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Preface

To the Fifth Edition

The challenge of each new edition has been to innovate without altering an unstated
mandate to deliver sophisticated information in a pragmatic form so as to better empower
and educate those who man the patientphysician frontier.

Those authors who contributed to the book were chosen because of their extensive
clinical experience as well as intellect which enables them to supersede the printed word
when it errs.

Editorially, | am pleased to exposed the readers to the talents of David Baker and
Mark Martens.



Dedication to the Fifth Edition

Without art there can be no true science and without a love of humanity there can be no
true art. This edition is dedicated to those who help forge and nurture these concepts and
we hope this work will enhance the quality of care rendered to women.
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Understanding the bacteriology of the
female genital tract

Compared to our understanding of bacterial diseases of the female genital tract, relatively
little is understood about what constitutes and maintains a healthy ecological system
within the microbiological flora of the female genital tract. Why is an understanding of
normality important? At some future date, therapy may graduate from the eradication of
pathogen bacteria causing disease to promotion of bacteria responsible for
vaginal/cervical microbial wellness, and physicians may prevent disease rather than
eradicate it through the use of probiotics.

That one microbial species can inhibit a different form of microbe has resulted in the
coining of the term “probiotics’. A probiotic is the feeding or placing of an organism or
product which enhances or maintains a nonpathogenic flora. Gorbach’s advice as to what
constitutes a probiotic is important to understand that less noneffiacious combinations of
organisms or products destroy the perceived validity of the approach of competitive
inhibition of pathogenic or potentially pathogenic bacteria...“the purported benefits for
any probiotic must pass the highest standard of scientific scrutiny before the claims can
be accepted”.

The shallowness of our microbiological observations emanate from the inadequacy of
sampling technology, failure to quantitate the majority of observations and the seeming
lack of it’s importance.

Analysis of published studies reveals compromising of microbiological data by
inappropriate or suboptimal methods of culturing, failure to use appropriate transport
media or enriched media and/or a lack of stringent adherence or use of anaerobic
technology in the processing and culture of specimens.

The isolation of a given bacteria does not necessarily confer significance as to its
functional significance. The microbial load of a given bacteria appears to govern the
relative risk of asymptomatic versus symptomatic infection. Case in point is
Streptococcus pneumoniae. During the winter months, it is not uncommon for 4-5% of
the population to have nasal colonization with an encapsulated strain of the bacteria,
unassociated with disease. Quantitative studies document the relatively low level of
bacterial replication. In contrast, pneumococcal disease is associated with a five to six log
increase in demonstrable organisms. Louis Pasteur put this concept into clear perspective
when he asserted that “the mere presence of an organism is insufficient to produce
disease”. What constitutes a pathogen in a given situation is not only the type of
offending organism and its specific virulence, but also the absence of competitive
microbial governance.
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Insufficient attention in the study of bacterial disease has been given, not to which
bacteria is isolated, but rather what bacteria which are normal inhabitants of a given focus
of disease are not present. Bacteria causing overt streptococcal disease, whether it be of
the upper respiratory tract or the female genital tract, have few, if any co-isolates.
Similarly in acute disease due to groups A and B streptococci, with the exception of
Staphylococcus aureus and epidermidis, few or any other normal flora bacteria are

concomitantly isolated.

Table 1.1 Prevalence of aerobic (facultative)

isolates reported in vaginal flora studies in the
published literature

Aerobic isolate

Prevalence in vaginal flora (%)

Low Mean High

Gram-positive rods

Diphtheroids 3 40 80
Lactobacilli 18 60 90
Gram-positive cocci

Staphylococcus aureus 0 2 25
Staphylococcus epidermidis 5 50 95
Streptococcus species

alpha-hemolytic 8 20 38
beta-hemolytic 3 15 22
Nonhemolytic 0 20 32
Group D 2 28 45
Gram-negative rods

Eschehchia coli 3 18 33
Klebsiella and Enterobacter species 0 10 20
Proteus species 0 5 10
Pseudomonas species 0 0.1 3

From Larsen B. Microbiology of the female genital tract. In: Pastorck J, ed. Obstetric and

Gynecologic Infectious Disease. New York: Raven Press, 1994:11-25
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BACTERIOLOGY OF NORMAL FEMALE GENITAL TRACT
FLORA

The microbiological flora of the normal female genital tract constitutes a dynamic
interplay of microbial and environmental checks and balances.

Disease of the female genital tract can be due to endogenous bacteria such as
Bacteroides/Prevotella species, Gardnerella vaginalis or the group B streptococcus or
exogenous bacteria such as Neisseria gonorrhoeae or the group A streptococcus.

In order to understand abnormality, one must first understand normality: what bacteria
are considered the normal inhabitants of the female genital tract.

The number of bacteria recoverable from the lower female genital tract is relatively
staggering. The aerobic isolates and their relative prevalence is listed in Table 1.1; that
for anaerobic bacteria is designated in Table 1.2. The divergences of isolates from one
woman to another is not a phenomenon of randomness. When quantitative and inhibition
studies are done, a picture of a highly regulated governance is demonstrable.

Once the normal bacterial constituents of the female genital tract are defined, one is
confronted with having to explain why apparently commensal bacteria, such as G.
vaginalis, group B streptococcus and Escherichia coli, are transformed into regional
pathogens and produce disease.

Change in the local microbiological environment is one of the principal means by
which endogenous bacteria gain the numerical representation necessary for suppression
of competitive bacterial inhibitors and production of disease or introduction of
environmental factors which directly stimulate specific bacteria: quantitative replication.
In animal model systems, peritonitis is more frequently induced when blood is injected
with the threshold inoculum. Myonecrosis occurs when calcium chloride is implanted
into the muscle along with the Clostridium species. Salmonellosis can be induced in
animals by the administration of an antibiotic which eradicates its competitive inhibitors.

For endogenous bacteria which gain access to the female genital tract, such as N.
gonorrhoeae or group A streptococcus, an alteration of a natural host defense barrier
needs to occur. The most common factor is the loss of mucosal integrity, blood alteration
of local pH and mechanical compromise of endocervical mucus. Virulence is constitutive
to a given pathogen. The number of organisms in the linear phase of growth determine
the amount of enzyme, exotoxin, endotoxin, etc. available for disease production.
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Table 1.2 Prevalence of anerobic microorganisms
present in cultures of cervical and vaginal
specimens obtained from asymptomatic women
(selected reports)

Percentage according to reference

Organism A B C D

Bacteroides species

B. bivius® - 21 - - -
B. fragilis 17 4 40 12 16
B. melaninogenicus? - - - 33 -
Other 40 - 18 46 -
Bifidobacterium species 10 - - 2 2
Clostridium species

C. perfringens 3 4 - - -
Other 13 2 - - -
Any - - - 4 0
Eubacterium species 3 7 - 31 7
Fusobacterium species - 7 28 13 -
Gaffkya species® - - - 2 -
Lactobacillus species - 10 - 46 52
Peptococcus species’

P. asaccharolyticus - 48 - 12 -
P. magnus - 11 - 17 -
P. prevotii - 17 - 21 -
Other - 11 - 33 -
Any 7 - 64 65 8
Peptostreptococcus species

P. anaerobius - 34 - 15 -
P. intermedius - 5 - 10 -
P. micros - 7 - 8 -
P. productus - - - 6 -
Any 33 - 76 35 15
Propionibacterium species - 2 - 8 0
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Veillonella species 27 11 6 4 0

Dashes signify no specific information available.

Prevotella bivia, 2Prevotella melaninogenicus, *Aerococaus species, “Peptostreptococcus species
A: Keith LG, England D, Barizal F, et al. Microbial flora of the external os of the premenopausal
cervix. Br J Vener Dis 1972; 48:51

B: DeBoer JM, Plantema FHF. Ultrastructure of the in situ adherence of Mobiluncus to vaginal
epithelial cells. Can J Microbiol 1988; 34:757

C: Harris JW, Brown JH. The bacterial content of the vagina and uterus on the fifth day of the
normal puerperium. Bull Johns Hopkins Hosp 1928; 43:190

D: Thadepalli H, Savage EW Jr, Salem FA. Cyclic changes in cervical microflora and their effect
on infections following hysterectomy. Gynecol Obstet Invest 1982; 14:176

E: Tashijian JH, Coulam CB,Washington JA. Vaginal flora in asymptomatic women. Mayo Clin
Proc 1976; 51:557

Adapted with permission from Larsen and Monif. Clin Infect Dis 2001; 32:69

WHAT DISEASE HAS TAUGHT US

Studies of bacterial diseases within Obstetrics and Gynecology have demonstrate several
key principles:

(1) monoetiological bacteria produce disease by numerical expansion;

(2) aerobic virulent bacteria can alter disease spectrum by the recruitment of additional
bacteria;

(3) anaerobic bacteria require a low oxidation-reduction potential to allow a single
anaerobic bacteria to progress to abscess formation;

(4) anaerobic bacteria can utilize more aerophilic bacteria to collectively produce disease
and;

(5) changes within the locus of disease can cause autoelimination of inciting and/or
contributing organisms.

Monoetiological pathogens

Monoetiological bacteria are bacteria whose genetic virulence is capable of producing
disease without intervention of other bacteria or significant alteration of oxidation-
reduction potential. Both exogenous bacteria, i.e. group A streptococci, and endogenous
bacteria, i.e. E. coli, can do so. What is required is a breach of anatomical barriers to
bacterial invasion such as parturition. In these situations, the bacteria attain access to a
site in which no bacteria capable of its inhibition exist in large numbers.

Other monoetiological pathogens require a release from the inhibitory effects of the
dominant bacteria locally functioning: prime aerobic example, Salmonella typhi, prime
anaerobic bacteria, Clostridium difficile. In both cases, antibiotics with significant
spectrum of efficacy for Gram-positive anaerobic bacteria release the bacteria from their
local inhibitory restraints. Their numerical increase, in the case of Salmonella typhi,
exceeds the threshold inoculum, and in the case of C. difficile for exotoxin production
necessary for disease induction.
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Synergistic coupling

Within obstetrical and gynecological bacterial infections, the best example of synergistic
coupling is progressive synergistic bacterial gangrene in which Staphylococcus aureus
combines with a micro-aerophilic streptococcus to produce a disease that neither
organism can cause independently.

Immediate anaerobic syndrome

Contamination of a hematoma with a single class Ill anaerobic bacteria and its
subsequent conversion into an abscess is the classical example of the immediate
anaerobic syndrome. This syndrome occurs when a low oxidation-reduction potential is
combined with a bacteria capable of successful replication under such conditions.

The anaerobic progression

The anaerobic progression occurs when the environment with a contiguous bacterial flora
lowers its oxidation-reduction potential, but does not lower it sufficiently to permit the
immediate anaerobic syndrome. Initial replication by aerobic/microaerophilic bacteria
within the contiguous flora further lowers the oxidation-reduction potential. In so doing,
they promote the growth of more anaerobic bacteria which in turn begin the process of
autoelimination of the then governing bacteria. Within the anaerobic progression, both
selective recruitment and autoelimination occur. The classical example of the anaerobic
progression is gonococcal salpingitis in which N. gonorrhoeae initiates the first phase of
disease and then recruits mixed aerobic/anaerobic bacteria which result in tissue damage
as well as ultimate elimination of N. gonorrhoeae. In a sense, the anaerobic progression
cures an individual of the gonococcal infection, but usually at the price of tissue
destruction.

MICROBIAL REGULATORS OF VAGINAL BACTERIAL FLORA

Bacteria reside within the female genital tract by virtue of systems of checks and
balances. Anything which disturbs a governing component will realign the distribution
and quantitative distribution of the bacteria present.

Bacteria have the ability to inhibit one another. They do so through the elaboration of
a number of antimicrobial by-products, i.e. bacterocins, hydrogen peroxide, hemolysins,
etc. The effectiveness of the resultant inhibitory substance is a function of bacterial
susceptibility to it, its potency and the number of producing organisms.

Only two bacteria, Lactobacillus species and G. vaginalis have been shown to be
recoverable as sole isolate from the female genital tract. What is implied by this fact is
that they can individually function as ultimate regulators of the bacterial flora of the
female genital tract. The term applied to the ability of one bacteria to suppress replication
of another is called ‘bacterial interference’. In vitro studies of Chaisilwattana and Monif
have documented the ability of Lactobacillus species to inhibit G. vaginalis, and
conversely, the ability of G. vaginalis to inhibit Lactobacillus species. Quantitative
relationship between these two bacteria is the key to which will govern the bacterial flora.
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The ability of each to impose bacterial interference on the other when present in high
multiplicity has been shown in clinical studies. Carson et al. identified Lactobacillus
species in 131 cultures of vaginal specimens. G. vaginalis was recovered as a co-isolate
in only seven cases. In six of the seven cases, the multiplicity of co-isolates implied that
both organisms existed in low multiplicity within the anaerobic progression. When
women with bacterial vaginosis in which G. vaginalis isolates predominated at high
multiplicity, aerobic Lactobacillus species were never isolated.

The absence of aerobic Lactobacillus species is a marker of a bacterial flora at risk for
tendency towards becoming an abnormal bacterial flora with polybacterial and significant
anaerobic bacterial representation. Microbiological environment can supercede virulence
in the production of disease. For disease to occur, exogenous and endogenous bacteria
must possess pathogenic prerequisites and attain replicative dominance. Their ability to
do so is largely governed by inhibitory or synergistic interrelationships with other
bacteria.
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Immunological defense mechanisms in the
female genital tract
Steven S.Witkin, PhD

The lower portion of the female genital tract is exposed to numerous microorganisms
from environmental contact, contamination from the rectum and fingers, during sexual
activity, soiled underclothing, etc. In addition, colonization of the vagina with potentially
pathogenic microorganisms is universal. Immune defense mechanisms have evolved to
protect women from developing clinical infections as a result of this microbial onslaught.
Until recently, studies of female genital tract immunity were limited for the most part to a
description of antibody concentrations and isotypes. In the past several years, however,
spurred in part by the need to understand factors involved in the heterosexual
transmission of the human immunodeficiency virus (HIV) there has been a concerted
interest in other female genital tract immune defense mechanisms. The participation of
female genital tract epithelial cells in immune defense has also been verified.

The immune system can be subdivided into innate and acquired immunity. Innate
immunity is rapid, nonspecific and involves a very limited number of genes (probably
<100). It is the initial response to infection and alerts the acquired immune system to the
need to initiate a pathogen-specific antibody and/or a cell-mediated immune response.
Acquired immunity, in contrast, takes several days to develop, is induced in response to a
specific microbe and recognizes only that microorganism and involves a great number of
genes (approximately 10%).

INNATE IMMUNITY

A major component of the innate immune system is the toll-like receptors (TLRS) present
on the surface of antigen-presenting cells such as macrophages and dendritic cells as well
as on epithelial cells. First identified in Drosophila and later in mammals including man,
the TLRs recognize specific molecules on microbial pathogens called pattern-associated
molecular patterns (PAMPs). For example, TLR2 recognizes yeast zymosan, bacterial
lipoproteins and peptidoglycan from Gram-positive bacteria. TLR4 recognizes
lipopolysaccharide from Gram-negative bacteria, TLR5 recognizes bacterial flagellen
while TLR9 recognizes a unique dinucleotide sequence, unmethylated CpG, only present
in bacterial DNA. The binding of a specific microbial component to a TLR activates the
intracellular pathway leading to transcription of pro-inflammatory cytokines, activation
of phagocytic cells and the triggering of cell-mediated immunity.

An additional mechanism of innate immune system activation of adaptive immunity is
provided by the heat shock proteins. Heat shock proteins, also first identified in
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Drosophila, were named because their intracellular concentration greatly increased when
cells were exposed to elevated temperatures. It later became apparent that any cellular
stress including exposure to infectious agents resulted in a rapid activation of several heat
shock protein genes. Under the so-called ‘danger hypothesis’, the release of heat shock
proteins from damaged stressed cells is the initial signal to the immune system that
danger is present and immune activation is required. Several different heat shock proteins
bind to receptors on antigen presenting cells, triggering their maturation and the release
of pro-inflammatory cytokines that activate T and B lymphocytes. One member of the
heat shock protein family, the 70kDa heat shock protein, has also been shown to directly
activate the complement system. This provides another antigen-nonspecific mechanism
of combating microbial invaders. Activated complement components are capable of
lysing bacterial cells and, by depositing complement component C3 on the bacterial
surface, marking these cells for ingestion by phagocytic cells that contain cell surface C3
receptors.

Antimicrobial peptides are also components of innate immunity. They are expressed
by phagocytic and epithelial cells and are capable of disrupting the cell membranes of a
broad spectrum of Gram-positive and Gram-negative bacteria, fungi and enveloped
viruses. Under physiological conditions these peptides have a cationic charge and so bind
to anionic moieties on the microbial surface. The most widely studied antimicrobial
peptides are the defensins, six of which have been identified in man. Additional
antimicrobial peptides in man include human cationic antimicrobial protein-18
(hCAP18), histatins, lipophilins and NK lysine.

Another innate inhibitor of viruses, bacteria and fungi is called secretory leukocyte
protease inhibitor (SLPI). This protein is a serine protease inhibitor produced by
epithelial cells and present in many body secretions. A recent study has suggested that
SLPI blocks the binding of HIV to target cells, thereby inhibiting its transmission.

ACQUIRED IMMUNITY

In contrast to innate immunity that is a generalized and nonspecific immune response to
infection, acquired immunity is specific for the particular pathogen that is present.
Briefly, antigen presenting cells such as macrophages and dendritic cells engulf the
pathogen or pathogen components and break them down into small peptides. The
peptides then associate with molecules belonging to either class 1 or class 2 of the major
histocompatibility complex (MHC) and the peptide-MHC complexes are transported to
the cell surface. T helper lymphocytes as well as B lymphocytes have receptors that
recognize peptide-MHC complexes on antigen presenting cells. When a single T cell
binds to the microbial peptide-MHC complex the cell ‘learns’ to recognize that specific
microbial antigen. The activated T cell than releases the cytokine interleukin(IL)-2 which
initiates its rapid multiplication resulting in a population of antigen specific cells. The T
cells activate B lymphocytes which then also bind to processed antigens. The resulting
proliferation of these antigen-specific B cells results in the formation of an antibody
producing army with specificity for this one microbial antigen. The T cells also release
interferon gamma (IFN-gamma) which activates phagocytic cells to more effectively
engulf and process microbes and so create additional T and B cells with specificity for
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other micro bial antigens. The net result is the formation of so-called memory T and B
cells capable of activating an antibody or cell-mediated immune response whenever in
the future that specific microbial antigen is recognized.

VAGINAL EPITHELIAL CELLS AND INNATE IMMUNE
DEFENSE MECHANISMS

It has become increasingly clear that epithelial cells in the vagina contribute to the local
immune defense against microbial pathogens. The vaginal mucosa does not contain many
immunocompetent cells and so the vaginal epithelium is the first line of defense against
exogenous microbial pathogens. Vaginal epithelial cells, as well as epithelial cells in the
ectocervix and endocervix, have recently been shown to express several TLRs: TLR1,
TLR2, TLR3, TLR5 and TLR6. TLR4 was conspicuously absent. The capacity of TLRs
to recognize the presence of diverse microbial pathogens bestows on the vaginal
epithelium the function of sentinel. A microbial invader binds to the TLRs and triggers
the epithelial cells to synthesize and release pro-inflammatory cytokines. This, in turn,
summons and activates cells of the acquired immune system to mount a specific immune
attack. The cytokines IL-1, 6, 8, 10, 12, tumor necrosis factor alpha (TNF-alpha) and
macrophage colony stimulating factor have all been detected in vaginal fluids and/or in
vaginal epithelial cell culture supernatants. In addition, IFN-gamma and TNF-alpha have
been shown to induce the expression of MHC class 2 antigens on vaginal and cervical
epithelial cells in vitro. This converts these cells into antigen presenting cells, enabling
them to present microbial antigens for recognition by T lymphocytes.

SLPI has been identified in the female genital tract and is produced by epithelial cells
in the vagina. The ability of SLPI to inhibit microbial growth has already been
mentioned. Women with lower genital tract infections such as Trichomonas vaginalis,
Neisseria gonorrhoeae, Chlamydia trachomatis and Candida albicans and with disturbed
vaginal flora characteristic of bacterial vaginosis have reduced levels of SLPI in the
vagina. Microbe-produced proteases probably degrade SLPI and, thereby, aid the
proliferation of these microorganisms. It has been hypothesized that one mechanism
whereby vaginal infections function as co-factors for the sexual transmission of HIV is
by degradation of SLPI, an inhibitor of HIV binding to target cells.

At least three antimicrobial peptides, beta-defensin-1 and intestinal defensin-5 as well
as hCAP18, have been shown to be expressed by the vaginal epithelial cells. Beta-
defensin-1 levels are highest in pregnant women indicating a hormonal influence on its
expression. Similarly, defensin-5 reaches its highest concentration in the vagina during
the secretory phase of the menstrual cycle. Synthesis of both defensin-5 and hCAP18 are
up-regulated by pro-inflammatory cytokines suggesting their role in combating infection
in the vagina.

Additional components of innate defense produced by vaginal epithelial cells include
the antimicrobial compounds lactoferrin and lysozyme.
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ANTIBODY PRODUCTION IN THE FEMALE GENITAL TRACT

The female genital tract is a component of the mucosal immune system, which is distinct
from circulating immunity. Most of the antibodies present in the female genital tract are
produced locally and differ in specificity from antibodies present in the blood. Thus, it is
possible for women to have antibodies to a genital pathogen in her cervico-vaginal
secretions while these antibodies are absent from her serum. This point has clinical
implications for antibody testing. For example, in women undergoing in vitro fertilization
(IVF) the presence of antibodies to C. trachomatis in cervico-vaginal fluids correlates
with a poor IVF outcome. In contrast, there is no relation between circulating anti-
chlamydial antibodies and IVF success.

Most of the antibody-producing cells in the female genital tract are located in the
endocervix, although antibody-producing cells have also been identified in the ectocervix
and the vagina. Polymeric secretory IgA is the major immunoglobulin produced within
the genital tract. 1gG antibodies are also present in genital tract secretions and probably
consist of a mixture of locally produced antibodies and systemic antibodies that enter the
genital tract by transduction in the vagina and the uterus. The concentrations of
antibodies produced in the cervix varies throughout the menstrual cycle. Antibody levels
are highest during menstruation and lowest during the periovulatory period.

A major question that has been brought into sharp focus by the acquired
immunodeficiency syndrome (AIDS) epidemic is how to optimally induce local female
genital tract immunity as distinct from systemic immunity. Surprisingly, it has recently
been demonstrated that the induction of immunity within the nasal cavity appears to be
the most effective means for inducing long lasting immunity in the female genital tract to
a wide variety of antigens. By mechanisms still to be delineated activated antigen
presenting cells and T and B lymphocytes in the nasal mucosa apparently preferentially
migrate to the mucosa of the female genital tract.

RECURRENT VULVOVAGINAL CANDIDIASIS: AN IMMUNE
DISORDER

In most women the presence of C. albicans in the vagina leads to the release of cytokines
that activate phagocytic cells to engulf and destroy this microorganism. In addition,
production of IFN-gamma inhibits the yeast form of C. albicans from germinating into
the invasive fungal phenotype. Thus, the immune response to C. albicans prevents its
proliferation to levels capable of causing clinical symptoms. It can be readily appreciated
that interference with pro-inflammatory cytokine production would leave the individual
highly susceptible to developing a clinical C. albicans infection, provided of course that
subclinical levels of this microorganism are already present. This is precisely what occurs
in many women suffering from recurrent vulvovaginal candidiasis.

One mechanism leading to the inhibition of pro-inflammatory cytokine production is
an allergic (immediate hypersensitivity) response. If a woman is allergic to a compound
(allergen) she has IgE antibodies that are bound to the surface of basophils and mast cells
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which recognize this specific allergen. When exposure to the allergen occurs the allergen
binds to these IgE antibodies, triggering the basophils and mast cells to release histamine
as well as other inflammatory media-tors. The histamine induces macrophages to release
high concentrations of prostaglandin E, (PGE,) which inhibits the release of pro-
inflammatory cytokines and blocks phagocytic cell activation. Furthermore, other
cytokines, notably IL-4, IL-5, IL-6 and IL-10, are induced under these conditions that
stimulate further production of IgE antibodies.

The induction of allergic responses in the human vagina has been amply demonstrated.
Allergens shown to induce a vaginal allergic response include seminal fluid constituents,
C. albicans, environmental allergens such as rye grass and pollen, and components of
contraceptive spermicides or antifungal medications. The seminal fluid allergen in some
cases is an intrinsic component present in all seminal fluids. In other cases it might be an
allergen unique to one particular seminal fluid: a medication or food ingested by the male
and present in the ejaculate. It is also possible for a male with a genital allergy to transmit
both IgE antibodies and allergen to the female during sexual intercourse, resulting in
induction of a vaginal allergic response in a non-allergic woman.

C. albicans has several unique properties which enable it to take advantage of
localized allergic reactions. This microorganism is able to synergize with histamine to
greatly increase the concentration of PGE, released by macrophages. Furthermore, PGE,
stimulates the yeast to hyphae morphogenetic transition of C. albicans, increasing its
pathogenicity Recent studies have demonstrated that C. albicans possesses an
immunosuppressive PGE,-like molecule which also induces hyphae formation.

C. albicans is present in the vagina of about 20% of women as a commensal
microorganism. If a vaginal allergic reaction occurs in a woman harboring this
microorganism, the resulting localized immune responses will allow the Candida to
proliferate and to undergo a transition to the hyphae form. This will result in the clinical
symptoms characteristic of vulvovaginal candidiasis. Subsequent antifungal antibiotic
treatment will most likely result in an alleviation of symptoms. However, since all current
antifungal drugs are fungistatic and not fungicidal low levels of Candida will remain in
the vagina. This will leave the woman susceptible to recurrent vulvovaginal candidal
infections upon subsequent exposures to an allergen to which she is sensitized. It has
been demonstrated using the highly sensitive polymerase chain reaction that women with
a history of recurrent vulvovaginal candidiasis harbor C. albicans in their vagina even at
times when they are free of symptoms. Furthermore, heat shock proteins are present in
their vaginal fluids indicating a persistent perturbation of the vaginal environment of
women susceptible to recurrent vulvovaginal infections.

Given that a vaginal allergy renders a woman susceptible to vulvovaginal candidiasis,
it seems clear that treatments aimed at alleviating the underlying immune predisposition
may be beneficial to ending the cycle of recurrences. Unfortunately, at present there is no
clearly defined treatment that is universally effective. Limited published studies as well
as anecdotal evidence suggest several potential protocols that seem to be effective in a
variable percentage of patients. If the offending allergen can be identified than avoidance
of exposure usually results in elimination of recurrent symptoms. This may involve use of
a condom in cases of seminal fluid allergy or changes in locally applied contraceptives or
medications. In cases of allergic reactions to seminal fluid or to C. albicans successful
systemic desensitization has been reported in limited studies. Other treatments have
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involved blocking the allergic reaction at various stages: use of a mast cell stabilizer
(cromolyn sodium) to inhibit histamine release, antihistamines to inhibit histamine
binding to lymphoid cells, prostaglandin synthesis inhibitors to interfere with PGE,
production.

An innate immune system component with strong anti-Candida activity is mannose-
binding lectin (MBL). MBL is a plasma protein and a member of the collectin protein
family MBL is defined as a pattern recognition molecule since it recognizes and binds to
mannose-rich or N-acetyl-glucosamine-rich carbohydrate patterns on the surface of
bacteria, fungi and viruses. Importantly, MBL does not bind to carbohydrate moieties
present in human glycoproteins. Subsequent to MBL binding to a microbial surface, the
complement system is activated and complement components are deposited on the
surface of the affected microorganism. This makes the microbe susceptible to
opsonization by complement receptor-bearing phagocytic cells. Binding and opsonization
of MBL-bound microbes also accurs by binding to collectin receptors on macrophages.
Additionally, complement activation can also lead directly to microbe killing by the
creation of holes in the microbial cell wall. A decreased concentration of circulating
MBL in some individuals is due to single nucleotide genetic polymorphisms in the MBL
gene, located on chromosome 10. These variations interfere with effective aggregation of
the MBL polypeptide chains resulting in a complex having reduced activity and stability.
A recent analysis of MBL genotypes and vaginal MBL concentrations in women,
demonstrated that possession of a mutant MBL genotype was associated with reduced
MBL vaginal concentrations and an increased incidence of recurrent vulvovaginal
candidiasis.

EFFECT OF SEXUAL INTERCOURSE ON VAGINAL
IMMUNITY

Spermatozoa are viewed as foreign by the female immune system. Therefore, in order to
preserve fertility, mechanisms have evolved to prevent women from developing
antisperm immunity. Human seminal fluid has the highest concentration of PGE, of any
body fluid and so semen is highly immunosuppressive. In addition, human seminal fluid
is a potent inducer of IL-10, an inhibitor of cell-mediated immunity.

While preventing induction of immunity to spermatozoa, the immunosuppressive
properties of seminal fluid may aid in the proliferation of pathogens in the vagina. If C.
albicans is present in the vagina of a woman who then engages in sexual intercourse the
deposition of semen will result in conditions favoring Candida proliferation and
germination. Similarly, the female’s immune response to microorganisms present in the
male ejaculate may be inhibited by seminal fluid. Semen-induced immunosuppression
may also explain the observation that, while antibiotic treatment of male partners does
not reduce the incidence of bacterial vaginosis, sexual activity is an established risk factor
for this condition.
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3
Anaerobic infections

Understanding of the events which combine to produce polymicrobial anaerobic infection
is critical to effective antibiotic selection in obstetrics and gynecology. Polymicrobial
infection usually requires polydrug antibiotic regimens.

CLASSIFICATION

Pasteur was the first investigator to demonstrate that microbial metabolism was possible
without the absence of air. In 1857, he classified anaerobic bacteria into two groups. The
first group he termed facultative anaerobes, which he defined as bacterial organisms that
could grow either with or without air. The second group were designated as obligatory
anaerobes. These were bacteria whose growth and viability were irreversibly impaired by
air.

