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PREFACE

During the writing of this fourth edition of Infectious Diseases of the Female Genital
Tract, infections seem to have played an ever-expanding role, not only in the practice of
obstetrics and gynecology but in the practice of medicine in general. Regularly the news
media produced stories about new infections and antibiotic resistance. These, indeed,
continue to be challenging and exciting times in the world of infectious diseases.

For this fourth edition, we have maintained the goal of providing physicians with
up-to-date knowledge that—in a highly readable form—deals with infectious diseases in
the female. We have substantially revised and updated every chapter and have added
several eye-appealing features. We are especially pleased that accompanying this
fourth edition will be an atlas to add to the usefulness of this text.

We have been gratified by the place this text has earned in the offices and libraries of
many obstetricians and gynecologists, and we thank the readers for their support.
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CLINICAL MICROBIOLOGY OF THE FEMALE GENITAL
TRACT
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The microbiology of the female genital tract is indeed complex. In healthy women, the
vagina contains 10° bacterial colony-forming units per gram of secretions. Isolates
commonly found in the lower genital tract include a variety of aerobic and anaerobic
bacteria, yeast, viruses, and parasites (Table 1.1). Influences upon these microbes
include phase of the menstrual cycle, sexual activity, contraceptive use, childbirth,
surgery, and antibiotic therapy. The upper genital tract usually is sterile, but bacteria
from the lower genital tract may ascend into the uterine cavity, fallopian tubes, or pelvic
peritoneum because of menstruation, instrumentation, foreign bodies, surgery, or other
predisposing factors.
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TABLE 1.1. OVERALL CLASSIFICATION OF MICROORGANISMS FOUND IN THE
FEMALE GENITAL TRACT

This chapter presents a working knowledge of genital tract microbes for the clinician.
More detailed descriptions of selected microbes are provided in other chapters.

VIRULENCE

Distinguishing “virulent” or “pathogenic” isolates from “nonvirulent” or “nonpathogenic”
ones often is difficult because the behavior of a given isolate is so dependent upon the
numbers of isolates present, host factors, and local conditions (presence of necrosis
and foreign body). For example, although group B streptococcus is a leading cause of
maternal and neonatal septicemia, most women with genital colonization by group B
streptococci (GBS) suffer no consequences. On the other hand, Staphylococcus
epidermidis is generally considered a low-virulence organism and is commonly
considered part of the normal skin and vaginal flora, but it also may cause disease when
conditions allow. For example, S. epidermidis has been recognized as a cause of
infective endocarditis of neurologic shunts.

Despite such widely ranging behavior patterns, it still is practical to distinguish “high”-
from “low”-virulence genital isolates. For practicality, the bacteria are divided into
aerobes and anaerobes. Each of these groups is subdivided further into Gram-positive
and Gram-negative organisms.

AEROBIC ORGANISMS

Gram-Positive Cocci

The organisms in this group include the aerobic streptococci and staphylococci (T:



TABLE 1.2. ANTIBIOTIC THERAPY FOR AEROBIC AND FACULTATIVE BACTERIA
FOUND IN FEMALE GENITAL INFECTIONS

Streptococci

Many varieties of streptococci have been found in the pelvis, and they have been
classified by two independent schemes. In one scheme, the streptococci are
distinguished by their hemolytic properties on blood agar plates. Aerobic streptococci
showing partial (or green) hemolysis are termed alpha (a) streptococci, those showing
complete (or clear) hemolysis are termed beta (b) streptococci, and those showing no
hemolysis are termed gamma (g) streptococci. In the other scheme, the Lancefield
system, many streptococci can be classified according to surface antigens, designated
by the letters A through O. In humans, streptococci of groups A, B, and D are common
pathogens. Group A and B streptococci nearly always produce b hemolysis. Group D
streptococci usually are nonhemolytic (g streptococci), but on occasion they may be
either a or b hemolytic as well.

Group A Streptococci (Streptococcus pyogenes)

Streptococcus pyogenes causes pharyngeal, cutaneous, puerperal, and postoperative
infections and necrotizing fasciitis. Sequelae of group A streptococcal infections may
include rheumatic fever and acute glomerulonephritis. It is not generally considered to
be a member of the normal vaginal flora, as it is isolated in less than 1% of
asymptomatic women. Pelvic infection caused by group A streptococci may produce a
characteristic clinical picture, with a high, early initial fever, chills, prostration, and
diffuse tenderness. Historically, the group A b-hemolytic streptococcus was the
organism responsible for fatal puerperal sepsis. On Gram stains, one sees
Gram-positive cocci in chains. The microorganism remains exquisitely sensitive to
penicillin, and erythromycin or a cephalosporin usually can be substituted for treatment
of the penicillin-allergic patient. Clindamycin is an alternative agent, as is vancomycin.

Group A streptococcal pelvic infections occur in both sporadic and epidemic forms.
Epidemics usually are exogenous in origin, commonly resulting from nasopharyngeal



carriage of the microorganism or from skin infections in hospital staff members.
Occasionally, a mother may be the source.

Epidemics can be prevented by placing patients with group A streptococcal infections in
strict isolation and by early antibiotic treatment of hospital employees with group A
streptococcal infections. Employees with positive cultures should be relieved of duty on
obstetric, neonatal, and postoperative wards until their cultures become negative. When
epidemics have occurred, isolation and antibiotic therapy have not always sufficed to
effect control. In some recent outbreaks, additional measures, such as identifying and
treating all streptococcal carriers, canceling elective surgery, and prophylactic treatment
of all patients and personnel, have been necessary.

Group B Streptococci (Streptococcus agalactiae)

Before the 1960s, GBS were not recognized as frequent pathogens, but they have now
become a major cause of sepsis among neonates and postpartum women (see Ch.
3) (1,2). Unlike group A streptococci, group B organisms are considered part of the
normal vaginal flora and can be recovered in about 20% of normal pregnant women.
Isolation rates are enhanced by use of selective broth containing nalidixic acid and
gentamicin. The clinical picture of GBS infection in puerperal women closely resembles
that of group A infection. Epidemic GBS disease has not been reported among mothers,
however. The neonate with GBS sepsis usually acquired the microorganism from the
maternal genital tract. Even with appropriate therapy, early-onset neonatal GBS
infection has a high fatality rate. In 1996, national guidelines were established to prevent
GBS perinatal sepsis (see Ch - 3) (1,2).

Group B streptococci are susceptible to penicillin, ampicillin, and the cephalosporin
group of antibiotics. Although erythromycin and clindamycin are considered alternatives
to penicillin, recent reports have documented a rising resistance rate among GBS (3).

Group D Streptococci

This group is composed of two subgroups: “group D enterococci” and “group D not
enterococci.” The former, which includes Streptococcus faecalis, Streptococcus
faecium, and other less common species, occurs frequently. Although these organisms
cause endocarditis and urinary tract infection, their virulence in genital infections has
been debatable. They are considerably less virulent than group A or B streptococci, but
on occasion they have caused serious genital and abdominal infections. Enterococci are
important pathogens, particularly in situations where cephalosporin prophylaxis has
been used (4). They are the only streptococci not sensitive to penicillin. They are
resistant to cephalosporins, alone or in combination with aminoglycosides
(streptomycin, kanamycin, or gentamicin), and to clindamycin, alone or in combination
with aminoglycosides. Enterococci organisms are susceptible to ampicillin, to penicillin
or ampicillin and aminoglycoside in combination, and to vancomycin. Of recent concern
have been reports of enterococcal resistance to ampicillin-aminoglycoside combination
and vancomycin, but these appear rarely in pelvic infections (5). Failure of a patient to
respond to cephalosporin-aminoglycoside or clindamycin-aminoglycoside combinations



may be seen when the primary pathogen is an enterococcus (4).

Nonenterococcal group D streptococci can be commonly isolated. They are susceptible
to penicillin.

Other Aerobic Streptococci

Other aerobic streptococci include a variety of common bacteria that are susceptible to
penicillin. Examples are a and g streptococci. The most important of these are the
viridans group streptococci, which include Streptococcus intermedius (Streptococcus
milleri group), Streptococcus mitis, Streptococcus mutans, Streptococcus oralis,
Streptococcus parasanguis, Streptococcus salivarius, and Streptococcus sanguis.

Streptococcus pneumoniae is an uncommon but potentially serious cause of genital
tract infections.

Staphylococci

The aerobic staphylococci include S. epidermidis, Staphylococcus saprophyticus
(Micrococcus), and Staphylococcus aureus. The first two do not produce a coagulase
enzyme (the “coag-negative” staphylococci), whereas S. aureus does (“coag-positive”
staphylococci). Staphylococcus aureus is isolated from 5% to 10% of genital tract
cultures. This organism has been recognized as a cause of abdominal wound infections,
breast abscesses, and nursery outbreaks of infection. It has been isolated from nearly
all patients with toxic shock syndrome. Most species of S. aureus, whether isolated in
the community or in the hospital, elaborate penicillinase and are resistant to penicillin
and ampicillin. Agents of choice for treatment of S. aureus infections are the
penicillinase-resistant penicillins, such as cloxacillin, dicloxacillin, methicillin, oxacillin,
and nafcillin. Resistance to these antibiotics by methicillin-resistant S. aureus has
become a major nosocomial infection problem (6). Antibiotics for use in S. aureus
infections in the penicillin-allergic patient are the “first-generation” cephalosporins and
clindamycin. Vancomycin is the drug of choice for methicillin-resistant S. aureus.

Staphylococcus saprophyticus has been recognized recently as an important cause of
urinary tract infection. This organism is susceptible to a wide range of antibiotics,
including penicillins, cephalosporins, and trimethoprim-sulfamethoxazole (TMP-SMX).
Staphylococcus epidermidis is commonly isolated from the vagina and skin, but rarely
causes infection. Conditions in which S. epidermidis is recognized as a pathogen
include osteomyelitis, possibly late-onset neonatal sepsis, and association with foreign
bodies and invasive lines.

Gram-Positive Bacilli

The Gram-positive bacilli are common organisms in the normal vaginal flora (
Lactobacillus sp are the most frequent component of the normal vaginal flora
of reproductive age. Although lactobacilli are generally nonvirulent organisms, the

strains that produce hydrogen peroxide play a major role in controlling the vaginal flora.




In unusual circumstances, the usually avirulent lactobacilli may produce invasive
disease, such as bacteremia, which occurs in patients with underlying conditions such
as cancer, recent surgery, and diabetes mellitus. Many of these patients received prior
antibiotic therapy (7). When lactobacilli appear in cultures of the urine, it almost certainly
represents a contamination.

Listeria monocytogenes is present rarely in the vaginas of healthy women. Although the
predominant route for severe intrauterine infections due to this organism during
pregnancy is transplacental secondary to bacteremia, on occasion L. monocytogenes
ascends from the lower genital tract to cause intrauterine infection (see Chapter 16).
Epidemics due to Listeria organisms have occurred from contaminated dairy products.

Gram-Negative Bacilli

The Gram-negative bacilli include a large number of microorganisms with highly variable
patterns of antimicrobial susceptibility. Many species have been identified, but only a
few are commonly isolated from patients with pelvic infections (Table 1.2).

Escherichia Coli

Escherichia coli is one of the most common members of this group isolated in genital
tract and urine specimens. It is present in approximately 70% of urinary tract infections.
Escherichia coli infections usually are mild, but occasionally they may be fulminant, as it
is the microorganism most commonly identified in bacteremic obstetric and gynecologic
patients. Escherichia coli frequently is recovered in mixed infections of the pelvis, such
as amnionitis, endometritis, and posthysterectomy cellulitis. Its susceptibility to
antibiotics varies from hospital to hospital and, probably, from service to service.
Gentamicin, tobramycin, amikacin, and chloramphenicol usually are effective against
more than 95% of E. coli isolates. Increasingly, E. coli resistance to ampicillin has
emerged. In general, more than 40% of E. coli (including community-acquired strains)
are resistant to ampicillin. The first-generation cephalosporin antibiotics have remained
active against E. coli isolates in most hospitals, but the newer cephalosporin agents
(second and third generation) and newer penicillins are more active. The new quinolone
agents, such as ciprofloxacin and ofloxacin, are very active against E. coli, as is
TMP-SMX.

Gardnerella vaginalis

Formerly known as Haemophilus vaginalis and Corynebacterium vaginale, Gardnerella
vaginalis is found in vaginal cultures of nearly all women with bacterial vaginosis, but it
also can be found in vaginal cultures of 40% to 60% of asymptomatic women when a
selective medium is used. It has been reported to cause endometritis and bacteremia. In
some institutions, G. vaginalis is the most common Gram-negative aerobe recovered
from the endometrium and blood of patients with postpartum endometritis. Gardnerella
vaginalis has been frequently recovered from patients with pelvic inflammatory disease.
Rather than being a pathogen on its own, G. vaginalis probably is involved by
association with other bacterial vaginosis organisms. In vitro testing shows this
organism to be susceptible to ampicillin and tetracycline, but these agents are of limited



value in curing bacterial vaginosis (see Chapter 12).

Klebsiella Species

Klebsiella sp are found in less than 10% of genital tract infections, but they also cause
urinary tract infections and hospital-acquired pneumonia. Klebsiella pneumoniae is the
most common member of this group recovered from genital tract and urinary tract
infections. Klebsiella oxytocia is much less common. All the cephalosporin antibiotics
are highly effective against Klebsiella organisms, as are the aminoglycosides and
chloramphenicol. Ampicillin has little activity, but some of the newer penicillins, such as
piperacillin and mezlocillin, have improved activity. Quinoline agents are effective, as
are the new enzyme-blocking drugs, such as amoxicillin (Augmentin), ticarcillin
(Timentin), ampicillin (Unasyn), and piperacillin (Zosyn).

Enterobacter Species

Although closely related to Klebsiella species, Enterobacter species are encountered
much less frequently (less than 5% of genital infections). They are more resistant to
antibiotics than are Klebsiella species. Until recently, Enterobacter infections usually
required therapy with aminoglycoside antibiotics, but some of the newer cephalosporins
and newer penicillins show good activity. The most common of this group are
Enterobacter aerogenes and Enterobacter cloacae.

Proteus Species

Proteus sp are isolated in 10% to 15% of genital tract infections and in a similar
percentage of urinary tract infections. Proteus mirabilis, by far the most commonly
isolated species in obstetric and gynecologic patients, is susceptible to ampicillin and
the cephalosporins, as well as the aminoglycosides. Proteus vulgaris occurs much less
commonly. Former Proteus species, Proteus morganii and Proteus rettgeri, are now
classified as Morganella morganii and Providencia rettgeri, respectively. These species
are resistant to ampicillin and the first-generation cephalosporins, but they are sensitive
to the aminoglycosides and some of the newer penicillin and cephalosporin antibiotics.

Pseudomonas Species

Opportunistic pathogens in severe, usually hospital-acquired, infections, Pseudomonas
sp are found infrequently in infections in obstetrics and gynecology, but Pseudomonas
colonization is seen commonly in patients receiving antibiotic therapy. Antibiotic
susceptibility is good to gentamicin and usually better to tobramycin and amikacin.
Activity of the newer penicillins and some of the newer cephalosporins is good, and
combinations of antibiotics may produce higher cure rates in serious infections.

Other Gram-Negative Bacilli

Other Gram-negative bacilli include microorganisms such as Serratia, Citrobacter,
Acinetobacter, and Providencia species, all of which show resistance to commonly used



antibiotics. Fortunately, these species are found rarely among obstetric and gynecologic
patients, except in those who are debilitated or who are receiving antibiotic,
immunosuppressive, or cytotoxic therapy.

Gram-Negative Cocci

In pelvic infections, the only significant member of the Gram-negative cocci is Neisseria
gonorrhoeae, which may produce an asymptomatic colonization of the cervix, cervicitis,
or salpingitis (T 2). Disseminated infection with septicemia, arthritis, and
dermatitis occurs not infrequently. Neisseria gonorrhoeae is a common cause of
neonatal conjunctivitis and has been reported recently as an unusual cause of
amnionitis and fetal scalp abscess. Penicillinase-producing strains of N. gonorrhoeae
have become a major problem in the United States. In addition, chromosomally
mediated resistance and tetracycline resistance have emerged in N. gonorrhoeae.
Penicillin is no longer a recommended antibiotic. Cephalosporins or quinolones are
preferred, usually in single-dose regimens, for uncomplicated gonococcal infections (8).

ANAEROBIC ISOLATES

Anaerobic bacteria are likely to produce infection in the presence of traumatized or
devitalized tissue, and often they produce a feculent odor (9). Anaerobic bacteria are
major pathogens in obstetric and gynecologic infections (Table 1.3).

TABLE 1.3. ANTIBIOTIC THERAPY FOR ANAEROBIC BACTERIA FOUND IN
FEMALE GENITAL INFECTION

Gram-Positive Anaerobes
Peptostreptococcus Species

All species formerly classified as Peptococcus, except Peptococcus niger, have been



transferred into the genus Peptostreptococcus (9). These strictly anaerobic cocci are
isolated very commonly in the vagina and in cultures from obstetric and gynecologic
infections. The most common of these organisms include Peptostreptococcus
anaerobius, Peptostreptococcus asaccharolyticus, Peptostreptococcus magnus,
Peptostreptococcus prevotii, and Peptostreptococcus tetradius (Gaffkya anaerobia).
Penicillin is the drug of choice for infections known to be caused by peptostreptococci,
but clindamycin, metronidazole, cefoxitin, cefotetan, first- and third-generation
cephalosporins, and chloramphenicol are highly effective for the penicillin-allergic
patient or for broader anaerobic coverage.

Clostridium Species

Strictly anaerobic, plump, Gram-positive rods, clostridia may be isolated from vaginal
secretions of 5% to 10% of asymptomatic women. Clostridia are anaerobic,
spore-forming rods that can produce potent toxins and result in severe life-threatening
infections. The most commonly isolated species is Clostridium perfringens (also known
as Clostridium welchii). Other clinically important clostridia include Clostridium nowyi,
Clostridium ramosum, Clostridium septicum, and Clostridium sordelli. Although
clostridial species may produce gas gangrene (with septicemia, circulatory collapse,
hemolysis, and peritonitis), they are more commonly associated with a much less
disseminated infection that responds promptly to appropriate antibiotic therapy. Simply
isolating this microorganism from a pelvic site does not, therefore, indicate
life-threatening infection or the need for a hysterectomy. Initial therapy for clostridial
infections usually consists of intravenous administration of large doses of penicillin and
close patient monitoring. If signs of extension of infection become apparent,
debridement (often by transabdominal hysterectomy and bilateral
salpingo-oophorectomy) is required. These signs include worsening clinical condition or
failure to respond promptly; parametrial tenderness, crepitus, or myalgia; or
hypotension, falling central pressure measurements, or oliguria despite adequate
volume replacement. Radiographic findings of interstitial gas are uncommon and
develop late in the clinical course, but an abdominal x-ray film should be obtained.

Clostridium difficile is isolated infrequently in genital tract infections but is pathogenic in
antibiotic-associated pseudomembranous colitis. Clostridium difficile is resistant to many
antibiotics, but it can be treated with metronidazole or vancomycin

Propionibacterium, Eubacterium, And Bifidobacterium Species

These Gram-positive anaerobic bacilli usually are isolated in anaerobic specimens.
They are organisms of low virulence and most often do not require specific antibiotic
therapy.

Gram-Negative Anaerobes
Bacteroides

In the early 1990s, the genus Bacteroides underwent major taxonomic revisions (9).



This revision was necessitated by the large heterogeneity in biochemical and chemical
properties demonstrated in this group of microorganisms. The genus Bacteroides now
only includes species that were formerly described as the “Bacteroides fragilis group.”
Bacteroides now includes the species B. fragilis, Bacteroides caccae, Bacteroides
distasonis, Bacteroids eggerthii, Bacteroides merdae, Bacteroides ovatus, Bacteroides
stercoris, Bacteroides thetaiotaomicron, Bacteroides uniformis, and Bacteroides
vulgatus (Table 1.3).

New genera have been established that include many of the microorganisms previously
classified as Bacteroides. Ta 4 lists the changed designations of species
associated with genital tract infections that were formerly classified as Bacteroides. The
two major new genera are Prevotella and Porphyromonas. The most important of these
microorganisms in the pathogenesis of obstetric and gynecologic infections are
Prevotella bivia (formerly Bacteroides bivius), Prevotella disiens (formerly Bacteroides
disiens), Prevotella melaninogenica (formerly Bacteroides melaninogenicus), and
Porphyromonas asaccharolytica (formerly Bacteroides asaccharolyticus). The
taxonomic position of several non-B. fragilis group species of Bacteroides remains to be
determined. These currently are listed as Bacteroides species other and include
Bacteroides capillosus, Bacteroides coagulans, Bacteroides splanchnicus, and
Bacteroides ureolyticus (T .3).
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TABLE 1.4. NEW NOMENCLATURE OF MICROORGANISMS ASSOCIATED WITH
GENITAL TRACT INFECTIONS THAT WERE FORMERLY MEMBERS OF THE
GENUS BACTEROIDES

These are strictly anaerobic bacilli that produce infections that often are protracted.
From studies of obstetric infection, the most commonly identified species is P. bivia,
which is isolated in 20% to 40% of obstetric and gynecologic infections. Although the
susceptibility of this species to penicillin has decreased, it is sensitive to clindamycin,
chloramphenicol, and metronidazole, as well as many of the newer cephalosporins and
newer penicillins. Prevotella disiens also is isolated regularly from pelvic infections and
has a susceptibility pattern similar to that of P. bivia. Bacteroides (formerly Bacteroides



fragilis group) have been identified less commonly in studies but still play an important
role. Because members of this group have been recognized by clinicians for their
resistance to many antibiotics and their frequent involvement in pelvic and abdominal
infections, it is necessary to maintain this connotation for all these species with a simple
designation. Thus, in clinical literature, these species commonly are referred to as the B.
fragilis group. Antibiotics of choice for therapy of B. fragilis group infections are
metronidazole, imipenem, some penicillin b-lactamase inhibitors, and chloramphenicol.
Of the newer cephalosporin-type agents, cefoxitin and cefotetan have the best in vitro
activity against the B. fragilis group (10). Piperacillin, mezlocillin, and related drugs,
given in large parenteral doses, also are active against the vast majority of B. fragilis
species. Similarly, the b-lactamase enzyme blocker agents are active against these
organisms. Previously, it was presumed that Bacteroides species other than B. fragilis
(e.g., P. bivia, P. disiens, P. melaninogenica) were susceptible to penicillin. Recently,
multiinstitutional studies of in vitro susceptibility have noted increasing resistance by the
Prevotella organisms. Thus, these organisms require antimicrobial therapy similar to
that used for Bacteroides (B. fragilis group), as shown in Table 1.3.

Fusobacterium

Fusobacteria are isolated less frequently than Bacteroides, Prevotella, and
Porphyromonas and usually are involved in polymicrobial infections. They appear to be
less virulent than Bacteroides and Prevotella and are generally susceptible to penicillin,
clindamycin, chloramphenicol, metronidazole, and many of the newer penicillins and
cephalosporins. Fusobacterium organisms have been implicated as important
pathogens associated with amnionitis, especially prior to term.

Mobiluncus

The taxonomic position of Mobiluncus remains uncertain. The genus Mobiluncus is
assigned to the family Bacteroidaceae, which contains phenotypically similar organisms
that are obligate anaerobic Gram-negative rods (straight, curved, or helical). Mobiluncus
are curved, motile rods that are Gram-variable or Gram-negative. These rods have
tapered ends. These organisms (Mobiluncus curtisii and Mobiluncus mulieris) are
associated with bacterial vaginosis and thus may be involved in the adverse
complications attributable to bacterial vaginosis.

YEASTS AND ACTINOMYCES

Yeasts are commonly isolated from the vagina. Candida albicans is clearly the most
common yeast found in vaginal cultures, but other Candida species are seen in 10% to
15%. These include Candida kefyr (formerly Candida pseudotropicalis), Torulopsis
(Candida) glabrata, and Candida tropicalis. In vaginitis, yeasts are commonly identified
by direct microscopy of a potassium hydroxide preparation, but culture is helpful in
problem cases (11,12). Vaginal candidiasis is treated by a number of topical agents or
by oral agents. Although the initial cure rate for vaginal candidiasis is good (80% to
90%), recurrent infection is a problem. New strategies are discussed in Chapter 12.
Systemic Candida infections in obstetric or gynecologic patients are unusu limited
to those patients who have received protracted antibiotic or immunosuppressive therapy




or who have debilitating diseases.

The genus Actinomyces is classified between true bacteria and molds. Actinomyces
israelii, an anaerobic or microaerophilic organism, is a rare cause of pelvic infection, but
it has been isolated in pelvic abscesses associated with intrauterine devices.
Actinomyces organisms are susceptible to penicillin, most cephalosporins, tetracycline,
and rifampin.

TRICHOMONADS

Trichomonas vaginalis, a flagellated parasite, is found in vaginal secretions of
approximately 6% of women and is responsible for up to one fourth of cases of
infectious vaginitis (Table 1.5). As discussed in Chapter 12 and Chapter 19
Trichomonas vaginalis has been associated recently with preterm premature rupture of
membranes and preterm labor and delivery. Trichomonas vaginalis is commonly
detected by direct microscopy of a wet mount of vaginal secretions. These flagellates
are larger than white cells and have great motility in fresh preparations. Trichomonas
vaginalis also may be detected on the Papanicolaou smear, but the reliability of this
technique is uncertain. Culture for T. vaginalis is more sensitive than the wet mount.
Trichomoniasis is treated with metronidazole (Flagyl) or related 5-nitroimidazole
derivatives. Because this organism is transmitted sexually, partners also should be
treated. Relative resistance to metronidazole has become common. Most cases
respond to a higher dose of metronidazole (13).
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TABLE 1.5. OTHER MICRORGANISMS IN INFECTIONS OF THE GENITAL TRACT
OR PREGNANCY

MYCOPLASMAS

These cell wall-deficient microorganisms are distinctly different, morphologically and
biochemically, from bacteria and L forms (T |.5). Mycoplasma hominis and




Ureaplasma urealyticum are isolated with great frequency from the genital tract (13).
Mycoplasma hominis has been found in blood cultures of women with postpartum fever.
It has been isolated commonly in amniotic fluid from patients with intraamniotic infection
or those with preterm labor. Ureaplasma urealyticum has been implicated in
chorioamnionitis, recurrent abortion, infertility, prematurity, and low-birth-weight infants.
The role of genital mycoplasmas in causing adverse pregnancy outcomes is
controversial and is discussed in detail in Ch 19.

Culturing of mycoplasmas requires special techniques that are not available in most
hospital or commercial laboratories. Mycoplasma hominis is susceptible to tetracycline,
clindamycin, and lincomycin, whereas Ureaplasma organisms are sensitive to
tetracycline and erythromycin.

CHLAMYDIA TRACHOMATIS

Chlamydia are intracellular bacteria that are involved in a variety of genital and perinatal
infections (14,15). From 2% to 25% of women have positive cervical cultures for
Chlamydia trachomatis (T¢ .5). Isolation rates of approximately 25% are found in
high-risk groups, such as women attending sexually transmitted disease clinics. Overall,
the incidence of cervical infection in the United States probably averages 3% to 6%. In
males, chlamydia are responsible for many instances of nongonococcal urethritis. In
females, evidence of their virulence has been accumulating. Chlamydia trachomatis
plays a major role in pelvic inflammatory disease, especially in subsequent tubal
obstruction. Newborns may acquire this microorganism from the maternal genital tract.
Approximately 40% of infants delivered from an infected mother develop conjunctivitis,
and 10% develop late-onset pneumonia. Chlamydia infections are described in detail in
Ch r 5. Azithromycin and doxycycline are the antibiotics of choice in treating
chlamydial infection, with erythromycin and ofloxacin used alternatively (8). Other
effective agents include sulfisoxazole, clindamycin, ofloxacin, and azithromycin. High
doses of ampicillin or amoxicillin also appear to provide some cures. In pregnancy,
erythromycin base and amoxicillin are recommended, with azithromycin and other
erythromycin preparations as alternatives (8).

VIRUSES

Several viruses are commonly found in the female genital tract (
simplex virus is a well-known cause of an ulcerative, usually self
tract infection. Herpeskus also can cause asymptomatic cervical mfectlon In surveys
of adult females, this virus has been isolated from the genitalia in 0.02% to 1%.

Approximately 85% of isolates of herpesvirus in the genital tract are of serologic type 2
(16) and 15% are serologic type 1, which more commonly causes oral lesions. Serologic
surveys show that 25% of reproductive age females have serum antibody to herpesvirus
type 2 (16). The most reliable method for detecting herpes infection has been culture,
but this technique has a recognized false-negative rate. Polymerase chain reaction
techniques have been introduced. Clinical diagnosis, Papanicolaou smears,
enzyme-linked immunosorbent assay, and monoclonal antibody tests are less reliable.
Several drugs are available for treatment or prevention of genital herpes infections (see



Cytomegalovirus (CMV) is the most common virus found in the female genital tract. It is
found in the cervix in 3% of 18% of pregnant women, more commonly in indigent,
young, primiparous women. Serologic evidence of past infection is found in 20% to 70%
of adults. Genital infections are asymptomatic and occur mainly in seropositive women.
CMV may be transmitted vertically to the fetus by transplacental infection. It is estimated
that 0.5% to 2.5% of neonates have this congenital infection, but most cases are
asymptomatic (17,18). An additional 3% to 5% of newborns acquire CMV during
delivery. If a mother has CMV in her genital tract, there is a 30% to 50% chance that her
neonate will acquire the virus. CMV can be detected by culture, and several antibody
tests are available. Ganciclovir can be used for treatment of CMV infection, but this drug
may be toxic (19).

Human papilloma virus (HPV) is the causative agent of genital warts, condylomata
acuminata. The recent marked rise in interest in this virus stems from its dramatic
increase in frequency and its relationship to genital tract malignancy. The common HPV
types are 6, 11, 16, and 18. The first two are more common and usually are associated
with benign genital warts; the latter two more likely are associated with higher grades of
cervical intraepithelial neoplasia or invasive carcinoma. Treatment has generally
consisted of surgical excision, cryotherapy, chemical burning, or laser vaporization.
Recently, treatment with parenterally or locally administered interferon has been
successful. Another immune modulator, imiquimod (Aldara), has been approved for
treatment. Although the likelihood is small, maternal HPV infection may lead to
juvenile-onset respiratory papillomatosis. However, cesarean delivery is not
recommended solely on the basis of maternal HPV infection (20).

Other viruses that cause nongenital infections may have the genital tract as a portal of
entry. Among these are human immunodeficiency virus, the causative agent in acquired
immunodeficiency syndrome (AIDS), and hepatitis B virus. Hepatitis and AIDS are
discussed in detail in Chapter 9 and Chapter 10, respectively. Other viruses cause adult
systemic infection that may have serious fetal sequelae if the infection occurs in
pregnancy (se

CHANGES IN VAGINAL MICROFLORA

One should not conclude from this description of vaginal microflora that it is a static
situation. Certainly, there are vast differences in flora between different groups of
women and interesting shifts from time to time in the flora of one particular woman.

Age

At birth, the vagina is sterile. Secondary to maternal estrogen effect, lactobacilli growth
is enhanced for a short time. The estrogen effect is gone within several weeks, and
lactobacilli disappear until the onset of puberty, when, under the influence of
endogenous estrogen, the vaginal flora becomes dominated by lactobacilli. It is
suggested that postmenopausal women have a decrease in Lactobacillus colonization,



but that treatment with estrogens results in a higher rate of recovery of lactobacilli and
probably of diphtheroids. Thus, there seems to be an important interaction between
vaginal colonization and hormonal milieu. Changes associated with aging have been
reported in other groups of bacteria, but the conclusions are less uniform.

Sexual Activity

Sexual intercourse leads to changes in lower genital tract microorganisms, mainly
sexually transmitted ones. In addition to introducing major pathogens such as N.
gonorrhoeae, C. trachomatis, and herpesvirus, intercourse leads to increases in genital
mycoplasmas.

Contraception

Use of oral contraceptives appears to have minimal effect on the vaginal ecosystem. On
the other hand, use of intrauterine contraceptive devices increases the number of
anaerobic bacteria in the cervix and augments the risk for bacterial vaginosis, thus
increasing the risk for pelvic inflammatory disease.

Pregnancy And Delivery

A number of studies have suggested that there is a progressive increase in colonization
by Lactobacillus organisms during pregnancy, but changes in other bacterial groups are
not well established. After delivery, dramatic changes in vaginal flora occur. There are
marked increases in anaerobic species by the third postpartum day. Possible
predisposing features to anaerobic vaginal colonization in postpartum women include
trauma, presence of lochia and suture material, examinations during labor, and changes
in hormonal levels. By the sixth week postpartum, the vaginal flora is restored to a
normal distribution.

Surgery

Major procedures, such as hysterectomy, lead to wide changes in vaginal flora,
including decreases in lactobacilli and diphtheroids and increases in aerobic and
anaerobic Gram-negative rods (predominantly E. coli and various Bacteroides
[Prevotella]). In addition, most investigators have noted a further shift when prophylactic
or therapeutic antibiotics are used. As expected, use of antibiotics results in a decrease
in susceptible flora and a corresponding increase in resistant organisms.

Homeostasis

Homeostatic mechanisms have been identified that function to maintain the stability of
the normal vaginal flora (21). Production of hydrogen peroxide by certain Lactobacillus
species appears to play a crucial role in maintaining the normal vaginal ecosystem. In
addition, the low pH (acidity) of the normal vagina protects against exogenous
organisms. Antimicrobial agents can disrupt the normal vaginal ecosystem, especially if



they eliminate the hydrogen peroxide-producing lactobacilli.
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USE OF THE MICROBIOLOGY LABORATORY IN
INFECTIOUS DISEASES

Principles of Diagnostic Molecular Microbiology
Detection and Identification Methods

Antimicrobial Susceptibility Testing

Diagnostic Virology

Infections of the Lower Female Genital Tract

Infections of the Upper Genital Tract

Urinary Tract Infections

The role of the microbiology laboratory in the clinical care of obstetric and gynecologic
patients with infection has been affected by a variety of factors (1). First, the introduction
of potent antimicrobial agents with their dramatic favorable impact on mortality due to
infection in obstetrics and gynecology has lulled clinicians into complacency. Second,
the trend to centralize laboratory facilities has made it difficult for (a) clinicians to work
with laboratory personnel; (b) the central microbiology laboratory to meet the needs for
obtaining and transporting specimens; and (c) the laboratory to recover and identify the
tremendous variety of microorganisms now recognized to be human pathogens. Third,
as academic microbiology departments have focused on basic research involving
molecular biology, medical students and house officers often complete their training with
a minimal background in clinical microbiology and infectious disease. Fourth, formal
organized instruction in clinical and laboratory diagnosis and management of sexually
transmitted diseases (STDs) is an often-neglected area of the medical school curriculum
and house officer training. Fifth, the virtual explosion in knowledge and technology
related to the field of microbiology has widened the gap between the reality of
microbiology laboratory capabilities and the clinician's understanding of these
capabilities and their application to patient care. In particular, the introduction of more
sensitive, rapid, and cost-efficient diagnostic tests, such as enzyme-linked
immunosorbent assay (ELISA), DNA hybridization techniques, monoclonal antibody
techniques, and nucleic acid amplification techniques, has resulted in a shift from the
use of classic microbiologic isolation and identification of microorganisms to methods
that rely on advances in molecular biology. Last, diagnostic virology has now entered
the mainstream of clinical practice (2).

This chapter will review the role played by microbiology and diagnostic molecular
biology laboratories in clinical medicine. A description of the proper collection, handling,
and transport of specimens is presented, with emphasis on the important role clinicians



must take in providing laboratories with appropriate specimens in a timely manner so
that laboratories can provide quality testing. The clinical application of recently
developed molecular-based tests for STDs and other pathogens will be addressed.

Figure 2.1 provides an overview of the types of methods used for the diagnosis of
infectious agents. The specific methods and relative usefulness of the tests are
dependent on the microorganism(s) being sought (3).

FIGURE 2.1. Methodologies used for the diagnosis of infectious agents. (Reprinted with
permission from ref. 3.)

The continuous and rapid increase in knowledge and technology of microorganisms, the
immune response to these organisms, and their molecular biology has exploded during
the last 2 decades. The introduction of more sensitive and specific diagnostic tests,
such as ELISA, in situ nucleic acid hybridization, and molecular assays [e.g., probes
and nucleic acid amplification such as polymerase chain reaction (PCR) and ligase
chain reaction (LCR)], has resulted in the evolution of tests from the classic
microbiological practices of isolation on bacteriologic agar or for viruses in tissue
culture. The past decade has resulted in explosive growth in the application of molecular
biology to the diagnosis of infection. New organisms that could never be grown are
being identified and their role in human infection is being demonstrated (e.g., hepatitis C
virus, Helicobacter pylori).

The basic purpose of the infectious disease laboratory is to identify microorganisms that
cause clinical disease. As noted by Gill et al. (3), a critical component in elucidating the
etiologic agent(s) in infections is a partnership and active communication that involves
the clinician and the microbiology laboratory. The laboratory must be capable of
handling a wide variety of specimens that come from a multitude of clinical infection
sites and thus require a diversity of collection and transport systems (4,5). Physicians
refer to the laboratory to obtain assistance in the diagnosis and treatment of infectious
diseases, but they also expect the laboratory to (a) produce reliable, rapid, and clinically
useful facts; (b) establish and maintain a consistent reporting system; (c) provide



specific and concise guidelines for proper specimen collection, handling, and transport;
(d) initiate interpretive reporting for unusual microorganisms, normal flora, and
monitoring of the therapeutic response; and (e) provide susceptibility data that will guide
therapeutic decisions.

Clinicians should realize that laboratory results are only as good and as useful as the
specimens received by the laboratory. The physician must provide the infectious
disease laboratory with pertinent patient information, perform appropriate specimen
collection, ensure proper and prompt specimen transport to the laboratory, and request
isolation or identification of suspected pathogenic organisms.

Each microorganism has its own requirements for collection, handling, transport,
growth, isolation, and detection in the laboratory. Clinics and laboratories throughout the
world have variable capabilities for isolating microorganisms, such as anaerobic
bacteria, Chlamydia trachomatis, mycoplasmas, ureaplasmas, and viral pathogens,
which require sophisticated technology and experienced laboratory personnel. For
example, in a study of chlamydia culture from the cervix, Schachter et al. (6) found that
sensitivity varied from 51.8% to 92.0% among a series of five laboratories throughout
the United States. Clearly, the accuracy of a laboratory's results for specific organisms
varies according to its focus, expertise, and personnel.

General guidelines for collection of clinical specimens from infected patients has been
summarized by Gill et al (3). Specimen selection must be based on the characteristics
of suspected infectious agents. The clinical specimen should be obtained from the site
of infection and be representative of the infectious process. An adequate quantity of
material is required for the laboratory to perform a complete evaluation. The clinician
must be scrupulously careful to avoid contamination of the specimen by microorganisms
indigenous to skin and/or mucous membranes (i.e., oral cavity, vagina, or bowel). Once
a suitable specimen is obtained, it should be forwarded promptly to the laboratory.
Finally, it is crucial that, whenever possible, specimens for culture be obtained before
institution of antimicrobial therapy. T 2.1 summarizes the general guidelines for
specimen collection and transport of common specimens from obstetric and gynecologic
infections. Recent advances in the use of molecular diagnostic techniques for the
diagnosis of infectious diseases have revolutionized the laboratory diagnosis of these
infections and added another approach to the traditional use of stain, culture, and
serology for diagnosing infectious agents (3).




TABLE 2.1. GUIDELINES FOR COLLECTION AND TRANSPORT OF COMMONLY
OBTAINED SPECIMENS IN INFECTIONS OF THE FEMALE GENITAL TRACT

PRINCIPLES OF DIAGNOSTIC MOLECULAR MICROBIOLOGY

In 1980, Moseley et al. (7) reported the first clinically useful application of recombinant
DNA technology to the diagnosis of an infectious disease using DNA-DNA hybridization
in stool samples spotted on filters to detect enterotoxigenic Escherichia coli. The
following decade resulted in the availability of DNA probes for the identification of
bacterial, viral, fungal, parasitic, and helmintic pathogens (8,9).

Nucleic acid probes are segments of DNA or RNA that are labeled with enzymes,
antigenic substrates, chemiluminescent moieties, or radioisotopes and can bind with
high specificity to complementary nucleic acid sequences from the microorganism of
interest (3,9). Oligonucleotide probes are probes with less than 50 base pairs. They can
be synthesized and purified commercially and hybridize more rapidly than layer probes.
Probe technology uses the presence of nucleotide sequences unique to a given
organism or species as a molecular fingerprint for identification (10). Probes can be
developed that identify organisms grown in culture (culture confirmation assays) or
detect and identify organisms directly in clinical samples.

Several nucleic acid amplification techniques have been developed. These include
PCR, LCR, self-sustaining sequence replication (3SR), strand displacement
amplification (SDA), and QB replicase. Nucleic acid amplification methods include three
general categories: (i) target amplification (PCR, 3SR, or SDA); (ii) probe amplification
systems (LCR or QB replicase); and (iii) signal amplification where the signal generated
from each probe molecule is increased by using compound probes or branched-probe
technology (3,11). PCR involves three steps: (i) DNA or target organism is denatured to
a single strand; (ii) two primers (single-stranded DNA 20 to 30 bases in length) bind to
regions of DNA flanking the target sequence to be amplified; and (iii) the DNA between
the two primers is reproduced. With each round of PCR, the target DNA equence
increases by a power of two. At the end of 30 replication cycles, over a million-fold
amplification of the target DNA has taken place. Nested PCR is a modification of PCR in
which a first round of amplification is performed with a single primer for 15 to 30 cycles,
followed by a second round using a second primer specific for the internal sequence
amplified by the first primer. This approach leads to very high sensitivity.

Nucleic acid hybridization requires that two molecules of single-stranded DNA meet and
form a stable double-stranded molecule (12). Both DNA probe and amplification
techniques are based on this technology (9). Hybridization can be accomplished using
solution phase hybridization or solid phase hybridization. Although solid phase
hybridization is somewhat less sensitive, it greatly facilitates the handling of multiple
specimens (9). An important type of solid phase hybridization is in situ hybridization, in
which whole cells or tissue sections affixed to microscopic slides are assayed by



hybridization.

A variety of commercially available probe kits have become available (Table 2.2). These
include probes for (i) STD organisms such as C. trachomatis and Neisseria
gonorrhoeae; (i) respiratory pathogens such as Mycobacterium sp, including
Mycobacterium tuberculosis, and Legionella sp; (iii) Gram-positive organisms such as
Streptococcus pneumoniae, Staphylococcus aureus, group B streptococci, enterococci,
and Listeria monocytogenes; and (iv) Gram-negative organisms such as Haemophilus
influenzae, E. coli, and thermophilic campylobacters (10). The initial assays were based
on hybridization with DNA probe technology to detect specific ribosomal RNA
(Gen-Probe system). Currently this system uses acridinium ester-labeled,
single-stranded DNA probes to detect complementary ribosomal RNA sequences of the
target organism. This reaction is measured using chemiluminescence, which is read on
a luminometer (3). Only a few organisms, primarily C. trachomatis and N. gonorrhoeae,
are detected directly using probe technology. More commonly this method is used for
culture confirmation of organisms such as fungi and mycobacterial species (3).
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TABLE 2.2. EXAMPLES OF COMMERCIALLY AVAILABLE PROBES

Polymerase chain reaction technology has been applied rapidly to the detection of
microorganisms directly from clinical samples (2,3,11,13,14 and 15). Among the agents
for which PCR is used are the DNA viruses, including herpes simplex virus (HSV),
cytomegalovirus (CMV), Epstein-Barr virus (EBV), varicella-zoster virus, parvovirus B19,
human herpes virus type 6, human papillomavirus, hepatitis B virus, and polyomavirus
(Table 2.3). Inclusion of an initial reverse transcriptase step that converts RNA into DNA
permits PCR detection of RNA-containing viruses such as human immunodeficiency
virus (HIV) types 1 and 2, human T-cell lymphotrophic virus type |, enterovirus, hepatitis
C virus, and rotavirus. PCR assays for bacterial also have been developed (
Examples of bacterial organisms for which PCR technology has been introd
C. trachomatis, M. tuberculosis, Borrelia burgdorferi, Legionella pneumophila, and
Bacteroides fragilis (10,14,15).
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TABLE 2.3. VIRAL PATHOGENS DETECTED BY NUCLEIC ACID AMPLIFICATION
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TABLE 2.4. BACTERIAL PATHOGENS DETECTED BY NUCLEIC ACID
AMPLIFICATION

DNA ligase-dependent amplification (LCR) is an alternative nucleic acid probe
amplification technique that is based on target-dependent ligation of oligonucleotide
probes (16). Rather than using polymerase to copy genetic information, LCR uses DNA
ligase to join two pairs of complementary oligonucleotide probes after they have bound
to a target sequence. After the two probes have been ligated, the product, which mimics
one strand of the original target sequence, serves as a template for ligation of
complementary oligonucleotides. The components then are heated to denature the
template and allowed to anneal to new probes at a lower temperature (16). Originally,
fresh DNA ligase had to be added at the end of each round, which made the process
cumbersome. Recently, the use of thermophilic DNA ligase, which remains active during
the thermal cycling steps, has greatly simplified the LCR test (3,11). Ligase chain
reaction has been used to detect microorganisms including N. gonorrhoeae, C.



trachomatis, B. burgdorferi, and Mycobacterium sp (15).

Several additional amplification methods have been developed (11). Self-sustaining
sequence replication uses the collective activities of three enzymes to isothermally
amplify an RNA target. Up to 10 million-fold amplification occurs within a 1- to 2-hour
incubation (11). Strand displacement amplification is an isothermal DNA amplification
method using specific primers, a DNA polymerase, and a restriction endonuclease to
produce exponential amplification of the target (11). It can be applied to either single- or
double-stranded DNA. Transcription-mediated amplification (TMA) is an isothermal
technique that amplifies rRNA target. The OB replicase method is a probe amplification
technique that uses incorporation of a single-stranded oligonucleotide probe into an
RNA molecule that can be amplified exponentially after target hybridization by the
enzyme QB replicase (3).

Detection And Identification Methods

Fi 2.1 outlines the various approaches available for the diagnosis of agents causing
infectious diseases. Microorganisms can be identified in patient specimens by either
direct detection or culture (3).

Microscopy can be used to detect microorganisms that have been stained directly in
patient specimens. The Gram stain is the most commonly used direct stain; it is simple,
reliable, and inexpensive. It provides preliminary information as to Gram-positive versus
Gram-negative bacteria and rod versus coccus. In the hands of an experienced
technician, the Gram stain can serve as a quality control tool for the adequacy of the
specimen and accuracy of cultures. However, the Gram stain is honspecific, and its
sensitivity is limited by the amount of material that can be reviewed on a slide (3). Direct
fluorescent antibody (DFA) stains have been used for some organisms (C. trachomatis,
Legionella, some parasites), but their use is limited by inadequate sensitivity when too
few organisms are present and the need to be performed by experienced, trained
personnel. Wet mounts traditionally are used to look for yeast [potassium hydroxide
(KOH)] and Trichomonas vaginalis (saline preparation). Many laboratories are using a
calcofluor white stain for fungi (3). Although more sensitive, it requires a fluorescence
microscope. Wet mounts also are used to detect the presence of “clue” cells as an aid in
diagnosing bacterial vaginosis.

Direct antigen detection of patient specimens is now very common and available for a
wide variety of microorganisms (3). Antigen detection tests fall into two major
categories: latex agglutination and enzyme immunoassay (EIA) (Table 2.5). Antigen
detection tests are simple and rapid to perform; those with good sensitivity and
specificity, as listed in | , have been widely used by clinical laboratories (3).
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TABLE 2.5. DIRECT ANTIGEN DETECTION TESTS USED COMMONLY IN
CLINICAL PRACTICE

Molecular-based assays were described previously in the section on Principles of
Diagnostic Molecular Microbiology. Briefly, these include (i) DNA probe technology to
detect specific ribosomal RNA (Gen-Probe), and (ii) amplification techniques such as
PCR, LCR, and TMA. Generally, the sensitivity of DNA probes is equivalent to that of
good EIA tests and amplification techniques are more sensitive, thus requiring the
presence of a smaller number of microorganisms (3). The use of molecular diagnostics
has expanded the ability of microbiology laboratories to detect organisms present in
very low quantities, organisms that are difficult or slow to grow, and infectious agents as
yet “undiscovered” (3).

