled itself off nor gone
on to liquefaction (Fig. 14-2). Presentation with
fever, chills, and flank or abdominal pain, coupled
with nausea and vomiting in two-thirds of patients
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may suggest an intra-abdominal process. A flank
mass, or even hepatomegaly, may be found on
physical examination. The presence of a grossly ab-
normal urine clearly differentiates this entity from
renal cortical abscess.51,52 Ultrasound or computed
tomography (CT) allow definition of this infection
and exclusion of abscess or tumor. Antibiotic ther-
apy without operative drainage is often success-
ful.54 However, pediatric patients with multifocal
bacterial nephritis who have severe VUR often do
not respond to antibiotic therapy alone.

Xanthogranulomatous Pyelonephritis
(XGP)

This rare condition, more commonly seen in older
adults or malnourished children, is associated with
infection, urinary tract abnormalities, and stones.55

The diffuse form of the disease is much more com-
mon than the focal form, especially in pediatrics.56

XGP often mimics malignancy, especially when it
is nonobstructive.57 Radiographically, the lesions of
XGP are less well demarcated than a Wilms’
tumor.57 Clinical presentation can be vague; fever
of unknown origin or subacute fatigue are com-
mon.58 There may be a palpable abdominal mass.59

Recurrent or recalcitrant pyelonephritis is a more
direct sign.58 E. coli and P. mirabilis are the usual
pathogens. The chronic renal infection is usually
associated with obstruction, and the parenchyma
is replaced by lipid-laden macrophages. Treatment
consists of nephrectomy or resection of the diseased
segment with antibiotic therapy directed at the bac-
teria found in the specimen. Occasionally, patients
will recover with conservative management.59

Perinephric Abscess

By definition, a perinephric abscess involves the
space between the renal capsule and Gerota’s fascia.
The pathophysiology is mixed; most cases are due
to extension of a renal corticomedullary abscess
(usually focal bacterial nephritis, described earlier).
In these cases, the infection is usually due to gram-
negative enteric bacteria and commonly associated
with urinary tract abnormalities, abnormal urinaly-
sis, and, typically, positive urine cultures. Occa-
sionally, a renal cortical abscess may rupture into
the perinephric space, producing a staphylococcal
abscess. Case reports of children who developed
a perinephric abscess due to a ruptured retrocecal
appendicitis have been published.60

The onset is insidious. Fever is the most constant

symptom and may be prolonged. A perinephric ab-
scess should, therefore, be considered in the work-
up of patients with fever of unknown origin (see
Chapter 10). Unilateral flank pain and dysuria are
symptoms that may help the clinician to localize
the infection. Symptoms that may be misleading
include nausea and vomiting (seen in about 25%
of patients) and pain that is referred to the hip,
thigh, or knee. Careful physical examination may
reveal costovertebral angle tenderness, splinting,
pain on bending toward the contralateral side, or
a slightly altered gait.51,52

An elevated white count with a “left shift” is com-
mon. Anemia is seen in 40% of patients. Urinalysis
usually reveals pyuria and sometimes proteinuria.
Urine cultures are positive in about 60% of patients,
and blood cultures are positive in approximately
40% of patients.52 CT scanning is the imaging mo-
dality of choice; MRI does not usually provide addi-
tional information.61

Unlike the other focal kidney infections de-
scribed earlier, parenteral antibiotic therapy by it-
self is unlikely to result in cure for patients with
perinephric abscesses. A drainage procedure is usu-
ally necessary.60 Antibiotic therapy must cover both
gram-negative enteric organisms and S. aureus; the
combination of an antistaphylococcal penicillin and
an aminoglycoside is a reasonable empiric choice.
Definitive therapy should be guided by culture and
susceptibility results. Nephrectomy is occasionally
required.

Bladder

Cystitis

This term is used to mean infection of the bladder.
Whether the kidney is also assumed to be involved
is not clearly defined by common usage, so that
for complete clarity, one of the following phrases
should be used: cystitis without clinical pyelone-
phritis; cystitis, renal status unknown; or urinary
tract infection. The term UTI indicates a lack of data
with which to differentiate upper-tract infection
(pyelonephritis) from lower-tract infection (cys-
titis).

Recurrent Cystitis

This is common in school-aged girls, and the diag-
nosis implies that vesicoureteral reflux and renal
pain or tenderness are not present.
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Hemorrhagic Cystitis

In otherwise healthy children, acute hemorrhagic
cystitis is generally a benign, self-limited disease.
Patients present with the abrupt onset of gross he-
maturia, dysuria, frequency, and urgency. Fever is
distinctly uncommon. Adenoviruses are the most
common cause. Adenovirus types 7, 11, and 21
have been most frequently associated with hemor-
rhagic cystitis. These serotypes are usually not co-
circulating as respiratory pathogens. Occasionally,
E. coli causes hemorrhagic cystitis, so culture of the
urine is appropriate. No other bacteria have been
definitively associated with hemorrhagic cystitis. In
immunocompromised children, adenoviruses are
still the most likely cause, but the disease is neither
benign nor self-limited. Unusual viruses, such as
BK virus, can also be causative in this subset of
patients.62,63

Eosinophilic Cystitis

Hemorrhagic cystitis and an eosinophilic infiltra-
tion of the bladder is rare in children.64 In some
cases this condition mimics bladder tumor.65 Pe-
ripheral eosinophilia is occasionally seen. A small
percentage of patients present with urinary reten-
tion as the principal sign.66 Otherwise, nonspecific
signs, such as urgency, frequency, and abdominal
pain, predominate.66 The male to female ratio is
approximately 2 to 1 in childhood.66 The etiology
is unknown. Although most cases are self-limited
and require no therapy, many physicians give a trial
of nonsteroidal anti-inflammatory agents. Two chil-
dren with chronic granulomatous disease who pre-
sented with urinary signs and symptoms suggesting
eosinophilic cystitis have been reported.67

Acute interstitial nephritis, which may be drug-
induced or caused by various infections or autoim-
mune disorders, is sometimes accompanied by the
presence of urine eosinophils.67a Hematuria, how-
ever, is uncommon in acute interstitial nephritis.

Schistosomiasis

Schistosoma haematobium infection of the bladder
often presents as painless, gross hematuria.68,69 It
should be considered in any patient with hematuria
who has a history of residence in or travel to an
endemic area (primarily sub-Saharan Africa). Bac-
terial superinfection is common. Diagnosis is by
cystoscopy with biopsy. Praziquantel is curative.

Urethra

Urethritis

Typically, the clinical symptoms of this condition
are pain and burning on urination, but symptoms
may be minimal if the urethritis is chronic. In the
female, suprapubic aspiration may be useful to
demonstrate that the bacteriuria does not have its
origins in the bladder, although this is rarely neces-
sary.

Urethritis can be caused by several sexually
transmitted microorganisms, as discussed further
in Chapter 15. Bacterial urethritis or cystitis is also
associated with intercourse in sexually active
women and teenagers.70 As noted earlier, vaginitis
and urethritis can mimic the symptoms of cystitis
and produce the urethral syndrome (also called the
dysuria-pyuria syndrome, discussed later).71 In
prepubertal children, especially girls, irritation by
clothing, soaps, or other contact (including sexual
abuse) should be considered.45

Urethral Syndrome (Dysuria-Pyuria
Syndrome)

Urethral syndrome is the name given to the condi-
tion of recurrent or chronic urinary symptoms in
the absence of demonstrable objective findings.
Symptoms may include retropubic pressure, uri-
nary frequency, dyspareunia, and dysuria. Cultures
of urine are usually sterile. Some women with ure-
thral syndrome have repeatable low counts of bacte-
ria by bladder puncture, and some women have
Chlamydia trachomatis recovered.72 The gonococcus
may be a cause of this syndrome in some cases.
Anaerobes and low-virulence bacteria of the urethra
have also been postulated as causes, but proof of
causality is lacking.

The cause of the urethral syndrome is unknown.
Many clinicians have assumed it to be a psychoso-
matic disease. One study of 58 patients and 21 con-
trols found a clear relationship of flare-ups of ure-
thral syndrome to stress events. These investigators
also found a higher incidence of other psycho-
pathologic symptoms in patients suffering from
urethral syndrome.73 Others have called the condi-
tion “irritable urethra syndrome” and have found
higher mean scores on psychologic measures in pa-
tients versus controls. However, not all investiga-
tors have been able to replicate these findings.74

Some investigators have postulated that these
women have inflammation of the paraurethral
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glands, which are homologous to the male prostate,
and have therefore called it “female prostatitis.”75

Finally, another study concluded that patients with
urethral syndrome have poor control of the pelvic
floor musculature.76

Prostate

Prostatitis can be broadly divided into three cate-
gories: acute, chronic, and prostatodynia. All three
types are rare in children, even in sexually active
teenagers. Acute prostatitis is a severe bacterial in-
fection with systemic symptoms accompanying uri-
nary tract symptoms, such as frequency, urgency,
and urinary retention. The prostate is tender to pal-
pation. The gland can be confirmed as the source
of bacteriuria, which is often greater than 10,000
colonies/mL, by comparing culture results of the
first-voided urine after prostatic massage with first-
voided and midstream specimens obtained before
prostatic massage. Chronic prostatitis is a slowly
evolving condition that is usually associated with
intermittent UTI and persistent urinary tract signs.
Prostatodynia is the name given to chronic prostati-
tis when it has never been accompanied by bacterial
infection. The cause is unknown. There may be a
prominent psychosomatic component to prostato-
dynia.

■ INITIAL DIAGNOSIS AND
MANAGEMENT OF UTI

A careful history should be taken for past symptoms
related to urination, abdominal pain, or fever. His-
tory should be obtained for exposure of the urethra
to bacteria by careless cleaning after bowel move-
ments and for vaginitis or itching caused by pin-
worms, although these simple explanations are usu-
ally not the reason for infection. History should also
be obtained for exposure to irritants, such as con-
centrated bubble-bath solutions that may produce
urethritis. The physical examination should include
deep palpation for kidney size as well as for renal or
suprapubic tenderness. The blood pressure should
always be taken and the optic fundi examined.

Possible Bacterial Etiologies

The types of bacteria usually recovered from the
urine correlates with the perineal flora, with E. coli
being the most frequent organism. Enterobacter spp.,
P. mirabilis, and enterococci are occasionally re-
covered. Urinary infections by Bacteroides species

appear to be rare despite the fact that these organ-
isms constitute more than 90% of the bacteria in
the bowel. S. aureus and Pseudomonas aeruginosa
rarely cause first urinary infections in normal chil-
dren but are more likely to be recovered after anti-
microbial therapy, instrumentation, or sitting in hot
water tubs or whirlpool baths.77 Coagulase-nega-
tive staphylococci are an uncommon cause of UTI
but occasionally cause real disease, even resulting
in prolonged fever in some children. Unusual or-
ganisms can be found with the first documented
UTI in a child with an underlying anatomic defect,
often after several episodes of treatment with antibi-
otics for questionable otitis media or other reasons
without recognition of the UTI.

Laboratory Approach

Urinalysis

In most situations in a toilet-trained girl, the physi-
cian suspects a UTI because of typical clinical mani-
festations and does a urinalysis on a midstream
voided specimen that reveals WBC and bacteria in
the sediment.

In infants, great care should be taken to get a
reliable specimen for urinalysis and culture, as de-
scribed earlier, because false-positive results can
lead to unnecessary radiologic investigation. An
infant should not be started on antibiotic therapy
for suspected sepsis without a catheter or bladder-
puncture specimen. Likewise, an infant should not
be treated with antibiotics for a UTI on the basis
of results from a bagged urine specimen.

Urine Culture

Initial management usually consists of chemother-
apy based on the likely bacterial etiology while the
urine culture confirms the diagnosis and provides
an organism for susceptibility testing, if necessary.
The urine culture is the foundation upon which
the diagnosis and evaluation of UTI is built. If the
physician has bacteriologic facilities for throat cul-
tures available in the office, quantitative urine cul-
ture can be done easily using a quantitative loop.
Causes of negative cultures in suspected UTI are
discussed earlier in this chapter.

■ MANAGEMENT OF UNCOMPLICATED
INFECTIONS

The first UTI in a toilet-trained girl is the least com-
plicated situation, and this section discusses only
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this situation. All other clinical circumstances, in-
cluding infections in infancy, are regarded as more
complicated problems and are discussed in the next
section.

Chemotherapy

In most cases, the diagnosis is suspected based on
symptoms and signs referable to the bladder and
on microscopic examination of the urine that shows
WBCs and bacteria. Although results need not be
awaited before beginning therapy, a culture should
always be obtained. Extremely convoluted clinical
situations result when physicians treat patients as
though they have a UTI but do not confirm the
clinical impression with a urine culture. Uncompli-
cated infections can be treated for 7–10 days with
an oral drug, such as trimethoprim-sulfamethoxa-
zole (TMP-SMX) or cefixime.49,78 Amoxicillin was
the drug of choice for years, but resistance to amoxi-
cillin among isolates of E. coli has been increasing
over the past few years. It may be used if susceptibil-
ity results are favorable. Cefixime is a convenient
antibiotic because of its once-daily dosing schedule
and palatability in suspension. It has broad activity
against most urinary tract pathogens and is excreted
in the urine, so good levels at the site of infection
can be obtained. Unfortunately, availability of cefix-
ime is variable. A different third-generation oral
cephalosporin (such as cefpodoxime or cefdinir)
may be substituted for cefixime.

Nitrofurantoin is frequently associated with
vomiting, and amoxicillin can be associated with
diarrhea or a rash. Nitrofurantoin has been re-
ported to cause pulmonary hypersensitivity (rarely
in children) and is contraindicated in infants less
than 1 month of age and in patients with glucose-
6-phosphate dehydrogenase deficiency. It is a good
choice for prophylaxis and can be used for treat-
ment of cystitis. However, its use is discouraged if
there is a possibility of pyelonephritis because it
does not reach therapeutic levels in the blood-
stream.

Short-Course Chemotherapy

The use of short-course antimicrobial therapy (usu-
ally defined as less than 5 days’ duration) in chil-
dren with uncomplicated cystitis is controversial.
A recent meta-analysis based on data from 1279
patients suggests that resolution is better with
longer-duration therapy.79 For older adolescents

and adults, a 3-day course of ciprofloxacin seems
to be as effective as 7 days of TMP-SMX or nitrofu-
rantoin, with a better side-effect profile.80 A 3-day
course of TMP-SMX is also effective, if the isolate
is sensitive.

Relapse or Reinfection

It is useful to try to distinguish recurrent infections
with different bacteria from a persistent or chronic
infection with the same organism, a distinction
based usually on analysis of serial culture results. If
a second clinical infection or post-treatment culture
can be demonstrated to involve the same organism
as the first infection, it is defined as a relapse. If
the species is different (e.g., first E. coli, then P.
mirabilis), it is clearly a reinfection. If, however, E.
coli is recovered on both occasions, reinfection and
relapse can be distinguished only by serotyping,
unless there is a significant difference between the
antibiotic susceptibility patterns of the two isolates,
and serotyping of E. coli is usually not available. In
adult patients, if relapse occurs, it does so promptly,
usually by 1 week after stopping antibiotic therapy,
whereas reinfection is usually not noted until 1
month or later, after the completion of therapy.

Oral Fluids

Urging oral fluids is traditional therapy that has
some theoretic basis. The mechanical factor of void-
ing is a major defense in eradicating infection, as
demonstrated by experiments in humans and in
mechanical models of bacterial growth, and in-
creased fluid intake increases the frequency of void-
ing. Some children will not be able to comply and
need not be pressured, although some children with
low fluid intakes, by history, appear to benefit.

Correct Contributing Habits

Constipation has been suggested as a possible con-
tributing factor to urinary infections. This possibil-
ity is probably rarely related to recurrent urinary
infections, but if the constipation is severe, an ultra-
sound or CT done without prior laxatives might
be considered to see whether distended bowel is
producing urinary obstruction.

Poor toilet hygiene or pinworms with urethral
itching may be important contributing causes. The
role of self-manipulation of the urethral area has
not been adequately evaluated. Infrequent or in-
complete voiding may contribute to functional re-
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sidual urine. A program of regular fluid ingestion
throughout the day, with a more conscientious ef-
fort to be sure the bladder is fully emptied at urina-
tion, may be helpful.

Sexual intercourse increases the concentration
of bacteria in the urine in young women, but the
increase is transient. Whether post-coital voiding
prevents UTIs in young women is unclear. In one
small study, women who urinated less than 15 min-
utes after intercourse had a lower risk of UTI, but
the results were not statistically significant.81

Residual Urine

Residual urine is determined by catheterization im-
mediately after normal voiding. Normally, residual
urine should be less than 10 mL. A child may not
take time to empty the bladder and thus may have
residual urine without any anatomic obstruction.
Residual urine obtained by catheter should be sent
for culture and microscopic examination.

■ INITIAL RADIOGRAPHIC
EVALUATION

Some minor differences of opinion exist over the
criteria for doing radiologic evaluation and which
tests should be done first.78,82 The most reasonable
approach individualizes the decisions on the basis
of the patient’s age and the severity of infection.50

Criteria for Hospitalized Infants

Young infants, and older infants and children with
renal tenderness and systemic findings or fever,
should be hospitalized, undergo a reliable proce-
dure to obtain a urine specimen, and should be
initially treated with intravenous antibiotics. AAP
guidelines recommend routine testing with ultra-
sound and VCUG after the first documented UTI.3

However, evidence supporting these recommenda-
tions is lacking.83

Ultrasound is useful to demonstrate a dilated
pelvis, pelvocaliectasis, hydronephrosis, ureteral
dilatation, and urinary anomalies. It has replaced
intravenous pyelography for this purpose. Whether
ultrasound is necessary in a patient whose mother
underwent prenatal ultrasound testing is unclear,84

although one study has shown that postnatal ultra-
sound is superior to prenatal ultrasound for detec-
tion of congenital uropathies.85

In a recent study of 309 children 1–24 months
old with UTI, the ultrasound was abnormal in 37

(12%) of patients. However, according to the au-
thors, the findings did not affect management.7 The
percentage of children in the study whose mothers
had prenatal ultrasound was not reported.

Voiding cystourethrogram (VCUG) has been
recommended in children with a first UTI to detect
reflux.3 In the past, it was taught that inflammation
associated with acute infection produced false-posi-
tive VCUG studies, and that VCUG should, there-
fore, be delayed for several weeks. Recent studies
have demonstrated no difference in the rate of VUR
among children who underwent VCUG within 7
days of diagnosis versus greater than 7 days after
diagnosis.86,87 Attempting to perform the VCUG
later, on the other hand, resulted in about half the
patients never receiving the study.87 Additionally,
patients were generally placed on prophylaxis with
TMP-SMX pending the results of VCUG, which ex-
posed many patients to unnecessary antibiotic
therapy.

Most experts recommend radiologic investiga-
tion for all hospitalized patients as described earlier,
all males of any age, and all children with a febrile
UTI.4 Girls less than 3 years of age should be evalu-
ated after the first confirmed UTI because the dan-
ger of renal scarring is age related, with the younger
infants being at the highest risk for renal scarring.88

A recent cohort study of 309 children with UTI
evaluated the utility of routine radiologic evalua-
tion. All children underwent VCUG and 117 (39%)
were found to have reflux. DMSA scans performed
at 6 months showed renal scarring in 10% of pa-
tients.7 However, the question of whether routine
VCUG in children with UTI is beneficial cannot be
answered by this study, because all the children
with VUR received prophylactic antibiotics. Omit-
ting the VCUG might be reasonable if it can be
demonstrated that prophylactic antibiotics do not
affect the rates of recurrent UTI and long-term se-
quelae (such as renal scarring and hypertension).
Currently, good evidence to support or refute this
practice is lacking.89

There are no randomized trials comparing pro-
phylactic antibiotics with placebo for children with
reflux. The basis for the widespread practice of
prophylactic antibiotics in these children stems
from two small studies of children greater than 2
years old with recurrent UTI and normal renal tracts
(patients with VUR were excluded). Both studies
demonstrated a decreased incidence of UTI during
therapy, but other sequelae were not assessed.90,91
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Criteria for Toilet-Trained Girls

Many authorities advocate waiting for the second
episode of confirmed UTI before doing radio-
graphic evaluation of a school-aged girl. However,
other authors have concluded that a VCUG should
be done after the first UTI.92

Abnormalities Detectable by VCUG

A voiding cystourethrogram primarily detects re-
flux from the bladder up one or both ureters and
bladder diverticula. It may detect gross urethral ob-
struction but is not a reliable guide to urethral ste-
nosis. If reflux is demonstrated during filling of the
bladder, it is called low-pressure reflux; if reflux is
demonstrable only when bladder pressure is high,
as during voiding, it is called high-pressure reflux.
Reflux is graded acccording to its severity, grade I
being the mildest and grade V the most severe. Most
evidence indicates that infection in the presence of
reflux causes renal scarring.48

Abnormalities Detected by Ultrasound

Unsuspected abdominal masses may be detected
with this method. The size of the kidneys, the pa-
tency of the renal veins, the site of any obstruction
of the ureters, and grossly enlarged ureters or hy-
dronephrosis can be detected.93,94

Radionuclide Cystography

Radionuclide cystography is a method involving
less radiation than VCUG and is useful to monitor
patients with reflux but does not show bladder or
urethral abnormalities.3

Renal Cortical Scintigraphy (DMSA
Scans)

These scans can be used acutely to demonstrate
pyelonephritis or later in the patient’s course to doc-
ument the presence of renal scarring. However, the
importance of documenting either of these condi-
tions is unclear.84

■ MANAGEMENT OF COMPLICATED
PROBLEMS

Treatment of Infants and Young
Children

A randomized controlled trial comparing intrave-
nous cefotaxime for 3 days followed by oral cefix-

ime for 11 days versus oral cefixime for 14 days
showed no difference in time to defervescence or in
the rate of reinfection or renal scarring,95 suggesting
that infants and young children with UTIs who do
not otherwise require hospitalization may be
treated with oral antibiotics. This study has not yet
been replicated. Many physicians continue to advo-
cate hospitalization with intravenous antibiotics for
a minimum of 48–72 hours for infants because of
the high rate of true pyelonephritis in this popula-
tion, and the potential long-term adverse outcome
of improperly treated kidney infection.

Infants who are ill-appearing or vomiting should
be hospitalized and treated with intravenous antibi-
otics initially. Cefotaxime or the combination of am-
picillin and gentamicin is commonly used. The lat-
ter regimen has the advantage of activity against
enterococcus, which is an occasional cause of UTI.
Cefotaxime may be preferred if gram-negative rods
are seen on Gram stain. Once a clinical response
has been demonstrated and susceptibility results
determined, antibiotics can be changed to an oral
agent to complete a 10- to 14-day course. TMP-
SMX or cefixime (or another oral third-generation
cephalosporin) are commonly used. TMP-SMX is
usually avoided in the first 6 weeks of life because
of its ability to displace bilirubin and result in hyp-
erbilirubinemia.

Delays in Treatment

In one study, children treated 24 hours after the
onset of fever did not have an increased risk of renal
scarring compared with those who were treated ear-
lier.95 In contrast, several studies have demon-
strated that a prolonged delay (>4 days) in therapy
is associated with increased renal scarring.

Need for Follow-Up Cultures

In general, routine follow-up cultures 48 hours into
therapy are not necessary if the patient has had a
good clinical response to therapy and the organism
is determined to be susceptible to the antimicrobial
agent used to treat it. If either of these two criteria
is not met, a follow-up culture 48 hours into ther-
apy is appropriate.3

In a study of 306 children ages 1–24 months
with UTI, all had sterile urine cultures by 24 hours
into therapy.95 Similarly, follow-up cultures 2–7
days after completing a course of therapy are not
usually necessary. However, if desired, a catheter-
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ized urine specimen can be obtained when the child
undergoes VCUG. The value of such a specimen is
even lower if the patient has already been placed on
prophylactic antibiotics. Some experts recommend
repeat follow-up cultures every few months for a
couple of years after a UTI. However, the value of
this approach has not been studied. It is probably
more important to make sure that a catheterized
urine specimen is obtained with each subsequent
episode of fever without localizing signs and when-
ever the child develops symptoms that are localized
to the urinary tract.

Reflux

Vesicoureteral Reflux

Reflux is usually congenital but may be acquired.
It has many causes and degrees of severity and
should not be discussed as a simple single entity.
The management depends on its severity, whether
it is unilateral or bilateral, the age of the child, the
presence or absence of renal scarring, and whether
it is complicated by other conditions (such as void-
ing dysfunction, neuropathic bladder, posterior
urethral valves, or other anatomic abnormali-
ties).50,96–99

The spontaneous resolution of nondilated reflux
(grades I, II, and III) is high (75–90%), whereas
resolution of dilated reflux (grades IV and V) is con-
siderably lower (25–65%).97

The American Urological Association recom-
mends medical management for all children with
grades I to III reflux and for most with unilateral
grade IV reflux. Children with bilateral grade IV
reflux and with unilateral or bilateral grade V reflux
should generally undergo ureteral reimplantation.
Other indications include failure of conservative
therapy and deterioration of renal function.99

As discussed earlier, despite a lack of compelling
evidence of their effectiveness, prophylactic antibi-
otics are generally used for patients with VUR of
any grade. Because of the increased risk of pyelone-
phritis in patients with VUR, this approach is rea-
sonable until controlled trials demonstrate other-
wise. Prophylaxis is discussed in the section on
recurrent UTI.

Intrarenal Reflux

Renal scars are more likely to develop in areas of
the kidney that contain the type of renal papillae
that permit intrarenal reflux.50 Because about one-

third of kidneys are not predisposed to have intrare-
nal reflux, some children with reflux do not develop
scars.50

Obstruction

If obstruction is present at the bladder neck, ure-
terovesicle junction, or renopelvic outlet, the infec-
tion typically does not respond to chemotherapy,
and fever and symptoms may remain prominent.
Usually, such obstruction must be relieved before
the patient responds.

Other Problems

Indwelling Catheter

UTIs are the most common nosocomial infection
in adults. They are somewhat less common in chil-
dren, accounting for about 10% of all pediatric nos-
ocomial infections.100,101

The main risk factor is the presence of an in-
dwelling catheter. The longer the catheter remains
in place, the greater the likelihood that a catheter-
associated UTI will occur. The most common
pathogens are E. coli, Enterococcus spp., P. aerugi-
nosa, Klebsiella spp, and Candida albicans.101,102

Routine early removal of catheters (48–72
hours) can reduce the incidence of nosocomial UTI
by 90%.101

Catheter-associated UTI should be suspected in
any patient with fever and a urinary catheter. Other
symptoms, such as dysuria or abdominal pain, are
uncommon. Diagnosis is by quantitative culture ob-
tained through the aspiration port or at the time
of recatheterization (collection containers are often
contaminated).

Asymptomatic bacteriuria or candiduria usually
responds to catheter removal alone. Empiric ther-
apy for nosocomial UTI should be tailored to the
results of urine Gram stain; treatment for 7–10 days
is usually adequate. Initially, therapy is usually
given intravenously, but oral therapy may be used
as well. If possible, the urinary catheter should be
removed (if even for a short period of time).

Candidal Infections

Children with impaired host defenses may develop
C. albicans urinary infections that are not a result
of continued candidal dissemination but may come
from a brief corrected episode of candidemia or
from the ascending route. These patients can often
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be treated successfully with a short course of fluco-
nazole or amphotericin B. However, blood cultures
should be obtained to rule out candidemia. In cath-
eter-related candiduria, the catheter must be re-
moved. In a study of neonates in an intensive care
unit, candiduria was accompanied by mycetoma
(renal fungus ball) in up to 40% of patients.103 In
this study only half of patients with mycetoma had
an abnormal renal ultrasound at the time of diagno-
sis of candiduria. The other half developed them
between 1 and 6 weeks later.103

Premature infants with candiduria and renal my-
cetoma should be presumed to be candidemic, even
if blood cultures fail to grow the organism.104 The
optimal therapy has not been defined. We usually
treat initially with amphotericin B and switch to
fluconazole, if the organism is sensitive, to complete
at least a 14-day course.

Complications

Complications of urinary tract infections include
renal and perirenal abscesses, discussed in a previ-
ous section. In the neonate in particular, secondary
bacteremia or meningitis can be a complication of
UTI. A rare complication of UTI is hyperammo-
nemic encephalopathy. This can occur when the
infection is caused by a urea-splitting organism
(e.g., P. mirabilis, Klebsiella spp.) in a patient with
obstructive uropathy.104a Renal scarring in patients
with VUR is discussed in the section on prognosis.

Recurrences

Recurrent Cystitis in Teenagers

Recurrent cystitis in these cases may be related to
sexual activity. Emptying the bladder after inter-
course may be a practical therapeutic measure. Col-
onization of the introitus by enteric bacteria and
hygiene of male sex partners also may be important.

Recurrent Cystitis in Immature Girls

If a complete diagnostic evaluation indicates no ab-
normality, as is the case with a large proportion
of girls with recurrent urinary infections, operative
procedures will be of no value. Patients with fre-
quent recurrences (three or more per year) are usu-
ally placed on prophylactic antibiotics for at least
6 months, but the necessity of this approach has
not been well evaluated. If the infections are highly
symptomatic, this is certainly reasonable. Nitrofu-
rantoin or TMP-SMX may be used.

Continuous Chemoprophylaxis

Continuous prophylaxis is of no value unless the
infecting organism is eliminated by the initial ther-
apy. In girls with recurrent infections, nitrofuran-
toin 1–2 mg/kg once daily or low-dose TMP-SMX
(1–2 mg/kg per dose of TMP and 5–10 mg/kg per
dose of SMX) given every other day,105 or daily,
may be helpful.45 In adult women, TMP-SMX has
been effective in preventing recurrences, but its
safety has not yet been confirmed by long-term
studies in children nor is it FDA-approved for this
use.49 As discussed in the section on reflux, prophy-
laxis is usually used for patients with reflux of any
grade until it resolves.

■ UROLOGIC OR NEPHROLOGIC
CONSULTATION

A urologist or a nephrologist with experience with
children should be consulted by the primary physi-
cian when there is obstruction, significant reflux
(grade III or greater), other renal anomalies, renal
insufficiency, renal scarring, or hypertension.50 Op-
erative procedures may be necessary to correct ob-
struction at various locations. Cystoscopic exami-
nation is rarely necessary in patients with VUR
because it does not aid in predicting whether reflux
will resolve.99 Urethral dilation and internal ure-
throtomy are not beneficial.99

■ PROGNOSIS

In the absence of VUR or other anatomic abnormali-
ties, the long-term prognosis in school-aged girls
with either recurrent cystitis or asymptomatic bac-
teriuria is excellent.106,107 Among infants and
young children with UTI, renal scarring develops
in 10–40% of patients, and the best predictor of
scarring is the presence and severity of
VUR.7,108–110

The long-term outcome of childhood VUR was
determined by studying 226 adults 10–41 years
after initial presentation. The investigators found
that reflux resolved in 134 (69%) of 193 children
managed medically and in 29 (88%) of 33 children
treated surgically. Seventeen (8%) of adults had hy-
pertension or elevated creatinine and 16 (7%) had
renal scarring. One patient (0.4%) died of renal dis-
ease and 2 (0.9%) required renal transplant. Devel-
opment of sequelae was predictable based on exten-
sive scarring, elevated creatinine, and/or at least
borderline hypertension as children.111
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■ PREVENTION

Other than prophylactic antibiotics for the child
with a history of recurrent UTI or reflux, few pre-
ventive measures are available. Proper hygiene
practices after defecation may prevent recurrent
bladder infections in young girls. Infants with cer-
tain problems, such as failure to thrive, intractable
diaper rash, and irritability or excessive crying
should have urinary tract infection excluded.112

The AAP recommends obtaining blood pressure
measurements on well children at yearly intervals,
starting at age 3.32
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Genital Syndromes

■ DEFINITIONS
A genital infection can be defined as any infection
involving the reproductive organs. “Venereal dis-
ease” is an older phrase for a disease usually spread
by sexual contact, now referred to as a sexually
transmitted disease (STD). Genital and sexually
transmitted diseases have important differences:
STDs may involve anatomic areas other than the
genitalia, and many genital infections are not spread
by sexual contact. Therefore, it is useful to keep the
working diagnosis of a genital infection in terms of
an anatomic syndrome, such as vaginitis, and
record the etiologic diagnoses as probabilities or
possibilities until confirmed by laboratory methods.

Children can acquire STDs as sexually active
teenagers or by sexual abuse of either sex, particu-
larly before complete sexual maturity and before
the age when they can tell about the abuse.1–4

The “traditional” STDs are syphilis, gonorrhea,
donovanosis (granuloma inguinale), lymphogranu-
loma venereum (LGV), and chancroid. Many other
infections can be sexually transmitted, including
chlamydia, human immunodeficiency virus (HIV),
hepatitis B, hepatitis C, Trichomonas infections,
nonspecific urethritis and Reiter’s syndrome, geni-
tal herpes, venereal warts (condyloma accuminata),
various types of vaginitis, and molluscum contagio-
sum. Infestations with lice (“crabs”) and mites (sca-
bies) can also be sexually transmitted. Cystitis in the
sexually active female may be a result of sexual inter-
course, as discussed in Chapter 14. The physician
should remember that the presence of one of these
diseases should suggest the possibility of others.

Human immunodeficiency virus (HIV) infection
is discussed in Chapter 20. Hepatitis B and C infec-
tions are discussed in Chapter 13. Congenitally-ac-
quired infections are discussed in Chapter 19.

■ IMPLICATIONS OF SEXUALLY
TRANSMITTED DISEASES IN
CHILDREN

Sexual abuse of children should always be consid-
ered when the cause of a genital infection has been

found to be a sexually transmitted pathogen.2–4 Im-
plications of commonly encountered STDs in chil-
dren with regard to the possibility of abuse have
been developed by the American Academy of Pedi-
atrics (AAP) and are shown in Table 15-1.

■ FREQUENCY

In the United States, STDs constitute an epidemic
of tremendous magnitude, with an estimated 15
million persons acquiring a new STD each year.5

In the 1980s, chlamydia surpassed gonorrhea as the
most common STD. Currently, it is estimated that
there are 3 million new cases of chlamydia in the
United States each year, compared with 650,000
cases of gonorrhea. The incidence of syphilis has
decreased steadily; currently, about 70,000 cases
occur each year. However, there is extreme geo-
graphic clustering, with half of all new cases re-
ported from only 22 U.S. counties.6

The incidence of herpes simplex virus (HSV)
type 2 infections has risen to 1 million cases per
year. Because herpes viruses cause persistent infec-
tion, currently 45 million people (22% of the U.S.
adult population) are infected with HSV type 2.7

Each year in the United States, there are approxi-
mately 5 million new cases of human papilloma
virus (HPV) infections and a similar number of tri-
chomonas infections.5

■ PREVENTION OF SEXUALLY
TRANSMITTED DISEASES

Prevention of STDs is based on five major con-
cepts8:

• Education and counseling of persons at risk on
ways to adopt safer sexual behavior

• Identification of asymptomatically infected per-
sons and of symptomatic persons unlikely to seek
treatment

• Effective diagnosis and treatment of infected per-
sons

• Evaluation, treatment, and counseling of sex part-
ners of persons who are infected with an STD, and
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TABLE 15-1. IMPLICATIONS OF COMMONLY ENCOUNTERED STDS FOR THE DIAGNOSIS
AND REPORTING OF SEXUAL ABUSE OF INFANTS AND PREPUBERTAL CHILDREN

STD CONFIRMED EVIDENCE FOR SEXUAL ABUSE SUGGESTED ACTION

Gonorrhea Diagnostic* Report†

Syphilis Diagnostic* Report†

HIV Diagnostic‡ Report†

Chlamydia trachomatis Diagnostic* Report†

Trichomonas vaginalis Highly suspicious Report†

Condylomata acuminata Suspicious* Report†

Genital herpes Suspicious* Report†¶

Bacterial vaginosis Inconclusive Medical follow-up

Source: Adapted from Guidelines for the evaluation of sexual abuse of children: subject review. American Academy of Pediatrics
Committee on Child Abuse and Neglect. Pediatrics 1999;103 : 186–191.
STD, sexually transmitted disease; HIV, human immunodeficiency virus.
* If not likely to be perinatally acquired.
† Report to agency in the community mandated to receive reports of suggested sexual abuse.
‡ If not likely to be acquired perinatally or through transfusion.
¶ Unless there is a clear history of autoinoculation.

• Preexposure vaccination of persons at risk for
vaccine-preventable STDs (e.g., hepatitis B).

The correct use of male condoms is effective in
preventing some STDs. Because condoms do not
cover all exposed areas, they are more effective in
preventing infections transmitted by fluids from
mucosal surfaces (e.g., Gonorrhea, Chlamydia, Tri-
chomonas, and HIV) than in preventing those trans-
mitted by skin-to-skin contact (e.g., HSV, HPV,
syphilis, and chancroid).8 The most reliable way to
avoid transmission of STDs is to abstain from sexual
intercourse or to be in a long-term, mutually mono-
gamous relationship with an uninfected partner.8

A recent study assessed the efficacy of vala-
cyclovir in preventing transmission from an HIV-
2 seropositive person to their HIV-2 seronegative
partner. A total of 1,484 heterosexual, monoga-
mous couples were followed. The HSV-2 seroposi-
tive person received once daily valacyclovir. The
overall acquisition of HSV-2 among susceptible per-
sons was 3.6% in the placebo group and 1.9% in
the valacyclovir group- a 47% relative reduction (p
� 0.04).8a

■ GENITAL INFECTIONS OF MALES
AND FEMALES

Genital Ulcers

This category includes ulceration of the skin on or
near the external genitalia or on the mucosa (Fig.

15-1). Clinical differentiation of the various causes
of genital ulcer disease (GUD) is difficult, even if
standardized, quantitative diagnostic techniques
are used.9 The sensitivity of clinical features in es-
tablishing the diagnosis of syphilis, HSV infection,
and chancroid was 31–35% in a study of 220 pa-
tients with microbiologically established diag-
noses.9

Genital ulcer disease (GUD) is important for sev-
eral reasons. Early treatment of syphilis prevents
progression to secondary and tertiary disease. The
seroprevalence of HIV is higher in patients with
GUD, and it continued to increase among these pa-
tients during a period of rapid decline in patients
without GUD.10 It is thought that HIV is more read-
ily spread by those with genital ulcers. The causes
of GUD are discussed briefly later.

Genital Herpes

HSV is by far the most common cause of genital
ulcer disease in the United States. The seropreva-
lence of HSV has increased 30% over the past
20–25 years in this country.11 Women are infected
more readily than are men.12 HSV infection is also
the most common sexually transmitted cause of
genital ulcers in children.13 The classic description
of the disease is that of painful, clustered genital
ulcerative lesions. The spectrum of disease, how-
ever, is much wider. Longitudinal studies show that
60% of primary HSV-2 infections are asymptom-
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■ FIGURE 15-1 (A) Syphilitic chancre; (B) chancroid (soft chancre), caused by Haemophilus ducreyi. (Photos
from Dr. Larry Lantis.)

atic.14 Of symptomatic patients, only 40% fit the
classic clinical description; over a third have ulcera-
tive lesions outside the genital area, approximately
10% have a single ulcer, about 5% have erosive
lesions, and a few have crusting, fissuring, edema,
and other atypical manifestations.15 In addition to
painful ulcerations, HSV can also produce vaginal
discharge and dysuria.16 Necrotizing ulceration of
the glans penis (balanitis) has been described.17 Oc-
casionally, finger lesions (herpetic whitlow) are
found in addition to the genital lesions.

Reactivation of latent infection occurs at varying
frequency. Traditionally, it was believed that pa-
tients whose primary HSV infection was asymptom-
atic underwent very few recurrences, and thus pre-
sented a low risk of transmission of the infection
to others; careful clinical studies have now shown
that reactivation and viral shedding occurs with
similar frequency in all patients, regardless of
whether the primary infection caused noticeable
disease.18 Most patients eventually develop clini-
cally apparent lesions. In the majority of patients,
the frequency of reactivation declines over time.19

Triggers for recurrence have not been carefully
studied. One study concluded that short-term
stressors did not increase the frequency of recur-
rence, but persistent stressors and “total anxiety
level” were modestly associated with an increased
number of reactivations.20

The gold standard for establishing the diagnosis
is viral culture.21 However, the sensitivity of culture

depends on the stage of the lesions. About 95% of
vesicular lesions will grow HSV, as compared with
70% of ulcerative lesions and 30% of crusted le-
sions.21 PCR testing is about 30% more sensitive
than conventional tissue culture methodology but
is also considerably more expensive.22,23 Vesicular
fluid can be tested for the viral antigen, and al-
though this may be useful if the result is positive,
the test is not very sensitive. Similarly, a scraping
of the base for microscopic examination for multi-
nucleated giant cells (Tzanck test) is rapid but nei-
ther specific nor sensitive enough and may be
painful.

Syphilis

Caused by infection with Treponema pallidum a sy-
philitic chancre is traditionally described as a soli-
tary, painless, shallow ulcer about 1–2 cm in diam-
eter with hard, elevated edges.24,25 However, in one
study of 64 men with primary syphilis proven by
darkfield microscopy, 31 (47%) had two or more
ulcers, 5 (8%) had nonindurated lesions, and in 5
(8%), the borders were irregular and slightly under-
mined (suggesting chancroid).26 Thus, only 27
(43%) of the 64 patients had the classically de-
scribed chancre of primary syphilis. Furthermore,
although chancres are painless on the genitalia they
may be painful if extra-genital. They are easily over-
looked if on the cervix or rectum. In children
younger than age 14 years, 95% of whom acquire
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syphilis by being victims of sexual abuse, the diag-
nosis is even more difficult. Chancres are rare. In
17 (81%) of 21 such patients, condylomata lata was
the cutaneous feature of the disease.27 These appear
as multiple confluent moist gray-white papule. The
incubation period is about 10–90 (usually about
21) days. Neither congenital nor acquired syphilis
confers life-long immunity.

Chancroid

Soft chancre or chancroid is an ulcer produced by
Haemophilus ducreyi. The organism is highly infec-
tious; in experimental infection, inoculation of even
one colony-forming unit (cfu) is enough to produce
a papule in 50% of subjects. Pustule formation oc-
curs in 50% of subjects at a dose of 27 cfu and in
90% with as few as 100 cfu.28 The incubation pe-
riod is 3–5 days. The pathogenesis is largely un-
known, although it has been demonstrated that H.
ducreyi releases a cytolethal distending toxin that
arrests cells in the G2 phase.29 Clinically, lesions
begin as a papules or vesicles that later rupture to
leave shallow, painful ulcers. Most patients have
two or more soft lesions. Later, there are large ulcers
in the genital area with beefy red granulation tissue
and inguinal adenopathy. About 10% of persons
who have chancroid acquired in the United States
are coinfected with Treponema pallidum or HSV.8

Treatment failures are often related to the con-
comitant presence of HSV or to misdiagnosis of
HSV-associated lesions as chancroid.30 Patients
with HIV infection are also less likely to be cured.31

Culture of H. ducreyi requires special agar media.
Newer diagnostic tests have been developed, in-
cluding an enzyme immunoassay32 and a PCR, but
they are not widely available.33

Donovanosis (Granuloma Inguinale)

Donovanosis is endemic to Papua New Guinea,
Southeast India, Southern Africa, the Caribbean,
Brazil, and among the aborigines in Australia. This
distribution of disease is unique among STDs.34

Outbreaks in the United States have been de-
scribed, predictably among travelers returning from
areas of endemicity. Until recently, donovanosis has
been attributed to infection with Calymmatobacter-
ium granulomatis, a gram-negative bacillus.1 How-
ever, the bacterium has been reclassified as a species
of Klebsiella.35 The condition is generally indolent,
its pathogen is weakly infectious, and outcomes are
excellent if antibiotic therapy is administered. Even

so, donovanosis causes substantial morbidity and
mortality, mainly because it is often not correctly
diagnosed. The incubation period is usually be-
tween 1 and 12 weeks but may extend out to a
year.36 Babies have presented at ages of up to 6
months with donovanosis acquired at birth.37 The
lesions begin as painless nodules that erode to leave
beefy red, readily bleeding, exuberant patches of
granulation tissue.38 Primary lesions enlarge slowly.
Secondary lesions may occur by autoinoculation.
Not all cases follow the classic description; a more
rapidly progressive, necrotic form has been well de-
scribed. Extragenital lesions may also occur, even
after the primary condition has apparently resolved.
The mouth is the most commonly involved extra-
genital site.36 Disseminated disease is often fatal.
Bone infection may occur, usually in women, who
may have an undiagnosed primary cervical infec-
tion. Cervical lesions are commonly misdiagnosed
as carcinomatous.39

Donovanosis can be a difficult clinical diagnosis
because of its rarity, the disparity of clinical presen-
tations, and the fastidious nature of the organism.
The diagnosis usually rests upon identifying Dono-
van bodies inside mononuclear cells obtained from
active lesions by scraping or biopsy. Nonencapsu-
lated forms of Klebsiella granulomatis comb. nov.
have a “safety pin” appearance in tissue section be-
cause of polar chromatin densities. Recently, inves-
tigators have been able to cultivate the organism
in cell culture systems.40,41 PCR assays have been
developed.42,43 Studies show some utility of an in-
direct immunofluorescence assay.44

Doxycycline is the usual treatment, but compar-
ative trials of antimicrobial agents are lacking. One
gram of azithromycin once a week for 4 weeks pro-
duced apparent clinical cure in 11 patients.45 How-
ever, relapses may occur a few months to 2 years
after apparent clinical cure. Ceftriaxone, adminis-
tered intramuscularly at a dose of 1 gram per day
for 7–10 consecutive days, was successful at eradi-
cating disease in a group of chronically infected ab-
original patients.46

Pemphigoid Gestationis

This bullous skin disease occurs during pregnancy.
It may involve the trunk, extremities, groin, and
buttocks. Previously, and regrettably still on occa-
sion, the condition was referred to as “herpes gesta-
tionis.” It is autoimmune in nature, and therefore
has nothing to do with herpes simplex virus.47 His-
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tologically, there is deposition of C3 along base-
ment membranes48 and eosinophilic infiltration is
prominent.49 It is thought to be similar to bullous
pemphigoid; sera from 79% of women with the
condition recognize the antigenic domain of the
bullous pemphigoid antigen.50 There is a tendency
for women with pemphigoid gestationis to develop
other autoimmune conditions, especially Graves’s
disease.51 Patients with this condition may also
have chronic placental insufficiency, which leads to
an increased frequency of preterm births and small
for gestational age babies.48

Uncommon Causes

Cutaneous tuberculosis can present with ulcerative
skin lesions in the inguinal or genital area. In child-
hood, however, cutaneous TB usually presents as
condylomata lata rather than as a chancre.52 In en-
demic areas, African trypanosomiasis causes genital
ulcerative disease.53 A chancre secondary to nodu-
lar mucocutaneous histiocytosis has been de-
scribed.54 In several patients, genital ulcerations
have appeared coincidentally with infectious mono-
nucleosis due to EBV. The ulcerations were de-
scribed as having purple margins.55 Obviously,
genital ulcers from some other condition could
occur coincidentally with EBV infection; however,
laboratory tests for other causes were negative. Add-
ing further support to the concept that EBV could
be causally related to the genital ulcerations is a
report from Thailand, in which 17 (57%) of 30 HSV
culture-positive genital ulcerative lesions were also
positive for EBV DNA by PCR.56 Amebiasis of the
glans penis is a rare cause of ulcerative disease; it
should be suspected when ulcerative lesions are re-
fractory to antibiotic therapy.57

Other possible causes of genital ulcers include
moniliasis, psoriasis, scabies, molluscum contagio-
sum of the labia, erythema multiforme, and simple
friction ulceration of the labia minora, penile shaft,
or glans, which can be secondarily infected.58,59

Laboratory Approach

Culture of the lesions for HSV should be performed,
but treatment for clinically suspected disease
should not be delayed pending the culture result.21

Darkfield microscopic examination of material from
a chancre-like ulcer may reveal the spirochetes of
syphilis, but darkfield facilities with experienced
observers are usually available only in clinics where
the disease is frequently seen. Gram stain of the

smear of the chancre-like ulcer may reveal rows
and chains of gram-negative rods, characteristic of
Haemophilus ducreyi. H. ducreyi is difficult to culture
because it is fastidious, but new media are being
developed.

Special stains of a smear from crushed tissue
preparations from donovanosis typically demon-
strate oval Donovan bodies.

Serologic screening tests for syphilis, such as the
VDRL test, are often not yet positive at the time the
syphilitic chancre first appears but usually become
positive within a few weeks thereafter. The VDRL
should be obtained as soon as the chancre is seen
and repeated in about 2 weeks. Antisyphilitic ther-
apy should be given as soon as the physician sus-
pects syphilis, without waiting for the VDRL results.
Early treatment of the primary chancre usually re-
sults in a negative VDRL by 1 year, and treatment
of secondary syphilis usually results in VDRL sero-
negativity by 24 months.60

All positive VDRL results should be confirmed
by specific tests, such as the fluorescent treponemal
antibody-absorbed test (FTA-ABS), because bio-
logic false-positive VDRLs are common in adoles-
cents. Even false-positive FTA-ABS tests can occur,
so this test should not be used for screening pur-
poses.

Treatment

Selected regimens from the 2002 Centers for Dis-
ease Control and Prevention (CDC) recommenda-
tions for treatment of STDs are shown in Table 15-
2.8 Not all of the CDC treatment regimens are
shown. Fever, malaise, and intensification of skin
lesions (Jarisch-Herxheimer reaction) occur in
many patients within 12 hours of the start of paren-
teral penicillin therapy for syphilis.

Inguinal Lymphadenopathy

Enlargement of inguinal or femoral lymph nodes
can have many causes unrelated to genital diseases
and in children is usually due to infections of the
lower extremities. However, tender or suppurative
nodes in a postpubertal person should raise the
question of a genital infection.

Lymphogranuloma Venereum (LGV)

Caused by the serovars L1, L2, or L3 of Chlamydia
trachomatis, this STD is rare in the United States.8

Its first manifestation is typically a tender inguinal
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TABLE 15-2. TREATMENT OF SEXUALLY TRANSMITTED DISEASES (BASED ON 2002 CDC
RECOMMENDATIONS# USING ADULT DOSAGES)

I. Gonorrhea, Uncomplicated (urethritis, endocervicitis, or proctitis; assuming possible coexisting chlamydial
infection)

1. Cefixime†, 400 mg p.o., one dose, OR

2. Ceftriaxone, 125 mg IM, one dose, OR

3. Ciprofloxacin, 500 mg p.o., one dose, OR

4. Ofloxacin, 400 mg p.o., one dose, OR

5. Levofloxacin, 250 mg p.o., one dose

AND, if Chlamydial coinfection is not ruled out:

1. Doxycycline, 100 mg p.o. bid for 7 days, OR

2. Azithromycin, 1 g p.o., one dose

Alternative Regimens

1. Spectinomycin, 2 g IM, one dose

2. Other single-dose cephalosporins (ceftizoxime 500 mg IM, cefoxitin 2 g IM with 1 g of p.o. probenecid,
cefotaxime 500 mg IM)

3. Other single-dose quinolones (gatifloxacin 400 mg p.o., norfloxacin 800 mg p.o., lomefloxacin 400 mg p.o.)

Gonococcal infection in pregnancy

No quinolones or tetracyclines. Use cephalosporin regimen, as previously, or spectinomycin, 2 g IM PLUS
antichlamydial regimen, as described later

II. Disseminated Gonococcal Infection

1. Ceftriaxone, 1 g IV or IM q 24 hours; 24 to 48 hours after clinical improvement, may switch to cefixime†,
400 mg p.o. bid OR ciprofloxacin, 500 mg bid or ofloxacin, 400 mg bid

Alternate regimens

1. Cefotaxime, 1 g IV q 8 hours

2. Ceftizoxime, 1 g IV q 8 hours

For beta-lactam-allergic patients

1. Ciprofloxacin, 500 mg IV q 12 hours

2. Ofloxacin, 400 mg IV q 12 hours

III. Chlamydial Infection (urethritis, endocervicitis, or proctitis)

1. Azithromycin, 1 g p.o., one dose

2. Doxycycline, 100 mg p.o. bid for 7 days

Alternate regimens

1. Erythromycin base, 500 mg p.o. qid for 7 days

2. Erythromycin ethylsuccinate, 800 mg p.o. qid for 7 days

3. Ofloxacin, 300 mg bid for 7 days

4. Levofloxacin, 500 mg p.o. q day for 7 days

Chlamydial infection in pregnancy (repeat testing 3 weeks after therapy is recommended)

1. Erythromycin base, 500 mg p.o. qid for 7 days

2. Amoxicillin, 500 mg p.o. tid for 7 days

Alternate regimens

1. Erythromycin ethylsuccinate, 800 mg p.o. qid for 7 days

2. Erythromycin ethylsuccinate, 400 mg p.o. qid for 14 days

3. Erythromycin base, 250 mg p.o. qid for 14 days

4. Azithromycin, 1 g p.o., one dose
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Recurrent or persistent urethritis

1. Metronidazole, 2 g p.o., one dose AND
erythromycin base, 500 mg p.o. qid for 7 days, OR erythromycin ethylsuccinate, 800 p.o. qid for 7 days

IV. Nongonococcal Urethritis

Same as for chlamydia infection, earlier

V. Acute Pelvic Inflammatory Disease

Intravenous Regimens

1. Cefotetan, 2 g IV q 12 hours OR cefoxitin, 2 g IV q 6 hours PLUS doxycyline, 100 mg q 12 (oral is preferred)

2. Clindamycin, 900 mg IV q 8 hours PLUS gentamicin in standard dosages

Alternate regimens

1. Ofloxacin, 400 mg IV q 12 hours PLUS metronidazole, 500 mg IV q 8 hours

2. Ampicillin/sulbactam, 3 g IV q 6 hours PLUS doxycycline, 100 mg po q 12 hours

3. Ciprofloxacin, 200 mg IV q 12 hours PLUS doxycycline as previously, PLUS metronidazole, 500 mg IV q 8
hours

Other Regimens

1. Ofloxacin, 400 mg p.o. bid PLUS metronidazole, 500 mg bid

2. Ceftriaxone, 250 mg IM once PLUS doxycycline, 100 mg p.o. bid for 14 days

VI. Syphilis

Primary and Secondary Syphilis

Benzathine penicillin G, 2.4 million units IM once (pediatric dose, 50,000 units/kg IM, to maximum dose of
2.4 million units)

For penicillin-allergic patients

1. Doxycycline, 100 mg p.o. bid for 2 weeks

2. Tetracycline, 500 mg p.o. qid for 2 weeks

Less well-studied alternate therapies

1. Azithromycin, 2 g, one dose

2. Ceftriaxone, 1 g IM or IV q day for 8-10 days

Early latent syphilis

Benzathine penicillin G, 2.4 million units IM in a single dose (pediatric dose, 50,000 units/kg IM, to maximum
dose of 2.4 million units)

Late latent syphilis, or syphilis of unknown duration

Benzathine penicillin G, 2.4 million units once weekly for three weeks (total dose 7.2 million units [pediatric
dose, 50,000 units/kg/dose, given once a week for three weeks to maximum dose of 2.4 million units per dose])

Late latent syphilis, penicillin-allergic patients

1. Doxycycline, 100 mg p.o. bid for 4 weeks

2. Tetracycline, 500 mg p.o. qid for 4 weeks

Tertiary syphilis

Benzathine penicillin G, dosed as for late latent syphilis

Neurosyphilis

Aqueous penicillin G, 18–24 million units per day, given IV either in divided doses q 4 hours or as a
continuous infusion, for a total of 10–14 days

Syphilis in pregnancy

Desensitization, followed by penicillin therapy appropriate to the stage of maternal disease

Congenital syphilis, proven or highly probable

Aqueous penicillin G, 100, 100,000–150,000 units/kg/day, given as 50,000 units/kg/dose IV q 12 hours for 7
days, then q 8 hours for 3 days (total duration of therapy is 10 days)
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Congenital syphilis, intermediate risk

Same as previous for proven disease, OR benzathine penicillin G 50,000 units/kg IM in a single dose

VII. Chancroid (Test for HIV when this diagnosis is established)

1. Azithromycin, 1 g p.o., one dose

2. Ceftriaxone, 250 mg IM, one dose

3. Ciprofloxacin, 500 mg p.o. bid for 3 days (not for use in pregnant patients)

4. Erythromycin, 500 mg p.o. tid for 7 days

VIII. Bacterial Vaginosis

1. Metronidazole, 500 mg bid for 7 days

2. Clindamycin cream, 2%, 5 g intravaginally q hs for 7 days

3. Metronidazole gel, 0.75%, 5 g intravaginally q hs for 7 days

Alternate regimens

1. Metronidazole, 2 g p.o., one dose (less effective)

2. Clindamycin, 300 mg p.o. bid for 7 days

Bacterial vaginosis in pregnancy

1. Metronidazole, 250 mg p.o. tid for 7 days

2. Metronidazole, 2 g p.o., one dose

IX. Epididymo-orchitis in Sexually Active Males

1. Ceftriaxone, 250 mg IM one time, PLUS doxycycline, 100 mg p.o. bid for 10 days

2. Ofloxacin, 300 mg bid for 10 days (especially if enterics are suspected, or for patients with cephalosporin
allergy)

X. Trichomonas Vaginitis

1. Metronidazole, 2 g orally once OR 500 mg p.o. bid for 7 days (effective alternatives are not available;
desensitize, if necessary)

XI. Candidal Vaginitis

1. Many choices. Butoconazole 2% cream, 5 g a day intravaginally for 3 days, OR clotrimazole 1% cream,
same dose, for 7–14 days, OR clotrimazole intravaginal tablets, 100 mg tablet once a day for 7 days, OR
clotrimazole 100 mg tablets bid for 3 days, OR clotrimazole, 500 mg tablet for one application; many
other topical options available.

2. Fluconazole, 150 mg p.o., one dose

Candidal vaginitis in pregnancy

Must use topicals only

XII. Genital Herpes Virus Infections

First clinical episode
Acyclovir, 400 mg tid for 7–10 days, OR 200 mg 5 times a day OR famciclovir, 250 mg tid for 7–10 days OR
valacyclovir, 1 gm bid for 7–10 days (initiated within 6 days of onset of lesions).

Recurrent episodes
Acyclovir, 400 mg p.o. tid for 5 days, OR Acyclovir, 200 mg p.o. 5 times a day for 5 days, OR acyclovir, 800 mg
p.o. bid for 5 days, OR famciclovir, 125 mg p.o. bid for 5 days, OR valacyclovir, 500 mg p.o. bid for 3–5 days,
OR valacyclovir, 1 g p.o. q day for 5 days

Frequent recurrences
Acyclovir, 400 mg p.o. bid, OR famciclovir, 250 mg p.o. bid, OR valacyclovir, 500 mg p.o. a day (not as
effective), OR valacyclovir, 1 g p.o. q day

Severe episodes requiring hospitalization
Acyclovir, 5–10 mg/kg IV q 8 hours for 5–7 days

Genital HSV in patients with HIV infection
Acyclovir, 400 mg p.o. tid for 5–10 days, OR acyclovir, 200 mg 5 times a day for 5–10 days, OR famciclovir,
500 mg p.o. bid for 5–10 days, OR valacyclovir, 1 g p.o. bid for 5–10 days

Suppressive therapy in patients with HIV infection
Acyclovir, 400–800 mg p.o. bid to tid, OR famciclovir, 500 mg p.o. bid, OR valacyclovir, 500 mg p.o. bid
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XIII. Genital Warts (human papillomavirus infections)

1. Podofilox, 0.5% solution or gel bid times 3 days, off for 4 days, repeat for 4 cycles (maximum dose
0.5 mL/d)

2. Imiquimod 5% cream, 3 times a week for up to 16 weeks

3. Cryotherapy, q 1–2 weeks

4. Surgical removal

5. Laser therapy

Genital warts in pregnancy

Imiquimod, podophylline, and podofilox should not be used during pregnancy

# Centers for Disease Control and Prevention. MMWR 2002;51:RR-6 : 1–84.
† Cefixime may not be commercially available.
* No prospective or comparative trials. Dose recommendation taken from: Augenbraun MH. Treatment of syphilis 2001:
nonpregnant adults. Clin Infect Dis 2002;35(suppl 2):S187–S190.

node (bubo). Usually the primary lesion, a small
papule or erosion that occurs 1–2 weeks after expo-
sure, is not noticed or reported, and the bubo ap-
pears 2–4 weeks after exposure. The bubo may pro-
ceed to suppuration. Associated erythema nodosum
(see Chapter 17) is common.61 Its presentation may
mimic psoas abscess,62 carcinoma,63 or incarcer-
ated inguinal hernia.64 Severe, untreated cases may
lead to rectovaginal fistulae65 or rectal strictures,66

raising the specter of Crohn’s disease.
Syphilis and chancroid also may produce ingui-

nal adenopathy, with overlooked or denied primary
lesions.67 Occasionally, syphilitic inguinal adenitis,
which is painless, resembles an incarcerated ingui-
nal hernia.68 In HIV-infected patients, Mycobacte-
rium chelonae infection of an inguinal node may
produce a bubo.69

Laboratory Diagnosis

The diagnosis of LGV can be difficult. The causative
agent is difficult to culture, and the L1-L3 serovars
of C. trachomatis may serologically cross-react with
the more common varieties. In one study of 12 pa-
tients with LGV buboes, light microscopy demon-
strated intracellular organisms whose morphology
was consistent with Chlamydia spp in all 12.70 A
group of researchers made monoclonal antibodies
against L1 and L3 serovars and developed an immu-
nofluorescence assay for LGV. Using this test, they
were able to diagnose LGV in 21 (84%) of 25 smear-
negative patient samples.71 Syphilis should be ex-
cluded by a VDRL test in sexually active teenagers
with inguinal adenitis.

Treatment

Lymphogranuloma venereum can be effectively
treated with a single dose of azithromycin or a 7-
day course of doxycycline.72 Aspiration of fluctuant
nodes may also be helpful.73

Condylomata

Genital Warts (Condyloma Acuminata)

Caused by a papilloma virus similar to those caus-
ing common skin warts, these pointed warts can be
transmitted by close contact, as well as by sexual
contact.74 Typically, the serotype of human papil-
loma virus (HPV) that causes skin lesions (type 2)
is not the same as the serotypes that cause genital
warts (types 6 and 11). However, in children, infec-
tion of the genitalia by type 2 can produce lesions
indistinguishable from those caused by the “genital
serotypes.”75 In one series of 25 children with geni-
tal condylomata, all children who had HPV type 2
infection in the genital area also had concomitant
skin lesions.75 However, in the same study, some
children whose family members had common skin
warts (type 2) were found to have typical genital
serotypes (6 and 11). Therefore, the presence of a
family member with skin lesions does not rule out
sexual abuse.

In one series, 10 (91%) of 11 girls under age 12
with genital warts had historical or physical evi-
dence other than the warts that confirmed sexual
abuse.76 Six of them had other infections, such as
bacterial vaginosis, gonorrhea, or trichomonas vagi-
nitis; all six had been abused by multiple perpetra-
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tors.76 It is possible for these warts to be spread
through close contact other than sexual abuse, and
babies can acquire infection when passing through
the birth canal. Experimentally, HPV DNA can be
found on the fingertips of at least half of patients
with active genital lesions.77 However, epidemio-
logic evidence of spread of the virus through this
mechanism is sparse. Adults with condyloma acum-
inata are likely to have other STDs as well. Ure-
aplasma urealyticum infection, in particular, has
been associated with condylomata.78

The diagnosis is usually made by history and
physical examination and can be confirmed by bi-
opsy if necessary. Papilloma viruses cannot be
grown in cell culture. A variety of treatment modali-
ties exist, but all have drawbacks. Surgical resection
is the least expensive form of therapy.79 Elec-
trodessication and laser treatments are somewhat
more expensive. Topical podophyllin has been the
favored first treatment for many years. However, its
failure rate, coupled with a high incidence of side
effects, has made some experts consider it an unfit
form of therapy.80 Imiquimod is a topical inter-
feron and cytokine-inducing agent that is adminis-
tered three times a week for 16 weeks. This regimen
cures about two-thirds of females but only one-
third of males.81 More frequent application results
in more side effects, without increasing the efficacy
of the therapy.81 Topical application of cidofovir
has been effective in some cases.82 Massive accumu-
lations of these warts (“Buschke-Lowenstein tu-
mors”) can be very difficult to eradicate; some have
used irradiation successfully.83 In other cases,
glansectomy or penectomy has been required.84

Malignant transformation of HPV-induced le-
sions sometimes occurs. A study in men with anal
condylomata suggested an incidence of approxi-
mately 3.5%.85 The HPV types most frequently as-
sociated with genital warts, however, are not typi-
cally associated with cervical carcinoma.86 They do
cause dysplasia, however, which may lead to con-
siderable morbidity due to fear and over-treat-
ment.86 A pelvic examination and routine Pap
smear should be offered as part of preventive health
maintenance between the ages of 18 and 21 years.87

Condylomata latum are flat and may indicate
secondary syphilis or papilloma virus infection.

Pink Pearly Papules

Resembling condylomata acuminata or ectoptic se-
baceous glands, these papules typically occur in

rows surrounding the penile glans on the corona.88

They seem to originate during adolescence and re-
quire no treatment.

Genital Edema

Edema can be secondary to friction injury and is
usually attributable to repeated sexual activity, in-
cluding masturbation. In one study, the causes in-
cluded urethritis, infected penile lesions, gonor-
rhea, herpes simplex, and scabies.89 Focal
enlargement of areas of the external genitalia can
be caused by lymphatic obstruction from LGV, but
this is rare in children. A constricting hair or fine
thread can produce distal swelling of the shaft of
the penis or clitoris in infants. Crohn’s disease may
produce genital swelling in either sex.90 Other
symptoms suggestive of Crohn’s disease may or
may not be obvious, or may be remote in time.91

Large pelvic tumors can compress pelvic and ingui-
nal lymphatics and cause scrotal edema, but this is
exceedingly rare.92 Scrotal edema may accompany
epididymal or testicular ailments; these are usually
exquisitely painful. Occasionally, Henoch-Schön
lein purpura (HSP) causes swelling of the genitals,
but other stigmata of HSP accompany this finding.
Donovanosis may be associated with massive geni-
tal edema, especially in women. Finally, there is a
disorder known as idiopathic scrotal edema, which
is a painless but slightly tender swelling of the scro-
tum that typically occurs in 4- to 6-year-old chil-
dren. As the name suggests, the cause is unknown.
The condition is self-limited and of a short dura-
tion.93

Urethritis

Strictly speaking, urethritis is defined by leukorrhea
and physical examination findings suggestive of
urethral inflammation. Operationally, it is often de-
fined as redness of the urethra or pain in the urethra
on voiding. Urethritis can be subdivided into puru-
lent or nonpurulent, depending on the appearance
of the discharge. As the presence of white cells in
the discharge is part of the definition of the syn-
drome, even patients with “nonpurulent” urethritis
have leukorrhea. Urethritis can also be classified
as gonococcal or nongonococcal, according to the
results of culture of the discharge, analogous to the
classification of pharyngitis as streptococcal or non-
streptococcal. In prepubertal girls, urethritis is usu-
ally not sexually transmitted. It is most common in
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sexually active boys, where it can be regarded as
the male counterpart of cervicitis.

HIV-positive men who have urethritis are more
likely to transmit HIV infection than are those who
do not have urethritis. Urethritis increases the num-
ber of HIV particles in the semen by at least eight-
fold; this effect is strongest in patients with gono-
coccal infection.94 The concentration of HIV in the
semen decreases when the urethritis is appropri-
ately treated with antibiotics. This makes identifica-
tion and treatment of urethritis especially important
in places where HIV infection is common.

Purulent Urethritis

This type typically occurs in the male and is usually
due to the gonococcus. Symptoms commonly begin
about 3–5 days after exposure but may take much
longer. Urination is painful, and typically, there is
a yellow discharge. Fever is usually absent. In fe-
males, findings of urethritis are often minimal or
absent, and gonococcal infection is more likely to
cause cervicitis, salpingitis, or prepubertal vaginitis,
as described in a later section. As discussed in
Chapter 14, gonorrhea is one of the possible causes
of painful urination with negative urine culture for
the usual urinary tract pathogens. Patients with cul-
ture-proven gonococcal infection may also be co-
infected with other genitourinary tract pathogens.
In one study, 12 (27%) of 45 patients were co-
infected with C. trachomatis and 2 (4%) were co-
infected with Mycoplasma genitalium.95 Human
papillomavirus may also be concomitantly present,
especially in chronic cases.96

Bacteria other than the gonococcus are occasion-
ally recovered from a purulent urethral discharge.
Enteric bacteria, Staphylococcus aureus, or strepto-
cocci are sometimes found, but their etiologic sig-
nificance is not easily proved. When sought, anaer-
obes can be found in about 60% of patients with
urethritis, but are also found in a similar percentage
of control patients.97 Gram-negative anaerobes are
more frequently found in those with symptoms of
urethritis, but causality has not been proven.97 Pu-
rulent urethritis may rarely be caused by Acineto-
bacter iwoffi, formerly Mima polymorpha, which was
so named because of its ability to mimic the gono-
coccus by Gram stain and clinical illness. The
causes of nonpurulent urethritis can also cause pu-
rulent urethritis.

Nonpurulent Urethritis

This may have a number of causes, including gonor-
rhea. Even with advanced molecular techniques,

an etiologic diagnosis is not established in about
35% of cases.98 Nongonococcal nonpurulent ure-
thritis is common in sexually active adolescents. In
one retrospective case-control study, independent
risk factors for acquisition of nongonococcal ure-
thritis (NGU) were African-American race and hav-
ing two or more sexual partners in the 2 months
prior to diagnosis.99 Condom use was negatively
associated with development of NGU. Whereas
spontaneous purulent discharge occurs frequently
in gonococcal urethritis, either no discharge or a
mucoid discharge after penile stripping is obtained
in NGU. Dysuria is more common in chlamydial
urethritis, but urethral discharge is more common
in gonococcal urethritis.

There are several different infectious causes of
nongonococcal urethritis (NGU). In the past, most
cases were presumed to be due to Chlamydia tra-
chomatis.100 However, the majority of cases are not
caused by C. trachomatis; it is now known to be
responsible for only 19–31% of cases.98 The diag-
nosis is generally established by enzyme immunoas-
says (Chlamydiazyme, for example). Ligase-chain
reaction is equally sensitive and more specific than
enzyme-based studies.101 PCR is superior to either
but is not widely available.102

Chlamydial urethritis and cervicitis tend to per-
sist beyond the 2–3 months required for gonococ-
cal urethritis to subside spontaneously. The sexual
partner of a patient with chlamydial urethritis also
should be treated with azithromycin or doxycycline
(Table 15-2). The success rate of either regimen is
80–90%.103

Mycoplasma genitalium has been associated with
NGU and is estimated to cause from 10–25% of
cases.98 Cases caused by M. genitalium infection
tend to be more insidious, more difficult to eradi-
cate, and more prone to relapse.104 Causation is
probable based on the low prevalence of M. geni-
talium in asymptomatic patients105 and resolution
of symptoms upon eradication of the organ-
ism.104,106 Other species of mycoplasma do not
cause urethral disease.107

Another possible cause of urethritis in sexually
active teenagers is U. urealyticum, a member of the
mycoplasma family. The exact role of ureaplasmas
in NGU is not clear. On the one hand, ureaplasmas
have been found in increased frequency in urethri-
tis in male college students and in sexual partner-
ships, and a tetracycline-sensitive strain has been
shown to produce urethritis in human volunteer
experiments.108 In other studies, evidence of U. ure-



CHAPTER 15 • GENITAL SYNDROMES516

alyticum has not been associated with acute NGU,109

although it has convincingly been linked to chronic
or recurrent disease.

Trichomonas vaginalis is a protozoan that can
cause urethritis in the male or female. It is difficult
to diagnose by smear in the male. It can be cultured
from urethral swabs or urine sediment. In males, it
is a more common cause in those older than 30
years.110 In one small study, it spontaneously remit-
ted in 36% of cases.111 Of 21 men from whom Tri-
chomonas vaginalis was isolated, 12 (57%) had signs
and symptoms of urethritis. Only 2 of them re-
mained symptomatic after infection was eradi-
cated.111 It is discussed further in the section on
vaginitis.

Some investigators have found HSV to be a rela-
tively important cause of NGU and suggest testing
for the virus whenever more common causes have
been ruled out.112

Allergy has been proposed as a cause of nonpu-
rulent urethritis, but no evidence is available.
Chemical or physical irritation of the urethra from
soaps or masturbation is probably very common.

Rare causes of bacterial nongonococcal urethritis
include Staphylococcus saphrophyticus and meningo-
cocci.113,114 Gardnerella vaginalis, group B strepto-
cocci, and yeasts apparently do not cause urethritis
in the male.

Reiter’s Syndrome

Nongonococcal urethritis, arthritis, and conjuncti-
vitis form a triad called Reiter’s syndrome. The
cause is unknown. Careful cultures do not recover
the gonococcus.115 The syndrome has been found
at the same time as infection with chlamydia, other
bacteria, or mycoplasmas, but the cause or mecha-
nism remains unknown.115 There is a high fre-
quency of the HLA B27 histocompatibility antigen
in children or adults with Reiter’s syndrome: 96%
of patients with Reiter’s syndrome are HLA B27 pos-
itive, compared with an 8% rate of positivity in
the general population.115 The significance of this
observation is not yet clear, but this test may be
useful to support the diagnosis of Reiter’s syn-
drome. Chlamydiae have been recovered from the
joints of some patients with Reiter’s syndrome.115

Urethritis is usually the initial complaint in Rei-
ter’s syndrome, with conjunctivitis and arthritis oc-
curring later. Arthritis may be recurrent, suggesting
that hypersensitivity may be involved.

Reiter’s syndrome was probably the first de-

scribed form of reactive arthritis, which is discussed
in detail in Chapter 16.

Diagnostic Approach

A wet mount of the urethral discharge should be
examined for Trichomonas and Candida in females
with vaginitis. A Gram-stained smear of any dis-
charge should also be examined, especially to look
for gram-negative diplococci (gonococci). Culture
for gonococci should always be done. Special cul-
tures for Trichomonas may sometimes be available,
as discussed in the section on vaginitis. Culture for
Ureaplasma and culture and serologic studies for
Chlamydia are available in some reference laborato-
ries. Chlamydia may be detected by the use of en-
zyme immunoassays or ligase chain reaction tests,
as mentioned previously. Mycoplasma genitalium is
difficult to recover in the laboratory; PCR is the best
test for its identification.

In 1998 the World Health Organization devel-
oped an algorithm for a clinical approach to the
diagnosis and treatment of urethritis in men. Once
a physician determines that a patient has a urethral
discharge, the patient is treated with 500 mg of
ciprofloxacin orally for one dose, and given doxycy-
cline 100 mg twice a day for 7 days. This regimen
is designed to eradicate both the gonococcus and
Chlamydia trachomatis. This approach was field
tested in Indonesia. Of 107 patients confirmed to
have a urethral discharge, 104 (97%) were clinically
cured, and 106 (99%) were microbiologically
cured.116 This method is microbiologically less
cumbersome and considerably cheaper than the tra-
ditional approach; it is especially attractive for the
developing world, where some tests are unavail-
able.

Treatment

Various regimens for treatment of urethritis are out-
lined in Table 15-2. If a person is treated for gonor-
rhea, that person’s sexual contacts should be exam-
ined, cultured, and treated for gonorrhea without
awaiting culture confirmation. Similar evaluation
and treatment has been recommended for contacts
of females with Trichomonas and other causes of
nongonococcal urethritis.8 Gonococcal isolates
should be routinely tested for penicillin susceptibil-
ity using a �-lactamase test. Gonococci are generally
sensitive to third-generation cephalosporins and
fluoroquinolones. An increasing percentage of
gonococcal isolates are becoming resistant to the
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fluoroquinolones, prompting recommendations
against their use for certain patient groups in spece-
fic geographics areas.117 Early reports of cephalo-
sporin-resistant gonococcal isolates from Japan are
appearing.118

■ GENITAL INFECTIONS OF FEMALES

This section deals with infectious syndromes in-
volving the female genitalia specifically. Urethritis,
genital ulcers, and other syndromes common to
both sexes have been discussed in preceding sec-
tions. The anatomic syndromes are analyzed by
possible causes, whether the patient is sexually ac-
tive or not. When the infecting agent should suggest
sexual activity or abuse, that fact is indicated for
each agent. In contrast to genital infections in males,
infections in females are often clinically silent. De-
spite the paucity of symptoms, they can frequently
lead to long-term problems with infertility, ectopic
pregnancy, and chronic pelvic pain.

Vaginitis

Examination

Examination of a young girl’s genitalia can be done
in the knee-chest position or with the girl sitting on
the mother’s lap and may be aided by a veterinary
otoscopic speculum.119–121

Definition

Vaginitis can be defined by redness and exudate of
the vaginal mucosa.122 Noninfectious causes pre-
dominate in young children and include poor peri-
neal hygiene, foreign bodies, and chemical irri-
tants.123 Group A streptococcus is also a relatively
common cause.

Normal Flora

The normal flora of the vagina in children includes
predominantly diphtheroids, S. epidermidis, non-�-
hemolytic streptococci, lactobacilli, and E. coli.124

In one study, sexually active teenagers were much
more likely than nonsexually active teenagers to
have vaginal colonization with U. urealyticum, My-
coplasma species, and Gardnerella vaginalis.125 C.
trachomatis, N. gonorrhea, and Trichomonas were re-
covered only from sexually active teenagers in this
study.

Gonorrhea

Gonorrhea is the most important cause of vaginitis
to be excluded, because it can occur in infants and
prepubertal girls. It should be considered especially
if there is a possibility of sexual abuse.126 Salpingitis
can occur in preschool children as a complication
of purulent gonococcal vaginitis.127 The squamous
epithelium of the postpubertal female is relatively
resistant to infection by the gonococcus, so vaginitis
is rarely gonococcal in women.

Bacterial Vaginosis (Nongonococcal
Vaginitis)

Surprisingly little is known about the etiology, diag-
nosis, and treatment of bacterial vaginosis in adoles-
cent and adult females, especially considering the
prevalence of the disease. It can be thought of as
an imbalance of the bacterial flora of the vagina.128

When normal flora are overgrown by pathogenic
bacteria, symptoms of bacterial vaginosis (BV)
occur. The most likely bacterial causes of vaginitis
in postpubertal females include Gardnerella vagi-
nalis, Mobiluncus spp., and various anaerobes. In
prepubertal girls, �-hemolytic streptococcus is also
a possible cause. Shigella is an occasional cause of
vaginitis, sometimes bloody, sometimes associated
with diarrhea, in prepubertal girls.129 H. influenzae
is a rare cause.130 Infection is generally polymicrob-
ial. One study found anaerobes in 43 (91%) of 47
women with BV but in only 11 (18%) of 62 who
did not have clinical evidence of disease.131 In Gar-
dnerella infection, the vaginal discharge is charac-
teristically gray and malodorous, without trichomo-
nads in the wet mount. G. vaginalis may have a
reservoir in the male. A copious mucopurulent dis-
charge is especially suggestive of G. vaginalis in
women. Trichomonal vaginitis can rarely occur in
newborns by acquisition from the mother.131a

G. vaginalis is often recovered from sexually ac-
tive women without symptoms, so its presence does
not automatically require treatment.132 U. urealyti-
cum is also recovered from so many sexually active
young women that its presence does not call for
treatment132 unless there is a plan to eradicate it
because of a history of repeated fetal loss.

Of the pathogens recovered from nonsexually
active or prepubertal girls, the following should
strongly raise the possibility of sexual activity, or
possibly sexual abuse: Trichomonas, C. trachomatis,
and N. gonhorrheae.133,134 The presence of G. vagi-
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nalis may also signify abuse,135 but it can sometimes
be present in healthy controls as well (Table 15–1).

Bacterial vaginosis has been associated with pre-
mature rupture of the membranes and early deliv-
ery. Unfortunately, screening for and treating BV in
early pregnancy did not alter pregnancy outcomes
in a prospective study of 375 women. Treatment
tended to be successful in the short term, but recur-
rences were common.136 Women with recurrent or
persistent BV were shown to have a higher rate of
preterm deliveries.

Candidal Vaginitis

Common in postpubertal women,137 candidiasis is
uncommon in prepubertal girls unless there is some
predisposing factor, such as antibiotic use or diabe-
tes mellitus. Itching is prominent, and the discharge
is slight and curdy.

Laboratory Diagnosis

A fresh wet mount and Gram stain should be exam-
ined. Recent douching or menstruation can inter-
fere with these studies. In one study, the wet mount
preparation was inadequate compared with culture
for Candida or Trichomonas.122 Some microbiology
laboratories correctly report a minimal growth of
Candida as “normal vaginal flora.” “Clue cells,”
which are rounded epithelial cells with a granular-
appearing cytoplasm, suggest G. vaginalis. Culture
should be done to exclude the gonococcus in all
cases. Special techniques are necessary for Candida
and Trichomonas, so the laboratory should be in-
formed if one of these organisms is suspected on the
basis of clinical or microscopic evidence. Culture
should be done if the wet mount is negative. Adding
10% KOH to the wet mount is not needed to de-
stroy epithelial cells in a vaginal preparation but
does liberate aromatic amines with the fishy odor
associated with nonspecific vaginitis caused by G.
vaginalis. This so-called “whiff test” may be helpful
if it is positive, but it is frequently falsely nega-
tive.138 Culture of G. vaginalis is not recommended,
because it is not specific for BV.8

Diagnosis of BV is usually made clinically, when
3 of the following 4 criteria are met:

• a homogeneous, white, noninflammatory dis-
charge that smoothly coats the vaginal walls;

• the presence of clue cells on microscopic exami-
nation;

• a pH of vaginal fluid �4.5; and

• a fishy odor of vaginal discharge before or after
addition of 10% KOH (whiff test).8

The Pap smear is useful for detection of Tricho-
monas infections and is slightly more sensitive than
the wet mount in detecting culture-positive pa-
tients. Culture is the most sensitive commercially
available method of diagnosis.

Treatment

Therapy for STDs is shown in Table 15-2. In prepu-
bertal children, nystatin suspension can be instilled
with a dropper or a miconazole vaginal suppository
cut to fit for candidiasis. Oral fluconazole is also a
reasonable option. Pinworms, Group A strepto-
cocci, or other specific bacteria usually respond to
standard oral therapy. CDC recommends the use
of metronidazole in infants or children with tricho-
monas. Bacterial vaginosis can be treated with oral
metronidazole or clindamycin, or topical prepara-
tions of clindamycin. A 3-day course of topical clin-
damycin delivered by an “ovule” system was pre-
ferred by most patients to a 7-day course of the
cream form.139

Treatment is indicated for pregnant women with
BV who are high risk for preterm delivery (i.e.,
those who previously delivered a premature infant).
Metronidazole is more efficacious than clindamycin
and should be first-line therapy in the high-risk
pregnant woman.8

Cervicitis, Endometritis, Salpingitis,
and Oophoritis

The syndromes of cervicitis, endometritis, salpingi-
tis, and oophoritis are grouped together because a
pelvic examination is usually necessary to identify
them.

Acute cervicitis is defined by direct observation of
the cervix, which is red or ulcerated or has adherent
exudate at the os. The most common causes are C.
trachomatis and N. gonorrheae. Herpes simplex virus
is an important cause of disease of the cervix and
may cause a necrotizing cervicitis.140 Cytomegalo-
virus (CMV) may also be a cause of cervicitis. Chla-
mydia trachomatis may cause a mucopurulent cervi-
citis and also, like herpes simplex, an abnormal Pap
smear.141,142 It is the female counterpart of the
male’s nonspecific urethritis.142 The presence of er-
ythema, mucopus, and/or friability is more sensitive
than endocervical Gram staining in establishing the
diagnosis.143 Mucopurulent cervicitis is an impor-
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tant clinical entity because it is a marker for endo-
metritis, salpingitis, and adverse pregnancy out-
comes.144 It may be caused by Neisseria gonorrheae,
Trichomonas vaginalis, Ureaplasma urealyticum, or
Mycoplasma genitalium, in addition to Chlamydia
trachomatis, HSV, and CMV.144 Cervical infections
with certain serovars of Chlamydia trachomatis (es-
pecially class C) can apparently persist for years.145

In women with HIV infection, effective treatment
of cervicitis reduced the number of HIV particles
in cervical mucus about sevenfold.146

Acute endometritis is very rare in prepubertal
girls, and in postmenarchal patients its symptoms
are usually masked by those of cervicitis. The ex-
ception is postpartum endometritis, which occurs
in less than 1%147 to 20%148 of women after deliv-
ery. Cesarean section delivery is the principal risk
factor. The disease is manifested by fever and lower
abdominal/pelvic tenderness, sometimes accompa-
nied by leukocytosis and foul lochia. Uterine wip-
ing,149 intravaginal povidone-iodine,150 and in-
trapartum cefoxitin151 have all failed at preventing
post-partum endometritis. Endometritis also occurs
after abortion.

Acute salpingitis is an anatomic diagnosis that
may be suspected based on tenderness on pelvic
examination localized to the area of the Fallopian
tubes. However, more frequently, localization of
upper genital infection by physical examination is
extremely difficult, and the diagnosis pelvic inflam-
matory disease (PID) is used for all cases of upper
genital tract infection. PID is much more common
in adolescents than in adult women. The diagnosis
is suspected when lower abdominal pain, abdomi-
nal tenderness, cervical motion tenderness, and ad-
nexal tenderness, in concert with fever, elevated
white blood cell count, or elevated erythrocyte sedi-
mentation rate (ESR) are found. The clinical diagno-
sis of PID, though, is fraught with difficulty; only
about 65% of patients clinically suspected of having
PID have the diagnosis confirmed when laparos-
copy is performed. Additionally, signs of PID can
be more subtle; in some cases mild pelvic pain may
be the only sign.152 The disease tends to be more
acute and severe when it is caused by the gonococ-
cus and more indolent and subtle when it is caused
by Chlamydia trachomatis. Although the ESR has
been better studied, a recent study of 50 patients
with PID, 20 of whom had tubo-ovarian abscesses,
showed that C-reactive protein was elevated in
96%, and returned to normal with appropriate
therapy.153

The pathophysiology of salpingitis and PID usu-
ally involves ascending infection from the lower
genital tract.154 Seeding by bacteremia or adjacent
infection is decidedly less common. Microorga-
nisms that cause bacterial vaginosis are often re-
covered at laparoscopy from patients with PID,
leading some to believe that BV may be an impor-
tant co-factor in PID. The greatest predictors of PID,
however, are previous genital tract infection with
gonococcus or chlamydia. Physical examination is
nonspecific and insensitive when it comes to deter-
mining the severity of the disease and the presence
or absence of associated tubo-ovarian abscess.155

Women with HIV infection are more likely to have
associated tubo-ovarian abscesses, especially if they
have advanced HIV disease.156

Most cases of PID are polymicrobial. The gono-
coccus and Chlamydia trachomatis are commonly
involved. Cases of unilateral salpingitis due to En-
terobius vermicularis have been reported.157 PID is
rare in prepubertal females, but cases caused by
serotype 1 of S. pneumoniae158 or Group A strepto-
coccus159 have been reported. Chronic salpingitis
is usually caused by Chlamydia trachomatis, often
with other pathogens.

PID has a high incidence of complications, in-
cluding perihepatitis (known as Fitz-Hugh Curtis
syndrome) in about 10–15%, tubo-ovarian abscess
in approximately 20%, chronic abdominal pain sec-
ondary to adhesions in about 15%, and recurrence
in 20–25%. Perihepatitis causes a tender, slightly
enlarged liver and mildly elevated hepatic serum
enzymes.160 The condition may mimic gall bladder
disease or other liver diseases. Either N. gonorrheae
or C. trachomatis may cause perihepatitis. Late com-
plications of PID include infertility, which is seen
in up to a fifth of patients. Patients who recover
from PID also have a sixfold increase in ectopic
pregnancy. All of the complications of PID are mini-
mized by early and effective treatment. Primary
prevention is via the use of condoms or abstinence.
Secondary prevention is thought to rest on routine
screening for Chlamydia infection in asymptomatic
women; this approach is especially effective in pop-
ulations where the prevalence exceeds 5%.161

Acute oophoritis is difficult to diagnose, and its
frequency thus may be underestimated. Abnormal
tenderness of the ovary on pelvic examination is
the essential criterion for diagnosis, and this may
be overlooked. Many cases are likely to be autoim-
mune.162 Mumps virus is one recognized infectious
cause, as discussed in the section on mumps paroti-
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tis in Chapter 6. Abdominal actinomycosis may
involve the ovary.163 In some cases, oophoritis may
have no localizing signs; one case of fever of un-
known origin was traced, by gallium scanning, to
ovarian infection.164 In patients who are severely
immunocompromised by AIDS165 or bone marrow
transplant,166 necrotizing oophoritis due to CMV
may develop; in reported cases, however, it was
clinically silent and was discovered at autopsy.

Treatment

Selected regimens from the 2002 CDC recommen-
dations for treatment of salpingitis and cervicitis
are given in Table 15-2. Postpartum endometritis
is best treated with intravenous clindamycin and
gentamicin until patients are afebrile for 24 hours
and tenderness abates.167 No oral therapy is neces-
sary.

■ GENITAL SYNDROMES OF MALES

This section deals with infectious syndromes of
male genitalia. Urethritis and other syndromes
common to both sexes have been discussed in an
earlier section.

Epididymitis and Orchitis

In a review of 113 consecutive hospitalized boys
less than 15 years of age with an acutely painful
scrotum, 51 (45%) had testicular torsion, 40 (35%)
had torsion of the appendix testis, and only 17
(15%) had acute epididymitis.168 However, in a
study of 65 children who presented to the emer-
gency department with acute scrotum, 42 (65%)
had epididymitis and only 12 (19%) had torsion.
In a 20-year study of epididymitis in children less
than 17 years old, thirty-one (89%) of 35 had been
operated on.169

Ultrasound with Doppler studies has improved
the accuracy of the diagnosis of testicular or appen-
dix testis torsion to the point where emergency de-
partment physicians, properly trained, were able to
correctly diagnose 35 (97%) of 36 patients at the
bedside in the emergency department.170 However,
of the 36 patients, only 3 (8%) had testicular torsion
and only 6 (17%) had epididymitis. It is very impor-
tant to not delay surgery to correct torsion, because
epididymitis is uncommon in prepubertal boys, and
salvage of the testis depends on prompt opera-
tion.171 Thus, early consultation with a urologist is
strongly recommended for males with acute scrotal

pain. Clinically, most patients with acute testicular
torsion lose the cremasteric reflex, versus only a
small percentage of those with epididymitis.172 Pa-
tients with epididymitis typically have relief of pain
with gentle elevation of the testis (positive Prehn
sign), whereas patients with torsion do not experi-
ence relief of pain with this procedure. The C-reac-
tive protein may be a helpful laboratory test; in one
study of 104 patients with scrotal pain, the C-reac-
tive protein was highly elevated in 50 (96%) of 52
patients with acute epididymitis and was normal in
10 (91%) of 11 patients with torsion.173

Urinary tract anomalies may be the underlying
reason for acute epididymitis in prepubertal
boys,174 and they should have urologic investiga-
tion to look for such anomalies. Polyarteritis no-
dosa,175 Henoch-Schonlein purpura, and Kawasaki
disease176 are other conditions sometimes associ-
ated with epididymitis. Other findings of the syn-
dromes are also often present. A primary inflamma-
tory pseudotumor of the epididymis has been
described.177 Acute appendicitis can cause severe
scrotal pain in a patient who has a patent processus
vaginalis.178 Leukemia and lymphoma rarely pres-
ent with symptoms suggestive of epidid-
ymitis.179,180

In the United States, infectious causes of epidid-
ymitis other than sexually transmitted pathogens
are uncommon. Tuberculosis can be a cause.181 In
endemic areas, brucellosis is a possible etiology. Be-
tween 1% and 2% of brucellosis cases in males are
complicated by epididymitis.182 Most patients are
between 25 and 44 years of age. Rare infectious
causes include Pseudomonas aeruginosa183 and E.
coli.184 In patients with severe immune deficiencies,
aspergillosis,185 blastomycosis,186 and CMV infec-
tion187 have been reported. Drugs that cause epidi-
dymitis are seldom used in pediatrics, but up to
11% of adult patients on amiodarone develop ster-
ile epididymitis. Cases in childhood have also been
reported.188

After puberty, a urologic abnormality is an un-
likely predisposing cause of epididymitis.189 C. tra-
chomatis is a frequent cause of epididymitis in sex-
ually active males.190 C. trachomatis may sometimes
present as a solid, asymptomatic scrotal mass, simu-
lating carcinoma.191

In preschool children, acute epididymo-orchitis
can be the presenting symptoms of H. influenzae
septicemia,192 but systemic manifestations are
prominent.

Coxsackievirus B has been recovered from a tes-
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ticular biopsy of a patient with orchitis,193 confirm-
ing the etiologic relation implied by the increased
frequency of orchitis in patients with pleurodynia.
Echoviruses and coxsackievirus A can also cause
orchitis. Orchitis has also been seen in association
with infection with other viruses such as varicella-
zoster virus,194 Epstein-Barr virus,195 lymphocytic
choriomeningitis virus,196 and dengue fever virus,
although in these cases causation has not been
proven by testicular biopsy. A rubella outbreak in
military recruits was associated with testicular pain
in about 25% of the infected men.

Before mumps immunization was common in
the United States, mumps virus was a relatively fre-
quent cause of orchitis and a rare cause of isolated
epididymitis.197 Typically, the patient had parotitis
and a known exposure to another individual with
parotitis. In a controlled study, cortisone did not
have any favorable effect on mumps orchitis in
terms of acute symptoms or of testicular size 5
months later.67

In one case, bilateral granulomatous orchitis was
attributed to sarcoidosis.198

Prostatitis

This disease is rare in adolescents. A very tender,
soft prostate on rectal examination is sufficient evi-
dence to make this diagnosis. It can be distin-
guished from proctitis, which is associated with
generalized rectal tenderness. Infectious causes in-
clude the gonococcus, ureaplasmas and mycoplas-
mas, and, possibly, herpes simplex virus.199,200

“Prostatodynia” is a term used to describe a
chronic syndrome of perianal pain and irritative
voiding symptoms with negative cultures for bacte-
ria. Prostatitis is discussed in more detail in Chapter
14.
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Orthopedic Syndromes

Orthopedic (bone and joint) infections can be clas-
sified into syndromes according to the anatomic
area involved and the rate of onset.

Acute arthritis can be defined as a warm, swollen,
erythematous joint. It is typically very painful and
tender. Purulent arthritis (sometimes called pyogenic
arthritis or pyarthritis) can be defined as cloudy,
purulent fluid in a joint and is almost always sec-
ondary to a bacterial infection, although the culture
is not always positive. The term septic arthritis im-
plies a bacterial arthritis confirmed by culture. Syno-
vitis can be defined as inflammation in a joint, with
sterile fluid and no preceding antibiotics. Usually,
the fluid is relatively clear and serous.

Osteomyelitis can be defined as infection in a
bone. Diskitis (spondylitis) is an inflammatory pro-
cess (with or without infection) of the intervertebral
disk, often involving the adjacent vertebral bodies.
Chondritis is infection of cartilage; adjacent bone
may be infected as well, in which case the term
osteochondritis is used.

Cellulitis (see Chapter 17) can be defined as in-
flammation (manifested as localized redness) of the
skin and underlying soft tissue. Cellulitis over a
bone or joint is often a sign of infection of the bone
or joint.

■ CLASSIFICATION OF ACUTE
ARTHRITIS

Acute Monarticular Arthritis

Acute monarticular arthritis is characterized by a
rapid onset, usually with fever. The joint will typi-
cally be red, swollen, tender, and warm, with signif-
icant pain on motion of the joint. When a child
has fever with a single hot and swollen joint, septic
arthritis is sufficiently likely that joint aspiration
should be done.

Acute Polyarticular Arthritis

Acute arthritis involving more than one joint in a
child usually raises the question of acute rheumatic

fever (Chapter 18) or juvenile rheumatoid arthritis
(Chapter 10). However, septic arthritis can involve
more than one joint, particularly with staphylococ-
cal or gonococcal bacteremia during the newborn
period or with intravenous drug use.

Subacute or Chronic Arthritis

Subacute or chronic arthritis can be defined as ar-
thritis with gradual onset and duration of weeks to
months, with little or no fever and slow progres-
sion. Tenderness, swelling, and limitation of motion
may be persistent or recur episodically. The most
likely infectious causes are partially treated or sub-
acute septic arthritis. Lyme disease and tuberculosis
are possibilities in the patient with an appropriate
exposure history. Juvenile rheumatoid arthritis
(JRA), aseptic necrosis, and neoplasm should be
considered. Occasionally, a congenital coagulation
defect will be unrecognized until bleeding into a
joint occurs and aspiration reveals a hemarthrosis.
A chronic or recurrent monarticular arthritis is
often due to JRA and a slit-lamp examination look-
ing for iridocyclitis is indicated. In addition, a thera-
peutic trial of ibuprofen or other nonsteroidal anti-
inflammatory agent is often prescribed.

Acute Tenosynovitis

Acute tenosynovitis is characterized by swelling,
tenderness, and pain on motion of the tendon
sheaths, especially over the wrist, foot, or ankle. In
the sexually active adolescent, gonococcal infection
is a common cause.

Acute Arthralgia

Acute arthralgia is characterized by joint aching
without objective signs on physical examination. If
more than one joint is involved the term “poly-
arthralgia” is used. The causes of acute polyarthritis
should be considered first, because objective find-
ings might be subtle or delayed. However, fever
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from any cause is often associated with polyarthral-
gia. Muscle aches (myalgia) are often associated
with acute viral infections such as influenza and
may be mistaken for polyarthralgia.

Acute Myalgia

Acute polymyalgia, like acute polyarthralgia, is
often a nonspecific manifestation of a febrile illness.
The term “acute myositis” should be reserved for
cases of muscle inflammation proved by biopsy or
by an increased serum concentration of muscle en-
zymes, such as creatinine kinase and aldolase.

■ INFECTIOUS ARTHRITIS

Importance of Septic Arthritis

Septic arthritis is a medical emergency. Early diag-
nosis and proper treatment can usually prevent per-
manent disability. The most important characteris-
tic of septic arthritis in children is that subsequent
growth is likely to exaggerate any deformity caused
by the illness, especially in the hip joint. Diagnostic
aspiration should be done as soon as joint swelling
or tenderness is recognized, and maximum thera-
peutic efforts should be made as soon as the diagno-
sis is confirmed by aspiration of pus. This is particu-
larly true of septic arthritis of the hip, where
destruction of the epiphyseal growth plate can re-
sult in unequal leg length or fusion of the joint,
with severe gait disturbance. Several studies have
demonstrated the importance of prompt surgical
drainage. A delay of more than 4 days from onset
of symptoms to decompression of the hip joint is
the most important prognostic risk factor for per-
manent sequelae.1–4

Mechanisms

Septic arthritis in children most commonly occurs
via hematogenous seeding of the synovial space.
Occasionally, it occurs by local spread of contig-
uous infection or is secondary to trauma or surgery.
The blood supply to the head of the femur and to
the humerus is by way of the proximal metaphyseal
(retinacular) arteries, which lie within the joint cav-
ity.5 These vessels can be compressed by increased
intra-articular pressure, with resultant ischemia and
destruction of the epiphyseal growth plate. Com-
promised blood supply can also lead to avascular
necrosis of the femur or humerus. Therefore, most
orthopedic surgeons strongly urge prompt open

drainage of purulent arthritis, especially when these
joints are involved.

The action of proteolytic enzymes in pus, even
when it is sterile, can destroy joint cartilage, with
resultant joint deformity and crippling.6 Therefore,
preservation of joint cartilage is another reason for
thorough removal of pus from joint spaces. Often,
as much as 100 mL of pus can be removed from a
joint during an operation after the joint was thought
to have been tapped dry by needle aspiration. This
may be explained by loculation of the pus, espe-
cially if the onset has been subacute.

Presentation

The most frequent joints involved are those of the
lower extremity, and thus the child will usually
present with acute onset of limp or refusal to walk.
The child with septic arthritis of the hip will occa-
sionally complain only of referred knee pain. If a
joint in the upper extremity is involved, the child
will usually refuse to move the arm. The joint is
typically held in the position of least pain (usually
flexion). Most children will have fever, but occa-
sionally it is low-grade. In one study of children
less than 2 years old with septic arthritis, 14 (35%)
of 40 had a temperature less than 38.3oC.7 A careful
examination will reveal a red, swollen, and tender
joint with pain on motion. Detecting infection in
joints that are not easily isolated on examination,
such as the sacroiliac and sternoclavicular joints, is
difficult and requires a high index of suspicion.

■ BACTERIAL CAUSES OF ARTHRITIS

Pyogenic Organisms

Staphylococcus aureus is the most common cause of
septic arthritis in all ages, although Group B strep-
tococcus is also a common cause in newborns. Prior
to the routine use the of conjugated vaccine in the
early 1990s, Haemophilus influenzae type B (Hib)
was a common cause of septic arthritis in children
but has now become rare.8 Kingella kingae has be-
come the most frequent gram-negative organism
causing septic arthritis in young children.9 The
common causes of bacterial arthritis and predispos-
ing factors are shown in Table 16-1.

Acute bacterial arthritis is usually monarticular
but is often polyarticular in neonates and in adoles-
cents with gonococcal arthritis. Polyarticular pneu-
mococcal arthritis has been described in children
with HIV infection.10 Occasionally, previously
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TABLE 16-1. PREDISPOSING FACTORS AND CAUSES OF BACTERIAL ARTHRITIS

BACTERIA PREDISPOSING FACTORS/COMMENTS

More Common Causes

Less Common Causes

Staphylococcus aureus

Haemophilus influenzae

Group A streptococcus

Group B streptococcus

Streptococcus pneumoniae

Borrelia burgdorferi

Salmonella spp.

Neisseria gonorrheae

Kingella kingae

Any age

Now rare in areas with high vaccine coverage

Convalescent from varicella285

Newborns

HIV infection

Residence in Lyme-endemic area, history of deer tick exposure

Hemoglobinopathies, systemic lupus

Newborns, sexually-active adolescents

Children �24 months old;7,9 direct inoculation of joint fluid 
into blood culture bottle increases yield102

Neisseria meningitidis

Gram-negative enteric bacilli

Mycoplasma spp.

Ureaplasma urealyticum

Group G streptococcus

Pseudomonas aeruginosa

Streptobacillus moniliformis (rat bite
fever)

Brucella spp.

Nocardia asteroides

Fusobacterium necrophorum

Rickettsia rickettsii (Rocky Mountain 
spotted fever)

Coxiella burnetii (Q fever)

Polymicrobial

Complement deficiency;286 more commonly causes a reactive 
arthritis287

Newborns

Hypogammaglobulinemia14

Hypogammaglobulinemia14

Underlying systemic or joint disease288

Puncture wound to foot;161 injection drug use

Rat bite or scratch289

Goat milk ingestion; �50% of children with brucellosis 
develop arthritis290

Puncture wound;93,291 immunocompromise292

Lemierre syndrome293

Arthralgia is very common, but arthritis is rare294

Exposure to cattle, sheep, and goats295

Usually after trauma

healthy children will present with multiple joint
involvement in the context of severe staphylococcal
sepsis, with or without meeting the criteria for toxic
shock syndrome.11 In addition, acute polyarthritis
can occur as a complication of a systemic bacterial
infection without infection of the joint. Bacterial
endocarditis is often associated with musculoskele-
tal manifestations, such as arthritis, arthralgia, and
myalgia.12 These patterns are probably best classi-
fied with the reactive arthritides.

Recurrent bacterial arthritis is uncommon and
should suggest underlying immunodeficiency, such
as agammaglobulinemia.13 In one series of patients

with hypogammaglobulinemia, 8 (38%) of 21 epi-
sodes of septic arthritis were attributed to Myco-
plasma or Ureaplasma.14 Patients with chronic
lymphedema are also predisposed to recurrent ar-
thritis in the involved limb.15 Septic arthritis due to
Salmonella occurs with greater frequency in patients
with sickle cell anemia as well as those with sys-
temic lupus erythematosus.16,17

Lyme Arthritis

In a child who lives in or has visited an endemic
area (primarily the northeastern and mid-Atlantic
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states and parts of Wisconsin and Minnesota), Lyme
disease is a possible cause of arthritis. Characteristi-
cally, one or two large joints suddenly become swol-
len and warm, but there is often minimal pain or
erythema.18 The knee is the most frequently af-
fected joint. There may or may not be a history of
a tick bite or an erythema migrans rash. However,
by the time arthritis develops (usually several weeks
after infection), a specific IgG and IgM antibody
response in the serum to Borrelia burgdorferi is
nearly always present.19 Synovial fluid leukocyte
counts are typically less than 50,000 per mcL but
range from 500–100,000 per mcL, usually with a
neutrophil predominance.20 Using PCR, B. burg-
dorferi DNA can be detected in the synovial fluid
of patients with Lyme arthritis.21 In the small per-
centage of patients who develop chronic arthritis
despite antimicrobial therapy, PCR testing is nega-
tive.21 Thus, in addition to causing infectious arthri-
tis, B. burgdorferi can apparently cause a form of
reactive arthritis in some genetically-predisposed
people.22 Chronic arthritis in children with Lyme
disease is uncommon; greater than 95% of children
treated with an appropriate course of antibiotics
have no long-term symptoms.23

It is not uncommon for a parent to request test-
ing for Lyme disease in a child with nonspecific
symptoms, such as headache, fatigue, and arthral-
gia. In the absence of a history of erythema migrans
or objective findings (such as arthritis, carditis,
meningitis, or neuritis), the likelihood of Lyme dis-
ease is remote. In such children the positive predic-
tive value of serologic testing is less than 5%; that
is, nearly all positive tests are false-positives.24 For
persons not residing in a Lyme-endemic region, the
positive predictive value of serologic tests ap-
proaches zero. Testing for Lyme disease in such
patients is counterproductive, because a positive
test is likely to result in delayed treatment of the
correct diagnosis, such as fibromyalgia or chronic
fatigue syndrome.25

Septic Arthritis in the Neonate and
Young Infant

The young infant with septic arthritis may present
acutely with lethargy, fever or hypothermia, and
poor feeding. However, the presentation is often
subtle and subacute, without systemic symptoms.26

Redness and warmth may be absent and swelling
may be difficult to appreciate, especially in the hip.
Irritability during diaper changes, lack of move-

ment of an extremity (which may be misdiagnosed
as an isolated nerve palsy), or even limb cyanosis
may be the only clue to the diagnosis.27,28 De-
creased extremity movement is usually secondary
to pain (so-called “pseudoparalysis”) but is occa-
sionally the result of true paralysis from nerve im-
pingement, especially when the shoulder is in-
volved.29 In the case of hip joint infection, the child
will prefer to hold the extremity in external rotation,
abduction, and flexion to reduce intra-articular
pressure. Polyarticular infection and concomitant
osteomyelitis are common (as discussed in the sec-
tion on osteomyelitis).30 Risk factors include pre-
maturity, indwelling intravascular catheters (espe-
cially umbilical arterial lines), and femoral
venipuncture.26,31

Postoperative Septic Arthritis

In comparison with adults, a history of previous
joint surgery in children is very uncommon. How-
ever, prosthetic joints are occasionally placed in
children or adolescents after limb salvage, resection
of bone tumors, after major trauma, or in children
with severe disability from rheumatoid arthritis or
other conditions.32,33 Infection in such joints may
be subtle; fever and joint swelling occur in a minor-
ity of cases.34 Joint pain, which is nearly always
present, may be the only symptom.34 Constant pain
is suggestive of infection, whereas mechanical loos-
ening commonly causes pain only with motion and
weight bearing. Nearly any organism, including
those normally considered contaminants, can cause
prosthetic joint infection. In one study over a 23-
year period, prosthetic joint infection occurred in
466 (1.8%) of 26,505 recipients.35 The most com-
mon etiologic agents were S. aureus (22%), coagu-
lase-negative staphylococci (19%), streptococci
(9%), gram-negative bacilli (8%), anaerobes (6%),
and other agents (5%). In addition, 19% of infec-
tions were polymicrobial. Independent risk factors
for infection included malignancy, postoperative
surgical site infection, and a history of previous
joint arthroplasty. Removal of the prosthesis is usu-
ally required for successful treatment. For some
bone cancer patients this would necessitate limb
amputation, and thus lifelong antibiotic therapy
may be used instead in an attempt to chronically
suppress infection.

Septic arthritis after arthroscopic anterior cruci-
ate ligament reconstruction is even less common,
occurring in 7 (0.3%) of 2500 patients in one
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study.36 As in the case with prosthetic joint infec-
tions, the allograft must usually be removed to effect
a cure.