Approximately 146 technologic years later, we have not radically altered these basic
concepts. The current classification scheme divides bacteria into three classes as shown
in Table 3.1.

Each of these classification schemata is valid only in reference to the time of
collection. For example, a strain of Bacteroides fragilis isolated from an ovarian abscess
six weeks after vaginal hysterectomy will be a Class 3 extremely oxygen sensitive (EOS)
organism; however, when recruited from the vaginal flora, it existed as a microaerophilic
Class 2 bacteria. Under the environmental selection engendered by disease, the strain
becomes a Class 3 (EOS) bacteria. Any breach of anaerobic technique at the time of
collection or in the subsequent handling of the specimen would result in loss of the
organism. However, once propagated in vitro under strict anaerobic conditions, the strain
of B. fragilis will regain its original oxygen tolerance and can be handled outside the

Table 3.1 Classification of anaerobic bacteria

Class 1
Bacteria that grow better in the presence of air than in its absence.
Class 2

Bacteria that are unable to initiate growth unless the oxidation-reduction potential of the medium is
low (the exception being when they are inoculated in large numbers).

Class 3

Bacteria that perish on even transient contact with atmospheric oxygen: EOS (Extremely Oxygen
Sensitive) bacteria. These organisms are incapable of surface replication at oxygen concentrations
of 0.5%.
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anaerobic glove box without impairment of viability for up to four to six hours.

SOURCE OF THE BACTERIA

When anaerobic disease occurs, it is primarily due to bacteria derived from the patient’s
own microbiologic environment. Anaerobic bacteria constitute a significant component
of the endogenous flora of our skin and most mucous membranes. In this context, man is
his own reservoir of potentially pathogenic anaerobic bacteria.

PATHOGENESIS

The anaerobic progression

In the majority of instances in Obstetrics and Gynecology, anaerobic disease has its
genesis with multiple bacteria whose abilities to replicate at different oxygen levels vary
significantly. The catalytic event which takes an endogenous bacterial flora and gives it
pathogenicity is an alteration in the oxidation-reduction potential of the microbiological
environment. Normal healthy tissue has an oxidation-reduction potential of
approximately +150 mV. latrogenic lowering of the oxidation-reduction potential often
occurs during an operation when tissue is crushed by clamps, devitalized by loss of

Figure 3.1 The anaerobic progression
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blood supply, and/or subjected to microhematoma formation or the development of
serous fluid collection.

A given disease can similarly lower the oxidation-reduction potential and thus initiate
the anaerobic progression. With the lowering of the oxidation-reduction potential,
acidification of the local environment and removal of molecular oxygen, the
polymicrobial flora of disease undergoes selective changes. The more aerobic bacteria
(which cannot replicate under these progressively adverse conditions) undergo a process
of sequential autoelimination. This process is termed the anaerobic progression (Figure
3.1). Abscess formation is the ultimate culmination of the anaerobic progression. From
well developed abscess material usually only a single genus of bacteria is isolated.
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The immediate anaerobic syndrome

The anaerobic progression is the major but not sole pathway to anaerobic disease. The
appropriate oxidation-reduction potential can be combined with the right bacterium or
bacteria to produce anaerobic infection, i.e., ahematoma contaminated with a major Class
2 anaerobe or iatrogenic or spontaneous penetration of the gastrointestinal tract. In these
instances, there is no need for alteration of the microbiological environment to initiate the
disease process since it already is present (e.g. feces has the lowest oxidation-reduction
potential recognized, minus 200 mV, and the gastrointestinal anaerobic flora has a
hundred-fold dominance over its Class | counterpart).

DIAGNOSIS

The diagnosis of polymicrobial (aerobic-anaerobic) disease is usually inferred from the
clinical situation. The clinical setting in which disease occurs dictates the presumptive
diagnosis (Tables 3.2, 3.3). For example, postpartum endometritis following cesarean
section may be due to a monoetiological agent like the group A beta-hemolytic
streptococci; however, in the majority of instances, disease has its genesis with the
anaerobic process. Some of the clinical clues which should suggest advanced anaerobic
infection include:

(1) presence of foul-smelling discharge;

(2) failure to achieve the anticipated therapeutic response with the combination of a
penicillin and an aminoglycoside in the absence of a surgically amenable focus of
infection;

(3) failure of bacteria visualized on Gram stain to grow from purulent material;

(4) the development of septic thrombophlebitis.

Clinically, the most useful clue is foul-smelling discharge. The odor is caused by the
cleavage of -SH groups from amino acids which occurs only under strict anaerobic
conditions. More advanced disease (abscess

Table 3.2 Clinical situations commonly associated
with polymicrobial infections

Obstetrics Gynecology

Septic abortion Pelvic cellulites

Infected ectopic pregnancy Cuff abscess or cellulites

Retained products of conception Ruptured tubo-ovarian abscess

Post-cesarean section endomyometritis Postoperative abdominal wound
infections

Postpartum endometritis associated with obstetrical
trauma
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Table 3.3 Appropriate specimen for anaerobic
cultures in obstetrics and gynecology

Specimen Technique

Abscess (cuff, ovarian, tubo-ovarian, Bartholin’s gland, etc.) Aspiration

Peritonitis (pelvic inflammatory disease, uterine perforation, etc.) Aspiration via culdocentesis

Buboes (lymphogranuloma venereum, etc.) Direct aspiration
Septic abortion, ruptured tubo-ovarian abscess Tissue
Deep wounds direct aspiration Tissue

formation) of the immediate anaerobic syndrome is usually clinically evident.

Specimen selection

It is very important to avoid contamination of the diagnostic specimen by bacteria
inherently present on skin and mucous membranes. Since the anaerobes causing
anaerobic disease are derived from the endogenous bacterial flora, it is pointless to collect
specimens from a site which requires the sampling vehicle to have contact with an area
that has an endogenous bacterial flora.

Specimen collection

Good anaerobic bacteriology is time consuming and expensive. Therefore, it is important
that only specimens which have been appropriately selected and properly collected be
submitted for anaerobic culture. A bad specimen will not only give useless or misleading
results, it will also prevent the laboratory personnel from devoting sufficient attention to
valid specimens.

An appropriate culture for anaerobic progression is normally obtained by aspiration
with a needle and syringe. Great care must be taken to exclude air. Even transient contact
with molecular oxygen is as lethal as an autoclave for Class 3 anaerobes. In selected
instances, e.g. ruptured tubo-ovarian abscess or gangrenous wound infections, it is not
possible to obtain a specimen for bacteriological analysis by aspiration. In these
circumstances, a fragment of infected tissue constitutes a valid specimen. Any time a
cotton swab (even one stored in a tube free of molecular oxygen) is exposed to room air
in the course of obtaining a culture sample, concern must be given to the validity of the
specimen. Of even greater concern is the necessity to sample an area with an inherent
bacterial flora. The only reason to obtain bacteriological cultures in these circumstances
is not to identify the constituents of the Anaerobic Progression but rather to exclude the
presence of exogenous aerobic bacteria which may have epidemiological or nosocomial
significance, i.e., Neisseria gonorrhoeae, group A streptococci, Listeria monocytogenes.
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Role of the Gram stain

Next to the physician’s ability to anticipate when the anaerobic progression is
functioning, the most important diagnostic tool is the Gram stain. When dealing with a
well established abscess, the ocular-cerebral reflex is

Table 3.4 Differential diagnosis of anaerobic
bacteria from the abscess pus based on Gram stain

morphology
Coccus Bacillus
Gram-positive Gram- Gram-positive Gram-negative
negative
Peptostreptococci Veillonella  Clostridia Bacteroides/Prevotella

(anaerobic streptococci)

pairs and chains pairs or large straight small staining round ends
clusters rods (boxcars)
Peptococci Actinomyces Fusobacterium
(anaerobic staphylococci) filamentous pointed ends or filaments
clusters growth
Eubacteria

slender rods
Propionibacteria

(anaerobic Corynebacteria) banding,
beading, clubbing; V-Y arrangement;
Chinese letters

almost as accurate as an anaerobic diagnostic facility. Whenever you take an anaerobic
culture, make a Gram stain (Table 3.4).

THERAPY—GAINESVILLE CLASSIFICATION

When confronted clinically with the anaerobic progression, in the majority of instances
antibiotic selection cannot be guided by bacteriological cultures. The problems with
specimen collection, specimen handling and a dynamic pathogenic flora (the anaerobic
progression) are not readily addressed in diagnostic bacteriology laboratories. These
problems have led to the creation of the Gainesville Classification. The Gainesville
Classification subdivides the polymicrobial flora which function in the anaerobic
progression into its first four categories.
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The concept of Category Designation must be concurrently used. Category
designation equates with the ability to eradicate >94% of the bacteria within that
category.

The bulk of clinical isolates belongs to Category I-A and I-B of the Gainesville
Classification (Table 3.5). Since the majority of the bacterial isolates are susceptible to
penicillin and/or its semisynthetic analogue, the prior success of obstetricians and
gynecologists with such simple therapy as ampicillin alone or penicillin and an
aminoglycoside is readily comprehensive.

Table 3.5 Gainesville Classification

Anaerobic bacteria

Category IB

Anaerobes for which penicillin is the drug of choice for highly effective therapy.
Category 11

The nonpenlcillin-sensitive anaerobic bacteria which includes most strains of Bacteroides fragilis
and Prevotella species (bivia, disens).

Aerobic bacteria

Category IA

The Gram-positive aerobic bacteria.

Category I

The group D streptococci—specifically the enterococci.
Category IV

The Gram-negative aerobic rods of the Enterobacteriaceae.

The effectiveness of antimicrobial therapy for polymicrobial anaerobic disease is
influenced by the prevailing oxidation-reduction potential. If the oxidation-reduction
potential is not in a critical zone which will sustain the successful replication of
pathogenic Class 2 anaerobic bacteria, the ongoing polymicrobial disease can be
effectively aborted by the eradication of the majority of the dominant constituents which
are predominantly Class 1 anaerobes. However, once a critical oxidation-reduction
potential is achieved, partial eradication of the bacteria present will not abort progression
of disease. At this point, it becomes necessary to eradicate all existing anaerobic bacteria
in Category IB and Category II.

SURGICAL INTERVENTION

How aggressive the clinician must be surgically is dictated in part by his understanding of
the anaerobic progression and the immediate anaerobic syndrome. In dealing with
potentially life-threatening disease, there will be isolated instances where, given a choice
between all-encompassing antibiotic coverage and the Bard-Parker blade, one must
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preempt surgical intervention over medical therapy. Retained products of conception in
association with thrombophlebitis, an ovarian abscess or a ruptured tubo-ovarian abscess
are examples of situations in which the adverse microbiological environment must be
mechanically removed or disrupted to achieve a therapeutic cure. It cannot be stressed too
strongly that where there is necrotic tissue or a significant abscess, rarely can a
bacteriological cure be achieved with antibiotic therapy alone. However, once a
surgically amenable focus of infection has been excluded, a commitment can be made to
attaining a non-operative medical cure.

ANTIBIOTIC SELECTION FOR POLYMICROBIAL
ANAEROBIC DISEASE

When dealing with polymicrobial disease, the major therapeutic commitment must be to
Categories I, 1l and IV if the principal morbid sequelae (septicemia, septic
thrombophlebitis and abscess formation) are to be averted. Confronted with life-
threatening polymicrobial disease, the antibiotic selection is that of triple therapy
(classically penicillin or ampicillin, clindamycin or metronidazole and an
aminoglycoside) or its equivalent. Triple therapy gives you ++++1/2 to +++++ in each
category of the Gainesville Classification, thus creating “an antibiotic stone wall”. When
medical failures occur, they are due to a beta-lactamase, a clindamycin-resistant or
aminoglycoside-resistant strain of Staphylococcus aureus, a clindamycin-resistant strain
of Bacteroides fragilis or a multiresistant-Enterobacteriaceae. Being aerobic bacteria,
Staphylococcus aureus and the Enterobacteriaceae will be identified by conventional
bacteriological cultures. The concept of triple therapy was designed to give obstetricians
and gynecologists the ultimate ability to dissect out medically amenable disease from that
requiring surgical intervention.

Early in the course of postoperative infectious complications, the clinician usually is
not dealing with life-threatening disease, but rather with the anaerobic progression. The
effectiveness of antimicrobial therapy for polymicrobial disease is influenced by the
existing oxidation-reduction potential. When that potential is not in a critical zone,
anaerobic infection can be effectively dealt with by the eradication of the major
constituent of the facilitating bacterial flora in the anaerobic progression. Once a critical
oxidation-reduction potential is reached, partial eradication of the bacterial flora present
will not abort disease. It becomes necessary to eradicate all bacterial constituents.

The majority of postoperative infectious complications should be treated aggressively
with two-drug therapy which effectively and completely (+++1/2 to ++++) covers two or
more categories in the Gainesville Classification. Initial selection of the antimicrobial
agents is often dictated by the disease entity per se. No matter what combination of drugs
is used, the clinician must be cognizant of the GAPS, in terms of the Gainesville
Classification, of his or her antibiotic selection. If the anticipated therapeutic response
does not develop in 24-36 hours, the antibiotics necessary to effectively cover the
categorical gaps should be substituted.
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4
Antibiotic selection in Obstetrics and
Gynecology

Why do the ground rules covering antibiotic selection in Obstetrics and Gynecology
differ from those of Internal Medicine?

The internist deals with infectious diseases that are primarily monoetiological: a single
organism is responsible for a given set of symptoms. While the obstetrician/ gynecologist
also deals with monoetiological disease, its pathogenic spectrum is often different. The
principal pattern in Obstetrics and Gynecology is polymicrobial infection which primarily
involves microaerophilic and obligatory anaerobic bacteria. When the 10 most common
bacterial pathogens for the internist and the obstetrician/gynecologist are compared, the
degree of overlap is not significant. On the other hand, when bacterial isolates from the
intravascular compartment are contrasted, the differences are obvious (Table 4.1).

Even when the two disciplines are dealing with the same genus of bacteria, the
spectrum of disease may diverge significantly (e.g. the group A beta-hemolytic
streptococci). In regard to the obstetrician/gynecologist, this means post-lUD-insertion
endometritis, postpartum endometritis/peritonitis (puerperal sepsis), or Meleny type |
ulcer (necrotizing fasciitis). These are not the typical clinical presentations of the group A
beta-hemolytic streptococci for the internist. Nevertheless, the basic ground rules for both
disciplines are the same (Table 4.2).

The dominant cleavage factor between Internal Medicine and Obstetrics and
Gynecology is the prevalence of polymicrobial infection and the potential for
participation by the penicillin-resistant Bacteroidaceae.

ANTIBIOTIC SELECTION FOR MONOETIOLOGICAL DISEASE

The rule governing antibiotic selection states that for monoetiological disease, use the
drug of choice. When infection is due to group A or B beta-hemolytic streptococci,
Listeria monocytogenes, Neisseria gonorrhoeae, Mycoplasma hominis, etc., it is
primarily monoetiological disease. Sometimes, monoetiological disease may be due to
Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, Enterobacter cloacae, or the
Gram-positive cocci. The initial antibiotic selection must anticipate the probable
spectrum of offending organisms, as well as the drug of choice concept.

In those instances of monoetiological disease with a broad spectrum of potential
pathogens (e.g. urinary tract infection, chorioamnionitis, primary pneumonia),
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Table 4.1 Septicemic bacterial isolates (Shands
Teaching Hospital)

Frequency of Medicine Obstetrics
isolates
1 Staphylococcus aureus (21%) Bacteroidaceae (17%)
2 Escherichia coli (18%) Gardnerella vaginalis (17.5%)
3 Pseudomonas (16%) Anaerobic (10.8%) streptococci
4 Klebsiella pneumoniae (8.7%) Streptococci (10.8%) groups
A&B
5 Proteus (7.6%) (indole-positive & Enterococci (10.8%)
negative)
6 Enterococci (6.4%) Escherichia coli (6.7%)

Table 4.2 Basic ground rules in antibiotic selection

(1) The antibiotic or antibiotics selected must be highly effective, if not drug of choice against the
presumed etiological agent or agent. (Drug of choice vs. best fit for potential pathogen
spectrum)

(2) Antibiotic selection must be done with patient safety as being a foremost consideration
(3) Antibiotic selection must be able to achieve therapeutic concentrations at the site of infection

(4) Proper determination of dosage must be calculated to avoid dose-related adverse drug
reactions. Adjustments include:

e body weight

e route of administration

< functional status of the principal mode of detoxification

e patient’s physiological status i.e. pregnancy, third-space pooling
(5) Consideration should be given to the frequency of administration

(6) An anticipated therapeutic response needs to be projected

the rule governing antibiotic selection is: the best drug for the anticipated spectrum. This
may necessitate two-drug therapy when disease is potentially life-threatening (e.g.
maternal chorioamnionitis with septicemia). In certain instances, monoetiological
diseases may be transformed into polymicrobial infection. For example, with acute
endometritis/salpingitis/peritonitis due to N. gonorrhoeae, when peritonitis is well
established, anaerobic superinfection from organisms derived from the vaginal flora may
occur. A broader spectrum of coverage would be indicated.

Chorioamnionitis, in its initial phase, is due to a single organism, usually a facultative
anaerobe, such as a motile member of the Enterobacteriaceae or the virulent cocci (i.e.,
the group A beta-hemolytic streptococci or N. gonorrhoeae). The divergent antibiotic
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susceptibility patterns and the potential ramifications of disease, if allowed to evolve,
argue for the combination of two drugs. Therapy for a gravida involves two biologically
unique individuals.

In chorioamnionitis, it is necessary to treat the potential fetal/neonatal as well as the
maternal infection. Because of its augmented ability to attain significant levels in
amniotic fluid and cord blood, ampicillin is substituted for penicillin. The therapy of
choice is the

Table 4.3 Gainesville Classification

Anaerobic Progression Portion
Category —A & B

Penicillin-sensitive aerobes (A) and anaerobes (B)
Category 11

Penicillin-resistant anaerobes

Category 111

Community-acquired enterococci

Category IV

Community-acquired Enterobacteriaceae

Nosocomial Disease Portion
Category V

Multi-resistant Enterobacteriaceae
Category VI

Pseudomonas species

Category VII

Methicillin-resistant staphylococci

combination of ampicillin and an aminoglycoside, preferably gentamicin. In this instance,
fetal considerations modify maternal therapy

ANTIBIOTIC SELECTION FOR NOSOCOMIAL,
MONOETIOLOGICAL DISEASE

Septicemia in intensive care units is usually monomicrobial in etiology; however, the
ability to document causation in a clinically meaningful time frame is lacking. Most
causes of nosocomial septicemia are aerobic bacteria belonging to categories V, VI and
VII of the Gainesville Classification (Table 4.3).

Like the obstetrician/gynecologist confronted with life-threatening disease, the
physician in the intensive care unit resorts to ‘triple therapy’:

« imipenem for Categories I, IV, and V
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« amikacin for Categories 1V, V, and VI
« vancomycin for Categories | and VII

The governing concept of antibiotic selection in Obstetrics and Gynecology for life-
threatening disease is the need to cover with category encompassing antibiotics,
Categories | through 1V The governing concept for Internal Medicine is best category-fit-
for-spectrum encompassing potential pathogens.

Table 4.4 Clinical situations commonly associated
with polymicrobial infections

Obstetrics Gynecology

Septic abortion Pelvic cellulitis

Infected ectopic pregnancies Cuff abscess or cellulltis

Retained products of conception Ruptured tubo-ovarian abscess
Postcesarean-section endometritis Cul-de-sac abscess

Postpartum endometritis Postoperative abdominal wound infections

ANTIBIOTIC SELECTION FOR POLYMICROBIAL
COMMUNITY-ACQUIRED DISEASE

The effectiveness of antimicrobial therapy for polymicrobial infection is influenced by
the existing oxidation-reduction potential. When the oxidation-reduction potential is not
yet in a critical zone, anaerobic infection can effectively be dealt with by eradicating the
major constituent of the facilitating bacterial flora in the anaerobic progression. In this
situation, it is not necessary to eradicate each bacterial constituent. Once a critical
oxidation-reduction potential is achieved, partial eradication of the bacteria present will
not abort disease.

The presumptive clinical diagnosis alerts the physician that he or she is dealing with a
polymicrobial infection (Table 4.4). In dealing with anaerobic polymicrobial infection,
antibiotic coverage should be directed at the first four major categories of the Gainesville
Classification schemata (Table 4.3).

While focusing on the anaerobic participants in the anaerobic progression, the first
four categories of the Gainesville Classification effectively deal with the predominantly
aerobic bacteria which may be involved in obstetrical or gynecological infections. The
multidrug-resistant Klebsiella and Pseudomonas are rarely a problem for the obstetrical
or gynecological patient unless the patient has been in the intensive care unit for long
periods of time or has been subjected to complex medical care which biases her for the
potential acquisition of nosocomial infection. The aerobic bacteria involved in obstetrical
and gynecological infections can usually be effectively dealt with by penicillin or a
semisynthetic analogue and an aminoglycoside.

When polymicrobial infection associated with a surgically amenable focus of infection
cannot be identified, then the first four categories of coverage (Gainesville Classification)
needs to be instituted in the case of life-threatening anaerobic infection. If abscess
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formation has occurred, surgical intervention is required. It cannot be stressed too
strongly that where there is necrotic tissue or abscess, a bacteriologic cure with antibiosis
alone can rarely be achieved.

Assuming exclusion of microbiological situations amenable to surgical therapy in
which a critical oxidation-reduction potential is present (i.e., ruptured tubo-ovarian
abscess, retained products of conception, etc), triple therapy (penicillin- or ampicillin-
clindamycin-aminoglycoside) or an equivalent is indicated for lifethreatening disease.

Three (+++) to four (++++) types of coverage must be achieved in each of the
therapeutic categories. When dealing with the anaerobic progression, any combination of
drugs which gives you at least a +++ coverage for the penicillin-sensitive anaerobes and
++ to +++ coverage in the remaining three categories is recommended (Tables 4.5, 4.6,
4.7).

If the first four categories are covered effectively, an antibiotic stone wall is created
for aerobic/anaerobic polymicrobial infection. This permits the evaluation of current and
future antibiotics in terms of delineating the existing gaps. Whenever a given antibiotic is
used, the physician must be cognizant of the gaps. If the anticipated therapeutic response
does not occur and there is not a surgically amenable or manageable focus of infection, it
is imperative to close the gap with appropriate therapy. The system is designed to give
obstetricians and gynecologists the ability to dissect out medically amenable disease from
that requiring surgical intervention.

ANTIMICROBIAL RESISTANCE

In the future, antibiotic selection will be influenced by the emergence of antimicrobial
resistance. This phenomenon and its spread represent the convergence of a

Table 4.5 Spectrum of coverage achieved within
the Gainesville Classification by antibiotics with
Category | designation

Gainesville Classification categories

Category | | I 1] \Y
Antibiotics

Penicillins

First generation +H++ - +++ +—++
Second generation ++++ - ++++ ++
Third generation ++++ ++-+++ ++1/2 ++1/4
Fourth generation ++++ +-+++ +++ ++1/2
Fifth generation ++++ +++ 4+ +++

Cephalosporins

First generation +++ +/— + ++1/4
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Second generation ++++ o+ + ++1/2
Third generation +++ ++ +—++ +++1/4
Erythromycins ++++ - +++ +
Vancomycin ++++ - +++ —
Imipenem/Cilastatin ++++ +++ +++ bt

Table 4.6 Coverage within the Gainesville
Classification of antibiotics with Category Il

designation
Gainesville Classification categories

Category 11 1A 1B 1 1 v
Antibiotics
Clindamycin +++ +++1/2 +H++ — _
Metronidazole - +4++ ++++ — _
Imipenem/Cilastatin ++++ +++1/2 +4++ +H+ NI,
Ampicillin/Sulbactam ++++ +++1/2 +++ +++ +4 — 4+
Ticarcillin/Clavulanate +++ +++1/2 +++ ++ ottt
Piperacillin/Tazobactam ++++ +++1/2 +44+ +++ 4+

Table 4.7 Coverage within the Gainesville

Classification of antibiotics with Category Il

efficacy

Gainesville Classification categories

Category 111 1A IB 1 1 v
Antibiotics
Penicillins ++++ ++++ - +++ +
Erythromycins ++++ +++ - +++ +
Chloramphenicol ++ +++ ++++ +++ ++
Trimethoprim/ Sulfamethoxazole +++ +++ + +++ ++

variety of factors which include mutations in common resistance genes, the exchange of
genetic information among microorganisms, and the selective pressures engendered by
antibiotic utilization both in hospitals and within the community. By becoming stably
endemic a number of multiresistant bacterial phenotypes have impacted or have the
potential to impact on obstetricians and gynecologists (Table 4.8).
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Multiresistant N. gonorrhoeae and Streptococcus pneumoniae have become well
established in the community. Multiresistence for these bacteria to beta-lactam and non-
beta-lactam antibiotics is not the result of common

Table 4.8 Multiresistant bacteria potentially
impacting on Obstetrics and Gynecology

Enterococcus faecalis
Neisseria gonorrhoeae
Stahylococcus aureus
Staphylococcus epidermidis

Streptococcus pneumoniae

resistance mechanisms or genetic linkage. What happen is the clonal spread of relatively
few beta-lactam resistant strains. A small percentage of these bacteria also expressed
resistance to one or more non-betalactam antibiotics. When the beta-lactam strains
became endemic, switching antibiotic therapy selected for increased antibiotic resistance
to non-beta-lactam antibiotics.

The mechanism of beta-lactam resistance of N. gonorrhoeae involves both
chromosomal and plasmidmediated mechanisms. The mechanism of beta lactam
resistance of S. pneumoniae is plasmid-mediated alterations in high molecular weight cell
wall penicillinbinding proteins.

Hospital multiresistant bacteria

Among Gram-positive bacteria, the most common mechanisms for exchange of genetic
material involve transformation and transduction, whereas with Gram-negative bacteria
conjugation is the most commonly recognized mode of genetic transfer.

Multiresistance, and in particular that to vancomycin, of Enterococcus faecalis is
borne on mobile plasmids and transposons. Not all resistance genes that transfer among
bacteria are expressed or maintained. The frequent use of vancomycin in the 1990s for
therapy of methicillin-resistant Staphylococcus aureus, Clostridium difficile, and in-line
bacteremia caused by coagulase-negative staphylococci was the predominant selective
pressure that resulted in the development and spread within hospitals of vancomycin-
resistant enterococci. The intensity of use of vancomycin is proportional to resistance
levels in bacteria within hospital settings. The selective pressure caused by vancomycin
utilization has impacted on S. aureus and S. epidermidis.

Physicians need to monitor local antibiotic resistance patterns. Confronted with life-
threatening disease within the disease spectrum of a multiresistant bacteria or a 10%
resistance to a given a potential multiresistant bacteria within a hospital or community,
antibiotic selection should conform to “best-fit-for-spectrum” of all significant pathogens.
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Antibiotics and pregnancy
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MATERNAL-FETAL DISTRIBUTION

The transport of drugs is governed by diffusion, surface area available for transfer, lipid
solubility, molecular weight, degree of ionization, partition coefficient, and maternal-fetal
concentration gradient. The availability of a drug for transport is dependent, in turn, on
the binding of the drug to the plasma proteins. Forming a drug-protein complex is
contingent upon covalent and ionic bonding between polar and nonpolar groups on the
antibiotic and upon the polarity of amino acids available for binding. The unbound
fraction in the serum is pharmacologically active and in a state of dynamic equilibrium
with the drug present in the extra-cellular space. As free drug is excreted or metabolized,
protein-bound drug is released so as to maintain a relatively constant proportion of free
drug. Serum protein levels do not influence the eventual utilization of all of the drug
present in the plasma, but rather determine the amount of free drug available at any given
moment. Only the unbound drug passes freely across membranes separating biologic
compartments. It is this form of the drug which is capable of antimicrobial action. The
affinity of plasma proteins for a specific drug is not necessarily indicative of its binding
capacity. Certain carrier proteins may have a high affinity for a given drug but a
relatively low binding capacity. When the binding sites are saturated, a secondary plasma
protein usually participates in the reaction, even though its binding affinity is lower.
Different drugs may compete for the same binding site on a protein molecule. The
unbound plasma levels will be increased if the bound form on a protein molecule is
displaced by another drug with a greater affinity for that particular binding site. Once the
free form of the drug has entered into a given biologic compartment, such as the fetal
intravascular space or the amniotic fluid, it is again subjected to the binding ratios of
those proteins present. The lack of a significant amount of protein in certain biologic
compartments such as the cerebrospinal fluid (CSF) and amniotic fluid may account for
the relative efficiency of certain drugs in eradicating bacteria, despite the low
concentrations achieved relative to those in the corresponding vascular compartment. The
significance of protein binding is brought into sharp focus when therapy is initiated for
the fetus rather than the mother. Because of its protein binding, the distribution of
ampicillin is such that it is often the drug of choice in terms of first-line fetal therapeutics.

Recent evidence has demonstrated that placental drug transport may also be regulated
by transporters expressed in the placenta, particularly efflux transporters that serve to
‘pump’ drug back to the mother, limiting fetal exposure. Several efflux transporters have
been identified in the human placenta with P-glycoprotein (MDR1) being the most
studied. Many drugs are transported by the P-glycoprotein transporter, including drugs
such as digoxin that are used for in utero treatment. However, transporters from the
multidrug resistance-associated protein (MRP) family as well as the breast cancer
resistance protein (BCRP/MXR/ABCP) have also been found in human placenta. The
MRP transporters appear to prefer organic anions drugs, glutathione conjugates,
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glucuronate conjugates, uronates and sulfates. Though less understood, the BCRP
transporter appears to transport compounds such as topotecan and mitoxantrone and
probably other drugs. Because these transporters pump drug back to the mother from
placenta tissue, they can serve a protective role following maternal drug exposure.
However, in

Table 5.1 Congenital infections for which
antimicrobial therapy exists

Organism Drug of choice
Bacteria Listeria monocytogenes Ampicillin
Haemophilus influenzae Ampicillin
Salmonella typhi Ampicillin
Spirochetes Treponema pallidum Penicillin
Protozoan Toxoplasma gondii Pyrimethamine and sulfonamides

some cases, in utero drug treatment is desired (e.g., intra-amniotic infection, HIV or
cardiac conditions) and these transporters may limit fetal exposure and thus reduce drug
efficacy.