Traditionally, diagnostic bacteriology was based on the growth of microorganisms on
appropriate culture media and identification based on biochemical characteristics (3).
Enriched all-purpose media such as blood or chocolate agar, which grow most ordinary
bacterial pathogens, are used for common specimen types. For specimens from lower
and upper genital tract infections, which often contain mixed microbial flora, additional
plates such as MacConkey or eosin-methylene blue agar for Gram-negative bacteria,
phenylethyl alcohol agar for Gram-positive bacteria, kanamycin-vancomycin laked blood
agar for Prevotella sp, and Bacteroides bile esculin for B. fragilis group are inoculated
(3). Broth media such as thioglycolate, brain-heart infusion, or trypticase soy are used
as a backup because a large aliquot of specimen can be inoculated, allowing detection
of small numbers of organisms. Once colony growth is detected, Gram-stain
morphology, colony size, color, shape, presence or absence of hemolysis, and
biochemical reactions are used to identify bacteria (3).

Antimicrobial Susceptibility Testing

In general, susceptibility testing of pathogens is indicated when the response of the
organism is not predictable (3). The increasing occurrence of resistance among bacteria
has resulted in more species requiring susceptibility testing (3). The National Committee
for Clinical Laboratory Standards (NCCLS) has published standards related to bacterial



susceptibility testing (17,18,19 and 20). Use of these NCCLS criteria permits testing and
reporting of results for nearly all the more common and nonfastidious bacteria (3).

As reviewed by Finegold et al. (21), susceptibility testing of anaerobic bacteria has been
controversial but is warranted, because anaerobes are significant pathogens and their
susceptibility patterns are not predictable. Most clinical microbiology laboratories do not
perform routine susceptibility testing of anaerobic bacteria. The NCCLS recommends
that susceptibility testing of anaerobic bacteria be performed in certain clinical settings,
such as brain abscess, endocarditis, osteomyelitis, prosthetic device infection, and
refractory or recurrent bacteremia (20,22). The recommended procedures for
susceptibility testing of anaerobes are agar dilution testing, microbroth dilution, and
macrobroth dilution (21). The broth disk elution method, which was the simplest and
most commonly used method, is no longer recommended by the NCCLS. An interesting
alternative, the epsilometer (E-test), has been shown to be a promising test for
anaerobic bacteria susceptibility testing (23).

On the other hand, susceptibility testing of aerobic bacteria is widely performed by
clinical microbiology laboratories. The laboratory must test and report those
antimicrobial agents that are most appropriate for the infection site and the organism(s)
isolated (24). In addition, the agents tested should be those that are on the hospital
formulary (24). The macrodilution or tube dilution method was one of the first
antimicrobial susceptibility testing methods introduced. Miniaturization and
mechanization of this method resulted in “microdilution” susceptibility testing, which is
the most common method used by clinical laboratories for susceptibility testing (24).
This method uses plastic disposable microtiter trays containing 96 wells, which provide
for 12 antibiotics to be tested in a range of 8 twofold dilutions in a single tray. The
second most commonly used method for testing susceptibility of aerobic bacteria is the
disk diffusion or Kirby-Bauer test (17). Antibiotic-containing filter paper disks are placed
on an inoculated agar plate and the zones of growth inhibition around the disks are
measured. These results are compared to the zone size interpretive criteria published
by the NCCLS (17) or the U.S. Food and Drug Administration (drug package insert
data). Agar dilution testing is an additional but cumbersome method (24). Its major
advantage is its ability to test fastidious organisms that do not grow well in broth (e.qg.,
N. gonorrhoeae). In addition, it provides a quantitative result [minimum inhibitory
concentration (MIC)].

The MIC is the lowest concentration of an antimicrobial agent that inhibits growth of the
test microorganism. The minimal bactericidal concentration (MBC) is the lowest
concentration of an antimicrobial agent that kills the test microorganism. The NCCLS
has published definitions of susceptible, intermediate, and resistant . Susceptible
implies that an infection due to the test organism may be treated appropriately with the
recommended dosage of an antimicrobial agent for that type of infection and infecting
bacteria. The intermediate category identifies isolates with MICs that approach usually
attainable blood and tissue levels and for which response rates may be lower than for
susceptible isolates. The intermediate category implies clinical usefulness in body sites
where the drug is physiologically concentrated (e.g., quinolones and b-lactams in urine)
or when a high dosage of antimicrobial agent can be used (e.g., b-lactams). Resistant
strains are not inhibited by usually achievable systemic concentrations of the
antimicrobial agent using normal dosage schedules and/or fall in the range in which




specific microbial resistance mechanisms are likely (e.g., b-lactamase enzymes) and
clinical efficacy has not been reliable in treatment trials.

Serology

Serology is useful for diagnosing infectious diseases that are caused by microorganisms
that are not easily or quickly recovered by culture. There are two basic approaches to
serologic testing: antigen detection and antibody detection. Antigen detection is
generally rapid and accurate. It is performed on a specimen of infected tissue (biopsy or
body fluid). Antigen detection is useful for many pathogens that are difficult or
impossible to culture in the laboratory. Examples include C. trachomatis, HSV, rotavirus,
HIV, Legionnaires disease, and syphilis. Monoclonal antibody technology has stimulated
a tremendous explosion of current investigative efforts, and several antigen detection
systems have become available (e.g., C. trachomatis, HIV).

Serologic tests based on antibody detection (Table 2.6) generally are slower and less
precise than those based on antigen detection. There are frequent cross-reactions
between antibodies of the various organisms. A single specimen that measures
immunoglobulin M (IgM) antibody may be diagnostic. However, most available tests
measure immunoglobulin G (IgG) and thus cannot differentiate past from present
infection. A convalescent specimen is obtained 14 to 21 days after the initial specimen
and must show a fourfold rise in antibody titer as an indicator of acute infection.
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TABLE 2.6. INFECTIOUS DISEASES COMMONLY DIAGNOSED BY ANTIBODY
RESPONSE

Use of serology in the diagnosis of syphilis is fully described in Chapter 7. Initial
evaluation involves the use of nontreponemal tests [Venereal Disease Research
Laboratories (VDRL), rapid plasma reagin (RPR)]. They are nonspecific and are
associated with many false-positives. The major clinical use of the nontreponemal tests
is screening, because the tests are quick and inexpensive. Quantitative titers can be
used to evaluate therapy. Confirmation of the screening tests for syphilis requires use of



specific treponemal tests. The fluorescent treponemal antibody-absorption (FTA-ABS)
test is the most commonly used confirmatory test for syphilis. However, it is expensive
and technically difficult. The microhemagglutination—Treponema palladium (MHA-TP)
assay is easier to perform and less expensive. It has replaced the FTA-ABS test in
many centers.

The use of serology for diagnosis of HIV infection is discussed fully in CI
the genital mycoplasmas in Chapter 4, and for HSV in Chapter 6.

, for

Diagnostic Virology

In 2000, Storch (2) reviewed the diagnostic approach to clinically important viral
infections. He noted that diagnostic virology is rapidly entering into the mainstream of
clinical medicine. Several recent advances and/or developments contributed to this
emergence of diagnostic virology, including the following. (i) Dramatic progress in
antiviral therapy has increased the need for specific viral diagnoses. (ii) Technologic
developments, especially molecular diagnostics, have provided new tools for viral
diagnosis. (iii) The HIV/acquired immunodeficiency syndrome epidemic has led to a
greater number of patients at risk for opportunistic viral infections. (iv) Modern
management of HIV infection and hepatitis C has provided a new paradigm for using
molecular techniques in the management of chronic viral infections (2). Multiple
methods are available for the laboratory diagnosis of viral infections, including viral
culture, antigen detection, nucleic acid detection with or without amplification, and
serology (Table 2.7) (2).
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TABLE 2.7. TECHNIQUES USED IN DIAGNOSTIC VIROLOGY

Cell culture has been the traditional mainstay of diagnostic virology. With the
introduction of new molecular technologies, the relative importance of viral isolation has
diminished significantly (2). However, viral culture remains necessary to provide viable
isolates for characterization, such as phenotypic antiviral susceptibility testing (2).
Herpes simplex virus is the virus for which culture is most useful (2). Viral culture also is



used to detect CMV, varicella-zoster virus, adenovirus, respiratory syncytial virus,
influenzae and parainfluenzae viruses, rhinovirus, and enterovirus. However, rapid
antigen detection and nucleic acid amplification detection are replacing viral culture for
these viruses (2).

Antigen detection methods for viral agents include fluorescent antibody staining,
immunoperoxidase staining, and EIA. For diagnostic virology, fluorescent antibody
staining is the most commonly used antigen detection method (2). The most important
viruses identified by antigen detection methods include (i) respiratory syncytial virus,
influenzae and parainfluenza viruses, and adenoviruses in respiratory specimens; (ii)
HSV and varicella-zoster virus in cutaneous specimens; (iii) rotavirus in stool
specimens; and (iv) CMV and hepatitis B virus (hepatitis B surface antigen [HBsAQ]) in
blood (2).

The advent of PCR analysis made possible the diagnosis of viral infection using
sensitive detection of specific viral nucleic acids (2). Potentially any virus can be
detected using this technology. PCR analysis has been adapted to detect viral RNA by
including the use of the enzyme reverse transcriptase. Quantitative nucleic acid
detection techniques are available to assess the viral load of HIV and hepatitis C virus.
Multiplex PCR can be used to simultaneously detect multiple infectious agents in a
single specimen, such as from a genital ulcer. Nucleic acid amplification assays include
target amplification (e.g., PCR, LCR, and TMA) or signal amplification assays (e.g.,
branched-chain DNA assay and hybrid capture assay) (2).

Detection of specific antiviral antibodies is a traditional method for diagnosis of viral
infections. However, in most instances, the need for acute and convalescent antibody
titers has limited the clinical usefulness of serologic diagnosis of viral infection (2).
Detection of virus-specific IgM antibodies can diagnose with a single specimen many
viral infections, including EBV, CMV, hepatitis A virus, hepatitis B virus (IgM antibody to
hepatitis B core antigen), parvovirus B19, measles, rubella, mumps, and arbovirus (2).
Serologic testing is useful in chronic infections, such as HIV, where antiviral antibodies
always indicate current infection, and hepatitis C virus, where antibodies usually (85%)
indicate current infection (2). Serology also is useful to determine immunity to viruses
such as varicella-zoster virus, CMV, EBV, HSV, measles, rubella, parvovirus B19,
hepatitis A, and hepatitis B (anti-HBsAQ).

Infections Of The Lower Female Genital Tract

The clinically important bacterial infections of the lower genital tract in women fall into
four major categories (T .8).
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TABLE 2.8. CAUSATIVE AGENTS IN LOWER GENITAL TRACT INFECTION IN
WOMEN

Diagnosis of urethral infections caused by N. gonorrhoeae can be made on a slide
obtained from a direct smear and stained with methylene blue or Gram stain. Methylene
blue is quicker and as accurate as the Gram stain for identifying the typical intracellular
diplococci of gonococcus (GC). To obtain an appropriate urethral specimen, a sterile
calcium alginate swab (Calgiswab) is inserted 2 to 3 cm into the urethral orifice, gently
twirled slowly, and allowed to remain for 10 to 15 seconds. Direct smears for GC from
the urethra have a high degree of sensitivity and specificity (11,25). Direct smear with
Giemsa straining for detection of C. trachomatis intracellular inclusions can be used with
conjunctivitis, but this technique is not appropriate for genital tract specimens. Use of
PCR and LCR on female urine specimens for GC has not been the object of any serious
study. Studies using urine from symptomatic and asymptomatic chlamydia-infected
women have demonstrated the effectiveness of PCR and LCR technology for detecting
C. trachomatis (26,27,28,29,30,31,32,33,34 and 35).

In females with symptoms and/or signs of urethritis, GC specimens should be obtained
for culture from the urethra, and urine cultures should be obtained to rule out the
presence of a urinary tract infection (UTI). Isolation of N. gonorrhoeae requires careful
specimen collection and handling by the clinician using an enriched bacteriologic
medium, high humidity, appropriate incubation temperature, and CO, tension for optimal

growth. The most common selective media is modified Thayer-Martin medium, which
contains vancomycin, colistin, nystatin, and trimethoprim to prevent growth of fungi and
non-Neisseria bacteria. Alternative selective media are Martin-Lewis and New York City
media (11). The urethral swab is streaked directly onto the selective media using a “Z”
format. The swab is rolled over the agar to adequately distribute the microbe on the
swab onto the media, then the culture is incubated immediately in a CO, incubator or

candle jar. Cultures should be held overnight at 35°C + 1°C before transport to the
laboratory to establish adequate Neisseria growth. Shipment of specimens before
overnight incubation can lower the sensitivity of GC culture by 50%. The agar plates are
examined daily for 3 days. Visible colonies are Gram stained to identify Gram-negative
diplococci and then tested for oxidase production to confirm the presence of N.



gonorrhoeae. Other commercially available transport media and systems, such as
Transgrow, Amies, Neigon, MICROCULT, or JEMBEC, can be used, but their sensitivity
is less than that of Thayer-Martin medium unless they reach the laboratory rapidly (less
than 24 hours) (25,36).

Culture of chlamydia from the urethra of women can be achieved readily if the requisite
specimen collection materials are available, along with an appropriate cold chain leading
from the patient to the testing laboratory. Thin, 2- to 3-cm Dacron urethral swabs
introduced 2 to 3 cm into the female urethra for 10 to 15 seconds must obtain cellular
material, as C. trachomatis is an obligate intracellular organism. These swabs are added
immediately to a suitable chlamydial transport medium (2SP) that is refrigerated at 4°C
or kept on wet ice for transport to the laboratory. Chlamydia culture specimens must
reach the infectious disease laboratory within 24 hours of collection, whereupon aliquots
can be cultured at once or the entire specimen, containing the swab, can be frozen at
—80°C for storage. Chlamydial culture has been replaced to a large extent by antigen
detection or nucleic acid amplification methods (Ta 9). Quinn and coworkers (37)
demonstrated that direct immunofluorescence staining (MicroTrak) of urethral
specimens had sensitivity of 100%, specificity of 99%, and positive predictive value of
82%. An alternate technique for detecting chlamydial antigens is the use of an
immunoassay (Chlamydiazyme). This EIA-type test has been shown to have sensitivity
of 81% to 89% and specificity of 90% to 98% (38,39). Polymerase chain reaction
amplification of urethral specimens from women attending an STD clinic in Pittsburgh,
Pennsylvania, revealed that 35 patients (13.7%) were positive and that, of these 35
women, only 21 (60%) were positive for chlamydia in the cervix (40). Of all the women
with urogenital chlamydial infections, chlamydia was identified using PCR in both the
cervix and urethra in 52.5% of patients, 35% were positive in the urethra only, and
12.5% were infected solely in the cervix. These data suggest that routine screening for
chlamydia infections in women should include an urethral specimen, as well as an
endocervical specimen.
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TABLE 2.9. STUDIES COMPARING CHLAMYDIA CULTURE, POLYMERASE CHAIN
REACTION, AND ENZYME IMMUNOASSAY IN SPECIMENS FROM THE
ENDOCERVIX



Cervicitis now is recognized to be a distinct clinical entity, and mucopurulent cervicitis
(MPC) has been described as analogous to male urethritis (41). The clinical criteria for
MPC are presence of mucopurulent discharge from the endocervix, and erythema,
edema, and friability of the cervix. The two major etiologic agents of MPC are N.
gonorrhoeae and C. trachomatis. Unlike urethral specimens, direct smears for N.
gonorrhoeae from the cervix lack specificity and sensitivity. Diagnosis of N. gonorrhoeae
infection of the cervix from symptomatic or asymptomatic patients requires isolation and
identification of GC by culture, followed by identification using Gram staining and
oxidase production. A single endocervical swab will result in recovery of approximately
90% of N. gonorrhoeae-infected women; two consecutive endocervical swabs or an
endocervical plus an anal culture swab will recover 99% of N. gonorrhoeae-infected
women. Thus, we recommend the use of two swabs that can be plated onto the same
Thayer-Martin culture. Culture remains the “gold standard” for diagnosis of cervical and
urethral gonorrhea, but in clinical practice it is rapidly being replaced by molecular
diagnostic methods (3,11), particularly DNA hybridization (probe) assays such as PACE
2 (Gen-Probe, San Diego, CA) (

Establishing chlamydia infections in women has progressed historically from tissue
culture isolation to antigen detection tests (DFA, EIA) to nucleic acid amplification (PCR,
LCR, TMA). Isolation of C. trachomatis in tissue culture shell vials, microtiter plates, or
24-well tissue culture plates requires the use of a cell culture line (usually
cycloheximide-treated McCoy cells), where monolayers of cells are inoculated (using
centrifugation) with the chlamydia transport medium containing a swab from either the
urethra and/or endocervix. Identification of chlamydia-infected cells is conducted after
48 to 72 hours using a fluorescein-labeled monoclonal antibody. Cell culture for
chlamydia currently is performed by only a few laboratories (primarily research centers)

(3).

Although antigen detection methods for identification of C. trachomatis revolutionized
the clinical availability of chlamydial diagnostics, their relative lack of sensitivity and
specificity compared to tissue culture and especially nucleic acid amplification tests has
limited their clinical usefulness (43,44) (see Chapter 5 for detailed description).
Development of specific DNA probes for C. trachomatis (PACE 2) has led to their being
the most commonly used diagnostic test for C. trachomatis, especially for screening
purposes. Compared to culture, antigen detection, and PCR, the sensitivity and
specificity of the PACE 2 probe is in the range of good EIAs but less than that of nucleic
acid amplification tests (45,46 and 47). Numerous investigations using PCR for
chlamydial infections have been reported. summarizes several studies of the
sensitivity of chlamydia culture, PCR, and docervical specimens.

At the University of Pittsburgh/Magee-Womens Hospital, we have performed studies
where the enhanced sensitivity of PCR analysis was exploited by the collection of
vaginal introitus specimens (48,49). Reasoning that minute amounts of DNA from
urethral and cervical infections might deposit adequate amounts of chlamydial DNA in
the vagina for application and detection by PCR, vaginal swabs were obtained from
patients, along with culture specimens from the urethra and cervix (48). Eleven women



were found to be positive for chlamydia infection by culture, whereas 10 of these 11
women were positive by PCR for chlamydial DNA obtained from vaginal swabs. Of the
11 women found to be culture positive from the cervix, eight were culture positive from
the urethra. This preliminary work represents an alternative procedure that may offer the
patient the opportunity to collect her own vaginal specimen for subsequent drop-off or
mailing of the specimen to a centralized STD-PCR laboratory. This self-collected
chlamydia specimen may eliminate the need for pelvic examinations in certain clinical
situations, enhance the screening of adolescents for chlamydia, and permit greater
access to patients who are discouraged from seeking chlamydia testing due to limited
laboratory, physician, or health care facilities. In fact, we recently demonstrated the
effectiveness of this approach among young female adolescents.

A major limitation to widespread screening of asymptomatic males for chlamydial genital
infection has been the need to obtain urethral specimens using a swab (50). Screening
urine samples with a leukocyte esterase (LE) dipstick has been demonstrated to be a
useful tool to identify men with urethritis attributable to C. trachomatis or N. gonorrhoeae
(51). However, this approach has a relatively low specificity (false-positives) and does
not identify the causal agent (50). Subsequent studies demonstrated that testing urine
specimens by EIA to detect chlamydial antigen was a sensitive and specific screening
test for asymptomatic male carriers of C. trachomatis (52,53). Gene et al. (50) reported
that EIA screening of LE-positive urine specimens was a cost-effective strategy for
detecting asymptomatic chlamydial infections in males. These authors noted that
positive EIA results in low-risk populations need to be confirmed. Shafer et al. (54)
demonstrated that the optimum clinical and cost-effective approach was a combination
of nonspecific screening of first-void urine for polymorphonuclear leukocytes or LE,
followed by specific testing with EIA with DFA confirmation.

Unfortunately, this approach has not been demonstrated to be effective for screening
asymptomatic females for chlamydial infection. Thus, to date, screening of
asymptomatic females for chlamydial infection has required a pelvic examination with a
speculum examination to obtain specimens from the endocervical canal. As described
earlier, we demonstrated that a vaginal swab PCR-based test for C. trachomatis could
be a useful, noninvasive screening test for asymptomatic chlamydial genital infection in
women . Both PCR and LCR technology have been applied to urine-based
screeni etect C. trachomatis among asymptomatic females as well as males.
Preliminary results in genitourinary infections have been very encouraging

(27,2¢ 31 and 32). The third pathogen capable of producing cervicitis is HSV.
Unlike N. gonorrhoeae or C. trachomatis, HSV involves the ectocervix as well as the
endocervix. To date, identification of HSV is routinely accomplished with culture
isolation of the viral agent in cell culture. The urogenital swab of the newest lesion is
placed in a viral transport media such as Hanks or Earle balanced salt solution
supplemented with broad-spectrum antimicrobial agents that will inhibit and kill
contaminating bacteria and fungi. For best results, these viral specimens should be
delivered to the microbiology laboratory immediately after collection. Anticipated delays
of more than 24 hours between collection and culture require viral specimens to be
frozen at 70°C to 80°C. Refrigeration of viral specimens held for less than 24 hours is
recommended for samples awaiting inoculation into cell culture. Cytopathic effect is
observed in most HSV cultures in 18 to 24 hours; 99% of positive cultures are identified
within 96 hours. Cytologic examination of specimens demonstrating multinucleated giant




cells using Wright-Giemsa or fluorescent antibody stains from the cervix is diagnostic of
HIV infection, but negative smears do not rule out HSV infection. Immunoperoxidase
staining of HSV is helpful if the result is positive, but a negative result may not rule out
the presence of low copy numbers of HSV particles.

Vaginitis is the most common infectious disease seen by obstetrician-gynecologists.
The agent responsible for the signs and/or symptoms of vaginitis can be identified
rapidly in the office or clinic using simple and inexpensive methodology. The diagnosis
of trichomoniasis is generally made by demonstration of motile T. vaginalis organisms
on a wet mount preparation; culture of the organism in Diamond TYM medium or
Trichicult over a 7-day period is the most sensitive procedure. Direct fluorescent
antibody staining can be conducted.

Candida albicans infection usually is identified by the presence of pseudohyphae on a
10% KOH preparation or methylene blue stain. Although culture is available, it is
generally unnecessary; Nickerson or Sabouraud media are very sensitive and are
commonly used by microbiology laboratories.

Diagnosis of bacterial vaginosis does not require culture methodology. Nearly 60% of
normal healthy women have Gardnerella vaginalis as part of their normal vaginal flora.
Clinical criteria for diagnosis of bacterial vaginosis include demonstration of (a) a
homogeneous vaginal discharge; (b) vaginal pH more than 4.5; (c) presence of “clue”
cells (squamous epithelial cells to whose border are adhered G. vaginalis); and (d)
release of a “fishy” amine odor on addition of 10% KOH to vaginal secretions (55).
Spiegal (56) and Nugent et al. (57) described the use of a vaginal Gram stain for
diagnosis of bacterial vaginosis. They suggest that a normal Gram stain contains
lactobacilli, whereas patients with bacterial vaginosis have large numbers of a variety of
other organisms.

Infections Of The Upper Genital Tract

Infections involving the upper genital tract (i.e., uterus, fallopian tubes, ovaries, and
pelvic peritoneal cavity) are typically of mixed anaerobic-aerobic bacterial etiology (58)
and are discussed in depth in | . Pelvic inflammatory disease (PID) is
associated with sexually trans anisms such as N. gonorrhoeae andC.
trachomatis (59). Table 2.10 lists the more common type of soft tissue pelvic infections
encountered in clinical practice, the appropriate site from which to obtain specimen(s),
and the microorganisms assumed to be pathogens at these anatomic sites. The specific
microorganisms involved in these pelvic infections are discussed in Chapter 1.
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TABLE 2.10. APPROPRIATE MICROBIOLOGIC SPECIMENS FROM SOFT TISSUE
INFECTIONS OF THE FEMALE UPPER GENITAL TRACT

The pathogens involved in upper genital tract infections generally arise from the normal
flora of the vagina and cervix (except N. gonorrhoeae, C. trachomatis, and group A
b-hemolytic streptococcus); therefore, microbiologic isolation attempts must bypass the
heavy bacterial colonization of the lower female genital tract (58). In addition, anaerobic
bacteria are such prevalent pathogens in pelvic infections that microbiologic procedures
should be used that are adequate and appropriate for the recovery and identification of
anaerobic bacteria.

In patients with endomyometritis following delivery (vaginal or cesarean) or abortion, the
appropriate specimen for culture is an endometrial isolate. This specimen can be best
obtained using a telescoping double plastic cannula with an inner wire brush (60), which
nicely prevents contamination with the vaginal and cervical flora, or the Pipelle device
(Unimar, Wilton, CT), which also has been demonstrated to provide excellent
endometrial specimens for microbiologic analysis (61). The cervix is not an appropriate
site from which to obtain specimens for anaerobic and facultative bacteria, because the
cervix has a rich microflora of both anaerobes and aerobes and does not accurately
reflect the pathogens present in the upper genital tract. Patients with acute PID should
have their cervix cultured, sampled for antigen, or assayed by nucleic acid amplification
tests for both N. gonorrhoeae and C. trachomatis as described in the section on
Infections of the Lower Female Genital Tract. Specimens from the endometrial aspirate
are submitted for isolation of anaerobic and facultative bacteria, C. trachomatis, and N.
gonorrhoeae. Nucleic acid amplification technology can be used to detect C.
trachomatis from endometrial specimens. In situ hybridization also has been used on
endometrial biopsy specimens (62).

The fallopian tube is the ideal site to obtain microbial specimens from patients with
acute PID. Laparoscopy is required to obtain specimens and cultures from the tube but
unfortunately is limited due to logistic and economic concerns. When laparoscopy is
performed, cultures should be obtained from the fallopian tubes and cul-de-sac for
anaerobic and facultative bacteria, N. gonorrhoeae and C. trachomatis. The usefulness



of direct smears of fallopian tube specimens with fluorescein-labeled monoclonal
antibody against C. trachomatis was described by Kiviat and coworkers (62).
Culdocentesis was widely used to obtain peritoneal fluid as a specimen, which is
processed for anaerobic and facultative bacteria, N. gonorrhoeae, and C. trachomatis.
Culdocentesis is superior to cervical cultures but is of limited value because of the high
degree of vaginal contamination of these specimens (63). Endometrial aspirates have
been used for the culture of anaerobic and facultative bacteria, N. gonorrhoeae, and C.
trachomatis from the upper genital tract of patients with acute PID (64). The endometrial
aspirate is a more accurate reflection of the microbiologic etiology of PID than is
culdocentesis and is better tolerated by patients (59). Specimens from patients with
posthysterectomy pelvic cellulitis should be obtained from the peritoneal cavity. This is
best accomplished via culdocentesis and submitted for anaerobic and facultative
cultures. In the presence of postoperative cuff abscess, the aspirate of the abscess is
the ideal specimen and should be cultured for anaerobic and aerobic bacteria. Similarly,
the appropriate specimen from patients with a pelvic abscess is purulent material
aspirated from the abscess (obtained in the operating room or percutaneously) and
evaluated for anaerobic and facultative bacteria and, in the case of tuboovarian
abscess, N. gonorrhoeae. The ideal specimen from an abscess for culture, DNA
amplification, or in situ hybridization is material or tissue obtained from the abscess wall
at the time of surgery.

Collection, handling, and transport of specimens obtained from the upper genital tract
require special procedures, because anaerobic bacteria must be obtained using
methods that ensure their survival. Aspiration of fluid or pus into a syringe is the
preferred method for collection of these specimens. The syringe should not be used for
transport; rather, the specimen should be injected into an anaerobic transport vial.
Swabs are not recommended to obtain specimens for anaerobic cultures if fluid is
available. Use of transport media is easy and convenient, but is associated with a
false-negative rate of 40%. The preferred method is to use anaerobically sterilized,
prereduced cultures, such as CO_-filled tubes or gas packs. Rubber-stoppered collection

tubes that had O, evacuated with CO, are reliable tools for collection of aspirates (65).

Anaerobic vials are commercially available; these include Port-A-Cul (BBL Microbiology
System, Cockeysville, MD), Anaerobic Transport Medium (Anaerobe Systems, San
Jose, CA), and Anaport and Anatube (Scott Laboratories, Fiskeyville, RI). A single
specimen will suffice for anaerobic and facultative organisms; the latter grow under
anaerobic as well as aerobic conditions. All anaerobic specimens require prompt
transport to the infectious disease laboratory if they are to survive.

The Gram stain is an important clinical tool in the management of upper genital tract
infections. Gram staining allows for prompt identification of bacterial pathogens and
provides a quality control mechanism on the culture techniques being used, especially
as related to the recovery of anaerobes. The presence of bacteria on the Gram-stained
smear in the face of negative culture results should raise concerns as to the adequacy
of the anaerobic procedures being used for the collection, handling, or transport of
specimens to the laboratory and/or the laboratory's capability to grow and identify
anaerobic bacteria.



Urinary Tract Infections

Infections involving the urinary tract are among the most common infections seen by
obstetrician-gynecologists in their practice. Thus, it is important to understand the
methods available for proper collection and handling of urine specimens for
microbiologic evaluation (1). Although the absolute criteria for diagnosis of UTI in both
symptomatic and asymptomatic patients rest on the presence of a positive culture from
a properly collected and handled urine specimen that has not been contaminated by
vulvar/vaginal bacteria, immediate microscopic examination of urine sediment often may
be helpful (1). Identification of bacteria in urine allows for initiation of empiric therapy in
the symptomatic patient while waiting for culture confirmation of UTI.

A midstream clean-catch urine is the most widely obtained specimen for both culture
and microscopic evaluation of urine. It is important that the patient be properly instructed
on how to obtain a midstream, clean-catch urine specimen. A minimum of 4 hours
should have elapsed since the last voiding. An alternative method, favored by some
urologists but not commonly used by obstetrician-gynecologists, is suprapubic bladder
aspiration. If this method is used, the specimen should be identified as such so that all
growth is reported and identified (3).

Kass (66) popularized the use of quantitative urine cultures where the criterion of 310°
bacteria per milliliter became the diagnosis of UTI. This standard is reliable for acute
pyelonephritis and asymptomatic bacteriuria. However, Stamm and coworkers (67)
demonstrated that a criterion of 310° bacteria per milliliter is unreliable in association
with acute bacterial cystitis. These investigators noted a 50% false-negative rate with a
single specimen using this criterion. In patients with acute cystitis, a midstream
clean-catch urine with 3102 bacteria per milliliter is sufficient to confirm the diagnosis of
cystitis (67).

Urine at room temperature is an excellent culture medium for bacteria. In such
conditions, the number of bacteria in urine doubles every 45 minutes. Thus, a 6-hour
delay at room temperature will result in 10° bacteria per milliliter increasing to 310°
bacteria per milliliter. It is imperative that urine specimens be transported promptly to the
laboratory. Refrigerate urine specimens if a delay of more than 1 to 2 hours will occur.

The most rapid method to detect 310° bacteria per milliliter is microscopic examination of
a urine specimen. A Gram stain of a well-mixed, unspun urine demonstrating 2 bacteria
per high-power field has 90% correlation with results of quantitative bacteriologic
cultures. In addition, this procedure allows for determination of the adequacy of the
specimen by demonstrating the absence of epithelial cells. In contradistinction,
demonstration of pyuria (more than five white blood cells per high-power field of a
centrifuged urine specimen) has variable sensitivity (pyuria is present in 90% of
symptomatic UTIs, but in only 50% of asymptomatic bacteriuria) and poor specificity
(3,68).

Several chemical methods have been developed to detect significant bacteriuria in urine



specimens (3). These include the Griess test, tetrazolium reduction, glucose oxidase,
and catalase. The best of the chemical tests is the Griess test, which measures nitrite.
However, it is valid only for Gram-negative bacteria, is useful only if the result is
positive, and has a false-negative rate of nearly 50%. It is commercially available as
N-Multistix (Ames), Microstix-3 (Ames), Chemstrip 8 (Bio Dynamics), or Bac-U-Dip
(Warner/Chilcott).

In office practice, especially for routine screening of prenatal patients, a multitude of
office urine culture kits are available. Basically, there are three categories of culture Kits:
(i) dip strip with culture pads (Microstix-3); (ii) coated shell, coated tube, or agar cup
(Testuria, Speri-Test, Bacturcult); and (iii) dip slide (Uricult; Medical Technology Corp.)
and Dipchex (York Scientific). Of these, the dip slide is the most versatile and easiest to
use. Most importantly, it is the most accurate, with a 99% correlation with standardized
quantitative culture techniques. Thus, it permits inexpensive culture both before therapy
and as a test of cure. Any organism isolated remains viable for several weeks and is
available to be sent to the laboratory for identification and susceptibility testing, if
necessary.

Bacteremia

It is estimated that 200,000 cases of septicemia occur each year in the United States,
with a 20% to 50% mortality rate (69,70). Fortunately, bacteremia is not a common
occurrence in patients with infection on obstetric and gynecologic services (71).
However, bacteremia represents a serious and potentially life-threatening complication
of pelvic infections. Thus, it is important to recognize the presence of bacteremia. To
optimize the ability to diagnose bacteremia, clinicians must recognize the clinical
determinants of positive blood cultures.

Most bacteremias are intermittent and usually precede the onset of fever and chills. An
exception is intravascular sources, such as endocarditis, in which bacteremias may be
continuous (72). The sensitivity of most media used in blood culture attempts is two to
three organisms per milliliter; however, the magnitude for bacteremia is low. Adults with
endocarditis or Gram-negative bacteremia generally have ten to 100 colony-forming
units per milliliter (73,74). Previous antibiotic therapy (even up to 2 weeks before) may
completely or partially suppress growth of bacteria, giving false-negative results.

The two major variables in detection of bacteremia are the timing of blood cultures and
the volume of blood collected. In endocarditis, where bacteremia is continuous, two
cultures (from separate venipunctures) at one time usually are adequate. Soft tissue
pelvic infections are associated with intermittent bacteremias. In such bacteremias,
Washington ( demonstrated that the sensitivity of a single culture is 80%. Two
separate cultures drawn at least 1 hour apart have 89% sensitivity, and three separate
cultures drawn at least 1 hour apart have 99% sensitivity. The volume of blood is
probably the single most important determinant of the appropriateness of a blood culture
specimen (3,75). A 30-mL sample is associated with a 50% increase in positive results
compared with a 10-mL sample, as is drawn by most laboratories. The current
recommendation for adult patients is to draw at least two separate blood cultures
totaling 30 to 40 mL (3). The optimal time for collection of blood specimens is just before




onset of a chill (76); however, such an event cannot be anticipated.

It is crucial to differentiate the presence of true pathogens from contaminants when
interpreting blood culture results (77). With pathogenic organisms, numerous cultures
are positive, and less than 3 days are required for detection of organisms. Pathogenic
organisms include Gram-negative bacilli, S. aureus, Enterococcus faecalis, viridans
streptococci, anaerobes, fungi, and yeasts. Staphylococcus epidermidis has become a
recognized and serious pathogen in certain clinical situations. This is especially true of
nosocomial (hospital-acquired) infections in patients with central lines and invasive
monitoring. In contrast, contaminants are characterized by a single positive culture, and
more than 3 days are required for detection of organisms. Typical contaminants in blood
cultures include Corynebacterium sp, Propionibacterium sp, and, in most
circumstances, especially community-acquired infections, S. epidermidis. To prevent
such contamination, the venipuncture site must be carefully disinfected before obtaining
the blood culture. This is crucial because these commensals may be involved in
infections of implanted prosthetic material. To help identify true catheter-related
infections, semiquantitative catheter tip cultures per the guidelines of Maki et al. (78) are
used. A significant advance has been the introduction of continuous-monitoring blood
culture systems ). With these systems, a growth reading is performed automatically
every 10 to 20 minutes, which allows detection of positive cultures as quickly as
possible. In addition, the bottles need not be opened to detect growth, which
significantly reduces the risk of contamination (3).

Although the incidence of bacteremia arising from soft tissue pelvic infections is
relatively low, blood cultures are a valuable diagnostic tool in evaluating such infections.
A positive culture demonstrating bacteremia identifies a subgroup of patients with
severe pelvic infections and who may require more lengthy courses of therapy.
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Since the last edition of this text, considerable progress has been made in the
prevention of perinatal group B streptococcal (GBS) infections. In the spring of 1996, the
Centers for Disease Control and Prevention (CDC) published recommendations for two
preventative strategies. The American College of Obstetricians and Gynecologists
(ACOG) endorsed these recommendations. In the ensuing years, there was growing
evidence that adoption of these guidelines reduced the likelihood of GBS perinatal
infection. However, we do not have a panacea, as both immediate and long-term
questions remain. This heavily revised chapter will detail the national guidelines as well
as provide insight into their limitations.

In 1933, Lancefield (1) used serologic techniques to subdivide b-hemolytic streptococci
into specific groups, which she named A, B, D, and E. The various groups of
streptococci, their taxonomic designations, and hemolytic reactions on blood agar are
listed in Ta .1. On blood agar, the b reaction is clear or there is complete hemolysis
around the bacterial colony; the b reaction is a greenish discoloration or there is partial
hemolysis around the colony; and the b reaction is an absence of hemolysis around the
colony. Most microbiology laboratories report groups C and G “as b-hemolytic
streptococci, not groups A, B, or D.”
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TABLE 3.1. AEROBIC STREPTOCOCCI: TAXONOMIC CLASSIFICATION AND
REACTION ON BLOOD AGAR

Although GBS were recognized in veterinary medicine for many years as a cause of
bovine mastitis, they were virtually ignored as human pathogens until 1964, when
Eickhoff and associates (2) noted the role of GBS in perinatal infections. In the following
years, GBS became the leading bacterial pathogens in perinatal infections, replacing
Escherichia coli as the most frequent microorganisms associated with bacteremia or
meningitis among infants during the first 2 months of life (3). In 1990, it was estimated
that there were 7,600 cases of neonatal GBS disease, accounting for an incidence rate
of 1.8 per 1,000 liveborn infants. These cases resulted in an estimated 310 deaths from
GBS disease among infants younger than 90 days of age in the United States (4,5).

Group B streptococcus has been recognized as one of the most important pathogens in
obstetric patients as well. This organism causes urinary tract infections, amnionitis,
postpartum endometritis, wound infection, and intrapartum and/or postpartum
bacteremia ). It may lead to premature rupture of membranes (PROM) and preterm
delivery (4,;

ORGANISM

Group B streptococcus (Streptococcus agalactiae) is a facultative Gram-positive
diplococcus. Colonies of GBS on sheep blood agar produce a characteristic appearance
with narrow zones of b hemolysis surrounding the colonies, which are gray-white, flat,
and mucoid. Approximately 1% of GBS isolates are nonhemolytic or b-hemolytic.
Definitive microbiologic identification of GBS requires serologic techniques for detection
of the group B antigen. Group B streptococci can be subdivided further into serotypes
based on antigenic carbohydrates as la, Ib, Il, lll, IV, and V. In the past, the distribution
of serotypes of GBS has been similar for mother-neonate pairs. Approximately one third
of isolates are type la or Ib; one third are type Il; and one third are type Il (3). More
recently, serotypes IV and V have been identified. In addition, a former subtype Ic has
been categorized as identical to subtype la. In recent surveys, distribution of GBS
serotypes is as follows: type la, 27% to 36%:; type b, 2.4% to 12.5%; type II, 9% to



12%:; type Ill, 14% to 43%:; and type V, 10% to 29%. Type |V isolates are seen very
infrequently, and approximately 0% to 3% cannot be typed (9).

EPIDEMIOLOGY

Asymptomatic vaginal colonization with GBS occurs in approximately 20% (range 4.6%
to 40.6%) of pregnant women (T¢ .2) (2,10,11,12 and 13). The gastrointestinal tract
is the likely reservoir (4). The reported prevalence of vaginal colonization with GBS in
gravid women varies according to geographic locale, age, gravidity, duration of
gestation, and location and number of sites cultured. Obtaining specimens for culture
from both the anorectum and the distal vagina increases the likelihood of obtaining GBS
by a considerable percentage (5% to 25%) over vaginal culture alone (4). Within the
genital tract, the highest isolation rates are reported from the introitus and the lowest
from the cervix. Pregnancy does not influence colonization rates.

Feature Hate

Matemal carriage 2% (range 10%-30%)
Earfy-onset neorgtal GBS sepsis  1.51,000 fve births (0L15%)
Neanatal colonzation owerall — S%-20%
Neonatal earky-onsel GBS sepss  Approxmatedy 1%

if mother positive

GlS, group B streptacoos

TABLE 3.2. EPIDEMIOLOGY OF GROUP B STREPTOCOCCUS PERINATAL
INFECTION

The choice of culture medium is a crucial determinant of the prevalence of GBS. The
highest yield of GBS occurs when a selective broth medium, such as Todd-Hewitt broth
with sheep blood, nalidixic acid, and gentamicin, is used. When selective media are not
used for cultures of the genital tract, up to 50% of colonized women will be missed (i.e.,
the sensitivity will be as low as 50%).

The presence of GBS in the maternal genital tract is the major determinant of both
infection in the neonate and colonization of the newborn (10,12,14,15 and 16). Vertical
transmission from mother to fetus occurs either via an ascending route in utero, most
commonly with ruptured membrane (but occasionally with intact membranes), or by
acquisition during passage through the birth canal intrapartum. The risk of transmission
has been shown to range from 42% to 72% among neonates born to colonized mothers;
approximately only 8% of infants born to noncolonized mothers become colonized

and 13). Based on these prospective studies, nearly two thirds of infants born




to colonized mothers will be colonized with GBS. Despite high prevalence rates for
vertical transmission, the incidence of GBS infection during the first 7 days of life ranges
from 1.3 to 3 per 1,000 livebirths; after 7 days, the range is 1 to 1.7 per 1,000 livebirths
(4,10). (These data are from an era before use of prophylaxis.) Only 1% to 2% of infants
of colonized women develop early-onset GBS infection.

In addition to maternal-infant transmission, nosocomial acquisition of GBS occurs (17).
From 16% to 47% of nursery personnel are carriers of GBS and may be sources for
neonatal transmission (3). Studies have demonstrated nosocomial transmission rates of
GBS in neonates born to culture-negative mothers. In addition, cross-contamination of
infants may arise via nursery personnel (3). Nosocomial transmission rates of GBS in
neonates born to culture-negative mothers range from 13% to 43% (17). Whether
late-onset GBS infection is largely due to nosocomial acquisition of GBS is unclear.
Both nonmaternal and maternal sources have been implicated (3).

Risk factors that predispose the neonate to clinical infection have been identified (Table

B Prematurity (<37 weeks” gestation)

B (hinical chonoammionits, inbraamnioti( infetion, matema
fewer in labor (often defined as » 100.4°F)

® Rupture of membranes for longer than 17-18 hr

W Freviously delivered infant with imvasve GBS disease

W GRS bacteriuria in this pregnancy

¥ some studies, heavy matemal oalonization, ke matemal seanm
type-specific antibody levels, and Black race abo have been nisk
factors.

GBS, group B strephocnoos.

TABLE 3.3. RISK FACTORS FOR EARLY-ONSET NEONATAL INFECTION WITH
GROUP B STREPTOCOCCI?

Investigations have shown consistently that there is a significant 10- to 15-fold increase
in the risk for GBS early-onset infection in preterm infants (10,14,15 and 16,18). Baker
and Barrett (10) reported that 80% of infants with GBS disease weighed less than 2,500
g. Boyer and coworkers reported that as birthweight decreased, attack rates for GBS
increased (Table 3.4) (14).
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TABLE 3.4. ATTACK RATES OF NEONATAL GROUP B STREPTOCOCCAL
EARLY-ONSET DISEASE ACCORDING TO PERINATAL CHARACTERISTICS?

Numerous studies found duration of rupture of the membranes (ROM) to be an
important correlate of neonatal GBS infection (15). Boyer and colleagues (15) noted that
as the duration of ROM increased, attack rates for GBS infection also increased, from
0.8 per 1,000 infants with ROM of 6 hours or less to 10.8 per 1,000 in those with
durations greater than 48 hours. In this study, the relative risk of developing GBS
early-onset disease for infants with ROM for more than 48 hours was 7.2-fold higher
than that for infants with ROM for less than 18 hours (Table 3.4) (15). Further, Boyer
and colleagues estimated that, in their population, the attack rate of GBS sepsis was 45
per 1,000 infants born to colonized women with perinatal risk factors (birthweight less
than 2,500 g, ROM more than 18 hours, or intrapartum fever) (15) The relationship of
GBS to premature birth and PROM is discussed in Che

Intrapartum fever, clinical chorioamnionitis, and clinical intraamniotic infection are
perinatal risk factors associated with increased risk for early-onset GBS sepsis (Table
). Boyer and coworkers (15) noted that attack rates for GBS

: s among mothers with intrapartum fever versus 1.5 per 1,000
infants of afebrlle mothers.

Neonates delivered through birth canals heavily colonized with GBS are significantly
more likely to acquire GBS than those born to mothers with small numbers of GBS in
their vaginas (11).

Additional risk factors have been suggested. Baker and Kasper (19) proposed that the
offspring of mothers who lack antibodies to GBS type IlIl have a greater risk of acquiring
type-specific disease. Baker and Edwards (3) suggested two mechanisms that result in
low levels of neonatal antibody to GBS.: it either reflects low maternal levels and lack of
acquired immunity in the mother, or failure of adequate concentrations of these
immunoglobulin G (IgG) antibodies to be transported transplacentally to the fetus. The
very small preterm infant (younger than 30 weeks) may be significantly compromised by
the second mechanism, because nearly two thirds of maternally derived IgG is actively



transported from mother to fetus in the last 10 weeks of pregnancy.

In a CDC review of 278 cases of infant disease, there were 247 (80.7%) early-onset
cases and 59 (19.3%) late-onset cases. The case fatality rate was 5.8% (16/278), with
no difference in rates for early and late-onset disease (5.7% and 6.0%, respectively).
Thirteen (81.3%) of the deaths occurred in infants of less than 34 weeks' gestation, and
eight of the infants were black (20). In a population-based study, 71 cases of early-onset
disease and 37 cases of late-onset disease were compared with 65,000 births in the
same period (1982 to 1983). Infants with early-onset disease were more likely to be
black (relative risk [RR] 2.4, confidence interval [CI] 1.4-3.9), of low birth weight (RR
2.03, CI 1.04-4.0), and born of teenage mothers (RR 2.2, Cl 1.3-3.7). [Relative risk
values shown are from a multivariate analysis for all pregnancies (21).]

Combined data from earlier (1964 to 1983) series indicated that the greatest threat of
GBS infection was to the premature infant. The likelihood of an infected premature baby
surviving was 34% (38/110), whereas the likelihood of survival for term infants was 83%
(65/78). Later series revealed improved survival rates among both preterm and term
infants with GBS sepsis. In two large series from 1992, overall survival was reported at
86% and 94%, but was still lower (72%) among preterm infants (20,22).

Because bacteremia is present at birth in a large proportion of neonates with early-onset
GBS disease, most cases (67% to 88%) of GBS early-onset disease have an
intrauterine pathogenesis (15,23).

The epidemiology and pathogenesis of late-onset GBS infection (occurring more than 7
days after birth) are not as clear as for early-onset disease (3). Serotype Il strains
account for most late-onset GBS infection. The GBS organisms responsible for
late-onset disease are acquired either by maternal-neonatal vertical transmission or
from nosocomial sources. In a CDC survey of 306 cases of GBS sepsis among infants
younger than 90 days of age, only 19% were late in onset, and case fatality rates were
similar for early- and late-onset disease (5.7% and 6.0%, respectively) (20).

CLINICAL MANIFESTATIONS
Neonatal Infection With Group B Streptococcus

Two clinically distinct neonatal GBS infections have been identified. Early-onset GBS
disease appears within the first week of life, usually within the initial 48 hours. In 60% of
infants, early-onset GBS sepsis presents within 24 hours of birth. Early-onset GBS
infection often is characterized by rapid clinical deterioration. It occurs most often in
infants born to mothers with risk factors for GBS neonatal infection.

The three major presentations of early-onset GBS infection are septicemia (bacteremia
and clinical signs of sepsis), pneumonia, and meningitis. Respiratory symptoms and
signs, such as grunting, tachypnea, apnea, and/or cyanosis, usually are the earliest
clinical findings (3). Hypotension occurs in 25%. Additional symptoms and signs similar
to those associated with any bacterial infection (lethargy, poor feeding, hypothermia or



fever, pallor, and jaundice) are present. Meningitis is present in approximately 30% of
early-onset GBS infections. Pneumonia is present in 40% of infants with early-onset
GBS infection, and almost all of these infants present with grunting, tachypnea, and
apnea.

Late-onset GBS disease occurs more insidiously. It usually occurs after the first week of
life and up until 12 weeks of age. Most of these infants (85%) have meningitis as the
prominent clinical manifestation. The presenting symptoms in newborns with meningitis
include fever (nearly 100%), irritability and/or lethargy, and poor feeding. Antecedent
upper respiratory tract symptoms were present in 20% to 30% of meningitis cases.
Late-onset disease may result in localized infections involving the middle ears, sinuses,
conjunctiva, breasts, lungs, bones, joints, and skin.