Mycobacterial and Fungal Arthritis

Bone or joint involvement occurs in about 5% of
cases of extra-pulmonary tuberculosis in chil-
dren.37 Presentation may mimic bacterial arthritis38

or JRA.39 For any child with arthritis, risk factors
for exposure to tuberculosis should be elicited (see
Chapter 8) and, if present, a chest x-ray and tuber-
culin skin test should be performed. Keep in mind,
however, that these tests are often negative in the
child with extrapulmonary tuberculosis.40 Joint
fluid will typically have fewer than 50,000 leuko-
cytes per mcL with a neutrophilic predominance,
but these findings are variable. When suspected, a
smear for acid-fast bacilli and mycobacterial culture
should be performed on the joint fluid. Occasion-
ally, synovial biopsy is required to make the diagno-
sis.40 Joint involvement with nontuberculous my-
cobacteria is most commonly reported in the setting
of HIV infection41 but has been described in an
immunocompetent child.42

Candidal arthritis is uncommon, with the nota-
ble exception being premature neonates. In one
study, Candida species were responsible for 17% of
episodes of hospital-acquired neonatal septic arthri-
tis, second in frequency only to staphylococci.43

TABLE 16-2. VIRAL CAUSES OF ARTHRITIS

VIRUS COMMENTS

Varicella296

Parvovirus B1954

HIV56

Rubella297

Mumps298

Hepatitis A, B, C281–283

Cytomegalovirus299

Coxsackievirus B300

Herpes simplex virus301

Epstein-Barr virus302

Echovirus303

Adenovirus304

May occur before, during, or after rash

Knee most commonly affected joint; may or may not have erythema 
infectiosum rash

Usually lasts about 2 weeks

Also rarely occurs 10–28 days after rubella immunization

May be associated with fever and leukocytosis

Probably a form of reactive arthritis in all three instances

Especially in the immunocompromised host

Associated with fever and oral ulcerations; may have synovial fluid leukocyte 
count �50,000 per mcL

Uncommon

Uncommon; probably a reactive arthritis

Hypogammaglobulinemia is a risk factor

A possible cause of recurrent arthritis

Besides prematurity, other risk factors often present
in these infants include central venous catheters,
prolonged use of antibiotics, hyperalimentation,
and recent surgery.44,45 Septic arthritis is an un-
common manifestation of disseminated candidiasis
in patients with chemotherapy-induced neutro-
penia.46

Other fungal infections rarely causing arthritis
include histoplasmosis,47 blastomycosis,48 crypto-
coccosis,49 coccidioidomycosis,50 sporotrichosis,51

and aspergillosis,52 most commonly—but not ex-
clusively—in immunocompromised hosts. Patients
with histoplasmosis can also develop a reactive ar-
thritis, sometimes in association with other inflam-
matory phenomena, such as erythema nodosum.53

Viral Arthritis

Several viruses have been associated with arthritis
(Table 16-2). In many cases, such as with parvovi-
rus B19,54 the process resembles a reactive arthritis
rather than viral infection of the synovial space. Pa-
tients with HIV infection have a higher incidence
of several types of arthritis, including septic arthritis
and Reiter syndrome.55 In addition, there appears
to be an entity of HIV-associated arthritis, which
occurs in up to 8% of infected patients.56 Like other
viral arthritides, it is typically an acute-onset oli-
goarticular arthritis of relatively brief duration and
does not cause permanent joint damage. Both natu-
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ral rubella infection and, much less commonly, vac-
cination with live-attenuated rubella vaccine are as-
sociated with inflammation of the small joints.57

As with parvovirus B19-associated arthritis, young
adult women are more likely to develop rubella-
associated arthritis.

Differential Diagnosis of Infectious
Arthritis

Many diseases resemble septic arthritis. Some of the
more common of these can be brought to mind by
recalling the acrostic JOINT STARTS HOT (Table
16-3).

Osteomyelitis

The most important consideration in suspected sep-
tic arthritis of the hip is osteomyelitis of the femoral
neck or, less commonly, of a pelvic bone (see the
section on osteomyelitis). It is also important to
remember that osteomyelitis and septic arthritis
sometimes occur together.30

TABLE 16-3. DIFFERENTIAL DIAGNOSIS OF SEPTIC ARTHRITIS: JOINT STARTS HOT

CAUSE COMMENTS

Juvenile rheumatoid 
arthritis

Osteomyelitis

Inflammatory systemic 
diseases

Neoplastic diseases

Transient synovitis

Soft-tissue infection

Trauma

Acute rheumatic fever

Reactive arthritis

Tenosynovitis

Serum sickness

Henoch-Schöenlein
purpura

Other

Tuberculosis

Associated features variable, depending on type (pauciarticular, polyarticular,
or systemic onset); rash, uveitis, often with very high serum ferritin305

Focal pain and point tenderness; may coexist with septic arthritis58

Inflammatory bowel disease,84 systemic lupus erythematosis,80

dermatomyositis,82 juvenile ankylosing spondylitis81a

Leukemia,89 neuroblastoma,90 lymphoma,306 Ewing sarcoma307

Fever, elevated ESR less common than with septic arthritis, but substantial
overlap exists60

Cellulitis, pyomyositis,308 bursitis63

Hemarthrosis secondary to abuse or coagulopathy

Migratory polyarthritis of large joints, often with dramatic response to
aspirin83

Many possible causes (see Box 16–1)

Gonococcal infection is a common cause in the sexually-active adolescent309

Polyarthritis, usually with urticarial rash and recent infection or drug
exposure87

Purpuric rash with normal platelet count, abdominal pain, and hematuria;
arthritis is the presenting symptom in 1/4 of patients86

Kawasaki disease (arthritis occurs in about 30% of cases),85,310 Lyme disease
(arthritis occurs in about 6% of cases in children)23,311

History of exposure is key to diagnosis; chest x-ray and tuberculin skin test will
sometimes be negative37

Joint Effusion Near Osteomyelitis

Sometimes called a “sympathetic effusion,” joint
fluid near an osteomyelitis closely resembles septic
arthritis clinically. However, aspiration of the joint
reveals relatively clear fluid, without bacteria pres-
ent on the Gram stain. Only joint aspiration can dis-
tinguish between a purulent and a sympathetic effu-
sion in a joint adjacent to an area of osteomyelitis,
although range of motion is usually less limited in a
sympathetic effusion. The pus formed in the me-
taphysis in osteomyelitis may break through into the
joint space, especially in joints where the metaphy-
seal spongiosa lies within the attachments of the joint
capsule, as in the hip and shoulder.58 To avoid the
damaging effects of pressure and pus, it is essential to
aspirate such joints to recognize a purulent arthritis.
When the joint tap is nonpurulent in suspected sep-
tic arthritis of the hip, a bone scan should be done to
look for femoral neck osteomyelitis.

Transient Synovitis of the Hip
Transient synovitis, also called “toxic synovitis” or
“irritable hip,” is manifested by unilateral hip pain,
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refusal to walk, or limping, and is a frequent cause
of arthritis in children. In fact, it is the most com-
mon cause of atraumatic limp in children present-
ing to the emergency department, accounting for
about 40% of such visits in one study.59 Fever, if
present, is usually low-grade. Transient synovitis is
much more frequent than septic arthritis of the hip.
Nevertheless, the physician must not assume that a
child with a swollen, painful hip joint has transient
synovitis rather than septic arthritis. The risks of
diagnostic joint aspiration performed by a physician
who is experienced in this procedure are small com-
pared with the dangers of a destructive septic arthri-
tis. Ultrasound is not helpful in distinguishing tran-
sient synovitis from septic arthritis because an
effusion is found in both conditions.

Several algorithms have been developed to assist
in determining the likelihood of septic arthritis vs.
transient synovitis. Kocher et al.60 reviewed the
charts of all children presenting to Children’s Hos-
pital in Boston with an irritable hip over an 18-year
period. Of 262 children, 82 were diagnosed with
confirmed or presumed septic arthritis, 86 were di-
agnosed with transient synovitis, and 114 were ex-
cluded. Lack of synovial fluid studies was the most
common reason for exclusion, and, presumably,
many of these children had transient synovitis. In
multivariate analysis, four variables were found to
be independent predictors of septic arthritis: a his-
tory of subjective fever, non-weight-bearing, ESR
40 mm/hour or greater, and peripheral WBC
greater than 12,000 per mcL. The probability of
septic arthritis could be calculated based on the
number of these variables present (Table 16-4).
Using this algorithm, children with three or four

TABLE 16-4. PREDICTED PROBABILITY OF SEPTIC ARTHRITIS VS. TRANSIENT
SYNOVITIS BASED ON THE PRESENCE OF FOUR VARIABLES60

PREDICTED

NO. OF TRANSIENT SYNOVITIS SEPTIC ARTHRITIS PROBABILITY OF

PREDICTORS PRESENT* (N�86) (N�82) SEPTIC ARTHRITIS

0 19 (22%) 0 (0%) �0.2%

1 47 (55%) 1 (1%) 3%

2 16 (19%) 12 (15%) 40%

3 4 (5%) 44 (54%) 93%

4 0 (0%) 25 (31%) 99.6%

* The four predictors are (1) a history of subjective fever, (2) non-weight-bearing, (3) ESR �40 mm per hour, and
(4) peripheral WBC �12,000 per mcL.

predictors should usually undergo hip aspiration in
the operating room, given the high likelihood that
arthrotomy and drainage will be needed. Children
with two predictors may be good candidates for
aspiration in the outpatient setting. Depending on
clinical suspicion, some children with fewer than
two predictors will be appropriate candidates for
careful observation without aspiration. Other simi-
lar algorithms have been developed.61,62 It is impor-
tant to remember that the utility of such algorithms
may be lower in children less than 18–24 months
of age, in whom transient synovitis is less common
and in whom the presentation of septic arthritis is
often subtle.

The cause of transient synovitis of the hip is un-
known. Symptoms usually last only a few days, al-
though it can be recurrent. Legg-Calve-Perthes dis-
ease (aseptic necrosis of the femoral capital
epiphysis) in its early stage may cause synovitis that
is indistinguishable from transient synovitis, so that
patients with synovitis should have careful evalua-
tion and follow-up, with referral to an orthopedic
surgeon if symptoms persist.

Cellulitis

Cellulitis near a joint may resemble acute arthritis.
However, with septic arthritis the erythema is usu-
ally symmetrically distributed around the joint, and
the borders of redness are diffuse. Motion of the
joint is usually exquisitely painful. Cellulitis will
typically have more well-demarcated erythema,
often with evidence of a local wound, and joint
motion causes little discomfort. Despite these gen-
eralizations, it is often difficult to tell whether the
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joint is involved. Diagnostic aspiration (avoiding
the cellulitis, if possible) should usually be done if
there is reasonable suspicion of increased fluid in
the joint. The risk of introducing bacteria from cel-
lulitis into the joint is small compared with the risk
of delay in diagnosing septic arthritis. In certain
cases, ultrasound may be performed first and, if
there is no joint effusion, arthrocentesis can be
avoided. However, the ultrasound must be done in
a timely fashion by a radiologist expert in interpret-
ing the results. Sonography is useful for excluding
joint effusion in the hip but may be less sensitive
in detecting fluid in smaller joints. If no joint fluid is
present by clinical or ultrasound examination (and
osteomyelitis is not suspected or has been ruled
out), blood cultures should be obtained and the
patient should be treated with intravenous antibiot-
ics such as oxacillin or cefazolin to cover S. aureus
and Group A streptococcus. The patient usually re-
sponds promptly when cellulitis without underly-
ing septic arthritis is present, as discussed in Chap-
ter 17.

Septic Bursitis

Bacterial infection of a bursa is usually secondary
to a local laceration or abrasion of the skin.63 In
children, this condition is most frequently observed
in the prepatellar bursa after an abrasion of the
knee. Septic prepatellar bursitis can usually be dis-
tinguished from septic arthritis of the knee by phys-
ical examination, because there is less pain on mo-
tion in bursitis. Treatment with drainage and
antibiotics is similar to that for a skin abscess.

Reactive Arthritis

Reactive arthritis is defined as a nonpurulent arthri-
tis that occurs simultaneously or subsequent to an
infection elsewhere in the body. The larger joints
are more commonly affected. Onset is typically
acute and fever may be present. The most well rec-
ognized associations are with various causes of bac-
terial enteritis and genital infection (see Box 16-1).
There remains considerable debate as to whether
such arthritis is caused by occult infection in the
joint or by an immune response to infection.64 It
is possible that different mechanisms are operative
depending on the pathogen responsible. Nucleic
acid of Chlamydia trachomatis and, less frequently,
C. pneumoniae has been found in the synovial tissue
of patients with reactive arthritis.65,66 Chlamydia

BOX 16-1 ■ Some Causes of Post-Infectious
Reactive Arthritis

Diarrheal
Salmonella*†264

Campylobacter*265

Yersinia*266

Shigella267,268

Clostridium difficile269,270

Giardia271

Meningeal
Neisseria meningitidis†272

Haemophilus influenzae type b†273

Genital
Chlamydia trachomatis*274

Neisseria gonorrheae†275

Ureaplasma urealyticum276

Mycoplasma hominis277

Other
Chlamydia pneumoniae278

Group A streptococci†279

Group C and G streptococci280

Mycoplasma pneumoniae277

Hepatitis A, B, and C281–283

Propionibacterium acnes284

* more common cause of reactive arthritis
† also causes purulent arthritis

DNA is present in the synovial tissue of a small
percentage of asymptomatic subjects as well.67

Some patients are genetically predis-
posed—there is a higher incidence of the HLA-B27
phenotype in patients with reactive arthritis—but
this does not explain all cases. Some infectious
agents, such as meningococcus68 and Group A
streptococcus,69,70 can cause either purulent arthri-
tis or reactive arthritis. The mechanism of arthritis
for many viral infections may be immune-related,
and these can be considered a form of reactive ar-
thritis. Several vaccines have been anecdotally asso-
ciated with the development of reactive arthri-
tis.71–77 “Reiter’s syndrome” is the term used for
the subset of patients with reactive arthritis who
also have nongonococcal urethritis and ocular in-
flammation.78

Arthritis Associated with Systemic Disease

Many systemic inflammatory diseases may have ar-
thritis as part of the clinical presentation. These in-
clude collagen vascular diseases such as JRA,79 sys-
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temic lupus erythematosis,80 mixed connective
tissue disease,81 juvenile ankylosing spondylitis,81a

and polymyositis and dermatomyositis.82 Other
systemic diseases that may present with arthritis
include acute rheumatic fever,83 inflammatory
bowel disease,84 Kawasaki disease,85 sarcoidosis,85a

and Henoch-Schöenlein purpura.86 Serum sickness
is also a consideration, particularly in the child who
has received medication in the previous 2 weeks.87

Approximately 5–10% of children with cystic fibro-
sis have episodic arthritis that is probably immune-
mediated.88

Arthritis Associated with Malignancies

Several malignant conditions in childhood may ini-
tially manifest joint involvement, especially leuke-
mia and neuroblastoma.89 Laboratory clues to the
presence of malignancy include anemia, elevated
erythrocyte sedimentation rate (ESR) in the pres-
ence of a normal or decreased platelet count, and
elevated serum lactate dehydrogenase (LDH).90

Trauma

Trauma with bleeding into the joint may mimic
septic arthritis. A history of only mild trauma result-
ing in significant joint swelling should raise suspi-
cion for child abuse or an underlying coagulation
disorder. It should also be kept in mind that a his-
tory of recent trauma to the joint is very common
in children with septic arthritis, and such a history
should not decrease suspicion for this diagnosis.

Penetrating foreign body injury to the joint may
result in a presentation identical to septic arthri-
tis.91,92 Cultures are usually sterile, but such injury
can occasionally inoculate bacteria into the joint
resulting in a traumatic septic arthritis.93,94

Clenched fist human bite injuries commonly cause
infection of the underlying metacarpal-phalangeal
joint.95 Early surgical exploration is indicated for
such injuries, and prophylaxis with amoxicillin-cla-
vulanate is appropriate to cover the commonly im-
plicated organisms (streptococci, S. aureus, Eike-
nella corrodens, and anaerobes).

Diagnostic Approach

Ordinary Roentgenograms

Radiologic examination may be useful to indicate
the presence of fluid in the hip joint, which is diffi-
cult to detect by physical examination (Figs. 16-1

and 16-2), although ultrasound is superior for this
purpose. Plain film x-rays are most helpful to detect
an unsuspected fracture or chronic bone or joint
disease, and thus their use is justified. However,
they are not helpful in excluding the diagnosis of
septic arthritis.

Ultrasound

Ultrasound can reliably detect fluid in the hip
joint,96 and may be useful in detecting fluid in other
joints as well.97 However, sonography cannot dis-
tinguish whether a joint effusion is purulent, sterile,
or hemorrhagic.96

Radionuclide Scan

Scanning with radioactive technetium (99mTc) is es-
pecially useful to detect septic arthritis in joints that
are difficult to examine clinically, such as the sacro-
iliac area.98 On bone scan, septic arthritis usually

■ FIGURE 16-1 Septic arthritis of the hip. Two views of the
full pelvis should be examined: legs together and frog-leg
positions. If pain limits motion, the degree of rotation should
be the same on each side for comparative measurements.
Diagram showing possible radiologic findings: (1) obturator
internus muscle swelling; (2) joint capsule distention; (3) me-
dial joint space widening, indicating lateral displacement of
femoral head; (4) iliopsoas muscle swelling.
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■ FIGURE 16-2 (A) Hip roentgenograms of patient with
septic arthritis showing obturator internus swelling and
edema in muscle planes (long arrows). (B) Capsular disten-
tion in another patient (arrow). (Photo A from Dr. Thomas
Carter; B from Dr. Peter Karofsky.)

reveals diffuse, faintly increased tracer uptake on
both sides of the joint. In osteomyelitis, the in-
creased tracer uptake is usually unilateral and more
intense, but differentiating the two conditions may
be difficult.99 In some cases of septic arthritis of
the hip, fluid in the joint under pressure causes
impaired perfusion and decreased tracer uptake
(“cold-hip” sign).100

Computed Tomography (CT) and Magnetic
Resonance Imaging (MRI)

These studies are of limited usefulness, because
joint fluid and synovial enhancement will be seen
on CT or MRI with arthritis of any cause.99 Their
main utility in this setting is in looking for an associ-
ated osteomyelitis.

Arthrocentesis

If a joint effusion is suspected because of clinical
or imaging findings, an arthrocentesis should be
done. Some of the fluid should be put in a tube
containing an anticoagulant for use in studies that
cannot be done with clotted blood. Such clotting
is due to fibrin, which is not present in normal
joints. A white cell count and differential should be
done, and the joint fluid should be Gram stained,
noting the frequency of leukocytes as well as look-
ing for bacteria. Bacterial antigen detection tests are
neither approved for use with joint fluid nor helpful
in diagnosing or excluding septic arthritis.101

The highest yield for bacterial culture is obtained
by inoculating several milliliters of joint fluid di-
rectly into a standard blood culture bottle for use
in an automated detection system.102 A small
amount of fluid can also be inoculated into a lysis-
centrifugation tube, but these tubes are not as com-
monly available, and whether their use increases
the yield over that of the standard blood culture
bottle is unclear.103 Either of these methods is supe-
rior to directly plating synovial fluid onto solid
media, especially for recovery of fastidious organ-
isms such as Kingella kingae.104 The microbiology
laboratory should be notified if an unusual organ-
ism is suspected because of the patient’s exposure
history. Stain and culture for fungi and mycobac-
teria are not necessary for most cases with an acute
presentation. These tests should be considered in
the immunocompromised host, the patient with a
subacute or chronic course, or if an initial joint tap
was culture negative and the response to empiric
antibacterial therapy has been slow. Keep in mind,
however, that the most common reason for a poor
response to therapy is inadequate surgical drainage.
Examination for crystals, an important part of syno-
vial fluid analysis in adults, is rarely necessary in
children.

Interpretation of Synovial Fluid

A presumptive diagnosis of septic arthritis can be
made by immediate examination of the joint fluid,
which is usually cloudy. Bacteria and a predomi-
nance of segmented neutrophils are often seen on
the Gram stain. Leukocyte counts greater than
50,000 per mcL are strongly suggestive of bacterial
infection, although some patients will have lower
counts. Occasionally, patients with other causes of
arthritis will have leukocyte counts greater than
50,000 per mcL.105 Decreased glucose and in-



BACTERIAL CAUSES OF ARTHRITIS 537

creased protein concentrations in the joint fluid are
supportive but not universal findings and should
not be relied upon. Only about 30–60% of synovial
fluid cultures will be positive, even in the child who
has not received recent antibiotics.4,106–108 Thus, a
negative culture does not rule out the possibility of
bacterial arthritis.

Other Studies

Positive blood cultures are found in approximately
40% of children with septic arthritis.108 Thus, at
least one and, preferably, two blood cultures should
be obtained. The erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP) are both useful
for following response to therapy and should be
obtained at baseline.109 A complete blood count
and peripheral smear should also be obtained, re-
membering that anemia, extreme leukocytosis or
leukopenia, and decreased platelet count in a pa-
tient with an elevated ESR are clues to possible ma-
lignancy. If Lyme disease is suspected, a two-step
approach to serologic testing is used. An enzyme
immunoassay or indirect immunofluorescent assay
is done first. If these screening tests are positive,
they require confirmation with a Western blot
assay. At least five bands must be present on the
Western blot for the test to be considered positive.
Caution is indicated, as we have seen children with
culture-positive S. aureus septic arthritis who also
had positive Western blot testing for Lyme disease.
This could be secondary to an unrecognized infec-
tion with B. burgdorferi in the past, current coinfec-
tion, or a false-positive test.

Treatment

Surgical Drainage

Drainage of pus from a joint may be done by inter-
mittent aspiration, by open incision with drainage
(followed by continuous suction drainage) or by
arthroscopy. The risk of severe deformity from sep-
tic arthritis in children leads most orthopedic sur-
geons to argue for open decompression and re-
moval of pus. However, repeated aspiration may be
acceptable for the knee, elbow, or ankle, if there is
rapid improvement. In the hip and shoulder, open
incision and drainage is advisable.

Antibiotic Therapy

If the joint fluid shows more than 10,000 leuko-
cytes per mcL with a predominance of neutrophils,

the working diagnosis should be “purulent arthritis,
probably septic.” Antibiotic therapy should not be
delayed until culture results are available. Rather,
immediate intravenous therapy should be given
based on the Gram stain. If the Gram stain is nega-
tive, then antibiotic therapy should be based on the
most frequent organisms recovered. In most set-
tings, empiric therapy using an agent with good
activity against S. aureus, such as oxacillin or cefa-
zolin, is appropriate. Vancomycin may be used in
areas with a high prevalence of community-ac-
quired MRSA. Clindamycin is also an option, de-
pending on local susceptibility profiles.109a If S.
pneumoniae, H. influenzae, Salmonella, or N. gonorr-
heae are suspected, ceftriaxone or cefotaxime is
added. For the neonate, oxacillin plus cefotaxime
or gentamicin may be used to cover the most likely
pathogens (S. aureus, Group B streptococcus, and
enteric gram-negative rods). For all patients, as
soon as definite culture and sensitivity results are
obtained, the initial therapy can be changed, if nec-
essary. If the isolate (usually S. aureus) is shown to
be sensitive to a �-lactam antibiotic, this should
be used preferentially because of greater inherent
antistaphylococcal activity than vancomycin.

Rarely, slow response to therapy with a �-lactam
antibiotic is the result of bacterial tolerance, render-
ing the antibiotic bacteriostatic instead of bacteri-
cidal.110 More commonly, poor response is second-
ary to inadequate drainage. Culture-negative septic
arthritis is common and should be treated as aggres-
sively as culture-positive cases,107 with therapy that
ensures good coverage against S. aureus (the most
frequent and serious cause).

Intra-articular antibiotics have not been shown
to improve outcome.111 In addition, their use may
exacerbate the inflammatory response of the synov-
ium. A recent prospective, randomized study of
septic arthritis in children reported improved out-
come among patients receiving a 4-day course of
intravenous dexamethasone compared with pla-
cebo controls.111a However, the incidence of resid-
ual joint dysfunction was higher in the control
group than is generally seen. These findings require
replication in larger studies before the use of carti-
costeroids in the treatment of septic arthritis be-
comes routine.

Lyme arthritis is treated effectively with a 4-week
course of doxycycline for children older than 8
years and with amoxicillin for those 8 years old
or younger.24 For the few patients with persistent
arthritis despite appropriate therapy, a single
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14–21-day course with ceftriaxone is sometimes
used, although this approach has been shown to be
of no benefit in controlled trials.112 Prolonged use
of intravenous antibiotics in patients with a history
of possible Lyme disease and persistent nonspecific
symptoms is inappropriate. This practice has been
associated with severe complications from the use
of central catheters, including death.113

Route of Therapy

Initial therapy should be by the intravenous route.
It has become common practice to switch to high-
dose oral therapy after about a week in the child
who has an excellent initial response to therapy,
with normalization of temperature and decreased
pain and swelling of the joint. Other criteria some-
times used include (1) decreasing ESR or CRP, (2)
assurance of compliance, (3) identification of the
organism, and (4) documentation of adequate
serum levels of antibiotics. Serum bactericidal levels
have also been advocated. In this test, the infecting
organism must be recovered from the blood or joint
fluid. The patient’s serum is obtained at the ex-
pected peak or trough concentration of the oral an-
tibiotic and serially diluted. If the organism is killed
at a 1:8 dilution at peak or 1:2 dilution at trough,
the oral antibiotic is likely to be effective.114 For
most antibiotics with time-dependent killing (such
as the �-lactam antibiotics), trough titers are ex-
pected to be more predictive of therapeutic efficacy,
and this was found to be true in a study of adults.115

In practice, serum bactericidal testing is technically
difficult, and very few microbiology laboratories
offer this service.

For cephalexin (the most commonly used oral
agent in this setting), the peak joint fluid concentra-
tion is approximately 65% of the peak serum con-
centration,116 providing theoretic rationale for this
approach. If oral antibiotics are to be used, the dose
should generally be two to three times the usual
oral dose (e.g., for cephalexin, 100–150 mg/kg/day
divided every 6 hours). It is important to realize
that no studies of sufficient power have been done
to evaluate oral vs. intravenous therapy for septic
arthritis, and they are not likely to be done. At least
8% of children with septic arthritis develop signifi-
cant sequelae.4 To detect a doubling of this rate to
16% with 80% power, at least 500 children would
need to be studied (250 in each group).117 This is
not to imply that oral therapy should never be used.
In the patient with good initial response to intrave-

nous therapy and excellent compliance with the
oral regimen, it is likely to be as effective as the
intravenous route (and with fewer potential compli-
cations). However, as with much of medicine, this
decision must be made in the absence of data to
support or refute it.

Duration of Therapy

The optimal duration of therapy is likewise un-
known, but it is certainly influenced by several fac-
tors, including the etiologic agent and its antimicro-
bial susceptibility, the joint involved (and whether
there is concomitant osteomyelitis), the initial re-
sponse to therapy, and the immune status of the
host.118 For example, infections caused by S. au-
reus, those involving the hip or shoulder, or those
occurring in an immunocompromised host (includ-
ing a neonate) should probably be treated for a min-
imum of 3–4 weeks, occasionally longer. Infections
of joints other than the hip or shoulder caused by
susceptible strains of H. influenzae, S. pneumoniae,
Group A streptococcus, Kingella, or Neisseria spe-
cies can often be effectively treated with 2–3 weeks
of therapy.

Other Therapy

Adequate pain control is often neglected. Intrave-
nous narcotic analgesics are appropriate initially.
Traction is often necessary to relieve the pain of
muscle spasms, to decrease intra-articular pressure,
and to prevent contractures. The more proximal the
joint, the more likely traction is to be of value.

Crutches should be used to avoid weight-bear-
ing after septic arthritis of the hip for several weeks
after discharge from the hospital. Children may not
understand or obey such instructions, and special
supervision is often necessary. The physician
should always keep in mind the adverse psychol-
ogic effects in children of restraints, immobiliza-
tion, and parental separation. Special attention to
the unexpressed needs and fears of the young inarti-
culate child is especially important.

Prognosis

Sequelae of septic arthritis have been reported to
occur in 8–25% of children and include abnormal
growth, poor joint mobility, and unstable articula-
tion.4,101,119 Risk factors for sequelae include age
less than 6 months, infection involving the hip or
shoulder, concomitant osteomyelitis, infection with
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BOX 16-2 ■ Classification of Osteomyelitis

Hematogenous
Acute
Subacute

Nonhematogenous
Traumatic
Postoperative
Secondary to adjacent infection

Special Situations
Chronic
Multifocal
Chronic recurrent multifocal osteomyelitis 
Unusual microorganisms
Unusual bones
Culture-negative
Immunocompromised host

S. aureus, and most importantly, delay in surgical
drainage.4

■ OSTEOMYELITIS

Osteomyelitis is defined as an infection in a bone.
When not further modified, the term osteomyelitis
usually means acute hematogenous osteomyelitis in
a long bone, as this is the common clinical pattern
in children. However, osteomyelitis can also be sub-
acute or chronic. Osteomyelitis can involve a variety
of bones and organisms, and special cases can be
identified that differ from the classic pattern (Box
16-2).

Common Clinical Patterns

Acute Hematogenous Osteomyelitis

The classic presentation of a child with acute hema-
togenous osteomyelitis is that of high fever and focal
pain with marked redness, swelling, and tender-
ness, along with an elevated white blood cell count.
Unfortunately, this pattern is evident in less than
half of cases by the time of presentation, and the
soft-tissue changes described previously are usually
late findings.120–124 The most common site of in-
volvement is the region of the knee (distal femur
and proximal tibia), and thus most children present
with limp or refusal to bear weight. Pain is usually
constant. The level of pain may fluctuate, but it
does not usually disappear.124a Fever, although
common, is not universal, and in one recent large
series occurred in less than half of children.123 Con-

sistent across series is a male-to-female ratio of
nearly 2:1.120,121–124 One-third of cases occur in
the first 2 years of life and more than half in the
first 5 years.124 The median time to presentation is
3 days.123 A history of minor trauma to the affected
site is common, occurring in about one-third of
cases and frequently distracts the physician into
suspecting a noninfectious etiology.120,125

On physical examination, swelling is present in
about half of cases, erythema in about one-third,
and warmth in about one-quarter.122,123 If sought
carefully, point tenderness can be elicited in over
three-fourths of patients.123 However, it is some-
times difficult to detect the site of bony involvement
in the young child. A toddler who refuses to bear
weight may have pain anywhere from the spine to
the foot. If the child had previously been walking
but will now only crawl, the pain is likely below
the knee.

It is important to remember that the white blood
cell count is normal in the majority of children with
acute hematogenous osteomyelitis.121–123 The ESR,
however, is typically elevated unless the child pre-
sents within the first couple days of illness.124 The
ESR typically peaks between 3 to 5 days after onset;
in contrast, the peak CRP value is reached on day
2.126

The importance of establishing an etiologic diag-
nosis cannot be overemphasized. Blood cultures are
positive in about one-third of cases, although the
yield is lower if the child has recently received anti-
biotics.123 Culture of bone (either by needle aspirate
or from a surgical specimen) has a higher yield,
with about 75% being positive.121–123 S. aureus is
by far the most common cause.120–124

Subacute Hematogenous Osteomyelitis

The term “Brodie abscess” is sometimes used to de-
scribe a minimally symptomatic pyogenic abscess
of a bone. Fever is almost always absent or low-
grade. Symptoms, such as pain, swelling, or limp,
cause little functional impairment and are usually
present for at least 2 weeks before presentation.127

The fever and symptoms may also be modified by
analgesic agents, particularly nonsteroidal anti-in-
flammatory drugs, such as ibuprofen, which can
profoundly suppress inflammation and pain. In
some patients, the infection becomes localized
without antibiotic therapy. Radiologic studies are
nonspecific, and a bone tumor is often the initial
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diagnosis.128,129 The diagnosis is made by histo-
logic examination of a bone biopsy specimen.127

This subacute presentation occurs in 10–30%
of cases of hematogenous osteomyelitis.123,128,130

Compared with the acute form, bone cultures are
less frequently positive (about 30%) and blood cul-
tures are nearly always negative.127,129 However,
when an etiologic agent is identified it is usually S.
aureus.127,129 Treatment should be vigorous, just as
for the acute-onset type, although surgical debride-
ment is less often needed.131 Subacute hematoge-
nous osteomyelitis appears to have become more
common in recent years, in part related to the use
of antibiotics without recognition of the source of
fever.

Primary Chronic Osteomyelitis

Chronic osteomyelitis may be classified as primary
or secondary. Intracellular bacteria, fungi, or myco-
bacteria are the usual causes of primary chronic
osteomyelitis, if there has been no preceding antibi-
otic therapy. Cat scratch disease is occasionally as-
sociated with osteolytic bone lesions and should
especially be considered in the child with cat expo-
sure and regional adenopathy.132

Tuberculosis can be a cause of osteomyelitis,
particularly of the vertebra or phalanges.133 In any
case of subacute or chronic osteomyelitis of un-
known cause, a tuberculin skin test and chest roent-
genogram should be done to look for evidence of
tuberculosis. Taking a thorough history of possible
exposures is also important, because there is often
no evidence of pulmonary involvement to make the
clinician suspect tuberculosis.134 Actinomycosis,
blastomycosis, cryptococcosis, coccidioidomycosis,
sporotrichosis, brucellosis, and nontuberculous
mycobacteria can also cause a chronic granuloma-
tous osteomyelitis.135–137 Aspergillus osteomyelitis
should raise suspicion of chronic granulomatous
disease (discussed later).138 Occasionally, Candida
is a cause in a neonate or other immunocompro-
mised host.139,140 For each of these causes, biopsy
of bone is critical for histologic and microbiologic
diagnosis.

Secondary Chronic Osteomyelitis

Secondary chronic osteomyelitis occurs as a com-
plication of previous acute hematogenous or trau-
matic osteomyelitis. Less than 5% of children with
acute hematogenous osteomyelitis typically develop
chronic infection, although this number is higher

if therapy is partial or incomplete or if a piece of
dead bone (sequestrum) has not been removed. S.
aureus is the most common cause, although cultures
are often negative.

A Brodie abscess is often mistaken for a tumor
or cyst because of the lack of fever, relief of pain by
anti-inflammatory agents, location in the diaphysis,
and atypical radiologic appearance.141 Hence, it is
important to get a culture of the operative specimen
even when chronic osteomyelitis is not suspected,
because frozen sections can be misread. More com-
monly, chronic osteomyelitis is secondary to previ-
ous trauma. Infections are often polymicrobial, with
gram-negative organisms and anaerobes predomi-
nating.58 Symptoms include ongoing pain, limita-
tion of activity, and, often, draining fistulous tracts.
Eradicating infection is difficult because of poor
penetration of antibiotics into avascular, necrotic
areas of bone.

Effective treatment of chronic osteomyelitis usu-
ally requires wide excision of dead bone and pro-
longed antimicrobial therapy.142 Bony defects may
require bone grafting, placement of antibiotic
beads, and application of a local muscle flap.143,144

Duration of antibiotic therapy is dictated by clinical
and radiographic response but is usually a mini-
mum of 8 weeks and sometimes several months.
CT is usually the imaging modality of choice in
these patients, because it is useful for demonstrating
the development of sequestra, sinus tracts, and cor-
tical destruction.145,146 The presence of an internal
fixation device makes eradication of infection diffi-
cult, but occasionally infection can be cured with-
out hardware removal.147

Mechanisms and Age Factors

Acute hematogenous osteomyelitis can occur in any
bone, but the usual sites are the long bones (femur,
tibia, and humerus) near either end (metaphyses),
where the blood supply is greatest (Fig. 16-3).148

As blood slows to pass through the tiny blood ves-
sels that form the metaphyseal loops, bacteria pres-
ent in the blood begin to replicate. A local inflam-
matory response within the marrow ensues,
increasing pressure within the metaphysis, and al-
lowing pus to perforate through the cortex and lift
up the periosteum. The increased local pressure
may compromise the vascular supply to the cortex,
leading to an area of dead bone (sequestrum).
Within 10–14 days, new bone is formed over the
area, producing an involucrum.58 The blood supply
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■ FIGURE 16-3 Acute hematogenous osteomyelitis can occur in any bone,
but the usual sites are the long bones (femur, tibia, and humerus) near either
end (metaphyses), where the blood supply is greatest.

differs with age and influences the clinical pattern,
as described next.

Infantile Form

In children younger than ages 12–18 months,
transphyseal vessels are present. They arise in the
metaphyseal loops and cross the growth plates into
the epiphysis. Thus, infection can spread directly
into the epiphyses and from there through epiphy-
seal vessels into the joint.118 In addition, the me-
taphyses of some joints, such as the hip and shoul-
der, lie within the joint capsule, and the thin
infantile periosteum allows rupture of a subperios-
teal abscess directly into the joint space. These two
mechanisms explain the higher rate of concomitant
septic arthritis in young infants with osteomyeli-
tis.30 In addition, epiphyseal growth centers may
be damaged, with shortening of a limb, if a long
bone is involved.

Neonatal Form

In the first month of life, osteomyelitis has many of
the characteristics of the infantile form, particularly
invasion of the joints with the potential for residual
deformity. The rate of joint involvement has ranged
from 25–75% in various studies.149–151 Special fea-
tures of neonatal osteomyelitis include the involve-
ment of the facial bones (especially the maxilla),

involvement of the proximal humerus (presumably
secondary to birth trauma), and the frequent infec-
tion of multiple bones.149,151 Whereas multiple foci
are involved in only about 5% of cases in older
children,121,122 this occurs in more than one-third
of neonatal cases.149,150 Most cases are the result of
hematogenous dissemination, but direct inocula-
tion and extension of infection from surrounding
soft tissue can occur.149 Direct inoculation may
occur secondary to intrauterine fetal monitoring
electrodes,152 femoral venipuncture,153 or heel
puncture.154 Rarely, an infected cephalohematoma
can progress to involve the adjacent skull bones.155

The onset is typically subtle, with swelling or
decreased motion; fever and leukocytosis are often
absent.149,150 In some premature infants, the pres-
ence of septicemia is clinically evident, but the in-
volvement of the skeleton is not, emphasizing the
importance of a careful daily physical examination.
As with neonatal septic arthritis, risk factors include
prematurity and umbilical artery catheteriza-
tion.26,150 S. aureus accounts for over half of cases,
with Group B streptococcus and enteric gram-nega-
tive rods the next most frequent cause.149

A bone scan may detect clinically unrecognized
foci of bony involvement, although the sensitivity
of bone scan in neonates (about 85%) is slightly
lower than in older children.99,150 Ultrasound can
be used to detect effusions in adjacent joints, which
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should be drained promptly. Drilling or windowing
the bone is usually not necessary in newborns.

Childhood Form

This type occurs in patients about 1 year of age to
puberty. By 12–18 months of age the transphyseal
vessels are obliterated, and thus infection is usually
localized to the metaphysis and does not spread to
the epiphysis. Consequently, damage to the growth
cartilage is uncommon. In the past, the incidence
of concomitant septic arthritis has been about 15%,
much lower than the rate in neonates and young
infants.124 However, a recent study of 66 children
with osteomyelitis found no difference in the rate
of septic arthritis based on age.156 In that study, 16
(31%) of 52 children older than 18 months had
involvement of the adjacent joint, most commonly
the knee.

Adult Form

Acute hematogenous osteomyelitis after the age of
16 years is uncommon.130 However, when it does
occur, chronic infection is more likely to result. Os-
teomyelitis in adults is more often secondary to a
local injury or due to vascular insufficiency (e.g.,
diabetes), when it usually occurs in the feet.157

Specific Bones

Long Bones

The patterns described previously for hematoge-
nous osteomyelitis are typical for long bones. The
femur or tibia is involved in greater than 50% of
cases. In most series, the next most commonly in-
volved bones are the humerus, fibula, radius, and
ulna.120–123 The diagnosis may be more difficult
when the area of osteomyelitis is not, as usual, in
the metaphysis but rather in the diaphysis (center)
or epiphysis (end) of the long bone.158,159 Osteo-
myelitis of the femoral neck can also be difficult to
diagnose because it may resemble arthritis of the
hip, with negative findings in the joint. It can lead
to severe hip-joint complications as a result of inter-
ruption of the blood supply to the femoral head or
penetration into the joint.160

Foot

The foot is uncommonly involved in acute hema-
togenous osteomyelitis, although in one recent se-
ries the calcaneus was affected more frequently than

the humerus.123 More typically, osteomyelitis of the
foot occurs secondary to a puncture wound, as de-
scribed later.161

Pelvis

Although uncommon, pelvic osteomyelitis is not
rare, accounting for 5–10% of cases in most se-
ries.121–124 The ilium, ischium, or pubis may be
involved.162 Pain is a common manifestation, but
it may be poorly localized, and an intra-abdominal
source may be considered initially. The most com-
mon admitting diagnosis is presumed septic arthri-
tis of the hip.162

Unfortunately, the sensitivity of bone scan is
somewhat lower than for other sites, especially early
in the course. In one series, the bone scan was posi-
tive in 17 (68%) of 25 children with pelvic osteo-
myelitis.162 MRI may have greater sensitivity for di-
agnosing osteomyelitis of the pelvis.163 In our
experience, several studies (bone scan, CT, and
MRI) are sometimes needed to confirm the diagno-
sis, and imaging should be repeated if pelvic osteo-
myelitis is still suspected despite negative studies
early in the diagnostic evaluation.

Vertebrae

In children, infection of the vertebral body is quite
uncommon, accounting for about 2% of cases of
osteomyelitis.121,124 Infection of the intervertebral
disk (“diskitis”) is more common and is covered in
a separate section at the end of this chapter.

Bacteremia results in localization at the anterior
part of the vertebral body, at the greatest distance
from the nutrient artery (and the spinal cord), and
spread can occur anteriorly, lifting up the anterior
longitudinal ligament, and through the disk to the
adjacent vertebrae.164

Children usually have fever and back or neck
pain, which may be constant or intermittent. Some-
times symptoms are present for several days or
weeks prior to diagnosis.165 As with pelvic osteo-
myelitis, bone scan is relatively insensitive, and MRI
is the diagnostic study of choice, demonstrating
high signal intensity within the vertebral body on
T2-weighted images.99,165,166 It can also demon-
strate the presence of disk space involvement as
well as soft tissue extension in the form of paraver-
tebral or epidural abscess.166

S. aureus is the most common cause, but other
organisms, including Bartonella henselae (the agent
of cat scratch disease), are occasionally impli-
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cated.132,165 In children, usually no predisposing
factor is found. Adults will often have one or more
predisposing conditions, such as intravenous drug
use, diabetes mellitus, or preceding bacteremia. Un-
usual organisms, especially Mycobacterium tubercu-
losis and Brucella species, are also more common in
adults.167

Fingers

Pyogenic osteomyelitis occurs as a complication in
many fingertip abscesses (felons), usually second-
ary to trauma.168 Nail biting and atopic dermatitis
have also been reported as predisposing condi-
tions.169,170 Osteomyelitis of a phalanx without an
adjacent infection may be due to tuberculosis.171

Clavicle

The clavicle is occasionally the site of infection, ac-
counting for about 2% of bone infections.122,123

The process may present acutely or subacutely and
is frequently confused with a fracture or malig-
nancy.172 Occasionally, a risk factor is found, such
as trauma,173 recent clavicular fracture,174 or an in-
fected central venous line.175,176 Subsequent patho-
logic fracture may occur in the infected bone.177

The clavicle has also been described as a site of
involvement with chronic recurrent multifocal os-
teomyelitis (discussed later).178

Cranium

Cranial osteomyelitis is typically an extension of
malignant otitis externa in an immunocompro-
mised host (in which case Pseudomonas is the usual
cause) or secondary to mastoiditis or sinusitis in an
adolescent (in which case S. pneumoniae, H. influen-
zae, and anaerobes are commonly implicated).179

The patient presents with fever, intense headache,
and sometimes facial swelling, often during or after
a course of antibiotics for sinus infection. Bony in-
volvement may not be detected by conventional CT,
and fine cut CT with bone window settings is usu-
ally needed.180

Patella

Osteomyelitis of the patella is very rare, and thus,
diagnosis is usually delayed. It should be consid-
ered in any child with persistent peripatellar pain
and swelling as well as any child with suspected
cellulitis, prepatellar bursitis, or septic arthritis of

the knee that does not respond to standard
therapy.181

Rib

Osteomyelitis of a rib is also rare and may be caused
by bacteria, fungi, or mycobacteria. Chest pain,
swelling, and fever are usually present, often for
several weeks before diagnosis.182 Although antimi-
crobial therapy is also effective, excision of the rib
cures the osteomyelitis and provides material to ex-
clude Ewing sarcoma or other tumor.183

Possible Infectious Etiologies

Acute or Subacute Osteomyelitis

In acute or subacute hematogenous osteomyelitis,
S. aureus is the most common organism in children
of all ages, accounting for 50–75% of cases.120–124

In most series, Group A streptococcus is second
in frequency.120,121,124 Among neonates, Group B
streptococcus is the second most common cause,
followed by gram-negative enteric organisms.149 S.
pneumoniae is an occasional cause of osteomyeli-
tis.184 Salmonella should be suspected in the child
with sickle cell anemia (discussed later). Whether
coagulase-negative staphylococcus can cause hema-
togenous osteomyelitis is controversial. In most in-
stances, isolation of this organism from bone cul-
tures probably represents contamination from skin
flora. However, recovery of the same strain of coag-
ulase-negative staphylococcus from multiple cul-
tures or from both bone and blood may indicate an
etiologic role.124

In osteomyelitis secondary to a penetrating in-
jury, an operation, or a compound fracture, S. au-
reus is still the most common organism.185 How-
ever, in this instance, coagulase-negative
staphylococci can certainly play a role, particularly
if foreign material is in place. Pseudomonas, E. coli,
Enterobacter, and other enteric organisms have also
been implicated.185 Polymicrobial infection is com-
mon in this setting. Anaerobic osteomyelitis typi-
cally has predisposing factors, such as trauma or
chronic skin, sinus, or mastoid infections.186 Fungi
are commonly cultured in the setting of compound
fractures that are grossly contaminated with soil,
but their significance depends upon demonstration
of invasion or repeatedly positive cultures inpa-
tients undergoing serial debridement.
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Chronic Osteomyelitis

The common etiologies depend on whether the in-
fection is primary or secondary, as discussed in pre-
vious sections.

Infections Resembling Osteomyelitis

Cellulitis

Severe cellulitis of an extremity is often a manifesta-
tion of underlying osteomyelitis (Fig. 16-4). Al-
though the two may be difficult to differentiate,
with osteomyelitis the swelling is usually more cir-
cumferential and the margins of the erythema less
distinct. Cellulitis is more likely to occur in the area
of a local wound, whereas no wound is typically
present in osteomyelitis, because the mechanism is
hematogenous seeding. If a bone scan is done, the
initial blood flow images will show a generalized
increase in radiotracer uptake in the affected soft
tissue. Adjacent bone may also demonstrate mild

■ FIGURE 16-4 Cellulitis of the arm, which was a manifesta-
tion of underlying osteomyelitis of the radius. (Photo from
Dr. Dennis Lyne.)

diffuse increased uptake secondary to hyperemia.
However, in the case of cellulitis no abnormal up-
take in bone is identified on the delayed phase.187

If cellulitis of an extremity does not show significant
improvement within 24 hours of antimicrobial
therapy, or if bony tenderness is present, a pre-
sumptive diagnosis of osteomyelitis should be
made, and bone aspiration or open drainage should
be performed.

Soft-Tissue Abscess

A soft-tissue abscess should be drained, and antibi-
otics should be administered based on Gram stain
and culture results. If the infection fails to respond
to these measures after 2–3 days, underlying bone
infection should be considered, especially in an ex-
tremity.

Septic Arthritis

As already mentioned, septic arthritis is a possible
complication of osteomyelitis.156 It is especially a
concern in the hip but may also occur in the knee,
shoulder, or ankle. The ESR is usually higher and
remains elevated longer if a joint becomes in-
volved.188 The possibility of concomitant septic ar-
thritis can be detected even more quickly by moni-
toring CRP. In one study of 46 children with
osteomyelitis, the CRP returned to normal an aver-
age of 6 days after starting therapy in children with-
out septic arthritis compared with 11 days in the
children with septic arthritis.189

Muscle Abscess (Pyomyositis)

Pyomyositis is more common in tropical countries
but also occasionally occurs in temperate climates.
Deep muscles of the hip and thigh are the most
common sites, and a history of trauma or vigorous
exercise can be elicited about 25% of the
time.190,191 Fever, pain, and limp are present in
most children, mimicking septic arthritis and pelvic
osteomyelitis. Sometimes an intra-abdominal pro-
cess is suspected.190 S. aureus is the most common
cause, accounting for about 75% of culture-positive
cases, followed in frequency by Group A strepto-
coccus.190,191 Although gallium scan is able to de-
tect muscle abscess with good sensitivity,192 MRI
has become the imaging modality of choice in re-
cent years.187,190,191 In addition to the increased
signal intensity in muscle on T2-weighted images,
reactive inflammatory changes are often seen in ad-
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jacent bone.187 This does not usually indicate the
presence of bone involvement, although occasion-
ally an associated osteomyelitis can be found if the
bone is aspirated.190

Management of pyomyositis depends on how
early in the process the diagnosis is made. If there
is not yet a discrete abscess, but only diffuse inflam-
mation of the muscle (phlegmon), antibiotics alone
are likely to be sufficient. If an abscess has formed,
either percutaneous or surgical drainage will usu-
ally be required for cure. Antistaphylococcal antibi-
otics are usually given for 3–4 weeks.

Wound Infection

A purulent operative or traumatic wound infection,
especially in an extremity, may resemble osteomye-
litis. Unfortunately, children who sustain open frac-
tures are susceptible to developing osteomyelitis,
and distinguishing bone infection from soft tissue
infection can be extremely difficult. As discussed
later in the section on traumatic osteomyelitis, if
this diagnosis is suspected, bone biopsy is required
to identify the organism and confirm the diagnosis.

Congenital Syphilis

In infants in the first few months of life, congenital
syphilis may resemble osteomyelitis (see Chapter
19). Metaphyseal abnormalities are present in
greater than 90% of infants with symptomatic con-
genital syphilis and in up to 20% of those with
asymptomatic disease.193 The infant may have
fever, decreased spontaneous movement, and
swelling of the involved extremity, with radio-
graphic evidence of bony destruction.194 Syphilis
results in an obliterative vasculitis with decreased
blood flow to the bone and, as a result, radioactive
tracer does not accumulate at the site of syphilic
osseus lesions.195,196 Congenital syphilis should
therefore be considered in the young infant with
clinically suspected osteomyelitis but a normal
bone scan.

Other Congenital Infections

Rubella and cytomegalovirus can produce bone
changes resembling osteomyelitis after congenital
infection. Typically, radiolucencies are seen in the
metaphysis. These are caused by abnormal growth
rather than by destruction from infection.

Noninfectious Differential Diagnosis

Bone Infarction

This is covered in the subsequent section on osteo-
myelitis in children with sickle-cell disease.

Bone Injury

Often, a history of trauma cannot be elicited from
a child, so that a subperiosteal hematoma, traumatic
periostitis, or occult fracture may be mistaken for
acute osteomyelitis.197 Bone scan in a child with
an extremity fracture usually shows subtle uniform
increased uptake along the entire length of the bone
as compared with much more focal uptake in acute
osteomyelitis.198

Preceding trauma in an area that develops osteo-
myelitis is quite common; such a history is present
in about one-third of cases. Usually, fever and local
erythema are the first clues that the persistently
painful area is infected.

Bone Cyst

A bone cyst may resemble a Brodie abscess clinically
and radiographically. Most unicameral bone cysts
are asymptomatic until diagnosis, which usually
follows a pathologic fracture. In contrast, aneurys-
mal bone cysts are expansile lesions that typically
cause pain and swelling. Histologic examination of
material obtained at biopsy can distinguish between
different types of cysts, infection, and tumors.

Tumor

Some bone tumors, such as Ewing sarcoma, may
produce a clinical picture resembling that of sub-
acute or chronic osteomyelitis.89 Osteoid osteoma,
a benign bone tumor, produces gradually increas-
ing pain that is usually relieved by aspirin.199 Eosin-
ophilic granuloma is a form of Langerhans’ cell his-
tiocytosis without extraskeletal involvement. The
skull is the most common site, but any bone can
be affected, and the presentation may be indistin-
guishable from a Brodie abscess.200 Patients with
subacute or chronic osteomyelitis can have eosino-
phils on frozen section, which may be mistaken for
an eosinophilic bone cyst and thus not cultured. For
all these conditions, definitive diagnosis requires a
biopsy with culture.

Acute Leukemia

Fever, bone pain, elevated ESR, and relatively acute
onset can occur in acute childhood leukemia. In
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one series, 22 (21%) of 107 children with acute
leukemia presented with orthopedic complaints.201

The bone scan usually shows localized intense up-
take in one or several metaphyses and diaphyses
but may instead show “cold” areas.202–204 The pres-
ence of anemia, thrombocytopenia, or liver or
spleen enlargement may be clues to the diagnosis
and would provide an indication for bone marrow
aspiration.

Infantile Cortical Hyperostosis

Also called Caffey’s disease, this rare disorder of
unknown cause can produce fever, swelling, and
periosteal elevation—especially in the mandi-
ble—that can be mistaken for acute osteomye-
litis.205

Garre Sclerosing Osteomyelitis

Also known as “chronic nonsuppurative sclerosing
osteomyelitis” or “proliferative periostitis,” this con-
dition is characterized by localized swelling of a
bone, often the mandible, that may or may not be
tender. Fever, leukocytosis, and elevated ESR are
not usually present. Dental infection or trauma may
be inciting stimuli, but bone cultures are usually
negative. Histologically, there are supracortical foci
of reactive bone formation with pronounced osteo-
blastic activity. In the case of mandibular involve-
ment, the patient should be referred to an oral sur-
geon.206

Diagnostic Plan

Acute or subacute hematogenous osteomyelitis is
suspected based on the history and physical exami-
nation and confirmed by aspiration or biopsy of
bone. However, other tests can be helpful in limit-
ing the diagnostic possibilities or in recovering the
etiologic agent. The usefulness of imaging studies
depends on the child’s presentation. In the child
with classic acute hematogenous osteomyelitis of a
long bone, no imaging studies are usually necessary,
and immediate bone aspiration is appropriate. In
more complex cases, imaging studies can be useful,
as discussed later.

Blood Culture

About a third of patients will have positive blood
cultures. Before starting therapy for presumed cel-
lulitis, at least one and preferably two blood cul-

tures should be obtained. If osteomyelitis is sus-
pected, bone aspirate or biopsy should also be
performed and material sent for culture.

Laboratory Tests

A complete blood count should be obtained. Ane-
mia may be a clue to malignancy masquerading as a
bone infection,89 although patients with a subacute
presentation of osteomyelitis may also have signifi-
cant anemia of inflammation.207 The ESR is usually
elevated and can be used to follow response to ther-
apy, although it tends to normalize slowly. The CRP
rises faster with infection, reaching a peak value by
the second day of illness in children with osteomye-
litis. It also reaches normal values much more
quickly, usually within a week of therapy.126 Persis-
tent elevation of the CRP may be an indication of
an undrained subperiosteal abscess or concurrent
septic arthritis.189,208 CRP levels may rise in re-
sponse to any tissue injury, making interpretation
difficult in the child with traumatic or postoperative
osteomyelitis. However, needle aspiration or bone
biopsy does not appear to affect the CRP level.126

Radiologic Examinations

Plain films should usually be obtained in the child
with suspected osteomyelitis. Abnormalities on
plain radiographs indicative of acute osteomyelitis
include evidence of bone destruction and periosteal
new bone formation (Figs. 16-5 and 16-6). How-
ever, these changes generally take at least 7–10 days
to become apparent,209 and thus less than one-
quarter of patients have plain film findings sugges-
tive of osteomyelitis at the time of presentation.123

Deep soft-tissue swelling may be seen as early as
48 hours after the onset of symptoms, but this find-
ing is not as specific for osteomyelitis as are the
subsequent skeletal changes.210 As expected, chil-
dren with subacute hematogenous osteomyelitis
much more frequently have radiographic changes
at the time of presentation.127 The classic Brodie
abscess appears as a well-defined radiolucent lesion
surrounded by a rim of dense sclerosis.211

Although radiographs cannot be used to exclude
the possibility of acute osteomyelitis at the time of
presentation, they remain useful to diagnose dis-
eases that can be confused with osteomyelitis, such
as unsuspected fracture and bone tumors. In addi-
tion, if the plain film does show findings consistent
with osteomyelitis (or if clinical suspicion for osteo-
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■ FIGURE 16-5 Elevated periosteum (short arrow) in infant
with tibial osteomyelitis caused by Group A streptococcus.
Soft-tissue swelling and some radiolucency (long arrow) can
also be seen.

myelitis is high), further imaging is unnecessary and
one can proceed directly to bone aspirate or biopsy.

Bone Scans

Skeletal scintigraphy is most helpful when either
the diagnosis or the location is in doubt, such as
in the case of a toddler with refusal to bear weight
but no localizing findings on physical examination.
In such instances, bone scan can be very useful in
the evaluation of acute osteomyelitis because abnor-
malities are demonstrated early in the course, usu-
ally at the time of initial evaluation (Fig. 16-6).
Using proper technique and both early and delayed
views, the examination can reliably distinguish
skeletal from soft-tissue involvement.212 Bone scan
is less expensive than MRI and rarely requires seda-
tion.99 In addition, scintigraphy has the benefit of
detecting clinically inapparent multifocal infection,
which is especially common in the neonate.

Although a focal abnormality on bone scan does
not distinguish between infection, trauma, or
tumor, clinical and radiographic correlation will
usually permit proper interpretation. Atypical pat-
terns must be recognized, such as a “cold” area,
which may be seen early and is caused by ischemia
from high intramedullary pressure and decreased
periosteal blood supply. In one study, 7 (9%) of

81 children with osteomyelitis had this pattern of
decreased radionuclide uptake.213 These children
appeared to have a more aggressive bone infection,
with higher fever and ESR on admission, as well as
longer hospital stay, than children with increased
tracer uptake on bone scan.

Although scintigraphy can be very helpful in de-
tecting acute osteomyelitis, it is not perfect; both
sensitivity and specificity are about 90–95% in
most patients.99,211 As with any diagnostic test in
the practice of medicine, a normal study in a patient
thought likely to have the diagnosis should be
viewed with caution. In the case of suspected osteo-
myelitis, if focal erythema and tenderness are pres-
ent, the bone should be aspirated. If these signs are
absent, either the bone scan should be repeated or
it should be supplemented with a gallium scan or,
preferably, an MRI.163,214 Note that gallium scan
may be more specific than bone scan, but it is usu-
ally not more sensitive.215 If a bone scan is negative,
a gallium scan is likely to be negative also. In addi-
tion, the gallium scan requires at least 24–36 hours
for an adequate study.

MRI, CT, and Ultrasound

As discussed previously, for routine acute hematog-
enous osteomyelitis in a long bone, these imaging
studies are unnecessary. In certain anatomic sites,
such as the pelvis and vertebral bodies, clinical find-
ings may be nonspecific and bone scans may be
difficult to interpret. For these areas, the sensitivity
of MRI is higher.99,166 MRI also has the advantage
of detecting intramedullary and subperiosteal ab-
scesses and thus may indicate whether surgical
drainage is necessary. Although MRI is highly sensi-
tive, its specificity is lower, as increased signal in
marrow may sometimes be due to fracture, infarc-
tion, or nearby soft-tissue infection.216 In addition,
MRI is not useful for differentiating infarction from
osteomyelitis in children with sickle-cell disease.217

CT is superior to MRI for visualizing cortical de-
struction, gas in the bone, and bony sequestra,99

findings that are often indications for surgical de-
bridement. CT is also helpful in detecting associated
soft-tissue abscesses and in planning a surgical ap-
proach to debridement. In addition, CT is usually
cheaper and easier to obtain on short notice. Thus,
for practical reasons CT is usually obtained first
and, if negative, MRI can be done. For the young
child, general anesthesia may be required, and a
CT-guided bone aspiration can be done at the same
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■ FIGURE 16-6 Acute osteomyelitis of right distal tibia. (A) Normal roent-
genogram 1 day after onset of fever. (B) Abnormal bone scan the same day.
(C) Destructive bony changes apparent 12 days later. (Photo from Dr. Richard
Shore.)

time. CT is also useful to follow response to therapy
in cases of chronic osteomyelitis.

Ultrasound may be useful if a subperiosteal ab-
scess is present,218 but otherwise it is insensitive219

and generally not used for the diagnosis of acute
osteomyelitis.99

Bone Aspiration

Pus can often be aspirated from the center of the
area of maximum erythema and tenderness. This

procedure is relatively easy for superficial bones,
such as the tibia, if the pus is just below the perios-
teum. The needle is inserted just to the outer cortex
of the bone, and the subperiosteal space is aspi-
rated. If no pus is encountered, the needle is ad-
vanced through the cortex into the medullary cav-
ity, and the marrow is aspirated. Even if no pus is
found, the marrow should be cultured, because it
is often positive.215 If an abscess is found, surgical
drainage is usually indicated. It is important to note
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that needle aspiration does not alter the results of
subsequent bone scans.220 Thus, if osteomyelitis is
suspected based on the presence of focal erythema
and tenderness over the metaphysis, bone aspira-
tion should not await the results of imaging studies.

Treatment

Antibiotics

Early antibiotic therapy is essential to prevent se-
vere anatomic changes.221 However, a concerted ef-
fort to obtain appropriate cultures should be under-
taken before starting therapy. Two blood samples
should be taken for culture, the bone should be
aspirated, if possible, and intravenous antibiotics
should be begun.

In the newborn, the initial treatment can be oxa-
cillin and cefotaxime or gentamicin. In other age
groups, oxacillin or cefazolin can be used. Vanco-
mycin or, possibly, clindamycin should be consid-
ered in areas with high rates of community-ac-
quired MRSA.109a Children with sickle-cell disease
should receive agents to cover Salmonella and S.
aureus, such as oxacillin plus ceftriaxone. Although
no data are available, cefepime as a single agent
would also cover these two organisms.

Most semisynthetic penicillins and cephalospo-
rins typically used to treat osteomyelitis penetrate
adequately into intramedullary pus and bone,222

although the concentration may be less than that
in joints.116 In addition, a sequestrum or ischemic
area may be poorly penetrated by antibiotics, re-
quiring more prolonged therapy and, usually, surgi-
cal debridement. In addition to the �-lactam antibi-
otics, clindamycin is also effective in the treatment
of osteomyelitis in children and can be used when
penicillin allergy is present.223 Clindamycin also
has the advantage of excellent bone penetration.

If the osteomyelitis is secondary to a contami-
nated fracture or follows an operation, an antibiotic
effective against Pseudomonas and enteric gram-neg-
ative bacteria, such as gentamicin, should be added
until bone culture results are available. Empiric
treatment without obtaining bone cultures in this
setting is not advised, because the range of possible
organisms is large, and polymicrobial infection is
common.185 If all organisms are later found to be
susceptible to a single agent, such as a carbapenem,
therapy can then be consolidated.224 Antibiotics are
usually given for 4 to 6 weeks, unless retained hard-
ware is present, in which case a longer duration of
therapy is necessary.

Route of Therapy

The decision of whether to use oral antibiotics is
similar to the situation with septic arthritis. As with
septic arthritis, initial therapy should be by the in-
travenous route, and an assessment of response to
therapy is then made. Most experts believe that if
the response to initial therapy is prompt, therapy
can be switched to the oral route, particularly if
serum bactericidal titers are monitored.114 Doses
used are two to three times the usual recommended
oral dose. Approximately 10–15% of children do
not absorb oral antibiotics sufficiently to produce
a peak serum bactericidal titer of at least 1:8 and
require even higher doses or the addition of
probenicid to obtain adequate titers.225 In practice,
however, bactericidal titers are often not moni-
tored.123,226

Serious complications, such as chronic osteo-
myelitis, occur in about 3–6% of children with
acute osteomyelitis.120,123,124 The difference be-
tween a 3% incidence and a 6% incidence of
chronic osteomyelitis is a clinically significant one.
To detect such a difference based on route of ther-
apy with 80% power would require a sample size
of 1600 children (800 in each group).117 One recent
series reported no complications among 50 chil-
dren with acute osteomyelitis who were switched
to oral antibiotics within 4 days of therapy and com-
pleted a mean total duration of therapy of 23
days.226 Serum bactericidal titers were not mea-
sured. With a sample size of 50, the upper limit of
the 95% confidence interval can be estimated by
dividing 3 by 50, which is 6%.227 Thus, the true
rate of chronic osteomyelitis with this approach
could be as high as 6%.

As with septic arthritis, if oral therapy is used it
should be understood that there are no data to sup-
port or refute its being equivalent to the intravenous
route. Clinical experience, though often cited as ra-
tionale for oral therapy, is of limited reassurance in
this instance, because adverse outcomes are rela-
tively uncommon with either route. If oral therapy
is used, the importance of strict adherence to the
regimen cannot be overemphasized. Indeed, one of
the benefits of measuring serum bactericidal titers
is that they are an indirect measure of both adher-
ence and drug absorption. Adherence to prescribed
medication use is generally lower than physicians
believe, especially once the symptoms have sub-
sided.228 Many experts prefer to treat osteomyelitis
with intravenous antibiotics for the duration of
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therapy, particularly if the child is less than age 2
years, if there is extensive bony involvement, or if
the initial response to therapy is slow. A peripher-
ally inserted central catheter (PICC) is placed, and
therapy can usually be given at home. If the catheter
tip is located centrally (superior vena cava or right
atrium), the complication rate is less than 5%. Com-
plications are generally not serious and include oc-
clusion, phlebitis, leaking, and infection.229

Although necessary to treat the infection, pro-
longed administration of antibiotics (by any route)
is frequently associated with side effects, such as
diarrhea, neutropenia, elevated liver enzymes, and
occasionally, renal insufficiency. In addition to fol-
lowing the patient’s response to therapy with
weekly ESR and CRP, tests to monitor for these side
effects (CBC and serum ALT and creatinine) should
be obtained weekly as well.

Development of normocytic anemia is extremely
common in children with bone or joint infections.
This anemia of inflammation is secondary to se-
questration of iron within macrophages.207 It is not
due to iron deficiency, and iron supplementation
is of no benefit. The degree of anemia can some-
times be severe, with hemoglobin levels as low as
7 g/dL.207 However, the temptation to transfuse red
blood cells should be resisted unless the child is
symptomatic, which is uncommon. Treatment of
the infection will result in correction of the anemia.

Duration of Therapy

In general, osteomyelitis is treated for longer than
septic arthritis because of decreased penetration of
antibiotics into bone. A study published in the
1970s reported a 19% treatment failure rate for
cases treated for 3 weeks or less and a 2% treatment
failure rate for those treated longer than 3 weeks.130

Duration must be individualized and is based on
the etiologic agent, the clinical response, and the
decrease in laboratory measures of inflammation.
Although the ESR and CRP can be used to follow
the response to therapy, the duration of therapy
should not be based on these values alone; early
normalization of the values is encouraging but is
not an indication for stopping therapy. We gener-
ally treat osteomyelitis due to S. aureus or gram-
negative enteric bacilli for a minimum of 4–6
weeks. Other agents, such as Group A streptococ-
cus and S. pneumoniae, can sometimes be treated
for a shorter duration.

Surgical Drainage

If an abscess is found upon bone aspiration, or if
there has been no response after 48 hours of antibi-
otic therapy, surgical drainage through the cortex
should probably be done.215 However, in infants
less than 1 year of age, such drainage is sometimes
not necessary, particularly if needle aspiration can
be done for identification of the organism. For chil-
dren of any age, if bone destruction is evident by
imaging studies, surgical debridement of necrotic
bone is usually necessary.

Irrigation

After open drainage, closed irrigation with an anti-
biotic solution is sometimes used. There is no evi-
dence that this is necessary. Many orthopedic sur-
geons prefer to simply close the wound over a
penrose drain, which is removed in 2–4 days.215

Special Situations

Osteomyelitis with Negative Cultures

Osteomyelitis with negative cultures may occur be-
cause of preceding antibiotic therapy, a fastidious
organism, low inoculum, or a noninfectious cause.
Treatment must be a judgment based on the most
likely or most severe situation. Usually, antistaphy-
lococcal therapy is given and the patient’s response
monitored closely.

Osteomyelitis in Children with Sickle Cell
Disease (SCD)

Two groups of children are at particularly increased
risk for osteomyelitis and deserve special mention:
those with sickle cell disease and those with chronic
granulomatous disease.230 Children with SCD fre-
quently develop bone infarction, but they also have
an increased incidence of osteomyelitis.16 In one
series of 113 children, bone infarction was 60 times
more common than infection.231 Osteomyelitis and
infarction can both cause swelling, tenderness,
warmth, and erythema. They can both be associated
with increased inflammatory markers and with
fever, although the fever is more often high-grade in
those with osteomyelitis.16 Both processes usually
result in an abnormal bone scan. A 24-hour obser-
vation period without antibiotic therapy can be of
value to see whether the symptoms respond dra-
matically to hydration and analgesia. If response to
therapy for presumed infarction is slow, or if the
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patient has high fever, elevated WBC count and
focal bone pain with erythema, osteomyelitis
should be suspected and the bone aspirated.

In most series, Salmonella is the most common
agent of osteomyelitis in children with SCD,232 al-
though other gram-negative enteric organisms and
S. aureus are also commonly implicated, and the
relative frequency varies by location.233 Once the
diagnosis is made, management is similar to that for
children without SCD. They may require a longer
duration of parenteral therapy because of poorer
perfusion of bone.124a

Pain and swelling of the hands or feet can occur
in infants with SCD. This hand-foot dactylitis is
usually caused by multiple small bone infarcts but
can also be caused by osteomyelitis.234

Osteomyelitis in Children with Chronic
Granulomatous Disease (CGD)

CGD is a primary immunodeficiency disease in
which phagocytic cells are unable to reduce molec-
ular oxygen and thus unable to kill certain bacteria
or fungi after ingesting them (see Chapter 23).
These children are particularly susceptible to infec-
tions with catalase-positive organisms. Of 368 pa-
tients with CGD in a national registry, 90 (24%)
developed osteomyelitis.235 The most common or-
ganisms responsible were Serratia (29%), Aspergil-
lus (22%), Paecilomyces (8%), S. aureus (6%), Nocar-
dia (3%), and Burkholderia, Klebsiella, and
Pseudomonas (2% each). Infection may occur as a
result of direct spread from an adjacent focus (most
commonly seen with fungal or mycobacterial infec-
tion) or from hematogenous spread (usually with
bacterial infection).236 Vertebrae, ribs, and metatar-
sals are commonly involved bones.236 Attempts to
isolate the etiologic agent should be made vigor-
ously. Wide operative debridement along with pro-
longed administration of antimicrobials is necessary
to effect a cure.236 If the child is not already receiv-
ing �-interferon, this should be added as well.138

Children with other immunocompromising con-
ditions are also at risk for osteomyelitis. Virtually
any organism may be responsible, especially fungi,
and unusual sites, such as the jaw, may be in-
volved.237–239

Traumatic Osteomyelitis

Traumatic osteomyelitis includes osteomyelitis sec-
ondary to animal bites (commonly due to Pasteu-
rella multocida),240 needle puncture of the new-

born’s heel for blood tests,154 bone-marrow
aspiration,241 puncture wounds,242 and fractures.
The incidence of infection after internal fixation of
closed fractures is less than 2%, whereas the infec-
tion rate of open fractures can be higher than 30%,
depending on the type of fracture.147,243,244 The
infection rate of open fractures can be decreased by
24 hours of intravenous antibiotic active against S.
aureus. Aeromonas or other unusual bacteria may
cause osteomyelitis in water-contaminated
trauma.245

Children with osteomyelitis secondary to trauma
(particularly open fractures) frequently present over
several days to weeks with purulent discharge,
sometimes accompanied by pain and swelling.
Fever and erythema are usually absent, and the
WBC count and ESR are often normal.185 Because
of the associated bony trauma, the bone scan is
usually positive and does not assist in excluding
osteomyelitis. One study found that the combina-
tion of bone scan and indium-labeled WBC scan
had a sensitivity of 86% and a specificity of 84%
for the diagnosis of osteomyelitis.246 Treating em-
pirically for osteomyelitis is not appropriate because
wound cultures, including sinus tract drainage, fail
to predict bone culture results 75% of the time.185

Infection is often polymicrobial, with S. aureus and
gram-negative enteric organisms predominating. If
osteomyelitis is suspected, prompt operative bone
culture is the only reliable way of making the diag-
nosis.

Fever to 102oF (38.8oC) commonly occurs for
about 4 days during hospitalization for closed fem-
oral-shaft fractures, presumably due to tissue injury
and hematoma formation as the fracture site is heal-
ing. Usually, it begins several days after the injury,
and should not, by itself, be attributed to infec-
tion.247

Postoperative Osteomyelitis

Postoperative osteomyelitis can follow open reduc-
tion of closed fractures, craniotomies, median ster-
notomies, and other operations involving bone.248

Osteochondritis After Nail Puncture
Wounds to the Foot

Osteomyelitis of the foot most commonly occurs
after a nail puncture, usually through a tennis
shoe.161 Bone and cartilage are typically both in-
fected (osteochondritis), and associated septic ar-
thritis occurs in about 20% of patients. Infections
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occurring within the first few days after a puncture
wound are usually cellulitis caused by S. aureus or
Group A streptococcus. Osteochondritis usually oc-
curs 5–10 days after the puncture wound, and P.
aeruginosa is the responsible organism in 95% of
cases.249 Local pain and erythema are common and
may involve the dorsum of the foot. Fever and leu-
kocytosis are typically absent, although the ESR is
often modestly elevated.161 Plain films are most
often normal, but bone scans are usually positive
(Fig. 16-7).161

The primary management is surgical, with thor-
ough debridement of infected bone and cartilage
via a dorsal incision. Antibiotics are very unlikely
to cure the infection without surgical intervention.
The vast majority of patients have complete recov-
ery after a 7–10-day course of antipseudomonal
therapy following aggressive surgical debride-
ment.161 There is no evidence that administration
of prophylactic antibiotics (even those with anti-
pseudomonal activity) at the time of a nail puncture
wound prevents subsequent osteochondritis. In one
retrospective study, patients receiving prophylactic
antibiotics had a higher incidence of Pseudomonas
osteochondritis.249

■ FIGURE 16-7 Bone scan of both feet showing increased uptake at the left first metatarsal-intraphalangeal
joint and osteomyelitis on each side of the joint after an 11-year-old boy stepped on a nail that penetrated
his tennis shoe. (Photo from Dr. Richard Shore.)

Multifocal Osteomyelitis

As discussed previously, multifocal osteomyelitis is
often seen in neonates, occurring in at least one-
third of cases.149 Osteomyelitis occurring postoper-
atively or in injection drug users is also frequently
multifocal. Multiple foci of increased uptake on
bone scan can also represent malignancy.

Chronic Recurrent Multifocal Osteomyelitis
(CRMO)

This condition is an inflammatory bone disease of
unknown etiology, usually occurring in children
and characterized by exacerbations and sponta-
neous remissions. Bone pain is the presenting
symptom, and almost all patients have more than
one focus over time.250 Fever occurs in about one-
third of episodes, and the ESR is often elevated dur-
ing exacerbations but not usually as high as in acute
hematogenous osteomyelitis. The tibia, femur, clav-
icles, feet, and vertebral bodies are the sites most
commonly affected. Females are affected nearly
twice as often as males.251

About one-third of children have associated ex-
traosseous conditions, especially palmo-plantar
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pustulosis. Some children have a constellation of
findings described by the acronym SAPHO syn-
drome (synovitis, acne, pustulosis, hyperostosis,
and osteitis).252,253 Inflammatory bowel disease,
psoriasis, pyoderma gangrenosum, and Sweet syn-
drome have also been described in children with
CRMO.250,254,255 Histologic features include acute
and chronic inflammation with occasional areas of
necrosis.250,251 However, cultures are sterile, and
there is no response to antimicrobial therapy. Most
children respond to nonsteroidal anti-inflammatory
agents, and the long-term prognosis is good, al-
though exacerbations may continue to occur for
years.

■ DISKITIS

Definitions

Narrowing of the disk space without evidence of
herniation of the disk is called diskitis (or discitis).
Spondylitis is an obsolete term used primarily for
vertebral body osteomyelitis (which was called
Pott’s disease when it was almost invariably second-
ary to tuberculosis).

Early publications did not often distinguish be-
tween infection of the vertebral body and that of
the intervertebral disk space, although the age dis-
tribution, pathogenesis, causes, and prognosis dif-
fer. The vertebral blood supply undergoes involu-
tion from richly anastomotic intraosseus arteries in
the young child to end-arteries in the adolescent
and adult.256 The disk itself is avascular at all ages
and is probably a bystander in the disease process,
which occurs at the disk-vertebral interface. Diskitis
is more common in young children (median age,
20 months), and vertebral osteomyelitis is more
common in older children and adults.165 It is hy-
pothesized that a septic embolus in the young child
with abundant anastomoses leads to a small infarc-
tion and a lower likelihood of vertebral body in-
volvement than seen in adults with vertebral osteo-
myelitis.256

The third to fifth lumbar disks are most fre-
quently involved.257 Cultures of the disk space are
usually negative,165,258 but they occasionally reveal
S. aureus or, less commonly, other pathogens.256,259

Even in culture-positive cases, the outcome does
not appear to be affected by antimicrobial therapy.
The current belief is that diskitis is probably the
result of low-grade bacterial infection with steriliza-
tion of the area via host defenses in most cases.

Diagnosis

The onset of diskitis is gradual and subtle, and the
spinal column is not often suspected as the site of
difficulty. Fever is usually absent or low-grade. Oc-
casionally, an intra-abdominal source is sus-
pected.165 Children less than 3 years old present
with irritability and limp, followed by refusal to
walk, sit, or stand. The child’s irritability is greater
than expected for the systemic findings. Older chil-
dren usually complain of back pain. As with septic
arthritis and osteomyelitis, a history of preceding
trauma is common.

One review of 155 cases distinguished three pat-
terns of presenting syndromes: the back pattern,
the hip-leg pattern, and the meningeal pattern.260

The back pattern is by far the most common and
presents as described previously. Motion of the pel-
vis or thighs, percussion of the soles of the feet, or
lying prone produces discomfort. Increased lumbar
lordosis is often present. The spine is often tender
to direct pressure or compression (elicited by press-
ing on the top of the child’s head). Flexing the hips
fully with the child supine (to eliminate the normal
lordosis) produces pain, as do pelvic tilt man-
uevers.

The hip-leg pattern is defined by poorly local-
ized pain in these areas, referred from the lumbar
area. Gower sign (using hands to push on the knees
to rise to a standing position) has been observed in
some children with diskitis who had no muscular
weakness.261 Rarely, diskitis presents a meningeal
pattern, with signs of meningeal irritation, hyperre-
flexia, and back pain. A spinal tumor may be sus-
pected.

The WBC count is usually normal, but the ESR is
nearly always modestly elevated.165 Blood cultures
should be obtained but are rarely positive in dis-
kitis; a positive blood culture suggests vertebral os-
teomyelitis. A history of possible exposure to tuber-
culosis should be obtained, and tuberculin skin
testing and chest roentgenography should be con-
sidered.

The first radiographic sign of diskitis is dimin-
ished width of the disk space, which takes at least
10 days to become apparent.211 Because children
often present several days after initial onset of
symptoms, radiographs are abnormal at presenta-
tion in about three-fourths of patients.165 Scinti-
graphic changes occur earlier than plain film find-
ings. Bone scans show increased uptake in the disk
space and the contiguous ends of the adjoining ver-
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tebrae on both the blood pool and delayed bone
images.211 However, this pattern is not specific for
diskitis and is seen in vertebral osteomyelitis as
well. In the child with symptoms compatible with
diskitis and characteristic plain film findings, fur-
ther imaging is rarely necessary. If the plain films
are negative, bone scan or MRI should be consid-
ered. If vertebral osteomyelitis is suspected, MRI
should be performed, because it is highly sensitive
and specific for this diagnosis, demonstrating verte-
bral body and paravertebral soft-tissue involve-
ment.

In the past, aspiration or biopsy of the affected
disk was recommended but is now rarely done in
children for whom the diagnosis of diskitis is
straightforward. Aspiration can usually be reserved
for the child who does not respond to initial
therapy.

Differential Diagnosis

The two most important conditions to exclude in
the child with suspected diskitis are vertebral osteo-
myelitis and spinal tumors. If the history includes
sudden onset of symptoms, high fever, elevated
WBC count, positive blood culture, neurologic im-
pairment, or radiologic evidence of a paraspinous
mass or vertebral lesion not adjacent to the disk,
MRI is indicated.256 Sacroiliac septic arthritis may
also resemble diskitis clinically. In adolescents,
Scheuermann disease (osteochondritis of the verte-
bral body) is a consideration.262 Rarely, idiopathic
calcification of the intervertebral disk occurs in chil-
dren.263

Possible Etiologies

In some series, 50% or more of patients have posi-
tive cultures on disk aspiration or biopsy, but in
most series the yield is much lower.165,256,258 S.
aureus is the most frequently identified organism.
S. epidermidis, S. pneumoniae, Moraxella, Salmonella,
Proteus, Pseudomonas, Corynebacterium, Kingella,
and other low-virulence bacteria are occasionally
cultured. Involvement of the intervertebral disk can
be an early finding in spinal tuberculosis, which
has become uncommon in the United States.

Treatment

Most children with diskitis are made more comfort-
able by immobilization of the spine. This is usually
done with a rigid body cast; sometimes, a body

brace can be substituted. Immobilization is usually
done for 4 weeks, but shorter periods may be suffi-
cient. Failure of immobilization to relieve discom-
fort suggests another diagnosis and should lead to
biopsy or aspiration of the lesion.256 Nonsteroidal
anti-inflammatory agents are usually given. Al-
though patients seem to have a satisfactory outcome
even if antimicrobial therapy is withheld, most phy-
sicians treat with an antistaphylococcal antibiotic.
The most cautious choice is to treat with an intrave-
nous antibiotic for 5–7 days and then switch to an
oral agent for another 7–14 days. If response to
therapy is slow, vertebral osteomyelitis should be
considered, biopsy should be performed, and dura-
tion of therapy should be extended. The outcome
is generally good. Although narrowed disk spaces
may persist, most children have no long-term func-
tional impairment or pain.
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Skin and Soft-Tissue Syndromes

Skin infections should be distinguished from exan-
thems, which are rashes associated with a general-
ized febrile disease and are discussed in Chapter
11. A primary skin infection is one in which the
principal and original manifestation of the infection
is in the skin. Examples of such infections that are
discussed below include cellulitis, gangrene, impe-
tigo, pustules, boils, abscesses, scalded skin syn-
drome, tinea, and skin ulcers. A secondary skin in-
fection is one occurring because of a change in the
skin’s protective mechanism. Examples include
acne, burns, diaper dermatitis, and wounds, either
surgical or traumatic. Some skin infections only in-
volve the epidermis or dermis, whereas others may
also involve the underlying subcutaneous fat and
fascia, in which case the broader term, soft-tissue
infection, is used. Infection of muscle (pyomyositis)
is addressed in Chapter 16. Animal and human
bites are discussed in Chapter 21.

■ NORMAL SKIN FLORA

Normally, bacteria of the skin can be found on the
surface, in the hair follicles, or beneath the superfi-
cial cells of the stratum corneum.1 Skin flora can
be divided into two groups: resident and transient.
The resident flora exist in relatively stable numbers
and consist primarily of Staphylococcus epidermidis,
micrococci, and aerobic and anaerobic diphthe-
roids, such as Propionibacterium species.2 Transient
flora are introduced from the environment and usu-
ally only reside on the skin temporarily. The most
important of the transient flora are Staphylococcus
aureus and group A �-hemolytic streptococcus. S.
aureus is found so frequently (approx. 30%) in the
nose, axilla, groin, perineum, and the newborn um-
bilicus that it is sometimes regarded as normal flora
of these areas.3–5 Children with underlying skin
disease such as atopic dermatitis have much higher
rates of colonization with S. aureus (approx. 90%).6

Hospitalized persons, especially those in intensive
care units, often become colonized with a wide vari-
ety of organisms.7 Exposure to antibiotics, even as

an outpatient, changes the composition of skin
flora, primarily increasing colonization with Can-
dida.8

Most superficial skin infections occurring in out-
patients are caused by either S. aureus or group A
streptococci, although occasionally other organisms
are implicated.2 Among hospitalized patients, a
greater array of organisms is seen. Among 1562 bac-
terial isolates recovered from hospitalized patients
with skin and soft tissue infections in the United
States and Canada, the most common pathogens
were S. aureus (43%), Pseudomonas aeruginosa
(11%), Enterococcus spp. (8%), Escherichia coli (7%),
Enterobacter spp. (5%), and �-hemolytic strepto-
cocci (5%).9

■ CELLULITIS

Cellulitis is defined as a localized inflammation of
the skin, recognized by an area of redness and
warmth. Fever may be present, and underlying sub-
cutaneous tissue is often involved. Note that this
broad definition includes noninfectious diseases
that may mimic bacterial cellulitis. Lymphangitis,
which may accompany cellulitis, is a thin line of
redness typically extending from an infected wound
along the route of the lymphatic drainage. If the
erythema and warmth are more generalized, the di-
agnosis of scarlet fever or scalded skin syndrome
should be considered.

Cellulitis is a diagnosis that can often be sub-
classified according to its location, which gives a
clue to the etiology, as described later. Cellulitis
can also be described by adjectives that imply more
severe disease than “simple” cellulitis, which is
manifested only by redness, warmth, and swelling
of the soft tissues.

Necrotizing Cellulitis

In the past, a distinction was made between necro-
tizing cellulitis and necrotizing fasciitis.10 In necro-
tizing cellulitis the skin is involved early with hem-
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orrhage and necrosis. In necrotizing fasciitis, the
skin and subcutaneous tissues are lifted up by dis-
section of infection along fascial planes, and the
skin is pale and shiny. However, the distinction
between these two conditions is not always easy,
and the precise label is of little importance. Early
recognition and urgent operative intervention is
critical for both conditions (see section on necrotiz-
ing soft-tissue infections).

Crepitant Cellulitis

As discussed in the section on necrotizing soft-tis-
sue infections, crepitance of a cellulitic area should
be presumed to be early gangrene.

Location

The location of the cellulitis is very important, and
the descriptive diagnosis should always state the
location, because there may be a serious infection
underneath the cellulitis. The center point of the
cellulitis may give a clue to the underlying disease
(Table 17-1). Important possible underlying dis-
eases include osteomyelitis, septic arthritis, perito-
nitis, sinusitis, neck space infections, or deep

TABLE 17-1. POSSIBLE CAUSES OF CELLULITIS IN VARIOUS LOCATIONS

LOCATION CONSIDER

Eye and periorbital Ethmoid sinusitis

Abdomen Peritonitis

Arm or leg Osteomyelitis or pyomyositis

Joint Septic arthritis

Around a wound Wound infection

Over an enlarged lymph node Adenitis or abscess

Perianal or perineal Group A streptococci

Cheek Dental abscess, maxillary sinusitis, Haemophilus
influenzae buccal cellulitis

Both tibias Erythema nodosum

Sacrum Pilonidal cyst infection

Scalp Kerion (inflammatory tinea capitis)

Behind ear Mastoiditis

Junction of ear and scalp Infected atopic dermatitis

Entire ear Malignant otitis externa or auricular perichrondritis

Scrotum Fournier syndrome, epididymitis

Around neck Neck space infections

wound infections, all of which are discussed in
other chapters.

Cellulitis of an Extremity

Cellulitis of an arm or leg is often associated with
local injury and a minor wound. Lymphangitic
streaking, local tenderness, erythema, fever, mal-
aise, and tender regional adenopathy are common.2

A poorly defined border of erythema could simply
be due to cellulitis deep in the subcutaneous tissue
or could signal an underlying osteomyelitis, espe-
cially if there is tenderness over the metaphysis (see
Chapter 16). Blood cultures are usually negative in
simple cellulitis of an extremity, and aspirate cul-
tures are positive in about one-quarter of cases.11,12

Many experts recommend aspirating the leading
edge as opposed to the center of the lesion, although
a study comparing the two techniques found no
difference in the yield.13 Swab cultures of pus give
higher yields, but visible pus is not frequently
present.

S. aureus is the most common cause, followed
by group A streptococcus. In the majority of cases,
mild cellulitis of an extremity in a normal child can
be treated with an oral antibiotic (e.g., cephalexin)
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that covers these two organisms. For immunocom-
promised children (including neonates) and chil-
dren with manifestations of a severe infection (such
as high fever or toxicity), blood cultures should be
obtained, and parenteral therapy (e.g., oxacillin or
cefazolin) should be started.

Sacral Cellulitis

Infection of a pilonidal cyst is the usual cause of
midline sacral cellulitis. It occurs predominantly in
males and usually manifests clinically near the end
of the second decade of life. Pilonidal cysts are
asymptomatic until they become infected. The pri-
mary therapy of an infected pilonidal cyst is surgi-
cal, either excision or incision and curettage.14 The
cyst abscess usually contains mixed anaerobic and
aerobic flora, so ampicillin-sulbactam or clinda-
mycin with gentamicin is reasonable perioperative
coverage, although healing time is similar whether
or not antibiotics are given.15,16

Perianal Cellulitis

This is a relatively common problem in young chil-
dren, and group A streptococcus is the usual cause.
Children usually present with a sharply demarcated
area of perianal erythema, pruritis, painful defeca-
tion and, occasionally, blood-streaked stools.17

Vaginal involvement may occur in girls. A swab for
culture of group A streptococcus should be per-
formed (rapid tests are neither approved nor appro-
priate for diagnosis of this condition). Treatment is
with oral penicillin or amoxicillin.

External Ear

Cellulitis of the ear may be a manifestation of malig-
nant otitis externa (discussed in Chapter 5). More
commonly, infection of the pinna is secondary to
ear piercing. Infection of the earlobe, which has its
own blood supply, is usually a minor problem and
responds to removal of the embedded earring and
oral antistaphylococcal antibiotics. In contrast, in-
fection of the upper ear cartilage, termed auricular
perichondritis, is more difficult to treat (Fig. 17-
1).18 P. aeruginosa is the most common cause.19 The
ear cartilage does not have its own blood supply,
so antibiotics alone are usually ineffective. Early re-
ferral to a plastic surgeon for debridement of in-
fected cartilage is appropriate.

Infectious Etiologies

Group A Streptococcus

Group A streptococcus (GAS) and S. aureus are the
two most common causes of cellulitis. Streotococcal
cellulitis is infrequently associated with fluctuance;
the infection may progress rapidly. Perineal strepto-
coccal carriage in surgical personnel has been asso-
ciated with outbreaks of postoperative wound in-
fections.20 Erysipelas is a form of cellulitis that is
almost always due to GAS and involves the more
superficial layers of the skin. In erysipelas, the area
of inflammation is raised above the surrounding
skin, and there is a distinct demarcation between
involved and normal skin.21

Staphylococcus aureus

S. aureus is currently the most commonly impli-
cated organism in cellulitis following a surgical pro-
cedure22 and is also a common cause after nonsur-
gical wounds. Cellulitis caused by S. aureus is
generally more indolent, and fluctulance is more
likely to develop. Facial cellulitis in a newborn in-
fant can be a manifestation of staphylococcal osteo-
myelitis.23

Haemophilus influenzae and Streptococcus
pneumoniae

Prior to the introduction of the conjugate vaccine,
H. influenzae type b (Hib) was a common cause of
cellulitis of the periorbital area and of the cheek
(buccal cellulitis) in infants under 2 years of
age.24,25 Cellulitis due to Hib results from bacter-
emic spread and is classically associated with a vio-
lacious hue, although occasionally S. pneumoniae
can cause a similar pattern.26,27

Groups B, C, and G Streptococci

Group B streptococcal (GBS) infection in the new-
born or young infant can occasionally present as
focal cellulitis, sometimes with an associated adeni-
tis.28 As with cellulitis caused by Hib and S. pneu-
moniae, cellulitis in this setting is the result of bac-
teremic spread. Lumbar puncture is indicated to
rule out concomitant GBS meningitis, which may
be clinically inapparent.29,30 Other streptococcal
groups (e.g., C and G) may occasionally be associ-
ated with cellulitis, especially in the extremities of
patients with poor venous or lymphatic drainage.31
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■

■ FIGURE 17-1 13-year-old girl with auricular perichondritis caused by Pseudomo-
nas aeruginosa infection of an upper ear piercing. Despite treatment with oral ci-
profloxacin, she required surgical excision of the infected cartilage.

Erysipelothrix rhusiopathiae

This gram-positive rod is associated with three dis-
tinct syndromes, the most common of which is a
mild cutaneous infection known as erysipeloid. The
diffuse cutaneous form and the septicemic form are
much less common.32 Erysipeloid manifests as a
sharply demarcated red to purple patch at the site
of inoculation, usually the finger or hand. Rare in
the United States, the infection is usually acquired
occupationally by exposure to contaminated ani-
mals, birds, fish, or their products. Penicillin is the
drug of choice.

Vibrio Species

Vibrios (especially V. vulnificus, V. alginolyticus, and
V. damsela) are uncommon causes of cellulitis. Pa-
tients usually have a history of sustaining a wound
while having direct contact with seawater or while
cleaning shellfish. Patients typically have fever and
bullous cellulitis with intense pain at the wound
site. Secondary fasciitis or septicemia may ensue,
with a mortality rate of 25%.33 Studies in a mouse
model as well as in vitro synergy studies suggest
that the optimal antibiotic treatment should include
both tetracycline and cefotaxime.34,35
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Other Organisms

Several other causes (e.g., cutaneous anthrax, spo-
rotrichosis, and Nocardia) may resemble cellulitis
initially but usually progress to form ulcerative le-
sions. They are discussed later in the chapter in the
section on skin ulcers.

Laboratory Approach

The white blood cell (WBC) count and differential
suggest infection in most patients with an infectious
cellulitis, although in mild cases sometimes the
WBC count is normal. Blood should usually be ob-
tained for culture before starting therapy, especially
for the more severe cases, because once therapy is
begun the yield of subsequent cultures falls dramat-
ically. Needle aspiration of an area of cellulitis for
Gram stain and culture may be helpful,36 especially
if there is a bleb or underlying abscess, elevated
periosteum, or joint effusion.

Treatment

The treatment of cellulitis depends on the cause.
For most cases of cellulitis, empiric therapy should
be directed against Group A streptococcus and S.
aureus. For mild cases, a 7–10-day course of an
oral antibiotic, such as cephalexin or dicloxacillin
is reasonable. A follow-up appointment in 24–48
hours should be made to ensure that the patient is
responding to therapy. Cases of cellulitis accompa-
nied by high fever, toxicity, extensive lymphangitis,
or rapid progression require hospitalization and in-
travenous antibiotics. Reasonable choices include
oxacillin, cefazolin, or clindamycin. Once the child
has improved clinically, a 10-day course can be
completed with an oral agent. If the location of the
cellulitis suggests a possible underlying cause, the
initial antibiotic therapy should be directed at that
cause (see Table 17-1). Adjunctive therapy, such
as warm compresses and elevation of the affected
extremity have not been subjected to rigorous study
but probably provide symptomatic relief.

Immunosuppressed Children

Agents that rarely produce cellulitis in normal indi-
viduals can cause cellulitis in immunosuppressed
children. This is explained, in part, by unusual host
susceptibility and, in part, by the frequent prior use
of antibiotics in these patients, which selects for
altered flora. A vigorous attempt to determine the

causative organism should be made. P. aeruginosa
and enteric gram-negative organisms are often im-
plicated, and empiric therapy should cover these
organisms as well as staphylococci and streptococci.
Initial therapy should be given intravenously. Ex-
amples of empiric therapy include cefepime or an
antistaphylococcal penicillin and an aminoglyco-
side. Fungi, especially Cryptococcus, as well as my-
cobacteria, are occasionally implicated.

Mucor and other zygomycetes are primitive
fungi that can produce a necrotizing cellulitis re-
sembling necrotizing fasciitis, especially in the new-
born period, under adhesive dressings or band-
ages.37

Noninfectious Cellulitis

Eosinophilic Cellulitis

This self-limited condition usually presents with
sudden onset of single or multiple erythematous
swellings affecting the extremities or trunk. Histo-
logically, there are diffuse dermal infiltrates of eo-
sinophils, but peripheral eosinophilia is variably
present.38 The condition may be familial, and it has
been reported in newborns.39 Lesions usually re-
spond to corticosteroids. The term “Wells syn-
drome” is usually reserved for recurrent cases of
eosinophilic cellulitis.

Scleredema

This rare entity is sometimes referred to as “sclere-
dema adultorum” (although it is probably more
common in children) or as “scleredema of
Buschke.” It is characterized by dermal deposits of
mucopolysaccharides, which cause nonpitting in-
duration of the skin, sometimes with erythema. The
induration often has a cape-like distribution
spreading from the neck and shoulders to the back
and trunk. It may occur as a postinfectious phe-
nomenon40,41 or, in adults, as a complication of
long-standing diabetes mellitus.42 The disease usu-
ally resolves spontaneously over a period of weeks
to months.

Erythema Nodosum

Erythema nodosum is often initially mistaken for
cellulitis of the legs. The hallmark is tender, bright-
red subcutaneous nodules over the tibias, although
other areas are occasionally affected. New nodules
are round and poorly demarcated, with diameters
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from 1–10 cm; over days they become purple and
bruise-like (Fig. 17-2). A prodromal period of low-
grade fever, arthralgia, and leg pain is common. The
erythrocyte sedimentation rate (ESR) is typically
elevated, but other laboratory results are usually
normal.

Erythema nodosum should be considered a clue
that another disease may be present (see Box 17-
1). More common in females, it is caused by inflam-
mation in the septae between subcutaneous fat lob-
ules (septal panniculitis) and occurs as an immuno-
logic response to various stimuli.43 In children,
infectious triggers are the most common, especially
recent group A streptococcal pharyngitis.44,45

In the past, tuberculosis was the infection most
commonly associated with erythema nodosum. The
lesions can antedate skin test conversion.46 Rarely,
the skin test itself, as well as BCG vaccine, is associ-
ated with erythema nodosum. Nontuberculous my-
cobacterial infection may also be associated with

■ FIGURE 17-2 Erythema nodosum, with red tender nod-
ules. This is sometimes mistaken for cellulitis. (Photo from
Dr. Gordon Tuffli.)

BOX 17-1 ■ Conditions Associated with
Erythema Nodosum

Infectious
Group A streptococcus
Tuberculosis and nontuberculous mycobacteria
Systemic fungal infections (histoplasmosis, 

coccidioidomycosis, blastomycosis)
Epstein-Barr virus
Toxoplasmosis
Leptospirosis
Enteric infections (yersiniosis, salmonellosis, 

campylobacteriosis)
Psittacosis

Noninfectious
Sarcoidosis
Inflammatory bowel disease
Malignancy (leukemia, lymphoma)
Drug reactions (sulfas, others)
Idiopathic

erythema nodosum.47 In addition, the nodules
caused by infection with Mycobacterium marinum
infection in patients with exposure to fish tanks or
swimming pools may sometimes resemble ery-
thema nodosum.48

Other common triggers for erythema nodosum
include Epstein-Barr virus (EBV) infection and sys-
temic fungal disease, such as histoplasmosis and
coccidioidomycosis.45,49 Some of the more com-
mon noninfectious conditions that are associated
with erythema nodosum include sarcoidosis, in-
flammatory bowel disease, Hodgkin’s disease, and
use of certain drugs (especially sulfonamides and
oral contraceptive agents).43 Other causes of panni-
culitis, as well as vasculitides, such as polyarteritis
nodosa, may sometimes mimic erythema no-
dosum.43,50

A careful history of possible exposures should
be elicited and a thorough physical examination
performed. Unless the underlying condition is ob-
vious, a complete blood count, chest roentgeno-
graph, ESR, and a tuberculin skin test should be
done. In selected cases, other tests, such as throat
culture, antistreptococcal antibodies, EBV titers,
and fungal serologies may be indicated.

In children, between one-quarter and one-third
of cases of erythema nodosum are idiopathic.44,45

The lesions most often resolve within a few weeks.
Usually, only analgesics are necessary for treatment,
although severe cases respond to systemic cortico-
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steroids. Before steroids are prescribed, it is impor-
tant to exclude an underlying infection that may be
worsened by their use.

■ NECROTIZING SOFT-TISSUE
INFECTIONS

Classification of necrotizing soft-tissue infections
may be based on the anatomic structure involved,
the infecting organisms, and the clinical manifesta-
tions. Because of considerable overlap in these pa-
rameters, the nomenclature is confusing. For exam-
ple, what was once commonly referred to as
streptococcal gangrene is now usually called necro-
tizing fasciitis. However, organisms other than
Group A streptococcus may cause necrotizing fasci-
itis. Some authors define gangrenous infections as
those with onset within 24–48 hours after trauma
or surgery and necrotizing infections as those with
more delayed onset.51

Any classification of necrotizing soft-tissue infec-
tions should emphasize that awaiting bacterial clas-
sification of the etiology can lead to unnecessary
delay and worsened outcome. In one series, opera-
tions performed more than 24 hours after recogni-
tion of infection resulted in a 70% mortality rate
compared with a 36% rate if the time was less than
24 hours.52 An experienced surgeon should be con-
sulted as soon as possible after the recognition of
any necrotizing skin infection.

Necrotizing Fasciitis

Guiliano’s classification of necrotizing fasciitis into
two types seems to have withstood the test of
time.53 Type I is caused by mixed anaerobic and
gram-negative aerobic bacilli and usually occurs as
a postoperative complication. Type II is caused by
Group A streptococcus and most commonly occurs
after penetrating injuries, trauma, or during conva-
lescence with varicella. The presentation and initial
management of both types are similar.

The affected area is erythematous, warm, shiny,
and swollen, with or without bullae, and often with
indistinct margins. The appearance is often de-
scribed as peau d’orange (orange peel) in character.
The presence of fever, severe pain out of proportion
to the local findings, and systemic toxicity should
suggest the possibility of necrotizing fasciitis. Asso-
ciated laboratory findings include leukocytosis,
thrombocytopenia, hyponatremia, hypocalcemia,
azotemia, and increased serum creatine phosphoki-

nase.54–56 Of patients with streptococcal toxic
shock syndrome, about half will have concomitant
necrotizing fasciitis.21

In children, systemic toxicity and marked tissue
edema may be the only initial clues to the presence
of necrotizing fasciitis; fever and leukocytosis are
not uniformly present.57 Most infections are either
due to Group A streptococcus or are polymicrob-
ial.57,58 In newborns, necrotizing fasciitis can be a
complication of omphalitis. Initial periumbilical er-
ythema and swelling can progress rapidly to involve
the entire abdominal wall and may progress to in-
volve the flank and chest.59

Fournier Gangrene
Necrotizing fasciitis of the perineal, genital, or peri-
anal regions is referred to as Fournier gangrene.60

This condition is very uncommon in children, with
approximately fifty reported cases in the litera-
ture.61 In adults, gram-negative bacilli and anaer-
obes predominate, whereas in children, staphylo-
coccal and streptococcal species are more common.
The presentation may be subacute, and the child
may not appear systemically ill initially. Manage-
ment is as for other forms of necrotizing fasciitis.

Clostridial Myonecrosis (Gas
Gangrene)
Although historically referred to as “gas gangrene,”
clostridial myonecrosis indicates the causal agent
and the tissue involved and thus is the preferred
term.54 Three major groups are recognized: post-
traumatic, postoperative, and spontaneous (which
is rare). Clostridial myonecrosis is characterized by
crepitation, the crackling feeling consequent to pal-
pation of bubbles of gas under the skin. Crepitant
cellulitis should be presumed to be early gas gan-
grene. The triad of severe pain, tachycardia out to
proportion to fever, and crepitus strongly suggests
the diagnosis.54 Clostridium perfringens is the usual
species recovered in these cases. The course of tis-
sue destruction is usually rapid and severe, with
pain, shiny pallor, edema, vesiculation, and crepi-
tus progressing to hemorrhagic darkening and soft-
ening of the tissues. Gas may be seen in the subcuta-
neous tissues on roentgenography. Gram stain of
wound discharge or tissue reveals gram-positive
rods, usually without neutrophilic infiltration.

Non-Clostridial Gas Gangrene
Aerogenic coliform infections, such as with E. coli,
Enterobacter, or Aeromonas, may produce gas in the
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tissues but are usually less necrotizing and destruc-
tive than clostridial infection.62 Gas introduced by
trauma into the tissues may be mistaken for gas
gangrene.63

Necrotizing Cellulitis (Wet Gangrene)

This type is characterized by swollen, boggy tissues,
with erythema and blister formation along with tis-
sue destruction. It resembles cellulitis early in its
course.

Dry Gangrene

This type is usually secondary to interruption of
the blood supply, most often affecting an extremity.
The area initially appears dusky, then dark purple,
and finally black. If there is no blood vessel disease
and an infection is suspected, the diagnosis may
be purpura fulminans. The most common cause is
meningococcemia,64 which is discussed in Chap-
ters 10 and 11. Neonates with an inherited defi-
ciency of protein C or protein S may present with
purpura fulminans.65,66

Meleney’s Synergistic Gangrene

This is caused by co-infection with S. aureus and a
microaerophilic streptococcus.67 It is usually a
post-surgical complication, especially of the abdo-
men or chest. It manifests as a slowly expanding
ulceration of the superficial fascia. The wound is
typically tender and purple.

Compartment Syndromes

Ischemic extremities can result from a compartment
syndrome (the compression of a muscle mass
within a fascial compartment) as a result of trau-
matic swelling or vascular occlusion. The syndrome
can occur in any age group, including newborns,
in whom it can be a consequence of septicemia.68

Diagnosis and Management of
Necrotizing Soft-Tissue Infections

Fluid from vesicles or exudate may reveal gram-
positive rods (clostridia), gram-positive cocci in
pairs and chains (streptococci), or a mixture of or-
ganisms in polymicrobial infection. However, cau-
tion is indicated, as the Gram stain frequently sug-
gests a single organism when subsequent cultures
reveal multiple pathogens.57 In patients with
wounds exposed to salt water, Vibrio infection
should be considered (see previous section, Celluli-
tis). Necrotic tissue should be cultured for anaer-

obes and aerobes. Blood cultures may be positive
in up to 50% of cases.59 Imaging studies can some-
times be useful if the diagnosis is in doubt, but
negative studies cannot exclude the possibility of
necrotizing infection. In clostridial myonecrosis,
plain films often show soft-tissue gas dissecting into
the muscle. Gas in the tissues is an inconsistent
finding in other forms of necrotizing fasciitis. CT
may show asymmetric thickening of deep fascia,
and MRI may demonstrate abnormal high signal
intensity along deep fascial planes on T2-weighted
images.69 However, necrotizing fasciitis is a clinical
diagnosis, and surgical intervention should not be
delayed awaiting imaging studies.

Because most patients with necrotizing fasciitis
are in shock, fluid and electrolyte replacement is
necessary. Prompt and aggressive surgical debride-
ment of all necrotic tissue is critical. In a series of 20
children with necrotizing fasciitis, all 15 survivors
underwent surgical debridement within 3 hours of
admission.57 Multiple repeat operations may be re-
quired in the first few days.

Initial antibiotic coverage should be broad and
include coverage for streptococci, gram-negative
bacilli, and anaerobes, even if the initial Gram stain
indicates a single organism. The combination of
ampicillin, gentamicin, and clindamycin is reasona-
ble empiric therapy. If operative cultures grow only
GAS, penicillin plus clindamycin is appropriate. In
deep tissue infections with large inocula, strepto-
coccal replication may be slow and penicillin-bind-
ing protein expression may be inadequate for a cell-
wall active agent, such as penicillin, to kill opti-
mally.70 The addition of a protein synthesis inhibi-
tor, such as clindamycin, may speed killing and
decrease toxin production. Penicillin plus clinda-
mycin is also appropriate antibiotic therapy for clos-
tridial myonecrosis.54

The role of nonsteroidal anti-inflammatory
drugs (NSAIDS) in the pathogenesis of necrotizing
fasciitis is controversial. Some studies have found
an association between recent NSAID use and the
development of necrotizing fasciitis,71 whereas oth-
ers have not.72 It is possible that these agents delay
the diagnosis of necrotizing fasciitis by masking the
symptoms. Given the ready availability of an alter-
nate antipyretic agent, it is probably wise to avoid
NSAIDS in children with varicella.73 It is also rea-
sonable to avoid their use in a child with severe
cellulitis in whom the possibility of early necrotiz-
ing fasciitis is being considered.

The use of intravenous immune globulin (IVIG)



TRAUMATIC WOUND INFECTIONS 571

in the treatment of severe, invasive GAS infections
has been reported anecdotally74 but not subjected
to clinical trials. In a mouse model of group A strep-
tococcal necrotizing fasciitis, the addition of im-
mune globulin did not result in increased bacterial
clearance.75 However, given the high mortality rate
of necrotizing fasciitis and the biologically plausible
consideration that IVIG could neutralize the effect
of streptococcal superantigens, its use may be justi-
fied.