The placenta also possesses limited capabilities to metabolize compounds via both
oxidative metabolism pathways (e.g. cytochrome P450 enzymes) or via drug conjugation
pathways (e.g. glucuronosyl transferases or glutathione S-transferases). In most cases,
metabolism by these pathways results in the production of inactive and more easily
excreted metabolites. However, in some cases, reactive or toxic metabolites may be
produced (see below). Substantial research in this area has focused on the inducibility of
placental oxidative enzymes (e.g. cytochrome P450 1A1) in mothers who smoke during
pregnancy. In pregnant women who smoke, placental cytochrome P450 1Al has been
shown to be induced up to 100-fold as compared to the basal state. This is especially
important since cigarette smoke contains a number of polycyclic aromatic hydrocarbons
that are metabolized to produce reactive metabolites that can be mutagenic or
carcinogenic. However, the glutathione S-transferase enzymes, which are not induced by
cigarette smoking, can conjugate glutathione with these polycyclic aromatic hydrocarbon
reactive metabolites. Thus, an imbalance can result in women who smoke, potentially
placing the fetus at additional risk.

Though not studied extensively, oxidative enzymes such as cytochrome P450 1 Al and
conjugative enzymes such as glutathione S-transferase and glucuronosyl transferases may
also participate in the metabolism of drugs given for in utero treatment of various fetal
disorders. Though at the present time limited research is available regarding the activities
of these enzymes in placental tissue toward commonly used drugs, it is reasonable to
assume that they would affect maternal-fetal distribution.
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ANTIBIOTICS FOR THE FETUS

The obstetrician is in the unique position of being simultaneously a therapeutician for
both the mother and fetus. The mother and fetus are biologically unique individuals
whose ability to metabolize a drug or be adversely affected by the compound or its
degradative derivatives may differ significantly.

Certain antibiotics which would constitute drug of choice for the non-pregnant female
must be avoided during gestation due to their ability to act as potential teratogens,
induce drug embryopathy in the fetus or cause an adverse reaction in the enzymatically
immature neonate.

Antibiotic therapy for congenital infection in utero

Selected organisms which have the ability to traverse the placenta and establish
congenital infection in the fetus are responsive to maternal antimicrobial therapy (Table
5.1).

Chorioamnionitis complicates 1-5% of term pregnancies. The incidence of intra-
amniotic infection approaches 25-40% of cases of preterm labor and is a major
contributor to increased maternal and fetal morbidity and mortality. Although
chorioamnionitis may result from hematogenous dissemination of systemic disease, most
cases are caused by ascending infection from the vagina and are frequently
polymicrobial. Listeria monocytogenes is a classic example of descending or
hematogenous infection whereas Escherichia coli, Bacteroides species, anaerobic
streptococci and group B streptococcus are commonly associated with ascending intra-
amniotic infection. Prolonged labor, membrane rupture of greater than 12 hours and
multiple vaginal examinations may be contributing factors.

Little data exist to guide the clinician as to when to initiate antibiotic therapy or the
optimal time frame for delivery. A literature review reveals only two randomized clinical
trials comparing antibiotic regimens and neither was placebo controlled. Gibbs et al., in a
randomized trial, enrolled 48 women to receive either ampicillin or gentamicin.
Mayberry et al. also used ampicillin and gentamicin but added clindamycin to one arm of
the study. The results reported were that intrapartum use of antibiotics was associated
with a reduction in neonatal sepsis and pneumonia, but the results did not reach statistical
significance. No difference in the incidence of maternal bacteremia was noted. A trend
towards a lower incidence of postpartum endomyometritis was noted in those receiving
triple antibiotic therapy but the results did not reach statistical significance. Meta-analysis
by Hopkins and Small of these two studies is inconclusive regarding the choice of
antibiotic regimens to treat intra-amniotic infection.

The use of antibiotics as an adjunct to tocolysis in the management of preterm labor
with intact membranes remains controversial. Data from 13 randomized trials meeting the
criteria for a meta-analysis produced variable results with limited improvement in both
prolonging gestation and increasing the birth weight. The efficacy of antibiotic use in
cases of preterm labor with intact membranes is lacking and fails to show a true benefit
from their use.
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Untreated asymptomatic bacteriuria appears to play a role in preterm labor and
delivery. A meta-analysis of the treatment results of asymptomatic bacteriuria revealed a
direct relationship of this entity and preterm birth. A significant benefit of treating
asymptomatic bacteriuria in addition to prevention of pyelonephritis has been shown.

An association has been demonstrated between bacterial vaginosis and preterm labor
in high risk populations. However, this association has not been confirmed in low risk
populations with asymptomatic bacterial vaginosis.

The literature does not support routine use of antibiotics as an adjunct to tocolytic
agents in the management of a woman with idiopathic preterm labor. There is a
consensus, however, that sexually transmitted diseases, group B streptococcus
colonization, asymptomatic bacteriuria and symptomatic bacterial vaginosis should be
treated with the appropriate antimicrobial therapy. Eradication of group B streptococcal
colonization of the genitourinary tract in pregnancy has been shown to be unsuccessful
and treatment is usually delayed until labor. The other infections are best treated at the
time they are diagnosed.

ADVERSE DRUG REACTIONS IN PREGNANCY

Antimicrobial therapy in pregnancy assumes the concept that drug action will occur
within not one, but two, biologically unique individuals. As a general rule all drugs are
more toxic in the fetus than in infants or adults. Antibiotics may have such deleterious
effects on the fetus that their very use in pregnancy is openly questioned (Table 5.2).

TETRACYCLINES

The tetracyclines have two major effects:

(1) they inhibit protein synthesis by interfering with the transfer of amino acids from
aminoacyl RNA to polypeptides; and
(2) they act as efficient chelators of heavy metals, in particular, calcium.

Adverse fetal or maternal effects of tetracycline are mediated by one or both of these
mechanisms.

Although the deleterious consequences of the tetracyclines are related to total dosage
and duration of administration, the types of adverse drug reactions occurring in
pregnancy are such that there is to all intents and purposes no time which is deemed safe
for their therapeutic administration. Although there are

Table 5.2 Antibiotics contraindicated in pregnancy

Tetracyclines

In the first trimester, if administered during osseous organogenesis, may induce thalidomide-like
deformities.

In the second and third trimesters, will induce an embryopathy affecting bone growth and primary
and permanent dentition.
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The old generation tetracyclines, if administered to a gravida with occult renal compromise or acute
pyelonephritis, may induce fulminating hepato-renal decompensation.

The tetracyclines are effective chelators of heavy metals. They are competitive at the osteoblastic
level with calcium in the areas of new bone formation. Their presence impedes the incorporation of
C14-proline into a cartilage as well as of Ca46 into the organic matrix of bone. This action results
in the inhibition of bone growth (Figures 5.1 & 5.2).

Chloramphenicol

Due to enzymatic immaturity resulting in a relative inability to conjugate compound for
bioelimination, free unconjugated drug acts to produce a clinical pattern of cardiopulmonary
collapse termed ‘the gray-baby syndrome’.

As long as the fetus resides in utero there is no adverse effect resulting from maternal
administration of the drug.

Quinolones and fluoroquinolones

The quinolones and fluoroquinolones produce permanent cartilagenous defects in the bones of
animal fetuses and growing juveniles.

Sulfonamides

If administered immediately prior to parturition, can achieve cord levels comparable to those
observed in maternal serum. The sulfonamides can displace bilirubin from its albumin carrier. The
bilirubin thus freed has the ability to traverse the neonatal blood-brain barrier and occasionally
induce Kkernicterus.

Trimethroprim

These antimicrobial compounds have been shown to be teratogenic in animal model systems. While
there is no data to document teratogenicity for the human fetus, it is best to avoid their use in
pregnancy.

Metronidazole

The drug is an excellent mutagen. Data derived from animal model systems has demonstrated
oncogenic potential for selected strains. Drug use in pregnancy or during breastfeeding must be
carefully evaluated in terms of maternal benefits versus theoretical fetal/neonatal risks.

Streptomycin

Adversely affects subsequent neonatal cochlear function. The effect is dose related.

individual toxicologic variations between the several tetracyclines, for discussion
purposes they are considered a group.

Fetal considerations

Throughout the three trimesters of gestation, the tetracyclines are contraindicated because
of fetal considerations (Table 5.3). The evidence derived from animal model systems is
almost as incriminating as that which existed for thalidomide prior to the massive
experiment in human teratology, Administration of a tetracycline during the period of
0sseous organogenesis in an animal may result in hypoplasia of the anterior limb buds
with micromelia and other skeletal abnormalities. It would be presumptuous to interpret
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experiments in animals as being directly analogous to man. Nevertheless, clinical reports
suggest that a relationship exists and that these observations can be extrapolated from
rats, rabbits, and chickens and applied to man. Carter and Wilson reported on a group of
13 mothers who were given large doses of tetracycline in the first 12 weeks of pregnancy,
of whom six had malformed babies. Similarly, Woollam and Miller reported the
occurrence of four malformations in the offspring of 37 women who received comparable
doses of tetracycline.

While bone is the major fetal site of tetracycline action, it is not the sole target organ.
In teeth, tetracycline enters the developing tooth substance roughly in proportion to the
amount of crystalline surface rather

Table 5.3 Unique adverse drug reactions observed
with tetracycline administration in pregnancy

First trimester

Fetal considerations: probable teratogen, with induction of micromelia and other skeletal
abnormalities.

Second trimester

Fetal considerations: tetracycline embryopathy; inhibition of bone growth; abnormal formation of
deciduous teeth.

Third trimester

Fetal considerations: continued tetracycline embryopathy; deposition within deciduous teeth and
bones*.
Maternal consequences: hepatic fatty metamorphosis*.

*Associated with 1V administration in patients with pyelonephritis or renal impairment.

than in proportion to the calcium content. Dental injury occurs if tetracycline is
administered when the crowns of the deciduous anterior teeth are being formed, which is
from midpregnancy to about the sixth month of postnatal life. This phenomenon
translates as hypoplasia of deciduous teeth and intrinsic staining of the enamel. The
degree of discoloration and hypoplasia are both dose-dependent.

Maternal considerations

There is a well-defined syndrome of fulminating hepatic decompensation described in
women treated for pyelonephritis with large intravenous doses of tetracycline.
Characteristically the syndrome occurs during the last trimester of pregnancy. The
women have jaundice, severe nausea and vomiting, hematoemesis, abdominal pain, and
headaches, and they may lapse into coma. Death is not an unusual outcome. The clinical
course of the entity is often indistinguishable from acute fulminating viral hepatitis in
pregnancy. Distinction between the two diseases is often on the basis of liver biopsy.
Microscopic examination of the liver reveals widespread small intracytoplasmic
triglyceride-rich vacuoles within hepatocytes (Figure 5.3). Sheehan, in his original
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description of this disease entity, termed it ‘obstetrical acute yellow atrophy’; the
condition has subsequently been grouped with acute fatty liver of pregnancy.

It can be shown that the hepatic alterations are dose-dependent. Patients with
pyelonephritis exhibit a significantly decreased renal clearance of the drug. Upon this
state of compromised renal function is then superimposed the renal toxicity of
tetracycline. The adverse effect of tetracycline is manifested by:

(1) inability of the kidney to concentrate urine; and
(2) rising serum BUN and creatinine levels.

Not infrequently a concomitant feature of tetracycline hepatotoxicity is pancreatitis.
Isolated pancreatitis has also been identified when a dose of only 1-2 g/day has been
administered parenterally.

CHLORAMPHENICOL

Chloramphenicol is a very valuable drug. Yet because of the possibility of fatal drug-
induced aplastic anemia, its clinical use should be restricted to potentially life-threatening
situations that warrant the risk involved, and then only when the patient is under close
hematologic supervision.

Chloramphenicol is capable of traversing the placental barrier. Studies in term infants
reveal drug concentrations in the plasma that are between 30% and 80% of maternal
concentrations. Despite the ability of chloramphenicol to interfere with the function of
messenger RNA, no drug embryopathy has yet been attributed to its administration
during gestation.

Once fetal viability is achieved, the existence of an acceptable alternative antibiotic is
a relative contraindication to the use of chloramphenicol in the third trimester. Often
maternal complications warranting its administration result in fetal death in utero or in
premature termination of pregnancy. If premature birth occurs, because of transplacental
transfer of the drug the fetus is exposed to an immediate risk from an adverse drug
reaction. As long as the integrity of the maternofetal placental circulation is maintained
the fetus is capable of drug equilibrium with the maternal host, and its capability to
eliminate the drug and its metabolic products is not challenged.

The major mechanisms for the elimination of chloramphenicol from the body are:

(1) inactivation through conjugation with glucuronic acid; and
(2) excretion by (a) glomerular filtration of free chloramphenicol and (b) tubular
excretion of the glucuronic acid conjugate.

Neonates, especially premature infants, when receiving large doses of the drug, have
developed a clinical pattern which is termed the ‘gray baby syndrome’. Clinical
deterioration due to chloramphenicol toxicity usually begins 4 days after therapy has
started. Onset of toxicity can be influenced by the relative fetal immaturity or increasing
drug dosage, or both. In the first 24 hours the infant vomits, suffers from irregular and
rapid respiration, shows abdominal distention, and refuses to suck. Within the next 12-24
hours, the characteristic ashen discoloration (from which the syndrome derives its name),
hypothermia, and flaccidity develop. These signs are followed shortly by neonatal demise
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secondary to what has been interpreted as cardiovascular collapse. No characteristic
pathologic changes attributable to the use of chloramphenicol are demonstrable in any
organ system, including the hematopoietic system.

Chloramphenicol toxicity in the neonate is due to the free drug per se rather than to its
metabolic products. Anuric patients receiving chloramphenicol develop extremely high
circulating levels of the glucuronic form of the drug with no untoward effects. Similarly,
the glucuronic acid amide metabolite recovered from the urine of infants appears to have
little demonstrable toxicity.

The drug toxicity is a function of:

(1) the immaturity of the enzyme systems responsible for conjugation of the drug with
glucuronic acid; and
(2) decreased renal clearance of the free form of the drug.

The quantity of hepatic glucuronyl transferase is diminished in the first 3—4 weeks of life.
The quantitative inadequacy of this enzyme system is even greater in premature infants.
In the newborn infant, glomerular filtration rates for insulin, mannitol, and creatinine are
30-50% of adult levels. This combination is responsible for increased circulating levels
of free chloramphenicol and the resulting syndrome.

ERYTHROMYCIN

Five reports recently published have suggested maternal ingestion of erythromycin after
the thirty-second week may lead to early onset infantile hypertrophic pyloric stenosis.
Theoretically, macrolide antibiotics may interact with gastric motilin receptors causing
strong gastric and pyloric bulb contractions resulting in pylorus hypertrophy

Cooper et al. conducted a retrospective cohort study utilizing Tennessee Medicaid
prescription records linked to hospital discharge diagnosis and surgical procedure codes
recorded on birth certificates. Of 260 799 mother/infant pairs studied, 13 146 had
prescriptions for erythromycin and 621 received a non-erythromycin macrolide. The
authors reported no association of infantile hypertrophic pyloric stenosis with in utero
exposure to erythromycin in either late pregnancy or at any stage of gestation. A weak
association of infantile hypertrophic pyloric stenosis with non-erythromycin macrolide
was apparent but causal inference was limited by the small number (3 cases) of affected
children.

Likewise, a surveillance study of 229 101 Michigan Medicaid recipients conducted
between 1985 and 1992 reported that 6972 children had been subjected to erythromycin
in the first trimester of pregnancy. Three hundred twenty (4.6%) were found to have
major birth defects compared to an expected number of 297 (4.3%). These data do not
support an association of erythromycin and congenital malformations.

Philipson et al. studied erythromycin in pregnant women between the 10th and 18th
weeks and reported peak serum levels ranged from 0.29 to 7.2 pg/ml and that peak
concentrations were achieved at 2 hours in seven of nine patients and at 4 hours in the
remaining two patients. Both erythromycin base and estolate were used in the study.
Forty percent of their subjects were ‘low absorbers’, defined by the authors as those
whose peak serum levels were less than 20% of the arithmetic mean value for their group.
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Figure 5.1 Representative bones of a
28-week-old fetus whose mother had
received 23 g tetracycline during
gestation. (a) Sagittal section. (b)
Sagittal section demonstrating the
amount of autofluorescence due to
deposition of tetracycline
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Figure 5.2 The control panel plots the
percent deviation of each control fibula
growth rate from the average control
rate. Each white circle in the
tetracycline and post-tetracycline
panels represents the per cent deviation
of each fibula growth rate as compared
to the control rate

Using an identical protocol, Glover and Larsen studied the pharmacokinetics of
erythromycin base in late pregnancy, of which seven of their 10 subjects were in the third
trimester. Eight of the ten subjects achieved peak serum levels within 4 hours with
individual concentrations ranging from 0 to 2.9 pug/ml. Two of the ten had no detectable
serum levels of erythromycin by 4 hours, of which one required hospital admission for
rehydration and was found to have a serum level of 0.6 pug/ml 3 hours after the 7th dose.
These investigators reported serum levels to be lower than those of Philipson’s study,
with a mean serum level of 0.21+0.19 pg/ml, compared to Philipson’s mean level of 4.1
pg/ml. While some patients have serum levels that reach the median minimal inhibitory
concentration for such pathogens as Neisseria gonorrhoeae (0.1 pg/ml) and Chlamydia
trachomatis (0.5 pg/ml), there remains a concern that patients who have no detectable
levels, at least by 4 hours, are at risk for poor treatment outcomes. Additionally, such low
maternal serum levels may limit fetal exposure to the drug.
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FLUOROQUINOLONES

Fluoroquinolones are synthetic, broad-spectrum anti-infective agents used to treat urinary
tract and other systemic infections. They have activity against most Enterobacteriaceae,
Pseudomonas, Klebsiella and Proteus species as well as beta-lactamase producing strains
of N. gonorrhoeae. Cipro® brand of ciprofloxacin is the most frequently prescribed
member of these quinolone drugs. Data collected after introduction of these agents
suggests an association of fluoroquinolones and cartilage defects in antibiotic-exposed
infants may be a valid cause of concern. Although doses six times the usual daily human
dose have not produced malformations in mice, rats and rabbits, multiple doses of
fluoroguinolones have been associated with lesions of cartilage in weight-bearing joints
of laboratory animals.

Seven reports have been published in recent years addressing fluorogquinolone therapy
and congenital malformations. Pastuszak et al. reported on pregnancy outcome data of
134 women who received fluoroquinolones largely in the first trimester.
Fluoroquinolone-exposed pregnancies were compared to matched controls. No
significant differences were observed in spontaneous abortion, live births, fetal distress in
labor or the cesarean section rate. The birth weights of the fluoroguinolone-exposed
babies were 162 g higher than those of the control group.

Schaefer et al. reported data of 549 fluoroquinoloneexposed children of whom 509
were exposed to the drug during the first trimester of pregnancy. Twenty of these had
congenital anomalies (4.9%). In the same report, 116 cases from the manufacturer’s
registry were discussed. Of these there were 91 live births, 15 elective terminations and
10 spontaneous abortions. Of note was that six of the 91 live births had congenital
anomalies. However, the authors concluded the number of malformations observed did
not exceed the expected rate of birth defects and that quinolone exposure in pregnancy is
not an indication for elective termination. Evaluation of the collective anomalies reported
from these seven reports fail to reveal a specific pattern of malformations in association
with fluoroquinolone exposure. Nonetheless, until conclusive data is available, treatment
with fluoroquinolones in pregnancy should be reserved for



Infectious diseases in obstetrics and gynecology 44

Figure 5.3 Multiple small
intracytoplasmic lipid-laden vacuoles
within hepatocytes in a patient with
evidence of hepatocellular
decompensation following 9 g
tetracycline 1V. (H&E, x270)

life-threatening infections that are unresponsive to other classes of antibiotic therapy.

ISONIAZID

The use of isoniazid is not undertaken without some trepidation. Garibaldi et al. reported
21 cases of hepatitis, two fatal, among 2300 government employees receiving isoniazid
prophylaxis. lIsoniazid hepatitis is an entity observed primarily in elderly females.
Because of the tendency for any hepatotoxic drug to be potentiated by pregnancy, the
Centers for Disease Control now recommend that pregnancy be considered a
contraindication to the prophylactic use of isoniazid. A prodromal period marked by
malaise, fatigue, and anorexia almost always precedes the appearance of jaundice. If
isoniazid is stopped promptly a serious outcome can be avoided. The decision to
administer or not administer isoniazid to a gravida should be individualized. If therapy is
given, the patient should be monitored clinically and biochemically.

Isoniazid administration during gestation has been incriminated in the development of
mental retardation and (rarely) convulsions and myoclonia in the progeny presumably
due to the ability of its degradative products to interfere with the metabolism of
pyridoxine. To counterbalance this possibility when isoniazid is administered during
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pregnancy it is advocated that vitamin B12, 50 pg daily, be given for possible fetal as
well as maternal indications. Although it has been suggested that therapy with
bacteriostatic drugs, including isoniazid, for tuberculosis in pregnant women may
increase the risk of congenitally defective infants two- or threefold, this hypothesis has
yet to be confirmed.

STREPTOMYCIN

It has been shown that prolonged treatment with high doses of streptomycin during
pregnancy may result in some degree of irreversible bilateral sensorineural hearing loss
and vestibular damage. These effects are less common when the fetus is exposed to the
drug after the fifth month of pregnancy. While the fetus is at risk, this appears to be a
dose-related phenomenon. The existence of acceptable alternative forms of
antituberculous therapy in pregnancy has relegated this form of drug toxicity to a
phenomenon which reminds us that antibiotics cross the placenta. Miliary tuberculosis,
tuberculosis meningitis, or a strain of tubercle bacillus resistant to most other drugs
constitute the only indications for the use of streptomycin in pregnancy.

SULFONAMIDES

Sulfonamides administered during pregnancy equilibrate in maternal and fetal plasma
within 3 hours. The plasma drug levels in the fetus are approximately 50-90% of those in
the maternal plasma. This is dependent on the affinity of the sulfonamides for albumin,
which differs considerably among the drugs in clinical use. Silverman and colleagues, in
a control study of two prophylactic antibacterial regimens in the therapeutic management
of premature infants, noted an unexpected increase in mortality in the group receiving
penicillin and sulfisoxazole. At necropsy this group had kernicterus 10 times more
frequently than those infants who received oxytetracycline. Most of the infants who died
of kernicterus had shown bilirubin levels of less than 15 mg/100 ml.

It has subsequently been shown in vitro that sulfisoxazole successfully competes with
bilirubin for binding sites on the serum albumin molecule. This competition of
sulfonamides releases bilirubin from its protein-bound form and facilitates its diffusion
into tissues and the development of kernicterus. The treatment of glucuronic transferase
genetic-deficient rats with sulfonamides results in a marked increase in mortality despite
low serum bilirubin concentrations. Just as the glucuronosyl transferase system is
immature at birth, so is the acetylation mechanism which constitutes the alternative
pathway for the detoxification of the sulfonamides.

The use of sulfonamides, especially the long acting forms, should be restricted in the 6
weeks prior to parturition. Maternal treatment with sulfonamides at the time of parturition
may necessitate exchange transfusion therapy for the newborn infant.
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TRIMETHOPRIM

Trimethoprim is a diaminopyrimidine which competitively antagonizes folic and folinic
acids. Trimethoprim is available as a single agent and is utilized effectively with
sulfamethoxazole (Septra®, Bactrim®) in the treatment of urinary tract infections. The
antimicrobial activity of this combination results from its action on two steps of the
enzymatic pathway for the synthesis of tetrahydrofolic acid. Recent reports suggest that
trimethoprim use in the first trimester may result in anatomic defects. A woman who was
dieting in early pregnancy was treated for 10 days with a combination of trimethoprim-
sulfamethoxazole for acute otitis media beginning in the third menstrual week.
Dimenhydrinate was added as an antiemetic at the seventh week for hyperemesis. At 38
weeks she delivered a 3225 g infant with lobar holoprosencephaly that included a median
cleft lip and palate, a flat nose without nostrils, hypoplasia of the optic discs, a single
ventricle and fused thalami in the midline.

Richardson et al. have reported neural tube defects that occurred in the pregnancies of
two HIV-infected women who received trimethoprim-sulfamethoxazole combination
therapy for prophylaxis against Pneumocystis carinii concurrently with zidovudine and
zalcitabine. Subsequently folic acid was added but the date of initiation is in question. At
term the woman delivered a female infant with an anomaly of the first lumbar vertebra
and a protrusion of the second lumbar vertebra into the spinal cord. The other HIV-
infected woman was taking trimethoprim-sulfamethoxazole at the booking visit (15
weeks), along with didanosine, stavudine, nevirapine, and a multivitamin that were
prescribed prior to conception. Anatomic survey via ultrasonography at 19 weeks
gestation revealed spina bifida and ventriculomegaly. The pregnancy was terminated and
at necropsy the fetus was found to have Arnold-Chiari malformation, ventriculomegaly,
sacral spina bifida, and a lumbosacral meningomyelocele.

In a report from a multi-center case-control surveillance survey conducted in 80
maternity or tertiary care hospitals in the US and Canada, the effects of exposure to folic
acid antagonists on embryo and fetal development were evaluated. Folic acid antagonists
were classified as follows: Group 1. dihydrofolate reductase inhibitors (methotrexate,
aminopterin, sulfasalazine, pyrimethamine, triamterene and trimethoprim. Group 2. drugs
that affect other enzymes in folate metabolism, increase the metabolism of folate
(phenobarbital, phenytoin, primidone, carbamazepine), and interfere with the absorption
of folate. None of the controls took folic acid antagonists. Exclusions included infants
with defects associated with a syndrome and those with neural tube defects. Analysis for
trimethoprim exposure resulted in a relative risk of 4.2. These data appear to confirm that
trimethoprim is a low level teratogen.

MISCELLANEOUS DRUGS

Ethionamide, pyrimethamine, and rifampin are in the category of drugs for which
teratogenicity has been postulated or demonstrated in animal model systems.
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Ethionamide, a drug used in the treatment of persistent tuberculosis, is potentially
teratogenic and its use is contraindicated in pregnancy. In a 2000 report of 23
ethionamide-exposed infants, seven were found to have anomalies, including two with 21
trisomy syndrome.

Pyrimethamine is a diaminopyrimidine which competitively antagonizes folic and
folinic acids. Pyrimethamine (Daraprim®), in combination with a sulfonamide, has been
used in the treatment of toxoplasmosis and some sensitive and multi-resistant strains of
Plasmodium falciparum. The mechanism of action is similar to that observed with
trimethoprim and sulfamethoxazole in combination, namely, a sequential block resulting
in an additive synergistic effect. This drug is a potential teratogen in experimental
animals and must be used with great caution in pregnant patients.

Rifampin is a valuable second-line antituberculous drug used in the treatment of drug-
resistant strains of Mycobacterium tuberculosis and atypical mycobacterial infection.
Although no teratogenicity has been documented, its ability to inhibit DNA-dependent
RNA polymerase contraindicates its use during pregnancy.
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6
Timing of antibiotic therapy

FEVER

Fever has been the traditional early warning system for the physician for indicating the
development of infectious complications as well as primary disease.

WHAT CONSTITUTES AN ABNORMAL TEMPERATURE

Any temperature greater than or equal to 38 degrees Celsius is abnormal. Any range of
temperature between 37.6 and 37.9°C is called the GRAY ZONE. It is a mandate, not for
action but for concern. Should an abnormal temperature develop from a set of
temperatures which have been in the GRAY ZONE, the probability of infection is great.

When monitoring a patient at high risk for an infectious complication, early morning
temperatures before breakfast often are harbingers of the subsequent temperature
patterns. If it is elevated above the anticipated baseline, the patient’s temperature will
probably spike in the late afternoon. The best medicine that can be practiced is preventive
medicine; the next best is early intervention.

A significant number of patients with endomyometritis following cesarean section will
have very minimal localized findings. Most patients have a significant amount of
inflammatory induration involving the vaginal cuff following vaginal hysterectomy.
Temperature elevations are often a mandate to an aggressive fever work-up. In the
absence of a demonstrable nongenital cause for the fever, a commitment to exclude
operative site disease is implemented. The following criteria have been derived primarily
from patients with endomyometritis following cesarean section; however, they have
proven to be highly adaptive for the majority of postoperative infectious complications.

(1) Any temperature greater than or equal to 38.6°C.
Obtain an immediate second reading, and if it confirms the validity of the initial
reading, institute an immediate fever work-up.
(2) Any two (2) temperatures equal to 38°C or greater taken four (4) hours apart for
which the second temperature is more than 0.2° higher than the first.
(3) Three (3) temperatures equal to 38°C or greater in any 24 hour period. The
significance of temperature is in the first 24 hours postoperatively.

The standard definition of the American College of Obstetricians and Gynecologists
disregards the validity of relatively minor temperature elevation in the first 24 hours (less
than 38.6°C). These elevations are frequently attributed to postoperative atelectasis,
urinary tract infection, and in postpartum patients, breast engorgement. Unless associated
with aspiration, atelectasis is not a cause of fever. One can tie off a bronchus and not
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induce fever. The incidence of postoperative atelectasis in most oncology patients
undergoing radical surgery documented by serial blood gases approaches 100%. Up to
20% of patients will have some roentgeno-graphic evidence of atelectasis, yet the
incidence of fever in this group is remarkably low in the first 24 hours. Finding greater
than 100000 colonies per ml of a single bacterial species in a urine specimen documents
the presence of asymptomatic bacteriuria. Unless costovertebral angle (CVA) tenderness
or severe suprapubic and/or back pain is present, urinary tract infections are not a cause
of fever.