Meningitis is related to the serotype of GBS. More than 80% of early-onset GBS
infections with meningitis present are due to type Il organisms. More than 90% of
late-onset disease (in which meningitis usually is present) are due to type Il GBS.
These findings are in contrast to the distribution of GBS serotypes among asymptomatic
maternal carriers, where one third have type la, Ib, or Ic organisms; one third have type
II; and one third have type lII.

Whereas early-onset disease has been associated with transmission from the mother's
genital tract either before labor or during parturition, such a route of transmission is
thought to occur less frequently in late-onset disease. Nosocomial transmission of GBS
can occur in the nursery from colonized nursing staff or by cross-colonization from other
infants.

Maternal Infection With Group B Streptococci

Group B streptococcus now is recognized as an important cause of maternal infections
as well as of neonatal sepsis. Among cases of GBS puerperal infection, bacteremia
occurred in 31% to 35% (usual rate in obstetrics is 10%). Characteristically, women with
GBS puerperal infection develop high spiking fever within 12 hours of delivery. Other
clinical features include tachycardia, chills, and tender uterine fundus and parametrium.
However, at the time of the first fever spike, few localizing signs or symptoms may be
present (see Chapter 20).

Group B streptococci also cause maternal urinary tract infection (both bacteriuria and
symptomatic disease), amnionitis, and wound infection (see Chapter 18 and Chapter

DIAGNOSIS OF GROUP B STREPTOCOCCAL INFECTION

The “gold standard” for diagnosing maternal genitourinary colonization with GBS is the
culture, when it is performed using selective medium. The optimal medium for cultivating
GBS is a selective broth medium, such as Lim or selective broth medium (SBM) broth,
which contains gentamicin and nalidixic acid. These antibiotics inhibit the growth of
Gram-negative Enterobacteriaceae and other bacteria in the normal genital tract flora



that could interfere with the recovery and identification of GBS.

Because the great majority of colonized neonates (~9%) are asymptomatic, detection of
colonization requires culture identification of GBS. None of the clinical manifestations of
neonatal disease is sufficient to confirm GBS disease in the absence of a positive
culture of the blood or cerebrospinal fluid. A presumptive or “clinical” diagnosis
sometimes is made when there is a suggestive clinical picture accompanied by positive
cultures from peripheral sites such as the umbilicus, oropharynx, and rectum.

Within the past few years, there has been great interest in tests for rapid identification of
GBS from the maternal genital tract. These tests include Gram stain, immunofluorescent
antibody test, colorimetric assay using starch serum media, and antigen detection by a
variety of methods, such as coagglutination, latex agglutination, enzyme immunoassay,
and DNA probes. These tests were reviewed in an excellent work by Yancey and
colleagues (24) (Table 3.5) The Gram stain has many limitations, mainly low sensitivity
and poor positive predictive value (25).
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TABLE 3.5. RAPID IDENTIFICATION TESTS FOR GROUP B STREPTOCOCCUS

Methods using starch serum media have better sensitivity and predictive values (in the
90% range when performed by laboratory technicians), but the requirement for an
incubation period of 12 hours and difficulties in interpretation by labor and delivery staff
make this approach impractical (24).

Numerous reports have assessed the rapid antigen detection tests. Overall, the
sensitivity of these tests for detection of all colonized women varies from as low as 4%
to as high as 88%. In 17 studies evaluated, the sensitivity was 60% or less in 13
studies. Positive predictive values varied from 15% to 100%. These tests perform better
with heavy colonization, and the inability of current methods to detect women with light
colonization is a serious drawback.

A promising rapid technique currently available is the DNA probe. Results from a



preliminary report have been encouraging, with sensitivity of 71%, specificity of 90%,
positive predictive value of 61%, and negative predictive value (NPV) of 94% after an
incubation of 3.5 hours . No currently available rapid diagnostic test has sufficient
sensitivity and positive ictive value to be cost effective and to replace the culture
using selective media as the screening technique of choice (27).

TREATMENT OF GROUP B STREPTOCOCCAL INFECTION

Penicillin remains the drug of choice for symptomatic GBS infection in mothers or
neonates. However, in most instances, treatment must begin empirically before culture
results are available. Maternal infections such as amnionitis or postpartum
endomyometritis usually are polymicrobic; thus, treatment requires a broad-spectrum
approach, as discussed in Chapter 6. In these instances, a broader-spectrum approach
for empirically treating the mother is required. Ampicillin is a frequently used and very
effective agent in such situations and provides adequate treatment for GBS. The new
semisynthetic penicillins (piperacillin, mezlocillin, ticarcillin) and first- and
second-generation cephalosporins have very good in vitro activity. Erythromycin and
clindamycin have been thought to provide very good coverage, but resistance is now a
concern, as will be discussed later. Although GBS are resistant to aminoglycosides,
addition of gentamicin or tobramycin to one of the penicillins results in a synergistic
action against GBS. Because ampicillin is capable of crossing into the cerebrospinal
fluid, the most common pediatric recommendation for GBS neonatal infection is an
ampicillin-aminoglycoside combination. Among the multitude of new third-generation
cephalosporins, cefotaxime has activity against GBS comparable to that of penicillin G.
Cefoperazone and ceftazidime have somewhat less activity.

PREVENTION OF GROUP B STREPTOCOCCAL INFECTION

As a result of the severity of GBS neonatal infection and the recognition that the major
method of pathogenesis is vertical transmission, major efforts have addressed
prophylactic strategies. The various approaches are listed in
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TABLE 3.6. STRATEGIES FOR PREVENTION OF GROUP B STREPTOCOCCUS



INFECTION

Antepartum Antibiotics

Attempts at reducing maternal carrier rates by antepartum prophylaxis generally have
been unsuccessful (28). Hall and associates (28) noted that administration of ampicillin
to gravid women with cervical colonization of GBS resulted in a significantly decreased
colonization rate within 3 weeks of therapy, but the women treated often were
recolonized by the time of parturition. Infants of the treated mothers were colonized at
the same rate as the control infants.

To circumvent the problem of a high percentage of reacquisition of GBS after attempted
prophylaxis in the early third trimester, Merenstein and coworkers (29) evaluated the
efficacy of an oral penicillin regimen at 38 weeks' gestation. They noted a significant
reduction in maternal and infant colonization with GBS in the treatment group (mothers
and sexual partners treated). However, this approach misses the group at greatest risk,
the preterm pregnancies, in which neonatal mortality with GBS infection is much
greater.

The attempt at antepartum prophylaxis against GBS is hindered by several factors.
Mainly, it is difficult to eradicate GBS from the rectum because of the b-lactamase
enzymes (which inactivate penicillin and ampicillin) produced by the Enterobacteriaceae
in this locale. Accordingly, using antepartum antibiotics in pregnant women to prevent
neonatal sepsis generally has been abandoned. Furthermore, use of oral antibiotics
during prenatal care in women colonized with GBS (for the purpose of decreasing
preterm birth) has not been shown to be effective (30). (Treatment of GBS bacteriuria,
of course, is appropriate.)

Intrapartum Antibiotics

Use of intrapartum antibiotics has been established as an effective method to decrease
neonatal colonization and early-onset disease (Table 3.7 and Table 3.8). Yow and
colleagues (31) showed that use of intravenous ampicillin (500 mg/dose) during the
intrapartum period in GBS-positive mothers prevented neonatal GBS colonization and
disease. Boyer et al. (16) examined the effect of intrapartum ampicillin treatment on
vertical transmission of GBS. Ampicillin virtually eliminated vertical transmission of GBS
in the treatment group without perinatal risk factors and in the treatment groups with
premature labor and/or prolonged ruptured membranes. Group B streptococcus
colonization occurred in the neonates born to women who had intrapartum fever or less
than 1 hour of ampicillin treatment before delivery. Combining a single antepartum
screening culture for GBS with intrapartum intravenous ampicillin treatment at 26 to 28
weeks for mothers with suspected amnionitis, preterm labor, and/or PROM who are
GBS carriers resulted in a significant reduction in the vertical transmission of GBS from




mother to infant.
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TABLE 3.7. NONRANDOMIZED CLINICAL TRIALS OF INTRAPARTUM
PROPHYLAXIS AND NEONATAL OUTCOMES—SEPSIS
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TABLE 3.8. RANDOMIZED CLINICAL TRIALS OF INTRAPARTUM PROPHYLAXIS
AND NEONATAL OUTCOME—SEPSIS OR PNEUMONIA

In a subsequent study, Boyer and Gotoff (32) conducted a randomized, nonblinded,
controlled trial of the effect of selective use of intrapartum ampicillin in women with
these risk factors. Patients received either ampicillin 2 g intravenously initially, then 1 g
intravenously every 4 hours until delivery or no ampicillin. For infants of mothers
randomized to intrapartum ampicillin, therapy was continued with four doses of
ampicillin (50 mg/kg/dose) intramuscularly every 12 hours until initial neonatal cultures
were available. Infants of mothers randomized to no treatment were given antibiotics
only if they became symptomatic. The ampicillin-treated group had significantly less
neonatal colonization and significantly reduced neonatal bacteremia. In our experience



at the University of Colorado, we found that using the latter strategy was complex (33).

Between 1986 and 1994, numerous other intrapartum approaches have been
suggested and/or evaluated. In 1994, Rouse and colleagues (27) reviewed 19 different
intrapartum strategies in a decision analysis. Of these, a strategy of universal
prophylaxis, consisting of intrapartum administration of antibiotics to all women in labor,
was believed to be a cost-effective strategy, based on decision analysis. In addition, a
strategy of giving prophylaxis to all high-risk women in labor, following the
recommendation of Minkoff and Mead (34) and of the ACOG (5), was believed to be a
cost-effective strategy. Universal screening based on cultures at the end of the second
trimester had considerable limitations, especially because of the modest predictive
value of the 26-week culture for maternal culture status of women in labor. Strategies
based on screening women in labor using a rapid test were judged to be not effective.

To avoid systemic side effects in the mother, Burman and coworkers (41) proposed and
tested a novel technique. They reported a randomized, blinded trial of chlorhexidine
douches given to women in labor to prevent neonatal GBS sepsis. Compared with
placebo, chlorhexidine douches reduced the admission rate of infants to the special
care nursery from 5.4% to 2.8% for GBS-colonized mothers (p = NS) and from 2.9% to
2.0% overall (p = 0.04). However, this endpoint is soft, and there was no decrease in
the culture-confirmed sepsis rate (2/1,000 in both groups) (41). Because many infants
with GBS sepsis already are bacteremic at birth, vaginal douching may be too little
prophylaxis, too late. In response to the need for national guidelines, the CDC
developed prevention strategies through critical analysis of clinical trial data and a
subsequent review by a multidisciplinary group of consultants. These guidelines were
published in spring 1996 (4). Supporting documents then were issued by the ACOG (5)
and the American Academy of Pediatrics (42). These guidelines recommended the
following:

m Use of either a strategy based on late prenatal culture (at 35 to 37 weeks) as the
primary risk determinant or a strategy based solely on clinical risk factors

= \When the culture-based strategy is used, the offer of intrapartum antibiotic
prophylaxis to all women who have a positive culture whether or not there are
intrapartum risk factors

m Use of penicillin G as an alternative to ampicillin for intrapartum prophylaxis

In the approach based on screening cultures at 35 to 37 weeks, prophylaxis is
recommended if any of the following conditions exists: a previously infected infant with
invasive disease, GBS bacteriuria in this pregnancy, or delivery at less than 37 weeks.
Patients are screened at 35 to 37 weeks, and all patients are offered intrapartum
prophylaxis. A proviso of this strateqgy is that if a culture result is unknown, prophylaxis is
given if the patient has a temperature greater than 38°C (100.4°F), the patient is in
labor, or ROM duration is 18 hours or more. Special conditions required for the
screening-based approach include the use of an optimal culture technique. This
involves use of swabs from both the distal vagina and the rectum and use of selective
broth media in the culture process. It is important to note that treatment of genital
antenatal GBS colonization is not recommended, whereas treatment of GBS bacteriuria
is recommended when diagnosed. Fig .1 shows an algorithm summarizing the




approach based on prenatal screening cultures at 35 to 37 weeks. This algorithm is
complex, and it is recommended that hospitals using this algorithm have copies of this
figure readily available in the labor and delivery unit.

FIGURE 3.1. Prevention strategy using prenatal screening at 35 to 37 weeks' gestation.

Under the approach using risk factors, prophylaxis is given with one or more of the
following risks:

m Previous infant with invasive GBS disease

= Group B streptococcus bacteriuria in this pregnancy
= Delivery at less than 37 weeks

m Duration of ROM 18 hours or more

m Temperature of 38°C (100.4°F)

The algorithm for this approach is shown in Fig. 3.2. Even though this approach is a
simpler one, it is recommended that copies of this algorithm be available in hospitals
using it so that compliance can be optimized. It is estimated that the approach based on
screening at 35 to 37 weeks prevents a greater percentage of cases of early-onset
neonatal sepsis due to GBS than does the approach based on risk factors. However,
this estimate presumes there is excellent compliance with both approaches and that
proper culture technique is followed with the screening-based approach. It is
acknowledged that a larger percentage of gravid women will be exposed to intrapartum
antibiotics with the screening-based approach. Another concern of the screening-based
approach is that recognition of a positive culture at 35 to 37 weeks will lead to antibiotic
treatment during the antepartum period in an attempt to eradicate the positive culture.
Comparison of these two regimens is shown in Table 3.9. Box 1 shows the
recommended regimens for intrapartum antimicrobial prophylaxis for perinatal GBS
disease.
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FIGURE 3.2. Prevention strategy using risk factors.
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TABLE 3.9. COMPARISON OF TWO CENTERS FOR DISEASE CONTROL AND
PREVENTION/AMERICAN COLLEGE OF OBSTETRICIANS AND GYNECOLOGIST's

strategies



Box 1

Recommended Regimens for Intrapartum Antimicrobial Prophylaxis for
Perinatal Group B Streptococcal Disease

Recommended Penicillin G, 5 mU i.v. load, then 2.5 mU i.v. every 4 hr until
delivery

Alternative Ampicillin, 2 g i.v. load, then 1 g i.v. every 4 hr until delivery
If penicillin-allergic:
Recommended Clindamycin, 900 mg i.v. every 8 hr

Alternative Erythromycin, 500 mg i.v. every 6 hr until delivery

These guidelines have been widely distributed and fairly widely adopted. A later section
in this chapter discusses the aftermath of the 1996 guidelines, including areas of
potential noncompliance, persisting clinical questions, and policy questions.

Note: If a patient is receiving treatment for amnionitis with an antimicrobial agent active
against GBS (e.g., ampicillin, penicillin, clindamycin, or erythromycin), additional
prophylactic antibiotics are not needed (4).

Neonatal Antibiotics

Another strateqgy is to give antibiotic prophylaxis to the neonate. Evidence to support this
approach initially arose from large retrospective and prospective descriptive series (18).
However, a major drawback to this approach is the recognition that the overwhelming
majority of neonates with early-onset GBS sepsis are bacteremic at birth or within 1
hour of delivery (15). Further, in a well-designed trial of low birthweight infants, infants
were randomized to receive either 50,000 U of penicillin G within 90 minutes of birth and
every 12 hours for 72 hours or only routine newborn care. In the treatment group of 589
infants, ten had GBS bacteremia, and six of these infants died . There were 14
cases of GBS bacteremia, with eight deaths among the 598 co | patients. Most
importantly, bacteremia was present in 90% of treated infants and 86% of controls. This
study clearly demonstrated that penicillin prophylaxis in the neonate is ineffective at
preventing bacteremia or reducing the mortality rate.

Maternal Vaccination

The ultimate goal of a maternal vaccination strategy for prevention of perinatal GBS
disease is to induce protective immunity, both systemically to prevent invasive disease
and mucosally to prevent or limit maternal lower genital tract colonization. This strategy



has a great appeal from a theoretical perspective. A vaccine would eliminate the
problems of screening and intrapartum prophylaxis. It is estimated that maternal
vaccination would reduce the number of neonatal GBS sepsis cases by 90% (43).
Considerable evidence demonstrates that a maternal vaccination strateqgy is feasible.
Immunization of pregnant women at 31 weeks' gestation with a GBS polysaccharide
vaccine resulted in successful transfer of specific functional antibody to the newborn,
even though this vaccine preparation was suboptimally immunogenic (44). Even though
this strategy hypothetically would prevent most cases of GBS sepsis, as noted earlier, it
may not adequately protect prematurely born infants because of inefficient transport of
IgG across the placenta (45). An alternative timing of the vaccination may be given to
women of childbearing age to avoid hypothetical concerns about vaccination in
pregnancy. An additional advantage of a vaccination strategy is that it may reduce
maternal GBS infection and potentially GBS-associated premature birth.

It is most likely that the first generation of GBS vaccines to be used in humans will
consist of GBS polysaccharides coupled with a carrier such as tetanus toxoid. The
seminal work of Lancefield et al. (46) described the capsular polysaccharide (CPS)
antigen of GBS as an important target of protective immunity. It has been shown that
the lack of circulating CPS-specific IgG correlated with GBS disease among infants born
of GBS-colonized women (19). These observations provide the rationale for a GBS
vaccine based on CPS, which is surface expressed. Although these native CPS from
GBS are safe in adults, they are poorly immunogenic (47). Much recent work has
sought to improve the immunogenicity of GBS CPS while maintaining proper
antigenicity. Group B streptococcal CPS has been coupled to an immunogenic protein
such as tetanus toxoid to form a conjugate. All conjugate vaccines have been superior
to the uncoupled vaccines in eliciting a high-titer protective 1gG response specific to the
serotype in both mice and rabbits (48,49 and 50). Group B streptococcus type Il
polysaccharide tetanus toxoid vaccine has been shown to be immunogenic in
nonhuman primates when administered with an alum adjuvant (51). Accordingly,
successful preclinical studies have led to individual phase | and phase Il safety and
immunogenicity clinical trials with GBS conjugate vaccines for serotypes la, Ib, II, llI,
and V (52,53 and 54), which are the serotypes of major importance in the United States
and western Europe. In each trial, the conjugate was shown not only to be safe and well
tolerated, but it also elicited higher levels of IgG than did the control uncoupled GBS
vaccine. Clearly, a multivalent GBS conjugate vaccine is desirable and offers promise of
providing protection simultaneously to both the mother and her neonate against the
most prevalent disease causing GBS serotypes. At the same time, there is considerable
interest in GBS proteins as the basis for vaccines. Advantages of protein-based
vaccines include the ability to simplify and extend the coverage of the polysaccharides.
For example, it is anticipated that a single vaccine containing the type Il polysaccharide
linked to one of the GBS proteins (such as a C) theoretically could cover the majority of
clinically important GBS isolates. A protein-based vaccine also might have reduced
toxicity, avoiding overuse of a limited number of existing carrier proteins such as tetanus
toxoid. An especially attractive feature of protein-based vaccines is their versatility for
use in alternative delivery systems. Unlike polysaccharides, proteins can be
incorporated readily into viral, bacterial, or naked DNA vaccines (55). Such
developments in vaccines may be of particular importance in eliciting vigorous mucosal
immunity. At present, however, there are still major obstacles to vaccine availability.
First, the composition of the vaccine for trials has not been established. Second, the




maternal antibody response must be IgG (so that the antibodies will cross the placenta),
but 1gG does not cross well before 32 weeks. Thus, the infants at highest risk for
infection would be left with little protection. Third, the timing of vaccine administration
(except for the type Il polysaccharide) has not been described.

Aftermath Of The 1996 Guidelines

Several years after publication of these guidelines, numerous questions remain. In this
section, we will consider areas of potential noncompliance, persisting clinical questions,
and persisting policy questions. The CDC guidelines recommend obtaining cultures at
35 to 37 weeks' gestation. If a culture was obtained between 1 and 5 weeks before
delivery, sensitivity was 87% and specificity was 97% (56). If a culture was obtained
more than 5 weeks before delivery, there was a much greater chance that the results
would not accurately predict colonization status at delivery. Compliance with the
guidelines requires collection of the culture from the distal vagina and anorectum and
use of proper laboratory technique. When clinicians do not follow these guidelines, they
miss at least one fourth of patients who are culture positive for GBS and who may
benefit from antibiotic prophylaxis. The guidelines specifically recommend the use of
selective broth medium, which is an enriched medium that enhances the growth of GBS
better than agar media and is supplemented with antibiotics to inhibit the growth of
organisms other than GBS (57). When selective medium is used, there is a 50% higher
rate of GBS detection (58,59). It is consistent with the guidelines to use a nonselective
transport medium (such as Amies medium) to transport rectovaginal swabs to the
laboratory. It is estimated that in 1998 there was considerable noncompliance in both
the site of culture and the use of media. The guidelines recommend penicillin G as the
first choice, with ampicillin as the second choice. In penicillin-allergic patients, the
recommendation is to use clindamycin or erythromycin parenterally. Group B
streptococci are universally sensitive to the penicillins. Because of its narrower
spectrum, aqueous penicillin G is the first line drug of choice. As the interval between
the first dose of penicillin and birth increases, the proportion of GBS-positive infants
delivered from GBS-colonized mothers decreases (Fig. 3.3). When the interval is
greater than 2 to 4 hours, few infants are colonized with GBS. It is estimated that there
is noncompliance with guidelines in 10% to 20% of cases, even when a policy is in
place at an institution. This may be unavoidable, because patients may refuse
antibiotics or deliver before antibiotics can be administered (60). In other cases, patients
may have barely met the criteria (by having just a few minutes more than 18 hours of
membrane rupture or being within a few days of 37 weeks' gestation). These protocols
are complex. In one university hospital, the overall noncompliance was 19.7%, but
nearly half of these protocol deviations were due to factors beyond the control of the
physician or due to marginal situations (60). Other reports indicate similar rates of
noncompliance (61,62).
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FIGURE 3.3. Timing of intrapartum antibiotic and vertical group B streptococcus
transmission. Adapted from ref. 71.

To optimize compliance with protocols, hospitals are encouraged to be proactive, for
example, by placing special labels on the chart of GBS-positive patients or instituting a
reminder to practitioners on the labor and delivery board as to when a patient becomes
at risk.

Is Chemoprophylaxis Necessary For Group B Streptococcus in Elective Cesarean
Section?

The current guidelines state that “intrapartum” antibiotics should be given; thus, the
guidelines provide no specific recommendations for women admitted for elective
cesarean section. The risk of sepsis to the newborn in this situation is low and recently
observed to be 0% in an estimated 530 infants at risk (95% CI, 0.0%-0.7%) (63). The
number of additional antibiotic exposures is estimated to be about 1% of the total
population (assuming that 20% of the population is colonized and the total rate of
cesarean section for patients with no labor and no ruptured membranes is
approximately 5% of the total obstetric population [i.e., approximately 25% of the total
cesarean sections]). Although expert opinion on this issue is divided, a position paper
from the Infectious Disease Society for Obstetrics and Gynecology (IDSOG) states that
giving GBS antibiotic prophylaxis in this circumstance is not warranted (64).

What Prophylaxis Regimen Should Be Used In Preterm Premature Rupture Of The
Membranes Without Labor?

The 1996 guidelines recommend that a GBS culture be collected and then (a) antibiotics
given until the culture returns with a negative result or (b) antibiotics given once a
positive culture result is available. Several clinical scenarios are not addressed.

m |f the initial culture for GBS is negative, should the culture be repeated? Because
the likelihood of a negative antenatal culture becoming positive in the 5 weeks



after it was obtained is 5% (56), the IDSOG's position is that it is not necessary to
repeat a negative culture for up to 5 weeks in this setting.

m |f the initial culture is positive, how long should antibiotics be given? Because this
is “antibiotic prophylaxis,” we recommend giving antibiotics intravenously for 48
hours and then obtaining another culture. If the culture remains positive, antibiotics
should be given for an additional 5 to 7 days. If the culture at 48 hours is negative,
the antibiotic should be discontinued. Patients with preterm PROM should receive
intrapartum antibiotics according to the guidelines. There is a strong rationale to
use broad-spectrum antibiotics to prolong latency with premature PROM from 24
to 32 weeks' gestation (see Che 17).

What Prophylaxis Regimen Should Be Used For Preterm Labor That Has Been
Arrested With Tocolytics?

The 1996 quidelines recommend that the patient in preterm labor should receive
intrapartum antibiotics for GBS prevention, but these guidelines are incomplete. Unless
preterm delivery is imminent, we believe that a culture for GBS should be obtained and
the mother managed clinically as she would be for preterm PROM. If labor ensues
within 5 weeks, the original culture can be relied on; if labor occurs after 5 weeks, a
repeat culture should be obtained.

What Is The Threshold Colony Count For Treating Group B Streptococcal
Bacteriuria?

Infants born to mothers who are heavily colonized with GBS are more likely to become
colonized than are infants whose mothers are lightly colonized (39,65,66). Maternal GBS
bacteriuria is a marker for heavy maternal genital colonization. Babies born to mothers
with GBS bacteriuria during pregnancy are more frequently and more heavily colonized
with GBS (21). In addition, these infants are at increased risk for invasive GBS disease
(67,68 and 69).

Moller et al. (70) found GBS bacteriuria in 2.5% of pregnant women screened between
12 and 38 weeks' gestation. There were five cases (7.35%) of confirmed GBS sepsis
among 68 infants born to women with GBS bacteriuria compared to none of 2,677
women without GBS bacteriuria (p <0.001) (70).

According to the 1996 guidelines, patients with GBS bacteriuria in the current pregnancy
should receive intrapartum prophylaxis, but no definitive threshold colony count for
treating GBS bacteriuria prenatally has been established. We recommend treating
symptomatic and asymptomatic GBS urinary tract infections according to standards for
any other organism. Specifically, treat any patient with >10° colony-forming units (CFU)
per milliliter of urine. If the patient is asymptomatic, treat prenatally if the GBS colony
count in the urine is >10? CFU per milliliter. If the patient is asymptomatic and the colony
count is >10? but <10° CFU per milliliter, it is prudent to repeat the culture to rule out
contamination.

In A Patient With A Negative Screening Culture At 35 to 37 Weeks, Should



Prophylaxis Be Given With Rupture Of The Membranes Greater Than 18 Hours?

It is unlikely that a negative 35-week culture will become positive at term, and the
current guidelines do not recommend the use of antibiotics unless the patient has
clinical signs of infection. We concur that the low risk of infection does not warrant
antibiotics for GBS prevention in this situation.

What Are The Limitations Of The Current Approaches?

The current approaches are complex, and, even when applied perfectly, do not prevent
all early-onset disease. One limitation of the current approaches is that an interval of 2
to 4 hours is needed between administration of prophylaxis and reduction in neonatal
colonization (71). In addition, the current approaches may not have an impact on
late-onset disease and will have no impact on GBS-associated preterm delivery.
Further, the major limitation of the risk-based approach is that asymptomatic colonized
women at term are not identified. Antimicrobial prophylaxis is not offered to those
women, and this approach cannot prevent the estimated 30% to 50% of cases of
early-onset GBS sepsis that develop in infants born to women without risk factors (72).

Is Invasive Group B Streptococcal Infection Decreasing In Neonates?

Even before publication of the 1996 guidelines, data from individual hospitals (13,14,31)
and larger populations, such as the CDC's multistate surveillance areas
demonstrated declining rates of early-onset GBS disease. Rates are lower in
geographic areas where more hospitals have prevention policies (74). The CDC's Active
Bacterial Core Surveillance (ABCs) now reveals significant declines in early-onset GBS
disease in all areas where multiyear data are available. The incidence has declined
more than 50% since 1993, compared with no significant decline for late-onset disease
or disease in nonpregnant adults, suggesting that intrapartum interventions are
responsible for these trends . The CDC recently reported the trends in the incidence
of GBS disease from 1993 to 1998, based on active population-based surveillance in
selected counties in eight states. A case of GBS infection was defined by the isolation of
GBS from a normally sterile site. Group B streptococcal disease in infants younger than
7 days old accounted for one fifth of approximately 8,000 GBS infections in these
surveillance areas. The overall incidence of early-onset neonatal GBS infection
decreased by 65%. In 1993, the rate was 1.7 per 1,000 liveborns; in 1998, it was 0.6 per
1,000 liveborns. The CDC previously had reported an excess of incidence of early-onset
disease in black infants compared with white infants. This excess incidence decreased
by 75% during this interval. By projecting these findings to the entire United States, it
was estimated that 3,900 early-onset GBS neonatal infections, including 200 neonatal
deaths, were prevented by use of intrapartum antibiotics in 1998. It also was reported
that the incidence of GBS infection among pregnant women declined by 21%. In
comparison, the incidence among nonpregnant adults did not decline. This substantial
decline in the incidence of GBS infections in newborns, coinciding with implementation
of the 1996 guidelines, provides strong evidence that this policy had a major beneficial
effect, not only on newborns but also on pregnant women (76). These results are
summarized in Fig. 3.4 and Fig. 3.5 (76).
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FIGURE 3.4. Incidence of early- and late-onset invasive group B streptococcal disease
in three active surveillance areas from 1990 to 1998. Adapted from ref. 76.
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FIGURE 3.5. Incidence of early-onset invasive group B streptococcal disease in black

neonates and white neonates in four active surveillance areas, 1993 through 1998.
Adapted from ref. 76.

Additional data presented in this report indicate that 9% of cases occurred in infants 33
weeks of age or younger, but the case fatality rate in this gestational age group was
30%. Seven percent of cases occurred in infants between 34 and 36 weeks of age, and
the case fatality rate in this group was 10%. Eighty-three percent of cases of early-onset
neonatal GBS sepsis occurred among infants 37 weeks of age or older, and the case
fatality rate was 2%. Further, the case fatality rate for early-onset neonatal disease (less
than 7 days of age) was 4.7% (75/1,584). The case fatality rate for late-onset neonatal
disease (7 to 89 days of age) was 2.8% (17/612 cases).



What Adverse Effects Have Occurred From Antibiotic Use?

With up to 25% of gravid women receiving intrapartum prophylaxis, an obvious potential
consequence of the use of prophylactic penicillin involves adverse reactions. Mild
reactions have been estimated to occur in 1 per 100 uses and anaphylaxis in 1 per
10,000 uses, but in actual use there have been very few reports of adverse reactions. It
is estimated that ten maternal deaths per year would occur if all 1,000,000 GBS-positive
gravid women were give intrapartum prophylaxis, assuming fatal anaphylaxis is 0.001%
(4).

Are Clindamycin And Erythromycin Appropriate Alternatives for
Penicillin-Allergic Patients?

For patients allergic to penicillin, the CDC guidelines recommend clindamycin or
erythromycin. Rouse and colleagues (78) reported universal susceptibility of GBS to
members of the penicillin family of antibiotics and resistance of 4% of isolates to
clindamycin and 21% of erythromycin. Pearlman et al. (79) and Fernandez et al. (80)
reported higher resistance rates, with up to 15% of their GBS isolates resistant to
clindamycin. These data indicate that infants born to mothers who received clindamycin
should be evaluated carefully in the nursery for sepsis. Although cephalosporins are not
listed in the CDC guidelines, a first-generation agent might be an acceptable choice for
the penicillin-allergic patient without a history of anaphylaxis.

Are Resistant Organisms Being Selected?

Of great concern is whether intrapartum prophylaxis exerts selection pressure toward
resistant organisms. In 1993, four cases of non-GBS sepsis cases resulted in death
(81). Towers et al. (82) described early-onset neonatal sepsis among 29,897 infants
during a 6-year period (Fig. 3.6). During this time, ampicillin use became widespread.
Group B streptococcal sepsis decreased over the 6-year duration of the study, whereas
non-GBS sepsis increased. These data support the use of penicillin rather than
ampicillin as the antibiotic of choice in GBS prophylaxis.
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FIGURE 3.6. Early-onset neonatal sepsis. Adapted from ref. 76.

Specific summary recommendations are provided in Box 2, Box 3 and Box 4, which
discuss prevention of neonatal sepsis, bacteriuria, and prevention of GBS-related
prematurity, respectively.

Box 2
What Should | Do to Prevent Group B Streptococcal Neonatal Sepsis?

= Follow CDC/ACOG recommendations.

m Use penicillin G (5 million U then 2.5 million U g4h) during labor.

m Ampicillin (2 g initially then 1 g g4h) is an alternative.

m |n cases of allergy, use erythromycin or clindamycin intravenously.

Box 3
What Should | Do About Group B Streptococcal Bacteriuria?

= Should be treated when detected to prevent symptomatic urinary tract
infection.

m Has been associated with preterm birth, and treatment reduces risk.

m |dentifies heavy genital colonization. Considered an indication for
intrapartum prophylaxis to prevent neonatal sepsis.

Box 4
What Should | Do About Group B Streptococcus and Preterm Birth?

m Heavy genital GBS colonization is associated with low birthweight
infants and preterm birth, but treatment did not improve outcome. Group
B streptococcal bacteriuria has been associated with preterm birth, and
treatment appears to reduce this risk.

®m To prevent preterm birth, treat group B streptococcal bacteriuria, but do
not treat genital colonization prenatally.
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The mycoplasmas are a unique group of microorganisms that commonly inhabit the
mucosa of the respiratory and genital tracts (1). Many antigenically distinct species that
are infectious in humans have been characterized. These include Mycoplasma
pneumoniae, the agent responsible for atypical pneumonias, and genital mycoplasmas.
The latter consist of Mycoplasma fermentans, Mycoplasma primatum, Mycoplasma
hominis, Mycoplasma genitalium, and Ureaplasma urealyticum (formerly T-mycoplasma
or T strains). Mycoplasma fermentans and M. primatum are uncommon, and there is no
good evidence that these organisms produce clinical disease. Mycoplasma hominis and
U. urealyticum are common genital organisms that, over the last 20 years, have been
associated with a variety of clinical conditions, including low-birthweight infants,
spontaneous abortions, stillbirths, postpartum infections, chorioamnionitis, infertility, and
pelvic inflammatory disease. However, the bulk of recent evidence has suggested a
more limited role for these ubiquitous genital microbes in the pathogenesis of clinically
evident reproductive disorders. Mycoplasma genitalium was identified in the early
1980s, initially from men with nongonococcal urethritis. Further evidence strengthens
the association between M. genitalium and nongonococcal urethritis. There also is
support for a role of M. genitalium in pelvic inflammatory disease, but M. genitalium
(unlike M. hominis and U. urealyticum) is not associated with bacterial vaginosis (2).

Phylogenetically, mycoplasmas fall between bacteria and viruses. All mycoplasmas
have several characteristics in common: (a) absence of cell walls, (b) growth in cell-free
media, (c) dependence on the availability of sterols for adequate growth, (d) inhibition of
growth by specific antibody, and (e) susceptibility of antimicrobial agents that inhibit
protein synthesis and resistance to agents that affect synthesis of cell walls. They differ
from bacteria because they have no cell wall; rather, a nonrigid triple-layered membrane



encloses the cell. Mycoplasmas are the smallest known free-living organisms. They
differ from viruses because they contain both DNA and RNA and because they can
grow in cell-free media.

Mycoplasma hominis is distinguished from U. urealyticum by differences in colonial
morphology, metabolic characteristics, and susceptibility to antibiotics (Table 4.1).
Mycoplasma hominis, an aerobic organism, is recognizable as a “fried egg” colony. (Fig._
4.1) The organism converts arginine to ornithine with the liberation of ammonia. This
reaction produces a color change when an appropriate pH indicator is incorporated into
broth media containing arginine. Ureaplasma urealyticum is a microaerophilic organism
characterized by small colony size and its ability to hydrolyze urea. Urea is an essential
substrate for growth and is converted to ammonia. This reaction can be detected by a
color change of a pH indicator in broth or agar containing urea.
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TABLE 4.1. CHARACTERISTICS OF GENITAL TRACT MYCOPLASMAS
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FIGURE 4.1. Mycoplasma hominis and Ureaplasma urealyticum on a selective agar
plate. Mycoplasma hominis appears as the larger “fried egg” colonies.



EPIDEMIOLOGY

Infants become colonized with genital mycoplasmas during birth. The organisms are
acquired from a colonized cervix or vagina. Approximately one third to one half of
newborn females have vaginal colonization with U. urealyticum, and a smaller
percentage harbor M. hominis. A recent review noted that the rate of vertical
transmission of U. ureaplasma ranges from 18% to 55% for term infants and from 29%
to 55% for preterm infants (3). It was further concluded that vertical transmission was
not affected by the method of delivery but was significantly increased in the presence of
chorioamnionitis. Even when there is cesarean section with intact fetal membranes,
colonization of infants with Ureaplasma has been well described. Rates of neonatal
colonization appear to be highest among very-low-birthweight infants. Mycoplasmas are
recovered less frequently from the genital tracts of infant males. Sequential studies have
shown a progressive decrease in colonization during the first year of life (4).

Genital mycoplasmas are uncommon in prepubertal girls. After puberty, colonization
with genital mycoplasmas occurs primarily through sexual contact. The recovery rate
increases dramatically with the onset of sexual intercourse. A wide range in the
recovery rate has been reported for U. urealyticum (40% to 95%) and for M. hominis
(15% to 72%) among sexually active women.

Genital mycoplasmas are commonly isolated from gravid women at approximately the
same recovery rate as in nonpregnant women with the same degree of sexual activity.
Carey and coworkers (5) reported a large study of the epidemiology of U. urealyticum in
midpregnancy. Demographic variables and other genital isolates were correlated with
Ureaplasma colonization of the lower genital tract at 26 to 28 weeks in more than 4,900
patients. Representative results are shown in Table 4.2 and Table 4.3. In view of the
complex interactions, it is essential to adjust associations of ureaplasmas and adverse
outcomes for these confounding factors. Investigations of the role of M. hominis and U.
urealyticum in human disease must take into account this high background prevalence
and the complex epidemiology of genital tract mycoplasmas.

TABLE 4.2. ASSOCIATION OF UREAPLASMA UREALYTICUM WITH SELECTED



DEMOGRAPHIC VARIABLES

|||||

TABLE 4.3. ASSOCIATION OF UREAPLASMA UREALYTICUM IN THE VAGINA
WITH OTHER ORGANISMS

DIAGNOSIS

The diagnosis of mycoplasma infection may be based on isolation of the organism from
a site of infection and demonstration of a rise in antibody titer. Ureaplasma also may be
detected by polymerase chain reaction PCR (6). However, convincing evidence of
infection due to genital mycoplasmas often is difficult. Only rarely are these organisms
isolated in pure culture, and serologic techniques remain available only as research
tools. In women, vaginal specimens are more likely to contain mycoplasmas than are
specimens obtained from other sites in the lower genital tract. For optimal isolation of
mycoplasmas, specimens should be inoculated immediately into medium, kept at 4°C,
and transported to the laboratory as soon as possible.

The basic medium is a beef-heart infusion broth, available commercially as
pleuropneumonia-like organism (PPLO) broth, supplemented with fresh yeast extract
and horse serum. Antibacterial agents are added to inhibit bacterial growth. The
metabolic activity of mycoplasmas can be used to detect their growth in broth medium.
Clinical specimens are added to tubes of broth containing phenol red and arginine or
urea. Mycoplasma hominis metabolizes arginine to ammonia, thus raising the pH of the
medium. Ureaplasmas break down urea to form ammonia, resulting in a similar
elevation of the pH. Aliquots of the medium from urea broth cultures are subcultured
onto agar medium containing urea and manganese sulfate (to detect ammonia);
Ureaplasma colonies are dark brown and are inhibited by erythromycin disks. If M.
hominis is present, an alkaline change occurs in the arginine broth. This broth medium
is subcultured on basic PPLO agar containing erythromycin; colonies of M. hominis
appear in 1 to 4 days and are visualized at 100x magnification. Positive identification of



M. hominis can be performed by showing inhibition of growth on agar by a paper disk
containing anti—-M. hominis antibodies.

Few clinical laboratories provide cultures for genital mycoplasmas; however, there are
few, if any, clinical circumstances when a culture for genital mycoplasmas is clearly
indicated.

Various serologic procedures, including agglutination, complement fixation, indirect
hemagglutination, metabolic inhibition test, and enzyme-linked immunosorbent assay
(ELISA), have been used to detect serologic response to genital mycoplasmas. In the
metabolic inhibition test, specific metabolites (arginine for M. hominis and urea for
ureaplasmas) are incorporated into broth containing phenol red, organisms, and
antibody. The antibody inhibits multiplication and metabolism of homologous organisms,
thus preventing a change in color of the pH indicators. With ELISA, specific antibody
classes (immunoglobulins G, M, or A) can be detected. In research laboratories,
antibody tests for M. hominis are considered reliable, but those for U. urealyticum seem
less so. A significant antibody rise indicates a recent infection but does not demonstrate
the site of infection. A PCR technique for detection of U. urealyticum was based on
nucleotide sequencing of U. urealyticum serotype 8. When tested in more than 600
clinical specimens, the PCR technique was equal to, if not more sensitive than, culture
for detection of all 14 referenced serotypes of Ureaplasma. An advantage of the PCR
technique was that results were available within 24 hours compared to the 2 to 5 days
necessary for detection by culture. It is anticipated that this research method may be
helpful in further determination of the role of ureaplasmas in genital tract infection (6).

CLINICAL MANIFESTATIONS OF GENITAL MYCOPLASMA INFECTION

A summary of the role of genital mycoplasmas in obstetric-gynecologic conditions is
given in Table 4.4.
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TABLE 4.4. SUMMARY OF THE ROLE OF GENITAL MYCOPLASMAS IN
OBSTETRIC-GYNECOLOGIC CONDITIONS?



Spontaneous Abortion And Stillbirth

Mycoplasmas, both ureaplasmas and M. hominis, have been associated with
spontaneous abortion since the 1960s. Investigators reported the isolation of genital
mycoplasmas from the chorion, amnion, and/or decidua of spontaneously aborted
fetuses. However, a causal relationship has not been established. The major unresolved
issue is the question of contamination when the products of conception pass through
the cervix and vagina. In several studies, mycoplasmas, especially ureaplasmas, were
isolated more frequently from the fetal membranes of fetuses aborted spontaneously
than from those aborted therapeutically. Quinn et al. (7) reported a higher rate of lower
genital colonization in women with three or more losses than in those with normal
fertility (83.3% vs. 25.5%), and Naessens and colleagues (8) found similar differences
(64.5% vs. 42.6%). On the other hand, Munday and coworkers (9) found no significant
difference and reported a high rate of colonization in both patient groups (67% to 75%).
The results of these studies generally suggest that there is an association between
spontaneous abortion and maternal or fetal infection, or both, because of genital
mycoplasmas. However, it is not clear whether the relationship is causal because of the
difficulty in comparing the study groups. Furthermore, the role of other microorganisms
was not investigated.

Even though U. urealyticum is isolated commonly in amniotic fluid of asymptomatic
patients in labor (10), isolation of mycoplasmas from aborted fetuses and stillbirths
cannot be explained completely by contamination, as these organisms have been
isolated from the lungs, brain, heart, and viscera. Although their presence in the
respiratory tract is most likely the result of aspiration of infected or contaminated
amniotic fluid, their recovery from heart and viscera probably indicates hematogenous
spread, due to either invasion of the fetus through the umbilical vessels or dissemination
from infected lungs. However, as noted by Taylor-Robinson and McCormack (1), none
of these observations provides an answer to the question of whether abortion occurs
because mycoplasmas invade the fetus and cause its death or because the fetus dies of
another cause, with subsequent invasion of necrotic tissue by the mycoplasmas.

Because mycoplasmas are sensitive to antibiotics, it is possible that fetal loss, if caused
by these organisms, could be prevented by appropriate antimicrobial therapy. Driscoll
and coworkers (11) reported successful pregnancies after antibiotic therapy in women
who were colonized by ureaplasmas and who had a history of frequent spontaneous
abortions. Quinn and colleagues reported antibiotic treatment of 62 couples with
histories of pregnancy wastage and with positive genital or urinary cultures for
mycoplasmas. Doxycycline treatment before conception reduced the pregnancy loss
rate to 48%, compared with a loss rate of 96% in the “no treatment” group. Erythromycin
(250 mg four times a day given from the second or third month until the end of
pregnancy) further reduced the pregnancy loss rate to 16%, but this trial was small and
poorly controlled. These findings have led to the concept that subclinical mycoplasma
infection is an important cause of spontaneous abortion, especially repeated abortions.
However, these studies did not assess other microorganisms (especially Chlamydia
trachomatis and anaerobes) that are susceptible to the antibiotic regimens. Most



significantly, the effectiveness of antibiotics in preventing spontaneous abortion remains
controversial because all the antibiotic trials have been uncontrolled.

The evidence linking genital mycoplasmas to spontaneous abortion is largely anecdotal
and unconvincing. Establishment of a causal relationship will require large-scale
investigations that assess other potential pathogens and include placebo-controlled
trials of antibiotics in patients who had repeat spontaneous abortions.

Histologic Chorioamnionitis

Shurin and coworkers (13) isolated U. urealyticum twice as frequently from neonates
whose placentas showed a histologically severe chorioamnionitis than from newborns
with less severe or no disease. Because inflammation is related to rupture of the
membranes and ureaplasmas are more likely to gain access to the amniotic cavity and
colonize the fetus when membranes have ruptured, any association between
chorioamnionitis and neonatal colonization may be spurious. Chorioamnionitis could be
due to any of the other microorganisms that could gain entry to the amniotic cavity at the
same time. The data of Shurin and coworkers are impressive because they controlled
for duration of membrane rupture and still noted a statistically significant association
between chorioamnionitis and ureaplasmal infection.

In a large, well-designed, case-control study of histologic chorioamnionitis, Hillier and
colleagues (14) performed cultures from the area between the chorion and amnion.
Ureaplasma urealyticum was the most common isolate (47% in preterm cases and 20%
in term cases). Mycoplasma hominis was isolated much less frequently (8% and 4%,
respectively). Results have been similar in other recent microbiologic studies of
histologic chorioamnionitis, with U. urealyticum being the most common isolate (22% to
28%) and M. hominis being isolated in 2% to 4% (15). In a review of the role of
Ureaplasma and histologic chorioamnionitis, Eschenbach (16) noted that, among five
studies, four noted a significant association between isolation of U. urealyticum from the
chorioamnion and histologic chorioamnionitis.

Clinical Intraamniotic Infection

The role of mycoplasmas in clinically evident intraamniotic infection (lIAl; also called
amnionitis or amniotic fluid infection) has been of interest (see C 18). In 1983,
Blanco and colleagues (10) reported that M. hominis was isolated significantly more
often in the amniotic fluid of 52 patients with 1Al (35%) than in the amniotic fluid of 52
matched controls (8%; p < 0.001). In the cases of IAl, M. hominis was isolated more
often (83% [15/18] of cases) in fluid also containing 102 or more colony-forming units
per milliliter of high-virulence bacteria (1). On the other hand, U. urealyticum was
isolated in half of the fluids of both clinically infected and control patients.

Subsequently, Gibbs and coworkers (17) studied blood culture results for genital
mycoplasmas and antibody responses in patients with 1Al. Mycoplasma hominis was not
isolated from the blood of afebrile controls and from only 2% of blood cultures of women
with IAl. Even among those women with IAl and M. hominis in amniotic fluid, M. hominis
was isolated in the bloodstream in only 5%. Ureaplasma urealyticum was found in the



bloodstream more often, but at similar percentages in women with |Al and in controls.
Thus, blood cultures shed little light on the role of genital mycoplasmas. To delineate
the role of U. urealyticum in invasion of the amniotic cavity, Yoon and colleagues (18)
studied 120 patients with preterm premature rupture of the membranes (PROM) who
delivered preterm neonates within 5 days of amniocentesis. Ureaplasma urealyticum
was the sole isolate from the amniotic fluid in 21% (21/120) of cases, and Ureaplasma
was found with other organisms in 9% (11/120). The intrauterine inflammatory response
was significantly more intense in patients with positive amniotic fluid cultures limited to
Ureaplasma than in those with negative culture, as measured by amniotic fluid levels of
interleukin-6, tumor necrosis factor alpha, interleukin-1band white blood cell count.
Histologic chorioamnionitis also was significantly increased in patients who had
Ureaplasma only compared to those with negative cultures. The inflammatory response
seen in patients with Ureaplasma alone was similar to values in patients with positive
amniotic fluid cultures for other organisms or with mixed cultures. These data show that
isolation of U. urealyticum from the amniotic fluid of patients with preterm PROM is
associated with a robust host inflammatory response, suggesting that the organism is
not simply a nonpathogen (18).

Serologic response has been more helpful, at least for M. hominis. Patients with IAl and
M. hominis in the amniotic fluid showed a significant antibody response in 85% of cases,
whereas women with IAl without M. hominis and control women without M. hominis in
the amniotic fluid showed antibody responses significantly less often. Few
asymptomatic women had M. hominis in the amniotic fluid. Antibody responses to U.
urealyticum occurred significantly more often in women with Al than in controls.
However, because there was no correlation between antibody response and isolation
and U. urealyticum in the amniotic fluid, this response may be viewed as nonspecific or
due to U. urealyticum in another site (e.g., the vagina). We view these data as
supporting a role for M. hominis in IAl but leaving the role of U. urealyticum still unclear.