The use of hyperbaric oxygen in the treatment
of necrotizing fasciitis is likewise controversial. A
retrospective study reported a case-fatality rate of
23% among patients receiving hyperbaric oxygen
and 66% among those not receiving that therapy.76

Given that the overall case-fatality rate of necrotiz-
ing fasciitis in most series is approximately 25%, it
is unlikely that the benefit of hyperbaric oxygen is
as dramatic as this study would suggest. Its use
should not delay surgical intervention.

■ TRAUMATIC WOUND INFECTIONS

Traumatic wounds encompass a spectrum from
clean lacerations to contaminated compound frac-
tures. This section deals with the prophylaxis and
treatment of infections associated with simple lacer-
ations, severe contaminated wounds, penetrating
abdominal injuries, and open (compound) frac-
tures. Animal and human bite infections are dis-
cussed in Chapter 21.

General Management

Established surgical principles, irrigation, and de-
bridement are the most important factors in the

TABLE 17-2. INDICATIONS FOR PROPHYLAXIS WITH TETANUS TOXOID AND TETANUS
IMMUNE GLOBULIN (TIG) AFTER WOUNDS

CLEAN, MINOR WOUNDS OTHER WOUNDS*

NO. OF PREVIOUS DOSES TETANUS TOXOID TIG TETANUS TOXOID TIG

�3 or unknown �3 Yes No Yes Yes

�3 (Last dose �5 yr ago) No No No No

�3 (Last dose 5–10 yr ago) No No Yes No

�3 (Last dose �10 yr ago) Yes No Yes No

* Such as wounds contaminated with dirt, feces, and saliva; puncture wounds; avulsions; and wounds resulting from missiles,
crushing, burns, and frostbite.

(Modified from Centers for Disease Control and Prevention.  Diphtheria, tetanus, and pertussis: recommendations for vaccine
use and other preventative measures.  Recommendations of the Immunization Practices Advisory Committee (ACIP).  MMWR
Recomm Rep 1991:40:1–28.)

management of traumatic wounds. Antibiotics do
not prevent infection in the absence of thorough
wound decontamination.77 Saline is the safest and
most effective irrigant.78 All devitalized tissue
should be carefully debrided. Wounds at low risk
for infection can be closed as late as 12–24 hours
after the injury, whereas high-risk wounds (con-
taminated wounds, those in locations with poor
blood supply, and those in immunocompromised
patients) should be closed within 6 hours.77

A history of tetanus vaccination should be ob-
tained from all persons with traumatic wounds. A
guide to the use of tetanus toxoid and tetanus im-
mune globulin is given in Table 17-2.

Follow-up cultures should be done every 2–3
days if drainage is present, to detect the emergence
of resistant organisms. Ordinarily, such organisms
are present in small numbers and proliferate when
the susceptible organisms are inhibited.

Simple Lacerations

The routine use of prophylactic antibiotics in sim-
ple, nonbite wound lacerations is not recom-
mended. A meta-analysis of seven randomized,
controlled trials demonstrated no difference in the
rate of wound infection among those receiving anti-
biotics as compared with placebo recipients.79

Simple lacerations uncommonly become in-
fected. If signs and symptoms of infection are ap-
parent but no discharge is present to culture, antibi-
otic therapy directed against S. aureus and group A
streptococcus is reasonable, e.g., cephalexin. For
infected wounds associated with freshwater expo-
sure, Pseudomonas and Aeromonas are possibilities,



CHAPTER 17 • SKIN AND SOFT-TISSUE SYNDROMES572

and the use of a fluoroquinolone should be enter-
tained.80 If the infection does not respond promptly
to therapy, the incision may need to be reopened
and the wound irrigated and debrided.

Severe Contaminated Wounds

No data exist on the effectiveness of prophylactic
antibiotics in this setting, although most experts
recommend their use. Using antibiotics in patients
with grossly contaminated wounds is probably
more appropriately considered empiric therapy
than prophylaxis. The appropriate duration of ther-
apy is likewise unknown but is usually about 5–7
days.

In established infection of severe wounds, the
responsible organism varies depending on whether
or not the patient has received prophylactic antibi-
otics. Unfortunately, not all reports give those de-
tails. In a study in the Vietnam war, severe extremity
wounds were cultured on the first, third, and fifth
day in a field hospital.81 Bacillus species and S. epid-
ermidis were the most common organisms re-
covered initially, but Enterobacter, E. coli, Serratia,
Klebsiella, and Acinetobacter were also common.
Proteus and Pseudomonas were rarely found at first
but were commonly recovered from cultures on the
fifth day, after antibiotics had been given. A reason-
able regimen for empiric therapy in the setting of
severe contaminated wounds would be ampicillin-
sulbactam or clindamycin plus either gentamicin or
ceftazidime.

Open Fractures

Gas gangrene has been reported as an important
complication in open forearm fractures of children
when antibiotics have not been given.82 Patients
with open fractures should receive empiric antimi-
crobial therapy. Despite the use of antibiotics, the
rates of infection are approximately 10–15%.83

It is likely that local factors play a greater role
in the risk of infection than antibiotics. In a study
of 240 consecutive open fractures of the arm or leg,
the most significant risk factors for infection were
fracture grade, internal or external fixation, and
fracture of the lower leg.84 Timing and duration
of antimicrobial therapy did not affect the risk of
infection. In a randomized trial, a 24-hour course
of antistaphylococcal therapy was as effective as a
5-day regimen.83 A first generation cephalosporin
(e.g., cefazolin) can be used for open fractures. Cef-

azolin does not have activity against Clostridia, how-
ever. For heavily contaminated open fractures, cov-
erage against anaerobes and gram-negative
organisms should be considered, such as with am-
picillin-sulbactam or the combination of clinda-
mycin and gentamicin.

The necessity of antimicrobial prophylaxis in
closed fractures is less clear. However, a random-
ized placebo-controlled trial in 2195 adults with
closed extremity fractures found that a single preop-
erative dose of a cephalosporin reduced the rate of
superficial and deep wound infection from 8%
down to 4%.85

Penetrating Abdominal Wounds

The use of prophylactic antimicrobials for abdomi-
nal injury is predicated on the assumption that hol-
low visceral injury with resultant bacterial contami-
nation of the intraperitoneal cavity has occurred.86

However, at the time of surgery, definitive evidence
of intra-abdominal contamination may be lacking.
The use of prophylactic antibiotics in this setting
has been demonstrated to be superior to placebo in
a randomized controlled trial.87 Injury to the colon
carries the highest risk of infection.88 Administra-
tion of antibiotics before surgery is associated with
a lower incidence of postoperative wound infection
and intra-abdominal abscess than initial adminis-
tration of antibiotics in the intraoperative or postop-
erative period.89 Antibiotic regimens should cover
gut anaerobes, such as Bacteroides fragilis as well as
enteric gram-negative rods, such as E. coli. Timing
of antibiotic administration (preoperative vs. later)
is more important than duration.90 Two studies
have demonstrated no difference in infection rates
in patients receiving antibiotics for 12–24 hours as
compared to 5 days, regardless of degree of in-
jury.91,92

Overall, the incidence of peritonitis and intra-
abdominal abscess following abdominal trauma is
less than 5%.93 However, the risk increases to
greater than 25% in patients with colonic injury,
especially if there is concomitant injury to the
spleen.94 Bedside ultrasound is sometimes used be-
cause of convenience, but computed tomography
(CT) is more sensitive in detecting intra-abdominal
abcesses.95 Open surgical drainage or, more com-
monly, CT-guided percutanous drainage of ab-
scesses is usually necessary. The principles of anti-
biotic therapy in this situation are similar to those
for ruptured appendix with peritonitis, as discussed
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in Chapter 12. Several options exist, including sin-
gle-drug regimens (e.g., ampicillin-sulbactam or
meropenem) and multiple-drug regimens (e.g., am-
picillin, gentamicin, and metronidazole or clinda-
mycin). The initial regimen can then be modified,
if necessary, based on results of Gram stain and
culture. Duration of therapy is usually 7–14 days.

■ BURN INFECTIONS

Despite remarkable advances in burn care over the
past 2 decades, infection remains an important
cause of morbidity and mortality in these patients.
The increased susceptibility of the burned child to
infection relates to impairment in both local and
systemic immune response, the loss of the skin bar-
rier, and the frequent need for invasive devices
(such as central venous lines, urinary catheters, and
endotracheal tubes), which further breach host de-
fenses.

Approximately one-third of infections in burned
children involve the burn wound, one-third are sec-
ondary to catheter-related bacteremia, and one-
third involve other sites (most notably pneumonia
and urinary tract infection).96 Depth, type, and ex-
tent of the burn are the greatest factors influencing
the risk of infection. Age of the child and location
of the burn appear to be less important factors.

Among 70 consecutive children cared for in a
burn unit, 18 (38%) of 47 of children with full
thickness burns developed an infection compared
with only 1 (4%) of 23 children with partial thick-
ness burns.96 All nine children who sustained both
flame and inhalation injury developed infection as
compared with 2 (14%) of 14 children with flame
burns that were not accompanied by inhalation in-
jury and eight (19%) of 43 children with scald
burns. All 6 children with greater than 30% of the
total body surface area burned developed infection;
in contrast, infection occurred in 10 (16%) of 64
children with less extensive burns.

Possible Etiologies

Gram-positive organisms (especially S. aureus and
S. epidermidis) are the most common cause of infec-
tions in burn patients. P. aeruginosa, once the most
common cause of infection in this setting, remains
the most prominent of the gram-negative patho-
gens. However, any organism can cause infection
in the burn patient. Patients with a history of treat-
ment with systemic antibiotics are at increased risk

for late infections with Candida spp., as well as As-
pergillus spp. or other filamentous fungi.96,97 Both
primary infection and reactivation of herpes viruses
may occur, including herpes simplex virus (HSV),
varicella-zoster virus (VZV), and cytomegalovirus.
Vesicular lesions should raise suspicion of HSV or
VZV infection. CMV infection typically presents
several weeks after the burn as persistent fever and
lymphocytosis.98

Diagnostic Approach

All burn wounds become colonized with bacteria,
and distinguishing colonization from infection is
critical. The peak incidence of burn wound infec-
tion (sometimes referred to as “burn wound sepsis”)
is from 6–10 days post burn, but infection can
occur at any point during the patient’s course.99

Local signs of burn wound infection include puru-
lence; gray, green, black, or hemorrhagic discolora-
tion; erythema or edema at the wound margin; un-
expected eschar separation; conversion of partial
thickness to full thickness necrosis; and nonadher-
ence of grafts.96,97 Although the above findings may
provide clues to the presence of infection, burn
wound biopsy with quantitative cultures demon-
strating greater than 105 organisms per gram of tis-
sue in conjunction with histologic evidence of tissue
invasion by bacteria is considered the gold stan-
dard.97 Systemic signs of infection (tachycardia,
fever or hypothermia, leukocytosis or leukopenia,
and hypotension) are often present in patients with
burn wound infection but may also be present in
the severely burned patient in the absence of infec-
tion. Blood cultures in burn wound infection are
positive in approximately half of cases.

Diagnosis of catheter-associated bacteremia, uri-
nary tract infection, and ventilator-associated pneu-
monia is similar to that in children without burns.
Persistent bacteremia or a new murmur should sug-
gest the possibility of endocarditis.100 Infection
with toxin-producing staphylococci or streptococci
can lead to toxic shock syndrome.101 Other possible
infections include meningitis, suppurative chon-
dritis of ear burns, suppurative thrombophlebitis,
osteomyelitis, septic arthritis, and sinusitis conse-
quent to long-term nasotracheal intubation. Multi-
system organ failure is the most common cause of
death in burn patients and may occur in association
with overwhelming infection. However, it can also
occur in the clinically uninfected burn patient who
has a history of multiple previous infections during
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the hospital course. It is postulated that uncon-
trolled systemic inflammation persists despite con-
trol of infection, leading to multiple organ
failure.102

Treatment

Burn Wound Infection

The penetration of various systemic antibiotics into
the burn eschar has not been well-studied, and thus
these agents cannot be relied upon as the sole treat-
ment modality.103 Prompt surgical removal of the
infected tissue is necessary, as is the use of topical
antimicrobial agents. Topical agents are discussed
further in the next section.

The choice of systemic antibiotic is best made
from the results of burn wound biopsy culture or
blood culture. The empiric use of antibiotics pend-
ing culture results should be based on the most
commonly cultured invasive pathogens in the burn
unit, as well as the results of surveillance burn
wound cultures. As soon as culture results are avail-
able, therapy should be adjusted to the narrowest
spectrum agent with efficacy against the organism.
The pharmacokinetics of antibiotics are altered in
burn patients, and serum levels should be moni-
tored if assays are available. The duration of therapy
should be tailored to the clinical response and the
results of repeat cultures.

Other Infections

Treatment of catheter-associated bloodstream or
urinary tract infections may require removal of the
foreign device. As with therapy for burn wound
infection, prolonged courses of systemic antibiotics
are discouraged because of the high likelihood of
selecting for resistant organisms and of predispos-
ing to infection with opportunistic pathogens, such
as fungi.

Prevention

Burn Wound Infection

In general, the initial treatment of a burn wound
includes removing all necrotic tissue, ruptured blis-
ters, and debris. Most experts recommend early tan-
gential excision, which involves surgical debride-
ment of graduated amounts of necrotic tissue until
viable tissue is reached.104 Early closure of the burn
wound with grafting protects against infection. The
role of routine surveillance wound cultures is de-

bated. If they are used, it is important that physi-
cians understand that a positive culture is not an
indication for administering systemic antibiotics; it
is simply a guide for future empiric therapy when
it is necessary.

Topical antimicrobial agents play a key role in
burn wound management. Several agents are avail-
able, each with advantages and disadvantages to
their use. Silver sulfadiazine (Silvadene) is probably
the most commonly used agent. It has the advan-
tage of broad spectrum of activity, especially against
gram-negative organisms but also against gram-
positives and anaerobes, as well as fungi and some
viruses (e.g., HSV). It is also effective in reducing
pain. Disadvantages include allergic reactions in
5–10% of patients and reversible neutropenia in a
smaller percentage.

Mafenide acetate (Sulfamylon) also has a rela-
tively broad spectrum of coverage. It has especially
good activity against P. aeruginosa. Its main advan-
tage is that it penetrates burn eschar, enabling it to
be used for treatment of deeply infected wounds.
It is also the agent of choice for serious burns to
the ear to help prevent chondritis.104 Its main dis-
advantage is the tendency to produce metabolic aci-
dosis, which is especially troublesome in the patient
with inhalation injury and subsequent respiratory
acidosis. Its application is painful to intact nerve
endings. Also, prolonged use may allow overgrowth
of Candida spp.

Other topical agents with narrower spectra that
may be used in certain circumstances, sometimes
in combination with other agents, include silver ni-
trate, nitrofurantoin, mupirocin, and nystatin. Acti-
coat, a silver-coated dressing material, has shown
promise in a small trial comparing its use to that
of silver nitrate.105

Dressing changes are typically performed once
or twice daily. The incidence of bacteremia during
burn wound manipulation varies depending on the
extent of the burn. In one recent study the overall
rate was 13%.106 The prophylactic use of systemic
antibiotics is generally discouraged, primarily be-
cause of the risks of selecting for resistant bacteria
and causing fungal overgrowth, but also because of
a lack of demonstrated efficacy.107

After being debrided and cleaned, many small,
partial thickness burns can be treated as an outpa-
tient, as long as follow-up can be assured. The care-
taker can be instructed in the application of a topi-
cal agent (usually silver sulfadiazine) with twice-
daily dressing changes.
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Other Measures

The value of isolation measures in the prevention
of colonization and infection of burns is difficult to
assess. One study using historic controls demon-
strated a decrease of gram-negative bacteremia from
31% in patients cared for in an open ward to 12%
among patients in single-patient rooms.108 Other
factors that changed during the 10-year study pe-
riod could account for some of this effect. Tech-
niques such as single room, sterile linens, gowning,
masking, and gloving are generally used. Strict at-
tention to handwashing should be observed. Lami-
nar airflow units are used in some hospitals but do
not prevent infection with the patient’s own organ-
isms.

Prevention of urinary tract infection can be ac-
complished by early removal of the urinary cathe-
ter. The further the insertion site of a central venous
catheter from the burn wound the lower the likeli-
hood of catheter-associated bacteremia.109 Mea-
sures that have not been demonstrated to prevent
infection in patients with burns include selective
decontamination of the digestive tract110 and the
use of IVIG.111

■ PUSTULES AND SKIN ABSCESSES

Definitions

Purulent localized bacterial skin infections have a
variety of names, depending on the size, severity,
and the area of the skin or skin organ infected. A
pustule is a small (1–5 mm in diameter) raised lesion
with a yellow fluid exudate (containing necrotic tis-
sue and leukocytes). An abscess is a large (1 cm or
greater) spherical collection of pus, usually walled
off by a capsule. Abscesses may occur in any body
organ. When they occur in the skin, they are termed
furuncles. The lay term for a furuncle is a boil. A
carbuncle is a larger lesion formed by the coales-
cence of furuncles; carbuncles usually have multi-
ple openings to the skin.

Special Locations

Special names are used for infections of various
areas of the skin or skin organs. A paronychia is an
infection around the fingernail or toenail. A hordeo-
lum (or sty) is an infection of a gland of the eyelid
and is discussed in Chapter 5. Folliculitis is a pustu-
lar infection of the hair follicles. An abscess of the
subcutaneous fat pad of the fingertip is called a felon

or whitlow. The latter has come to be used more
commonly to describe herpetic lesions. A superfi-
cial blistering lesion over the a finger’s distal fat
pad with thin pus has been called “blistering distal
dactylitis” and is classically caused by group A
streptococcal infection,112 although cases attributed
to S. aureus and group B streptococcus, have been
described.113,114

Periporitis is a synonym for multiple small sweat-
gland abscesses, usually occurring in infancy. These
dome-shaped pustules are not hot or tender and
usually do not “point” or drain spontaneously.115

Hidradenitis suppurativa presents as infection with
acute inflammation of the apocrine sweat glands of
adolescents or adults and occurs particularly in the
axilla, perianal region, perineum, or buttocks. In at
least some cases, a predisposition to this condition
is inherited as an autosomal dominant disorder.116

A careful history of the occurrence of boils or ab-
scesses in relatives of the patient may be helpful in
establishing the diagnosis (and in differentiating
this condition from recurrent furunculosis). It may
become chronic with persistent pain, sinus tract
and fistula formation, purulent discharge, and der-
mal scarring. Treatment of patients with severe dis-
ease can be difficult and may require complex surgi-
cal intervention.117 The prognosis in patients with
the familial form is almost always poor. Frequent
and sometimes lifelong recurrences are common.

A pyogenic granuloma is a painless pink or red
pea-sized nodule that develops after a minor injury,
especially on the hands or face. It is not an infection
but a proliferation of vascular tissue.

Erythema toxicum occurs in the first week of life
and is characterized by papules and pustules. Smear
of the pustules reveals eosinophils, but not bacteria,
as described in Chapter 11.

Mastitis is a cellulitis or abscess of the breast,
usually occurring in nursing mothers. S. aureus is
the most common cause. Usually, it need not inter-
fere with nursing the infant. In women with HIV
infection, mastitis is a risk factor for postpartum
transmission of infection to the nursing infant.118

Infectious mastitis can be distinguished from
two other conditions, milk stasis, and noninfectious
inflammation of the breast, by quantifying the num-
ber of leukocytes and bacteria per mL of milk. In
both milk stasis and noninfectious inflammation,
bacterial counts are less than 103, but leukocyte
counts are less than 106 in the former condition and
greater than 106 in the latter. In infectious mastitis,
leukocyte counts are greater than 106 and bacterial
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counts are greater than 103.119,120 Infectious masti-
tis is treated with systemic antibiotics and emptying
the breast. Surgical drainage is done if a breast ab-
scess develops.

Breast abscess or mastitis occasionally occurs in
the newborn or young infant.121–123 Systemic
symptoms may be minimal. S. aureus is the most
common cause, but occasionally group B strepto-
coccus or gram-negative organisms are cultured.
Most cases respond to systemic antibiotics.

Recurrent Furunculosis

Some patients, typically during adolescence, de-
velop the frustrating problem of recurrent furun-
cles. S. aureus is the usual cause. Moist areas, such
as the axilla and groin, are the most common areas
affected. The abscess begins as a very tender, raised
nodule with stretched, shiny skin and an indurated
base.124 The boils usually enlarge, soften, and then
rupture, yielding a purulent discharge. Fever is vari-
able. Treatment consists of incision and drainage
and warm compresses. Oral antibiotics are some-
times necessary, if there are large or multiple le-
sions. Prevention is discussed later.

A history of recurrent boils in a young child
should prompt testing for immune deficiency, espe-
cially neutrophil function disorders. Job-Buckley
syndrome (hyper-IgE syndrome) may present with
recurrent furunculosis, eczema, and coarse facial
features. There is almost always a history of recur-
rent sinopulmonary infections.

Previously healthy teenagers with new onset of
recurrent boils rarely have detectable immune dis-
orders. However, they are often chronic carriers of
S. aureus in the nose, groin, axilla, or rectum. Occa-
sionally, there is an exposure history, such as the
use of steam baths.125

Possible Infectious Etiologies
Most pustules and skin abscesses are caused by bac-
terial infections (Box 17-2). S. aureus is the most

BOX 17-2 ■ Some Possible Causes of
Pustules

Bacteria, particularly S. aureus
Erythema toxicum (in newborns)
Herpes simplex (especially fingertips)
Pustules secondary to bacteremia
Scabies
Acropustulosis of infancy

common cause, although many skin abscesses con-
tain mixed anaerobic and aerobic bacteria.126 P. aer-
uginosa causes folliculitis in persons exposed to con-
taminated hot tubs or spas.127 The pustules are
most prominent in areas covered by the swimming
suit, because the warmer environment allows the
bacteria to proliferate. The disease is self-limited in
immunocompetent hosts and requires no therapy.

Perirectal abscesses can occur in children with-
out any underlying disease. The most common
causes are S. aureus, Bacteroides, and enteric bacte-
ria. In one review of twenty-nine cases, one-quarter
of children had an underlying illness.128 Perirectal
abscess in a child should always bring to mind the
possibility of chronic granulomatous disease
(CGD). In a series of 368 children with CGD, 51
(14%) developed a perirectal abscess.129 Subcuta-
neous abscesses on other parts of the body are also
common in children with CGD. They may also be
a clue to other neutrophil disorders, such as leuko-
cyte adhesion deficiency or hyper IgE syndrome
(see Chapter 23).130–132

Cutaneous gonococcal infection of the finger can
appear as grouped pustules, mimicking herpetic
whitlow. Patients with disseminated gonorrhea may
also develop skin pustules as well as oligoarthritis;
this clinical pattern has been termed the “gonococ-
cal dermatitis-arthritis syndrome.”133

Group A streptococcus is an occasional cause of
skin abscesses,134 but S. pneumoniae and H. influen-
zae are rarely implicated.135,136 Other rare causes
of skin abscesses include Streptococcus milleri,137

Listeria monocytogenes,138 Mycoplasma,139 Nocar-
dia,140,141 Salmonella,142 Yersinia,143 Legionella,144

and various mycobacterial species.145–147 Most of
these rare causes occur predominantly in immuno-
compromised hosts or in patients with a specific
risk factor (such as injection drug use).

Fungal causes, such as Candida148 and Coccidi-
oides,149 are likewise rare. Rhizopus species have
caused pustular and ulcerative skin lesions in or-
thopedic patients from contact with contaminated
elastic bandages.150 A travel history should be ob-
tained as occasionally myiasis (botfly infestation)
may mimic furunculosis in the patient with a recent
visit to the tropics.151

Noninfectious Etiologies

Acropustulosis of Infancy

As described in Chapter 11, this condition consists
of pruritic pustules on the distal extremities of in-
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fants. It is often mistaken for impetigo or sca-
bies.152,153

Acute Febrile Neutrophilic Dermatosis

Also called Sweet syndrome after the author who
originally described it,154 this condition is charac-
terized microscopically by infiltration with neutro-
phils and clinically by waxy papules that progress
to form violaceous papular or pustular nodules that
may resemble intracutaneous abscesses. Fever and
leukocytosis are common. Although sometimes id-
iopathic, many cases are associated with underlying
disorders, including malignancies, infections, and
autoimmune diseases.155–157

Eosinophilic Pustular Folliculitis (Ofuji
Disease)

Most reports of this condition have been in young
Japanese adult males, but children can get the dis-
ease, and there are several reports in infants. The
disorder presents as recurrent crops of pruritic pap-
ules and pustules, primarily affecting the scalp and
variably extending to the face, limbs, and trunk.158

Systemic symptoms are absent, but there is usually
leukocytosis and peripheral eosinophilia. It may
occur in neonates, in which case it must be distin-
guished from erythema toxicum, transient neonatal
pustular melanosis, infantile acropustulosis, and
Langerhans’ cell histiocytosis.159 Histologically,
there is a dense dermal infiltrate with perifollicular
and perivascular eosinophilia.160 Most cases are id-
iopathic, but the condition may occur in association
with HIV infection161 or hematologic malig-
nancy.162 One report describes a case of carbamaze-
pine-induced eosinophilic pustular folliculitis, and
another describes an association with skin test hy-
persensitivity to the house dust mite Dermatopha-
goides pteronyssinus in three children.163 Various
treatments have been reported as successful, in-
cluding topical and systemic corticosteroids, indo-
methacin, interferon-�, and dapsone. It should be
emphasized that the condition is self-limited, and
thus therapies with the lowest incidence of side ef-
fects should be considered.

Diagnostic Approach and Treatment

Gram stain and culture of pustular skin lesions is
a simple and useful diagnostic procedure. It is espe-
cially important to do this procedure in newborn
infants, including those with mastitis.

Aspiration or incision and drainage of boils
should be done when the surface of the lesion has
a necrotic center. If they are few or small, this may
be all that is needed. However, most clinicians use
an antistaphylococcal antibiotic in addition (such
as cephalexin), and this is certainly reasonable, es-
pecially if there is cellulitis surrounding the boil. In
neonates, blood cultures should be obtained and
intravenous antibiotics started.

Differentiation of bacterial felon from herpetic
whitlow is important, because immediate drainage
is indicated for the former and contradicted for the
latter. Grouped vesicles on a red base are typical
of herpetic lesions. In a series of 26 children with
herpetic whitlow, 15 (65%) were initially misdi-
agnosed as a bacterial felon.164 Incision of herpetic
whitlow is unnecessary because the condition is
self-limited. In adults, incision has been reported
to be a risk factor for secondary bacterial infection,
but firm data are lacking. A single case of HSV en-
cephalitis has been reported after incision of whit-
low in a child.164 This seems likely to have been
coincidental.

The early presentation of bacterial felon may be
subtle and can be detected by increased opacity
of the fingertip upon transillumination in a dark
room.165 If the felon has been caused by progres-
sion of a deep paronychia, in addition to incising
the abscess, the nail should be removed.

Treatment of recurrent furunculosis is challeng-
ing. Cultures of the nose, groin, axilla, and rectum
are often done to determine whether the patient is a
S. aureus carrier. After treatment of the boils, several
regimens have been used in an attempt to eradicate
carriage and prevent further recurrences. If the iso-
late is susceptible to rifampin, this agent may be
used in addition to another antistaphylococcal
agent (such as cephalexin or clindamycin) for
10–14 days.166 We also prescribe a 5-day course
of topical mupirocin (Bactroban) to the nares and
ask that the child bathe with an antistaphylococcal
soap once daily for 5 days and then weekly for 6
months; chlorhexidine (Hibiclens) or hexachlora-
phene (Phisohex) may be used. In general, staphy-
lococcal carriers carry staphylococci; thus, even if
carriage is eradicated, the patient is usually recolo-
nized within 6 months.167 Therefore, in order to
effect a long-term solution to this problem, some
experts recommend repeating the mupirocin treat-
ment every 6 months. Sometimes the source of the
child’s recurrent infection is an asymptomatic fam-
ily member, in which case all members of the
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household can be treated with mupirocin and
chlorhexidine. Multiple other regimens have been
reported to have anecdotal success in preventing
recurrences, including supplemental iron,168 pen-
toxifyllin,169 vitamin C,170 and cycling antibiotics
1 of every 4 weeks for 6 months.171

■ STAPHYLOCOCCAL SCALDED SKIN
SYNDROME

Staphylococcal scalded skin syndrome (SSSS) is
best defined as the acute onset of generalized ery-
thema with tenderness and exfoliation of the super-
ficial epidermis. These features of redness, tender-
ness, blister formation, and skin sloughing resemble
the features of a scald burn. A positive Nikolsky
sign is often present,172 elicited by pressing laterally
against intact skin and sliding the epidermal layer
off like the skin of an overripe peach. The disease
is most common in children less than 5 years old.
In one study of 15 children with generalized SSSS,
the median age was 12 months, with a range of 23
days to 6 years.173

SSSS is caused by strains of S. aureus (usually
phage group II) that produce one of two exfoliative
toxins, ETA or ETB. Approximately 5% of all S.
aureus produce exfoliative toxins,174 which are var-
iously referred to in the literature as “epidermolytic
toxins,” “epidermolysins,” and “exfoliatins.” In the
generalized form, toxin is produced at a distant site
and absorbed into the bloodstream. The source may
be a focal infection (such as pneumonia or conjunc-
tivitis), but most often it is a site of colonization
only (such as the nares). Antitoxin antibody is pro-
tective and is found in nearly 90% of adults and
full-term newborns (reflecting passive acquisition
of maternal antibody), but in only 30% of children
between 3 months and 2 years old.175

Spectrum of Illness

Newborn SSSS (Ritter’s Disease)

In this age group, SSSS can be extensive (Fig. 17-
3), and newborns are at high risk for complications
due to loss of the protective epidermis, such as hy-
pothermia, dehydration, and secondary infec-
tion.174 Initially, the infant may not appear very ill,
but staphylococcal disease in newborns should be
regarded as potentially serious. Outbreaks in neo-
natal nurseries have been reported.176 Rigorous in-
fection control measures, such as isolation of cases,
treatment of colonized staff, and strict attention to
handwashing, are indicated.177

Childhood SSSS

After the newborn period, SSSS is usually less se-
vere. Skin creases in the groin, axilla, and neck are
often involved. Even if the area of skin involvement
is extensive, children usually do not appear toxic,
and with proper treatment the case-fatality rate is
less than 4%.178

Adult SSSS

In adults, SSSS usually occurs in the setting of im-
munocompromise or renal failure,179 in the latter
case presumably due to inability to excrete the
toxin. In contrast to children, the blood culture is
frequently positive, and the mortality rate is greater
than 50%.179 Occasionally, children with the above
risk factors may develop “adult type” SSSS, as has
been reported in an anephric child.180

Bullous Impetigo

Bullous impetigo may occur in any age group and
is best thought of as a localized form of SSSS (Fig.
17-4). Commonly occurring on the extremities,
there are one to several isolated flaccid bullae that
easily rupture, releasing clear fluid. In contrast to
nonbullous impetigo, which is characterized by a
honey-crusted lesion and may be caused by either
S. aureus or group A streptococcus, bullous impe-
tigo is nearly always caused by exfoliative toxin-
producing strains of S. aureus.173 The blisters in
bullous impetigo are culture positive, in contrast to
generalized SSSS in which the S. aureus is present
at a distal site and toxin spreads hematogenously
to the epidermis.

Differential Diagnosis

Staphylococcal Scarlet Fever

Once thought to be the mild end of the SSSS spec-
trum, staphylococcal scarlet fever is now under-
stood to be a separate entity. This was demonstrated
by a study of 60 S. aureus isolates from children
with generalized SSSS (n�15), bullous impetigo
(n�28), or staphylococcal scarlet fever (n�17).173

All strains isolated from children with generalized
SSSS or bullous impetigo produced ETA and/or
ETB. However, only 1 of 17 isolates from children
with staphylococcal scarlet fever produced exfolia-
tive toxin. The remaining 16 isolates produced a
toxic shock syndrome toxin (TSST-1) and/or an en-
terotoxin. Thus, staphylococcal scarlet fever is
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■ FIGURE 17-3 Scalded-skin syndrome produced by staphylococcal epider-
molytic toxin. (From: Melish Me, Glasgow LA. The staphylococcal scalded-skin
syndrome. N Engl J Med 1970;282:114–9.)

probably better understood as a mild form of toxic
shock syndrome. It is characterized by an erythem-
atous rash that resolves by fine peeling or flaking
with minimal exfoliation. There is no strawberry
tongue and no circumoral pallor, which occur in
the streptococcal form of scarlet fever (discussed in
Chapter 11).

Toxic Epidermal Necrolysis (TEN)

In 1956, Lyell181,182 introduced the term “toxic epi-
dermal necrolysis” to describe patients with exten-

■ FIGURE 17-4 Bullous impetigo showing an unruptured
bulla and an older, crusted lesion. (Photo from Dr. Norman
Fost.)

sive loss of epidermis due to necrosis that leaves
the skin surface looking scalded. Once regarded as
the same condition, it is now clear that SSSS and
TEN are distinct conditions, with different causes,
clinical presentation, and course. TEN is usually
drug-induced and is best considered the severe end
of the spectrum of Stevens-Johnson syndrome
(SJS). As with SJS, TEN begins with small blisters on
dusky purpuric macules accompanied by mucosal
lesions in 90% of cases.182 Unlike SJS, patients with
TEN slough large sheets of necrotic epidermis with
a total detachment greater than 30% of body surface
area. The exposed skin is wrinkled and with varying
degrees of erythema, which represents full-thick-
ness necrosis of the epidermis.

In contrast, the peeling due to SSSS is more su-
perficial and leaves an area of uniform erythema
and no necrosis. TEN and SSSS are easily distin-
guished on skin biopsy. In SSSS, the separation is
midepidermal, at the level of the zona granulosa,
whereas the separation in TEN occurs at the der-
mal-epidermal junction.183 For a rapid differentia-
tion of the two conditions, a frozen section of peeled
skin can be analyzed.184,185 TEN is a multisystem
disease, with fever, leukopenia, and lesions of the
respiratory and gastrointestinal tracts being com-
mon findings. The case-fatality rate is approxi-
mately 25%.186

Epidermolysis Bullosa

This is the term for a clinically and genetically het-
erogeneous group of blistering skin disorders that
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are inherited in an autosomal-dominant or autoso-
mal recessive fashion.187,188 There is also a rare ac-
quired form characterized by IgG anti-basement
membrane autoantibodies to collagen VII.189 Epi-
dermolysis bullosa may be distinguished from SSSS
by the frequently positive family history, the ab-
sence of systemic manifestations of infection, and
the occurrence of bullae after minimal trauma.

Toxic Shock Syndromes (TSS)

As discussed in Chapter 11, staphylococcal TSS is
caused by strains of S. aureus elaborating TSST-1
and/or enterotoxin, whereas streptococcal TSS is
caused by strains of GAS elaborating streptococcal
pyrogenic exotoxins (SPE) A and/or C.190 TSS is
characterized by fever, hypotension, generalized er-
ythematous rash, and multiple organ involvement.
The desquamation occurs 1–2 weeks after the rash,
which is considerably later than that in SSSS.

Kawasaki Disease

As discussed in Chapter 11, desquamation of the
fingertips, palms, and soles usually occurs 1 to 2
weeks after the erythema and swelling of the hands
and feet.

Other Conditions

Several other conditions may mimic SSSS and can
usually be distinguished on the basis of history.
Sunburn, chemical burns, and scald burns, includ-
ing those occurring from a nonaccidental injury,
must be a consideration.183 Infants with zinc defi-
ciency may present with a bullous eruption resem-
bling SSSS.191 In recipients of allogenic stem cell
transplants, graft versus host disease often causes a
generalized erythroderma. In the neonate, bullous
ichthyosis presents with generalized erythema and
superficial blisters that are frequently mistaken for
SSSS.192

Diagnostic Approach

The diagnosis of SSSS is usually made by the char-
acteristic presentation in a young child of well-de-
marcated superficial bullae with fragile roofs that
easily rupture leaving a weepy, uniformly red
base.183 Blood cultures should be performed, al-
though they are rarely positive in children with
SSSS. Cultures of bullous lesions as well as any foci
of infection (such as purulent conjunctivitis) are

also often performed. However, the organism is not
often present in the bullae, and a positive culture
could simply be the result of colonization. Testing
S. aureus isolates for the production of exfoliative
toxin is done in research laboratories but is helpful
only in confirming the diagnosis in retrospect. As
mentioned previously, SSSS can be reliably distin-
guished from TEN by histologic examination of skin
biopsy or even peeled skin.

Treatment
In neonates with any form of SSSS, intravenous an-
tibiotics are indicated. They are also indicated in
older children with generalized SSSS. A penicil-
linase-resistant penicillin, such as oxacillin, or a
first-generation cephalosporin, such as cefazolin,
may be used. Early, localized presentations of SSSS
outside the neonatal period may be treated with an
oral antibiotic, such as cephalexin. In many cases,
new exfoliating lesions appear for 24–36 hours
after starting treatment; if new lesions continue to
appear after this time, hospital admission for intra-
venous antibiotics is indicated.183 In vitro studies
show that clindamycin can significantly inhibit
toxin production by S. aureus, and many experts
add this agent for severe cases, although data in
humans are lacking. In areas where community-
acquired MRSA infections are common, an addi-
tional advantage to the use of clindamycin is that
most of these strains remain susceptible.193 Al-
though controversial in the management of TEN,
corticosteroids are clearly contraindicated in the pa-
tient with SSSS, so differentiation of these two enti-
ties is critical. For patients with severe forms of
either of these diseases, management in a burn cen-
ter may be appropriate.

■ IMPETIGO
Impetigo typically begins as a red macule or papule
that rapidly becomes pustular. Pain and fever are
absent. The pustule then ruptures, revealing an ooz-
ing, sticky, honey-like exudate crusted over a shal-
low ulcerated base. This is the classic honey-crusted
lesion of impetigo. Papular and bullous forms (see
previous section) occur less commonly. Character-
istically, the patient has a number of lesions, appar-
ently spread by the fingers. Often another family
member or other contact acquires similar lesions.

Possible Etiologies
S. aureus is responsible for nearly all cases of bullous
impetigo and for about 75% of cases of nonbullous
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impetigo. Most of the remaining cases are caused
by either group A streptococcus alone or by polymi-
crobial infection.194 Primary nonbacterial pro-
cesses, such as varicella or eczema, can become sec-
ondarily impetiginized, resulting in diagnostic
confusion.

Treatment

Topical mupirocin has excellent activity against the
agents of impetigo, and for localized lesions it is
the drug of choice. Other topical agents (such as
bacitracin and neomycin/polymyxin) have little ef-
fect.195,196 For widespread lesions, those near the
mouth, and those with associated cellulitis, a sys-
temic antibiotic, such as cephalexin, should be
used.196,197 Although penicillin continues to have
excellent activity against GAS, nearly all S. aureus
isolates are now resistant. Approximately one-
quarter of S. aureus are resistant to the macrolides
as well, although they may be used for the patient
who is allergic to cephalexin. Recalcitrant cases may
sometimes be cured by the addition of rifampin.198

Often, failure to respond promptly to therapy is
due to the presence of other diseases that resemble
impetigo, especially HSV infection, scabies, or a ke-
rion (pustular tinea of the scalp).

Complications

Local complications, such as cellulitis or lymphan-
gitis, are uncommon. Post-streptococcal glomerulo-
nephritis (PSGN) can occur about 3 weeks after a
case of impetigo caused by nephritogenic strains of
S. pyogenes.199 Fortunately, this complication has
become uncommon, probably because of decreas-
ing circulation of nephritogenic M-types.200 Pa-
tients present with edema, hematuria, and hyper-
tension. Complement levels (especially C3) are
decreased, and patients will usually have elevation
of anti-streptococcal antibodies (particularly anti-
DNAse B). Antimicrobial treatment of the impetigo
has no bearing on the likelihood of developing
PSGN. Acute rheumatic fever does not occur as a
complication of streptococcal skin infections.201

■ SKIN ULCERS

Ulcers of the skin are usually circular or oval crater-
shaped erosions. The ulcers may be superficial, in-
volving only the epidermis, or deep, extending into
the dermis or even muscle. Many skin ulcers are
secondary to pressure (bedsores) or to poor venous

drainage (stasis ulcers). This section deals with in-
fectious causes of skin ulcers (Box 17-3). Genital
ulcers are discussed in Chapter 15.

Decubitus Ulcers

Decubitus (pressure) ulcers uncommonly become
infected in children. Infections in decubitus ulcers
are often polymicrobial, with S. aureus, gram-nega-
tive enteric organisms, and anaerobes most fre-
quently isolated. Debridement and antibiotic ther-
apy based on susceptibility tests are indicated.
Application of simple granulated sugar, which pre-
vents bacterial growth by an osmotic effect, has also
been advocated but is not widely practiced.202 In
hospitalized adults, bacteremia secondary to pres-
sure ulcers is associated with a high mortality
rate.203 In one study, the bacteria most commonly
isolated were Proteus mirabilis, S. aureus, E. coli, and
Bacteroides species.203 Ampicillin-sulbactam or
clindamycin and gentamicin are reasonable choices
for empiric therapy. For infected pressure ulcers
that are refractory to therapy, the possibility of un-
derlying osteomyelitis should be considered. The
specificity of bone scan in this setting is low; MRI
may be the best imaging modality. Antibiotic ther-
apy is directed at the bacteria obtained by bone
biopsy.204

Specific Syndromes

Ulcerograndular Syndrome

When there is an enlarged lymph node that receives
lymphatic drainage from an infected skin ulcer, the
condition is called ulceroglandular or ulceronodu-
lar syndrome. Most commonly, the ulcer is on the
hand or foot, and the lymph node is in the axilla
or inguinal region. In addition to S. aureus and
group A streptococcus, additional agents should be

BOX 17-3 ■ Some Infectious Causes of Skin
Ulcers

Secondary bacterial invasion
Herpes simplex virus
Syphilis (chancre)
Tularemia
Blastomycosis, sporotrichosis, histoplasmosis
Nontuberculous mycobacteria
Leishmaniasis
Amebiasis
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considered in the patient with an appropriate expo-
sure history. These less common causes of ulcero-
grandular syndrome include cat-scratch disease, tu-
laremia, plague, and atypical mycobacteria.

Ulceroglandular tularemia is the most common
presentation of infection with Francisella tularensis.
The ulcer occurs at the site of entry, which is usually
on the finger or hand if the patient has contracted
the infection by handling a contaminated rabbit.
However, it is more commonly transmitted by in-
fected ticks. There is usually marked regional ade-
nopathy, which is generally quite painful. Systemic
symptoms such as fever and malaise are prominent
and many precede the ulceroglandular stage. Intra-
muscular streptomycin is the traditional therapy,
but gentamicin is equally effective and can be given
intravenously.205

Yersinia pestis, the agent of plague, sometimes
produces an ulceroglandular illness. A few plague
cases occur annually in the southwestern United
States, where fleas from the wild rodent reservoir
are the usual vectors. In addition, approximately
20% of cases in the United States are acquired
through contact with mammals, including domestic
cats.206 Bubonic plague, the most common form,
presents with sudden onset of fever, chills, and
weakness, and the development of an acutely swol-
len tender lymph node (or bubo). Occasionally,
skin ulcerations occur at the site of a flea bite.207

Yersinia enterocolitica, which ordinarily causes diar-
rhea, has also been reported to produce a plague-
like ulceroglandular illness.208

Lymphocutaneous Syndrome

Lymphocutaneous syndrome is characterized by a
primary skin lesion (which may or may not ulcer-
ate), regional adenopathy, and satellite nodules
along the lymphatics. The most common cause of
this syndrome is sporotrichosis,209 but multiple
other agents have been implicated as well, including
bacteria, such as Nocardia, and mycobacteria, espe-
cially M. marinum.210

Infectious Causes of Ulcerative Skin
Lesions

Bacteria

Beta-hemolytic streptococci are frequent secondary
invaders of superficial ulcers that fail to heal
promptly. Other bacteria, such as S. aureus and en-
teric bacteria, can produce chronic ulcers after sub-

cutaneous injection, such as during use of nonster-
ile needles for injections of illicit drugs. Syphilis
may produce ulcers near the breasts or mouth that
resemble the chancres of the genital area. Nocardia
brasiliensis can cause primary skin and soft tissue
infection, often with a lymphocutaneous syndrome
resembling sporotrichosis. The exposure history is
also similar to that of sporotrichosis cases, and often
includes rose thorn punctures or wood splinter in-
juries.211 Incision and drainage of lesions and af-
fected lymph nodes is indicated, and diagnosis is
made by culture of drainage. The treatment of
choice is trimethoprim-sulfamethoxazole, generally
for about 2 months in a patient with a normal im-
mune system.

B. anthracis may cause inhalational, gastrointesti-
nal, or cutaneous syndromes, depending on the
route of exposure. Cutaneous anthrax typically pre-
sents as a painless and pruritic vesicle with ery-
thema and edema, which evolves into a black es-
char.212,213 Without therapy, secondary septicemia
may ensue, with a mortality rate of about 20%.214

Previously, anthrax was rare and seen almost exclu-
sively in those with exposure to contaminated goat
products. However, it is now being used as an agent
of bioterrorism and disseminated through the mail,
resulting in both inhalational and cutaneous dis-
ease.215

Mycobacteria

Tuberculosis of the skin can produce a chronic
ulcer. Characteristically, this occurs where a lymph
node has suppurated and broken down, often in the
neck. Several of the nontuberculous mycobacteria
cause skin ulcers. “Fish-tank granuloma” is caused
by infection with M. marinum in persons who sus-
tain minor trauma in water contaminated with the
mycobacterium. The diagnosis is frequently de-
layed, often because the exposure has been forgot-
ten. In a review of 40 cases with known incubation
periods, the median incubation period was 21 days,
but the longest was 9 months.216 Patients with ul-
cerating nodules should be questioned about possi-
ble exposures to fresh or salt water in the recent
and remote past. In the study mentioned above,
193 infections had known exposures; 49% were
aquarium-related, 27% were related to fish or shell-
fish injuries, and 9% were related to injuries associ-
ated with saltwater. Successful treatment has been
reported with several regimens, including clarithro-
mycin, doxycycline, trimethoprim-sulfamethoxa-
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sole, and rifampin plus ethambutol.217 At least 3
months of therapy is necessary.

Caused by infection with Mycobacterium ul-
cerans, Buruli ulcer disease most commonly affects
children living in areas of tropical rain forest, espe-
cially West Africa.218 After contact with contami-
nated water or soil, the child develops a painless
nodule or plaque—typically on an extrem-
ity—which eventually ulcerates, and then becomes
necrotic. Healing results in scarring and disabling
contractures. Early excision of the preulcerative le-
sion is curative. Antimycobacterial therapy is of lit-
tle benefit.

Mycobacterium haemophilum infection usually
occurs in immunocompromised hosts.219 Lesions
begin as tender papules or nodules that then suppu-
rate and begin to ulcerate. Bone, joint, and lung
involvement may occur as well. Prolonged combi-
nation therapy is required. Other mycobacteria
(such as M. fortuitum and M. chelonae) may occa-
sionally cause ulcerating skin lesions, particularly
in immunocompromised patients.220

Fungi

As mentioned previously, sporotrichosis is the clas-
sic cause of the lymphocutaneous syndrome. Spor-
othrix schenckii grows best in sphagnum moss, de-
caying vegetation, soil, or hay, and most cases occur
after direct inoculation into skin, such as from a
thorn injury.221 Zoonotic transmission, especially
from armadillos and cats, has also been de-
scribed.222 The lesion begins as a papule or nodule,
which then ulcerates and may drain serosanguinous
fluid. Pain is mild, and systemic symptoms are typi-
cally absent.221 Progression of infection is charac-
terized by lymphangitic streaking and nodular le-
sions that appear along the lymphatic distribution
proximal to the initial lesion.221 Definitive diagnosis
is by culture, and the treatment of choice is a 3- to
6-month course of itraconazole.

Cutaneous blastomycosis usually occurs in pa-
tients with concomitant pulmonary involvement,
but primary cutaneous blastomycosis has been re-
ported to occur after inoculation injuries or dog
bites.223 It usually begins as a papule or nodule that
clears in the center, leaving a verrucous or ulcerated
scar. Lymphadenopathy is usually absent. The dis-
ease occurs primarily in the Mississippi and Ohio
valley areas. Diagnosis usually requires biopsy and
special fungal staining. Mild cases may be self-lim-
ited, but most experts would treat immunocompe-

tent hosts with a 6-month course of itraconazole.
Immuncompromised patients should usually re-
ceive initial treatment with amphotericin B followed
by a prolonged course of itraconazole.

Like blastomycosis, cutaneous coccidioidomy-
cosis is usually the result of disseminated disease
but can occur after direct inoculation. Coccidioido-
mycosis is endemic in the desert southwest United
States and parts of Central and South America. The
primary cutaneous syndrome begins as a mildly
painful, deeply indurated, dusky lesion, followed
shortly by ulceroglandular disease and, in many
cases, nodular lymphangitis (lymphocutaneous
syndrome).210 It is important to distinguish pri-
mary cutaneous disease from skin lesions associated
with disseminated disease, because the former may
be self-limiting, whereas the latter requires pro-
longed antifungal therapy, often with amphotericin
B initially, followed by itraconazole or fluconazole.

Cutaneous involvement with other endemic
fungi (such as histoplasmosis and cryptococcosis)
is uncommon but is sometimes seen in the immu-
nocompromised host.

Cutaneous forms of aspergillosis have also been
reported in severely immunocompromised pa-
tients. In these cases, the physician’s principal task
is distinguishing cutaneous infection from dissemi-
nated infection with cutaneous manifestations.224

Viruses

Cutaneous infections with HSV are often easily di-
agnosed clinically by the characteristic painful
grouped vesicles on a red base. However, the vesi-
cles may coalesce and ulcerate, especially in an im-
munocompromised host, making their distinction
from other causes difficult. The diagnosis can be
made by sending a scraping of the lesion for HSV
identification; viral culture, direct fluorescent anti-
body testing, and polymerase chain reaction are
used in different laboratories. Treatment is with
acyclovir or valacyclovir.

A case of severe skin ulceration due to cytomega-
lovirus has been reported in an immunocompro-
mised patient.225

Parasites

Cutaneous amebiasis is a rare complication of ame-
bic liver disease.226 Patients with acanthamoeba en-
cephalitis may develop granulomatous skin le-
sions.227

Transmitted by the bite of the sandfly, cutaneous
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leishmaniasis is a common cause of ulcerated skin
lesions in certain parts of the world (Latin America,
the Middle East, Asia, and Africa), and it should be
considered in travelers returning from these areas.
It typically begins as a papule and then becomes a
nodule with a central crust that drops off to expose
a painless ulcer. The lesions become chronic and
many have a raised border with satellite lesions.228

Two excellent reviews discuss this and other ulcer-
ating skin lesions to consider in the returned trav-
eler.228,229

Noninfectious Causes of Ulcerative
Skin Lesions

Pyoderma Gangrenosum

The lesions of pyoderma gangrenosum begin as
tender papules or pustules that develop into painful
ulcers with ragged, overhanging, dusky purple
edges and surrounding induration and ery-
thema.230 The name is a misnomer because the le-
sions are the result of neither infection nor gan-
grene. The lower extremities are the predominant
location in 75% of cases.230 Approximately half of
cases are associated with an underlying disease,
such as ulcerative colitis, Crohn’s disease, rheuma-
toid arthritis, and malignancy. Histologically, there
may be a neutrophilic infiltrate resembling Sweet
syndrome or chronic inflammation with ulceration.
The pathogenesis is unknown. Corticosteroids and
other immunosuppressive agents are the mainstays
of therapy.231

Necrotic Arachnidism

The bites of a number of spiders indigenous to the
United States can produce necrotic lesions. The
most common of these is the brown recluse (Loxos-
celes reclusa). The brown recluse resides in the mid-
west, south-central, and southeastern United
States,232 where Chiracanthium species are also
found. In the northwest United States, the brown
recluse has been blamed for necrotic wounds de-
spite the fact that this spider is not found there.
Necrotic wounds there are likely caused by the
“northwestern brown spider” (Tegenaria
agrestis).232,233

Most spiders do not bite unless they are trapped
or otherwise provoked. A common scenario in-
volves being bit when putting on shoes or clothing
that were lying on the floor during the night. Alter-
natively, the spider may crawl into the popliteal or

antecubital fossa and then be trapped when the
child flexes the joint. The bite of the northwestern
brown spider is entirely painless; that of the recluse
produces a mild, transient, burning sensation; and
that of members of the species Chiracanthium is said
to be very painful. All are followed by increasing
pain and erythema several hours later. Systemic
symptoms may occur with any necrotic spider bite,
and include fever, chills, headache, nausea, and ar-
thralgia. Over the next few days, blistering occurs,
accompanied by the “red, white, and blue” sign:
erythema, ischemia, and necrosis.234 An eschar
forms in the center and then sloughs off, leaving an
ulcer, which may take months to heal. Skin grafting
procedures are occasionally required. Although no
controlled trials in humans have been done, some
experts recommend therapy with dapsone.

Other Conditions

Behçet disease is rare in children. It is characterized
by recurrent mouth and genital ulcers, as well as
uveitis and skin lesions. Other than in the genital
region, the skin lesions do not ulcerate. They are
usually either erythema nodosum or papulopustu-
lar lesions resembling acne.235 In children, sarcoid-
osis usually presents with arthritis, uveitis, and a
follicular skin rash. Ulcerative skin lesions have oc-
casionally been reported in adults.236 Chronic ul-
ceration can also be secondary to Langerhans’ cell
histiocytosis or other malignancies.237 Lesions
should be biopsied, and some tissue should be
saved for special stains for microorganisms and cul-
tures.

■ SUPERFICIAL FUNGAL INFECTIONS

“Tinea” (Latin for “worm”) is the general term for
any superficial fungal infection of the skin. The lo-
cation of the infection is described in a second term,
such as “tinea pedis” (athlete’s foot), “tinea cruris”
(jock itch), “tinea capitis” (ringworm of the scalp)
(Fig. 17-5), and “tinea corporis” (ringworm of the
body). Most superficial fungal infections are caused
by dermatophytes (fungi of the Trichophyton, Mi-
crosporum, or Epidermophyton genera), but occa-
sionally Candida is the cause. Malassezia furfur is a
lipophilic yeast that is the cause of tinea versicolor.
In addition, some microorganisms mentioned in
this section cause tinea-like skin disease but are not
fungi. Tinea is occasionally acquired from animals
or the soil, but the vast majority of infections are
transmitted person to person. A hypersensitivity re-
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■ FIGURE 17-5 Tinea capitis.

action to fungal antigens may develop, called a der-
matophytid or “id” reaction.238 This often presents
as a rash with red, scaly plaques on the face, neck,
trunk, and proximal extremities.

Locations and Etiologies

Tinea Capitis

This common infection in childhood was once pri-
marily caused by Microsporum audouini, but Tricho-
phyton tonsurans is now the predominant cause.239

Tinea capitis often results in breakage of hairs close
to the scalp, resulting in a “black-dot” appearance
(Fig. 17-5). Occasionally, an exuberant inflamma-
tory response leads to a boggy, pustular lesion
called a “kerion,” which may be mistaken for a bac-
terial infection. Occipital or retroauricular adenopa-
thy is common.

Tinea Corporis

This form is also very common in childhood. T.
rubrum is the most common cause, but many cases
are now caused by T. tonsurans. It presents as a
round, scaly patch with a prominent, enlarging bor-
der and relatively clear central portion.240 Pruritus
is variable. There may be multiple lesions.

Tinea Cruris

Usually caused by T. rubrum or E. floccosum, tinea
cruris typically occurs in males and is uncommon
prior to adolescence. The lesion often extends over

the adjacent upper inner thigh.240 If Candida infec-
tion is the cause, the border is irregular with satellite
lesions and, frequently, scrotal involvement.

Tinea Pedis

Caused predominantly by T. rubrum, this presents
as erythema, scaling, and maceration in the web
spaces, often with intense itching. It may be con-
fused with erythrasma, caused by Corynebacterium
minutissimum, which produces coral red fluores-
cence under a Wood’s light.

Tinea Versicolor

This condition is common in adolescents and pre-
sents as multiple pink scaly lesions of the upper
trunk, neck, and shoulders. The lesions usually ap-
pear hyperpigmented in light-skinned persons and
hypopigmented in dark-skinned persons. It is
caused by infection with M. furfur.

Tinea Unguium (Onychomycosis)

Fungal infection of the nail plate may be caused by
dermatophytes or other fungi (Candida or Aspergil-
lus). It presents as discoloration, ridging, thicken-
ing, and fragility of the nail, with little or no inflam-
mation.238

Diagnostic Approach

Ultraviolet Light

The most common causes of tinea capitis and tinea
corporis do not fluoresce under a Wood’s lamp
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(long wave ultraviolet light), and this procedure
should not be relied upon for diagnosis. It is useful
for certain conditions, however. Tinea versicolor
fluoresces yellow-green under a Wood’s lamp, and
erythrasma fluoresces a coral red color. Mi-
crosporum species, which cause about 10% of tinea
capitis, fluoresce bluish green.241

Smear

This is usually not necessary for initial diagnosis if
the presentation is typical. However, for atypical
or refractory cases, it is a simple test that can be
performed in the office. The active border is scraped
onto a glass slide and 10–20% potassium hydrox-
ide is added. It is then left to digest for 30 minutes
or heated gently and then examined under a micro-
scope for evidence of spores or fungal hyphae.238

The sensitivity is reported as approaching 90% for
tinea corporis but only 50% for tinea capitis.241

Culture for Fungus

This can be done but is seldom needed. Most spe-
cies can be identified by colony characteristics. C.
albicans may be recovered in 1–2 days, but Mi-
crosporum or Trichophyton species usually take 1 or
2 weeks.

Treatment

For tinea corporis, tinea cruris, and most cases of
tinea pedis, topical therapy is sufficient. Multiple
preparations are available both by prescription and
over the counter.242 The azoles (e.g., clotrimazole,
econazole, and miconazole) and the newer allyla-
mines (e.g., terbinafine, naftifine, and butenafine)
are probably equivalent in efficacy. Cure rates with
tolnaftate are slightly lower; they are considerably
lower with undecylenic acid.242 Nystatin has activ-
ity against Candida but not the dermatophytes. Top-
ical preparations containing the combination of an
antifungal agent and a corticosteroid have no ra-
tional basis for their use. Treatment is usually twice
daily for 2–4 weeks.

Tinea capitis, tinea unguium, and severe cases
of tinea pedis require systemic therapy for cure.
Griseofulvin is safe, inexpensive, and effective but
has several limitations. Because it is fungistatic, it
must be given for a prolonged period of time, often
about 6–12 weeks (and at least 2 weeks after com-
plete clearing of the lesion). The liquid preparation
must be taken with fatty food or drink to enhance

absorption. Nausea is a common side effect. The
dose is 20 mg/kg/day of the microsize (liquid)
preparation or 10 mg/kg/day of the ultramicrosized
tablets. Routine monitoring of liver enzymes is gen-
erally unnecessary.238

A recent randomized trial compared 6 weeks of
griseofulvin to 3 weeks of terbinafine, itraconazole,
or fluconazole in 200 children with tinea capitis
(50 children in each group). The cure rates at 12
weeks were 92% for griseofulvin, 94% for terbinaf-
ine, 86% for itraconazole, and 84% for fluconazole
(P�0.33).243 All four drugs were well tolerated.
The newer agents may provide additional options,
although none are yet FDA-approved for this use in
children. Fluconazole, itraconazole, and terbinafine
are all dosed at 3–5 mg/kg daily for tinea capitis,
but only the first two are available in a liquid prepa-
ration.

For tinea capitis, in addition to oral antifungal
agents, sporicidal shampoo, such as selenium sul-
fide, may be used two to three times per week for
the first 2 weeks of therapy to reduce transmission.
For patients with a severe localized inflammatory
response (kerion), 1–2 mg/kg/day of prednisolone
for 7–10 days may be added as well. Dermatophy-
tid reactions are treated with a similar course of
corticosteroids.

Both topical and oral agents are used in the treat-
ment of tinea versicolor. Twice daily application of
selenium sulfide shampoo or lotion is often used,
as is terbinafine, econzole, or ketoconazole applied
topically for 2–4 weeks. Recurrences are common
and may be less frequent if a short course of oral
therapy with itraconazole is used.240

■ INFECTED DIAPER DERMATITIS

Diaper rashes, which are very common, are usually
erythematous, but some have vesicular or pustular
components. Most diaper rashes are presumably
noninfectious and due to irritation. Prompt chang-
ing of soiled diapers and use of a barrier paste, such
as zinc oxide, are often all that is needed to clear
up the diaper rash. Removing the diaper and expos-
ing the diaper area to air as long as possible is also
effective.244

Possible Etiologies

Candida albicans is the most frequent secondary in-
fection in the diaper area. It usually starts in the
perianal area and then spreads to involve the peri-
neum and sometimes the upper thighs.245 The rash



INFECTED ECZEMA 587

is usually well-defined and beefy red, with occa-
sional satellite lesions, which are papules separated
from the confluent rash. In a placebo-controlled
trial, no additional benefit was found to adding oral
nystatin to local therapy with nystatin cream.246

However, about half the babies required 3 weeks of
therapy, instead of the originally planned 10 days.

Occasionally, the reason for refractory diaper
dermatitis is dermatophyte infection (e.g., Tricho-
phyton rubrum).247 Typically the lesions are more
circinate or serpiginous. Nystatin does not have ac-
tivity against the dermatophytes, so empiric therapy
with clotrimazole or a similar agent is appropriate
if these agents are suspected.

Secondary bacterial infection can sometimes
occur in denuded skin in the diaper area. Beta-he-
molytic streptococcus and S. aureus are the most
common causes, and an oral agent (e.g., cepha-
lexin) may be necessary. Herpes simplex occasion-
ally infects denuded skin in the diaper area. Vesicu-
lar diaper rashes should be cultured for HSV.

Noninfectious etiologies of dermatitis in the dia-
per area include seborrhea, atopic dermatitis, and
contact dermatitis from detergents. Uncommon
causes include epidermolysis bullosa, Leiner dis-
ease (intractable seborrhea-like dermatitis with
diarrhea, failure to thrive, and immune dysfunc-
tion), acrodermatitis enteropathica (zinc defi-
ciency), and Langerhans’ cell histiocytosis.

■ ACNE
Acne is generally regarded as beginning with ob-
struction of the pilosebaceous structures (hair folli-
cle and sebaceous glands) with secondary inflam-
mation and infection in more severe forms. Mild,
non-inflammatory acne consists of open comedo-
nes (blackheads) and closed comedones (white-
heads). Inflammatory acne may be papular, pustu-
lar, cystic, nodular, or a combination, and is often
infected.248 The peak incidence is ages 14–16 years
in girls and 16–19 years in boys.

Propionibacterium acnes is a microaerophilic
diphtheroid that plays a role in acne, both by liber-
ating lipases and secreting chemotactic factors that
attract neutrophils and other inflammatory media-
tors.248 Medications (such as steroids) can predis-
pose to acne.

Treatment
Local Therapy

Topical therapies are often all that is necessary for
mild to moderate acne. Benzoyl peroxide is the only

remedy of any value that is available over the coun-
ter.249 It is active against both inflammatory and
noninflammatory acne, and is available in multiple
forms and strengths. The gel is the most effective
form. Topical retinoids are an extremely effective
class of medications for the treatment of acne. The
creams are less irritating than the gels. For patients
who do not respond to the combination of topical
benzoyl peroxide and topical retinoids, a topical
antibiotic, such as erythromycin or clindamycin,
may be added.

Systemic Therapy

Patients with severe inflammatory lesions, those
with involvement of large areas of the trunk, and
those who fail a 6- to 12-week course of topical
therapy usually require systemic therapy for control
of the acne. Oral antibiotics such as doxycycline
and minocycline are the mainstay of oral therapy.
Patients should be reminded of the high incidence
of photosensitivity with doxycycline and the impor-
tance of protective sunscreen. Patients with severe
nodulocystic acne may require therapy with oral
isotretinoin. It is very effective but has several side
effects. Importantly, it is highly teratogenic and
should generally not be given to females of child-
bearing potential. Because of the potential severe
complications of using this drug, it should probably
be prescribed only by dermatologists.249

■ INFECTED ECZEMA

Eczema (atopic dermatitis) is a chronic, relapsing,
pruritic, inflammatory skin disease that usually de-
velops in early childhood.250 There is often a per-
sonal or family history of atopy, as well as elevated
IgE. These children are typically colonized with S.
aureus. One placebo-controlled trial showed im-
provement in skin lesions with the use of mupi-
rocin, suggesting that S. aureus may play a patho-
genic role in eczema.251

In children with atopic dermatitis, herpes sim-
plex can produce either localized infections with
vesicles and ulcers or a severe disseminated erup-
tion termed eczema herpeticum (Fig. 17-6). If it is
suspected to be severe eczema only, it may be
treated with ever increasing potencies of topical ste-
roids, with disastrous results. If a child has severe
eczema, skin lesions should be cultured for HSV
and the empiric use of intravenous acyclovir should
be considered while awaiting culture results.252 In
older children with milder disease, oral acyclovir
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■ FIGURE 17-6 Eczema herpeticum.

has been effective.253 Superinfection with scabies
can also occur in children with eczema.254 As in the
case of HSV superinfection, it can be made worse by
the use of topical steroids.
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Cardiovascular Syndromes

Inflammatory processes involving the heart are
usually classified as pericarditis, myocarditis, or en-
docarditis, including valvulitis. When all three of
these processes are present, the inflammation is
called “pancarditis.” Infections of the heart or blood
vessels are uncommon in children, in whom they
are usually secondary to underlying anatomic de-
fects.

Inflammatory diseases involving the blood ves-
sels can be classified as arteritis or phlebitis. These
diseases, too, are rare in children except as a com-
plication of indwelling catheters, as discussed in
Chapter 10.

■ ACUTE MYOCARDITIS

The clinical findings of acute myocarditis may differ
considerably depending upon the age of the patient.
In infants, it is often found in association with a
severe systemic illness resembling sepsis. Enterovir-
uses, in particular, may cause infants to suffer a
severe and rather acute myocarditis in addition to
signs of systemic inflammatory response syndrome.
This condition, often called “enteroviral sepsis,” is
a serious illness with a high mortality rate. In older
children and adolescents, myocarditis is usually
best defined by the following findings: presumed
acute onset, usually over a week or so; congestive
heart failure, conduction abnormalities, or arrhyth-
mias; fever or history of recent fever; and no alter-
nate explanation for the cardiac findings, such as
congenital heart disease. Often, the time of onset is
difficult to determine in retrospect, so that subacute
and chronic myocarditis are diagnosed based on
the course rather than the history. The usual clinical
findings include gallop rhythm, enlarged heart, and
other signs of congestive heart failure (CHF). Dis-
tant or soft heart sounds are unusual unless there
is severe CHF or pericarditis. Possible electrocar-
diographic (ECG) abnormalities include low volt-
age, prolonged conduction time, depressed ST seg-
ments and inverted T waves, widened QRS
complex, and multifocal extrasystoles.1–5 In older

adolescents and adults, the presentation of myocar-
ditis may mimic acute myocardial infarction.6 In
one large prospective study of over 672,000 mili-
tary recruits, 98 (92%) of 107 subjects who devel-
oped myocarditis had signs and symptoms sugges-
tive of myocardial infarction.7 In ten (9%) patients,
myocarditis caused dilated cardiomyopathy or sud-
den death.

Classification

There are three general types of myocarditis:

1. Primary. Here, myocarditis is the chief clinical
problem.

2. Complicating. Examples of this type include
myocarditis complicating severe influenza, men-
ingococcemia, or diphtheria.

3. Incidental. This type may occur as an autopsy
finding without apparent clinical manifestation8

or as a minor ECG abnormality in another dis-
ease, such as measles, without any significant
clinical manifestation.2

Causes of Primary Myocarditis

Primary Viral Myocarditis

The enteroviruses, especially coxsackievirus B are
the most common causes of primary viral myocar-
ditis.1 The simultaneous occurrence in the commu-
nity of aseptic meningitis, pleurodynia, or fever
without localizing signs supports coxsackievirus B
as the cause. Studies utilizing PCR have also shown
enteroviruses in heart biopsy samples of patients
suffering from myocarditis.

Coxsackievirus A may be an important, but often
unproved, cause of primary myocarditis. Unlike
coxsackieviruses B, coxsackieviruses A are not read-
ily grown in tissue culture. They do, however, pro-
duce skeletal necrosis in mice. Therefore, in the
past, mouse inoculation was used to prove a sus-
pected diagnosis of coxsackieviruses A infection.
Most laboratories no longer have this capability.
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This group of viruses should be suspected when
there is herpangina in the community (see Chapter
2).

Molecular techniques have shown that adenovi-
ruses may be one of the most common causes of
myocarditis in childhood. In one study utilizing
PCR of myocardial tissue to establish the etiologic
diagnosis, adenovirus was even more common than
Coxsackie B virus,12 although this has not been the
case in other studies.13

Other viruses that have been established as a
cause of myocarditis by recovery from the myocar-
dial tissue include poliovirus, influenza, mumps
virus, and echovirus. During the 1998–1999 influ-
enza epidemic, a single hospital reported nine cases
of myocarditis that developed 4–7 days into a
course of typical influenza.14 Echoviruses can be
considered less-virulent enterovirus relatives of the
coxsackieviruses A and B. A 5-month-old with sero-
logically confirmed roseola who developed a rap-
idly fatal case of acute myocarditis suggests that
HHV-6 can cause myocarditis.15

Acute Rheumatic Fever

This has been the most common cause of clinically
apparent myocarditis in childhood and is discussed
in detail in the following section. The myocarditis
in this disease is often associated with a prolonged
PR interval on the ECG and with findings of valvuli-
tis, most frequently manifested by the murmurs of
mitral or aortic insufficiency.

Other Infectious Causes

Many other microorganisms or parasites that have
the capacity to invade skeletal muscle may also in-
volve cardiac muscle. These include trichinosis,
toxoplasmosis, and visceral larval migrans.16 Myco-
plasma pneumoniae infection and Lyme disease can
also produce myocarditis.17,18 Chlamydia tracho-
matis is a rare but treatable cause of myocarditis.
Several cases have occurred during acute bacterial
enteritis due to Shigella sonnei19 and Campylobacter
jejuni.20

Hypersensitivity Vasculitis

Drug hypersensitivity has been reported as a rare
cause of myocarditis in adults.21 5-fluorouracil has
been implicated as a cause of myocarditis in those
with malignancies.22

Idiopathic Primary Myocarditis

In many cases an etiologic diagnosis cannot be es-
tablished. Perhaps many or most of these cases are
caused by a virus, but laboratory evidence does not
usually confirm a concurrent infection with a virus
known to be capable of producing myocarditis.

Myocarditis Complicating Other
Diseases

Myocarditis Complicating Common
Childhood Infections

The ECG changes of myocarditis are no more com-
mon in children with acute respiratory infections
than in a normal control group.23 However, mild
myocarditis can complicate measles and
mumps.2,24 Rarely, cases associated with varicella25

or with Epstein-Barr virus infection have been re-
ported.26 In these latter cases, direct proof of causa-
tion is lacking. Cytomegalovirus has been known to
cause myocarditis in immune-suppressed patients
after organ transplantation.27

Myocarditis Secondary to Severe Bacterial
Infection

In severe bacterial infections, particularly sepsis and
meningitis, myocarditis may occur. It is rarely the
primary cause of death except in diphtheria, how-
ever. In fatal cases of meningococcemia, histologic
evidence of myocarditis is frequently found. In non-
fatal cases of septicemia with Staphylococcus aureus,
clinical evidence of myocarditis may be present.
Staphylococcal toxic shock syndrome is occasion-
ally complicated by myocarditis.

Myocarditis Complicating Vasculitis

Juvenile rheumatoid arthritis of systemic onset can
include myocarditis (Chapter 10). Dermatomyo-
sitis, systemic lupus erythematosus, and sclero-
derma are rarely complicated by myocarditis. The
early stages of Kawasaki disease (Chapter 11) are
associated with myocarditis in greater than 50% of
cases.28

Human Immunodeficiency Virus Infection
(HIV)

Patients with HIV infection often develop myocar-
ditis or cardiomyopathy. It may be caused by the
viruses implicated above or may be related to the
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underlying disease process. In one autopsy study,
histologic evidence of myocarditis was found in 11
(34%) of 32 patients with HIV infection, and bor-
derline myocarditis was seen in another 13 (41%).
Adenovirus and CMV were the principal pathogens.
No myocarditis was found in 32 age-matched con-
trols (patients with structural heart disease).29 The
onset may be insidious, and patients may be asymp-
tomatic or marginally symptomatic for long periods
of time. The situation may be further complicated
by lymphocytic interstitial pneumonitis, which pro-
vides the clinician with another suspect for the
gradual loss of cardiovascular vigor. Alternatively,
patients with HIV may rapidly develop myocarditis
and profound loss of function, especially in late
stages of HIV disease or in cases where the myocar-
ditis is due to the mitrochondrial toxicity of nucleo-
side analogue antiretroviral agents (see Chapter 20).

Diagnostic Approach

Perhaps the most difficult task is establishing the
diagnosis of myocarditis, because signs and symp-
toms can be nonspecific. In relatively sick children
with fever, vomiting, and even mild shock, myocar-
ditis should be on the clinician’s “pessimist list” (see
Chapter 1), and a chest x-ray and an ECG should
be ordered.

If carried out early in the disease process, cul-
tures (or PCR testing) of the nasopharynx and/or
rectum may yield coxsackievirus or adenovirus.
Acute and convalescent antibody titers to coxsack-
ieviruses A and B, adenovirus, and EBV may be
obtained. Serologic studies should also include
antistreptococcal antibody titer measurement, as
described in the following section on acute rheu-
matic fever (ARF). If respiratory symptoms are
prominent, and influenza virus is known to be cir-
culating, rapid testing for influenza virus should
also be done.30 Because metabolic disturbances may
cause similar symptoms, blood glucose and serum
calcium levels should be sent. If the patient is highly
febrile, blood cultures are reasonable. Complete
blood count, erythrocyte sedimentation rate, C-re-
active protein, troponin T, LDH, and CPK round
out the nonspecific studies. Studies to evaluate
heart size and function include the ECG, chest
roentgenogram, and echocardiogram. Magnetic res-
onance imaging (MRI) offers a good picture of acute
myocarditis because it can clearly image all parts of
the heart, including the apex of the right ventricle.31

Some investigators have used contrast media-en-

hanced MRI to follow the progress of the disease
from focal to diffuse inflammatory changes over the
first 2 weeks of illness.32 Endomyocardial biopsy
may be helpful in some cases, but its yield in pa-
tients who have only dysrhythmias is very low.33

Complications

Arrhythmia or complete heart block can occur in
acute myocarditis.34,35 Acute CHF with acute pul-
monary edema can occur.

In children, chronic myocardial failure (cardio-
myopathy) sometimes occurs without preceding
fever or other evidence of an acute infection.34 Car-
diomyopathies are usually idiopathic but are occa-
sionally related to infiltrative diseases, toxins, pri-
mary muscle or neurologic diseases, nutritional
deficiencies, or hypersensitivity reactions. A previ-
ous attack of subclinical viral myocarditis has been
postulated as a cause of idiopathic cardiomyopathy.
In some cases, biopsy of heart muscle will yield the
offending virus by PCR testing. In animal models,
chronic myocarditis has been linked to ongoing
virus replication, but in humans the situation is not
entirely clear. Chronic myocarditis is a serious dis-
ease with a high mortality rate.34

Treatment

Bed Rest

The emphasis on bed rest, which is recommended
for 2 weeks or so, depending on the clinical course,
is based in part on the evidence obtained from the
experimental model of coxsackievirus B myocardi-
tis in mice, in which exercise worsens disease.36

There is also some evidence in humans that stren-
uous exercise, in particular, may lead to worsened
outcome.37

Digitalization

Digoxin is often helpful, especially in those with
signs and symptoms of congestive heart failure, but
it should be administered with caution because the
inflamed myocardium is exceedingly sensitive to
this drug.

Immunosuppressive Agents

Treatment of acute myocarditis with steroids, aza-
thioprine, or other immunosuppressive agents is
controversial. In a mouse model of experimental
myocarditis, steroids given during the acute phase
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of the illness worsened the degree of inflammation
and reduced survival.38 Small, retrospective or un-
controlled studies in humans, on the other hand,
have suggested some benefit. In one prospective
trial 84 patients with dilated cardiomyopathy and
increased HLA expression were randomized to re-
ceive immunosuppressive therapy or placebo.
Short-term improvement was noted, but by 2 years
there were no significant differences in the primary
end points of death, cardiac transplant, or hospital
readmission.39

Intravenous Immunoglobulin (IVIG)

Isolated case reports of patients with severe myocar-
ditis who survived after receiving high-dose IVIG in
addition to conventional supportive measures have
been published.40 The authors of one prospective
study gave IVIG in conventional 2 g/kg dosages to
twenty-one consecutive children with signs and
symptoms of acute myocarditis. No contempora-
neous controls were used, but left ventricular func-
tion and survival in treated subjects was compared
with that of historic controls.41 In this analysis, the
group given IVIG was more likely to achieve normal
left ventricular function by 1 year after diagnosis
(P�0.03). There was a trend toward improved sur-
vival. No adverse events of IVIG administration
were noted.

Consultation

A cardiologist should be consulted about children
with myocarditis because of the complications out-
lined above. Inotropic agents, diuretics, vasodila-
tors, antiarrhythmia drugs, and regulation of intra-
vascular volume all need careful consideration,
usually in an intensive care setting.

Prognosis

Myocarditis has a 1-year case-fatality rate of
15–20%.42 A small but significant percentage of
survivors will require cardiac transplantation at a
later stage. McCarthy and colleagues have demon-
strated that patients who present with fulminant
myocarditis have a better long-term prognosis than
those who are less severely ill at the time of presen-
tation.42 Of 15 patients with fulminant myocarditis,
14 (93%) were alive without having received a
transplant 11 years after presentation as compared
to only 59 (45%) of 132 patients with nonfulminant
myocarditis. Thus, an aggressive approach, includ-

ing the use of mechanical circulatory assistance, is
warranted in patients with severe fulminant myo-
carditis.

■ ACUTE RHEUMATIC FEVER

Acute rheumatic fever (ARF) is an acute, active dis-
ease that should be distinguished from rheumatic
heart disease (RHD), which is a permanent valvular
deformity usually manifested by a heart murmur.
In most cases, the diagnosis of ARF is suspected
when a patient has carditis, polyarthritis, or both
in temporal proximity to an episode of pharyngitis.
Occasionally, chorea is a late sole manifestation of
the disease. However, the definition of ARF is com-
plex and is based on a combination of findings
called the “Jones criteria,” described later.

In the past, ARF was overdiagnosed, and at pres-
ent, accurate diagnosis is essential because of the
possibility of long-term consequences and the need
for antibiotic prophylaxis. Consultation with a car-
diologist who will use modern technologic aids is
strongly advised.43

Frequency

Once the leading cause of death among children in
the United States, the frequency of ARF has been
decreasing since the 1940s, when sulfonamide pro-
phylaxis was shown to prevent recurrences in pa-
tients with previous rheumatic fever, and penicillin
therapy of streptococcal pharyngitis was shown to
prevent first attacks.

After 30 years of a steadily decreasing frequency
of ARF, in the 1980s there was a resurgence, for
reasons that are not entirely clear. Within a period
of 5 years, the tone of article titles changed from
describing “a vanishing disease” to “the comeback
of a disappearing disease.”44–48 Rheumatic heart
disease is a frequent cause of death in developing
countries, and the decrease in the United States had
been attributed to “higher standards of living.”48

The outbreaks in the 1980s and 1990s often oc-
curred in middle-class children, a category of chil-
dren not usually thought to be at high risk for the
disease.44

The resurgence of ARF was localized to several
areas and has not been sustained. One theory to
explain the fluctuating incidence in the United
States points to virulence factors or cofactors that
are not yet adequately defined.46–48 Certain M-
types of GAS are more rheumatogenic than others,
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and the M-types that circulate in the United States
change over time.49

In addition, there are probably other factors that
determine susceptibility to ARF that are yet to be
described. For example, the Aboriginal population
of Australia has rates of ARF and RHD that are
among the highest in the world. However, Group
A streptococcus (GAS) throat colonization is un-
common, and symptomatic Streptococcal pharyn-
gitis is rare.50

Many other studies show a higher attack rate for
urban racial minorities, suggesting either a genetic
factor or factors related to accessibility of medical
care and treatment of the preceding streptococcal
illness.51–54

Etiology

ARF is a late nonsuppurative sequela of Group A
�-hemolytic streptococcal pharyngitis (Chapter 2),
often called the preceding or antecedent illness. The
pharyngitis is not recognized as an illness by the
patient or by the parents in 10–33% of cases, al-
though 50–60% of this subset of patients do re-
member having had a sore throat.55–57 This illness
is followed by a latent period ranging from 1 to 5
weeks (average 19 days) before the symptoms of
ARF appear.58

About 0.5–2% of children with nonepidemic,
untreated exudative pharyngitis and a culture posi-
tive for group A streptococci develop ARF.59 The
frequency is even less, if the patient group taken as
the denominator includes those with less severe or

TABLE 18-1. THE FREQUENCY OF ACUTE RHEUMATIC FEVER FOLLOWING UNTREATED
STREPTOCOCCAL PHARYNGITIS*

DENOMINATOR NUMERATOR

FINDINGS IN UNTREATED (NUMBER (NUMBER DEVELOPING

CHILDREN WITH PHARYNGITIS WITH FINDING) RHEUMATIC FEVER) PER CENT

Beta-hemolytic streptococci 608 2 0.3

Group A streptococci 519 2 0.4

Typable Group A streptococci 273 2 0.9

Exudate and Group A streptococci 186 2 1.1

Exudate and ASO titer rise 95 2 2.1

Exudate and positive culture for 21 days 81 2 2.5

* The percent of children who develop acute rheumatic fever depends on the denominator used to define the accuracy,
severity, and persistence of the streptococcal pharyngitis. (Modified from Siegel AC , Johnson EE, Stellerman GH, et al. Controlled
studies of streptococcal pharyngitis in a pediatric population. I. Factors related to the attack rate of rheumatic fever. N Engl J
Med 1961; 265 : 559.)

less precisely diagnosed streptococcal infections.
This variation in frequency of ARF according to the
denominator is an important concept and is clearly
demonstrated in the one controlled study done in
children59 (Table 18-1). The suggestion is that the
development of ARF is likely to follow only infec-
tion with rheumatogenic strains of S. pyogenes.60

The types of GAS that usually cause skin infection
(impetigo), for example, may precede glomerulone-
phritis but do not cause ARF. The relatively aviru-
lent phenotypes that are frequently carried in the
throats of schoolchildren, also, are not associated
with ARF.61 The incidence of ARF following GAS
pharyngitis that is treated with appropriate antibi-
otics is exceedingly low (�0.05%).62

It is probably a combination of pathogen and
host factors that allow this small percentage of pa-
tients to develop ARF. Rheumatogenic strains of
GAS are rich in M protein and thickly encapsulated
with hyaluronic acid.63 No specific host factors that
predispose to the development of ARF have been
clearly identified; however, in some studies HLA-
DR7 was found with greater frequency in patients
with ARF than in controls.64 In developing coun-
tries, malnutrition and failure to thrive have been
associated with the development of ARF.65

Both the arthritis and the carditis are thought to
be autoimmune. The arthritis is mediated by anti-
gen-antibody complexes, but the carditis is caused
by cytotoxic T lymphocytes.66 There may be anti-
gens in GAS that are closely related to heart anti-
gens, which causes the host to produce heart-di-
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rected immune responses. The current medical
practice is to treat all episodes of streptococcal phar-
yngitis in order to prevent ARF (Chapter 2).

Age Factors

First attacks of rheumatic fever usually occur in
children over 5 years of age and in young adults,
presumably because previous streptococcal infec-
tions are necessary to sensitize the patient. First at-
tacks of ARF rarely occur in patients less than 3
years of age.67

Jones Criteria

As modified in 1992,68 the Jones criteria are appli-
cable only to the initial attack of ARF. Although
designed as an epidemiologic tool, the Jones criteria
are now often used as a guide in diagnosis. The
criteria require either two major manifestations or
one major and two minor manifestations plus, in
either case, evidence of a preceding streptococcal
infection (Box 18-1).69 The diagnosis should always
state the major manifestations present (e.g., ARF
with carditis and polyarthritis).69

Major Manifestations

The usual major manifestations are polyarthritis
(not polyarthralgia) and carditis (defined by mur-

BOX 18-1 ■ Jones Criteria (Modified) for the
Diagnosis of ARF

Two major OR
One major and two minor manifestations
PLUS Preceding Group A streptococcal infection

(recent scarlet fever, throat culture positive for
Group A streptococci, high or rising
antistreptococcal antibody titer [ASO or anti-
DNAse B])

Major Manifestations
Polyarthritis
Carditis
Chorea
Erythema marginatum
Subcutaneous nodules

Minor Manifestations
Arthralgia
Prolonged PR interval
Fever
Elevated erythrocyte sedimentation rate or

C-reactive protein

murs, pericarditis, cardiomegaly, or CHF). The
three murmurs that suggest rheumatic carditis are
described in the Jones Criteria:69

1. Apical systolic murmur. This long, blowing,
high-pitched murmur is best heard at the apex
and has variable loudness. It is transmitted to-
ward the axilla and suggests mitral regurgitation.

2. Apical mid-diastolic (Carey-Coombs) murmur.
This is best heard with the bell of the stetho-
scope with the patient lying on the left side with
the breath held in expiration. This murmur is a
result of rapid ventricular filling, as in left ven-
tricular dilatation and may occur in conditions
other than acute carditis.

3. Basal diastolic murmur. This high-pitched blow-
ing murmur is best heard with the diaphragm
of the stethoscope at the right upper or the left
midsternal border with the patient sitting and
leaning forward with the breath held after deep
expiration. It suggests aortic regurgitation.

Many patients who do not have physical exami-
nation evidence of carditis have been shown to have
mitral insufficiency and/or aortic insufficiency by
Doppler echocardiography.70 The importance of
this so-called silent carditis, and whether echocar-
diographic evidence of carditis should be counted
as fulfilling the diagnostic criteria for ARF, are top-
ics of some debate.66,70 Most of these clinically si-
lent valvular abnormalities are transient but a small
percentage may persist.70,71

The arthritis of ARF is a characteristic migratory
polyarthritis. It typically involves the large joints
(knees, ankles, wrists, and elbows) and is mani-
fested by swelling, warmth, and exquisite tender-
ness. Joint inflammation usually lasts for only a few
days and then another joint becomes affected. The
arthritis is so responsive to aspirin and other
NSAIDS that a trial of these agents is sometimes
used as a “diagnostic test.” The arthritis of ARF is
not deforming, and unlike the cardiac manifesta-
tions, there are no long-term sequelae of joint in-
volvement. This led to the description of ARF as a
disease that “licks the joints but bites the heart.”72

The other major manifestations are much less
common and consist of chorea,73 subcutaneous
nodules, and erythema marginatum. The nodules
are better seen than felt. They may occur with other
diseases, and it has been recommended by some
observers that they be dropped from the list of
major manifestations of ARF.74 Erythema margina-
tum is an evanescent, usually rapidly migratory,
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nonpruritic pink rash with serpiginous raised bor-
ders. The rash resembles smoke rings, expanding
and leaving a clearing center. Adequate pictures of
this rash are rare, and it is seldom seen now.75 In
the largest of the 1980s outbreaks (107 confirmed
cases), no erythema marginatum was seen.76 Syden-
ham’s chorea (St. Vitus’ dance) is more common
than subcutaneous nodules or erythema margina-
tum, occurring in 15–20% of patients. It has a
longer latent period than arthritis or carditis, with
symptoms starting several months after an episode
of GAS pharyngitis. Importantly, it may occur as the
sole manifestation of the disease (“pure chorea”). In
one study of 22 children with pure chorea, how-
ever, 14 (63%) were demonstrated to have valvulitis
by echocardiography, the long-term consequences
of which are unclear.77 Chorea is manifested by
erratic jerky movements of the extremities and fa-
cial grimacing, as well as emotional lability. Physical
findings suggestive of chorea include spooning (hy-
perextension of the fingers and wrists when the
arms are held in extension) and tongue fascicula-
tions.

Minor Manifestations

The minor manifestations are arthralgia (not
counted as a minor manifestation if polyarthritis is
used as a major), fever in excess of 100.4�F (38.0�C)
rectally, abnormal acute-phase reactants (erythro-
cyte sedimentation rate or C-reactive protein), and
conduction changes detected by ECG, primarily
prolonged PR interval (not counted as a minor man-
ifestation if carditis is used as a major). Rarely, ARF
presents as Stokes-Adams attacks, complete heart
block,78 or torsade de pointes.79

Differential Diagnosis

The differential diagnosis of ARF includes a number
of other diagnoses or syndromes, which are dis-
cussed in the sections on myocarditis and pericardi-
tis, rheumatoid arthritis, septic arthritis, gonococcal
arthritis, reactive arthritis (Chapter 16), and infec-
tive endocarditis. Common errors include making
the diagnosis of ARF when a single joint is involved,
when an innocent murmur is present, when a non-
specific rash (especially an urticarial or an erythema
multiforme rash) is erroneously called erythema
marginatum, and when other causes of chorea are
overlooked.80

Acute rheumatic fever can produce a tenosynovi-
tis resembling that of disseminated gonococcemia,

and the two diseases may be very difficult to distin-
guish.81

Misdiagnosis of ARF is not unusual, and in one
series, only 68 of 100 children originally thought to
have ARF had illnesses clearly meeting the modified
Jones criteria.82 Of the 32 with illnesses not meeting
these criteria, 14 had a different diagnosis (such as
congenital heart disease, rheumatoid arthritis, and
undiagnosed fever), 9 had suspected ARF without
heart disease, and 9 had evidence of RHD (mitral
or aortic valvular disease) without a history of
ARF.82 The difficulties of “delabeling” patients with
an uncertain diagnosis make it essential that all pa-
tients with suspected ARF receive diagnostic evalu-
ations that are as thorough as possible at the time
of the initial episode. If the diagnosis of ARF is
made, the reasoning behind the diagnosis should
be carefully documented in the medical record.

The flip side of the coin is that ARF can some-
times be a difficult diagnosis to establish. The ar-
thritis may be short-lived83 or even monoarticu-
lar.84 The carditis may be silent. Physicians who see
patients in areas where ARF is uncommon may not
have ever seen a case. Therefore, the thought that
a particular set of symptoms may represent ARF
may never enter the mind. When one case occurs,
the physician should be on the lookout for others,
because it tends to come in groups as a rheumato-
genic strain is passed around the community.

Post-Streptococcal Reactive Arthritis (PSRA)

This entity has now been well-described and can
be distinguished from the arthritis of ARF on the
basis of several characteristics.85

The latent period from the onset of GAS pharyn-
gitis to onset of arthritis is shorter in PSRA than in
ARF and is usually less than 2 weeks. In contrast
to the arthritis of ARF, PSRA is nonmigratory and
affects small joints as well as large ones. The arthritis
of ARF usually lasts only a few weeks and is very
responsive to salicylates. PSRA has a more pro-
tracted course and responds poorly to aspirin and
other NSAIDs. A small subset of children (about
6%) who seemingly have PSRA will develop carditis
over time, primarily manifested by subtle mitral
valve disease.86,87 Finally, patients with PSRA do
not meet the modified Jones Criteria for the diagno-
sis of ARF. Criteria for the diagnosis of PSRA have
recently been proposed and include the distin-
guishing features discussed previously.88

A survey of rheumatologists and infectious dis-



CHAPTER 18 • CARDIOVASCULAR SYNDROMES602

ease specialists in Canada showed that there is no
consensus on the utility or the duration of prophy-
lactic therapy for PSRA.89 The American Heart As-
sociation recommends that patients with PSRA re-
ceive penicillin prophylaxis for 1 year. If, at that
time, there is no evidence of carditis, prophylaxis
is discontinued.90 This seems to be a reasonable
approach and one that we have adopted, although
others have argued for longer prophylaxis in these
patients.91 Longer prophylaxis (i.e., as for ARF)
should probably be prescribed for patients with
post-streptococcal arthritis whose symptoms are
more typical of ARF than PRSA (e.g., large joints,
migratory, responsive to aspirin).

Chorea

Sydenham’s chorea (the chorea of ARF) can be
mimicked by chorea induced by oral contracep-
tives, that following infectious mononucleosis,92,93

that associated with systemic lupus erythemato-
sis,94 or paroxysmal choreoathetosis, which is usu-
ally familial.95 Chorea may also be a complication
of surgery for congenital heart disease.96

Sydenham’s chorea may leave some residual def-
icits.97 The chorea may recur after streptococcal in-
fections that are too mild and transient to be readily
detectable or possibly after stimuli other than strep-
tococcal infection.98

Treatment

Bed Rest

As soon as the diagnosis is made, bed rest is advis-
able for a minimum of 2–3 weeks until it is certain
no carditis is present. If carditis is present, bed rest
for 1 to 3 months may be advisable. When the heart
rate and sedimentation rate are normal and the ar-
thritis is over, gradual resumption of normal activi-
ties can begin. Every patient in whom this diagnosis
is considered should be thoroughly evaluated, ide-
ally by a cardiologist, in terms of the Jones criteria,
before being put on bed rest.

Salicylates and Other Nonsteroidal Anti-
Inflammatory Agents

Patients with arthritis or carditis in the absence of
cardiomegaly are generally treated with anti-inflam-
matory agents. Aspirin at a starting dose of 100 mg/
kg per day for 1 week up to 10 g per day and then
60 mg/kg per day for 3–4 weeks has been used.

In the past, salicylate levels of 15–25 mg/dL were
sought and levels followed. Most experts now be-
lieve that obtaining levels is unnecessary unless
signs of salicylate toxicity occur or the therapy is
not producing the desired result.

Because of the small risk of Reye syndrome in
patients on aspirin therapy, alternate anti-inflam-
matory therapy has been evaluated. A small, non-
comparative group of patients had rapid resolution
of fever and arthritis on naproxen sodium.99

For patients with frank cardiomyopathy or signs
of congestive heart failure, corticosteroids are gen-
erally used in place of aspirin (see later).

Whenever applicable, vaccination against influ-
enza and varicella should be considered for patients
who may require long-term aspirin therapy.

Treatment of Congestive Heart Failure

Treatment usually includes digitalization and di-
uretics.100,101 Some older children and adults with
severe valve damage may require valve replace-
ment. Serious arrhythmias, such as ventricular
tachycardia, are rare.55,102

Corticosteroids

The value of steroids for treatment of acute rheu-
matic carditis is controversial.103 Most authorities
agree that steroids are not necessary if there are no
significant murmurs and that these agents probably
should be used in very ill patients with severe cardi-
tis manifested by congestive failure or pericarditis.
In patients with significant murmurs but without
congestive failure, the superiority of steroid therapy
to aspirin therapy is not proved. If steroids are used,
the recommended dose is 2 mg/kg per day of pred-
nisone, up to 60 mg/day, until clinical improvement
(about 2–4 weeks), followed by a gradual taper in
the dose (reduce by 5 mg every 2–3 days). Salicy-
lates are begun at the time the prednisone taper is
started and continued for 6–12 weeks.80 No ade-
quately randomized and controlled trials have dem-
onstrated the utility of corticosteroids in the treat-
ment of ARF.

Intravenous Immunoglobulin (IVIG)

Because of potent immunomodulatory effects, it has
been thought by some physicians that IVIG might
be beneficial in severe cases of ARF. Very small case
series in which IVIG was thought to have been ben-
eficial have appeared.104 However, a randomized,
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prospective, double-blinded trial in 59 patients
with ARF showed no detectable benefit from the
administration of large, repeated dosages of
IVIG.105

Prognosis

A rebound (transient worsening) occurs in about
one-third of children within 4 weeks of stopping
steroid or salicylate therapy and presumably repre-
sents the original suppressed disease.106 Recur-
rences tend to have the same manifestations as the
original attack.107 Death caused directly by ARF is
now rare in the United States.

Prevention

Prevention of the First Attack

Reviews of the histories of patients with a first attack
of ARF indicate that the majority had a sore throat
or fever or both.56,57 The details of the diagnosis
and treatment of Group A streptococcal infections
are discussed in the sections on pharyngitis in
Chapter 2.

Prevention of Recurrences

Once a patient has had an episode of rheumatic
fever, prophylaxis against �-hemolytic streptococ-
cal infections is imperative.108 ARF is much more
common in someone who has had a previous epi-
sode. In addition, if the original episode manifested
carditis, the heart is likely to be involved in recur-
rent cases as well. Secondary prophylaxis is
achieved with oral penicillin V, 250 mg twice a day,
or intramuscular benzathine penicillin (1.2 million
units) every 3–4 weeks. The intramuscular route is
advisable if the patient is unreliable about taking
oral medication. A systematic review of six studies
concluded that monthly intramuscular benzathine
penicillin is more effective ARF than oral penicil-
lin.109 In addition, injections every 3 weeks appear
to be more effective than montly injections.109 The
American Heart Association recommends lifelong
prophylaxis (or at least well into adulthood) for pa-
tients with cardiac involvement. Patients with ARF
without carditis are given prophylaxis for 5 years
or until age 21 years, whichever is longer.90

Erythromycin or clindamycin is an adequate
substitute for oral penicillin if there is significant
penicillin allergy,110 as is a sulfonamide, such as
sulfadiazine or sulfisoxazole.

■ PERICARDITIS

Pericarditis is defined by a pericardial friction rub,
a pericardial effusion, or diagnostic ECG findings.
Pericarditis can be acute or chronic, idiopathic or
with a specific etiology, and with or without clinical
valvulitis or myocarditis.

Clinical Diagnosis

The most common symptoms of acute pericarditis
are fever, chest or abdominal pain, tachypnea, and
tachycardia. Acute chest pain is sometimes absent
in children. Occasionally, abdominal pain may be
severe. Acute pericarditis can be diagnosed clini-
cally when a friction rub or pericardial effusion is
present.

Friction Rub

The rub is precordial and synchronous with the
heartbeat and is usually associated with central
chest pain.111 A variety of rubs or clicks may be
heard.112 Rubs can sometimes be heard more
clearly when the patient is kneeling or leaning for-
ward. In childhood pericarditis, a friction rub is by
no means common; only 7 (23%) of 30 patients in
one series had discernable friction rubs at the time
of initial evaluation.113 A rub may be less likely in
cases where the effusion is large.

Pericardial Effusion

An effusion is usually first suspected when the heart
sounds are distant. The patient may also have an
expiratory grunt or rapid, splinted breathing.112

The chest roentgenogram typically shows a wid-
ened heart shadow, which could also be caused by
acute cardiac failure. If the lung fields are relatively
clear, without pulmonary congestion, the large
heart shadow is usually secondary to a pericardial
effusion rather than to a dilated heart in failure. If
the effusion develops rapidly, patients may have
symptoms of pericarditis even when the effusion is
small and the chest x-ray picture appears normal.

A pericardial effusion can best be confirmed by
echocardiogram. An effusion can also be diagnosed
by observing the findings of cardiac tamponade, as
described later.

Other Studies

Electrocardiogram (ECG) Changes

Typical ECG changes of acute pericarditis include
decreased voltage if effusion is present, ST-segment
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■ FIGURE 18-1 Electrocardiogram of a child with purulent
pericarditis caused by S. aureus. Note the elevated ST seg-
ments. Heart sounds were very distant, and an emergency
pericardiocentesis was required. The child had respiratory dis-
tress but did not appear toxic.

elevation, and T-wave inversion or splitting (Fig.
18-1).

Echocardiogram

An M-mode echocardiogram is very accurate and
sensitive for detecting a pericardial effusion.111,114

It is also helpful for demonstrating pericardial tam-
ponade.111,114

Early Complications

Cardiac Tamponade

The principal physiologic disturbance that may
occur in pericarditis is cardiac tamponade. It is
much more likely to occur in purulent pericarditis
than in other types, and rapid accumulation of fluid
is more likely to produce tamponade than is gradual
accumulation. Signs include hypotension, dyspnea,
orthopnea, tachycardia, and distention of the neck
veins.111 Paradoxical pulse is one of the chief diag-
nostic findings, in which the radial pulse becomes
weaker or disappears during inspiration. Jugular ve-
nous pressure also, paradoxically, increases during
inspiration (Kussmaul sign). When the blood pres-
sure is taken, the force of the pulse varies greatly
with the phase of breathing. The systolic pressure
is decreased in inspiration, and the pulse pressure
is narrowed. The difference between the systolic
pressures at the end of expiration and inspiration
is the magnitude of the paradoxical pulse. Values
greater than 10 mm Hg during quiet breathing sug-
gest cardiac tamponade.

Congestive Heart Failure

Systemic venous congestion is the usual presenting
manifestation of chronic pericarditis but may also
be the first indication of acute pericarditis.

Chronic Pericarditis

This is extremely rare in children but can follow
acute bacterial pericarditis. It is much more subtle
and may be manifested only by chronic CHF.
Chronic or recurrent pericarditis has been shown,
in adults, to occasionally be due to enterovirus in-
fection.115 As in acute pericarditis, the findings of
effusion, tamponade, a rub, or low voltage on ECG
are practically diagnostic.

Emergency Treatment

Cardiac tamponade should be treated by pericar-
diocentesis. This is best done with the patient in
the upright position. A needle should be inserted
just to the left of the xiphoid notch and directed
toward the right shoulder. Occasionally, a patient
suspected of having pericarditis may instead have
acute dilatation of the heart secondary to severe
CHF. Therefore, an ECG and echocardiogram
should be done, if possible, to confirm pericardial
effusion before attempting the procedure. Pericar-
diocentesis can be lifesaving. However, it can also
be dangerous if performed by inexperienced physi-
cians. If the patient is stable, echocardiogram-
guided drainage of pericardial fluid is best accom-
plished in the controlled environment of the operat-
ing suite. Digoxin is usually said to be contraindi-
cated because it slows the heart rate and interferes
with diastolic filling, both of which are useful com-
pensatory mechanisms in cardiac tamponade. Vig-
orous diuretic therapy should not be used.

■ PERICARDITIS SYNDROMES

A number of patterns of pericarditis can be distin-
guished clinically, of which the purulent type is the
most common in children.

Purulent Pericarditis

An effusion may be suspected for the reasons de-
scribed earlier and can be confirmed by echocardio-
gram. Pericardiocentesis should be done in patients
with an effusion if there is a suspicion of purulent
pericarditis,116–118 and any fluid obtained should
be Gram stained and cultured for bacteria.

Purulent pericarditis is most common in infants
or preschool children. Typically, it accompanies
sepsis or localized infection elsewhere in the body.
The most commonly associated condition is pneu-
monia, often with pleural effusion, but purulent
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pericarditis may also accompany septic arthritis or
osteomyelitis. It occasional occurs without accom-
panying infection. S. aureus is the most common
cause, accounting for 24 (80%) of 30 patients in
one series.113 In times when access to antimicrobial
treatment was limited, S. pneumoniae was a fairly
common cause, accompanied by pneumonia in 105
(93%) of 113 cases. Pericarditis in this setting is
thought to be a consequence of delayed treatment
of the primary pneumonia.119 H. influenzae type b
was seen occasionally as a comorbidity of pneumo-
nia or meningitis, but the conjugated Hib vaccine
has made this etiologic diagnosis rare. Nontypeable
H influenzae may cause pericarditis in immunocom-
promised hosts,120 but no reports in persons of nor-
mal immunity have appeared. Acute meningococ-
cemia with or without meningitis is a rare cause
of purulent pericarditis in children.121,122 Rarely,
septic arthritis and pericarditis may be the present-
ing features of acute meningococcemia or of dis-
seminated gonococcemia.123

Treatment of purulent pericarditis should in-
clude surgical drainage of pus with partial pericar-
dectomy to prevent recurrences or constrictive peri-
carditis.121,122,124,125 Antibiotics used should be
based first on the Gram stain and then on culture
and susceptibility results. Empiric therapy usually
includes a penicillinase-resistant penicillin (nafcil-
lin or oxacillin) along with a third-generation ceph-
alosporin. When an etiologic diagnosis is made and
susceptibilities are available, antibiotic therapy can
be tailored. Intravenous antibiotics are usually con-
tinued for 3–4 weeks.

Acute Nonpurulent Pericarditis

This syndrome has been called acute painful peri-
carditis and acute benign pericarditis. The term “be-
nign” should not be used because myocardial in-
farction, purulent pericarditis, rheumatic fever, and
other serious causes of pericarditis must be ex-
cluded. Acute nonpurulent pericarditis is character-
ized by the sudden onset of precordial pain that is
often mistaken for the pain of an acute myocardial
infarction in adults but is usually aggravated by in-
spiration and certain positions. Friction rub and
ECG changes typical of pericarditis may be found.
An effusion may be present, but tamponade is rare.
The patient is usually neither as febrile nor as ill-
appearing as patients with acute purulent pericardi-
tis. Laboratory diagnostic procedures should in-
clude viral cultures and serology, as described in

the section on myocarditis, because coxsackievirus
B infections are the main cause of this syndrome.126

Some laboratories have PCR testing available for
enteroviruses. Serum transaminase concentrations
may be elevated.

If serious causes of pericarditis are excluded,
treatment is usually only rest and reassurance, pro-
vided aspiration is not necessary to treat or prevent
tamponade. Many cases of acute benign pericarditis
must be classified as idiopathic in spite of viral
studies.127

Viral pericarditis with effusion can be caused by
coxsackievirus B126 and influenza virus.128 Adeno-
virus and coxsackievirus A have also been recovered
from pericardial fluid during pericarditis.129 Myco-
plasma pneumoniae infection and infectious mono-
nucleosis have been associated with pericardi-
tis.130,131 In one case, in situ hybridization
performed on pericardial tissue was positive for Ep-
stein-Barr virus in a patient with pericarditis.132

Acute rheumatic fever may cause pericarditis, as
discussed in the previous section. In most situa-
tions, the appearance of a pericardial friction rub
occurs in association with valvulitis.

Tuberculous Pericarditis

In the United States, pericarditis due to Mycobacte-
rium tuberculosis is rare. When it does occur, it is
more likely to be subacute or chronic, rather than
acute. Sometimes pericarditis accompanies miliary
tuberculosis. Most patients with tuberculous effu-
sions have enlarged hilar lymph nodes.133 Effusions
may be bloody. Acid-fast staining (AFB) of aspirated
pericardial fluid is unlikely to be positive. Adenine
deaminase (ADA) levels are very high in the pericar-
dial fluid of patients with tuberculous pericarditis.
In one study, a level of 75 IU/L was 100% sensitive
and 94% specific for the diagnosis.134 Pericardial
effusions associated with neoplastic diseases may
also have an elevated ADA level. With the exception
of the patient with miliary disease, almost all pa-
tients have a positive PPD, because the effusion rep-
resents a florid immune response to M. tuberculosis.
Diagnosis is usually confirmed with a biopsy of the
pericardium. Appropriate drainage procedures and
antituberculous chemotherapy must be provided.

Fungal Pericarditis

In areas of endemicity, histoplasmosis is a common
cause of pericarditis. Histoplasmal pericarditis
arises late in the course of an outbreak and late in
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the course of an individual patient’s disease pro-
cess.135 Unlike patients with disseminated histo-
plasmosis, who are usually immunocompromised,
patients with pericardial involvement are generally
immunocompetent adolescents or adults. The peri-
cardial fluid tends to be bloody. Stains and cultures
of aspirated fluid are almost always negative, and
the condition responds to anti-inflammatory ther-
apy, so it is thought to be a post-infectious compli-
cation of primary histoplasmosis.

Coccidioidomycosis and blastomycosis may also
cause a similar clinical syndrome, but do so with
much lower frequency.

Other Causes

Another cause of pericarditis with effusion is juve-
nile rheumatoid arthritis with systemic onset. In
this disease, pericardial effusion, or even cardiac
tamponade, is recognized after a febrile illness of
1–4 weeks’ duration. Systemic lupus erythemato-
sus and amebiasis are rare causes of pericarditis. A
familial syndrome of recurrent pericarditis associ-
ated with arthritis and camptodactyly (flexion con-
tractures of the fingers) has been described.136

Purulent pericarditis can occur after cardiac op-
erations, but postpericardiotomy syndrome (PPS)
is a more likely diagnosis. PPS is common, occuring
after 15–20% of cardiac operations.137,138 This syn-
drome is characterized by fever a few days to 2
weeks after a heart operation.137,138 There is usually
chest pain, which is often precordial but sometimes
pleuritic. Pericardial friction rub or pericardial effu-
sion and ECG findings of pericarditis are usually
present. Pleural effusion can occur.138 Typically,
the disease has a self-limited course of 1–4 weeks.
Bacterial endocarditis should be excluded by stop-
ping antibiotics and obtaining blood cultures. This
syndrome may represent a hypersensitivity reaction
to blood in the pericardial sac and resembles the
findings in posttraumatic or post-myocardial in-
farction pericarditis. After other causes have been
excluded, aspirin or nonsteroidal anti-inflamma-
tory drugs are the agents of choice for PPS.138

■ INFECTIVE ENDOCARDITIS

Infective endocarditis is a general term used to de-
scribe infection of the heart valves or endocardium.
Usually, the infection is bacterial and occurs on an
abnormal valve or a congenital defect, possibly one
repaired with a patch or sutures, and, especially,
on prosthetic valves or conduits. Older adults often

have heart valves with some fibrotic changes, so
infective endocarditis is much more common in
adults than in children. The term “infective endo-
carditis” should be used instead of “bacterial endo-
carditis” until the etiology is known because non-
bacterial agents, such as yeast, may be the infecting
organisms. The term should be considered to in-
clude infection of the aorta, because a patent ductus
arteriosus or a coarctation of the aorta may become
infected, just as may the heart valves or endocardial
surfaces.