When seeking an etiology for the development of febrile morbidity following an
operative procedure, homage should be paid to Willie Sutton’s First Law: Go where the
gold is. Make a working hypothesis of operative site infection and then try to PROVE IT
WRONG.

ANTICIPATED THE RAPEUTIC RESPONSE

When dealing with monoetiological disease due to Neisseria gonorrhoeae or
Streptococcus pneumoniae pneumonia, the response is often dramatic. The precipitous
drop in temperature in response to appropriate antibiotic therapy is termed a
monoetiological response. If the organ system in which disease occurs is prone to
compartmentalization with varying patterns of perfusion, i.e. the kidney, the probability
of seeing a monoetiological curve is diminished. Most postoperative infections in
Obstetrics and Gynecology are due to polymicrobial infection. With appropriate therapy,
the time interval tends to be prolonged owing to the superimposition of multiple kill
curves. Irrespective of whether one is dealing with monoetiological or polymicrobial
therapy, the anticipated therapeutic result is the same. The patient should be afebrile
within 24-36 hours. As long as each succeeding temperature is lower than the preceding
temperature but is above 38.6°C, one can still maintain a valid commitment to the
antibiotic regimen utilized. Similarly, if after 12 hours of antibiotic therapy the patient’s
temperature continues to rise, it is unlikely the patient will profit from 12 more hours of
the same therapy. If a patient is not responding within 24 hours, one should question the
validity of either the initial diagnosis or the antibiotic therapy—a patient whose
temperature comes down slowly over four or five days is a patient who is CURING
HERSELF. The initial antibiotic has contributed to her recovery by eliminating part of
the bacterial flora which could potentiate the infectious morbidity, but unless disease
involves a site where bioavailability of antibiotic is a problem, the continued
administration of antibiotics beyond five days is more for the physician’s well-being than
the patient’s. If the patient is not responding to antibiotic therapy after 48 hours, both the
patient and the physician have a problem.

ANTIBIOTIC ADMINISTRATION
The maximum dosage which can be safely administered should be given in the first 24

hours and thereafter be cut back or tapered to the minimum dose unless there is a problem
of bioavailability of drug, i.e. meningitis, septic arthritis, abscess formation, or
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reticuloendothelial intracellular sites of bacterial replication. In the majority of instances,
the battle is usually won or lost in the first 24 hours. If won, subsequent drug
administration is more medicolegal than therapeutic. If lost, the patient needs appropriate
therapy, not more of the same. If infectious complications develop following the
preoperative administration of an antibiotic, the use of an antibiotic with the same
spectrum of coverage is not recommended.

WHEN TO DISCONTINUE PARENTERAL ANTIBIOTICS

The initial commitment to parenteral administration of antibiotics for hospitalized
patients is totally warranted. The basic question is how long do you sustain this
commitment? The decision as to when to discontinue parenteral antibiotic for oral
administration is one which requires a great deal of individualization. Conversion from
intravenous to oral mode of antibiotic administration should be done 24 hours after
evidence of resolution of infectious complication unless contraindicated by ileus,
intestinal hypermotility, etc. Most patients can be converted to oral antibiotics within 24
hours after resolution of all evidence of infectious morbidity.

Early conversion to oral antibiotics reduces intravenous catheter-induced or related
morbidity. Parenteral antibiotics cost seven to 10 times what the equivalent dose of oral
medication costs.
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Antibiotic induced diarrhea

Pseudomembranous enterocolitis (PME) is the consequence of a filterable, heat-labile
enterotoxin elaborated by selected strains of Clostridium difficile. In selected cases, the
antibiotic in question eradicates that portion of the gastrointestinal tract flora that
suppresses the growth of C. difficile. The loss of bacterial interference permits the
resistant C. difficle to numerically partially fill the biologic void created, and in so doing
elaborate the exotoxins. A single dose of an antibiotic given for cesarean section
prophylaxis is capable of inducing disease. Privitera et al. studied C. difficile intestinal
colonization following a single two gram intravenous dose of either a cephalosporin or
mezlocillin. C. difficile was detected in 23% of patients who had received a
cephalosporin, in 3.3% of patients given mezlocillin and in none of the 15 controls given
no antibiotics.

The probability of PME appears to be partially influenced by the route of antibiotic
administration. This is particularly true of clindamycin. The incidence of this
complication is significantly more frequent with per oral as opposed to parenteral
administration.

The clinical manifestations of antibiotic induced diarrhea are quite variable, running a
spectrum from mild, nuisance diarrhea which resolves spontaneously to severe infections
characterized by pseudomembranous colitis, toxic megacolon, or colonic perforation. In
approximately 30% of cases, symptoms develop as late as several weeks after
discontinuation of antibiotics.

A large number of antibiotics have functioned as inciting drugs for PME (Table 7.1).
Antibiotics with significant activity against anaerobic bacteria alter the gut microbial
ecosystem and put the patient at greater risk for antibiotic induced diarrhea. The use of
multiple antimicrobial agents as well as more prolonged course of therapy further
increases the potential of C. difficle colitis. Initial symptomatology is simply that of an
increased number of bowel movements (diarrheal syndrome). Symptoms of PME include
cramping, hypogastric pain, profuse watery diarrhea (often with occult blood), and fever,
usually not exceeding 38.9°C, in addition to small-bowel diarrhea. Symptoms usually
evolve within three to nine days after antibiotic therapy is started. Definitive diagnosis of
pseudomembranous colitis is made by proctoscopy. Raised, plaque-like
pseudomembranes associated with erythema and edema are diagnostic of disease, with
the degree depending on the severity of involvement (Figure 7.1). Patients with diarrhea
without pseudomembranes will exhibit only minimal edema without much overt
inflammation.
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Table 7.1 Drugs with potential for
pseudomembranous enterocolitis (PME)

Level I: Antibiotics commonly associated with PME
Penicillin, penicillin/beta-lactamase inhibitors, cephalosporins, and clindamycin
Level I1: Antibiotics and drugs associated with PME

Antibiotics: Chloramphenicol, erythromycin, lincomycin, imipenem-cilastatin, quinolones,
rifampin, tetracycline, trimethoprim-sulfamethoxazole.
Antineoplastics: doxorubicin, cisplatin, cyclophosphamide, fluorouracil, methotrexate

Level 111: Antibiotics rarely associated with PME

Aminoglycosides, metronidazole, vancomycin.

Regardless of which condition is present, antibiotic therapy should be immediately
discontinued. If antibiotic therapy is continued in a patient with pseudomembranous
colitis, the proctoscopic findings become worse; the plaques gradually enlarge and
coalesce. In the diarrheal syndrome there is prompt amelioration of symptoms with the
cessation of drug therapy. Patients with pseudomembranous colitis may continue to have
multiple bowel movements for two to three weeks

Figure 7.1 Raised plaque-like
pseudomembranes in the colon of a
patient who died with clindamycin-
induced enterocolitis. (Courtesy of
S.Kabins, MD, Chicago, IL)
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following discontinuation of therapy. In general, the longer the drug is given to patients
with pseudomembranous colitis, the more prolonged the diarrhea is and the longer the
proctoscopic examination is abnormal. In the absence of aggressive therapy, PME may
progress to toxic megacolon, perforation of the bowel wall, peritonitis, and endotoxic
shock.

DIAGNOSIS

Any patient who develops three or more uniform stools per day for at least two days in
the setting of exposure to antimicrobial or antineoplastic agents can be considered to have
antibiotic associated diarrhea. Except in critically ill patients, laboratory evaluation is the
principal diagnostic approach. Enzyme immunoassay detects the presence of toxins A or
B in stool filtrates and is a rapid technique for diagnosing C. difficile infection.
Polymerase chain reaction detects toxigenic C. difficile by amplification of the toxin A or
B gene or both genes. The cytotoxin assay detects toxin B in stool filtrates by observing
the characteristic cytotoxin changes that this toxin produces in standardized tissue culture
cell lines.

A correctly performed stool culture is extremely sensitive in detecting the presence of
C. difficile. Recovery of the organism from stool culture does not necessarily document
causability. Up to 25-60% of hospitalized patients, 10-25% of infants and 3% of the
general population in the United States are asymptomatic carriers of C. difficile. Not all
strains of C. difficile are toxigenic. Definite diagnosis necessitates the identification of C.
difficile toxin in the stool.

Patients who develop symptoms several days after completion of antibiotic therapy are
at much higher risk of having antibiotic associated diarrhea than nonspecific diarrhea.
Individuals with a prior history of antibiotic associated diarrhea who again develop
diarrhea are likely to be infected with C. difficile. For those two categories of patients,
empiric therapy with metronidazole or vancomycin should be considered while the cause
of the diarrhea is being determined.

Table 7.2 Protocol for patients developing diarrhea
while on antibiotics

A Discontinue antibiotics immediately

B. Obtain electrolyte values

C Correct any electrolyte abnormality while carefully restoring intravascular volume
D. Pepto Bismol can be given, but avoid antiperistaltic drugs.

2. If diarrhea stops within 24 hours, there is no need to institute further therapy.

3. If diarrhea persists, examine patient with a proctosigmoidoscope. If raised yellowish-white
plagues 2-5 mm in size superimposed on edematous colonic mucosa are identified, the patient
has pseudomembranous enterocolitis—put the bowel to rest and obtain consultation from Gl
Medicine.
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Table 7.3 Therapy for pseudomembranous
enterocolitis

Regimen of choice

Vancomycin: oral, 125-500 mg qid for 10 days
Metronidazole: oral, 500 mg tid or 250 mg qid for 10 days
Alternate regimen

Bacitracin*: oral, 25 000 units qid for 10 days

*Bacitracin therapy has an inferior cure and relapse rate and should not be used as initial therapy;
tid, three times a day; qid, four times a day

THERAPY

Whenever a patient is placed on antibiotic therapy, logging of a daily stool count is
recommended. When the number of bowel movements increases to three per day for two
days, antibiotic therapy should be discontinued.

If a patient develops diarrhea while on an antibiotic, discontinue the antibiotic
immediately (Table 7.2). Obtain electrolyte evaluations and correct any electrolyte
abnormalities while carefully restoring the intravascular volume. If the diarrhea stops
within 48 hours, there is no need for further evaluation. If diarrhea persists or other
symptoms consistent with disease are present, the patient needs to be staged by
proctoscopy. Once PME is documented, oral therapy is indicated.

Vancomycin is expensive but is still the treatment of choice for severe PME (Table
7.3). Metronidazole and bacitracin are less expensive alternatives for treating mild cases
when concern for vancomycin resistance takes precedence.

Vancomycin is given orally in doses of 125 mg four times daily for ten days. This is
directed against the etiologic agent. The drug must be given orally to provide high
colonic levels. Once the drug is stopped, a high percentage of patients relapse with a
recurrence of symptoms associated with reappearance of C. difficile toxin in the stool.

Metronidazole in a single 1.5 g per day dose for 10 days has achieved cure rates of
92-95%. However, this drug has been implicated as the precipitating agent for rare cases
of antibiotic-associated colitis.

Approximately 8 to 20% of patients treated will experience a relapse. These
individuals tend to be older and have had a higher frequency of recent surgery than those
that did not relapse. Relapses are usually due to the persistence of antibiotic-resistant C.
difficile spores rather than the development of antibiotic resistance by the vegetative
organism. In patients with relapses, retreatment with the initial antibiotic achieves a
greater than 90% cure rate. The emergence of vancomycin resistant enterococci and
staphylococci may influence drug therapy for antibiotic associated diarrhea. In the
absence of significant disease, metronidazole may be the agent of choice.
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NOSOCOMIAL COLONIZATION

Colonization and subsequent disease due to C. difficile is a potential nosocomial problem.
When a nosocomial outbreak occurs, identification of asymptomatic carriers and their
treatment with metronidazole have been effective in aborting the outbreak. A heightened
awareness of possible nosocomial transmission within intensive care units is necessary to
prevent or arrest future clusters of cases. The diagnosis of one patient with this infection
in a unit should prompt a review of all other patients within the unit.

Enteric infection control procedures including isolation of infected patients and
frequent hand washing are additional, important measures which should be taken to
minimize the development and spread of this nosocomial infection.
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Prophylactic antibiotics

In women undergoing abdominal surgical procedures, the prophylactic administration of
any antibiotic which is effective against the predominantly Gram-positive spectrum will
reduce in a statistically significant manner infectious morbidity in the postoperative
period. A reduction in severe infection parallels the overall reduction of infectious
morbidity; however, the incidence never becomes zero.

GROUND RULES FOR ANTIBIOTIC PROPHYLAXIS

Six guidelines governing the prophylactic use of antibiotics in obstetrical surgery were
developed by Ledger:

(1) Limit antibiotic use to a high-risk situation.

(2) Establish tissue levels of the antibiotic before the incision.

(3) Give a short course of therapy to minimize dose-related adverse drug reactions.
(4) Use second- or third-line antibiotics.

(5) Choose antibiotics that are effective against the anticipated pathogenic spectrum.
(6) Be sure that benefits outweigh the possibility of an adverse drug reaction.

Limiting use to a high-risk situation

The purpose of prophylactic antibiotics is to avert the serious infections which may
intervene. Women with antedating problems (chronic cervicitis, repeated episodes of
sexually transmitted disease with or without structural damage) abnormal vaginal flora
(bacterial vaginosis (BR) or bacterial excess syndrome (BES)) and individuals in whom
hemostasis will be difficult to obtain for physiologic or anatomic reasons, or in whom
surgery is anticipated to be difficult, are at augmented risk.

The need to establish tissue levels of the antibiotic before incision

The theoretical basis for this guideline emanates from the experiments of Miles and Miles
and their subsequent reduplication a decade later by Burke. Both sets of investigators
demonstrated in animal model systems that antibiotics administered before or
simultaneously with local challenge with bacteria susceptible to the selected antibiotic
were highly effective in aborting the infectious disease, whereas if the antibiotic was
given as late as four hours after the microbes had been inoculated, it was essentially
worthless. This preoperative interim has been called the ‘decisive period’. While this
concept is probably valid in selected instances (e.g. for the orthopedic surgeon doing a
total hip replacement who is concerned with coagulase-negative staphylococci), it is
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probably not as valid for vaginal hysterectomies. Postoperative infection, in these
circumstances, is due to a polymicrobial infection. Consequently, antibiotic
administration beyond the ‘decisive period’ will be relatively effective. Rather than
precluding initiation of the anaerobic progression, it would interrupt it prior to the
induction of disease.

Minimizing dose-related adverse reactions

The concept of minimizing the duration of therapy in order to minimize dose-related
adverse reactions is endorsed in all situations in which antibiotics are administered
prophylactically. It is probable that one can achieve a statistically comparable effect on
the incidence of disease following cesarean section with a single bolus administration of
an appropriate antibiotic as has been achieved with three dose, three day and five day
regimens. There is no rationale for prolonged administration.

Use of a second- or third-line antibiotic

The goal in this instance is to minimize the emergence of strains that are resistant to the
antibiotic in question. Cephalosporins, being second-line antibiotics and having little
applicability in the practice of obstetrics and gynecology, fit this guideline ideally.

Antibiotics for the anticipated pathogens

What is achieved with the cephalosporins is the eradication of the minor constituents of
the vaginal flora—corynebacteria, propionibacteria, lactobacilli, Gardnerella vaginalis,
coagulase-negative staphylococci, viridans streptococci, some of the Enterobacteriaceae,
etc.—leaving behind the enterococci, the cephalosporin-resistant Enterobacteriaceae, and
the penicillin-resistant Bacteroidaceae. The cephalosporins do not effectively cover the
anticipated pathogenic spectrum.

Benefits must outweigh the possibility of a reaction

The potential for adverse drug reactions must be considerably less than the risk of
postoperative infection when an antibiotic is given prophylactically. There must be a
careful balancing of risks and benefits. The cephalosporins have been responsible for at
least two surgical deaths due to anaphylaxis in cases in which the drugs were used
prophylactically.

MECHANISM OF ACTION OF PROPHYLACTIC ANTIBIOTICS

Qualitative bacteriologic studies of women undergoing vaginal hysterectomy have shown
that there are alterations of the bacteriologic flora as a consequence of the operative
procedure which occur independent of the selective influences of antibiotics. Only very
rarely do preoperative antibiotics “sterilize’ the posterior vaginal pool with any degree of
regularity. Subsequent quantitative bacteriologic studies have shown that the reductions
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achieved in the total aerobic and anaerobic counts are transient. Postoperatively, the total
aerobic and anaerobic counts approximate or exceed those obtained in the preoperative
period. Prophylactic antibiotics eradicate selective constituents of the vaginal flora. The
bacteria which have been eliminated are not usually considered to have pathogenic
significance. After the prophylactic administration of a semisynthetic penicillin or a
cephalosporin, the penicillin-resistant Bacteroidaceae including Bacteroides fragilis,
Prevotella species, members of the Enterobacteriaceae, and the enterococci emerge as
the dominant constituents of the vaginal flora. In short, we eradicate the nonpathogenic
bacteria and leave behind the endogenous organisms which have a recognized capacity to
function as prime pathogens.

The obvious question is “Why then do prophylactic antibiotics work?’ The answer
appears to be that they interrupt the potential for the anaerobic progression. They
eradicate the “facilitating flora” which may transform the microbiologic environment into
one conducive for the replication of obligate anaerobes. Tangible evidence supporting
this thesis has been gleaned by various investigators. Using meticulous surgical
techniques and suction drainage they were able to achieve results comparable to those
observed with prophylactic antibiotics. The presumed reasons have to do with the
understanding of the pathogenesis of anaerobic infection. Being gentle with tissue,
practicing good hemostasis, using small clamps to minimize the amount of crush injury,
and removing all foreign bodies, minimizes the creation of a microbiologic environment
in which the oxidation-reduction potential is conducive to anaerobic infection. The use of
T-tube drainage demonstrated that, after iatrogenically creating a microbiologic
environment which will select for the anaerobic progression, mechanically removing it
can circumvent the ensuing infectious morbidity. The studies on prophylactic antibiotics
seem to corroborate this thesis. When Swartz attempted to use prophylactic antibiotics in
conjunction with T-tube drainage, he was unable to alter his percentages in a statistically
significant manner. This observation implies that both T-tube drainage and prophylactic
antibiotics operate on the same mechanism, though presumably at different points.

PERIOPERATIVE ANTIBIOTICS TO PREVENT POSTPARTUM
ENDOMETRITIS FOLLOWING CESAREAN SECTION

Prior to 1974, infections were the second leading cause of mortality in women
undergoing cesarean section. The therapeutic efficacy of perioperative antibiotics in
preventing postoperative infectious complications in patients undergoing vaginal
hysterectomy prompted the clinical application of this concept to patients undergoing
cesarean section. As in the case of patients undergoing vaginal hysterectomy, a
statistically significant reduction in operative site infectious morbidity can be
demonstrated. Almost irrespective of the previous incidence of postcesarean
endometritis, perioperative antibiotics will reduce the figure by at least 50%.

Not all women undergoing cesarean section are at equal risk for the development of
postoperative endometritis. The risk of infection following cesarean section is markedly
influenced by the socio-economic status of the woman, duration of labor, prolonged
rupture of the fetal membrances and/or labor, presence of an abnormal endogenous
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vaginal flora, presence of asymptomatic bacteriuria or known pathogen within the vaginal
flora, presence of asymptomatic bacteriuria, and the operative skills of the surgeon.

Prior to the utilization of preoperative antibiotics, the incidence of endometritis
following cesarean section varied between 35% and 60% in teaching hospitals as
contrasted to private institutions in which the incidence of infection was usually below
20%.

Once a patient is designated as being at augmented risk, the selection of antibiotic and
the time of its administration should be cost-effective for the patient and selected to
minimize potential effects on the bacterial flora of the newborn and neonatal intensive
care nurseries.

The need to establish effective antibiotic concentration within tissues prior to making
the initial incision is paramount to its effectiveness. Classen et al. observed a greater than
seven-fold increase when prophylactic antibiotics were administered greater than two
hours before the operation when compared with cases in which drug administration
occurred within the currently designated two hour period. The use of perioperative
antibiotics in women at the time of parturition differs from that in women undergoing
vaginal or abdominal hysterectomy in that the physician treating a woman at the time of
parturition is treating not one but rather two biologically unique individuals. All
antibiotics, to one degree or another, traverse the placental barrier so that invariably a
neonate whose mother was treated with antibiotics during parturition would be sent to the
newborn nursery with a serum antibiotic level that in time could influence the
composition of the bacterial flora of the newborn and neonatal intensive care nursery.
The impact on the bacterial flora probably would not be significant if the antibiotic
utilized had a limited spectrum of susceptibility that was restricted to the Gram-positive
bacteria; however, the cephalosporins, because of their efficacy against selected members
of the Enterobacteriaceae, theoretically could adversely influence the constituency of
aerobic Gram-negative bacterial flora. The first generation cephalosporins do not
penetrate the placental barrier well; consequently, suboptimal levels in newborn serum
and amniotic fluid are achieved. Repetitive exposure to suboptimal concentrations of an
antibiotic is a recognized mechanism for the in vitro induction of antibiotic resistance.

Clinical studies have demonstrated that the endogenous bacteria that cause postpartum
endometritis could often be demonstrated in amniotic fluid at the time of cesarean
section. If bacterial access to the endometrial cavity prior to parturition is a major factor
that selects for disease, those factors that enhance bacterial access prior to parturition
should be associated with an increased incidence of endometritis following cesarean
section. The incidence of disease is significantly augmented for gravida who are in active
labor or who experience prolonged rupture of the fetal membranes in contradistinction to
patients who undergo elective cesarean section.

The work of Burke was done in a closed animal system employing a single pathogen
(Staphylococcus aureus). The postpartum endometrial cavity is an open system with
physical continuity with the endocervical and vaginal bacterial flora. Disease is usually
the consequence of polymicrobial infection. The mechanism by which perioperative
antibiotics aborted infection in the animal model system of Burke is eradication of the
causative agent. The mechanism by which antibiotics decrease the incidence of
postcesarean endometritis is by eradicating the so-called facilitating flora, the bacteria
within the vagina, which can further alter the oxidation-reduction potential of the
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microbiologic environments to that point where no further lowering of the oxidation-
reduction potential is required to ensure the replication of a single anaerobic genus of
bacteria. A number of studies have demonstrated comparable efficacy between
preoperative and postoperative administration of antibiotics.

The drug advocated by the author to avert infectious morbidity following cesarean
section is ampicillin. The reasons for its selection are its cost, spectrum of coverage,
bioavailability in amniotic fluid, and ability to be integrated into the concept of triple
therapy should infectious complications develop in the postpartum period. If
endomyometritis does develop, it is not necessary to restart ampicillin. The existing gaps
in the Gainesville Classification can be closed with clindamycin or metronidazole and an
aminoglycoside, thus achieving the coverage of triple therapy. Ampicillin should be
administered when the decision is made to commit to abdominal delivery and continued
until parturition has been achieved plus one dose. Not waiting until the cord is clamped
will favorably impact on the incidence of perinatal septicemia. Three decades of abuse of
ampicillin in the neonatal intensive care units has not significantly altered its spectrum of
efficacy.

If a cephalosporin is used for prophylaxis, administration of the drug needs to be
delayed until the umbilical cord is clamped. If a maternal infectious complication does
ensue after cesarean section, the addition of clindamycin or metronidazole and an
aminoglycoside will not achieve triple therapy equivalent. A gap will still exist for the
enterococci (Category Il1).

PERIOPERATIVE ANTIBIOTICS TO PREVENT
POSTOPERATIVE INFECTIONS FOLLOWING
GYNECOLOGICAL SURGERY

The ground rules governing antibiotic prophylaxis for gynecologic surgery have been
slower in evolution and modified by additional risk factors. While obstetrical surgery
deals primarily with community-related bacteria in basically healthy individuals,
gynecological surgery has a greater tendency to involve a hospital-modified bacterial
spectrum in an older, sicker population. Factors predisposing the risk of postoperative
infection in gynecological patients include:

(1) a hospital stay >72 hours prior to surgery;

(2) preoperative exposure to antibiotics;

(3) concomitant presence of disease; affecting small blood vessels, e.g. diabetes mellitus,
irradication, collagen vascular disease, hypertension;

(4) obesity.

Classically, antibiotic prophylaxis is advocated when the procedure is associated with a
significant risk of postoperative infection. The antibiotic chosen is required to:

(1) impact on a significant portion of the bacteria which, through the anaerobic
progression or individually, can cause disease and have been shown to be effective in
clinical trials;

(2) have an antibiotic half-life such that peak serum and tissue concentrations are
functioning at the time of the operative procedure;
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(3) not be associated with significant adverse drug reactions;
(4) should be effective when given in a single dose and the dose-cost should be relatively
inexpensive.

The list of antibiotics which have been shown efficacious in prevention of infectious
complications following gynecological surgery has been engendered by commercial
rather than scientific interests. Unlike antibiotic prophylaxis for obstetrical infection
where there is no statistical significance between disease avoidance with the first, second,
or third generation cephalosporins, a closer probability of achieving statistical
significance does occur with the broader spectrum antibiotic for gynecological
procedures. The problem with most studies of efficacy is their inability to control

Table 8.1 Gynecological surgical procedures for
which antibiotic prophylaxis is advocated

Abdominal hysterectomies
Pregnancy termination*
Radical hysterectomy

Vaginal hysterectomy

*see Chapter 64: Infectious Complications Associated with Legal Termination of Pregnancy

for operative variables such as duration of procedure, operative skill, blood loss,
meticulous tissue handling techniques, etc. The operations for which antibiotic
prophylaxis is advocated are listed in Table 8.1.

For relative simple gynecological surgery, single dose cephalosporin prophylaxis is
still the standard of care, however when extensive surgery is contemplated,
ampicillin/sulbactam combination has had the lowest incidence of postoperative wood
infections.

Clinical studies have shown no value in continuing antimicrobial therapy beyond 24
hours in clean/ contaminated surgery. Prolonged use of antibiotics on dirty procedures is
considered therapy and not prophylaxis.

Once an antibiotic has been given and an infectious operative site complication
ensues, avoid restarting that or any close-related (in terms of spectrum of efficacy
antibiotics) antibiotic.

FAILURE TO USE PROPHYLACTIC ANTIBIOTICS PROPERLY

Antibiotic prophylaxis requires proper case selection, use of an effective drug, proper
dosage, proper route of administration, timing of administration and intraoperative dosing
for operations over two hours. The Health Care Quality Improvement Project of New
York State reported that 27%-54% of all patients did not receive antimicrobial
prophylaxis in a proper or timely fashion. The principal misuse of prophylactic
antibiotics involved duration of administration, timing of administration and
intraoperative dosing. Premature administration was most frequent for operations that
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occurred later in the day. Matuschka et al. have advocated administration of preoperative
antibiotics in the operating room.

ANTIBIOTIC PROPHYLAXIS FOR INDUCED ABORTIONS

Periabortal antibiotic prophylaxis has been found to significantly reduce postabortal
infections in women undergoing elective first trimester vacuum abortions. In a meta-
analysis comprising over 5000 women, Sawaya et al. found an overall 42% decrease in
interferon after analyzing results from 12 randomized trials. The American College of
Obstetricians and Gynecologists and the Royal College of Obstetricians and
Gynaecologists currently recommend the use of antibiotic prophylaxis at the time of
induced abortions.

The questions which remain partially unanswered are which antibiotics and how long
antibiotic prophylaxis should be carried out. Lichtenberg et al. surveyed practice patterns
among member facilities of the National Abortion Federation. Eighty-one percent of
respondents used doxycycline. A one-week regiment of doxycycline was the most
commonly chosen. Shorter courses of oral doxycycline have no adverse affect on the
incidence of ensuing disease.

The duration of antibiotic prophylaxis is partially determined by the population being
served. The overall protective effect of antibiotic prophylaxis is most significant in
women who have the high-risk criteria for possible chlamydial infections. The duration
of antibiotic administration is that which would minimally eradicate an underlying
chlamydial infection.

Penney et al. have reported that a strategy of universal prophylaxis is at least as
effective in preventing postabortal infection as a screen-and-treat strategy for Chlamydia
trachomatis and Neisseria gonorrhoeae. Women with a single known partner or who
have been recently tested for sexually transmitted disease can be prophylaxed with
regimens as short as one day.

ANTIBIOTIC PROPHYLAXIS FOR PRETERM LABOR

A significant literature exists dealing with the use of prophylactic antibiotics in patients
with preterm labor. In this clinical setting, antibiotic administration is hypothesized to
delay or prevent preterm delivery. The underlying suppositions are that either women
with preterm labor have an occult intrauterine infection or cervical/vaginal infection has
initiated the prostaglandin cascade which initiated labor.

In support of the former postulate is the ability of effective antibiotic therapy in cases
of documented intrauterine Listeria monocytogenes infection to allow such a pregnancy
to proceed to term. The relationship of an abnormal cervico-vaginal bacterial flora to
initiate labor has conceptual validity in theory, but has yet to be conclusively
demonstrated.

A meta-analysis to evaluate the efficacy of antibiotic prophylaxis/therapy for preterm
labor revealed a mixed outcome pattern with only small improvements in pregnancy
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prolongation, estimated gestational weight and birthweight. The data is considered
insufficient to show a beneficial effect on neonatal morbidity or mortality.

Key problems in evaluation of such data are the entry criteria for what constitutes
preterm labor and, because of the rarity of morbidity and mortality, to have to rely on
surrogate outcomes.

Overall, Thorp et al. concluded that the evidence supported the conclusion that
antibiotic prophylaxis/ treatment resulted in small improvements in pregnancy
parameters. Among the antibiotics used in these studies, none demonstrated superiority to
the others.