Neonatal Infection

Genital mycoplasmas acquired by the term infant during labor generally have not been
viewed as a cause of serious infection in most neonates. In 1986, Likitnukul and
colleagues (19) in Dallas, Texas, reported the results of blood, urine, and cerebrospinal
fluid (CSF) cultures in 203 infants up to 3 months of age with signs and symptoms of
sepsis. Proved bacterial infections were diagnosed in 24, including urinary tract infection
in 18, bacteremia in four, and meningitis in two. Mycoplasma hominis and U.
urealyticum were not isolated from 199 blood specimens or from 199 CSF specimens,
all of which were appropriately tested. Of 170 urine specimens cultured, genital
mycoplasmas were isolated in 16 (9.4%), but 12 of these were voided specimens and
subject to contamination. The authors concluded that genital mycoplasmas appear to be
an uncommon cause of sepsis or meningitis in young infants and that further study is
needed to discern their role in urinary tract infection.

Very different information was reported from Birmingham, Alabama, by Waites and
coworkers (20), who evaluated CSF cultures in 100 predominantly preterm newborns.
Ureaplasma urealyticum was isolated in the CSF of eight newborns and M. hominis in
five newborns who were undergoing evaluation for suspected sepsis or treatment of



hydrocephalus. Escherichia coli was isolated from the CSF (and blood) of one infant; all
other CSF cultures were sterile. These authors noted that the differences found in their
study, compared with previous studies, might be explained by (a) their study being
limited to newborns; (b) their study involving mainly preterm infants, who may be more
likely to be colonized or infected by mycoplasmas; and (c) their maternal population
having a high prevalence of genital mycoplasmas (20). Ureaplasma urealyticum also
has been implicated in chronic lung disease of very-low-birthweight infants. The group in
Birmingham reported a significant association between colonization of the respiratory
tract of infants weighing less than 1,500 g with U. urealyticum and development of
bronchopulmonary dysplasia (21). Recent reviews have summarized the role of U.
urealyticum in both systemic as well as pulmonary infections. There have been
well-documented Ureaplasma infections of the bloodstream, respiratory tract, and
central nervous system of newborns, and it now is accepted that, among preterm
neonates, ureaplasmas have the demonstrated ability to produce invasive disease (22).
A critical appraisal of four cohort studies examined the association between U.
urealyticum and chronic lung disease of preterm infants. Overall, a significant
association was found between Ureaplasma colonization and chronic lung disease of
prematurity (relative risk, 1.91; 95% confidence interval, 1.54-2.37). When infants were
stratified by birthweight groupings, no association was observed in infants who weighed
more than 1,250 g or among infants weighing less than 750 g. However, the risk of
chronic lung disease in the latter group, even among uncolonized infants, was 82% (23).
Further evidence has shown an association between U. urealyticum and tracheal
aspirates and radiographic evidence of bronchopulmonary dysplasia and pneumonia
(24).

Low Birthweight And Premature Birth

In early systematic studies of the effects of mycoplasma on infants, workers at Boston
City Hospital reported that 22% of infants weighing less than 2,500 g were colonized
with M. hominis or U. ureaplasma, a rate significantly higher than the 12% colonization
rate among infants weighing more than 2,500 g (25). In a subsequent study at the same
institution, it was reported that 28% of infants with a birthweight of 2,500 g or less were
colonized by ureaplasmas, whereas only 5% of those weighing more than 2,500 g were
colonized.

Colonization with mycoplasmas was not associated with other risk factors of low
birthweight. Multiple regression analysis indicated that the relation of genital
mycoplasmas to birthweight is independent of other variables, such as age, race, parity,
and maternal weight. Studies of other authors corroborated the association of low
birthweight and mycoplasma colonization. However, in none of 11 cohort studies was an
association found between ureaplasmas and low birthweight or prematurity (15).

In the largest study, Carey et al. investigated the associations between U. urealyticum
colonization at midpregnancy and low birthweight, preterm PROM, or premature
delivery (5). From five medical centers in the United States, more than 4,900 pregnant
women had vaginal cultures performed at 23 to 26 weeks' gestation and were evaluated
for adverse outcomes. Cultures also were obtained for an array of other pertinent
microbes. As noted earlier, colonization with Ureaplasma was associated with a number



of factors, including low maternal age, black race, primigravid status, unmarried status,
educational status below grade 12, low income, multiple sexual partners, history of
marijuana or cocaine use during pregnancy, and presence of numerous other
organisms (Table 4.2 and Table 4.3). Because of the power and size of this study, the
authors were able to correct for these confounding variables. After adjustment by
multivariate analysis, U. ureaplasma colonization at 23 to 26 weeks' gestation was not
associated with low-birthweight infants, preterm PROM, preterm labor, or preterm
delivery (5).

Controlled antibiotic trials may shed light on the question of pathogenicity of
mycoplasmas. In double-blinded controlled studies (conducted before the adverse effect
of prenatal tetracycline exposure was recognized), tetracycline was administered to
pregnant women (26). In these studies, women treated with tetracycline for 6 weeks
gave birth to infants weighing less that 2,500 g statistically less often than did women
who were treated with placebo. These studies suggest an effect of the antibiotic therapy
on the microbial flora, including mycoplasmas, which resulted in a decreased incidence
of low-birthweight infants. In 1980, Kass and colleagues (27) showed an increase in
birthweight when women with genital mycoplasmas in the genital tract were treated with
erythromycin for the latter half of pregnancy, compared with women given placebo.
However, microbiologic investigations were not conducted to isolate other
microorganisms.

In 1991, Eschenbach and coworkers (28) reported a randomized, placebo-controlled
trial of erythromycin. Women were enrolled at 23 to 26 weeks' gestation if genital
cultures showed U. urealyticum, group B streptococcus (GBS), or C. trachomatis. A
detailed interview and cultures for genital mycoplasmas, aerobes, anaerobes,
chlamydia, Trichomonas vaginalis, and yeasts were performed. Consenting patients
with U. urealyticum, GBS, or C. trachomatis were randomized to erythromycin base (333
mg twice a day) or placebo. The investigators, in conjunction with a safety committee,
decided that the trial should be stopped for women with U. urealyticum (but without
either GBS or C. trachomatis) because of lack of effect. The erythromycin and placebo
groups were well matched. Even though the drug of choice for treatment of
ureaplasmas was erythromycin, ureaplasmas still were recovered from the vagina of
79% of women in the erythromycin group after 4 weeks of therapy. This rate of recovery
was not significantly different from the 84% recovery rate in the placebo group. The
authors speculated that the failure of erythromycin to eradicate ureaplasmas was due to
the acidic pH of the vagina. Detailed results of this sizable and important study are given
in Table 4.5. Although no effect of erythromycin was observed in this investigation, the
aut acknowledged that it still was possible for ureaplasmas to cause adverse
outcomes. For example, therapy might have to start earlier during pregnancy, or there
may be a subset of women “uniquely susceptible” to the effect of ureaplasmas. Further,
ureaplasmas were not eliminated from the lower genital tract and thus still may have
adversely influenced the pregnancies. However, tissue levels in the upper genital tract
should have been sufficient to prevent the organisms from ascending to the uterus
where the adverse effects would be initiated. Noncompliance might have led to the
absence of effects, but this seems unlikely. Patients had to demonstrate good
compliance to enter the trial, and this erythromycin regimen was effective in eradicating
other organisms. The authors concluded that erythromycin therapy is not justified for
treatment of U. urealyticum in the lower genital tract during pregnancy (28). The




decreased rate of low birthweight seen in other trials of erythromycin in pregnancy may
have been due to an effect on some other organism.
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TABLE 4.5. RESULTS OF A TRIAL OF ERYTHROMYCIN FOR TREATMENT OF
UREAPLASMA UREALYTICUM TO PREVENT PREMATURE DELIVERY

Yet another approach to determining the role of an organism in the pathogenesis of
preterm birth is to culture for it in the amniotic fluid of women presenting with preterm
labor. In ten reports, the rate of amniotic fluid culture positivity varied from 0% to 24%
(15). The overall implications of this approach are discussed more fully in Chapter 19.
Here we note that genital mycoplasmas have been isolated commonly from the amniotic
fluid in this setting when appropriate techniques have been used. For example, Romero
and coworkers (29) found positive cultures in 24 (9.1%) of 264 women in preterm labor.
Of these 24 women, 6 (25%) were positive for U. urealyticum and 4 (17%) were positive
for M. hominis. Thus, ureaplasmas were isolated from 2.2% of all patients in preterm
labor and M. hominis from 1.5%. Genital mycoplasmas accounted for two of the three
most common isolates (29). In two reports from the University of Washington, isolation
of U. urealyticum also was common, found in 35% of 13 patients and 46% of 20
patients, respectively, with positive amniotic fluid cultures accounting for 11% and 7% of
all patients in preterm labor. Gravett and colleagues (30) noted that women with only
genital mycoplasmas in the amniotic fluid did not differ from patients with sterile fluid
with regard to time to delivery and response to tocolytics (30,31). Summarizing the role
of ureaplasma and premature birth, Eschenbach noted that the presence of U.
urealyticum in the vagina was not associated with premature birth, and therapy to
eradicate ureaplasmas from the vagina during pregnancy did not reduce the incidence
of preterm birth. Furthermore, isolation of U. urealyticum from the amniotic fluid was not
associated with prematurity. However, as noted previously, the recovery of U.
urealyticum from the chorioamnion has been associated with prematurity and rather
consistently with histologic evidence of chorioamnionitis. It was concluded that U.
urealyticum in the lower genital tract is not associated with preterm birth, but when U.
urealyticum invades the chorioamnion, it is associated weakly with prematurity and more
strongly with histologic chorioamnionitis (16). Cassell and colleagues (32) also have




provided a useful review of this topic.
Postpartum Infection

Like other organisms present in the lower genital tract microflora, mycoplasmas can be
recovered transiently in the bloodstream following vaginal delivery. McCormack and
associates (33) reported that mycoplasmas were recovered from blood cultures
obtained a few minutes after delivery from 26 (8%) of 327 women. This bloodstream
invasion did not persist and was not associated with postpartum fever (33).

Mycoplasma hominis has been isolated from blood cultures from patients with
postpartum fever, and an antibody response was noted in nearly all these cases.
McCormack et al. (34) and Wallace et al. (35) recovered M. hominis from the
bloodstreams of ten febrile postpartum women. In a larger series, Lamey and coworkers
(36) isolated bacteria and/or mycoplasmas in 20.8% (26/125) of blood cultures from
febrile postpartum women. Genital mycoplasmas were isolated in 12.8% (16/125) of
these cultures and from none of 60 afebrile postpartum patients (p < 0.005).
Mycoplasma hominis was isolated in nine blood cultures and U. urealyticum in eight.
Platt et al. (37) reported an association between a fourfold rise in mycoplasmacidal
antibody and fever after vaginal delivery. Genital mycoplasmas are seldom recovered
from the blood of postpartum women who are not febrile. Thus, it appears that M.
hominis causes postpartum fever, most likely by causing endometritis. In general,
patients have a low-grade fever for 1 to 2 days and minimal clinical findings, including a
mildly tender uterus. They recover uneventfully, even without specific antibiotic therapy.

The frequency with which endometritis due to M. hominis occurs without bloodstream
invasion and the percentage of endometritis caused by M. hominis are not clear. Recent
work suggests that M. hominis is a common cause of postpartum infection. However,
further studies are needed to elucidate the role of mycoplasmas in postpartum
infections, especially in relation to other microorganisms common to the vaginal flora

(2).

Pelvic Inflammatory Disease

The role of genital mycoplasmas in pelvic inflammatory disease (PID) is discussed in
detail in Ch 14. Briefly, based on microbiologic and serologic work, M. hominis
appears to play a role in 10% to 30% of cases of PID (38). Because of the close
interaction between M. hominis and bacterial vaginosis, these results may reflect the
role of vaginosis organisms in the pathogenesis of PID. Overall, the evidence in favor of
M. hominis outweighs the evidence against it, although it is recognized that the exact
proportion of cases of PID attributed to M. hominis cannot be specified. The role of M.
hominis in causing infertility as a consequence of tubal disease also is unknown but
there is evidence suggesting a role, as antibody to M. hominis has been found three
times more often in infertile women who had PID than in controls (2). Ureaplasma
urealyticum has been isolated only occasionally from the fallopian tubes of women with
PID, and experimental efforts to produce salpingitis with ureaplasmas in monkeys have
not been effective. Thus, the pathogenic role of ureaplasmas apparently is small, if any
(2). Mycoplasma genitalium, a recently described genital mycoplasma species, may




play a role in PID, and supporting evidence comes from several sources. First, M.
genitalium adheres to human fallopian tube epithelial cells in culture. In addition, a
fourfold or greater rise in specific antibody titer was detected in about one third of
women who had acute PID and who did not have evidence of infections due to
Neisseria gonorrhoeae, C. trachomatis, or M. hominis. However, other investigators
have not confirmed this finding, leaving the role of M. genitalium in PID unresolved at
present (2).

Infertility

Some reports have associated ureaplasmas with altered sperm motility or low fertility in
males. Cassell et al. (39) assessed 194 women with infertility and found women whose
infertility was due to “male” factor were twice as likely to have ureaplasmas in cultures
from their lower genital tracts (p < 0.005). However, ureaplasmas are about equally
common in genital specimens from fertile and infertile persons. For example, Gump and
coworkers (40) evaluated 205 women with unexplained voluntary infertility and found no
relationship between genital mycoplasmas and numbers or motility of sperm on
postcoital test, quality of cervical mucus, and subsequent occurrence of pregnancy.

Small comparative trials of tetracycline in infertile couples showed no support for a role
of genital mycoplasmas as an important cause of infertility (1).

Pyelonephritis

Mycoplasma hominis has been isolated from the upper urinary tract in humans only if
there has been acute infection. This isolation also has occurred often when there has
been a significant associated antibody response. It is concluded that M. hominis is
involved in approximately 5% of cases of acute pyelonephritis in humans, especially
when there have been predisposing factors such as obstruction or instrumentation.

Whereas U. urealyticum has a clear role in nongonococcal, nonchlamydial urethritis in
men, there is no evidence suggesting that ureaplasmas are involved in causing
pyelonephritis (2).

TREATMENT

Because the mycoplasmas lack cell walls, they are resistant to cell wall-active
antimicrobial agents. Thus, the penicillins, cephalosporins, and vancomycin are
ineffective. The antimicrobial agents that inhibit protein synthesis are active against
most mycoplasmas. In the past, tetracyclines have been uniformly effective against both
M. hominis and U. urealyticum. Tetracycline-resistant isolates of both M. hominis and U.
urealyticum have shown increasing prevalence among clinical isolates. These resistant
isolates contain DNA sequences that are homologous to the streptococcal determinant
tetM (41). Mycoplasma hominis is sensitive to lincomycin but resistant to erythromycin.
Ureaplasmas, on the other hand, are sensitive to erythromycin but not to lincomycin. In
view of collaborative trial results (5), we must recognize that eradication of ureaplasmas
(at least from the lower genital tract) is difficult, presumably because the acidic pH of the



vagina inactivates antibiotics such as erythromycin. In addition, M. hominis is highly
sensitive to clindamycin; ureaplasmas are moderately sensitive to clindamycin. The
aminoglycosides have some activity against mycoplasmas. In view of recognized
tetracycline-resistant isolates of genital mycoplasmas, tetracyclines can no longer be
expected to be a universally effective treatment. In those rare circumstances where
specific antibiotic therapy is aimed at M. hominis, clindamycin may be used as an
alternative, especially when there is no response to tetracyclines. In circumstances
where treatment is aimed specifically at ureaplasma infections, mainly in nongonococcal
urethritis in men, erythromycin or fluoroquinolones can be used in those circumstances
where there is no response to tetracycline (41).

Because of the still unproved causal relationship with genital disease, indications in
obstetrics and gynecology for directing therapy at genital mycoplasmas are rare.
Treatment of patients with repeated abortions, premature labor, or unexplained infertility
should be considered experimental. In clinical conditions in which M. hominis seems to
play a true role, such as IAl or puerperal fever, good clinical responses usually are seen
even with antibiotics having poor activity against M. hominis.
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Chlamydia trachomatis is the most common sexually transmitted bacterial organism in
the United States. It is estimated that more than four million new cases of infection
occur each year, at an estimated cost of $2.4 billion (1,2,3,4,5,6,7 and 8). In the United
States, chlamydial infection is the most commonly reported infectious disease (3). In
1998, there were 604,420 cases of chlamydial infection reported to the Centers for
Disease Control and Prevention (CDC) (9). Worldwide, C. trachomatis is also the most
common sexually transmitted bacterial pathogen, with an estimated 90 million new
cases annually (10). Washington et al. (5) estimated that more than three fourths of the
health care costs associated with chlamydial infection in the United States involve
women (5). Of most concern is the recognition that the health consequences of
chlamydial infection are greatest for women (7). In large part, this results from the
increased risk of women infected with C. trachomatis to develop pelvic inflammatory
disease (PID) and its sequelae of tubal factor infertility, ectopic pregnancy, and chronic
pelvic pain (2,11). Additionally, pregnant women infected with C. trachomatis but who
are untreated are at increased risk for adverse pregnancy outcome, including preterm




delivery, premature rupture of the membranes (PROM), and low birthweight infants
(7,12). Infants born to mothers with untreated chlamydial infection of the cervix are at
increased risk to develop neonatal conjunctivitis and/or pneumonia (13). Moreover,
women infected with C. trachomatis appear to be at increased risk to acquire human
immunodeficiency virus infection ( and 16).

During the past 20 years, the spectrum of diseases caused by C. trachomatis has
expanded dramatically, and an increasing number of infections have been attributed to
C. trachomatis (Table 5.1) (1,6,8,17,18,19 and 20). As noted by Stamm (6), many of
these clinical syndromes closely resemble the infections associated with Neisseria
gonorrhoeae.
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TABLE 5.1. CLINICAL SPECTRUM OF CHLAMYDIA TRACHOMATIS INFECTIONS

Chlamydia trachomatis has long been known as the causative agent of trachoma, a
disease that is hyperendemic in many developing countries and considered to be the
leading preventable cause of blindness in the world (8,21). Schachter (8) has estimated
that trachoma affects 400 million people living in areas endemic for the disease. An
estimated six million people have been blinded as a result of trachoma (22). In addition,
chlamydia is the pathogen long known to cause inclusion conjunctivitis in the newborn
and lymphogranuloma venereum (LGV). Since the early 1980s, chlamydial infections of
the genital tract and the consequences of perinatal exposure, both maternal and
neonatal, have received considerable attention (23). More recently, attention has
focused on the adverse effects on reproductive health associated with the sequelae of
upper genital tract infections with C. trachomatis in women (1). In particular, chlamydial
infection appears to play a major role in asymptomatic, atypical, or unrecognized
syndromes of PID (1,24).

Although C. trachomatis affects and causes important diseases in men, women, and
infants, this review will focus primarily on the genital tract disease associated with
chlamydial infections in women and in the newborn. Women bear the brunt of the
chlamydia burden because of their increased risk for adverse reproductive



consequences. With the increasing awareness of the role of C. trachomatis as a sexual
pathogen has come an increased awareness by clinicians of the chlamydia problem.
Chlamydia trachomatis is a high-prevalence agent and is associated with a wide variety
of complications. Unfortunately, the majority (50% to 70%) of chlamydial infections of
the lower genital tract in women are asymptomatic and can progress into the upper
genital tract to produce serious complications, such as PID, tubal factor infertility, and
ectopic pregnancies (1,20). Other long-term consequences of chlamydial infection
include neonatal conjunctivitis and chlamydial pneumonia of the newborn. Association
of the chlamydial infection with fetal wastage, PROM, preterm labor and/or delivery, and
postpartum endometritis has been suggested.

Cates and Wasserheit (1) suggested that the failure to control chlamydial infections and
the resultant increased incidence of these infections can be attributed to several factors:
(i) nonspecific signs and symptoms of chlamydial infection; (ii) mild or absent signs and
symptoms of chlamydial infection; (iii) inadequate laboratory facilities for detection of C.
trachomatis; (iv) expense and technology associated with testing for C. trachomatis; (v)
clinicians' lack of familiarity with chlamydial infections; (vi) need for at least 7 days of
multiple-dose therapy (until very recently); and (vii) inadequate resources directed at
screening high-risk patients, tracing contacts, and treating partners. As a result of these
factors, early diagnosis and compliance with treatment are less likely to occur with
chlamydial infections than with other bacterial sexually transmitted diseases (STDs),
such as gonorrhea and syphilis.

THE ORGANISM

There are four recognized species within the genus Chlamydia: C. trachomatis, C.
psittaci, C. pneumoniae, and C. pecorum. The properties of these Chlamydia sp are
givenin Ta 2.
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TABLE 5.2. PROPERTIES OF CHLAMYDIA SPECIES

Chlamydia psittaci is the causative agent of psittacosis, a common pathogen in avian



species and lower mammals. Human C. psittaci infections are rarely found in the United
States. Chlamydia pneumoniae (TWAR) is a recently identified third species in the
genus Chlamydia that causes acute respiratory tract infections (Z . Initial reports
describing this organism referred to TWAR as a strain of C. psitt at was a human
pathogen associated with respiratory tract infections (25). Subsequent studies
demonstrated that there is less than 10% DNA homology between TWAR and strains of
C. psittaci and that the TWAR elementary body has a pear shape with a periplasmic
space, unlike the round elementary body with little or no periplasmic space associated
with C. psittaci and C. trachomatis. As a result, C. pneumoniae was classified as a new
species (26). The clinical syndromes associated with C. pneumoniae infection include
bronchitis, pneumonia, otitis, pharyngitis, and sinusitis (26). It has been suggested that
C. pneumoniae may play a role in coronary artery disease (27,28). In the Finnish
studies, patients with coronary artery disease were shown to have high levels of
antibody to C.pneumoniae (27,28). Kuo et al. (29) detected chlamydial antigen and
genes in atherosclerotic lesions of coronary arteries. Chlamydia pecorum is a recently
recognized species that formerly was a subset of C. psittaci (30,31). Chlamydia
pecorum appears to cause disease in the reproductive tract of sheep, cattle, and swine
(8,32). Chlamydia trachomatis seems to be a specifically human pathogen (except for a
few strains of rodent origin). Chlamydia psittaci is differentiated from C. trachomatis on
the basis of sulfonamide resistance and failure of inclusions to stain with iodine.
Chlamydia trachomatis is sensitive to sulfonamides and has iodine-staining inclusions.
Chlamydia pneumonia is not sensitive to sulfa drugs. The associations of Chlamydiae
sp and human disease are summarized in Table 5.3.
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TABLE 5.3. CHLAMYDIAE: TAXONOMY AND ASSOCIATION WITH HUMAN
DISEASE

Although all chlamydiae share a common genus-specific antigen (chlamydial
lipopolysaccharide), C. trachomatis may be differentiated further on a serologic basis.
There are currently 15 recognized serotypes (Table 5.3). The C. trachomatis serotypes
are responsible for three major groups of infections. Three of these serotypes (L1, L2,
L3) represent the agents causing LGV. Lymphogranuloma venereum appears to have



different receptor sites and a much broader tissue spectrum in vivo and host spectrum in
vitro than the other C. trachomatis strains. In addition, the LGV serotypes are more
invasive than the other chlamydial serotypes. Serotypes A, B, Ba, and C are the agents
responsible for endemic blinding trachoma. The remaining serotypes of C. trachomatis
(D, E, F, G, H, I, J, K) are the oculogenital and sexually transmitted strains that cause
inclusion conjunctivitis, newborn pneumonia, urethritis, cervicitis, epididymitis,
salpingitis, acute urethral syndrome, and perinatal infections.

The chlamydiae are separated into their own order (Chlamydiales) and family
(Chlamydiaceae) on the basis of a unique growth cycle (Fig. 5.1) that distinguishes
them from all other microorganisms (8,19,33,34). This growth cycle involves infection of
a susceptible host cell via a chlamydia-specific phagocytic process by which chlamydiae
are preferentially ingested (35,36). Subsequent to attachment and phagocytosis,
chlamydiae remain in a phagosome throughout the growth cycle; surface antigens of
chlamydiae are believed to inhibit phagolysosomal fusion (37). The chlamydial organism
exists in two forms: (i) the elementary body, which is the infectious particle capable of
entering uninfected cells; and (ii) the reticulate body, which multiplies by binary fission to
produce the inclusions that are identified in properly stained cells.
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FIGURE 5.1. Chlamydial growth cycle. EB, elementary body; RB, reticulate body. (From
Thompson SE, Washington AE. Epidemiology of sexually transmitted Chlamydia
trachomatis infections. Epidemiol Rev 1983;5:96—123, with permission.)

Schachter (33) has noted that the life cycle of chlamydiae can be divided into several
steps: (i) initial attachment of the elementary body (infectious particle) to a host cell; (i)
entry into the host cell; (iii) morphologic change into the reticulate body with subsequent
intracellular growth and replication; (iv) transformation of the reticulate bodies into the
elementary bodies; and (v) release of the infectious elementary bodies.

Initiation of infection depends on what appears to be specific attachment sites on
susceptible host cells (35). The initial step in this process is attachment of the
metabolically inactive but infectious elementary body to a susceptible host cell. This



probably involves a specific receptor-ligand interaction (33). Attachment is mediated by
heparin sulfate-like molecules (38). The host cells are generally nonciliated columnar or
cuboidal epithelia, such as those found in the conjunctiva, urethra, endocervix, and
mucosa of the endometrium and fallopian tubes. After the elementary body attaches to
the host cell, it is rapidly ingested by a phagocytic process similar to ordinary bacterial
phagocytosis (36). This process is an enhanced phagocytosis that is induced by the
elementary body, which then is selectively taken up by the susceptible host cell. Entry of
chlamydia appears to occur via a mechanism similar to receptor-mediated endocytosis
(39). Intracellularly, the elementary bodies exist within a cytoplasmic vacuole.
Chlamydiae remain within this phagosome throughout their entire growth cycle. In this
state, chlamydiae may be protected from host defense mechanisms, such as cellular
lysosomes. Schachter (33) has suggested that these two characteristics, induced
phagocytosis and prevention of phagolysosomal fusion, are major virulence factors of
chlamydia. In the next step of the chlamydia growth cycle, the elementary body,
approximately 8 hours after entry, undergoes reorganization into what is called a
reticulate or initial body, which represents the metabolically active and dividing form of
the organism. These forms are not infectious and will not survive outside the cell. They
divide for approximately 8 to 24 hours and then condense and reorganize to form new
elementary bodies. For their entire intracellular life, the chlamydiae reside within the
phagosome, but they successfully prevent phagolysosomal fusion (33). Chlamydiae are
detected by recognition of their characteristic cytoplasmic inclusions. Infectivity
increases as the number of elementary bodies increases. By 48 to 72 hours, the host
cell bursts and liberates these infectious particles, or the inclusion is extruded intact by a
process of reverse endocytosis. The cycle then starts anew. The complete infectious
cycle takes approximately 48 to 72 hours.

Chlamydia trachomatis is an obligatory intracellular bacterium (8,33). It is an extremely
well-adapted human parasite that depends on the host cell for nutrients and energy (33).
Although chlamydiae are capable of limited metabolic activities, they do not possess an
enzyme system capable of generating ATP and have been considered energy
parasites. Although chlamydiae do not stain with the Gram stain, in many respects they
are like bacteria. They contain DNA and RNA, are susceptible to certain antibiotics,
have a rigid cell wall, are similar in structure and content to Gram-negative bacteria, and
multiply by binary fission. They differ from bacteria but are similar to viruses in that they
are obligate intracellular parasites. They may be regarded as bacteria that have adapted
to an intracellular environment; thus, they need viable cells for their multiplication and
survival.

Chlamydiae also differ from Gram-negative bacteria because they lack the
peptidoglycan layer that resides between the outer and inner membranes of bacterial
cell walls and provides shape and rigidity to bacteria . However, elementary bodies
are rigid, and their resistance to physical disruption is due to covalent disulfide linkages
among outer membrane proteins (41). The outer membrane proteins involved in the
disulfide linkage are the major outer membrane proteins (MOMP), with molecular weight
of 60,000, and a 12,000 molecular weight dalton cysteine-rich protein (42). In addition to
its role in maintaining the structural integrity of C. trachomatis, the MOMP is a
transmembrane protein that functions as a porion that allows for ingress and egress of
low-molecular-weight substances such as sugars and some antibiotics (43). Chlamydiae
also contain a lipopolysaccharide (LPS) similar to that present in the outer membrane of




Gram-negative bacteria (44).
EPIDEMIOLOGY AND TRANSMISSION

Chlamydia trachomatis (serotypes A, B, Ba, C) has long been recognized as the
causative agent of trachoma, a chronic conjunctivitis affecting an estimated 400 million
people in developing countries and resulting in millions of cases of blindness. In
trachoma endemic areas, child-to-child transmission is the most common method of
chlamydial transmission ). Spread of chlamydial organisms is facilitated by poor
hygiene and unsanitary conditions (33). However, the child-to-child and intrafamilial
patterns of infection in trachoma endemic areas are not applicable to the clinical
manifestation of infections associated with the oculogenital C. trachomatis strains
(serotypes D, E, F, G, H, I, J, K).

For these oculogenital serotypes, which are the major focus of this chapter, the primary
method of transmission is sexual. Schachter (19,33) has stated that C. trachomatis is
probably the most common sexually transmitted bacterial pathogen in western
industrialized society. Chlamydia trachomatis appears to be more difficult to transmit
than N. gonorrhoeae (45,46). Katz et al. (45) used extrapolations from partner
notification programs within couples with discordant infection status and estimated that
male-to-female transmission of chlamydia occurs 40% of the time and female-to-male
transmission 32%. Quinn et al. (46) used polymerase chain reaction (PCR) rather than
culture and suggested that transmission from men to women and from women to men
may be equally efficient. Lycke et al. (47) studied partners of men with chlamydial or
gonococcal urethritis and noted that female partners were infected 45% and 80% of the
time, respectively.

Chlamydiae cause between one third and one half of nongonococcal urethritis (NGU)
cases in men (48,49). Double infections with gonococci are common in both men and
women. Between 20% and 40% of men and between 30% and 50% of women with
lower genital gonorrheal infection have concomitant chlamydial infection (¢ and
50). Men with gonorrhea treated with penicillins frequently develop postgo al
urethritis due to concomitant chlamydial infection. Epididymitis is an important
complication of chlamydial infection of the male urethra (51), and C. trachomatis is the
major cause of epididymitis in men under the age of 35 years. Rectal and pharyngeal
infections also occur in both sexes (6). Reiter syndrome is a systemic clinical syndrome
associated with chlamydial infection in men.

A number of clinical conditions in the female have been attributed to C. trachomatis
(6,8,19,22). These include mucopurulent endocervicitis, endometritis, salpingitis, acute
urethral syndrome, urethritis, and perinatal infections. The anatomic site within the
female genital tract most commonly infected with C. trachomatis is the cervix.
Unfortunately, there are no specific symptoms associated with the cervical infections;
thus, many of the chlamydial infections of the cervix are clinically inapparent. This is
unfortunate, because mucopurulent cervicitis (MPC; the female equivalent of NGU)
caused by C. trachomatis predisposes to acute PID in nonpregnant women and to
maternal and infant infections during pregnancy. In addition, asymptomatic chlamydial



cervicitis is a major reservoir for sexual transmission of C. trachomatis.

Until recently, genital chlamydial infection was not a reportable disease in the United
States. Physician surveys and sentinel surveillance projects were used to estimate
national trends (1). Since the early 1970s, chlamydial infections have been more
common than gonococcal infection in the United States (1). Washington et al. (52)
developed a model that used the ratio of chlamydial to gonococcal infections to estimate
the annual incidence of genital chlamydial infection. These authors estimated that in
1986 there were nearly 4.5 million chlamydial infections in the United States, with 2.6
million occurring in women, 1.8 million in men, and 250,000 in infants. In 1996,
chlamydia became a notifiable disease. By 1998, there were 604,420 cases of
chlamydia reported to the CDC (236 cases per 100,000), making chlamydia the most
frequently reported infection in the United States (3,53). The annual incidence of new
chlamydial infections in the United States is estimated to be over four million cases
(8,33,54). However, as noted by Schachter, reporting for chlamydia remains
fragmentary, screening is sporadic among various populations, and testing for
chlamydia is inadequate (e.g., culture or antigen detection vs. nucleic acid amplification
tests) (8). As a result, it is likely that these data underestimate the true incidence of
chlamydial infection in the United States. Of the reported U.S. cases, 82% occurred in
women and 73% occurred in the 15- to 24-year-old age group (53). These reported
rates for women are an overestimate of the female-to-male ratio of chlamydial infection,
because women are much more likely to be screened (8). Chlamydial infections are
present through all strata of society, but the highest rates occur in the young and the
poor (8). As noted by Stamm (6), in areas where intensive chlamydia control programs
have been instituted, dramatic decreases in the prevalence of chlamydia have occurred.
Such has been reported in Sweden, where the number of cases of chlamydial infection
decreased more than 50% from 1987 to 1994 (55) and in selected areas of the United
States (e.g., the Pacific Northwest and Wisconsin), where similar results have been
reported (

Many sexually active women have been exposed to chlamydiae. The prevalence of
serum antibody to C. trachomatis increases with age until about 30 years, when it
plateaus at approximately 50% (6). Most women with antibody titers against chlamydia
do not have a current infection. In general, C. trachomatis is isolated from the cervices
of between 3% and 5% of unselected asymptomatic nonpregnant women. The
prevalence of chlamydial infection depends on the population of women screened
(1,2,4,7,19,20,58); in selected populations, C. trachomatis is more prevalent. Chlamydia
trachomatis has been recovered from 15% to 33% of patients examined in STD linics
(59,60,61,62 and 63), 29% to 68% of female partners of men with NGU (48,61,64,65,66
and 67), 67% to 74% of female partners of men with culture-positive C. trachomatis
urethritis (48,64,67), and 28% to 63% of women with mucopurulent endocervicitis (68,69
and 70). In family planning clinics, 2.8% to 9.4% of asymptomatic women were positive
for C. trachomatis(4,71,72 and 73). Among asymptomatic women attending gynecology
clinics, female college students, and women attending primary care clinics, the
prevalence of chlamydial infection generally ranges from 3% to 5% (74,75,76,77,78 and
79). In a large community-based screening study using urine ligase chain reaction
(LCR), the overall prevalence of chlamydia in young women was 8.6% (80). Among
female military recruits, the prevalence of chlamydial infection has ranged from 8.2% to
9.8% (81,82 and 83). Adolescents are the population considered to be at highest risk for




chlamydial infection; the prevalence of cervical chlamydial infection in adolescent
women is generally greater than 10%, with rates as high as 40% reported

and 89). Among pregnant women, the prevalence of chlamydial cervical
nged from 2% to 37% (90,91,92,93,94,95,96,97 and 98), with 5% to 7%
of pregnant women generally culture positive.

Whereas 3% to 5% of sexually active women in the United States carry chlamydia in
their cervices, high-risk populations can be readily identified. A number of studies have
shown that the same populations that are at risk for other sexually transmitted infections
are at highest risk for chlamydial infections. A number of patient characteristics have
been found to be predictors of chlamydial genital infections (6,8,63,85,99,100). These
include young age, socioeconomic status, nonwhite race, number of sexual partners,
new partner, and oral contraceptive use. Chlamydial infection rates are inversely related
to age (Fig. 5.2) (1,6,8,71,101) and directly related to the number of sexual partners
(78,101 “ conomic status has been associated with an increased risk
for chlamydial infections (71 )2). Young women using oral contraceptives are at
greater risk for cervical chlamydial infection than women using other methods of
contraception (61,64,103). Risk factors for chlamydial cervical infection in pregnant
women include unmarried status, age less than 20 years, presence of other STDs,
residence in inner city ghettos, seeking prenatal care late, having a partner with NGU,
presence of mucopurulent endocervicitis, and abacteriuric pyuria. Handsfield and
coworkers (104) described characteristics that are predictive of chlamydial infection in
women attending a family planning clinic. These include age less than 24 years, a new
sexual partner within the preceding 2 months, mucopurulent cervical discharge,
bleeding easily induced by swabbing the endocervical mucosa, and use of no
contraception or a nonbarrier method. Additional high-risk groups include women with
cervical ectopy (60,64,67,105) and women who are partners of men with NGU
(48,61,64,65,66 and . Stergachis and coworkers (106) assessed the prevalence of
cervical infection with C. trachomatis in a population-based study of nonpregnant
women 15 to 34 years of age attending primary care clinics at Group Health
Cooperative of Puget Sound (106). Based on multivariate logistic regression, seven
patient characteristics were independently predictive of chlamydial infection: (i) being
unmarried; (ii) cervical ectopy; (iii) black race; (iv) douching; (v) nulliparity; (vi) age 24
years or younger; and (vii) intercourse with two or more partners within the preceding
year. Hillis et al. (107) evaluated risk factors for recurrent chlamydial infection in women
using the Wisconsin Sexually Transmitted Disease Surveillance System. Young age at
first reported infection was the strongest predictor of recurrent infection; age younger
than 15 years had an eightfold increased risk, age 15 to 19 years old had a fivefold
increased risk, and age 20 to 29 years old had a twofold increased risk compared with
women 30 to 44 years old (107). Other characteristics associated with an increased risk
of recurrence included black race, urban residence, coinfection with gonorrhea, and
past STDs (107).




404

10
|
!
e% MM 258 M YEARS

M l  frachomats

N gongerhosaa
H

Fu

% POSITIVE CEAVICAL CLULTUIRE

FIGURE 5.2. Prevalence of Chlamydia trachomatis and Neisseria gonorrhoeae cervical
infection by age in women attending a sexually transmitted disease clinic. (From Stamm
WE. Chlamydia trachomatis infections of the adult. In: Holmes KK, Sparling PF, Mardh
P-A, et al., eds. Sexually transmitted diseases. New York: McGraw-Hill, 1999:407-422,
with permission.)

The majority of women with chlamydial disease remain untreated because their infection
is either asymptomatic or relatively inapparent. In general, one half to two thirds of
chlamydial infections of the cervix are asymptomatic (6,8,71). If the infection is not
treated, it can persist for several years and subject those infected to the risk of spread
of C. trachomatis to the upper genital tract, with subsequent infertility and ectopic
pregnancy (2,19).

More than one million women in the United States acquire PID each year. Both
medically and economically, PID is the most important genital disease caused by C.
trachomatis (8). Studies in the United States suggest that 20% to 50% of these cases
are associated with C. trachomatis (108,109 and 110). Thus, 200,000 to 500,000 cases
of chlamydia-associated PID occur annually in the United States and are estimated to
require 50,000 to 100,000 hospitalizations each year. These women are exposed to
significantly increased risk for infertility and ectopic pregnancies. The implications of
these data are discussed in greater detail in Chapter 14.

The infant born to a woman with chlamydial infection of the cervix is at 60% to 70% risk
to acquire the infection via vertical transmission during passage through the birth canal
(90,91,92,93 and 94). Approximately 25% to 50% of exposed infants will develop
chlamydial conjunctivitis in the first 2 weeks of life, and 10% to 20% of the infants will
develop chlamydial pneumonia within 3 to 4 months of birth. In addition, women with
undetected cervical infection are a reservoir for horizontal transmission to their sexual
partner(s). These significant complications associated with vertical transmission to
newborns, horizontal transmission to partners, and ascending genital tract infection with
C. trachomatis strongly demonstrate the need for large-scale screening programs to
detect cervical chlamydial infections. When such chlamydia control programs have been
undertaken, a dramatic impact on lowering the rate of genital chlamydial infection has




occurred (55,56 and 57).

Chlamydial infections are common among men (2,6,8). Unlike in women, chlamydial
infections in men rarely result in sequelae (2). However, infected (especially
asymptomatic) males serve as a reservoir for infecting their sex partner(s) and exposing
them to the significant sequelae associated with chlamydial infection in women. The
prevalence of chlamydial urethritis in men attending general medical clinics, adolescent
clinics, student health services, and STD clinics has ranged from 3% to 5% of
asymptomatic men screened in general medical clinics to 15% to 20% of men screened
in STD clinics (6,19,111). Among sexually active male adolescents attending adolescent
clinics, 13% to 15% rates of chlamydial urethral infection have been reported (112,113).
Similar to women, there is a striking inverse relationship between age and prevalence of
C. trachomatis infection among men (6). Epididymitis is a severe complication of acute
urethritis. Approximately 50% of the 500,000 cases of epididymitis occurring annually in
the United States are caused by C. trachomatis (51). In homosexual men who practice
receptive anal intercourse without condom protection, C. trachomatis is a cause of acute
proctitis (114,115 and 116). Pharyngeal infection with chlamydia occurs in men and
women with recent orogenital contact (117). Reiter syndrome (urethritis, conjunctivitis,
arthritis, and characteristic mucocutaneous lesions) and sexually acquired reactive
arthritis (SARA) have been associated with C. trachomatis (6,8). It is estimated that
Reiter syndrome occurs in 1% to 2% of NGU cases in Europe (8). Sexually acquired
reactive arthritis, without the classic triad of Reiter syndrome, is an even more frequent
complication of NGU (118).

CLINICAL SPECTRUM OF CHLAMYDIAL INFECTION
Chlamydial Infection In Men

Chlamydia trachomatis has been recovered from multiple sites in the male anogenital
tract. These sites include the urethra (19,48,49 and 50), epididymis (51,119), prostate
(119,120), and rectum (114). The prevalence of chlamydial urethral infection in
asymptomatic men in general medical settings is 3% to 5% (6). In STD clinics, 15% to
20% of men are infected with C. trachomatis (2,6,8,19). Considerable data have been
presented over the past 20 years demonstrating that C. trachomatis is a primary
pathogen in infections involving these sites.

Urethritis

Chlamydia trachomatis is a major cause of NGU (6,8,19,48). Investigations have shown
that C. trachomatis can be isolated from 26% to 72% of men with NGU; most
investigators report isolation of C. trachomatis in 25% to 50% of NGU (6,8,50,109). In
the United States, the CDC estimates that 1.2 million to 2.4 million physician visits for
chlamydial urethritis (2) are made annually.

Diagnosis of NGU is made in men who complain of dysuria, frequency, or discharge, or
who have urethral discharge on examination; who are found to have an abnormal
number of polymorphonuclear leukocytes (PMNS) in the urethral discharge or first-void



urine specimen; and who do not have the typical Gram-negative intracellular diplococci
suggestive of gonorrhea or a culture positive for gonorrhea. The generally accepted
definition of NGU is based on the presence of 35 PMNSs per oil immersion field of an
intraurethral swab in the absence of gonococci (20). However, men can harbor C.
trachomatis in their urethra in the absence of symptoms or have fewer than 5 PMNs on
Gram stain (20,111). Establishing that NGU is due to C. trachomatis requires chlamydial
isolation, use of antigen detection methods such as monoclonal antibody staining of
direct smears or immunoassay (enzyme-linked immunosorbent assay), or use of DNA
amplification tests such as PCR, LCR, or transcription-mediated amplification (TMA) (6).
Leukocyte esterase test to screen urine for evidence of urethritis (gonococcal and/or
chlamydial) in asymptomatic males and DNA amplification testing of urine for detection
of chlamydial DNA have been used (6).

The current CDC-recommended therapy for NGU is azithromycin 1 g orally in a single
dose or doxycycline 100 mg twice a day for 7 days (54). Alternative treatment includes
erythromycin base 500 mg orally four times a day for 7 days, erythromycin
ethylsuccinate 800 mg four times a day for 7 days, or ofloxacin 300 mg twice a day for 7
days. In patients who cannot tolerate the high dose of erythromycin, the dose can be
halved and the duration of therapy extended to 14 days. Table 5.4 provides the 1998
CDC treatment recommendations for chlamydial infection of the lower genital tract.
Doxycycline and azithromycin are similar in efficacy and toxicity (54). The major
advantage of doxycycline is low cost, whereas azithromycin has the advantage of
single-dose administration.

Eecommended regimen
Arithromytin | g puo. in & single doe
o
Dompopclie 100 mg pun. two times 2 day for 7 day
Alternale Regimen
Enythromytin bate 500 mg poo. foue times 2 day for T days
o
Enytheomycin ethybuccinae 800 mg p.o. Tour times 3 day for
1 Oays
or
Oflomacin 300 myg p.o tvep times a day for 7 days o
Lewaflomaan 500 =g ceally for T das

TABLE 5.4. CENTERS FOR DISEASE CONTROL 2001 RECOMMENDED
TREATMENT FOR CHLAMYDIAL INFECTION OF THE LOWER GENITAL TRACT

Routine treatment of female sex partners of men with NGU is indicated. One third of
women whose male partners have NGU will have a chlamydial infection of the cervix;
more than two thirds of those whose male partners with NGU are chlamydia positive will
have such infections.



Epididymitis

A major role for C. trachomatis causing epididymitis in men younger than 35 years was
suggested initially by Berger et al. (51), who isolated C. trachomatis from epididymal
aspirates in five of six men with acute epididymitis. Stamm and coworkers
estimated that epididymitis complicates urethral chlamydial infections in 19
cases. It has been estimated that 50% of the estimated 500,000 cases of acute
epididymitis that occur annually in the United States are due to C. trachomatis (6,8). In
men older than 35 years, coliform organisms were the major cause of epididymitis.

% of

Clinically, chlamydial epididymitis manifests with unilateral scrotal pain, swelling,
tenderness, and fever in young men who often have concomitant chlamydial urethritis
(6). In some instances, the urethritis may be asymptomatic and only identified by a
Gram stain demonstrating urethral inflammation (6).

Prostatitis

A link between chlamydial infection and prostatitis has not been established definitely
(6). Paavonen et al. ) estimated that prostatitis accompanies NGU in up to 20% of
cases. Mardh and coworkers (120) suggested that C. trachomatis is associated with
acute rather than chromic prostatitis. However, Bruce et al. (119) recovered C.
trachomatis from early-morning urine specimens and/or prostatic fluid or semen in 56%
of 70 patients with chronic prostatitis. Using transrectal biopsies of the prostate in men
with proven chlamydial urethral infection and a tender prostate on digital palpation,
Poletti (122) recovered C. trachomatis from 10 (33%) of 30 prostatic specimens.

Proctitis

Proctitis presents with anorectal pain, tenesmus, and rectal discharge. Chlamydia
trachomatis has been associated with proctitis in both men and women (6,8,116). Quinn
et al. (123) demonstrated that non-LGV immunotypes of C. trachomatis were associated
with mild proctitis, with or without symptoms, in male homosexual populations.

Reiter Syndrome

Reiter syndrome develops in 1% to 2% of men following bouts of NGU (8). Genital
chlamydial infection has been documented in approximately 50% of men with sexually
acquired Reiter syndrome (118,124,125 and 126). Keat (118) noted that SARA also
develops in men with NGU. Symptoms of Reiter syndrome appear 1 to 4 weeks after
the onset of urethritis (8). The arthritis typically is asymmetric, involving the large joints
of the lower extremities or the sacroiliac joints (8). The full syndrome also involves the
eyes, skin, and mucous membranes. Manifestations of eye disease range from a
transient, mild conjunctivitis to severe uveitis. Skin findings include keratoderma of the
palms and soles and balanitis of the penis. Lesions involving mucous membranes are
small ulcers of the palate, tongue, and oral mucosa. Even in the absence of treatment,
these signs and symptoms regress but recurrences are common (8). When arthritis




and/or Achilles tendon and plantar fasciitis are the only manifestations, the term
sexually acquired reactive arthritis (SARA) has been used (118). Chlamydia trachomatis
has been recovered from the urethra in one third of SARA cases and up to two thirds of
cases having serologic evidence of previous chlamydial infection (8). The association of
C. trachomatis infection and SARA has been strengthened by the use of direct
immunofluorescence (127) and PCR (128) to detect C. trachomatis in joints of patients
with reactive arthritis.

Schachter (8) has suggested that C. trachomatis infection may be a trigger antigen for
Reiter syndrome resulting in an enhanced immune response in susceptible persons.
Reiter syndrome and SARA seem to occur in a genetically predisposed population, with
two thirds of patients having the histocompatibility antigen HLA-B27.

Chlamydial Genital Infection Of Women

In many ways, the clinical spectrum and epidemiology of C. trachomatis infection in
women are similar to those associated with gonococcal infection (6,8,101). However,
there also are major differences. Chlamydial infection generally is more frequent, often
is asymptomatic, may be associated with nonspecific symptoms, or may exist in the
absence of visible signs of infection. The diagnosis can be proven only by culture, use
of antigen detection methods such as monoclonal antibody staining or immunoassay, or
use of nucleic acid amplification tests such as PCR and LCR.