Clinical Patterns

Fever and Heart Disease

This can be a useful problem-oriented descriptive
diagnosis to help the physician remember the im-
portance of excluding infective endocarditis. Chil-
dren with rheumatic or congenital heart disease
may have fever from the same causes as any other
patient, as well as fever related to their heart disease
(e.g., a recurrence of ARF). However, the principal
diagnostic concern in a patient with heart disease
and fever is to exclude infective endocarditis.

The initial approach to a child with heart disease
and fever is the same as that to any child with fever,
with one exception: if there is doubt about the cause
of the fever, the child with heart disease should
have at least two blood samples obtained for culture
before starting antibiotic therapy. In most cases, the
patient will not have endocarditis. However, if a
positive blood culture is found, the patient should
be hospitalized for further evaluation.

Fever after Cardiac Surgery

This is a general, problem-oriented diagnosis that
can be regarded as a special case of fever and heart
disease. Although the most common causes are
catheter-associated bacteremia and ventilator-asso-
ciated pneumonia, the most important cause to be
excluded is infective endocarditis. The post pericar-
diotomy syndrome is another cause and can be de-
fined as fever and pericardial rub or effusion persist-
ing longer than 1 week after cardiac surgery.139,140

Fever after cardiac surgery can also be caused by
infection with cytomegalovirus (see postperfusion
syndrome) transmitted by blood transfusions con-
taining fresh leukocytes at the time of the opera-
tion.141,142 The fever typically occurs for a period
of 3–7 weeks after the operation and is associated
with atypical lymphocytosis, often with splenomeg-
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aly. The presence of serum antibodies to cytomega-
lovirus preoperatively does not rule out this
cause.142,143

Subacute Bacterial Endocarditis (SBE)

Until the etiology is confirmed, this is more appro-
priately called “subacute infective endocarditis.”
The disease can be defined as a slowly progressive
infection of the endocardium or heart valve. A pre-
sumptive diagnosis of SBE should be made when
the triad of changing heart murmur, fever, and em-
bolic phenomena is noted. However, a minority of
children with IE will have all three of these factors
at the time of presentation. Therapy should usually
not be begun until three to five blood samples are
obtained for culture over a period of a few hours.
If the patient does not appear very sick, and embolic
phenomena are not seen, the blood cultures may be
spaced over 24 hours. The diagnosis is confirmed in
the laboratory by positive blood cultures, usually
with a low-virulence organism, such as the viridans
group of streptococci or other normal flora of the
respiratory tract.

Acute Bacterial Endocarditis

In acute bacterial endocarditis, the patient usually
appears septic and acutely ill. The pathogen is usu-
ally one of well-defined virulence for areas outside
the heart, such as S. aureus, and the course is rapidly
progressive. Therapy is urgent; it should not be de-
layed for spaced cultures or to get culture results.
The clinical distinction between subacute and acute
bacterial endocarditis is important, because pro-
gressive valvular damage by a virulent organism
may be lessened by immediate antibiotic therapy.

Endocarditis in Normal Hearts

The usual predisposing condition for this disease
is intravenous inoculation of high doses of bacteria,
as from contaminated intravenous catheters, which
is more frequent in children, or from contaminated
needles and illegal drugs, which is more common
in adults.

Neonatal Endocarditis

Bacteremia can cause endocarditis in newborn in-
fants with normal hearts, especially if there is an
indwelling central venous catheter, in which case
coagulase-negative staphylococcus is a possible
cause.144,145

Predisposing Conditions

Congenital Heart Disease

In adults, infective endocarditis occurs most fre-
quently in patients with degenerative cardiac le-
sions, such as a calcified mitral annulus. In chil-
dren, congenital heart disease is now the usual
underlying problem143 and infective endocarditis is
becoming more frequent in children because sur-
vival with congenital heart disease has increased.
Rheumatic heart disease as a predisposing factor in
children is now rare (Table 18-2).146–158

The location of the endocarditis depends on the
hemodynamics of the particular defect. The con-
genital heart lesions most frequently associated with
infective endocarditis are tetralogy of Fallot, small
ventricular septal defect, aortic stenosis, and bicus-
pid aortic valve. Infective endocarditis complicating
patent ductus arteriosus is unusual. Prosthetic
valves, patches, and conduits can also become a
focus of endocarditis in children, and this problem
is discussed in the section on cardiac operations.

Mitral Valve Prolapse

Mitral valve prolapse is a disorder that can occur
in adolescents. A flail mitral valve leaflet, detectable
by echocardiography, can produce mitral regurgita-
tion and be a focus of endocarditis.159

Precipitating Event

In endocarditis occurring in patients with heart dis-
ease, a transient bacteremia may have been pro-
duced by a precipitating event, such as dental ex-
traction, urinary tract instrumentation, or minor
operations (i.e., incision and drainage of a boil,
nasal packing for nosebleeds). In patients with
known heart disease, antibiotic prophylaxis may be
given just before procedures known to be associated
with bacteremia, as described in the later section
on prevention of endocarditis. In a retrospective
study in adults, the “incubation period” between
the potential precipitating event and the onset of
symptoms was usually about 1 week, and almost
always (84%) less than 2 weeks.160 About half of
the cases do not have a recognized precipitating
event. Transient bacteremia following chewing food
or brushing teeth is nearly as common as with
minor dental procedures.161

Cardiac Operations

Usually done with antibiotic prophylaxis, these op-
erations may be followed by endocarditis from unu-
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TABLE 18-2. CONDITIONS PREDISPOSING TO ENDOCARDITIS
ESTIMATED FROM EIGHT PEDIATRIC SERIES

PREDISPOSING CONDITION PERCENTAGE OF CASES

Septal defects (VSD, AV canal) 20–25

Cyanotic complex (Tetralogy of Fallot, truncus 20–25
arteriosus, transposition of the great vessels)

Aortic defects (stenosis, insufficiency, subaortic 10–15
coarctation, PDA)

Mitral or pulmonary group (stenosis, 5–10
insufficiency, prolapse)

Other complex* 5–10

Rheumatic heart disease 1–5

Central venous catheter-associated 10–15

No predisposing condition 5–10

* More than one defect was present in the other categories listed by the predominant defect.
VSD, ventricular septal defect; AV, arteriovenous; PDA, patent ductus arteriosus.

sual pathogens, such as gram-negative bacteria.
Candida albicans or S. epidermidis may colonize arti-
ficial valves, which may have to be removed.162,163

Occasionally, children with prosthetic material
(patches, grafts) will be able to be cured by antibiot-
ics alone.146

Staphylococcus aureus Septicemia

The frequency of unrecognized endocarditis com-
plicating S. aureus bacteremia in children is much
lower than in adults but must always be considered.
In one study, transthoracic echocardiography dem-
onstrated endocardial involvement in 4 (11%) of
36 children with S. aureus bacteremia.164

Drug Addiction

Intravenous abuse of drugs is the prototype situa-
tion for S. aureus acute endocarditis, most com-
monly involving the tricuspid valve. With right-
sided endocarditis, a murmur may not be present,
and pulmonary findings may dominate the clinical
picture.

Intravenous Catheters

As discussed in Chapter 10, intravascular devices
are increasingly a source of sepsis, septic phlebitis,
and, rarely, endocarditis in normal valves in a situa-
tion somewhat analogous to the exposure of the
drug user. Intravascular devices were the usual pre-

disposing factor in a series of infective endocarditis
in children without underlying heart disease (see
Table 18-2).

Clinical Diagnosis

The three classic findings of infective endocarditis
are fever, heart murmur, and embolic phenomena.
Fever is present in almost all cases and can be used
to date the probable onset of the disease. However,
in SBE the fever is often low-grade, and associated
symptoms, such as malaise and fatigue, are nonspe-
cific. Embolic phenomonena are the exception,
rather than the rule, in patients with SBE. Thus, for
patients with structural heart lesions that are known
to predispose to infective endocarditis, a high index
of suspicion for this diagnosis should be maintained
at all times. In most patients with infective endocar-
ditis, the murmur cannot be recognized early as a
“changing murmur.” A changing murmur implies
structural change and is heard more frequently in
acute endocarditis, where it implies valvular de-
struction with resulting insufficiency. In patients
with a surgical shunt, SBE may cause disappearance
of a murmur, and the shunt murmur is heard again
with a cure. However, in most such patients, no
change in murmur is appreciated.

For early clinical diagnosis, it is critical to con-
sider infective endocarditis whenever fever occurs
in a situation known to be associated with the dis-
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ease or whenever embolic phenomena are ob-
served.

Microscopic hematuria, petechiae, and spleno-
megaly are the most common embolic phenomena.
The usual emboli in SBE appear as small (1–2 mm)
circular flat spots. At first, these spots are faint pink
but within a few hours become dark red, then pur-
ple. These spots need to be distinguished in size
and appearance from freckles or common brown
nevi (“moles”). They are usually distinctive in their
round character, early pink appearance, and the
transition from pink to darker red. Such emboli
may be sterile if the patient is receiving antibiotics.
The release of such emboli during antibiotic therapy
does not necessarily indicate a failure of antibiotics,
because it may indicate release of sterile emboli
from vegetations.

If embolic phenomena are noted only below the
waist, infection of a coarctation of the aorta or a
patent ductus arteriosus should be suspected.
Roth’s spots are embolic lesions in the retina seen
by funduscopic examination. Brain emboli may be
manifested as convulsions, hemiplegia, or meningi-
tis. Spleen emboli may be the cause of splenomeg-
aly, which is usually related to the duration of the
disease. Pulmonary emboli may be manifested as
septic pulmonary infarcts, especially associated
with right-sided endocarditis, particularly with in-
volvement of the tricuspid valve or a ventricular
septal defect.

Diagnostic Approach

Blood Cultures

Blood cultures are necessary to confirm the diagno-
sis. A single culture positive for S. epidermidis may
reflect a skin contaminant. However, an �-hemo-
lytic streptococcus or an enterococcus is rarely a
contaminant, and, in the appropriate clinical set-
ting, a single culture positive for either is strong
evidence for SBE. There is no particular time to
obtain the culture in relation to the fever because
the bacteremia in SBE is continuous.151 Although
the bacteremia is continuous, it is not uncommon
for only some of the cultures obtained to be posi-
tive. This may be because of the fastidious nature of
some of the common causes of SBE, such as viridans
streptococci. Three to five samples should be taken
in the first 24 hours. While these results are pend-
ing, antibiotic therapy may be started if sufficient
clinical evidence of bacterial endocarditis is noted.
However, if the patient is stable and suspicion is

relatively low, therapy can be withheld until cul-
tures return positive. In our experience the most
common mistake is for clinicians, faced with a clini-
cally stable patient, to start antibiotic therapy too
soon and with an insufficient number of preantibi-
otic blood cultures, thus masking the diagnosis. An-
aerobic cultures are rarely helpful, as most reviews
indicate that anaerobes, with the occasional excep-
tion of some streptococci, are rarely recovered in
this disease. The laboratory should be notified that
endocarditis is suspected, so that the blood cultures
can be held for an extended incubation.

Nonspecific Tests

Leukocytosis is often not present in SBE, so that a
normal total white blood cell count with a shift to
the left is perfectly consistent with the diagnosis.
The erythrocyte sedimentation rate is usually ele-
vated in SBE. Serum complement may be low and is
associated with focal or diffuse glomerulonephritis,
and antigammaglobulin factors such as rheumatoid
factor may appear, reflecting antigen–antibody re-
actions.

Circulating Immune Complexes

The complexes of IgG, complement, and bacterial
antigen that form frequently in infective endocardi-
tis can be detected by several methods, including
the Raji cell radioimmunoassay. Circulating im-
mune complexes are also found in sepsis and some
other conditions, but generally at lower levels. Lev-
els greater than 100 mcg/mL are highly suggestive
of endocarditis.165 This test, although seldom used
in pediatrics, may correlate with the course and
severity of the disease and may prove useful in es-
tablishing the diagnosis of culture-negative endo-
carditis or in distinguishing endocarditis from bac-
teremia without endocarditis.153

Echocardiogram

Echocardiograms may detect valvular vegetations,
myocardial abscesses, or other complications.154,155

However, as with any diagnostic modality, echocar-
diography is most useful when the pretest probabil-
ity of disease is high.166–168 The sensitivity of trans-
thoracic echocardiography for detection of
vegetations in children with infective endocarditis
ranges from 25–50%.156,158 It is lowest in those
with complex congenital heart disease.158
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■ ENDOCARDITIS WITH NEGATIVE
BLOOD CULTURES

Endocarditis is a difficult diagnosis to make without
positive blood cultures.151,153 However, reviews of
patients with negative cultures indicate that the dis-
ease can be diagnosed in retrospect on the basis of
the response to antibiotic therapy, the presence of
embolic phenomena, a change in the murmur, ele-
vated rheumatoid factor, vegetations seen on an
echocardiogram, or decreased serum comple-
ment.153

One explanation for negative blood cultures is
that the patient may have congenital heart disease
with a left-to-right shunt, so that the bacteria re-
leased from vegetations go to the lungs. In such
cases, an echocardiogram can be very helpful to
detect vegetations or signs of right-sided endocardi-
tis. Pulmonary infarction should be seen by roent-
genogram or noted clinically. However, it should be
recognized that blood from systemic veins contains
bacteria that have passed through systemic capillar-
ies, and there is no reason to assume that the pulmo-
nary capillaries are any more effective than the sys-
temic capillaries in removing bacteria. In fact, blood
cultures are usually positive in right-sided SBE, al-
though somewhat less frequently than in left-sided
SBE.

Another explanation for negative blood cultures
is the low concentration of bacteria in the blood,
usually fewer than 100 organisms per mL. Some-
times, the patient has had recent antibiotics, and it
then may take many days for the culture to become
positive.170 There may be embolization of sterile
vegetation particles after the infection has been
cured.

A third explanation is that endocarditis can be
caused by microorganisms that are difficult to cul-
ture with conventional techniques. These organ-
isms, described in the following section, include
fastidious streptococci with special growth require-
ments, anaerobic bacteria, L forms of bacteria, My-
coplasma hominis, Brucella, and unusual bacteria or
nonbacterial organisms, such as those of Q fever or
psittacosis, fungi, and some viruses.171,172 There
can also be noninfectious thrombotic endocar-
ditis.171–173

Causes of Infective Endocarditis

The approximate frequencies of various microorga-
nisms as causes of endocarditis in children are sum-
marized in Table 18-3.

TABLE 18-3. APPROXIMATE
FREQUENCIES OF BACTERIOLOGIC
CAUSES OF ENDOCARDITIS IN
CHILDREN*

Viridans group streptococci 39%

Staphylococcus aureus 31%

Coagulase-negative staphylococci 6%

Streptococcus pneumoniae 3%

Enterococci 3%

HACEK organisms 3%

Culture negative 6%

Other organisms (gram-negatives, fungi, etc.) 9%

* Pooled data from three separate reports containing a to-
tal of 336 cases156,179,189

Common Bacteria

Approximately three-quarters of the infecting or-
ganisms in pediatric endocarditis are the viridans
group of streptococci or S. aureus (Table 18-3). En-
terococci, so common in adults, are less common
causes of endocarditis in children152 but have be-
come more frequent in recent years.156

Fastidious Streptococci

Some streptococci require active forms of vitamin
B6 and so cannot be recovered unless these factors
are added to culture media. Other bacteria may pro-
vide growth requirements for fastidious strepto-
cocci, so the streptococcal colonies appear near
other colonies streaked in a line by the microbiol-
ogy technologist (so-called “satellite phenome-
non”). Nutritionally deficient or satelliting strepto-
cocci formerly were a common cause of SBE with
negative blood cultures but are now recovered by
most laboratories.174

Other Bacteria

Pneumococcal endocarditis is rare but typically se-
vere. In children, unlike adults, it tends to occur
without pneumonia or meningitis.175 The so-called
HACEK group (Haemophilus aphrophilus, Actinobac-
illus actinomycetemcomitans, Cardiobacterium hom-
inis, Eikenella corrodens, and Kingella kingae) are
mouth flora associated with endocarditis. They are
more common in adult patients than in children.
Gram-negative enteric bacteria, such as P. aerugi-
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nosa or E. coli, are an occasional cause of SBE, espe-
cially after cardiac surgery.

Occasionally, recovery of an unusual organism
or suspected contaminant may delay diagnosis un-
less the physician is alert. Uncommon gram-nega-
tive rods, such as Acinetobacter or Haemophilus-like
species, may be difficult for some laboratories to
isolate and identify. The physician should also rec-
ognize that coagulase-negative staphylococci can
cause SBE, especially if a valve prosthesis has been
inserted. Premature neonates with indwelling cath-
eters are also subject to endocarditis from coagu-
lase-negative staphylococci.

Fungal Endocarditis

Fungi sometimes cause endocarditis, particularly
following cardiac operations.176,177 Patches, su-
tures, homografts, and prosthetic valves often be-
come foci of infection following cardiac surgery.

Viral Endocarditis

There is experimental evidence that coxsackievir-
uses B can produce mural and valvular endocarditis
in mice. This type of endocarditis in no way resem-
bles SBE but rather is a valvulitis resembling that
of RHD.

Rickettsial Endocarditis

Coxiella burneti, the agent of Q fever, is a rare cause
of endocarditis. Patients will have negative blood
cultures but respond to proper antibiotic therapy.

Duke Criteria for Diagnosis of Infective
Endocarditis

Because the diagnosis of infective endocarditis can
be difficult, several sets of diagnostic criteria have
been proposed. Currently, the most commonly
used are the modified Duke criteria, which are anal-
ogous to the Jones criteria for ARF in that they in-
clude both major and minor criteria. Designed for
diagnosis of endocarditis in adults, they have been
validated for use in children as well.178,179

Table 18-4 lists the two major and five minor
criteria in the Duke classification, and Table 18-5
details how the criteria are used to classify cases of
endocarditis as definite, probable, or rejected.

Complications

A number of complications can occur, including
myocardial infarction, rupture of the spleen, and

heart block. The most serious is probably emboliza-
tion to a vital area, such as the brain. Embolic glo-
merulonephritis can also occur. Congestive heart
failure may occur because of destruction of a heart
valve. This is especially dangerous in acute endocar-
ditis, in which aortic insufficiency may occur.
Emergency replacement of the aortic valve with a
prosthesis may be lifesaving.

Mycotic Aneurysm

“Mycotic” is derived from the Greek word for “fun-
gus” (mykis). However, mycotic aneurysms, which
are weaknesses in an arterial wall, are usually
caused by bacteria such as staphylococci or Salmo-
nella. A mycotic aneurysm is more likely to occur
in acute bacterial endocarditis than in SBE and is
a life-threatening emergency if it should rupture in
a vital area. When the embolized bacteria go to a
coronary artery, an abscess of the myocardium can
ensue.

Indications for Surgery

In adults, the generally accepted indications for sur-
gical intervention (usually valve replacement) dur-
ing active endocarditis are as follows: (1) refractory
CHF; (2) more than one serious embolic episode;
(3) uncontrolled infection; (4) physiologically sig-
nificant valve dysfunction as demonstrated by echo-
cardiography; (5) ineffective antimicrobial therapy
(as in fungal endocarditis); (6) resection of mycotic
aneurysms; (7) most cases of prosthetic valve endo-
carditis caused by certain pathogens (e.g., S. aureus,
enteric gram-negative bacilli); and (8) local suppu-
rative complications, including perivalvular or
myocardial abscesses.180,181

In a series of children undergoing operative in-
tervention for endocarditis, the most common indi-
cations for surgery were persistent infection, em-
bolic phenomena, and increasing CHF. S. aureus
and viridans streptococci were the most common
etiologic agents.182

Treatment

The most critical factor in successful treatment
probably is early administration of antibiotic ther-
apy with maximum safe doses to minimize vegeta-
tion growth and valve destruction. Treatment of en-
docarditis requires prolonged intravenous therapy
with at least one bactericidal antibiotic. There is no
role for oral therapy. The vegetations of endocardi-
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TABLE 18-4. MAJOR AND MINOR CRITERIA USED IN THE MODIFIED DUKE
CRITERIA FOR DIAGNOSIS OF INFECTIVE ENDOCARDITIS (IE)

MAJOR CRITERIA MINOR CRITERIA

Adapted from Milazzo AS Jr, and Li JS. Bacterial endocarditis in infants and children, Pediatr Infect Dis J
2001;20:799–801.

1. Positive blood culture(s)

• Typical microorganism from �2 blood
cultures (viridans streptococci, S. bovis,
HACEK group, S. aureus), or

• Enterococci, in the absence of a primary
focus, or

• Persistently positive blood culture with an
organism consistent with IE from blood
cultures drawn �12 h apart, or

• All 3 or a majority of 4 or more separate
blood cultures, with the first and last
drawn at least 1 h apart, or

• Positive serology for Q fever

2. Evidence of endocardial involvement by
echocardiogram

• Vegetation

• Abscess

• New partial dehiscence of prosthetic valve

• New valvular regurgitation

1. Predisposing heart condition or IV drug use

2. Fever �38 °C

3. Vascular phenomena
• Major arterial emboli
• Septic pulmonary infarcts
• Mycotic aneurysm
• Intracranial hemorrhage
• Conjunctival hemorrhages
• Janeway lesions

4. Immunologic phenomena
• Osler’s nodes
• Roth spots
• Glomerulonephritis
• Rheumatoid factor

5. Microbiologic evidence
• Positive blood culture but not meeting

major criterion
• Serologic evidence of active infection with

an organism consistent with IE

TABLE 18-5. INTERPRETATION OF DUKE CRITERIA TO CLASSIFY CASES OF
INFECTIVE ENDOCARDITIS (IE)

DEFINITE IE POSSIBLE IE REJECTED

Adapted from Milazzo AS Jr, Li JS. Bacterial endocarditis in infants and children. Pediatr Infect Dis J 2001;20:799–801.

Pathologic criteria

• Microorganisms (by culture
or histology in a vegetation
or intracardiac abscess)

• Histology (vegetation or
intracardiac abscess showing
active IE)

Clinical criteria (see Table 18-4)

• 2 major criteria, or

• 1 major and 3 minor, or

• 5 minor

• Alternative diagnosis made, or

• Resolution of manifestations
with antibiotic therapy for �4
days, or

• No pathologic evidence of IE at
surgery or autopsy, with
antibiotic therapy for �4 days

• At least 1 major
criterion and 1
minor criterion, or

• 3 minor criteria
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tis are well protected from the host immune re-
sponse, as illustrated by the 100% mortality of in-
fective endocarditis in the preantibiotic era. The
selection of an antibiotic to treat bacterial endocar-
ditis can be based on the preliminary use of likely
antibiotic susceptibilities but as soon as possible
should be based on the special studies (described
later) made on the organism recovered in blood
cultures. In the absence of any positive bacterial
culture or while awaiting culture results, the recom-
mended drugs for a pediatric patient are either naf-
cillin and gentamicin or penicillin, nafcillin, and
gentamicin, with vancomycin substituted for the �-
lactams if prostheses or deep central venous lines
are present.151 In suspected acute endocarditis, va-
nomycin, nafcillin, and gentamicin should be used
until susceptibility results are available because of
the possibility of MRSA or a gram-negative or-
ganism.

In one series of 75 episodes of pediatric infective
endocarditis, the mean duration of fever after initia-
tion of appropriate therapy was 4.3 days. Over one-
third experienced secondary fever.156

Guidelines have been published for antibiotic
treatment of adults with infective endocarditis due
to common pathogens.183 In the absence of similar
guidelines for children, the adult guidelines are
generally followed with doses adjusted appropri-
ately.184

For penicillin-sensitive viridans streptococci
(MIC �0.1 mcg/mL), aqueous crystalline penicillin
G, 200,000 units/kg per day (up to 18 million units
per day total dose) is recommended. It may be given
by continuous infusion or divided every 4 hours.
An alternative is ceftriaxone 100 mg/kg daily up to
2 g daily. Treatment of native valve infection is usu-
ally for 4 weeks. Prosthetic valve infections are
treated for 6 weeks with the addition of gentamicin
(1 mg/kg every 8 hours) for the first 2 weeks of
therapy. Similarly, for patients with endocarditis
due to viridans streptococci with penicillin MIC
greater than 0.1 mcg/ml or due to nutritionally var-
iant streptococci, 4 weeks of penicillin G is given,
with gentamicin given concomitantly for the first 2
weeks. Alternatively, 4 weeks of vancomycin may
be used.

Enterococcal endocarditis is especially difficult
to treat. Treatment with two bactericidal agents is
required. Depending on susceptibility testing, peni-
cillin G, ampicillin (300 mg/kg/day), or vancomy-
cin (40 mg/kg/day) along with gentamicin is given
for 4–6 weeks. Vancomycin trough levels should be

maintained between 5 and 10 mcg/mL. The levels of
gentamicin required for synergy are lower than
those required to treat gram-negative infections.
The goal is a peak of 3 ug/mL and trough less than
1 ug/mL.

Treatment of native-valve S. aureus endocarditis
is with a penicillinase-resistant antibiotic such as
nafcillin (200 mg/kg/day divided every 4–6 hours
with a maximum of 12 g/day) for 6 weeks. Gentami-
cin is often given for the first 3–5 days of therapy.
For methicillin-resistant S. aureus (MRSA), vanco-
mycin is given for 6 weeks.

Prosthetic-valve endocarditis due to S. aureus re-
quires 6 weeks or greater of therapy. Agents used
are those discussed previously for native-valve S.
aureus endocarditis. In addition, rifampin is given
for the entire treatment course and gentamicin is
given for the first 2 weeks of therapy. If a prosthetic
valve is infected with methicillin-resistant S. aureus,
treatment is the same, except that vancomycin is
substituted for nafcillin. Valve replacement is often
required with S. aureus disease, regardless of its sus-
ceptibility.

Endocarditis caused by the slow-growing fastidi-
ous gram-negative organisms of the HACEK group
is generally treated with ceftriaxone. The duration
is 4 weeks for native-valve IE and 6 weeks for pros-
thetic-valve IE. Culture negative IE is generally
treated with nafcillin and gentamicin for 6 weeks.

Patients who have any foreign material in their
heart or great vessels are treated with the guidelines
used for prosthetic valve endocarditis. This is true
regardless of whether the material is a homograft
or artificial material and regardless of whether the
area of suspected IE involves the foreign material
or not.

Many experts recommend a repeat set of blood
cultures one week after completion of antibiotic
therapy.

Special Susceptibility Studies

Infective endocarditis is the most important indica-
tion for special antibiotic susceptibility studies.151

Routine studies using the paper disc method should
not be considered adequate if special studies are
available in a reference laboratory.

Minimal Bactericidal Concentration (MBC)

This term defines the concentration necessary to kill
(not merely inhibit) the patient’s organism, using a
standard inoculum. The MBC is more important
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■ FIGURE 18-2 Minimal inhibitory concentration (MIC) and minimal bacteri-
cidal concentration (MBC) for a patient’s staphylococcus tested against nafcillin.
The MIC is the lowest concentration with no turbidity from bacterial growth
(0.5 �g/mL). The MBC is the lowest concentration with no turbidity from bacte-
rial growth on subculture (1 �g/mL).

than the MIC (minimal inhibitory concentration)
because inhibition of the organism is insufficient to
eradicate it from the fibrin matrix. Usually, the MIC
is defined by lack of turbidity in the incubated
broth-organism mixture, whereas the MBC is de-
fined by lack of growth on subculture of the previ-
ously incubated broth-organism mixture (Fig. 18-
2). The MBC is used in infective endocarditis to
determine whether the patient’s organism can be
killed by attainable serum concentrations of a par-
ticular antibiotic and detects tolerance of the organ-

■ FIGURE 18-3 Measurement of patient’s serum antibacterial inhibitory and
killing titer (Schlicter test) (See Fig. 18-2).

ism (inhibition but not killing), especially for strep-
tococci.

Serum Bactericidal Titer

This test defines the ability of the patient’s antibi-
otic-containing serum to kill the organism isolated
(Fig. 18-3). The serum specimens should be ob-
tained at the time of the anticipated peak and
trough concentrations after administration of an an-
tibiotic. Usually, a peak bactericidal titer of 1:32



ENDOCARDITIS WITH NEGATIVE BLOOD CULTURES 615

TABLE 18-6. CARDIAC CONDITIONS
ASSOCIATED WITH ENDOCARDITIS186

ENDOCARDITIS PROPHYLAXIS RECOMMENDED

High-Risk Category

• Prosthetic cardiac valves, including bioprosthetic
and homograft valves

• Previous bacterial endocarditis

• Complex cyanotic CHD (e.g., single ventricle,
TGA, TOF)

• Surgically constructed systemic-pulmonary
shunts or conduits

Moderate-Risk Category

• Most other congenital cardiac malformations
(other than those listed)

• Acquired valvular dysfunction (e.g., RHD)

• Hypertrophic cardiomyopathy

• MVP with valvular regurgitation and/or
thickened leaflets

ENDOCARDITIS PROPHYLAXIS NOT RECOMMENDED

Negligible-Risk Category (no greater risk than
the general population)

• Isolated secundum ASD

• Surgical repair of ASD, VSD, or PDA (without
residua beyond 6 months)

• Previous CABG surgery

• MVP without valvar regurgitation

• Innocent heart murmurs

• Previous Kawasaki disease without valvular
dysfunction

• Previous rheumatic fever without valvular
dysfunction

• Cardiac pacemakers and implanted defibrillators

CHD, congenital heart disease; TGA, transposition of the
great arteries; TOF, tetralogy of Fallot; RHD, rheumatic
heart disease; MVP, mitral valve prolapse; ASD, atrial septal
defect; VSD, ventricular septal defect; PDA, patent ductus
arteriosus; CABG, coronary artery bypass graft.

TABLE 18-7. PROCEDURES FOR WHICH IE
PROPHYLAXIS IS RECOMMENDED186

DENTAL PROCEDURES

• 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

RESPIRATORY TRACT PROCEDURES

• Tonsillectomy and/or adenoidectomy

• Surgical operations that involve respiratory
mucosa

• Rigid bronchoscopy

GASTROINTESTINAL TRACT PROCEDURES*

• Sclerotherapy for esophageal varices

• Esophageal stricture dilation

• Endoscopic retrograde cholangiography with
biliary obstruction

• Biliary tract surgery

• Surgical operations that involve intestinal
mucosa

GENITOURINARY TRACT PROCEDURES

• Prostatic surgery

• Cystoscopy

• Urethral dilation

* Prophylaxis is recommended for high-risk patients;
optional for moderate-risk patients.
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TABLE 18-8. PROPHYLACTIC REGIMENS AGAINST IE FOR DENTAL, ORAL,
RESPIRATORY TRACT, OR ESOPHAGEAL PROCEDURES IN CHILDREN186

SITUATION AGENT REGIMEN

* Oral doses are given 1 hour before the procedure.
† IV or IM doses are given so that the infusion/injection is completed 30 min before the procedure.
‡ Cephalosporins should not be used in patients with immediate-type hypersensitivity reaction (urticaria,
angioedema, or anaphylaxis) to penicillins.

Standard general prophylaxis

Unable to take oral medications

Allergic to penicillin

Allergic to penicillin and unable
to take oral medications

Amoxicillin

Ampicillin

Clindamycin

or

Cephalexin‡

or

Azithromycin

Clindamycin

or

Cefazolin‡

50 mg/kg (max 2 g) orally*

50 mg/kg (max 2 g) IV† or IM†

20 mg/kg (max 600 mg) orally*

50 mg/kg (max 2 g) orally*

15 mg/kg (max 500 mg) orally*

20 mg/kg (max 600 mg) IV†

25 mg/kg (max 1 g) IV† or IM†

and a trough titer of 1:8 is associated with successful
therapy.148,150,151 However, serum bactericidal
testing has not been standardized, and many clini-
cal laboratories do not perform it.

Prophylaxis

Updated recommendations by the American Heart
Association (AHA) for prevention of endocarditis
in patients with underlying heart defects were pub-

TABLE 18-9. PROPHYLACTIC REGIMENS AGAINST IE FOR GENITOURINARY AND
GASTROINTESTINAL (EXCLUDING ESOPHAGEAL) PROCEDURES IN CHILDREN186

SITUATION AGENTS REGIMEN

* Initial oral doses are given 1 hour before the procedure.
† Initial IV or IM doses are given so that the infusion/injection is completed 30 min before the procedure.
‡ No second dose of vancomycin or gentamicin is recommended.

High-risk patients

High-risk patients allergic to
penicillin

Moderate-risk patients

Moderate risk patients allergic to
penicillin

Ampicillin plus
gentamicin

Vancomycin plus
gentamicin

Amoxicillin or
ampicillin

Vancomycin

Ampicillin 50 mg/kg IV† or IM† (max 2 g) plus
gentamicin‡ 1.5 mg/kg (max 120 mg) IV† or IM†;
6 h later, ampicillin 25 mg/kg IV or IM or
amoxicillin 25 mg/kg orally

Vancomycin‡ 20 mg/kg (max 1 g) IV† over 1–2 h
plus gentamicin‡ 1.5 mg/kg (max 120 mg) IV or IM†

Amoxicillin 50 mg/kg (max 2 g) orally* or
ampicillin 50 mg/kg (max 2 g) IV or IM†

Vancomycin‡ 20 mg/kg (max 1 g) IV† over 1–2 h

lished in 1997.186 The recommendations stress that
most cases of endocarditis are not attributable to
an invasive procedure.187 In fact, in a study of 273
patients with infective endocarditis, recent dental
treatment was no more common among cases than
among controls.188

In addition, it is important to remember that
no randomized controlled trials have been done to
establish that antibiotic prophylaxis provides pro-
tection against development of endocarditis during
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bacteremia-inducing procedures. Nevertheless, the
use of antibiotic prophylaxis is such a commonly
accepted practice that it may be wise to follow the
AHA guidelines, if only for medicolegal purposes.

Whether a patient is a candidate for endocarditis
prophylaxis depends on his or her underlying heart
defect (current guidelines divide patients into three
categories—high-risk, moderate-risk, and negligi-
ble-risk) and on what procedure he or she is about
to undergo. Tables 18-6 through 18-9 summarize
the current AHA recommendations.
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Perinatal Syndromes

This chapter is divided into the following sections:

1. Prenatal infections (alphabetized by disease)
2. Exposures during pregnancy
3. Chronic congenital infection (“TORCH syn-

drome”)
4. Neonatal sepsis and meningitis
5. Miscellaneous neonatal infections (alphabetized

by organ system)
6. Use of antimicrobial agents in pregnancy and

lactation

The field of neonatal infectious diseases has ex-
panded and is thoroughly covered in large reference
books such as that edited by Drs. Remington and
Klein,1 to which the reader is referred for more de-
tailed discussion of the topics presented in this
chapter.

Some neonatal infections are covered elsewhere
in this book. For example, neonatal hepatitis is dis-
cussed in Chapter 13, neonatal osteomyelitis is cov-
ered in Chapter 16, and prevention of respiratory
syncytial virus (RSV) in premature infants is cov-
ered in Chapter 7.

■ PRENATAL INFECTIONS
Prenatal infection means any infection that occurs
before birth and involves either the pregnant
woman or the fetus, although maternal infections
usually do not damage the fetus.2 Congenital infec-
tions are infections of the fetus acquired in utero
and are usually manifest at the time of birth. Neo-
natal infections are acquired during delivery or
shortly after birth; they may be evident at birth but
are usually manifest later (within the first 4 weeks
of life). “Natal infections” or “intrapartum infec-
tions” are expressions sometimes used to describe
infections acquired during delivery; these terms
constitute a subset of neonatal infections.

Possible Outcomes
Infection of the pregnant woman can lead to six
possible results in the fetus. More than one of these
results may be present.

1. Death. Abortion, stillbirth, or neonatal death can
be produced by infection in the pregnant
woman.

2. Low birth weight. Low-birth-weight infants may
be a result of maternal infection because of either
intrauterine growth retardation or premature
onset of labor and delivery.

3. Teratogenic malformations. Rubella virus is the
infectious agent most clearly documented as ca-
pable of producing teratologic malformation,
such as pulmonic stenosis. Reports that other
maternal infections can cause such anomalies in
infants should be examined carefully. Intrauter-
ine infection of a particular fetus can be con-
firmed by recovery of the agent, by demonstra-
tion of an antibody titer rise, or by detecting
agent-specific IgM (immunoglobulin M) anti-
bodies in the newborn infant. However, pro-
spective studies of women with carefully diag-
nosed infections must be compared with
findings in matched controls to determine
whether the malformation is statistically associ-
ated with infection by that particular agent.
Some infections produce damage without tera-
togenic anomalies, as described in item 5.

4. Active congenital infection. This infection occurs
before birth with an infectious agent still present
after birth. Often, the infant clearly has an illness
at the time of birth. The congenital infection can
be defined as chronic if the onset is at least a
month before birth or if active disease continues
after birth. Because the time of onset of infection
in the fetus usually cannot be determined, the
diagnosis of chronic active congenital infection
is usually suspected on the basis of findings sug-
gesting earlier infection, particularly low birth
weight for gestational age or congenital malfor-
mation. The phrase “chronic active congenital
infection” is useful to describe an active disease
process, as in “active tuberculosis” or “chronic
active hepatitis.” Expanded congenital rubella
syndrome (CRS) and congenital cytomegalovi-
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rus (CMV) infection are examples of chronic ac-
tive congenital infections.

5. Organ damage. Some fetal infections produce
damage to an organ, such as the brain or eye,
without teratogenesis. This outcome is common
in congenital toxoplasmosis.

6. No disease or damage. CMV and rubella virus
are examples of viruses that can infect the fetus
without any apparent damage.

Multiple Causal Factors

Fetal teratogenesis has multiple possible causes in-
cluding genetics, exposure to drugs, and environ-
mental exposures. The causes of most birth defects
are unknown. Infection is a very uncommon cause
of birth defects, and with the exception of a small
number of infectious agents, infection of the fetus
is not associated with teratogenesis. Several other
prenatal infections can be associated with poor fetal
outcomes, and are discussed in the following text.

Specific Infections

The risks of prenatal infection are discussed in the
following short sections in alphabetical order, with
unusual and miscellaneous infections discussed at
the end. Perinatal AIDS is discussed in Chapter 20.

Appendicitis

Large studies have demonstrated that the incidence
of acute appendicitis during pregnancy is approxi-
mately 1:1400, which is lower than that of the gen-
eral population of the same age.3 The most common
presenting symptom is right lower quadrant ab-
dominal pain. White blood cell (WBC) count and
temperature do not differentiate patients with histo-
logically proven appendicitis from those with pseu-
doappendicitis.4 Rarely, the symptoms may be mis-
interpreted as preterm labor.5 Outcome after
appendectomy, whether open or laparoscopic, is
usually quite good.4,6 Fetal loss is rare in patients
who present past the first trimester.7 For those who
present after 24 weeks’ gestational age, premature
labor is a frequent complication; fortunately, pre-
term delivery is uncommon.4

Babesiosis

Babesiosis is a condition not unlike malaria, in
which the pathogen, Babesia microti, infects red
blood cells. Successful treatment of a pregnant

woman, with no adverse consequences for the fetus,
has been described.8 Infantile babesiosis, without
proof of intrauterine infection, was first reported in
1986.9 A more recent case describes a 5-week-old
baby whose mother was bitten by a tick 7 weeks
prior to delivery; the baby was pale, lethargic, and
mildly icteric. The platelet count was 87,000/�l and
the serum bilirubin was 9.7 mg/dL. More than 4%
of the baby’s red blood cells demonstrated ring
forms, and the illness resolved with quinine, clinda-
mycin, and azithromycin. Both mother and baby
mounted a serologic response to B. microti.10

Bacterial Vaginosis

As discussed in Chapter 15, bacterial vaginosis dur-
ing pregnancy is associated with premature rupture
of membranes, preterm delivery, and low birth
weight.

Bartonella henselae

No known human cases of congenital bartonellosis
exist. In an experimental feline model, bacteremic
cats had difficulty conceiving; none of the offspring
suffered ill effects of the maternal infection.11

Brucellosis

Brucella abortus is a well-known cause of fetal de-
mise in farm animals. Because it had not been care-
fully studied, humans were thought to be protected
from such effects by an unknown mechanism.
However, in a report from Saudi Arabia of 92 preg-
nant women with brucellosis, 40 (43%) underwent
spontaneous abortions during the first and second
trimesters.12 There was a 2% incidence of intrauter-
ine death in the third trimester. Antepartum antimi-
crobial treatment of the infection was protective
against spontaneous abortion (relative risk 0.14, p
�0.0001).

Candidiasis

About 20–25% of pregnant women have vaginal
candidiasis, but intrauterine candidiasis is rare.13

Babies who are infected while in the womb may
develop congenital cutaneous candidiasis. The
name is somewhat inappropriate, because babies
born prematurely with this condition often have
positive blood, urine, and/or cerebrospinal fluid
cultures.14 In full-term babies who are otherwise
healthy, disease is almost always restricted to the
skin, and the prognosis is excellent, with or without
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topical antifungal therapy.14 In its most common
presentation, the baby is born with a rash or devel-
ops it within the first few days of life. The rash is
usually widespread, including the palms and soles,
and consists of discreet macules, papules, or pus-
tules. Over a few days, it evolves toward a more
pustular or vesicular appearance, and sometimes to
bullous lesions. Involvement is worst on the back
and extensor surfaces of the extremities. The diaper
area is usually less involved than the back and
trunk. Lesions should be unroofed for microscopic
examination and culture.

Extremely low-birth-weight infants more com-
monly have a flat red rash that resembles a burn,
or extensive areas of denudation. This rash heralds
a higher likelihood of systemic infection and mor-
tality.14

Chickenpox

See varicella and zoster.

Chlamydia

Cervical Chlamydia trachomatis is transmitted to
about half the babies who pass through the infected
birth canal.15,16 Of these, between 10–20% develop
pneumonia, and between 20–45% develop con-
junctivitis.16 These infections are discussed in detail
in Chapters 5 and 8. Risk factors for C. trachomatis
infection include age less than 24 years at the time
of pregnancy, unmarried status, and unemploy-
ment.17

There is evidence that cervical C. trachomatis in-
fection is a risk factor for premature birth and, per-
haps, low birth weight.18 Study of a cohort of 264
babies with perinatal problems resulting in neonatal
intensive care unit (NICU) admission and 274 con-
trol babies without significant perinatal complica-
tions revealed that 15% of the former versus 6% of
the latter had an IgM (immunoglobulin M) response
to C. trachomatis.18 Average gestational age at deliv-
ery was 32 weeks for those seropositive for chla-
mydia, and 34 weeks for those who were seronega-
tive. A much larger, prospective study compared
outcomes in 1,110 C. trachomatis–positive but un-
treated women with 1,323 who were treated during
pregnancy; treatment decreased the risk of prema-
ture rupture of membranes (odds ratio 0.56). There
was also a trend toward increased perinatal survival
in babies whose mothers were treated.19

There is no evidence that C. trachomatis infection

is associated with respiratory distress syndrome or
chronic lung disease.20

Coxsackievirus

See enteroviruses.

Cytomegalovirus

Congenital infection with this virus is represented
by the C in the “TORCH” acrostic, discussed later.
Primary infections and those occurring in the first
trimester are most likely to lead to adverse perinatal
outcomes.21,22 If the maternal infection represents
a reactivation rather than a primary infection, a
poor fetal outcome is unlikely.23

Diarrhea

If a pregnant woman has an apparently infectious
diarrhea, she should be placed in enteric isolation,
and cultures should be done. Salmonellosis proba-
bly represents the greatest risk through colonization
during delivery, with a risk of neonatal meningitis
developing later. Other bacterial pathogens, such
as Campylobacter or Shigella, should be treated and
the mother and baby isolated.

Echovirus

See enteroviruses.

Enteroviruses

Enteroviruses rarely cause intrauterine infection
that results in severe disease or death of the fetus.
Echovirus 71 was found in the midbrain and liver
of a stillborn baby who, by the use of ultrasound,
was found to have hepatosplenomegaly, liver calci-
fications, and ascites at 25 weeks of gestation.24 One
neonate was born with a disseminated papulovesi-
cular, nodular, ulcerated and partially necrotic rash,
and developed pneumonia, carditis, and hepatitis
in the days after birth. This disease was attributed
to late prenatal acquisition of coxsackievirus B3
after the virus was cultured from throat and rectal
swabs of both the mother and the baby, and sero-
logic results suggested intrauterine transmission.25

Infection early in gestation may result in an in-
creased number of spontaneous abortions.26,27

Coxsackievirus infection can be suspected clinically
in the pregnant woman because of pleurodynia or
ulcerative pharyngitis, and has been proposed as a
cause of congenital heart disease and digestive and
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urogenital anomalies.28 Increased frequency of fetal
death or prematurity also appear to follow maternal
coxsackievirus infections.28 There may be an associ-
ation with rare central nervous system defects after
early pregnancy infections.29 Disseminated cox-
sackievirus disease can also occur in the early weeks
of life, possibly by intrauterine or postpartum trans-
mission.

Epidemiologic and case-control studies suggest
that intrauterine infection with enteroviruses may
predispose to the development of insulin-depen-
dent diabetes mellitus (IDDM); however, this is
controversial. In one study of 55 mothers whose
children developed IDDM and 55 matched controls
who delivered at the same hospital and in the same
month, IgM antibodies to coxsackievirus B3 were
found more frequently in the case population, with
an odds ratio of 2.57 (95% CI, 1.02-7.31).30 A sec-
ond study of 96 pregnant mothers and matched
controls revealed similar findings. These authors
found the association was stronger when IDDM de-
veloped at or before age 3 years.31 There is a poten-
tial physiologic basis for this association (based on
molecular mimicry), and postnatal acquisition of
enteroviral infections has also been postulated as a
potential risk factor for IDDM.32 However, a pro-
spective study that examined coxsackievirus infec-
tions at delivery in 16 mothers whose children later
developed islet-cell autoantibodies and in 110 HLA
(histocompatibility locus antigen)-matched control
mothers found no association between maternal
coxsackievirus infection and IDDM in their off-
spring.33 Research in this area is ongoing.

Epstein-Barr virus

More than half of all women of childbearing age
are seropositive for Epstein-Barr virus (EBV) and
asymptomatic reactivation is common. However, in
one study of 67 mother-infant pairs, only 2 of the
babies were polymerase chain reaction (PCR) posi-
tive for EBV in peripheral blood lymphocytes.34 The
literature contains one case of suspected intrauter-
ine EBV infection in which the baby was born with
hypotonia, petechiae, anemia, elevated liver en-
zymes, and thrombocytopenia. Other intrauterine
infections were systematically excluded. The
mother was shown to have suffered a primary EBV
infection during the pregnancy.35

Ehrlichiosis

Experience with this infection during pregnancy is
limited. Two pregnant women diagnosed with ehr-

lichiosis during pregnancy and successfully treated
with rifampin have been reported. Neither of the
fetuses suffered any illness.36 One reported case was
strongly suggestive of intrauterine transmission, in
which the mother developed fever and malaise the
day after delivery and the baby was admitted at age
9 days with a fever, poor eating, and lethargy. A
buffy coat smear showed 23% of the neonate’s gran-
ulocytes had morulae, and a PCR was positive. Both
the mother and the baby mounted a serologic re-
sponse to the pathogen.37

Erythema Infectiosum

See parvovirus B19.

Gonorrhea

Intrauterine infection with fetal death can occur via
aspirated contaminated amniotic fluid.38 Early di-
agnosis and effective treatment of gonococcal sal-
pingitis or disseminated gonococcemia during
pregnancy is likely to spare the fetus from adverse
effects. In one case, a 7-day-old baby whose mother
had tested negative for Neisseria gonorrhoeae during
pregnancy presented with septic arthritis of the
right hip with gram-negative diplococci. The moth-
er’s sexual partner had been seen in the emergency
department 10 days prior to the baby’s delivery sick
with fever, malaise, and dysuria, and his urethral
culture grew N. gonorrheae.39

One study of 256 pregnant women in South Af-
rica suggests that in areas of high prevalence, un-
treated gonorrhea is an independent risk factor for
premature delivery and low birth weight.40

Group B Streptococci

This is the most important cause of sepsis in new-
borns, and is discussed in detail in the section on
neonatal sepsis.

Hansen Disease (Leprosy)

Very little is known about pregnancy risk in patients
with Hansen disease. Pregnancy causes a relative
decrease in cellular immunity, which can lead to
development of primary lesions or cause reactiva-
tion of previously treated disease.41 It is thought
that the principal risk to the fetus is the antimicro-
bial agents used to treat the disease.

Human Herpesvirus 6 and 7 (HHV-6, HHV-7)

Both of these herpes group viruses are ubiquitous,
and infection usually occurs within the first two
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years of life. Seroprevalence in pregnant women ap-
proaches 100% for HHV-6 and is almost as high
for HHV-7. In one study of 569 women, 345 of
whom were pregnant, the seroprevalence of HHV-
6 was 100%; genital shedding was found in 7
(2.4%) of 297 pregnant women tested versus 8
(3.7%) of 214 nonpregnant women.42 Another
study demonstrated that reactivation of latent
HHV-6 occurred in more than 40% of those studied
at some time during pregnancy, but HHV-6 was
found in only 1% of cord blood samples.43 A study
of 106 pregnant women found HHV-6 reactivating
during the first trimester in 28 (25%); outcomes of
these pregnancies did not differ from those of
women who did not have active replication.44

Taken together, these data suggest that neither
HHV-6 nor HHV-7 cause fetal harm.

Human Herpesvirus 8 (HHV-8)

This virus, the cause of Kaposi’s sarcoma in patients
with HIV infection, can be transmitted transplacen-
tally. Blood from 2 (2.2%) of 89 babies born to
mothers seropositive for HHV-8 had HHV-8 DNA
detectable within their peripheral blood mononu-
clear cells.45 No known adverse pregnancy outcome
or disease in newborns has been associated with
HHV-8.

Hepatitis A, B, C, and E Viruses

Management of these infections during pregnancy
and issues of maternal-fetal transmission are dis-
cussed in Chapter 13.

Herpes Simplex Virus

The incidence of herpes simplex virus (HSV) infec-
tion in newborns in the United States is approxi-
mately 1 in 1,500–3,200.46,47

Pregnant women with genital herpes can trans-
mit the virus to the fetus by three different path-
ways. Transmission to the baby as it passes through
the vaginal canal (intrapartum) is by far the most
common. Infection can also be transmitted via the
amniotic fluid (ascending route; usually when
membranes have been ruptured, but in rare cases
despite membranes thought to be intact) or via the
blood (transplacentally; rare). Although rare, trans-
placental (intrauterine) HSV infection is associated
with severe manifestations present at birth, includ-
ing skin lesions and scars, chorioretinitis, micro-

cephaly, hydrocephalus, and microphthalmia. Sur-
viving infants have severe neurologic sequelae.48

Pregnant women who develop disseminated
HSV infection should be treated with intravenous
acyclovir. Intravenous acyclovir also crosses the
placenta. Data on outcomes from more than 1,100
prospectively followed acyclovir-exposed pregnan-
cies (more than 700 involving first-trimester expo-
sure) have been compiled. The findings do not
show an increase in the number of birth defects
identified among the prospective reports when
compared with those expected in the general popu-
lation. However, this sample size is insufficient to
detect small increases in risk to the fetus.49

The most important consideration is that of neo-
natal infection acquired via intrapartum transmis-
sion. Intrapartum transmission is most common
with primary infection because of the higher viral
titers present in vaginal secretions and because of
the lack of placentally transferred type-specific HSV
antibodies in the newborn. In the absence of Cesar-
ean birth, the infection rate of babies delivered vagi-
nally through a primarily infected birth canal is
30–50%; the rate in cases of recurrent disease is
less than 5%. A large prospective trial of women
with asymptomatic shedding at the time of delivery
disclosed a 33% infection rate among babies born to
mothers with asymptomatic shedding and serologic
evidence of primary infection, and a 3% rate among
a similar group of babies whose mothers had
asymptomatic recurrent disease.50

Prevention of neonatal herpes infection is a com-
plicated process, mainly because cervical shedding
of the virus can occur in either primary or recurrent
disease, and often occurs in the absence of either
physical signs or symptoms of maternal infection.
In the past, attempts were made to predict HSV
shedding using weekly cervical cultures as a guide;
unfortunately, if cervical cultures are obtained more
than 48 hours apart, only 20% of the culture pairs
are concordant; thus, it is virtually impossible to
predict viral shedding at the time of delivery by the
use of cervical cultures.51 The presence of maternal
antibodies against HSV at the time of pregnancy
augurs a low risk of neonatal herpes infection, prob-
ably because transmission of the virus is most com-
mon from primary infection, and the presence of
antibodies suggests past infection. However, it is
important to note that although primary maternal
infection confers the highest risk to the fetus, nearly
half of all neonatal HSV infections are the result
of recurrent disease in the mother. This is because
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recurrent infections are so much more common
than primary infections. Decision analysis suggests
that screening for the presence of type-specific anti-
bodies is not a practical method for preventing neo-
natal herpes infection.52 The most commonly used
mechanism for prevention of disease is visual in-
spection at the time of labor, with cesarean delivery
of babies whose mothers have clinically apparent
lesions. In a recent study, cesarean delivery reduced
the HSV transmission rate among women from
whom HSV was isolated during labor from 7.7%
to 1.2%.47

Unfortunately, this practice will not prevent all
cases of transmission because of the possibility of
asymptomatic shedding. A prospective study of 143
women with known risk factors for acquisition of
HSV infection revealed that of 123 who were
asymptomatic at the time of delivery, only 3 (2.4%)
were found to be shedding the virus. In addition,
2 of 5 women who had prodromal symptoms (itch-
ing or burning) in the absence of overt herpetic
lesions had positive cervical cultures.53 Therefore,
the absolute magnitude of the problem (asymptom-
atic shedding) is not overwhelming; however, chil-
dren born to women without a history of genital
herpes who are asymptomatic at the time of delivery
are overrepresented in the patient population of ne-
onates with herpes infections, mainly because steps
are taken to avert the infection in babies whose
mothers have clinically obvious disease.

Prophylactic oral acyclovir treatment of women
with recurrent genital herpes lesions decreases the
percent who are shedding the virus or have active
disease at the time of labor; and this, in turn, de-
creases the number of cesarean deliveries.54 How-
ever, because viral shedding may still occur, neo-
natal infection is still possible.54a In addition, this
intervention would be expected to have minimal
effect on the number of babies infected with HSV,
however, because the risk of infection with recur-
rent disease is about ten-fold lower than the risk
with primary infection. There are currently insuffi-
cient data to justify the routine use of suppressive
therapy in pregnant women who have had genital
herpes.54a

Pregnant women who deliver herpes sim-
plex–infected babies tend to be young and nullipa-
rous, without a significantly increased frequency of
nonherpetic venereal disease. They often deliver be-
tween 30 and 37 weeks’ gestation. Acute neonatal
herpes is discussed in the next section.

Infectious Mononucleosis

See Epstein-Barr virus.

Influenza

Transplacental transmission of influenza virus at
term in a febrile woman has been reported, without
adverse effects on mother or baby.55 A prospective
study showed that such transmission is certainly
uncommon; of 138 babies born to women with se-
rologically proven influenza virus infection, none
had cord blood IgM antibodies, and IgG serorever-
sion occurred within the first 6–12 months of life in
all, suggesting passive transfer of maternal antibody
and no in utero infections.56 There has been much
speculation in the literature about the possibility
that influenza virus infection during pregnancy sets
the stage for later development of schizophrenia in
the offspring of those pregnancies.57 All carefully
designed trials testing this hypothesis have been un-
able to find an association.58–61

Pregnant women are certainly at higher risk of
morbidity and hospitalization from influenza, espe-
cially during the third trimester, at which time they
are approximately 5 times more likely to be hospi-
talized for respiratory illness than are postpartum
women.62 These data are the impetus for the recom-
mendation that women who will be beyond the first
trimester of pregnancy during influenza season re-
ceive the influenza vaccine.63

Leishmaniasis (Kala Azar)

Visceral leishmaniasis is transmitted by the bite of
the sandfly. Transmission through other means
(such as blood transfusion and organ transplants)
has been documented. Vertical transmission oc-
curs, but is rare. Parasites have been found in the
placenta of a 5-month fetus.64 In other cases, the
time between transmission and presentation with
overt disease ranged from weeks to 16 months; in
utero spread was suspected for epidemiologic rea-
sons.65 Presentation is with fever, hepatospleno-
megaly, and diffuse lymphadenopathy. Diagnosis is
usually established by bone marrow biopsy, liver
biopsy, or both.

Leptospirosis

Rare in the United States, leptospirosis during preg-
nancy can be devastating to the fetus. A review of
16 cases revealed that 8 pregnancies ended in abor-
tion and 4 babies were born with active disease.66
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Spontaneous abortion is reportedly more common
when infection occurs early in the course of preg-
nancy.

Listeriosis

Listeria monocytogenes is a fastidious, intracellular
gram-positive rod that contaminates foodstuffs, es-
pecially processed meats and soft cheeses. Contact
with this bacterium is apparently common; about
10% of all refrigerated food is contaminated.67 An
intact cellular immune system prevents infection
and disease.

Unfortunately, pregnant women have a predilec-
tion for development of disease due to pregnancy-
induced diminishment of cellular immunity. The
risk appears to be higher for women with multiple
gestations than for those with singleton pregnan-
cies. In Los Angeles women with multiple gestations
accounted for 4% of all cases of listeriosis, although
they made up only 1% of the population. Infection
was even more common in triplet pregnancies, in
which the relative risk was estimated to be 38.68

Rates are also higher in mothers with HIV infection
and AIDS.69

The infection in mothers usually presents as an
indolent, “flu-like” illness, with fever, myalgias, ar-
thralgias, and headache. Premature labor is also a
common sign. In one series of 21 untreated pa-
tients, there were 5 perinatal deaths and one fetal
loss at 18 weeks.70 In general, about a fifth of peri-
natal infections result in neonatal death or stillbirth.
Prompt treatment during pregnancy considerably
improves outcomes.

Babies may be born with diffuse microabscesses
and granulomas and die in the first day of life from
listeriosis; this presentation is known as granuloma-
tosis infantiseptica. Usually, though, listerial infec-
tion in the newborn period resembles that of group
B streptococci, with early-onset and late-onset
forms. Gram staining of the meconium may provide
an early clue to the diagnosis while cultures are
incubating. Treatment is with ampicillin. Gentami-
cin is given for synergy until sterilization is docu-
mented.

General recommendations for preventing listeri-
osis are similar to those for other foodborne ill-
nesses (Chapter 12), and include avoidance of un-
pasteurized milk and cheeses. Persons at high risk
for complications from listeriosis (i.e., pregnant
women and immunocompromised persons) should
adhere to these additional precautions: (a) avoid

soft cheeses (i.e., feta, Brie, Camembert, blue-
veined, and Mexican-style cheese); (b) cook leftover
foods or ready-to-eat foods (e.g., hot dogs) until
steaming hot; and (c) consider avoiding deli
meats.71

Lyme Disease

Lyme disease during pregnancy is evidently a rare
occurrence. A serologic survey of 1,416 mothers
and their 1,434 babies found a prevalence (in the
mothers) of only 0.85%.72 Only 1 of the 12 women
with elevated titers to Borrelia burgdorferi had active
disease. There is some evidence that the spirochete
is transmissible to the fetus; however, proof of ad-
verse outcome as a result of such transmission is
lacking. When 60 placentas from women with sero-
logic evidence of Lyme disease were silver stained,
3 (5%) of 60 stained positive for spirochetes, and
in two of these cases PCR was positive for B. burgd-
orferi.73 The babies were healthy. There is a case
report in the literature of a 37-year-old pregnant
woman who was bitten by a tick, developed an ery-
thema migrans rash, was treated with penicillin for
7 days, and seroconverted to B. burgdorferi, whose
baby died of unclear reasons 23 hours after birth.74

Postmortem examination demonstrated rare spiro-
chetes in brain and liver without any accompanying
inflammation. The child died of respiratory causes,
and no spirochetes were found in the lung.

Lymphocytic Choriomeningitis Virus
(LCMV)

This arenavirus, carried and spread by asymptom-
atic rodents, causes a congenital infection syndrome
marked by chorioretinitis, microcephaly or macro-
cephaly, and periventricular calcifications.75 Long-
term neurologic deficits, including cerebral palsy,
mental retardation, and visual problems, are the
rule in affected babies. At birth, the syndrome re-
sembles that caused by CMV, toxoplasmosis, or ru-
bella virus. The unique features of LCMV disease
are principally that hepatosplenomegaly and hear-
ing deficits are uncommon.75

If infection occurs early in pregnancy, fetal loss
may occur.76 Occasionally, nonimmune hydrops
fetalis has been reported.

A history of known or suspected rodent expo-
sure is present in about half of cases. Diagnosis is
established by serologic evaluation. An immunoflu-
orescence-based test is commercially available and
reasonably sensitive. Complement fixation–based
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antibody testing is not sufficiently reliable and
should not be used.

Malaria

Although traditionally regarded as an infection
without much risk to the fetus, parasitized red
blood cells tend to get sequestered in the placenta,
causing decreased blood flow to the fetus,77 which
may be the pathophysiologic mechanism behind
the four-fold increase in low birth weight babies
and the two-fold increased risk of stillbirth that has
been documented in mothers with malaria.78 In
areas of malaria endemicity, low birth weight in-
creases infant mortality by 300%. Mathematical
modeling suggests that malaria may, in fact, indi-
rectly account for up to 6% of infant deaths in those
areas.79

In endemic areas, congenital malaria has been
thought to occur in less than 1% of newborns.80

However, two different prospective studies in sub-
Saharan Africa found congenital malaria in 7% of
newborns.81,82 Cases are occasionally reported in
the United States.83

Congenital malaria should be considered in any
infant less than 4 months of age whose mother has
a suspect travel history and who presents with fever,
anemia, and splenomegaly.83a Jaundice and respira-
tory distress are also common findings in neonates
with congenital malaria.84

Appropriate antimalarial prophylaxis of the
mother protects against maternal and fetal malaria,
low birth weight, and perinatal death.82

Measles

Fortunately, most women of childbearing age are
not susceptible to measles because of vaccine re-
ceipt. In one study of 26 pregnant women with
measles, fetal mortality was 8%; the risk of fetal loss
was higher if measles virus infection occurred early
in pregnancy.85 Another study compared the out-
comes of pregnancy in 40 women who contracted
measles during gestation with 120 controls without
evidence of measles virus infection. Mothers with
measles were more likely to be hospitalized with
pneumonia and fever; and perinatal morbidity was
higher, with premature delivery, neonatal hospital
admission, and neonatal length of stay significantly
increased in the group that contracted measles.86

Prematurity may result from premature onset of
labor.87 Congenital malformations were not docu-
mented in a small prospective study.88

Measles vaccine is contraindicated during preg-
nancy. However, pregnancy is listed as a situation
where prevention with immune globulin is indi-
cated for susceptible household contacts of measles
patients (Table 21-9).89

Immune globulin has also been recommended
for the newborn exposed just prior to birth.90

Meningococcus

Perinatal infection with Neisseria meningitidis ap-
pears to be extremely rare. In one case, a 25-year-
old mother presented at 38 weeks’ gestation with
sepsis, meningitis, petechiae, and purpura; her
baby had Apgar scores of zero and one at 1 and 5
minutes, had a purpuric rash, and ultimately suc-
cumbed at age 72 hours. Although the neonate’s
cultures were sterile, the mother’s blood and cere-
brospinal fluid cultures were both positive for N.
meningitidis. She had received antibiotics for 18
hours prior to delivery, which probably accounts
for his negative cultures.91

Mumps Virus

In the first trimester, mumps virus infection is asso-
ciated with significantly increased fetal death
rates.92 Maternal mumps virus infection is not sta-
tistically associated with prematurity.87 Congenital
malformations have been ascribed to maternal
mumps, but the evidence is not conclusive. Hydro-
cephalus secondary to aqueductal stenosis can be
produced in experimental fetal infections in rodents
and has been observed after acquired infection in
children but may have been coincidental. It has not
yet been observed in a statistical study of human
pregnancies.93 In a small prospective study of 19
pregnant women with mumps infection, there was
no increased frequency of congenital anomalies.94

In a larger study of 117 newborns, the frequency
of congenital anomalies was the same as in a control
group.88

Case reports describe babies who were born se-
verely ill and required mechanical ventilation fol-
lowing maternal mumps infection late in preg-
nancy.95,96 Mumps IgM was present in both babies;
mumps virus RNA was found in cord blood by PCR
in one, and postmortem examination revealed
intra-alveolar multinucleated giant cells in the
other. Neonatal thrombocytopenia and splenomeg-
aly have been reported following perinatal mumps
infection.97

Whether intrauterine mumps infection is a cause
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of endocardial fibroelastosis has been a subject of
debate. The incidence of both of these entities has
decreased dramatically in recent years.98 In a study
of myocardial tissue from 29 children with autopsy-
proven endocardial fibroelastosis, 21 (72%) of sam-
ples were positive for mumps viral RNA by PCR as
compared with none of 65 control samples.99

Mycoplasmas

Low birth weight is statistically associated with pre-
natal cervical Mycoplasma hominis colonization.100

A very small percentage of extremely low-birth-
weight premature neonates have respiratory tract
colonization with M. hominis; this has not been con-
clusively linked to any particular clinical syndrome.

Papillomaviruses

Human papillomaviruses (HPV) cause genital warts
and some are precursors for cervical cancer (Chap-
ter 15). The idea that pregnancy increased the prev-
alence of cervical infections with these viruses has
been around for years; some investigators even
found that the prevalence increased with increasing
gestational age.101 However, the largest study of its
type to date found that the prevalence of HPV did
not differ between 752 pregnant and 504 nonpreg-
nant women.102

The principal disease associated with perinatal
acquisition of HPV infection is laryngeal papillo-
matosis, an intractable cause of stridor. Intact mem-
branes and cesarean delivery are not absolutely pro-
tective against perinatal transmission; in fact,
23103–33%104 of babies whose mothers have geni-
tal warts and who are born by cesarean delivery are
PCR positive for HPV at birth. One study of 37
babies showed that the risk of being PCR positive
for HPV increased with a longer duration of rup-
tured membranes. These investigators also showed,
however, that all 11 of the “infected” babies cleared
the virus, some as early as 5 weeks after delivery.105

They suggest that babies are “contaminated” rather
than infected. Given the disparity between the large
numbers of women that are PCR positive for these
viruses during pregnancy (one-fourth to one-half
of all women) and the small number of children
with laryngeal papillomatosis, the concept of “con-
tamination” (or, more palatably, transient coloniza-
tion) may well be correct.

Parasites

Onchocerciasis appears to be a cause of sponta-
neous abortion. Gross rates of pregnancy loss in

endemic areas are decreased when women of child-
bearing age receive ivermectin treatment every six
months.106 Infection later in pregnancy can cause
congenital disease. The syndrome principally con-
sists of an intensely pruritic body rash, with or with-
out intermittent fever. The diagnosis is established
by skin snip.107,108

Various helminthic infections are common dur-
ing pregnancy in developing countries.109 Hook-
worm infestation is associated with low iron stores
and anemia.110,111 In one case a spontaneous abor-
tion was attributed to infestation with Ascaris lum-
bricoides.112

Parvovirus B19

Much has been made about parvovirus B19 infec-
tion in pregnancy because of the sometimes dra-
matic outcomes associated with this condition. The
most commonly associated problem is nonimmune
hydrops fetalis (NIHF). It is estimated that parvovi-
rus infection is responsible for 15–27% of all cases
of NIHF.113,114 Parvovirus infects red blood cell
precursors, thus arresting their maturation. In the
fetus, this can lead to severe anemia.114a The ane-
mia, coupled (in some cases) with myocarditis,
causes cardiac failure, which leads to the anasarca
characteristic of NIHF. In most cases, the primary
infection in the mother is asymptomatic, and the
problem is discovered by routine ultrasound. In ad-
dition to NIHF, parvovirus infection during the first
and second trimesters can lead to fetal loss; one
study found parvovirus B19 in the placentas of 7
(15%) of 47 cases of intrauterine fetal death after
22 weeks’ gestation versus zero of 53 placentas from
full-term deliveries. The virus was also found in 2
(5%) of 37 products of spontaneous abortion versus
none of 29 elective abortions.115 Parvovirus B19 is
not a common cause of premature labor and prema-
ture delivery.116

Although the consequences can certainly be dire,
there are several facts that mitigate against hysteria
when it comes to parvovirus B19 in pregnancy.
First, one-half to two-thirds of women of childbear-
ing age have serologic evidence of past infec-
tion.117,118 Second, the incidence of seroconversion
(thus, primary infection) during pregnancy is ap-
proximately 1.5%119 The exact incidence of NIHF
or fetal death among fetuses of mothers who
undergo primary infection has not been clearly de-
fined; however, in one prospective study, the fe-
tuses of only 3 (8%) of 38 mothers who underwent
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seroconversion developed NIHF.120 Outcomes
were good in all babies. Mathematically, this works
out to a risk of about 2.5 cases per 10,000 pregnan-
cies. Seroconversion rates can be considerably
higher (up to 15%) during outbreak situations,
however.118 Women with occupational exposure to
children (e.g., pediatric nursing and child care
work) are at increased risk of acquiring infection,
but this risk is lower than the presence of other
children in the home.118,119

Counseling of pregnant women who become ex-
posed during pregnancy can be simplified into the
following: about 50% of women are susceptible,
approximately 30% of exposed susceptible hosts
become infected, approximately 25% of exposed
fetuses become infected, and approximately 10%
of infected fetuses die. Thus, the risk of fetal death
in a woman with known exposure to parvovirus
B19 is approximately 0.5 	 0.3 	 0.25 	 0.1 �
0.4%. If the woman is seropositive, the risk approx-
imates zero; if she is seronegative, the risk is about
0.8%.

Outcomes for fetuses with NIHF is improved by
intrauterine transfusion.121

Q Fever

The agent of Q fever, Coxiella burnetii, is an abortifa-
cient in animals, both in the wild and in experimen-
tal situations.122 In one review of more than a thou-
sand cases of Q fever, 15 were diagnosed during
pregnancy; only 5 babies were delivered, and only
2 of these were of normal birth weight.123 Chronic
infection with C. burnetii can be reactivated during
subsequent pregnancies.124

Rocky Mountain Spotted Fever

There have been no documented cases of maternal-
fetal transmission of Rickettsia rickettsiae, the agent
of Rocky Mountain spotted fever (RMSF). Treat-
ment of infected pregnant women is tricky, because
the drug of choice, doxycycline, is contraindicated
during pregnancy.125 However, because of the se-
vere consequences of inadequately treated RMSF,
the use of doxycycline in this case is probably justi-
fied.

Rubella Virus

A very high fetal death rate occurs in pregnancies
complicated by first-trimester rubella virus infec-
tions.126 Transmission of the virus across the pla-

centa reaches its maximum during the first trimes-
ter (more than 80%), goes down to less than 25%
by the end of the second trimester, and then rises
again during the third trimester (more than
60%).127,128

About 20% of maternal rubella infections occur-
ring in the first trimester result in spontaneous
abortion. Among live births, congenital defects
occur in more than 80% of children infected during
the first trimester, and in about one-third of chil-
dren infected between 13 and 16 weeks’ gestation.
Virtually no defects attributable to rubella are found
in those infected after 16 weeks.127

The time from maternal rash to infection of the
embryo is 20–30 days.128 The pathophysiology be-
hind the teratogenic effects of rubella virus infection
in embryos is not completely understood; the virus
spreads through the vascular system and causes
widespread vessel damage.129 A direct cytopathic
effect through necrosis and apoptosis may disrupt
organogenesis.130

Postnatally acquired rubella (“German measles”)
is generally a mild disease. Immunization against
rubella is principally aimed at preventing congenital
rubella syndrome (CRS). In the United States, ru-
bella immunization is done in childhood, during
adolescent birth-control counseling, for the mother
by the primary care physician when her child is
immunized, and as a requirement for college entry,
military service, or hospital employment. Despite
widespread use of the vaccine, a small percentage
of women of childbearing age remain susceptible
to rubella virus infection.131 In addition, only about
half the world’s population resides in areas where
rubella vaccination is routinely given.132 As a conse-
quence, CRS continues unabated in those areas. In
Russia, for example, CRS accounts for 15% of all
birth defects.133 Immigrants who come to the
United States from countries not practicing rubella
vaccination represent opportunities for possible
outbreaks.134-136

Prematurity and intrauterine growth retardation
occur. Active congenital infections and many con-
genital malformations can be produced and are dis-
cussed in the section on chronic congenital infec-
tions (TORCH syndrome). Patent ductus arteriosus,
pulmonic stenosis, cataracts, glaucoma, and deaf-
ness deserve emphasis.

All women should know their immune status for
rubella before risking pregnancy. The importance
of knowing this status is, however, not sufficiently
appreciated. There is a small but measurable risk
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of transmitting the attenuated vaccine virus to the
fetus.137 Therefore, patients who may be pregnant
should not be given the vaccine, and vaccine recipi-
ents should avoid becoming pregnant within 28
days of being vaccinated.138

Syphilis

The outcome of maternal infection with Treponema
pallidum, the causative agent of syphilis, depends
on the timing and stage of the disease. A woman
may (i) become pregnant while in the primary or
secondary stages of the disease, or (ii) become in-
fected during pregnancy. In the former situation,
the longer a woman has had syphilis prior to con-
ception, the less likely the fetus will be infected;
chances of infection are highest when the fetus is
conceived during primary or secondary stages.139

In the latter situation, morbidity and mortality are
increased when the pregnant mother is infected
during the first or second trimester.139 Infection of
the fetus often results in stillbirth. Alternatively, the
baby may be born with congenital syphilis, which
may be asymptomatic, or carry the signs and symp-
toms outlined in the section on chronic congenital
infections. Signs of syphilis in the mother may be
subtle or absent. In one study, 121 (78%) of 155
pregnant women with syphilis were asymptom-
atic.140 Therefore, prevention of congenital syphilis
must depend on serologic testing and adequate
treatment of pregnant women. The risk of congeni-
tal syphilis is highest in those with less frequent
prenatal visits.141 Unfortunately, outbreak investi-
gation has shown that even when prenatal appoint-
ments are kept, many physicians do not offer appro-
priate screening tests.142 Of all 451 cases of
congenital syphilis reported in the US in 2002, a
total of 333 (74%) occurred because the mother
had no documented treatment or received inade-
quate treatment of syphilis.142a

Because routine serologic testing of women early
in pregnancy will not detect syphilis acquired later
in pregnancy, a serologic test for syphilis should be
repeated later in high-risk pregnancies.

Antibiotic therapy should be given to the preg-
nant woman with a serologic diagnosis of syphilis.
A total of three shots of benzathine penicillin, given
one week apart, is recommended and appears to
have been effective over the years.143 Women who
are allergic to penicillin should undergo desensiti-
zation and treatment with penicillin. Alternative an-
tibiotics or alternate schedules of penicillin are not

acceptable. Babies born to mothers with incomplete
or improper treatment should be considered in-
fected. Fetal infection has been observed in a few
instances despite appropriate treatment with ben-
zathine penicillin.143 The optimal penicillin treat-
ment regimen has not really been scientifically es-
tablished; a recent Cochrane database review
revealed no clinical studies that randomized sub-
jects into treatment groups.144

Toxoplasmosis

Infection with toxoplasmosis during pregnancy is
usually asymptomatic, and only a rise in titer of
paired sera early and later in pregnancy is a reliable
method of diagnosis. Physicians who order such
titers must be able to rely on the accuracy of those
tests, offer further testing such as amniotic fluid
PCR,145 and discuss risks and prognosis with the
prospective parents. In general, infection of the
fetus is most likely to occur when the mother sero-
converts later in pregnancy, but the severity of the
congenital illness is greater when infection occurs
early.146 The transmission rate is about 6% for
mothers infected in the first 13 weeks of pregnancy,
but up to 72% for those infected at 36 weeks. The
risk of infection and the frequency of severe conse-
quences counterbalance, so that women who sero-
convert between 24 and 30 weeks’ gestation have
the highest chances of having a symptomatic con-
genitally infected child.146 However, it should be
remembered that even babies with asymptomatic
congenital infection usually go on to have adverse
outcomes, especially chorioretinal lesions and
learning disabilities.

If infection of the mother is confirmed during
pregnancy, treatment can be offered, although the
scientific basis for the efficacy of this treatment is
shaky. One group attempted to do a systematic re-
view of published studies about the utility of mater-
nal treatment; of 2,591 published studies, none was
rigorous enough to meet inclusion criteria, so the
review had to be scrapped.147 In countries with a
high number of toxoplasmosis infections in preg-
nant women (such as France), most practitioners do
treat the maternal infection. Small, nonrandomized
studies suggest that the rate of transmission is not
affected by maternal treatment, but the severity of
the illness may be lessened.148

Pregnant women should avoid unnecessary ex-
posure to possible sources of toxoplasmosis, such
as cat feces or undercooked meat. (Fig. 19-1). In
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■ FIGURE 19-1 Possible sources of infections with Toxoplasma gondii. (From Frenkel JK. Toxoplasmosis. In: Marcial-Rojas
RA. Pathology of Protozoal and Helminthic Diseases. Baltimore: Williams & Wilkins, 1971.)

the United States, physicians have done a good job
of alerting pregnant mothers to the dangers of cat
litter; however, the dangers of undercooked meat
have not been adequately trumpeted. Overseas,
where consumption of raw or undercooked meats
is more common, this has become the principal risk
factor for the acquisition of toxoplasmosis during
pregnancy.149

Tuberculosis

Tuberculosis during pregnancy is important to di-
agnose, because as many as two-thirds of pregnant
women with pulmonary tuberculosis are asymp-
tomatic150–152 and newborns are at very high risk
of disseminated tuberculosis if exposed to an active
case.153,154 Congenital tuberculosis is very uncom-
mon and is discussed later in this chapter.

All of the first-line drugs (isoniazid, rifampin,
ethambutol, and pyrazinamide) have an excellent
safety record in pregnancy and have not been asso-
ciated with congenital malformations.155 Strepto-
mycin is strongly associated with hearing and bal-

ance problems in children exposed in utero, and
its use is contraindicated during pregnancy.155

Pregnant women with latent tuberculosis infec-
tion who have recent acquisition of infection, and
those with HIV infection, may have rapid progres-
sion to active disease and should be treated
promptly with isoniazid for 9 months.156 Although
no harmful effects of isoniazid to the fetus have
been observed, some experts delay therapy of latent
infection until after the delivery in the absence of
HIV infection, immunosuppression, or recent tu-
berculosis infection. Pregnant and nursing women
on isoniazid should receive pyridoxine (vitamin B6)
25 mg daily.156

Pregnancy is associated with progressive
suppression of tuberculin sensitivity (and other
lymphocyte functions), which is maximal between
36 weeks’ gestation and delivery.157

Ureaplasmas

Colonization of the cervix with Ureaplasma urealyti-
cum probably occurs in about half of pregnant
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women.158 Ascending intrauterine infection is a
major cause of premature labor; ureaplasmas are
some of the most common of the organisms thought
to be associated with early induction of labor.159

Antibiotic treatment aimed at U. urealyticum in la-
boring mothers does not, however, alter the rate of
preterm birth.159

There has been controversy surrounding the
possible role of U. urealyticum in the pathogenesis
of chronic lung disease (“bronchopulmonary dys-
plasia”) in premature neonates. The hypothesis is
that ascending infection from the cervix causes an
increase in inflammatory mediators in the intrauter-
ine environment, and colonizes the infant’s respira-
tory tract with the organism.160 After birth, ongoing
inflammation due to the presence of Ureaplasma in
the trachea and lung causes arrest of normal lung
development and initiates fibrosis, both of which
contribute to the development of chronic lung dis-
ease (CLD). In vitro studies demonstrate that U.
urealyticum causes neonatal macrophages to over-
produce proinflammatory cytokines.161 Some clini-
cal studies demonstrate an increased incidence of
CLD in colonized versus uncolonized babies,162–164

while others do not.165–168 Finally, a histopatho-
logic study showed more interstitial fibrosis in the
lungs of babies colonized by Ureaplasma.169

Prospective, placebo-controlled trials of erythro-
mycin treatment show no benefit.168 Taken to-
gether, these data suggest that a link between Ure-
aplasma colonization and CLD, if it exists at all, is
tenuous and of a small magnitude.

Ureaplasmas have rarely been isolated from cere-
brospinal fluid specimens, sometimes in concert
with pleocytosis and sometimes without. Cases of
spontaneous resolution have been described.170 In
the largest study to date, U. urealyticum was isolated
from the spinal fluid of only 2 (0.2%) of 920 in-
fants.168 One very low-birth-weight infant devel-
oped osteomyelitis of the right femur and had a
blood culture positive for U. urealyticum.171

Urinary Infections

Preterm delivery is statistically more common in
women with bacteriuria, and the mortality rate of
infants is significantly higher if the infection occurs
within 15 days of delivery.172

Varicella

Varicella tends to be particularly severe in pregnant
women, in whom life-threatening pneumonitis may

occur. Maternal varicella between 8 and 20 weeks
of gestation results approximately in a 1–2% inci-
dence of congenital varicella syndrome.173 In one
study of 1,373 women with varicella during preg-
nancy, the risk of congenital varicella syndrome was
2% if infection occurred between 13 and 20 weeks’
gestation and 0.4% before 13 weeks’ gestation.174

The syndrome consists of limb hypoplasia, cica-
tricial (scar-like) rash, microcephaly, chorioretinitis
or other ophthalmic defects (optic atrophy, micro-
phthalmia, cataracts, or keratoconjunctivitis), and
sometimes intracranial calcifications. Incomplete
forms may exist; one report describes finding anti-
varicella-zoster virus (VZC) antibodies in the cere-
brospinal fluid of 4 babies who presented with sei-
zures and mild hypotonia.175 Congenital varicella
syndrome is rare for two reasons: (a) most women
of childbearing age, with or without a clinical his-
tory of varicella, are immune to the disease,176 and
(b) most cases of proven varicella during pregnancy
do not lead to the syndrome.177 In the first trimes-
ter, maternal chickenpox is associated with slightly
increased fetal death rates.92

Fatal neonatal infections can occur, especially in
infants born to mothers who developed a chick-
enpox rash 5 or fewer days before delivery or within
2 days after delivery.178 The probable reason for the
severity of primary varicella in these babies is that
the mother passes the virus to the baby transplacen-
tally before she has had time to mount an antibody
response, thus leaving the baby infected and unpro-
tected. Varicella-zoster immune globulin (VZIG) is
recommended for the baby after birth (Table 21-
9).179 Acyclovir may provide some additional pro-
tection; in one small prospective study, 2 of 4 babies
given VZIG alone versus none of ten given both
VZIG and acyclovir developed symptoms of vari-
cella.180 Most experts withhold acyclovir unless the
baby develops signs or symptoms of disease.181

Infants who develop zoster in the first few years
of life without a history of preceding chickenpox182

probably had primary varicella in the womb. Most
of these babies will not have any of the findings of
congenital varicella syndrome, although unrecog-
nized chorioretinitis should be sought.

About 90% of women of childbearing age who
have a negative or unknown history of chickenpox
have serologic evidence of past infection;176 those
who are seronegative and wish to be protected can
be offered varicella vaccine. Because the vaccine is
a live attenuated virus, it should not be given to
women who are already pregnant. There is a theo-
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retical risk of congenital varicella syndrome or fetal
loss if it is inadvertently administered to pregnant
women, but there have not been any reported
cases.183

VZIG should be administered to susceptible
women exposed to active varicella during preg-
nancy (Table 21-9). If the mother’s immune status
is uncertain, VZIG can be withheld pending sero-
logic results. Most will be immune. However, the
consequences of varicella to both the mother and
fetus can be severe; therefore, VZIG should not be
withheld if serologic results cannot be returned in
a timely fashion.

West Nile Virus

A single case of intrauterine transmission of West
Nile virus (WNV) infection has been reported in
which both the mother and infant had WNV-spe-
cific IgM in both the serum and spinal fluid.184 The
newborn had bilateral chorioretinitis and severe ce-
rebral abnormalities, but whether these were the
result of WNV infection is not known. A case of
transmission via breast milk has also been re-
ported.185 In this case, the mother acquired the in-
fection via a blood transfusion postpartum, ruling
out transplacental acquisition. The baby developed
a serum IgM response but remained asymptomatic.

Zoster (Shingles)

Herpes zoster in pregnancy does not appear to re-
sult in congenital malformations or an unfavorable
prognosis. In a prospective study of 366 pregnant
women with zoster, none of the infants had clinical
evidence of intrauterine infection.174

Miscellaneous Prenatal Infections

Infections during pregnancy that are diagnosed and
treated promptly with a specific effective therapy
usually do not result in an adverse fetal outcome,
especially in the second half of pregnancy. In addi-
tion to those previously listed alphabetically, re-
ported infections appropriately treated that had no
adverse fetal effects include bacterial endocarditis,
botulism, Clostridium perfringens, cryptococco-
sis,186 disseminated blastomycosis, disseminated
histoplasmosis, Haemophilus influenzae meningitis,
pertussis, pneumococcal pneumonia, psittacosis,
and many other infections uncommon in the
United States.187

Maternal infections for which there is no specific

therapy may have an adverse outcome for the fetus,
with spontaneous abortion early in pregnancy or
stillbirth or postnatal death if the infection occurs
shortly before delivery. Infection with dengue virus
late in gestation may result in transmission of infec-
tion to the fetus, with coagulopathy and multiorgan
dysfunction in the newborn.188

One disease with a specific treatment that never-
theless has a poor prognosis for the fetus infected
near term is relapsing fever (caused by various spe-
cies of Borreliae and usually transmitted by ticks or
lice).189

■ EXPOSURES DURING PREGNANCY

Exposure to Rubella-Like Illness

The most urgent clinical situation in prevention of
congenital rubella syndrome is the management of
a pregnant woman with suspected exposure to ru-
bella. This situation is also avoidable by serologic
testing before pregnancy. The problem has three
parts.

1. Is the pregnant woman susceptible to rubella?
This can be determined by testing her serum for
rubella antibody. A history of clinical rubella is
of no value because it is unreliable.

2. Does the exposing individual really have ru-
bella? Laboratory documentation of rubella in
the exposing individual is best done by determi-
nation of rubella IgM antibodies. Even if the
pregnant woman is not susceptible to rubella, it
may be of value to determine whether the expos-
ing individual really has rubella, because this
is of importance to other women at risk in the
community.

3. If the pregnant woman is susceptible and really
exposed to rubella, has she become infected? A
follow-up serum specimen should be obtained
in 3 and 6 weeks to determine if seroconversion
has occurred. If rubella IgG remains negative,
infection has not occurred.

If rubella infection has occurred prior to 16
weeks’ gestation, the risk for severe fetal malforma-
tion is very high. A realistic portrayal of the likely
outcome should be explained. Some parents are
philosophically opposed to elective abortion and
may decide to continue the pregnancy. In this case,
intramuscular administration of immune globulin
0.55 mL/kg should be given as soon after exposure
as possible (before determining if the woman has
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been infected). This has been shown to decrease
clinically apparent infection in an exposed suscepti-
ble person from 87% to 18%.190

High Rubella Titers

It is not unusual for a pregnant woman to have a
high rubella titer (1:256 or higher) at her first pre-
natal visit. This does not necessarily indicate recent
infection and again illustrates the importance of
knowing the woman’s rubella titer before preg-
nancy. Unfortunately, testing a high-titer serum for
the presence of specific rubella IgM may not be
helpful, because the IgM antibody can indicate in-
fection any time in the preceding 10–12 months.191

Rubella Immunization During Pregnancy

The live rubella virus vaccine can infect the fetus
but rarely causes rubella-related defects.192 Never-
theless, the rubella vaccine is labeled as contraindi-
cated in pregnancy, although if given, it “should not
be a reason to consider interruption of pregnancy”
(because of possible congenital rubella defects).192

Exposure to Other Viral Illnesses

Most women of childbearing age have been immu-
nized against measles and mumps and had chick-
enpox as children, although the infection may have
been subclinical. If the woman has not previously
had measles vaccine or illness, prevention by im-
mune globulin is probably indicated, using 0.25
mL/kg (maximum 15 mL), if the woman is ex-
posed.89 Mumps hyperimmune globulin is gener-
ally not available and is not recommended for the
exposed pregnant woman. VZIG for the prevention
of chickenpox is available for the newborn infant,
and for the pregnant susceptible woman, as previ-
ously described.

Exposure to paravirus is discussed in a previous
section.

Pre-exposure Immunity Testing

As with rubella, measles and chickenpox immunity
testing is feasible, but it is not publicized or used.
Women whose occupations make them especially
likely to be exposed (teachers, health care profes-
sionals) would benefit from a readily available
screen on one specimen of blood for rubella, mea-
sles, and chickenpox. Detection of unsuspected im-
munity before exposure would eliminate the need
for immunoglobulin prophylaxis in the pregnant
woman who is later exposed to measles or chick-
enpox.

■ CHRONIC CONGENITAL INFECTION
SYNDROMES

Chronic congenital infection syndrome is a more
comprehensive preliminary diagnosis than
“TORCH syndrome” for a newborn infant who has
one or more abnormalities that can result from an
intrauterine infection. The term “TORCH” was orig-
inally coined as a mnemonic to emphasize that
herpes simplex could produce effects similar to
those already recognized as attributable to other
agents. The word is an acronym for toxoplasma,
other (especially syphilis), rubella, cytomegalovi-
rus, and herpes.193–195 A new acronym, CHEAP
TORCHES, has been proposed.196 This acronym
broadens the differential diagnosis for congenital
infections, reminding the clinician of other possible
causes. It also solves one of the problems with the
TORCH acronym; that is, it specifically mentions
syphilis. The acronym is explained in Box 19-1.

A chronic congenital infection can be defined as
an infection that has apparently been present for
more than a month with manifestations still present
at birth. Some chronic congenital infections are ac-
tive; that is, associated with evidence of an active
inflammatory response, as well as with recovery of

BOX 19-1 ■ Cheap Torches Acronym

This is a memory device to recall some important
causes of congenital and neonatal infections. It is
not meant to imply that the entities on the list
are similar in clinical presentation.
C Chickenpox
H Hepatitis B, C, E
E Enteroviruses
A AIDS (HIV)
P Parvovirus B19

T Toxoplasmosis
O Other (GBS, Listeria, Candida, tuberculosis,

LCMV
R Rubella
C Cytomegalovirus
H Herpes simplex virus
E Everything else sexually transmitted

(gonorrhea, Chlamydia, Ureaplasma,
papillomavirus)

S Syphilis

GBS, Group B streptococcus; LCMV, lymphocytic chorio-
meningitis virus; AIDS, acquired immunodeficiency syn-
drome; HIV, human immunodeficiency virus.
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the infectious agent from the infant. Other chronic
congenital infections are probably inactive or
“burned out,” with only the congenital anomaly or
damaged organ remaining as evidence of past infec-
tion.

Clinical Diagnosis

Chronic congenital infection should be considered
when any of the 3 following general findings is
present.

1. Intrauterine growth retardation. Intrauterine
growth retardation is defined as a low birth
weight for the period of gestation (small for ges-
tational age), as estimated by dates and by physi-
cal examination. It can occur with congenital
infections but usually has other causes.197

2. Congenital defects indicating teratogenesis or dam-
aged organs. The defects most frequently associ-
ated with congenital infections are heart disease
(especially patent ductus arteriosus and pul-
monic stenosis), central nervous system abnor-
malities (especially microcephaly, hydrocepha-
lus, intracranial calcifications, and psychomotor
retardation), eye abnormalities (especially cata-
racts, glaucoma, and chorioretinitis), and deaf-
ness.

3. Signs suggesting chronic active infection. Several
clinical patterns should suggest the possibility
of an active congenital infection. Jaundice with
hepatosplenomegaly suggests infection involv-
ing the liver. Thrombocytopenic purpura sug-
gests infection involving the bone marrow.
Other signs include a petechial, pustular, or bul-
lous rash; pleocytosis of the cerebrospinal fluid;
lytic bone lesions; pneumonitis; myocarditis;
rhinitis; vomiting; or diarrhea.

Many combinations of the above findings have
been observed in chronic congenital infections, and
the presence of one should stimulate a search for
other signs of congenital infection. Occasionally,
however, a single malformation or a transient sign
of active infection is observed.

Asymptomatic infection with no detectable ab-
normalities can occur with all of these congenital
infections. Some of the abnormalities most fre-
quently associated with specific congenital infec-
tions are described in the following text. The pat-
terns of involvement of various organ systems, the
laboratory approach, and the spectrum of disease
produced by these agents have been well re-
viewed.193–195,197

Causes of Chronic Congenital
Infections

Rubella Virus

Congenital rubella infection can be classified into
several major patterns.

1. Classical congenital rubella syndrome was origi-
nally described before the virus could be cul-
tured in the laboratory. The major features are
congenital heart disease (particularly patent
ductus arteriosus and pulmonic stenosis) and
eye defects (particularly cataracts, glaucoma,
and microphthalmia). Microcephaly and deaf-
ness may also be present.

2. Expanded congenital rubella syndrome was de-
fined during the severe epidemic in the United
States in 1964, when a number of other manifes-
tations were clearly recognized for the first time.
These included intrauterine growth retardation,
jaundice with hepatosplenomegaly, thrombocy-
topenic purpura, encephalitis, and myocarditis
in various combinations. The term “blueberry
muffin” baby was coined to describe the yellow
baby with purple spots because of jaundice and
purpura or dermal erythropoiesis. Other possi-
ble manifestations are a large anterior fontanel,
transient longitudinal bone radiolucencies, fail-
ure to grow well, unusual dermatoglyphics, and
dental enamel defects. Retinitis manifested by
excessive pigmentation or depigmentation is
neither progressive nor associated with de-
creased vision.

3. Late-onset rubella syndrome is a form in which
there are minimal symptoms at birth but acute
severe multisystem disease develops after 3–6
months, with interstitial pneumonia, skin rash,
diarrhea, hypogammaglobulinemia, and circu-
lating immune complexes.198 Aseptic meningi-
tis, hepatosplenomegaly, thrombocytopenia,
and Pneumocystis pneumonia may also occur.

Diabetes mellitus has been observed later in
childhood in follow-up studies of some infants
with congenital rubella infection. Hypotonia or
convulsions or a chronic progressive pa-
nencephalitis can also occur in later child-
hood.199

4. Isolated defects can occur, particularly language
retardation,200 strabismus, deafness, and neo-
natal hepatitis.201
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Congenital Rubella Syndrome (Revised
Classification)

In 1980, new definitions were proposed for the
classification of congenital rubella syndrome (CRS)
cases because of the difficulty in some situations.202

The Centers for Disease Control and Prevention rec-
ommended a revised classification with criteria to
define confirmed, probable, possible infection
without defects, and absent CRS.

The current CDC classification can be found
here: http://www.cdc.gov/nip/publications/pink/
rubella.pdf

Toxoplasmosis

The “classic triad” of chorioretinitis, intracranial cal-
cifications, and hydrocephalus is uncommon. Sev-
eral clinical patterns of toxoplasmosis can be
defined.203

1. Asymptomatic infection is the most common
pattern. Most babies with congenital toxoplas-
mosis do not have any obvious symptomatology
and are discharged from the nursery as well ba-
bies. In one study that looked at using a routine
IgM-capture assay for toxoplasmosis in all new-
borns, 100 (0.02%) of 635,000 had a positive
screening test. Additional serologic testing (IgM
and IgG) of the infant and mother confirmed
congenital toxoplasmosis in 52 (52%) of the
newborns with a positive screening test. Of
those 52 children identified through screening,
50 (96%) had been judged to be normal new-
borns. However, after the test results became
known, and more thorough neurologic and oph-
thalmologic examinations were performed, 19
(40%) of 48 infants evaluated were found to
have subtle abnormalities.204 Children who are
asymptomatic at birth have more favorable out-
comes than those with symptomatic disease;
however, they are less likely to be treated, and
treatment has been shown to improve outcomes
dramatically.205 The child with asymptomatic
congenital toxoplasmosis who receives no ther-
apy is most likely to come to medical attention
because of visual changes associated with
chorioretinitis, which may develop years later.

2. Jaundice with hepatosplenomegaly may occur
without evidence of blood group incompati-
bility. Fever, rash, lymphadenopathy, pneumo-
nitis, vomiting, or diarrhea may also be present.
This acute pattern has been called the gene-

ralized form of congenital toxoplasmosis.
The patient may also have some neurologic
manifestations.

3. Neurologic manifestations occur in various
combinations and may include hydrocephalus
or microcephaly, cerebral calcifications, chorio-
retinitis, and convulsions. These abnormalities
often are not recognized until the child is several
months of age but occasionally are noted in in-
fants with the jaundice pattern. Calcifications
tend to be widely spread, rather than periven-
tricular as they are in CMV infection. The major-
ity of these lesions resolve with long-term anti-
toxoplasma therapy.206

4. Isolated defects, particularly mental retardation,
deafness, or microphthalmia, may occur.

Repeated spontaneous abortions resulting from
toxoplasmosis have been described. Repeated con-
genital disease in newborn infants of the same
woman is rare. Very rarely, congenital toxoplasmo-
sis is seen in babies born to mothers who were im-
mune prior to conception,207 or who contracted the
infection just prior to conception.208

Cytomegalovirus

Between 0.5–2% of all newborns are infected with
CMV in utero. A recent study evaluated maternal
serostatus to CMV during the previous pregnancy
as a risk for delivering a newborn with congenital
CMV. Of 604 babies born to initially seronegative
mothers, congenital CMV infection occurred in 18
(3%). In contrast, of 2,857 babies born to immune
mothers, congenital CMV infection occurred in 29
(1%).209

About 95% of infants with congenital CMV in-
fection are asymptomatic at birth. It should be
noted that it is not unusual for CMV shedding to
continue for months to years. If the urine is not
tested (by culture or PCR) for CMV before 3–4
weeks after birth, any later positive results may rep-
resent an acquired CMV infection, which occurs in
about 10–30% of infants in the first year of life.
Seropositivity may be even higher in breastfed ba-
bies; a prospective study showed that 11 (65%) of
17 babies breastfed by mothers who were seroposi-
tive for CMV developed antibodies to CMV prior
to their first birthday versus 24 (28%) of 87 bottle-
fed babies (P � 0.005).210

Several patterns of congenital infection can be
defined.

1. Jaundice with marked hepatosplenomegaly may

http://www.cdc.gov/nip/publications/pink/
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be due to CMV infection. Transient hepatosple-
nomegaly may also occur. Portal hypertension
is an uncommon late complication of neonatal
CMV hepatitis. The kidney is usually involved
in severe cases, and cytomegalic inclusions can
usually be seen in renal tubule cells excreted
into the urine (Fig. 19-2). CMV can readily be
grown in cell culture of urine.

2. Thrombocytopenic purpura often occurs with
the jaundice pattern. Transient petechiae may
also be attributed to CMV infection.

3. Neurologic abnormalities resembling those of
toxoplasmosis can occur in various combina-
tions or as isolated defects, including micro-
cephaly, chorioretinitis, cerebral calcifications,
spastic diplegia, and psychomotor retardation.
Cerebral calcifications, when found, are usually
periventricular in distribution. A single such
neurologic abnormality may be the only abnor-
mality. The presence of any abnormality on
computed tomography (CT) scans of the head
during the newborn period is highly predictive
of adverse outcome. A prospective study of 56
babies with symptomatic congenital CMV
showed that 90% of children with abnormal CT
scans had at least one sequela, whereas only 29%
of those with normal CT scans had identifiable
sequelae.211 Sequelae included mental retarda-
tion, seen in 59% of those with abnormal scans,
and hearing impairment. In a study of 180 chil-
dren with symptomatic congenital CMV infec-
tion, evidence of disseminated infection (pete-
chiae and intrauterine growth retardation) was
most predictive of subsequent hearing loss. The
presence of microcephaly and other neurologic

■ FIGURE 19-2 Cytomegalovirus inclusions. (A) In renal tubular cells. (B) Diagram of a cell as seen in the urine.
(Photo from Dr. Enid Gilbert).

abnormalities was not predictive of hearing
loss.212

4. Persistent interstitial pneumonia can result from
infection acquired before or during birth or in
the newborn period (from blood transfusions
containing the virus). Fortunately, transmission
via blood transfusion has become rare. Acquired
neonatal CMV pneumonia is often associated
with hepatosplenomegaly and atypical lympho-
cytosis. Chronic interstitial pneumonia is also
discussed in Chapters 8 and 22.

5. Asymptomatic infection, with excretion of the
virus at birth, is the most common pattern of
congenital CMV infection. Detailed studies
about the prognosis of this form of congenital
CMV have been performed. Approximately 15%
of asymptomatic CMV-shedding babies develop
sensorineural hearing loss.213,214 Unfortunately,
universal newborn hearing screening is of very
limited benefit, because only about 5% of them
have abnormal screens at the time of hospital
discharge.214 In addition, the severity of the
hearing loss tends to be progressive over time,
even in those whose hearing is found to be ab-
normal at the time of the initial screening exami-
nation.213

Some controversy exists about whether develop-
mental delay, mental retardation, or other neuro-
logic outcomes are more frequent in patients who
were asymptomatically shedding CMV at the time
of birth. One study evaluated the development and
intelligence quotient of 204 children with asymp-
tomatic CMV infection and used 177 uninfected
siblings as controls; no significant difference in neu-
rodevelopmental status could be found.215
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Syphilis

In the case of syphilis, several clinical patterns can
be observed in the newborn period.216,217

1. Asymptomatic infection is the most common
pattern of congenital syphilis. Even infection
that is clinically silent at first can be devastating;
therefore, identifying and treating these babies
is of utmost importance. The prevention of

congenital syphilis depends on testing and
treatment of infected mothers. The mother’s test
results should always be transcribed onto the
newborn’s record. A negative screening test early
in pregnancy does not eliminate the possibility
of syphilis, as women can become infected dur-
ing gestation.218

2. Symptomatic disease is usually manifested by a
rash. Typically, the rash is vesicular or bullous,
sharply demarcated, and involves the face, dia-
per area, palms, and soles. An erythema multi-
forme rash may also be seen.

3. Chronic rhinitis (“the snuffles”) and fissures of
the lips can be a manifestation of syphilis in the
newborn period. Babies sent home from the
nursery may present within the first days to
weeks of life with rhinitis, with or without rash.
The rhinitis of syphilis is often blood-tinged.

4. Jaundice with hepatosplenomegaly may occur.
The serum bilirubin is mostly the direct (conju-
gated) form.

5. Monocytosis may be present; an absolute mono-
cyte count higher than 1,500/mcL occurs.219

Hemolytic anemia can occur.
6. Lytic bone lesions, with periosteal reaction or

metaphyseal destruction, may be observed on
long-bone x-rays, which are usually taken be-
cause the infant fails to use an arm or leg, or as
part of a workup for congenital syphilis.

7. Nephrotic syndrome may be the principal mani-
festation of congenital syphilis during the new-
born period.

8. Neurosyphilis in an infected infant is usually dis-
covered by Venereal Disease Research Labora-
tory (VDRL) testing of the CSF, rather than by
clinical observation of an abnormality referable
to the central nervous system.

Herpes Simplex Virus

Neonatal infections with herpes simplex virus
(HSV) have traditionally been divided into three
classifications. As seen from the following descrip-

tions, there may be overlap among the three cate-
gories.

1. Disseminated disease. This is the most devastating
form of neonatal HSV infection. Babies with dis-
seminated HSV tend to present with symptoms
suggestive of sepsis.220 Acute hepatic failure may
be the presenting syndrome.221 Bleeding sec-
ondary to poor production of coagulation factors
may dominate the clinical picture. The mortality
rate of disseminated HSV infection in the neo-
nate is high (57–80%). The course may be rap-
idly fulminant or more indolent, with the initial
presentation one of persistent neonatal fever
without other symptoms. However, even in
those with an indolent presentation, eventually
overwhelming infection will occur if treatment
is not instituted. For infants in the first 6 weeks
of life who present with fever and whose workup
for bacterial infection (blood culture, CSF cul-
ture, urine culture) is negative, the possibility
of HSV infection should be considered. Clues
include elevated aminotransferase levels and de-
pressed platelet count. In such patients, HSV
PCR should be sent on the spinal fluid, cultures
of HSV from mouth and any skin lesions, and
empiric acyclovir considered. The drug can be
discontinued when testing for HSV is negative
or another diagnosis is made.

2. Central nervous system (CNS) disease. The princi-
pal manifestation of CNS disease is encephalitis.
Involvement may be relatively minor, or it may
be devastating. Patients may have gaze prefer-
ences, seizures, partial or complete paraplegia,
and disorders of sensory processing. The mortal-
ity of CNS disease is about 15%, but long-term
morbidity is high (40–80% have residual neuro-
logic deficits).222 All neonates with suspected
bacterial meningitis but a negative Gram stain
should have an HSV PCR sent from the CSF and
acyclovir started empirically. As with dissemi-
nated disease, about half of neonates with CNS
disease do not have any skin lesions at the time
of presentation (and some patients never de-
velop skin lesions).

3. Skin, eye, and mucous membrane disease (SEM).
Some infants have HSV infection that appears
to be limited to the skin, eyes, mucous mem-
branes, or some combination of these 3 sites.
Outcome for these patients is considerably bet-
ter than that of children with either dissemi-
nated or CNS disease. Untreated, the infection
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usually progresses to CNS or disseminated dis-
ease. Differentiation of SEM disease from the
other two categories can be difficult, because
skin lesions may also be associated with CNS or
disseminated disease. The delineation of disease
as “SEM” may be somewhat artificial, as some
patients develop learning disabilities in the long
term. Infants with apparent SEM disease must
undergo a lumbar puncture to exclude the possi-
bility of CNS involvement. Some children expe-
rience frequent recurrences of their skin disease;
these can be suppressed with long-term oral
acyclovir therapy.223 Patients who undergo
more than 3 recurrences have been shown to be
at higher risk of long-term cognitive defects than
those with fewer than 3.223

Laboratory Approach

After clinical examination for cataracts, retinopathy,
murmurs, hepatosplenomegaly, and other signs

BOX 19-2 ■ Laboratory Approach to Congenital and Neonatal Infections

Nonspecific studies
Complete blood count with differential and platelets, liver enzymes, bilirubin, and blood culture
CSF cell count, glucose, and protein

Specific smearsa

Darkfield examination of lesions for spirochetes

Specific serologies
RPR (or VDRL), with confirmatory syphilis tests if RPR is positive
Toxoplasmosis, rubellaa, parvovirusa, HIVa, and lymphocytic choriomeningitis virusa

Specific CSF studiesa

VDRL, HSV PCR, Toxoplasma IgM (and PCR), and enterovirus PCR

Urine tests
CMV culture and/or PCR
Culture for rubella virusa

Surface culturesa

DFA and culture (or PCR) for HSV from skin lesions, eyes, nasopharynx or oropharynx, and 
rectum

Nasopharyngeal and conjunctival swabs for rubella culture
Nasopharyngeal and rectal swabs for enterovirus (culture or PCR)

Amniotic fluid (if available)
Toxoplasma PCRa

Other studies
Head CT, hearing test, retinal examination

Abbreviations: Ig, immunoglobulin; CSF, cerebrospinal fluid; RPR, rapid plasma reagin; VDRL, venereal disease research
laboratory test; HIV, human immunodeficiency virus; HSV, herpes simplex virus; PCR, polymerase chain reaction; DFA, direct
fluorescent antibody; CT, computed tomography.
a Test for specific entity if it is clinically suspected (see Table 19–1).

mentioned earlier, there is a reasonable set of labo-
ratory studies to be considered when a congenital
infection is suspected (Box 19-2). Nonspecific stud-
ies might include ultrasonography for intracranial
calcifications, long-bone roentgenograms for bone
destruction, chest roentgenogram, electrocardi-
ogram (ECG) for heart lesions, CSF examination,
and more common studies such as a platelet count.
Although total IgM has traditionally been measured
in children with possible congenital infections, this
test is neither a sensitive nor specific indicator of
infection.224

Herpes Simplex Virus

Babies with skin, eye, or mucous membrane lesions
consistent with HSV should have viral cultures and
direct fluorescent antibody stains (DFA) of the le-
sional material sent. DFA is a relatively sensitive
and rapid test that may give the clinician results
within a couple of hours. Visible lesions that are
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caused by HSV are teeming with virus; therefore,
viral cultures of these lesions usually turn positive
within 36–48 hours. Cerebrospinal fluid is gener-
ally sent for HSV PCR to rule out involvement of
the central nervous system. Results may be available
within a day or two, or, if shipped out and run
in batches, they may take longer. Hospitals should
contract with a laboratory that runs these tests on
a daily basis to minimize delay. In disseminated
disease, liver function studies are usually elevated.
Pneumonitis may or may not be present. Serum
may also be sent for HSV PCR. Babies with neonatal
HSV are viremic more frequently than was previ-
ously believed.225

Toxoplasmosis

Toxoplasmosis is usually diagnosed by serologic
methods. Direct identification of the pathogen is
less readily available because it involves injecting
tissues or fluids from the baby into the peritoneal
cavity of a mouse, and requires 6 weeks of incuba-
tion time. Tissue culture methods are more rapid,
but less sensitive. Because maternal IgM does not
cross the placenta, identification of toxoplasma-
specific IgM in the infant’s serum provides evidence
of congenital infection. Unfortunately, this testing
is not always positive. Specialized testing, including
Western blotting to identify bands of IgG that exist
in baby’s serum but not in maternal samples,226 and
IgG avidity assays, has been shown to have validity.
Placental examination, culture, and PCR testing
may also be helpful. Unfortunately, no test is 100%
sensitive. In one study, even the combination of
placental examination, cord blood IgM and IgA test-
ing, and Western blot for differential IgG assay
failed to identify 2 (10%) of 20 children who even-
tually were proven to be infected.227 The criterion
standard in this study was presence of antibody in
the infant’s blood beyond 1 year of age.