The majority of the studies reviewed excluded gravida with preterm labor associated
with rupture of the fetal membranes. Ascending infection occurs in the setting of ruptured
fetal membranes and to a lesser degree in gravida with marked cervical dilation but intact
membranes. A few papers exist in which eradication of occult or overt chorioamnionitis
resulted in pregnancy prolongation.

ENDOCARDITIS PROPHYLAXIS

The current recommendation of antibiotic prophylaxis for women with known
predisposing conditions in labor or undergoing an abortion has done a great deal in
blunting the incidence of postpartum endocarditis (Tables 8.2 and 8.3). The potential for
acute endocarditis exists and should be kept in mind when women with postpartum or
post-aborted infectious complication

Table 8.2 Recommendations of the American Heart
Association categories of patients for prophylaxis

Prosthetic heart valves

Rheumatic valvular disease

Bicuspid aortic valves

Ventricular septal defect

Mitral valvular disease (including mitral valve prolapse when insufficiency present)

Surgical shunts

exhibit an atypical clinical response to therapy or develop a murmur. When patients are
sensitive to penicillin or its degradative product, alternate regimens must be used (Table
8.4).

An area of growing controversy is whether or not to administer prophylaxis to women
with mitral valve prolapse. Mitral valve prolapse occurs in approximately 6-10% of the
population. The risk of endocarditis is projected to be five- to eightfold greater than that
of individuals without mitral prolapse. Of 52 cases of failure of endocarditis prophylaxis,
one-third occurred in individuals with mitral valve prolapse as their underlying cardiac
lesion. While the reputed risk of developing endocarditis is reputedly low, the American
Heart Association recommends prophylaxis specifically for mitral valve prolapse with
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insufficiency. Strasbert reported a case of postpartum endocarditis in a woman with
mitral valve prolapse after vaginal delivery and specifically questioned the
recommendations on the issue of mitral valve prolapse prophylaxis.

The American Heart Association recommends prophylaxis for vaginal hysterectomy
but not for uncomplicated vaginal delivery, stating that endocarditis after uncomplicated
vaginal delivery occurs rarely, if ever. Until definitive recommendations regarding
prophylaxis for valvular heart disease and uncomplicated vaginal delivery have been
finalized, decisions on prophylaxis should be made on an individualized risk-benefit
analysis.

GBS PROPHYLACTIC ANTIBIOTICS
In 1996, the Centers for Disease Control, American College of Obstetricans and
Gynecologists and the

Table 8.3 Antimicrobial prophylaxis of bacterial
endocarditis

Procedure Prophylactic regimen(s)

For dental procedures Aqueous crystalline penicillin G (Intramuscular: Adults, 1000000 units;
(including cleaning) and  Children, 30000 units/kg)

surgery or MIXED WITH procaine penicillin G (Intramuscular:

instrumentation of the Adults and Children, 600000 units) 30 to 60 minutes before procedure,
upper respiratory tract then penicillin V (Oral:Adults, 500 mg; children less than 27 kg, 250
mg) every six hours for eight doses.
Remark: For patients with prosthetic heart valves or those taking
continuous oral penicillin for rheumatic fever prophylaxis, the addition
of streptomycin (Intramuscular:Adults, 1 g; children, 20 mg/kg) 30 to
60 minutes before procedure is recommended.
OR
Penicillin V (Oral:Adults, 2 g; children less than 27 kg, 1 g) 30 to 60
minutes before procedure, then (Oral:Adults, 500 mg; children less than
27 kg, 250 mg) every six hours for eight doses.
Remark:This regimen is not recommended for patients with prosthetic
heart valves or those taking continuous oral penicillin for rheumatic
fever prophylaxis.

For genituourinary tract  Penicillin-Containing Regimen

or surgery or Aqueous crystalline penicillin G (Intramuscular or Intravenous: Adults,

instrumentation 2000000 units; children, 30000 units/kg) OR ampicillin (Intramuscular
or Intravenous:Adults, 1 g; children, 50 mg/kg PLUS gentamicin
(Intramuscular or Intravenous:Adults, 1.5 mg/kg; children, 2 mg/kg)
OR streptomycin (Intravenous: Adults, 1 g; children, 20 mg/kg) 30 to
60 minutes before procedure,then repeat both drugs every eight hours
(if gentamicin is used) or every 12 hours (if streptomycin is used) for
two additional doses.
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Table 8.4 Prophylaxis of endocarditis in patients
allergic to penicillins/cephalosporins

Vancomycin

Children: 10 mg/kg intravenously over 60 minutes BEFORE the procedure
Adults: 1 gram intravenously over 60 minutes BEFORE the procedure
PLUS

Erythromycin 500 mg per oral every six hours for a total of 8 doses.
OR

Streptomycin or gentamicin. The latter are reserved for patients undergoing surgical or
instrumentational procedures on the genitourinary or gastrointestinal tract.

Academy of Pediatrics introduced two divergent approaches for the prevention of
perinatal group B streptococcal disease (GBS). The first of these was predicated on
prenatal maternal screening for GBS colonization at 35-37 weeks gestation and offering
intrapartum chemoprophylaxis. This approach was subsequently modified to include
gravida with GBS bacteriuria and women who had previously given birth to a GBS
infected neonate. The second approach was contingent on the identification of one or
more risk factors which included preterm deliveries, preterm or prolonged rupture of the
fetal membranes, intrapartum fever, prior GBS neonatal disease, and GBS bacteriuria.

The original algorithms developed for the prevention of early-onset GBS disease in
neonates are presented in Table 41.2. Both approaches were recommended as equally
acceptable.

Both approaches have been successful in altering GBS neonatal and maternal
morbidity and mortality. Neither has completely eliminated the occurrence of GBS
neonatal disease. The principal shortcoming of a risk-based approach was the fact that
20% of GBS neonatal disease occurred in women without demonstrable risk factors.
With the bacteriological screening approach for maternal GBS, the problems inherent in
culturing on appropriate media, number of sites needed to exclude GBS, and the ultimate
site/technique for obtaining the screening culture assured less than 85% GBS detection.

Schrag et al. did a multi-state retrospective cohort study involving 5144 births in
which they compared the efficacy of the two officially recommended approaches. In the
screened group 18% of all gravida with GBS did not present with an identifiable maternal
risk-factor. These investigators found that the risk of early-onset GBS disease was
significantly lower among infants of screened women than among the infants in the risk-
based group by approximately 50%. They concluded that based on their data
recommendations that endorsed both strategies as equivalent be reconsidered.

Prior to 1996, it had been demonstrated that the universal administration of penicillin
to all neonates would profoundly alter, but not totally eliminate, the incidence of ensuing
neonatal GBS. The switch from a pediatric-directed approach for GBS early-onset
disease to an obstetrical-directed approach was justified argumentatively by the
significant maternal morbidity caused by GBS at parturition. In terms of risk-benefit
analysis, the justification is less clear. Both penicillin and ampicillin carry with their
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administration the risk of anaphylaxis. To date, anaphylaxis has not been described in a
newborn.

If society’s mandated goal on zero cases of early-onset GBS is to be met, it may
require a combined obstetrical approach based on culture surveillance and pediatric
approach based on universal neonatal penicillin administration.
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9
Congenital viral infections

Prior to the advent of certain virologic and immunologic techniques, congenital viral
infection was defined as disease present at birth or developing before the shortest known
incubation period for the virus in the immediate neonatal period. Although still a valid
documentation of congenital infection, it results in the recognition of only a limited
spectrum of disease and excludes those cases of congenital infection whose incubation
period is one standard deviation removed.

Congenital infection does not require either overt clinical disease or the presence of
histologic lesions. As has been pointed out by René Dubos, “the determinants of the
disease are not the same as the determinants of infection”. In its most rigid form the
definition of congenital infection is the exposure in utero of the developing embryo or
fetus to the antigenic determinants of presumably infectious virus particles and the
subsequent elaboration of specific IgM antibodies of fetal origin.

Antigenic stimulation of the fetus in utero may result in the quantity of IgM
immunoglobulins detectable in cord or neonatal serum being elevated above the
anticipated values. Approximately 25% of infants with congenital rubella syndrome have
appreciable elevations of their IgM level. In general, there is a positive correlation
between elevated serum IgM and the severity of the clinical involvement.

When maternal viral infection occurs in gestation at any time other than the immediate
perinatal period, the demonstration of persisting antibodies beyond three months of age
constitutes highly suggestive evidence of congenital viral infection. Complete
documentation of congenital infection is contingent on the recovery of the virus at
parturition from presumptive sites of recovery, e.g. placenta, products of conception, fetal
or newborn organs, urine, or cerebrospinal fluid. When dealing with abortion material or
very early embryos, virus isolation or the use of organism-specific DNA products are the
principal means of specifically documenting congenital viral infection.



10
Cytomegaloviruses

Phylogenetically, the cytomegaloviruses (CMV) are among the oldest viruses known.
Their differentiation parallels that of individual species so that it is not unusual to have
relative or absolute species specificity. As a result of years of adaptive evolution, the bulk
of human infection is predominantly a subclinical phenomenon.

Taxonomically, the CMV belong to the herpesvirus group, which includes herpes
simplex viruses types 1 and 2 (HSV-1 and HSV-2), varicella-zoster virus, and the
Epstein-Barr (EB) virus. A CMV particle measures approximately 1800-2000 A in
diameter and is made up of a single molecule of double-stranded DNA and sequential
layers composed of an icosahedral protein coat and a lipid envelope. The site of viral
DNA synthesis is within the host cell nucleus (Figure 10.1). Consequently, histologic
evidence of virus replication can be observed in the form of an intranuclear inclusion
body which is characterized by both cytoplasmic and nuclear gigantism. The mature
‘owl-eye’ lesion of the CMV is distinct from the intranuclear inclusion bodies of herpes
simplex and varicella-zoster viruses. The magnitude of diametric increase of the cell is 2—
3 times that observed with other members of the herpesvirus group. The intranuclear
inclusion retains a circular to ovoid configuration, stains basophilic with hematoxylin and
eosin, and is Feulgen-positive. The intranuclear inclusion body of the HSV is irregular in
contour, stains eosinophilic with hematoxylin and eosin, and is negative in a Feulgen
reaction.

Infection with the CMV results in the establishment of latent infection. Unlike the case
with either the HSV-1, HSV-2 or the varicella-zoster virus, clinically overt
manifestations of virus replication are seldom seen. Except in the immunologically
compromised individual and in the developing human fetus, the CMV rarely exhibit
virulence for humans.

Spread is by intimate contact with biologic fluids containing infectious material,
specifically, tears, saliva, urine, endocervical mucus, colostrum, and transfused blood.
The demonstration of CMV in semen makes venereal transmission of the infection a
distinct possibility.

CLINICAL INFECTION

Infectious mononucleosis-like syndrome

Being so well adapted to the human host, the CMV rarely produce clinically overt
disease. The principal clinical syndrome which may alert a physician to possible primary
maternal CMV infection is that of an infectious mononucleosis-like syndrome. This
pattern of disease is characterized by febrile illness with high, irregular fevers lasting as
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long as three weeks. Clinically, the patient demonstrates lethargy, malaise, and
hematologic alterations indistinguishable from those of infectious mononucleosis. The
most important physical findings are the absence of the tonsillitis or pharyngitis and the
cervical lymphadenopathy which are characteristic of infectious mononucleosis. These
two negative findings strongly reinforce the possibility of CMV infection.

Clinically, both relative and absolute lymphocytosis are present, with abundant
atypical lymphocytes (12-55%). Levels of serum glutamic oxaloacetic transaminase
(SGOT), serum glutamic pyruvic transaminase (SGPT), and alkaline phosphatase may or
may not be abnormally elevated at this time. Although biochemical evidence of hepatitis
may exist, the hepatic tenderness associated with either infectious mononucleosis or
hepatitis type A or B viruses is characteristically absent. In rare instances, evidence of
myocarditis or a rubella-like rash may be present. Specific tests for hepatitis-associated
antigen and for the presence of specific antibodies to Toxoplasma gondii and the

Figure 10.1 Classical intranuclear
inclusion bodies in the renal tubular
cells of an infant with congenital
cytomegalovirus infection (H&E,
x420)

heterophil (Paul-Bunnell) reaction, if negative, aid in substantiating the diagnosis.

Significance of prior maternal infection

Both primary and recurrent maternal CMV infections are important in the pathogenesis of
congenital infection. The overall prevalence for a given population is governed in part by
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the prevalence of prior CMV infection. Women from middle to upper socioeconomic
populations are less likely to have prior infection. Serosusceptibility in this population
runs at 40-50% in contradistinction to 15% among those of low socioeconomic
backgrounds. While women from middle-upper class socioeconomic backgrounds are
more susceptible, they are also less likely to acquire primary infection during gestation.
Primary maternal infection during gestation accounts for approximately 63% of cases of
congenital infection in this group as opposed to 25% of congenital infections in the
progeny of women from lower socioeconomic groups. The age distribution of the
population similarly influences both prevalence and mode of fetal acquisition of
infection. Women from low socioeconomic backgrounds acquire disease early in life. In
this group congenital CMV is most often seen in the first born infant of teenage and
young females. As a rule of thumb, the probability of vertical transmission associated
with primary maternal infection is in the area of 35-40% whereas that associated with
maternal CMV which antedates a pregnancy reaction is in the order of 1-3%.

While pregnancy per se does not alter the incidence of primary disease, viral shedding
becomes a progressively more common phenomenon with time. On average, the
prevalence of viral cervical and urinary tract shedding increases from 2.0% in the first
trimester to 7.0% near term.

Age may also influence recurrent CMV shedding in the genital and urinary tracts of
women. In low socioeconomic populations, the prevalence of CMV excretion in the
genital tract is inversely related to age after puberty. The presence of CMV endocervical
colonization is not a reliable marker for probable vertical transmission to the fetus. One
cannot distinguish between viral excretion associated with primary disease and that of
recurrent disease. Similarly, CMV viruria per se does not distinguish between primary
infection and reactivation. Only when a high titer of urinary virus is present or
demonstrable is there a markedly increased probability of delivery of a congenitally
infected infant.

The overall incidence of congenital CMV among the progeny of seropositive women
is approximately 1.8%. The overall incidence of congenital CMV infection in a general
population is influenced by the composition of that population. It may range from 25 per
thousand live births for single black women under the age of 20 to 1.6 per thousand live
births for married white women over the age of 25. While maternal immunity cannot
completely eliminate transplacental transmission, it appears to reduce the morbidity and
deleterious consequences for the fetus/neonate. Prospective studies now indicate that
recurrent maternal CMV is responsible for more cases of congenital infection than
primary infection. This is particularly true for low socioeconomic populations.

CONGENITAL CYTOMEGALOVIRUS INFECTION

Congenital CMV infection has a prevalence ranging between 0.4% and 2.3% of all live
births. Approximately 30000 neonates are born in the United States each year with
congenital disease. Anywhere from 5 to 10% of these infants are clinically symptomatic
at birth. Ninety percent of those who are symptomatic at birth develop major sequelae.
Another 5-17% of neonates born with occult congenital infection will go on to develop
varying degrees of complications during their preschool years. Anywhere from 2700 to
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7600 babies are born each year who may develop developmental abnormalities caused by
congenitally acquired infection.

Unlike congenital rubella, congenital infection with the CMV may occur despite the
presence of strain specific humoral immunity. Being latent viruses of man, the CMV may
undergo reactivation as well as prolonged shedding in biological fluid. Individuals with
CMV infection tend to persistently or intermittently excrete virus in urine, breast milk,
saliva, semen, cervical secretions, stools and tears. Viral shedding after primary infection
normally persists for months or even years. With reactivation of latent infection the
duration of shedding is significantly diminished. As a consequence of this type of
reactivation of latent infection, there is a direct relationship between the incidence of
congenital CMV and the rate of maternal seropositivity. Congenital infection resulting
from recurrent CMV infection can and does occur in highly immune populations as well
as in immunologically compromised individuals. There are at least three reports
describing cases of congenital CMV infections in consecutive pregnancies.

Primary CMV infection occurs in 0.7-4% of pregnancies. With primary infection,
fetal involvement occurs in 35-40% of the cases. Gestational age does not influence the
rate of intrauterine infection following primary maternal infection. Stagno et al.
prospectively followed 35 infants who were congenitally infected as a result of primary
maternal infection. Only five neonates had clinical evidence of intrauterine infection at
birth. The risk of primary maternal CMV infection leading to long-term sequelae is under
5%. The principal factor modulating this figure is when in gestation primary maternal
infection occurred. Lipitz et al. evaluated 63 pregnant women with primary CMV disease
for congenital transmission. Twenty-two (35%) of the pregnancies had virological or
immunological evidence of vertical transmission. In nine (41%) of the 22 pregnancies
with evidence of vertical transmission, abnormal ultrasono-graphic findings were
recorded. The only pregnancy with prenatal ultrasonographic abnormalities that went to
term resulted in an infant with neurologic sequelae. In the 37 pregnancies with no
evidence of congenital infection which continued to term, only one of the ensuing
pregnancies developed mild motor disability during a median of 23 months of follow-up.

Although based on limited observation, it appears that the CMV are capable of
infecting the products of conception irrespective of their gestational age and that the
clinical manifestations of congenital CMV infection
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Figure 10.2 Marked microcephaly
observed in fully developed congenital
cytomegalovirus infection

appear to be primarily a reflection of the duration of infection in utero.

Analogous to maternal infection with rubella virus in the first trimester, two patterns
of involvement of infection of the products of conception exist: one in which infection is
limited solely to the placenta, and another in which both placental and panorgan fetal
involvement occur.

First trimester infection

Early maternal disease does not invariably select for clinically overt disease, but when
heightened neonatal morbidity occurs, it is most likely to do so in the progeny of women
who acquired infection in the first trimester. The infants are usually premature or of a low
birthweight for their term dates. The gross clinical presentation is often indistinguishable
from the overt cases of congenital rubella, congenital toxoplasmosis, congenital herpes
simplex virus infection, and congenital syphilis. The infant tends to be microcephalic
(Figure 10.2). Roentgenograms of the head demonstrate extensive calcification of the
lateral ventricles and portions of the olfactory tract. These have their anatomic correlation
in extensive dystrophic calcification within necrotic subependymal areas of the lateral
ventricles (Figure 10.3). Chorioretinitis is a frequent finding in those micro-cephalic
infants with intracranial calcification. Hepatosplenomegaly due to extramedullary
hematopoiesis, with or without superimposed hepatitis, is usually prominent. The infants
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may have evidence of disseminated intravascular coagulopathy. Petechiae due to
thrombocytopenia may be present at birth.

Infants with symptomatic congenital CMV have a very high likelihood of developing
long-term sequelae. The follow-up studies of symptomatic infants by Boppana et al. have
revealed a 41% rate of developmental delays, 53-61% rate of mental retardation, and a
100% need for special education.

In contrast, permanent sequelae which were permanent occurred in approximately
10% of asymptomatic congenital CMV infants. If infected infants were normal at one
year of age, Ivarsson et al. reported that these children compared well in terms of
neurological development and intellectual status to their peers.

Necropsy material has demonstrated panorgan viral involvement. The characteristic
nuclear inclusion bodies have been identified in, or the virus has been isolated from,
every organ system. Primarily involved is the epithelial cell, within which both
cytoplasmic and nuclear enlargement are evident. In the mature lesions, nuclear inclusion
bodies show peripheralization of the chromatin and central Feulgen-positive DNA mass,
which electron microscopy reveals to be composed of complete and incomplete virions.

The CMV have been incriminated as a significant cause of fetal wastage. Griffiths and
Baboonian have shown that fetal loss occurs in approximately 15% of gravida who
contract CMV infection early in gestation as opposed to noninfected individuals (2.2%).
Characteristic intranuclear inclusion bodies have been identified within alveolar
macrophages of macerated small fetuses. The CMV have been isolated from aborted
material. Studies on abortion material reveal an incidence of virus recovery ranging from
0.5% to 10%. These figures may be inflated. A certain percentage of this merely
represents contamination of the products of
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Figure 10.3 Extensive dystrophic
calcification involving the lateral
ventricles in an infant with congenital
cytomegalovirus infection.
(Reproduced with permission from
Monif GRG. Viral Infections of the

Human Fetus. New York, Macmillan,
1969)
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conception as they pass by virus present within the endocervix and birth canal and does
not reflect true congenital involvement.

Second trimester infection

When second trimester congenital infection results in clinically overt symptoms and
postnatal morbidity, the clinical manifestations are much more protean than those
observed following first trimester involvement. Microcephaly occurs but is not associated
with a predominantly subependymal pattern of CNS dystrophic calcification.

Chorioretinitis is much less frequently observed. Some infants are born with
hepatosplenomegaly (Figure 10.4) or hepatomegaly, with or without evidence of
disseminated intravascular coagulopathy or jaundice. Other infants may have only
elevated IgM levels as a consequence of congenital infection.

Third trimester infection

Third trimester involvement seems to be associated with a neonate who exhibits no early
impairment of somatic growth or mental development. The infant tends to be normal by
every parameter of gross measurement. Whereas specific IgM antibodies can be
identified in cord serum, the IgM levels are only rarely elevated.

Late developmental sequelae

A primary question has been whether or not clinically inapparent disease might adversely
affect the infant at a later date. What are the delayed morbid effects of occult neonatal
infection? A longitudinal study of 16 infants with inapparent congenital CMV infection
and elevated umbilical cord IgM levels revealed some degree of sensorineural hearing
loss in nine of the 16. An auditory handicap was either proven or considered likely in
four infants. Evidence of congenital CMV
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Figure 10.4 Hepatosplenomegaly, a
finding characteristic of more severe
chronic cases of intrauterine viral
infection. (Reproduced with
permission from Monif GRG. Viral
Infections of the Human Fetus. New
York, Macmillan, 1969)

infection can be detected in 12% of children with sensorineural hearing loss. This type of
hearing loss is progressive.

A trend toward subnormal intelligence was observed in infected children. Hanshaw
has postulated that clinically important mental and auditory impairment may occur in one
out of every 1000 live births as a result of congenital CMV infection. Asymptomatic fetal
CMV infection has been shown to produce long term damage in 10 to 15% of these
infants. The long term damage which includes developmental problems, hearing loss,
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mental retardation and motor deficiences, usually manifests within the first two years of
life.

Postnatal dissemination

Gestational age has a significant influence on the rate of maternal CMV excretion. On
average the prevalence of excretion increased from 2.6% in the first trimester to 7.6%
near term. With parturition, breast milk becomes an additional vehicle for the
transmission of virus from mother to progeny.

While there is a poor correlation between cervical and urinary CMV excretion during
pregnancy and fetal involvement, there is a positive correlation between maternal viral
shedding and postnatal acquisition of infection. According to the data of Stagno et al., the
two most efficient sources of transmission are: infected breast milk, which resulted in a
63% rate of postnatal infection, and the infected genital tract, particularly in late
gestation. The age of the mother influences the frequency of viral excretion into the
genital tract and breast milk. Younger seropositive women from lower socioeconomic
groups who breast-feed are at the greatest risk for transmitting virus to their progeny.

The incubation period of CMV infection acquired during the perinatal period ranges
between four and 12 weeks (average eight weeks). CMV infection acquired in the
neonatal period occasionally results in clinical illness. The majority of infants with
postnatally acquired CMV infection are asymptomatic. Postnatally acquired infection
does not appear to adversely affect neurological or psychomotor functions.

DIAGNOSIS

Maternal infection

The serologic diagnosis of a primary CMV infection can be confirmed by the appearance
of specific antibodies in convalescent sera (seroconversion). These antibodies, which can
be detected by immunofluorescence, indirect hemagglutination and enzyme-linked
immunosorbent assay appear within two weeks after primary infection. Antibodies
measured by complement fixation and neutralization tests follow with one to two and
four-week delays, respectively.

Serum-specific IgM antibodies can be demonstrated during the acute phase of primary
CMV infection.
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Figure 10.5 Cytomegalovirus
placentitis: focal collection of plasma
cells and lymphocytes within a
chorionic villus. The presence of the
characteristic intranuclear Inclusion
bodies is rare. The persistence of
Hofbauer cells and the edematous,
relatively avascular villi with focal
fibrosis should suggest the possibility
of congenital cytomegalovirus
infection. (Reproduced with
permission from Monif GRG, Dische
RM. Am J Clin Pathol 1972; 58:445.
Copyright 1972, American Society of
Clinical Pathologists)

Recent maternal infection can be inferred from a single serum specimen by the
demonstration of IgM specific antibody. IgM antibodies appear early in the course of the
disease and persist for 4 to 8 months depending upon which test is used. A rise in
antibody titer or a single high titer (>1:108) correlates poorly with vertical transmission
unless IgM specific antibody is present. Of all the tests available for this purpose,
radioimmunoassay appears to be the most reliable because in normal hosts, including
pregnant women, positive results occur only during the acute phase of primary infections
and not with reactivations. With this test, specific IgM antibodies are detected in nearly



Infectious diseases in obstetrics and gynecology 86

90% of women with a primary CMV infection and the antibody response persists for up
to four months. False-positive IgM tests can occur. The clinician needs to take care that a
reliable laboratory is performing the test.

Congenital infection

Placental pathology

Gross and microscopic inspection may provide inferential evidence of the possibility of
congenital CMV infection. The placenta tends to be large, pale, and edematous.
Intranuclear inclusion bodies are difficult to find. Their identification is often contingent
upon a meticulous search. The villi and villous trunks frequently appear edematous. Focal
collections of plasma cells intermixed with lymphocytes may be present (Figure 10.5).
Characteristically, there is persistence of Hofbauer cells. Focal hemosiderin pigment is
often identified free and in macrophages in areas of apparent endothelial damage and
fibrosis. Only 25% of CMV placenta have the demonstrable histological criteria
necessary for a definitive diagnosis. Immunohistochemistry can increase diagnostic
sensitivity to 83%. Polymerase chain reaction (PCR) can detect 58% but if supplemented
with Southern blot analysis after PCR, the combined sensitivity approaches 100%.

Cytology

Transformed renal cells shed into the neonate’s urine can be diagnosed. Shedding of this
type of cell is an intermittent phenomenon. The best urine sample for cytological analysis
is an early morning urinary specimen with a high specific gravity.

Serological diagnosis

Maternally derived specific 1gG antibody undergoes degradative elimination in the
neonate; consequently, irrespective of whether or not intrauterine infection has occurred,
the complement fixation titer falls to nondetectable levels. The reappearance of specific
complement fixation activity 4-6 months after birth is consistent with either congenital or
postnatally acquired infection.

Evidence of possible intrauterine infection may be inferred by the presence of elevated
IgM levels in cord serum or blood samples obtained by funipuncture. Techniques for
identifying IgM specific antibodies in cord blood are associated with a significant false-
positive rate. Currently, the use of PCR testing on amniotic fluid for CMV is the best
means of documenting in utero infection, short of viral recovery.

The immunoglobulins in the serum of the neonate, in the absence of congenital
infection, reflect previous maternal experience with these agents and are predominantly
of the 1gG type. Since maternal IgM antibodies do not traverse the placenta and appear in
the newborn serum, the finding of specific IgM or IgA antibodies is considered
diagnostic of intrauterine infection. Diagnosis of congenital infection can also be made
by demonstrating virus-specific antigens using PCR or ligase chain reaction (LCR)
technology. Only 50-60% of CMV congenitally infected infants have IgM-specific
antibodies at birth.
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Virus isolation

Amniocentesis can provide material for virus isolation or PCR testing. Amniotic fluid
analysis for CMV viral isolation and CMV PCR testing are the most sensitive ways of
diagnosing congenital infection. Both Davis et al. and French et al. used amniocentesis to
document congenital infection in women who had an infectious mononucleosis-like
syndrome in the first three months of gestation. Stagno et al. have reported failure to
recover CMV infection from amniotic fluid in three cases of primary maternal CMV
infection (two of whom had isolation of virus from fetal and/or placental tissue).

Failure to isolate CMV from amniotic fluid does not necessarily rule out fetal
infection. The recovery of virus strongly infers that vertical transmission has occurred.
Virus isolation techniques are applicable for the isolation and identification of the CMV
from tissue sources or amniotic fluid. The CMV can replicate successfully in fibroblastic
tissue culture lines of human origin; the one most commonly utilized for isolation is WI-
38. Specimens for viral culture need to be processed as rapidly as possible. Holding a
specimen at 4°C for 24 and 48 hours results in 14% and 32% false-negative rates. PCR
and CMV shell vial assay to demonstrate the presence of virus specific antigens has
partially displaced viral isolation techniques.

PRENATAL COUNSELING OF THE GRAVIDA WITH
EVIDENCE OF PRIMARY CMV INFECTION

Prenatal counseling of a gravida with primary CMV infection is difficult. Negative
amniocentesis fluid analyzed by both viral culture and PCR testing confer a reasonably
high probability that the fetus is not infected at that time; however vertical transmission is
possible at a later date in gestation.

In the series reported by Lipitz et al., the use of a combination of prenatal tests
resulted in an accurate diagnosis of all infected fetuses. Of the two procedures performed,
amniocentesis provided the ability to identify all infected fetuses, using either amniotic
culture and/or PCR analysis. The information yielded by funipuncture did not add to the
ability of accurately diagnosing vertical transmission and, furthermore, had a sensitivity
of only 77% in identifying infected fetuses. Regarding the two tests performed on
amniotic fluid samples, the CMV culture identified all infected fetuses (among 13 tested),
whereas the PCR missed one of 17 tested.

Although the ultrasound has limited sensitivity in the detection of fetal infection,
pregnancies with evidence of vertical transmission and definite ultrasonographic findings
indicating suspected fetal damage (such as hydrocephaly, microcephaly, ventricular
abnormalities characteristic of ventriculitis, or brain or liver calcifications) are at
significant risk of abnormal sequelae.

THERAPY
Currently in the United States, four medications have been approved by the FDA to treat

CMV infections. Cidofovir and fomivirsen are approved for CMV retinitis. Ganciclovir
and foscarnet are approved to treat visceral and disseminated CMV infections. The
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documentation of maternal disease during gestation may be grounds for therapeutic
abortion.