Despite the absence of clinically apparent disease, women infected with C. trachomatis
may harbor the organism for long periods of time. The incubation period for C.
trachomatis probably is 6 to 14 days, which is considerably longer than that for N.
gonorrhoeae. As a result of the longer incubation period, the high rate of asymptomatic
infection, and the persistent carrier state, a large reservoir of C. trachomatis infection
exists in the population. This reservoir in the lower genital tract places women at risk for
ascending infection to the upper genital tract with its resultant adverse effect on future
reproductive health.

Bartholinitis

Chlamydia trachomatis produces an exudative infection of Bartholin's ducts similar to
that seen with N. gonorrhoeae (6). Davies and coworkers (129) recovered C.
trachomatis from Bartholin duct exudates in nine of 30 patients. Concurrent infections
with gonococci were present in seven of these patients. At present, the proportion of
cases of bartholinitis regarded as chlamydial is not known.

Endocervicitis

The anatomic site within the female genital tract most commonly infected with C.
trachomatis is the cervix. Chlamydia trachomatis is a major cause of MPC (130,131).
However, it is clear that asymptomatic cervical infections with chlamydia also occur.
Although approximately two thirds of women with chlamydial infection of the cervix do
not have any signs or symptoms of infection, one third do have clinical evidence of



infection (6,8,71,132). Chlamydia trachomatis does not cause vaginitis, as it will not
grow in vaginal squamous epithelial cells. The organism seems to be a specific parasite
of squamocolumnar cells; thus it only grows within the transitional zone and the
endocervix. It is not associated with ectocervicitis. The infected cervix may range from a
clinically normal result on examination to a severely eroded cervix with hypertrophic
cervical erosion and a mucopurulent endocervical discharge. Dunlop and coworkers
(133) were the first to describe follicle-like lesions (similar to those seen in the
conjunctivae) that occur in the cervix in association with chlamydial infection. They
described this finding of follicular cervicitis in 90% of mothers whose babies had
chlamydial inclusion conjunctivitis of the newborn. Rees and coworkers (134) used
colposcopy to evaluate the sexual partners of men with NGU. Of the women with
endocervical cultures positive for C. trachomatis, more than 80% had hypertrophic
cervicitis with mucopurulent endocervical discharge. Hypertrophic cervicitis is the term
applied to the presence of cervical ectopy that is edematous, congested, and friable.
Paavonen et al. (130) confirmed this association between mucopurulent endocervicitis
and isolation of C. trachomatis from the endocervix.

Diagnosis of MPC is suggested by demonstrating (i) yellow or green mucopus on a
swab of endocervical secretions (“positive swab test”); (ii) more than 10 PMNSs per oil
immersion field of a Gram stain of the endocervix; or (iii) friability, erythema, or edema
within a zone of cervical ectopy (6,8,130,131). Brunham et al. (131) have suggested that
MPC is the female counterpart of NGU in the male. A cutoff of 330 PMNSs per 1,000x
field in Gram-stained smears of cervical mucus has been suggested to best correlate
with chlamydial cervicitis (6).

Hobson et al. (135) demonstrated that women with clinical signs of chlamydial cervicitis,
such as mucopurulent discharge or hypertrophic ectopy, vield greater numbers of
chlamydial inclusion-forming units than those in whom chlamydial infection is not
associated with signs and symptoms of cervicitis. Harrison et al. (132) noted that the
prevalence of chlamydial infection was greater in women with cervical ectopy than in
those without. Cervical ectopy is present in 60% to 80% of sexually active female
adolescents, which is a much higher prevalence than that seen in women in their 30s
and 40s (6). Possibly ectopy predisposes to chlamydial infection by providing exposure
of more susceptible columnar epithelial cells to C. trachomatis at the time of exposure
(6). This relationship may explain in part the high prevalence of chlamydia cervical
infection among adolescents. Similarly, oral contraceptives are associated with ectopy,
and this relationship may explain the increased risk for C. trachomatis infection of the
cervix among users of oral contraceptives (6,63,132).

The complex microflora of the lower genital tract makes it difficult to delineate a single
pathogen as the putative agent in cervicitis. However, data generally indicate that C.
trachomatis is a major etiologic agent in mucopurulent endocervicitis. Rees and
colleagues (134) noted that only two organisms, C. trachomatis and N. gonorrhoeae,
are found to be associated with chronic cervicitis and purulent endocervical discharge.
Paavonen et al. (130) reported that C. trachomatis was recovered from the cervix with
greater frequency in women with signs of cervicitis than in those without such signs.
Paavonen ) also noted that severe inflammatory atypia and/or dyskaryotic changes
in Papanicolaou (Pap) smears occurred significantly more frequently in
chlamydia-positive than in chlamydia-negative women. Mardh and coworkers (137)




have suggested that this chlamydia-associated atypia represents a reparative atypia
related to an infectious process. Paavonen et al. (138) obtained cervical biopsy
specimens during colposcopy from patients with C. trachomatis isolated from the cervix.
Severe inflammatory changes were noted in 45% of cases. The inflammation was
characterized by heavy leukocytic and lymphocytic infiltration, intraepithelial
microabscesses, and epithelial necrosis and ulceration (138).

Various studies have questioned the accuracy of using MPC as a predictor of
chlamydial infection. Brunham et al. (131) noted in a symptomatic high-risk group of
women for chlamydial infection (22% prevalence rate) a sensitivity of 59%, specificity of
86%, and positive predictive value of 54% for yellow mucopurulent discharge. Mosciki
and coworkers (139) demonstrated in an adolescent nonpregnant population (18%
prevalence rate) that mucopus had a sensitivity of 32%, specificity of 80%, and
predictive value of 32% for predicting chlamydial infection. Similarly, Thejls et al. (140)
and Nugent and Hillier (70) reported poor sensitivity, specificity, and positive predictive
value with mucopus (swab test) for detection of chlamydial cervicitis (T 5.5). These
authors concluded that MPC is not a useful screening method for identifying women
with chlamydial infection. Of concern is that in a general population of asymptomatic
women with a prevalence rate of 3% to 5% for C. trachomatis, the positive predictive
value would be even worse. In most of those studies, the presence of PMNs was a
better predictor of chlamydial infection than was mucopus (70, 39). It seems
justified for the clinician lacking availability of chlamydial cultures, antigen detection
methods, or nucleic acid amplification tests to consider managing cervicitis in the same
manner that NGU in the male is managed. Thus, the physician would test for other
pathogens, such as N. gonorrhoeae and, if none are found, treat empirically with
azithromycin or doxycycline for a suspected chlamydial infection. The recommended
regimen is azithromycin 1 g orally as a single dose or doxycycline 100 mg twice a day
for 7 days (Ta 4). Erythromycin in similar dosages would be indicated for pregnant
women or those unable to tolerate tetracycline.
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TABLE 5.5. SENSITIVITY, SPECIFICITY, AND POSITIVE PREDICTIVE VALUE OF
MUCOPUS® AND POLYMORPHONUCLEAR LEUKOCYTES FOR CHLAMYDIAL
INFECTION



It seems apparent that cervical infection with C. trachomatis is a major reservoir for the
male and neonatal infections associated with this agent. In addition, the cervix is the
source for major complications involving the upper genital tract, such as acute
salpingitis. Thus, it is imperative that efforts be made to identify those women who are
symptomatic and asymptomatic carriers of C. trachomatis in the cervix. As noted eatrlier,
the prevalence of C. trachomatis infection (4,55,56 and 57) and the incidence of acute
PID have been reduced significantly in geographic areas where intensive chlamydia
control programs have been implemented (141).

Acute Urethral Syndrome

The acute urethral syndrome, which is defined as acute dysuria and frequent urination
in women with pyuria but whose voided urine is sterile or contains fewer than 10°
microorganisms per milliliter is a common and perplexing problem for the clinician.
Paavonen (142) noted that 25% of women whose male partners had chlamydial
urethritis had chlamydial infection in their urethra. Based on studies in STD clinics of
women cultured for C. trachomatis from the cervix and urethra, 25% of positive women
harbor the organism only in the urethra (63,142); an additional 50% harbor the organism
in both the cervix and urethra.

Stamm and coworkers (143) identified a causative role for C. trachomatis in up to 25%
of women presenting with the acute urethral syndrome. These investigators were able to
show that C. trachomatis infection was present in ten of the 16 patients with the urethral
syndrome, sterile bladder urine, and pyuria. Among the 32 patients with the urethral
syndrome and sterile bladder urine, evidence of recent infection with C. trachomatis was
demonstrated in ten of 16 with pyuria; only one of 16 without pyuria had such evidence.
On the other hand, C. trachomatis was unlikely to be recovered from women with acute
cystitis or women with the urethral syndrome and bladder bacteriuria.

The clinician must be aware that C. trachomatis will not be recovered from the urine, but
that culture attempts must be performed via urethral swabs. Several findings on history
are suggestive of C. trachomatis being the causative agent in women presenting with
symptoms of acute urethral syndrome (143). These factors include a recent change in
sexual partner, the use of oral contraceptives, and a longer duration of presenting
symptoms (approximately 7 to 10 days) compared with women with acute cystitis or
bacteriuria who present within 4 days. In addition, women with chlamydia are less likely
to give a history of recurrent urinary tract infections, which is in contradistinction to
women with acute cystitis or bladder bacteriuria. Although some women with chlamydial
infection develop symptoms, the majority of women so infected are asymptomatic (6).

Stamm and colleagues (144) showed that antimicrobial therapy of the acute urethral
syndrome using an agent effective against C. trachomatis was significantly more
effective than placebo in eradicating urinary symptoms, pyuria, and the infecting
microorganism in women with the urethral syndrome due to coliforms, staphylococci, or
C. trachomatis. In contradistinction, women with acute urethral syndrome and no pyuria




did not benefit from antibiotic therapy.
Nonpuerperal Endometritis

Various investigations have suggested that endometritis in nonpregnant women is
another manifestation of genital chlamydial infection (104,137,145,146 and 147).
Histologic endometritis based on the presence of plasma cells and infiltration of the
superficial epithelium by PMNs has been detected in nearly one half of patients with
chlamydial MPC (6,108,109 and 110,148). The presence of histologic endometritis has
been associated with both culture and immunohistologic detection of C. trachomatis
(109,110). In addition, histologic endometritis can be detected in nearly all patients with
chlamydial salpingitis (6).

As discussed in Ch 4, histologic endometritis has been demonstrated with N.
gonorrhoeae and the mixed anaerobic-aerobic bacteria associated with bacterial
vaginosis. Mardh and coworkers (145) recovered C. trachomatis from the endometrium
of three women with concomitant signs of salpingitis. These workers suggested that
chlamydia ascends from the cervix, affects the uterine mucosa, and then spreads
intracanalicularly from the endometrium to the fallopian tubes. Interestingly, they noted
that the endometrial cultures could be positive despite negative cervical cultures. Mardh
et al. (137) also reported that C. trachomatis was recovered from the endometrial
aspirates from nine of 18 patients with laparoscopically confirmed PID. Endometrial
biopsy specimens in women in whom C. trachomatis was isolated demonstrated heavy
infiltration of monocytes. Similarly, Paavonen (147) confirmed the presence of histologic
endometritis (based on the presence of five plasma cells per high-power field) in 47% of
women with chlamydial endocervicitis. Wasserheit et al. (109) and Kiviat et al. (110)
demonstrated the presence of C. trachomatis in association with histologic endometritis
in women with laparoscopically confirmed acute salpingitis. Sweet et al. (108) also
recovered C. trachomatis from the endometrial cavity of women with signs and
symptoms of acute salpingitis. In their report, C. trachomatis was recovered from the
endometrial cavity in 17 (24%) of 71 patients with acute salpingitis. Despite prompt
clinical response to antibiotic therapy, 13 women treated with b-lactam antibiotics still
had positive endometrial cultures for C. trachomatis at posttherapy evaluation. This
suggests the presence of a subclinical, persistent chlamydial endometritis among
patients with resolving acute PID. Jones et al. (149) reported that C. trachomatis was
isolated from the endometrium in 12 (41%) of 29 women with cervical chlamydial
infection. This finding suggests that there may be a large reservoir of women with
chlamydial infection of their upper genital tract. Taken together, these studies
demonstrate that endometritis is an important component of PID and an intermediate
step in the spread of microorganisms from the cervix and/or vagina to the fallopian
tubes.

The abnormal uterine bleeding (menorrhagia and metrorrhagia) often seen in patients
with acute PID probably is due to the presence of concomitant endometritis (6). The role
of persistent C. trachomatis, production of heat shock proteins (hsps), and initiation of
the cell-mediated immune response leading to damage of the fallopian tube is
discussed in detail in Chapter 14. Clearly, such a mechanism may explain a proportion



of tubal factor infertility cases in which no history of an acute episode of PID exists.
Acute Salpingitis

The most serious complication of chlamydial infection in women is acute salpingitis (i.e.,
PID). The role of C. trachomatis as a pathogen in this disease has received
considerable attention. Interestingly, the association of chlamydial infection of the
female genital tract (as determined by giving birth to an infant who developed inclusion
conjunctivitis of the newborn) and PID in the postpartum patient initially was recognized
by ophthalmologists in the 1930s (150,151).

As reviewed by Cates et al. (152) and Sweet (153), microbiologic and serologic studies
firmly established C. trachomatis as an important sexually transmitted organism that
leads to acute PID. Cates and Wasserheit (1) suggested that the wide variation in
reported rate of C. trachomatis recovery from patients with symptoms of PID was due to
(i) differences among the populations studied; (ii) time period when the study occurred;
(iii) methods used to recover microorganisms; and (iv) severity of infection (1). Table 5.6
summarizes various studies that detected C. trachomatis in patients with acute PID.
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TABLE 5.6. SELECTED STUDIES FOR DETECTION OF CHLAMYDIA
TRACHOMATIS IN WOMEN WITH ACUTE PELVIC INFLAMMATORY DISEASE

Initial evidence that C. trachomatis is an important etiologic agent in acute salpingitis
came from European investigations (predominantly Scandinavian)
(154,155,156,157,158,159 and 160). The first direct evidence of an association with C.
trachomatis in acute salpingitis was documented by Eilard and colleagues (154), who
isolated C. trachomatis from tubal specimens in two of 22 women with acute salpingitis
undergoing laparoscopy. Of major importance was the report by Mardh et al. (155) of
30% isolation of C. trachomatis from the fallopian tubes of women with acute salpingitis
in whom isolation attempts were performed on material aspirated from the involved




fallopian tubes visualized by laparoscopy.

The rate at which this disease occurs differs in various geographic locales.
Scandinavian investigations suggested that approximately half of acute salpingitis cases
occurring in that area were due to C. trachomatis (154,155,156,157,158,159 and 160).
Initial results in North America are not as clear-cut (161,162 and 163).

In addition to the isolation studies previously noted, a number of investigations have
indirectly associated acute salpingitis with chlamydial infection. In Scandinavia,
serologic studies have indicated that C. trachomatis is a frequent causative agent in
acute salpingitis (156,157,158,159 and 160). These studies demonstrated that 19% to
80% of acute salpingitis patients had antlchlamydlal antibody present (156,157,158,159
and 160). Moreover, Paavonen et al. (156,159) in Finland demonstrated that 19% to
26% of patients with acute salpingitis had a fourfold increase in chlamydial antibody.
Treharne et al. (157) and Mardh et al. (160) demonstrated that antibody titers were
correlated with the severity of clinically graded tubal inflammation seen at the time of
laparoscopy. Taken together, these studies from Scandinavia suggest that in the 1970s
and 1980s, the major etiologic agent for acute salpingitis in that geographic area was C.
trachomatis. This was a dramatic change in the etiologic pattern from that of the
previous decades. In the mid-1960s, almost 50% of acute salpingitis cases in this area
had gonorrhea, whereas by the 1980s, less than 10% of all salpingitis cases were
infected with N. gonorrhoeae. Based on culture data (30%) and serologic data, between
30% and 67% of acute salpingitis cases now are associated with chlamydia as the
etiologic agent in Scandinavia.

Until the mid-1980s in the United States, evidence suggested that chlamydia-associated
acute salpingitis occurred much less frequently than what was reported from
Scandinavia (161,162 and 163). These initial studies noted recovery of C. trachomatis
from the fallopian tube or cul-de-sac aspirate in 0% to 10% of patients with acute
salpingitis (161,162 and 163). Sweet and coworkers (163) did not isolate a single C.
trachomatis from the fallopian tube exudate of 37 women undergoing laparoscopic
evaluation with a confirmed diagnosis of acute salpingitis. Eschenbach and colleagues
(161) recovered chlamydia from one of 102 patients. Thompson and coworkers (162)
were able to recover chlamydia from intraperitoneal sites from three of 30 patients with
acute salpingitis; however, two of their three isolates were from the cul-de-sac fluid, and
it is uncertain whether this reflected vaginal contamination or true intraperitoneal
infection. Indirect evidence for C. trachomatis as a causative agent for acute salpingitis
in the United States did, however, exist. Cervical isolation rates in patients diagnosed
with acute salpingitis ranged from 5% to 20% (161,162 and 163). In Canada, Bowie and
Jones (164) presented evidence supporting a major etiologic role for C. trachomatis in
acute salpingitis in North America. They reported that C. trachomatis was recovered
from the cervix of 50% of women in an STD clinic diagnosed as having PID, compared
with 20% of women attending the STD clinic who did not have acute salpingitis. In
summary, studies from Scandinavia demonstrated a twofold increased cervical isolation
rate of C. trachomatis and a 20-fold increased fallopian tube isolation rate compared
with initial U.S. studies. Despite apparent differences in these recovery rates, the
serologic evidence for an association between chlamydia and PID was quite similar. In
the United States, serologic evidence for chlamydial infection in patients with acute




salpingitis was noted in 20% to 23% (161,163).

Several factors were postulated to explain these differences between Swedish and U.S.
isolation rates. First, there were significant differences in the methods of specimen
collection. Swedish investigations used needle aspiration and/or needle biopsy of the
fimbria at the time of laparoscopy. In the United States, culture attempts were made on
purulent tubal exudates. Because C. trachomatis is an intracellular organism, successful
isolation may require the presence of fresh infected cells in the inoculum. A second
reason is that the patient groups that were studied in the United States and Sweden
were not comparable. In the United States, investigations using intraperitoneal cultures
were based on hospitalized patients who in general presented to the emergency room
with acute disease characterized by high fever and peritonitis. Swedish investigators
evaluated all patients with acute salpingitis, including many with clinically mild disease
(often afebrile), who would not have been diagnosed as such in the United States where
more rigid diagnostic criteria (i.e., fever, leukocytosis) were applied in the diagnosis of
acute PID. Svensson et al. (182) noted that patients presenting with acute salpingitis
and C. trachomatis tended to have milder clinical disease, were less often febrile, and
had mild symptoms for longer periods of time than women admitted with gonococcal or
nongonococcal-nonchlamydial salpingitis. Paradoxically, the women documented as
having chlamydial salpingitis in Svensson's group had the highest erythrocyte
sedimentation rates and the more severe inflammatory changes noted at the time of
laparoscopy (182).

In the mid-1980s in the United States, studies that used appropriate methodology for
obtaining chlamydial specimens (i.e., tubal biopsy, tubal aspirate, swab of endosalpinx,
endometrial biopsy, and/or protected endometrial aspirate) confirmed that C.
trachomatis was a major etiologic agent for acute PID (108,109 and 110). Sweet and
coworkers (108) reported recovery of C. trachomatis from the upper genital tract in 17
(24%) of 71 patients with acute salpingitis. Wasserheit et al. (109) confirmed that C.
trachomatis was a major cause of PID in the United States. They reported that 14 (61%)
of 23 women with salpingitis and/or plasma cell endometritis had C. trachomatis
identified in the upper genital tracts. Kiviat et al. (110) similarly confirmed the major role
played by C. trachomatis in the etiology of acute PID. They demonstrated the presence
of the organism in the cervix of 22% and the fallopian tube and/or endometrial cavity of
22% of women with laparoscopically confirmed acute PID. Jossens et al. (178) reported
recovery of C. trachomatis from 22% of 548 women with clinical PID. In
contradistinction, Soper et al. (177) recovered C. trachomatis from the peritoneal cavity
in only 1.2% of 89 laparoscopy confirmed cases of acute PID, although the organism
was present in the endometrium of 7.2%. In their study, N. gonorrhoeae was the
predominant organism recovered from 73% of acute PID patients. Rees (183) provided
additional data supporting the role of C. trachomatis in acute PID. In a large group (n =
343) of women randomly treated for gonorrhea with either penicillin or tetracycline, a
significantly greater proportion of those who received penicillin subsequently developed
salpingitis; in many of these cases, C. trachomatis persisted in the cervix (183). It is
estimated that C. trachomatis currently is responsible for 20% to 40% of clinically
apparent acute PID cases in the United States (1,5,153).

Cates and Wasserheit (1) have estimated that clinically apparent PID (symptomatic or
visually confirmed) accounts for less than half of the total cases of PID. The remaining



cases are due to unrecognized (“silent” or “atypical”) PID (23). Thus, chronic, subacute,
or latent upper genital tract infection is present in a large number of women (23). Both
the magnitude and an accepted definition of these unrecognized infections have not
been established. Unfortunately, unrecognized PID appears as likely as clinically
apparent PID to result in progressive scarring of the fallopian tubes leading to tubal
factor infertility and ectopic pregnancy (184). Chlamydia trachomatis appears to be
associated with these milder or unrecognized presentations of acute PID (182).

The ability of C. trachomatis to produce acute salpingitis has been documented further
in several animal models. Ripa et al. (185) and Moller et al. (186) demonstrated that C.
trachomatis can cause acute salpingitis when it reaches the fallopian tubes of grivet
monkeys. Moller et al. (187) demonstrated that the histologic findings in the fallopian
tubes of patients with acute salpingitis due to C. trachomatis were similar to those
previously described for gonococcal salpingitis and to those seen in the grivet monkey
experimentally infected with C. trachomatis. Multiple elegant studies by Patton and
coworkers (188,189,190 and 191) in the pig-tailed macaque confirmed the putative role
C. trachomatis in the etiology and pathogenesis of acute salpingitis, especially the
importance of repeated chlamydial infections in producing tubal scarring.

Numerous studies using rodent models and nonhuman chlamydia strains similarly
demonstrated the ability of chlamydia to cause acute salpingitis, tubal screening, and
infertility (192,193,194,195 and 196). Swenson et al. (192), using the mouse pneumonia
biovar of C. trachomatis, reported that inoculation of chlamydia into the ovarian bursa of
mice resulted in acute salpingitis. Inclusions were seen in histologic sections, and the
organism could be recovered from infected tissues for up to 21 days. Although the
inflammatory response decreased after 21 days, gross hydrosalpinges had developed in
animals examined between 23 and 48 days after inoculation. Interestingly, Gibson and
coworkers (197) described similar findings in humans and reported that women with
tubal factor rtility and antichlamydial antibodies were significantly more likely to have
hydrosalpinx than infertility patients without chlamydial antibodies. In a subsequent
investigation, Swenson and Schachter (193) demonstrated that chlamydial infection of
the upper reproductive tract of mice prior to mating resulted in infertility. This adverse
effect on fertility produced by chlamydial infection occurred long after apparent
resolution of the acute infection. Additional animal model work using the guinea pig
inclusion conjunctivitis agent, which is a C. psittaci strain, produced acute salpingitis
(194,195 and 196).

Further support for the role of C. trachomatis in the etiology and pathogenesis of acute
PID arises from a large number of studies demonstrating a statistically significant
association of tubal factor infertility
(198,199,200,201,202,203,204,205,206,207,208,209,210,211,212,213,214,215,216,217,
218,219,220,221 and 222) and ectopic pregnancy (223,224,225,226,227,228,229 and
230) with previous systemic chlamydial infection identified by the presence of antibody
against C. trachomatis. These findings are discussed in the section on Sequelae of
Pelvic Inflammatory Disease.

PATHOGENESIS OF CHLAMYDIAL INFECTION



Several interesting pieces of evidence support a role for the host defense system via
cell-mediated immunity in the development of long-term sequelae secondary to
chlamydial infection. Multiple investigations have provided data suggesting that
chlamydial PID is a cell-mediated immune disease probably resulting from immune
responses to chlamydial heat shock protein 60 (Hsp 60)
(191,231,232,233,234,235,236,237,238,239,240,241,242,243,244 and 245). It has been
hypothesized that this inflammatory immune response is similar to a delayed
hypersensitivity reaction that results in damage to the fallopian tube
(231,232,233,234,235,236 and 237,245). Such a response is similar to the mechanism
by which C. trachomatis produces scarring and blindness in ocular trachoma (246).

As reviewed by Ward (247), persistent and repeated chlamydial infections are
particularly associated with pathologic disease (247). Interferon gamma (IFN-g) plays a
major role in the immune response to chlamydia and the subsequent inflammatory
process (247). Interferon gamma is a critical factor for induction of delayed chlamydial
development and thus restricting chlamydial infection. However, delayed development
results in persistent expression of chlamydial hsps, which not only share antigens with
other bacterial hsps but with human hsp (247). The damage and scarring associated
with chlamydial infection appear to be dependent on four mechanisms of chlamydial
disease: (i) persistent chlamydial infection; (ii) role of cytokines in chlamydial infection;
(iii) role of chlamydial hsps in the pathogenesis of disease; and (iv) host genotype (247).

Whereas the normal chlamydial development cycle is a productive cycle of infection
resulting in release of infectious elementary bodies, persistent chlamydial infection is
associated with incomplete chlamydial development with sporadic release of elementary
bodies (247). This incomplete growth cycle may be induced by either inappropriate
antibiotic treatment (e.g., penicillin) or cell-mediated immune response (e.g., IFN-g as
discussed earlier). Such persistent (“latent”) infection can revert over to infection and
disease (247).

The hallmark of chlamydial infection is an inflammatory process that is exacerbated by
reinfection and subsequently results in tissue damage and scarring (245,247).
Interaction of C. trachomatis with the cytokine network is a key element in disease
production. Chlamydial infection produces a cytokine response by (i) direct infection of
epithelial cells (248); and (ii) interaction with cells of the immune system (249).
Rasmussen et al. (2 demonstrated that infection of cervical epithelial cells with C.
trachomatis induce oduction of the proinflammatory cytokines interleukin-8, GRD-g,
granulocyte-macrophage colony-stimulating factor, and interleukin-6 (248). Unlike other
invasive bacteria that induce a rapid and transient cytokine response, chlamydia
induces an epithelial cytokine response that is delayed until 20 to 24 hours after
infection, persists throughout the chlamydial growth cycle, and requires bacterial protein
synthesis. Rasmussen et al. (248) concluded that the acute host response to Chlamydia
at the mucosal surface might primarily be initiated and sustained by epithelial cells,
which are the target for chlamydial infection. Response to chlamydial infection by the
cells of the immune system is a Thl-like response, with production of interleukin-2 and
IFN-g (247). This Thl response is crucial to resolving established chlamydial infection.
However, as discussed earlier, it also can result in persistent chlamydial infection and its




associated adverse complications.

Heat shock proteins are a family of closely related proteins that are widely distributed in
virtually all organisms and expressed when organisms are exposed to stress
(231,245,247,250). The major chlamydial hsps (12, 60, and 75 kd) are patrtially (40% to
50%) homologous with human mitochondrial proteins Hsp 10, Hsp 60, and Hsp 70
(247). Thus, the concept has evolved that immune responses to chlamydial hsps,
particularly Hsp 60, initiates (by antigenic mimicry) an autoimmune response against
related human hsps (247). Central to this mechanism of pathogenesis is IFN-g
(245,247,250). Beatty and coworkers (251) demonstrated that although treatment of
chlamydial-infected cells with IFN-g inhibited chlamydial development, it permitted
expression of Hsp 60. As an extension of this finding, it appears that in chronically or
acutely infected persons, continued chlamydial Hsp 60 expression (secondary to action
of IFN-qg) initiates the chronic inflammatory responses associated with fibrosis and
scarring characteristic of the sequelae of chlamydial infection (e.g., blinding trachoma,
PID, infertility, and ectopic pregnancy) (247). In humans, a number of studies have
demonstrated an association between antibody to chlamydial Hsps and the chronic
sequelae of chlamydial infection, such as PID, infertility, ectopic pregnancy, and
perihepatitis (236,237,238,239,240,241,242 and 243). Wager et al. (238) and Brunham
et al. (239) demonstrated that C. trachomatis seropositive women with ectopic
pregnancy had antibodies to a Triton X-extractable 57-kd protein antigen of C.
trachomatis. Wager et al. (238) documented that this protein antigen was a C.
trachomatis Hsp 60 homologue. Witkin et al. (232), Peeling et al. (236), Eckert et al.
(237), and Domeika et al. (243) showed a significant association between the presence
of antibodies to chlamydial Hsp 60 and PID. Similarly, Toye et al. (240), Arno et al. (241)
and Witkin et al. (244) noted an association of antibodies to chlamydial Hsp 60 and
tubal factor infertility. Money and coworkers (242) demonstrated that antibodies to
chlamydial Hsp 60 were associated with laparoscopically verified perihepatitis. Thus, it
appears that cell-mediated immune response to this antigen plays an important
pathogenic role in C. trachomatis-associated sequelae to acute PID.

Host genotype appears to play an important role in determining the severity of human
disease following chlamydial infection Kimani et al. ) studied 306 female sex
workers in Nairobi, Kenya, 44 of whom loped chlamy or combined chlamydial
and gonococcal PID. These investigators noted that major histocompatibility complex
Class | HLA-A31 was independently associated as a risk factor for PID (odds ratio [OR],
5.6; 95% confidence interval [Cl], 1.1-29.4). Recently, Cohen and coworkers (253)
demonstrated an association of specific HLA Class Il alleles with C. trachomatis
microimmunofluorescence seropositivity among women with tubal infertility. They noted
that among infertile women, DQA*0101 and DOQB*0501 alleles were positively
associated with C. trachomatis tubal infertility (OR, 4.9; 95% CI, 1.3-18.6 and OR, 6.8;
95% ClI, 1.6-29.2, respectively) (253). These authors postulated that the DQ locus
might modify susceptibility to, and pathogenicity of, C. trachomatis infection (253).

Sequelae Of Pelvic Inflammatory Disease: Infertility and Ectopic Pregnancy

The long-term follow-up investigations of Westrom (254) demonstrated that women who
had acute PID were at significantly increased risk to develop tubal factor infertility or



ectopic pregnancy. The incidence of infertility in the United States reportedly is
increasing (255,256). It is estimated that 15% to 30% of involuntary infertility is
secondary to the consequences of acute PID (: . Similarly, the prevalence of ectopic
pregnancy has increased dramatically, with a fourfold increase over the past 2 decades.

Following Westrom's landmark studies, subsequent investigations of PID and infertility
focused on the role of C. trachomatis (Table 5.7). This singling out of chlamydia was
due in part to the recognition of its role in acute PID, its ability to produce severe tubal
inflammation with an associated poor prognosis for fertility, and the availability of
serologic studies that could be used in case-control studies. However, these studies
generally were accomplished before the recognition of C. pneumonia (TWAR) as a
human pathogen and the cross-reactivity of this organism with C. trachomatis. Several
of these studies also screened their population with gonococcal antibodies and noted a
pattern similar to that seen with C. trachomatis, where patients with tubal factor infertility
had significantly greater rates of antigonococcal antibody seropositivity
(208,209,221,222). Minassian and Wu (256a) demonstrated that, in addition to its value
in screening for tubal factor infertility, serum antichlamydia antibody level is a useful tool
for predicting the severity of tubal factor infertility. A variety of animal model studies also
demonstrated the role of C. trachomatis in the pathogenesis of tubal infertility (193,257).

TABLE 5.7. STUDIES DEMONSTRATING AN ASSOCIATION BETWEEN
CHLAMYDIA TRACHOMATIS INFECTION AND INFERTILITY

The association of C. trachomatis in the pathogenesis of tubal factor infertility initially
was demonstrated by Punnonen et al. (198), who reported that 21 (91%) of 23 infertility
patients with abnormal hysterosalpingograms had antibody titers against C. trachomatis
versus 52 (50%) of 105 infertility patients with normal hysterosalpingograms and 20
(29%) of 68 pregnant controls. These investigators also noted that the mean geometric
titer of antibody against C. trachomatis was significantly higher in infertility patients with
abnormal hysterosalpingograms compared to those with normal hysterosalpingograms.
Subsequently, a large number of retrospective case-control serologic studies in a wide
variety of populations and geographic areas demonstrated an association of previous



chlamydial infection with tubal factor infertility
(198,199,200,201,202,203,204,205,206,207,208,
218,219,220,221 and 222).
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FIGURE 5.3. Summary of case-control serologic studies demonstrating an association
of previous chlamydial infection with tubal factor infertility.

Henry-Souchet and coworkers (199) reported that chlamydia antibody was present in 32
(50%) of 64 infertility patients with tubal obstruction or pelvic adhesions compared with
20% of patients whose infertility was due to other factors. Moore et al. (202) noted that
women with tubal factor infertility were strongly correlated with chlamydia seropositivity
in contradistinction to infertility due to nontubal factors. Cevenini et al. (203) reported
analogous findings in Italian women in whom chlamydial antibody was significantly
higher in infertility patients with evidence of tubal disease than in women without. In
Britain, Conway et al. ), Kane et al. ), and Robertson et al. (214) demonstrated
a significant association between tubal f r infertility and chlamydial antibody,
suggesting previous chlamydial infection. Canadian studies by Brunham et al. (209),
Sellors et al. (217), and Quinn et al. (215) provided additional confirmation of the
association between previous chlamydial infection and tubal factor infertility. Anestad et
al. (216) reported that the prevalence of chlamydial antibody was significantly higher in
Norwegian women with tubal factor infertility. Additional studies from Scandinavia
reported similar findings (21 ). Dutch investigators provided further
confirmation of this relationship )). Ballard et al. (200), Mabey et al. (208), and
DeMuylder et al. (222) demonstrated that women with tubal factor infertility in Africa had
significantly higher rates of chlamydia seropositivity.

Of great concern, Gump et al. noted that approximately half of the women with
evidence of prior PID did not r past history of diagnosis of, or treatment for, acute
PID. This finding, which was confirmed by Moore et al. (202), Jones et al. (201), and
Sellors et al. (217), suggests that either mild cases of acute PID are not being
diagnosed or that clinically silent chlamydial infection of the upper genital tract can result
in significant tubal damage and subsequent obstruction. Taken together, these




retrospective studies strongly suggest that chlamydial infection is a major cause of tubal
factor infertility occurring subsequent to prior PID
(198,199,200,201,202,203,204,205,206,207,208,209,210,211,212,213,214,215,216,217,
218,21 21 and 222).

Despite the impressive seroepidemiologic data documenting an association between
antibodies against C. trachomatis and tubal factor infertility, attempts to recover C.
trachomatis from the fallopian tubes and/or cul-de-sac in these infertility patients has
yielded inconsistent results. Henry-Souchet et al. (199,258) isolated C. trachomatis from
the tubes and/or peritoneum in 35% of infertile women with chromic tubal inflammation,
21% with no evidence of inflammation, and none of the controls. Sayed and coworkers
(259) reported recovery of C. trachomatis from fallopian tube biopsies of five infertile
women with cornual obstruction. On the other hand, Cevenini et al. (203) Moore et al.
(202), Sellors et al. (217), and Anestad et al. (216) were unable to isolate C.
trachomatis. However, these studies all used culture, and whether new technology such
as DNA amplification would demonstrate the presence of chlamydia remains to be
determined.

Conflicting results have been reported on the relationship between circulating
antichlamydial immmunoglobulin G (IgG) antibodies (evidence of prior systemic
chlamydial infection) and in vitro fertilization (IVF) outcome
(215,260,261,262,263,264,265 and 266). Rowland and coworkers (260) first
demonstrated an association between prior chlamydial infection (elevated
antichlamydial 1gG levels) and poor IVF outcome, with prior chlamydial infection
reducing pregnancy rates by 50%. Similarly, Lunenfeld et al. (261) reported a significant
difference in the prevalence of antichlamydial IgG antibody between IVF term
pregnancies and failures (abortion or nonconception) (47% vs. 73%, respectively; p <
0.01). Witkin and Ledger (262) noted that women with recurrent spontaneous abortions
were significantly more likely to have elevated antichlamydial IgG antibody titers than
fertile controls. These authors reported elevated IgG titers in 7 (41.1%) of 17 women
with three prior abortions and 6 (60%) of 10 women with four prior abortions versus 20
(13.5%) of 148 fertile controls (p = 0.01 and p = 0.006, respectively) (262). In 145
women undergoing IVF, Licciardi et al. demonstrated elevated levels of
antichlamydial IgG antibodies in 20 (6 28 spontaneous abortions compared to 9
(23.7%) of 38 (p < 0.001) successful pregnancies. However, studies by Quinn et al.
(215), Torode et al. (264), Tasdemir et al. (265), and Sharara et al. (266) failed to
confirm these results and could not detect an association between elevated
antichlamydial 1gG titers and poor IVF outcome.

Later investigations demonstrated an association of chlamydial infection and adverse
IVF outcome (267,268). Witkin et al. (267) assessed the relationship among
asymptomatic chlamydial infection, immune sensitization to hsp, and the ability of
embryos to implant and develop following IVF (267). They noted that in women with
term births, cervical immunoglobulin A (IgA) antibodies to chlamydial hsp were detected
in 5 (7.3%) and IgA antibody to chlamydial structural components in 1 (1.5%). In
contrast, among women whose embryo transfers did not result in an ongoing
pregnancy, 36 (27.7%) had cervical IgA antibodies to chlamydial hsp and 24 (18.5%)
had antichlamydial structural component IgA (p = 0.0007 and p = 0.0002, respectively)
(267). In addition, positive results with PCR for C. trachomatis were present in 3 (4.4%)




women with term births compared to 15 (11.5%) of the failures. These authors
suggested that unsuspected C. trachomatis infection or reactivation of an immune
response to the chlamydial hsp may induce an inflammatory reaction in the uterus that
either impairs implantation and/or leads to immune rejection of in vitro fertilized embryos
and uterine transfer (267). Witkin and coworkers (268) later provided additional
evidence supporting a role for undetected C. trachomatis infection and adverse IVF
outcome. These authors demonstrated a strong correlation between the presence of C.
trachomatis detected by PCR (in the face of negative cultures) and failure to become
pregnant and spontaneous abortion after embryo transfer. In this study, C. trachomatis
was detected in 2 (1.8%) of 112 term pregnancies, 3 (27.3%) of 11 spontaneous
abortions (p = 0.004), 1 (3.3%) of 30 with biochemical pregnancies, and 13 (9.6%) of
135 with pregnancy after embryo transfer (p = 0.013).

The past 2 decades have shown a dramatic increase in the number of ectopic
pregnancies (269). This phenomenon often has resulted from previous tubal infection.
As noted by Westrom (254), women who had PID are at a 6- to 10-fold increased risk
for ectopic pregnancy. Investigations also demonstrated an association between ectopic
pregnancy and previous chlamydial infection (presence of antichlamydial IgG antibody)
(Table 5.8 and Fig. 5.4) (204,221,222,223,224,225,226,227,228,229 and 230). Gump et
al. (204) were the first to suggest an association between prior chlamydial infection and
ectopics when they reported that women with antichlamydial antibodies followed
prospectively after infertility evaluations had significantly more ectopic pregnancies
(32%) than infertility patients without chlamydial antibodies (4%). In Sweden, Svensson
et al. (223) reported that women with ectopic pregnancies had a significantly higher rate
of antichlamydial antibody (65%) than pregnant controls (25%) or patients with nontubal
factor infertility (11%). The postsalpingitis group (69%) with ectopic pregnancy had
antichlamydial antibodies significantly more frequently than the nonpostsalpingitis
group. As noted in the infertility studies, 46% of women with ectopic pregnancy had no
history of PID but had postinflammatory adhesions of the contralateral tube ).
Brunham and coworkers (224) found a higher rate of antichlamydial antibody in women
with ectopic pregnancies than in matched controls (56% vs. 22%). Hartsford et al. (225)
demonstrated a significant association of prior chlamydial infection with ectopic
pregnancy and the presence of contralateral tubal disease. Moreover, the mean
geometric 1gG titers for C. trachomatis were significantly higher in patients with
contralateral chronic salpingitis (78.9 vs. 13.1) (225). Chow et al. (229) confirmed this
association between ectopic pregnancy and previous C. trachomatis infection as
evidenced by the presence of antichlamydial antibody. In a large, matched control study
of nearly 300 ruptured ectopics, these investigators noted the presence of
antichlamydial antibody (IgG 1:64) in 71% of ectopics compared with 39% of age- and
race-matched controls at 12 to 24 weeks' gestation (229). Walters et al. (227) reported
similar findings in the United States. In European reports, Robertson et al. (226) and
Miettinen et al. (221) confirmed the association of ectopic pregnancy and previous
chlamydial infection. Similarly, Chaim et al. (228) in Israel and DeMuylder et al. (222) in
Africa found the same association. However, Phillips et al. (230) in Boston,
Massachusetts, failed to confirm an association between ectopic pregnancy and
previous chlamydial infection. Cumming et al. (269a) suggested that “silent” salpingitis
may be related to ectopic pregnancy and that laparoscopy cannot exclude low-grade
intraluminal infection in the fallopian tube. In their group of 27 ectopic pregnancies, 12
(44%) had undergone a laparoscopy at which “normal” tubal morphology had been




noted. Eight of these tubes were available for histologic evaluation, and all eight had
evidence of ongoing, low-grade salpingitis.
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TABLE 5.8. RELATIONSHIP OF PREVIOUS CHLAMYDIAL INFECTION AND
ECTOPIC PREGNANCY

Chlamydial Serem Anlibodies and BEclopic
Fragnancy in Seven Studies

FIGURE 5.4. Association of ectopic pregnancy and previous chlamydial infection as
determined by anti-chlamydial immunoglobulin G antibody.

It appears that the two major sequelae of acute PID, tubal factor infertility and ectopic
pregnancy, have been strongly associated with previous chlamydial infection, as
documented by the presence of antichlamydial antibody.

Fitz-Hugh and Curtis Syndrome

Acute perihepatitis is a localized fibrinous inflammation affecting the anterior surface of
the liver and the adjacent parietal peritoneum. The sequelae are fibrous adhesions



between the liver and the diaphragm (Fig. 5.5). When this condition occurs in
association with acute salpingitis, it has been known as the Fitz-Hugh and Curtis (FHC)
syndrome. It is important to recognize that the symptoms of salpingitis often are
moderate or even absent in this syndrome. The clinical picture often is characterized by
acute onset of severe right upper quadrant abdominal pain resembling that of acute
cholecystitis. This syndrome was first described in 1919 by Stajano (270). Curtis (271)
in 1930 and Fitz-Hugh (272) in 1934 related the syndrome to gonococcal infection. Until
recently, FHC syndrome was primarily believed to be a complication of gonococcal
infection.

FIGURE 5.5. Laparoscopic view of Fitz-Hugh and Curtis syndrome.

Chlamydia trachomatis as a possible cause of FHC syndrome was first suggested by
Muller-Schoop et al. (273). These investigators found serologic evidence of recent
chlamydial infection in nine of 11 patients with both perihepatitis and peritonitis.
Subsequent investigations confirmed the association between C. trachomatis and FHC
syndrome (274,275,276,277,278,279 and 280). Wang et al. (277) reported that the
geometric mean titer of chlamydia antibody was significantly higher in patients whose
PID was complicated by perihepatitis compared with those with uncomplicated PID.
Money et al. (280) demonstrated that antibodies to chlamydial Hsp 60 were associated
with laparoscopically confirmed perihepatitis. Moller and Mardh (personal
communication, 1993) described the presence of perihepatitis in a gravid monkey in
which the tubes had been ligated and which had undergone experimental inoculation of
C. trachomatis. Thus, an etiologic relationship between C. trachomatis and FHC
syndrome seems evident. However, other organisms involved in acute salpingitis
probably also are associated with FHC syndrome.

PERINATAL INFECTION WITH CHLAMYDIA TRACHOMATIS

Infection with C. trachomatis in pregnant women is a major concern. The prevalence of
chlamydial infection of the cervix in pregnant women has been reported to range from
2% to 37%, with the general estimate for the United States being 5% (Ta .9). In




general, the higher prevalence rates occur in studies conducted among indigent patients
in urban inner city areas and among adolescents (2). In addition, young unmarried
women, a history of frequent past sexual activity, black ethnicity, and oral contraceptive
usage are associated with an increased risk for cervical chlamydia during pregnancy.
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TABLE 5.9. PREVALENCE OF CHLAMYDIA TRACHOMATIS IN PREGNANT
WOMEN IN THE UNITED STATES

Although it is well documented that infants born through an infected birth canal are likely
to become infected with C. trachomatis and develop inclusion conjunctivitis and/or
pneumonia, the effect of maternal chlamydial infection on pregnancy outcome and
perinatal complications, such as preterm labor and delivery, PROM, and postpartum
endometritis, remains less clear.

Infections Of The Neonate

The infant delivered vaginally to a woman with chlamydial infection of the cervix has a
60% to 70% risk to acquire the infection during passage through the birth canal
(41,42,43 and 44,140). Approximately 20% to 50% of exposed infants will develop
conjunctivitis in the first 2 weeks of life, and 10% to 20% of the infants will develop
pneumonia within 3 to 4 months (T: 0). In utero transmission is not known to
occur, and infants delivered by cesarean section are not at risk to acquire chlamydial
infection unless there has been PROM. The determinant of whether chlamydial
infections of the newborn represent a major medical problem in a specific population
group is the prevalence rate of chlamydial infections of the cervix in that population. This
carriage rate can vary broadly. The reported incidence has ranged from 2% to 37%
(90,91,92,93,94 and 95,281,282,283,284,285,286,287,288,289,290,291,292 and 293),
with the higher prevalence rates occurring in inner city and lower socioeconomic patient
groups.




Study [Reference Mo Conjuncthvits  Pheumonia

Alprander and Harmion (36) 918 (50%) Wi

Hammerschlag et al. (90 6 (33%) 1% [16%]
Fromeell &1 al (5] g [19%) 2B (11%]
Heggie &1 al. (3] 2055 (21%) 55 (3%
Hammessohlag (29T) 1235 [33%) 336 (B%)
Mardh et al. [287) 503 [23%) 4]

Grosman et al. (57 1685 [1B%) Tad {15%)
Schadhier of o (1) 23130 (1B%) £0131 {16%)
hmail et al. (2B4) 1536 (31%) 536 (14%)
Schasder et al. (#9d) 13%0 (21%) 151 (23%)

TABLE 5.10. CHLAMYDIA TRACHOMATIS INFECTION AMONG INFANTS BORN TO
CHLAMYDIAL-INFECTED MOTHERS

Conjunctivitis

Acute conjunctivitis of the newborn (inclusion conjunctivitis of the newborn or inclusion
blennorrhea) was first described in 1910. It was recognized that the agent causing
inclusion conjunctivitis of the newborn also was present in the genital tract of the
mother. Intracytoplasmic inclusions similar to those produced by trachoma were seen in
scrapings of the conjunctiva of infants with conjunctivitis and in those from the cervix of
their mothers. This mucopurulent conjunctivitis generally develops 5 to 14 days after
birth. Usually the organism is not identified in the conjunctiva during the first 24 hours of
life. It now is recognized as the most common conjunctivitis in the first month of life
(295). Approximately one third of infants exposed to C. trachomatis during vaginal
delivery develop chlamydial conjunctivitis (90,92,94,97,98,282,287).

The organism replicates extensively in superficial epithelial cells of the conjunctiva and
causes considerable cell damage. There is an exuberant inflammatory reaction, and
pseudomembranes may form (which may result in scar formations). Follicles such as
those seen in adults or older children with chlamydial infection of the conjunctiva usually
are not observed unless the disease has been active for 1 to 2 months. The majority of
untreated infants will resolve spontaneously during the first few months of life.
Occasionally, some infants maintain persistent conjunctivitis; pannus formation and
scarring typical of trachoma have been reported. Visual loss is rare. Micropannus and
some scarring most likely will occur in infants if they are not treated within the first 2
weeks of the disease. No sequelae will develop if the infants are treated early.

The disease often starts with a watery eye discharge that rapidly and progressively
becomes very purulent. The eyelids usually are markedly swollen. The conjunctivae
become very reddened and somewhat thickened throughout. The follicular nature of the
infection that is so characteristic of trachoma is missing, because the conjunctivae of the
neonate lacks lymphoid tissue.