Syphilis

Any baby born to a mother with a measurable RPR
(rapid plasma reagin) titer should be screened for
active congenital infection, even if the baby is
asymptomatic and has a normal physical examina-
tion. Most cases of congenital syphilis result from
nontreatment, inadequate treatment, or undocu-
mented treatment of maternal syphilis.228 The phy-
sician should obtain a history of the mother’s RPR
titer, precisely what therapy the mother received,
the timing of therapy, and a posttreatment RPR

titer. If the mother received appropriate benzathine
penicillin therapy (2.4 million units IM once; some
experts recommend 2 doses a week apart), had
therapy completed more than 30 days prior to de-
livery, and had a posttreatment RPR that was at least
four-fold less than the pretreatment titer, the baby
should receive a careful examination monthly until
the RPR reverts to negative. In all other circum-
stances, the baby should get a full physical examina-
tion, complete blood count, metabolic profile (to
include liver function studies); CSF VDRL, cell
count, glucose, and protein; and long-bone films
in addition to an RPR. Some have argued that long-
bone films add little to the diagnostic workup and
should be abandoned.229 However, a large epide-
miologic study showed that death from congenital
syphilis was more likely when x-rays and/or CSF
evaluations were omitted.228

Many TORCH test kits are commercially avail-
able but should be avoided. Instead, use the tech-
niques of laboratories that participate in proficiency
testing.230 Results of TORCH titer kits have a poor
diagnostic record for prenatal screening and for
evaluation of young infants.231

In general, it is preferable to develop a differen-
tial diagnosis of the likely possibilities and then test
for each of them instead of reflexively ordering
“TORCH titers” (Table 19-1). Some tests are only
helpful if negative. For example, if the baby’s serum
IgG to CMV or rubella is negative, those entities
can be ruled out. However, if they are positive, it
could be from passive transfer and does not neces-
sarily indicate infection in the baby. Unfortunately,
IgM assays for many of the agents of congenital
infection (CMV, rubella, and HSV) are not reliable.

Treatment

Syphilis

Elaborate criteria for withholding treatment have
been proposed on the basis of the infant’s serial RPR
results. However, treatment should usually be given
if there is a reasonable possibility of congenital
syphilis. This includes any cases where the mother’s
adequate and appropriate treatment, and a response
thereto, cannot be clearly documented. Starting
one’s life with 10 days of intravenous penicillin is
infinitely preferable to starting it with undiagnosed
and untreated congenital syphilis. No treatment is
necessary if the infant’s RPR result is negative and
the mother is known to have received adequate
treatment.
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TABLE 19-1. DIFFERENTIATING FEATURES OF SOME CAUSES OF CONGENITAL AND
NEONATAL INFECTIONS

ETIOLOGIC AGENT

CLINICAL FEATURE CMVa ENTEROVIRUS HIVa HSV LCMV PARVOVIRUS RUBELLAa SYPHILISa

General

Fetal loss � � � � � �� �� ��

IUGR �� � � � � � �� ��

Prematurity �� � � � � �� �� ��

Failure to thrive � � �� � � � � �

Hematologic

Anemia � � � � � �� � �

Thrombocytopenia �� � � �� � �� � �

Fetal hydrops � � � � � �� � �

CNS

Hydrocephaly � � � � �� � � �

Microcephaly or �� � � � �� � � �

macrocephaly

Intracranial �� � � � �� � � �

calcificationb

Retinopathy �� � � � �� � � �

Cataracts � � � � � � �� �

Deafness �� � � � � � �� �

Gastrointestinal

Jaundice �� � � � � � �� �

Hepatosplenomegaly �� � �� � � � �� ��

Elevated ALT �� �� � �� � � �� ��

Cardiac

Congenital defects � � � � � � �� �

Myocarditis � �� � � � � � �

Other organs

Lymphadenopathy � � �� � � � �� ��

Skin rash �c �d �e ��f � �c ��c ��c,g

Conjunctivitis � � � �� � � � �

Bony lesions � � � � � � �� ��

Abbreviations: CMV, cytomegalovirus; HIV, human immunodeficiency virus; HSV, herpes simplex virus; LCMV, lymphocytic
choriomeningitis virus; IUGR, intrauterine growth retardation; CNS, central nervous system; ALT, alanine aminotransferase.
Key: �, rare or not reported; �, occasionally seen; ��, common finding.
a May be asymptomatic in the neonatal period but cause progressive abnormalities later in life.
b CMV and LCMV, periventricular; HIV, basal ganglia calcification; HSV, rare reports of diffuse intracerebral
calcification secondary to in utero HSV transmission; toxoplasmosis, diffuse intracerebral calcification.
c Petechial or purpuric rash.
d Erythematous maculopapular rash.
e Eczema; also prone to candidal rash and thrush.
f Vesicular rash.
g Copper-colored maculopapular rash involving palms and soles.
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Antibiotic therapy of the newborn infant with
proven or suspected congenital syphilis should con-
sist of aqueous penicillin, 50,000 U/kg intrave-
nously (IV) twice a day over a 10-day period, since
neurosyphilis is difficult to exclude (Table 15-1).232

Procaine penicillin 50,000 U/kg per dose given IM
once a day may be substituted. Procaine penicillin
has a small risk of producing a sterile abscess. Fail-
ure of procaine penicillin therapy to eradicate se-
vere infection has been reported.233 Some advocate
the use of a single IM dose of 50,000 U/kg of ben-
zathine penicillin for babies at low risk for congeni-
tal syphilis (for example, those whose mother’s
treatment response was not documented, and who
have normal screening evaluations). This treatment
option is based on a study that demonstrated good
outcomes for a cohort of babies treated in this fash-
ion.234 The number of babies in the study was not
sufficient to convince us that IM benzathine penicil-
lin is a reliable option. It is conceptually and practi-
cally more rational to dichotomize infants into those
who require treatment and those who do not. Those
who need treatment should be given a full course
of IV penicillin.

Toxoplasmosis

Treatment for congenitally infected infants,
whether symptomatic or asymptomatic, is advo-
cated. The combination of pyrimethamine and sul-
fadiazine is synergistic. Folinic acid (leucovorin)
must be administered with pyrimethamine or se-
vere anemia may develop. Dosages are as follows:
pyrimethamine, 2 mg/kg per day for 2 days, then
1 mg/kg per day for 2–6 months, then 1 mg/kg per
day MWF (Monday, Wednesday, Friday) out to 1
year; sulfadiazine, 100 mg/kg per day for 2–6
months, then MWF to 1 year; leukovorin, 5 mg to
10 mg 3 times a week. Because of the long half-life
of pyrimethamine, leukovorin should be continued
for 1 week after therapy is stopped. Some experts
recommend adding prednisone, 1 mg/kg per day
divided every 12 hours if the CSF protein is greater
than 1 g/dL, or if the patient has active chorioretini-
tis that threatens vision.

Outcomes are better with prolonged treatment.
The exact optimal duration has not been deter-
mined. Studies clearly show that outcome is better
with 12 months of therapy than with one month.205

A retrospective study of 78 children with congenital
toxoplasmosis treated for 12 months versus 24
months suggested that outcome was slightly better

in babies treated for 24 months.235 Immunologic
rebounds, mostly asymptomatic, occurred in 90%
of cases regardless of treatment duration. Results of
properly treated congenital toxoplasmosis are en-
couraging: CNS lesions generally resolve or stabi-
lize, and intellectual functioning, although gener-
ally lower than siblings, seems to be stable over
time.205

Cytomegalovirus

Ganciclovir inhibits the replication of CMV in vitro
and in vivo, and is effective against CMV infection
in immunocompromised hosts. However, its role in
the treatment of congenital CMV infection remains
uncertain. Recently, the results of a randomized,
controlled trial of ganciclovir in neonates with
symptomatic CMV were published.236 Infants
younger than 1 month of age, more than 32 weeks
gestation, and weighing more than 1200 g at birth
were eligible for participation. Patients were ran-
domized to receive ganciclovir (6 mg/kg/dose given
intravenously every 12 hours for 6 weeks) or no
treatment. Hearing, as measured by brain stem
evoked response (BSER) at 6 and 12 months, was
the primary outcome measured. Twenty-one (84%)
of 25 ganciclovir recipients had improved hearing
or maintained normal hearing between baseline and
6 months versus 10 (59%) of 17 control patients
(P � 0.06). By one year, 21% of ganciclovir recipi-
ents had worsening of their hearing from baseline
as compared with 68% of controls (P � 0.01).

Although these results are encouraging, there are
several caveats. The intervention is not benign.
Nearly two-thirds of ganciclovir recipients devel-
oped drug-induced neutropenia. In addition, treat-
ment requires the placement of a central venous
catheter. If treatment with ganciclovir is considered,
these issues should be discussed openly with the
family. Pharmacokinetic studies of oral valgan-
ciclovir infants are ongoing. The availability of an
oral drug for this population may allow more in-
fants to be treated.

Herpes Simplex Virus

The treatment of HSV infection in neonates, partic-
ularly the treatment for CNS disease, is evolving.
Vidarabine, the original treatment of choice, has
been replaced by acyclovir. The dose of IV acyclovir
has been doubled, from 30 mg/kg per day to 60
mg/kg per day divided t.i.d. for term infants with
normal renal function. The duration of therapy has
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lengthened; current standard of care includes 21
days of IV acyclovir for CNS or disseminated disease
and 14 days for SEM disease. Most experts recom-
mend a follow-up lumbar puncture (LP), with re-
peat PCR at the end of the 3 weeks of therapy, with
prolongation of the IV course if the PCR remains
positive. We generally retest the CSF weekly until
the HSV PCR is negative. Quantitation of virus in
CSF is now possible; the exact clinical correlate of
these numbers is not clearly defined.

Case reports suggest that endogenous reactiva-
tion of HSV inside the CNS may also occur,237 anal-
ogous to the recurrences seen in SEM disease. When
skin lesions do not accompany the CNS disease,
reactivation may be difficult to detect. Some pa-
tients begin to lose developmental milestones previ-
ously attained. This can be accompanied by ele-
vated cell counts and protein levels in the CSF.238

Symptomatic reactivation, producing recurrences
of HSV encephalitis, have also been reported.239 In
one case, reactivation CNS disease accompanied by
recurrent skin lesions was managed with long-term
oral acyclovir, with an excellent outcome.240 Oral
acyclovir is poorly absorbed; doses of between
1,000 and 2,500 mg/m2/dose are required to attain
serum levels of greater than 2 �g/mL.241 Much
smaller doses have been successfully employed to
suppress recurrences of SEM disease.223 It is likely
that the recommended treatment for HSV encepha-
litis will continue to evolve. As durations of therapy
have increased, outcomes have improved. Suppor-
tive care measures have improved during this pe-
riod as well. A randomized trial of suppressive ther-
apy is ongoing.

■ NEONATAL SEPSIS AND MENINGITIS

The diagnosis of septicemia of the newborn is one of
the most difficult in the field of pediatric infectious
diseases, primarily because diagnostic studies are
not helpful soon enough and the possible conse-
quences of delayed therapy are severe morbidity or
death. The risk is even greater in premature infants,
who may already have numerous other physiologi-
cal handicaps.

Definitions

As discussed in Chapter 10, “sepsis” is usually the
presumptive diagnosis when there is clinical suspi-
cion of infection and evidence of a systemic re-
sponse (tachycardia, tachypnea, hyperthermia, hy-

pothermia).242 Suspected sepsis becomes
confirmed sepsis when the blood culture proves
positive.

Sources

Most newborns with confirmed early-onset sepsis
do not have any apparent source of infection. How-
ever, in the first days of life, aspiration of contami-
nated amniotic fluid is probably the source of the
bacteremia, as it usually is for group B streptococcal
sepsis and meningitis. In premature infants requir-
ing ventilation or surgical procedures, the risk of
colonization or infection can persist for weeks, as
they stay in an intensive care unit and are exposed
to various necessary invasive procedures.

Time of Onset

Early-onset Sepsis

This is defined as the occurrence of septicemia in
the first 7 days after birth. In this form, the infection
of the infant usually began in utero. In the worst
form of early-onset septicemia, the infant is born
macerated with a generalized disseminated bacterial
infection. In less severe forms, there may be no ex-
ternal evidence of generalized infection except for
fetal distress before birth and respiratory distress,
apnea, or limpness after birth. The mortality rate is
generally higher in early-onset than in late-onset
sepsis, especially in fulminant cases. In such pa-
tients, it is advisable to obtain cultures of blood,
urine, and spinal fluid (if the patient is sufficiently
stable), and to begin antibiotic therapy immedi-
ately.

Late-onset Sepsis

Late-onset sepsis is defined as septicemia occurring
after day 7 of life. The baby typically is normal at
birth. The clinical manifestations of sepsis then de-
velop. The identity of the infecting pathogen is a
more important predictor of the prognosis of neo-
natal sepsis than is the timing of the infection, al-
though early-onset Group B streptococcal and Liste-
ria infections have a worse prognosis than do the
late-onset forms.

In late-onset sepsis, the full-term baby does well
in the first week of life and is discharged from the
hospital gaining weight and having no difficulty.
However, the appearance of fever, subnormal tem-
perature, tachypnea or apnea, jaundice, vomiting,
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or failure to eat well any time in the first month of
life should be considered a possible indication of
septicemia of the late-onset type (Box 19-3). In such
cases, the baby should be hospitalized and cultures
obtained of blood, spinal fluid, urine, and any area
that appears to be a source of infection. A diagnosis
of presumptive sepsis should be made and antibi-
otic therapy started without awaiting the results of
cultures.

In the premature infant in the intensive care
nursery, the bacteria are likely to be those related
to procedures such as ventilation and intravascular
catheters, and the signs of illness are subtler than
in the term infant (Box 19-3).

Predisposing Factors

Predisposing factors can be divided into maternal,
neonatal, and treatment related (Box 19-4).243 Pro-
longed rupture of membranes and amnionitis may
exert their major influence by predisposing to pre-
maturity, the most significant of the many factors
in neonatal sepsis.

Neonatal Factors

The newborn has greater susceptibility to infections
than older infants for several reasons, but princi-

BOX 19-3 ■ Signs Suggesting
Neonatal Sepsis

Early Onset
Fetal distress before delivery
Meconium staining of amniotic fluid
Respiratory distress
*Persistent tachycardia
*Hypothermia or hyperthermia
*Apneic and bradycardic spells
Meconium aspiration
*Hypotension

Late Onset in Full-term Infants
*Jaundice
*Poor sucking, poor feeding, vomiting, poor

weight gain
*Lethargy, decreased muscle tone, seizures
*Abdominal distention, diarrhea
*Skin mottling or cold skin
*Fever

Late Onset in Premature Infant in Intensive Care
*Same as for above infants
Increasing ventilator oxygen requirement
Decreased perfusion detected by pulse and blood 

pressure

pally because of the immaturity of almost all meas-
urable functions of immunity.251 In addition, labor
often results in relative hypoxemia and acidosis in
the infant. Developmental abnormalities can con-
tribute to the risk of infection.

Maternal Factors

Management of premature rupture of the mem-
branes involves the risks of delivery of a premature
infant, balanced with the risks of maternal or fetal
ascending infection.244 Adverse fetal outcome is re-
lated to the premature delivery as much as to the
infection.245 Amniocentesis may provide informa-
tion on fetal lung maturity, provide cultures useful
in the treatment of amnionitis, and allow continua-
tion of pregnancy; however, these steps do not al-
ways improve the fetal outcome.246 Group B strep-
tococcus (GBS) is the most common cause of
neonatal sepsis; the bacterium is carried in the geni-
tal tract and/or rectum of 15% – 30% of all women
of childbearing age. Not much is known about why
some women are carriers and others are not. One
study suggests that the rate of GBS carriage is higher
in women who smoke.247 In this analysis, age,
weight, race, income level, marital status, number
of prenatal visits, parity, and history of drug use
were found not to be associated with the carriage
of GBS.247 The purported association between ciga-
rette smoking and GBS carriage has not been previ-
ously reported, nor has the study yet been repli-
cated.

Repeated or prolonged courses of antenatal ste-
roids are not associated with antenatal maternal
fever, chorioamnionitis, or neonatal sepsis.248 Ma-
ternal epidural receipt causes more patients to have
prolonged rupture of membranes, induces fetal
tachycardia, and leads to low-grade temperature
elevations in the laboring mother, ultimately caus-
ing a higher percentage of their babies to undergo
sepsis evaluations (20% versus 9%); however, the
incidence of sepsis in their offspring is not in-
creased.249

Treatment-related Factors

As listed in Box 19-4, the process of resuscitation
and treatment of neonatal problems adds to the risk
of infection, especially when monitoring or treat-
ment devices are needed.

Prevention
Prevention of neonatal sepsis has focused primarily
on reducing the risk of GBS. In the past, two differ-
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BOX 19-4 ■ Predisposing Factors in
Neonatal Sepsis

Neonatal
Prematurity
Congenital anomalies
Skin or umbilical cord infection
Necrotizing enterocolitis
Asphyxia

Maternal
Amnionitis
Bleeding
Prolonged labor
Difficult delivery
Fetal distress
Premature rupture of membranes
Prolonged (� 12 hours) rupture of membranes
Urinary tract infection
Lack of prenatal care
Coitus in prepartum week251

Treatment Related
Intravascular catheters
Respiratory intubation
Scalp electrodes
Hand contamination of health care workers
Contaminated equipment
Parenteral nutrition

ent approaches to this clinical problem were advo-
cated. One approach had all pregnant women
undergo screening cultures of the rectum and va-
gina at 35–37 weeks’ gestation, and all women who
screened positive were given intrapartum antibiotic
prophylaxis (IAP). The other approach was risk-
based. This approach was based on the fact that
mothers who are GBS carriers are much more likely
to transmit infection when certain risk factors are
present, namely prolonged (� 18 hours) or prema-
ture (prior to 37 weeks) rupture of membranes, or
maternal fever (greater than 38.0�C). Both strategies
lead to IAP of approximately the same percentage
of mothers, as the GBS carriage rate is around 20%,
and approximately 20% of laboring mothers de-
velop the risk factors mentioned.252 Studies that
compared the protective efficacy of the two strate-
gies head-to-head have clearly demonstrated the su-
periority of the culture-based screening ap-
proach.253 Therefore, the risk-based approach is no
longer endorsed.254 A large study involving more
than 52,000 births estimated that the screen and
treat approach decreased GBS sepsis by 68%.255

All pregnant women should undergo rectovagi-

nal (not just vaginal) culture at 35–37 weeks’ gesta-
tion. The culture should be incubated in selective
broth medium, rather than on plain agar plates.
Mothers whose cultures are positive for GBS should
be given IAP, preferably using penicillin, starting
at least 4 hours prior to delivery if possible. A his-
tory of penicillin allergy should be carefully investi-
gated; many patients who claim to be allergic to
penicillin lack a convincing history and can be
safely given penicillin. Those judged to be at high
risk for anaphylaxis can be given clindamycin.
Those deemed to be penicillin allergic but at low
risk for anaphylaxis should be given cefazolin. Anti-
biotic prophylaxis is not necessary for nonlaboring
women undergoing planned cesarean delivery over
intact membranes.

For women who do not undergo GBS screening
(either because of delivery prior to scheduled
screening or because screening was inadvertently
omitted), IAP should be administered if any of the
following apply: (a) delivery before 37 weeks, (b)
rupture of membranes longer than 18 hours, or (c)
intrapartum temperature greater than 38�C.

Women with GBS bacteriuria during their cur-
rent pregnancy or who previously gave birth to an
infant with GBS disease should also receive IAP.

Management of the baby born to a woman who
received IAP is shown in Box 19-5.

Concerns about GBS Prevention
Protocols

Some have been concerned that focusing preven-
tion efforts on GBS might lead to a compensatory
increase in sepsis attributable to other pathogens.
Most studies of this issue show that the incidence of
non-GBS sepsis remained the same,256,257 or even
decreased slightly258 after GBS-prevention methods
were introduced.

Others expressed concern that widespread use
of IAP might lead to increased antibiotic resistance
in GBS isolates or in other bacteria that cause neo-
natal sepsis. No change in antibiotic susceptibilities
of GBS isolates has been noted. Ampicillin resis-
tance among E. coli isolates has been increasing in
recent years; it is not clear how much of this trend
can be blamed on IAP protocols. However, in one
study, the amount of ampicillin resistance in clinical
isolates from babies with sepsis correlated positively
with the number of doses of ampicillin the mother
received prenatally.259 This issue is potentially im-
portant and needs further study; in one report, am-
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BOX 19-5 ■ Approach to the Baby Whose Mother Received Intrapartum Antibiotic
Prophylaxis (IAP)

1. Ascertain the rationale behind the IAP. Suspected chorioamnionitis? Workup and treat for sepsis.
2. Assess the baby. Ill appearing? Workup and treat for sepsis. Well appearing but less than 35 weeks’ EGAa?

Limited evaluation and observation for at least 48 hours.
3. Ascertain duration of IAP. Less than 4 hours? Limited evaluation and observation.
4. Babies �35 weeks’ EGA whose mothers received IAP for �4 hours as prophylaxis because of GBS carrier

state and who are well-appearing at initial evaluation can be observed for at least 48 hours. Evaluation
and therapy are not required, provided that the baby maintains a well state.

a EGA, estimated gestational age.

picillin resistance was associated with increased
mortality.255 It should be remembered, however,
that because GBS is a much more common cause
of early-onset neonatal sepsis than are the gram-
negative rods, the overall impact of GBS-prevention
protocols has been decreased perinatal mortality. In
addition, the vast majority of E. coli isolates remain
sensitive to gentamicin and cefotaxime, one of
which should be used along with ampicillin for em-
piric treatment in the newborn with suspected
sepsis.

Clinical Diagnosis

The diagnosis of presumptive neonatal sepsis is
based on a history of predisposing factors, physical
findings, and laboratory results other than blood
cultures. The diagnosis of “suspected sepsis” needs
to be made as early as possible, and treatment needs
to begin without waiting for the results of a blood
culture to confirm sepsis. If the blood culture is
negative at 48 hours, the decision to continue anti-
biotics depends on clinical suspicion of sepsis. If
the clinical suspicion is low, antibiotics may be
stopped. The problem-oriented diagnosis is then
“evaluation for possible sepsis.” If the baby is clini-
cally improved, but based on the baby’s initial pre-
sentation the suspicion of sepsis is high, antibiotics
are sometimes continued even with negative cul-
tures. The problem-oriented diagnosis is then “cul-
ture-negative sepsis.” If the baby’s clinical condition
is not improving, in addition to continuing antibiot-
ics (or adding new ones) a vigorous search for a
focus should be undertaken (e.g., repeat lumbar
puncture (LP) to include HSV PCR, and/or imaging
studies).

Signs suggesting sepsis are listed in Box 19-3.
One study indicated that persistent tachycardia ex-
ceeding 160 beats/minute in infants less than 72

hours old is a useful sign of early-onset sepsis.260

A prospective study in a neonatal intensive care unit
found that otherwise well-appearing babies had de-
creased baseline heart-rate variability and short-
lived decelerations starting about 24 hours prior to
abrupt sepsis or sepsis-like events.261

Laboratory Approach

Cultures

Blood, spinal fluid, urine, and any apparently in-
fected lesion should usually be cultured. Small new-
borns with severe respiratory distress need not be
routinely subjected to LP. However, a single nega-
tive blood culture does not reliably exclude menin-
gitis. An LP should usually be performed once the
infant is stable (and especially if the blood culture
is positive). A study of 43 infants with bacterial
meningitis in the first 3 days of life found that the
diagnosis would have been delayed or missed in 16
(37%) had selective criteria for LP been used.262

Urine cultures have a low yield of additional in-
formation in the first few days of life and may usu-
ally be omitted. They should not be omitted in the
child with late-onset disease. If a urine culture is
obtained, the specimen should be obtained by cath-
eter or bladder puncture for maximum accuracy.
Microscopic examination of the cerebrospinal fluid,
or occasionally the urine, may provide immediate
information about the likely infecting organism. Mi-
croscopic examination of a gastric aspirate shortly
after birth may indicate amniotic fluid inflamma-
tion (leukocytosis) and may show bacteria, but
rarely adds new information, except to indicate un-
suspected amnionitis.

Automated blood-culture systems have made re-
covery of organisms more rapid and more relia-
ble.263 In newborns with suspected sepsis, 77%,
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89%, and 94% of blood cultures that are eventually
going to turn positive have done so by 24, 36, and
48 hours of incubation, respectively.264 It should
be remembered that even a negative blood culture
does not eliminate the possibility of serious nonbac-
teremic bacterial infections. Indeed, in one study,
18% of 100 autopsied infants who died of a serious
bacterial infection did not have a positive blood
culture, indicating that “blood cultures may be neg-
ative in newborns dying with significant foci of bac-
terial infection.”265 Furthermore, abnormalities of
the white blood cell count, differential, and platelet
counts were not invariably specific for bacterial in-
fection265 (see following text).

Nonspecific Laboratory Tests

Hematologic Parameters

In the late 1970s, Manroe and colleagues studied
hematologic values in both well and sick babies in
an attempt to establish norms.266 Many nurseries
have used the immature to total neutrophil count
(“I/T ratio”) as a screening tool for sepsis. A more
recent survey of neutrophil and band counts in
healthy term newborns suggests that variability is
greater than previously suspected; the mean I/T
ratio was 0.16, but the 10th to 90th percentile range
was from 0.05 to 0.27.267 The same investigators
also found that there was a wide interreader vari-
ability in the interpretation of cells as being either
“neutrophils” or “bands.”268 This would obviously
change the value of the I/T ratio, calling its utility
into question. In addition, others have found that
the absolute neutrophil count and I/T ratios evolve;
therefore, the test is better when it is repeated.269

In a large clinical trial, a normal initial I/T ratio,
even when followed by a normal immature to ma-
ture (I/M) ratio and coupled with a platelet count
greater than 150,000 per mcL, had a negative pre-
dictive value of only 94% for the absence of sep-
sis.270 In another study, an I/T ratio cut-off of 0.2
had a sensitivity of 78% and specificity of 73% in
predicting sepsis.271

In one study, 18 of 18 premature neonates with
late-onset coagulase-negative staphylococcal septi-
cemia had elevated mean platelet volumes, which
returned to normal values with correction of
sepsis.272

C-reactive Protein (CRP)

Compared with other measures of inflammation,
most investigators feel that the CRP is the “best

test.”273 Even so, a value of greater than 1 mg/dL
has a sensitivity of only 85% and a specificity of
only 62% for sepsis.273 Other investigators found
that the initial CRP did not reliably discriminate
infected from noninfected neonates, but that a re-
peat CRP 24–48 hours later that was less than 1
mg/dL had a negative predictive value of 99%.

Interleukin-6 (IL-6) and Interleukin-8 (IL-8)
Levels

IL-6 levels are elevated in both maternal serum274

and in cord blood275 of babies who develop early-
onset sepsis. In late-onset sepsis, IL-6 levels go up
1–2 days prior to the onset of sepsis or sepsis-like
episodes.276 One group of investigators found,
however, that IL-6 levels were highly elevated in
the cord blood of all sick babies, not just in those
with infectious diseases.277 Another group found
that IL-6 levels were helpful in the diagnosis of sep-
sis or serious bacterial infections in premature neo-
nates but not in term babies.278

Unlike IL-6, elevated IL-8 levels are specific for
infectious illness,277 but the sensitivity of IL-8 levels
for sepsis are not as good as those of IL-6, no matter
what cutoff value is established.275 In Germany, a
nursery used IL-8 levels of greater than 53 pg/dL
and/or a CRP of greater than 1 mg/dL as a screening
tool for late-onset sepsis in their premature neonate
population; this yielded a 94% sensitivity and de-
creased antibiotic use by 73%.279

Although helpful adjuncts, normal nonspecific
laboratory tests never rule out the possibility of neo-
natal sepsis. The three broad categories to evalu-
ate—risk factors for sepsis, postnatal clinical signs,
and laboratory tests—must each be considered.
Concern with any one of these three factors is suffi-
cient reason to initiate a sepsis evaluation and begin
empiric antibiotic therapy in a newborn.

Bacterial Causes

Group B streptococci and E. coli remain the most
frequent causes of neonatal sepsis and meningitis
in the first month of life.280 Other enteric gram-
negative bacteria (especially Klebsiella), Listeria,281

Staphylococcus aureus, and viridans streptococci,282

are other possible causes.
Infants with long stays in intensive care units,

repeated episodes of suspected sepsis, and many
courses of antibiotics can have sepsis with Staphylo-
coccus epidermidis (usually from intravascular cathe-
ters),283 Candida albicans or Candida parapsilosis (es-
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pecially very low-birth-weight infants),284 and
bacteria that have become colonizing flora in such
patients (Pseudomonas aeruginosa, Stenotrophomonas
maltophilia, Enterobacter cloacae, Citrobacter
freundii, Acinetobacter spp., and anaerobes). Unsus-
pected serious infection is common at postmortem
examination in infants from this setting.285 Myco-
plasma, Ureaplasma, and Lactobacillus species (from
the mother’s cervix) are very rare causes of
sepsis.286–288

Many other bacterial species have been reported
as rare causes of neonatal sepsis and meningitis,
including meningococci, pneumococci, Campylo-
bacter, and a host of maternal genital normal flora
(Chapter 15).286–288 Since the development of bet-
ter anaerobic techniques, Bacteroides, Clostridium,
Peptococcus, Peptostreptococcus, and Veillonella spe-
cies have been recovered in neonatal sepsis.289,290

Atypical mycobacteria are a rare cause of sepsis
in the newborn.291 The nursery environment might
be a source. Standard blood culture or acid-fast
stain of an abscess may be useful for detection.

Meningitis

Neonatal septicemia is associated with meningitis
about 30% of the time.280 The same principles of
early diagnosis and therapy apply to meningitis as
to septicemia, except that the drugs selected should
penetrate the spinal fluid well. Meningitis in the
newborn and young infant is discussed in Chapter
9.

Diseases Resembling Sepsis

While treating a newborn for “suspected sepsis,” the
clinician should consider the long list of conditions
resembling sepsis, so they can be looked for and
treated if found (Box 19-6).

Antibiotic Treatment

The most important feature in treatment of neonatal
sepsis is that antibiotic therapy not be delayed while
awaiting results of cultures. When neonatal sepsis
is suspected, specimens should be taken and treat-
ment begun immediately. As a rule, any infant who
is thought to be sick enough to require a sepsis
evaluation should be regarded as sick enough to be
treated with antibiotics for sepsis.

The initial antibiotics, before culture results are
available, should be chosen in view of the probabil-
ity of various causative organisms. Many bacteria

BOX 19-6 ■ Some Diseases Resembling
Neonatal Bacterial Sepsis

Other Infections
Disseminated viral infections: herpesvirus, 

enterovirus
Viral meningitis
Chronic active congenital infection
Fungal sepsis
Pneumonia, diarrhea, urinary tract infection, 

peritonitis

Respiratory Diseases
Respiratory distress syndrome, transient 

tachypnea
Pneumothorax, hemorrhage, meconium 

aspiration

Neurologic Diseases
Intracranial hemorrhage, seizures, malformations

Cardiovascular Diseases
Patent ductus arteriosus, hypoplastic left heart 

syndrome

Hematologic Diseases
ABO incompatibility, polycythemia, anemia

Metabolic Diseases
Urea cycle disorders, other congenital enzymatic 

defects
Accidental poisoning

Gastrointestinal Diseases
Necrotizing enterocolitis
Congenital malformations

can be causes of neonatal sepsis, as discussed in
the preceding section, which explains the variety
of regimens recommended for use before culture
results are available. The best reference on antibi-
otic selection and dosages, especially for newborns
and premature infants, is Nelson’s Pocketbook of Pe-
diatric Antimicrobial Therapy, which is revised every
other year. Regimens may vary somewhat depend-
ing on local susceptibility patterns. In most loca-
tions, the best empiric regimen for suspected neo-
natal sepsis remains ampicillin and gentamicin. If
meningitis is suspected based on CSF findings, cef-
otaxime should be added to the above regimen.
Therapy can then be adjusted based on culture and
sensitivity results.

If S. aureus is suspected, nafcillin or oxacillin
may be substituted for ampicillin. Empiric vanco-
mycin is not necessary, even for babies with intra-
vascular catheters, as coagulase-negative staphylo-
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coccal infection is rarely fulminant.292 For infants
who have been long-term intensive care patients,
ceftazidime is appropriate as it has activity against
most strains of Pseudomonas, which carries the high-
est case-fatality rate of any bacterial cause of late-
onset sepsis in these patients.292 Risk factors for
candidemia include prematurity, intravascular
catheters, hyperalimentation, prolonged intensive
care unit (ICU) stays (particularly if endotracheal
intubation is prolonged), and, most importantly,
frequent or prolonged antibacterial therapy.293,294

Mucocutaneous candidiasis is also a predictor
of subsequent invasive candidal infection. In one
prospective study of infants less than 1,500 g, 9
(32%) of 28 infants with mucocutaneous candidia-
sis developed invasive disease compared with 7
(2%) of 330 infants without mucocutaneous candi-
diasis.295

In patients with the above risk factors who fail
to respond to initial empiric therapy, evidence for
invasive fungal disease (renal ultrasound, retinal ex-
amination) should be done and consideration
should be given to adding amphotericin B or fluco-
nazole.

Nonantibiotic Treatment

Fresh whole-blood exchange transfusions, leuko-
cyte transfusions, fresh adult human plasma, and
intravenous immune globulin have been used to
treat neonatal sepsis. None of these interventions
have been clearly shown to be of benefit.

Prevention

Antibiotic prophylaxis should not be given on the
basis of prematurity alone. Antibiotics should be
administered to premature neonates who have
other risk factors or signs of sepsis, such as hypogly-
cemia, prolonged premature rupture of mem-
branes, respiratory distress, maternal fever, and the
like. This practice results in most premature babies
receiving antibiotics for 48–72 hours while blood
cultures are incubating.

A recent study suggests that prophylactic fluco-
nazole, given intravenously for the first 6 weeks of
life to very low-birth-weight infants, reduced both
colonization and infection with fungal patho-
gens.296 A concern about the development of fluco-
nazole resistance has kept most nurseries from
adopting this practice.

■ MISCELLANEOUS NEONATAL
INFECTIONS

This section discusses some selected focal infec-
tions, by organ system. Newborn infections of other
anatomic areas are covered in their appropriate
chapters.

Bone and Joint Infections

Septic arthritis and osteomyelitis in neonates are
discussed in Chapter 16.

Ear Infections

Absent or limited mobility of the tympanic mem-
branes is frequently found by pneumatic otoscopy
in the first 72 hours of life.297 In the normal new-
born of this age, the tympanic membrane may ap-
pear pink or red without crying.

Young infants in an intensive care nursery who
had tympanocentesis because of a clinical diagnosis
of acute otitis media had a higher frequency of en-
teric bacteria in their middle ear compared with
outpatients, who are more likely to have respiratory
flora, such as Streptococcus pneumoniae and Haemo-
philus influenzae.298

Gastrointestinal Infections

Necrotizing Enterocolitis (NEC)

Newborns with NEC initially present with abdomi-
nal distention and retention of feedings. They may
then progress rapidly to a picture resembling sepsis.
About one-quarter of patients develop bloody
stools. NEC is most common in the first 2 weeks
of life but onset may be delayed in very low-birth-
weight babies. Evidence of pneumatosis intestinalis
on abdominal plain films is highly specific for NEC
but has a sensitivity of less than 75%. CT may be
more sensitive. Portal vein gas is a sign of severe
disease; pneumoperitoneum indicates a perfora-
tion.

Despite the fact that NEC has been a recognized
complication of extreme prematurity for decades,
the pathogenesis of this clinical entity remains mys-
terious. The principal risk factors are prematurity,
enteral feeding, and bacterial colonization.299 Hy-
poxia or ischemia/reperfusion injury may also be
involved,300 although in animal models the full-
term gut is much more susceptible to this type of
insult.301 Infection may be a contributory or precip-
itating cause, because outbreaks occur.302 Experi-
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mentally, endotoxin in stool filtrates from E. coli, K.
pneumoniae, Enterobacter spp, and Clostridium spp
correlates with risk of NEC.303 In one small out-
break, blood cultures from 3 of 6 patients were
positive for a new species of Clostridium, dubbed
C. neonatale.304 Perhaps the strongest link to infec-
tion is a study of contamination of enteral feeding
tubes. During the course of this study, 7 babies
developed NEC; all of them had been fed formula
found to be contaminated with more than 100,000
cfu/mL of gram-negative rods.305 Four of the seven
required surgery, and surgical cultures recovered
the same bacteria found in their feeding tubes.305

Breast milk feeding appears to offer significant
protection.306 Supplementing tube feeds with lacto-
bacilli is fruitless,307 as are oral immunoglobu-
lins.308 Oral antibiotic prophylaxis decreases the in-
cidence of NEC somewhat, but at the cost of
producing antibiotic-resistant organisms.309 Pre-
mature babies are generally arginine deficient, and
low plasma arginine levels have been postulated as
a possible risk factor. A large, blinded, placebo-
controlled trial of L-arginine supplementation dem-
onstrated a decrease incidence of NEC from 27% to
7%.310 Unfortunately, the incidence in the control
group was very high, and stage 1 NEC (which can
be a rather subjective diagnosis) was used as one
endpoint.310

Treatment is with bowel rest, nasogastric suc-
tion, and antibiotics (such as ampicillin, gentami-
cin, and metronidazole). Although many cases can
be managed nonoperatively, consultation with a pe-
diatric surgeon is strongly recommended. Surgical
intervention is indicated for patients with evidence
of perforation or in cases that progressively worsen
despite optimal medical management.311

The mortality rate associated with laparotomy
for perforated necrotizing enterocolitis is signifi-
cantly higher among neonates with a body weight
of less than 1,000 g. For this reason, bedside place-
ment of peritoneal drains is used initially in place
of laparotomy for the management of perforation
in the smallest newborns. Approximately one-third
of neonates treated with the placement of drains
die from the disease, one-third require subsequent
laparotomy and bowel resection for necrotizing en-
terocolitis-related obstruction or undrained ab-
scess, and one-third do not require further sur-
gery.312

Neonatal Appendicitis

Appendicitis is rare in the newborn infant and is
likely to be discovered only if the patient is operated

on for necrotizing enterocolitis.313 Mucormycosis
is a rare cause of appendicitis or bowel perforation
in premature or young infants.314

Diarrhea

Common diarrheal pathogens can be transmitted
to the newborn, including Salmonella, Shigella,
Campylobacter, Yersinia, rotavirus, and others. The
infections may be mistaken for necrotizing entero-
colitis.315,316

Pulmonary Infections

Afebrile Interstitial Pneumonitis

A variety of aspirated maternal cervical flora can be
recovered from infants with pneumonia in the first
weeks of life, especially in those born prematurely.
These organisms include CMV, Chlamydia tracho-
matis, C. albicans, mycoplasmas, ureaplasmas, tri-
chomonas, herpes simplex, Pneumocystis jiroveci
(formerly carinii) and Bacteroides species.317–325

Some of these isolates may be coincidental in a par-
ticular infant, but etiologic associations are well
documented for many of these pathogens in neo-
nates from 2–12 weeks of age 317 Bacteroides spp,
Candida spp, and Trichomonas vaginalis lack a
proven association.

In one series of CMV infections with diffuse in-
terstitial pneumonia, the infants were noted to have
a gray pallor, enlarged liver and spleen, atypical
lymphocytosis, deteriorating respiratory function,
and a septic appearance.318 Most of the babies ap-
parently acquired the disease after birth, perhaps
from blood transfusions.

Outbreaks of acquired interstitial pneumonia
can occur in nurseries and are usually attributed to
respiratory syncytial virus or parainfluenza viruses.
Mumps can produce severe pneumonia in the new-
born in the absence of transplacental antibodies.

Erythromycin is the treatment of choice for chla-
mydial pneumonia, which is the most likely treata-
ble infectious cause of afebrile interstitial pneumo-
nia. Metronidazole has been effective when
Trichomonas has been documented.322

Fulminant Pneumonia

Herpes simplex virus can cause rapidly fatal pneu-
monia without skin lesions and may respond to
acyclovir.325 Adenoviruses and Pneumocystis jiroreci
can also cause relentlessly progressive pneu-
monia.326,327
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Newborn Exposed to Tuberculosis (TB)

Newborns exposed to patients with active pulmo-
nary TB are at high risk of becoming infected. Cases
should be reported promptly to public health au-
thorities, as a contact investigation to detect addi-
tional cases is critical. If the active case is the
mother, the infant should be evaluated for the pos-
sibility of congenital tuberculosis (see following
text). The baby should generally receive isoniazid
even if there is no evidence of disease and despite
a negative skin test and normal chest x-ray. Ideally,
the infant is separated from the adult with active
TB until noncontagiousness is ensured. However,
when the active case is the mother, this is usually
not practical. The infant’s isoniazid may be discon-
tinued at 4–6 months if the condition is asymptom-
atic and a repeat chest x-ray and tuberculin skin
test are negative.

If a household contact of a newborn is found
to have latent TB infection (LTBI) only (not active
disease), a contact investigation is again critical to
make sure there are no cases of active disease to
which the infant may have been exposed. Separa-
tion is not necessary, and the baby does not need
isoniazid (unless the contact investigation is de-
layed). The baby may continue to breast-feed. If
the mother is taking isoniazid, both mother and
nursing baby should receive pyridoxine (vitamin
B6).328 For the baby, this can be in the form of a
standard liquid multivitamin.

Congenital Tuberculosis

Although uncommon, congenital tuberculosis is
becoming increasingly recognized. About half of
cases are a result of hematogenous spread via the
placenta and about half are due to aspiration of
infected amniotic fluid.329

The presenting symptoms are nonspecific. The
most common signs are hepatosplenomegaly, respi-
ratory distress, and fever. Chorioretinitis may be
present, mimicking other causes of congenital in-
fection, such as CMV and toxoplasmosis. Occasion-
ally, infants may present with a fulminant picture
of septic shock and disseminated intravascular co-
agulation.330

The median age at onset is 24 days (range, 1–84
days). In one review, 24 (75%) of 32 mothers were
completely asymptomatic prior to delivery.331 This
underscores the importance of performing a tuber-
culin skin test on all pregnant women with epide-

miologic risk factors for tuberculosis (such as being
foreign-born).

Making the diagnosis promptly is critical to pa-
tient survival. If suspected, tuberculin skin testing
should be performed (though it is usually negative
in infants); any induration is suggestive of TB. Gas-
tric aspirates, endotracheal aspirates (if the child is
intubated), and spinal fluid should be sent for acid-
fast bacteria stain and mycobacterial culture. If still
available, the placenta should be examined for his-
tological evidence of TB. The mother should
undergo an evaluation to exclude pulmonary and
extrapulmonary tuberculosis. If suspicion for con-
genital tuberculosis is high, four-drug therapy is
initiated (usually isoniazid, rifampin, pyrazina-
mide, and streptomycin) and continued for 2
months. If isolates are susceptible to isoniazid and
rifampin, these agents are continued to complete a
12-month course. Unlike most young children with
tuberculosis, infants with congenital tuberculosis
may be contagious and should be cared for using
airborne precautions.332

Pulmonary Candidiasis

In the full-term infant with candidal pneumonia,
the infant usually has thrush, and the mother is
found to have vaginal candidiasis. Typically, the
infant has cyanosis, rales, and a pulmonary infil-
trate. In premature infants, pulmonary candidiasis
occurs in association with disseminated candidia-
sis.333 It is difficult to be certain of the antemortem
diagnosis in term infants, because secretions ob-
tained from the trachea by bronchoscopy or direct
laryngoscopy may be contaminated by Candida
from the oropharynx.

Lung Abscess

A report of 6 cases of neonatal lung abscess indi-
cated the causes were group B streptococci, E. coli,
and Klebsiella pneumoniae.334 Two patients had pre-
viously unrecognized congenital cystic malforma-
tions. In four patients, partial lung resection was
required.

Noninfectious Pulmonary Diseases

Many abnormal chest roentgenograms reflect con-
genital anatomic abnormalities, aspiration, and
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BOX 19-7 ■ Noninfectious Neonatal
Pulmonary Diseases

Bronchopulmonary dysplasia
Transient tachypnea of the newborn (aspirated 

amniotic fluid)
Respiratory distress syndrome (immature 

surfactant system)
Aspiration pneumonia
Meconium aspiration
Pulmonary hemorrhage
Postextubation lobar opacification
Congenital lung abnormalities
Pneumatoceles, lung cysts, interstitial air
Pulmonary alveolar proteinosis
Necrotizing tracheobronchitis

complications of ventilator therapy, such as necro-
tizing tracheobronchitis (Box 19-7).335

Skin Infections

Pyogenic Infections

Scalp abscesses may occur at the site of intrauterine
electrodes and can be caused by maternal cervical
flora.336,337 Neonatal mastitis is usually caused by S.
aureus, but can be caused by any bacteria, including
group B streptococci and gram-negative organ-
isms.338

Umbilical cord infection (omphalitis) is usually
secondary to S. aureus or streptococci.339 Moist or
“smelly” cords need to be distinguished from true
omphalitis, which will have associated erythema,
swelling, or drainage. The most serious complica-
tion of omphalitis is necrotizing fasciitis (Chapter
17), which occurs in 13–26% of cases.340,341

Prevention of omphalitis is by good cord care,
which usually consists of triple dye application in
the nursery and once or twice daily alcohol until
the cord separates.342

Noninfectious rashes are often a concern in new-
borns because they can be mistaken for infections,
as described in the following text.

Transient Neonatal Pustular Melanosis

This skin disorder occurs more frequently in black
infants and can resemble erythema toxicum. How-
ever, the lesions contain segmented neutrophils
rather than the eosinophils of erythema tox-
icum.343,344

Acropustulosis of Infancy

Beginning in the first few months of life, small vesi-
cles rapidly progress to pustules.344,345 The disease
can be mistaken for HSV infection.

Incontinentia Pigmenti

This hereditary disease is worth mentioning only
because the linear vesicles can be mistaken for
herpes infection.346 The vesicular lesions later be-
come pigmented macules.

Linear IgA Bullous Dermatosis

This immunobullous disease may also present in
the newborn period and can mimic the vesicles of
HSV infection.347

Maternal Mastitis

Although mastitis in the nursing mother is a logical
source of staphylococcal infection to the baby, such
infection rarely occurs.348 Emptying the breast (in-
cluding by breast feeding) and antistaphylococcal
antibiotics traditionally clear the maternal infec-
tion.349 Breast abscess occurs in about 10% of pa-
tients with mastitis. Management is similar, except
that the abscess should be drained and breastfeed-
ing should be limited to the unaffected side until
the infection is cleared.349

■ USE OF ANTIMICROBIAL AGENTS IN
PREGNANCY AND LACTATION

Although using antibiotics only when there is a
clear-cut indication is good advice in caring for any
patient, it is particularly salient when approaching
the treatment of a pregnant or lactating woman.
Because it is ethically unfeasible to perform pro-
spective, controlled trials of antibiotics in these cir-
cumstances, no currently available antibiotic has
been deemed completely safe. However, the Food
and Drug Administration has placed drugs in risk
categories for use in pregnancy, and the American
Academy of Pediatrics has developed similar risk
categories for nursing infants.350

Breastfeeding has many advantages, including
prevention of infections in infants, and thus it
should be encouraged. Most antibiotics are compat-
ible with nursing, and breastfeeding can usually be
continued safely. Similarly, in a pregnant woman
with an infection, treatment necessity often out-
weighs potential risks for fetal anomalies. For exam-
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TABLE 19-2. SELECTED ANTIMICROBIAL AGENTS AND THEIR RISK CATEGORIES IN
PREGNANCY AND LACTATION

FDA PREGNANCY

ANTIMICROBIAL AGENTS RISK CATEGORY* BREASTFEEDING

Antibacterial agents

Aminoglycosides D Compatible

Azithromycin B Compatible

Cephalosporins B Compatible

Clindamycin B Compatible

Clarithromycin C Unknown

Chloramphenicol C Unknown but may be of concern

Dapsone C Compatible

Erythromycin B Compatible (concentrated in human milk)

Fluoroquinolones C Compatible

Imipenem C Unknown

Isoniazid C Compatible–place mother and infant on
vitamin B6 (pyridoxine)

Meropenem B Unknown

Metronidazole B Unknown but may be of concern

Nitrofurantoin B Compatible

Penicillins B Compatible

Pyrazinamide C Unknown

Rifampin C Compatible

Sulfonamides C Compatible (caution in infant with
jaundice or prematurity)

Tetracyclines D Compatible

Vancomycin C Unknown

Antifungal agents

Amphotericin B B Unknown

Fluconazole C Compatible

Itraconazole C Unknown

Terbinafine B Contraindicated

Antiparasitic agents

Albendazole C Unknown

Atovaquone/proguanil C Unknown

Chloroquine C� Compatible

Furazolidone C Unknown (contraindicated �1 mo old
due to hemolytic anemia)

Ivermectin C Compatible

Mebendazole C Compatible

Mefloquine C† Unknown

Paromomycin C Compatible

Praziquantel B Unknown

Quinidine C Compatible
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TABLE 19-2. (continued)

Quinine X Compatible

Antiviral agents

Acyclovir B Compatible (concentrated in human milk)

Ganciclovir C Unknown

Oseltamivir C Unknown

Ribavirin X Unknown

Valacyclovir B Unknown

* FDA pregnancy categories: A, studies in pregnant women, no risk to fetus; B, no risk in animal studies but human studies
inadequate or toxicity in animal studies but no risk in human studies; C, animal studies show toxicity, human studies are
inadequate but benefit may exceed risk; D, evidence of human risk, but benefits may outweigh risks; X, fetal abnormalities in
humans, risk outweighs benefits.
� In general, for pregnant women traveling to areas with malaria, the risks to the mother and fetus from acquiring malaria
outweigh the risks of adverse effects of antimalarial medication.

ple, the antituberculous drugs should not be with-
held from pregnant patients with active
tuberculosis.

Table 19-2 lists some commonly used antimicro-
bial agents and their risk categories for both preg-
nancy and lactation. Reference texts may be con-
sulted for a more comprehensive discussion.351
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HIV Infection and AIDS

■ INTRODUCTION

This chapter will discuss several aspects of HIV in-
fection and AIDS, including maternal-infant trans-
mission, diagnostic tests, treatments, and prog-
nosis. Detailed information about management of
these children is beyond the scope of this book.
Care of the HIV-infected baby, child, or adolescent
is complex and rapidly evolving. It is hoped that
the clinician can learn enough from this chapter to
feel comfortable about the basics. Once HIV infec-
tion has been definitively diagnosed, care of these
children should be done in concert with a physician
who has specific training in pediatric infectious dis-
eases and experience caring for children with HIV
infection.

■ MODES OF TRANSMISSION

Maternal-Fetal (Vertical Acquisition)

Vertical transmission remains the most common
way that pediatric patients become infected with
HIV. It may occur during gestation, during the in-
trapartum period, or in the immediate postpartum
period. In the absence of any steps to prevent trans-
mission, 20–40% of babies born to HIV-positive
mothers will become infected.1–3 It is thought that
most babies who become infected do so in the peri-
partum period. Earlier infection does occur, as HIV
has been found by in situ PCR (polymerase chain
reaction) in the tissues of aborted fetuses during
the second trimester.4 Transmission to babies after
they have been born usually occurs through
breastfeeding. This remains a problem in the devel-
oping world, where breast milk may be the only
form of nutrition available, but it has been virtually
eliminated in the United States, where clean water
for formula is readily available.

The single most important factor in determining
the risk of transmission is the viral load in maternal
plasma. In one study of 552 maternal-infant pairs,
none of 57 babies whose mother’s viral load was
less than 1,000 copies/mL became infected, but 26

(41%) of 64 babies whose maternal viral loads were
greater than 100,000 copies/mL became infected.2

The plasma viral load has been shown to correlate
with the amount of HIV in both cervical mucus and
in vaginal secretions,5 which is a plausible explana-
tion for the phenomenon. Transmission of HIV is
also augmented by concomitant maternal syphilis.6

In the early 1990s, Pediatric AIDS Clinical Trials
Group (PACTG) Protocol 076 demonstrated the ef-
fective prevention of maternal-infant transmission.
This double-blind, prospective, placebo-controlled
trial showed that the administration of zidovudine
(ZDV or sometimes called azidothymidine [AZT])
to pregnant mothers during the last trimester of
pregnancy, coupled with intravenous AZT in the
immediate peripartum period and six weeks of oral
AZT therapy for their neonates decreased maternal-
infant transmission from 28% to 8%.3 Maternal-
infant transmission decreased greatly after this stan-
dard was adopted. Of course, the success of this
form of prophylaxis depends upon knowing which
mothers are HIV infected. This, in turn, relies upon
prenatal counseling and universal HIV testing of
pregnant women. When testing is offered to preg-
nant women, the majority accepts it. In one exem-
plary early program, counseling and testing in-
creased from 21% to 95% of pregnancies, and the
perinatal HIV transmission rate in North Carolina
was documented to decrease from 31% to 3.1%
statewide.7 Testing pregnant women for HIV infec-
tion should be routine, similar to testing for syphilis
or rubella immunity.

At any plasma viral load, adherence to the 076
AZT protocol decreases transmission rates. Factors
that decrease the chances that a mother-infant pair
will receive all three components of the protocol
include older maternal age, CD4 counts greater
than 500/�L, and cocaine or heroin use.8 Because
following all three parts of the 076 protocol is cum-
bersome and expensive, it has been difficult to im-
plement in developing countries. Trials in which
the maternal portion, the neonatal portion, or both
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were truncated suggest that a longer maternal com-
ponent is more important than a longer neonatal
component.9 In these trials, the intrapartum intra-
venous AZT was replaced with frequent oral AZT.
In another attempt at simplification, mothers and
their infants were each given a single dose of nevira-
pine.10 This regimen decreased transmission signif-
icantly only in mothers not already receiving stan-
dard antiretroviral therapy.11 In one open-label
trial, the combination of AZT and lamivudine (3TC)
was also shown to be effective in preventing trans-
mission. However, a common 3TC resistance muta-
tion was demonstrated in 52 (39%) of 132 neo-
nates, and adverse events, including severe anemia
and thrombocytopenia, were common. Two chil-
dren who were subsequently proven to be unin-
fected with HIV died before the age of 12 months
from mitochondrial toxicities thought to be related
to the combination therapy.12

Ultimately, antiretroviral therapies that best treat
the mother’s disease probably result in the best pos-
sible outcomes for both mother and baby.13 The
standard of care for pregnant women with HIV in-
fection now includes use of multiple-drug therapy,
at least one of which should be AZT. Fears that
there would be long-term adverse outcomes in HIV-
uninfected babies whose mothers received AZT
during pregnancy have been largely assuaged. One
study showed a slightly increased risk of first febrile
seizure in these children,14 but another study that
followed, for a mean of 4.2 years, HIV-uninfected
children whose mothers were enrolled in protocol
076 showed no significant difference in growth,
cognition, or development in those whose mothers
received AZT compared with those whose mothers
received placebo.15

Other factors shown to be independently associ-
ated with increased risk of maternal-infant trans-
mission include maternal obesity and procedures
that cause the baby to contact maternal blood or
cervical secretions.16 In light of this finding, it is
not surprising that elective cesarean delivery prior
to rupture of membranes decreases transmission by
about half.17 However, the efficacy of cesarean de-
livery in the era of highly active antiretroviral ther-
apy (HAART) has not been evaluated. Enthusiasm
for elective cesarean birth has been waning, due, in
part, to the fact that transmission rates are already
less than 2% in many populations, and that cesar-
ean delivery is not without risk, especially because
wound healing may be poor in patients with ad-
vanced HIV disease.

Postnatal transmission via breast milk occurs in
about 15% of babies who are exclusively
breastfed.18 Thus, HIV-positive mothers should not
breastfeed their babies unless there is no possible
alternative source of nutrition.

Sexual and Parenteral Transmission
(Horizontal Transmission)

Horizontal transmission of HIV is usually from
either sexual contact or through intravenous drug
use. In recent years, there has been an increase in
the number of teenagers being infected, usually
through unprotected sex. It has been estimated that
at least half of all new HIV infections in the United
States occur among people below the age of 25, and
that the majority of these young people are infected
through sexual activity.19 The message of so-called
safe sex (more appropriately termed “safer sex”) has
been preached to a large number of people at risk.
Unfortunately, adherence to this idea has been de-
clining as improved therapies for HIV have become
widely used.20 Some of this laxity is due to the
perception that persons on HAART are unlikely to
transmit the infection. Remarkably, surveys reveal
that the relaxed attitude toward HIV transmission
is largely attributable to the perception that HIV
infection is now a manageable disease. In one sur-
vey of 80 women, whereas only 5% of respondents
believed that safer sex was no longer important,
15% said that they no longer insist on condom use,
and 40% agreed that “AIDS is now a less serious
threat.”21 Many teenagers, in particular, engage in
high-risk behavior even though they understand
the risk factors for HIV infection. This may be
caused by the tendency of teenagers to feel a sense
of immortality.

Injection drug use is a risk for acquisition of
infection not only through needle sharing, but also
because people who use injection drugs engage in
riskier sexual behavior.22 Even alcohol use has been
identified as a risk factor.23

■ PRESENTING FEATURES OF HIV
INFECTION

Most perinatally-infected babies are born to known
HIV-positive mothers. Testing pregnant women for
HIV during prenatal care identifies the risk to the
fetus early, and mothers are given antiretroviral
therapy. Babies born to these mothers are followed
very closely and serially tested for the presence of
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the virus. Management of these babies is outlined
in Box 20-1. With the exception of babies infected
in utero, who may be born prematurely and develop
severe signs and symptoms early in life, most babies
with known exposure who prove to be infected are
not symptomatic at the time of their diagnosis.
There is a tendency for HIV-infected babies to be
born slightly prematurely, and to be small for gesta-
tional age.24 Other early signs, if present, include
generalized lymphadenopathy, eczema, hepato-
splenomegaly, recalcitrant thrush, chronic diarrhea,
failure to thrive, spasticity/hypertonicity, or recur-
rent bacterial infections. Dramatic presentation in
the first months of life with life-threatening Pneumo-
cystis jiroveci (formerly carinii) pneumonia is now
uncommon.

Sometimes babies are born to mothers whose
HIV status is unknown, either because they re-
ceived no prenatal care or because they refused or
were not offered HIV testing during pregnancy.
Others test negative early but become infected with

BOX 20-1 ■ Management of the Known HIV-exposed Baby

In the hospital:
Thorough physical examination
Careful maternal history (maternal viral load, CD4 cell count, antiretroviral therapy, receipt of intrapartum IV

AZT, other blood borne or sexually transmitted diseases)
Begin oral AZT, 2 mg/kg per dose,a every 6 hours; first dose within 4–6 hours of birth
HIV DNA PCR at time of hospital discharge (never use cord blood)
Ensure that mother seeks a general pediatrician to assume primary care

After discharge:
Follow-up visits with both a general pediatrician and an infectious diseases specialist
Thorough physical examinations, with special emphasis on growth, presence or absence of lymphadenopathy

and hepatosplenomegaly, skin condition, and neurologic exam
Recalculate AZT dose, as rapid growth may lead to inadequate dosing
Repeat DNA PCRs, preferably at ages 2–4 weeks and more than 4 months (some experts recommend one

RNA PCR at some point during the first 4 months, as limited data suggest it may be slightly more sensitive)
Stop AZT at 6 weeks of age
At 6 weeks, babies whose growth, development, and physical examinations are entirely normal and who

have two negative PCR tests have a posttest probability of HIV infection that approaches 1/10,000.
Therefore, trimethoprim-sulfamethoxazole prophylaxis is probably not necessary

Any baby who does not fulfill all of the above criteria should be started on trimethoprim sulfamethoxazole
until the post-4 month PCR is obtained and proved to be negative

When the baby is at least 4-months-old, has had at least 3 negative PCR tests, and is clinically well, he or she
can be discharged from the Infectious Diseases clinic with a “clean bill of health.” Documenting
seroreversion is not necessary

aAnedotally, 3 mg/kg taken orally every 8 hours is functionally equivalent to 2 mg/kg every 6 hours, easier on family. For term
babies requiring IV AZT because they cannot take by mouth for any reason, the dosage is 1.5 mg/kg IV every 6 hours. For pre-
mature babies (less than 34 weeks) able to take medicines orally, the experimental dosage is 1.5 mg/kg every 12 hours for 2
weeks, then 2 mg/kg every 8 hours thereafter until they are the size of a normal newborn baby.
Source: Modified from: Benjamin DK Jr, Miller WC, Fiscus SA, et al. Rational testing of the HIV-exposed infant. Pediatrics
2001;108:e3, with permission.

HIV during the course of the pregnancy. Rapid oral
tests for HIV infection have been developed and
may become important in the management of these
high-risk mothers and their babies.

The natural course of HIV infection in vertically
infected infants varies greatly. Most develop very
high viral loads early in life, which may sponta-
neously drop within the first few months, but may
plateau at a steady state that is still quite high (usu-
ally greater than 100,000/mL). Failure to thrive is
a frequent problem. Linear growth is decreased
within the first 6 months of life in HIV-infected
infants, and the severity of the problem correlates
with the magnitude of the viral load.25,26 Neurode-
velopmental delays are also common.25,26 De-
creased growth patterns are sustained through at
least age five years. In a study that compared 95
infected children with 439 uninfected controls,
poor growth was associated with history of pneu-
monia (relative risk [RR] 9), maternal cocaine use
(RR 3), low CD4 cell counts (RR 2), and receipt of
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antiretroviral therapy by age 3 months (RR 3). After
adjusting for pneumonia and antiretroviral therapy,
the child’s viral load remained associated with fail-
ure to thrive.27

Classification

The Centers for Disease Control and Prevention
(CDC) classification scheme for infants and chil-
dren with HIV infection has changed several times.
The scheme currently in use is quite straightfor-
ward. Patients are classified based on symptoms
designated by letters—N, for no symptoms; A, for
mild symptoms; B, for moderate symptoms; and
C, for severe symptoms—and immune suppression
designated by numbers: 1, for no suppression; 2,
for moderate suppression; and 3, for severe

BOX 20-2 ■ CDC Classification Scheme for Patients with HIV Infection

Letter Designations
N. No symptoms, or only one of the symptoms from A, below.
A. Mild symptoms. Two of more of the following, without any symptoms from B or C, below.

Lymphadenopathy, hepatosplenomegaly, dermatitis, parotitis, recurrent or persistent upper respiratory
tract infections, sinusitis, or otitis media

B. Moderate symptoms. Anemia, neutropenia, or thrombocytopenia; invasive bacterial infection (sepsis,
pneumonia, meningitis); persistent thrush at age greater than 6 months; cardiomyopathy; recurrent or
chronic diarrhea; herpes group virus infections (CMV prior to age 1 month; recurrent HSV stomatitis; HSV
bronchitis, pneumonitis, or esophagitis before age 1 month; two episodes or two-dermatomal herpes
zoster [shingles]; complicated chickenpox); LIP; leiomyosarcoma; nephropathy; nocardiosis; toxoplasmosis
before 1 month of age; fever for greater than 1 month.

C. Severe symptoms. Multiple or recurrent invasive bacterial infections; esophageal or pulmonary candidiasis;
disseminated fungal infections (coccidioidomycosis, histoplasmosis, or extrapulmonary cryptococcosis);
severe herpes group virus infections (persistent mucocutaneous ulcer; bronchitis, pneumonitis, or
esophagitis in child greater than 1 month of age; CMV disease anywhere but liver, spleen, or lymph
nodes, onset after 1 month of age; Kaposi sarcoma); diarrhea for greater than one month caused by
protozoans (cryptosporidiosis, isosporiasis); PCP; PML(progressive multifocal leukoencephalopathy); severe
mycobacterial infection (extrapulmonary TB, disseminated nontuberculous mycobacterial infection);
recurrent Salmonella sepsis; toxoplasmosis of the brain after age 1 month; oncologic problem (primary
brain lymphoma, Burkitt lymphoma, large-cell lymphoma); encephalopathy; wasting syndrome.

Number designations
<12 MONTHS 1–5 YEARS ≥6 YEARS

IMMUNE CATEGORY NO./MM3 (%) NO./MM3 (%) NO./MM3 (%)

Category 1: ≥1500 ≥25% ≥1000 ≥25% ≥500 ≥25%
No suppression

Category 2: 750–1499 15–24% 500–999 15–24% 200–499 15–24%
Moderate suppression

Category 3: <750 <15% <500 <15% 200 <15%
Severe suppression

Abbreviations: CMV, cytomegalovirus, HSV, herpes simplex virus; LIP, lymphoid interstitial pneumonitis (see text); PCP,
Pneumocystis jiroveci pneumonia (see text); PML, progressive multifocal leukoencephalopathy (rare in children); TB,
tuberculosis.

suppression. The type of clinical conditions and de-
gree of immune suppression that qualify a patient
for the various designations is shown in Box 20-2.

■ TREATMENT OPTIONS

Antiretroviral Therapy

An introduction to the various classes of antiret-
roviral agents, their uses, and their side effects and
limitations follows. The actual clinical approach to
using these agents is discussed briefly thereafter.

Nucleoside Analogue Reverse Transcriptase
Inhibitors (NRTIs)

The first class of effective antiretrovirals was the
nucleoside analogues. These agents work by block-
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ing the action of reverse transcriptase. Reverse tran-
scriptase is an enzyme that the virus uses to change
its genomic RNA into DNA. Once DNA is formed,
it is integrated into the host cell genome. When
reverse transcription is inhibited, RNases (ribo-
nucleases) in the cytoplasm are able to destroy the
viral RNA.

AZT is the prototype nucleoside analogue drug.
Many others have been developed (see Box 20-3).
The virus is able to develop resistance to these
agents very rapidly; thus, they should never be used
alone for treatment. The combination of AZT and
3TC has been used extensively because resistance
to AZT tends to confer susceptibility to 3TC, and
vice versa.28 Because they are analogues of the same
nucleoside (thymidine), AZT and d4T (stavudine)
compete with each other and should never be used
together.

In a typical regimen, a pair of nucleoside ana-
logues is coupled with a non-nucleoside reverse
transcriptase inhibitor or with a protease inhibitor.
These types of combination or “cocktail” therapies

BOX 20-3 ■ Antiretroviral Agents

Nucleoside reverse transcriptase inhibitors
AZT (azidothymidine, ZDV, zidovudine, Retrovir)
3TC (lamivudine, Epivir)
d4T (stavudine, Zerit)
ddI (didanosine, Videx)
ddC (zalcitabine, dideoxycytidine, Hivid)
abacavir (Ziagen)
emtricitabine (Emtriva)
tenofovir (Viread, technically a nucleoTIDE RT

inhibitor)

Non-nucleoside reverse transcriptase inhibitors
Nevirapine (Viramune)
Efavirenz (Sustiva)
Delavirdine (Rescriptor)

Protease Inhibitors
Nelfinavir (Viracept)
Saquinavir (Fortovase, Invirase)
Ritonavir (Norvir)
Indinavir (Crixivan)
Amprenavir (Agenerase)
Lopinavir/ritonavir (Kaletra)
Fosamprenavir (Levitra)
Atazanavir (Reyataz)

Fusion Inhibitors
T-20 (enfuvirtide, Fuzeon)

have been called highly active antiretroviral therapy
(HAART).

Non-nucleoside Reverse Transcriptase
Inhibitors (NNRTIs)

These drugs also inhibit reverse transcriptase, but
do it by a different mechanism. Non-nucleoside
agents are much more potent than nucleosides. The
combination of two nucleoside agents and a non-
nucleoside has been shown to be just as effective
as two nucleosides and a protease inhibitor.29,30

Nevirapine, a non-nucleoside agent, is given twice
a day. It has been associated with severe and even
fatal hepatotoxicity. Rarely, nevirapine has been as-
sociated with untoward events in pregnant women,
particularly in those with CD4 cell counts greater
than 250/�L.

Efavirenz is the other commonly used non-nu-
cleoside agent. Its principal toxicity involves the
central nervous system (CNS). Patients taking efavi-
renz may experience dysphoria and complain of
feeling “spaced out,” and dreams have been re-
ported to be vivid and sometimes frightening. This
side effect is much more common in adults than
in children and tends to subside with continued
therapy. There are concerns of teratogenicity based
upon animal studies. Therefore, efavirenz should
never be used in pregnant patients or in adolescents
in whom the possibility of becoming pregnant can-
not be eliminated.

Protease Inhibitors (PIs)

During replication, HIV produces a polyprotein (a
long chain of amino acids that includes multiple
protein molecules linked together). This polypro-
tein is not functional and must be broken up into
its constituent proteins by a viral enzyme called
protease. Protease inhibitors act by preventing this
enzyme from cleaving the polyprotein into usable
protein molecules. These drugs are highly effective
when used in combination with other antiretrovir-
als. If used alone or with only one other drug, resis-
tance develops rapidly.

Of all the protease inhibitors currently available
(Box 20-3), nelfinavir is the one that has the longest
track record in the treatment of childhood HIV in-
fection, mainly because it was the first to be avail-
able in liquid form. Ritonavir, difficult to tolerate
as the only PI, is now being used in combination
with other PIs because it boosts levels by its strong
inhibition of cytochrome P450 in the liver.
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Side effects of protease inhibitors are numerous.
Perhaps most troublesome are hypertriglyceride-
mia, hypercholesterolemia, and lipodystrophy (dis-
cussed follows).

New Classes of Antiretroviral Agents

Although other targets have been identified, such as
integrase, development of agents to suppress targets
other than reverse transcriptase and protease has
been difficult. Enfuvirtide (T-20, Fuzeon) is a new
drug whose function is to inhibit fusion of the viral
envelope with cell membranes. It has recently been
FDA-approved for use in adults and children aged
6 years and older. Inhibition of fusion inhibits cell-
to-cell spread of the virus as well as slowing the
penetration phase of viral replication. In highly
antiretroviral-experienced patients, the addition of
enfurvitide versus placebo to an optimized back-
ground regimen improves viral control, and con-
comitant increases in CD4 cell counts are also
seen.31 As with other classes of antiretrovirals, resis-
tance develops very quickly if they are used alone.
T-20, the prototype of the class, must be adminis-
tered by subcutaneous injection twice a day, which
can be a major impediment for some patients. Injec-
tion site reactions (including subcutaneous nod-
ules, itching, redness, swelling, and rarely cellulitis)
were seen in 98% of participants in one clinical trial,
although the majority of these were manageable and
not dose limiting.31

Highly Active Antiretroviral Therapy
(HAART)

Optimally, antiretroviral therapies are given in
combination. The principal reason for this is that
resistance emerges very quickly when they are used
alone. Beyond this simple concept, the clinical work
of initiating, monitoring, maintaining, and chang-
ing antiretroviral therapies is vastly complicated
and generally not the subject of much consensus;
thus, a thorough discussion is beyond the scope of
this book.

Increasingly, physicians are realizing that anti-
retroviral therapy is probably best when individual-
ized. Much of the success of any regimen is depen-
dent on the patient’s adherence to it. A study in
adults demonstrated a striking difference in rates
of virologic failure (defined as more than 400 viral
copies/mL a median of 6 months later) between
those with 95% adherence or more (22% had viro-
logic failure) and those with 80–94.9% adherence

(61% had virologic failure).32 Eighty percent of
those who took less than 80% of the prescribed
doses experienced virologic failure.32 This problem
is compounded somewhat in pediatrics, because
adherence is often the job of someone other than
the patient, usually the primary caregiver. Primary
caregivers may also be HIV infected, and are some-
times ill or even suffer from dementia associated
with HIV infection. They may not be well organized
and may not be able to remember each dose. In
addition, young children (particularly from about
age 18 months to 4 years) may refuse to take their
medications. In these children, consideration
should be given to the placement of a gastrostomy
tube for medication administration.33

The physician caring for children with HIV in-
fection is faced with many difficult decisions. HIV
infection should be conceptualized as a “decades-
long” disease, and the approach to therapy tem-
pered by that concept. In other words, sometimes
one most forego the “optimal” short-term regimen
in favor of one the patient is more likely to adhere
to and tolerate. In pediatric HIV, especially, it is
distressingly easy to “burn” regimens and entire
classes of antiretroviral drugs, leaving the patient
with extremely limited options for future treatment.
The complexities involved in deciding exactly when
and how to switch ARV treatment regimens are be-
yond the scope of this chapter. These decisions
need to be made by (or in concert with) a physician
with appropriate training and clinical experience.
Even if adherence is perfect, antiretroviral therapies
often cause side effects and complications that can
become dose limiting and affect the patient’s quality
of life. Some of these complications are discussed in
the following text. General ideas about appropriate
antiretroviral regimens are shown in Box 20-4.

Complications of Antiretroviral
Therapy

Lipodystrophy

As more experience with HAART is gained, more
long-term side effects of therapy are discovered.
One of the more troubling of these is called lipodys-
trophy, the essence of which is fat redistribution.
There are many different forms of the condition:
some patients have peripheral fat wasting, some
have truncal fat accumulation, some have dyslipide-
mia and hypercholesterolemia, and some have insu-
lin resistance. In most cases, patients have a combi-
nation of two or more of these problems.
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BOX 20-4 ■ Combination Antiretroviral Therapies

2 NRTIsa plus 1 PIb

2 NRTIs plus 1 NNRTI
3 NRTIs (AZT/3TC/abacavir)c

1 or 2 NRTIs plus 1 NNRTI plus 1 PIb

Abbreviations: NRTI, nucleoside reverse transcriptase inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor; PI,
protease inhibitor.
a The following NRTI combinations are not recommended: AZT plus d4T or 3TC plus FTC (competitive inhibition), ddI plus d4T
(too much toxicity), tenofovir plus either ddI or abacavir, ?{AQ4} ddI plus abacavir.
b PIs (saquinavir, indinavir, and amprenavir but not nelfinavir) can be boosted with low-dose ritonavir).
c Recently shown to be less effective than PI-containing or NNRTI-containing regimens.

Lipodystrophy occurs with distressing fre-
quency. Large surveys and prospective studies have
documented that up to 41% of patients on HAART
regimens experience increased abdominal girth,34

32% have decreased facial fat, and 57% have hyper-
cholesterolemia.35 In one small study of children
with HIV infection, even the 28 children without
clinically apparent lipodystrophy had increased
central fat and peripheral lipoatrophy documented
by dual-energy x-ray absorptiometry (“dexa”) scan-
ning.36 Risk factors for the development of lipodys-
trophy include advanced disease,37 duration of HIV
positivity,34 use of stavudine (d4T) for longer than
a year,37 and use of indinavir or ritonavir.34

Long thought to principally be a complication of
protease inhibitor therapy, it has now been clearly
established that nucleoside reverse transcriptase in-
hibitors (especially stavudine and didanosine) can
also lead to lipodystrophy. One hypothesis is that
a combination of these NRTIs and the protease in-
hibitors leads to the full syndrome of lipodystrophy,
with the NRTI affecting the mitochondrial function
of the adipocytes and the protease inhibitor causing
insulin resistance and impaired adipocyte matura-
tion.38

Patients with lipodystrophy say that their quality
of life is impaired; self-esteem issues are the primary
determinant of this problem.37 Adherence to ther-
apy may also suffer, as patients often stop taking
the medications in an effort to treat the syndrome.39

Unfortunately, lipodystrophy is not that easily re-
versed. An exercise program combined with a mod-
erate-fat, low-glycemic-index, high-fiber diet, how-
ever, has been shown to improve several aspects of
lipodystrophy.40 Interestingly, even though many
patients with lipodystrophy syndrome have ele-
vated levels of triglycerides and cholesterol, lipo-
dystrophy in patients with HIV does not present
as large a risk factor for atherosclerotic coronary

vascular disease as similar cholesterol and triglycer-
ide levels would in the HIV-uninfected patient.41

Mitochondrial Toxicity

The principal toxicity of the nucleoside analogue
drugs occurs in the mitochondria, and is a direct
extension of the pharmacologic activity of these
agents. Mitochondria contain reverse transcriptases
(principally polymerase gamma and telomerase),
and these are inhibited to varying degrees by reverse
transcriptase inhibitors. Any drug of this class can
produce mitochondrial toxicity, but ddC (dideoxy-
cytidine), ddI (didanosine), and d4T are more likely
to do so than are 3TC and AZT. Abacavir is the
least mitochondria-toxic of all the NRTIs. When
suppression of mitochondrial polymerases occurs,
tissues with high metabolic needs are the most
likely to be affected. Clinically, the syndrome usu-
ally presents with vague symptoms, such as gastro-
intestinal upset, dyspnea, and fatigue. Occasionally,
it manifests as severe myalgias and/or myocarditis.
Laboratory studies show mildly elevated amino-
transferase levels and elevated lactate. Obesity, fe-
male gender, and preexisting liver disease are risk
factors for the development of symptomatic mito-
chondrial toxicity states. Micronutrient deficiencies
may increase the risk of developing the syndrome.
Symptoms of mitochondrial toxicity syndrome usu-
ally resolve when the offending nucleoside is dis-
continued.42

Immune Reconstitution Inflammatory
Syndrome (IRIS)

Soon after the advent of HAART, it became clear
that some patients were developing worsening
symptoms of illness as their immune systems were
recovering function. The symptoms are based upon
the newfound ability of the immune system to
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mount an inflammatory response to a variety of an-
tigens. This phenomenon has been seen with a
number of infectious agents, but is most frequently
described with Mycobacterium avium complex
(MAC) infection.43 When symptoms of MAC de-
velop in patients on HAART, they usually do so
within a month of effective antiretroviral therapy.43

Disease tends to be more localized, and may include
caseating granulomas.44 In one study, 12 (36%) of
33 adult patients co-infected with Mycobacterium
tuberculosis and HIV developed “paradoxical wors-
ening” of symptoms when HAART was begun.45

Subclinical CMV (cytomegalovirus) infection of the
eye may turn into severe, sometimes sight-threaten-
ing inflammation, termed “immune recovery uve-
itis.”46 Most cases of IRIS have been described in
adults, but the phenomenon also occurs in chil-
dren.

Evaluation of the Pediatric HIV-
infected Patient with Fever

The workup of any HIV-infected child who presents
with fever begins with an assessment of the child’s
immune status. Causes of fever in children with
category 1 disease (i.e., CD4 count 25% or greater)
do not differ significantly from those seen in non-
HIV-infected children. They are likely to have com-
mon community-acquired infections, as would any
child with fever. The exception would be that HIV-
infected children have a much higher incidence of
pneumococcal infection than their uninfected peers
(see text that follows). Children in category 2 (i.e.,
CD4 cell count 15–24%) are still more likely to
acquire common diseases than opportunistic infec-
tions. Patients with low absolute lymphocyte
counts, those in the lower end of CDC class 2, may
have relatively compromised immunity, which
might predispose to a broader array of infections.
In all children with HIV and fever, if an obvious
local source cannot be found, or if the source is
pneumonia, a set of blood cultures should be ob-
tained prior to administration of any antibiotic
agent. Selected antibiotics should have good activity
against Streptococcus pneumoniae, the most common
pathogen. As with infections in other immunocom-
promised patients, the intravenous route may be
necessary initially and duration of therapy may
need to be longer than in the healthy host.

For patients with category 3 immune suppres-
sion (CD4 less than 15%), infection with a wide
variety of pathogens is possible (including concom-

itant infection with more than one pathogen). As
immunity is severely suppressed, signs and symp-
toms of disease may be mild. Evaluation needs to
be thorough, and, when febrile, these patients often
require admission to the hospital. It is prudent to
involve an infectious-diseases trained pediatrician
from the outset. Workup is more extensive than
expected by the severity of symptoms; for example,
intermittent or persistent headache with low-grade
fever in this type of patient might be an indication
for a computed tomography (CT) scan and a lumbar
puncture. Blood cultures, including special cultures
for Mycobacterium avium complex (see following
text), should be obtained. If any localizing signs
or symptoms are found, investigation can begin by
focusing on those areas. Many of the problems chil-
dren with HIV and AIDS may encounter are dis-
cussed in the remainder of this chapter.

■ COMMON PROBLEMS IN PATIENTS
WITH HIV INFECTION

Central Nervous System (CNS)
Problems

Encephalopathy

HIV enters the CNS of babies early during the
course of infection.47 In some patients, this gives
rise to HIV encephalopathy, a condition that usually
manifests as peripheral spasticity, followed or ac-
companied by developmental delay or loss of devel-
opmental milestones and cognitive decline, with or
without microcephaly.48 The course may be pro-
gressive or it may plateau and become static. It may
resemble, and may be difficult to differentiate from,
cerebral palsy. The severity of HIV encephalopathy
is related to the cerebrospinal fluid (CSF) viral
load.49 CSF viral load does not necessarily correlate
with plasma viral load, is not readily measurable,
and is seldom used clinically.

Clinical changes consistent with HIV encepha-
lopathy are usually accompanied by neuroradio-
graphic changes, including cerebral atrophy, white
matter lesions, and basal ganglia calcifications. Of
these, atrophy is most closely related to the clinical
findings of HIV encephalopathy.50 In general, base-
line CD4 cell count, viral load, and clinical exami-
nation correlate with the severity of atrophy on head
CT scanning.50,51 Serial routine neuroimaging,
therefore, is usually redundant. In one study of 58
children with HIV infection, treatment was not al-
tered by follow-up CT scanning in any patient.52 A
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thorough neurologic and developmental evaluation
is probably the most sensitive indicator of cortical
dysfunction associated with HIV encephalopathy.

Much of the literature on HIV encephalopathy
concerns this condition in the pre-HAART era.
Treatment of HIV infection with HAART probably
has had some effect on both the incidence and
severity of HIV encephalopathy. The case of an 8-
year-old boy with rather severe encephalopathy
who recovered much of his brain function after ef-
fective treatment of his HIV infection has been pub-
lished.47 Anecdotally, the percentage of our HIV-
infected patients who suffer from moderate to se-
vere neurodevelopmental problems has decreased
over the past several years.

Cryptococcal Meningitis

Cryptococcal meningitis is a disease that occurs
only in patients with advanced immunosuppres-
sion. It is more common in adults with AIDS than
it is in children. Of 1,478 pediatric AIDS cases re-
ported to one registry from 1985–1994, 20 (1.4%)
were diagnosed with cryptococcosis.53 In the larg-
est pediatric series published to date, 19 (63%) of
30 cases occurred in children between the ages of
6 and 12 years. The median CD4 cell count within
three months of cryptococcal meningitis was 54/
�L, and more than half of these children had a prior
AIDS-defining illness.53

The diagnosis should be suspected in any patient
with advanced AIDS who has headache and fever,
even if both of these symptoms are subtle. Cryp-
tococcal meningitis can have a very indolent course.
Altered mental status, focal neurologic signs, or sei-
zures are uncommon, and indicate a poor prog-
nosis.54 The inflammatory response to cryptococci
in the CSF is generally not impressive. Therefore,
normal CSF white blood cell counts, glucose, and
protein levels should not deter the clinician from
pursuing the diagnosis with India ink staining,
serum and CSF cryptococcal antigen testing, and
culture.

Amphotericin B, with or without flucytosine, is
the treatment of choice. Mortality is higher in pa-
tients in whom clearance of the pathogen from the
CSF is delayed.55 Critical elevation of intracranial
pressure may ensue, which sometimes necessitates
ventriculoperitoneal shunting.56 Serial cryptococ-
cal antigen testing of the CSF may be used to moni-
tor response to treatment; antigen levels decrease
with proper therapy. The exact duration of therapy

for cryptococcal meningitis has not been estab-
lished; most experts recommend 0.7–1.0 mg/kg per
day of amphotericin B for 14 days, followed by 8
weeks of daily oral fluconazole or itraconazole, fol-
lowed by suppressive therapy with daily flucona-
zole at half the treatment dose. Suppressive therapy
is usually maintained for life. Although prophylaxis
against other opportunistic infections can usually
be safely discontinued after the patient experiences
immune reconstitution (usually defined as CD4 cell
count greater than 200/�L for greater than 6
months), data regarding this strategy in cryptococ-
cal meningitis are limited and, as yet, unconvinc-
ing.57 Signs and symptoms of cryptococcal menin-
gitis are often worsened by immune recovery (see
section on Immune Reconstitution Inflammatory
Syndrome [IRIS]).

Cerebral Toxoplasmosis

Cerebral toxoplasmosis generally represents reacti-
vation of latent toxoplasmosis disease. It is more
common in adults than in children. All HIV-posi-
tive children outside the infant age group should
be tested for antibodies against Toxoplasma gondii.
If immunoglobulin IgG is measurable, past infec-
tion has occurred, meaning the patient will be at
risk for disease when immune suppression ensues.
Cerebral toxoplasmosis is usually seen in patients
with advanced HIV disease.

The incidence of toxoplasmosis has decreased in
the HAART era,58 but not as convincingly as other
opportunistic diseases, including Pneumocystis jiro-
veci pneumonia (PCP) and cryptococcal meningi-
tis.59 Fortunately, TMP-SMX (trimethoprim-sulfa-
methoxazole), given for PCP prophylaxis, is also an
effective prophylaxis against cerebral toxoplas-
mosis.

The diagnosis is considered when a patient with
advanced HIV disease has fever and headache,
sometimes accompanied by altered level of con-
sciousness or focal seizures. Differentiating tox-
oplasmal encephalitis from other conditions of the
CNS, especially lymphoma, can be difficult. Single
photon emission-computed tomography (SPECT)
scanning is not always reliable.60 Most experts ad-
vise treating presumptively for toxoplasmosis in
HIV-positive patients who have both positive serol-
ogy and multiple cerebral lesions by CT scan.61

Treatment is with pyrimethamine, sulfadiazine, and
folinic acid for 3–6 weeks. Follow-up imaging is
done in 2 weeks to assess the efficacy of treatment.
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Tissue diagnosis should be obtained in patients
without AIDS, those with solitary lesions, or those
with multiple lesions that are nonresponsive to a
trial of therapy.61 Newer diagnostic modalities, in-
cluding blood and spinal fluid PCR testing, are
promising.62

In the past, suppressive antibiotics were recom-
mended for life. In a newer study, suppressive ther-
apy was interrupted in 75 patients with a history
of proven toxoplasmosis. These patients had under-
gone immune reconstitution secondary to HAART
therapy. In more than 119 person-years of follow-
up, only one relapse of toxoplasmosis occurred.57

Prevention of toxoplasmosis is discussed in the pre-
vention section.

Hematologic Abnormalities

Anemia

Anemia is the most common hematologic abnor-
mality in patients with HIV infection. By the second
month of life, hemoglobin levels are lower in in-
fected than in HIV-exposed but uninfected babies,
and the levels diverge throughout the first year of
life.63 The incidence of anemia increases with
advancing disease.64 There are many possible
causes of anemia in HIV. Most cases are attributable
to anemia of chronic disease,65 but nutrient defi-
ciencies, autoimmune hemolysis, medication side
effects, and persistent parvovirus B19 infection
have all been described.66 AZT is particularly likely
to cause broad myelosuppression.67

HIV-infected patients with mild-to-moderate
anemia are usually symptomatic, although clini-
cians often overlook the symptoms.64 The most
common symptoms are fatigue and exercise intoler-
ance. Fatigue may be severe enough to adversely
affect quality of life.64 Most important, anemia has
been shown to be an independent risk factor for
disease progression and death.68 Resolution of ane-
mia measurably increases quality of life69 and pro-
longs survival.68

For patients with anemia of chronic disease, suc-
cessful antiretroviral therapy often resolves the ane-
mia.70 If an obvious underlying cause can be found,
directed therapy is appropriate. Occasionally, med-
ication changes become necessary.71 If anemia
persists despite HAART, weekly treatment with
erythropoietin-alfa is often effective.72 Counterin-
tuitively, the biggest changes in quality of life occur
at the higher end of the anemia scale; e.g., raising
the hemoglobin level from 11 to 12 produces a

more noticeable effect on health than raising it from
8 to 9.64 In adults, a hemoglobin of 12 for men and
11 for women has been suggested as a reasonable
target.72 Therapies other than erythropoietin have
been associated with adverse outcomes; iron causes
increased viral replication73 and transfusions re-
duce the function of lymphocytes, natural killer
cells, and monocytes.68 Iron should only be admin-
istered when iron deficiency is proved by laboratory
studies and then only in concert with HAART.
Transfusions should be reserved for patients with
severe anemia who require emergent correction.68

Thrombocytopenia

Defined as a platelet count less than 100,000/mcL,
thrombocytopenia is common in HIV-infected per-
sons, occurring in about 11% of patients.74 Throm-
bocytopenia can occur through multiple pathways,
including shortened survival time and decreased
delivery of viable platelets to the peripheral circula-
tion from the bone marrow.75 In one small study
comparing 6 patients with HIV and thrombocyto-
penia with 98 normal controls, the patients with
HIV-mediated thrombocytopenia were found to
have about two-thirds the platelet lifespan and
about twice the splenic sequestration of the control
patients.75

Megakaryocyte precursors have been shown to
have both CD476 and the HIV coreceptor (and
chemokine receptor) CXCR477 on their surfaces,
which could make them potential targets of active
HIV replication. In vitro, these precursor cells have
been productively infected with HIV.78

Children with HIV-associated thrombocyto-
penia present similarly to children with immune
thrombocytopenic purpura (ITP). They may have
easy bruising and petechiae, or the low platelet
count may be incidentally discovered. Asymptom-
atic thrombocytopenia with a platelet count greater
than 20,000/mcL can usually be safely monitored.
Most experts recommend treatment if the platelet
count goes below 20,000/mcL or if the condition
becomes symptomatic.79 In most patients, effective
antiretroviral therapy produces a sustained increase
in platelet counts,80 but in some the condition per-
sists despite good viral load suppression.81 When
a rapid increase in platelet count is required, low-
dose intravenous immune globulin (IVIG) (40 mg/
kg per week for 5 weeks) has been successful in
most patients, although in one study a sustained
response was seen in only a third.82 Alternatively,
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30 �g/kg of anti-RhoD (rhogam) can be given on
days 1, 3, and 4, followed by a maintenance dose
of 6 �g/kg weekly out to a total of 8 weeks.83 Al-
though the response to anti-RhoD immunoglobulin
therapy is somewhat slower than that to IVIG, about
70–80% of patients respond, and the response
seems to be more durable.83,84 For refractory cases,
splenectomy or partial splenectomy85 may be cura-
tive. In response to splenectomy, patients with HIV-
related thrombocytopenia recover platelet numbers
much more reliably than patients with non-HIV re-
lated ITP.86

Neutropenia

At some point, neutropenia (defined as an absolute
neutrophil count (ANC) less than 1,000/�L) devel-
ops in 20–34% of adults with HIV infection.87 It
is also quite common in children. The cause is likely
to be multifactorial: (i) HIV may directly infect some
precursor cells in the bone marrow, (ii) secondary
infection of the bone marrow, such as by Mycobacte-
rium avium complex, may occur, (iii) it may be the
result of myelosuppressive therapies such as AZT,
ganciclovir, or TMP-SMX, (iv) nutritional deficien-
cies may contribute, (v) neutrophils in patients in-
fected with HIV tend to have an increased rate of
programmed cell death, and (vi) cytokine dysregu-
lation is common.88 Neutropenia in patients with
HIV infection does lead to both increased episodes
of bacterial infection and increased hospitalizations,
but in general it is much better tolerated than in
cancer patients.89

Severe neutropenia (ANC less than 250) or mod-
erate neutropenia (ANC 251 to 500) that is associ-
ated with infectious episodes may be treated with
subcutaneous administration of recombinant gran-
ulocyte colony-stimulating factor (G-CSF, filgras-
tim). G-CSF causes not only an increase in neutro-
phil count but a boost in function as well.90 In one
study, concomitant G-CSF treatment allowed more
than 80% of AIDS patients to continue to receive
needed but myelosuppressive therapies.91

Dermatologic Problems

Atopic and seborrheic dermatitis

Both of these conditions are common in children
with HIV infection and AIDS. Sometimes, “bad
skin” is the presenting feature of HIV infection in
babies. However, seborrheic dermatitis is also com-
mon in non-HIV-infected infants, so this finding is
nonspecific.

Detailed studies about skin problems in children
with HIV infection have not been reported. A pro-
spective study that followed 151 adult HIV patients
for 4 months documented dermatologic conditions
in 138 (91%).92 Atopic dermatitis and seborrhea
are managed in HIV patients the same way they are
managed in patients without HIV. For severe cases,
consultation with a dermatologist may be helpful.

Molluscum contagiosum

Children with HIV sometimes develop extensive
and refractory molluscum contagiosum. The lesions
may be especially numerous on the face, which can
cause considerable social problems. Occasionally,
the eyelids will be heavily involved, usually in pa-
tients with advanced HIV disease. In one series of
11 patients with eyelid molluscum, 10 (91%) of the
patients were in CDC stage C3, with a mean CD4
count of 72/�L.93 In most cases, gaining control
over the HIV disease with HAART therapy leads to
spontaneous resolution of even the most difficult-
to-treat lesions.94 Topical imiquimod (an immuno-
modulator)95 and 1% cidofovir (an antiviral
agent)96 have also been successfully employed in
the treatment of refractory molluscum contagi-
osum.

Zoster (Shingles)

Zoster and recurrent zoster are occasional problems
in the HIV-infected population. Zoster is more
likely to develop when the patient gets primary vari-
cella when he is already severely immune sup-
pressed.97 Unlike PCP and MAC, zoster can occur
at any stage of HIV infection.98

Zoster in patients with HIV infection should be
treated promptly with intravenous acyclovir.97 HIV
patients are more likely than non-HIV patients to
develop disseminated (multidermatomal) zoster,
which is generally considered more contagious than
the single dermatomal form. Prolonged,99 severe,
or atypical manifestations have been described, but
in our experience are the exception, rather than the
rule. Zoster and primary varicella combined ac-
counted for only 44 (2.7%) of 746 hospitalizations
of HIV-infected children at one institution (Fisher
RG, unpublished data).

The incidence of zoster should decrease with the
use of the live attenuated varicella vaccine, which
should be given to patients early, when the immune
system is still intact (see prevention section).
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Pulmonary Problems

Pneumonia

The incidence and severity of bacterial lower respi-
ratory tract infection increases with the degree of
immunosupression.100 In adults with HIV infec-
tion, bacterial pneumonia is predictive of decreased
survival.100 In a group of perinatally infected chil-
dren in Thailand, 16 (52%) of 31 ultimately died of
pneumonia, making it the leading cause of death.101

The most common pathogen is Streptococcus
pneumoniae. The radiographic appearance of pneu-
mococcal pneumonia in adults with HIV does not
differ from that of patients without HIV.102 How-
ever, viral pneumonia in HIV-infected patients is
more likely to produce consolidation, which can
sometimes cloud the clinical picture.103

A subset of pediatric patients with HIV infection
tends to get recurrent pneumonia, generally attrib-
utable to the pneumococcus. It is not clear what
predisposes this group of patients to this problem.
In vitro the alveolar macrophages of patients with
HIV infection have defects in neither opsonization
nor phagocytosis of S. pneumoniae.104 Issues regard-
ing prevention of pneumococcal infection are dis-
cussed in the prevention section.

Patients with advanced AIDS are at risk for pneu-
monia with opportunistic agents, such as Rhodococ-
cus equi, Pseudomonas aeruginosa, and Pneumocystis
jiroveci (formerly carinii [see following text]),
among others. In severe pneumonia in advanced
HIV disease, obtaining a diagnosis by bronchoscopy
or lung biopsy is of paramount importance.

Pneumocystis jiroveci (Pneumocystis carinii)
Pneumonia (PCP)

Exposure to this ubiquitous protozoan is common,
but an intact immune system protects against dis-
ease. Patients with relatively advanced HIV disease
(usually a CD4 percentage less than 15%) are at
risk of acquiring symptomatic PCP. Babies in the
first year of life are at higher risk, probably because
of additional immunologic shortcomings that ac-
company being an infant. Although CD4 counts ac-
curately predict risk of PCP in older children and
adults, there is no CD4 cell count that is absolutely
protective against PCP in infants under the age of
12 months.105–107 Therefore, PCP has always been
the most common AIDS-defining illness in the pedi-
atric population.107 It has been estimated that with-
out prophylaxis, 7–20% of HIV-infected infants ac-

quire PCP.108,109 The incidence of PCP peaks
between 3 and 8 months of age; as a consequence,
in one study, PCP accounted for 60% of AIDS-de-
fining illnesses in the first year of life, but only 19%
thereafter.110 In adults, the incidence of PCP has
declined in the HAART era.111 In pediatrics, the
incidence has declined even more dramatically,
mostly because of the advent of prenatal screening
of pregnant women and the institution of protocol
076 therapy.

Clinically, the disease usually presents acutely
with fever, cough, dyspnea, and tachypnea. It may
progress rapidly to respiratory failure. In one series
of 9 cases in infants, all nine required mechanical
ventilation and 4 succumbed to the infection.112

Chest x-ray generally shows a diffuse reticulonodu-
lar pattern, but atypical findings are possible. Most
patients are hypoxemic, even if they are not hyper-
capnic. Hypoxemia may antedate radiographic
findings. An elevated lactate dehydrogenase (LDH)
is highly suggestive of the diagnosis. Definitive di-
agnosis requires demonstration of the organism,
usually from bronchoalveolar lavage or lung biopsy
material. Induced sputum can be diagnostic in
older children and adolescents. As Pneumocystis jir-
oveci does not grow in culture, special stains such
as methenamine silver, Giemsa, or toluidine blue
are used. Experimental PCR studies, including real-
time PCR,113 seem to be effective and rapid substi-
tutes for staining, but may not be readily available.

For treatment of acute PCP, TMP-SMX is so far
superior to other regimens that desensitization fol-
lowed by TMP-SMX is the preferred approach for
patients intolerant of TMP-SMX. Atovaquone works
better if the suspension, rather than the pills, is
given, even for patients who are able to take pills.114

Prevention of PCP is discussed in the prevention
section.

Lymphocytic Interstitial Pneumonitis
(Pulmonary Lymphoid Hyperplasia)

Lymphocytic interstitial pneumonitis (LIP) is a
chronic lung disease of uncertain pathogenesis that
affects 20–40% of children with HIV infection. It
is the only AIDS-defining condition that does not
also connote CDC class 3 status. It remains the sec-
ond most common AIDS-defining illness in chil-
dren with HIV infection, accounting for about 20%
of cases.

LIP presents as chronic pulmonary problems in-
cluding cough and tachypnea. Radiographically
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there is diffuse interstitial inflammation, usually
without enlarged hilar lymph nodes. This latter fea-
ture and the patients’ otherwise good health help to
separate LIP from pulmonary tuberculosis. Patients
with LIP often have recurrent or chronic swelling
of the parotids or other salivary glands. Generalized
lymphadenopathy and hepatosplenomegaly are
also frequently associated. As the disease pro-
gresses, clubbing of the digits may develop. The
disease tends to wax and wane, producing periods
of hypoxemia in severe cases. Wheezing or rales
that clear with cough may be heard. Patients with
LIP may also develop secondary bacterial pneumo-
nia, which is generally accompanied by fever, toxic-
ity, or other systemic signs.

LIP has been etiologically linked to Epstein-Barr
virus (EBV), but not all children with LIP show
serologic evidence of EBV infection.115 Histologi-
cally there is a mononuclear infiltrate composed of
plasma cells, immunoblasts, and CD8� T lympho-
cytes. Molecular study of these CD8� T cells shows
that they arise from oligoclonal expansion, similar
to what is seen in some mucosa-associated
lymphoid tissue (MALT) lymphomas.116 Both pe-
ripheral blood117 and bronchoalveolar lavage fluid
may also have elevated numbers of CD8 cells.

The prognosis is variable. Children with LIP are
admitted to the hospital more than twice as often
as are those without.118 Most of these excess admis-
sions are due to bacterial pneumonia. S. pneumoniae
is the most frequent pathogen.118 On the other
hand, an early paper about prognosis for children
with HIV showed that those with LIP tended to be
“long-term nonprogressors.” In that observational
study, all 8 patients who were given the diagnosis
of LIP survived beyond their fifth birthday.119 An-
ecdotal evidence also buttresses the supposition
that, generally, children with LIP tend to have a
slower progression of HIV disease. As for the LIP,
in some patients it slowly progresses, in others it
stabilizes, and in some cases it regresses completely.

Treatment is supportive. Mild exacerbations may
respond to nebulized bronchodilators. Oxygen
must be given when patients are hypoxemic. Many
patients respond well to oral corticosteroids. Pred-
nisone is usually given at a dose of 1–2 mg/kg per
day for 1–2 weeks followed by a slow taper.

Gastrointestinal Tract Problems
Conditions of the Oral Mucosa

The incidence of oral problems in children with
HIV infection is much higher than that of the gen-

eral population. A point prevalence study found
some type of oral lesion in 30 (38%) of 80 HIV-
infected children, the most common of which was
candidiasis.120 The prevalence of oral problems in-
creased with disease progression.120 In a 3-month
longitudinal study, 30 (79%) of 38 children were
found to have some type of oral lesion.121 Thrush
is the most common problem in all series, but other
conditions include linear gingival erythema, me-
dian rhomboid glossitis,122 xerostomia,123 recur-
rent and refractory aphthous ulcerations, herpetic
gingivostomatitis, labial molluscum contagio-
sum,124 and oral hairy leukoplakia.123 In an adult
study, the institution of HAART decreased the over-
all incidence of oral problems.125 In children, the
CD4 count has been shown to inversely correlate
with the presence of oral lesions.121 Therefore, ef-
fective treatment of HIV infection might be ex-
pected to produce a similar benefit.

Oral candidiasis in children with advanced HIV
disease may not have the classic appearance associ-
ated with thrush. The tongue may appear to be
coated, or it may be erythematous, without white
patches.126 Local treatment may have a high failure
rate. Systemic fluconazole therapy (6 mg/kg by
mouth on day 1 followed by 6–13 days of 3 mg/
kg; adult dose 200 mg on day 1, then 100 mg per
day thereafter) is usually effective in eradicating dis-
ease.

Aphthous ulcerations may be widespread, ex-
tremely painful, and difficult to treat. Anecdotally,
some cases respond to short courses of oral predni-
sone.127 As a last resort in children with florid aph-
thous ulceration, most of whom are unable to main-
tain hydration and nutrition because of pain,
thalidomide has been used, with varying success.128

Because of thalidomide’s teratogenicity, extreme
caution must be taken with its use in women of
childbearing potential. Fortunately, recalcitrant
aphthous ulceration seems less common in the
HAART era.

Conditions of the Esophagus

Odynophagia and dysphagia are the usual present-
ing symptoms of esophageal candidiasis, the most
common esophageal problem of HIV-infected pa-
tients. Risk factors for the development of esopha-
geal candidiasis are a low CD4 cell count and recent
antibiotic therapy.129 Ulcerative disease of the
esophagus may also develop, and is usually due to
CMV infection. Patients with candidiasis generally
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have milder symptoms and are more likely to have
concomitant thrush than patients with CMV esoph-
agitis.130 Idiopathic ulcerative disease and HSV in-
fection of the esophagus are much less common.131

Endoscopy is required to definitively diagnose
esophageal disease in patients with HIV. However,
a presumptive diagnosis of candidiasis and a trial
of fluconazole prior to endoscopy is a cost-effective
approach.130 In a randomized, prospective trial, 56
(82%) of 68 patients had complete symptomatic
relief with empiric fluconazole, usually within a
week.130 Of the 66 patients randomized to endos-
copy, 42 (64%) were found to have candidal esoph-
agitis, and 10 (15%) had ulcerative disease.

Esophageal candidiasis usually responds to sys-
temic antifungal therapy. Fluconazole is most com-
monly used. Refractory cases may require intrave-
nous amphotericin B. Newer antifungal agents such
as caspofungin are promising.132

Chronic or Recurrent Diarrhea

Patients with HIV infection have a higher incidence
of diarrhea than the general population. In early
disease, long-term diarrhea is likely to be due to
a side effect of antiretroviral medications. Protease
inhibitors, especially nelfinavir, cause increased in-
testinal motility. This can usually be controlled with
loperamide.

Patients with advanced HIV disease often have
chronic diarrhea. Elucidating the cause can be very
difficult. The lower the CD4 cell count the more
likely that the diarrhea is caused by an opportunis-
tic infection, especially protozoa.133 Parasites are
also more likely when the diarrhea has persisted for
more than 28 days.133 The most important of these
pathogens is Cryptosporidium parvum. It is estimated
that 10–15% of adults with AIDS develop crypto-
sporidiosis at some point during their disease.134

Duration of survival after the diagnosis of crypto-
sporidiosis is about a third that of matched con-
trols.134 Antiretroviral therapy is protective against
disease (odds ratio 0.072; p�0.0001).134

Microsporidiosis is another important cause of
chronic diarrhea. The disease is nonseasonal, and
the overall prevalence is decreasing.135 In most se-
ries, it was the second most common identified
cause of chronic diarrhea in advanced AIDS. Mi-
crosporidiosis is usually caused by Enterocytozoon
bieneusi136 and is a marker for advanced AIDS.137

Other causes such as Cyclospora cayetanensis and

Isospora belli are discussed in more detail in Chapter
12.

In patients with advanced HIV disease and
chronic diarrhea, repeated stool studies should be
sent, followed by endoscopy or colonoscopy, and
finally by sigmoidoscopy with biopsy.138 CMV coli-
tis can also cause chronic diarrhea, even to the point
of wasting.139 Even with full evaluation, the cause
of chronic diarrhea remains cryptic in about 40%
of patients.140 Bacterial enteritis is a concern in pa-
tients with more acute disease characterized by
fever, cramping, and diarrhea, with or without
vomiting. Descriptions and principles of therapy for
the common bacterial pathogens are outlined in
chapter 12. Antibiotics are not indicated for treat-
ment of Salmonella gastroenteritis in immunocom-
petent children but should be used in children with
HIV infection to prevent development of extra-in-
testinal disease. Prevention of chronic diarrhea is
discussed in the prevention section.

Uncommon Gastrointestinal Conditions

Pneumatosis intestinalis, a radiologic finding asso-
ciated with necrotizing enterocolitis in premature
infants, was reported in 3 school-aged children with
AIDS who presented with fever and severe abdomi-
nal pain.141 Treatment with bowel rest and intrave-
nous antibiotics resulted in clinical and radio-
graphic cure in all cases. No cause was found in
any patient, despite extensive laboratory evaluation
and even exploratory laparotomy in one case.141

Intussusception, usually a condition of infancy, has
been reported in young adults with HIV infection.
It is associated with tumors or, less frequently, gas-
trointestinal infections.142

Miscellaneous or Systemic Problems

Malignancy

Children with HIV infection are at a higher risk
of malignancy. A large study of an Italian registry
database (7,178 child-years) estimated the risk of
cancer in children with HIV infection to be 4.2 cases
per 1,000 child-years.143 As in adults, the most
common malignancy is B-cell driven lymphoma.144

Kaposi’s sarcoma, etiologically linked to HHV-8 in-
fection and common in homosexual males with
AIDS, is rare in children.