Ganciclovir, a homologue of acyclovir, has shown efficacy against CMV. It is the
current drug of choice for life threatening or visceral CMV in immunocompromised
individuals. Use of this drug is restricted to congenitally infected neonates with severe
disease manifestations. Ganciclovir administration is associated with the induction of pan
cellular bone marrow depression and requires skilled monitoring. Because of its
teratogenicity and embrotoxicity in experimental animals, ganciclovir use is
contraindicated in pregnancy. Attempts to use antiviral compounds in the treatment of
severe congenital infection have met with mixed success.

There are no current recommendations for antiviral therapy in asymptomatic CMV
neonates or infants.
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Enteroviruses

The enteroviruses are small, spherical, non-enveloped (naked) viruses that have
icosahedral symmetry and a diameter of 27 to 30 nm. The virion is composed of a core of
single-stranded RNA of about 7500 bases, with a molecular weight of 2.6x10° The
viruses have a protein shell containing four polypeptide chains which are elements of 60
identical, four-segmented viral capsid protein subunits called protomers.

In terms of classification, the human enteroviruses are members of the Picornaviruses.
They are divided into four major groups.

The enteroviruses are transmitted by both fecal to oral and oral to oral means of
transmission. The ability to isolate enteroviruses in any age group is inversely
proportional to age.

Enterovirus infections are common during pregnancy. Their prevalence in a given
community is governed primarily by the:

(1) time of the year; and
(2) presence or absence of prior immunity to antigenically related enterovirus serotypes.

In northern latitudes, enterovirus infections tend to occur during the summer and fall.
This seasonal periodicity is less pronounced in more tropical climates.

The majority of enterovirus infections result in asymptomatic or limited nonspecific
febrile illness associated with primarily upper respiratory symptoms. Some patients will
experience a brief but severe illness in which both fever and lower abdominal pain
dominate. The abdominal pain tends to be midline and periumbilical in location and
cramping in character. Experimental data suggesting that a higher incidence of clinical
infections occurs with pregnhancy

The sequelae of these clinical manifestations are potentially translatable into perinatal
mortality. Although the bulk of maternal disease is subclinical or presents as nonspecific
upper respiratory or gastrointestinal viral illness, maternal morbidity and mortality may
develop as a consequence of meningoencephalitis, myocarditis or poliomyelitis.

MATERNAL ENTEROVIRUS INFECTION/DISEASE

The enteroviruses are quite prevalent in the environment. Their mode of transmission
involves hand-to-mouth or more commonly vehicle (water-borne) dissemination. The
gastrointestinal tract is the primary portal of infection. As a consequence, the prevalence
of disease in the community tends to take on an epidemic pattern and can be significantly
influenced by socioeconomic factors.

Most enteroviruses are relatively well adapted to man. Prior to development of the
polio vaccines, for every case of paralytic poliomyelitis, there would be tens of thousands
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of asymptomatic infections. The incubation period for infection shows significant
variability, primarily due to inoculum dose effect and individual host factors.

In some cases, the pattern of maternal illness suggests the diagnosis of enterovirus
infection.

While maternal infection is a common event, transplacental transmission of the virus
is rare. However, when it does occur, and when that event is early in gestation, the
consequences for the fetus are significant.

Transplacental transmission of the enteroviruses is primarily governed by magnitude
and duration of the maternal viremia and the availability of complementary fetal viral
receptor sites. The potential morbid consequences are primarily a function of gestational
age and strain virulence. Viral membrane receptors change qualitatively and quantitively
with gestational age.
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Figure 11.1 Photo of a neonatal brain
infected with Coxsackie group B virus
demonstrating perivascular “cuffing”
with infliltration of the Virchow-Robin
space by numerous mononuclear cells
(H&E x280). (Reproduced with
permission from Monif GRG. Viral
Infection of the Human Fetus.
MacMillan, 1969)
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MANAGEMENT OF ENTEROVIRUS INFECTION IN
PREGNANCY

If acute maternal virus infection or disease is documented late in pregnancy, the fact that
in rare instances fetal disease may occur needs to be presented, but in proper context.
With the exception of the Coxsackie viruses, overt congenital disease is rare. The
prognosis for the pregnancy outcome should be relatively optimistic. Management of
maternal enterovirus infection is initially that of control of symptomatology. High
maternal temperatures are to be avoided.

CONGENITAL AND NEONATAL INFECTION/DISEASE
CAUSED BY THE COXSACKIE GROUP A AND B VIRUSES

The Coxsackie viruses currently account for 70% of all cases of serious neonatal disease.
The dominant virulent Coxsackie B serotypes are B2, B3, B4, and B5.

In contrast to neonatal disease, overt congenital Coxsackie virus infection is a rare
entity The majority of Coxsackie outbreaks in newborn intensive care units have their
genesis in a premature or low birthweight infant who had contracted disease in utero.

Extensive disease in utero probably results in abortion, stillbirths or neonatal deaths.
When fetal interstitial myocarditis is identified at necropsy, approximately half of these
cases exhibit specific immunofluorescent staining for either the Coxsackie group A or B
virus in the myocardium. The demonstration of significant fetal wastage caused by
congenital Coxsackie viruses, coupled with the existence of occult congenital disease,
indicates that a parameter other than clinical illness at birth is necessary to assess the true
incidence of involvement. The long term consequences of occult congenital infection are
not known.

Both congenital and neonatal infection with Coxsackie group viruses have been
responsible for fulminating disease in newborns characterized by meningoencephalitis,
myocarditis, and hepatitis (Figures 11.1 and 11.2).

The clinical manifestations are partially a function of the organ system which bears the
brunt of the infection.
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Figure 11.2 Interstitial myocarditis
associated with myocardial necrosis in
an infant with congenital Coxsackie
group B infection (H&E x280).
(Reproduced with permission from
Monif GRG. Viral Infection of the
Human Fetus. MacMillan, 1969)

One organ system usually dominates the clinical picture. If sought, multi-organ
involvement usually can be clinically demonstrated.

The onset of overt disease may be sudden or preceded by a period in which the
neonate refuses feedings and exhibits mottling and cyanosis of the skin. Clinical evidence
of myocarditis may include bradycardia, tachycardia out of proportion to the temperature,
gallop rhythm, or a poor first heart sound. Electrocardio-graphic changes consist for the
main part in alterations in the T wave, either flattening or inversion, depressed ST
segments, low voltage QRS, disturbances of rhythm and conduction, or in some cases an
injury pattern compatible with anomalous origin of the left coronary artery. In other
cases, central nervous system involvement may overshadow the myocardial or hepatic
manifestations of disease. These neonates are often irritable and present with bulging
fontanels and cerebrospinal fluid pleocytosis. Death usually follows vasomotor collapse.

A number of studies have suggested that congenital infection resulting in selective
cytopathic effect within the beta cell of the pancreas could lead to childhood-onset
diabetes mellitus. Dahlquist et al. traced serum samples collected at time of birth from 55
mothers whose children later developed insulin-dependent diabetes mellitus (IDDM) and
matched them pairwise to control subjects who gave birth at the same hospital during the
same month. The sera were analyzed for IgM antibodies to Coxsackie B virus serotypes
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2, 3 and 4 (CBV-2, 3 and 4) using a type-specific mu-antibody-capture
radioimmunoassay. Despite a decreased power due to the close matching by time of birth
they found a significantly higher frequency of CBV-3 IgM at delivery in mothers whose
children later became diabetic compared to their matched control subjects.

Hyoty et al. initiated a prospective study designed to assess the role of Coxsackie B
and other enterovirus infections in the induction and acceleration of this process. Three
separate series were studied:

(1) an intrauterine exposure series comprising 96 pregnant mothers whose children
subsequently manifested IDDM and 96 control mothers whose children remained
nondiabetic;

(2) a cohort of 22 initially unaffected siblings of diabetic children who were followed
until they developed clinical IDDM (mean observation time, 29 months) and 110
control siblings who remained nondiabetic;

(3) a case-control series comprising 90 children with newly diagnosed IDDM and 90
control subjects.

Enterovirus infections were identified on the basis of significant increases in serum IgG,
IgM, or IgA class antibodies against a panel of enterovirus antigens (capture
radioimmunoassay). Enterovirus antibodies were significantly elevated in pregnant
mothers whose children subsequently manifested IDDM, particularly in cases in which
IDDM appeared at a very young age, before the age of 3 years (p<0.005). Serological
verified enterovirus infections were almost two times more frequent in siblings who
developed clinical IDDM than in siblings who remained nondiabetic (mean, 1.0 vs. 0.6
infections/follow-up year; p<0.001). This difference was seen both close to the diagnosis
of IDDM and several years before diagnosis.

Using the nationwide child-onset diabetes regiser in Sweden, Dahlquist et al. traced
children who contracted diabetes before the age of 15 years and who were born at a
specific hospital in Sweden where maternal sera from delivery had been stored during the
years 1969-1989. Sera obtained at delivery from 57 mothers of diabetic children were
compared with sera from control subjects who were delivered at the same hospital during
the same time period. The sera were analyzed blindly using a group-specific enzyme-
linked immunosorbent assay for specific IgM antibodies before and after urea wash as an
avidity test. The mean absorbance values of enteroviral 1gG antibodies against enteroviral
antigens (echo-30, Coxsackie B5, and echo-9) were significantly higher among mothers
whose children later developed diabetes (p=0.002, p=0.02, and p=0.04, respectively).
When IgM activity and/or a significant decrease in avidity index, an indication of recent
enterovirus infection, was used as a risk exposure, the odds ratio standardized for year of
birth (95% confidence interval) was 3.19 (1.39-7.30).

These types of studies are part of a growing body of circumstantial evidence which
may indicate that a fetal infection with the Coxsackie viruses similar to rubella virus may
initiate autoimmunity or cause persistent infection that may lead to progressive beta-cell
destruction.
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Diagnosis

Congenital infection with the Coxsackie group B viruses is distinguished from its
neonatal counterpart by the presence of the disease process at birth or its devel- opment
in the first forty-eight hours of life. The diagnosis may be inferred prospectively or
retrospectively on clinical or histological grounds because of characteristic target organ
involvement. However, involvement of brain, heart, and liver is not a constant
occurrence. Formes frustes of the disease are more likely to predominate. The diagnosis
of subclinical disease is contingent upon the recovery of the virus from the products of
conception and/or the neonate or the demonstration of specific IgM neutralizing antibody
in the cord blood.

The enteroviral subgroups were originally differentiated from each other by their
different effects in tissue cultures and in animals.

Even though many human tissue culture systems are capable of functioning as
adequate indicator systems, virus recovery is best achieved in a biological indicator
system, less than twenty-four-hour-old suckling mice. The identification of enteroviral
types by neutralization in suckling mice or tissue cultures with antiserum pools is well-
defined. Serologically, there are some minor cross-reactions between several enteroviral
types, but there are no common group structural protein antigens of diagnostic
importance.

Congenital and neonatal infections have been linked with many different
enteroviruses, and representatives of all four major enterovirus groups have been
associated with disease in the neonate. The serological diagnosis of enterovirus infection
is impractical because there are no common group antigens making identification by each
specific virus very time consuming and costly.

PCR testing of cerebrospinal fluid, blood, urine, and tissue specimens can be used in
detecting the general viral group.

CONGENITAL ECHOVIRUS INFECTION

Transplacental dissemination of echoviruses occurs; infection in the fetus or neonatal is
usually subclinical. To date, no recognized embryopathy or teratogenic sequelae have
been identified. Johansson et al. report a case of intrauterine fetal death in the 29th week
of gestation. Echovirus 11 was isolated from the umbilical cord of the fetus. The mother
had only serological evidence of current echovirus 11 infection. Enterovirus PCR
performed on paraffin-embedded specimens of various tissues (myocardium, lung, liver
and placenta) from the fetus yielded positive results in all cases. These findings together
with supporting serological and epidemiological finding—e.g. proven echovirus 11
infection 3 weeks before in the 18-month-old son of the woman—constituted evidence
that echovirus 11 infection was responsible for the fetal death.
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POLIOVIRUS

A high incidence of abortion does occur among gravidas who contract clinically overt
poliomyelitis during the acute phase of their disease. Among the progeny born to mothers
who contracted their disease early in gestation, there is a definite increase in incidence of
prematurity and low birthweight neonates. Some of these infants exhibited impaired
somatic development.

Poliomyelitis early in pregnancy may result in abortion or stillbirth. Whereas some
cases are presumably related to the attending toxemia and hypermetabolic state, others
may be the direct consequence of transplacental infection. Viral infection of the fetus
later in gestation may result in premature deliveries or overt clinical disease at parturition.

CONGENITAL POLIOVIRUS INFECTION/DISEASE

Rare cases of overt poliomyelitis in newborn infants at parturition or within the first four
days of life have been identified. The application of virologic techniques to the products
of conception or the progeny of mothers whose gestation had been complicated by the
development of poliomyelitis has demonstrated a significant occurrence of asymptomatic
congenital infection. The clinical expression of poliovirus injection is contingent on their
neurotropism rather than viscerotropism. Although potentially of etiologic significance
with respect to the heightened incidence of miscarriage and abortion observed during
maternal infection with the polioviruses during gestation, congenital infection with
visceral involvement is probably insufficient in most instances for the production of
clinically overt neonatal disease. It is only when the virus has the additional ability to
traverse the ‘blood-brain barrier’ that in utero infection is manifested at birth or in the
immediate neonatal period.

Overt congenital poliomyelitis, like its extrauterine counterpart, is a rare phenomenon
with respect to the true incidence of infection. The meaning of visceral involvement in
terms of somatic development and subsequent related morbidity has never been
adequately evaluated because of lack of prospective virologic studies in the neonatal
period and beyond.

The existence of both maternal and congenital subclinical disease invalidates many of
the statistics concerning the probability of transplacental transfer. With the advent of the
live vaccines, this entity has been basically reduced to a theoretical academic issue.

NEONATAL POLIOMYELITIS

Neonatal poliomyelitis is acquired due to either ascending infection associated with
prolonged rupture of the fetal membrane or contact infection in association with
parturition. Infants born to mothers whose disease manifested itself in the postpartum
period exhibit a higher probability of ensuring neonatal neurological disease. This
reflected the more prolonged and intimate exposure to the virus.
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Congenital and neonatal poliomyelitis are clinically and pathologically
indistinguishable. Characteristically, infants are lethargic and exhibit marked focal
flaccidity. Cyanosis is a variable phenomenon predominantly related to the spinal cord
involvement, affecting the muscles of respiration, and/or the presence of interstitial
pneumonia.

At necropsy the dominant lesions involve the anterior horns of the spinal cord and the
motor nuclei of the cranial nerves. The process is irregular in distribution and usually
asymmetrical.

As in ‘adult’ poliomyelitis, interstitial myocarditis may occur. A focal interstitial
pneumonitis may be present.

Diagnosis

The distinction between congenital and neonatal infection with the polioviruses is the
presence of the disease process at birth or its development before the shortest
documented incubation period for the polioviruses, five days. Both subclinical and overt
congenital infection can be identified on the basis of virus isolation from placenta and
neonate. Epithelial and fibroblastic tissue culture lines of human and primate origin
afford adequate indicator systems for the recovery of the polioviruses. In dealing with
necropsy material, primary monkey Kkidney tissue culture, in conjunction with agar
overlay, constitutes the most sensitive indicator system for the isolation and tentative
identification of any of the enteroviruses.

The diagnosis of congenital infection can be made on serologic grounds. This requires
the demonstration of specific IgM antibody in cord serum or in the serum obtained in the
immediate neonatal period.

Prophylaxis

One of the unresolved questions concerning therapy is whether a given patient with
bulbar poliomyelitis should be allowed to go to term, and if so, the mode of delivery.
Fragmentary reports suggest that certain patients benefit from the effect of terminating
the pregnancy; however, it is stressed that the viability of the infant, progression of
disease, and maternal vital capacity are the prime factors governing the mode of delivery.

The postpartum development of maternal poliomyelitis warrants immediate isolation
of the infant. Once infection is initiated, gamma globulin is probably ineffective in
aborting the disease or modifying the clinical severity of the disease.

The administration of live attenuated-poliovirus vaccines during pregnancy should be
reserved for those situations where the clinical and epidemiological indications warrant
their administration. Though mortality and morbidity caused by vaccine strains of the
polioviruses are extremely rare, the vaccine strains of polioviruses can spread among
susceptible family contacts and have produced clinical disease among vaccine recipients
and family contacts.
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LIVE VIRUS AND INACTIVATED VIRUS VACCINES

The risk of poliomyelitis is very small in the United States; however, epidemics could
occur if the high immunity level of the general population is not maintained by
vaccinating children routinely or if wild poliovirus is introduced into susceptible
populations in communities with low immunization levels.

Two types of poliovirus vaccines are currently licensed in the United States: OPV
(live virus) and elPV (inactive). A primary vaccination series with either vaccine
produces immunity to all three types of poliovirus in >95% of recipients. The primary
series of OPV consists of three doses: two doses given 6-8 weeks apart and a third dose
given at least 6 weeks and customarily 12 months after the second. The primary series for
elPV consists of three doses: two doses each given 4-8 weeks apart and a third dose
given 6-12 months after the second. A primary vaccine series need not be given to adults
living in the United States who have not had a primary series as children. However, for
adults who have not had a primary series and who are at greater risk of exposure than the
general population to wild polioviruses because of foreign travel or occupation, elPV is
preferred because the risk of OPV-associated paralysis is slightly higher among adults
than among children. Poliovirus vaccine is not routinely recommended for persons older
than high school age (>18 years old).

Vaccine adverse reactions

Inactivated poliovirus vaccine

No serious side effects of currently available elPV have been documented. Because elPV
contains trace amounts of streptomycin and neomycin, hypersensitivity reactions are
possible among persons sensitive to these antibiotics. Persons with signs and symptoms
of an anaphylactic reaction (e.g., hives, swelling of mouth and throat, difficulty breathing,
hypotension, or shock) after receipt of streptomycin or neomycin should not receive
elPV. Persons with reactions that are not anaphylactic are not at increased risk and may
be vaccinated.

Oral poliovirus vaccine

In rare instances, administration of OPV has been associated with paralysis among
healthy recipients and their contacts. The risk of vaccine-associated paralytic
poliomyelitis is extremely small for immunologically normal vaccinees (approximately
one case per 1.4 million first doses distributed and one case per 41.5 million subsequent
doses) and for their susceptible immunologically normal household contacts
(approximately one case per 1.9 million first doses distributed and one case per 13.8
million subsequent doses). However, vaccinees should be informed of this risk.
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Vaccine precautions and contraindications

Inactivated poliovirus vaccine

No convincing evidence of adverse effects of elPV for the pregnant woman or
developing fetus exists; regardless, theoretically vaccination of pregnant women should
be avoided. However, if immediate protection against poliomyelitis is needed, OPV, not
elPV, is recommended.

Oral poliovirus vaccine

Unlike other live virus vaccines that are administered parenterally, OPV is administered
orally. Immunoglobulin and other antibody-containing blood products do not appear to
interfere with the immune response to OPV.

OPV should not be administered to persons who are or may be immunocompromised
as a result of immune deficiency diseases, HIV infection, leukemia, lymphoma, or
generalized malignancy or to persons who are or may be immunosuppressed as a result of
therapy with corticosteroids, alkylating drugs, antimetabolites, or radiation.
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The hepatitis viruses

At least four distinct viruses causing human hepatitis have been distinguished to date on
the basis of their biologic, physiochemical and antigenic characteristics (Table 12.1).

HEPATITIS A VIRUS (HAV)

Hepatitis A virus (HAV), formerly called infectious hepatitis (IH) virus or MS-I virus,
most closely resembles the picornaviruses. The virus is approximately 27 nm in diameter
and appears to have cubic symmetry. Degradative analysis has revealed three major
polypeptides as well as the presence of a genome of linear single-stranded RNA. The
polypeptides have molecular weights similar to three of the four polypeptides of
enteroviruses. HAYV is stable in the presence of ether at acid pH and is relatively resistant
to heat. In 1969, Holmes and Deinhardt succeeded in transmitting HAV to marmoset
monkeys. The subsequent detection of HA antigen (HAAg) in the serum and liver of
infected marmoset monkeys, by Hilleman and associates, paved the way for the
development of the current tests for hepatitis A antibody (anti-HAV).

The prime portal of infection in hepatitis A is the gastrointestinal tract. Disease
follows an incubation period of 30-80 days. Hepatitis A antigen (HAAg) can be
demonstrated in the stool for up to two weeks before the onset of illness. Shedding of
antigen is maximal before onset of illness, but HAAg is still found in low amounts in
about 50% of the serologically confirmed cases of hepatitis A during the first week of
illness and in about 25% during the second week. This prolonged excretion of virus from
the gastrointestinal tract is subclinical, and designates man as the prime reservoir of the
virus. The disease has been reproduced in human volunteers following the oral ingestion
of virus-containing material.

The virus resists heat inactivation at 56°C as well as freezing for 1/2-1 hour. It can
maintain its infectiousness for prolonged periods. Because of the high probability of
encountering virus-containing material, susceptible subjects are probably infected at an
early age. As might be anticipated, there is a seasonal nosologic distribution for HAV,
with a low incidence in midsummer and a peak in late winter and early spring. The
incidence of overt HAV infection is highest for individuals under 20 years of age. The
peak incidence of disease in this age group can be interpreted as reflecting the prevalance
of HAV and secondarily its contagiousness for susceptible contacts. Secondary cases are
not uncommon. In these cases hand-to-mouth dissemination appears to be the mode of
transmission. Nevertheless, the majority of cases of both clinical and subclinical forms of
hepatitis A are the result of waterborne viral spread. Epidemics have been shown to occur
under conditions of poor sanitation as water-borne epidemics or in association with the
ingestion of raw oysters or hardshell clams bred in polluted water. The relative incidence
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of icteric versus nonicteric cases of hepatitis A is not known. The ratio between the two
may be analogous to that of the poliovirus, where poliomyelitis is like the tip of an
iceberg in contrast to the bulk of subclinical infection.

HEPATITIS B VIRUS (HBV)

Hepatitis B virus (HBV) was previously designated serum hepatitis virus or MS-11 virus.
The virus is grouped with the Hepadnaviridae. The virus gives rise to the appearance of
various types of antigenic particles in the serum of affected individuals. The structure
representing the causative virus is a double-shelled particle about 42 nm in diameter. It
contains an inner core

Table 12.1 Hepatitis nomenclature

Abbreviation Term

Definition/Comments

Hepatitis
A

Hepatitis
B

Hepatitis
C

HAV

Anti-HAV

IgM anti-
HAV

HBV

HBsAg

HBeAg

HBCcAg

Anti-HBs

Anti-HBe

Anti-HBc

IgM anti-HBc

PT-NANB

Hepatitis A
virus

Antibody to
HAV

IgM class
antibody to
HAV

Hepatitis B
virus

Hepatitis B
surface antigen

Hepatitis Be
antigen

Hepatitis B
core antigen

Antibody to
HBs Ag

Antibody to
HBeAg

Antibody to
HBCcAg

IgM class
antibody to
HBCcAg

Parenterally
transmitted

Etiologic agent of ‘infectious’ hepatitis; a
picornavirus; single serotype

Detectable at onset of symptoms; lifetime persistence

Indicates recent infection with hepatitis A; detectable
for 4—6 months after infection

Etiologic agent of ‘serum’ hepatitis; also known as
Dane particle

Surface antigen(s) of HBV detectable in large
quantity in serum; several subtypes identified

Soluble antigen; correlates with HBV replication,
high titer of HBV in serum, and infectivity of serum

No commercial test available

Indicates past infection with and immunity to HBV,
passive antibody from HBIG, or immune response
from HB vaccine

Presence in serum of HBsAg carrier indicates lower
titer of HBV

Indicates prior infection with HBV at some
undefined time

Indicates recent infection with HBV; detectable for
4-6 months after infection

Diagnosis by exclusion; at least two candidate
viriises. one of which has heen nronnsed as henatitis
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C virus; shares epidemiologic features with hepatitis

B
ET-NANB Enterically Diagnosis by exclusion; causes epidemics in Asia,
transmitted Africa and Mexico; fecal-oral or water-borne
Delta HDV Delta virus Etiologic agent of delta hepatitis; can cause infection
hepatitis only in the presence of HBV
HDAg Delta antigen  Detectable in early acute delta infection

Anti-HDV dAr;:iDOth o |Indicates present or past infection with
elta antigen d -
elta virus

Adapted from Monif GRG. Viral hepatitis. In David Charles (Ed). Obstetrics and Perinatal
Infections. Moshy Year Book Inc, 1993

of distinct antigenicity (HBcAg) which shows cubic symmetry and contains a molecule
of circular double-stranded DNA of 1.6x104 daltons. The core particle is surrounded by a
shell, hepatitis B surface antigen (HBsAg), composed of carbohydrate, lipid, and protein.
HBsAg carries a common determinant and a number of major subdeterminants
(designated d, u, w, and r) which are coded by the viral genome. HBsAg may also occur
in the form of 22 nm spherical particles and as filaments of similar diameter but of
variable length. The 42 nm HBV particle contains a DNA-dependent DNA polymerase
that uses the circular double-stranded DNA of the core as a primary template.

The ability to specifically distinguish type A hepatitis from type B has focused on the
existence of a form of hepatitis which is not related to either A or B. This is the so-called
non-A, non-B hepatitis or hepatitis C. It is not clear whether this entity is the
consequence of a single virus or several distinct viruses. Preliminary data obtained by
immune electron microscopy have suggested envelopeless particles with cubic symmetry,
measuring 27 nm.

No cross-immunity between HAV and HBV has been demonstrated in vitro and in
vivo. Individuals previously exposed to HAV are immune to rechallenge with HAV.

The prime portal of entry for HBV was thought to be the parenteral injection of blood
or blood products derived from a healthy carrier of serum hepatitis, but this need not be
the case. The ingestion of infectious material can induce either infection or disease in
presumably susceptible individuals. HBsAg has been detected in many human biologic
fluids, including saliva and semen, during acute infection. Person-to-person spread of
hepatitis B has been documented among mentally retarded individuals in institutions and
among intimate contacts, including sexual consorts of patients with hepatitis B or with
persistent HBs antigenemia. Because HBV has a limited accessibility to a susceptible
population, there is no peak incidence of disease, in contrast to the case with hepatitis A.
Several valuable markers of hepatitis B were discovered during the decade of the 1970s.
These include:

(1) hepatitis B surface antigen (HBsAg) and its respective antibody (anti-HBs, or
HBsADb);

(2) hepatitis B core antigen (HBcAQ) and its respective antibody (anti-HBc, or HBcAb);
and
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(3) hepatitis Be antigen (HBeAg) and its respective antibody (anti-HBe).

Both HBsAg and HBeAg are usually found in the serum of hepatitis B patients during
late incubation and early clinical phases of the illness. Both antigens are detectable prior
to the onset of jaundice or enzymatic abnormalities. HBSAgQ appears about 1-3 weeks
after exposure and disappears after a period of 3 weeks to 3 months, while anti-HBs
appears several weeks to a month following the clearing of HBsAg from the serum. Once
present, anti-HBs will persist for years. The case fatality rate is approximately 1.4%.

HBCcAg is not detectable in serum; however, anti-HBc is usually demonstrable at the
time of onset of jaundice and abnormal enzyme chemistries. Anti-HBc, like anti-HBs,
tends to persist once it is present.

HBeAg is demonstrable by solid-phase radio-immunoassay for a relatively short
period of time and usually disappears before HBsAg has been cleared from the serum.
The persistence of HBeAg tends to correlate with a prolonged course of illness and
appears to have prognostic value late in the course of the disease.

Anti-HBc appears following the disappearance of HBeAg. Disease follows an
incubation period of 41-108 days. The host may influence the clinical expression of the
disease. Millman has noted that patients with Down’s syndrome, leukemia, lepromatous
leprosy, or chronic renal failure and those undergoing renal dialysis tend to develop a
chronic anicteric form of hepatitis associated with the persistence of HBs antigen, in
contrast to normal individuals, in whom the disease is clinically overt but of a shorter
duration. In a small epidemic of hepatitis B among the patients and staff of a renal
dialysis unit, infection occurred among nine patients and six staff members within one
year. The disease among the staff members was characterized by acute overt clinical
disease with elevated bilirubin levels and serum glutamic pyruvic transaminase (SGPT)
levels over 1000 units. The SGPT elevations were less than 10 weeks in duration. The
patients undergoing dialysis exhibited SGPT levels under 1000 units, but these elevations
persisted for 20 weeks or more.

Chronic hepatitis B infection

The serum of a small percentage of individuals with hepatitis B will exhibit a persistence
of HBs antigenemia. Two patterns are evident among the chronic HBSAg carriers.
Chronic infection may be characterized by either:

(1) a prolonged period of abnormal serum transaminase activity and by persistence of
HBsAg, HBeAg, and anti-HBc or

(2) persistence of HBsAg and anti-HBc associated with normal serum transaminase
activity, the disappearance of HBeAg, and the subsequent appearance and persistence
of anti-HBe.

Both forms of chronic hepatitis B pose unique problems for the offspring of mothers with
HBs antigenemia. The attack rate of hepatitis B infection in infants born to mothers with
the active type of chronic infection is very high—it usually exceeds 50%. In the case of
mothers who are asymptomatic chronic carriers, the attack rate of hepatitis B infection in
infants is low—usually less than 10%.
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HEPATITIS C (NON-A, NON-B HEPATITIS)

Traditionally when hepatitis developed in pregnancy, the principal clinical problem was
to distinguish hepatitis A from hepatitis B. With the initial development of sophisticated
serological tests, it became clear that there was an entity known as non-A, non-B hepatitis
(NANBH). With further advancement in our technology and the development of a test
system for hepatitis C virus (HCV), the natural history of this disease entity has begun to
unfold.