In severe cases, diagnosis is readily made by demonstrating the typical inclusion bodies
by Giemsa stain of conjunctival scrapings. The chlamydial organisms also are readily
cultured from the eye. Currently, the antigen detection tests (e.g., direct fluorescent
monoclonal antibody [DFA], enzyme immunoassay [EIA], and DNA probe) are the most
widely used diagnostic tests for C. trachomatis (296). However, nucleic acid
amplification testing (PCR, LCR, TMA) is increasingly replacing these tests. Serologic
diagnosis is not helpful because of the presence of maternally transmitted
antichlamydial 1gG antibody and the uncertain appearance of IgM in this disease.
Because chlamydial infections appear to be unaffected by silver nitrate prophylaxis, it is
recommended that a prophylactic regimen active against both chlamydia and gonococci
be used in neonates. Erythromycin and tetracycline ointment has been shown to
prevent development of inclusion conjunctivitis of the newborn (297,298); however, the
regimen does not affect chlamydial infection in extraocular sites in infants (299,300).
The preferred method for prevention of neonatal chlamydial conjunctivitis is prevention
of vertical transmission from infected mothers during the birth process. This involves
routine screening pregnant women for C. trachomatis and treating those infected with
chlamydia prior to delivery. Such an approach currently is recommended by the CDC
(54).

Pneumonia

Until 1975, it was assumed that chlamydial infection in the infant was restricted to the
conjunctiva. During a prospective study on the development of inclusion conjunctivitis of
the newborn, an infant who had been treated successfully for conjunctivitis developed
pneumonia and yielded chlamydia from the respiratory tract (295). In 1977, Beem and
Saxon (301) reported a series of retrospective and prospective cases of chlamydial
pneumonia in young infants. This report was followed by reported studies from other
centers (91,302), and the clinical entity of chlamydial pneumonia became well defined.
During the ensuing years, it has become clear that this disease is very common,
probably one of the three most common pneumonias seen in infancy. The many
reported series have helped to delineate the clinical features of this infection (301,302
and 303).

Of the vast majority of chlamydial pneumonia cases present between weeks 4 and 11 of
life, virtually all will be symptomatic before week 8. Initially, these infants present with
upper respiratory symptoms. The infants usually are afebrile or have only a minimal
amount of fever. The upper respiratory tract symptoms are those of congestion and
obstruction of the nasal passages without significant discharge. The finding of abnormal
bulging eardrums is common, occurring in more than half of the cases described. A
history of conjunctivitis can be elucidated in half the cases. Thus, it is important to
recognize that antecedent chlamydial conjunctivitis is not required for chlamydial
pneumonia to develop. Lower respiratory tract symptoms consist of tachypnea and a
very prominent staccato-type cough. Some infants have apneic periods. Crepitant
inspiratory rales are commonly heard; on the other hand, expiratory wheezes are
uncommon. The radiographic findings are those of hyperexpansion of the lungs, with
bilateral symmetrical interstitial infiltrates.



Laboratory findings include a normal white blood count and an increased number of
eosinophils. Blood gas analysis usually shows that many of the infants have a mild or
moderate degree of hypoxia. Serum immunoglobulins, both IgG and IgM, generally are
elevated.

Initially, it was speculated that chlamydia pneumonia of infants resulted from C.
trachomatis draining into the respiratory tract from involved conjunctivae and that the
eye was the portal of entry. Prospective studies have shown that conjunctivitis is not a
prerequisite, and prevention of conjunctivitis by appropriate ocular prophylaxis does not
prevent respiratory tract infection and pneumonia (297,298,299 and 300). Although it
seems likely that some respiratory tract infections may result from conjunctivae seeding
at birth, it is apparent that the respiratory tract can be directly infected during the birth
process. Hammerschlag et al. (297) showed that neonatal prophylaxis with erythromycin
ointment could prevent the development of inclusion conjunctivitis of newborn (ICN) but
had no apparent effect on nasopharyngeal infection or pneumonia.

The long incubation period for chlamydial pneumonia in infants seen in most cases is
perplexing. There have been some suggestions in the literature that the pneumonia in
infants likely reflects a hypersensitivity response to the organism in the lung. Although it
is clear that the host inflammatory reaction is a major contributing factor in any disease
process, there is scant evidence to support chlamydia pneumonia of infants as a
hypersensitivity reaction. The speculation is based in large part on the relative
eosinophilia seen in some cases and the difficulties in obtaining appropriate lung
specimens for isolation attempts or sequential pathologic analysis of the development of
the disease. Arth and colleagues (304) recovered C. trachomatis from three of the four
lung specimens tested from infants with chlamydial pneumonia. These data support the
assertion that C. trachomatis is a causative agent for pneumonia in human infants.
Isolation of chlamydia from a defined clinical syndrome, such as described by Beem and
Saxon (301), and the findings of high antibody levels in the sera of patients with this
syndrome suggest that C. trachomatis is one of the major causes of infant pneumonia.

Diagnosis of chlamydial pneumonia in the young infant is based on the typical clinical
presentation, chest radiograph with bilateral presentation, and significant increase in, or
high levels of, IgM antibody to C. trachomatis (296). Although an acute IgM antibody
titer 31:32 is strongly suggestive of chlamydial pneumonia, a definitive diagnosis is made
by culturing C. trachomatis from the respiratory tract (nasopharynx) or lung (296).
Nonculture tests for chlamydial infection have lower sensitivity and specificity for
specimens from the upper respiratory tract than for ocular or genital tract specimens
(54). Cross-reaction with C. pneumoniae leads to false-positive nonculture testing in
respiratory tract specimens.

Erythromycin 50 mg/kg/day orally divided into four doses for 10 to 14 days is the
recommended treatment for chlamydial pneumonia in infants (54). The CDC reports that
this regimen is approximately 80% effective and that a second course of therapy may be
required (54).



Other Clinical Manifestations In The Neonate

Serologic evidence of infection with chlamydia is present in 60% to 70% of infants
passing through an infected cervix (90,91,92 and 93). Although conjunctivitis and
pneumonia are the only two firmly established and clearly delineated clinical entities,
there is evidence suggesting that chlamydia plays a role in otitis media, obstruction of
nasal passages, and lower airway disease (bronchiolitis) in young infants. In addition,
colonization of the gastrointestinal tract occurs (91). It is clear that many infants, as well
as older children, acquire antibodies to C. trachomatis without having experienced a
discrete and recognized infection, suggesting that there may be other, not yet
described, clinical entities caused by this organism.

Infections In Pregnant Women
Postpartum Endometritis

An association between C. trachomatis and postpartum infection initially was described
in the ophthalmology literature in 1936, when Thygeson and Mengert (150) reported that
the mothers of newborns with inclusion conjunctivitis were at increased risk for
postpartum PID. Similarly, Mordhorst and Dawson (151) noted an association between
neonatal inclusion conjunctivitis and development of postpartum infections in the
mothers of infected newborns. In a subsequent prospective investigation, Wager and
coworkers (306) from Seattle, Washington, suggested that pregnant women in whom C.
trachomatis was recovered at their initial prenatal visit were at significant increased risk
to develop late-onset endometritis following a vaginal delivery. Late endometritis
developed in 7 (22%) of 32 women with C. trachomatis isolated during prenatal care,
compared with 18 (5%) of 359 chlamydia-negative women. However, attempts to
recover chlamydia from the patients during their acute infection were not performed.
Cytryn et al. ) reported the occurrence of severe pelvic infection from C. trachomatis
after cesare ection. Ismail et al. (284) and Hoyme et al. (308) confirmed the finding
of Wager et al. that there was an increased risk for postvaginal delivery endometritis in
chlamydial-infected women. Plummer et al. (309) demonstrated that C. trachomatis is a
significant risk factor for development of postpartum genital tract infection. In particular,
these authors noted that postpartum salpingitis was significantly associated with the
presence of maternal chlamydial infection (OR, 3.6; p < 0.01) (309). However, a number
of studies did not confirm any association between C. trachomatis and the development
of postpartum endometritis (94,288,289 and 290,310,311 and 312). Gencay et al. (313)
performed a serologic assessment in mothers whose children were admitted to the
neonatal intensive care unit of Children's Hospital in Helsinki. The frequency of maternal
infection (fever and vaginal discharge) was significantly higher (7% vs. 3%) in the
IgM-seropositive group compared to the IgM-seronegative group. However, this study
provides only indirect evidence that C. trachomatis is a putative agent in postpartum
endometritis. Elucidation of the role this organism plays as a causative agent in
postpartum endometritis awaits further prospective studies using chlamydia detection
techniques during the acute infection.




Postabortion Endometritis

Several studies demonstrated that patients with chlamydial cervicitis who undergo
pregnancy termination are at high risk for postabortion endometritis (314
and Approximately 10% to 35% of women with cervical C. trachomatis at the time
of e e abortion develop postabortal pelvic infection compared to 2% to 10% of
chlamydia-negative women. Moller et al. (314) demonstrated that treatment of
chlamydial infection before the procedure prevented postabortion endometritis. For this
reason, either screening and treatment for chlamydia before the procedure or
prophylaxis with doxycycline or azithromycin at the time of termination should be done
in patients at high risk for C. trachomatis.

Spontaneous Abortion And Fetal Death

Martin and colleagues (95) in Seattle, Washington, reported a significant increase in the
occurrence of spontaneous abortions and fetal deaths among women who had C.
trachomatis recovered from the cervix at their initial prenatal visit. Proof of causation for
these events is not available and requires additional large-scale prospective
investigations. In our prospective studies in San Francisco of vertical transmission from
mothers to neonates of C. trachomatis, we were unable to corroborate these findings
(unpublished data). Similarly, Harrison et al. (289) noted no increased risk for
spontaneous abortion or fetal deaths among women with chlamydial infections.
However, Witkin and Ledger (262) reported that high-titer IgG antibody to C.
trachomatis was significantly associated with recurrent spontaneous abortion (31.8% in
women with three or more spontaneous abortions vs. 7.5% in seronegative women).
Subsequently, Rae et al. (319) in Edinburgh and Paukku et al. (320) in Finland failed to
demonstrate an association between serum antibodies to C. trachomatis and recurrent
pregnancy loss.

Prematurity, Low Birthweight, and Premature Rupture of the Membranes

A great deal of interest and controversy have revolved around what role, if any, C.
trachomatis infection of the cervix plays in the etiology of preterm labor and delivery, low
birthweight, and PROM. Once again, conflicting studies exist (Table 5.11) (321). Martin
and coworkers (95) in Seattle, Washington, noted a significant increase in the
occurrence of preterm delivery among chlamydia-positive women. They also reported
an increased incidence of low birthweight babies and of perinatal mortality in the
chlamydia-positive group; the major cause of mortality was intrauterine death. In this
study, only women seen before 18 weeks' gestation were included. Of the 18 women
with chlamydia isolated, stillbirth occurred in three and preterm delivery and perinatal
death in another three; thus, there was a 33% incidence of perinatal mortality in the
Seattle study. This is in significant contrast with results from the 238 uninfected
mothers, of whom only eight (3%) had similar complications. In the chlamydia-infected
group, the incidence of preterm delivery at less than 37 weeks was 28% versus 6% in
uninfected women and at less than 30 weeks was 28% versus 3%. Birthweight less than
2,500 g was present in 28% of infected women versus 8% of uninfected women.
Subsequent studies performed at many sites from a wide geographic distribution failed




Thompson et al. ), Hardy et al.
smail et al. (284), McGregor et al.
rachomatis cervical infection and prematurity,

to confirm these findings. Harrison et al.
(293), Heggie et al. (94), Berman et al. (:
) reported no association between C.
low birthweight, stillbirths, or PROM.
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TABLE 5.11. COHORT STUDIES OF THE EFFECTS OF CHLAMYDIA
TRACHOMATIS ON PREGNANCY OUTCOME

Of considerable interest was the finding by Harrison and colleagues (289) that there
was a subset of chlamydia-positive mothers who showed evidence of active invasive
infection manifested by the presence of significant titers of IgM antibody against C.
trachomatis. In this subgroup, there was significantly increased incidence of low
birthweight, shorter gestational length, and more PROM. Sweet et al. (290) confirmed
that the subset of women with cervical chlamydial infection and IgM seropositivity
against C. trachomatis were at significant increased risk for preterm delivery and
PROM. In the chlamydia-infected women who were IgM-positive, preterm delivery
occurred in 13 (19%) of 67 IgM-positive women versus eight (8%) of 99 IgM-negative
women (p = 0.03). Similarly, Berman et al. (311) confirmed the association of premature
birth with IgM seropositivity among C. trachomatis culture-positive pregnant women. In a
multivariate analysis of their cohort study, Gravett et al. (283) reported that cervical
infection with C. trachomatis was independently associated with preterm PROM,
preterm labor, and low birthweight. Similarly, Martius et al. (323), in a case-control
study, found an increased association between chlamydia and preterm birth (OR, 5.4;
95% ClI, 1.3-23.4) that was independent of bacterial vaginosis, lactobacillus, or PROM.
Alger and colleagues (324) reported that preterm PROM occurred in 23 (44%) of 52
chlamydia-positive women versus 13 (15.5%) of 84 controls. Using a 90% confidence
interval as significant, the Johns Hopkins Study Group (322) demonstrated that C.
trachomatis was significantly associated with preterm birth (OR, 1.6; 90% CI, 1.01-2.5)
and intrauterine growth retardation (OR, 2.4; 90% CI, 1.32—4.18).

Two treatment trials of chlamydial infection in pregnancy provided additional support for
the role of C. trachomatis infection in the etiology of PROM, preterm labor, and preterm



delivery. Ryan et al. (291) reported that, in a high-risk population with a chlamydia
prevalence rate of 21%, pregnant women infected with C. trachomatis and treated with
erythromycin had significantly lower incidences of PROM, low birthweight, and perinatal
death compared to untreated infected women or uninfected female controls. Using
untreated historical controls from the first 16 months of the study when cervical cultures
were performed on all new obstetric patients to determine the prevalence of C.
trachomatis infection, these authors reported that PROM occurred in 58 (5.2%) of 1,052
untreated chlamydia-positive women, 39 (2.9%) of treated chlamydia-positive women,
and 243 (2.7%) of 8,868 chlamydia-negative pregnant women (untreated positive vs.
negative, p < 0.001; untreated positive vs. treated positive, p < 0.0001). Similarly,
birthweight less than 2,500 g occurred in 218 (19.6%) of 892 untreated
chlamydia-positive women, 145 (11.0%) of 1,178 treated chlamydia-positive women,
and 1,068 (11.7%) of 8,043 chlamydia-negative women (untreated positive vs. negative,
p < 0.001; untreated positive vs. treated, p < 0.001). Cohen et al. (292) compared
pregnancy outcomes of women treated successfully with erythromycin,
chlamydia-infected women who did not comply with or respond to treatment, and
uninfected women. For the successful group versus the treatment failure group, they
reported that the rate of preterm delivery was 3% versus 14%, ROM 7% versus 20%,
preterm labor 4% versus 24%, and intrauterine growth retardation 13% versus 25%.
Concern with this study revolves around the issue of compliance, and that compliant
patients most likely are different from noncompliant individuals. Unfortunately, no
well-designed, prospective, double-blinded, placebo-controlled treatment trials of
chlamydial infection in pregnancy have been reported. It is unlikely that such a study will
ever be undertaken due to ethical considerations revolving around the issue of not
treating documented cervical chlamydial infection.

Only large-scale prospective investigations will determine the role of C. trachomatis as a
cause of preterm labor and delivery, low birthweight, and/or perinatal loss. A large
prospective study, The Vaginal Infections and Prematurity Study, has been undertaken
by the National Institutes of Health (325). Nugent et al. (326) reported preliminary
results on the association between chlamydial infection and adverse pregnancy
outcome. Univariate analysis indicated that low birthweight (OR, 1.6; 95% CI, 1.3-2.1)
and preterm delivery (OR, 1.6; 95% CI, 1.3-2.0) were more likely to occur in
chlamydial-infected women. In the multivariate analysis, which controlled for age,
marital status, ethnicity, and presence of other organisms, the adjusted odds ratio for
preterm delivery was 1.53 (95% CI, 1.21-1.93). No serologic data from this large
database have yet been reported. When final analysis is complete, the large multicenter
study sponsored by the National Institute of Child Health and Human Development
should provide a more definitive determination of the role C. trachomatis plays in
causing adverse outcomes of pregnancy (321).

DIAGNOSIS OF CHLAMYDIAL INFECTIONS

The principles for diagnosing chlamydial infections are essentially the same as those for
diagnosing any other microbial infection (84). The agent can be demonstrated by
cytology on clinical specimens, and serol assays can be used to demonstrate
increasing antibody titers to chlamydial antigens. Until recently, the “gold standard”
approach to laboratory diagnosis of C. trachomatis relied on cell culture. During the




1980s, antigen and nucleic acid detection methods were introduced into clinical practice
for diagnosing genital chlamydial infection (327,328,329 and 330). They rapidly became
the most widely available diagnostic tests for detection of C. trachomatis because of
their lower costs, less need for expertise, preservation of infectivity during transport, and
shorter time required for results . Nucleic acid amplification technology now is
available for detection of C. trac atis
(331,332,333,334,335,336,337,338,339,340,341,342,343,344,345,346,347,348,349,350
and 351).

Specimens must be appropriately collected and transported to optimize detection of C.
trachomatis by culture, antigen detection, DNA probe, or nucleic acid amplification.
Chlamydia trachomatis is an obligate intracellular pathogen and thus is best isolated
from cell scrapings from the endocervix or urethra rather than from purulent discharge,
secretions, or urine. Swabs have traditionally been used to obtain specimens, but a
cytologic brush is preferred for endocervical specimens. Before obtaining endocervical
specimens, mucus and debris should be removed from the external cervical using a
swab. Wooden-shafted swabs reduce the number of chlamydia inclusion-forming units
and should not be used. Rayon-, cotton-, or calcium alginate-tipped swabs can be used.
Some lots of calcium alginate swabs have depressed recovery of C. trachomatis and
thus should be used only in settings where quality control mechanisms are in place to
prevent such an occurrence.

Specimens for culture are placed immediately into a transport medium (sucrose
phosphate) containing antimicrobial agents (usually gentamicin, vancomycin, and
nystatin). The specimen should be refrigerated, transported on ice, and inoculated as
soon as possible, preferably within 24 hours. If these requirements cannot be met, the
specimen should be frozen at —70°C until it can be inoculated. With antigen detection
methods, DNA probes, and nucleic acid amplification, test swabs should be placed in
the manufacturer's transport medium and processed as directed.

Cytology

Both the intracellular nature of chlamydiae and their unique growth cycle provide
specific markers for cytologic diagnosis. Before the availability of cultures,
demonstration of inclusions in scrapings from genital tract specimens was the method
used to elucidate the epidemiology and clinical spectrum of chlamydial infections. These
procedures cannot be recommended because of their poor sensitivity and specificity
compared to culture, antigen detection methods, DNA probe, and nucleic acid
amplification for detection of genital tract chlamydia. Schachter and Dawson (352)
reported that cervical infection with chlamydia can be recognized only by cytologic
means in approximately 20% of cases. In a correlative study of Pap smear, fluorescent
antibody, and culture for the diagnosis of C. trachomatis, Spence and coworkers (353)
reconfirmed the poor sensitivity and specificity of cytology. However, it is a useful
sensitive means for diagnosing inclusion conjunctivitis of the newborn.

Serology

Despite an abundant immune response to chlamydial infections (6), serology is not



particularly useful for diagnosing non-LGV strains of C. trachomatis infections of the
genital tract (354). Virtually all individuals who are not treated very early in the course of
their infection will develop a measurable antibody response. A cell-mediated immune
response also is stimulated (355). The high background rates of antichlamydial
antibodies in sexually active populations render serodiagnosis inconclusive. Because
many chlamydial infections are chronic, the patients may not be seen at an appropriate
time for collection of acute and convalescent sera to document increasing titers. It is
important to recognize that a single antibody titer as a screening procedure will suggest
previous chlamydial infection but not active infection. The exception would be extremely
high IgG or IgM levels. Immunoglobulin M antibodies or fourfold rises in IgG titer usually
are considered diagnostic of recent C. trachomatis infection. Unfortunately, they are
detected infrequently in patients with uncomplicated genital infections

The two serologic tests that have been used for chlamydial infections are the
complement fixation (CF) test and the microimmunofluorescent (Micro-IF) test. The CF
test is most useful for diagnosing LGV. The Micro-IF test is a much more sensitive test
for diagnosing C. trachomatis and allows determination of the immunoglobulin class of
antibody. It is possible that, in some specific clinical instances, serologic tests may be
helpful to the clinician in diagnosing chlamydial infection. For example, in an adult's first
acquisition of chlamydia, paired sera will show increasing titers. In some diseases
involving systemic complications of superficial chlamydial infections, an exceptionally
high titer may provide some corroboration for clinical diagnosis (91,157,301). For
example, women who develop acute salpingitis from a chlamydial infection will have
much higher antibody levels than women with uncomplicated cervicitis. Men with
chlamydial epididymitis will have much higher antibody titers than men with chlamydial
urethritis. A similar pattern is seen in infants with perinatally acquired infection. An infant
with pneumonia will have much higher antibody titers than a child with uncomplicated
conjunctivitis (91,301). The serologic test of choice is the Micro-IF test of Wang and
Grayston (354).

The recently described C. pneumoniae (TWAR) strain of chlamydia is diagnosed
serologically. Care must be taken to exclude C. pneumoniae (TWAR) from C.
trachomatis. This is crucial, because C. pneumoniae infections are very common.

Culture Methods

Until recently, the optimum laboratory test on a routine basis for the diagnosis of
chlamydial infections of the female genital tract was isolation of the organism from the
involved site. Culture was viewed as the “gold” standard against which all other
diagnostic methods were compared. Because chlamydiae are obligatory intracellular
parasites, isolation attempts cannot be performed on artificial media; they require a
susceptible tissue culture cell line. The methods of choice involve treating a susceptible
cell monolayer with an antimetabolite that interferes with the replication or metabolism of
the host cell, while allowing chlamydial functions. Two of the most commonly used
methods are treatment of McCoy cells with 5-iodo-2-deoxyuridine and treatment with
cycloheximide (84,357,358). The most important step in the isolation procedure involves
centrifuging the org ms onto the cell monolayers; this method has increased the
sensitivity of the cell culture method 100-fold. Cycloheximide treatment appears to be




simple, inexpensive, and, above all, the most sensitive. After an appropriate incubation
period that varies from 24 to 72 hours, depending on the staining procedures used, the
monolayers are stained and examined microscopically for the presence of inclusions.
This can be done with iodine, Giemsa stain, or fluorescent-labeled monoclonal antibody
. This last method is the preferred approach in most laboratories. Although
procedures for C. trachomatis are useful for diagnosis on a routine basis, the
isolation procedures are not without drawbacks. The involved anatomic site must be
appropriately sampled. Culture of discharges is inadequate, and an adequate sample of
involved epithelial cells must be obtained. The specificity of culture approaches 100%,
but the sensitivity of chlamydial culture techniques is less well delineated. Before the
introduction of nucleic acid amplification technology, Schachter and Grossman (18)
estimated that the sensitivity of culture techniques for NGU or cervicitis was 70% to
80%. In laboratories that use a blind second passage for negative specimens, another
10% to 20% positive cultures will be identified on the second passage. Moncada et al.
(359) reported that use of a cytobrush to obtain an endocervical specimen significantly
improved the sensitivity of culture.

FIGURE 5.6. Giemsa stain demonstrating Chlamydia trachomatis inclusions.

Culture has the advantage that it preserves organisms for further studies, including
antimicrobial susceptibility testing and genotyping (84). Because it detects only viable
chlamydial elementary bodies and is unlikely to be contaminated, culture remains the
standard for medicolegal matters, such as sexual abuse in adults or children (84).
However, there are multiple disadvantages that limit the use of culture, including (i) its
relative insensitivity (65% to 85%) compared to nucleic acid amplification techniques,
even in the hands of very experienced laboratories (33’ 42); (ii) cold chain
transport of specimens; (iii) expense; (iv) delay in obtaining results (3 to 7 days); and (v)
need for substantial technical expertise (84). Because of these limitations and with the
advent of nucleic acid amplification techniques, culture now is used infrequently and
usually is performed only in reference laboratories (84).




Nonculture Methods

Nonculture, non-nucleic acid amplification testing is based on direct visualization of
chlamydia by staining with fluorescein-labeled specific antibodies (DFA),
immunohistochemical detection of antigen (EIA and rapid tests), and detection of
hybridization to a DNA probe (84). The advantages of these nonculture, non-nucleic
acid amplification techniques include (i) ability to use laboratories that lack the expertise
or facilities to perform culture; (ii) specimen transport is less rigorous; and (iii) the
technology is standardized (84). Multiple investigations have compared these tests
favorably to culture (84). As a result, most laboratories in North America and western
Europe use antigen detection tests (DFA and EIA) or nucleic acid hybridization tests
(DNA probe) . Chernesky et al. (351) estimated that approximately 70% of patients
are tested for C. trachomatis by antigen detection or nucleic acid hybridization and less
than 2% are cultured.

However, as pointed out by Black, additional consideration must be given to interpreting
the results of these tests due to their reduced sensitivity and specificity compared to
culture and even more so when compared to nucleic acid amplification techniques (84).
In particular, the sensitivities of nonculture, non-nucleic acid amplification tests may be
overestimated when both the culture and the nonculture test miss a true infection (84).
In addition, use of nonculture, non-nucleic acid amplification techniques in populations
with a low prevalence of infection (less than 8%) is problematic, as the proportion of
false-positive results increases as the prevalence of infection decreases.

Antigen Detection

The need for a more readily available, less expensive, and rapid diagnostic test for
chlamydia led to the development of antigen detection methods for C. trachomatis that
were introduced into clinical practice in the 1980s. The most widely used antigen
detection tests for C. trachomatis are DFA staining of chlamydial elementary bodies in
smears obtained from clinical specimens and EIA.

In general, DFA staining in the hands of an experienced technician has sensitivity of
80% to 85% and specificity greater than 99% compared with cell culture
(6,84,360,361,362,363 and 364). Great skill and experience are required to obtain
specimens and evaluate the slides. The generally accepted criterion for a positive DFA
test is the presence of ten or more elementary bodies (84). Despite its high specificity
and ability to verify the adequacy of the specimen, the labor and skill required to perform
the DFA test preclude its use with large volumes of specimens (84). However, the DFA
test has found a niche as a confirmatory test for positive results of other nonculture
chlamydia tests and in discrepancy analysis for nucleic acid amplification tests (84).

The EIA method has a sensitivity in the range from 60% to 80% compared to culture
(84,364,365 and 366). However, with the EIA test, antibodies to chlamydial LPS may
cross-react with LPS of other Gram-negative bacteria from the vagina and produce
false-positive results. This decreases the specificity of the test (6,84). These
false-positive results can be eliminated by using either a confirmatory assay with a




blocking antibody or with DFA (6,84,367). Without the use of an antibody-blocking
reagent, the specificity of EIA is about 97%. Confirmation with an antibody-blocking
reagent improves the specificity to greater than 99% (84). Similar results are obtained
using a DFA test for confirmation (84,368,369).

Both antigen detection methods have several advantages over culture. They are less
expensive, do not require maintenance of cold chain to store specimens en route to the
laboratory, can be performed more rapidly, and, for DFA testing, have a built-in quality
control (e.qg., presence of epithelial cells on the smear). However, both methods have a
false-positive rate of 2% to 3%. As a result, despite excellent sensitivity and specificity,
the positive predictive value of antigen detection methods decreases in low-prevalence
populations. In a population with a prevalence of 2% to 3%, a positive result by antigen
detection will be correct in only about one half of instances. As shown in T
even in a moderate-prevalence population, both direct immunofluorescence and EIA
tests have a lower and wide range of positive predictive values.
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TABLE 5.12. REPORTED EXPERIENCE WITH ANTIGEN DETECTION METHODS
FOR CHLAMYDIA TRACHOMATIS FROM THE ENDOCERVIX IN WOMEN

Similar to the situation with tissue culture, using a cytobrush to collect cervical
specimens for detection of C. trachomatis significantly improved the sensitivity of
antigen detection tests (359). Although initially used only in nonpregnant women to
obtain cervical specimens for this purpose, the cytobrush has been shown to be safe for
use in pregnant women. Chlamydiazyme (Abbott Diagnostics, North Chicago, IL) was
the first available and most widely used and studied EIA. Based on numerous studies
comparing Chlamydiazyme to culture and expanded standards, the sensitivity and
specificity of Chlamydiazyme are 73% and 98%, respectively (84). A more recently
introduced EIA for C. trachomatis is the MicroTrak EIA (Behring). The reported overall
sensitivity and specificity of MicroTrak EIA compared to culture or an expanded culture
standard for endocervical specimens are 83% and 98% to 99%, respectively. The
specificity of this test can be improved by confirmation using the MicroTrak DFA test
(368). Several studies demonstrated that the performance of the MicroTrak EIA is



superior to Chlamydiazyme (369,370 and 371).

Rapid office-based direct EIA kits have been developed for detection of C. trachomatis.
The results are read visually, usually in about 30 minutes. Like laboratory EIAs, the
rapid tests use antibodies against LPS and thus may cross-react with LPS of other
microorganisms (84). Examples of commercially available rapid tests for chlamydia
include Testpack (Abbott Diagnostics) (372,373). Clearview (Unipath Ltd., Bedford,
United Kingdom) (374,375), and Surecell (Johnson & Johnson, Rochester NY) (376). In
general, the rapid tests have proven to be less sensitive and specific than
laboratory-performed EIAs or the PACE 2 DNA probe (84). The reported sensitivity of
rapid tests relative to culture ranges from 52% to 85% for endocervical swabs. Reported
specificity is greater than 95% (372,374,375 and 376). These values reflect optimal
results because the tests were performed by experienced personnel (84).

DNA Probe Assays

The PACE 2 test (Gen-Probe, San Diego, CA) is the only commercially available DNA
probe for detection of C. trachomatis. This DNA probe uses nucleic acid hybridization to
identify C. trachomatis DNA directly from urogenital swab specimens. The DNA probe is
approximately 1 log unit more sensitive than EIA technology and detects approximately
10° chlamydial elementary bodies (Fig. 5.7) (84). The clinical sensitivity of PACE 2 is
similar to that of the better EIAs (84), with an overall sensitivity and specificity of 85%
and 98% to 99%, respectively (329, 330 374,377,378). A limited number of studies have
assessed the sensitivity of PACE 2 compared to nucleic acid amplification technology;
in these studies, the sensitivity of PACE 2 ranged from 77% to 93% (377,379).

FIGURE 5.7. Relative limits of detection for different technologies used to diagnose
Chlamydia trachomatis (log number chlamydial elementary bodies).

An important advantage of the PACE 2 test is that it can be used in conjunction with a
probe for detection of N. gonorrhoeae as a single-swab specimen (84). In addition,
PACE 2 does not require cold chain transportation, specimens remain stable in storage,



minimal technical expertise is required, and testing procedures can be automated,
which leads to decreased costs. Black (84) noted that the PACE 2 test is probably the
most commonly used test for detecting C. trachomatis in public health laboratories in the
United States. However, PACE 2 is less sensitive than nucleic acid amplification
technologies, and the CDC recommends that positive results in a low-prevalence
population be confirmed (2).

Nucleic Acid Amplification Tests

The most important recent advance in the diagnosis of chlamydial infections of the
genital tract has been development of tests using nucleic acid amplification technology
4). Nucleic acid amplification testing is extremely sensitive (detects as little as a
ene copy) and highly specific (Fig. 5.7) (84). These characteristics provide the
opportunity to use these tests for noninvasive (urine or vaginal swab) specimen
procurement to screen asymptomatic men and women for chlamydial infection (6,8,84).
Moreover, nucleic acid amplification tests using noninvasive sampling have been shown
to provide improved results over invasive sampling with culture, antigen detection, or
DNA probe (84, 42). The two most widely used nucleic acid amplification tests are
PCR and LCR, which target nucleotide sequences on the plasmid of C. trachomatis
present in multiple copies within each elementary body. The third methodology now
available is the TMA test, which amplifies chlamydial ribosomal RNA. The lower limit of
detection for these tests is in the range from 1 to 10 elementary bodies (Fig. 5.7). In
comparison, EIA requires 10,000 elementary bodies, DNA probe requires 1,000, and
culture requires 10 to 100.

Because the nucleic acid amplification tests are so sensitive, a new gold standard other
than cell culture is necessary (6,342). Consequently, specimens that are negative on
culture but positive on nucleic acid amplification test require additional evaluation (84).
Confirmation is first attempted using DFA. If this result also is negative, the nucleic acid
amplification test is repeated with a probe directed against a different nucleotide target
sequence, the chromosomal MOMP gene sequence (84).

Nucleic acid amplification technologies detect DNA or RNA targets and do not require
the presence of viable or intact organisms for a positive test (84). This has major
implications when considering “test of cure.” It has been suggested that a
culture-negative, nucleic acid-positive state following appropriate treatment lasts up to 3
weeks, after which both culture and the nucleic acid amplification test will be negative.

Polymerase Chain Reaction

Polymerase chain reaction is able to multiply a specific sequence of DNA to 10°-fold or
greater (331). It has become a very powerful tool for identifying infecting agents. Since
approval by the U.S. Food and Drug Administration (FDA) in 1993, the Amplicor PCR
test (Roche Diagnostics) has been widely used in the United States
(6,331,332,333,334,335 and 336,339,377,380,381,382,383 and 384). Reported studies
demonstrated that Amplicor PCR has an overall sensitivity of 90% and specificity of
99% to 100% (334,335,339,377,380,381 and 382). The Amplicor PCR is approved for
cervical, male urethral, and male urine specimens (6). As discussed earlier, the




exquisite sensitivity of nucleic acid amplification tests has allowed use of first-void urine
in men and women as a noninvasive specimen for detection of C. trachomatis in
screening programs (| ). Studies evaluating PCR detection of C. trachomatis in
urine versus urethral ocervical specimens demonstrated sensitivity of 92% to 96%
and specificity of 98% to 99% (335,339,381,382). Most exciting has been the novel
approach in which vaginal swabs, particularly self-obtained swabs, have been used with
PCR testing in screening programs (3 ). In the study by Wiesenfeld et al. (
the sensitivity of vaginal swabs obt ealth care workers was 92%, which
greater than that seen with PCR, culture, or EIA of the cervix or urethra. In patients,
self-collected vaginal swabs demonstrated a sensitivity of 81% with PCR (337). The
PCR appears to be a simple, accurate, and reliable test for detection of C. trachomatis,
even in low-prevalence, asymptomatic populations.

Ligase Chain Reaction

The second nucleic acid amplification technique to become available for the diagnosis
of C. trachomatis is LCR (Abbott Diagnostics) (385). LCR was approved by the FDA in
1995 as a diagnostic test for chlamydia. Initial studies assessing LCR demonstrated an
overall sensitivity of 94% and specificity of 99% to 100% (84,341,342,386,387 and 388).
In studies using endocervical specimens, Schachter et al. (341) and Bassiri et al. (388)
reported sensitivity of 94% and 87%, respectively, and specificity of 100%. Studies
using first-void urine demonstrated sensitivity of 93% to 98% and specificity from 99% to
100% (34 87). Compared with cell culture, LCR generally detects 15% to 40%
more infected persons, resulting in an increased prevalence of 4% to 5% (8,342).

Transcription-mediated amplification (AMPT CT; Gen-Probe) was the third nucleic acid
amplification test approved by the FDA for detection of C. trachomatis (84,389). The
TMA test targets 16s rRNA. Experience with this test is limited to date. Several other
nucleic acid amplification tests are at various stages of development. These include (i)
strand displacement amplification (SDA; Becton-Dickinson), which targets DNA; (ii)
nucleic acid sequence-based amplification (NASBA; Organon-Teknika), which targets
RNA; (iii) Q-beta replicase (Q-beta R; Gene Trak), which amplifies probes of RNA; (iv)
branched-probe technology (bDNA; Chiron), which amplifies DNA signal; and (v) Hybrld
amplification (Digene), which is RNA-DNA signal amplification-based test

Populations To Be Tested For Chlamydia

Ideally, all sexually active women should be screened for C. trachomatis; however,
current resources preclude achievement of such a goal. All women suspected of having
chlamydial genital tract infection should have specific diagnostic testing (6). This
includes women with symptoms, signs, or history of exposure to chlamydia, such as
MPC, endometritis, PID, or acute urethritis, or women whose partners have NGU.
Stamm )) proposed a set of diagnostic criteria for common C. trachomatis infections
in women. These criteria are summarized in Table 5.13. High-risk groups of
asymptomatic women should be screened for C. trachomatis. This includes women
attending family planning clinics, prenatal clinics, abortion clinics, or juvenile detention
centers. Women who have specific risk factors associated with chlamydial infections,
including adolescent age, having a new sexual partner, having multiple sexual partners,




and signs of cervicitis, should be screened (6). It is suggested that strong consideration
be given to screening all unmarried pregnant women and all pregnant women with at
least one of the risk categories associated with chlamydial infection, especially
adolescents (6). The CDC has established recommendations for prevention and
treatment of chlamydial infections.  lists the CDC quidelines for screening
and testing women for chlamydial . Burstein and colleagues (391) in Baltimore,
Maryland, proposed that female adolescents be rescreened at 6-month intervals
because of the high rate of recurrence in the 6 months following treatment of chlamydial
infection among adolescents.
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TABLE 5.13. DIAGNOSIS OF COMMON CHLAMYDIA TRACHOMATIS INFECTION
IN WOMEN
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TABLE 5.14. CENTERS FOR DISEASE CONTROL AND PREVENTION
RECOMMENDATIONS FOR PREVENTION AND TREATMENT OF CHLAMYDIAL
INFECTION IN WOMEN



Selection of a diagnostic test for detection of chlamydial genital infection is dependent
on the availability, local expertise, and prevalence of C. trachomatis in the test
population (6). Because of their high specificity, nucleic acid amplification technologies
and cell culture may be most appropriate for screening low-risk populations. In
populations with a moderate-to-high prevalence of chlamydia (greater than 8%), DFA
smear, immunoassay, and DNA probes are useful.

THERAPY OF CHLAMYDIAL INFECTIONS

Given the morbidity associated with chlamydial infections, some efforts at control
measures are indicated. In the past, such measures required the introduction of
chlamydial isolation procedures on a much broader scale than was feasible. The
introduction of antigen detection methodology and, more recently, nucleic acid
amplification tests has facilitated establishing large-scale screening efforts for
chlamydia. The first step was introduction of chlamydial diagnostic techniques for
management of genital tract complaints in women. They are at the greatest risk to
develop serious complications of chlamydial infection and are epidemiologically crucial
in both vertical and horizontal transmission.

It seems appropriate that pregnant women were the first focus of chlamydial control
measures. Schachter (19) estimated that each year in the United States, 155,000
infants were exposed to chlamydial infections and more than 100,000 acquired these
infections, with approximately 75,000 cases of conjunctivitis and 30,000 cases of
pneumonia each year. In addition, these women may be at risk to develop complications
of pregnancy (i.e., PROM, preterm delivery) or postpartum endometritis
(95,282,283,290,291 and 292).

Three general approaches were used as control measures to prevent chlamydial
infection in pregnancy. The first was an effort to reduce the reservoir. The routine use of
concomitant tetracycline or doxycycline (as recommended by the CDC) for treatment of
gonorrhea addressed removal from the infective pool of approximately 20% to 30% of
men and 30% to 50% of women with gonorrhea who had coexistent chlamydial
infection. Effective treatment of men with NGU with tetracycline or erythromycin and
routine treatment of their sexual contacts also was recommended. Management of
mucopurulent endocervicitis in women in the same manner as treatment of NGU in men
also helped to reduce the pool.

Specific approaches to preventing perinatal infection with C. trachomatis were initiated.
Erythromycin ointment was substituted for silver nitrate in ocular prophylaxis for
neonates. Silver nitrate is clearly ineffective in preventing chlamydial infections. Topical
erythromycin is active against C. trachomatis, and clinical studies have shown that it
prevents the development of chlamydial conjunctivitis, although it does not prevent
respiratory tract infection or pneumonia. Because erythromycin also is effective in
preventing gonococcal ophthalmia neonatorum and is less irritating to the eye than the
silver nitrate that had been in common use, a routine shift to ocular prophylaxis with
erythromycin ointment occurred in the 1980s. However, Hammerschlag et al. (392)
cautioned that, compared with silver nitrate, neonatal ocular prophylaxis with either



erythromycin or tetracycline ophthalmic ointment did not significantly reduce the
incidence of chlamydial conjunctivitis in the offspring of mothers with chlamydial
infection. These authors concluded that screening and treatment of pregnant women for
chlamydial infection was the better prevention strategy.

Preventing exposure of infants to chlamydia during the birth process involves routine
testing of pregnant women for chlamydial infection and treating those found to carry the
organism. Although this can be an expensive undertaking (less so with antigen
detection and nucleic acid amplification methods), Schachter and Grossman (18)
showed that it can be justified, not only as a public health measure, but also as a
cost-effective measure in selected populations. The consistency of attack rates
observed in prospective studies allows reasonable certainty in predicting the outcomes
of exposure to chlamydia during vaginal deliveries. The prevalence of chlamydial
infection in the maternal cervix is the crucial determinant in the incidence of disease in
infants. The cost-benefit analysis developed by Schachter and Grossman noted that
when the prevalence of chlamydial cervical infection is 5% or less, it cost more to detect
and treat infections than it would to treat the resulting diseases in newborns. This
analysis may be an underestimate. It was made on the basis of disease in infants, and
possible complications of pregnant women were not included because their frequency of
occurrence was not known. In addition, antigen detection and nucleic acid amplification
technology should lower the cost of screening. When the cervical infection rate is
greater than 6%, the costs of treating disease in infants exceeds the costs of identifying
and treating pregnant women with cervical chlamydia to prevent perinatal exposure.
Because infection rates greater than 5% are commonly reported among pregnant
women regardless of race/ethnicity or socioeconomic status, routine screening for
chlamydial infections should be initiated for these expectant mothers as an adjunct to
perinatal care (2,54).

The treatment of choice to manage chlamydial infection during pregnancy has not been
clearly delineated. The CDC recommendations for treatment of chlamydial genital tract
infection during pregnancy are provided in Table 5.15. Because doxycycline and the
fluoroquinolone ofloxacin are contraindicated pregnant women, erythromycin base
and amoxicillin are the CDC-recommended regimens for treatment of chlamydial
infection during pregnancy. At the time when the current CDC guidelines for treatment
of chlamydial infection were published, the safety and efficacy of azithromycin in
pregnant and lactating women had not been established (54). Thus, azithromycin was
suggested as an alternative regimen for pregnant women (54). Other alternatives
include erythromycin ethylsuccinate or the option of halving the dose of erythromycin
base or ethylsuccinate but doubling the length of therapy for patients not able to tolerate
the larger dose of erythromycin (54). Erythromycin estolate is contraindicated in
pregnancy because it is associated with drug-induced hepatotoxicity (54). Unlike the
situation with nonpregnant women, the CDC suggests repeat testing 3 weeks after
completion of the recommended regimens for pregnancy because (a) neither of the
regimens is highly efficacious and (b) the frequent side effects of erythromycin impair
patient compliance (52).
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TABLE 5.15. CENTERS FOR DISEASE CONTROL AND PREVENTION 2001
RECOMMENDATIONS FOR TREATMENT OF CHLAMYDIAL GENITAL TRACT
INFECTIONS DURING PREGNANCY

Several studies have documented the efficacy of erythromycin treatment in eradicating
chlamydial infection in pregnant women and preventing vertical transmission of
chlamydia to neonates (393,394,395,396,397,398,399,400,401 and 402). Schachter et
al. (393) reported that the vertical transmission rate for C. trachomatis could be reduced
from 50% neonatal infection to 7% with erythromycin treatment for 1 week beginning at
37 weeks' gestation. In prospective randomized trials during pregnancy, erythromycin
given in the 2 g/day regimens resulted in cure rates of 84% to 94% (6, 93).
However, as many as 50% of pregnant women develop gastrointestinal side effects that
preclude them from completing the course of therapy
(6,321,393,394,395,396,397,398,399,400,401 and 402). Subsequently, Crombleholme
et al. (403) were the first to demonstrate that amoxicillin is very effective in preventing
vertical transmission of C. trachomatis. These authors reported that amoxicillin 500 mg
three times a day for 7 days eradicated maternal chlamydial cervical infection in 63
(98.4%) of 64 patients, and 37 (95%) of 39 infants had no evidence of chlamydial
infection as assessed by culture and serology. In addition, amoxicillin was well tolerated.
Subsequent, randomized, prospective trials comparing amoxicillin and erythromycin for
treatment of chlamydial infection in pregnancy were reported (394,395 and 396,404).
These studies demonstrated treatment success in 85% to 99% of amoxicillin-treated
patients compared to 72% to 88% of erythromycin-treated cases. In a meta-analysis of
these trials, Turrentine and Newton (397) reported that the relative risk of treatment
success was significantly increased in the amoxicillin group (RR, 1.11; 95% ClI,
1.05-1.18; p < 0.01). Moreover, gastrointestinal side effects in the amoxicillin group
ranged from 6% to 16% compared to 25% to 49% with erythromycin. The meta-analysis
demonstrated a 70% reduction in gastrointestinal side effects (RR, 0.29; 95% CI,
0.20-0.42; p < 0.01) (397). Because of similar or better efficacy and significantly
improved tolerance, amoxicillin may be the treatment of choice for antenatal C.
trachomatis infection (397). Alger and Lovchik (398) compared clindamycin to
erythromycin during pregnancy and noted that both clindamycin and erythromycin were




effective, with cure rates of 92.7% and 83.8%, respectively.

Azithromycin for use in pregnancy is recommended by the CDC as an alternative for
treatment of chlamydial infection during pregnancy. Only a limited number of studies
have addressed the use of azithromycin for treatment of chlamydial infection during
pregnancy (399,400 and 401). In an initial small randomized study, Bush and Rosa
(399) compared azithromycin 1 g orally as a single dose with erythromycin 500 mg
orally four times a day for 7 days. Cure rates were similar (100% and 93% for
azithromycin and erythromycin, respectively), but 5 (33%) of 15 patients were intolerant
to the 500-mg erythromycin dose compared to none in the azithromycin group (p <
0.025). Edwards et al. (400) reported that azithromycin 1 g orally as a single dose had a
significantly higher cure rate than erythromycin, with 4 (6.2%) versus 18 (27.7%)
treatment failures, respectively. Gastrointestinal side effects were noted in 42 (65.5%)
women taking erythromycin compared to only 12 (19.4%) women taking azithromycin (p
< 0.002) (400). Adair and coworkers (401) also reported that pregnant women treated
with azithromycin had significantly fewer gastrointestinal side effects than women
treated with erythromycin (11.9% vs. 58.1%; p £ 0.01). However, they noted similar
treatment efficacy for azithromycin and erythromycin (88.1% vs. 93%). Wehbeh et al.
(402) noted not only a significant reduction in Gl side effects with azithromycin
compared to erythromycin (7.4% vs. 38.8%; p = 0.02), but also a significant
improvement in cure rates (95.5% vs. 78.9%; p = 0.018).

The CDC-recommended treatment for chlamydial infection of the lower genital tract in
nonpregnant patients is given in ] Either doxycycline 100 mg orally twice a day
for 7 days or azithromycin 1 g ora ngle dose are the suggested treatments of
choice. In a controlled trial, Martin et al. (405) demonstrated that a single 1-g dose of
azithromycin was as effective as 7 days of doxycycline (96% vs. 97%) and as well
tolerated. Magid et al. (- compared the health outcomes, costs, and incremental
cost-effectiveness of doxycycline therapy for 7 days versus single-dose therapy with
azithromycin. Although the single 1-g dose of azithromycin is approximately 3.5 times
more expensive than 7 days of doxycycline therapy, these authors concluded that
azithromycin single-dose therapy is the most cost-effective approach. In their analysis,
azithromycin caused fewer major and minor sequelae of chlamydial infection. The
fluoroquinolone ofloxacin and erythromycin base of erythromycin ethylsuccinate are
alternative regimens. Ciprofloxacin has been demonstrated to be ineffective against C.
trachomatis due to relapsing infection (407). Additional drugs that have demonstrated in
vitro activity against C. trachomatis include sulfamethoxazole-trimethoprim, rifampin,
and clindamycin (408, 409). Single-dose regimens of penicillin G or ampicillin are
ineffective.

As discussed in Ch: 14, an antichlamydial agent, usually doxycycline or clindamycin
in the parenteral regimens and doxycycline or ofloxacin in the oral regimens (54), is part
of a combination therapy approach to treatment of acute PID. Clindamycin in clinical
trials has been shown to be an effective agent against C. trachomatis in patients with
PID (109).

Chlamydial inclusion conjunctivitis usually is treated with tetracycline or erythromycin
eye drops. For chlamydial pneumonia, systemic erythromycin therapy is advocated.



General consensus suggests that chlamydial conjunctivitis of the newborn also should
be treated with systemic erythromycin, because of high failure rates observed with
topical treatment. A 2-week course of erythromycin at a dose of 40 mg/kg/day is
recommended. Systemic therapy also will eradicate nasopharyngeal colonization and
prevent pneumonia secondary to chlamydia.