Rarely, malignancy or hemophagocytic syn-
drome associated with an underlying malignancy is
the presenting feature of HIV infection in a verti-
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cally infected child.145,146 EBV-driven tumors, in-
cluding sarcomas and myosarcomas, are unusual
tumors seen in children with AIDS. Sometimes
these tumors are intracranial. CNS lymphomas in
adults with HIV infection also tend to be EBV
driven.147 Reports of HIV-infected children with re-
fractory cases of “sinusitis” that turned out to be
invasive lymphomas serve as reminders that differ-
ential diagnoses should remain broad in children
with AIDS, even if they appear to have common
conditions.148,149

Mycobacterium Avium-intracellulare
Complex (MAC) Infection

Disseminated infection with organisms of the Myco-
bacterium avium-intracellulare complex occurs only
in patients with advanced HIV disease. It is usually
said that patients with CD4 cell counts less than
100/�L are at risk. Young children are probably at
risk at a slightly higher number, but most cases in
adolescents and adults generally occur in patients
with CD4 cell counts less than 50/ �L. In a “time
of death” study of 58 children who died of AIDS,
MAC was the most common infectious isolate,
found in 26% of cases.150 Fortunately, the inci-
dence of disseminated MAC infection has decreased
from a baseline of 3.7 to 0.9 cases/100 person-years
in the HAART era.151

The symptoms of MAC infection are nonspecific,
and usually include fever, night sweats, weight loss,
and abdominal pain. There may be hematologic ab-
normalities due to infiltration of the bone marrow.
An x-ray study of 16 pediatric patients with MAC
infection revealed that 15 (94%) had lymphade-
nopathy of the retroperitoneal or mesenteric nodes,
or both. Two-thirds had hepatosplenomegaly.152

The diagnosis is established by culturing the organ-
ism from blood or bone marrow. Sometimes liver
biopsy specimens will provide the diagnosis by
acid-fast staining.153

Treatment regimens should always include a
macrolide unless the organism is known to be mac-
rolide resistant. Although there is some controversy
regarding optimal therapy, it appears as though the
combination of clarithromycin plus ethambutol and
rifabutin improves survival compared with clar-
ithromycin plus either ethambutol or rifabutin.154

Because treatment controls but does not eradicate
the infection, it is continued for life. In the early
days of the epidemic, a diagnosis of MAC infection
spelled a very poor prognosis; survival was seldom

longer than 12 months after the diagnosis was
made. It is still a poor prognostic factor, but the
outlook is no longer universally bleak.

Invasive and Recurrent Pneumococcal
Infection

HIV-infected patients have a rate of invasive pneu-
mococcal disease that is approximately 40 times
that of the general population.155 In one study the
rate of invasive pneumococcal disease in pediatric
HIV patients was 5.5 cases/100 child-years.156 Risk
factors for pneumococcal infection in adult patients
are African-American race, CD4 count less than
200/�L, history of any type of pneumonia, and
serum albumin of less than 3.0 mg/dL.157

In pediatric HIV infection, it has been anecdot-
ally noted that certain children tend to have recur-
rent pneumococcal infection.156 These children are
not otherwise distinguishable, except perhaps by
the presence of LIP and/or parotid swelling, from
other HIV-infected children. They do not tend to be
“rapid progressors” nor are they always the patients
with the most advanced HIV disease. The nasopha-
ryngeal carriage rate of pneumococci does not differ
between HIV-infected and HIV-uninfected chil-
dren.158 Also, despite the increased frequency, the
severity of invasive pneumococcal disease in HIV
infection is identical to or perhaps even less than
that seen in HIV seronegative patients.159 Some-
times in HIV-infected children, pneumococci will
be recovered from infections expected to be staphy-
lococcal, such as bacterial parotitis,160 soft tissue
abscesses,161 and osteomyelitis. Prevention of
pneumococcal infections is discussed in the preven-
tion section.

■ PREVENTION OF INFECTION IN THE
CHILD WITH HIV

Conditions and Methods

Recurrent pneumonia and pneumococcal
infection

Pneumococcal vaccination has been recommended
for patients with HIV, but it is not entirely clear
how well this recommendation is being imple-
mented, nor is it clear how well it works.162 Multi-
ple studies have reached conflicting conclusions
about the response of HIV-infected patients to
pneumococcal polysaccharide vaccine. Some say
that the percentage of patients who mount a re-
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sponse is lower than the general population, but
when a response occurs, its magnitude is similar to
controls.163 Others say that the overall response is
lacking.164 Another study provides some measure
of reconciliation by finding that responses to some
pneumococcal serotypes is comparable to controls,
but that others are impaired; specifically, responses
to serotype 18C, 19F, and 23F are poor.165 This
also fits well with epidemiologic data in adults with
HIV, which universally show that invasive infection
in these groups is likely to be due to the “pediatric
serotypes,” especially types 6, 14, 19, and 23.166

Pneumococcal conjugate vaccine (PCV-7) will
likely be more effective than the polysaccharide vac-
cine (PPV-23), because it is more immunogenic. In
a randomized trial of 67 adults, those receiving
PCV-7 had higher specific antibody concentrations
and higher opsonophagocytic titers than those re-
ceiving placebo or PPV-23.167 In another study,
there was enhanced antibody response to PPV-23
among HIV-infected adults who had first been
primed with pneumococcal conjugate vaccine.168

However, antibody response was generally poor in
all patients with CD4 counts less than 200/�L, re-
gardless of vaccine regimen. See Tables 22-2 and
22-3 for recommendations regarding the use of
pneumococcal vaccines in immunocompromised
patients, including those with HIV infection.

The protective efficacy of pneumococcal poly-
saccharide vaccination is fair. In two different stud-
ies, receipt of the pneumococcal vaccine was found
to cut the risk of invasive pneumococcal infection
by half169 to about three-quarters.157 In vaccine re-
sponders, antibody titers wane with time. Some ex-
perts recommend revaccination every 2–4 years,
although there are no data to support this ap-
proach.165 Unfortunately, vaccine nonresponders
often will not respond to revaccination, even if the
amount of antigen is doubled.163 Newly HIV-in-
fected children should receive the entire conjugated
pneumococcal vaccine scheduled injections, just as
their noninfected counterparts. For those too old
for the primary vaccine schedule, there may be ben-
efit in giving a two-dose schedule. Conjugated
pneumococcal vaccination (7-valent) can be fol-
lowed by polysaccharide vaccine (23-valent) to
broaden the spectrum of serotypes for which pro-
tection is attempted. At present there are no data
concerning the immunogenicity or protective effi-
cacy of this type of regimen in children with HIV
infection.

Pneumocystis jiroveci pneumonia (PCP)

Prevention of PCP is quite easily accomplished in
pediatric HIV patients. Patients with CD4 cell
counts that place them at risk for PCP should be
given trimethoprim-sulfamethoxazole (TMP-SMX).
Traditionally, the recommended dosage has been
150 mg/m2 of the trimethoprim component in two
divided doses on three consecutive days a week,
but it is likely that smaller dosages are also effec-
tive.156 If adherence to the prophylactic regimen is
likely to be enhanced, the drug can be given daily.
In a retrospective study, 4 mg/kg of the trimetho-
prim component (1⁄2 mL/kg of TMP-SMX liquid sus-
pension) daily was a sufficient dose.156 Based on
the pathophysiology of Pneumocystis jiroveci infec-
tion, this same dosage given on three consecutive
days per week should also be efficacious, but data
are lacking. For older children weighing more 40
kg, 160 mg of the trimethoprim component (one
double-strength tablet) can be given once daily on
three consecutive days per week. TMP-SMX is the
preferred agent not only because it prevents PCP
more effectively than the other regimens, but be-
cause patients on TMP-SMX also get some protec-
tion from toxoplasmosis, salmonellosis, Haemophi-
lus influenzae infection, and Staphylococcus aureus
infection.170 Alternative regimens for PCP prophy-
laxis include dapsone and monthly aerosolized pen-
tamidine. However, these regimens are only about
30–50% as effective as TMP-SMX in preventing
PCP.171 In addition, aerosolized pentamidine re-
quires compliance with the therapy, which cannot
be ensured in children less than about 6 years old.
Thus, in patients with sulfa allergy, consideration
for desensitization should be given. Once desensi-
tized, patients need to receive TMP-SMX daily in
order to avoid resensitization from intermittent
dosing. In adults, atovaquone is as effective as dap-
sone or aerosolized pentamidine, but it is much
more expensive.172,173 The use of intermittently ad-
ministered parenteral pentamidine has not been
well studied; its use is not recommended.174

Intolerance of TMP-SMX is less common in pedi-
atric HIV patients than in adults. In our experience,
only 17% had adverse events and only 6% had to
discontinue the drug because of side effects.156 In
adult patients who had TMP-SMX discontinued, re-
challenge by dose escalation was successful in
75%.175 When a patient undergoes a rebound in
CD4 cell count to greater than 15% or greater than
200/�L and sustains the increase for 3 months or



CHAPTER 20 • HIV INFECTION AND AIDS682

longer, PCP prophylaxis can safely be discontinued.
In one study, no PCP was diagnosed in 758 person-
years of follow-up.176 The maximum risk of break-
through PCP was calculated to be 0.85 cases per
100 person-years for primary cases, and 4.5 cases
per 100 person-years for secondary cases.176

Enteric infections

Most cases of chronic diarrhea in HIV-infected pa-
tients are caused by bacterial or parasitic infections.
These infections can be acquired in several ways:
consumption of contaminated drinking water or
recreational water, transmission from human or an-
imal feces, consumption of raw oysters or inade-
quately washed produce, or consumption of food
contaminated by an infected food handler. Follow-
ing several common-sense practices can, therefore,
decrease the individual patient’s risk. HIV-infected
patients should avoid contact with animal or
human feces, and should practice careful hand
washing after such contact occurs. Contact might
come from diapering a baby, cleaning up after a
dog on a walk, or even from gardening. Young pets,
in particular, pose an increased risk. HIV-infected
patients should not adopt animals less than 12
months of age unless a veterinarian has screened the
animals for fecal pathogens. HIV-infected patients
should never adopt stray animals.

Sexual practices that bring the person into con-
tact with feces, such as oral-anal contact, should
also be avoided.

It is not safe to drink water directly from lakes,
rivers, or streams. In general, patients may drink
water from municipal wells, since these are usually
tested twice daily for contamination. Patients with
private wells should consider drinking either bot-
tled water or installing and maintaining a filter with
a pore size of less than 0.6 microns. Swimming in
water that is free from visible or known contamina-
tion (whether natural bodies of water or chlorinated
pools) is acceptable. However, water in recreational
facilities (such as water parks, swimming pools, and
even water fountains) should not be ingested. In
outbreak situations, local authorities may ask resi-
dents to boil municipal water for one minute prior
to consumption. HIV-infected patients should fol-
low these recommendations. Ice and “fountain
drink” sodas or soft drinks are made from tap water.
Soft drinks that are canned or bottled at the factory
are safe. It is thought that most bottled water is
free from contamination, but HIV-infected people

should be made aware that regulations regarding
bottled water are lax. Distilled water is an always
safe, if bland, alternative.

Raw oysters may contain a variety of pathogens
and should not be eaten. Raw or undercooked meat,
shellfish, or eggs should not be consumed. Patients
should remember that raw or marginally cooked
eggs are sometimes in certain sauces, mayonnaise,
or other salad dressings; cookie, brownie, or cake
dough; egg nog; and some Asian foods such as suki-
yaki, domburi, and the like. Unpasteurized milk,
cheeses, or fruit juices should be avoided, as well
as bean or alfalfa sprouts. Deli-style meats, hot dogs,
pâtés and soft cheeses are potential vehicles of liste-
riosis.

Mycobacterium avium intercellular
complex (MAC) infection

Disseminated MAC infection is easily preventable
with once-weekly azithromycin prophylaxis. Un-
fortunately, surveys suggest that only about 40% of
patients who should get MAC prophylaxis actually
receive it. Rates of appropriate prophylaxis are low-
est in patients who receive care at practices without
many HIV-infected patients.177 The appropriate
CD4 count at which to institute MAC prophylaxis
depends on the patient’s age as follows: 6 years or
older, less than 50 cells/mcL; 2–6 years, less than
75 cells/mcL; 1–2 years, less than 500 cells/mcL;
and younger than 12 months, less than 750 cells/
mcL.174 Prophylaxis is best accomplished with
azithromycin given in a dose of 20 mg/kg (maxi-
mum 1,200 mg) once weekly.

Toxoplasmosis

As mentioned previously, all HIV-positive patients
should be checked for antibodies against Tox-
oplasma gondii, as most disease is caused by reactiva-
tion of past infection. Those who initially test sero-
negative should be retested when immune
suppression to the level of a CD4 count of less than
100 ensues. Seroconverters and those whose initial
antibody tests were positive should be given che-
moprophylaxis. The most effective agent is TMP-
SMX, which most of these patients will already be
receiving for PCP prophylaxis. Those who cannot
tolerate TMP-SMX can be given dapsone-pyrimeth-
amine or atovaquone. Adult studies confirm the
safety of discontinuing prophylaxis if HAART ther-
apy induces immune reconstitution (CD4 count
greater than 200 for 3–6 months).57 Data regarding
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this strategy in children are absent, but most experts
believe that children also derive a similar benefit
from immune reconstitution.

Toxoplasmosis is usually acquired from con-
sumption of raw or undercooked meat, or from
contact with animal feces or soil that has been con-
taminated with animal feces. Patients with HIV in-
fection should avoid eating undercooked meats, es-
pecially lamb, beef, or pork. Meats should be
thoroughly cooked. A meat thermometer is helpful,
as the disappearance of any pink in the cooked meat
(i.e., “well done”) does not always correlate with
the actual meat temperature (175� F is generally
safe). Fruits and vegetables should be washed thor-
oughly before they are eaten. Patients should wash
their hands after contact with raw meat or soil. Cat
litter boxes should be emptied daily, preferably by
someone other than the person infected with HIV.
If the HIV-infected patient must empty the litter
box, careful hand washing immediately thereafter
is strongly encouraged.

Primary Varicella and Zoster

Live-attenuated varicella vaccine can be given to
mildly symptomatic or asymptomatic HIV-infected
infants who fall into CDC category 1 (i.e., no im-
mune suppression, Box 20-2).178 It is recom-
mended that a second dose of vaccine be given 3
months or more after the first one.174 The safety
and immunogenicity of the vaccine in other circum-
stances have not been adequately determined. Early
immunization (12–15 months) of healthy HIV-in-
fected toddlers should also decrease the rate of
zoster.

HIV-infected patients should avoid exposure to
anyone known to have varicella or zoster. Other
members of the household who have no history of
chickenpox and who are found to be seronegative
should be vaccinated in order to decrease the likeli-
hood of exposure. For cases where there is known
exposure, the HIV-infected person should receive
varicella zoster immune globulin (VZIG) as soon as
possible. VZIG must be given within the first 96
hours after exposure. The dose is one vial (125
units) of VZIG per 10 kg of body weight, given
intramuscularly (maximum dose 625 units [5
vials]).

Zoonoses

HIV-infected persons should avoid exotic pets, es-
pecially reptiles, turtles, and rodents. Cats and dogs

should not be adopted before they are 12 months
old or if they have diarrheal illness. Scratches from
cats should be avoided, either by removal of the
claws or by avoidance of rough play. Cats should
not be allowed to lick any area of nonintact skin.
Cat-associated wounds should be promptly and
thoroughly cleansed. Patients with advanced HIV
disease should avoid petting zoos and contact with
farm animals.

Vaccines

Children with HIV infection should be given all
currently recommended vaccines and on the same
schedule as HIV-negative children, with the excep-
tion of live attenuated vaccines (measles-mumps-
rubella [MMR], intranasal influenza vaccine, and
varicella vaccine). MMR should be given to children
in CDC classes 1 and 2, but withheld for those
with severe immunosuppression (category 3). The
second dose can be given 1 month after the first
dose, rather than waiting until school entry. Varivax
can be given to children classified as either N1 or A1
(no suppression, mild or no symptoms). At present
there are no data regarding administration of live-
attenuated influenza vaccine to children with HIV.
As an acceptable alternative exists, the live-attenu-
ated vaccine should not be given until further data
become available. Inactivated influenza vaccine
should be given yearly to patients with HIV infec-
tion and their household contacts.

Passive Antibody

Intravenous immune globulin is not routinely ad-
ministered to children with HIV infection. How-
ever, its use should be considered in patients with
documented hypogammaglobulinemia. Some clini-
cians also give IVIG to patients with recurrent seri-
ous bacterial infections despite prophylaxis with
TMP-SMX, although its benefit in this setting is un-
proven.174 Respiratory syncytial virus infection is
more severe in children with HIV infection,179 but
the use of prophylactic respiratory syncytial virus
antibodies in this population is not routine.
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Exposure Problems

In the patient who presents with symptoms consis-
tent with an infectious process, an exposure history
is one of the most important pieces of information
to elicit. Many infectious diseases are first suspected
on the basis of the exposure history. This involves
asking if the patient or parent knows of any similar
illnesses in the patient’s family, school, job, or com-
munity. However, it also involves specific questions
about the patient’s personal history, such as hob-
bies, pets, travel, day care attendance, patient or
parent occupation, sexual exposures, and self-med-
ication or drug exposures. Exposure to persons with
a chronic unexplained cough might be a clue to
tuberculosis or pertussis. Unusual diet (such as
ingestion of unpasteurized milk) or the use of well
water may indicate an enteric pathogen as the cause
of illness. A history of tick or mosquito bites is usu-
ally present in vector-borne illnesses. A previous
history of blood transfusions provides for the possi-
bility of several transfusion-associated infections.

This chapter provides a general approach to ex-
posures so that a differential diagnosis can be gener-
ated once the history of present illness and the ex-
posure history are known. Details of the clinical
manifestations caused by particular organisms can
be found in earlier chapters. The chapter ends with
a discussion of a very common problem: head lice
infestation.

■ OCCUPATIONAL AND
ENVIRONMENTAL EXPOSURES

Possible exposures of this type, and the associated
microorganisms and syndromes to be expected, are
listed in Table 21-1.

■ BLOOD TRANSFUSION

With current testing procedures, the blood supply
is much safer now than in previous decades.1 How-
ever, the exposure may have occurred in the remote
past (such as a red cell transfusion given for anemia
of prematurity), in which case it may not be recalled

by the patient unless the question is specifically
asked. Table 21-2 lists infections associated with
transfusion of blood products, specifically packed
red blood cells and platelets. In the 1990s, certain
immune globulin products were implicated in
transmission of hepatitis C virus infection.2 All im-
mune globulin products are currently treated by a
cold ethanol fractionation procedure, which is
highly effective in inactivating known infectious
agents.3

■ ANIMAL EXPOSURES

Children have a higher rate of exposure to animals
because of their exploratory behavior. Several excel-
lent reviews of animal-associated infections are
available.4–6 The diseases associated with specific
animals and the syndromes produced are shown in
Table 21-3. Rabies is a frequent concern in animal
bites. The approach to prophylaxis for rabies is out-
lined in Table 21-4.

Dog and Cat Bite Infections

Frequency and Clinical Patterns

Animal bites represent 1% of all emergency depart-
ment visits, the majority involving children. Be-
tween 70–90% of these visits are caused by dog
bites; boys aged 5–9 years have the highest inci-
dence.7 Severe dog bites in children occur most
frequently in those younger than 5 years and in-
volve the head and neck. Large dogs that are famil-
iar to the child are usually involved.8 Cats account
for only 3–15% of animal bites,5 but because they
result in puncture wounds, cat bites are much more
likely to become infected (more than 50% as com-
pared with 15–20% for dog bites).

Dog bites tend to be crushing injuries rather than
clean, sharp lacerations. In children, three-quarters
of dog bites occur on the face, neck, or head,7 and
facial scarring is not uncommon. Bites to the head
may be complicated by occult skull fracture and
subsequent brain abscess.9
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TABLE 21-1. OCCUPATIONAL AND ENVIRONMENTAL EXPOSURES AND ASSOCIATED
MICROORGANISMSa

EXPOSURE MICROORGANISMS (PARTIAL LIST)

a See Table 21–7 for geographic distributions.

Soil, dirt, dust

Residence near rivers or associated waterways

Bird and bat guano (caves, chicken coops, bird
roosts, abandoned buildings)

Thorny bushes, sphagnum moss

Hot tubs, whirlpools

Swimming pools, wavepools

Fish tanks

Freshwater lake or river

Sea water and brackish water

Creeks, swimming holes

Moldy hay; water in air conditioners or humidifiers

New construction

Insects

Blood transfusion

Contaminated needle injury

Injection drug use

Histoplasmosis,49 coccidioidomycosis,50,51 blastomycosis

Blastomycosis52

Histoplasmosis;53 cryptococcosis (esp. pigeon
droppings)54

Sporotrichosis (skin ulcers)55

Pseudomonas (rashes);56 amebic keratitis,57

Legionella,58 Mycobacterium avium pneumonitis59

Pseudomonas (rashes);56–60 enteroviruses (fever,
vomiting);61adenovirus (fever, pharyngitis,
conjunctivitis);62 E. coli O157:H7,63 Shigella,64

Cryptosporidium,65 Giardia;66 (diarrhea); Aeromonas
(bacteremia),67 molluscum contagiosum;68 tinea
pedis69

Mycobacterium marinum (skin ulcers)70

Schistosoma larvae (swimmer’s itch),71 schistosomiasis
(travelers),72 leptospirosis,73 Edwardsiella (diarrhea),74

Aeromonas (wound infection),75 Naegleria
(encephalitis)76

Vibrio vulnificus and V. damsela (cellulitis or sepsis), V.
parahaemolyticus (diarrhea), Edwardsiella (diarrhea),74

Erysipelothrix, Streptococcus iniae77

Leptospirosis78

Thermophilic actinomycetes (and other agents of
hypersensitivity pneumonitis)79

Legionella, Histoplasmosis80

See Table 21–6.

See Table 21–2.

Hepatitis B, hepatitis C, HIV35

Same as needle injury; in addition, S. aureus (acute
endocarditis),81 Pseudomonas (osteomyelitis),82 wound
botulism83

Infected bite wounds are characterized by swell-
ing, erythema, and warmth at the site of injury.6

Purulent drainage, abscess formation, fever, re-
gional adenitis, and leukocytosis are variable find-
ings.10 The interval between the injury and evi-
dence of infection is particularly short in cases of
Pasteurella infection, often within 6–12 hours.

In asplenic children or those with other immu-
nocompromising conditions, even a seemingly in-
significant dog or cat bite may result in Capnocyto-
phaga canimorsus infection, a cause of fulminant
septicemia in these patients.11 Rarely, this organism

causes sepsis in previously healthy persons with a
recent dog or cat bite.12 Pasteurella can also cause
bacteremia in immunocompromised hosts, with a
mortality of 30% in one small series.13

Infecting Bacteria

In the largest prospective study to date, Pasteurella
species were the most frequently isolated bacteria
from both dog (50%) and cat (75%) bites.10 Most
infections are polymicrobial and involve both aer-
obes and anaerobes. In one study, in which 107
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TABLE 21-2. TRANSFUSION-TRANSMITTED INFECTIONS

CATEGORY ORGANISM COMMENTS

Bacteria Yersinia enterocolitica Organism grows well at cooler temperatures at which red
blood cells (RBCs) are stored (4°C)84

Pseudomonas fluorescens Grows well at 4°C; high mortality rate85

Staphylococci, others Risk is � 1 in 500,000 units for PRBCs and � 1 in 12,000
units for platelets86

Parasites Malaria 93 cases reported in the United States from 1963–199987

Babesiosis Risk is very low, even in endemic areas88

Trypanosomiasis In endemic areas (parts of Latin America) transfusion is a
major source of transmission89

Rickettsia Rocky Mountain spotted fever Rare90

Spirochetes Syphilis Rare in the United States91

Viruses Hepatitis A Risk � 1 in 1 million units86

Hepatitis B Risk � 1 in 60,000 units92

Hepatitis C Risk � 1 in 100,000 units92

HIV Risk � 1 in 500,000 units92

HTLV I and II Risk � 1 in 600,000 units92

Cytomegalovirus Prevented by using CMV-negative or leukocyte filtered
blood products for immunocompromised patients
(including neonates)

Epstein-Barr virus Probably prevented by using leukocyte filtered blood
products

Parvovirus B19 Risk � 1 in 10,000 units86

HIV, human immunodeficiency virus; HTLV, human T-cell lymphotropic virus

infected dog or cat bite wounds were cultured at a
reference laboratory, the median number of bacte-
rial isolates per culture was five.10 After Pasteurella,
the most common aerobes are streptococci, staphy-
lococci, diphtheroids, and Neisseria species. Gram-
negative enteric rods are an occasional cause. The
most common anaerobic bacteria implicated in-
clude Fusobacterium, Bacteroides, Porphyromonas,
Prevotella, Propionibacterium, and Peptostreptococcus
species.10

Initial Management

Tetanus immunity should be assessed (see Table
17-2), and the risk of rabies should be considered
(Table 21-4). Pain control should not be neglected.
Wounds should be explored to determine their
depth and to see if any underlying structures (such
as bone, joint, or tendon) are involved. Thorough
irrigation and debridement reduce the rate of infec-
tion.14 Hand wounds have a high rate of infection

and should generally not be sutured. Recent, nonin-
fected wounds on other parts of the body can usu-
ally be sutured.

The use of prophylactic antibiotics is generally
advocated for certain bites thought to be at high risk
for infection. Examples include severe bite wounds
with crush injury; puncture wounds that cannot be
adequately irrigated; bites to the face, hand, foot,
or genital region; and wounds in immunocompro-
mised persons.15 A recent systematic review of eight
randomized, controlled trials found that overall,
prophylactic antibiotics did not appear to reduce
the rate of infection after bites by dogs or cats, and
that wound type (laceration versus puncture) did
not appear to influence effectiveness. However, the
infection rate for hand bites was significantly re-
duced by the use of antibiotics (2% versus 28%,
odds ratio 0.10, 95% confidence interval
0.01–0.86).16 In none of the above studies was
amoxicillin-clavulanate used as a prophylactic
agent.
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TABLE 21-3. ANIMAL EXPOSURES VIA BITES, SCRATCHES, MEAT INGESTION, OR
CONTACT WITH ANIMAL PARASITE

ANIMAL MICROORGANISM AND SYNDROMES (PARTIAL LIST)

Dogs

Cats

Dogs and cats

Dog or cat bites

Horses

Swine

Cattle or unpasteurized milk or cheese

Chickens

Sheep, goats

Rats, mice, guinea pigs, hamsters

Pet fish

Reptiles (turtles, snakes, lizards, iguanas)

Parakeets, pigeons, other birds, bird feces

Skunks, foxes, bats, coyotes

Rabbits, muskrats, deer, beaver, squirrels

Monkeys, chimpanzees

Ferrets

Raccoons

Any wild or zoo animal bite

Leptospirosis (hepatitis), dog tapeworm, dog heartworm
(chronic pneumonia), Bordetella bronchiseptica (cough),
Brucella canis (fever), Malassezia pachydermatis (central line
infections in neonatal intensive care units [ICUs]—acquired
indirectly from health care workers’ dogs)93

Cat-scratch disease (cervical adenitis), toxoplasmosis (mono-like
illness), Q fever (pneumonia), plague (pneumonia), tularemia
(multiple forms of disease)

Ringworm (most cases are not animal associated), scabies,
cutaneous larva migrans, visceral larva migrans, rabies,
salmonellosis, campylobacteriosis, cryptosporidiosis, giardiasis

Pasteurella, streptococci, staphylococci, anaerobes, rabies,
others10

Salmonellosis, Group C streptococcal pneumonia or
pharyngitis, Rhodococcus equi (subacute pneumonia in
immune-compromised hosts), Actinobacillus

Brucellosis, Salmonella choleraesuis

Brucellosis (fever), actinomycosis (cervical adenitis), nocardiosis,
leptospirosis, bovine tuberculosis (cervical adenitis), beef
tapeworm, E. coli O157:H7, campylobacteriosis, Listeria
(meningitis)

Salmonellosis, campylobacteriosis

Orf (pustular dermatitis), brucellosis, Q fever (pneumonia),
anthrax

Lymphocytic choriomeningitis virus (aseptic meningitis or
fever), campylobacteriosis, rat bite fever (rash, headache,
polyarthralgia), hantavirus pulmonary syndrome94

Mycobacterium marinum (skin ulcer), edwardsiellosis (diarrhea,
wound infection)

Salmonellosis, campylobacteriosis, Aeromonas

Psittacosis (atypical pneumonia), hypersensitivity pneumonitis
(pulmonary infiltrates with eosinophilia), histoplasmosis,
cryptococcosis

Rabies

Tularemia, leptospirosis, Q fever, giardiasis, typhus

Simian B-virus (meningoencephalitis: usually fatal unless
treated with acyclovir),95 melioidosis, tuberculosis, amebiasis,
hepatitis A virus

Influenza, salmonellosis, campylobacteriosis5

Rabies, visceral larva migrans, raccoon roundworm
encephalitis96

Pasteurella species97
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TABLE 21-4. RABIES PROPHYLAXIS

POSTEXPOSURE PROPHYLAXIS GUIDEa,b

ANIMAL DISPOSITION OF ANIMAL TREATMENT OF VICTIM

POSTEXPOSURE IMMUNIZATION

PRE-EXPOSURE IMMUNIZATIONg

Abbreviations: RIG, rabies immune globulin; HDCV, human diploid cell vaccine; PCEC, purified chick embryo cell vaccine; RVA,
rabies vaccine adsorbed; IM, intramuscular.
a All bites and wounds should be thoroughly cleaned with soap and water and povidone-iodine solution. If rabies prophylaxis is
indicated, both rabies immune globulin (RIG) and vaccine should be given as soon as possible, regardless of the time elapsed
since the bite. Local reactions to vaccines are common and do not contraindicate continued treatment.
b Two types of possible exposures from a rabid animal must be considered—bite and non-bite exposures. If no exposure has
occurred (i.e., neither bite exposure nor nonbite exposure), prophylaxis is not necessary. Any penetration of the skin by teeth
constitutes a bite exposure and represents a potential risk of rabies transmission. The contamination of open wounds, abrasions,
or mucous membranes with saliva from a rabid animal constitutes a nonbite exposure and requires prophylaxis. In addition, two
cases of rabies have been attributed to airborne exposures in caves containing countless numbers of bats.
c 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 euthanatized immediately and tested.
d Bat bites may inflict minor injury and go undetected. Postexposure prophylaxis should be considered when direct contact
between a human and bat has occurred, unless the exposed person can be certain that a bite, scratch, or mucous membrane
exposure did not occur.
e The animal should be euthanatized and tested as soon as possible. Holding for observation is not recommended. Discontinue
vaccine if immunofluorescence test results of the animal are negative.
f 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.

Dog, cat, or ferret

Skunk, raccoon, fox, coyote,
bobcat, other carnivores; batsd

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

Persons not previously
immunized

Persons previously immunizedf

Primary

Boosterh

Healthy, available for 10 days of
observation
Rabid or suspected rabid

Unknown (escaped)

Regard as rabid unless proved negative by
laboratory testinge

Consider individually and consult public
health officials. Bites of squirrels,
hamsters, guinea pigs, gerbils, chipmunk,
rats, mice, other rodents, rabbits, and
hares almost never require rabies
prophylaxis. Large rodents (especially
nutria) more likely to carry rabies than
small rodents, but risk is still low

RIG: 20 IU/kg, full dose infiltrated into the
wound if possible, (any remaining volume
is given IM at a site distant from vaccine)—
given on day 0 only;
Vaccine: HDVC, RVA, or PCEC 1 mL IM
(deltoid), on days 0, 3, 7, 14, and 28

RIG: Not given
Vaccine: HDCV, RVA, or PCEC 1 mL, IM
(deltoid), on days 0 and 3

Intramuscular

Intradermal

Intramuscular

Intradermal

Prophylaxis only if animal
develops signs of rabiesc

Immediate immunization and
RIG
Consult public health officials

Immediate immunization and
RIG

HDCV, PCEC, or RVA; 1 mL
(deltoid), one each on days 0,
7, and 21 or 28

HDCV; 0.1 mL, one each on
days 0, 7, and 21 or 28

HDCV, PCEC, or RVA; 1 mL
(deltoid), day 0 only

HDCV; 0.1 mL, day 0 only
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g Consider preexposure prophylaxis for children traveling to developing areas where dog rabies is enzootic, especially for
prolonged stays (�3 months) or if visiting remote areas (> 24 hours from a reliable source of rabies vaccine). All dog bites or
scratches in such areas should be taken seriously and postexposure prophylaxis sought, even in persons are already immunized.
h Acceptable antibody titer is 1 : 5. For persons at frequent risk of rabies exposure, test serology every 2 years and boost if titer
falls below 1 : 5.
Source: Adapted from Centers for Disease Control and Prevention. Human rabies prevention—United States, 1999. Recommen-
dations of the Advisory Committee on Immunization Practices (ACIP). MMWR Recomm Rep 1999;48:1–21.

Despite the lack of data, amoxicillin-clavulanate
is a reasonable choice if prophylaxis is deemed to
be indicated, because of its activity against the
broad range of organisms causing wound infec-
tions. For the penicillin-allergic child, trimetho-
prim-sulfamethoxazole plus clindamycin is reason-
able.

Prevention

Young children should be closely supervised when
around any dog. Dog owners should be educated
to be responsible for preventing bites, and both dog
owners and parents should be counseled about pre-
venting dog bites.17

Human Bite Infections

Frequency

Human bites are the third most common among
bite wounds seen in emergency departments, trail-
ing only the bites of dogs and cats. Although human
bites have a reputation for being more frequently
and more severely infected, data suggest that bites
inflicted anywhere other than the hand carry a simi-
lar prognosis as bites of other mammals.18 If prop-
erly irrigated, human bite wounds in areas other
than the hand become infected in about 10% of
cases.19

In a study of 322 human bites in children, areas
affected included the upper extremities in 42%, face
and neck in 33%, and the trunk in 22%.20 None
of the 242 abrasions became infected compared
with 16 (38%) of 42 puncture wounds and 13
(37%) of 35 lacerations. Vigorous debridement and
irrigation with saline are critical. Most experts rec-
ommend avoidance of primary closure if there is a
puncture wound or if the injury is greater than
8–12 hours old, except in the case of facial wounds.

Hand Bites

Human bite wounds of the hand come in two vari-
eties: i) occlusal, wherein the patient is actually bit-

ten, and ii) clenched-fist, in which the injury is sus-
tained by striking the teeth of another person with
the fist. Both forms of injury carry a high risk of
deep tissue infection such as septic arthritis and
osteomyelitis.21 Human bite injuries of the hand
should never be dismissed as minor, and prompt
surgical debridement is critical.22 Factors associated
with progression to osteomyelitis include delay in
surgical debridement beyond 24 hours and failure
to appreciate the severity of the injury at the initial
patient visit.23 The importance of prophylactic anti-
biotics for human hand bites has been confirmed
by a randomized trial of 48 patients.24 Infection
occurred in 7 (47%) of 15 placebo recipients; in
contrast, there were no infections among the 33
patients who received antibiotics.

Infecting Bacteria

Human bites or wounds inflicted by clenched fists
are often associated with crushed tissue and anaero-
bic conditions. Infected human bite wounds usually
harbor bacteria that are part of the normal mouth
and/or skin flora. Aerobic cultures of such wounds
typically yield alpha-hemolytic or beta-hemolytic
streptococci, Staphylococcus aureus, Haemophilus
species, or Eikenella corrodens. The latter organism
has a propensity to cause severe infections that are
difficult to treat. Anaerobic cultures often grow Bac-
teroides, Fusobacterium, Peptococcus, Peptostreptococ-
cus, and Veillonella species.25,26 Most infections are
polymicrobial; one study demonstrated an average
of five isolates per specimen.25 Multiple surgical
procedures may be required for cure.23

Prophylactic Antibiotics

Patients with simple abrasions do not require pro-
phylactic antibiotics. Children with lacerations or
puncture wounds from a human bite should proba-
bly receive prophylactic antibiotics. A 3-day course
is usually sufficient, unless there are visible signs
of infection at the time of presentation, in which
case a 10-day course is appropriate. Some practi-
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tioners also use the longer course of antibiotics in
immunocompromised hosts or if bone, joint, or
tendon penetration has occurred. An antibiotic reg-
imen with both aerobic and anaerobic coverage is
necessary, both for prophylaxis and for empiric
treatment of wound infections, even if no anaerobes
grow in culture. Amoxicillin-clavulanate is an ap-
propriate choice for prophylaxis. It can also be used
for empiric therapy unless an intravenous antibiotic
is desired, in which case ampicillin-sulbactam can
be used. For the penicillin-allergic child, clinda-
mycin plus trimethoprim-sulfamethoxazole can be
used.27

Transmission of Viral Infection

If there is a break in the skin, the risk for transmis-
sion of human immunodeficiency virus (HIV) and
hepatitis B virus (HBV) infection should be consid-
ered. Transmission of HIV infection by a human
bite is extremely rare; it has only been well-docu-
mented in bites among adults that include the ex-
change of blood.28,29 This is expected, since replica-
tion-competent HIV is absent from the saliva of
most HIV-infected patients.30 For severe human
bites, testing the perpetrator’s serum for HIV anti-
bodies is reasonable, especially if there is blood in
the saliva. If positive, serial testing and postexpo-
sure prophylaxis for the victim is appropriate as
detailed in the following section on needlestick in-
juries.

Transmission of HBV infection via human bite
is well-documented in the literature.31 The need for
administering HBV vaccine and hepatitis B immune
globulin depends on whether the perpetrator is
hepatitis B surface antigen positive and on the vacci-
nation history of the victim (see Table 13-4). Al-
though transmission of hepatitis C virus by human
bite has been documented,32 no postexposure pro-
phylaxis exists, and testing is generally not advised.

■ ADDITIONAL EXPOSURE
MECHANISMS

Needlestick Exposures

With needlestick and other occupational exposures
involving blood, the main concerns are the trans-
mission of hepatitis B virus (HBV), hepatitis C virus
(HCV), and the human immunodeficiency virus
(HIV). The likelihood of transmission of these
agents varies depending on the titer of virus in the
source case’s blood, the type and gauge of the
needle used, the depth of penetration, and glove

use.33 A rough estimate of the comparative risks is
approximated by the “rule of threes”: HBV is trans-
mitted in approximately 30% of exposures, HCV
in 3%, and HIV in 0.3%.34 The risk of HBV trans-
mission may be as high as 40% if the source case
is HBeAg positive and as low as 2% if HBeAg nega-
tive.33

In the case of a needlestick injury, serologic test-
ing of the source case (HBsAg, antibody to HCV,
and antibody to HIV) should be performed. If the
source case is HBsAg positive, management de-
pends on whether the exposed person has been vac-
cinated with HBV vaccine and, if so, whether they
are known to have developed an adequate antibody
response to vaccination. If lack of immunity is doc-
umented, postexposure prophylaxis with hepatitis
B immune globulin and HBV vaccine is given as
detailed in Table 13-4.

If the source case is HCV antibody positive, the
exposed person should undergo baseline testing for
HCV antibody and ALT (alanine aminotransferase)
with repeat testing in 4–6 months. No postexpo-
sure prophylaxis is recommended.35

If the source case is known or suspected to be
HIV-infected, the exposed person should be evalu-
ated immediately and baseline HIV serology should
be obtained. Whether postexposure prophylaxis is
indicated and, if so, what regimen should be used,
depends on several factors, as outlined in the Cen-
ters for Disease Control and Prevention (CDC) rec-
ommendations given in Table 21-5. The only post-
exposure regimen that has been studied is
zidovudine (AZT) monotherapy, which has been
shown to decrease transmission by 80%.36 How-
ever, suppression of viral replication is better when
more than one effective drug is used, and there is
a considerable amount of zidovudine resistance in
community isolates of HIV. Therefore, most HIV
exposures warrant a two-drug regimen using two
nucleoside analogues (e.g., zidovudine and lami-
vudine). For high-risk injuries, the addition of a
protease inhibitor (e.g., nelfinavir) is recom-
mended. Patients with needlestick exposures to
HIV should have follow-up HIV-antibody testing at
6 weeks, 12 weeks, and 6 months postexposure.

Injuries from needles found in the community
are not uncommon, but transmission of infection
is rare. A single case of HBV infection transmitted
in this fashion has been reported.37 Transmission
of HCV and HIV from needles found in the commu-
nity has not been reported. With this type of expo-
sure, the HBV vaccination status of the patient
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TABLE 21-5. RECOMMENDED HIV POSTEXPOSURE PROPHYLAXIS FOR PERCUTANEOUS
INJURIES35

INFECTION STATUS OF SOURCE

EXPOSURE HIV-POSITIVE HIV-POSITIVE SOURCE OF UNKNOWN HIV-

TYPE CLASS 1a CLASS 2a HIV STATUSb UNKNOWN SOURCEc NEGATIVE

Abbreviations: PEP, postexposure prophylaxis.
a HIV-Positive, Class 1: asymptomatic HIV infection or known low viral load (e.g., ,1,500 RNA copies/mL). HIV-Positive, Class 2:
symptomatic HIV infection, AIDS, acute seroconversion, or known high viral load.
b For example, deceased source person with no samples available for HIV testing.
c For example, a needle from a sharps container.
d Less severe examples: solid needle or superficial injury.
e “Consider PEP” indicates that PEP is optional and should be based on an individualized decision between the exposed person
and the treating clinician.
f If PEP is offered and taken and the source is later determined to be HIV-negative, PEP should be discontinued.
g More severe examples: large-bore hollow needle, deep puncture, visible blood on device, or needle used in patient’s artery or
vein.

Less
severed

More
severeg

2-drug regimen

3-drug regimen

Generally, no PEP
warranted; consider
2-drug PEPe in
settings where
exposure to HIV-
infected persons
likely

Generally, no PEP
warranted; consider
2-drug PEPe in
settings where
exposure to HIV-
infected persons
likely

3-drug regimen

3-drug regimen

Generally, no PEP
warranted; consider
2-drug PEPe for
source with HIV risk
factorsf

Generally, no PEP
warranted; consider
2-drug PEPe for
source with HIV risk
factorsf

No PEP
warranted

No PEP
warranted

should be reviewed, and vaccine and HBIG (hepati-
tis B immunoglobulin) should be administered if
the child has not received the complete series. Post-
exposure prophylaxis for HIV is generally not nec-
essary, but may be considered in some circum-
stances. Testing the needle or syringe is neither
useful nor safe.

Insect Exposures

Many infectious diseases are transmitted by insect
vectors (Table 21-6). The animal reservoir usually
determines the geographic area where the disease
is most frequent.

Geographic Exposures

Geographic exposure is a broad concept that im-
plies that the patient has been in a place offering
exposure to a disease that might not ordinarily be
suspected in the region where the patient is now.
Therefore, it is important to take a history about

the travel of every patient suspected of having an in-
fectious disease. There are several geographic areas
within North America that have an unusually high
incidence of infection with particular microorga-
nisms and some of these are listed in Table 21-7.

The limitation of a disease to a particular geo-
graphic area is usually related to the habitat of an
animal reservoir or vector but may be related to the
climate needed for a soil fungus. The geographic
distribution of various tropical diseases is beyond
the scope of this book but may be found in many
excellent tropical medicine texts and at the CDC’s
Web site: www.cdc.gov. Malaria and tuberculosis
are two serious but treatable diseases that are very
common in much of the developing world and
should always be considered as possibilities in the
ill returning traveler.

Immigrants, Refugees, and
Internationally Adopted Children
An excellent overview of the health problems com-
mon in these three groups of children is available.38

http://www.cdc.gov
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TABLE 21-6. SOME DISEASES TRANSMITTED BY INSECTS

INSECT DISEASE CHAPTER/SECTION OF BOOK

Ticks Rocky Mountain spotted fever Rashes/Petechial

Lyme disease Rashes; Arthritis

Lyme-like illness98 Rashes

Ehrlichiosis (granulocytic and monocytic) Fever

Babesiosis Fever

Colorado tick fever Fever

Tularemia Fever, Pneumonia, Skin/Ulcers

Relapsing fever Fever

Tick paralysis Neurologic/Paralysis

Mosquitoes La Crosse (California) encephalitis Neurologic/Encephalitis

Eastern equine encephalitis

Western equine encephalitis

St. Louis encephalitis

West Nile encephalitis

Malaria

Dengue fever

Yellow fever

Fleas Plague Skin ulcers, lymphadenopathy

Lice Epidemic typhus

Murine typhus Rashes

Mites Rickettsialpox Rashes

Flies Tularemia (deerfly) Fever; Pneumonia; Lymphadenopathy

Table 21-8 lists suggested components and screen-
ing tests in the initial evaluation of such children.

Exposures to Sick Persons

Prophylaxis for exposures to chickenpox, H. in-
fluenzae, meningococcus, and measles is given in
Table 21-9.

Other Exposures

Foodborne disease is discussed in Chapter 12. Sex-
ual exposures are discussed in Chapter 15. Manage-
ment of a child exposed to active tuberculosis is
discussed in Chapter 8. Management of exposure
to rubella is discussed in Chapter 19, to pertussis
in Chapter 7, and to mumps in Chapter 4. Hepatitis
exposures are discussed in Chapter 13, and expo-
sure to HIV is discussed in Chapter 20.

Head Lice (Pediculosis capitis)

Infestation with head lice is very common, with a
prevalence of 1–3%; in some elementary schools
the rate of infestation is as high as 25%.39 Lice are
harmless, but unfortunately the hysteria that often
results from them is not. Infestation is usually
asymptomatic; itching generally increases when pa-
tients are told they have head lice. People of all
socioeconomic levels are affected. Transmission is
primarily by head-to-head contact. Most experts be-
lieve that sharing of combs, brushes, and hats is
capable of transmitting lice, although this has not
been proved. Lice do not jump or fly, and pets are
not involved in transmission.39

Diagnosis

Lice should be visualized to confirm the diagnosis.
Nits (egg cases) may persist for several weeks to
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TABLE 21-7. SELECTED GEOGRAPHIC EXPOSURES WITHIN NORTH AMERICA

LOCATION DISEASE (CHAPTER)

Southwestern U.S. (especially CA and AZ)
and Mexico

Southwest: northern NM, northern AZ,
and southern CO

Mexico

West: CA, southern OR, and far western
NV

Western half of U.S.

Western mountain states

Upper midwest and mid-Atlantic states
(especially rural WV)

Upper midwestern United States

East Coast and Gulf Coast

Gulf Coast (FL, TX), Ohio and Mississippi
Valley

Nantucket, Martha’s Vineyard, Shelter
Island, and parts of Long Island

South-central, southeastern and
midwestern United States (especially, Ohio
and Mississippi river valleys)

South-central and southeastern United
States

South-central and western U.S.

Northeastern and mid-Atlantic seaboard,
upper north-central U.S., a few counties in
northern California

Puerto Rico

Hawaii

Maritime Canada and Maine

Coccidioidomycosis (Pneumonia)

Plague (Skin syndromes); Hantavirus (Pneumonia)

Cysticercosis (Neurologic syndromes)
Tuberculosis (Pneumonia)
Typhoid fever, Malaria (Fever)
Leishmaniasis (Skin syndromes)

Plague (Skin syndromes)

Western equine encephalitis (Neurologic syndromes)

Colorado tick fever (Fever)

La Crosse encephalitis (Neurologic syndromes)

Human granulocytic ehrlichiosis (Fever)

West Nile encephalitis, Eastern Equine encephalitis (Neurologic
syndromes); Vibrio vulnificus (Skin syndromes)

St. Louis encephalitis (Neurologic syndromes)

Babesiosis (Fever)

Blastomycosis; Histoplasmosis (Pneumonia)

Rocky Mountain spotted fever (especially NC); human monocytic
ehrlichiosis (especially OK); Lyme-like illness (Southern Tick
Associated Rash Illness) (Fever); Cat scratch disease, non-
tuberculous lymphadenitis (Adenopathy)

Tularemia (adenopathy)

Lyme disease (Fever)

Dengue (Fever)

Leptospirosis (Fever, Hepatitis)

Q fever from parturient cats

months after effective treatment, so the presence of
nits does not necessarily indicate current infesta-
tion. Eggs containing nonviable louse remnants or
even random debris such as dandruff, fibers, scabs,
or epidermal matter are often misidentified as signs
of head louse infestation, even by physicians.40 The
use of a fine-toothed louse comb greatly facilitates
detection. In one study of 280 school children, lice
were found in only 6% of children by direct visual-
ization and in 25% with the use of a louse comb.41

Treatment

Several effective topical agents are available. Per-
methrin 1% (Nix) is available over-the-counter,
kills unhatched nits as well as lice, and is safe. Re-
treatment is recommended in 7–10 days. Pyre-
thrins (e.g., A-200, Pronto, R&C, Rid, Triple X) are
also safe, effective, and available over-the-counter;
however, they kill only lice and not unhatched nits.
As with permethrin, retreatment in 7–10 days is
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TABLE 21-8. SUGGESTED INITIAL EVALUATION AND SCREENING TESTS FOR
IMMIGRANTS, REFUGEES, AND INTERNATIONALLY ADOPTED CHILDREN

COMPONENT COMMENTS

Complete history and physical examination

Update immunization status

Tuberculin skin test

Stool examination for ova and parasites

Hepatitis B serology (HBsAg, anti-HBs, and
anti-HBc)

Serologic test for syphilis

HIV serology

Complete blood count

Nutritional assessment

Vision, hearing, and dental screening

Review existing medical records; ascertain details of the
previous living situation

Immunity to vaccine-preventable diseases is often
inadequate;99 consider resuming primary series or measuring
titers

Risk of tuberculosis is � 100 times that of children born in the
United States38

Positive in � 15% of children100

Especially common in children from Asia

If positive, evaluate for extent of disease and treat with full
course of penicillin, even if a history of treatment in country
of origin

Confirm positive test result with Western blot and PCR

Anemia is common (may be due to iron deficiency, thalassemia
trait, lead poisoning, hemoglobinopathies, malnutrition,
chronic disease, or a combination of the above factors)

Rickets and iodine deficiency especially common in children
from China and Russia38

Dental health is often poor

often necessary. Malathion (Ovide) is available by
prescription only, and is effective with a single ap-
plication. Although it is an organophosphate, neu-
rologic toxicity has not been described. Malathion
lotion is flammable, so hair dryers or electric hair-
curling devices should be avoided. A systematic re-
view found no evidence that any one of these pedic-
ulicides was superior to another.42 However, in cer-
tain regions where resistance has emerged to one
or more agents, there may be variable efficacy. Re-
sistance is not thought to be widespread in the
United States, but formal surveillance is not done.

Many experts recommend using a fine-toothed
comb to remove nits for several days after the appli-
cation of the topical agent. However, nits are diffi-
cult to remove, and there is no evidence that comb-
ing increases the cure rate.

For refractory cases, some recommend the use
of oral ivermectin,43 but it is not approved for this
use, and comparative data are lacking. The use of
combination therapy with topical permethrin 1%
and oral trimethoprim-sulfamethoxazole has also
been advocated for refractory cases44 but has not
been studied adequately.45

Lindane (Kwell) is available by prescription, has

lower efficacy than the topical agents mentioned
above, and can cause seizures if applied excessively.
It should rarely be used. There are no data regarding
the use of petrolatum, mayonnaise, or other home
remedies used to “suffocate” the lice. Head shaving
is an unnecessary and excessive measure for a be-
nign condition.

Reinfestation is a common reason for “treatment
failure,” as is misdiagnosis. The child may have nits
but no lice, or they may have hair casts (pseudonits)
or even dandruff, both of which can be removed
much more easily than the oval nits.46

School Exclusion Issues

A survey of 382 school nurses found that 60% sup-
ported a “no-nit” rule of forced absenteeism for any
children with nits in their hair.47 However, nits can
persist for several weeks, even after effective treat-
ment of lice. Even in children without recent treat-
ment, most nits do not develop into lice. Of 50
school children with newly diagnosed nits, only 9
(18%) developed lice in the ensuing 2 weeks. Lice
were especially unlikely to develop if all the nits
were greater than 1⁄4 inch from the scalp.48 Many
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TABLE 21-9. MANAGEMENT OF EXPOSURES TO SELECTED DISEASES

DISEASE PROPHYLAXIS

a For H. influenzae, a contact is defined as a person residing with the index patient or a nonresident who spent 4 or more hours
with the index case for at least 5 of the 7 days preceding the day of hospital admission of the index case.
b During the 7 days before onset of disease in the index case.
c Children as young as 6 months may receive measles vaccination during an outbreak or if exposed to a case of measles;
however, they should be revaccinated at age 12–15 months and at 4–6 years.
d Immune globulin is not indicated for household contacts who have received 1 dose of vaccine at 12 months of age or older
unless they are immunocompromised.
Source: Adapted from American Academy of Pediatrics. Bite wounds. In: Pickering LK, ed. 2000 Red Book: Report of the
Committee on Infectious Diseases. Elk Grove Village, IL: American Academy of Pediatrics 2000 : 155–159, with permission.

Chickenpox

1. Exposed susceptible immunosuppressed child
2. Newborn of mother with onset of rash within 5 days

before or 48 hours after delivery
3. Susceptible pregnant woman
4. Premature infant (�28 weeks’ gestation) with no

maternal history of chickenpox
5. Premature infant (�28 weeks’ gestation or �1,000 g),

regardless of maternal history of chickenpox

Exposed, healthy household contacts (�12 months old,
no history of varicella vaccination, no history of natural
varicella disease, and not immunocompromised)

H. influenzae

1. Child �4 years of age in the household who is
incompletely immunized or a child �12 months old in
the household regardless of immunization status or
an immunocompromised child in the household,
regardless of age and immunization status

2. Child care or nursery school contacts (some withhold
prophylaxis unless 2 or more cases of invasive disease
in 60 days)

3. Index case

Meningococcus

1. Household contact,b especially young children
2. Child care or nursery school contactb

3. Direct exposure to index patient’s secretions through
kissing or sharing toothbrushes or eating utensilsb

4. Mouth-to-mouth resuscitation, unprotected contact
during endotracheal intubationb

Measles

1. Exposed susceptible contact born after 1956 (except
pregnant women and immunocompromised persons)

2. Exposed susceptible pregnant women

3. Exposed susceptible immunocompromised persons

Varicella-zoster immune globulin (VZIG) within 96
hours of exposure; 125 units per 10 kg of body
weight intramuscularly (minimum dose: 125 units;
maximum dose: 625 units)

Vaccinate with varicella vaccine if within 72 hours
of exposure101

1. Rifampin 20 mg/kg once daily (maximum 600 mg
per day) for 4 days to all nonpregnant household
contactsa

2. Rifampin, as above, to all child care contacts,a

nonpregnant adults and children, regardless of
age

3. Rifampin, as above, if invasive disease is treated
with a regimen other than cefotaxime or
ceftriaxone

Rifampin 10 mg/kg per dose (maximum 600 mg)
orally b.i.d. for 2 days
(if �1 month old, 5 mg/kg per dose orally b.i.d. for
2 days)
Or
Ceftriaxone (125 mg intramuscularly [IM] once if
�12 years, 250 mg IM once if �12 years); preferred
in pregnancy
Or
Ciprofloxacin (500 mg orally once in nonpregnant
adults �18 years old)

1. Live attenuated measles vaccinec (within
72 hours of exposure) and immune globulind

0.25 mL/kg IM (within 6 days of exposure),
maximum 15 mL

2. Immune globulin 0.25 mL/kg IM (within 6 days
of exposure), maximum 15 mL

3. Immune globulin 0.5 mL/kg IM (within 6 days of
exposure), maximum 15 mL
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children are excluded from school based on a mis-
diagnosis of head lice; in fact, noninfested children
are quarantined at least as often as infested ones.40

Not surprisingly, “no-nit” policies are not effective
in controlling head lice. They do, however, result
in millions of missed school days in U.S. children
each year—a classic case of the cure being worse
than the disease.39,47
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Infections Complicating Chronic
Diseases

Certain chronic diseases of children are associated
with a higher than expected frequency of infectious
complications. Some of these patients are immuno-
compromised hosts (ICH) and their unusual in-
fecting organisms are referred to as opportunistic
pathogens, because the microorganism may be nor-
mal flora or may only rarely produce disease in
healthy children. Other patients may have a normal
immune system, but the presence of an anatomic
abnormality predisposes them to particular infec-
tions. Often, a combination of these factors exists.

This chapter classifies infections by the abnor-
mal organ system or the disease rather than by the
infecting agent or the physiologic defect of the host
(Table 22-1). Infections in transplant recipients are
included here. The approach to the child with a
possible but unknown immune deficiency is cov-
ered in Chapter 23, as is the management of the
child with a known primary immune disorder. HIV
infection is covered in Chapter 20.

Several other infections in children with chronic
illness are discussed elsewhere in this book where it
seems more logical. The problem of fever in patients
with heart disease is discussed in the section on
endocarditis in Chapter 18. Intravascular device in-
fections are covered in Chapter 10, neurosurgical
shunt infections in Chapter 9, and postoperative
wound infections in Chapter 17.

■ SPLENIC ABSENCE OR DYSFUNCTION

Individuals who are born without a spleen (congen-
ital asplenia), who have been splenectomized for
any reason, or whose splenic function is impaired
by disease, such as sickle cell anemia, are at a signifi-
cantly increased risk for fatal septicemia. In many
cases, the infection is fulminating and is typically
caused by encapsulated bacteria, usually Streptococ-
cus pneumoniae or, less commonly, Haemophilus in-
fluenzae type b. In infants younger than 6 months
with congenital asplenia, the organism is more

likely to be an encapsulated strain of Klebsiella or
E. coli.1 Other infections to which asplenic patients
are especially susceptible include meningococ-
cemia, malaria, babesiosis, and Capnocytophaga can-
imorsus infection, which is associated with dog
bites.

Functions of the Spleen

The frequency of encapsulated organisms in bacter-
emia in the asplenic patient provides strong evi-
dence that the spleen aids in phagocytosis, both by
the filtering effect of macrophages and production
of specific Ig (immunoglobulin) M antibodies to
opsonize bacteria.2 Heavily encapsulated bacteria,
such as the pneumococcus, are poorly opsonized by
complement. The patient without capsular-specific
antibodies from prior infection or from immuniza-
tion relies on splenic macrophages to recognize and
remove the bacteria before overwhelming sepsis en-
sues. The importance of the spleen is much greater
during the first 2 years of life, possibly because
other organs can later take over part of its function.
Other protective roles of the spleen include synthe-
sis of tuftsin (a stimulator of phagocytes), produc-
tion of a platelet humoral factor and possibly pro-
duction of other humoral factors related to
immunity, and clearance of intraerythrocytic para-
sites, such as that of malaria. The spleen is believed
to be necessary for normal thymic maturation dur-
ing the neonatal period and to be involved in B-
cell and T-cell interactions.

Howell-Jolly Bodies

These are very small, round, dark blue inclusions
within red blood cells and are made up of nuclear
debris. The spleen usually removes red cells con-
taining these inclusions, and thus their presence
is suggestive of hyposplenism. If the possibility of
asplenia is suspected, a manual review of the
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TABLE 22-1. CONTENTS OF THIS CHAPTER

ORGAN SYSTEM DISEASES

Splenic absence or dysfunction

Collagen disease

Lung disease

Endocrine disease

Heart disease

Kidney disease

Liver disease

Neoplastic disease

Hematopoietic stem cell transplant

Solid organ transplant

Sickle cell anemia, other hemoglobinopathies, postsplenectomy,
congenital asplenia, functional asplenia

Systemic lupus erythematosus, others

Cystic fibrosis, Down syndrome

Diabetes mellitus, polyendocrinopathies

Congenital heart disease, velocardiofacial syndrome

Nephrotic syndrome, uremia, peritoneal dialysis, hemodialysis

Cirrhosis, others

Hematologic malignancies, solid tumors

peripheral smear should be requested. Howell-Jolly
bodies may be found in the peripheral smear in
normal neonates, but are uncommon later in life.
Interference phase-contrast microscopy can be used
to detect red cells that are “pocked,” which has
slightly greater sensitivity3 and specificity4 for as-
plenia than does the presence of Howell-Jolly
bodies.

If Howell-Jolly bodies are discovered inciden-
tally, a history should be obtained, both regarding
previous episodes of sepsis as well as the looking for
causes of asplenia and hyposplenia. An abdominal
ultrasound should be performed, looking for the
spleen. If the spleen is present, a technicium-99m
liver-spleen scan should be performed. If there is
no uptake of the radioactive tracer by the spleen, a
diagnosis of functional hyposplenism can be made.5

Clinical Manifestations

Overwhelming postsplenectomy infection often be-
gins with a nonspecific influenza-like prodrome
with fever, chills, malaise, myalgia, and headache.
In addition, gastrointestinal symptoms such as
vomiting, diarrhea, and abdominal pain may be
prominent, distracting the physician from the diag-
nosis and resulting in delayed treatment.6 The pro-
drome, which may last a few days or only a few
hours, is followed by rapid progression to septic
shock, with hypotension and disseminated intra-
vascular coagulation. Symmetric peripheral gan-
grene may result. The mortality is greater than 50%.
In contrast, if bacteremia is recognized and treated

prior to the development of clinical sepsis, the mor-
tality rate is less than 10%.5

Specific Conditions

Congenital Asplenia

This may occur as an isolated finding but is most
commonly associated with complex congenital car-
diac defects, especially atrioventricular canal, trans-
position of the great arteries, pulmonary stenosis
or atresia, and total anomalous pulmonary venous
return. Children with these defects should have an
abdominal ultrasound looking for the presence of
a spleen. After the first month of life, such children
are at greater risk of dying of sepsis than from their
cardiac defect; thus, antibacterial prophylaxis is
warranted.1 Some of these children have accessory
splenic tissue in the peritoneal cavity (polysplenia).
However, the degree of protection offered by acces-
sory spleens is variable, and antibacterial prophy-
laxis is probably warranted.5 Heterotaxy syndromes
are usually associated with asplenia or polysplenia.
In addition to cardiac defects, patients may have
primary ciliary dyskinesis, biliary atresia, intestinal
malrotation, and multiple other anomalies.7,8

Postsplenectomy

Removal of the spleen may be necessary because
of splenic trauma, malignancy, or hypersplenism
(such as occurs in immune thrombocytopenic pur-
pura). Children are at a higher risk of postsple-
nectomy sepsis than adults, and the risk is greater
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in persons undergoing splenectomy because of ma-
lignancy or thalassemia than for trauma.9 This may
be because of the frequent presence of splenic im-
plants (splenosis) in patients who undergo splenec-
tomy for trauma, which is sometimes (but not pre-
dictably) protective.10

The highest risk for infection is during the first
2 years after splenectomy. However, a third of infec-
tions occur up to 5 years later, and cases of fulmi-
nant infection have been reported more than 20
years postsplenectomy. The increased risk of dying
of serious infection, although not quantifiable, is
clinically significant and almost certainly lifelong.11

Functional Asplenism

In addition to the hemoglobinopathies, splenic dys-
function has been linked to a variety of conditions,
including celiac disease, ulcerative colitis, portal hy-
pertension, systemic lupus erythematosus, Graves’
disease, polyarteritis nodosa, sarcoidosis, and HIV
infection.5 An important category of patients with
functional hyposplenism are those who have re-
ceived splenic irradiation for cancer or those who
have undergone a stem cell transplant and develop
graft-versus-host disease.12,13

Sickle Cell Anemia

Due to autoinfarction of the spleen, children with
sickle cell anemia are at substantially increased risk
for sepsis. In the first 5 years of life, the risk for
pneumococcal sepsis is approximately 400 times
that of the general population.14 Patients with other
hemoglobinopathies, such as sickle-C disease, are
at intermediate risk.15 The greatest risk is in young
children with high fever and elevated white blood
cell (WBC) count.16 However, some children will
present in a more subtle fashion. Bacteremia should
be considered in all children with sickle cell anemia
and fever (T greater than 38�C) especially in the
first 5 years of life. In such children, blood cultures
should be obtained and empiric treatment with cef-
triaxone given. Children at higher risk (less than 2
years old, temperature greater than 40�C, WBC less
than 5000/mcL or greater than 30,000/mcL, those
who are ill-appearing or have pulmonary infiltrates
or another focus of infection) should be admitted
to the hospital for intravenous antibiotics. Well-ap-
pearing children at lower risk are often treated as
outpatients, with careful follow-up and a second
dose of ceftriaxone intramuscularly until the initial
culture is negative at 48 hours.17

In addition to sepsis with encapsulated bacteria,
patients with sickle cell anemia are also at risk for
other infectious complications. As described in
Chapter 11, infection with parvovirus B19, the
agent of erythema infectiosum, can precipitate se-
vere hypoplastic crisis in patients with sickle cell
disease. The increased risk of osteomyelitis (espe-
cially due to Salmonella spp.), and the difficulty in
distinguishing this condition from the more com-
mon bone infarction, is discussed in Chapter 16.

The acute chest syndrome is the leading cause of
death among patients with sickle cell disease. It can
be defined as a new pulmonary infiltrate involving
at least one complete lung segment and one or more
of the following findings: temperature greater than
38.5�C (seen in 80% of patients), cough (62%),
chest pain (44%), or wheezing (26%).18 The lower
lobes are typically involved, and effusions develop
in about half of cases. Acute chest syndrome is most
commonly caused by infection; infarction and fat
embolism are also frequent causes. In a prospective
multicenter study of 671 episodes among 538 pa-
tients (all of whom underwent bronchoalveolar la-
vage), an infectious cause was found in 249
(37%).18 Of the 249 episodes triggered by infection,
Chlamydia pneumoniae was the most frequently
identified organism, found in 71 (29%). Other fre-
quent causes were Mycoplasma pneumoniae (20%),
respiratory syncytial virus (10%), and Staphylococ-
cus aureus, S. pneumoniae, Mycoplasma hominis, and
parvovirus (4% each). Eighteen (3%) of the 528
patients died, and infection was a factor in 10
deaths. S. pneumoniae, E. coli, H. influenzae, legio-
nella, cytomegalovirus, S. aureus, and chlamydia
were implicated in fatal cases. Appropriate manage-
ment of the acute chest syndrome includes a third-
generation cephalosporin and a macrolide, as well
as oxygen, bronchodilator therapy, and often, red
cell transfusion.

Prevention

Effective prevention of invasive disease in patients
with an absent or dysfunctional spleen requires a
three-pronged approach of education, vaccination,
and prophylactic antibiotics.5

Education

In one survey, of 63 patients who had undergone
a splenectomy in the previous few years, only 10
(16%) were aware of any health precautions.19 As-
plenic patients should be aware of the need to notify
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their physician or seek immediate medical care in
the event of any acute febrile illness. Patients should
be encouraged to wear a Medi-Alert bracelet indi-
cating their asplenic status.11 They should be coun-
seled regarding the risk of C. canimorsus sepsis after
dog bites.

Expert travel advice is especially important.
Travel to areas where malaria is endemic should be
discouraged.11 If travel to such areas is necessary,
patients should be made aware of their increased
risk of severe falciparum malaria and the need for
strict adherence to effective antimalarial prophy-
laxis as well as protective measures, such as the use
of DEET-containing insect repellent and mosquito
netting. Patients traveling to sub-Saharan Africa
should receive quadrivalent meningococcal vaccine
if they have not already done so.

Pneumococcal Vaccination

Patients with an absent or dysfunctional spleen
should definitely be vaccinated against S. pneumon-
iae. Unfortunately, 30–60% of eligible patients
never receive the pneumococcal vaccine.19,20 In the
case of elective splenectomy, the vaccine should be
given at least 2 weeks before surgery since asplenic
individuals have impaired antibody production.

The recent introduction of the seven-valent con-
jugated pneumococcal vaccine (PCV7) represents a
significant advance in the prevention of invasive
pneumococcal disease. In contrast to the 23-valent
polysaccharide pneumococcal vaccine (PPV23), the
conjugate vaccine is immunogenic in young infants
and induces immunologic memory both in healthy

TABLE 22-2. RECOMMENDED SCHEDULE FOR USE OF 7-VALENT PNEUMOCOCCAL
CONJUGATE VACCINE (PCV7)

AGE AT FIRST DOSE (MOS) PRIMARY SERIES ADDITIONAL DOSE

2–6 3 doses, 2 mos apart 1 dose at 12–15 mos

7–11 2 doses, 2 mos apart 1 dose at 12–15 mos

12–23 2 doses, 2 mos apart –

�24

Healthy children 24–59 mos old 1 dose –

High-risk childrena,b 2 doses, 2 mos apart –

a Sickle cell disease, asplenia, HIV infection, chronic illness, immunocompromising condition.
b PCV7 is only FDA approved for children up to age 9 years; however, its use is not contraindicated in older children with
high-risk conditions.
Source: Adapted from: Preventing pneumococcal disease among infants and young children. Recommendations of the Advisory
Committee on Immunization Practices (ACIP). MMWR Recomm Rep 2000;49 :1–35, with permission.

children21 and in children with sickle cell diesase.22

Children should receive the primary series of PCV7
as described in Table 22-2. Children 2 years old or
more who have been primed with PCV7 have a
significant booster response to PPV23.21,22 Thus, in
order to receive protection against the additional
serotypes contained in the 23-valent vaccine, high-
risk children who have received PCV7 should also
receive PPV23, according to the schedule in Table
22-3.

Children at high risk for invasive pneumococcal
disease who have already received PPV23 (but who
have not received PCV7) should receive 2 doses of
PCV7, 2 months apart. Although the vaccine is only
FDA approved for children up to age 9 years, it has
been shown to be immunogenic in persons aged
4–30 years with sickle cell disease,23 and adminis-
tering PCV7 to older children with high-risk condi-
tions is not contraindicated.24

In children with functional or anatomic asplenia,
the parents and patients should understand the risk
of fulminant pneumococcal disease and that vacci-
nation does not guarantee protection.25 Prompt
medical attention is required for febrile illnesses.
Immediate expectant antimicrobial treatment
should be given for suspected bacteremia, the initial
signs and symptoms of which may be subtle.

H. influenzae Type b Vaccine

Children with an absent or dysfunctional spleen
should have their immunization history reviewed.
Most children in the United States will have re-
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TABLE 22-3. SCHEDULE FOR VACCINATION USING 23-VALENT POLYSACCHARIDE
VACCINE (PPV23) FOR CHILDREN AGED 2 YEARS OR MORE WHO HAVE PREVIOUSLY
RECEIVED THE 7-VALENT CONJUGATE VACCINE (PCV7)

POPULATION SCHEDULE FOR PPV23 REVACCINATION WITH PPV23

a Some experts recommend that patients with HIV infection receive PPV23 every 5 years.
Source: Adapted from: Preventing pneumococcal disease among infants and young children. Recommendations of the Advisory
Committee on Immunization Practices (ACIP). MMWR Recomm Rep 2000;49 :1–35, with permission.

Healthy children

Children with sickle cell disease 
or asplenia, HIV infection, or
other immunocompromising
condition

Other chronic illness

None

1 dose of PPV23 given at age �2 yrs
(and �2 months after last dose of PCV7)

1 dose of PPV23 given at age �2 yrs
(and �2 mos after last dose of PCV7)

No

Yes (one revaccination 3–5 years
after previous PPV23 dose)a

Not recommended

ceived conjugate H. influenzae type b vaccination.
Children who have not completed the primary se-
ries and booster at 12–15 months of age should be
vaccinated. Asplenic children older than 5 years
who have not previously been vaccinated should
receive 2 doses, 2 months apart.26 The vaccine has
been shown to be immunogenic in children with
sickle cell disease.27

N. meningitidis Vaccine

Quadrivalent meningococcal vaccine contains puri-
fied polysaccharides of serogroups A, C, Y, and
W135 and is poorly immunogenic in young chil-
dren. No vaccine is available for the prevention of
serogroup B disease. Meningococcal vaccine should
be given to all children with functional or anatomic
asplenia at 2 years of age or older. The need for
additional doses is unclear, but reimmunization
does not elicit a booster response to serogroup C.28

A meningococcal group C conjugate vaccine was
introduced into routine use for infant immuniza-
tion in the United Kingdom in 1999, but is not
currently available in the United States.29

Influenza Vaccine

Influenza vaccination is effective in reducing the
risk of secondary bacterial infection thus, children
with hyposplenia and their household contacts
should receive annual influenza immunization.30

Despite this recommendation, immunization rates
in such high-risk patients younger than 65 years
are typically low (30–40%).31 Influenza vaccine has
been shown to be reasonably immunogenic in pre-

school and school-aged children with sickle cell dis-
ease.32

Prophylactic Antibiotics

Daily oral penicillin has been shown to decrease
the risk of serious bacterial infection by 84% in
young children with sickle cell disease.33 Prophy-
laxis should begin as soon as the child is found to
have sickle cell disease and preferably by 2 months
of age. Most experts recommend penicillin V 125
mg b.i.d. for children younger than 5 years and 250
mg b.i.d. for those aged 5 years or older (alterna-
tively, amoxicillin 20 mg/kg daily may be given).
For the penicillin-allergic child, options are limited.
Trimethoprim-sulfamethoxazole or erythromycin
may be given, but the rates of pneumococcal resis-
tance to these organisms are higher than to the peni-
cillins.

Penicillin prophylaxis generally results in an
overall decrease in the nasopharyngeal carriage rate
of S. pneumoniae.34 An increase in the proportion
of penicillin-resistant pneumococci colonizing the
nasopharynx of children taking penicillin prophy-
laxis has been reported in some studies34,35 but not
in others.36,37 Despite the concern about increasing
resistance rates, penicillin’s safety profile, low cost,
and lack of a suitable alternative oral agent argues
for its continued status as the prophylactic drug of
choice.

The optimal duration of therapy is not known. A
multicenter study compared continuing penicillin
prophylaxis with placebo after the age of 5 years in
400 children with sickle cell anemia.38 Four (2%)
of placebo recipients developed systemic infection
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with S. pneumoniae as compared with 2 (1%) of
those receiving penicillin prophylaxis, a result that
was not statistically significant. The authors con-
cluded that children with sickle cell anemia who
have not had a prior severe pneumococcal infection
or a splenectomy and are receiving comprehensive
care may safely stop prophylactic penicillin at 5
years of age. However, the confidence limits around
their estimates were wide, and it is possible that a
larger trial would have demonstrated a statistically
significant result. Many experts continue penicillin
prophylaxis indefinitely.

The duration of prophylaxis in persons with ana-
tomic or functional asplenia of another cause has
not been studied. The Red Book states only that pro-
phylaxis be strongly considered for all asplenic chil-
dren younger than 5 years of age and for at least 1
year after splenectomy (in patients of any age).39

However, a British working group stated that life-
long prophylaxis should be offered in all cases. They
especially recommend prophylaxis in patients who
meet any of the following criteria: patients in the
first two years after splenectomy, patients younger
than 16 years old, and patients who have underly-
ing impaired immune function.

Whether the asplenic patient is on prophylactic
antibiotics or not, patients and parents need to be
made aware of the importance of seeking prompt
medical care if the patient develops a fever. This is
preferable to self-administration of antibiotics when
patients develop fever, although this may be consid-
ered in unusual circumstances when the patient
does not have quick access to a hospital or clinic.

■ COLLAGEN DISEASE

Children with chronic collagen diseases often have
fever or complications that are not infectious.
Sometimes, corticosteroids or other immunosup-
pressive drugs are used, resulting in the same kinds
of opportunistic infections found in children with
transplants.

Systemic Lupus Erythematosus

Infection is a leading cause of morbidity and mortal-
ity in systemic lupus erythematosus (SLE).40 In a
prospective study of 200 patients with SLE, 65
(32%) developed infection over a 2-year period.41

Disease activity was the only variable independently
associated with infection.

Most patients with SLE do not have specific com-
plement defects. However, the diagnosis of SLE in

a young male patient should alert the clinician to
the possibility of complement deficiency (especially
C1q, C2, and C4),42 with the consequent predispo-
sition to severe infection with encapsulated bacteria
(Chapter 23).43,44 Some patients with SLE have a
mutation in the gene for mannose-binding lectin,
which is associated with both higher disease activity
and increased risk of infection.45

In a review of 63 hospitalized adults with SLE
and fever, about 60% of the fevers were caused by
the disease itself and about 23% were caused by
infections.46 Shaking chills, leukocytosis, neutro-
philia, and normal levels of anti-DNA antibodies
were observed more frequently in infectious epi-
sodes, whereas leukopenia was more likely to indi-
cate a noninfectious process. Some studies report
that an elevated C-reactive protein in a febrile pa-
tient with SLE is suggestive of infection,47,48

whereas other studies show it to be of poor predic-
tive value.49,50

Granulocyte colony stimulating factor has been
used to increase neutrophil counts in patients with
SLE-associated neutropenia. Unfortunately, in one
study 3 (33%) of 9 patients experienced serious
adverse effects (exacerbation of CNS [central ner-
vous system] symptoms in two and leukocytoclastic
vasculitis in one).51

Juvenile Rheumatoid Arthritis (JRA)
Sometimes, septic arthritis occurs in adults with
rheumatoid arthritis, but it is extremely rare in chil-
dren. Platelet dysfunction, renal papillary necrosis,
and, rarely, Reye syndrome may be related to aspi-
rin therapy. Pericarditis and myocarditis occur, but
are usually not of infectious origin.

Hemophagocytic lymphohistiocytosis (HLH),
also referred to as hemophagocytic syndrome or
macrophage activation syndrome,52,53 is a rare but
potentially lethal complication of systemic onset
JRA. Although HLH is not an infectious process per
se, it appears that certain infectious agents (e.g.,
Epstein-Barr virus) may trigger it in susceptible
hosts.54 In children with JRA, the presentation is
dramatic, with acute onset of fever, lymphadenopa-
thy, and hepatosplenomegaly.53 One or more cell
lines are depressed, liver enzymes are elevated, and
clotting abnormalities may occur. The ferritin level
is usually extremely high, and the ESR (erythrocyte
sedimentation rate) is often unexpectedly low. The
diagnosis is made by bone marrow examination,
which demonstrates phagocytosis of various cells
by macrophages. Initial treatment is with high dose
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corticosteroids, but some patients do not respond.
Consultation with a pediatric rheumatologist or
hematologist is critical.

Mixed Connective Tissue Disease
(MCTD)

This disease resembles a mixture of SLE, systemic
sclerosis, rheumatoid arthritis, and dermatomyo-
sitis, and produces a high titer of speckled antinu-
clear antibody. An immune response to ribonuclear
protein (RNP) is the defining serologic feature of
MCTD.55 The disease often presents with Raynaud’s
phenomenon, followed by fever and arthralgia.56

Lymphadenopathy and parotid gland enlargement
also can give it the appearance of an infectious dis-
ease. Patients may have hypergammaglobulinemia
and a positive rheumatoid factor.56 Severe throm-
bocytopenia can occur, and fatal meningococcemia
has been reported.57

In a review of 224 children reported in the litera-
ture over a 25-year period, common long-term
problems included loss of joint function, restrictive
lung disease, scleroderma-like skin changes, renal
involvement, and esophageal dysmotility. Cardio-
vascular problems included cardiomyopathy, my-
opericarditis, and pulmonary hypertension. Seven-
teen (8%) of the 224 patients died. Infection
(usually sepsis) was the most common cause of
death and was implicated in seven patients.58

Reye Syndrome

Children receiving maintenance aspirin are at in-
creased risk of encephalopathy from Reye syn-
drome (Chapter 9).59 Hepatotoxicity without en-
cephalopathy can also occur secondary to salicylate
therapy. Children receiving long-term aspirin
should be immunized against influenza and vari-
cella.

■ CYSTIC FIBROSIS

Cystic fibrosis is common, affecting approximately
30,000 persons in the United States. Mutations in
the cystic fibrosis transmembrane conductance reg-
ulator (CFTR) gene result in defective chloride
transport in the epithelial cells of the respiratory,
hepatobiliary, gastrointestinal, and reproductive
tracts, as well as the pancreas.60 Multiple different
mutations have been identified, and severity of the
disease varies greatly among patients.61 The pri-
mary causes of morbidity and mortality are airway

inflammation, bronchiectasis, and obstructive pul-
monary disease, which occur as a direct result of
persistent endobronchial bacterial infection.

Pathogenesis and Microbiology

In the lung, decreased transport of chloride, so-
dium, and water results in dehydrated, viscous se-
cretions that cause airway obstruction and create a
favorable environment for persistent bacterial colo-
nization. Initially, the airways are colonized with S.
aureus, and non-typable H. influenzae. However, by
the end of the first decade, Pseudomonas aeruginosa
gradually becomes the predominant pathogen.
During the transition from intermittent infection to
permanent colonization, P. aeruginosa transforms
from a motile, nonmucoid phenotype to a nonmo-
tile, highly mucoid phenotype.62 The mucoid P.
aeruginosa forms a biofilm that makes it highly resis-
tant to antibiotics. This chronic bacterial endobron-
chitis is associated with an intense neutrophilic in-
flammatory response that damages the airway and
impairs local host-defense mechanisms. Other bac-
teria sometimes causing pulmonary infections in
patients with cystic fibrosis include Burkholderia
cepacia, Serratia marcescens, and Stenotrophomonas
maltophilia. Fungi (especially Aspergillus spp.) and
non-tuberculous mycobacteria also can contribute
to disease.63,64

Clinical Manifestations and Therapy

Intermittent exacerbations of chronic lung infection
are frequent in patients with cystic fibrosis. Such
exacerbations are usually heralded by increased
cough and sputum production. Physical examina-
tion may show an increased respiratory rate and
new or increased crackles or wheezes. Chest radiog-
raphy will often show a new or progressive infil-
trate, and spirometry will demonstrate a decline in
pulmonary function. Chronic sinusitis (with or
without nasal polyposis) is common in children
with cystic fibrosis and may require endoscopic
sinus surgery in addition to antibiotics.65

The therapy of exacerbations should be based
on the results of sputum culture and sensitivity.
Although a relatively insensitive predictor of lower
airway pathogens, throat culture testing is often
used for children too young to produce sputum.
Combination intravenous therapy with an anti-
pseudomonal beta-lactam agent (such as ceftazi-
dime or cefepime) and an aminoglycoside is usually
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given for approximately 14 days. For milder exacer-
bations, an oral fluoroquinolone, such as ciproflox-
acin, is sometimes given. Although not approved
for use in children, fluoroquinolones are generally
well-tolerated in children with cystic fibrosis,66 and
the benefits of their use appear to outweigh the risks
in this population.67 An inhaled antibiotic, such as
tobramycin or colistin may also be used; however,
they have not been studied in the setting of acute
exacerbations.68 Recombinant human DNase can
be given by inhalation to reduce the viscosity of the
sputum69 and some variation of chest physiother-
apy is performed to enhance clearance of pulmo-
nary secretions.70 This aggressive approach to pul-
monary exacerbations is believed to be a major
reason for the increased life expectancy among pa-
tients with cystic fibrosis during the past few de-
cades.

Chronic antibiotic therapy to prevent pulmo-
nary exacerbations is controversial but should
probably be avoided. A multicenter study of 119
children with newly diagnosed cystic fibrosis was
conducted to determine if continuous therapy with
cephalexin was superior to placebo. After 7 years,
there were no significant differences between the
two groups in pulmonary function, frequency of
exacerbations, nutritional status, or chest radiogra-
phy scores. Although children in the cephalexin
group were less likely to be colonized with S. au-
reus, they were twice as likely to be colonized with
P. aeruginosa.71 A retrospective study of 639 Ger-
man children with cystic fibrosis also showed an
increased risk of colonization with P. aeruginosa
among those who had received antistaphylococcal
prophylaxis.72

Intermittent inhaled tobramycin was recently
studied in a placebo-controlled trial.73 A total of
520 patients were randomly assigned to receive
either 300 mg of inhaled tobramycin or placebo
twice daily for 4 weeks, followed by 4 weeks with
no study drug. Patients received treatment or pla-
cebo in three on-off cycles for a total of 24 weeks.
At the end of the study period, patients receiving
tobramycin had improved pulmonary function, de-
creased density of colonization with P. aeruginosa,
and a 26% lower rate of hospitalization for pulmo-
nary exacerbation. The drug was well tolerated.
However, several important questions remain. The
drug is expensive, and it is possible that once-daily
administration would be as effective. In addition,
whether long-term intermittent use will increase the
development of drug-resistant strains of P. aerugi-

nosa is unknown. Because of this concern, some
centers reserve its use for exacerbations, when one
or more systemic antibiotics are given simultane-
ously.

Viral infections are a common predisposing fac-
tor for exacerbations of cystic fibrosis. Patients and
their household contacts should receive the influ-
enza vaccine yearly. Although S. pneumoniae is not
a common cause of infection in patients with cystic
fibrosis, it is reasonable to administer the pneumo-
coccal vaccine as well.

Allergic Bronchopulmonary
Aspergillosis (ABPA)

This condition is a hypersensitivity lung disease
caused by bronchial colonization with Aspergillus
fumigatus. The presence of colonization with A. fum-
igatus in patients with cystic fibrosis can be has high
as 50%;74 however, less than 10% of patients de-
velop ABPA.75,76 Standard diagnostic criteria were
recently proposed by a consensus group.76 They
require the presence of two of three major criteria
(immediate skin test reactivity to A. fumigatus, pre-
cipitating antibodies to A. fumigatus, and total
serum IgE greater than 1,000 IU/mL), and two of
six minor criteria (A. fumigatus in sputum, broncho-
constriction, peripheral eosinophil count more than
1,000/mcL, pulmonary infiltrates, elevated serum
IgE or IgG to A. fumigatus, and response to cortico-
steroids).

If untreated, irreversible bronchiectasis may re-
sult. Conventional therapy has consisted mainly of
systemic corticosteroids that, although effective,
have numerous side-effects (such as growth failure,
diabetes mellitus, and osteoporosis). Although ran-
domized trials are lacking, anecdotal reports sug-
gest that itraconazole treatment is associated with
fewer episodes of ABPA and allows for decreased
steroid use.77 Aerosolized amphotericin B has also
been used in this setting, but no data are available
regarding its effectiveness.

Nontuberculous Mycobacteria

These organisms (especially M. avium complex and
M. chelonae) are isolated from sputum cultures in
3–30% of patients with cystic fibrosis.64 A patho-
genic role has not been established, but some pa-
tients appear to improve clinically after a course of
antimycobacterial therapy. Such therapy should be
considered for the patient with repeatedly positive
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sputum cultures, persistent symptoms, and declin-
ing pulmonary function despite routine antibacte-
rial—and in some cases, antifungal—treatment.

Extrapulmonary Manifestations

As expected from the pathophysiology, multiple
other organ systems are involved in cystic fibrosis.
Pancreatic exocrine deficiency occurs in about 80%
of patients, diabetes mellitus in up to 20%, and
obstructive biliary tract disease in 15–20% of pa-
tients.60 Recurrent arthritis occurs in some patients,
occasionally accompanied by erythema nodosum.78

Outcome

The median life expectancy is now greater than 30
years, and it is projected that for newborn infants
it will become more than 40 years.61 Lung trans-
plantation is an option for some patients to further
increase survival but is limited by the availability
of donor organs. The 5-year survival rate for lung
transplant recipients with cystic fibrosis is about
50%.79 Gene transfer therapy for cystic fibrosis is
currently under investigation, but multiple hurdles
to its successful implementation still remain.80

■ DOWN SYNDROME

Children with Down syndrome have well-docu-
mented immunological alterations, including a
lower number of B cells, lower numbers of IgG2
and IgG4 subclasses, inverted CD4/CD8 ratio, and
decreased T-cell proliferative responses to mito-
gens.81,82 Although not well studied, it is apparent
that children with Down syndrome have an in-
creased incidence of viral and bacterial respiratory
infections, especially pneumonia and otitis media.
In one series of 100 children with Down syndrome
who underwent surgical correction of their heart
defects, 38% had postoperative pneumonia.83

Part of the predisposition to infections relates to
anatomic abnormalities, such as pulmonary hypo-
plasia and collapsed eustachian tubes.84,85 Children
with Down syndrome also frequently have stenotic
ear canals, leading to difficulty visualizing the tym-
panic membrane and underdiagnosis and under-
treatment of otitis media.86 When these children
undergo frequent ear examinations by an otolaryn-
gologist, as many as 80% will be found to have
chronic otitis media.85 Although hearing loss in
children with Down syndrome is common, recent
studies suggest that it is largely preventable with

early and aggressive management of chronic otitis
media.85 Most children with Down syndrome will
require placement of tympanostomy tubes in the
first 2 years of life.

■ ENDOCRINE DISEASE

Diabetes Mellitus

In patients with diabetes, acute infections lead to
difficulty in controlling blood glucose levels and are
the most common precipitant of ketoacidosis.87,88

Adult patients with diabetes have an increased sus-
ceptibility to certain infections,89 but whether this
is true for children with diabetes is less clear. Adult
diabetic patients have an increased frequency of
candidiasis (especially vaginal), staphylococcal in-
fections (especially boils), infected decubitus ulcers,
rhinocerebral mucormycosis, and malignant otitis
externa.89 These infections rarely occur in children
with diabetes.

Neutrophils from patients with diabetes demon-
strate decreased chemotaxis, phagocytosis, and kill-
ing,87 and this decreased neutrophil function is
more pronounced in patients whose diabetes is
poorly controlled.88 In addition, some organisms
(such as Candida albicans and E. coli) are more viru-
lent in a high-glucose environment.87

Polyendocrinopathies

Autoimmune polyendocrinopathy syndrome (APS)
type 1 (also referred to as autoimmune polyendocri-
nopathy-candidiasis-ectodermal dystrophy or
APECED) is an autosomal recessive disorder char-
acterized by chronic mucocutaneous candidiasis,
hypoparathyroidism, Addison’s disease and some-
times other features such as insulin-dependent dia-
betes mellitus (IDDM).90,91 Some patients have se-
vere cell-mediated immune dysfunction, whereas
others have few problems with infections. Symp-
toms usually begin in childhood. It is discussed in
more detail in Chapter 23. APS type 2 is an associa-
tion of Addison’s disease with autoimmune thyroid
disease, IDDM, or both.

A rare X-linked syndrome called IPEX (immuno-
dysregulation, polyendocrinopathy, enteropathy,
X-linked) has recently been elucidated.92 Boys pres-
ent early in life with variable combinations of
IDDM, diarrhea, eczema, anemia, thrombocyto-
penia, lymphadenopathy, and hypothyroidism.93 It
is usually lethal in infancy or childhood. No specific
immune abnormality has been detected, but pa-
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tients are at high risk for infections, and sepsis is a
common cause of death. Some patients respond to
chronic immune suppressive therapy, and a few pa-
tients have undergone successful bone marrow
transplanation.92

■ HEART DISEASE

Congenital Heart Disease

Children with congenital heart disease (CHD) are
at increased risk for pneumonia, particularly if the
defect is associated with chronic pulmonary
congestion. Children with CHD have a rate of hos-
pitalization for RSV infection that is three-fold to
five-fold higher than age-matched controls.94 Once
hospitalized, they more frequently require mechan-
ical ventilation (20%) and have a higher mortality
rate (3%) than children without heart disease.95 A
recent multicenter study compared monthly palivi-
zumab during RSV season with placebo in 1,287
children younger than 2 years of age with CHD.96

The intervention was safe and effective. Among pla-
cebo recipients, the rate of RSV hospitalization was
10%; the rate among children receiving palivizu-
mab was 5%. Children with CHD most likely to
benefit from palivizumab are those who are less
than 12 months old94 and who have congestive
heart failure, pulmonary hypertension, or cyanotic
heart disease.

22q11.2 Deletion Syndrome
(Velocardiofacial Syndrome)

Between 10% and 30% of children with various
conotruncal cardiac anomalies will be found to have
22q11.2 deletion syndrome (velocardiofacial syn-
drome). The syndrome has previously been referred
to as DiGeorge syndrome or Catch 22. In addition
to the heart defect, patients usually have hypotonia,
palatal anomalies, and mild developmental delay.
Anomalies of other organ systems may occur as
well, including thymic hypoplasia. These children
frequently have impairment in T cell production
and function,97 which tends to improve over time
(Chapter 23).98 Children with impaired T cell func-
tion or with low CD4 counts (Chapter 20 for levels
based on age) should receive trimethoprim-sulfa-
methoxazole (TMP-SMX) for PCP (Pneumocystis jir-
oveci) prophylaxis.

Fever in a patient with congenital or rheumatic
heart disease is discussed in the section on endocar-

ditis (Chapter 18). Infections in cardiac transplant
recipients are discussed later in this chapter.

■ KIDNEY DISEASE

This section reviews the infectious complications
of nephrotic syndrome, uremia, hemodialysis, and
peritoneal dialysis.

Nephrotic Syndrome

Nephrotic syndrome is characterized by edema, hy-
poalbuminemia, proteinuria, and hyperlipidemia.
Viral respiratory infections appear to be a common
trigger for exacerbations of nephrosis.99 Children
with nephrotic syndrome are at increased risk of
infection for several reasons. Partly due to protein
loss in the urine, they have decreased serum levels
of immunoglobulins.100 They also have decreased
serum complement concentration,101 impaired
lymphocyte blastogenesis,102 and splenic hypo-
function.103 In addition, patients with nephrotic
syndrome are frequently on corticosteroids or other
immunosuppressive agents.

Peritonitis

The classic infection in children with nephrotic syn-
drome is spontaneous bacterial peritonitis (SBP)
caused by S. pneumoniae. However, other gram-pos-
itive organisms such as Enterococcus and viridans
streptococci are occasionally seen, as are gram-neg-
ative organisms (especially E. coli).104,105 Sepsis in
patients with peritonitis is not uncommon and is
occasionally fatal.104 Patients with one episode of
peritonitis are at increased risk for a second episode.

Children with SBP usually present with the acute
onset of fever and abdominal pain, although occa-
sionally the onset is subacute and the symptoms
are subtle. Abdominal tenderness is apparent in an
older child but may be difficult to discern in an
infant. If SBP is suspected, cultures of blood and
peritoneal fluid should be obtained. The peritoneal
fluid usually contains more than 250 neutrophils
per mcL. Empiric broad-spectrum antibiotics
should be given to cover the pneumococcus and
gram-negative organisms. The combination of van-
comycin and a third- or fourth-generation cephalo-
sporin is reasonable initial coverage. In the severely
ill patient, an aminoglycoside should probably be
added. Antibiotics are tailored to susceptibility test-
ing and are given for 10–14 days.
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Other Infections

In addition to peritonitis and sepsis, cellulitis is
more common in children with nephrotic syn-
drome.106 During therapy with corticosteroids or
other immunosuppressive agents, the child with
nephrotic syndrome is at risk for many of the infec-
tions described in the sections on leukemia and
transplantation.

Prevention

Children with nephrotic syndrome should receive
pneumococcal vaccination (Tables 22-2 and 22-3).
Whether prophylactic penicillin is of benefit is un-
clear. In one study, there was no increase in pneu-
mococcal peritonitis for the 7 years after the policy
of penicillin prophylaxis was discontinued.105 Con-
sideration should be given to the use of TMP-SMX
for PCP prophylaxis in children receiving pro-
longed courses (more than 14 days) of high-dose
prednisone (more than 20 mg per day or more than
2 mg/kg per day).107,108

Uremia

Patients with uremia are at increased risk for infec-
tions, which are a common cause of death in this
population.109 Such patients have impaired neutro-
phil function secondary to excessive parathyroid
hormone and elevated intracellular calcium.110 Use
of calcium-channel blockers has been shown to im-
prove neutrophil phagocytosis in uremic pa-
tients.110 However, whether this translates into de-
creased incidence of infection is unknown. Other
mechanisms such as iron overload contribute to the
increased risk of infection in patients with chronic
renal failure.111 As discussed in the next section,
the use of dialysis brings additional infectious risk.

In addition to the routine childhood vaccines,
children with chronic renal failure should receive
pneumococcal vaccination (Table 22-3) as well as
yearly influenza vaccination.112

Peritoneal Dialysis

Peritonitis

Peritonitis is a common complication of peritoneal
dialysis. In two studies of children on peritoneal
dialysis, the rate of peritonitis varied from one epi-
sode per 5.6 patient-months113 to one episode per
13.2 patient-months.114 Infection can occur with
any contaminating organism, particularly S. aureus

and S. epidermidis.115 If a nephrectomy has been
performed, gram-negative enteric rods are more
common.116 Fungi, particularly Candida albicans,
are less common.

The diagnosis of peritonitis is usually suspected
when the effluent is cloudy, a much more reliable
finding than fever or peripheral leukocytosis.117

Abdominal pain is common but not universal. Rou-
tine screening cultures of the dialysate are not use-
ful.117 The skin sites rarely look infected. In general,
the diagnosis of peritonitis requires the presence
of at least two of the following three criteria: (i)
organisms on gram stain or culture of peritoneal
dialysis fluid; (ii) cloudy fluid (more than 100 white
cells per mcL with more than 50% neutrophils);
and (iii) symptoms of peritoneal irritation.118 False-
negative gram stains are common. In about 20% of
cases, the culture is negative as well, particularly if
there has been prior antimicrobial therapy.119 Opti-
mally, 50–100 mL of effluent should be centrifuged
and gram stained. The concentrate should then be
injected into blood culture bottles.120

For patients without systemic toxicity, intraperi-
toneal administration of antibiotics is usually suffi-
cient and can usually be accomplished as an outpa-
tient. If the patient is toxic appearing, intravenous
antibiotics are administered with the doses adjusted
for renal failure. The International Society for Peri-
toneal Dialysis has published detailed guidelines for
the treatment of peritonitis in children receiving
peritoneal dialysis.121 Initial empiric therapy
should usually be with intraperitoneal cefazolin and
ceftazidime. For continuous antibiotic therapy,
which is preferred, both are given as a loading dose
of 250 mg of the antibiotic in the first liter of dialy-
sate, followed by 125 mg of antibiotic in each subse-
quent liter of dialysate. The peritoneal dialysis ex-
change containing the loading dose should dwell
in the abdomen for 4–6 hours. For intermittent
therapy, both are dosed at 15 mg/kg in a single
peritoneal dialysis exchange every 24 hours.

The antibiotic regimen can be tailored to culture
and susceptibility results. Isolates requiring vanco-
mycin therapy can be treated intraperitoneally with
a loading dose of 500 mg per liter of dialysate fol-
lowed by a maintenance dose of 30 mg per liter of
dialysate. For intermittent therapy, 30 mg/kg is
given intraperitoneally; subsequent doses are given
when the serum level is less than 10 �g/mL, usually
5 to 7 days later. For patients with culture-negative
peritonitis who improve clinically with cefazolin
and ceftazidime, these agents are continued for 2
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weeks. Most culture-positive infections are treated
for 2 weeks as well. Exceptions include infections
due to S. aureus, Pseudomonas, Stenotrophomonas,
anaerobes, and polymicrobial infections, which are
treated for 3 weeks, and may often necessitate re-
moval of the peritoneal dialysis catheter. Lack of
clinical response to appropriate antibiotics for 3
days is an additional indication for catheter re-
moval. Approximately 20% of patients will still
have positive peritoneal fluid cultures 3 days into
therapy; this is not necessarily an indication for
catheter removal or changing antibiotics.122

Successful treatment of fungal peritonitis usually
requires removal of the catheter.123 Treatment is
with amphotericin B or fluconazole for a minimum
of 2 weeks after catheter removal. For infections
that require catheter removal, a new peritoneal
catheter can usually be placed 2–3 weeks later.121

Adjunctive therapies sometimes used for pa-
tients with peritonitis include decreasing the fill vol-
ume in patients with significant abdominal pain,
low-dose intraperitoneal heparin to maintain cathe-
ter patency, and intravenous immune globulin for
children with documented hypogammaglobuli-
nemia.121 Some physicians use antifungal prophy-
laxis with oral nystatin or fluconazole during pro-
longed antibacterial therapy, and there is some
evidence that this decreases the incidence of sec-
ondary Candida peritonitis.124,125

Exit Site and Tunnel Infections

In a large multicenter study of children on perito-
neal dialysis, 11% of patients had an exit site or
tunnel infection within 30 days of catheter place-
ment; by 12 months, the number rose to 30%.114

Patients with these local infections were twice as
likely to develop peritonitis or to need access revi-
sion, and were three times more likely to be hospi-
talized than patients without these local infections.
When infected, the exit site is elevated and ery-
thematous, and there may be purulent or serous
drainage. Tunnel infections occur deeper along the
cannula tract. Any exudate from the site should be
cultured. Exit site infections are usually treated with
a combination of topical and systemic antibiotics
for 2–4 weeks. Tunnel infections generally require
catheter removal for cure.

Prevention

Rates of peritonitis are lowest with the use of a dou-
ble-cuffed catheter, with a downward directed tun-

nel, placed by an experienced surgeon.126 The use
of a perioperative antibiotic administered intrave-
nously decreases the incidence of postoperative
peritonitis.127 A single dose of cefazolin is recom-
mended unless the patient is known to be colonized
with methicillin-resistant S. aureus, in which case
vancomycin can be used.121 The use of mupirocin
ointment applied to the nares128 or to the catheter
exit site129 has been demonstrated to decrease the
incidence of exit-site infections and peritonitis
caused by S. aureus. Unfortunately, emergence of
mupirocin-resistant S. aureus has recently been re-
ported in patients receiving continuous prophylaxis
for 4 years.130

Hemodialysis

Hemodialysis may be done using several different
types of access. Native arteriovenous fistulas carry
the lowest risk of infection, followed by prosthetic
arteriovenous grafts, tunneled central venous cathe-
ters, and nontunneled central catheters, which carry
the highest risk of infection.131,132 S. aureus and
coagulase-negative staphylococci are the most com-
mon causes. Hemodialysis patients with fever
should have blood cultures drawn both peripher-
ally and from their access site if possible. Indium
white cell scans can be particularly useful in localiz-
ing the site of infection in a clotted, nonfunctional
access site.132 Patients with symptoms of severe
sepsis should generally receive intravenous vanco-
mycin, gentamicin, and a third-generation cephalo-
sporin pending culture results. Well-appearing pa-
tients without known colonization with MRSA can
be treated initially with cefazolin (with or without
gentamicin).132 If the bacteremia is cleared
promptly, the catheter can be left in place and anti-
biotics given for a minimum of 3 weeks; infections
due to S. aureus are treated for at least 4 weeks.
For patients with persistent bacteremia, the catheter
should be removed and the possibility of endocar-
ditis entertained.133

Patients on hemodialysis are at increased risk for
both hepatitis B virus (HBV) and hepatitis C virus
(HCV) infection (Chapter 13). Strict attention to
infection-control practices in hemodialysis units is
necessary to prevent transmission of these vi-
ruses.134 All patients on hemodialysis should re-
ceive the HBV vaccine series and have immunity
documented. The dose of HBV vaccine used in di-
alysis patients is higher than in healthy persons.135

Hemodialysis recipients should also have baseline
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ALT (alanine aminotransferase) and anti-HCV test-
ing. Anti-HCV-negative patients should be retested
every 6 months.136 HIV transmission has not been
documented in dialysis centers in the United States,
and routine testing for HIV infection is not recom-
mended.

Prevention

Guidelines for preventing fistula-, graft-, and cathe-
ter-associated infections in this population have
been published.137 Nasal mupirocin is used to erad-
icate nasal carriage of S. aureus. In one study, its
use resulted in a four-fold decrease in the incidence
of S. aureus bacteremia, compared with historical
controls.138 Treatment is given twice daily for 5
days, then weekly to prevent recolonization. It may
be most cost-effective to treat all patients on hemo-
dialysis, regardless of their carriage status. For pa-
tients with catheters, applying mupirocin to the exit
site as part of daily site care is also appropriate.139

■ LIVER DISEASE

Liver disease in children may be chronic, such as
cirrhosis secondary to galactosemia or biliary atre-
sia, or acute, such as that caused by hepatitis A or
B virus. The complications of hepatitis are discussed
in the chapter on hepatitis syndromes (Chapter 13).
Children with chronic liver disease have an in-
creased frequency of severe infections, which may
be due in part to defective neutrophil motility140

and decreased levels of complement.141

Cirrhosis

Patients with cirrhosis and ascites are at particular
risk for spontaneous bacterial peritonitis (SBP). In
this setting, SBP can be defined as ascitic fluid with
250 neutrophils/mcL or more, and a positive cul-
ture.142 Fever and abdominal pain occur in approx-
imately two-thirds of patients. Gram-negative en-
teric bacteria (such as E. coli and Klebsiella
pneumoniae) are most frequently implicated, but
gram-positive cocci (especially S. pneumoniae) are
a relatively common cause in children.141

Cefotaxime has been shown to be superior to
the combination of ampicillin and tobramycin;143

it is usually used empirically until culture results
are available. Duration of therapy depends on pres-
ence of bacteremia and initial response, but is usu-
ally 7–14 days. Culture-negative SBP in patients
with 250 neutrophils/mcL or more, should be

treated the same as culture-positive cases. Patients
with fewer than 250 neutrophils/mcL but with
growth of a single organism are treated if they have
symptoms consistent with SBP.142 Patients with po-
lymicrobial infection should undergo abdominal
CT (computed tomography) and surgical evalua-
tion for the possibility of an intraabdominal source
of infection.

Patients with cirrhosis and acute gastrointestinal
bleeding are at increased risk for bacterial infec-
tions, probably because shock increases bacterial
translocation. Norfloxacin given orally for 7 days
significantly decreases the risk of infection in adult
cirrhotics with a gastrointestinal bleed.144 It is also
effective for adults with a chronically increased risk
of SBP (such as those with ascitic fluid protein levels
less than 1 g/dL).145 However, the long-term use of
norfloxacin selects for colonization with quinolone-
resistant organisms (such as enterococci), which
may be a limitation of this strategy.146 Regimens
using ciprofloxacin or TMP-SMX are likely to result
in a similar trade-off.147,148

Prolonged Total Parenteral Nutrition
(TPN)

Children with short bowel syndrome and certain
other disorders require prolonged nutritional ther-
apy via the intravenous route for survival. As a re-
sult of bacterial translocation across the intestinal
wall,149 such patients are at particularly high risk
for bacteremia. In one study, children with short
gut syndrome experienced catheter-related infec-
tions 6 times more frequently than children without
short gut syndrome.149 Whereas skin flora are the
predominant organisms causing catheter-related in-
fections in other populations, enteric organisms are
responsible for about two-thirds of infections in
children with short bowel syndrome.149 Yeasts are
also relatively more common. The approach to pre-
vention and treatment of catheter-related infections
in this population is similar to that of other patients
(Chapter 10).150

Malnutrition

Malnutrition with resultant immune deficiency and
infection is the leading cause of infant and child-
hood death worldwide.151 Those infectious diseases
that are more frequent or more severe in the mal-
nourished include measles, malaria, tuberculosis,
infectious diarrhea, pneumonia, and HIV infection.
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The interplay between malnutrition and infection
is complex—infection predisposes to malnutrition
and malnutrition predisposes to infection.152 Pro-
found immune deficiency, particularly reduced T-
cell function, is found in children with both forms
of protein-energy malnutrition (marasmus and
kwashiorkor).153 In addition, increasing evidence
points to the independent effect of micronutrient
deficiencies in the risk of infection in the developing
world.154,155 In general, the immune deficiency is
related to the duration and degree of malnutrition
and is reversible with adequate nutrition.

Hepatic Portoenterostomy

Children with biliary atresia are at risk for cholan-
gitis even after a corrective portoenterostomy (Kasai
procedure).156 In one series of 75 children with
fever after hepatic portoenterostomy, cholangitis
was the most common cause of fever in the first 3
months, and pneumonia was a more common cause
thereafter.157 However, late cases of cholangitis are
not uncommon.158 Children with fever after por-
toenterostomy should have blood cultures obtained
and should receive empiric therapy to cover S. pneu-
moniae, enteric organisms, and Pseudomonas aerugi-
nosa. Cefepime or piperacillin are reasonable
choices. An aminoglycoside is added if the patient
is ill-appearing.

■ NEOPLASTIC DISEASE

It is useful to distinguish between the infections
that complicate hematologic malignancies such as
leukemia, lymphoma, and Hodgkin’s disease, and
those complicating nonhematologic malignancies
such as neuroblastoma and Wilms’ tumor. Infection
is the cause of death in about 10–30% of children
dying with nonhematologic neoplasms.159 Many of
the principles involving infections of leukemia and
other hematologic malignancies are applicable to
aplastic anemia, transplantation, and nonhemato-
logic malignancies. Leukemia is the prototype ex-
ample in terms of frequency and number of prob-
lems.

Mechanisms

Leukemia usually is associated with an acquired im-
munodeficiency secondary to chemotherapy and to
prevention of proliferation of normal cells by malig-
nant cells. Corticosteroid therapy acts by inhibiting
the inflammatory process and by altering lympho-

cyte function. Anticancer drugs cause marrow
suppression as well as diminution of antibody-me-
diated and cell-mediated immunity. They also cause
ulcerations of mucosal surfaces, which allow inva-
sion by colonizing flora.

Neutropenia

Neutropenia, defined as an absolute neutrophil
count (ANC) less than 500 per mm3, is the most
important risk factor for development of infection
in the child on chemotherapy. The likelihood of
infection is directly related to both the severity and
the duration of the neutropenia. In the absence of
empiric antibiotic therapy, virtually 100% of chil-
dren with prolonged (more than 3 weeks), severe
(ANC less than 100 per mm3) neutropenia will de-
velop an invasive bacterial infection.160 Even with
empiric therapy, the incidence of infection in this
subgroup of patients is quite high. Because of the
low leukocyte count, the classic signs of inflamma-
tion (swelling, redness, and warmth) may be absent.
Pain is often preserved and should not be lightly
dismissed. Similarly, symptoms of respiratory infec-
tion (tachypnea, hypoxia) may precede the appear-
ance of an infiltrate on chest x-ray.

The neutropenic patient is at risk for infections
with various infectious agents that may involve
multiple different organ systems. These will be dis-
cussed under the categories of prophylaxis, man-
agement when fever occurs, and diagnosis and
management of focal infections. Fever associated
with intravascular devices is common and is dis-
cussed in Chapter 10.