According to the National Health and Nutrition Examination Survey of 1988-94 and
other population-based surveys, estimates of the incidence and prevalence of HCV
infection have been made. Nearly 4 million Americans are infected with hepatitis C. The
infection is more common in minority populations (3.2% of African-Americans and 2.1%
of Mexican-Americans) than in non-Hispanic whites (1.5%). The incidence of hepatitis C
infection appears to be declining since its peak in 1989. Currently, approximately 30000
acute new infections are estimated to occur each year, about 25 to 30% of which are
diagnosed. Hepatitis C accounts for 20% of all cases of acute hepatitis. Currently,
hepatitis C is responsible for an estimated 8000 to 10000 deaths annually, and without
effective intervention that number is postulated to triple in the next 10 to 20 years.
Hepatitis C is now the leading reason for liver transplantation in the United States.

Parenterally transmitted NANBH accounts for 20-40% of acute viral hepatitis in the
United States. Although it has traditionally been considered a transfusion-associated
disease, studies of community-acquired NANBH and data from the Centers for Disease
Control (CDC) national surveillance system have shown that 23-42% of NANBH cases
are associated with 1V drug use. In addition, 8-11 % are attributed to blood transfusion
and 4-8% to healthcare occupational exposure. However, for as many as 57%, no source
of infection can be identified.

The HCV is an RNA virus of the Flaviviridae family. Individual isolates consist of
closely related yet heterogeneous populations of viral genomes (quasiispecies). Probably
as a consequence of this genetic diversity, HCV has the ability to escape the host’s
immune surveillance, leading to a high rate of chronic infection. Comparing the genomic
nucleotide sequences from different HCV isolates enables classification of viruses into
several genotypes and many more subtypes.

Based on genomic sequencing, there are at least six distinct genotypes. Some of these
genotypes appear to be sufficiently divergent from each other to suggest the probability
that they represent different serotypes, biologically due to significant differences in their
critical antigens.

Hepatitis C virus is a virus composed of a single strand of RNA containing
approximately 10000 nucleotides (Table 12.2). The virus is a spherical, lipid-enveloped
virus with a mean diameter of 35-50 nm. Different strains of HCV demonstrate a
remarkable degree of nucleotide sequence diversity.

Hepatitis C antigen is primarily a disease which is able to spread by transfusion or the
use of drug paraphernalia. HCV antibodies are detected in approximately 0.6% of blood
donors in the United States. Its overall prevalence world-wide is comparable. However,
there are within these populations high-risk groups defined as multiply-transfused
hemophiliacs and intravenous drug addicts, in whom the prevalence of HCV antibodies
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may reach 60-70%. The distribution of HCV antibodies in different populations is listed
in Table 12.3.

Primary infection

After initial exposure, HCV RNA can be detected in blood in 1 to 3 weeks. Viremia is
maximum at the onset of either clinical or subclinical disease. Within an average of 50
days (range: 15 to 150 days), virtually all patients develop liver cell injury, as shown by
elevation of serum alanine aminotransferase (ALT). The majority of patients are
asymptomatic and anicteric. Only 25 to 35% develop malaise, weakness, or anorexia, and
some become icteric. Clinically overt hepatitis in the course of primary disease is rare
unless the Japanese serotype is

Table 12.2 Hepatitis C virus

RNA Virus—single strand

Configuration: Similar to Flavivirus which includes dengue yellow fever, Japanese encephalitis
virus

Spherical, lipid-enveloped viruses with a mean diameter of 35-50 nm

Different strains of HCV demonstrate a remarkable degree of nucleotide sequence diversity

Based on genomic sequencing, there are at least six distinct genotypes

Some HCV genotypes appear to be sufficiently divergent from each other to suggest the probability
that they represent different serotypes, biologically due to significant differences in critical antigens

Mode of transmission: Transfusion, intravenous drug user, occupation hazard;75% anicteric
Extra-hepatic manifestations not recognized

Serological response: HCV antibodies appear 6-12 months after the onset of infection/disease

Table 12.3 Distribution of HCV antibodies by
presumed mode of transmission

Parental transmission 2.1%
Blood transfusion 4.8%
Parental drug abusers 0.5%
Hemodialysis patients 1.8%
Non-parental transmission (sexual exposure) 7.1%

involved, in which case it may be as high as 20-30%. Fulminant liver failure following
HCV infection has been reported but is a rare occurrence. Antibodies to HCV (anti-HCV)
almost invariably become detectable during the course of illness. Anti-HCV can be
detected in 50 to 70% of patients at the onset of symptoms and in approximately 90% of
patients 3 months after onset of infection. HCV infection is self-limited in only 15% of
cases. Recovery is characterized by disappearance of HCV RNA from blood and return
of liver enzymes to normal.
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There are no associated extra-hepatic manifestations with acute, as opposed to chronic,
hepatitis C infection.

Chronic infection

About 85% of HCV-infected individuals fail to clear the virus by 6 months and develop
chronic hepatitis with persistent, although sometimes intermittent, viremia. Multiple
episodes due to this virus grouping can occur. This capacity to produce chronic hepatitis
is one of the most striking features of HCV infection. The majority of patients with
chronic infection have abnormalities in ALT levels that can fluctuate widely. About one-
third of patients have persistently normal serum ALT levels. Antibodies to HCV or
circulating viral RNA can be demonstrated in virtually all patients.

Chronic hepatitis C is typically an insidious process, progressing, if at all, at a slow
rate without symptoms or physical signs in the majority of patients during the first two
decades after infection. A small proportion of patients with chronic hepatitis C, perhaps
fewer than 20%, develop nonspecific symptoms, including mild intermittent fatigue and
malaise. Symptoms first appear in many patients with chronic hepatitis C at the time of
development of advanced liver disease.

The rate of progression is highly variable. Long term studies suggest that most patients
with progressive liver disease who develop cirrhosis have detectable ALT elevations;
these can, however, be intermittent. The relationship is inconsistent between ALT levels
and disease severity as judged histologically. Although patients with HCV infection and
normal ALT levels have been referred to as ‘healthy’ HCV carriers, liver biopsies can
show histological evidence of chronic hepatitis in many of these patients.

One of the major problems with chronic hepatitis, which progresses to cirrhosis, is that
three quarters of these people will have had no overt clinical signs or symptoms of
disease. Extra-hepatic manifestations of chronic hepatitis C do occur. Because of the
immunological responses, some of these patients will develop cryoglobulinemia with
circulating polyclonal IgG and IgM. Cryoglobulins may be detected in the serum of about
one-third of patients with HCV, but the clinical features of essential mixed
cryoglobulinemia develop in only about 1 to 2% of patients. These circulating immune
complexes result in thyroid antibodies and, ultimately, Hashimoto’s thyroiditis,
vasculitis, or membranous proliferative glomerulonephritis. Chronic hepatitis C may be a
major underlying cause of porphyria cutanea tarda.

Cirrhosis of the liver

Chronic hepatitis C infection leads to cirrhosis in at least 20% of patients within two
decades of the onset of infection. Cirrhosis and end-stage liver disease may occasionally
develop rapidly, especially among patients with concomitant alcohol use. Alcohol
appears to be a very important co-factor in the ultimate development of HCV-related
cirrhosis.
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Hepatocellular carcinoma

Hepatocellular carcinoma (HCC) is a late complication of chronic HCV. The prevailing
concept is that HCC ocurs against a background of inflammation and regeneration
associated with chronic hepatitis over the course of approximately three or more decades.
Most cases of HCV-related HCC occur in the presence of cirrhosis.

The risk that a person with chronic hepatitis C will develop HCC appears to be 1 to
5% after 20 years, with striking variations in rates in different geographic arease of the
world. Once cirrhosis is established, the rate of development of HCC inceases to 1 to 4%
per year. Among patients with cirrhosis due to hepatitis C, HCC develops more
commonly in men than in women and in older than in younger patients.

DELTA VIRUS

Delta virus is a unique hepatotropic virus. It is composed of a single strand of RNA, of
low molecular weight and an internal protein core. The Delta virus is 35-37 nm in size
and is coded with the HBsAg. Its uniqueness comes from the fact that in itself it is
incapable of attaching and hence infecting hepatocytes. Infection of the liver requires
concomitant presence of the hepatitis B virus. The Delta virus must borrow hepatitis B
surface proteins which permit attachment and subsequent infection of liver parenchymal
cells. Without this critical step of attachment, there can be no infection.

The antibody response to Delta virus infection is of both IgM and IgG character. IgM
anti-Delta antibody appears early during acute Delta virus infection and may persist for
years owing to the presence of chronic infection. The IgG anti-Delta antibody occurs later
in the course of acute infection. Chronic Delta hepatitis is usually associated with
persisting high titer 1gG antiDelta. Delta virus infection is a complicating factor in the
course of acute hepatitis due to the HBV. It occurs either as a co-infection in the form of
a more fulminant type of hepatitis or as a superimposed infection in a patient who is an
antecedent chronic HBV carrier. Co-infection with hepatitis B/Delta virus usually causes
an acute hepatitis. This infection is often clinically indistinguishable from that caused by
the HBV alone. However, in selected instances disease may exhibit a biphasic course.
The second set of enzyme elevations represent in this instance superimposed Delta virus
infection. Co-infection appears to be associated with a higher rate of fulminant hepatitis;
however, it does not increase the subsequent risk of becoming a chronic HBV carrier.
The incubation period of hepatitis B/Delta co-infection ranges from 4 to 20 weeks.
Clinical manifestations of superinfection of an HBV carrier range from asymptomatic
liver enzyme elevations to fulminant hepatitis. Superinfection frequently results in the
establishment of persistent Delta virus infection and constitutes the major reservoir of this
virus. Chronic co-infection with HBV and Delta virus is associated with the development
of chronic active hepatitis and cirrhosis. The diagnosis of Delta virus infection is made on
the basis of detection of the Delta virus in serum during early infection,
immunofluorescent staining of Delta antigen in liver or the appearance of Delta
antibodies during or after infection. Testing for Delta virus is currently indicated in
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fulminant HBV infection or, in the case of acute non-A hepatitis, infection occurring in a
known HBV carrier.

Evidence of Delta virus infection has been found in up to 30-50% of people with
fulminant hepatitis B. Co-infection has been associated with fulminant hepatitis,
particularly in drug abusers. Delta infection is often related to occult blood contact
suggesting sexual or inapparent percutaneous modes of dissemination similar to the
HBV.

CLINICAL MANIFESTATIONS OF HEPATITIS VIRUS
INFECTION

For most of the hepatitis viruses, overt disease tends to be more severe in adults than in
children. During the prodromal phase of the disease, anorexia, lassitude, myalgia,
arthralgia, headaches, and gastrointestinal symptoms are often manifested. In a
significant number of cases of hepatitis B, a polyarthritis-like syndrome or arthralgias
may occur several weeks before the onset of jaundice. The arthralgias tend to involve the
smaller joints and are particularly evident at night. A small percentage of individuals,
primarily women, may develop a maculopapular rash not unlike that of rubella or certain
enterovirus exanthems. Fever, often accompanied by pseudochills, tends to occur shortly
before the onset of clinically overt jaundice.

The earliest derangements of hepatic dysfunction are the appearance of bile in the
urine. Darkening of the urine is detectable well in advance of clinical evidence of
jaundice (this is usually indicative of a serum bilirubin level greater than 3 mg/100 ml).
The urinary bilirubin test is useful in the detection of anicteric and pre-icteric hepatitis.
Paralleling the rise in serum bilirubin is the increase in alkaline phosphatase. The SGOT
and SGPT exhibit maximum titers just prior to the onset of jaundice. Early in the course
of hepatitis A, the cephalin flocculation and thymol turbidity tests become positive. A
SGOT/SGPT ratio of less than 1 is reputedly characteristic of viral hepatitis due to either
type A or type B virus.

With the onset of jaundice the liver tends to enlarge and becomes tender.
Histologically, it exhibits focal hepatocytic necrosis associated with a predominantly
mononuclear cell infiltration both in areas of cell death and within the portal triad, as well
as bhile plugs and early bile duct proliferation. Individual hepatocytes may exhibit a
rounding up and hyalinization similar to the Councilman body described in yellow fever.
With electron microscopy it can be seen that the most uniform change is disruption of the
rough endoplasmic reticulum (ER). This alteration of the rough ER seems to correlate
best with decreased hepatocellular protein secretion. Hepatocellular death is indicated by
the almost complete loss of glycogen and ER or by the occurrence of Councilman bodies,
which are mummified whole cells. In these acidophilic bodies, the ER and even glycogen
are preserved. A resultant increase in hepatic mass occurs because of the swelling of
hepatocytes and the inflammatory infiltrate. They cause stretching of Glisson’s capsule,
which is responsible for the right upper quadrant tenderness and the positive ‘hepatic
punch’ which is evocable at this time. Splenomegaly is not an uncommon finding and is
said to be present in 25% of cases if carefully sought. If hyperbilirubinemia is prolonged,
pruritus may be experienced.
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The severity and persistence of hepatocellular destruction determines much of the
subsequent clinical course. When hepatocellular necrosis is extensive, nausea, vomiting,
and derangement of the higher cortical functions ultimately develop. This type of
fulminating extensive hepatocellular destruction is more commonly due to HBV. It is to
be noted that patients in coma may exhibit liver function tests indicative of a
predominantly obstructive phenomenon. The SGOT and SGPT levels may be only
moderately elevated, in contrast to the marked elevations of bilirubin and alkaline
phosphatase; nevertheless, the SGPT tends to be more elevated than the SGOT. Coma is
a reflection of a metabolic encephalopathy which in turn is a consequence of too little
functional hepatocellular tissue.

As a rule, the peak SGOT and SGPT elevations occur within one or two days before or
after the onset of jaundice. With massive necrosis, there is a collapse of the supporting
reticulum for the destroyed hepatocytes. At this time the liver is no longer palpable, and
death is imminent if aggressive supportive therapy is not instituted promptly.

The differential diagnosis of hepatocellular necrosis during pregnancy is limited: the
hepatitis may be due to

Figure 12.1 Giant-cell transformation
characterized by ballooning of
hepatocytes and dissolution of cell
membranes in a case of neonatal
hepatitis (H&E, x480). (Reproduced
with permission from Monif GRG.
Viral Infection of the Human Fetus.
New York: Macmillan, 1969)
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HAV; HBV; non-A, non-B viruses; the cytomegaloviruses; Epstein-Barr (infectious
mononucleosis) virus; idiopathic acute fatty metamorphosis of pregnancy; intravenous
tetracycline therapy; alcoholic fatty metamorphosis; or chemical or drug hepatotoxicity.
A careful history coupled with appropriate laboratory tests will provide the working
diagnosis in most instances. For those cases in which a specific etiology cannot be
inferred with a high degree of probability, a liver biopsy is indicated.

In general, the clinical course in adults lasts 3-4 weeks. Amelioration of symptoms
with the return of appetite and loss of lassitude accompanies the return of normal hepatic
function. A significant diuresis usually occurs at this time. Late sequelae, such as
subacute hepatitis or cirrhosis, are rare following acute hepatitis. There is no predictable
association between the severity of clinical manifestations of illness and the probability
of these complications; however, it is worth noting that subacute hepatitis has a
predilection for postmenopausal women over the age of 40.

CONGENITAL HEPATITIS

No question by an expectant mother is more poignant to an obstetrician than “Will it
affect my baby?” With respect to the hepatitides, the answer has been obscured by the
previous inability to segregate cases of type B and C from type A hepatitis.

In a number of retrospective cases, neonatal hepatitis was found to have developed in
children born to mothers whose pregnancy had been complicated by hepatitis. These
cases tended to lend weight to the possibility that a form of viral hepatitis in the mother
could be transmitted in utero to her progeny. Additional data along these lines were
derived from infants dying of neonatal hepatitis in the immediate postpartum period. At
autopsy, they were found to have lesions ranging from diffuse hepatic cell necrosis to
advanced cirrhosis (Figure 12.1). The maturity of the latter lesion and the short interim
between birth and demise made it certain that the disease had developed in utero. A
tendency for the lesions to be more pronounced in the left lobe of the liver reinforced the
concept of hematogenous maternofetal dissemination. Because affected newborn infants
exhibited the late sequelae of viral hepatitis, namely posthepatic cirrhosis, it must be
presumed that other cases had undergone complete remission of infection in utero.

The first body of data consistent with the hypothesis of transplacental viral infection
was the work of Stokes et al. In 1951 Stokes and co-workers were able to reproduce
clinical and laboratory evidence of hepatitis in human volunteers, with serum from a
newborn baby with neonatal hepatitis and from its mother, who had had hepatitis during
pregnancy. The failure to reproduce these findings obscured the issue until the
recognition of HBsAg.

HAYV vertical transmission

The ability of type A hepatitis to infect the fetus in utero has ony recently been
documented. Leiking et al. reported a case of maternal hepatitis at 20 weeks gestation. At
27 weeks, ultrasound revealed polyhydramnios and fetal ascites. Through maternal
testing, detailed fetal ultrasound, echocardiography, and funipuncture, the diagnosis was
made by demonstrating abnormal liver tests, nonspecific findings of recent viral
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infection, and hepatitis A virus IgM antibodies at the time of funipuncture. Maternal
history and serologic testing also confirmed the diagnosis of hepatitis A in the mother 4
weeks before the appearance of fetal ascites.

HBV vertical transmission

HBsAg can cross the placenta and has been demonstrated in cord serum. In a prospective
study of maternofetal transmission of HBV in 125 healthy mothers who were carriers of
HBsAg, Lee et al. showed that the most important determinant in such transmission was
the presence of HBeAg in the mother. HBsAg was detectable by solid-phase
radioimmunoassay in 33% of the amniotic fluid samples, 50% of cord blood samples,
71% of breast milk samples, and 95.3% of samples of gastric contents from newborns.
The absence of a tight correlation between HBsAg in the amniotic fluid and cord blood
and the subsequent development of antigenemia in the babies suggested that intrauterine
infection is not a primary mode of maternofetal transmission. Intrauterine infection
accounted for those babies who had HBsAg-positive cord blood and who had HBs
antigenemia from one month after delivery onward. However, these babies constituted
only a small percentage of the series. Shen et al. were conclusively able to demonstrate
the presence of HBV DNA in the serum of 13 neonates and in leukocytes of two neonates
born to 16 HBeAg-positive gravida.

Unlike most other viral infections capable of transplacental transmission and infection,
congenital type B hepatitis in one child may not confer immunity to subsequent offspring.
Multiple instances of disease in successive pregnancies or alternate pregnancies have
been documented. Typical is a case of Gruber’s in which a gravida developed anicteric
hepatitis, presumably caused by HBV, in the sixth month of pregnancy. She gave birth to
a child who died shortly after birth with giant cell hepatitis (Figure 12.1). A year later
another child died 48 hours after birth; at necropsy the infant exhibited multinucleated
giant cells and periportal fibrosis. A biopsy of the mother’s liver at this time showed
changes consistent with chronic hepatitis.

One point worthy of comment is that transplacental transmission can be a two-way
phenomenon. Maternal and neonatal hepatitis have been observed following intrauterine
transfusion, but it is probable that the mechanism by which this occurs is markedly
different from that of congenital infection.

HCV vertical transmission

In one series, a vertical transmission has been documented in 10 of 31 babies born to
women positive for serum HCV RNA. The statistics obtained by Ohto et al. are very
similar to those previously published by Thaler et al. The Ohto study presented evidence
that the strongest correlation for risk of transmission was the titer of serum HCV in the
mother. In these studies it is not clear to what extent one is dealing with congenital
transmission and to what extent one is dealing with transmission owing to breast feeding.
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NEONATAL HEPATITIS

Whereas congenital hepatitis is a relatively rare phenomenon, unfortunately neonatal
hepatitis is not. Mothers with transient or persistent antigenemia at term can infect their
offspring via body fluids. In the United States, an estimated 16000 births occur to
HBsAg-positive women each year. Approximately 4300 of these women are HBeAg
positive. These pregnancies result in 3500 neonates becoming chronic HBV carriers.
Vertical transmission of HBsAg from mother to fetus may occur transplacentally or
during the birth process. If the mother has acute disease in the immediate periparturitional
period or exhibits HBe antigenemia, the probability of subsequent neonatal antigenemia
at some time during the first year of life is of the order of 70-90%. Once infected, the
infant tends to remain HBsAg-positive indefinitely, and the persistent HBs antigenemia is
more likely to be associated with evidence of chronic hepatitis than if it were to occur in
an adult. Up to 85-90% of infected infants will become chronic HBV carriers. It has been
estimated that more than 25% of these carriers will die from primary hepatocellular
carcinoma or cirrhosis of the liver. In Schweitzer’s series of 20 infants whose mothers
had hepatitis and who became HBs-positive, two developed acute mild hepatitis at 3
months of age, promptly recovered, lost their antigenemia, and developed significant
antibody titers at six months. The remaining 18, who did not develop overt hepatitis, have
now been monitored up to five years of age and all have remained persistently HBsAg-
positive. Seven of these children have been monitored for at least four years. Clinically,
the children have had variable transaminase elevations. Liver biopsies, performed on 10
of the 18 children between 3 and 27 months of age, have demonstrated the presence of a
chronic viral hepatitis.

MANAGEMENT OF HEPATITIS IN PREGNANCY

Maternal considerations

Clinically overt maternal disease

It is commonly stated that during pregnancy, particularly during the second and third
trimesters, the liver may be more susceptible to noxious stimuli than at other periods.
Although this point is still moot, those workers who perform autopsies on pregnant
women are impressed by the frequency with which fulminating hepatic disease is the
cause of maternal mortality. This observation is the rationale for clinical management.
Any pregnant woman with a rapidly rising SGOT and SGPT should be hospitalized and
observed until such time as it can be demonstrated that the transaminase values have
passed their maximum and are clearly falling toward physiologic levels.

There is no evidence that prolonged bed rest or a high-protein diet alters the course of
the more common form of the disease. A policy of gradual ambulation and a diet on
demand suffices in the majority of cases. For hepatitis, appropriate isolation procedures
should be instituted during hospitalization.
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The determination of the type of hepatitis may predicate whether or not hepatitis
immune serum globulin should be administered to household contacts.

HBV asymptomatic infection

The CDC estimates that there are approximately 0.7 to 1.0 million chronic carriers of
HBV in the USA and that this pool of carriers grows by 2-3% (8000 to 16000
individuals) annually. Chronic carriers represent the largest human reservoir of HBV.
Increasingly more and more hospitals are instituting a prospective screening of all
admissions for the presence of HBsAg. The identification of a pregnant woman about to
deliver presents two problems: the possibility that she will function:

(1) as an effective vehicle for the dissemination of hepatitis B within the immediate
medical environment; and
(2) as a potential horizontal and/or vertical vector for her progeny.

HBV nosocomial impact

Nosocomial transmission of HBV to staff and patients can be minimized by appropriate
practices and environmental measures. All patients who are known at the time of
admission to be HBsAg-positive should be placed on blood and discharge precautions. A
mother may be HBsAg-positive, either because she has acute hepatitis B during
pregnancy, or because she is a chronic carrier of the virus. The chronic carrier state is
defined as HBs positivity at two points in time at least six months apart. The potential
perinatal or nosocomial transmission is more dependent upon the presence or absence of
HBeAg than on whether the patient has acute or chronic hepatitis. HBeAg-positive
individuals are also potential vectors for individuals in their immediate hospital
environment. Susceptible medical personnel who receive a needle-stick puncture from an
HBe antigen-positive gravida have a 20% chance of developing infection. In contrast,
HBsAg-positive mothers who are HBe antigen-negative seldom infect the neonates and
these infants usually do not develop the chronic carrier state. Needle-stick injuries from
HBe antigen-negative patients are much less likely to infect susceptible medical
personnel. Nevertheless, the guidelines which have been developed by the CDC are
recommended for all HBsAg-positive births regardless of the maternal HBe antigen
status.

HCV antibody positive gravida
Management of an individual with anti-HCV antibodies requires:

(1) Challenging the validity of the initial observation. Repeat the test using a second
generation enzymelinked immunosorbent assay (ELISA) test. If again positive, use a
RNA assay.

(2) Monitor maternal serum ALT. Patients with serological evidence of HCV infection
who demonstrate elevated HCV levels of their serum aminotransferase over six to
twelve months should be deemed as having HCV infection and biopsied at some
future date unrelated to pregnancy.
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If chronic hepatitis activity is present for a prolonged period of time, the patient should be
evaluated for possible treatment with recombinant interferon alpha. Pregnant patients
should be counseled not to breast feed their infants. When possible general anesthesia
should be avoided in gravida with anti-HCV antibodies and abnormal liver function tests.

PRENATAL SCREENING FOR HEPATITIS B AND C VIRUS

In 1984, the Immunization Practices Advisory Committee (ACIP) recommended that
pregnant women in certain groups at high-risk for HBV infection be screened for HBsAg
during a prenatal visit and, if found to be HBsAg-positive, that their newborns receive
hepatitis B immune globulin (HBIG) and HB vaccine at birth (Table 12.4).

Unfortunately, screening limited to high-risk individuals identified less than 50% of
chronic HBV carriers. Routine screening of all pregnant women is the only strategy
which will significantly impact on perinatal transmission.

HbsAg testing should be done early in preghancy when the other routine prenatal
testing is done. The HBsAg test is widely available and has been added to the routine
prenatal ‘panel’ of tests without requiring additional patient visits. The advantages of
making HBsAg testing routine during early pregnancy include:

(1) the ability to identify HBV carrier mothers that is not dependent on the healthcare
provider’s identifying high-risk women or ordering HBsAg as a special test;

(2) the availability of test results before delivery so that infants can receive HBIG and HB
vaccine without delay after birth; and

(3) appropriate counseling of families before delivery.

Because more than 90% of women found to be HBsAg-positive on routine screening will
be HBV carriers, routine follow-up testing later in pregnancy is not necessary for the
purpose of screening. In special situations, such as when the mother is thought to have
acute hepatitis, when there has been a history of exposure to hepatitis, or when
particularly high-risk behavior such as parenteral drug abuse has occurred during the
pregnancy an additional HBsAg test can be ordered during the third trimester. Few
women in populations at low-risk for HBV infection will have a change in HBsA(g status
during subsequent pregnancies. However, because of the expected benefits of making
HBsAg testing a

Table 12.4 Recommended schedule of hepatitis B
immunoprophylaxis to prevent perinatal
transmission of hepatitis B virus infection

Infant born to mother known to be HBSAg* positive

Vaccine dose:** Age of Infant:
First Birth (within 12 hours)
HBIG* Birth (within 12 hours)

Second 1 month
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Third 6 months?

Infant born to mother not screened for HBsAg

Vaccine dose:*** Age of Infant:
First Birth (within 12 hours)
HBIG1 If mother is found to be HBsAg

positive, administer dose to infant
as soon as possible, not later than
1 week after birth

Second 1-2 months®

Third 6 months?

*HBsAg=Hepatitis B surface antigen

**Use appropriate dose

*Hepatitis B immune globin (HBIG)-0.5 ml administered intramuscularly at a site different from
that used for vaccine

2|f four-dose schedule (Engerix-B) is used,the third dose is administered at 2 months of age and the
fourth dose at 12-18 months.

*** Eirst dose=dose for infant of HBsAg-positive mother. If mother is found to be HBsAg positive,
continue that dose; if mother is found to be HBSAg negative, use an appropriate dose for that
situation.

3Infants of women who are HBsAg negative can be vaccinated at 2 months of age. (From CDC.
MMWR 1991;40:1)

routine part of each prenatal panel, testing should be done during each pregnancy.

Women who present for delivery without prenatal care or without medical records
documenting the results of HBsAg screening should have the HBsAg test done as soon as
possible after admission.

The commercially-available HBsAg tests have an extremely high sensitivity and
specificity if positive tests are repeated and confirmed by neutralization as recommended
by the manufacturers of the reagent kits. Testing for other markers of HBV infection,
such as HBeAg, is not necessary for maternal screening. Mothers who are positive for
both HBsAg and HBeAg have the highest likelihood of transmitting HBV to their
newborns. However, infants of mothers who are HBsAg-positive but HBeAg-negative
may become infected and develop severe, even fatal, fulminant hepatitis B during
infancy. For this reason, HBIG and HB vaccine treatment of all babies born to HBsAg-
positive women is recommended. HBsAg-positive mothers identified during screening
may have HBVrelated acute or chronic liver disease and should be evaluated by a
physician. Identification of women who are HBV carriers through prenatal screening
presents an opportunity to vaccinate susceptible household members and sexual partners
of HBV carriers.

While HCV is not an official part of prenatal screening, it is only a question of time
before it becomes one of the cornerstones of prenatal preventive care.
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PERINATAL INFECTION

Most perinatal infection seems to occur at the time of delivery, not transplacentally or at
the time of conception. Although maternal HBsAg has often been found in cord blood
samples, its presence has not correlated closely with neonatal infection. Either external
contamination of samples or maternal blood entering the placenta after fetoplacental
circulation has ceased may account for this poor correlation.