PREVENTION

The Institute of Medicine has endorsed as a national public health priority the
nationwide implementation of screening programs for C. trachomatis among young,
sexually active women (410). The CDC has actively promoted such a priority (2,54).
Stamm (411) has suggested that until an effective vaccine for C. trachomatis infection
becomes available, successful control of sexually transmitted chlamydial infection must
rely on broad-based screening programs. The rationale for such an approach is based
on a number of findings, including (i) the high prevalence of chlamydial infections,
especially among adolescents and young adults; (ii) chlamydial infections have a
greater distribution than other bacterial STDs among all socioeconomic, racial, and
ethnic groups; (iii) most chlamydial infections in women are asymptomatic; (iv)
chlamydial infections can persist for long periods of time (months) and thus provide a
large window of opportunity for transmission to occur; (v) chlamydial infections, if left
untreated, are associated with significant adverse sequelae, such as PID, tubal
infertility, ectopic pregnancy, and poor pregnancy outcome; and (vi) chlamydial
infections and their complications are responsible for an estimated $2.4 billion in health
care costs annually (6,364,410).

Because the majority of chlamydial infections in women are asymptomatic, effective
control of these infections requires periodic screening of individuals at risk for C.
trachomatis infection (6). Concerns over the cost of establishing widespread screening
for C. trachomatis led to an attempt at identifying populations at increased risk for
chlamydial infection (6). Initially, the focus was universal screening of patients attending
clinics with high prevalence rates of C. trachomatis, such as STD clinics, urban family
planning clinics, inner city prenatal clinics, and juvenile detention centers. However, this
approach failed to address the large number of asymptomatically infected women not
attending such sites (6).

The focus of prevention then switched to developing selective screening criteria for
identifying which persons attending health care sites should be screened for chlamydial
infection. As discussed previously in the section on Epidemiology and Transmission, a
number of patient characteristics are predictive of chlamydial infection
(1,6,8,61,63,64,71,78,85,99,100,101,102,103 and 104,106,107). Briefly, these factors
include young age (less than 21 years), presence of MPC, partners with nongonococcal
urethritis, new sexual partners, multiple sexual partners, and either lack of contraception
or nonbarrier methods of contraception. Studies from the northwest United States (4),
Family Planning Clinics in Wisconsin (56), and adolescent clinics (57) and studies of
military recruits (412) have demonstrated the effectiveness of selective screening in
decreasing the prevalence of C. trachomatis infection in women. As an example of the
significant impact such screening programs can have, the CDC reported that the
prevalence of chlamydial infections in women declined by more than 50% (from




10%—-12% to 4%—-5%) from the late 1980s to 1995 once extensive screening programs
were instituted in family planning clinics and STD clinics (4).

Of substantial public health interest has been the demonstration that screening
programs for C. trachomatis can reduce the incidence of complications of chlamydial
infection (14 3). Scholes et al.(141) reported that, in a prospective randomized study
at a health maintenance organization, women who met selective screening criteria and
were randomized to the group tested for chlamydial cervical infection had a significant
decrease in the incidence of symptomatic PID at the 1-year followup (OR, 0.44; 95% ClI,
0.20-0.90). Egger et al. (413) reported that declining rates of genital chlamydial
infection in Uppsala County, Sweden, were associated with a decrease in the rate of
ectopic pregnancy.

Several analyses of the cost-effectiveness of chlamydial screening programs have been
reported (412,414,415,416 and . In general, these studies suggested that universal
screening is preferred in clinica ngs where the prevalence of chlamydial infection is
above the 3% to 7% rate. On the other hand, selective screening is the more
cost-effective approach for populations with a prevalence of chlamydial infection below
the 3% to 7% range (6).

The CDC suggested criteria that could be used to help identify women who should be
tested for chlamydia, especially in low-prevalence populations (Table 5.14). Richey et
al. (418) demonstrated that prevention programs targeting adolescents should include
repeat testing of all women with prior chlamydial infection, irrespective of their age.
Burstein et al. (391) suggested that adolescents be screened at 6-month intervals
because of the high rate of acquisition of new chlamydial infection in this population.
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In this heavily revised chapter, we have added clinically important information on
developing our understanding of the natural history of herpes simplex virus (HSV)
infections. New diagnostic techniques and new treatments have been developed. In
addition, our understanding of acquisition of perinatal HSV infection has been
expanded.

Herpes simplex virus belongs to the Herpesviridae family, which is a group of
double-stranded DNA viruses. Well-recognized are HSV type 1 (HSV-1) and type 2
(HSV-2). Other members of this family include the varicella-zoster virus (VZV).
Infections caused by these viruses enter through mucus membranes or epidermis,
producing typical clinical vesicular lesions. These infections have a neurotropism with
sensory neural involvement and latency within the dorsal root ganglion. After primary
infection, HSV replicates at the mucous membrane or epidermal portal of entry and then
travels through the axon to the dorsal root ganglion, where latency persists throughout
life. What triggers the active replication stage to recurrent lesion in the healthy adult is
not entirely clear. Although immunosuppression certainly is a risk factor, some healthy
adults never have recurrences, whereas others have frequent and severe episodes (1).

Genital herpes is a sexually transmitted disease caused by HSV-1 and HSV-2. Herpes
simplex virus contains an inner core of double-stranded DNA surrounded by a
glycoprotein envelope. The two types of HSV are distinguished by biochemical,
immunologic, and serologic methods. Infections by HSV-2 are found primarily in the



genital area, but approximately 15% of primary genital herpes infections are caused by
HSV-1. The use of restrictive endonuclease cleavage of the HSV DNA has uncovered
multiple specific strains of HSV-1 and HSV-2, rather than only the two types.

EPIDEMIOLOGY

Recognition of the increasing prevalence of herpesvirus infections developed in the
1970s. Estimates from the Centers for Disease Control and Prevention (CDC)
demonstrated that from 1966 to 1997, there was a ninefold increase to over 200,000
physician visits for genital herpes (2). It is estimated that 500,000 new cases of genital
HSYV infection occur annually in the United States. Overall, 5% to 10% of the population
has a history of systematic genital HSV-2 infection. A larger percentage of the
population has type-specific HSV-2 antibodies (to glycoprotein G) and thus has
unequivocal serologic evidence of previous infection with HSV-2, yet these individuals
have never had a recognized symptomatic infection. Seroprevalence data showed that
for the period from 1988 to 1994, the overall seroprevalence for HSV-2 infection was
21.9% and among females was 25.6% (3). Seropositivity rates varied by racial and
ethnic group. Among white females, the seropositivity rate was 20.2%. Among
Mexican-American females, it was 25.7%, whereas among black females it was 55.1%.
HSV-2 seroprevalence also increases with age. For example, among white females,
seroprevalence rises from approximately 5% in the teenage years to 20% by age 30
years. In comparison, among black females, seroprevalence rises from about 10% in
teenagers to approximately 55% by age 30 years and then to nearly 80% by age 60
years. Comparing seroprevalence from 1988 to 1994 with that from 1976 to 1980,
Fleming and colleagues (3) reported an overall seroprevalence increase of about 30%
(from 16% in the earlier period to 20.8% in the later period overall). Thus, infection is
now detectable in about one fifth of persons over age 12 years. On the basis of clinical
history, serology, and HSV typing, we now recognize that there are three types of HSV
genital infections: primary infection, recurrent infection, and nonprimary first episode.
Primary infection is initial infection with either HSV-1 or HSV-2, without prior exposure
(i.e., antibodies to either). Recurrent infection is reactivation of latent virus, not a
reinfection. Nonprimary first episode is a first episode (either clinical or subclinical) with
HSV-1 or HSV-2 in a patient with prior exposure to the other serotype (Box 1).

Box 1
Genital Herpes Syndromes

®m Primary infection: initial infection with either herpes simplex virus type 1
or 2, without prior exposure (i.e., antibodies) to either

m Recurrent infection: reactivation of latent virus, not a reinfection

m Nonprimary first episode: first clinical episode with herpes simplex virus
type 1 or 2 in a patient with prior exposure to the other viral serotype

Traditionally, it has been taught that primary infection lasts for an average of 20 to 21
days, progressing through vesicular, ulcerative, and crusting stages. These primary



infections generally have been thought to be accompanied by fever, malaise,
adenopathy, and dysuria. The infections may be complicated by distal site inoculation
(whitlow), asymptomatic meningitis, and urinary retention. Recent evidence has shown
that the vast majority of HSV-2 seropositive adults have no reported episodes clinically
diagnosed as genital herpes infection (3). In addition, Hensleigh and colleagues (4)
reported that even most “severe” first episodes are not true primary infections. Further,
it has been taught that recurrent infections last 2 to 7 days, with active viral shedding for
1 to 5 days. Recurrent lesions have been thought usually to be preceded by a
recognizable syndrome in about 70% of patients and not accompanied by constitutional
symptoms. Patients with a past history of genital HSV may asymptomatically shed the
virus from the genital tract on about 1% of days, and such asymptomatic shedding lasts
about 1 to 5 days. Again, Hensleigh et al. (4) reported that many “severe” first clinically
recognized episodes are actually recurrent infections when HSV typing and antibody
testing are performed. Nonprimary first episodes traditionally have been taught to be
similar to recurrent episodes clinically. Again, however, Hensleigh et al. (4) reported that
some “severe” first episodes are actually nonprimary first episodes. Thus, although
there are general distinguishing features between true primary and recurrent genital
herpes infection, as shown in Ta 1, there are many exceptions to these
characteristics, and correct classification requires clinical correlation with viral isolation
and type-specific serology (4) (Box 2).

Box 2
Classification of Genital Herpes Simplex Virus Syndromes

Although there are some general distinguishing features among the three
syndromes, correct classification requires clinical correlation with viral
isolation and type-specific serology.
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TABLE 6.1. TRADITIONALLY RECOGNIZED CHARACTERISTICS OF CLINICALLY
EVIDENT TRUE PRIMARY AND RECURRENT GENITAL HERPES INFECTION



As previously noted, less than 10% of individuals seropositive for HSV-2 gave a history
of clinically evident disease. However, these data were derived from largely
retrospective databases. In a recent prospective study defining the natural history of
newly acquired symptomatic and asymptomatic HSV infection in sexually active adults,
data were quite different. Of 155 newly acquired HSV-2 infections, 37% were associated
with clinically symptomatic disease (5). Seventy-five percent of these cases were
associated with lesions of the skin and mucosa of the genital tract, but it is noteworthy
that presentation was not immediately suggestive of herpes in 13%. In particular, these
patients had symptoms suggestive of cystitis, meningitis, urethritis, and cervicitis. In
addition, clinical disease subsequently developed in 15% of persons with asymptomatic
seroconversion on later follow-up. Overall, this investigation of 2,393 sexually active
HSV-2 seronegative persons indicated rates of new HSV-1 and HSV-2 infection of 1.6
and 5.1 cases per 100 person-years, respectively. At the time of initial presentation of
HSV-2 infections, 82% (47/57) of symptomatic cases were correctly diagnosed initially.
It also was noted that women were more likely than men to acquire HSV-2 infection (p <
0.01) and to have symptomatic infection. Previous HSV-1 infection did not reduce the
rate of HSV-2 infection, but it did increase the likelihood of symptomatic seroconversion.
The authors noted that of 19 new HSV-1 cases, 12 were symptomatic. The rates of
symptomatic genital HSV-1 infection and oral HSV-1 infection were the same at 0.5
cases per 100 person-years. Thus, with careful evaluation, nearly 40% of newly
acquired HSV-2 infections and nearly two thirds of HSV-1 infections are symptomatic
from this prospective study. Among sexually active adults, new genital HSV-1 infections
are as common as new orogenital HSV-1 infections (5).

It must be emphasized that most antibody tests available through commercial
laboratories show cross-reactivity between antibodies to HSV-1 and HSV-2 and cannot
be used to determine prevalence. However, a new commercial glycoprotein G-based
enzyme immunoassay recently has been approved and released by Gull Laboratories
(Salt Lake City, UT). This enzyme immunoassay was compared with estern blot (used
previously in research laboratories) for detection of HSV-1 or HSV-2 antibodies in 193
serum samples in a premarket evaluation. The new Gull Laboratories assay showed
sensitivity for HSV-1 of 95% and specificity of 96%. The sensitivity for HSV-2 was 98%
and corresponding specificity was 97%. Accordingly, this new commercially available
assay should simplify detection of antibody status when testing is clinically indicated (6).
Herpes simplex virus may be acquired from an asymptomatic sexual partner. The vast
majority (70% to 85%) of individuals with HSV-2 antibodies do not have symptoms.
Koutsky and colleagues (7) in Seattle, Washington, recently demonstrated that only
22% (82/372) of women with serologic or virologic evidence of HSV infection had
symptoms. Additionally, 4% (14 women) had viral shedding without symptoms, 16%
(60) previously had symptomatic episodes, and 58% (216) had antibodies to HSV-2 with
neither viral shedding nor a history of clinical episodes (7).

In surveys of adult females, HSV has been isolated from the genitalia of 0.02% to 4% of
women. In high-risk populations, such as women attending a venereal disease clinic,
the rate is at the higher end of the range. Among pregnant women, surveys have found
positive cultures in 0.01% to 4% of asymptomatic women. Of all patients with positive
cultures, those without symptoms have been reported to account for between
approximately one and two thirds (8,9). Pregnancy probably does not lead to an



increase in frequency or severity of genital herpes infections.

Some researchers have reported that maternal infection has adverse effects in early
pregnancy, reporting a threefold increase in abortion. Infants with neonatal herpes
infections have a high rate of prematurity, but the premature infant may simply be a
more susceptible host. Prematurity is not increased in women with recurrent herpes
infections. Comparing neonates of 94 mothers who seroconverted to HSV-1 or HSV-2
during pregnancy to those of 6,009 without seroconversion, Brown and colleagues (10)
found no observed differences in mean birthweight, gestational age at birth, likelihood of
intrauterine growth restriction, stillbirth, or neonatal death. Thus, acquisition of HSV
infection during pregnancy usually is devoid of sequelae. The major problem is perinatal
neonatal herpes infection. Transplacental infection of the fetus resulting in congenital
infection is a rare sequela to maternal infection. Only a few documented cases have
been reported. In a report of 13 such cases, Hutto et al. (11) reported devastating
effects, with death in 31% and neurologic sequelae in nearly all survivors.

The important perinatal problem is neonatal herpes infection. Exact estimates of its
frequency are subject to error, because up to 50% of infants with culture-proved, fatal
disease may not show typical lesions on the skin or mucous membranes. Thus, the viral
infection may not be recognized. In addition, viral laboratories have not been widely
available, and recent treatment recommendations probably have decreased the
incidence of neonatal disease. It is estimated that 700 to 1,000 cases of neonatal
herpes occur annually in the United States, for an incidence of 1 in 3,500 to 1 in 5,000.

Neonatal herpes may be acquired perinatally from an infected lower maternal genital
tract, most commonly during vaginal delivery. Other cases have occurred in newborns
delivered by cesarean birth, most often when performed a number of hours after labor
has begun or after the membranes have ruptured. Still other neonates may acquire the
virus nosocomially. The estimated risk of neonatal infection has been markedly revised
and will be discussed in detail later (12).

CLINICAL PRESENTATION

As noted earlier, the clinical manifestations of genital HSV occur as three distinct
syndromes. The limitations of clinical diagnosis alone have been noted. In general, true
primary HSV is associated with more marked local symptoms, i.e., multiple painful
lesions progress from vesicles to an ulcerative state, inguinal adenopathy, and systemic
effects, such as fever, malaise, myalgias, headaches, and nausea. In
immunocompetent adults, the disease usually is self-limited. However, a small
percentage (approximately 4%) of those with primary genital herpes will have
accompanying viral meningitis. First-episode nonprimary genital herpes usually is
similar to recurrent genital herpes, but it may be variable. Recurrent disease occurs
more frequently after primary HSV-2 infection than after HSV-1. The appearance of
typical lesions is preceded by local prodromal symptoms of paresthesias, itching, or
pain. The prodrome usually lasts about 2 days. Often, mild local symptoms occur and
last about half as long as those of primary first-episode HSV infection. Usually a few
lesions occur, and systemic manifestations are absent. In addition, the duration of viral
shedding is shorter (usually 3 to 5 days), and the likelihood of concomitant cervical HSV



shedding is less than with primary disease. Nevertheless, recurrent episodes (as
confirmed by viral isolation of antibody testing) may present with severe
symptomatology. Clinically detectable recurrences occur variably, but about 50% of
patients will have recurrent disease within 6 months. Further, the likelihood of
recurrence depends on the serotype of HSV. Recurrences are milder, with fewer
lesions, fewer constitutional symptoms, and a shorter course (usually 7 to 10 days)
(Table 6.1). Corey and Spear (13,14) noted that within 12 months of a first episode, 80%
of patients with HSV-2 infection had a recurrence (mean 4), whereas 55% with HSV-1
infection had a recurrence (mean less than 1).

DIAGNOSIS

Although histologic examination of vulvar lesions reveals characteristic findings (Fig._
6.1), biopsy is rarely used for diagnosis of genital lesions. Until recently, the best
diagnostic test to confirm the presence of herpesvirus infection was viral culture. For
clinical use, it is fortunate that this virus grows rapidly; most positive cultures are
identifiable at 48 to 72 hours. This virus is hearty and can be transported on ice, when
necessary. Overall, for a single herpes culture, there is a recognized false-negative rate
of perhaps 5% to 30%. Several clinical features influence the likelihood of a positive
culture. For example, cultures are more likely to be positive in first episodes than in
recurrent episodes. In patients with suspected recurrent genital herpes, Lafferty et al.
(15) noted that the likelihood of a positive viral culture was higher in patients with
vesicles or pustules and lower in patients with ulcerative and crusted lesions. Further,
positive cultures were more likely early in the course of a lesion (within 72 hours) than
later. Technigues are now available to accelerate detection of HSV in culture. These
techniques usually utilize specific monoclonal antibodies in immunofluorescence or
enzyme immunoassays. Many of these tests show good sensitivity and specificity (16).

FIGURE 6.1. Characteristic histologic changes seen in herpes simplex virus infection of
the vulva. (A) Necrosis of the epidermis and dermis, with acute inflammation and
nuclear debris (left), viable mucosal keratinocytes (right), and multinucleated giant cells
(center; arrow) (hematoxylin-eosin, original magnification x90). (B) Multinucleated cells
with Cowdry type A intranuclear viral inclusions (arrow) (hematoxylin-eosin, original
magnification x220). (C) Nuclear molding (the contours of adjacent nuclei conform to
one another) with a ground-glass chromatin pattern (arrow) in an enlarged,



multinucleated cell (hematoxylin-eosin, original magnification x480). (D) Vaginal smear
shows margination by nuclear chromatin (arrows) (Papanicolaou stain, original
magnification x550). (From Brennick J, Duncan L. Images in clinical medicine. N Engl
Med 1994;329:1783, with permission.)

In addition to documenting that most women with unequivocal serologic evidence of
infection are asymptomatic, Koutsky et al. (7) noted that some women (9% [6/66]) with
culture-confirmed HSV infection present with atypical lesions, such as fissures,
furuncles, excoriations, or nonspecific vulvar erythema.

Although HSV infection may be suggested by rather typical changes seen in
Papanicolaou smear (intranuclear inclusions and multinucleated giant cells), the
sensitivity of this test is inadequate at about 50% (i.e., about 50% false-negative rate).

The monoclonal antibody and enzyme-linked immunosorbent assay tests have modest
sensitivity.

The laboratory diagnosis of HSV infections has been revolutionized by advances in
molecular biology and serologic techniques. The most sensitive diagnostic technique is
the polymerase chain reaction (PCR) (17,18 and 19). In preliminary results, this
technigue was able to detect HSV DNA in 12 pregnant women with genital lesions from
whom HSV was isolated in culture (eight with HSV-2 and four with HSV-1) and from 11
women with asymptomatic shedding at delivery. None of 11 samples from women with
HSV-2 antibodies but with negative cultures was positive by PCR. Thus, PCR had 100%
sensitivity and 100% specificity compared with viral culture (17). Another study showed
that with PCR, HSV DNA was detected in 38 genital specimens, 32 of which were
positive by culture. Another specimen was positive by culture but negative by PCR (18).
These data demonstrate that PCR is a rapid and sensitive diagnostic technique for HSV
detection from clinical specimens. It is now widely available, but quality control may vary
among laboratories.

Neonatal herpes infection may be limited to the skin or may have systemic involvement
either with or without cutaneous involvement. Typically, clinical disease begins at the
end of the first week of life or later. Because findings depend on the organ system
involved, the presentation may include skin lesions, cough, cyanosis, tachypnea,
dyspnea, jaundice, seizures, or disseminated intravascular coagulopathy. In infants at
risk for, or suspected of having, neonatal herpes, the only reliable diagnostic test is viral
culture. One cannot rely on clinical examination or cytologic findings. A few infants have
been recognized with congenital (transplacental) herpes infection. Manifestations
usually are apparent within the first 7 days. Transplacental infection presumably results
from maternal viremia, which occurs only with primary maternal infection.

Use of type-specific serology and viral isolation in correctly categorizing genital HSV
episodes was discussed earlier. One algorithm uses viral isolation and typing, the type 2
specific antibody, and a nontype-specific antibody (Herpes Stat) (4). Interpretation of



these results is given in Ta

e il

TABLE 6.2. CLASSIFICATION OF GENITAL HERPES SIMPLEX VIRUS INFECTIONS
USING VIRAL ISOLATION AND ANTIBODY TESTING

TREATMENT
Acyclovir

In the early 1980s, the first effective antiviral chemotherapeutic agent for genital herpes
became available. Acyclovir (Zovirax) interferes selectively with viral thymidine kinase.
Acyclovir is concentrated in HSV-infected cells and is converted to the active derivative
acyclovir triphosphate. Acyclovir is not concentrated in uninfected cells. The active form
of the drug is a competitive inhibitor of viral DNA polymerase and is a DNA chain
terminator. Thus, its mechanism of action is inhibition of viral DNA synthesis. It has a
high margin of safety in view of its selectivity for HSV-infected cells.

Acyclovir is available in several forms for use in genital herpes: a topical 5% ointment in
a polyethylene glycol base, a powder for intravenous use, an oral capsule, and an oral
suspension. With availability of other acyclovir preparations, there are few, if any,
situations where topical acyclovir is preferred.

Intravenous acyclovir sodium is indicated for severe genital herpes (5 mg/kg every 8
hours for 5 days). It was evaluated in a double-blind, placebo-controlled trial of 30
patients with primary genital herpes. In patients given intravenous acyclovir, there was a
significant reduction in median healing time, duration of vesicles, duration of symptoms,
and duration of viral shedding.

Oral acyclovir capsules are indicated for three circumstances: (i) treatment of primary
genital herpes; (ii) treatment of severe recurrences; and (iii) suppression of severe
frequent recurrences. The oral preparation offers the advantage of convenience and



ease of administration. In a double-blind study of 48 adults with first-episode genital
herpes infection, Bryson and colleagues (20) found that oral acyclovir (200 mg, five
times a day for 10 days) significantly reduced duration of virus shedding (in women, 4.9
vs. 14.7 days), time to healing (in females, 10 vs. 16.2 days), occurrence of new lesions
after 48 hours (in females, 0/16 vs. 8/15), and duration and severity of symptomatology.
No toxicity was seen, but recurrence rates were similar (20).

For some patients with severe recurrent episodes, oral acyclovir (200 mg, five times a
day for 5 days) leads to a significant decrease in mean time to healing of 1 to 1.5 days
compared with placebo (21). These effects are more pronounced when oral acyclovir
use is self-initiated by the patient during the first signs of recurrence. An alternative to
episodic acyclovir in patients with either severe or mild infrequent recurrences is
supportive therapy, described later.

For treatment, use of acyclovir 400 mg orally three times a day is as effective and more
convenient than the regimen of 200 mg five times daily recommended in the package
insert. The use of oral acyclovir to prevent recurrences in patients with frequent
episodes (approximately six per year) has been evaluated extensively. In double-blind,
placebo-controlled trials, early results have shown that oral acyclovir (either 200 mg
three times a day or 400 mg twice a day) daily for up to 6 months significantly
decreased recurrences (22,23). Douglas and colleagues (23) noted that in a 4-month
trial, 65% of patients taking acyclovir twice a day had no recurrences compared with
only 6% of patients taking placebo (p < 0.001). However, once oral acyclovir was
stopped, there was no influence on subsequent rates of recurrence.

Data reported later regarding suppressive use of oral acyclovir (400 mg twice a day vs.
placebo) demonstrated continued efficacy and safety when used for up to 5 years
(24,25 and 26). In 1993, Goldberg et al. (27) reported on 389 of 430 patients who began
the fifth year of suppressive acyclovir (most at 400 mg twice a day). After a dramatic
drop in recurrence rate in the first year, there was a gradual and continued further drop
in the ensuing years, but it is not known whether this further decline was due to the drug
or the natural history of genital herpes. More than 20% of patients continuing
suppressive therapy for 5 years remained recurrence free for the entire period, and 86%
to 90% were recurrence free for any 3-month quarter. The mean number of recurrences
decreased from 1.7 in the first year to 0.8 in the fifth year. This is impressive, as the
mean number initially exceeded 12 per year. There also was a decrease in the number
of false prodromes. Only 3% of patients required a higher dose to control recurrences,
with 14 of 16 such patients noting a satisfactory response to the higher dose. The safety
of long-term suppression was excellent, with a decrease in reported adverse effects
over the 5-year period (27).

It has been reassuring that long-term use of suppressive acyclovir (up to 6 years) has
not been associated with emerging resistance in immunocompetent patients. Of 239
individuals who stopped acyclovir after 6 years, 86% had at least one recurrence.
Herpes isolates from these patients showed a mean sensitivity to acyclovir of 0.79
pg/mL. Only 3.5% were resistant (x3 pg/mL). These values were comparable to
background rates. Limited data from 13 patients showed no trend toward resistance in



paired pretherapy and posttherapy isolates (28).

The CDC and others currently recommend stopping suppressive acyclovir after 1 year
to reassess the patient's condition, because some patients will observe a marked
decrease in frequency as part of the natural history of their infection (26,29). However,
many patients are aware of the longer-term safety and efficacy data and are reluctant to
discontinue suppressive acyclovir after just 1 year. With appropriate counseling,
continuing suppressive doses beyond 1 year (without insisting on stopping) seem
reasonable. The usual dose for suppression is 400 mg twice a day, but the dose may be
titrated from 200 mg twice a day to 200 mg five times a day (29). Although the 5-year
data support continuous use, this seems inappropriate for most patients with genital
herpes. Asymptomatic shedding of virus can continue despite decreases in clinically
evident recurrences while the patient is undergoing suppressive acyclovir therapy. Thus,
the possibility of sexual transmission persists.

Valacyclovir And Famciclovir

Since the last edition of this text, two new preparations have become commercially
available. These new oral nucleoside analogue antiviral agents are available for treating
both HSV and VZV infection. In addition to acyclovir, the new drugs are valacyclovir
(Valtrex), which is the valine ester pro drug of acyclovir; and famciclovir (Famvir), which
is the pro drug of penciclovir. The new agents, as well as acyclovir, inhibit actively
replicating virus by interfering with the viral DNA synthesis. This interference is through
inhibition of thymidine kinase, an enzyme essential for DNA synthesis. None of these
drugs has any effect on latency of HSV or VZV. Acyclovir and penciclovir have similar in
vitro activities against both HSV and VZV, but the advantage of valacyclovir and
famciclovir is that they have better absorption and longer half-lives with oral
administration. The CDC has recommended these two drugs as well as acyclovir for use
as treatment for either first-episode or episodic recurrent herpes or for suppression for
individuals with more than six recurrences per year (26). The CDC recommends
reevaluating after 1 year those patients on suppressive therapy with any of these
regimens. In addition, the 1998 CDC guidelines for treatment of sexually transmitted
diseases do not recommend use of famciclovir or valacyclovir for more than 1 year,
presumably because long-term data are not available. Regimens for treatment of genital
herpes are summarized in T,




TABLE 6.3. CENTERS FOR DISEASE CONTROL AND PREVENTION REGIMENS
FOR GENITAL HERPES

Valacyclovir 500 mg once a day appears less effective than other valacyclovir dosing
regimens in patients who have very frequent recurrences (more than ten episodes per
year). Few comparative studies of valacyclovir and famciclovir with acyclovir have been
conducted. The results of these studies suggest that valacyclovir and famciclovir are
comparable to acyclovir in clinical outcome. However, valacyclovir and famciclovir may
provide increased ease in administration, which is an important consideration for
prolonged treatment.

Although the CDC recommends five different regimens for daily suppressive therapy

), other regimens, such as oral famciclovir 125 mg or 250 mg three times
available (30). Physicians and patients have multiple choices, including
varlables of cost, frequency of dosing, and efficacy. Because these regimens are
intended for use over months to years, the patient should be involved in the decision
making. For example, some patients may be satisfied with a reduction to one to two
recurrences per year, and this level of recurrence may be accomplished in some
patients with once-daily suppression (7). As noted by Engel (1), a dose-response
relationship exists between and among all regimens, and there is a maximum threshold
above which additional therapy provides no additional benefit. The therapeutic goal is to
establish an optimal effective and affordable dose. Table 6.4 provides a summary of the
characteristics of four different regimens for long-term suppression of genital herpes.
Whichever regimen is selected, patients should be informed that they may shed
infectious virus asymptomatically while receiving any of these regimens; accordingly,
patients should be counseled, inform their sexual partners, and use appropriate
preventative measures.
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TABLE 6.4. CHARACTERISTICS OF SOME REGIMENS USED FOR SUPPRESSION
OF GENITAL HERPES INFECTIONS



Vaccination

An effective HSV vaccine is considered important to prevent, or more likely modify,
primary infection. Vaccine given to those with recurrent infections may ameliorate these
recurrences. If given to pregnant or reproductive age women, it is possible that the
vaccine may prevent or modify neonatal infection. In 1989, the National Institutes of
Health (NIH) held a workshop on HSV vaccine research (31). There currently is no
available, effective vaccine. The results of two randomized control trials of a
recombinant glycoprotein vaccine recently were reported for prevention of genital HSV-2
infection . These trials evaluated a recombinant subunit vaccine containing 30 mg
each of two major HSV-2 surface glycoproteins, called gB2 and gD2. Neutralizing
antibodies are directed against this vaccine. The schedule for vaccination was
administration of this dose at time 0 and 1 and 6 months later. A citrate buffer vehicle
was given to the control subjects, and participants were followed-up 1 year after the
third immunization. All subjects were HSV-2 and human immunodeficiency virus (HIV)
seronegative. In one of the trials, more than 500 HSV-2 seronegative partners of
HSV-2—-infected persons were vaccinated. In the other trial, more than 1,800 persons
attending a sexually transmitted diseases clinic were evaluated. The major outcome
was time to acquisition of HSV-2 infection as determined by either seroconversion or
isolation of HSV-2 culture. Overall, acquisition of new HSV-2 infections was not
significantly different between the groups (4.6 and 4.2 per 100 patient-years in the
placebo and vaccine recipients, respectively) (p = NS). Although the vaccine induced
high levels of HSV-2—specific neutralizing antibodies in vaccinated patients who either
did or did not develop genital herpes, the vaccine had no significant effect on the
duration of first clinical HSV-2 infection. Thus, this immunogenic vaccine had no effect
on acquisition of new sexually transmitted HSV-2 infections. It has been suggested that
this vaccine did not provide protection against acquisition of HSV-2 because it did not
provide “sterilizing immunity” or effectively eradicate the invading pathogen after the
initial infection (33). It is noted that HSVs are viruses that infect neuronal cells and
establish latent infection. Thus, effective protection will require more than serum
neutralizing antibodies. Possible avenues for future research include new vaccine
strategies, perhaps use of live viral mutants, or DNA vaccines that can elicit both cellular
and humoral immune responses. It will be necessary for vaccines to induce a more
potent mucosal immune response to effectively interfere with the initial infection (33).

Supportive Treatment

Because most recurrent episodes last for only a few days and can be rather mild, some
patients with recurrent disease can be managed without antiviral therapy. Measures
such as frequent sitz baths, topical anesthetics, use of electric blow dryers (on cool
setting), and treatment of secondary yeast infections are of benefit in decreasing
symptomatology.

HERPES SIMPLEX VIRUS INFECTION WITH HUMAN



IMMUNODEFICIENCY VIRUS INFECTION

Patients with immunocompromised disorders are subject to prolonged and/or severe
episodes of genital or perianal herpes. Intermittent or suppressive therapy with oral
antiviral agents often is beneficial. Although the dosage of antiviral drugs for
HIV-infected patients with HSV is controversial, clinical experience strongly suggests
that immunocompromised patients benefit from increased doses of antiviral drugs.
Regimens such as acyclovir 400 mg orally three to five times a day have been useful.
Therapy should be continued until clinical resolution is attained. An alternative regimen
is famciclovir 500 mg twice a day. In doses recommended for treatment of genital
herpes, valacyclovir, acyclovir, and famciclovir probably are safe for use in
immunocompromised patients. For severe cases, acyclovir 5 mg/kg intravenously every
8 hours may be required. If lesions persist in a patient receiving acyclovir treatment,
resistance of the HSV strain to acyclovir should be suspected. In these cases,
alternative therapy should be administered. All acyclovir-resistant strains also are
resistant to valacyclovir, and most are resistant to famciclovir. In such cases, foscarnet
40 mg/kg intravenously every 8 hours until clinical resolution is attained often is effective
for treatment of acyclovir-resistant genital herpes cases (26).

GENITAL HERPES IN PREGNANCY AND NEONATAL HERPES
INFECTION

Intense interest in this area has resulted in substantial progress in our understanding of
pathophysiology. Previous treatment recommendations have been revamped and are
described in the following.

Epidemiology

In surveys, the prevalence of asymptomatic shedding of herpes virus from the genital
tract has been 0.1% to 4% of pregnant women. Of all gravidas with positive genital
cultures for herpesvirus, the range of asymptomatic infection has been very broad (13%
to 66%). Pregnancy, in general, does not appear to influence the recurrence rate of
genital herpes or the severity of recurrent episodes. Primary episodes may be more
severe during pregnant than nonpregnant women, but data are scant.

The neonate may acquire herpes infections either during pregnancy or during or
immediately after birth. The former route (intrauterine infection) is rare; the latter
(perinatal infection) is more common. Transplacental infection by herpesvirus has been
recognized in the past as being rare and often devastating for the infant. Hutto and
colleagues (11) summarized 13 culture-proved cases from nine institutions. Intrauterine
(i.e., transplacental) infection was based on presentation within the first 7 days of life (as
perinatally acquired infection has a later onset). During the course of the neonatal
disease, skin lesions developed in 92% (but were not always present at or before
diagnosis). Central nervous lesions were present in 92% and included microcephaly
(54%), hydranencephaly (38%), and microphthalmia (15%). Overall, the results were
devastating. Death occurred in 31%, and neurologic sequelae developed in nearly all
survivors, even though antiviral chemotherapy was used in these neonates (11).



Intrauterine infection appears to be a consequence solely of primary maternal infection.

Perinatal acquisition of HSV by the neonate usually is the result of contact with an
infected maternal lower genital tract, but HSV (especially type 1) infection can be
acquired from maternal or paternal oral-labial infection or from a hospital worker.

In the past 15 years, we have learned more about the risk of perinatal HSV infection. To
understand current concepts, we must trace the developments over the last decade and
a half. In the 1980s, primary infection, when diagnosed on the basis of severe clinical
presentation or seroconversion, was associated with a 40% overall risk of major
perinatal complications, including abortion, premature birth, growth restriction, and
neonatal herpes. When primary infection occurred in the third trimester, the perinatal
complication rate was 80% (4/5 cases) (10). At that time, nonprimary first episode
infection, also diagnosed by clinical presentation or by serologic evidence of prior
exposure to the heterologous HSV type, was not observed to be associated with serious
sequelae (34). Recurrent episodes, diagnosed mainly by clinical criteria, were believed
to be associated with neonatal acquisition but not with intrauterine infection. The risk of
neonatal infection in an asymptomatic mother was estimated to be up to 4%, but the
observed risk in an asymptomatically infected mother with a recurrent infection was 0%
(95% confidence interval, 0%—8%) (35). Women with primary HSV genital infection were
more likely to shed virus asymptomatically. At visits later in the pregnancy, 10.6% of
cultures were positive after primary first-episode infection versus 0.5% of cultures after
nonprimary first-episode infection (p < 0.01).

An important question is: What is the risk of neonatal infection after delivery through a
birth canal with an asymptomatic, recurrent HSV infection? Prober and colleagues (35)
provided very pertinent data in 1987. They reported that after exposure to HSV at
vaginal delivery, none of 34 infants developed infection (95% confidence interval,
0%—-8%.) Antibody was present in all infants, and it was greater than 1:20 in 79% (35).
Another important question is: What is the likelihood that a woman with a history of
recurrent herpes will be shedding virus asymptomatically at the time of delivery? At
other times in pregnancy, the reported rate is about 1% (30/2,485), with a range from
0.75% to 3%. On the day of delivery, Arvin et al. (36) noted a rate of asymptomatic
shedding of 1.4% (5/354). The estimate of the ris neonatal herpes from an
asymptomatic mother with a history of recurrent genital HSV is less than 1 in 1,000.

In the early 1990s, concepts were revised because it was demonstrated that neonatal
infection may develop after delivery from mothers with either symptomatic or
asymptomatic infection and that transmission of virus to the neonate may occur whether
the mother was having a primary, nonprimary, or recurrent infection. It became evident
that the epidemiology of neonatal transmission is complex, even more so than
previously thought. In 1991, Brown and coworkers (37) reported a large study to define
the risk factors associated with neonatal acquisition of HSV. They performed genital
cultures on nearly 16,000 women who were in early labor and were without symptoms
or signs of genital HSV. Follow-up consisted of serologic testing and serial culturing for
HSV. Herpes simplex virus was isolated from 0.35% (56/15,923) of these asymptomatic
parturients. Of the 56 women, 51 had HSV-2 and five had HSV-1. In 18 (35%) of these
56 women, there was serologic evidence of recently acquired subclinical first-episode



HSV infection, and in 34 women (65%) there was evidence of reactivation infection.
Neonatal HSV infection developed in 33% (6/18) of infants born to mothers with a
first-episode infection and in only 3% (1/34) of infants born to women with reactivation of
HSV (p < 0.01). Neonatal HSV also developed in three of the infants born to 15,867
women with negative cultures, presumably because of either false-negative cultures or
nosocomial or neonatal acquisition. Several factors appeared to influence transmission
of HSV from mother to neonate: HSV type, the mother's clinical stage of infection,
anatomic site of viral shedding, use of fetal scalp electrodes, and the specificity of
passively transferred HSV antibodies from mother to infant. The rate of neonatal
transmission was ten times higher when infants were born to mothers with recently
acquired first episodes than when infants were born to mothers with reactivation. Among
women with first-episode infection, the rate of neonatal infection was similar, whether
the infection was primary (2/5 [40%]) or nonprimary (4/13 [31%]). The passive transfer
of maternal antibodies to HSV-2 (but not HSV-1) appeared to be protective. Further,
viral shedding from the cervix was associated with an increased risk of transmission.
Neonatal transmission occurred in two of ten neonates when there was shedding from
the cervix only and in one of 34 infants when there was shedding only from the labia (p
< 0.01). Fetal scalp electrodes were used in all seven cases in which neonatal HSV
developed and in 23 of 49 infants (47%) exposed to HSV during delivery but without
neonatal HSV (p < 0.01).

Other recent data also suggest some protective value from previous immunity to HSV-1.
Boucher et al. (38) used type-specific antibodies to glycoprotein G in serial blood
samples of 1,891 pregnant women. Of these women, 311 (16.5%) had past immunity to
HSV-2. Four of 1,580 women seroconverted to HSV-2 during pregnancy, at an
annualized rate of 0.58%. Three of these four infections were asymptomatic, and all had
preexisting HSV-1 immunity. None of the women and none of the neonates experienced
any adverse consequences. Based on these small numbers, Boucher and coworkers
believed that asymptomatic primary episodes in women with previous HSV-1 immunity
may be of less consequence neonatally than true primary HSV-2 infection.

From a CDC surveillance for neonatal HSV infections, Stone and colleagues (39)
reported an 18-month study of 184 cases. Only 22% of mothers had a history of HSV
infection, and in only 9% were there genital lesions identified at the time of delivery.
Demonstrating that cesarean delivery may not be protective, there were 15 cases of
neonatal HSV even though cesarean delivery had been performed prior to membrane
rupture (39).

In the late 1990s, concepts about perinatal transmission of HSV were revised again,
based on two important publications (4). In 1997, Hensleigh et al. (4) reported the
distribution of HSV infections in severe first episodes in pregnancy. They classified HSV
infection on the basis of culture, type 2 specific antibodies, and nontype-specific
antibody. Even though the clinical picture was so severe that it was suggestive of
primary infection to these expert clinicians, most cases were, in fact, recurrences (Fig._
6.2). Outcome results were available in 20 of the pregnancies with “severe” genital HSV
infections. Premature birth occurred in just one (5%), and intrauterine growth retardation
and neonatal HSV infection occurred in none. Thus, the important contributions from
this recent work are as follows. (i) Correct classification of HSV infection in pregnancy
requires clinical correlation with viral isolation and type-specific serology, even when the



clinical presentation is severe and suggestive of primary infection. (ii) “Severe” first
episodes usually are not primary and as such are not commonly associated with
adverse perinatal complications.
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FIGURE 6.2. Distribution of herpes simplex virus infection in severe first episodes in
pregnancy (n = 23). Clinical picture suggestive of primary infection. (From Hensleigh
PA, Andrews WW, Brown Z, et al. Genital herpes during pregnancy: inability to
distinguish primary and recurrent infections clinically. Obstet Gynecol 1997:89:891-895,
with permission.)

In another large study from the University of Washington, serum samples were collected
at the first prenatal visit, at 14 to 18 weeks, at 24 to 28 weeks, and delivery (10).
Type-specific antibodies were determined by Western blot to HSV-1 and HSV-2, and
genital cultures for HSV were performed on admission. Overall, 1.3% of subjects
(94/8,538) seroconverted during pregnancy. Of these, 32% seroconverted to HSV-1 and
68% seroconverted to HSV-2. Of note, 36% of the seroconversions were symptomatic,
whereas 64% were subclinical. The HSV antibody status of patients at the first visit was
as follows: 48% were positive to HSV-1 alone, 11% were positive to HSV-2 alone, 17%
were seropositive to HSV-1 and HSV-2, and 24% were negative to both HSV types.
Comparing neonates of 94 mothers with seroconversion to those of 6,009 without
seroconversion, Brown and colleagues observed no differences in mean birthweight,
gestational age, or rates of intrauterine growth retardation, stillbirth, or neonatal death
(10). They observed no infected newborns among the 94 mothers who seroconverted
during pregnancy (95% CI, 0%—3.2%). A small subgroup of nine patients provides
considerable insight into the pathophysiology. There were nine women who
demonstrated recent acquisition of genital HSV based on having positive culture in labor
but not having existing homologous antibody. As shown in Fig. 6.3, these nine mothers
developed 4 (44%) infants with neonatal infection. The characteristics of HSV infections
in pregnancy are summarized in Ta 5. Our current understanding of genital HSV is
summarized in Box 3.




Box 3
Current Understanding of Genital Herpes Simplex Virus Infection

m HSV infection is common in all groups in United States and has
increased by 30% since the late 1970s (37).

® Most HSV infections are acquired “asymptomatically”; seropositive
patients usually do not report a positive history (37).

m Polymerase chain reaction is a far more sensitive diagnostic technique
than culture (19).

m Classification of first episodes of genital HSV infection cannot be made
correctly by clinical criteria alone (4).

®m Risk of neonatal infection seems to be very low when there has been
development of homologous (type-specific) maternal antibody.

m These antibodies are protective for neonate (4,10).

= Newborns at highest risk are those born to women who shed virus
(even asymptomatically) and who have not developed antibody (10,37).
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FIGURE 6.3. Recent acquisition of genital herpes simplex virus and neonatal infection.
Mothers had positive culture in labor, but did not have homologous antibody. (From
Brown ZA, Selke S, Zeh J, et al. The acquisition of herpes simplex virus during
Pregnancy. N Engl J Med 1997;337:509-515, with permission.)
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TABLE 6.5. REVISED SUMMARY OF HERPES SIMPLEX VIRUS INFECTIONS IN
PREGNANCY

The course of neonatal HSV infection has been described more fully in recent
publications. Neonatal infection may take one of three forms: disseminated; central
nervous system (CNS); or skin, eye, or mouth only. Disseminated disease has high
mortality and morbidity, even when current antiviral agents (acyclovir or vidarabine) are
used and 42). Neonatal infection of the CNS has a lower mortality but
still a , or mouth only infection has both low mortality and low
morbidity when ant|V|raI agents are used. The NIH Collaborative Antiviral Study Group
compared presentation of neonatal HSV from 1973 to 1981 with 1982 to 1987 (41). In
the latter period, the frequency of disseminated disease decreased from 51% to 23%,
whereas the frequency of skin, eye, or mouth only disease increased from 18% to 44%.
The proportion of cases presenting as CNS infection remained about the same (32 vs.
34%). The authors noted that the most likely explanation was recognizing and treating
skin, eye, or mouth only infection before it progressed to disseminated disease.
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TABLE 6.6. CONTROLLED TRIAL OF VIDARABINE VS. ACYCLOVIR IN NEONATAL
HERPES SIMPLEX INFECTION



PREVENTION OF NEONATAL HERPES INFECTION

Despite more than 30 years of research, there is still no foolproof approach to prevent
most cases of neonatal HSV infection (42,43). In the original studies of Amstey and
Monif (8) and Nahmias and colleagues (9), the risk of neonatal herpes increased
markedly when cesarean section was performed after the membranes had been
ruptured for 4 or more hours. Accordingly, it had been widely held that with membrane
rupture of this duration or longer, there was no advantage in preventing neonatal herpes
by performing a cesarean section (44). Yet, many of the cesarean sections carried out
after 4 hours of membrane rupture may have been performed after many vaginal
examinations, many hours of labor, and much longer intervals of membrane rupture.
Current recommendations have reconsidered the value of cesarean section to prevent
neonatal herpes, even when the interval of membrane rupture has been over 4 hours.

Until 1988, weekly viral cultures to detect asymptomatic HSV shedding in late
pregnancy was the recommended policy. In the presence of a positive culture, cesarean
delivery was recommended. In studies, the cesarean delivery rate for prevention of
herpes was 20% to 40%, and there were no infected infants. Subsequently, a case of
serious neonatal HSV-2 infection was documented (in the second twin) of a woman who
had been followed carefully with weekly cultures (45). Although the infant survived, it
had psychomotor retardation, seizures, and other neurologic sequelae. This failure of
the weekly cultures to prevent neonatal infection was documented by showing that the
isolates from mother and infant had a similar DNA structure and were likely the same
virus. In addition, in a CDC surveillance study of neonatal HSV, there were 15 cases
that developed despite the performance of cesarean delivery prior to membrane rupture
(39).

Further criticism of the weekly cultures came from a decision analysis in which it was
estimated that the weekly viral culture diagnosed only 25% of subclinical recurrent
infections at delivery. This estimation was based on knowledge that the average
episode of asymptomatic shedding lasts only 3 to 5 days. Further, it was estimated that
with weekly viral cultures, the cost per case of neonatal herpes invested is $1,800,000
(46). In a later decision analysis, it was estimated that weekly screening cultures would
prevent only 1.8 cases of neonatal HSV annually in the United States, at a cost of more
than $37 million dollars per case averted (47). The most convincing data against weekly
viral cultures came from a 1987 study showing the failure of antepartum cultures to
predict culture status at delivery. Of 414 pregnant women with recurrent HSV infection,
17 had positive antepartum cultures. None of these was positive at delivery. Of 354
asymptomatic mothers, 5 (1.4%) were positive at delivery, but none had positive
antepartum cultures (36).

In November 1988, an American College of Obstetricians and Gynecologists (ACOG)
Technical Bulletin summarized recommendations as follows (48):

m Cultures should be done when a woman has active HSV lesions during pregnancy



to confirm the diagnosis. If there are no visible lesions at the onset of labor,
vaginal delivery is acceptable.

= Weekly surveillance cultures of pregnant women with a history of HSV infection,
but no visible lesions, are not necessary and vaginal delivery is acceptable.

® Amniocentesis in an attempt to rule out intrauterine infection is not recommended
for mothers with HSV infection at any stage of gestation.

The ACOG further recommended that “term patients who have visible lesions and are in
labor or who have ruptured membranes should undergo cesarean delivery ... even with
membranes ruptured for more than 24 hours.”