Prophylaxis

Some specific infections can be prevented in neu-
tropenic patients during induction chemotherapy
using relatively nontoxic antimicrobial agents. Al-
though it also reduces the frequency of fever and
bacterial infections,161 the main use of prophylactic
TMP-SMX is to prevent PCP.162 Patients with leuke-
mia, lymphoma, or Hodgkin’s disease should re-
ceive PCP prophylaxis for the duration of their
chemotherapy. Because of its superior efficacy,
TMP-SMX should be used unless the patient is aller-
gic to sulfa medications. The dose is usually 5 mg/
kg per day of the trimethoprim component in two
divided doses, 3 days per week. Second-line agents,
all of which are less effective than TMP-SMX, in-
clude dapsone, atovaquone, and aerosolized penta-
midine. Most children with solid tumors undergo-
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ing routine cyclic chemotherapy do not require PCP
prophylaxis. However, patients with brain tumors
receiving corticosteroids are at risk for PCP and
should receive prophylaxis.163

The use of broader spectrum antibiotics to pre-
vent infections in afebrile neutropenic patients is
controversial. Fluoroquinolones are sometimes
used for this purpose in adults. Although they de-
crease the incidence of gram-negative infections,
they do not alter infection-related morbidity or
overall mortality.164 Because of the risk of emer-
gence of resistant isolates, this practice is generally
discouraged.165

Similarly, routine prophylactic use of antifungal
agents is not warranted, but may be considered in
certain circumstances. An example may be the child
receiving intensive induction chemotherapy for
acute myelocytic leukemia who is expected to be
profoundly neutropenic for 6 or more weeks.166

There is usually no indication for the empirical
use of antiviral drugs in the treatment of febrile
neutropenic patients without evidence of viral dis-
ease.167

Colony stimulating factors (G-CSF and GM-
CSF) have been shown to shorten the duration of
neutropenia, but their effect on decreasing morbid-
ity is modest.168 Although they may be considered
in certain circumstances, current guidelines from
the American Society of Clinical Oncology do not
recommend their routine use.169

Fever

Fever in this setting can be defined as a single oral
temperature of 38.3�C or more, or a temperature
of 38.0�C for more than 1 hour.167 Fever in the
neutropenic patient should be considered a medical
emergency, as up to half of these patients may have
invasive bacterial infection as the cause of their
fever, and it is difficult to discriminate those with
bacterial infection from those without. A set of clini-
cal and laboratory findings independently predic-
tive of a high risk of bacterial infection has been
constructed170 and prospectively validated.171 Five
predictors of high risk were identified (listed in
order of significance): (i) C-reactive protein greater
than 9.0 mg/dL, (ii) hypotension, (iii) relapse of
leukemia as the cancer type, (iv) platelet count
greater than 50,000/dL, and receipt of chemother-
apy within 7 days of the febrile episode.170 While
the presence of one or more of these factors por-

tends a higher risk of bacterial infection, their ab-
sence, unfortunately, cannot rule out serious infec-
tion.

For all patients with neutropenic fever, a history
should be obtained and a physical examination per-
formed. Two blood cultures should be collected,
and intravenous antibiotic therapy should be
started promptly. This requires verbal communica-
tion between the physician, pharmacist, and nurse.
Single-drug therapy with an antipseudomonal
cephalosporin is usually appropriate. Cefepime is
favored over ceftazidime because of its superior
coverage of viridans streptococci and pneumococci.
Cefepime is also more likely to retain activity
against organisms that possess extended spectrum
beta-lactamases or type 1 inducible beta-lacta-
mases.

The addition of vancomycin should be consid-
ered in the following situations: (a) clinically sus-
pected catheter-related infections, (b) known colo-
nization with penicillin-resistant pneumococci or
methicillin-resistant S. aureus, and (c) hypoten-
sion.167 Vancomycin is also frequently given empir-
ically in centers with a high incidence of cephalo-
sporin-resistant viridans streptococci. If
vancomycin is started, it should be discontinued if
the cultures are negative at 48 hours. In the septic-
appearing patient, an aminoglycoside is added to
the two-drug regimen above. An agent active
against gram-negative organisms should be contin-
ued for the duration of the neutropenia, even if
the cultures remain negative.172 In some centers,
children with negative cultures at low risk for seri-
ous infection are switched to an oral antibiotic such
as cefixime.173 In adults, a fluoroquinolone plus
amoxicillin-clavulanate is sometimes used. This
practice should usually be reserved for patients who
defervesce promptly or who have low-grade fever,
who appear well clinically, and whose expected du-
ration of neutropenia is short (less than 10 days).

For patients who remain febrile for 5–7 days
after initiation of a course of broad-spectrum antibi-
otics, empiric antifungal therapy with amphotericin
B is indicated.167 Alternatively, one of the lipid for-
mulations of amphotericin B can be used.174 These
drugs are substantially less nephrotoxic. However,
their effectiveness is similar to that of conventional
amphotericin, and they are significantly more ex-
pensive. Voriconazole is a new triazole with activity
against Aspergillus spp. that may have a role in the
empiric treatment of persistently febrile and neutro-
penic patients.175 Unlike amphotericin, which must
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be given intravenously, it is also available in an oral
form. One disadvantage of voriconazole is a high
incidence of transient visual side-effects. Hepato-
toxicity also occurs.176

Focal Infections

Pneumonia

The lungs are a common site of focal infection in
the child with cancer.177,178 Noninfectious causes
of pulmonary infiltrates must also be kept in
mind.179 These include pulmonary edema or hem-
orrhage, leukemic or lymphomatous infiltrates, me-
tastases (e.g., osteogenic sarcoma), radiation pneu-
monitis, drug toxicity (e.g., methotrexate),
atelectasis, and adult respiratory distress syndrome.

The likely causes and diagnostic approach de-
pend on the radiographic pattern. Focal pneumo-
nias are more likely to be bacterial or fungal but
can be caused by viruses or Pneumocystis.178 Diffuse
interstitial infiltrates are most commonly caused by
viral infections, Pneumocystis, or atypical bacteria.
Single or multiple nodular infiltrates are worrisome
for fungal infection (especially Aspergillus) or Nocar-
dia. The nodules may only be detected by chest CT.

Tuberculosis is a difficult diagnostic problem,
because patients are often anergic, with a negative
tuberculin test. A careful exposure history is critical.
The endemic mycoses (cryptococcosis, blastomyco-
sis, histoplasmosis, and coccidioidomycosis) are oc-
casional causes of pneumonia in leukemia.180,181

Legionella is a rare cause of focal pneumonia.182

Dermatophytes occasionally cause disseminated
diseases in these children.183

Blood cultures are obtained and antibacterial
therapy is begun empirically. Depending on disease
severity, tempo of progression, and response to ini-
tial therapy, invasive diagnostic procedures may be
indicated. The risk of such procedures should be
viewed in light of the potential value of the result. In
general, an attempt to make an etiologic diagnosis is
important, because the list of possible causes is
long. Bronchoalveolar lavage (BAL) is often useful
in diagnosing the cause of diffuse infiltrates, such
as PCP or viruses. The diagnostic yield is much
lower for focal infiltrates.179 Unfortunately, trans-
bronchial biopsy is relatively insensitive in detect-
ing fungal infection, and open lung biopsy may be
required.184 With any of these procedures, commu-
nication with the microbiology laboratory is essen-
tial to ensure that appropriate studies are done for
common and opportunistic pathogens.185

Pneumocystis jiroveci (carinii) Pneumonia
(PCP)

This is rare when TMP-SMX is used prophylac-
tically but the possibility should still be considered.
Subacute onset of fever, marked tachypnea, hy-
poxia, and bilateral diffuse alveolar or interstitial
densities are characteristically found, but virtually
any radiologic pattern can occur. Hypoxemia is sec-
ondary to an alveolar-capillary diffusion block.
Symptoms often begin at the time that corticoste-
roids are being tapered.163 The diagnosis is best
confirmed by observing the organism in specially
stained smears obtained from tracheal aspirates,
BAL, or open lung biopsy. The treatment of choice
is TMP-SMX 15–20 mg/kg day divided every 6 to
8 hours for 2–3 weeks, initially given intravenously.
Children with severe hypoxemia (PaO2 less than
70 mm Hg) are given methylprednisolone 2 mg/kg
day initially and then tapering doses.186

Skin Infections

Skin infections can be caused by viral, bacterial, or
fungal pathogens and may represent local infection
or a manifestation of systemic disease. In addition,
skin lesions may be from a noninfectious source,
such as leukemic infiltrate or one of the neutro-
philic dermatoses (pyoderma gangrenosum or
Sweet syndrome).187 Ecthyma gangrenosum is
characterized by one or more tender subcutaneous
nodules with central necrosis. It is classically caused
by systemic infection with P. aeruginosa but can also
be caused by multiple other agents, including gram-
negative enteric organisms, Aeromonas, Stenotropho-
monas, S. aureus, Group A streptococcus, herpes
simplex virus, Candida, Aspergillus, Fusarium, and
the agents of mucormycosis.188–201 Patients with
fever, neutropenia, and a focal skin lesion should
undergo skin biopsy, which results in a specific di-
agnosis in approximately 50% of cases.202

Gastrointestinal Tract Infections

Infections involving the gastrointestinal tract are
common in neutropenic patients, as the chemother-
apy can cause mucosal damage at any point from
the mouth to the anus. Oral mucositis predisposes
the patient to bacteremia with oral flora, including
viridans streptococci and anaerobes. Thus, empiric
antibiotics in the patient with fever, neutropenia,
and severe mucositis should include an agent with
anaerobic activity. This can be accomplished by
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adding metronidazole to the regimen or by using
piperacillin/tazobactam or ticarcillin/clavulanate in-
stead of ceftazidime or cefepime.

Esophagitis is most commonly caused by Can-
dida, but HSV and CMV are other possible causes.
Definitive diagnosis requires esophagoscopy with
biopsy and culture. Patients are usually treated em-
pirically with fluconazole and endoscopy reserved
for those who fail to respond clinically.

Diarrhea is common in children undergoing
chemotherapy and often no cause is found. The
most common infectious cause is antibiotic-associ-
ated colitis due to Clostridium difficile.203 Occasion-
ally, typical enteric bacteria, viruses, or parasites are
implicated (Chapter 12).204

Neutropenic enterocolitis (also referred to as
typhlitis) is a life-threatening complication of
chemotherapy (especially Ara-C) in patients with
hematologic or solid tumors. It is characterized by
necrotizing inflammation of the cecum and ascend-
ing colon.205 Patients usually present with fever,
diarrhea (often bloody), and severe abdominal pain,
which may be diffuse or localized (usually right
lower quadrant). Diagnosis is usually confirmed by
the finding of cecal wall thickening on ultrasound
or CT. Blood cultures are positive in a little less
than 50% of patients.205 Management includes
bowel rest, nasogastric suction, and broad spectrum
antibiotics, including coverage for gut anaerobes
and enterococci.205,206 Serial plain films are done
to look for evidence of bowel perforation. Most
cases are managed medically, but perforation, ob-
struction, massive hemorrhage, and abscess forma-
tion are indications for surgery.206 The mortality
rate is approximately 20%.205

Disseminated Candida infections often involve
the liver and spleen and are commonly referred to
as hepatosplenic candidiasis (HSC). The typical
presentation is that of unexplained fever that per-
sists once the neutropenia resolves. Abdominal pain
and hepatosplenomegaly are variable. Early on, lab-
oratory and imaging studies are normal, but over
several days the alkaline phosphatase level becomes
elevated and multiple low attenuation lesions are
visible by CT. MRI (magnetic resonance imaging)
is slightly more sensitive, and ultrasound less sensi-
tive than CT in detecting the lesions.207 The lesions
are not specific for Candida, and biopsy may be
indicated to establish the diagnosis. Initial treat-
ment is with amphotericin B (or a lipid formulation)
for 1–2 weeks. Oral fluconazole is then given until
calcification or resolution of lesions (usually 3–4

months).208,209 Chemotherapy need not be with-
held during therapy for HSC.210

Ear and Sinus Infections

Otitis media is a common infection in children with
and without malignancy. The typical organisms are
implicated, but resistance may be more common
in the child on chemotherapy because of frequent
antibiotic use. Occasionally, Pseudomonas or other
gram-negative organisms are the cause. Sinus infec-
tions are also common in children with malignancy.
Fever and face pain are the usual presenting fea-
tures, sometimes accompanied by subtle erythema
or swelling over the paranasal sinuses. Nasopharyn-
geal cultures do not predict the cause of the sinus
infection.211 Sinus CT is done to document infec-
tion and look for evidence of bony destruction.
Broad-spectrum coverage (including anaerobes) is
indicated. If there is no clinical response after 48
hours of therapy, a surgeon should be consulted
and biopsies performed to rule out the possibility
of fungal sinusitis.211 In the neutropenic patient,
fungal infection of the sinuses requires aggressive
medical and surgical management to prevent exten-
sion to the brain.

■ HEMATOPOIETIC STEM CELL
TRANSPLANT (HSCT)

The term HSCT encompasses bone marrow trans-
plant (BMT) as well as transplantation of peripheral
blood stem cells and umbilical cord blood stem
cells. HSCT is increasingly being used to treat a
variety of malignancies as well as certain nonmalig-
nant hematologic, immunologic, and metabolic
conditions.212 Most of the concepts discussed in
the previous section on infections in children with
neoplastic disease are directly applicable to HSCT
recipients. However, certain infections are more
common and/or more severe in HSCT recipients
and, in general, more aggressive strategies for pro-
phylaxis are indicated. This is particularly true for
allogeneic HSCT recipients. Patients undergoing
autologous transplants are at a somewhat lower risk
for infections. The type of allogeneic transplant also
affects the risk of infection. Patients undergoing
HLA (histocompatibility locus antigen)-matched
sibling transplant are at lower risk than those
undergoing a matched unrelated donor transplant.
Patients receiving a T-cell depleted graft from a par-
tially matched donor are at highest risk.213 Compre-
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hensive guidelines for preventing infections in
HSCT recipients have been developed and should
be consulted for details.214

Pretransplant Evaluation

A detailed history of past infections, unusual expo-
sures, and allergies should be taken, and a thorough
physical examination performed. In addition to a
tuberculin skin test, the following serologic testing
is performed on both the HSCT candidate and the
donor: herpes group viruses (CMV, EBV, HSV,
VZV[varicella zoster virus]), hepatitis viruses (A, B,
and C), HIV, HTLV (human T-cell lymphotropic
virus), and syphilis serology. Other serologic testing
(such as for endemic mycoses or toxoplasmosis)
varies by center. In addition, some centers perform
surveillance cultures on HSCT candidates from var-
ious sites (e.g., nasopharynx and rectum) for bacte-
ria, viruses, and fungi. Obtaining a baseline chest
x-ray on the HSCT candidate is appropriate.

Mechanisms and Timing

After the conditioning regimen and until marrow
engraftment occurs (usually by 3–4 weeks), the
HSCT recipient is profoundly neutropenic. Bacte-
rial and fungal infections are most common during
the first month posttransplant, as is infection with
herpes simplex virus. Fever and neutropenia is
nearly universal during the first month posttrans-
plant, necessitating the use of broad-spectrum anti-
biotics and placing the patient at risk for C. difficile
colitis. The most common cause of diarrhea, how-
ever, is acute graft-versus-host disease (GVHD).215

HSCT recipients have profound cell-mediated
and humoral immunodeficiencies as well. This is
particularly true if the patient has received a graft
that has been depleted of T-cells. Immunosuppres-
sants (such as prednisone and cyclosporine) used
to prevent GVHD further impair the cell-mediated
immune system. Thus, infections occurring during
the first 3 months postengraftment are often caused
by viruses, such as CMV, or by Pneumocystis jiroveci.
Some HSCT recipients (particularly those with
chronic GVHD or delayed T-cell engraftment) con-
tinue to be at high risk for infection even during
the late posttransplantation period (more than 100
days posttransplant). Infection due to VZV and en-
capsulated bacteria predominate during this pe-
riod.216

Although a myriad of organisms may cause in-

fection in the HSCT recipient, those that are partic-
ularly important and can be targeted for prevention
will be highlighted here.

Bacterial Infections

In general, the approach is similar to that discussed
in the section on patients with cancer. One possible
exception is that some experts recommend against
the use of monotherapy in the transplant recipient
with fever and neutropenia.217 An antipseudomo-
nal cephalosporin plus vancomycin is appropriate
in this setting. Routine use of prophylactic antibiot-
ics in the absence of fever is not generally recom-
mended,214 but many centers employ them none-
theless. The use of IVIG should probably be limited
to those patients with documented hypogammaglob-
ulinemia.

Fungal Infections

The most common fungi causing infections in
HSCT recipients are Candida spp. and Aspergillus
spp. Syndromes associated with Candida infection
include thrush, esophagitis, fungemia, and dissemi-
nated infection (especially hepatosplenic candidia-
sis). The incidence of each of these manifestations
has been dramatically reduced by the routine use
of fluconazole prophylaxis from the time of condi-
tioning until engraftment (sometimes longer).218

Although this has been associated with an increase
in infections with C. krusei and C. glabrata (which
are frequently resistant to fluconazole) in some cen-
ters,219 it has not been a significant problem in most
centers.

Fluconazole does not have activity against Asper-
gillus spp. (or other filamentous fungi) and these
have become the most common cause of fungal
infection in HSCT patients in some centers.220

Patients who receive matched unrelated donor
marrow or undergo unrelated cord blood
transplantation are at higher risk than those who
have autologous or matched sibling transplants. Pa-
tients with severe GVHD are eight-fold more likely
to develop aspergillosis.221 The most common clini-
cal syndromes associated with Aspergillus infection
are focal pneumonia, sinusitis, and CNS disease.
Positive blood cultures are rare. Patients with
proven or suspected pulmonary aspergillosis
should have a head CT scan performed to rule out
CNS involvement. The treatment for aspergillosis is
conventional amphotericin B or a lipid formulation,
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often using higher than usual doses. The role of
caspofungin in pediatric patients with invasive as-
pergillosis is still undefined. Variconazole is prom-
ising in this setting. Surgical drainage of sinus infec-
tion and resection of localized lung disease are
generally advised. Despite therapy, the mortality for
invasive aspergillosis remains high. This has led
some centers to attempt to prevent infection in the
highest risk settings (e.g., allogeneic matched unre-
lated donor or T-cell depleted grafts). Aerosolized
amphotericin B has been instilled into the air-
ways,222 but there are no studies with comparison
controls. Other approaches include the use of low-
dose or alternate-day amphotericin B (conventional
or lipid formulation) given intravenously,223 but
data with concurrent controls are lacking. A ran-
domized trial of voriconazole prophylaxis in pro-
phylaxis is ongoing.

Pneumocystis jiroveci Pneumonia (PCP)

As in patients with hematologic malignancies, PCP
is an important and readily preventable infection
in the HSCT recipient. TMP-SMX should be used
for prophylaxis from the time of engraftment until
at least 6 months posttransplant (and longer if there
is GVHD or lymphopenia).214 Other regimens are
inferior, particularly aerosolized pentamidine.224

Marrow suppression with TMP-SMX is uncommon
when used on a three-times-a-week schedule.

Community-acquired Viruses

Children undergoing HSCT are at particular risk
for severe disease caused by common respiratory
viruses. Of 281 stem cell transplants performed at
St. Jude Children’s Research Hospital over a 4-year
period, 32 (11%) were complicated by respiratory
virus infection within the first year posttrans-
plant.225 The most commonly implicated virus was
parainfluenza virus (PIV), followed by adenovirus,
influenza, and RSV. Risk factors for infection were
allogeneic transplant and severe GVHD. If lower
respiratory tract disease develops, the mortality is
high; thus, prevention is paramount. Patients
should be cared for in positive-pressure isolation
rooms. Patients, their families, and all care-provid-
ers should receive influenza vaccination. Viral cul-
tures should be performed in patients at the first
sign of respiratory symptoms. Some centers use
monthly prophylaxis with RSV-Ig (Respigam) dur-
ing the RSV season. Although published data are
lacking, this is a reasonable approach. The use of

humanized monoclonal antibody to RSV (palivizu-
mab) can also be used but, unlike RSV-Ig, it does
not offer protection against other respiratory vi-
ruses, such as parainfluenza virus.

Early detection and prompt treatment of infec-
tions is likely to lead to improved outcome com-
pared with attempting treatment once lower respi-
ratory tract disease is apparent. In a compassionate
use study of pediatric HSCT recipients with RSV
infection, early treatment with a combination of
aerosolized ribavirin and high-dose RSV-Ig resulted
in improved outcome compared with historical
controls.226 Ribavirin has activity against PIV,227

and RSV-Ig contains neutralizing antibodies to PIV-
3,228 so this regimen is reasonable for HSCT recipi-
ents with parainfluenza virus infection as well.

In addition to respiratory tract disease, adenovi-
rus causes hemorrhagic cystitis, hepatitis, and gas-
troenteritis in the HSCT recipient.229 Cidofovir, a
nucleoside analogue of cytosine has in vitro activity
against adenovirus. Although comparative trials are
lacking, anecdotal reports suggest that this agent is
effective against adenovirus in the setting of
HSCT.230–232 Nephrotoxicity is seen commonly at
the usual dose (5 mg/kg per week) and can be less-
ened by the concomitant use of probenecid. In our
experience, lower doses of 1–3 mg/kg per week are
still effective but much less nephrotoxic.

As with the other viruses mentioned above, ill-
ness caused by influenza can be fatal in this popula-
tion.225 Prior to transplant, HSCT candidates and
their household contacts should receive the influ-
enza vaccine. HSCT recipients are unlikely to make
an antibody response in the first 6 months after
transplant, and vaccination is not recommended
during this period.233 If a community outbreak of
influenza occurs during this period and the patient
is not in isolation, prophylaxis with rimantadine
(influenza A) or oseltamivir (influenza A or B)
should be considered. These agents should also be
used for treatment of documented infection in this
population as discussed in Chapter 7.

Cytomegalovirus (CMV)

It is useful to distinguish between CMV infection
(detection of the virus, viral proteins, or nucleic
acid) and CMV disease (symptoms referable to a
particular organ along with detection of the virus
in tissue samples).234 Prior to the routine use of
CMV prophylaxis or monitoring, CMV was a com-
mon cause of pneumonia in HSCT recipients and
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was frequently fatal. CMV pneumonia presents in a
nonspecific manner with fever, cough, hypoxemia,
and diffuse interstitial infiltrates on chest x-ray.
Treatment is with ganciclovir, but prevention is
greatly preferred. CMV can also cause disease of
the gastrointestinal tract; esophagitis and colitis are
common syndromes and require biopsy for defini-
tive diagnosis.

Among HSCT recipients, those at highest risk
for infection (and disease) are those who are CMV
seropositive prior to transplant. CMV seronegative
recipients of marrow from a CMV-positive donor
are at intermediate risk. If both recipient and donor
are CMV negative, the risk is negligible as long as
CMV negative (or leukocyte-filtered) blood prod-
ucts are used.235 For patients at risk for CMV dis-
ease (i.e., seropositive donor or recipient), one of
two strategies should be employed: prophylaxis or
preemptive therapy.

Prophylaxis involves administering ganciclovir
intravenously (or valganciclovir orally) during the
high-risk time period for CMV infection (en-
graftment until approximately 100 days posttrans-
plant). This strategy is highly effective, but is limited
by ganciclovir-induced neutropenia, which occurs
in about one-third of patients.236 In addition, late-
onset CMV disease may occur after prophylaxis has
been discontinued.237 Some centers use CMV-Ig in
addition to ganciclovir prophylaxis, but the effect
of this combination compared with ganciclovir
alone has not been studied. Prophylaxis is probably
the best option for the highest risk patients, such
as those receiving T-cell depleted stem cells.238

Preemptive therapy involves screening the blood
of at-risk patients weekly for the presence of CMV
by pp65 antigen detection or PCR.214 Patients test-
ing positive are then given ganciclovir until the test
is negative and for a minimum of 3 weeks (some
centers continue therapy till 100 days posttrans-
plant). If screening tests are available, this approach
is preferred for patients at lower risk for CMV dis-
ease, such as autologous HSCT recipients. Patients
at high risk for late CMV disease (such those with
GVHD or chronically low CD4 counts) should
probably continue to be monitored even after day
100.

Varicella-zoster virus (VZV)

Primary varicella (chickenpox) and to a lesser ex-
tent reactivation of latent varicella (zoster) are po-
tentially fatal complications in HSCT recipi-

ents.239,240 With primary varicella, skin lesions are
numerous, severe and may be hemorrhagic. In ad-
dition, about half of patients will develop organ in-
volvement, especially pneumonitis and hepatitis.
Zoster in HSCT recipients is usually dermatomal
but can cause disseminated infection.241 Prompt
recognition of VZV infection and institution of in-
travenous acyclovir (at a dose of 1,500 mg/m2 per
day divided every 8 hours) dramatically reduces the
mortality and morbidity of these infections in the
ICH.242,243 Patients are treated for 10–14 days and
until all lesions are crusted over. Although not well
studied, oral valacyclovir can probably be used
once the patient has had a clinical response. HSCT
recipients who are seronegative for VZV should re-
ceive VZIG within 96 hours of exposure to a person
with varicella. They should be observed closely for
the development of skin lesions as the efficacy of
VZIG in this population is relatively low.242 All
household and other close contacts of HSCT recipi-
ents who do not have a history of chickenpox
should receive the varicella vaccine.214

Herpes Simplex Virus (HSV)

HSV infection is usually caused by reactivation of
latent virus in a seropositive HSCT recipient. In the
absence of prophylaxis, 75% of HSV seropositive
patients (and up to 15% of seronegative patients)
will develop symptomatic HSV disease, usually 2–3
weeks after transplant.244–246 The most common
presentation is severe ulcerative mucositis, which
may be difficult to distinguish from that caused by
the conditioning regimen. Thus, oral lesions should
generally be tested for HSV by culture or PCR.
Esophagitis, pneumonitis, hepatitis, and dissemi-
nated disease can also occur. All HSCT recipients
who are HSV seropositive should receive acyclovir
prophylaxis,214 which decreases the incidence of
infection to less than 5%.247 Some centers provide
prophylaxis for HSV-seronegative recipients as
well. The schedule varies among centers, but a rea-
sonable approach is to begin intravenous acyclovir
during the conditioning regimen, continue it until
the time of engraftment, and then switch to oral
acyclovir until 6 months posttransplant.247 Vala-
cyclovir has been associated with the development
of thrombotic thrombocytopenic purpura in HSCT
recipients and should be used with caution in this
population.248 Patients receiving ganciclovir or val-
ganciclovir for CMV prophylaxis need not receive
acyclovir.
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Epstein-Barr Virus (EBV)

In contrast to the situation in solid organ transplant
recipients, EBV-induced posttransplant lympho-
proliferative disorder (PTLD) is relatively uncom-
mon among HSCT recipients. The incidence is
highest in those receiving an allogeneic HLA-mis-
matched transplant from an EBV seropositive
donor, especially if the graft is T-cell depleted.249

In one study of 18 children with PTLD after bone
marrow transplant, the median onset of symptoms
was 137 days (range, 48–617 days) posttrans-
plant.250 Fever and adenopathy are the usual initial
manifestations, but multiple organs may be af-
fected. Uncommonly, symptoms may mimic
GVHD.251 The disease is the result of uncontrolled
proliferation of EBV-infected and transformed B
cells, which in the normal host are kept in check
by the T-cell immune response. Definitive diagnosis
requires biopsy of affected tissue with histologic
confirmation. Treatment consists of decreasing im-
munosuppression, if possible. No antiviral agent
has demonstrated efficacy. In HSCT recipients with
PTLD, the EBV-infected B cells are of donor origin.

TABLE 22-4. RECOMMENDED VACCINATIONS FOR HSCT RECIPIENTSa

TIME AFTER HSCT

VACCINE 12 MONTHS 14 MONTHS 24 MONTHS

Lifelong, seasonal administration, beginning before HSCT and resuming
�6 months after HSCT

Not routinely indicated; administer if functionally asplenic

Not recommended for HSCT patients until further data available

Abbreviations: HSCT, hematopoietic stem cell transplant; GVHD, graft-versus-host disease; Hib, Haemophilus influenzae type b;
PPV23, 23-valent pneumococcal polysaccharide vaccine.
a Administer only if HSCT recipient is not on immunosuppressive therapy and does not have GVHD.
Source: Adapted from: Preventing pneumococcal disease among infants and young children. Recommendations of the Advisory
Committee on Immunization Practices (ACIP). MMWR Recomm Rep 2000;49 : 1–35, with permission.

Inactivated vaccine

Diphtheria, tetanus, pertussis

�7 years

�7 years

Hib conjugate

Hepatitis B (HBV)

PPV23

Hepatitis A (HAV)

Influenza

Meningococcal

Inactivated polio (IPV)

Live-attenuated vaccines

Measles, mumps, rubella

Varicella

DTaP

Td

Hib conjugate

HBV

PPV23

IPV

–

DTaP

Td

Hib conjugate

HBV

–

Not routinely indicated

IPV

–

DTaP

Td

Hib conjugate

HBV

PPV23

IPV

MMRa

Thus, a promising approach to treatment and pre-
vention in this group of patients involves the infu-
sion of EBV-specific cytotoxic T lymphocytes pre-
pared from donor leukocytes.252

Immunization of the HSCT Recipient

Most HSCT recipients lose immunity to vaccine
preventable diseases after transplantation.253 Thus,
it is appropriate to revaccinate them after their
transplant. However, they do not respond to immu-
nization in the immediate posttransplant period;
thus, immunizations are generally deferred until 12
months posttransplant (Table 22-4).214 Although
not studied in this population, the use of conju-
gated pneumococcal vaccine at 12 months followed
by boosting with polysaccharide pneumococcal
vaccine at 24 months may provide a better antibody
response.21 Although varicella vaccine is contrain-
dicated in the HSCT recipient, vaccination of
household and other close contacts is important to
decrease the patient’s risk of exposure to wild-type
virus.
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■ SOLID ORGAN TRANSPLANT (SOT)

Like the HSCT recipient, SOT recipients are at in-
creased risk for a variety of common and opportun-
istic infections. However, many of the issues relat-
ing to infectious risk are quite different between the
two groups. Unlike HSCT recipients, SOT recipi-
ents are not usually immunocompromised prior to
the transplant, they do not undergo a conditioning
regimen that makes them profoundly neutropenic,
they do not generally require a long-term central
venous catheter, and they are not at risk for GVHD.
On the other hand, the induction regimen at the
time of transplant induces profound impairment of
the cellular immune system, and they must remain
on a combination of immunosuppressive agents for
life to prevent rejection of the allograft. Thus, from
an infectious disease standpoint, recipients of var-
ious solid organs have more in common with each
other than with HSCT recipients.

There are several infection-related aspects of
SOT that vary based on the particular organ being
transplanted. Some donor organs are more likely
to carry (and transmit) a particular pathogen than
others (Table 22-5). In general, for these organisms,
the highest risk situation is when the donor is sero-
positive and the recipient is seronegative prior to
transplant. Many of the infections in the immediate
posttransplant period are unique to the anatomic
area of the grafted organ (Table 22-5).

The following solid organ transplants will be dis-
cussed in this section: kidney, liver, intestine, heart,
and lung. Sometimes, more than one organ is trans-

TABLE 22-5. COMMON INFECTIONS IN SOLID ORGAN TRANSPLANTS BASED ON
ORGAN TRANSPLANTEDa

INFECTIONS TRANSMITTED

ORGAN BY THE DONOR ORGAN INFECTIONS SPECIFIC TO THE ANATOMIC AREA

Abbreviations: GPC, gram positive cocci; GNB, gram negative bacilli; CMV, cytomegalovirus; EBV, Epstein-Barr virus.
a Bacteremia and wound infections are relatively common in all patients posttransplant.

Kidney

Liver

Intestine

Heart

Lung

CMV, EBV, BK virus255

CMV, EBV

CMV, EBV

CMV, EBV, toxoplasmosis256

CMV, EBV

Urinary tract infection, especially pyelonephritis (GPC, GNB,
Candida)

Intraabdominal abscess, cholangitis (GNB, enterococcis,
Candida, Aspergillus)

Bacteremia (gut flora), intraabdominal abscess (GNB,
enterococcis, Candida)

Mediastinitis (S. aureus)

Mediastinitis, pneumonia, lung abscess (S. aureus, GNB,
Aspergillus)

planted simultaneously (e.g., heart-lung or liver-in-
testine), but for simplicity we will consider only
single-organ transplants. Pancreas transplantation
is uncommon in children and will not be dis-
cussed.254

Pretransplant Evaluation

This evaluation generally consists of a detailed ex-
posure history, an assessment of remote and recent
infections, a review of the vaccination history and
drug allergies, and a physical examination.257 A tu-
berculin skin test is performed on all SOT candi-
dates and donors. Serologic testing for the following
organisms is performed on both donor and recipi-
ent: herpes group viruses (CMV, EBV, HSV, VZV),
hepatitis viruses (HAV, HBV, HCV), HIV, HTLV,
syphilis, and measles. For heart transplants, toxo-
plasma serology should be obtained as well. For
patients from the southwestern United States, serol-
ogy for Coccidioides immitis is obtained. A sputum
culture should be obtained in the lung transplant
candidate. Immunizations should be given to bring
the child up to date. This includes live-attenuated
vaccines, unless there are other contraindications
to their use (e.g., the patient is receiving more than
2mg/kg per day of prednisone). Live vaccines
should be given at least 2 weeks (and preferably 4
weeks) prior to the date of transplant.

Timing of Infections

The timetable of infections after SOT is organized
into 3 segments: the first month, 1–6 months, and
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more than 6 months after transplantation.258 Dur-
ing the first month posttransplant, most infections
are nosocomially acquired or related to surgical
complications. These include bacterial and candidal
bloodstream and wound infections, as well as
organ-specific infections (Table 22-5). As in the
HSCT recipient, HSV reactivation is also common
during the first month. The second through the
sixth month is when the patient is at greatest risk
for opportunistic infections, such as CMV, PCP, and
aspergillosis. After 6 months posttransplant, com-
munity-acquired infections and VZV reactivation
are most common.

Prophylaxis for Bacterial And Fungal
Pathogens

Intravenous perioperative antibiotics are indicated
at the time of transplant and are usually given until
48–72 hours posttransplant. The exact regimen
used depends on the type of transplant and the
patient’s history of recent infections. Kidney and
heart transplant recipients often receive cefazolin.
Liver and intestine transplant recipients commonly
receive ampicillin and cefotaxime. Depending on
sputum culture results, cefepime is reasonable cov-
erage for the lung transplant recipient. TMP-SMX,
which is used for PCP prophylaxis, has the added
benefit of providing coverage against many com-
mon bacteria, as well as Nocardia.259 It also provides
effective prophylaxis against toxoplasmosis,260

which is a concern in heart transplant recipients.
The use of oral selective bowel decontamination
prior to liver transplant is controversial; some stud-
ies have suggested a benefit,261 whereas others have
not.262

The issue of antifungal prophylaxis in the SOT
recipient is complex. Many centers use an oral non-
absorbable agent such as nystatin; however, its effi-
cacy is questionable.263 Some centers give flucona-
zole for 4 weeks after transplant to prevent candidal
infection. The literature regarding the efficacy of
this approach is conflicting.264,265 In addition, flu-
conazole does not have activity against Aspergillus,
which is a particular concern among liver and lung
transplant recipients. Itraconazole and voriconazole
are options for orally administered agents, but, like
fluconazole, they cause significant increases in cy-
closporine and tacrolimus levels. Because the risk
of fungal infections among liver transplant recipi-
ents is primarily in the first month posttransplant,
it may be reasonable to give one of these agents (or

even amphotericin) during this period to selected
high-risk patients.263,266 The risk period for fungal
infections among lung transplant recipients is
longer, and many centers give itraconazole for at
least 6 months posttransplant.266

Pneumocystis jiroveci Pneumonia (PCP)

PCP presents in a similar fashion to that in cancer
patients described above. Low-dose, three times per
week TMP-SMX is highly effective in preventing
this potentially severe illness. Although the peak
incidence is between 2 and 6 months posttrans-
plant, as many as one-third of cases occur more
than1 year after transplant.267 TMP-SMX should be
started as soon after transplant as the patient is able
to take oral medications. If tolerated, it should be
continued indefinitely.268

Community-acquired Viruses

If acquired during a period of maximal immuno-
suppression (i.e., immediately posttransplant or
during treatment for allograft rejection), these in-
fections may be severe, as discussed above for the
HSCT recipient, especially in young children.269,270

Accordingly, for children less than 2 years old, it
may be reasonable to use monthly RSV-Ig (or palivi-
zumab) as prophylaxis during the first winter post-
transplant.

Adenovirus infection is a particular concern. In
one series, 49 (10%) of 484 pediatric liver trans-
plant recipients developed adenovirus infection.
The most common sites of involvement were the
liver, lung, and gastrointestinal tract.271 Anecdotal
reports suggest benefit of low-dose cidofovir (1 mg/
kg, 3 days per week).272 Among pediatric heart
transplant recipients, identification of adenoviral
genome by PCR in myocardial biopsies is associated
with significantly decreased graft survival.273

Cytomegalovirus (CMV)

Unlike the case of HSCT recipients, in which recipi-
ent serostatus is the best predictor of CMV disease,
the SOT patient at highest risk for CMV disease is
one who is CMV-seronegative and who receives an
organ from a CMV-seropositive donor (D�/R-).
The group with the next highest risk includes those
in whom both donor and recipient are CMV-sero-
positive (D�/R�), followed by the group in which
only the recipient is seropositive (D-/R�). Patients
receiving anti T-cell antibodies to prevent rejection
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are at particularly increased risk for CMV disease,
whether it is the donor or the recipient who is CMV
seropositive.274 In general, if both donor and recipi-
ent are seronegative, the risk of CMV disease is neg-
ligible.

Whether ganciclovir should be used prophylac-
tically or preemptively with monitoring is contro-
versial.275 Prophylaxis is probably best for the high-
est risk patients (D�/R- or those receiving anti T-
cell therapy for rejection). Other patients can be
monitored weekly by pp65 antigen or PCR and
treated only if the test becomes positive. Treatment
is generally for 3 weeks and until the test is negative.
The duration of prophylaxis varies between centers,
but 3 months is typical. Oral valganciclovir is highly
bioavailable and is an option for patients old
enough to swallow pills.276 A liquid formulation is
being studied.

Varicella zoster virus (VZV)

VZV infection can be severe in SOT recipients.277

The approach to prevention, postexposure prophy-
laxis, and treatment is similar to that discussed for
the HSCT recipient above.

Herpes Simplex Virus (HSV)

HSV infection can be severe in the SOT recipient,278

and acyclovir is safe and effective in preventing HSV
disease.279 If either the recipient or donor is HSV
seropositive, acyclovir is generally given orally 5
mg/kg b.i.d. for the first 4–6 weeks posttransplant.
It should also be considered in the patient being
treated for an episode of acute allograft rejection,
as we have seen severe HSV pneumonia in this cir-
cumstance. Acyclovir prophylaxis is unnecessary if
the patient is already on ganciclovir.

Epstein-Barr Virus (EBV)

EBV-associated posttransplant lymphoproliferative
disorder (PTLD) is a potentially fatal complication
of SOT. It is a particularly frequent problem in chil-
dren, who are more likely to be EBV seronegative
prior to transplant. The risk of PTLD is approxi-
mately 20–25% in children who are EBV seronega-
tive, and 5% in those who are seropositive prior
to liver transplant.280,281 Seronegative patients who
receive an EBV-seropositive organ are at greatest
risk in the first year after transplant. Seronegative
patients who receive an EBV-seronegative organ
may develop community-acquired infection at any

time after transplant, sometimes many years later
(with risk of late-onset PTLD). Other risk factors
relate to the type, duration, and intensity of immu-
nosuppressive agents used.281

EBV infection in transplant recipients may result
in several different syndromes: (i) asymptomatic in-
fection or nonspecific viral syndrome, (ii) classical
infectious mononucleosis, and (iii) PTLD. PTLD
can further be broken down into categories based
on histology and genetic markers (polyclonal plas-
macytic hyperplasia, monoclonal polymorphic
PTLD, and malignant lymphoma).282 These syn-
dromes are a continuum, and benign manifestations
may evolve into more serious syndromes.283 Fever
and adenopathy are common presenting symp-
toms, but multiple organs can be involved, includ-
ing the allograft, gastrointestinal tract, liver, and
brain. Tissue biopsy is necessary to establish the
diagnosis of PTLD.284 Early detection is critical, but
unfortunately PCR testing for EBV has proven to
be neither highly sensitive nor specific for PTLD.
In our experience, there is no cutoff level that pre-
dicts the development of PTLD. The mainstay of
therapy consists of decreasing immunosuppres-
sion.283 Other therapies include anti-CD20 mono-
clonal antibodies and conventional chemotherapy.
Antiviral agents (such as ganciclovir) and passive
antibody (such as CMV-Ig) are often used but have
not been proven beneficial in the prevention or
treatment of PTLD. Cell-based therapy is more
problematic in the setting of SOT because the in-
fected B-lymphocytes are of recipient (not donor)
origin, and because patients are usually EBV-sero-
negative prior to transplant. Thus, they do not pos-
sess EBV-specific cytotoxic T-lymphocytes that
could be expanded ex vivo.284

Immunization of SOT Recipients

It is a paradox of modern medicine that as many
as two-thirds of children have not received their
full complement of immunizations at the time of
transplantation.285,286

Live-attenuated Vaccines

Most SOT candidates are not immunocompromised
prior to transplant and should receive both inacti-
vated and live-attenuated vaccines. Ideally, live
vaccines should be given at least 2 weeks prior to
transplant.287 Live vaccines are not generally ad-
ministered posttransplant. Although some centers
use them in certain patients after immunosuppres-
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sion has been reduced,288 larger studies of the safety
of this approach are needed.

Inactivated Vaccines

If a child receives a transplant before the primary
series is completed, immunizations should usually
be resumed starting 6–12 months posttransplant
(and at least 3 months after completing therapy for
an episode of allograft rejection). An exception is
influenza vaccine, which should be given to all SOT
recipients older than 6 months and their household
contacts as soon as it becomes available each fall.
For most vaccine-preventable illnesses, serological
correlates of immunity are not available. Thus, sero-
logic testing to confirm immunity is generally not
done, except for hepatitis A and B viruses, where
it may be considered.287 Although not well studied
in this population, a reasonable approach to pneu-
mococcal vaccination involves the sequential use of
conjugated vaccine and polysaccharide vaccine, as
outlined in Tables 22-2 and 22-3.
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The Child with Frequent, Severe, or
Unusual Infections: Congenital
Immunodeficiency Syndromes

■ OVERVIEW
It is impossible to pass through life without acquir-
ing a large number of infections. Most of these infec-
tions occur during early childhood, a time when
there is considerable immunologic naiveté. The
child’s immune system begins to build up defenses
against infection by being exposed to various patho-
gens.

Not so long ago, children stayed at home
throughout their toddler years. When these chil-
dren attended kindergarten, they began to develop
frequent respiratory infections. Absenteeism was
high. These days, many children are in day care
centers from infancy; thus, the time of frequent in-
fection has been switched from early school age to
infancy and the toddler years. Pediatricians offices
are bombarded with many children who are experi-
encing yet another in a long series of infections.

■ FREQUENCY OF INFECTION
The important question is: How many infections is
too many? Dr. Wald and colleagues performed an
observational study that looked at the number of
respiratory infections acquired by otherwise normal
children in day care and preschool situations.1 They
found that the average child experienced 4 or 5
respiratory infections a year, and that some children
experienced as many as 12 per year. When you
consider that a common cold lasts approximately
10–14 days in a child of this age, and that most of
these infections are clustered in the winter months,
it becomes clear why some parents state that their
child is “always sick.”

Differentiation Between Normal and
Immunodeficiency States
Given that even a child with a normal immune sys-
tem can frequently be ill, how does one differentiate

between a normal child who has a naive immune
system and frequent exposure to infectious agents,
and a child who has a faulty immune response to
infection? In general, the normal child with fre-
quent infections has normal growth and develop-
ment, no family history of immune deficiency states
or early childhood death, and appears well between
episodes of sickness. It is rare to find a severe immu-
nodeficiency in a child who is normally grown and
developed and who has an entirely normal physical
examination apart from the signs of the current dis-
ease. Children with primary immunodeficiency
states, on the other hand, are more likely to have:
(a) growth failure, (b) abnormal development, (c)
severe or invasive infections, (d) family history
of immune deficiency or early childhood demise,
and (e) infections with opportunistic or unusual
organisms (i.e., pathogens not normally considered
virulent).

The history and physical examination is often
enough, therefore, to determine which children
should receive evaluation of immune system func-
tion, and what laboratory tests should be ordered.

■ FREQUENT RESPIRATORY TRACT
INFECTIONS

The type and severity of infections should be care-
fully documented. Chest radiographs should be re-
viewed to verify the diagnosis of pneumonia and to
determine whether single or multiple lobes have
been involved. Foreign body aspiration is a com-
mon cause of recurrent unilobar pneumonia.

The child’s risk for recurrent respiratory infec-
tion should also be explored. Children who attend
day care or group child-care settings have a higher
incidence of respiratory infections.1,2 Exposure to
environmental tobacco smoke in the first 2 years
of life has been shown in several studies to increase



FREQUENT RESPIRATORY TRACT INFECTIONS 739

the rate of respiratory illness by one-and-a half- to
two-fold.2,3 Otherwise healthy infants with fre-
quent infections are also more likely to be bottle-
fed than breast-fed.4

Children with normal immune function usually
acquire common cold-like illnesses, whose dura-
tion is usually less than 2 weeks and from which
recovery is complete. Acute otitis media (AOM)
may frequently accompany viral respiratory tract
infections even in the normal host, because of the
fact that the pathogenesis of AOM is often related
to eustachian tube dysfunction and other anatomic
realities of early childhood (Chapter 2). Normal
children may have frequent AOM but individual
episodes usually respond to appropriate antimicro-
bial therapy. Because true bacterial sinusitis is less
common than AOM, multiple episodes of properly
diagnosed sinusitis is more suggestive of either im-
mune deficiency or problems of mucociliary clear-
ance such as cystic fibrosis (Chapter 22) or primary
ciliary dyskinesia. Unfortunately, bacterial sinusitis
can be difficult to diagnose (Chapter 5).

An isolated episode of pneumonia, either with
a clinical history suggestive of viral infection or an
atypical pneumonia pathogen, or with a confirmed
common cause of pneumonia such as Streptococcus
pneumoniae is not suspicious for immune defi-
ciency. In addition, keep in mind that some parents
will report that their child has had “recurrent pneu-
monia,” when in fact the history is more compatible
with multiple episodes of reactive airways disease.
However, multiple episodes of radiographically
documented pneumonia, pneumonia requiring
hospitalization on more than one occasion, or
pneumonia in concert with frequent sinusitis or ep-
isodes of otitis media should raise “red flags” in
the clinician’s mind. A combination of that type of
history and growth failure or developmental delay
is highly suggestive of immune deficiency.

Diagnostic Possibilities in the Child
with Frequent Respiratory Tract
Infections

Normal Child

As previously discussed, many immunologically
normal children experience frequent, transient,
nonsevere respiratory tract infections, occasionally
in tandem with AOM. Although there are no scien-
tific data to buttress this claim, our practice experi-
ence suggests that many of these children are fair-
skinned, blue-eyed, and blond. If the child has had

no invasive infections, is well between episodes, has
a history suggestive of frequent exposure to infec-
tious agents, is exposed to tobacco smoke in the
home, has normal growth and development, has a
normal physical examination, and/or has never
been hospitalized for infection, the parents may be
reassured that the child does not have an immune
deficiency. Frequency of infections may be de-
creased by common sense behaviors such as fre-
quent handwashing, decreasing exposure to envi-
ronmental tobacco smoke, and removal from day
care or placement in a day care with fewer children.
As these children grow, their immune system
strengthens and the frequency of infection naturally
decreases. In general, infection and illness are less
frequent in the summer months.

In addition to the modifiable factors listed above,
bad luck is frequently the stated explanation for
why some children experience “more than their
share” of respiratory infections. However, it is likely
that certain genetic polymorphisms play a role in
the risk for infection. For example, mannose bind-
ing lectin (MBL) is an acute phase protein that is
secreted by hepatocytes. Part of the innate immune
system, it is able to activate complement via the
classic pathway. Several mutant alleles in the MBL
gene have been described, and about 5% of the
population is homozygous for these mutant alleles;
thus, they have very low levels of MBL in serum.5

A population-based, prospective cohort study from
Greenland showed that among children aged 6–17
months, MBL-insufficient children experienced 2.9
times more acute respiratory infections (95% CI,
1.8–4.8) than MBL-sufficient children.6 There was
no effect among children aged 18–23 months, sug-
gesting that once the adaptive immune system ma-
tures, the presence of MBL is less important.

Polymorphisms in other genes that encode pro-
teins involved in immune function are also rela-
tively common. Examples include the 4th compo-
nent of complement (C4) and the Fc� receptor on
phagocytic cells (a receptor necessary for bacteria
opsonized with Ig [immunoglobulin] G to be in-
gested by phagocytes). Patients with either of these
defects (partial C4 deficiency or the presence of an
Fc� receptor with decreased affinity for IgG-coated
bacteria) appear to be at increased risk for various
infections.7

Cystic Fibrosis (CF)

Children with CF often present in the first few
years of life with a history of frequent respiratory
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infections and poor growth. They may have a his-
tory of slow passage of meconium in the newborn
period. Parents may also state that kissing the child
leaves a salty taste in the mouth. Because CF is
common (prevalence ~1 in 2,500), easily diag-
nosed, and requires complex medical care, a sweat
test for this condition should be ordered whenever
the diagnosis is considered (Chapter 22).

Primary Ciliary Dyskinesia (PCD)

This is the preferred term for a group of disorders
characterized by abnormal ciliary structure or func-
tion. About 50% of patients with PCD have situs
inversus, in which case the term Kartagener syn-
drome is used. Like CF, PCD is usually transmitted
in an autosomal recessive fashion. It is much less
common than CF; the estimated prevalence is 1
in 20,000. However, symptoms are milder than in
patients with CF, and it is probably underdiag-
nosed.8 In one series of 55 children with PCD, 37
(67%) had a history of neonatal respiratory distress,
38 (69%) had situs inversus, and 42 (76%) had
a history of early-onset persistent rhinorrhea. The
mean age at diagnosis was 4.4 years, which is con-
siderably younger than in most series.9 Bronchiec-
tasis and nasal polyps are common but do not usu-
ally manifest until the second decade of life. One
group has proposed the following criteria for inves-
tigating the possibility of PCD: (a) patients with
chronic otitis, rhinosinusitis, and bronchitis in
whom other entities have been excluded (CF, al-
lergy, immunologic disorders, and �1-antitrypsin
deficiency); (b) term infants with neonatal respira-
tory distress syndrome of unknown cause; and (c)
patients with situs inversus and recurrent airway
infections.10

The diagnosis is usually made by epithelial cell
brushing from the nasal turbinates or bronchi. Cili-
ary beat frequency is evaluated by phase-contrast
microscopy and ultrastructural changes are de-
tected by electron microscopy. Concurrent bacterial
infection can cause secondary ciliary dyskinesia, so
ciliary brushings should be obtained at least 4–6
weeks after resolution of a respiratory infection.

Structural Abnormalities of the Lung

A child who has recurrent pneumonia, especially if
all episodes occur in the same lobe, may have a
structural abnormality that predisposes to the de-
velopment of infection, such as congenital cystic
adenomatoid malformation or pulmonary seques-

tration (Chapter 8). These conditions are best diag-
nosed by fine cut computed tomography.

Transient Hypogammaglobulinemia of
Infancy (Transient
Hypogammaglobulinemia of Early
Childhood)11

Perhaps the most common of the usually symptom-
atic humoral immune deficiency syndromes, tran-
sient hypogammaglobulinemia of infancy may be
just an exaggeration and prolongation of the physi-
ologic gamma globulin nadir that all infants experi-
ence.12 These children are typically well during the
first 3–6 months of life, when passive antibody
from their mothers provides protection against
most common pathogens. As this pool of passive
antibody disappears, however, these patients begin
to experience recurrent respiratory tract infections.
Common cold syndrome and AOM are the most
common syndromes, but sinusitis, bronchiolitis,
and pneumonia may also occur. Recurrent gas-
troenteritis or “formula intolerance” has also been
described.12 Generally, babies with this syndrome
do not become infected with atypical pathogens,
nor do they experience severe or life-threatening
infections. In contrast to patients with X-linked
agammaglobulinemia (discussed in the following
text), patients with transient hypogammaglobuli-
nemia of infancy have normal levels of circulating
B cells and mount normal responses to diphtheria
and tetanus immunizations.13 Although IgG is the
principal antibody isotype affected, levels of other
antibodies may also be decreased. In one series of
40 patients, IgG levels were low in 30 (75%), IgA
levels were low in 17 (43%), and IgM levels were
low in 10 (25%). Physical examination should re-
veal the presence of lymphoid tissue, without lym-
phadenopathy. Immunoglobulin levels eventually
normalize; occasionally, patients will require IVIG
therapy for a few months to a year.12,14 In most
patients, immunoglobulin levels are normal by age
3 years, but in some they may be subnormal until
5 years.14 In a few, transient hypogammaglobuli-
nemia of infancy is a precursor of a persistent im-
munoglobulin problem, usually IgA deficiency.11

X-Linked Agammaglobulinemia (XLA,
Bruton’s Disease)

XLA is due to a B-cell maturational defect.15 It is
caused by a mutation in the gene encoding Bruton
tyrosine kinase (BTK), a cytoplasmic protein re-
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quired for the growth and development of B-cell
precursors. Without it, B-cells never become anti-
body-secreting cells; therefore, antibody is scant to
absent. Circulating B cells in the blood are similarly
missing. This disorder presents similarly to tran-
sient hypogammaglobulinemia of infancy, previ-
ously described, in that the first few months of life
are uneventful, attributable to passive maternal
antibody. Thereafter, the child develops frequent
sinopulmonary infections, mostly due to encapsu-
lated gram-positive organisms, especially S. pneu-
moniae. Most of these bacterial infections can be
readily treated with antibiotics; their frequency,
however, can lead to destructive processes in the
lungs and sinuses. Patients with agammaglobulin-
emia are also subject to severe or prolonged infec-
tions with nonenveloped viruses, especially the
enteroviruses. Chronic enteroviral meningitis is an
especially interesting syndrome seen almost exclu-
sively in patients with XLA.16 Progressive viremia
and paralytic poliomyelitis secondary to live attenu-
ated oral polio vaccine (no longer available in the
United States) has also been described in these pa-
tients. T-cell function is normal or nearly so. There-
fore, patients with this disorder do not suffer from
fungal infections or prolonged infection with enve-
loped viruses, such as respiratory syncytial virus
(RSV) or influenza virus. The gene defect for XLA
has been located to the X chromosome at position
Xq21.2-22. Carrier females are immunologically
normal. Physical examination of these children is
generally unremarkable except that lymphoid tissue
is scant. If a patient with a compatible clinical his-
tory has no visible tonsils and no palpable lymph
node enlargement, the diagnosis of XLA should be
strongly considered.

Common Variable Immunodeficiency
(CVID)

CVID is a complex and heterogeneous immune dys-
regulation syndrome characterized by hypogam-
maglobulinemia, recurrent bacterial infections, and
a variety of immunological abnormalities. In addi-
tion to recurrent infections (primarily upper and
lower respiratory infections), patients with this syn-
drome are also at increased risk for autoimmune
disease and malignancy.17 The incidence is approx-
imately 1 in 100,000. The exact genetic defect is
unknown, and it is likely that several different de-
fects can result in the CVID phenotype. CVID can
occur at any age; in most patients the disease does

not become clinically apparent until the second or
third decade of life. Its presentation can mimic that
of cystic fibrosis. Most cases are sporadic but some-
times there is a family history of CVID (or of selec-
tive IgA deficiency). Unlike patients with XLA, cir-
culating numbers of B cells are usually normal.
However, IgG, IgM, and IgA levels are all usually
decreased. In at least some cases of CVID, the fun-
damental immunologic abnormality is probably
due to a defect in T cell help.18

Like patients with XLA, patients with CVID ex-
perience recurrent infections (especially sinusitis,
otitis media, and pneumonia) with encapsulated or-
ganisms. Diarrhea, particularly due to Giardia, is
common. Persistent enteroviral meningitis has also
been described but is less common than in patients
with XLA.19 Some patients with CVID also develop
infections typical of patients with T-cell defects,
such as Pneumocystis pneumonia.

About 20% of patients with CVID develop an
autoimmune disease. Hemolytic anemia and im-
mune thrombocytopenic purpura are the two con-
ditions most commonly seen. Lymphoproliferation
occurs in about 30% of patients and is manifested
by adenopathy and splenomegaly. Some patients
develop malignant lymphoma.

Hyper-IgM Syndrome

Two boys with a clinical syndrome resembling that
of X-linked agammaglobulinemia who had grossly
elevated levels of IgM and low to absent IgG and
IgA were the first case reports of the syndrome now
called Hyper-IgM syndrome. Subsequently, female
cases were also reported. The phenotype is similar
to that of XLA, except that patients with Hyper-
IgM syndrome are also prone to some opportunistic
infections, especially Pneumocystis jiroveci pneumo-
nia. Patients with this syndrome also have a high
incidence of autoimmune hematologic problems,
including hemolytic anemia, thrombocytopenic
purpura, and, especially, neutropenia. The disorder
is caused by the inability to “class switch.” Resting B
cells express IgM; antigenic stimulation, therefore,
produces IgM first. In order to produce IgG or IgA,
class switching must take place. In the absence of
the ability to class switch, IgM levels become ele-
vated. Although most patients have very elevated
total IgM levels (more than 1,000 mg/dL), some
patients have levels in the normal range. IgG levels
are usually less than 150 mg/dL and IgA is not de-
tectable. Class switching requires two signals, one
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of which is the interaction of CD40 (expressed on
B cells) and CD154 (CD40 ligand, expressed on T
cells). Patients with the X-linked form of Hyper-
IgM syndrome are incapable of producing func-
tional CD154. This defect can be detected in
utero.20 Patients with the less common autosomal
recessive variant have a different genotype. In these
patients, class switching does not take place, despite
appropriate cross-linking of CD40, suggesting a
downstream signaling defect.21

Selective IgA Deficiency

IgA is the most plentiful immunoglobulin in the
body. Much of it is locally produced and secreted,
and the presence of specific IgA on mucosal surfaces
has been shown to be protective against a variety
of infections that begin with replication at those
sites. These two facts, taken together, would suggest
that IgA deficiency would predispose to frequent
and severe infections of the respiratory and gastro-
intestinal tracts. However, most people with IgA
deficiency do not know they are IgA deficient, as
they are entirely asymptomatic.22 It has been esti-
mated that from 1 in 300 to 1 in 700 individuals
lacks appreciable IgA, which makes IgA deficiency
the most common immunoglobulin deficiency.

IgG subclass Deficiency

IgG can be divided into four different subclasses.
Some people have a deficiency of one or more of
these subclasses, sometimes even in the face of a
normal total IgG. There is considerable controversy
regarding the role of IgG subclass deficiency in pa-
tients with frequent sinopulmonary infections. Pa-
tients with frequent, nonsevere infections who have
deficiencies of one or more of the IgG subclasses
have certainly been described. However, subclass
deficiencies can also be found in healthy control
subjects, particularly children in the first 4 years of
life.

The fundamental question is whether there is a
difference in the function of the different IgG sub-
classes; if there is not, then as long as total IgG
levels are normal, subclass deficiency would not
be expected to cause any problems. When subclass
deficiencies were first described, there were reports
that IgG2 was more important in the response to
polysaccharide antigens. A failure to respond well
to polysaccharide antigens would certainly predis-
pose one to the type of infections generally seen in
antibody-deficient patients. However, this was an

in vitro finding, and it was not supported by subse-
quent in vivo experiments. Many papers describing
frequent and severe infections in patients who have
a combination of IgA deficiency and IgG subclass
deficiency have been published.23,24 Despite this,
it is not clear how much of the problem stems from
the IgA deficiency, and how much, if any, is attrib-
utable to the associated IgG subclass deficiency. It
is probably fair to say that IgG subclass deficiency
by itself is rarely a cause of significant recurrent
infectious problems. A small percentage of patients
with IgG subclass deficiency later go on to develop
common variable immunodeficiency. In addition,
in some families, one individual will have selective
IgA deficiency, another will have IgG subclass defi-
ciency, and yet another will develop CVID. Thus,
these conditions may represent a spectrum of ab-
normalities of B-cell maturation.

One expert has suggested the following criteria
for diagnosis of clinically significant IgG subclass
deficiency: (a) a history of recurrent bacterial infec-
tions, primarily respiratory; (b) impaired response
to immunization with protein and/or polysaccha-
ride antigens; (c) significant reductions in serum
concentrations of one or more IgG subclasses; and
(d) age 4 years or older.25

Failure to Respond to Polysaccharide
Antigens

Antibodies to protein antigens and antibodies to
polysaccharide antigens are made through different
pathways. Antibodies to polysaccharides are made
by thymus-independent (T-independent) path-
ways. These pathways are generally not well devel-
oped in children until about the age 2 years. This
explains why babies do not make good responses
to polysaccharide vaccines (like the 23-valent poly-
saccharide pneumococcal vaccine or the quadriva-
lent meningococcal vaccine). Some patients never
really fully develop the ability to mount responses
to polysaccharide antigens.26 These patients may be
plagued by recurrent infections with encapsulated
bacteria, especially S. pneumoniae. Their immuno-
globulin levels may be normal, and IgG subclasses
may also be normal, although low levels of IgG2
are not uncommon.

Human Immunodeficiency Virus infection
(HIV)

Although recurrent respiratory tract infections is
not the usual presentation of children with un-
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treated HIV infection, the mother’s HIV status
should be ascertained in all children with frequent
infections, and the child should be tested for HIV
antibody if the mother’s status is unknown.

Early Complement Component Deficiency

Complement deficiencies are considerably less
common than immunoglobulin deficiencies. Defi-
ciency of one of the early components (especially
C1q), however, closely resembles immunoglobulin
deficiency. These patients generally suffer recurrent
sinopulmonary infections with encapsulated bacte-
ria (S. pneumoniae is the most common pathogen).27

As a secondary effect, serum IgG may be decreased;
IgG2 and IgG4 are almost always low.28

Patients with C3 deficiency are generally more
severely affected and suffer more frequent recur-
rences of infection. They are also more likely to
have systemic infections such as bacteremia or men-
ingitis. About 80% of these children also develop
autoimmune disorders.27

■ EVALUATION

Evaluation of the immune system should be under-
taken when the child exceeds the expected number,
type, or severity of infections. Often, the history
and physical examination alone will strongly sug-
gest that the child’s immune system is normal; in
that case, reassurance should be provided. The fol-
lowing are elements that may be included when a
work-up seems indicated.

Evaluation Elements

Complete Blood Count (CBC)

Though nonspecific, much useful information can
be obtained from the CBC, including the presence
or absence of anemia, neutropenia, neutrophilia,
eosinophilia, and lymphopenia.

Peripheral Blood Smear

The presence of Howell-Jolly bodies suggests func-
tional or anatomic asplenia.

Immunoglobulin Levels

Most laboratories are able to provide total immuno-
globulin levels in a reasonable amount of time. Gen-
erally, IgG, IgA, and IgM levels are reported unless
others are specified. When hyper-IgE syndrome

(discussed later) is suspected, it is advisable to ask
for IgE levels as well. It is not necessary to ask for
IgG subclass levels on a routine basis. Immunoglob-
ulin levels do not provide information about the
production of specific immunity, but this is still a
reasonable first screening test.

Specific Antibody Titers

It is often useful to know whether the patient is
able to mount an antibody response to an antigen
to which he or she is known to be exposed. Most
patients have had some immunizations; therefore,
antibody levels against one or more of these immu-
nogens can be obtained. Antitetanus and antidiph-
theria antibody titers are commercially available.
These antibodies are of the T-dependent type. To
test T-independent responses, one can administer
the 23-valent polysaccharide pneumococcal vac-
cine and measure the type-specific antibody re-
sponse 1 month later. Ideally, prevaccination and
postvaccination titers are measured simultaneously.
If the child has previously received the 7-valent
conjugated pneumococcal vaccine, one cannot as-
cribe a response to those 7 serotypes (4, 6, 9, 14, 18,
19, and 23) as indicative of a functional response to
polysaccharide antigens. Also, recall that children
younger than about 2 years are expected to have a
very poor immune response to polysaccharide anti-
gens, no matter how they are tested.

If the child has a protective antibody titer to teta-
nus but a low titer to diphtheria, the child should
be given a booster vaccine, and the level rechecked
in 2–3 weeks. If it boosts into the normal range, the
patient is able to mount appropriate T-dependent
antibody responses.

HIV Antibody

Unless it can be specifically proven that the child
could not possibly have HIV infection, HIV anti-
body titer should be obtained as part of the workup
of any child with frequent, recurrent, or recalcitrant
infections. Infection with an opportunistic patho-
gen is even more suggestive of the possibility of HIV
infection.

Sweat Chloride Measurement

A sweat chloride is a simple screening test for cystic
fibrosis. The test results are reliable when it is per-
formed at a site with considerable experience.
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Patients with suspected CF should be referred to
such a site to obtain the test.

Examination of Ciliary Structure and
Function

If more common causes of recurrent respiratory in-
fections have been ruled out, an ENT (ear, nose
and throat) physician can be consulted to perform
a ciliary biopsy.

Lung Imaging

A chest radiograph should be obtained to look for
evidence of chronic lung disease or bronchiectasis.
If the patient has a suspected anatomic abnormality
or foreign body, a fine-cut chest CT (computed to-
mography) should be obtained.

CH50 (Total Hemolytic Complement)

A CH50 is a reasonable screening test for patients
in whom early complement component deficiency
is suspected.

Asthma and Allergy Testing

If suspected based on history and physical examina-
tion, pulmonary function testing in children more
than 6 years old or a trial of bronchodilator therapy
(children younger than 6 years) should be consid-
ered. Referral to an allergist for skin testing may be
indicated if the child has symptoms suggestive of
allergies (such as sneezing, itching, or a prominent
seasonal component).

■ MANAGEMENT

Because the infections are not severe, patients with
transient hypogammaglobulinemia of infancy usu-
ally do not require intravenous immunoglobulin re-
placement therapy (IVIG). They can be followed
every 3–6 months for serial evaluation of their im-
munoglobulin status. Recovery of serum levels to
normal usually occurs spontaneously sometime be-
fore the second birthday. The prognosis is excellent.

As patients with XLA are incapable of mounting
antibody responses, standard vaccines need not be
given. Lifetime replacement with IVIG is required.
With IVIG replacement, many patients are able to
lead essentially normal lives.

Unlike XLA, not all patients with CVID require
monthly IVIG infusions. The decision to treat pa-

tients with IVIG should be based on measurement
of the patient’s functional antibody response and
on the frequency and severity of recurrent infec-
tions. For patients in whom IVIG is indicated,
200–400 mg/kg is given every 3–4 weeks to main-
tain trough serum levels of IgG greater than 400
mg/dL.29

Treatment of Hyper-IgM syndrome with IVIG
corrects the immune deficiency and usually also
corrects neutropenia, if it is present. Some patients
may require G-CSF as well.

One must be careful about the use of IVIG as a
“diagnostic trial” in the patient with recurrent infec-
tions and IgG subclass deficiency. IVIG provides
very effective passive immunity to many of the
pathogens normally encountered in the first few
years of life. For example, boys with XLA who are
placed on monthly IVIG in the first few months of
life have far fewer than the 6–8 colds per year that
the normal child experiences.25 This same benefit
is obtained in healthy children, for whom this inter-
vention is obviously not indicated.

IVIG is contraindicated in patients with selective
IgA deficiency. These patients have IgE antibodies
to IgA. Thus, minor amounts of IgA in IVIG can
lead to fatal anaphylaxis.30

In most instances, prophylactic antibiotics are
not indicated for these conditions. However, diag-
nosis of infections should be pursued aggressively,
including the identification of the responsible or-
ganism. For severe immunodeficiency syndromes
in this category (e.g., XLA, hyper-IgM syndrome),
treatment often requires administration of intrave-
nous antibiotics, at least initially. In addition, infec-
tions should generally be treated longer than in im-
munocompetent hosts.

■ RECURRENT ABSCESSES,
FURUNCLES, BOILS, OR
LYMPHADENITIS

Some children present for medical care because of
superficial skin abscesses. Most of these are caused
by S. aureus infection. It is not uncommon for a
child with a normal immune system to develop a
staphylococcal skin or lymph node infection. If
these respond to drainage and antibiotic therapy
and do not return, no further evaluation is neces-
sary. However, some patients develop abscesses on
a recurrent basis, deep-seated or solid organ ab-
scesses, or develop abscesses that are recalcitrant to
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therapy. This may raise some concern about im-
mune function.

Diagnostic Possibilities in Children
with Recurrent Abscesses

Normal Child

Occasionally, a normal child will be plagued with
recurrent furunculosis. Most of the time, these pa-
tients are preschoolers or teenagers. Abscesses may
develop at any location, but they are always fairly
superficial. They may occur in crops or singly.
When the abscesses are drained and cultured, they
are always staphylococcal. The isolates may be
either methicillin sensitive or methicillin resistant.
They always respond to drainage and antibiotic
therapy. The period of time between recurrences
varies. The physical examination is entirely normal
except for the abscess(es).

Children with recurrent furunculosis are almost
always nasal carriers of staphylococci. The patho-
genesis involves recurrent self-inoculation with the
organisms that reside in the nasopharynx. Therapy
consists of an attempt to break the cycle of recur-
rences by (i) eradicating the nasal carriage of staph-
ylococci, and (ii) keeping the skin and fingers as
clean as possible.

Most patients who present with recurrent furun-
culosis are immunologically normal. In the absence
of any other finding, treating the patient with drugs
that eradicate carriage and providing education
about the pathophysiology of the abscesses is
enough to eradicate the condition (Chapter 17).

Hyper IgE Syndrome (Job Syndrome, Job-
Buckley Syndrome)

Hyper IgE syndrome is now known to be a systemic
disease, of which immune deficiency is one mani-
festation. Affected patients typically suffer from
moderate to severe atopic dermatitis and recurrent
staphylococcal skin abscesses. The facies is often
described as coarse. They may also develop pneu-
monia with pneumatocele or abscess formation.
Serum immunoglobulin E levels are extremely ele-
vated (usually greater than 2,000 IU/mL), but tend
to decrease over time.

In one series of 30 patients with hyper IgE syn-
drome, all patients over the age of 8 years had sys-
temic manifestations, principally of the teeth and
bones.31 Three-quarters had failure or delay of pri-
mary tooth shedding, presumably due to lack of

root resorption. More than half had recurrent long-
bone fractures, about 70% had hyperextensible
joints, and by the age of 16 years, 75% had scoliosis.

The syndrome is inherited in an autosomal dom-
inant fashion with variable penetrance.31 The gene
has been linked to the proximal part of chromo-
some 4q.32 The actual immunologic defect is de-
creased neutrophil chemotaxis, and probably a
TH1/TH2 imbalance due to impaired production
of interferon-gamma.33 Some patients develop T-
cell lymphomas.34 Cases of fungal lung abscess and
cryptococcal meningitis in patients with Hyper-IgE
have been reported.35,36 Treatment is with antista-
phylococcal antibiotics and sometimes with intrave-
nous immune globulin.37 Bone marrow transplant
is not helpful.38

Chronic Granulomatous Disease (CGD)

CGD is a rare disorder in which leukocytes are able
to ingest microbes but not are not able to adequately
kill them once they are ingested. The problem stems
from defects in any of the four subunits of NADPH
oxidase, pivotal in forming reactive oxygen species
used for killing. About 70% of affected individuals
have the X-linked form, which tends to be the most
severe. The remaining forms are autosomal reces-
sive.

Patients with CGD tend to have recurrent and
recalcitrant infections with catalase-positive organ-
isms. Specifically, infections with S. aureus, Serratia
marcescens, Burkholderia cepacia, Aspergillus spp,
and Nocardia spp are troublesome. Abscesses of the
liver, lungs, or other organs often occur, and must
be approached aggressively with prompt surgical
drainage and intravenous antibiotics. Bone infec-
tions in patients with CGD tend to be caused by
Serratia marcescens. Signs and symptoms of serious
infections may be subtle or appear late, so vigilance
is required. In one series of 61 hepatic abscesses in
22 patients, 29 (48%) of them were recurrent, and
20 (33%) were persistent. Fever was the predomi-
nant presenting complaint. The erythrocyte sedi-
mentation rate was increased in almost all.39 Al-
though the surgical complication rate was 56%,
surgery plus antibiotic therapy eradicated all the
infections. Eighty-eight percent of surgical aspirates
grew S. aureus in culture.39 Patients may develop
granulomas in the gastrointestinal or genitourinary
tracts, leading to symptoms of obstruction. The di-
agnosis is suspected in patients who present with
frequent severe infection or with specific infections
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that would be rare in those without CGD, namely,
staphylococcal abscesses of organs or soft tissues
at an early age, Serratia osteomyelitis at any age,
pulmonary or disseminated nocardiosis, or invasive
aspergillus infection. The nitroblue tetrazolium
(NBT) test is used to screen for CGD and flow cy-
tometry is used for confirmation.

Daily trimethoprim-sulfamethoxazole (TMP-
SMX) reduces the incidence of severe bacterial in-
fection without altering the risk for fungal infec-
tion.40 Fungal infections can be reduced by giving
itraconazole.41 Liquid formulations are better ab-
sorbed than the pill form. Most experts also feel
that interferon-gamma helps to reduce the number
of invasive bacterial infections.42

Bone marrow transplant has been fraught with
difficulty and bad outcomes. Some have reported
good success rates using myeloablative bone mar-
row transplant with haploidentical sibling donors;
43 others have used nonmyeloablative transplants
using T-cell depleted allografts.44 Gene therapy has
been only transiently successful in the research set-
ting and is not used.

Hyper-IgM Syndrome

This syndrome, previously discussed, is sometimes
accompanied by frequent abscess formation.

Evaluation of the Child with Recurrent
Abscesses

Serum Immunoglobulins

Patients with hyper IgE syndrome usually have ex-
tremely elevated levels of IgE, almost always greater
than 2,000 IU/mL. Most patients with hyper IgM
syndrome have elevated levels of IgM and depressed
levels of IgA and IgG.

Nitroblue Tetrazolium Test

This test is performed by placing a yellow dye in
contact with the patient’s phagocytic cells in the
laboratory. In normal persons, the presence of oxy-
gen radicals turns the dye blue, whereas cells from
patients with CGD are unable to reduce the dye.
Results are reported as percent activity, as some
patients with CGD retain some activity. Female car-
riers of the disease have approximately 50% of nor-
mal activity, but are not clinically symptomatic. Al-
though a useful screening test, both false positives
and false negatives occur. If the NBT test is negative

and CGD is strongly suspected, a direct test of neu-
trophil oxidative burst using flow cytometric meth-
ods should be performed.45

Management

The management of the immunologically normal
child with recurrent furunculosis is discussed in the
previous text, and in more detail in Chapter 17.
Patients with hyper-IgE syndrome or CGD should
be referred to subspecialists in infectious diseases
and immunology, as their care is complex. Those
with hyper-IgE syndrome need monthly immuno-
globulin therapy. Those with CGD may receive
TMP-SMX, itraconazole, and possibly injections of
interferon gamma.

Infection with Fungi or Other
Opportunistic Pathogens

Patients who develop infections with organisms
that possess little inherent virulence almost always
have some disorder of the immune system. In pa-
tients with severe immunodeficiency states, eradi-
cation of these infections can be difficult. People
with T-cell defects (cellular immune deficiencies)
have difficulty eradicating viral infections, espe-
cially those caused by enveloped viruses (RSV, in-
fluenza, parainfluenza, herpes group viruses, and
the like). They also have problems controlling fun-
gal infections, and may present with persistent or
aggressive thrush, or skin or pulmonary fungal in-
fections. There are several patterns of infection that
can be seen. These will be discussed separately al-
though there may be considerable overlap in how
patients present.

Early-onset Fulminant Pneumocystis
jiroveci (formerly carinii) Pneumonia
(PCP)

Pneumocystis jiroveci is everywhere in the environ-
ment. Typically, infection with PCP does not cause
any symptoms because it is rapidly eliminated by
the immune system. Patients with severe immune
deficiency states may become very sick from PCP
during the first few months of life. They present to
the hospital hypoxic and in florid respiratory dis-
tress. Many require mechanical ventilation and ag-
gressive supportive care.
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Diagnostic Possibilities in the Child
with Early-Onset Fulminant PCP

Severe Combined Immunodeficiency (SCID)

SCID is the appellation given to a genetically heter-
ogenous group of disorders that have in common
severe impairment of both the cellular and humoral
arms of the immune system. The incidence is esti-
mated to range from 1 in 50,000 to 1 in 500,000
births.46 The most common cause in the United
States is deficiency of the common gamma chain
of the interleukin-2 receptor. This results from a
mutation in the gene for the common gamma chain,
which is located on the X chromosome, and ac-
counts for almost half of all cases.46 The protein
in question is called the “common gamma chain”
because it is common to cell-surface receptors of
five different interleukin molecules, explaining why
its functional absence results is severe deficiency in
B cells, T cells, and natural killer cells.47 The next
most common form is autosomal recessive SCID,
seen in about a fifth of patients. Adenosine deami-
nase (ADA) deficiency, one of the earliest described
causes of the syndrome, accounts for about 15%.

Despite the variety of causes, all share in com-
mon a profound inability to fight off infections. The
absolute lymphocyte count is low in nearly all cases.
Levels of serum immunoglobulins are low (due to
placental transfer) or absent. Lymph nodes, tonsils,
and thymic tissue are scant or absent. Patients often
have a history of poor growth and/or persistent
diarrhea before presenting with fulminant PCP.
In addition to PCP, babies with SCID can suffer
life-threatening infections with varicella, RSV, ade-
novirus, parainfluenza viruses, CMV (cytomegalo-
virus), EBV (Epstein-Barr virus), or fungi. Babies
from other countries may have disseminated
infection with BCG (the live-attenuated tubercu-
losis vaccine). The mean age at diagnosis is 6
months.46 SCID is uniformly fatal during infancy
or early childhood if not treated with bone marrow
transplant.

AIDS

Early-onset fulminant PCP was once a fairly com-
mon way for a baby infected with HIV to come to
medical attention. Fortunately, this presentation is
becoming quite scarce, thanks to the institution of
universal screening of pregnant women for anti-
body to HIV and careful follow-up of their babies.
Those who are found to be HIV infected are placed

on TMP-SMX until the age of 1 year, regardless of
CD4 cell count, because in babies the CD4 cell
count is not predictive of who is at-risk for severe
PCP. Occasionally, a woman without prenatal care
will deliver a baby who develops fulminant PCP.

■ EVALUATION

Methods

Complete Blood Count

Most babies with SCID have a decreased absolute
lymphocyte count (ALC). Lymphopenia in an in-
fant should never be ignored, even if it is detected
incidentally. The mean ALC in a 6-month-old is
6,500/mcL and the lower limit of normal is 4,000/
mcL. For a 2-month-old, the corresponding values
are 6,000/mcL and 3,000/mcL, respectively.48

About 5% of infants with SCID have normal or
elevated lymphocyte counts, presumably from
transplacental passage and subsequent expansion.46

HIV Antibody

HIV should be ruled out in any patient with early-
onset PCP, as HIV infection is many times more
common than SCID.

Serum Immunoglobulins

Serum immunoglobulins will be low in babies with
SCID. However, most infants will have some pas-
sively acquired IgG if tested in the first 6 months
of life.

■ TREATMENT

The patient should be admitted to an intensive care
unit, and if PCP is suspected, therapy with intrave-
nous TMP-SMX be started. An intensivist, an infec-
tious disease specialist, and an immunologist
should be involved in the child’s care. Getting the
baby through the acute episode is the primary con-
cern, and then making a diagnosis. If SCID is
strongly suspected by the presentation and labora-
tory values, arrangements for transfer to a center
experienced in pediatric bone marrow transplant
should be made. A pediatric infectious diseases spe-
cialist can manage the child with AIDS. In either
case, prophylactic TMP-SMX should be given. The
child with SCID will probably require IVIG prior to
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transfer. Patients with SCID should not receiveany
vaccines (they will not respond to inactivated vac-
cines and they can develop fatal infections from
live-attenuated ones).

■ CANDIDIASIS (PERSISTENT THRUSH;
ESOPHAGEAL OR
TRACHEOBRONCHIAL CANDIDIASIS;
PERSISTENT SKIN AND MUCOUS
MEMBRANE CANDIDIASIS)

Infants less than 6 months of age often suffer from
oral candidiasis (thrush), and it may be difficult to
eradicate, even in the absence of immune defi-
ciency. These babies may be frequently reinocu-
lated with the organism via bottles, pacifiers, or
even the breast-feeding mother’s nipples. Thrush
after the age of 6 months is uncommon and should
make the clinician suspect immunodeficiency. Can-
didiasis of the esophagus or tracheobronchial tree
is suggestive of severe T-cell immunodeficiency at
any age. Chronic fungal infection of the nails does
not necessarily imply immunodeficiency, but when
multiple nails, the skin, and the mucous mem-
branes are involved it is suggestive of chronic muco-
cutaneous candidiasis, discussed in the following
text.

Diagnostic Possibilities in the Child
with Candidiasis

Severe Combined Immunodeficiency (SCID)

Discussed earlier.

22q11.2 Deletion Syndrome (DiGeorge
Syndrome, Velocardiofacial Syndrome,
Conotruncal Anomaly Face Syndrome
[Takao Syndrome] )

Microdeletion of a portion of the 22q11.2 gene pro-
duces a variety of abnormalities of tissues derived
from the third and fourth pharyngeal pouch tissues,
including the cardiac outflow tract, thymus, and
parathyroid gland. These abnormalities are now re-
ferred to as 22q11 deletion syndrome. Complete
DiGeorge syndrome is the most serious in terms of
immunologic deficits, as these patients lack T-cell
activity. Despite the serious nature of the immune
problem, patients usually present with other prob-
lems associated with this phenotype, such as with
seizures or tetany from hypocalcemia, or in florid
congestive heart failure from an interrupted aortic

arch. The complete DiGeorge syndrome also in-
cludes a typical facies, with short palpebral fissures,
a short philtrum and small mouth, and sometimes
micrognathia. Cleft or high-arched palate may also
be seen. Learning and speech delays, feeding prob-
lems with growth failure, and musculoskeletal de-
fects are common but lesser known; long-term neu-
rological problems are rare but have been
described.49 Growth is usually poor in the first years
of life, but obesity is common in those who survive
to adolescence.50

The degree of impairment of cellular immunity
varies greatly. In some cases, although decreased
T-cell counts are usually found in the peripheral
blood, functional cellular immunity is preserved.51

Additionally, T-cell immunity usually improves
over time.52

Although classically thought of as a pure cellular
immunodeficiency, some patients may have con-
comitant humoral shortcomings. In one cohort of
32 patients with 22q11 deletion syndrome, 26
(81%) had recurrent infections, and of those, half
had abnormal serum immunoglobulin levels and
just over half had blunted humoral response to
pneumococcal polysaccharide vaccination.53 The
phenotype of 22q11 deletion syndrome varies
widely, even in patients with identical genotypes.
Monozygotic twins may be variously affected, for
example.54 The genetic abnormality may arise de
novo, or the genotype (but not phenotype) may
be inherited in an autosomal dominant fashion.55

Asymptomatic close relatives may also harbor the
genetic aberration.56

The diagnosis should be suspected in any patient
with dysmorphic features, cardiac outflow tract de-
fect, and recurrent infections. The diagnosis is es-
tablished by fluorescent in situ hybridization
(FISH). Treatment of the immune defect is primar-
ily supportive. Patients with less than 15% CD4
cells/mcL and those with functional T-cell abnor-
malities should receive Pneumocystis prophylaxis
with TMP-SMX.57

One group of researchers restored T-cell func-
tion by transplanting thymic tissue into the muscles
of the thigh.58 This technique is still experimental
at this time.

HIV/AIDS

Discussed above, and in chapter 20.

Hyper-IgE Syndrome

In one review, 25 (83%) of 30 patients with hyper-
IgE syndrome (previously described) also had
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chronic candidiasis of the mucous membranes and
nails.31

Chronic Mucocutaneous Candidiasis (CMC).

CMC is the name given to a heterogeneous group
of disorders that share in common the predilection
toward chronic, recurrent, or recalcitrant candidia-
sis of the mucous membranes, skin, and/or nails.
Invasive candidiasis is rare. There are at least five
clinically distinct forms of importance in pediatrics:
(a) chronic oral candidiasis; (b) familial chronic
mucocutaneous candidiasis, which has its onset by
age 2 years and is seen mostly in families with con-
sanguinity; (c) autoimmune polyendocrinopathy-
candidiasis-ectodermal dystrophy, discussed in the
following text; (d) chronic localized candidiasis, in
which patients develop exuberant lesions com-
monly called “candidal granulomas” or “cutaneous
horns;” and (e) candidiasis with chronic keratitis,
which is autosomal dominantly inherited and often
associated with alopecia areata or totalis.59 A sixth
form, called CMC with thymoma, is only seen in
older adults. The autoimmune polyendocrinopathy
form deserves special mention. It is an autosomal
recessive disease and has been linked to chromo-
some 21.60 Most patients eventually develop disor-
ders of two or more endocrine glands, the most
commonly affected being the parathyroid, the adre-
nal, and the ovaries.61 The usual presenting symp-
toms are recalcitrant thrush and candidal diaper
dermatitis, and the endocrinopathy may not de-
velop until adulthood. Therefore, yearly endocrine
evaluations are recommended for patients with
CMC. These patients may also develop alopecia.

Accompanying disorders are seen in many pa-
tients with CMC. Approximately two-thirds of pa-
tients have enamel dysplasia, 50% have dystrophy
of the nails, 25% have alopecia, 20% have malab-
sorption, and 10% have autoimmune hepatitis, ker-
atoconjunctivitis, or vitiligo.59 For most patients,
the immune defect is specific for species of candida.
In the typical case, their T-cells are unable either
to proliferate properly or to produce appropriate
cytokines in response to stimulation with candidal
antigens.59 Some patients have features overlapping
with common variable immunodeficiency. TH1-
type cytokine responses (especially interleukin-2)
are most likely to be aberrant;62 these cytokines are
critical to cytotoxic T-cell responses, so important
in immunity to fungi.

The diagnosis is clinical. The patient’s T-cell re-

sponses to common mitogens and to candidal anti-
gens can be tested at some referral laboratories.
Treatment is with antifungal agents. Because anti-
fungals do not correct the underlying immune de-
fect, recurrence of the clinical problem after cessa-
tion of therapy is common.

Myeloperoxidase Deficiency

Myeloperoxidase is the principal component of
azurophilic granules. Its deficiency is the most com-
mon genetic disorder of neutrophils.63 Thankfully,
most people with myeloperoxidase deficiency are
entirely asymptomatic. The exception is when pa-
tients with myeloperoxidase deficiency also have
other chronic conditions, most commonly diabetes
mellitus. These patients are prone to disseminated
candidiasis.64 The diagnosis of myeloperoxidase
deficiency should be considered in patients with
diabetes mellitus who develop invasive candidiasis.
The diagnosis is established by peroxidase staining
on peripheral blood.

Evaluation of the Child with Invasive
or Persistent Candidiasis

Careful history and physical examination must be
performed, with special attention to associated fea-
tures of the above disorders, as described. The pa-
tient should be tested for antibody to HIV by ELISA.
Other testing depends upon the specifics of the
clinical situation, as described in the individual
sections.

Treatment

Oral or intravenous fluconazole, or intravenous am-
photericin B may be indicated, depending upon the
severity and distribution of the candidal infection.
Fungal cultures and susceptibility testing are indi-
cated. Treatment aimed at eliminating or abrogating
the underlying cause may be required, depending
upon the predisposing condition. Consultation
with an expert in pediatric infectious diseases or an
immunologist is usually advisable.

■ RECURRENT INVASIVE NEISSERIAL
INFECTION

More than one episode of invasive neisserial infec-
tion (whether meningococcal or gonococcal) is
highly suspicious for the presence of either a late
component complement defect (LCCD) (especially
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C6, C7, or C8 deficiency) or an alternative compo-
nent defect (virtually always properdin deficiency).
Patients with late complement deficiencies cannot
form the membrane attack complex (MAC) needed
to lyse Neisseria spp. Two-thirds of all patients with
late complement component deficiencies suffer at
least one meningococcal infection, and about half
have recurrent disease. Recurrent infection is less
common with C9 or properdin deficiencies.

There are several features of meningococcal dis-
ease that differ between patients with and without
late complement component defects. In the normal
host, the average age at the time of infection is 3
years, and more than 50% of all infections occur
prior to age 5 years. In the patient with LCCD, the
average age at time of first infection is between 14
and 17 years. Patients with LCCD tend to be in-
fected with less common serogroups such as Y and
W-135. They sometimes develop invasive infection
with “nonpathogenic” species of Neisseria, such as
N. lactamica and N. subflava. Both recurrence and
relapse (defined as recurrent symptoms within 1
month caused by the same serotype) are much more
common in those with LCCD. Interestingly, pa-
tients with LCCD tend to be less sick during menin-
gococcal infection than do immune competent
hosts, and the mortality rate is 10 times lower. (ref-
erence)

Assaying for complement deficiency with CH50
is a low-yield, but relatively cheap and important
intervention in patients with invasive meningococ-
cal or gonococcal disease. Certainly, older patients
with unusual serogroups merit the test. Some ex-
perts advise testing all patients. Patients proven to
have complement deficiency can have the risk of
repeat meningococcal disease decreased consider-
ably by meningococcal vaccination.65

■ IMMUNODEFICIENCY SYNDROMES
IN WHICH ASSOCIATED FINDINGS
MAY DOMINATE THE CLINICAL
PICTURE

22q11.2 Deletion Ssyndrome

Described in detail above, in the section on oppor-
tunistic infections.

Wiskott-Aldrich Syndrome (WAS)

WAS is an X-linked disorder marked by moderate
to severe eczema, thrombocytopenia, and variable
immunodeficiency. It is caused by mutations in the

gene encoding the Wiskott-Aldrich Syndrome Pro-
tein (WASP). WASP is important to actin polymer-
ization and thus to the cytoskeleton of hematopoi-
etic cells. Immunologic events depend on actin
reorganization in response to signals that come
from the cell surface through the T-cell receptor
and Fc-gamma receptors.66 The genotype is vari-
able. Carrier females are almost never affected. The
phenotype of WAS varies as well; cases that were
originally called X-linked thrombocytopenia have
been reclassified as WAS based on information from
molecular diagnostic tests.67 In addition to immu-
nodeficiency, patients with WAS are prone to hav-
ing autoimmune conditions or IgA nephropathy.68

They also have an increased incidence of hemato-
poietic cancers.68

The diagnosis of WAS should be entertained in
male patients with refractory thrombocytopenia,
with or without eczema and recurrent infection.
The diagnosis can be established by protein tech-
niques (immunoblots) or by flow cytometry. Prena-
tal diagnosis by PCR (polymerase chain reaction)
is now possible.69 Treatment is with bone marrow
transplantation. Obtaining marrow from a hap-
loidentical sibling produces the best results, al-
though unrelated donor marrow leads to approxi-
mately the same outcome provided the transplant
is performed prior to age 5 years.70 Small series
of patients with severe T-cell defects treated with
umbilical cord blood stem cells have shown promis-
ing results.71 In vitro, transfection of cell lines by
a retrovirus that expresses the WASP gene fully re-
stores function,72 suggesting a possible future role
for gene therapy.

Ataxia-Telangiectasia

As the name implies, this disorder causes ataxia and
conjunctival telangiectasias, along with a variable
degree of immunodeficiency, usually manifest as
recurrent sinopulmonary infections. The disease is
due to an autosomal recessive defect in the Ataxia-
Telangiectasia Mutant (ATM) gene, which is impor-
tant in repairing oxidative and irradiative damage
to DNA.73,74 For this reason, patients with ataxia-
telangiectasia are also subject to an increased risk
of cancers, especially breast cancer in females.75,76

Cases of unusual tumors, including EBV-driven
leiomyosarcomas, such as those seen in children
with HIV, have been reported.77 Immunologic test-
ing in these patients shows a decreased number of
naı̈ve CD4 and CD8 T-lymphocytes,78 reflecting re-
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stricted diversity of both the B- and T-cell reper-
toires.79

B-cell receptor signaling is normal,80 and termi-
nal differentiation into effector cells is likewise nor-
mal. About 50–80% have selective IgA defi-
ciency.79

The diagnosis is made clinically. Patients may
have elevated serum alpha-fetoprotein levels.81 In
vitro colony survival assay in response to irradiation
can be helpful in establishing the diagnosis. Less
than 21% of the cells from patients with ataxia-
telangiectasia survive irradiation, versus greater
than 36% of cells from unaffected controls.82

Chediak-Higashi Syndrome

This is a rare autosomal recessive disorder in which
malfunction of secretory lysosomes results in partial
oculocutaneous albinism, hematologic abnormali-
ties, immune suppression, and, often, a progressive
debilitating peripheral neuropathy caused by axo-
nal dysfunction. The genetic cause is a mutation of
the LYST gene, which is important in lysosomal
trafficking. Patients usually suffer recurrent bacte-
rial infections. Immunologic defects include im-
paired chemotaxis and decreased natural killer cell
function.83 In vitro, cells from patients with Ched-
iak-Higashi syndrome do not produce as much my-
eloperoxidase as do control cells,84 which suggests
decreased white blood cell killing. There appear to
be multiple forms of the disease, all with differing
severities; genotype predicts phenotype.85 The ma-
jority of affected patients, however, have the severe
form, which may follow a biphasic course because
many patients enter into an “accelerated phase,”
caused by nonmalignant lymphohistiocytic infiltra-
tion of multiple organs,86 leading to repeated infec-
tions and bleeding complications, often ending in
death.87 Bone marrow transplantation restores im-
mune function, but, unfortunately, does not seem
to change the neurological outcome.88

Leukocyte Adhesion Deficiency (LAD)

LAD (type I) is an autosomal recessive disorder
caused by mutations in the CD18 gene, which en-
codes the beta subunit of a number of different cell
surface integrins.89 Integrins are adhesion mole-
cules on white blood cells that enable them to ad-
here to endothelial cell surfaces, which they must
do in order to leave the circulation and migrate to
sites of infection. This inability of the white blood
cells to travel to sites of trauma or infection leads

to several predictable clinical features of the disease:
(i) delayed umbilical cord separation with or with-
out omphalitis; (ii) poor wound healing; (iii) de-
creased pus formation; (iv) elevated peripheral
blood white cell counts; and (v) recurrent bacterial
and fungal infections of skin and mucous mem-
branes.90 Varying severities have been described. In
some cases, deeper infections such as pneumonia,
sinusitis, or mastoiditis occur. Other patients suffer
from recurrent ulcerative lesions of the skin. Pa-
tients with LAD have high white blood cell counts
even when they are well, and they can be extremely
high (greater than 50,000/dL) during illnesses.