A few months earlier, the Infectious Disease Society for Obstetrics and Gynecology
made similar recommendations, including the emphasis that the history of genital
herpes in the pregnant woman or in her partner(s) should be solicited and recorded in
the prenatal record (49). Further, in women with herpetic lesions of the genital tract
when either labor or membrane rupture occurs, cesarean delivery is a technique that
can reduce the risk of neonatal herpes virus infection. Ideally, cesarean section should
be performed before or within 4 to 6 hours of membrane rupture, but cesarean delivery
may be of benefit in preventing neonatal herpes regardless of duration of membrane
rupture.

A decision analysis also concluded that physical examination in labor is the optimal
strateqy if the primary goal is to minimize the ratio of excess cesarean deliveries to
cases of neonatal HSV infection averted (50). Another decision analysis supported the
positions regarding the recommendations to abandon weekly cultures (47).

In 1993, Randolph and coworkers (51) provided a provocative and thorough decision
analysis, which argued that the current practice of cesarean delivery for women with a
history of genital herpes that recurs at delivery results in maternal morbidity and
mortality and costs that exceed the neonatal benefits. Using data from a MEDLINE
search and opinion from experts, they estimated that the current approach for women
with recurrences, as recommended by ACOG, results in more than 1,580 excess
cesarean deliveries performed for every poor neonatal outcome prevented and a cost
per neonatal herpes case averted of $2.5 million. On the other hand, these authors
estimated that cesarean delivery for women with first-episode lesions at the time of
delivery has low maternal costs per neonatal benefit and does save money. In an
accompanying editorial, we believed that changing clinical practice solely on the basis of
this decision analysis would be premature because the quality of the data is poor and
the sequelae are potentially great (49,52). For the present, we advise clinicians caring
for a woman with either recurrent or first-episode genital herpes lesions at the time of
delivery to continue to perform cesarean delivery as long as there are no
contraindications. Management of the neonate with inadvertent exposure to an
HSV-infected maternal genital tract has been described (53). Parents and primary care
providers should be informed regarding symptoms and signs of infection. If the maternal
infection is a recurrence, some clinicians obtain neonatal cultures for 4 to 6 weeks as an
option, but this is not a standard, and there are no data to support this. If the maternal
infection was a first episode, the recommendation is that viral cultures be performed
from the neonate (urine, stool, eyes, throat, and cerebrospinal fluid [CSF]). If any of



these cultures is positive for a neonate who is older than 48 hours or if the CSF findings
are abnormal, then the recommendation is to initiate intravenous acyclovir therapy (53).
A more recent recommendation from the American Academy of Pediatricians and
ACOG for infants born vaginally to mothers with active primary genital herpes is to
obtain cultures for HSV from the eye, mouth, and rectum and to begin empiric treatment
with acyclovir 10 mg/kg intravenously every 8 hours for 7 to 10 days. It also is
recommended to observe the infant closely for signs and symptoms of disease. The
Guidelines for Perinatal Care acknowledges that management of infants born vaginally
to women with active recurrent genital herpes lesions is less clear (54). Most experts
recommend HSV culture at 24 to 48 hours of life and acyclovir therapy in this
circumstance, only if clinical signs develop and/or cultures are positive. Some experts, it
is acknowledged, recommend empiric acyclovir therapy, especially if the recurrent
disease is extensive. Infants born by cesarean delivery to a woman with active genital
lesions with intact membrane should be observed carefully and cultured for HSV even
though the risk of transmission is low. Special isolation precautions are not needed for
most of these neonates. They should be observed in the nursery and followed closely
after discharge. Parents should be instructed to report early signs of infection.

Genital Herpes Infection With Preterm Premature Rupture Of The Membranes

This rare combination of problems presents a difficult decision between delivery of a
premature infant and expectancy with the potential for serious neonatal herpes infection.
For pregnancies with a high neonatal survival rate, cesarean delivery would be
appropriate. However, for pregnancies of less than 31 to 32 weeks, the choice is less
clear. Three case reports provide some guidance (52,55). In all cases, the pregnancies
were between 25 and 30 weeks' gestation, and herpes was diagnosed clinically as well
as by culture or Papanicolaou smear. Expectancy was followed in all (with use of
intravenous acyclovir in one). In these three cases, delivery occurred 1 to 5 weeks later,
with all infants negative for HSV. Although the reported experience is small, it suggests
that expectancy is appropriate in cases of marked prematurity.

Delivery In Pregnancies With “Remote” Herpes Simplex Virus Lesions

In women who have herpes lesions remote from the vulva (i.e., on buttocks, thighs,
back, and lower abdomen), the question arises as to whether a vaginal route for delivery
is appropriate. Pertinent information has been provided to determine asymptomatic
cervical infection in women with clinical episodes of HSV in these anatomic locations.
Over 90% of HSV isolates in the lesions were type 2. Observations suggest that the risk
of concomitant asymptomatic cervical infection is low and probably not very different
from the 1% to 2% rate of asymptomatic infection in patients with recurrent genital
herpes. Thus, for a woman with recurrent lesions remote from the vulva, vaginal delivery
would seem appropriate, provided the lesions can be covered with surgical drapes and
thus placed out of the field of vaginal delivery, and provided careful inspection of the
vulva, vagina, and cervix reveals no lesions.

Use Of Fetal Scalp Electrodes

A few cases have been reported in which neonatal HSV infection may have been



introduced or worsened because of use of a scalp electrode. In most cases (four of six),
the mothers had subclinical infection. Brown and colleagues (37) found that scalp
electrode use was associated with neonatal infection (as described earlier). The ACOG
maintains that “monitoring by fetal scalp electrode is not contraindicated if needed to
adequately assess fetal condition in women with a history of HSV but without symptoms
or lesions” (48).

USE OF ACYCLOVIR IN LATE PREGNANCY FOR PREVENTION OF
NEONATAL INFECTION

There is widespread agreement that acyclovir should be used when there is
disseminated or life-threatening maternal infection, as it has been used in such cases in
late pregnancy without apparent adverse effects (48). Two reports have detailed registry
cases of acyclovir use in pregnancy. In 1992, Andrews and colleagues (56) noted 312
acyclovir-exposed pregnancies, including 239 in the first trimester. There was no
increase in the number of birth defects and no consistent pattern of abnormalities. There
was no increase in spontaneous abortion compared with expected rates. These data
were expanded in late 1993 (57), and the results are shown in . There were
601 exposed pregnancies, with 425 in the first trimester. Altho gistry findings
showed no increase in risk for birth defects among infants born to acyclovir-exposed
women, CDC officials point out that the current sample size is sufficient to detect a risk
twofold greater than the baseline rate of 3%, but it is not sufficient to detect smaller risks
if such exist.
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TABLE 6.7. ACYCLOVIR USE DURING PREGNANCY AND OUTCOME JUNE 1,
1984-JUNE 30, 1993

Limited data exist to determine whether use of acyclovir in the last few weeks of
pregnancies complicated by HSV infection is of benefit. In a letter, Stray-Petersen (58)
reported that such use of acyclovir compared with no treatment (46 women in each
group) led to fewer positive HSV cultures (0% vs. 17%; p < 0.001) and fewer cesarean
deliveries for HSV infection (0% vs. 20%; p < 0.001). There were no cases of neonatal



HSV infection in either group (58). In another preliminary report, Scott and coworkers
(59) conducted a randomized blinded study among women with first episode HSV
infection. No serologic studies were performed to determine whether these first
episodes were true primary infection or nonprimary first episodes. At 36 weeks'
gestation, patients were randomized to receive either acyclovir 400 mg twice a day or
placebo on the same schedule. The outcome measures were cesarean section for
clinical recurrence and neonatal HSV culture positivity. The results of the trial are shown
in Fig. 6.4. Overall, mothers who received acyclovir had significantly fewer infections at
the time of delivery and significantly fewer cesarean sections for HSV infection.
However, there was not a significant reduction in overall cesarean section rate because
of more cesarean sections in the placebo group for other indications. There were no
neonatal infections, and no adverse effects of acyclovir were detected. In a study of five
pregnant women, Haddad and colleagues (60) found that acyclovir after 37 weeks failed
to suppress asymptomatic shedding in one woman, even though levels were adequate
and comparable to those in nonpregnant adults. A recent clinical decision analysis laid
out the considerations regarding use of acyclovir in late pregnancy and noted the
absence of any clinical trials. This decision analysis considered the most effective
strategy was acyclovir with cesarean section if breakthrough recurrences happened at
the time of labor. This strategy prevented 5.5 cases of neonatal herpes for every 10,000
women treated with acyclovir, with 216 of these women undergoing delivery by
cesarean section (61).
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FIGURE 6.4. Results of acyclovir suppression in late pregnancy. No neonatal infection
or adverse effects are seen. (From Scott L, Jackson G, Sanchez P, et al. Prevention of
cesarean section for recurrent genital herpes simplex virus (HSV) using acyclovir
suppressive therapy. Obstet Gynecol 1996;67:69—73, with permission.) ACV, acyclovir;
PL, placebo.

In a kinetic study of acyclovir in late pregnhancy, Frenkel and coworkers (62) studied
doses of 200 and 400 mg every 8 hours from 38 weeks until delivery. Levels achieved a
steady-state concentration of 1.9 + 1.0 mol/L and 3.3 + 1.0 umol/L for the lower and
higher doses, respectively. Acyclovir did not concentrate in the fetus. The kinetics were
similar to those of nonpregnant adults. Acyclovir was well tolerated and did not appear



to have any toxicity.

Data regarding the kinetics of acyclovir in pregnancy are favorable, but data regarding
efficacy for suppression in late pregnancy are limited. Safety data appear encouraging,
but accumulated experience still is insufficient to rule out potential small risks. Currently,
the CDC recommendations are not to use acyclovir for suppression near term (26).

MANAGEMENT OF THE INFECTED MOTHER DURING
HOSPITALIZATION

Whether the delivery has been by the vaginal or abdominal route, the infected women
should be educated regarding thorough hand washing and good hygiene to prevent
neonatal infection. As noted by ACOG, “every effort should be made to avoid direct
contact of the newborn with herpetic lesions” (48). The clinically infected mother may
handle her infant, provided she observes thorough hand washing and is wearing a clean
cover gown. It is unlikely that breast-feeding by a woman with active genital herpes
poses any clear risk to the newborn.

Isolation and special infection control precautions are not necessary for a woman with a
history of genital herpes but without lesions at the time of delivery or the immediate
puerperium (49).

Because herpes infection may result in serious untoward effects in newborns, it is
essential to fully educate the mother regarding the reasoning behind these precautions.
The summary recommendations for management of genital HSV in pregnancy for
recurrent infection, first-episode infection, and in labor are given in , and
Box 6, respectively.

Box 4

Management of Genital Herpes Simplex Virus in Pregnancy: Recurrent
Infection

m Counsel, education, reassure

m Do not perform routine cultures

m Examine on admission to labor and delivery unit
m Anticipate vaginal delivery

m Acyclovir prophylaxis is not established



Box 5

Management of Genital Herpes Simplex Virus in Pregnancy: First-Episode
Infection

m Consultation may be appropriate

m Establish HSV infection as primary, nonprimary, or recurrent, if possible

m Educate and evaluate for intrauterine growth retardation, intrauterine
fetal death, preterm labor, and neonatal infection, when appropriate

m Acyclovir prophylaxis to prevent maternal recurrences is not established

Box 6
Management of Genital Herpes Simplex Virus in Pregnancy: In Labor

m |f there is a lesion or a typical prodrome, perform a cesarean delivery,
ideally before membrane rupture

m |f there is no infection, allow vaginal delivery

m [nform nursery about maternal history

HERPETIC WHITLOW

Herpetic whitlow is a cutaneous HSV infection, most commonly of the finger or thumb
and often occurring at the site of previous minor trauma. Whitlow is an occupational
hazard for medical/dental personnel.

Typically, the onset of symptoms is sudden, occurring 3 to 7 days after exposure. The
contact with an infected patient is recognized. Most often, one digit is involved, but
multiple digits are infected in about 10% of cases. Initial local symptoms are edema,
erythema, pain, and tenderness. Promptly, one or more vesicles appear. Local
symptoms increase, and fever, chills, lymphangitis, and lymphadenopathy develop.
Vesicles often coalesce and ulcerate, and the fluid commonly becomes opaque. At this
point, the underlying problem may be misdiagnosed as a paronychia or other bacterial
infection. This is unfortunate, because surgical intervention is clearly contraindicated for
whitlow, as it increases morbidity. Thus, there must be a high index of suspicion,
especially in health care workers. After 10 to 14 days, symptoms subside and lesions
begin to heal.

Treatment consists of analgesics, elevation, and immobilization. Antibiotics are of value
only when there is a secondary bacterial infection. We emphasize that surgical
intervention is contraindicated.

Recurrences are common, especially in the first month, with subsequent recurrences



being highly variable. One report noted use of intravenous acyclovir in a dentist with a
first-episode whitlow. Because of dramatic response (96 hours after therapy was
started), the authors believed acyclovir was of benefit. The dentist had no recurrences in
12 months (63).

Anecdotal experience in a surgical resident has suggested that oral acyclovir (e.g., 200
mg three times a day) may suppress frequent severe episodes. Gill et al. reported use
of oral acyclovir as early therapy at the first warnings of recurrence in eight patients who
had at least six previous recurrences of whitlow. Treatment was 800 mg orally twice
daily for 5 days. Acyclovir initiated during the prodrome appeared to be effective in all,
as the initial symptoms resolved promptly and no lesions appeared (64).

To prevent whitlow, use of gloves is recommended when there is direct contact with
oral, pharyngeal, or genital secretions, even if there are no signs of active HSV
infection. For the employee with a herpetic whitlow, use of a glove on the involved hand
is recommended while working in a patient care area. It would seem wise to exclude
these workers from maternity or neonatal units, although clear data on transmissibility
are not available. Use of acyclovir may be considered.
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As we enter the new millennium, the virtual revolution in the field of sexually transmitted
diseases (STDs) continues. Although in many industrialized countries, the role of STDs
is decreasing, the United States remains in the midst of an epidemic of STDs (1). From
the classic five venereal diseases—gonorrhea, syphilis, chancroid, lymphogranuloma
venereum (LGV), and granuloma inguinale—the number of STD agents has expanded
to include more than 30 microorganisms (2) (Ta 1). This expansion partly resulted
from the recognition that many known pathogens were sexually transmitted (e.g.,
cytomegalovirus [CMV], hepatitis B virus [HBV], hepatitis C virus [HCV}, intestinal
bacteria, and parasitic organisms) Since 1975 there have been 12 new sexually
transmitted pathogens identified (] 2) (2). These include organisms that appeared
as new infections (e.g., human immunodeficiency virus types 1 and 2 [HIV-1 and HIV-2])
and organisms discovered as the result of new diagnostic tests (e.g., Mycoplasma
genitalium and Helicobacter fennelliae). Sexual transmission is not definitely established
for a few of these organisms but is very likely based on available clinical epidemiologic
evidence (2). Additionally, the spectrum of sexually transmitted infections has expanded
to include diseases such as nongonococcal urethritis, epididymitis, vaginitis, cervicitis,
pelvic inflammatory disease (PID), infertility, perinatal infections, hepatitis, enteric
infections, arthritis syndromes, genital oncogenesis, and severe immunosuppression
such as acquired immunodeficiency syndrome (AIDS) (Table 7.3). Syndromes and
complications of STDs specific to women are listed in T
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TABLE 7.1. SEXUALLY TRANSMITTED PATHOGENS
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TABLE 7.2. SEXUALLY TRANSMITTED PATHOGENS NEWLY IDENTIFIED OR
NEWLY EMERGENT SINCE 1975

TABLE 7.3. SEXUALLY TRANSMISSIBLE PATHOGENS AND ASSOCIATED
DISEASE SYNDROMES
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TABLE 7.4. SYNDROME AND COMPLICATIONS OF SEXUALLY TRANSMITTED
PATHOGENS IN WOMEN

STDs are significant social, health, and economic burdens worldwide (1). It has been
estimated that STDs (excluding HIV) are the second leading cause of lost healthy life
among women aged 15 to 44 years in the developing countries of the world (3,4). As
noted by the Institute of Medicine (IOM) (1), the World Health Organization (WHO)
estimated that in 1995, there were 333 million new cases worldwide of the four curable
STDs: gonorrhea, 62.6 million; syphilis, 12.2 million; chlamydia, 89.1 million; and
trichomoniasis, 167.2 million, among persons aged 15 to 49 years (5).

The IOM estimated that approximately 12 million new cases of STDs occur annually in
the United States as of 1993 (1). These numbers result in the United States having the
highest rates of curable STDs in the developed world (1). Of the top ten most frequently
reported diseases in the United States in 1995, five were STDs (Table 7.5). STDs
accounted for 87% of the top ten most frequently reported diseases in the United States
(7). The economic impact of this “hidden epidemic” of STDs is substantial. The IOM
committee estimated that the total costs for a selected group of major STDs and related
syndromes (excluding HIV) were approximately $10 billion in 1994 (1). This
underestimates the full cost because it did not include common STDs and associated
syndromes such as bacterial vaginosis and trichomoniasis. The estimated annual cost
of sexually transmitted HIV infection was nearly $7 billion, which brings the total cost of
STDs in the United States to nearly $17 billion in 1994 (1). More recently in 1998, the
American Social Health Association estimated that 15 million new STD cases occur
annually in the United States (Te¢ 6) (8).
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TABLE 7.5. MOST COMMONLY REPORTED NOTIFIABLE DISEASES IN THE
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TABLE 7.6. ESTIMATED INCIDENCE AND PREVALENCE OF SEXUALLY
TRANSMITTED DISEASES IN THE UNITED STATES, 1996

Sexually active adolescents have the highest rates of STDs of any age-groups (9). The
Centers for Disease Control and Prevention (CDC) estimates that every year,
approximately 3 million adolescents in the United States acquire an STD (10). Several
factors have been suggested as the explanation of why adolescents and young adults
are at greater risk for acquiring an STD. These include the following: (a) They are more
likely to have multiple partners; (b) they may be more likely to engage in unprotected
intercourse; (c) their partners may be at higher risk of being infected; and (d) they are
more susceptible to cervical infections with gonorrhea and chlamydia (11,12,13 and 14).

Cates (15) described the changing emphasis in the field of STDs. He noted an evolution
from concern for the traditional venereal diseases, such as gonorrhea and syphilis, to
emphasis on the syndromes associated with Chlamydia trachomatis, herpes simplex
virus (HSV), and human papillomavirus (HPV), and recently to concern with the fatal
disease AIDS, caused by HIV. With the exception of HIV, this redirection does not
reflect the emergence of new pathogens but is the result of several factors: (a) The
improvement in laboratory diagnostic techniques facilitates epidemiologic investigations
that help elucidate the extent, transmission of, and the consequences of STDs; (b)
increasing numbers of sexually active young adults are at risk for STDs; (c)
age-adjusted incidences for the newer STDs, such as C. trachomatis, HSV, and HPV,
have increased dramatically; and (c) whereas the traditional STDs, gonorrhea and
syphilis, were easily cured with antimicrobial therapy, the newer STDs are associated
with incurable and fatal conditions—HIV and AIDS, HPV associated with genital
cancers, and chronic recurrent HSV. Additionally, the major impact of STDs on maternal
and child health has been recognized. An increasing proportion of infections that are
spread by multiple modes are being transmitted sexually; these include HBV, CMV, and
various enteric pathogens.

It is also notable that with the exception of AIDS, STDs are associated with more
serious long-term consequences in women than in men. These complications include



(a) an increased risk for genital cancer with HPV; (b) loss of reproductive capability and
ectopic pregnancy secondary to damage to the fallopian tubes with Neisseria
gonorrhoeae and C. trachomatis; (c) complications of pregnancy, including spontaneous
abortion, stillbirth, chorioamnionitis, preterm birth and low birthweight; and (d)
transmission of serious or fatal infections to the fetus or newborn, such as syphilis, HSV,
C. trachomatis, CMV, or HBV.

Recently, Bolan et al. (16) reviewed gender perspectives and STDs. They noted that in
women, susceptibility to STDs and their sequelae is a function of several physiologic
factors including (a) type of epithelial lining of the lower genital tract; (b) resident flora
and pH levels of the vagina; (c) characteristics of cervical mucus; (d) patency of the
endocervical canal; (e) phase of the menstrual cycle; and (f) immunologic capabilities of
the individual. For instance, with the onset of puberty, estrogen stimulates development
of squamous epithelium in the vagina and columnar epithelium becomes limited to the
cervix. Because C. trachomatis and N. gonorrhoeae attach to columnar epithelium, the
cervix becomes the primary site for infection with those organisms, particularly in early
adolescence when the squamocolumnar junction tends to be on the ectocervix (16).
Similarly, with the onset of puberty, the vaginal flora shifts to one predominated by
lactobacilli (particularly hydrogen peroxide producers) and the pH level decreases to the
4.0 to 4.5 range (17). These changes have been postulated to inhibit the growth of
some STD organisms, including HIV (17,18).

In the reproductive age years, the major physiologic changes influencing the risk of
STDs are related to the menstrual cycle, pregnancy, and contraceptive use (16). The
menstrual cycle influences the risk for acquiring infection of the upper genital tract, and
chlamydial and gonococcal acute PID most commonly occur at the end of or just after
the menses (19). Pregnancy is associated with physiologic and immunologic changes
that can affect the risk of STDs and their sequelae (20). As an example, the immune
suppression seen in pregnancy can lead to accelerated progression or expression of
HPV and increased frequency and severity of genital herpes recurrences (16).

Gender differences are also seen in the transmission of STDs (16). It appears that STD
pathogens that cause discharge or are found in genital secretions (e.g., N.
gonorrhoeae, C. trachomatis, HIV, and HBV) generally are transmitted more efficiently
from men to women (21,22,23,24 and 25). In contrast, those STD organisms that result
in genital ulcers or lesio .g., HSV, Treponema pallidum, or Haemophilus ducreyi)
seem to be transmitted from men to women as efficiently as from women to men (26).

An epidemiologic synergy exists among STDs (27). They are historically, biologically,
behaviorally, economically, and programmatically related. The ulcerative STDs (syphilis,
chancroid, HSV) are associated with increased risk of acquiring and transmitting HIV
(3). STDs that cause cervical discharge (e.g., gonorrhea, chlamydia, and
trichomoniasis) are also implicated in enhancing transmission of HIV. The
immunosuppression associated with HIV infection worsens other STDs and makes them
more difficult to treat.

GONORRHEA



Gonorrhea, which is caused by the Gram-negative diplococcus, N. gonorrhoeae,
remains a common reported communicable disease in the United States, with more
than 350,000 cases reported in 1998 (second only to chlamydia) (1). Because of
underreporting, it is estimated that approximately 700,000 cases of N. gonorrhoeae
infection actually occurred in 1998 in the United States. Unfortunately the reported
cases of gonorrhea in 1998 represented an 8.9% increase from 1997, the first increase
since 1985. Although the reported annual incidence of gonorrhea in the United States
has decreased dramatically from the peak of 1 million cases reported in 1975 (Fig. 7.1),
the disease still remains common in the United States, as it does in most of the
developing countries (2). On the other hand, gonorrhea has become rare in Canada and
much of western Europe (2).
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FIGURE 7.1. Trends in incidence of reported gonorrhea by gender, United States,
1941-1997. (From Aral SO, Holmes KK. Social and behavioral determinants of the
epidemiology of STDs: industrialized and developing countries. In: Holmes KK, Sparling
PF, Mardh P-A, et al, eds. Sexually transmitted diseases. New York: McGraw-Hill,
1999:39-76, with permission.)

Humans are the only natural host for N. gonorrhoeae. Because the organism has a
predilection for columnar or pseudostratified epithelium, mucous membranes that are
lined by columnar, cuboidal, or noncornified squamous epithelial cells are most
susceptible to infection with N. gonorrhoeae in adults (2). As a result, gonococcal
infection is most commonly found in the urogenital tract (3). N. gonorrhoeae is a
fastidious organism with specific nutrient and environmental needs. Its growth is optimal
at a pH level of 7.4, a temperature of 35.5°C, and a 2% to 10% CO, atmosphere. Over

the past 30 years, there has been a phenomenal expansion in our understanding of the
pathogenic mechanisms of the gonococcus (4,5). The first step in this process was the
work of Kellogg et al. (6), who demonstrated that there are differences in the virulence
of N. gonorrhoeae associated with specific colony types. Of the Kellogg colony types,
only types 1 and 2 (now called P+ colonies), which contain pili, are capable of producing
infection, whereas types 3 and 4 (now called P- colonies), which do not contain pili, fail



to cause infection (6). The pili appear to facilitate attachment of gonococci to epithelial
surfaces (7,8). Other gonococcal surface structures in addition to pili are associated
with pathogenesis.

Meyer (5) noted that pathogenic neisseriae persist in the host organism because of their
ability to adapt to the host. This reflects the extraordinary capability pathogenic
neisseriae possess to vary their surface structures. Not only is this property used to
protect the organism from the host immune response, but such variation also affects the
function of factors that interact with host cells. As a result, the gonococcus can interact
with epithelial cells or phagocytic cells, adhere to cells, invade cells, or remain protected
from serum factors inside a capsule of sialated lipopolysaccharide (5). These surface
structures and functions are determined by proteins present in the outer membrane of
the gonococcus. The most prominent protein in the outer membrane is the porins
protein (Por), which was previously designated protein | (4). Por is an important cofactor
in gonococcal invasion of epithelial mucosa cells (5) and is involved in the events
leading to endocytosis of the gonococcus by mucosal cells (9). The opacity-associated
proteins designated Opa (formerly protein 1) comprise a family of proteins that promote
cell adhesion, thus setting the stage for cell invasion . The Opa proteins are the
determinant of colony phenotype, a characteristic firs by James and Swanson
(11) to be important in the pathogenesis of gonococcal infection. They reported that
transparent colonies (now known to be Opa-negative) are more characteristic in cultures
from the endocervix than from the male urethra, particularly at the time of menses (11).
Draper et al. (12) noted that transparent (Opa-negative) colonies were the virulent form
recovered from the fallopian tubes of patients with laparoscopically confirmed PID.
Colonies of N. gonorrhoeae containing Opa proteins (Opa-positive) appear opaque.
Kupsch et al. (13) have shown that one Opa protein (Opas,) interacts with epithelial cell

lines and promotes invasion, whereas the ten remaining Opa proteins (Opasg,) mediate

binding to phagocytic cells. All pathogenic neisseriae contain a reduction modifiable
protein (RMP), which was formerly designated protein Il (4). RMP is important in
gonococcal pathogenesis because many blocking antibodies that prevent bactericidal
activity are directed against this antigen (4). Thus, anti-RMP antibodies block access of
other antibodies, including bactericidal immunoglobulin M (IgM), to their targets on the
lipooligosaccharides on the gonococcal surface. Recent work by Rice et al.
demonstrated that RMP is important for successful transmission of N. gonorrhoeae to
sexual partners. The mechanism for this finding is that anti-RMP antibodies in genital
secretions block the usually protective antibodies present in genital secretions (4).

Additional gonococcal virulence factors include (a) lipopolysaccharides, which possess
endotoxin activity, causing cytotoxic effects on the epithelium of the fallopian tube and
the systemic findings of fever and toxicity (15); (b) immunoglobulin A (IgA) protease,
which is present in all gonococci and destroys the secretory IgA (4,16); and (c)
iron-repressible proteins, which are involved in uptake of iron, an essential requirement
for growth of gonococci (4). Table 7.7 summarizes gonococcal structures involved in
pathogenesis.
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TABLE 7.7. STRUCTURES OF Neisseria gonorrhoeae INVOLVED IN
PATHOGENESIS

As with other infections, the initial step in gonococcal infection is adherence of N.
gonorrhoeae to mucosal cells lining the genitourinary tract. This process of adherence is
mediated by pili and other surface proteins (8,17). This step is followed by a process of
pinocytosis by which the organism is transported into epithelial cells and then into
submucosal tissues (9). Attachment of N. gonorrhoeae also results in the release of the
endotoxin gonococcal lipopolysaccharide, which damages the ciliated-nonciliated cells
of the fallopian tube epithelium (15,18).

Among nonpregnant women, N. gonorrhoeae is an important cause of urethritis,
cervicitis, and PID (19,20). Pharyngeal gonorrhea and disseminated gonorrhea occur in
men and women. Infection with N. gonorrhoeae in pregnancy is also a major concern.
Gonorrheal ophthalmia neonatorum has long been recognized as a major consequence
of maternal infection. More recently, an association between maternal gonococcal
infection and disseminated gonococcal infection (DGI), amniotic infection syndrome,
and perinatal complications such as premature ruptured membranes, chorioamnionitis,
prematurity, intrauterine growth retardation, neonatal sepsis, and postpartum
endometritis has been recognized.

Epidemiology

The current epidemic of gonorrhea commenced in 1957 and reached its peak in 1975,
at 473 cases per 100,000, a nearly 300% increase in gonorrhea cases between 1966
and 1975. Since then, gonorrhea rates have leveled and have begun to decline at a
progressively increased rate (1,2,21) (Fig. 7.1). Thus, in 1984, the rate was 324 cases
per 100,000; in 1991, 247 per 100,000; in 1995, 149 per 100,000; and in 1997, 122 per
100,000—the lowest rate of reported gonorrhea infection in the United States since the
beginning of World War 1l (21). However, in 1998, the rate increased for the first time
since 1985, reaching 132.9 cases per 100,000, an 8.9% increase (1). Similarly the
number of reported cases of gonorrhea decreased from more than 1 million in 1976 to



355,642 in 1998.

Several important changes in the epidemiology of gonorrhea in the United States have
taken place during this decline (2,21). Whereas in 1987, twice as many cases were
reported from public STD clinics than from private providers, by 1996 only slightly more
than one half of reported gonorrhea cases were from STD clinics (21). For women, this
pattern is even more dramatic, with nearly two thirds of gonorrhea cases reported from
non-STD clinical sites. In 1966, the male to female ratio of gonorrhea cases was 3 : 1.
This ratio has declined rapidly, and by 1996 the male to female ratiowas 1 : 1 (21).

In the United States, there is a dramatic variance in the incidence and trends in
incidence of reported gonorrhea cases among different racial groups (1,2,21,22). As of
1996, the incidence in Black non-Hispanics was 826 per 100,000, compared with 106
for American Indian/Alaskan natives, 69 for Hispanics, 26 for White non-Hispanics, and
18.6 for Asian/Pacific Islanders. In the United States, the highest age-, gender-, and
race ethnicity-adjusted rates for gonorrhea are in 15- to 19-year-old African American
non-Hispanics, with a 1996 reported gonorrhea incidence of 3,791 per 100,000 (22).
Another important determinant of the incidence of gonorrhea is age. Hook and Hansfield
(2) reported that 77% of reported cases of gonorrhea in the United States in 1995 were
among persons aged 15 to 29 years, with the highest rates occurring in the 15- to
19-year-old age-group. If only sexually active women are considered, the incidence of
gonorrhea is twice as high in adolescents than in women aged 20 to 24 years (2,23,24).

Additional risk factors for gonorrhea include low socioeconomic status, early onset of
sexual activity, unmarried marital status, a past history of gonorrhea, illicit drug abuse,
and prostitution (2,25,26 and 27). Recently, Zaidi et al. (28) reported that in urban
centers in the United States, six factors accounted for 75% of the variation in gonorrhea
morbidity in these cities. These factors were (a) population density, (b) percentage of
households with female heads, (c) city government general expenditure per capita, (d)
violent crime rate, (e) percentage of families below poverty level, and (f) percentage of
births to mothers younger than 20 years.

Transmission of gonorrhea is almost entirely by sexual contact. The woman is at greater
risk of infection than the man. Although it is estimated that a man having a single sexual
encounter with a gonorrhea-infected woman will become infected 20% to 25% of the
time, the risk of transmission from man to woman is estimated at 50% to 90% (29,30
and . A short incubation time of 3 to 5 days occurs.

As noted by Hook and Handsfield (2), the prevalence of gonorrhea in a community is
dynamic, fluctuates over time, and is influenced by a number of factors, which are
interactive. Mathematical models have been developed that suggest that the prevalence
of gonorrhea is sustained by both continued transmission by asymptomatically infected
individuals and “core group” transmitters who are more likely to acquire and transmit
gonorrhea than the general population (32,33 and 34). Current opinion holds that this
core group provides the major impetus for continued endemicity of gonorrhea and thus
should be the target of screening and prevention efforts. The core group is mainly
characterized by residence within inner cities and low socioeconomic status. However, it
also includes individuals with repeated episodes of gonorrhea, persons who do not



abstain from sex in the face of symptoms or exposure to N. gonorrhoeae, and those
who practice high-risk behavior such as prostitution, patronizing prostitutes, or illicit drug
abuse (2,21).

Clinical Presentation

N. gonorrhoeae infects men and women. In adults, the gonococcus attaches to
nonsquamous epithelium-lined mucosal membranes; thus, the primary site of
involvement is the genitourinary tract. In men, the infection is usually an acute
symptomatic urethritis. Female infection is often asymptomatic, and the primary site of
involvement is the endocervical canal and the transition zone of the cervix. However, it
has become apparent that women with endocervical gonorrhea frequently are
symptomatic, and most commonly present with symptoms such as vaginal discharge,
dysuria, and abnormal uterine bleeding (2,35). Urethral colonization occurs in most
women with endocervical gonorrhea, and infection of the periurethral (Skene) glands,
Bartholin glands, and anorectum also occurs.

Clinical Manifestations of Uncomplicated Anogenital Gonorrhea in Women

Uncomplicated anogenital gonorrhea in women may involve the endocervix, urethra,
Skene glands, Bartholin glands, or the anus. The most commonly infected site is the
endocervix. Gonococcal infection of the vagina is rare, except in prepubertal and
postmenopausal patients. Urethral colonization is present in 70% to 90% of women
infected with N. gonorrhoeae (36,37). The rectum is infected in 35% to 50% of women
with endocervical gonococcal infection and is the only site of infection in approximately
5% of women (35,36,37,38,39 and 40). Unlike in men, anal gonorrhea in women is often
asymptomatic. If present, symptoms of anorectal gonorrhea range from mild pruritus
and mucoid discharge to severe proctitis symptoms. Whereas 10% to 20% of
heterosexual women with urogenital gonorrhea have coexistent pharyngeal gonorrhea,
the pharynx is the sole site in less than 5% of women (41). Fellatio carries a higher risk
for acquisition of N. gonorrhoeae than cunnilingus (42). Most patients with pharyngeal
gonorrhea are asymptomatic. In those with symptomatic infection, a mild sore throat and
erythema are present. However, oral ulcerative lesions and exudate of the pharynx and
tonsils may occur.

At one time, uncomplicated anogenital gonorrhea in women was considered an
asymptomatic disease. It is now recognized that although most women harboring N.
gonorrhoeae are asymptomatic, many women with anogenital gonorrhea are
symptomatic. Common symptoms include vaginal discharge, dysuria, intermenstrual
bleeding, menorrhagia, and pelvic discomfort. Curran et al. (35) reported that positive
gonococcal cultures were obtained at a higher rate from women with symptoms or signs
of genital tract disease. Similarly, Weisner (42) suggested that between 40% and 60%
of women who have gonorrhea develop some symptoms. It is unclear what the
incubation period for urogenital gonorrhea in women is, but those who develop
symptomatic gonococcal infection do so within 10 days (43,44). In 15% to 20% of
women with uncomplicated anogenital gonorrhea, upper genital tract infection (i.e., PID)
occurs (20). Gonococcal-associated PID tends to occur at the end of or just after
menstruation. A detailed description of PID and the role of N. gonorrhoeae in its etiology



and pathogenesis are reviewed in Chapter 14 (Pelvic Inflammatory Disease).

The cervix infected with N. gonorrhoeae can appear healthy or reveal an inflamed
cervical canal with ectopy and a mucopurulent exudate. The area of ectopy is
edematous, erythematous, and friable. In general, these signs of gonococcal cervicitis
are indistinguishable from other causes of cervicitis, so an absolute diagnosis of
gonococcal cervicitis requires confirmatory laboratory tests. Gonococcal infection of the
urethra, Skene glands, or Bartholin glands may be associated with mucopurulent
exudate, which can be expressed from these structures.

Gonococcal infections in pregnant patients are most commonly asymptomatic. The two
most common symptoms are vaginal discharge and dysuria. On examination,
endocervicitis may be present with erythema and a mucopurulent discharge. If routine
screening for N. gonorrhoeae is not employed during pelvic examinations, the presence
of lower genital tract complaints or signs such as abnormal bleeding, discharge, dysuria,
mucopurulent endocervicitis, or pelvic discomfort should suggest that cultures be
obtained to determine whether the gonococcus is present.

Nongenital Gonococcal Syndromes

Nongenital tract gonococcal disease may result from direct or contiguous spread and by
bloodstream dissemination. Direct or contiguous spread occurs for PID, anorectal
infection, perihepatitis (Fitz-Hugh and Curtis syndrome), conjunctivitis, and pharyngeal
gonococcal infection.

Rarely, N. gonorrhoeae causes conjunctivitis in adults. This usually is a direct result of
sexual contact or an indirect result via contaminated hands, amniotic fluid at delivery, or
accidental inoculation in the laboratory with clinical isolates. The typical presentation for
gonococcal conjunctivitis is an acute onset of purulent conjunctivitis with extensive
inflammation and copious purulent secretions.

Acute PID is a local complication of gonorrhea and is the most common complication of
gonorrhea in women, occurring in an estimated 10% to 20% of untreated cases (20).
Bartholin gland abscess is the next most frequent complication of gonococcal infection
in women.

Disseminated Gonococcal Infections

DGil, the most common systemic complication of gonorrhea, occurs when gonococcal
bacteremia produces extragenital manifestations of gonococcal infection. The
prevalence of DGl among total gonorrhea cases ranges from 0.1% to 0.3%, with women
predominating over men by about 4 : 1 (45,46). Rates of up to 3% have been reported in
high-prevalence populations (2). Most women with DGI develop symptoms either during
pregnancy, particularly in the third trimester, or within 7 days from the onset of
menstruation. Only certain strains of N. gonorrhoeae have a predisposition to
disseminate. In general, they are strains that are highly sensitive to antibiotics (47), are
resistant to bactericidal activity of human serum (48), and have a unique nutritional



requirement for arginine, hypoxanthine, and uracil (49). In addition, complement
deficiencies have been demonstrated to be associated with an increased risk for DGI
(50).

Patients are considered to have proven DGI if they have positive cultures from blood,
joint fluid, skin lesions, or otherwise sterile sources (2). This group makes up less than
50% of DGI cases (45). Probable DGI is defined when N. gonorrhoeae can be cultured
from the primary site in the lower genital tract or pharynx or in a sexual partner. Patients
with a clinical syndrome consistent with DGI and an appropriate clinical response to
treatment but in whom all culture sites are negative for N. gonorrhoeae are considered
to have possible DGI (2).

DGI manifests two stages: an early bacteremia stage and a late stage (Ta 8). The
bacteremia stage is characterized by chills, fever, typical skin lesions, and asymmetric
joint involvement. Blood cultures are positive for N. gonorrhoeae in half of the patients
cultured during the bacteremia stage. The bacteremia stage is associated with a
dermatitis that is characterized by various skin lesions due to gonococcal emboli and
occurs in 50% to 75% of cases (51). These lesions appear initially as small vesicles that
become pustules and develop a hemorrhagic base. The center becomes necrotic.
These lesions occur on any body region but are most frequently present on the volar
aspects of the upper extremities, the hands, and the fingers. These skin lesions resolve
spontaneously without residual scarring.
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TABLE 7.8. CLINICAL MANIFESTATIONS OF DISSEMINATED GONOCOCCAL
INFECTION

Joint symptoms are frequently present during the early stage, with arthritis developing in
30% to 40% of cases (2,51). Asymmetric joint involvement is the usual pattern, most
often affecting the knee, elbow, wrist, ankle, and metacarpophalangeal joints. The
arthritis is migratory (i.e., one joint heals as another becomes affected). In two thirds of
patients, tenosynovitis is present (51). The most frequent sites are the dorsal tendons of



the hands, wrists, and ankles.

The late stage of DGI is characterized by frank arthritis with permanent joint damage,
endocarditis, meningitis, pericarditis, osteomyelitis, and perihepatitis (2
arthritis, the knees, ankles, and wrist joints are the sites most common
the introduction of penicillin, gonococcal endocarditis and meningitis have been rarely
seen complications of DGI. It is estimated that gonococcal endocarditis occurs in 1% to
3% of patients with DGI. However, recognition of gonococcal endocarditis is crucial
because there is rapidly progressive valvular damage, particularly to the aortic valve (2).
Whereas DGI is more common in women, gonococcal endocarditis is more common in
men. Typically, patients present with a febrile illness of several weeks' duration in
association with malaise, fatigue, and weight loss (51). Regurgitant murmurs are almost
always present, with echocardiography demonstrating valvular vegetations or flail
leaflets (51).

Neonatal Gonococcal Ophthalmia

Gonococcal ophthalmia neonatorum has been recognized since 1881. Before the
introduction of the Credé method of silver nitrate prophylaxis, ophthalmia neonatorum
occurred in approximately 10% of infants born in the United States. Introduction of eye
prophylaxis resulted in a rapid reduction in this rate. However, the resurgence of
gonorrhea during the 1960s and 1970s led to a reappearance of gonococcal
conjunctivitis in newborns, which is the most common clinical manifestation of N.
gonorrhoeae in the newborn. Gutman (52) has reported that 30% to 35% of exposed
neonates acquire N. gonorrhoeae during vaginal delivery from infected mothers.

Most newborns who are infected with gonorrhea acquire it during passage through an
infected cervical canal. Gonococcal ophthalmia usually is manifested within 4 days of
birth, but incubation periods of up to 21 days have been reported. A frank purulent
conjunctivitis occurs, which usually affects both eyes. Untreated gonococcal ophthalmia
can rapidly progress to corneal ulceration, resulting in corneal scarring and blindness.

Gonococcal Infection in Pregnancy and the Neonate

Postabortal gonococcal endometritis and salpingitis are now well-recognized
complications of postpregnancy termination. Patients undergoing therapeutic abortion
who have untreated endocervical gonorrhea are at increased risk for developing
postabortion endometritis (53).

Although the problem of gonococcal ophthalmia neonatorum has been addressed for
more than 100 years, the effects of gonorrheal infection on both mother and fetus were
not fully appreciated until 30 years ago and 57). The amniotic infection
syndrome is a manifestation of gonococ on in pregnancy. This entity presents
with placental, fetal membrane, and umbilical cord inflammation, which occurs after
PROM (premature rupture of the membranes) and is associated with positive oral
gastric aspirate for N. gonorrhoeae, leukocytosis, neonatal infection, and maternal fever.
This syndrome is characterized by PROM, premature delivery, and a high infant




morbidity or mortality rate.

.9 summarizes studies demonstrating an association between untreated
maternal endocervical gonorrhea and perinatal complications, including an increased
incidence of PROM, preterm delivery, chorioamnionitis, neonatal sepsis, and maternal
postpartum sepsis (54,55,56 and 57). In addition, a higher incidence of intrauterine
growth retardation has been observed in gravid women with gonococcal infection.
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TABLE 7.9. IMPACT OF UNTREATED GONORRHEA ON PERINATAL OUTCOME

Amstey and Steadman (54) noted that women from whom N. gonorrhoeae was
recovered (even if treated before delivery) were significantly more likely to have PROM
and preterm delivery. Sarrel and Pruett (55) reported high rates of septic spontaneous
abortion (35%) and PROM (22%) in pregnhant women with symptomatic gonococcal
infection. Handsfield et al. (56) demonstrated that maternal gonococcal infection in the
third trimester was associated with an increased risk for PROM, prematurity,
chorioamnionitis, fetal infection, neonatal sepsis, and maternal infection postpartum.
Similarly, Edwards et al. (57) demonstrated that N. gonorrhoeae—positive pregnant
women had an increased incidence of chorioamnionitis, perinatal infections, and
intrauterine growth retardation. Such investigations demonstrate the need to screen
pregnant women (particularly among populations at high risk for STDs) for N.
gonorrhoeae. Because almost all patients with gonococcal infection during pregnancy
are asymptomatic, we recommend routine cultures for N. gonorrhoeae at the initial
prenatal visit and repeat the culture early in the third trimester. Alternatively, in settings
with a low prevalence of gonorrhea, screening may be limited to those patients deemed
at high risk for gonococcal infection (e.g., those with multiple sex partners or other
STDs, adolescents, and those with previous gonorrhea or symptoms suggestive of
gonorrhea).

Diagnosis

The laboratory diagnosis of infection with N. gonorrhoeae requires identification of the



organism at infected sites. Methods available include Gram stains, cultures,
immunochemical detection, or molecular diagnostic techniques.

In men with urethral discharge and dysuria, the Gram stain of the urethral exudate is
considered diagnostic for N. gonorrhoeae when Gram-negative diplococci are seen
within or closely associated with polymorphonuclear leukocytes (58). However, most
women with gonorrhea (pregnant and nonpregnant) are asymptomatic. Thus, the
diagnosis of these infections depends on sampling potentially infected sites. The major
site of primary infection in women is the endocervix, although the anal canal, urethra,
and pharyngeal cavity are important sites to consider as well. Unfortunately,
microscopic examination of a Gram-stained specimen from the endocervix in
asymptomatic women produces a diagnosis of gonorrhea in only 60% of women,
compared with 95% of men (Table 7.10). Although smears from the endocervix are less
sensitive than those from the male urethra, a smear positive for gonorrhea is highly
specific when examined by experienced individuals, particularly when obtained from
symptomatic women with mucopurulent cervicitis or PID (2).
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TABLE 7.10. USE OF GRAM STAIN IN DIAGNOSIS OF LOWER GENITAL TRACT
GONORRHEA

In women, the diagnosis of N. gonorrhoeae infection requires isolation of the organism
by culture. Ideally, all sexually active women should be screened at every opportunity
(i.e., annual routine pelvic examinations, presenting with gynecologic complaints).
Obviously, this would be a major logistic and economic burden, particularly in patient
populations with low rates (less than 1%) of gonorrhea. At a minimum, certain at-risk
patient groups should be routinely screened. These include partners of men with
gonorrhea or urethritis, women with symptoms and signs referred to the lower genital
tract, patients with known other STDs, patients with multiple sexual partners, and
patients with PID. Phillips et al. (59) attempted to determine clinical factors that would
identify women at risk for gonococcal infection. Factors associated with gonococcal
cervical infection included the following: sexual contact with a parther who may have
had gonorrhea or urethral discharge in the past 3 months, bleeding induced by cervical



swab, method of payment (Medicaid), 16 years or younger at first intercourse, and lower
abdominal or pelvic pain. Of the patients with three or more risk factors, 10% had N.
gonorrhoeae infection. With more than one risk factor, 2.5% were culture positive for N.
gonorrhoeae. The incidence of N. gonorrhoeae was 0.2% in the group with none of the
risk factors. At least high-risk, if not all, pregnant women should have a culture for N.
gonorrhoeae obtained during their initial prenatal visit. In patients at high risk for
gonorrheal infection, cultures should be repeated in the third trimester.

Clinical isolation is best performed using a selective media for N. gonorrhoeae, such as
Thayer-Martin medium containing the antibiotics vancomycin, colistin, and nystatin,
which inhibit the growth of contaminating organisms present in the same body sites as
the gonococcus. The proper collection, handling, and processing of culture specimens
are crucial to obtaining accurate results. N. gonorrhoeae organisms do not tolerate
drying and thus require immediate inoculation on appropriate media and placement in
an incubator. Ideal growth occurs at 35°C to 37°C in a 5% CO, atmosphere. A dry,

sterile cotton-tipped swab is inserted into the endocervical canal, moved from side to
side, and allowed to remain for 15 to 30 seconds for absorption of organisms to the
swab. The specimen is then plated onto selective media for Neisseria sp (i.e.,
Thayer-Martin or New York City). After inoculation, this media should be placed in a
carbon dioxide incubator or candle jar to provide an adequate concentration of carbon
dioxide. A modification of this medium is the addition of trimethoprim to prevent Proteus
contamination. When culture facilities are not readily available, a holding or transport
medium should be used. Goodhart et al. (60) reviewed the results with these various
systems. Transport via holding media such as that of Aime, Culturette, or Stuart was
associated with a 10% to 79% loss of isolates after 24 hours. Use of an environmental
chamber (JEMBEC) for transport led to 7% to 22% loss of isolates after 1 day, and 4%
to 55% loss after 3 days (i.e., over a weekend). Transgrow medium is a modification of
the Thayer-Martin selective medium, which is available to clinicians in a bottle sealed
under carbon dioxide tension. After inoculation of the specimen onto the Transgrow
medium, the bottle is resealed and transported (or mailed) to an appropriate laboratory.
However, delays in transport significantly decrease the reliability of this