The diagnosis is established by assaying for the
presence of CD11/CD18 by flow cytometry. Al-
though retroviral gene transfer has reestablished
expression of CD18 in vitro,91 successful treatment
of LAD still requires bone marrow transplanta-
tion.92

A separate autosomal recessive condition termed
LAD type II is associated with severe mental retar-
dation, seizures, growth failure, and microcephaly.
As with LAD type I, there is defective pus formation
and a failure of neutrophil recruitment to sites of
inflammation. The leukocyte defect is caused by a
lack of fucosylated cell-surface proteins on neutro-
phils.93

Cyclic Neutropenia

In this condition, defects in the neutrophil elastase
gene94 cause patients to have profound neutropenia
on a cyclic basis, generally every 21 days. Periods
of neutropenia last 3–6 days. Neutropenic episodes
are usually accompanied by fever; thus, periodic
fever accompanied by mild malaise may dominate
the clinical picture (Chapter 10). Oral ulcerations,
gingivitis, or periodontal disease is also common.
During periods of neutropenia, these patients are
prone to infection. Most patients suffer only minor
skin or respiratory tract infections.95 However, pa-
tients with cyclic neutropenia are at risk for severe
opportunistic infections. Some have contracted life-
threatening diseases such as Clostridium septicum
septicemia, normally only seen in patients with he-
matologic malignancies.96 Careful attention to den-
tal hygiene may thwart the progression of periodon-
tal disease.97 Definitive treatment is with
granulocyte colony-stimulating factor (G-CSF).95

Other Genetic Syndromes

Multiple genetic syndromes are associated with
various immune defects. In addition to those previ-
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ously discussed, others include ICF (immuno-
deficiency, centromeric instability, facial anomaly)
syndrome; Nijmegen breakage syndrome; Bloom
syndrome; cartilage-hair hypoplasia; Griscelli syn-
drome; and Schimke immunoosseus dysplasia.98

Other genetic syndromes in which immune dys-
function is an occasional feature are short-limb
skeletal dysplasia, Omenn syndrome, hypohidrotic
and anhidrotic ectodermal dysplasia, Cohen syn-
drome, Kabuki syndrome, Roifman syndrome,
deletion of chromosome 10p14-p13, partial dele-
tion of chromosome 4p, and CHARGE associa-
tion.98

The reader is referred to the review by Ming and
collegues for a detailed description of the genetic
syndromes and their associated immune defects.98
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Appendicitis, 448, 623

antibiotic therapy, 455
atypical, 449
chronic, 455
classic, 448–449
clinical patterns, 448–450
complications, 455
management, 454–455
recurrent, 455

Appendix, ruptured, 449
Arachnidism, necrotic, 584
Arbovirus encephalitides, 276–277
Arcanobacterial scarlet fever, 376
Arcanobacterium hemolyticum, 37
Arcanobacterium hemolyticum, 37
Arizona, infectious exposures, 699
Arterial blood gases, 142
Arthralgias, 340, 527–528, 529
Arthritis, 71, 196

bacterial, predisposing factors, 529
chronic, 527
classification of, 527–528
fungal, 531
immune, 262
infectious, differential diagnosis, 532–535, 532t

cellulitis, 533–534
malignancies, arthritis associated with, 535
osteomyelitis, 532

joint effusion near, 532
reactive arthritis, 534
septic bursitis, 534
systemic disease, arthritis associated with, 534–535
transient synovitis, hip, 532–533, 533t
trauma, 535

infectious causes of, 528–530
bacteria, 528–529, 529t
Lyme arthritis, 529–530

with malignancies, 535
monarticular, 527
mycobacterial, 531
polyarticular, 527
post-infectious reactive, causes of, 534
post-streptococcal reactive, 601–602
reactive, 532
rheumatoid

juvenile, 335, 532
systemic, juvenile, 339–344

chest roentgenogram, 344
clinical findings, 339–340
complications, 341
course, 341
diagnostic approach, 343–344
hepatosplenomegaly, causes of, 341–343
infectious mononucleosis tests, 344
laboratory findings, 340
with nonspecific signs, 341, 342t
therapy, 340–341
tuberculin skin test, 344

septic, 528, 530, 544, 564
differential diagnosis, 532
mechanisms, 528
postoperative, 530–531
presentation, 528
transient synovitis, distinguishing, 533

with systemic disease, 534–535
viral, 531–532, 531t

Ascending paralysis, 282–283
Aseptic meningitis syndrome, 70
Aspergillus infection, 167, 209
Aspiration

gastric, 205
particle, 205
suprapublic, 490, 491

Aspiration pneumonias, 204–206, 206
bacterial aspiration pneumonias, 205–206
classification, 204–205

Asplenia, congenital, 706
Asplenism, functional, 707
Assisted ventilation, 296
Asthma, 166–167, 209, 217

allergy testing, 744
definitions, 166
factors triggering, 166–167
with poliomyelitis-like syndrome, 282

Astrovirus, 423
Ataxia, 297–299

infectious etiology, 297–298
noninfectious causes, 298–299

Ataxia-telangiectasia, 750–751
Atelectasis, 151, 164, 211
Atlantic seaboard, infectious exposures, 699
“Atypical measles,” 384
Atypical pneumonia syndromes, 189–197

classification, 190
complications, 196
definitions, 189–190
etiologies, 190–194
laboratory findings, 194–195

Auricular perichondritis, caused by Pseudomonas aeruginosa,
566

Auricular perichronditis, 564
Autoimmune hepatitis, 475
Autoimmune lymphoproliferative syndrome, 123
AZT, 670

Babesiosis, 343, 623
geographic exposure to, 699
tick transmission, 698
transmission through transfusion, 692
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Bacillus cereus, 424, 446
Bacteremia, 335–336, 354–359, 402

afebrile, 329
age frequency, 355–356, 355t, 356t
bacteria, 357–358
clinical patterns, 354–355
as complication of diarrhea, 438
contaminated blood cultures, 355
empiric therapy of suspected sepsis, 356–357
with focal infection, 354
fulminating, 354
from intravascular cannulas, 354
intravenous therapy, oral therapy after, 358–359
neonatal, 355
predisposing factors, 356

Bacteria, 33
Bacterial arthritis, predisposing factors, 529
Bacterial endocarditis, 607

subacute, 606–607
Bacterial endotoxin, 405
Bacterial meningitis, 246, 262, 267, 271, 297

course of patients with, 261
modified by prior antibiotics, 271–272
nonbacterial meningitis, compared, 247

Bacterial nephritis, 493–494
Bacterial parotitis, 68
Bacterial stool cultures, in hospitalized patients, 435
Bacterial vaginosis, 512, 517, 623
Bacteriologic pyelonephritis, 492
Bacteriuria, 486–488
Bacteroides melaninogenicus, 37
Bacterrhachia without pleocytosis, 248
Balantidium coli, 434
Barium enema, 453–454
Bart syndrome, 410
Bartonella henselae, 623
Bartonellosis, 341
Bat, infectious exposure, 693
Beaver, infectious exposure, 693
Behçet’s syndrome, 65
Beta-hemolytic streptococci, 24
Beta-lactamase-producing anaerobic bacteria, 31
Bird feces, infectious exposure, 691, 693
Birds, infectious exposure, 691, 693
Bitelike rashes, itching, 405–407

infections, 406–407
insect bites, 405–406

Bites
animal exposures via, 693
cat, infectious exposure, 693
dog, infectious exposure, 693
hand, 695
insect, 403, 405–406
wild animal, infectious exposure, 693
zoo animal, infectious exposure, 693

Bladder abscess, 494–495
Bladder puncture, 490, 491
Blastomycosis, geographic exposure to, 699
Blood cultures, contaminated, 355
Blood gases, arterial, 142
Blood transfusion, exposure to infection from, 690, 692t
Bloody diarrhea, 421

Boils, recurrent, 744–746
Bone aspiration, 548
Bone cyst, 545
Bone infarction, 545
Bone infections, perinatal, 651
Bone scans, 547–548
Bony lesions, 643
Booster effect, 222
Botulism, 284–285, 285, 446

cranial nerve paralysis, 285
infant, 286–287
wound, 284–285, 285

Bowel bacteria overgrowth, 434
Bowel perforation, as complication of diarrhea, 438
Brackish water, infection via, 691
Brain abscess, 257, 271, 300–302

clinical patterns, 300
with cyanotic heart disease, 302
diagnostic approach, 301
etiologies, 301
predisposing causes, 300
treatment, 301–302

Brain biopsy, 276
Brain scans, 257–258
Brain swelling

flow sheet for observation, 254
signs of, progression, 253

Brain tumor, 298
Brainstem encephalitis, 298
Brazilian purpuric fever, 392
Breastfeeding, antimicrobial agents, risk categories, 655–656
Bronchiectasis, 167, 216
Bronchiolitis, 155, 157–166, 159

asthma, relation to, 164–165
causes of, 158–160
classic clinical, 157, 157–158
complications, 164
course of, 157, 160–161
diagnostic approach, 161
low diaphragms in, 160
physiologic disturbances, 158
prevention, 165–166
relation to asthma, 164–165
treatment, 161–164
wheezing, causes of, 158–160
wheezing syndromes, 158

Bronchitis, 145–157
causes, 146
chronic, 147
classification, 145–146
definitions, 145, 145t, 146t
differential diagnosis, 148–152
epidemiology, 146
influenza-like illness, 152–153

causes of, 153–157
pathology, 146
pertussis-like illness, 148
treatment of, 149–150

Bronchoalveolar lavage, 177, 178
differential cell counts, 178

Bronchodilators, 161–162
intravenous, 162
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Bronchopulmonary aspergillosis, allergic, 207, 208–209,
712–713

Bronchopulmonary dysplasia, 212–213
Brucellosis, 336, 473, 623
Bruton’s disease, 740–741
Buccal cellulitis, 125, 564
Buccal stomatitis, 62
Bullous dermatosis

of childhood, chronic, 410
linear IgA, 654

Bullous diseases, chronic, recurrent, 402
Bullous impetigo, 410, 578–579, 579
Bullous myringitis, 82
Bullous rashes, 395, 402–403

infectious etiology, 402
noninfectious etiologies, 402–403

Bullous urticaria pigmentosa, congenital, 411
Burns, 403, 572–575, 573–574, 574

diagnostic approach, 573
etiologies, 573
prevention, 574–575
treatment, 573–574
wound infection, 573–574, 574

Bursitis, septic, 534

C-reactive protein, 330, 649
Calcification, intracranial, 643
Caliciviruses, 423, 445
California, infectious exposures, 698, 699
California encephalitis, mosquitoe transmission, 698
Campylobacter, 427–428, 441

diarrhea from, 421
Canada, infectious exposures, 699
Candida albicans, 37, 65, 409, 501
Candidal vaginitis, 512, 517
Candidiasis, 623–624, 748

diagnosis, 748–749
esophageal, 748
evaluation, 749
mucous membrane, persistent, 748
pulmonary, 653
skin, persistent, 748
tracheobroncial, 748

Cardiac surgery, fever after, 606
Cardiac tamponade, 604
Cardigenic shock, 359–360
Cardiofacial syndrome, 714, 748, 750
Cardiovascular syndromes, 595–621

infective endocarditis, 606–616
clinical patterns, 606–607
with negative blood cultures, 609–616

causes, 610–611, 610t
complications, 611–612
Duke diagnosis criteria, 611, 611t, 612t
prophylaxis, 614–616, 615t–616t
special susceptibility studies, 613–614
treatment, 612–613

myocarditis, 595–598
complicating other diseases, 596–597
complications, 597
diagnostic approach, 597
primary myocarditis, causes of, 595–596

treatment, 597–598
pericarditis, 603–604

clinical diagnosis, 603
early complications, 604
emergency treatment, 604
syndromes, 604–606

predisposing conditions, 607–610
clinical diagnosis, 608–609
diagnostic approach, 609

rheumatic fever, 598–603
age factors, 599
differential diagnosis, 601–602
etiology, 599
frequency, 598–599
Jones criteria, 600–601
prevention, 603
prognosis, 602–603
treatment, 602

Cast bronchitis, 147
Cat bite infections, 690–695
Cat scratch disease, 68, 122, 122, 271, 336

geographic exposure to, 699
lymph node enlargement, 122

Cat-scratch disease, 473
Cataracts, 643
Categories, overlap of, diagnosis and, 4
Catheter tips, removed, 350
Catheters

placement/maintenance, 349–350, 353–354
scheduled replacement of, 353

Cats
infectious exposure, 473, 693
Q fever, 699

Cattle, infectious exposure, 529, 693
Cause/effect, temporal association, distinguished, 9–10
Cavernous sinus thrombosis, 98
Cavities, lung, 214
Celiac disease, 475
Cellulitis, 411, 533–544, 544, 562–567

arm, 544
buccal, 125, 564
causes of, by various location, 564
crepitant, 564
eosinophilic, 567
immunosuppressed children, 567
infectious etiology, 565–567
laboratory findings, 567
location, 564–565, 564t
necrotizing, 562–564, 569–570
noninfectious, 567–568
orbital, 97–102

clinical diagnosis, 97–98, 98
complications, 101–102
diagnostic approach, 100–101
differential diagnosis, 99–100
etiologies, 100
laboratory findings, 98–99
mechanisms, 97
treatment, 101
usual course, 102

perianal, 565
peritonsillar, 32–34
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sacral, 565
streptococcal, 411
treatment, 567

Centers for Disease Control and Prevention, chronic fatigue
syndrome, case definition, 58

Central nervous system, 241
with human immunodeficiency virus/acquired

immunodeficiency syndrome, 673–675
syndromes, definitions, 266

Central vein phlebitis, 352–353
Central venous catheter

cultures, 349
fever with, 351

Cercopithicine herpesvirus 1, 283
Cerebellitis, postinfectious, 297–298
Cerebral edema, 255

diagnosis of, 253–254, 253t, 254
treatment of, 255, 256

Cerebral herniation, 254–255
Cerebral toxoplasmosis, 674–675
Cerebral vascular accidents, 263
Cerebri, pseudotumor, 303
Cervical adenitis, 118–125

infectious causes of, 119
unilateral, 118, 119

diagnostic plan, 123–124
infectious etiology, 118–123
noninfectious causes, 123
torticollis, 124–125
treatment, 124

Cervical lymph node, infected, 119
Cervicitis, 518–519
Chancroid, 507, 507–508

human immunodeficiency virus, 512
Chediak-Higashi syndrome, 751
Cheese, unpasteurized, infectious exposure, 693
Chemoprophylaxis, 88, 156
Chemotherapy, 196, 200, 252, 497
Chest pain, 132
Chest roentgenogram, 161, 325–326, 330
Chickenpox, 378, 394, 394–395, 402, 624

complications of, 398–399, 400
prophylaxis, 701

Chickenpox-like rashes, 394, 394–402
diagnostic approach, 398
etiologies, 394–399
prevention, 401–402
treatment, 399–401

Chickens, infectious exposure, 693
Chimpanzees, infectious exposure, 693
Chlamydia, 37, 80, 88, 146–147, 191–192, 271, 510, 624
Chlamydial pneumonia, 212
Cholangitis, 450–451, 473
Cholecystitis, 450–451
Cholera, 442
Cholesteatoma, 89
Chorea, 602
Chorioretinitis, 109–110
Chronic diarrhea, 679
Chronic diseases, infections complicating, 705–737, 706t

collagen disease, 710–711
juvenile rheumatoid arthritis, 710–711

mixed connective tissue disease, 711
Reye syndrome, 711
systemic lupus erythematosus, 710

cystic fibrosis, 711
allergic bronchopulmonary aspergillosis, 712
clinical manifestations, 711–712
extrapulmonary manifestations, 713
microbiology, 711
nontuberculous mycobacteria, 712–713
outcome, 713
pathogenesis, 711
therapy, 711–712

Down syndrome, 713
endocrine disease, 713–714

diabetes mellitus, 713
polyendocrinopathies, 713–714

heart disease, 714
congenital, 714

hematopoietic stem cell transplant, 721–725
bacterial infections, 722
community-acquired viruses, 723
cytomegalovirus, 723–724
Epstein-Barr virus, 725
fungal infections, 722–723
herpes simplex virus, 724
immunization of HSCT recipient, 725, 725t
mechanisms, 722
pneumocystis carinii pneumonia, 723
pretransplant evaluation, 722
timing, 722
varicella zoster virus, 724

kidney disease, 714–717
hemodialysis, 716–717
nephrotic syndrome, 714–715
peritoneal dialysis, 715–716
uremia, 715

liver disease, 717–718
cirrhosis, 717
hepatic portoenterostomy, 718
malnutrition, 717–718
total parenteral nutrition, prolonged, 717

neoplastic disease, 718–721
focal infections, 720–721
mechanisms, 718
neutropenia, 718–720

solid organ transplant, 726–729
bacterial pathogens, prophylaxis, 727
community-acquired viruses, 727
cytomegalovirus, 727–728
Epstein-Barr virus, 728
fungal pathogens, prophylaxis, 727
herpes simplex virus, 728
immunization of recipients, 728–729
pneumocystis carinii pneumonia, 727
pretransplant evaluation, 726
timing of infections, 726–727
varicella zoster virus, 728

splenic absence/dysfunction, 705–710
clinical manifestations, 706
conditions, 706–707
functions of spleen, 705
Howell-Jolly bodies, 705–706
prevention, 707–710
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Chronic focal pneumonias, 210–212
Chronic focal pulmonary disease, causes of, 210
Chronic granulomatous disease, 745–746

osteomyelitis in, 550–551
Chronic linear pneumonia, interstitial infiltrates, 212–213
Chronic mucocutaneous candidiasis, 749
Chronic pneumonia syndromes, 210–218

classification, 210–212
Chronic recurrent multifocal osteomyelitis, 552
Ciliary dyskinesia, 87

primary, 740
Circulating immune complexes, 609
Cirrhosis, 717
Classic appendicitis, 448–449
Classifications, defined, 6–7
Clavicle, 543
Clemastine fumarate, as treatment for common cold, 18
Clinical approach to infectious disease, overview of, 1
Clostridial myonecrosis, 569
Clostridium difficile, 430, 442
Clostridium perfringens, 424
Coagulation, intravascular, disseminated, thrombocytopenia

of, 391
Coccidioidomycosis, geographic exposure to, 699
Coincidental infection, 12
Cold, common, 14–18

treatments for, 18
Cold agglutinins, 194–195
Cold shock, 359
Cold syndrome, 14–18
Colitis

postantibiotic pseudomembranous, diarrhea with, 421
ulcerative, diarrhea with, 421

Collagen disease, 335, 343, 405
infectious complications, 710–711

juvenile rheumatoid arthritis, 710–711
mixed connective tissue disease, 711
Reye syndrome, 711
systemic lupus erythematosus, 710

Collection of urine, 489–492
methods, 489–490

Colorado, infectious exposures, 698, 699
Colorado tick fever, 698, 699
Combination antiretroviral therapies, 672
Common cold syndrome, 14–18

trials of treatments for, 18
Common-source diarrhea, 422
Common-source vomiting, 443–444, 444t
Common variable immunodeficiency, 741
Community-acquired viruses, with solid organ transplant, 727
Compartment syndromes, 570
Compensated shock, 359

initial treatment of, 255–256
Complete blood count, 743, 747
Complications of disease, communication of, 8
Conclusive etiologic diagnoses, 5
Condyloma acuminata, 513–514
Condylomata, 513–514
Congenital disorders, 212, 216

anomalies, 212, 216
asplenia, 706
bullous urticaria pigmentosa, 411

congenital infection syndrome, 636–645
defects, 643
dermal sinus, 262
enzymatic defects, 648
heart disease, 607–608, 607t, 714

cyanotic, 300, 302
immunodeficiency syndromes, 738–754

boils, recurrent, 744–746
esophageal candidiasis, 748
furuncles, recurrent, 744–746
lymphadenitis, recurrent, 744–746
mucous membrane candidiasis, persistent, 748
opportunistic pathogens, infection with, 746
skin candidiasis, persistent, 748
thrush, persistent, 748
tracheobroncial candidiasis, 748

infections, 545, 636–645, 641, 643
chronic, 392, 637–641
chronic active, 648
chronic congenital infections, causes of, 637–641
clinical diagnosis, 636–637
laboratory findings, 641–642
treatment, 642–645

malformations, 648
rubella syndrome, 637
syphilis, 402, 545
tuberculosis, 653

Congestive heart failure, 213, 604
severe, 475
treatment of, 602

Conjunctivitis, 102–106, 643
adenoviral, 99
follicular, 104
hemorrhagic, 105
in immunosuppressed hosts, 105
neonatal, 104–105
nonpurulent, 103–106
prophylaxis, neonatal, 106–107
purulent, 99, 104
syndromes, causes of, 103
with systemic diseases, 105–106

Conjunctivitis medicamentosa, 106
Conjunctivitis-otitis syndrome, 105
Conotruncal anomaly face syndrome, 714, 748, 750
Construction, new, infection via, 691
Contaminated needle injury, infection via, 691
Contaminated wounds, 571–572

severe, 571–572
Conversion hysteria, 284
Convulsions, 240–243, 257, 295

as complication of diarrhea, 438
definitions, 240
diagnostic approach, 241–242
emergency management, 240–241
etiologies, 241
prevention, 242–243

Coronaviruses, 15
SARS, 201–202

Cortical abscess, renal, 493
Cortical hyperostosis, infantile, 545
Cortical scintigraphy, renal, 499
Corticomedullary abscess, 493

renal, 493



INDEX 761

Corticosteroids, 144, 163, 167, 200–201, 273, 279, 361, 602
Corynebacterial pneumonia, 208
Corynebacterium diphtheriae, 37, 41
Corynebacterium ulcerans, 39
Cough, causes of, 135
Cough medications, 16
Coughing syndromes, 145–157

bronchitis, chronic, 147
causes, 146
classification, 145–146
definitions, 145, 145t, 146t
differential diagnosis, 148–152
epidemiology, 146
influenza-like illness, 152–153

causes of, 153–157
pathology, 146
pertussis-like illness, 148

Coxsackie viruses, 35, 38–39, 39, 57, 65, 624
echoviruses, 473
meningitis, 266

Coyotes, infectious exposure, 693
Cranial nerve paralysis, 284–286

botulism, 285
Cranium, 543
Creeks, infection via, 691
Crepitant cellulitis, 564
Crohn’s disease, diarrhea with, 421
Cromoglycate, as treatment for common cold, 18
Croup, 139–140
Cryptococcal meningitis, 674
Cryptospoidiosis, 432
Cryptosporidiosis, 442
Culturing, in diagnosis, 10–11
Cutaneous vasculitis, 393
Cyanotic heart disease

brain abscess with, 302
fever with, 300

Cyclic neutropenia, 346, 751
Cyclospora cayetanensis, 432–433
Cystic fibrosis, 160, 160, 216, 711, 739–740

allergic bronchopulmonary aspergillosis, 712
clinical manifestations, 711–712
extrapulmonary manifestations, 713
microbiology, 711
nontuberculous mycobacteria, 712–713
outcome, 713
pathogenesis, 711
therapy, 711–712

Cysticercosis, geographic exposure to, 699
Cystitis, 494

eosinophilic, 495
hemorrhagic, 495
in immature girls, 501
in teenagers, 501

Cytomegalovirus, 55–56, 212, 341, 473, 624, 625, 638–639,
639, 644

with hematopoietic stem cell transplant, 723–724
with solid organ transplant, 727–728
transmission through transfusion, 692

Cytopenia, 473

Dacryostenosis, 106–108
Data, new, impact on management of infection, 9
Deafness, 70, 643
Decision options, overview, 10
Decongestants, 16–17
Decubitus ulcers, 581
Deer, infectious exposure, 693
Deerfly, disease transmission, 698
Dehydration, 436
Dengue fever, 392, 473, 698

geographic exposure to, 699
Dental infections, 62–67

abscess, 564
complications of, 64

Dental inflammatory disease, 62
Dental procedures, prophylactic regimens, 616
Dermal sinus, congenital, 262
Dermatitis, diaper, infected, 586–587

etiologies, 586–587
Dermatologic problems, with human immunodeficiency virus/

acquired immunodeficiency syndrome, 676
Descending nerve paralysis, 284–286
Diabetes mellitus, with endocrine disease, 713
Diagnostic process overview, 3, 8

algorithms, 4
anatomic diagnosis, 3–4
conclusive etiologic diagnoses, 5
etiologic diagnosis, 4
final etiologic diagnosis, 5
history, 3
laboratory role, 5–6
overlap of categories, 4
pattern diagnosis vs. physiologic approach, 4
physical examination, 3
physiologic diagnosis, 4
presumptive diagnosis, 3, 5
progressive focusing, 4
steps in diagnosis, 3–6
types of diagnoses, 3–4

Diaper dermatitis, infected, 586–587
etiologies, 586–587

Diarrhea, 420–422, 624, 648, 652, 679
bloody, 421
causes of, 421
chemotherapy of, 440
chronic, 430–442

antibiotic therapy, 439–442
complications, 438–439, 438t
in compromised hosts, 434
fluids, 437–438
laboratory findings, 434–436
management of exposed persons, 439
parasitic causes of, 431–434
physiologic disturbances, 436, 436–437
symptomatic therapy, 437–438
treatment, 439–442

classification, 421
clinical patterns, 420–422, 421t
common-source, 422
complications of, 438
inflammatory, 420–421

bacteria, 425–430
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Diarrhea (continued)
causes of, 425–430

management, 437
neonatal, 422
noninflammatory, 422–425

causes of, 423–425
diarrheagenic viruses, 422–423

traveler’s, 421, 422
watery, 421
yersinia, 442

Diarrheagenic viruses, 421, 422–423
Dientamebiasis, 433
DiGeorge syndrome, 748, 750
Digitalization, 597
Digoxin, 164
Diphenhydramine trial, 296
Diphtheria, 37, 40, 40–41
Dirt, exposure, 691
Diskitis, 553–554

definitions, 553
diagnosis, 553
differential diagnosis, 554
etiologies, 554
treatment, 554

Disseminated intravascular coagulation, thrombocytopenia of,
391

Diuretics, 163
Dogs, infectious exposures, 693
Donovanosis, 508
Down syndrome, infectious complications, 713
Draining ear

chronic, 86
recurrent, 86

Drowning, near, 205
Drug rashes, 387, 387
Dry gangrene, 570
Duke criteria (modified), infective endocarditis diagnosis,

611–612
Dural sinus thrombosis, as complication of diarrhea, 438
Dust, exposure, 691
Dysuria-pyuria syndrome, 495–496
Dysversion of eyelashes, 106

Ear syndromes, 75–117, 721
canal, cleaning of, 75
conjunctivitis-otitis syndrome, 105
draining

chronic, 86
recurrent, 86

external, 565, 566
hearing loss, 89, 258–259
mastoiditis, 90
otitis externa, 86–91, 564

acute, 84–86
auricular perichronditis, 564
chronic, 84, 86–91
etiologies, 85
laboratory findings, 85
malignant, 84
mechanisms, 84–85

otitis media, 75–84, 80–82, 86–91
classic clinical findings, 77

classification of, 77–79, 78
complications, 89
draining ears, 84
ear examination, 75–77
infectious etiology, 79–80, 87–88
mechanisms, 87
neonatal, 83
predisposing factors, 77
prevention, 88–89
referral to otolaryngologist, 89–90
therapy/follow-up, duration of, 83–84
treatment, 80–83

perinatal, 651
piercing, Pseudomonas aeruginosa, 566
tympanocentesis, otitis media, 79

Eardrops, antibacterial, 85–86
East coast, infectious exposures, 699
Eastern equine encephalitis, 698
Echocardiogram, 603–604, 609
Echoviruses, 35, 39, 473, 624
Eczema, infected, 587–588
Eczema herpeticum, 587, 588
Edema

genital, 514
laryngeal, 137–138
periorbital, 106

Eexanthem subitum, 407–408
Effusion, pneumonia with, 183–189

antibiotic treatment, 189
chest tubes, 189
complications, 189
definitions, 183–184
diagnostic procedures, 184, 185
in newborn, 188
noninfectious causes, 187–188
pleural effusion, 186–187
pneumatoceles, 188
radiographic studies, 183, 184
tuberculous pleural effusions, 188

Ehrlichiosis, 324, 391, 473, 625, 698
Electrocardiogram, 603, 604
Electroencephalogram, 242, 257
Embolism, pulmonary, 188
Embolus, septic, 391, 391–392
Emotions, management of, 8
Emphysema, 167
Empiric therapy, for suspected sepsis in children, 356
Empyema, subdural, 260
Encephalitides, arbovirus, 276–277
Encephalitis, 70, 235, 273–279

brainstem, 298
causes of, 275
definitions, 273–274, 274t
diagnostic approach, 278
differentiation of, 274
equine, 698

geographic exposure to, 699
frequency, 274
herpes simplex, 263
infectious etiologies, 274–278, 280
LaCrosse, 699

geographic exposure to, 699
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mosquitoe transmission, 698
measles, 385
postinfectious, 277–278
St. Louis, 698
therapy, 278–279
West Nile, 698

Encephalopathy, 151, 155, 235–236, 279–280, 673–674
as complication of diarrhea, 438
definitions, 279
differentiation of, 274
etiologies of, 280
with malignancy, 386
Reye syndrome, 279
treatment, 279

Endocardial fibroelastosis, 71
Endocarditis

bacterial, 606–607, 607, 610
cardiac conditions associated with, 615
clinical patterns, 606–607
conditions predisposing to, 607
Duke criteria (modified), 611–612
fungal, 611
infective, 391, 606–616
with negative blood cultures, 609–616

causes, 610–611, 610t
complications, 611–612
Duke diagnosis criteria, 611, 611t, 612t
prophylaxis, 614–616, 615t–616t
special susceptibility studies, 613–614
treatment, 612–613

neonatal, 607
in normal heart, 607
rickettsial, 611
viral, 611

Endocrine disease, infectious complications, 713–714
diabetes mellitus, 713
polyendocrinopathies, 713–714

Endometritis, 518–519
Endoscopicy, 218
Enema, barium, 453–454
Entamoeba histolytica, 430
Enteric adenovirus, 423
Enteroaggregative Escherichia coli, 425
Enterocolitis, necrotizing, 648, 651–652
Enterohemorrhagic Escherichia coli, 429–430, 441

tests, 436
Enteroinvasive Escherichia coli, 425
Enteropathogenic Escherichia coli, 425
Enterotoxigenic Escherichia coli, 424–425, 441–442

diarrhea with, 421
Enteroviruses, 277, 281, 473, 624–625, 648
Enzymatic defects, congenital, 648
Eosinophilia

parasite-induced, 207
purpura with, 393

Eosinophilic cellulitis, 567
Eosinophilic cystitis, 495
Eosinophilic meningitis, 272
Eosinophilic pneumonia, 206–210, 207

chlamydial, 207–208
diagnostic approach, 176, 209
infectious causes, 208–209

mechanisms, 207
noninfectious causes, 209
treatment, 209–210

Eosinophilic pustular folliculitis, 577
Epidemic vomiting syndrome, 443
Epidermolysis bullosa, 410, 579
Epidermolysis bullous, 410
Epididymitis, 520–521

scrotum, 564
Epididymo-orchitis, in sexually active males, 512
Epidural abscess, spinal, 283–284
Epiglottis

epiglottitis, 138–139, 139
roentgenogram, neck, 141

Epinephrine, 144–145, 161–162
Epstein-Barr virus, 36, 341, 473, 625

chronic/recurrent, 57–58, 58t
complications of, 53–55
with hematopoietic stem cell transplant, 725
with solid organ transplant, 728
transmission through transfusion, 692

Equine encephalitis, 698
geographic exposure to, 699

Erysipelothrix rhusiopathiae, 565–566
Erythema infectiosum, 376, 376–377, 625
Erythema marginatum, 404
Erythema migrans, 404
Erythema multiforme, 403–404
Erythema nodosum, 567–568, 568

conditions associated with, 568
tibia, 564

Erythema toxicum neonatorum, 409
Erythematous rashes, 374

cause, 375
Erythromelalgia, 378
Escherichia coli

classification of, 424
hemorrhagic colitis, 421

Esophagus
candidiasis, 748
conditions of, 678–679
esophagitis, 128
procedures, prophylactic regimens, 616

Ethmoid sinusitis, 564
eye, 564

Etiologic association of syndrome/infection
diagnosis, contrasted, 12
vs. anatomic syndrome, 2

Etiologic diagnosis, 4
Eustachian tube

dysfunction of, 87
orifices of, 92

Expectorants, 17
Exposure problems, 690–704

animal exposures, 690–696, 693t, 694t
blood transfusion, 690, 692t
cat bite infections, 690–695
dog bite infections, 690–695
environmental exposures, 690, 691t
geographic exposures, 697, 699t
head lice, 698–702
human bite infections, 695–696
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Exposure problems (continued)
immigrants, 697–698, 700t
insect exposures, 697
internationally adopted children, 697–698, 700t
needlestick exposures, 696–697, 697t
occupational exposures, 690, 691t
refugees, 697–698, 700t
sick persons, exposures to, 698, 701t

External ear, 565, 566
Extraintestinal infections, as complication of diarrhea, 438
Exudative pharyngitis, 20
Eye infections, 75–117, 102–110

classification, 102
conjunctivitis, 102–106
edema around, 49, 50
ethmoid sinusitis, 564
intraocular infection, 110
nasolacrimal duct obstruction, 106–108
orbital cellulitis, 97–102
pustules, 102
setting sun appearance of, early hydrocephalus, 262
uveitis, 108–110
viral infections near, 99, 99

Eyelashes, lateral, dysversion of, 106

Face syndromes, 118–131, 125–128
buccal cellulitis, 125
conotruncal anomaly syndrome, 748, 750
facial paralysis, 71
retropharyngeal abscess, 126–127

Failure to thrive, 643
Familial Mediterranean fever, 346
Fascitis, 411

necrotizing, 411, 569
in newborn, 411

Fastidious streptococci, 610
Fatigability, 50
Febrile convulsion, 241
Febrile maculopapular exanthem, 387
Febrile neutropenic dermatosis, 393, 576–577
Fecal leukocyte smear, 435–436
Females, genital infections of, 516–519
Ferrets, infectious exposure, 693
Fetal hydrops, 643
Fever, 240–243, 318–373, 339, 339

after cardiac surgery, 606
after hospitalization, 348–349
age differences, 326–327, 327t
antibiotics, in febrile outpatients, 331–333
bacteremia, 354–359

age frequency, 355–356, 355t, 356t
bacteria, 357–358
clinical patterns, 354–355
contaminated blood cultures, 355
empiric therapy of suspected sepsis, 356–357
intravenous therapy, oral therapy after, 358–359

benefits, 318–320
causes, 327–329, 347
chronic diseases

after hospitalization, 348–349
fever complicating, 348–349, 348t

classification of patterns, 320–322, 321t

clinical evaluation, 329
complicating chronic disease, 321, 348–349, 348t
complications of treatment, 320
continuous, 321
with cyanotic congenital heart disease, 300
dangers, 318–320
definitions, 240
dengue, 698
diagnostic approach, 241–242
with diarrhea, 438
double quotidian, 321
emergency management, 240–241
etiologies, 241
fever of unknown origin, 333–339

causes, 334–337
diagnostic approach, 337–339

fever treatment, complications of, 320
halothane, 349
in heart disease, 606
high fever, 326–333
historical factors, 326
hospitalization, 333–334
with human immunodeficiency virus/acquired

immunodeficiency syndrome, 673
in immunocompromised host, 321, 673
intermittent, 321
intravascular device infections, 349–354

culture methods, 349–350
definitions, 349
management, 350–351
prevention of CVC, 353–354
septic phlebitis, 352–353

laboratory findings, 329–330
management, 347–348
mechanisms, 318
with nonspecific signs, 321, 342
outpatient blood cultures, 330–331
Pel-Ebstein, 321
periodic, 322, 345–346, 345–347
persistent, 260–261
postinstrumentation, 348–349
prevention, 242–243
prolonged, unexplained, 321, 334
pseudofever, 322, 347–348
Q, 631
recurrent, 322, 344

common causes, 344–345
laboratory findings, 347
uncommon causes, 345

rheumatic, 453, 596
saddle-back (biphasic), 321
scarlet, 374–375, 375
sepsis, 354–359

age frequency, 355–356, 355t, 356t
bacteria, 357–358
clinical patterns, 354–355
contaminated blood cultures, 355
empiric therapy of suspected sepsis, 356–357
intravenous therapy, oral therapy after, 358–359

symptomatic treatment, 319–320
syndrome classification, 321–322, 322, 322t
syndromes, 318–373
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systemic juvenile rheumatoid arthritis, 339–344
temperature measurement, 319
typhoid, 428–429, 441
typhus inversus, 321
without localizing signs, 321, 322–326

causes, 323–324
clinical course, 323
definition, 322–323
focal infections, development of, 324–325
inadequate definitions, 323
laboratory findings, 325–326
management, 326

yellow, 698
Fifth disease, 376, 376–377
Fingers, 542–543
First week of life, onset of sepsis after, 645–646
Fish, pet, infectious exposure, 691, 693
Fish tanks, infection via, 691, 693
Flaccid paralysis, 279–282
Fleas, plague transmission by, 698
Flies, disease transmission, 698
Flora, normal skin, 562
Florida, infectious exposures, 699
Flow sheets, defined, 7
Flukes, liver, 473
Fluorescent antibody rapid antigen detection tests, 149, 154
Focal infections, development of, 324–325
Focal pneumonia, 178–183, 179, 215–217

causes, 179–181
complications, 182
follow-up chest radiograph, 183
treatment, 181–182

Focusing, progressive, in diagnosis, 4
Follicular conjunctivitis, 104
Follicular hyperplasia, reactive, 69
Folliculitis, pseudomonas, 408
Follow-up of outpatient infections, 8
Food poisoning syndromes, 447

botulism, 284–285, 285
causes, 444

Foot, nail puncture wounds to, osteochondritis after,
551–552, 552

Foreign body, migratory, 216
Fournier syndrome, 564, 569
Foxes, infectious exposure, 693
Fractures, open, 572
Friction rub, 603
Fulminant hepatitis, 468
Fulminating pneumonias, 201–204

infectious etiology, 201–204
laboratory findings, 204
noninfectious etiologies, 204
treatment, 204

Fungal arthritis, 531
Fungal infections, superficial, 584–586, 585
Fungi, infection with, 746
Furuncles, recurrent, 744–746
Furunculosis, recurrent, 576–577

diagnostic approach, 577
infectious etiology, 576–577

noninfectious etiologies, 576–577
treatment, 577

Fusobacterium necrophorum, 38

Gangrene
dry, 570
Fournier, 569
synergistic, Meleney’s, 570
wet, 562–564, 569–570

Garre sclerosing osteomyelitis, 545–546
Gas gangrene, 569
Gastric aspiration, 205
Gastroenteritis, 450
Gastroesophageal reflux, 140–141, 216
Gastrointestinal procedures, prophylactic regimens, 616
Gastrointestinal tract, 420–466

abdominal abscesses, 455–457
liver abscesses, 456
nonhepatic abscesses, 456–457
percutaneous aspiration, 456
predisposing situations, 455
radiographic studies, 455–456

abdominal pain, 448
infectious causes of, 449–450
laboratory findings, 453–454
noninfectious causes, 453
rare infectious causes, 450–453

appendicitis, 448
chronic, 455
clinical patterns, 448–450
complications, 455
management, 454–455
recurrent, 455

classification, 420
diarrhea, 420–422, 430–442

antibiotic therapy, 439–442
clinical patterns, 420–422, 421t
complications, 438–439, 438t
in compromised hosts, 434
fluids, 437–438
inflammatory

bacteria, 425–430
causes of, 425–430

laboratory findings, 434–436
management of exposed persons, 439
noninflammatory, 422–425

causes of, 423–425
diarrheagenic viruses, 422–423

parasitic causes of, 431–434
physiologic disturbances, 436, 436–437
symptomatic therapy, 437–438
treatment, 439–442

food-borne disease, 447
frequency of pathogens, 420
with human immunodeficiency virus/acquired

immunodeficiency syndrome, 678–679
infections, 720–721
nosocomial infection, 348
peptic ulcer disease, 447–448
perinatal infection, 651–652
vomiting syndromes, 442–447

classification, 443
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Gastrointestinal tract (continued)
clinical syndrome, 443–444
diagnoses to avoid, 443
etiologies, 444–446
noninfectious causes, 446
physiologic disturbances, 446
supportive treatment, 446–447

waterborne illness, 447
Genital syndromes, 505–527

cervicitis, 518–519
condylomata, 513–514
definitions, 505
edema, 514
endometritis, 518–519
epididymitis, 520–521
females, genital infections of, 516–519
frequency, 505
herpes virus, 512
inguinal lymphadenopathy, 509–513
males, genital syndromes of, 519–521
oophoritis, 518–519
orchitis, 520–521
prevention of, 505–506
prostatitis, 521
salpingitis, 518–519
sexually transmitted diseases in children, implications of,

505, 506t
ulcers, 506–509, 507
urethritis, 514–516
vaginitis, 517
warts, 513–514

Genitourinary procedures, prophylactic regimens, 616
Geographic exposure to infection, 697, 699t
Gestationis, pemphigoid, 403, 508
Ghon complex, 219, 219
Giant-cell pneumonia, fatal, 385–386
Giardiasis, 405, 421, 431–432, 441
Gingivitis, 62–67

clinical patterns, 62–64
definitions, 62, 62t
diagnostic plan, 66
etiologies, 65–66
prevention, 67
treatment, 66–67
ulcerative, necrotizing, 63–64

Gingivostomatitis, 62
Glossitis, 62, 64
Glucose, low, persistent, 260
Goats

bacterial arthritis from exposure to, 529
infectious exposure, 693

Gonococcal infection, 36–37
disseminated, 510

Gonorrhea, 517, 625
uncomplicated, 510

Gram-negative rods, 202–203
Gram staining, 10, 85, 177
Granulocytic ehrlichiosis, 699

geographic exposure to, 699
Granulomatosis, allergic, 207
Granulomatous disease, chronic, 745–746
Granulomatous hepatitis, 469

Group A streptococcus, 119–120, 357, 564, 565
bacitracin, 24
osteomyelitis, 546
penicillin-tolerant, 31

Group B streptococcus, 565, 625
Group C streptococcus, 565
Group G streptococcus, 565
Guillain Barré syndrome, 282–283, 286

as complication of diarrhea, 438
Guinea pigs, infectious exposure, 693
Gulf coast, infectious exposures, 699
Gum abscess, 62, 64

Haemophilus ducreyi, 37, 507
Haemophilus influenzae, 389, 565

buccal cellulitis, 564
meningitis, 250
sepsis, fulminant, 358
type B, 180

vaccine, 708–709
Halothane anesthesia, 475
Halothane fever, 349
Hamsters, infectious exposure, 693
Hand, bites, 695
Hand-foot-mouth syndrome, 396–397, 397
Hansen disease, 625
Hantavirus, geographic exposure to, 699
Hawaii, infectious exposures, 699
Hay, moldy, infection via, 691
Head lice, 698–702
Hearing loss, 89, 258–259
Heart, transplanted, infection, 726
Heart disease

congenital, 607–608, 607t
fever with, 300, 606
infectious complications, 714

congenital, 714
22q11.2 deletion syndrome, 714

Heart failure, congestive, 213, 604
severe, 475

Heavy metals, 446
Helicobacter pylori, 447–448
Helium-oxygen, 145, 163
Hematogenous osteomyelitis, 539

subacute, 539–540
Hematologic abnormalities, with human immunodeficiency

virus/acquired immunodeficiency syndrome,
675–676

Hematopoietic stem cell transplant
infectious complications, 721–725

bacterial infections, 722
community-acquired viruses, 723
cytomegalovirus, 723–724
Epstein-Barr virus, 725
fungal infections, 722–723
herpes simplex virus, 724
immunization of HSCT recipient, 725, 725t
mechanisms, 722
pneumocystis carinii pneumonia, 723
pretransplant evaluation, 722
timing, 722
varicella zoster virus, 724

recipient vaccinations, 725
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Hemiparesis, 257, 300
with cyanotic congenital heart disease, 300

Hemiplegia, 286
Hemochromatosis, hereditary, primary, 475
Hemodialysis, kidney disease, 716–717
Hemolytic-uremic syndrome, 182–183

as complication of diarrhea, 438
Hemophagocytic syndrome, 343
Hemorrhage, 262

intracranial, 648
Hemorrhagic colitis, 421
Hemorrhagic conjunctivitis, 105
Hemorrhagic cystitis, 495
Hemorrhagic fever, dengue, 392
Henoch-Schoenlein purpura, 532
Heparin-bonding, 353
Hepatic portoenterostomy, 718
Hepatitis, 399, 450, 468–483, 476–477, 626

A, 56, 469–471, 475, 477–478
transmission through transfusion, 692
vaccine, 478

B, combined, 479–480
anicteric hepatitis, 468
autoimmune, 475
B, 471, 475–476, 478–480, 479

postexposure prophylaxis, 479
transmission through transfusion, 692

C, 471–472, 476, 480
transmission through transfusion, 692

chronic, 468–469, 477
classification, 468–469
common viruses, 473–474
D, 472, 476
disseminated mycobacterial, 474
E, 472, 476, 480
frequency in children, 473–474
fulminant hepatitis, 468
fungal infections, 474
G, 472–473
granulomatous hepatitis, 469
hepatitis, chronic, 468–469
icteric, 468
infectious causes, 473
leptospira species, 474
lettered causes of hepatitis, 469–473, 470t, 471t
lettered viruses

features of, 471
terminology, 470

neonatal hepatitis, 469
noninfectious diseases resembling, 475
parasitic infections, 474
perihepatitis, 469
pregnancy, hepatitis during, 469
reactive hepatitis, 469
recrudescent hepatitis, 469
serologic tests for, 475–476
traveler, returning, hepatitis in, 474–480

complications, 477
diagnostic approach, 474–476
noninfectious hepatitis, 474
prevention, 477–480
treatment, 476–477

Hepatosplenomegaly, 643
caused by histoplasmosis, 342
causes of, 341–343

Herpangina, 38–42
Herpes genitalis, 506–507, 512
Herpes gestationis, 403, 508
Herpes simplex, 35, 36, 39, 39, 65, 275–276, 276, 283, 285,

395–396, 396, 402, 404, 409, 473, 626–627,
640–641, 641, 644–645

encephalitis, 263
with hematopoietic stem cell transplant, 724
near eye, 99
with solid organ transplant, 728
with stem cell transplant, 724

Herpes viruses, 648
herpesvirus 1, 283
herpesvirus 6, 56, 277, 626
herpesvirus 7, 626
herpesvirus 8, 626

Herpes zoster, 396
High fever, 326–333

age differences, 326–327, 327t
antibiotics, in febrile outpatients, 331–333
causes, 327–329
clinical evaluation, 329
historical factors, 326
hospitalization, 333–334
laboratory findings, 329–330
outpatient blood cultures, 330–331

Highly active antiretroviral therapy, 671
Hilar adenopathy, 213–214
Hip, transient synovitis, 532–533, 533t
Histiocytic necrotizing lymphadenitis, 123
Histiocytosis, sinus, 123
Histologic methods, 10
Histologic pyelonephritis, 492
Histopathology, 71
Histoplasmosis

disseminated, 341–343, 342
geographic exposure to, 699

History of patient, in diagnostic process, 3
HIV. See Human immunodeficiency virus
Hopkins syndrome, 282
Horses, infectious exposure, 693
Hospitalization, 101
Hot tubs, infection via, 691
Howell-Jolly bodies, with splenic absence/dysfunction,

705–706
Human bite infections, 695–696
Human granulocytic ehrlichiosis, geographic exposure to, 699
Human immunodeficiency virus, 56, 473, 596–597,

666–689, 742–743, 748
antibody, 743, 747
antiretroviral therapy, 669–671

complications of, 671–673
baby, management, 668
CDC classification, 669
central nervous system problems, 673–675
chancroid, 512
complications with, 673–680
dermatologic problems, 676
with fever, patient evaluation, 673
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Human immunodeficiency virus (continued)
gastrointestinal tract problems, 678–679
hematologic abnormalities, 675–676
malignancy, 679–680
percutaneous injuries, postexposure prophylaxis, 697
presenting features, 667–669

classification, 669
prevention, 680–683
pulmonary problems, 676–678
serology, 218
systemic problems, 679–680
transmission, 666–667

maternal-fetal, 666–667
parenteral transmission, 667
sexual transmission, 667
through transfusion, 692

treatment, 669–673
Human monocytic ehrlichiosis, geographic exposure to, 699
Human papillomavirus, 513
Humidified oxygen, 161
Humidifiers, water in, infection via, 691
Hydatid disease, 473
Hydrocarbon pneumonia, 205
Hydrocephalus, 71, 261, 262

otitic, 89
setting sun appearance of eyes, 262

Hydrocephaly, 643
Hyper-IgD syndrome, 346
Hyper-IgE syndrome, 745, 748–749
Hyper-IgM syndrome, 741–742, 746
Hypercoagulation, 197
Hypereosinophilic syndrome, idiopathic, 207
Hypersensitivity pneumonia, 209, 217
Hypersensitivity rashes, 409
Hypersensitivity vasculitis, 596
Hyperthermia, malignant, 349
Hypogammaglobulinemia, 529

transient, 740
Hyponatremia, 257
Hypoplastic left heart syndrome, 648
Hypoxemia, 134–135, 138, 138, 158
Hysteria, conversion, 284

Icteric hepatitis, 468
Idiopathic hypereosinophilic syndrome, 207
Iguanas, infectious exposure, 693
Immigrants

exposure to infection from, 697–698, 700t
screening tests for, 700

Immune arthritis, 262
Immune globulin, 477–478
Immune reconstitution inflammatory syndrome, 672–673
Immunization, 151–152

booster, 152
rubella, during pregnancy, 636

Immunization of solid organ transplant recipients, 728–729
Immunocompromised child, normal child, comparison of, 2
Immunodeficiency syndromes, 345

boils, recurrent, 744–746
congenital, 738–754
esophageal candidiasis, 748
furuncles, recurrent, 744–746

HIV, 56, 473, 596–597, 666–689, 742–743, 748
antibody, 743, 747
antiretroviral therapy, 669–671

complications of, 671–673
baby, management, 668
CDC classification, 669
central nervous system problems, 673–675
chancroid, 512
complications with, 673–680
dermatologic problems, 676
with fever, patient evaluation, 673
gastrointestinal tract problems, 678–679
hematologic abnormalities, 675–676
malignancy, 679–680
percutaneous injuries, postexposure prophylaxis, 697
presenting features, 667–669

classification, 669
prevention, 680–683
pulmonary problems, 676–678
serology, 218
systemic problems, 679–680
transmission, 666–667

maternal-fetal, 666–667
parenteral transmission, 667
sexual transmission, 667
through transfusion, 692

treatment, 669–673
lymphadenitis, recurrent, 744–746
mucous membrane candidiasis, persistent, 748
opportunistic pathogens, infection with, 746
skin candidiasis, persistent, 748
thrush, persistent, 748
tracheobroncial candidiasis, 748

Immunoglobulin, 743
A, deficiency, 742
G, deficiency, 742
intravenous, 264, 361, 598, 602

Immunoglobulin modified measles, 384
Impetigo, 580–581

bullous, 410, 578–579, 579
complications, 581
etiologies, 580–581
treatment, 581

Incontinentia pigmenti, 411, 654
Indwelling catheter, 500
Infectious diseases, diagnosis/management of, 1–13

acquired immunodeficiency syndrome, 666–689
cardiovascular syndromes, 595–621
chronic diseases, infections complicating, 705–737, 706t
congenital immunodeficiency syndromes, 738–754
ear, 75–117
exposure problems, 690–704
eye syndromes, 75–117
face syndromes, 118–131
fever syndromes, 318–373
gastrointestinal syndromes, 420–466
genital syndromes, 505–527
hepatitis syndromes, 468–483
HIV (See Human immunodeficiency virus)
human immunodeficiency virus, 666–689
infectious mononucleosis, 48–61
middle respiratory syndromes, 132–173



INDEX 769

mononucleosis, 48–61
mononucleosis-like syndromes, 48–61
mouth syndromes, 62–74
neck syndromes, 118–131
neurologic syndromes, 235–302
nose syndromes, 14–47
orthopedic syndromes, 527–562
perinatal syndromes, 622–665
pneumonia syndromes, 174–223
rash syndromes, 374–418
salivary gland syndromes, 62–74
shock syndromes, 318–373
sinus syndromes, 75–117
skin syndromes, 562–594
soft-tissue syndromes, 562–594
throat syndromes, 14–47
urinary syndromes, 485–505

Infectious mononucleosis, 48–61
atypical lymphocytosis, 50–51
classifications, 48, 49, 49t
clinical diagnosis, 48–50
complications of, 53–54, 54
definitions, 48, 49, 49t
diagnosis, 54–55
laboratory findings, 50–53
prevention, 53
treatment, 53, 55

Infectious mononucleosis-like syndromes, features of, 49
Infectious psychoses, 288

differential diagnosis, 288
noninfectious causes, 288

Infective endocarditis, 606–616
clinical patterns, 606–607
with negative blood cultures, 609–616

causes, 610–611, 610t
complications, 611–612
Duke diagnosis criteria, 611, 611t, 612t
prophylaxis, 614–616, 615t–616t
special susceptibility studies, 613–614
treatment, 612–613

Inflammatory bowel disease, 335, 345, 475
Inflammatory diarrhea, 420–421
Influenza, 36, 153, 201, 278, 287, 453, 627

course of, 153
prevention of, 156–157
treatment of, 155
typical findings in, 152
vaccine, 709

inactivated, 156
live-attenuated, 156–157

Influenza-like illness, 152–153, 322
causes of, 153–157

Inguinal lymphadenopathy, 509–513
Inhalational anthrax, 194
Inhaled nitric oxide, 163
Injection drug use, infection via, 691
Insects, exposure to infection from, 403, 405–406, 697, 698
Interleukin-6, 649–650
Interleukin-8, 649–650
Intermittent hectic fever, 321
Internationally adopted children

exposure to infection from, 697–698, 700t

screening tests for, 700
Interstitial infiltrates, 217
Interstitial pneumonia, 190, 191, 198, 385
Interstitial pneumonitis, afebrile, 652
Interstitial pulmonary diseases, idiopathic, 213
Interval appendectomy, 454
Intestine, transplanted, infection, 726
Intra-abdominal abscess, 187–188
Intracranial calcification, 643
Intracranial hemorrhage, 648
Intracranial pressure, effect of mannitol on, 256
Intraocular infections, 110
Intrapartum antibiotic prophylaxis, approach to baby with

mother receiving, 647
Intraperitoneal antibiotics, 455
Intrapleural fibrinolytic therapy, 186
Intrarenal reflux, 500
Intravascular coagulation, disseminated, 256, 362
Intravascular device infections, 349–354, 608

cannulas, bacteremia, 354
culture methods, 349–350
definitions, 349
management, 350–351
prevention of CVC, 353–354
septic phlebitis, 352–353

Intravascular devices, types of, 349
Intravenous bronchodilators, 162
Intravenous immunoglobulin, 264, 361, 598, 602
Intravenous therapy, oral therapy after, 358–359
Intraventricular antibiotics, 292–293
Intraventricular hemorrhage, neonatal, 264
Intraventricular pressure, 293
Intubation, tracheal, 143
Ipatropium bromide, as treatment for common cold, 18
Ipecac syrup, 145
Iridocyclitis, 108–109
Isonorphic response, 340
Isospora belli, 433
Itching bitelike rashes, 405–407, 406–407

insect bites, 405–406

Japanese encephalitis, 282
Jaundice, 49, 643
Job-Buckley syndrome, 745
Job syndrome, 745
Joint infections

juvenile rheumatoid arthritis, 335, 339, 532
perinatal, 651

Jones criteria, for diagnosis of ARF, 600
Juvenile rheumatoid arthritis, 335, 339, 532

with collagen disease, 710–711

Kala Azar, 627
Kaolin-pectin suspension, 437
Kawasaki disease, 123, 272, 337, 378–381, 379, 382, 580

complications, 380
incomplete, 381–382

Keratitis, 107–108
Keratoconjunctivitis, 105
Kerion, scalp, 564
Kidney disease, infectious complications of, 714–717

hemodialysis, 716–717
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Kidney disease (continued)
nephrotic syndrome, 714–715
peritoneal dialysis, 715–716
uremia, 715

Kidney infection, 492
transplanted kidney, 726

Kikuchi’s disease, 123
Koebner phenomenon, 340

Labitis, 62
Laboratory, role of in diagnosis, overview, 5–6
Laboratory data analysis, 10
Lacerations, 571
LaCrosse encephalitis, 698

geographic exposure, 699
Lactation, antimicrobial agent use, 654–656, 655t
Lactobacilli, 437–438
Lactose deficiency, postinfectious, 434
Laryngeal edema, 137–138
Laryngeal syndromes

age, 137
classification, 137
clinical appearance, 138–140
complications, 145
definitions, 136–137, 136t
diagnostic approach, 141–142
etiologies, 140–141
frequency, 137
physiologic principles, 137–138

Laryngitis
priorities in, 143
radiographs, neck, 142

Laryngospasm, 138
Larynx, extralaryngeal infection, 145
Leishmaniasis, 627

geographic exposure to, 699
Lemierre’s syndrome, 38, 529
Leprosy, 625
Leptospira hepatitis species, 474
Leptospirosis, 271, 408, 473, 627

geographic exposure to, 699
Leukemia, 545
Leukocyte adhesion deficiency, 751
Leukocyte smear, fecal, 435–436
Lice

disease transmission by, 698
head, 698–702

Light, ultraviolet, 585
Linear IgA bullous dermatosis, 654
Lipodystrophy, 671–672
Listeriosis, 627–628
Live-attenuated vaccines, 156–157, 728–729
Live-vaccine modified measles, 384
Liver, transplanted, infection, 726
Liver abscess, 456, 473

amebic, 456
fungal, 456
pyogenic, 456

Liver disease, 473
infectious complications of, 717–718

cirrhosis, 717
hepatic portoenterostomy, 718

malnutrition, 717–718
total parenteral nutrition, prolonged, 717

Liver enzymes, elevated, cause of, 475
Liver flukes, 473
Lizards, infectious exposure, 693
Loeffer’s syndrome, 206
Long bones, 542
Long Island, infectious exposures, 699
Ludwig’s angina, 125–126
Lumbar puncture, 237–240, 241–242, 260, 326, 330

antigen detection, 239
cell count, 238
CSF culture, 239
glucose, 238
indications, 237
protein, 238
risks, 237
serum tests, 240
smears, 238–239
technique, 237–238

Lung
abscess, 214–215, 653
biopsy of, 177–178
cavities, 214
damage to, 164
function, long-term, 151
imaging of, 744
structural abnormalities of, 740
transplanted, infection, 726

Lupus erythematosus
with collagen disease, 710
neonatal, 411

Lyme arthritis, 529–530
Lyme disease, 270, 473, 628, 698

geographic exposure to, 699
Lyme-like illness, 698

geographic exposure to, 699
Lymphadenitis

mesenteric, 450
necrotizing, histiocytic, 123
non-tuberculous, geographic exposure to, 699
recurrent, 744–746

Lymphadenopathy, 48, 643
inguinal, 509–513

Lymphocutaneous syndrome, 582
Lymphocytic choriomeningitis virus, 628
Lymphocytic interstitial pneumonitis, 199, 677–678
Lymphocytosis, causes of, 51
Lymphogranuloma venereum, 509–513
Lymphoproliferative syndrome, autoimmune, 123

Maculopapular exanthem, febrile, 387
Maculopapular rashes, 386
Maine, infectious exposures, 699
Malaria, 282, 343, 473, 628–629

geographic exposure to, 699
tansmission of, 698
transfusion, transmission through, 692

Males, genital syndromes of, 519–521
Malignancy

arthritis associated with, 535
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with human immunodeficiency virus/acquired
immunodeficiency syndrome, 679–680

Malignant hyperthermia, 349
Malnutrition, with liver disease, 717–718
Management, treatment, distinguished, 8
Management process overview, 7–12

alternatives, recognizing, 9
analysis of laboratory data, 10
antibody detection, 11
anticipatory diagnosis, 8
antigen detection, 11
associations vs. diagnosis, 12
coincidental infection, 12
communication between physician/parents, management of,

8
complications, 8

listing of, 9
culture, 10–11
decision options, 10
diagnosis vs. management, 7–8
emotions, management of, 8
etiologic association, 12
follow-up of outpatient infections, 8
histologic methods, 10
management vs. treatment, 8
new data, 9
occupational rituals, 10
overgeneralization, 10
polymerase chain reaction, 11
possibilities/probabilities, 12
preventable death, 8–9
redundant predictors, 9
serologic methods, 11
skin tests, 11–12
temporal association vs. cause/effect, 9–10

Mannitol, effect on intracranial pressure, 256
Martha’s Vineyard, infectious exposures, 699
Mastitis, maternal, 654
Mastoiditis, 90, 564

behind ear, 564
Maternal-fetal, of human immunodeficiency virus/acquired

immunodeficiency syndrome, 666–667
Maternal mastitis, 654
Maxillary sinusitis, 564
Measles, 37, 383, 629

classic, 382
clinical presentation, 382–383, 383
complications of, 385–386
diagnosis of, 384–385
treatment of, 385

forms of, 384
killed-vaccine modified, 384
live-vaccine modified, 384
modified, 383, 384t
prophylaxis, 701

Measles encephalitis, 385
Measles-like illnesses, 381–382
Measles virus, spectrum of severity of illness caused by, 3
Meat ingestion, animal exposures via, 693
Mechanical ventilation, 163
Meconium aspiration, 648
Medi-Alert bracelet, 707

Mediterranean fever, familial, 346
Melanosis, pustular, neonatal, transient, 409–410
Meleney’s synergistic gangrene, 570
Membranous pharyngitis, 20, 40
Meningismus, 236
Meningitidis vaccine, 709
Meningitis, 263–264, 335

amebic, 263, 263, 269
anaerobic, 262–263
aseptic, 70
atypical presentations, 248
bacterial, 246, 262, 267, 297

complications of, 253
initial empiric therapy of, 250
modified by prior antibiotics, 271–272

cryptococcal, 674
diarrhea, as complication of, 438
emergency treatment of, 245
eosinophilic, 272
fungal, 268–269
Haemophilus influenzae, 250
meningococcal, 249–250
Mollaret’s, 264
neonatal, 650
nonpurulent, 235, 265–273, 300

antifungal chemotherapy, 273
antituberculous therapy, 273
definitions, 265, 266, 266t, 267t
diagnostic approach, 272
eosinophilic meningitis, 272
etiologies, classification of, 267
importance of CSF glucose, 265–267
low-glucose subgroup, 267–269
normal-glucose subgroup, 269–272
treatment, 272–273

parainfectious, 97
pneumococcal, 249
post-operative, 264–265
purulent, 235, 236t, 243–265
reactive, 263
recurrent, 264
relapsing, 264
tuberculous, 267–268
unusual bacteria causing, antibiotics for, 251
viral, 266, 269–270

Meningococcal meningitis, 249–250
Meningococcemia, 389

fulminant, 357–358
purpuric rash, 391

Meningococcus, 629
prophylaxis, 701

Mental retardation, brain damage with, 261–262
Mental status, altered, as complication of diarrhea, 438
Mesenteric lymphadenitis, 450
Metals, heavy, 446
Methemoglobinemia, transient, as complication of diarrhea,

438
Mexico, infectious exposures in, 699
Mice, infectious exposure, 693
Mid-Atlantic seaboard, infectious exposures, 699
Middle ear effusion, persistent, 82, 86–87
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Middle ear effusion (continued)
Middle respiratory syndromes, 132–173

apnea spells, 133
asthma, 166–167

definitions, 166
factors triggering, 166–167

bronchiolitis, 157–166
causes of, 158–160
classic clinical bronchiolitis, 157, 157–158
complications, 164
course, 160–161
diagnostic approach, 161
other wheezing syndromes, 158
physiologic disturbances, 158
prevention, 165–166
relation to asthma, 164–165
treatment, 161–164

bronchitis, 145–157
bronchitis, chronic, 147
causes, 146
classification, 145–146
definitions, 145, 145t, 146t
differential diagnosis, 148–152
epidemiology, 146
influenza-like illness, 152–153

causes of, 153–157
pathology, 146
pertussis-like illness, 148

causes, 135–136
classification, 133–134
coughing syndromes, 145–157

bronchitis, chronic, 147
causes, 146
classification, 145–146
definitions, 145, 145t, 146t
differential diagnosis, 148–152
epidemiology, 146
influenza-like illness, 152–153

causes of, 153–157
pathology, 146
pertussis-like illness, 148

diagnostic approach, 135–136
frequency, 134
laryngeal syndromes, 136–145

age, 137
classification, 137
clinical appearance of laryngeal syndromes, 138–140
complications, 145
definitions, 136–137, 136t
diagnostic approach, 141–142
etiologies, 140–141
frequency, 137
physiologic principles, 137–138

pulmonary disease
physical signs in, 132–133
symptoms in, 132

respiratory insufficiency, 134–135
treatment, 136
wheezing, 157–166

causes of, 158–160
classic clinical bronchiolitis, 157, 157–158
complications, 164

course, 160–161
diagnostic approach, 161
other wheezing syndromes, 158
physiologic disturbances, 158
prevention, 165–166
relation to asthma, 164–165
treatment, 161–164

Midstream urine specimens, 489–490
Midwestern United States, infectious exposures, 699
Migratory foreign body, 216
Miliary pneumonia

causes of, 197
etiologies of, 197–201

Miliary tuberculosis, 198–199
Milk, unpasteurized, infectious exposure, 693
Minimal bactericidal concentration, 613, 614
Mississippi river valley, infectious exposures, 699
Mites, disease transmission, 698
Mitochondrial toxicity, 672
Mitral valve prolapse, 608
Mixed connective tissue disease, with collagen disease, 711
Modified viral infection, 15
Mollaret’s meningitis, 264
Molluscum contagiosum, 406, 676
Monarticular arthritis, 527
Monkey, infectious exposure, 693
Monocytic ehrlichiosis, geographic exposure to, 699
Mononucleosis, 40, 48–61, 120, 270, 277, 392, 627

atypical lymphocytosis, 50–51
classifications, 48, 49, 49t
clinical diagnosis, 48–50
complications of, 53–54, 54
definitions, 48, 49, 49t
diagnosis, 54–55
eye swelling, 50
laboratory findings, 50–53
prevention, 53
tests, 344
tests for, 41, 474–475
treatment, 53, 55

Mononucleosis-like illness, 48–61, 55–57
diagnostic plan, 57
heterophile-negative mono-like illness, 55–56
infectious, features of, 49
with negative heterophile antibody tests, 56
without atypical lymphocytosis, 56–57

Mosquitoes, diseases transmitted by, 698
Mountain states, western, infectious exposures, 699
Mouth inflammatory disease, 62
Mouth syndromes, 62–67, 62–74

Behçet’s syndrome, 65
candida, 65
coxsackie virus, 65
dental infections, 62–67

complications of, 64
gingivitis, 62–67
glossitis, 64
gum abscess, 64
herpes simplex, 65
necrotizing ulcerative gingivitis, 63–64
periapical abscess, 64
pulpitis, 64
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Stevens-Johnson syndrome, 66
stomatitis, 62–67

recurrent, apthous, 62–63
syphillis, 66
uvulitis, 64

Mucha-Habermann’s disease, 403
Mucocutaneous candidiasis, chronic, 749
Mucous membrane candidiasis, persistent, 748
Multifocal osteomyelitis, chronic recurrent, 552
Mumps, 37, 68, 629

complications of, 70–71
skin test, 71

Murine typhus, 392, 698
Muscle spasms, 294–295
Muskrats, infectious exposure, 693
Myalgias, 286–287, 340, 528
Mycobacterial arthritis, 531
Mycobacterial hepatitis, disseminated, 474
Mycobacterium avium intercellulare complex, 680, 682
Mycobacterium scrofulaceum, cervical adenitis caused by, 120
Mycoplasma, 15, 36, 473
Mycotic aneurysm, 612
Myelitis, transverse, 71
Myelopathy, transverse, 283
Myeloperoxidase deficiency, 749
Myocarditis, 71, 256, 595–598, 643

childhood infections, complicating, 596
complicating other diseases, 596–597
complications of, 597
diagnostic approach, 597
idiopathic, primary, 596
primary myocarditis, causes of, 595–596
secondary to severe bacterial infection, 596
treatment, 597–598
vasculitis, complicating, 596
viral, 595–596

Myositis, 286–287
septic, 287

Myringitis, bullous, 82
Myringotomy, 83

Nacrocephaly, 643
Nail puncture wounds to foot, osteochondritis after,

551–552, 552
Nantucket, infectious exposures, 699
Nasal abscess, 18–23, 18–32

interpretation of throat culture, 25–26
laboratory methods, 22–25
non-group-A streptococcal pharyngitis, 25
pharyngitis, 20–22
septal, 19
streptococcal pharyngitis, 26–32

Nasal polyps, 15
Nasolacrimal duct

obstruction of, 106–108
orifices of, 92

Near drowning, 205
Nebulized racemic epinephrine, 143–144
Neck radiograph, 141, 141–142, 142
Neck space infections, 125–126, 564
Neck syndromes, 118–131

abscesses, 126

adenopathy, 118–125
cervical adenitis, 118–125

unilateral, 118, 119
diagnostic plan, 123–124
infectious etiology, 118–123
noninfectious causes, 123
torticollis, 124–125
treatment, 124

congenital, 123
esophagitis, 128
Ludwig’s angina, 125–126
neck space infections, 125–126
retropharyngeal abscess, 126–127
thyroiditis, suppurative, 127–128
torticollis, 124–125

Necrotic arachnidism, 584
Necrotizing cellulitis, 562–564, 569–570
Necrotizing enterocolitis, 648, 651–652
Necrotizing fascitis, 411, 569
Necrotizing soft-tissue infections, 568–571

diagnosis, 570–571
management of, 570–571

Necrotizing ulcerative gingivitis, 62, 63–64
Needle biopsy of pleura, 186
Needle injury, contaminated, infection via, 691
Needlestick exposure to infection, 696–697, 697t
Neisserial infection, invasive, recurrent, 749–750
Neonatal conjunctivitis, 104–105
Neonatal hepatitis, 469
Neonatal meningitis, 650
Neonatal otitis media, 83
Neonatal sepsis, 645–651

antibiotic treatment, 650–651
bacterial causes, 650
clinical diagnosis, 648
diseases resembling, 650
laboratory findings, 648–649
meningitis, 650
nonantibiotic treatment, 651
nonspecific laboratory tests, 649–650
predisposing factors, 646
prevention, 646–647, 647–648, 651
sources, 645
time of onset, 645–646

Neoplastic disease, infectious complications, 718–721
focal infections, 720–721
mechanisms, 718
neutropenia, 718–720

Nephrotic syndrome, 714–715
Neurologic syndromes, 235–302, 235–303

ataxia, 297–299
infectious etiology, 297–298
noninfectious causes, 298–299

brain abscess, 300–302
clinical patterns, 300
diagnostic approach, 301
etiologies, 301
predisposing causes, 300
treatment, 301–302

classification, 235
convulsions, 240–243

definitions, 240
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Neurologic syndromes (continued)
diagnostic approach, 241–242
emergency management, 240–241
etiologies, 241
prevention, 242–243

differential diagnosis, 236–237
meningismus, 236
pseudotumor cerebri, 237
retropharyngeal abscess, 236

encephalitis, 235, 273–279
definitions, 273–274, 274t
diagnostic approach, 278
frequency, 274
infectious etiologies, 274–278, 280
therapy, 278–279

encephalopathy, 235–236, 279–280
definitions, 279
Reye syndrome, 279
treatment, 279

fever, 240–243
definitions, 240
diagnostic approach, 241–242
emergency management, 240–241
etiologies, 241
prevention, 242–243

lumbar puncture, 237–240
antigen detection, 239
cell count, 238
CSF culture, 239
glucose, 238
indications, 237
protein, 238
risks, 237
serum tests, 240
smears, 238–239
technique, 237–238

meningitis, 235, 236t, 243–265, 265–273
age, 243
antifungal chemotherapy, 273
antituberculous therapy, 273
atypical presentations, 248–249, 248t
bacterial meningitis, 246
chronic, 264
clinical presentation, 244
definitions, 243, 265, 266, 266t, 267t
diagnostic approach, 257–259, 272
early complications, 252–257, 253t
early diagnosis, 244
eosinophilic meningitis, 272
importance of CSF glucose, 265–267
infectious etiology, 244
initial antibiotic therapy, 249
later complications, 259
low-glucose subgroup, 267–269
neonatal meningitis, 251–252
normal-glucose subgroup, 269–272
post-operative meningitis, 264–265
posttraumatic meningitis, 264–265
prior antibiotic therapy, 246–248
prognosis, 259
purulent meningitis with negative culture, 262–264
relapsing, recurrent meningitis, 264

risk factors, 244
slow improvement during days 3 to 7, 260–262, 261
specific antibiotic treatment, 249–251
spinal fluid examination, 245–246
treatment, 272–273

paralysis, 279–288
ascending paralysis, 282–283
descending nerve paralysis, 284–286
flaccid, 279–282
Guillain Barré syndrome, 286
hemiplegia, 286
management of, 287–288
myalgia, 286–287
myositis, 286–287
paraparesis, 283–284
rhabdomyolysis, 287
trauma, 286
weakness, 286–287

pseudotumor cerebri, 303
causes, 303
treatment, 303

psychoses, infectious, 288
differential diagnosis, 288
noninfectious causes, 288

shunts, infected, 288–293
complications, 293
diagnostic strategies, 291
predisposing causes, 288–290, 289
shunt infections, 290–291
treatment, 291–292, 292–293

tetanus-like illnesses, 293–297
classification, 294
complications, 296–297
early clinical diagnosis, 294–295
other causes of rigidity, 295–296
physiologic principles, 294
prevention, 297
treatment, 296

ventriculitis, 288–293
complications, 293
diagnostic strategies, 291
predisposing causes, 288–290, 289
shunt infections, 290–291
treatment, 291–292, 292–293

vertigo, 297–299, 299–300
diagnostic plan, 300
infectious etiology, 297–298
noninfectious causes, 298–299
treatment, 300

weakness syndromes, 279–288
ascending paralysis, 282–283
cranial nerve paralysis, 284–286
flaccid paralysis, 279–282
Guillain Barré syndrome, 286
hemiplegia, 286
myalgia, 286–287
myositis, 286–287
paralysis, 287–288
paraplegia, 283–284
rhabdomyolysis, 287
trauma, 286
weakness, 286–287
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Neuromyelitis optica, 284
Neutropenia, 676

cyclic, 346, 751
with neoplastic disease, 718–720

Neutropenic dermatosis, febrile, 393, 576–577
Nevada, infectious exposures, 699
New data, impact on management of infection, 9
New Mexico, infectious exposures, 699
Newborns, rashes in, 409–411

bullous rashes, 410–411
cellulitis, 411
fascitis, 411
pustulelike rashes, 409–410

Nitriblue tetrazolium test, 746
Nitric oxide, inhaled, 163
Nocardiosis, 122
Nodular pneumonias, 197–201, 197t, 198

causes of, 197
chronic, 198
classification, 198
mechanisms, 197–198

Non-group-A streptococcal pharyngitis, 25
Non-nucleoside reverse transcriptase inhibitors, 670
Nonalcoholic steatohepatitis, 475
Nongonococcal urethritis, 511
Nonhepatic abscesses, 456–457
Noninfectious cellulitis, 567–568
Noninfectious hepatitis, 474
Nonpurulent meningitis, 235, 265–273

antifungal chemotherapy, 273
antituberculous therapy, 273
definitions, 265, 266, 266t, 267t
diagnostic approach, 272
eosinophilic meningitis, 272
etiologies, classification of, 267
importance of CSF glucose, 265–267
low-glucose subgroup, 267–269
normal-glucose subgroup, 269–272
treatment, 272–273

Nonstreptococcal pharyngitis, 34–38, 35
Nontuberculous lymphadenitis, geographic exposure to, 699
Nontuberculous mycobacteria, 120, 120–121, 210

allergic bronchopulmonary aspergillosis, 712–713
Northeastern seaboard, infectious exposures, 699
Nose sprays, saline, 95
Nose syndromes, 14–47, 18–23

common cold, 14–18
nasal abscess, 18–32
rhinitis, purulent, 18–32

Nosocomial respiratory/gastrointestinal infections, 348
Nucleoside analogue reverse transcriptase inhibitors, 669–670
Nutritional deficiency, 282

Obstructed tear duct, 106–108
Obstruction, urinary infection and, 500
Occupational exposure to infection, 690, 691t
Occupational rituals for socialization of decision making, 10
Oculoglandular syndrome, 104
Ofuji disease, 577
Ohio river valley, infectious exposures, 699
Onychomycosis, 585
Oophoritis, 518–519

Open fractures, 572
Operative drainage, 101
Opportunistic pathogens, infection with, 746
Oral fluids, 497
Oral mucosa, conditions of, 678
Oral procedures, prophylactic regimens, 616
Orbital cellulitis, 97–102, 98

clinical diagnosis, 97–98, 98
complications, 101–102
diagnostic approach, 100–101
differential diagnosis, 99–100
etiologies, 100
laboratory findings, 98–99
mechanisms, 97
treatment, 101
usual course, 102

Orbital inflammatory pseudotumor, idiopathic, 99–100
Orchitis, 70, 72, 520–521
Oregon, infectious exposures, 699
Organ transplant, infection, 726, 726t
Orthopedic syndromes, 527–562

antibiotic therapy, 537
arthralgia, 527–528
arthritis

causes of, 528–530
bacteria, 528–529, 529t
Lyme arthritis, 529–530

chronic, 527
classification of, 527–528
differential diagnosis, 532–535, 532t

cellulitis, 533–534
malignancies, arthritis associated with, 535
osteomyelitis, 532

joint effusion near, 532
reactive arthritis, 534
septic bursitis, 534
systemic disease, arthritis associated with, 534–535
transient synovitis, hip, 532–533, 533t
trauma, 535

fungal, 531
monarticular, 527
mycobacterial, 531
polyarticular, 527
septic, 528, 530

mechanisms, 528
postoperative, 530–531
presentation, 528

viral, 531–532, 531t
computed tomography, 536
diagnostic approach, 535–537
diskitis, 553–554

definitions, 553
diagnosis, 553
differential diagnosis, 554
etiologies, 554
treatment, 554

duration of therapy, 538
magnetic resonance imaging, 536
myalgia, 528
ordinary roentgenograms, 535
osteomyelitis, 538–552

age factors, 540–542, 541
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Orthopedic syndromes (continued)
bones, 542–543
diagnostic plan, 546–548
infectious etiology, 543
mechanisms, 540–542, 541
noninfectious differential diagnosis, 545–546
osteomyelitis, infections resembling, 543–545
patterns, 539–540
special situations, 550–552
treatment, 548–550

prognosis, 538
radionuclide scan, 535–536
route of therapy, 537–538
subacute, 527
surgical drainage, 537
synovial fluid, interpretation of, 536–537
tenosynovitis, 527
treatment, 537–538
ultrasound, 535

Osteochondritis, after nail puncture wounds to foot,
551–552, 552

Osteomyelitis, 335, 532, 538–552, 543, 547, 564
after stepping on nail, 552
age factors, 540–542, 541
bones, 542–543
chronic, 543

secondary, 540
classification of, 539
diagnostic plan, 546–548
group A streptococcus, 546
hematogenous, 539
infectious etiology, 543
joint effusion near, 532
mechanisms, 540–542, 541
multifocal, 552

chronic recurrent, 552
with negative cultures, 550
noninfectious differential diagnosis, 545–546
osteomyelitis, infections resembling, 543–545
patterns, 539–540
postoperative, 551
primary chronic, 540
radial, 544
sclerosing, Garre, 545–546
special situations, 550–552
traumatic, 551
treatment, 548–550

Otitic hydrocephalus, 89
Otitis

chronic, 87
recurrent, 87

Otitis-conjunctivitis syndrome, 105
Otitis externa, 86–91, 564

acute, 84–86
auricular perichronditis, 564
chronic, 84, 86–91
etiologies, 85
laboratory findings, 85
malignant, 84
mechanisms, 84–85
recurrent, 86–91

Otitis media, 75–84, 80–82
acute, 75–84, 80–82
chronic, 86–91
classic clinical findings, 77
classification, 77–79
complications, 89
draining ears, 84
ear examination, 75–77
infectious etiology, 79–80, 87–88
mechanisms, 87
neonatal, 83
predisposing factors, 77
prevention, 88–89
problem-oriented classification of, 78
recurrent, 86–91
referral to otolaryngologist, 89–90
treatment, 80–83, 83–84

Otoscopy, pneumatic, 75–76
Outpatient blood cultures, 330–331
Outpatient infections

antibiotics in, 331–333
follow-up of, 8

Overdiagnosis, defined, 7
Overgeneralization, 10
Overlap of categories, 4

diagnosis and, 4
Oxygen, humidified, 161

Pancreatic abscess, 456
Pancreatitis, 71, 451–452
Papillomaviruses, 630
Papular rashes, 408
Papulosquamous rashes, 408
Parainfluenza viruses, 35–36
Parakeets, infectious exposure, 693
Paralysis, 89, 279–288, 287–288

ascending, 282–283
cranial nerve, 284–286
descending, 284–286
facial, 71
flaccid, 279–282
Guillain Barré syndrome, 286
hemiplegia, 286
management of, 287–288
myalgia, 286–287
myositis, 286–287
paraparesis, 283–284
rhabdomyolysis, 287
tick, 283, 698
trauma, 286
weakness, 286–287

Paralytic diseases, infectious, problem-oriented diagnosis of,
281

Paralytic poliomyelitis, 279–282
Parameningeal infection, 263, 271
Paranasal sinuses, orifices of, 92
Paraparesis, 283–284
Paraplegia, 283–284
Parapneumonic effusions, management of, 185
Parasites, 208, 212, 215, 336–337, 436, 583, 630

animal contact, 693
chronic diarrhea, 431–434
eosinophilia, 207
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Parenteral transmission (horizontal transmission), human
immunodeficiency virus/acquired
immunodeficiency syndrome, 667

Parotitis, 67–72, 68, 71–72
causes of, 69
enlargement of parotid, persistent/recurrent, 69–70
infectious etiology, 68–69
laboratory findings, 71
mumps, 68

complications of, 70–71
noninfectious causes, 69
prevention, 72
treatment, 71–72

Particle aspiration, 205
Parvovirus B19, 630–631

transmission through transfusion, 692
Passive smoking, 147
Pastias lines, in diagnosis of scarlet fever, 375
Patella, 543
Patent ductus arteriosus, 648
Patient history, in diagnostic process, 3
Pattern diagnosis vs. physiologic approach, 4
Pel-Ebstein fever, 321
Pelvic inflammatory disease, 511
Pemphigoid gestationis, 403, 508
Penetrating abdominal wounds, 572
Penicillin-resistant streptococci, 31
Peptic ulcer disease, 447–448
Percutaneous aspiration, 456
Perianal cellulitis, 565
Periapical abscess, 62
Pericardial effusion, 603
Pericarditis, 603–604

chronic, 604
clinical diagnosis, 603
early complications, 604
emergency treatment, 604
fungal, 605–606
nonpurulent, 605
purulent, 604–605
syndromes, 604–606
tuberculous, 605

Perihepatitis, 450, 469
Perinatal syndromes, 622–665

bone infections, 651
congenital infection syndrome, 636–645

chronic congenital infections, causes of, 637–641
clinical diagnosis, 636–637
laboratory findings, 641–642
treatment, 642–645

ear infections, 651
gastrointestinal infections, 651–652
joint infections, 651
lactation, antimicrobial agent use, 654–656, 655t
neonatal sepsis, 645–651

antibiotic treatment, 650–651
bacterial causes, 650
clinical diagnosis, 648
diseases resembling, 650
laboratory findings, 648–649
meningitis, 650

nonantibiotic treatment, 651
nonspecific laboratory tests, 649–650
predisposing factors, 646
prevention, 646–647, 647–648, 651
sources, 645
time of onset, 645–646

pregnancy, antimicrobial agent use, 654–656, 655t
prenatal infections, 622–636

multiple causal factors, 623
pregnancy, exposures during, 635–636

pulmonary infections, 652–653
skin infections, 653–654

Perinephric abscess, 494–496
bladder, 494–495
initial diagnosis, 496
prostate, 496
urethra, 495–496

Periodic fever, 345–347
Periorbital edema, 106
Perirectal abscess, 452
Peritoneal dialysis, 715–716
Peritonitis, 452, 714, 715–716

abdomen, 564
Peritonsillar cellulitis, 32–34
Pertussis, 148

atypical, 148
complications of, 150–151
prevention of, 151–152
treatment of, 150

Pertussis-like illness, 148
Pessimist list (complications of disease), communication of, 8
Petechial-purpuric rashes, 388–394

diagnostic plan, 393–394
infectious etiology, 389–392
noninfectious causes, 392–393

Petechial rash, causes of, 388
Pharyngitis, 20–22, 48, 324–325, 453

exudative, 20
membranous, 20
non-group-A streptococcal, 25
nonstreptococcal, 34–38
streptococcal, 26–32, 389–390
ulcerative, 20, 38–42

Philadelphia criteria (modified), for identification of febrile
infants, 327

Phlebitis
central vein, 352–353
septic, 352–353

Physiologic diagnosis, 4
PIE syndrome, causes of, 207
Pigeons, infectious exposure, 693
Pilonidal cyst infection, sacrum, 564
Pink pearly papules, 514
Pirodavir, as treatment for common cold, 18
Plague, 698

geographic exposure to, 699
Plastic bronchitis, 147
Pleocytosis

bacterrhachia without, 248
persistent, 260
postictal, 243

Plesiomonas shigelloides, 425
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Pleura
biopsy of, 177–178
needle biopsy, 186

Pleural effusion, infections etiologies of, 186–187
Pneumatic otoscopy, 75–76
Pneumatocele, pneumonia with, 183–189

antibiotic treatment, 189
chest tubes, 189
complications, 189
definitions, 183–184
diagnostic procedures, 184, 185
infections etiologies, 186–187
in newborn, 188
noninfectious causes, 187–188
pneumatoceles, 188
radiographic studies, 183, 184
tuberculous pleural effusions, 188

Pneumococcal conjugate vaccine, schedule, 708
Pneumococcal infection, 680–681

pneumonia, antibiotic therapy, 181, 181t, 182t
Pneumococcal meningitis, 249
Pneumococcal vaccination, 708, 708t, 709t
Pneumococcemia, fulminating, 358
Pneumocystis carinii pneumonia

with hematopoietic stem cell transplant, 723
with solid organ transplant, 727

Pneumocystis jiroveci pneumonia, 677, 681–682, 720
fulminant

diagnosis, 747
early-onset, 746–747

Pneumocystis pneumonia, 212
Pneumonia, 151, 155, 164, 174–223, 325, 397, 399, 450,

473, 676–677, 720
aspiration, 204–206, 206

bacterial aspiration pneumonias, 205–206
classification, 204–205

atypical syndromes, 189–197
classification, 190
complications, 196
definitions, 189–190
etiologies, 190–194
laboratory findings, 194–195

causes of, 181, 197
cavities, 214
chronic focal, 210–212
chronic linear, interstitial infiltrates, 212–213
chronic syndromes, 210–218

classification, 210–212
classification, 174
corynebacterial, 208
cysts, 214
diagnostic approach, 200, 217–218
effusion, pneumonia with, 183–189

antibiotic treatment, 189
chest tubes, 189
complications, 189
definitions, 183–184
diagnostic procedures, 184, 185
infections etiologies of pleural effusion, 186–187
infectious causes in newborn, 188
noninfectious causes, 187–188
pneumatoceles, 188

radiographic studies, 183, 184
tuberculous pleural effusions, 188

with effusion, causes of, 186
eosinophilia syndrome, pneumonia with, 206–210

chlamydial pneumonia, 207–208
diagnostic approach, 176, 209
mechanisms, 207
noninfectious causes, 209
other infectious causes, 208–209
treatment, 209–210

etiologic sources, 175–178
focal, 178–183, 179, 215–217

causes, 179–181
complications, 182
follow-up chest radiograph, 183
treatment, 181–182

fulminating, 201–204
infectious etiology, 201–204
laboratory findings, 204
noninfectious etiologies, 204
treatment, 204

fungal, 210
hilar adenopathy, 213–214
hydrocarbon, 205
hypersensitivity, 209, 217
initial therapy of, 181
interstitial, 190, 191, 198, 217, 385
miliary, causes of, 197–201
nodular, 197–201, 197t, 198

causes of, 197
chronic, 198
classification, 198
mechanisms, 197–198

nontuberculous mycobacterial, 210
patchy, subacute, 190
persistent, 182
pneumatocele, pneumonia with, 183–189

antibiotic treatment, 189
chest tubes, 189
complications, 189
definitions, 183–184
diagnostic procedures, 184, 185
newborn, infectious causes in, 188
noninfectious causes, 187–188
pleural effusion, 186–187
pneumatoceles, 188
radiographic studies, 183, 184
tuberculous pleural effusions, 188

pneumocystis, 212
jiroveci, 677, 681–682, 720

Pneumocystis carinii, 677, 681–682, 720
progressive, 201–204

infectious etiology, 201–204
laboratory findings, 204
noninfectious etiologies, 204
treatment, 204

pulmonary tuberculosis, 218–223
Bacille Calmette-Guerin vaccine, 223
definitions, 218
laboratory findings, 219–220
management of LTBI in children, 221, 222
public health considerations, 223
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tuberculin skin test, 220–222
typical childhood TB, 218–219
whole-blood interferon-gamma assay, 222

recurrent, 206, 210–218, 680–681
causes of, 212

recurrent linear infiltrates, 217
spherical masses, 214
streptococcus, 179–180
treatment, 200–201
untreated/undertreated, 210

Pneumonitis, interstitial, lymphocytic, 199, 677–678
Pneumothorax, 648
Poisoning, 298

accidental, 648
Poliomyelitis-like syndrome, asthma with, 282
Poliovirus, 280–282

vaccine, 281
Polyarticular arthritis, 527
Polycythemia, 648
Polyendocrinopathies, with endocrine disease, 713–714
Polymerase chain reaction, 11, 149, 195
Polyps, nasal, 15
Polysaccharide antigens, failure to respond to, 742
Polysaccharide vaccine, vaccination, schedule, 709
Possibilities, probabilities, distinguishing between, 12
Post-infectious reactive arthritis, causes of, 534
Post-streptococcal reactive arthritis, 601–602
Postanginal sepsis, 38
Postantibiotic pseudomembranous colitis, diarrhea with, 421
Postictal pleocytosis, 243
Postoperative meningitis, 264–265
Postoperative septic arthritis, 530–531
Postsplenectomy, 706–707
Posttraumatic meningitis, 264–265
Predisposing situations, 455
Prednisone, as treatment for common cold, 18
Pregnancy

antimicrobial agents, 654–656, 655t
risk categories, 655–656

hepatitis during, 469
Premature infants, 478
Prenatal infections, 622–636

multiple causal factors, 623
pregnancy, exposures during, 635–636

Presumptive diagnosis, 3, 5
Pretransplant evaluation, with solid organ transplant, 726
Preventable death, 8–9
Prevention of infection, overview, 17–18
Primary chronic osteomyelitis, 540
Primary ciliary dyskinesia, 94, 740
Prior antibiotic therapy, 246–248
Problem list, defined, 7
Problem-oriented records, defined, 7
Proctitis, sexually transmitted pathogens producing, 421
Prodrome of more serious infection, 15
Progressive focusing, in diagnosis, 4
Progressive pneumonias, 201–204

infectious etiology, 201–204
laboratory findings, 204
noninfectious etiologies, 204
treatment, 204

Prolonged total parenteral nutrition, 717

Prostate abscess, 496
Prostatitis, 521
Protease inhibitors, 670–671
Protein C, activated, 361
Pseudofever, 322, 347–348

causes, 347
diagnostic approach, management, 347–348

Pseudomonas aeruginosa, auricular perichondritis, 566
Pseudomonas fluorescens, transmission through transfusion,

692
Pseudomonas folliculitis, 408
Pseudotumor cerebri, 237, 303

causes, 303
treatment, 303

Psittacosis, 473
Psoas abscess, 452–453
Ptosis, 106
Puerto Rico, infectious exposures, 699
Pulmonary candidiasis, 653
Pulmonary disease

physical signs in, 132–133
symptoms in, 132

Pulmonary edema, 145
Pulmonary embolism, 188
Pulmonary eosinophilia, infant, 207
Pulmonary infections, perinatal, 652–653
Pulmonary lymphoid hyperplasia, 199, 677–678
Pulmonary problems, with human immunodeficiency virus/

acquired immunodeficiency syndrome, 676–678
Pulmonary tuberculosis, 218–223

Bacille Calmette-Guerin vaccine, 223
definitions, 218
laboratory findings, 219–220
management of LTBI in children, 221, 222
public health considerations, 223
tuberculin skin test, 220–222
typical childhood TB, 218–219
whole-blood interferon-gamma assay, 222

Pulpitis, 62, 64
Puncture wound, bacterial arthritis, 529
Purpura, with eosinophilia, 393
Purpuric fever, Brazilian, 392
Purpuric rash

causes of, 388
in meningococcemia, 391

Purulent conjunctivitis, 104
Purulent meningitis, 235, 236t, 243–265, 300

age, 243
antibiotic treatment, 249–251
atypical presentations, 248–249, 248t
bacterial meningitis, 246
clinical presentation, 244
days 3 to 7, improvement during, 260–262, 261
definitions, 243
diagnostic approach, 257–259
early complications, 252–257, 253t
early diagnosis, 244
infectious etiology, 244
initial antibiotic therapy, 249
later complications, 259
meningitis, chronic, 264
with negative culture, 262–264
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Purulent meningitis (continued)
neonatal meningitis, 251–252
post-operative meningitis, 264–265
posttraumatic meningitis, 264–265
prior antibiotic therapy, 246–248
prognosis, 259
recurrent meningitis, 264
relapsing meningitis, 264
risk factors, 244
spinal fluid examination, 245–246

Purulent rhinitis, 18–23, 18–32
interpretation of throat culture, 25–26
laboratory methods, 22–25
non-group-A streptococcal pharyngitis, 25
pharyngitis, 20–22
streptococcal pharyngitis, 26–32

Purulent sinusitis, 94–97
adjunctive therapy, 96
complications, 96–97
diagnostic approach, 94
treatment, 95–96

Pustular folliculitis, eosinophilic, 577
Pustular melanosis, neonatal, transient, 409–410, 654
Pustular purpura, 391, 391–392
Pustules, 575

causes of, 576
eye, 102

Pustulosis palmaris et plantaris, 408
Pustulosis palmaris et plantaris, 408
Pyelonephritis, 492

bacteriologic, 492
clinical, 492
histologic, 492
radiologic, 492
xanthogranulomatous, 494

Pyoderma gangrenosum, 584
Pyomyositis, 544, 564
Pyuria, 485–486

Q fever, from parturient cats, 699

Rabbits, infectious exposure, 693
Rabies, 284

prophylaxis, 694
Raccoons, infectious exposure, 693
Racemic epinephrine, nebulized, 143–144
Radiologic pyelonephritis, 492
Radionuclide cystography, 499
Radionuclide scan, 301, 302
Rapid antigen testing, 154, 161, 185–186, 195
Rash, 49–50, 374–418

bullous rashes, 402–403
infectious etiology, 402
noninfectious etiologies, 402–403

causes, 386–388
chickenpox, complications of, 398–399
chickenpox-like rashes, 394, 394–402

diagnostic approach, 398
etiologies, 394–399
prevention, 401–402
treatment, 399–401

classification, 374

definitions, 374
diagnostic approach, 388
drug, 387, 387
erythematous rashes, 374
etiologies, 374–381
hypersensitivity, 409
itching bitelike rashes, 405–407

infections, 406–407
insect bites, 405–406

Kawasaki disease, 378–381
incomplete, 381–382

manifestations of, 386–388
measles, classic, 382

clinical presentation, 382–383, 383
complications of, 385–386
diagnosis of, 384–385
treatment of, 385

measles-like illnesses, 381–382
modified measles, 383, 384t
newborns, rashes in, 409–411

bullous rashes, 410–411
cellulitis, 411
fascitis, 411
pustulelike rashes, 409–410

papular rashes, 408
papulosquamous rashes, 408
petechial-purpuric rashes, 388–394

diagnostic plan, 393–394
infectious etiology, 389–392
noninfectious causes, 392–393

revised terminology, 383–384
roseola syndrome, 407–408
scarlet fever-like, 378
transient, 339–340, 340
treatment, 388
urticarial-multiforme-annular rashes, 403–405

etiologies, 404–405
treatment, 405
types, 403–404

vasculitis, 388–394
diagnostic plan, 393–394
infectious etiology, 389–392
noninfectious causes, 392–393

Rats, infectious exposure, 693
Reactive arthritis, 262, 532, 534

as complication of diarrhea, 438
Reactive hepatitis, 469
Recalcitrant erythematous desquamating disorder, 365
Records of patient, problem-oriented, defined, 7
Recrudescent hepatitis, 469
Rectal swab cultures, 435
Recurrent fever, 344

common causes, 344–345
laboratory findings, 347
uncommon causes, 345

Recurrent linear infiltrates, 217
Recurrent meningitis, 264
Recurrent pneumonia syndromes, 210–218
Redundant predictors, 9
Reflectometry, acoustic, 76
Reflux

gastroesophageal, 140–141, 216
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intrarenal, 500
urinary infection and, 500
vesicoureteral, 500

Refugees
exposure to infection from, 697–698, 700t
screening tests for, 700

Reiter’s syndrome, 516
Relapsing fever, tick transmission, 698
Relapsing hepatitis, 469
Relapsing meningitis, 264
Renal abscess, 493–494
Renal cortical scintigraphy, 499
Renal corticomedullary abscess, 493, 493
Renal vein thrombosis, as complication of diarrhea, 438
Reporting of sexual abuse, 506
Reptiles, infectious exposure, 693
Respiratory distress syndrome, 648
Respiratory insufficiency, 134–135

anticipation of, 135
progression of, 138

Respiratory obstruction, lower, 158
Respiratory physiologic problems, 134
Respiratory syncytial virus, 36
Respiratory syndromes, 132–173

apnea spells, 133
asthma, 166–167

definitions, 166
factors triggering, 166–167

bronchiolitis, 157–166
causes of, 158–160
classic clinical bronchiolitis, 157, 157–158
complications, 164
course, 160–161
diagnostic approach, 161
other wheezing syndromes, 158
physiologic disturbances, 158
prevention, 165–166
relation to asthma, 164–165
treatment, 161–164

bronchitis, 145–157
bronchitis, chronic, 147
causes, 146
classification, 145–146
definitions, 145, 145t, 146t
differential diagnosis, 148–152
epidemiology, 146
influenza-like illness, 152–153

causes of, 153–157
pathology, 146
pertussis-like illness, 148

causes, 135–136
classification, 133–134
coughing syndromes, 145–157

bronchitis, chronic, 147
causes, 146
classification, 145–146
definitions, 145, 145t, 146t
differential diagnosis, 148–152
epidemiology, 146
influenza-like illness, 152–153

causes of, 153–157
pathology, 146

pertussis-like illness, 148
diagnostic approach, 135–136
frequent infections, 738–743

diagnosis, 739–743
laryngeal syndromes, 136–145

age, 137
classification, 137
clinical appearance of laryngeal syndromes, 138–140
complications, 145
definitions, 136–137, 136t
diagnostic approach, 141–142
etiologies, 140–141
frequency, 137
physiologic principles, 137–138

prophylactic regimens, 616
pulmonary disease

physical signs in, 132–133
symptoms in, 132

respiratory insufficiency, 134–135
treatment, 136
wheezing, 157–166

causes of, 158–160
classic clinical bronchiolitis, 157, 157–158
complications, 164
course, 160–161
diagnostic approach, 161
other wheezing syndromes, 158
physiologic disturbances, 158
prevention, 165–166
relation to asthma, 164–165
treatment, 161–164

Retinopathy, 643
Retropharyngeal abscess, 126–127, 236
Retrovir, 670
Returning traveler, hepatitis in, 474–480

complications, 477
diagnostic approach, 474–476
noninfectious hepatitis, 474
prevention, 477–480
treatment, 476–477

Reye syndrome, 278, 279, 475
with collagen disease, 711

Rhabdomyolysis, 287
Rheumatic fever, 32, 453, 532, 596, 598–603

age factors, 599
differential diagnosis, 601–602
etiology, 599
following untreated streptococcal pharyngitis, 599
frequency, 598–599
Jones criteria, 600–601
prevention, 603
prognosis, 602–603
treatment, 602

Rheumatoid arthritis
juvenile, 335, 532
rash in, 340
systemic, juvenile, 339–344

chest roentgenogram, 344
clinical findings, 339–340
complications, 341
course, 341
diagnostic approach, 343–344
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Rheumatoid arthritis (continued)
hepatosplenomegaly, causes of, 341–343
infectious mononucleosis tests, 344
laboratory findings, 340
with nonspecific signs, 341, 342t
therapy, 340–341
tuberculin skin test, 344

Rhinitis
allergic, 15–16
nonallergic, with eosinophilia syndrome, 16
purulent, 18–23, 18–32

interpretation of throat culture, 25–26
laboratory methods, 22–25
non-group-A streptococcal pharyngitis, 25
pharyngitis, 20–22
streptococcal pharyngitis, 26–32

Rhinoviruses, 15
Rib, 543
Ribavirin, 163–164
Ricketts, 193–194, 277, 611
Rickettsialpox, 698
Rigidity

episodic, neonatal, 294
generalized, 295
localized, 294
mild, 294

Ritter’s disease, 578
Rivers, residence near, exposure, 691
Rochester criteria (modified), for identification of febrile

infants, 327
Rocky Mountain spotted fever, 390, 390–391, 473, 631, 698

geographic exposure to, 699
transmission through transfusion, 692

Rose spots, 408
Roseola syndrome, 407–408
Rotavirus, 422–423
Rubella-like illness, 386–387

exposure to, 635–636
Rubella syndrome, congenital, 637
Rubella virus, 386, 631, 637

immunization, during pregnancy, 636
Ruptured appendix, 449

Sacral cellulitis, 565
Sacrum, pilonidal cyst infection, 564
Saddle-back (biphasic) fever, 321
Salivary gland syndromes, 62–74

enlargement, 67–72
orchitis, 72
parotitis, 67–72, 68
sialitis, 67–72, 68
stones, 69

Salmonella, 428, 440–441
diarrhea with, 421

Salmonellosis, 440
Salpingitis, 450, 518–519
Sarcoidosis, 409
SARS-coronavirus, 201–202
Scabies, 406

neonatal, 410
Scalded skin syndrome, 410, 577–580, 578

of adult, 578

of childhood, 578
diagnostic approach, 580
differential diagnosis, 579–580
of newborn, 578
spectrum, 578–579
treatment, 580

Scalp, kerion, 564
Scarlet fever, 374–375, 375, 473

arcanobacterial, 376
Pastias lines in diagnosis of, 375
staphylococcal, 375, 579

Scarlet fever-like rash, 378
Schistosomal cercariae, 406–407
Schistosomiasis, 473, 495
School exclusion issues, 700–702
Scleredema, 567
Scratch

animal exposures via, 693
cat scratch disease, 68, 122, 122, 271, 336

lymph node enlargement, 122
Scrotum, Fournier syndrome, 564
Sea water, infection via, 691
Seborrheic dermatitis, 676
“Seeded meningitis,” 271
Seizure disorder, 241
Sepsis, 354–359

age frequency, 355–356, 355t, 356t
bacteria, 357–358
clinical patterns, 354–355
contaminated blood cultures, 355
empiric therapy of suspected sepsis, 356–357
intravenous therapy, oral therapy after, 358–359

Septal abscess, nasal, 19
Septic arthritis, 528, 530, 535, 544, 564

differential diagnosis, 532
mechanisms, 528
postoperative, 530–531
presentation, 528
roentgenograms, 536
transient synovitis, distinguishing, 533

Septic bursitis, 534
Septic emboli, 391, 391–392
Septic myositis, 287
Septic phlebitis, 352–353
Septic shock, 256, 354, 359–362

classification, 359–360
definition, 359
mechanisms, 360
nonantibiotic treatment, 360–362

Septicemia, fulminant, uncommon causes of, 358
Serologic methods of diagnosis, 11
Serum amylase, 71
Serum antibodies, 149
Serum sickness, 532
Setting sun appearance of eyes, early hydrocephalus, 262
7-valent pneumococcal conjugate vaccine, schedule, 708
Severe combined immunodeficiency, 747, 748
Severity of illness caused by infection, spectrum, 3, 3
Sexual abuse, reporting of, 506
Sexually transmitted disease, 66, 402, 405, 507, 511, 545,

631–632, 639–640, 642–644, 643t, 667
in children, implications of, 505, 506t
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syndromes, diagnosis of, 506
treatment of, 510–513

Sheep
bacterial arthritis from exposure to, 529
infectious exposure, 693

Shelter Island, infectious exposures, 699
Shigella, 425–427, 426

diarrhea with, 421
Shigellosis, 426, 439–440, 440
Shingles, 395, 396, 635, 676
Shock syndromes, 318–373

compensated, 359
septic, 256, 359–362

classification, 359–360
definition, 359
mechanisms, 360
nonantibiotic treatment, 360–362

toxic, 360, 362–365, 364, 375, 580
clinical manifestations, 363–364
complications, 364
recalcitrant erythematous desquamating disorder, 365
recurrences, 364–365
staphylococcal, 362–363
streptococcal, 365

treatment of, 256
warm, 359

Shunts, infection from, 288–293, 290–291
complications, 293
diagnostic strategies, 291
predisposing causes, 288–290, 289
shunt infections, 290–291
treatment, 291–292, 292–293

Sick persons, exposures to infection from, 698, 701t
Sickle cell disease, 707

osteomyelitis in, 550
Sinus syndromes, 75–117, 721

histiocytosis, 123
sinusitis, 19, 91–93, 166–167

age factors, 93
association with other diseases, 93
complications of, 97
definitions, 91–92
differential diagnosis of, 95
experimental studies, 92, 92–93
maxillary, 564
predisposing factors, 93
purulant, 94–97
recurrent/persistent, predisposing factors, 93

Skin syndromes, 562–594
abscesses, 575
acne, 587–588
burn infections, 572–575
candidiasis, persistent, 748
cellulitis, 562–567

noninfectious, 567–568
decubitus ulcers, 581
flora, 491
fungal infections, superficial, 584–586, 585
furunculosis, recurrent, 576–577
impetigo, 580–581
infected diaper dermatitis, 586–587
lacerations, 571

lymphocutaneous syndrome, 582
normal skin flora, 562
perinatal infections, 653–654
pustules, 575
staphylococcal scalded skin syndrome, 577–580
ulcerative skin lesions, infectious causes of, 582–583
ulceronodular syndrome, 581–582
ulcers, 581

infectious causes of, 581
Skin tests, 11–12

tuberculin, 344
positive, cut-off values for, 221

Skunks, infectious exposure, 693
Smallpox, 397–398
Smoking, passive, 147
Snacks, infectious exposure, 693
Socialization of decision making, occupational rituals for, 10
Soft-tissue syndromes, 562–594

abdominal wounds, penetrating, 572
abscess, 544
burn infections, 572–575
cellulitis, 562–567
contaminated wounds, 571–572
decubitus ulcers, 581
fractures, open, 572
furunculosis, recurrent, 576–577
lacerations, 571
lymphocutaneous syndrome, 582
necrotizing infections, 568–571
noninfectious cellulitis, 567–568
traumatic wound infections, 571

Soil, exposure to infection via, 691
Solid organ transplant, infectious complications, 726–729,

726t
bacterial pathogens, prophylaxis, 727
community-acquired viruses, 727
cytomegalovirus, 727–728
Epstein-Barr virus, 728
fungal pathogens, prophylaxis, 727
herpes simplex virus, 728
immunization of recipients, 728–729
pneumocystis carinii pneumonia, 727
pretransplant evaluation, 726
timing of infections, 726–727
varicella zoster virus, 728

South-central United States, infectious exposures, 699
Southeastern United States, infectious exposures, 699
Southern tick-associated rash illness, geographic exposure to,

699
Southwestern United States, infectious exposures, 699
Spasmodic croup, 139–140
Spasms, muscle, 294–295
Spectrum of severity of illness caused by infection, 3, 3
Sphagnum moss, infection via, 691
Spherical masses, lung, 214
Spinal artery thrombosis, anterior, 284
Spinal epidural abscess, 283–284
Spinal infections, 452
Splenic abscess, 457
Splenic absence/dysfunction, infectious complications,

705–710
clinical manifestations, 706
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Splenic absence/dysfunction (continued)
conditions, 706–707
functions of spleen, 705
Howell-Jolly bodies, 705–706
prevention, 707–710

Splenomegaly, 48–49
Splinting, 132
Squirrels, infectious exposure, 693
St. Louis encephalitis, 698, 699
Staphylococcal enterotoxin, 445–446
Staphylococcal scalded skin syndrome, 410, 577–580, 578

of adult, 578
of childhood, 578
diagnostic approach, 580
differential diagnosis, 579–580
of newborn, 578
spectrum, 578–579
treatment, 580

Staphylococcal scarlet fever, 375, 579
Staphylococcal toxic shock syndrome, 362–363

defined, 362
Staphylococcus, 37, 119–120, 357, 402, 442, 565, 608

transmission through transfusion, 692
STDs. See Sexually transmitted disease
Steatohepatitis, nonalcoholic, 475
Stem cell transplant, infection with, 721–725

bacterial infections, 722
community-acquired viruses, 723
cytomegalovirus, 723–724
fungal infections, 722–723
herpes simplex virus, 724
immunization of recipient, 725, 725t
mechanisms, 722
pretransplant evaluation, 722
timing, 722

Stensen’s duct orifice, parotitis, 68
Steps in diagnosis process, 3–6
Stevens-Johnson syndrome, 66, 402–403, 404
Stomatitis, 62–67

aphthous, 62–63, 63, 345–346
Stones, salivary gland, 69
Stool cultures, bacterial, in hospitalized patients, 435
Storage diseases, 343
Streptococcal cellulitis, 411
Streptococcal pharyngitis, 22, 26–32, 27–28, 28, 33,

389–390
frequency of, 21–22
rheumatic fever following, 599

Streptococcal pneumonia, 19, 37, 179–180, 565
interpretive standards, 182

Streptococcal toxic shock syndrome, 365
defined, 365

Streptococcus, 402
fastidious, 610
group A, 119–120, 357, 565

bacitracin, 24
osteomyelitis, 546
penicillin-tolerant, 31

group B, 565, 625
group C, 565
group G, 565

Strongyloidiasis, 433–434

Subacute sclerosing panencephalitis, 386
Subdural effusions

as complication of diarrhea, 438
transillumination for detection of, 260

Subdural empyema, 260
Subphrenic abscess, 457
Sulfonamides, avoidance of, 29–30
Superficial fungal infections, 584–586, 585

diagnostic approach, 585–586
etiologies, 584–585
locations, 584–585
treatment, 586

Suppurative parotitis, 68
Suppurative thyroiditis, 127–128
Supraglottic obstruction, severe, appearance in, 139
Supraglottitis, 138–139, 139
Suprapublic aspiration, 490, 491
Suprarenal abscess, 457
Sweat chloride measurement, 743–744
Sweet syndrome, 393, 576–577
Swimming pools, infection via, 691
Swine, infectious exposure, 693
Syndrome approach to infectious disease, vs. agent approach,

2
Synergistic gangrene, Meleney’s, 570
Synovial fluid, interpretation of, in arthritis, 536–537
Synovitis, hip, transient, 532–533, 533t
Syphilis, 66, 402, 405, 507, 511, 545, 631–632, 639–640,

642–644, 643t
early, 473
secondary, 409
transmission through transfusion, 692

Syphilitic chancre, 507
Syrup of ipecac, use of, 145
Systemic juvenile rheumatoid arthritis, 339–344

chest roentgenogram, 344
clinical findings, 339–340
complications, 341
course, 341
diagnostic approach, 343–344
hepatosplenomegaly, causes of, 341–343
infectious mononucleosis tests, 344
laboratory findings, 340
with nonspecific signs, 341, 342t
therapy, 340–341
tuberculin skin test, 344

Tachypnea, 132
transient, 648

Takao syndrome, 714, 748, 750
Tear duct, obstructed, 106–108
Telangiectasia, 750–751
Temperature measurement with fever, 319
Temporal association, cause/effect, distinguished, 9–10
Tenosynovitis, 527, 532
Tetanus-like illnesses, 293–297

classification, 294
complications, 296–297
early clinical diagnosis, 294–295
physiologic principles, 294
prevention, 297
rigidity, causes of, 295–296
treatment, 296
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Tetracycline, avoidance of, 29–30
Texas, infectious exposures, 699
Thoracentesis, 184–185
Thoracoscopy, 178
Thorny bushes, infection via, 691
Throat cultures, 21, 22, 23–24, 24t, 41, 325

methods, 24–25
Throat syndromes, 14–47

common cold, 14–18
culture interpretation, 25–26
herpangina, 38–42
pharyngitis, 20–22

non-group-A streptococcal, 25
nonstreptococcal, 34–38
streptococcal, 26–32
ulcerative, 38–42

tonsillectomy, 32–42
Thrombocytopenia, 643, 675–676

caused by histoplasmosis, 342
of disseminated intravascular coagulation, 391

Thrombocytopenic purpura, 71
Thrombosis, 262

spinal artery, anterior, 284
Thrush, persistent, 748
Thyroiditis, 71, 127–128
Tibia, Erythema nodosum, 564
Ticks

disease transmitted by, 698
paralysis from, 283, 698

Tinea, 411
capitis, 564, 584–585, 585
corporis, 585
cruris, 585
pedis, 585
unguium, 585
versicolor, 585

Tonsillectomy, 32–42, 34
axioms, 32–34
nonstreptococcal pharyngitis, 34–38
prevention, 32
treatment, 42

Toothbrush, reinfection from, 31
Torticollis, 124–125
Total hemolytic complement, 744
Total parenteral nutrition, prolonged, 717
Toxic epidermal necrolysis, 579
Toxic megacolon, as complication of diarrhea, 438
Toxic shock syndrome, 155, 360, 362–365, 375, 580

clinical manifestations, 363–364
complications, 364
recalcitrant erythematous desquamating disorder, 365
recurrences, 364–365
staphylococcal, 362–363, 363

defined, 362
streptococcal, 365

defined, 365
treatment, 364

Toxoplasmosis, 56, 121, 632, 633, 638, 642, 674–675,
682–683

Tracheal intubation, 143
Tracheobronchitis, purulent, 139
Tracheobroncial candidiasis, 748

Tracheostomy, 143
Transfusion, infections transmitted through, 690, 692, 692t
Transient hypogammaglobulinemia, 740
Transient neonatal pustular melanosis, 409–410, 654
Transient psychosis, 71
Transient synovitis, 532

hip, 532–533, 533t
septic arthritis, distinguishing, 533

Transverse myelitis, 71
Transverse myelopathy, 283
Traumatic osteomyelitis, 551
Traumatic wound infections, 286, 571
Travel advice, 707
Traveler, returning, hepatitis in, 474–480

complications, 477
diagnostic approach, 474–476
noninfectious hepatitis, 474
prevention, 477–480
treatment, 476–477

Traveler’s diarrhea, 421, 422
Trichomonas infection, 512
Trismus, 295, 296
Trypanosomiasis, transmission through transfusion, 692
Tuberculin skin test, 344

positive, cut-off values for, 221
Tuberculosis, 88, 210, 218–219, 271, 278, 532, 632–633

congenital, 653
dissemination of, 386
geographic exposure to, 699
miliary, 198–199
newborn exposed to, 652–653
primary, complex, 219, 219

Tuberculous adenitis, 121
Tuberculous meningitis, 267–268
Tuberculous pericarditis, 605
Tuberculous pleural effusions, 188
Tularemia, 36, 121

geographic exposure to, 699
insect transmission, 698
tick transmission, 698

Tumor necrosis factor receptor-associated periodic syndrome,
346–347

Turtles, infectious exposure, 693
22q11.2 deletion syndrome, 714, 748, 750

with heart disease, 714
23-valent polysaccharide vaccine, vaccination, schedule, 709
Tympanic membranes

appearance of, 75, 75
landmarks of, 75

Tympanocentesis, 76–77
otitis media, 79

Tympanogram, middle-ear pressure, 76
Tympanometry, 76, 76
Types of diagnoses, 3–4

anatomic diagnosis, 3–4
etiologic diagnosis, 4
physiologic diagnosis, 4

Typhoid fever, 428–429, 440, 441, 473
geographic exposure to, 699

Typhus
lice, transmission from, 698
murine, 392, 698

Typhus inversus, fever, 321
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Ulcerative colitis, diarrhea with, 421
Ulcerative gingivitis, 63

necrotizing, 63–64
Ulcerative pharyngitis, 20, 38–42

herpes simplex virus, 36
Ulcerative skin lesions

infectious causes of, 582–583
noninfectious causes of, 584

Ulceronodular syndrome, 581–582
Ulcers

decubitus, 581
skin, 581

infectious causes of, 581
Ultrasound, abnormalities detected by, 499
Ultraviolet light, 585
Upper respiratory infections, classification of, 14
Urea cycle disorders, 648
Ureaplasmas, 633–634
Uremia, 715
Urethra abscess, 495–496
Urethral syndrome, 495–496
Urethritis, 495, 514–516

nongonococcal, 511
nonpurulent, 515–516
purulent, 514–515

Urinary syndromes, 485–505
anatomic localization, 492–494

kidney, 492
renal abscess, 493–494

bacterial etiologies, 496
laboratory findings, 496

bacteriuria, 486–488
clinical manifestations, 485
collection of urine, 489–492

methods, 489–490
culture of urine, 489–492
definitions, 485–488
diagnosing, 490–491
infants, management, 499
infections, 450, 473, 634

as complication of diarrhea, 438
in neonates, 473
recurrent, 345
variables in, 487

management, 499–502
delays in treatment, 499
need for follow-up cultures, 499–500
obstruction, 500
recurrences, 501
reflux, 500

nephrologic consultation, 501
office tests, 491–492
perinephric abscess, 494–496

bladder, 494–495
initial diagnosis, 496
management, 496
prostate, 496
urethra, 495–496

prevention, 502
prognosis, 501–502
pyuria, 485–486
risk factors, 488

screening, routine, 488–489
uncomplicated infections, management, 496–499

initial radiographic evaluation, 498–499
initial steps, 497–498

urologic consultation, 501
young children, management, 499

Urologic consultation, 501
Urticaria, 403, 411

bullous, congenital, 411
Urticarial-multiforme-annular rash, 403–405

etiologies, 404–405
treatment, 405
types, 403–404

Urticarial papules/plaques, 411
Uveitis, 108–110
Uvulitis, 20–21, 62, 64

Vaccine
for hematopoietic stem cell transplant recipients, 725
hepatitis A, 478

B, combined, 479–480
influenza

inactivated, 156
live-attenuated, 156–157

live-attenuated, 728–729
meningitidis, 709
pneumococcal, 708, 708t, 709t
7-valent pneumococcal conjugate, schedule, 708
23-valent polysaccharide vaccine, schedule, 709
varicella, 401–402

Vaccine-modified, immunoglobulin modified measles, 384
Vaccine-modified measles, 384
Vaginitis, 517

candidal, 517
nongonococcal, 517, 623

Vaginosis, bacterial, 623
Varicella, 473, 634, 683

with hematopoietic stem cell transplant, 724
with solid organ transplant, 728
vaccine, 401–402

Varicella-zoster immune globulin, 401
Vasculitis, 388–394

cutaneous, 393
diagnostic plan, 393–394
hypersensitivity, 596
infectious etiology, 389–392
myocarditis complicating, 596
noninfectious causes, 392–393

Velocardiofacial syndrome, 714, 748, 750
with heart disease, 714

Ventriculitis, 288–293
complications, 293
diagnostic strategies, 291
predisposing causes, 288–290, 289
shunt infections, 290–291
treatment, 291–292, 292–293

Ventriculoperitoneal shunt, tubing, reservoir parts, 289
Vertebrae, 542
Vertigo, 297–299, 299–300

diagnostic plan, 300
infectious etiology, 297–298
noninfectious causes, 298–299
treatment, 300
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Vesicoureteral reflux, 500
Vesicular rash, 395
Vibrio cholerae, 424
Vibrio parahaemolyticus, 424, 440
Vibrio species, 566
Vincent’s angina, 62
Viral antigen detection, 436
Viral arthritis, 531–532, 531t
Viral endocarditis, 611
Viral exanthems, ampicillin rash with, 387
Viral hemorrhagic fever, 473
Viral meningitis, 266, 269–270, 648
Viral myocarditis, 595–596
Visceral larva migrans, 473
Vitamin C, 17
Vomiting, 442–447

classification, 443
clinical syndrome, 443–444
common-source, 443–444, 444t
diagnoses to avoid, 443
epidemic, 443
etiologies, 444–446
noninfectious causes, 446
physiologic disturbances, 446
supportive treatment, 446–447
winter vomiting disease, 443

Warm shock, 359
Warts, genital, 513–514
Waterborne illness, 447
Waterways, residence near, 691
Watery diarrhea, 421
Wavepools, infection via, 691
Weakness, 279–288, 286–287

ascending paralysis, 282–283
cranial nerve paralysis, 284–286
flaccid paralysis, 279–282
Guillain Barré syndrome, 286
hemiplegia, 286
myalgia, 286–287
myositis, 286–287
paralysis, 287–288
paraplegia, 283–284
rhabdomyolysis, 287

trauma, 286
weakness, 286–287

West Nile encephalitis, 635, 698
geographic exposure, 699

West Virginia, infectious exposures, 699
Western equine encephalitis, 698

geographic exposure, 699
Wet gangrene, 562–564, 569–570
Wheezing, 157–166

asthma, relation to, 164–165
causes of, 158–160
classic clinical bronchiolitis, 157, 157–158
complications, 164
course, 160–161
diagnostic approach, 161
differentiation of syndromes, 146
physiologic disturbances, 158
prevention, 165–166
relation to asthma, 164–165
treatment, 161–164

Whirlpools, infection via, 691
Wild animal bite, infectious exposure, 693
Wilson’s disease, 475
Winter vomiting disease, 443
Wiskott-Aldrich syndrome, 750
With cystic fibrosis, 711
Working diagnosis, 3
Wound botulism, 284–285, 285

X-linked agammaglobulinemia, 740–741
Xanthogranulomatous pyelonephritis, 494

Yellow fever, 473, 698
Yersinia diarrhea, 421, 442
Yersinia enterocolitica, 425

transmission through transfusion, 692
Yersiniosis, 440

ZDV. See Zidovudine
Zidovudine, 670
Zinc, as treatment for common cold, 18
Zinc gluconate, 17
Zoo animal bite, infectious exposure, 693
Zoster, 395, 396, 635, 676, 683, 724, 728
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