The probability of developing the carrier state in infected neonates can be greatly
reduced by using HBIG, provided it is used soon enough. A large clinical trial of HBIG,
reported from Taiwan, showed that administering HBIG to infants within seven days of
birth was unsuccessful, but using HBIG within 48 hours of birth (usually in the delivery
room) proved highly successful in preventing the development of the carrier state in
infants of mothers who were both HBsAg and HBeAg positive. Delay in administration
of HBIG to infants of carrier mothers will decrease the efficacy of therapy. In the studies
that demonstrated the highest efficacy (85-95%) of combined HBIG and HB vaccine
prophylaxis, HBIG was administered within 2 to 12 hours after birth. In one study in
which only HBIG was used for prophylaxis, no efficacy was found if HBIG was given
more than seven days after birth, and a significant decrease in efficacy was observed if it
was given more than 48 hours after birth. If the prenatal population can be prospectively
screened, HBIG administration can be done in the delivery room. Infants born to these
women should receive HBIG. The initial dose is 0.5 ml intramuscularly. in the delivery
room, if possible, and certainly within 48 hours of birth. The injection site should be
thoroughly cleaned before HBIG administration. This dose is repeated at three months
and six months of age. The infant is born covered with maternal blood and other
secretions containing the HBV, and these enter the eyes, mucous membranes,
gastrointestinal (GI) tract, and sometimes the circulatory system. Cesarean section
delivery does not prevent HBV infection. These infectious secretions constitute a risk not
only to the neonate but also to those attending the delivery. ‘Blood precautions’ should be
taken to protect staff and prevent environmental contamination that could lead to
infection of others. Care should be taken with maternal blood and secretions before,
during, and after delivery Attendants at delivery should wear gloves, face mask and
glasses to keep infective material from splashing onto eyes or mucous membranes, and
should be careful to avoid punctures from sharp instruments. The delivery room and
instruments should be carefully cleaned and sterilized. Dressings soiled with lochia or
wound exudates should be carefully handled. Sitz baths should be thoroughly cleaned and
then wiped with a suitable high-level disinfectant. A 1/2 cup per gallon solution of 5.25%
sodium hypochlorite is recommended. Infants whose mothers are chronic carriers will be
continuously exposed to HBV throughout their childhood; therefore, these infants should
receive HB vaccine. The optimum timing of vaccination in conjunction with HBIG
administration has not been established. Pending the development of such data, it is
recommended that vaccination be given at three months of age or shortly thereafter. The
presence of passively acquired antibody from the mother, or that which results in HBIG
administration does not appear to affect active immunization. Vaccination of individuals
who possess antibodies against HBV from a previous infection or by passive acquisition
will not cause an adverse effect. Such individuals will have a post-vaccination increase in
their anti-HBs levels.
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Even if the neonate is infected at birth, active viral replication will not occur for
several weeks. After thoroughly washing off external contamination, the infant need not
be separated from his mother or placed in special isolation. Washing and rinsing should
be thorough and done carefully by a gloved attendant using soap or detergent and water.
Vitamin K injections can wait until after the bath.

CDC RECOMMENDATIONS FOR BREAST FEEDING FOR
HBsAG POSITIVE WOMEN

The question of breast-feeding usually arises in discussions of perinatal transmission.
Although HBsAg has been detected in some samples of breast milk, some investigators
required special concentration techniques to do so. Significant exposure to HBV via
breast milk appears to be unlikely, especially after the relatively massive exposure
occurring during the birth process. Studies from Taiwan have shown that breastfed
infants of carrier mothers are no more likely to be infected at one year than are infants for
whom breast-feeding was withheld. Cracked nipples, abscesses, or other breast lesions,
however, could mix breast milk with highly infectious serous exudates, and feeding
should be temporarily suspended from that breast until the lesion has healed.

The CDC has not formulated recommendations for breast feeding for HCV-antibody
positive gravida. A critically important question is “Should mothers who are infected
with HCV breast feed their babies?” The implication that breast-feeding may be a factor
is suggested in the Ohto data. The duration of nursing for infected infants was 6.6+3.6
months as opposed to 2.0+2.9 months for uninfected infants whose mothers had HCV
titers >10:6/ml

DIAGNOSIS

Hepatitis A

A plethora of methods, including immune electron microscopy, radioimmunoassay
(RIA), enzyme immunoassay, immunoadherence, and complement fixation, have been
developed for demonstrating either hepatitis A antigen (HAAQ) or its antibody (anti-
HAV). The diagnosis of acute hepatitis A can be established by demonstrating the
presence of HAAg in the stool. Because chronic excretion of the virus has never been
observed, demonstration of HAAg in a single stool specimen identifies an active case of
hepatitis A. More commonly, documentation of hepatitis A is predicated upon the
serologic demonstration of a significant increase in anti-HAV titer during the acute stage
of the disease. Anti-HAV is present at the onset of jaundice, and the absence of antibody
at this stage of the disease excludes HAV as the etiologic agent of the illness. The titer of
antibody increases rapidly during the first 2 weeks of illness. After infection, anti-HAV is
usually present in the serum for life. If titers are obtained late in the course of the disease,
a high titer of anti-HAV will be present. The ability to document a fourfold rise in titer
may not be possible. In this situation the diagnosis of acute infection can be confirmed by
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the demonstration of anti-HAV antibody of the IgM class. Specific IgM antibodies are
synthesized during the first 2-3 months of hepatitis A.

Hepatitis B

Detection of markers of hepatitis B, namely HBsAg, anti-HBs, anti-HBc, HBeAg, or
anti-HBe, can be achieved by precipitation in gel, counterimmunoelectrophoresis, latex
agglutination, passive hemagglutination by immunoenzymes, and radioimmune methods.
The most sensitive method is RIA. The current commercial kits have excellent sensitivity
and reproducibility. Recently, the enzyme immunoassay (EIA) has been adapted for
HBsAg.

While the presence of HBsAg documents the diagnosis of hepatitis B infection, it does
not address the issue of infectivity.

The presence or absence of IgM antibody to the core antigen of HBV (IgM anti-HBc)
provides a means of distinguishing between acute infection and chronic disease. Almost
all patients with acute hepatitis B have high titers of IgM anti-HBc at the time of initial
examination, whereas chronic carriers of the virus have only low titers or no detectable
IgM anti-HBc at all but will have high titers of 1gG anti-HBc. The presence of hightiter
IgM anti-HBc generally indicates the patient has acute hepatitis B (hepatitis Delta co-
infection is not excluded), whereas a negative test in a HBsAg-positive patient with
hepatitis should prompt the consideration of other possibilities, especially hepatitis delta
superinfection or intercurrent non-A, non-B hepatitis. With respect to the diagnosis of
acute hepatitis B, IgM antiHBc is arguably the best serologic marker.

Hepatitis C

A variety of tests are available for hepatitis C diagnosis. Tests that can detect antibody
against the virus include the EIAs, which contain HCV antigens from the core and
nonstructural genes, and the recombinant immunoblot assays (RIBAs), which contain the
same HCV antigens as EIA in an immunoblot format. In addition, several polymerase
chain reaction (PCR)-based assays for HCV RNA have been developed to detect the
RNA virus directly.

Only about 70% of patients with acute hepatitis C develop detectable antibodies to
HCV antigen within six weeks of the onset of signs or symptoms. The diagnosis of acute
HCV infection may require follow-up testing at twelve weeks.

While serum ALT and other enzymes indicative of hepatocellular destruction are
reasonable indicators of the presence of disease, they are poor indicators of activity. Over
half of all viremic patients will have normal ALT levels. ALT levels are often normal or
near normal even in patients with biopsy-proven advanced liver disease. As a
consequence, normal ALT levels do not preclude the presence of chronic HCV infection.

Serologic testing for HCV is currently the only way of documenting infection or
disease. The newer immunoassays for HCV, composed of multiple HCV specific
antigens, have both sensitivities and specificity in the range of 95%. False-negatives
occur due to the heterogeneity of the virus. Current EIAs are based on the predominant
genotype of HCV found in US patients. False-positive results occur in patients with
hypergammaglobulinemia and connective tissue disorders.
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Recombinant immunoblast assay (RBA), which uses recombinant proteins derived
from HCV, is used to confirm EIA results. This test contains four HCV-specific antigens
blotted as separate bonds on a nitrocellulose strip. A confirmatory RBA test result
demonstrates reactivity to two or more of these antigens. As with the EIA test, false-
negative tests do occur. Patients infected with less common HCV genotypes are less
likely to satisfy the diagnostic criteria required.

Direct detection of HCV viral genomic RNA can be done using PCR. This test is
available as primarily a research tool. The presence of anti-HCV antibodies in human
serum or plasma does not necessarily indicate on-going NANBH but may be a remnant of
a past infection with the HCV. Levels of antibody are usually undetectable in early stages
of an infection.

Anti-HCV antibodies appear as early as four weeks and as late as one year after
infection. The mean delay between onset of hepatitis symptoms and seropositivity is 15
weeks. In acute post-transfusion hepatitis, the mean delay between transfusion (infection)
and appearance of anti-HCV is 22 weeks. Once the antibodies develop, they persist for
years. Unlike hepatitis B, the ‘window period’ is variable. When the diagnosis of
hepatitis C is strongly suspected, sequential repeat testing for anti-HCV is recommended.
The maior usefulness of the test is to screen out blood donors who could transmit HCV.
A positive test for the presence of anti-HCV will assist in the diagnosis of individuals
with recent or prior signs, symptoms and/or biochemical evidence of hepatitis. A negative
test is of limited value.

False-positive reactions with the EIA for hepatitis C have been seen in some patients
with hypergammaglobulinemia and in patients whose serum has been stored improperly
or for a prolonged period. False-negative antibody studies in acute HCV disease are
related mainly to the slow development of antibodies during convalescence.

To establish a diagnosis of perinatal/neonatal hepatitis C, virological testing requires
the use of branched chain DNA (bDNA) amplification assay or PCR. These tests are
required because passively transferred maternal antibodies against HCV can interfere
with EIA tests. Infants born to HCV infected mothers should be tested before breast
feeding is initiated or within twelve months of birth. If positive, the bDNA assay or PCR
should be repeated between 12 and 15 months of age. After 15 months of age the infant
can be monitored serologically using anti-HCV assay for indigenous antibody production
indicative of HCV infection.

PASSIVE IMMUNOTHERAPY

Diagnostic evaluation for hepatitis C

A negative EIA test is sufficient to rule out infection. However, low-risk individuals with
positive EIA tests should undergo supplementary RIBA testing. If the RIBA is negative,
the anti-HCV EIA result is likely to have been a false positive, and the patient is unlikely
to have hepatitis C. If the RIBA is positive, the patient can be asumed to have or to have
had hepatitis C. These patients can benefit by testing for HCV RNA by PCR, the result of
which will indicate whether the patient has ongoing viremia. A single positive assay for
HCV RNA by PCR confirms HCV infection; unfortunately, a single negative assay does
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not prove that the patient is not viremic or has recovered from hepatitis C. Follow-up
testing for ALT levels and perhaps repeating the HCV RNA in the future may be needed.

Individuals with even mildly elevated ALT levels, with or without risk factors for
hepatitis C, should be tested for anti-HCV by EIA and, if positive, the results confirmed
by either supplemental RIBA or qualitative HCV RNA by PCR. Obviously anti-HCV
testing is very helpful in all patients with clinical liver disease.

In patients presenting with biochemical or clinical evidence of liver disease (e.g.
repeatedly elevated ALT levels), a positive EIA test is sufficient to diagnose hepatitis C
infection, especially if risk factors are present. A qualitative HCV RNA test can be used
for confirmation. If a patient is being considered for antiviral therapy, liver biopsy is of
value to assess disease severity.

Testing for HCV RNA by PCR can be very helpful in initial diagnosis, but repeat
testing over time is generally not helpful in managment of untreated patients; almost all
remain viremic, and a negative result may merely reflect a transient fall of viral titer
below the level of detection rather than permanent clearance. On the other hand, repeat
testing for HCV RNA during antiviral therapy can be helpful because loss of HCV RNA
with treatment is a strong predictor of a sustained beneficial response.

Liver biopsy is considered the gold standard for assessment of patients with chronic
hepatitis. When combined with serial determinations of ALT levels, liver biopsy is very
helpful in judging the severity or activity of the liver disease and the stage or degree of
fibrosis. Liver biopsy is recommended before treatment to assess the grade and stage of
disease and to exclude other forms of liver disease or complications (such as concurrent
alcoholic liver disease, medication-induced liver injury, and iron overload). However,
liver biopsy is expensive and is associated with some morbidity. Therefore, serial ALT
and qualitative HCV RNA testing are recommended for monitoring patients under
treatment.

Contraindications to treatment with interferon that must be carefully considered are
history of major depressive illness, cytopenias, hyperthyroidism, renal transplant, and
convincing evidence of autoimmune disease.

Data suggest a benefit from interferon treatment with higher clearance of HCV RNA
in patients with acute hepatitis C. In light of these findings, interferon treatment of
patients with acute hepatitis C could be recommended.

The adjunctive drug of most promise, at present, is ribavirin, an oral antiviral agent
that, when used alone, reduces serum ALT levels in approximately 50% of patients.
However, ribavirin by itself does not lower serum HCV RNA levels, and relapses occur
in virtually all patients when therapy is stopped. Of greater promise are recent reports that
the combination of interferon alfa and ribavirin leads to sustained virological response
rates (40 to 50%) higher than for interferon alfa alone in 6-month clinical trials. Ribavirin
has not been licensed or approved for use in hepatitis C by the Food and Drug
Administration.

For pregnant patients with chronic active hepatitis due to HCV, general anesthesia is
best avoided when cesarean section is indicated. Some neonatologists empirically
administer immune globulin to the progeny of such gravida with high titer of HCV
antibodies. Currently there is little scientific data to support or negate this approach. In
utero transmission is an unexplored possibility.
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Hepatitis A

The efficacy of immune serum globulin (ISG) for the prevention or modification of
hepatitis A depends on the following:

(1) the degree and type of exposure;
(2) the dose of I1SG and its antibody content; and
(3) the time interval between exposure and the administration of 1SG.

Optimal passive immunization following presumed exposure requires the use of high-
titered, HBsAg-negative I1SG, administered in the shortest possible time after exposure.
Different lots of ISG may vary as much as 16-fold in anti-HAV content. It will be
imperative in the future for licensed lots of ISG to be marked as to anti-HAV titer.

Administration of ISG early in the incubation period of type A hepatitis is capable of
modifying or arresting the infection. A dose of 0.02 ml/kg body weight affords effective
protection for short-term exposure.

Pregnancy per se does not alter the recommendations for ISG prophylaxis. The
administration of ISG is indicated following known exposure to HAV or in anticipation
of entering an area where disease is endemic and intermittent exposure probable. Under
most circumstances, protection is afforded by giving 0.01 ml ISG/Ib of body weight
(approximately 0.02 ml/kg). Larger doses provide longer lasting, but not necessarily
more, protection and are indicated when an individual plans to reside in a high-risk area
for a prolonged period. A dosage as high as 0.05 ml/lb every 5-6 months has been
advocated.

Although HAV does not traverse the placenta, maternal infection immediately prior to
delivery unless appropriate isolation procedures are instituted and ISG is administered,
raises the possibility of neonatal dissemination of disease from mother to infant in the
postpartum period.

Hepatitis B

The ability to answer the question as to the efficacy of standard ISG as prophylaxis
against hepatitis B has been largely negated by the significant variation in anti-HBs from
lot to lot. Most lots of standard ISG have contained low or undetectable levels of anti-
HBs. The development of a hepatitis B immune serum globulin (HBIG) preparation with
an anti-HBs titer about 25000-50000 times higher than that of standard ISG has
demonstrated that partial efficacy may be achieved through passive immunization.

HBIG should be given immediately, at a dose of 0.06 ml/kg body weight, to
individuals who are exposed by a contaminated needle or by contact with infective blood
splashed onto a mucous membrane or a skin cut, or to those who have had intimate
physical contact with a person who has hepatitis B infection. This dose should be
repeated in 28 days. An individual given a blood transfusion that, in retrospect, is
discovered to be infected with HBsAg may be given large doses of HBIG (0.5 ml/kg).
Large doses of HBIG or high-titered plasma are of no value in the treatment of on-going
infection.

In infants whose mothers had hepatitis B during pregnancy or have persistent
antigenemia, the probability of ensuing postnatal hepatitis tends to be influenced by the
presence or absence of other viral markers in the mother. The attack rate of hepatitis B in



The hepatitisviruses 127

infants born to mothers with a persistence of HBsAg, HBeAg, and anti-HBc usually
exceeds 50%. Large doses of HBIG are recommended for these infants. The probability
of hepatitis B in infants born to mothers with a persistence of HBsAg and anti-HBe is
usually less than 10%. The accumulated evidence to date indicates that HBsAg-positive
and HBeAg-positive blood is highly infectious, whereas HBsAg-positive, anti-HBe-
positive blood is minimally infectious. The many known ways to limit dissemination or
acquisition of infection must not be neglected. With effective surveillance of patients and
personnel exposed to hepatitis B, proper washing of hands, and stringent aseptic
technique for eliminating HBs-positive blood products, the potential for spread of HBV
disease is reduced.

ACTIVE IMMUNIZATION

Hepatitis A virus

The inability to cultivate HAV in a suitable cell line and to produce the large quantities of
antigen that are needed for the preparation of a vaccine has thwarted vaccine
development to date.

Hepatitis B virus

The demonstration that immunization with purified viral coat protein, HBsAg, leads to
the production of protective surface antibodies introduced the possibility of using purified
22 nm spherical hepatitis B antigen in vaccines, in lieu of whole virus.

RECOMBIVAX HB®: Hepatitis B vaccine and ENGERIX-B®

RECOMBIVAX HB® [Hepatitis B vaccine (recombinant)] and ENGERIX-B®, are non-
infectious subunit viral vaccines derived from HBsAg produced in yeast cells. A portion
of the HBV gene coding for HBsAg is cloned into yeast and the vaccine for hepatitis B is
produced from cultures of this recombinant yeast strain. The vaccine against hepatitis B,
prepared from recombinant yeast cultures, is free of association with human blood or
blood products.

Infants born to HBsAg-positive mothers are at high risk of becoming chronic carriers
of HBV and of developing the chronic sequelae of HBV infection. Well-controlled
studies have shown that administration of three 0.5 ml doses of HBIG starting at birth is
75% effective in preventing establishment of the chronic carrier state in these infants
during the first year of life. Protection can be transient, whereupon the effectiveness of
the HBIG would decline thereafter. Results from clinical studies indicate that
administration of one 0.5 ml dose of HBIG at birth and three 20 ug (1.0 ml) doses of
hepatitis B vaccine, the first dose given within one week after birth, was 85-93%
effective in preventing establishment of the chronic carrier state in infants born to
HBsAg- and HBeAg-positive mothers.

The immunization regimen consists of 3 doses of vaccine:

» 1st dose: at elected date
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* 2nd dose: 1 month later
* 3rd dose: 6 months after the first dose.

The protective efficacy of hepatitis B vaccine has been demonstrated in neonates born of
mothers positive for both HBsAg and HBeAg. In a clinical study of infants who received
one dose of HBIG at birth followed by the recommended three dose regimen of hepatitis
B vaccine, efficacy in prevention of chronic hepatitis B infection was 94% in 93 infants
at six months and 93% in 57 infants at nine months as compared to the infection rate in
untreated historical controls. Significantly fewer neonates became chronically infected
when given one dose of HBIG at birth followed by the recommended three dose regimen
of hepatitis B vaccine when compared to historical controls who received only a single
dose of HBIG. Testing for HBsAg and anti-HBs is recommended at 12-15 months of
age. If HBsAg is not detectable, and anti-HBs is present, the child has been protected.
The recommended treatment regimen for infants born of HBsAg-positive mothers is
shown in Table 12.4.

THERAPY

Hepatitis C

There is no established therapy for chronic hepatitis C. A multi-center, randomized,
controlled trial recently demonstrated that treatment with 3 million units of recombinant
alpha interferon three times weekly for six months is associated with normalization or
near-normalization of hepatic enzyme levels in 46% of patients, compared to 28% of
patients receiving lower doses of interferon and 8% of those receiving no interferon.

Although several different forms of interferon have been evaluated in the treatment of
patients with chronic hepatitis C, the bulk of available evidence pertains to the alpha
interferons (interferon alfa). The efficacy of interferon alfa therapy currently is defined
biochemically as normalization of serum ALT and virologically as loss of serum HCV
RNA. Therefore, serial ALT testing is recommended for monitoring patients during
treatment to document biochemical responses, and testing for HCV RNA by qualitative
PCR is recommended at selected time points to document virological responses.

Many therapeuticians obtain a liver biopsy before initiating therapy with interferon.
Laboratory tests that should be obtained before starting therapy include liver chemistries
(serum ALT, bilirubin, albumin, prothrombin time), complete blood count (CBC) with
differential and platelet count, antinuclear antibodies, thyroid stimulating hormone, serum
HCV RNA, and glucose. Monitoring during therapy should be done at 2- to 4-week
intervals with serum ALT and CBC. Both serum ALT and serum HCV RNA testing
should be done after 3 months to assess whether the patient is responding to therapy. This
should be repeated at the end of therapy to document end-of-treatment response. Follow-
up testing with serum ALT and serum HCV RNA should be done 6 months after therapy
is stopped to determine whether there has been a sustained response.

Three months after beginning an initial course of therapy, patients who are unlikely to
respond to that dosage and freuency can be identified by persistent elevation of serum
ALT levels and presence of HCV RNA in the serum. In this situation, therapy should be
discontinued because the likelihood of future response is extremely low. If either HCV



The hepatitisviruses 129

RNA is negative or ALT levels are normal (or both), therapy should be continued for 12
months.

The important factors associated with a favorable response to treatment include HCV
genotype 2 or 3, low serum HCV RNA level (less than 1000000 copies/ml), and absence
of cirrhosis.

Flulike symptoms (fever, chills, malaise, headache, arthralgia, myalgia, tachycardia)
occur early in the majority of patients who receive interferon but generally diminish with
continued therapy. Later side effects include fatigue, alopecia, bone marrow suppression,
and neuropsychiatric effects such as apathy, cognitive changes, irritability, and
depression. Relpase of drug and/or alcohol abuse may occur. Nocturnal administration of
interferon reduces the frequency of side effects, and the flulike syndrome is ameliorated
by pretreatment with acetaminophen. A reduction in interferon dosage is required in 10 to
40% of patients because of side effects, and treatment must be discontinued in 5 to 10%.
Higher dosages tend to be associated with higher rates of side effects.

Chronic hepatitis C

Interferon is indicated for treatment of chronic hepatitis C in patients 18 years or older
with compensated liver disease who have a history of blood or blood-product exposure
and/or are HCV antibody-positive. Interferon therapy is not recomended for patients with
decompensated liver disease, pre-existing psychiatric conditions, autoimmune liver
disease, or suppressed immune response following organ transplantation.

Alfa-2b interferon is the only effective treatment to date for hepatitis C. Parenteral
administration of three million units, three times a week, for six months will result in
normal serum alanine aminotransferase during therapy but approximately half of these
patients relapse within six months. For those patients with chronic hepatitis C who do not
respond to interferon alfa regimen, the only possible alternative treatment is orally
administered ribavirin.

For pregnant patients with chronic active hepatitis due to HCV, general anesthesia is
best avoided when cesarean section is indicated. Some neonatologists empirically
administer immune globulin to the progeny of such gravida with high titer of HCV
antibodies. Currently, there is little scientific data to support or negate this approach.

Patients most likely to respond to interferon alfa are those:

(1) without cirrhosis;

(2) with evidenced chronic hepatitis/periportal inflammation on biopsy;
(3) with low HCV-RNA levels;

(4) with low serum ferritin;

(5) with low gamma-glutamyl transpeptidase; and/or

(6) with HCV genotype 2.
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Herpes simplex viruses, types 1 and 2
(HSV-1, HSV-2)

David A.Baker, MD, and Gilles R.G.Monif, MD

The herpesviruses are composed of a single molecule core of double-stranded DNA, an
icosahedral structure with 162 capsomers, a granular zone, and a lipid envelope which
contains predominantly viral-specific glucoproteins. As a characteristic of the herpesvirus
group, virus replication occurs in the cell nucleus. Six to eight hours after infection,
synthesis and assembly of virus particles can be observed with the electron microscope.
A basophilic Feulgen-positive mass centrally displaces the nuclear chromatin. Electron
microscopy reveals this viral DNA core to be surrounded by a protein coat. There is a
subsequent movement of the virus particle from the nucleus to the cytoplasm. This is
paralleled by morphologic changes in the intranuclear inclusion body. The central ovoid
intranuclear inclusion body loses both its basophilia and its affinity for DNA stains. The
lesion is characterized by an eosinophilic, irregular central intranuclear inclusion body
rimmed by peripheral fragments of chromatin at the margins of the nuclear membrane
(Figure 13.1). The virion obtains its final envelope from the nuclear membrane.

The DNA viruses of the herpesvirus group do not undergo immune elimination.
Despite the presence of specific antibody, they persist as latent viruses. Recrudescence of
herpes simplex virus (HSV) replication may be triggered by a variety of exogenous
factors (e.g. cold, fever, intense sunlight, emotional stress, menstruation). Recurrent
infection occurs in the presence of complement-fixing and neutralizing antibodies and is
rarely associated with serologic evidence of a boostertype effect. In contrast to primary
infection, it is unassociated with systemic symptoms and most often occurs at the site of
initial infection.

Two types of herpesvirus can be identified on the basis of divergent biologic
properties and are designated types 1 and 2 (HSV-1 and HSV-2; Table 13.1). They can
also be differentiated by minor differences in antigenic composition and biochemical
characteristics. Although they are distinct, the degree of sharing of antigenic determinants
between the type 1 and 2 viruses results in cross-reacting antibodies capable of
extensively neutralizing the heterologous virus type.

Initial contact with HSVs usually occurs early in childhood and involves HSV-1. Less
than 10% of primary infections with HSV-1 are clinically overt.

HSV-1 is the causative agent for most nongenital herpetic lesions: herpes labialis,
gingivostomatitis, and keratoconjunctivitis. Infection of the female genital tract by HSV-
1 may occur at this time; however, the virus can often be simultaneously cultured from
nongenital sites, suggesting that genital involvement is most often a secondary
phenomenon.
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FEMALE GENITAL TRACT INVOLVEMENT

Approximately 30% of the female population in the United States is infected with HSV-2
as determined by using sensitive HSV type specific antibody studies performed on
collected and stored sera. Herpes simplex virus of the genital tract is one of the most
common viral sexually transmitted diseases (STDs) with an estimated 40 million men and
women infected with genital herpes. An average of 500000 new cases of genital herpes is
acquired each year. The genital tract of the female patient can be infected with HSV type
1 or type 2 virus. In the United States the majority of genital infection is

Figure 13.1 Characteristic mature
intranuclear inclusion body (arrow)
due to HSV-2 within tissue (H&E,
x1000)

Table 13.1 Major distinguishing biologic and
epidemiologic characteristics of type 1 and type 2
herpes simplex viruses

Characteristic Type 1 Type 2
Pock size on chorioallantoic membrane of Small Large
embryonated eggs

Plaques in chick embryo tissue cultures None +++
Neurovirulence for mice ++++ +

Sensitivitv to idoxiridine (5-indn-2'- +++ +
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deoxyuridine)

Principal sites of viral replication Nongenital Genital

Group in which genital involvement occurs Prepuberty; Postpuberty; sexually
adolescence active years

Principle mode of dissemination Hand-to-mouth Venereal

from HSV-2 virus. Up to 30% of first episode cases of genital herpes are caused by HSV-
1. The vast majority of primary genital infections are caused by HSV-2.

Primary infection of the genital tract can produce clinical disease with symptoms or
can be subclinical. Five percent of reproductive age women will give a history of genital
herpes virus infection. Genital infection with HSV is associated with the age of the
patient, years of sexual activity, race, one or more episodes of other genital infections,
lower annual family income and multiple sex partners. After clinically apparent primary
genital herpes infection almost all patients will experience recurrences; however
recurrences with HSV-2 tend to be much less frequent.

Type 2 antibodies usually appear first about the time of puberty and exhibit a
significant increase during the

Figure 13.2 Vesicular and
vesiculopustular lesions characteristic
of genital herpes

prime reproductive years. The greatest incidence of overt type 2 infection occurs in
women in their late teens and early twenties.
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HSV-2 is recovered predominantly from the female genital tract. Epidemiologic data
strongly support the thesis that dissemination of the type 2 strain is primarily but not
exclusively contingent on venereal transmission. The incidence of specific antibody
approaches 100% among prostitutes. Following exposure to males with active herpetic
lesions of the genitalia, 50-90% of susceptible sexual partners develop infection.

Primary infection

Primary genital infection due to HSV-2 may be asymptomatic or may be associated with
severe symptoms. In primary vulvovaginitis the genital lesions occur on the vulva,
vagina, cervix, or all three between 2 and 14 days following exposure to infectious virus
(Figure 13.2). Like those in primary herpes labialis. the lesions are multiple and larger
than those observed in recurrent disease or in those who have had prior infection with
HSV-1. At this time, patients usually experience vaginal discharge, discomfort, and pain.
The mucocutaneous lesions are prone to trauma. The initial vesicles rupture and may
become secondarily infected (Figure 13.3). They subsequently appear as shallow, eroded,
painful ulcers covered by a shaggy white membrane. Regional lymphadenopathy is
readily demonstrated as the consequence of virus replication in the sites of lymphatic
drainage as well as nodal stimulation by secondary bacterial infection.

Whereas local symptoms of dysuria, soreness of the vulva and vagina, dyspareunia,
and a sudden increase of discharge are common in both primary and recurrent infection,
systemic symptoms (malaise, myalgia, and fever) are virtually restricted to primary
herpetic infection (Table 13.2). These symptoms reflect the viremia engendered during
primary infection. The lesions tend to persist 1-3 weeks without therapy. However, when
secondary bacteria or mycotic infection is not treated, the lesions may persist for 2—6
weeks (Figure 13.4).
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Figure 13.3 Classical primary herpetic
vulvovaginitis. Note the multiplicity of
the ulcers and the fact that the majority
of them have become secondarily
infected.

Primary herpetic infection may occur on the cervix. The appearance of extensive cervical
involvement may mimic that observed with squamous cell carcinoma of the cervix.
Significant symptomatic and subclinical shedding can be found from the lower genital
tract of the women. During the first three months after healing of primary genital HSV-2
lesions subclinical cervical and vulvar shedding was more frequent. Asymptomatic
shedding occurs around the time of symptomatic recurrences.
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Recurrent infection

Confinement of the ulcers to one area of the vulva, vagina, or cervix is more common in
recurrent forms of the disease. The ulcers tend to be limited in size and number. Cervical
involvement may occur as a diffuse cervicitis or as a single large ulcer. Local symptoms
predominate over systemic symptoms, with increased vaginal discharge or pain being the
usual presenting complaint. In certain women it can be demonstrated that once it is
involved, the genital tract is the site of intermittent virus replication. Virus shedding
without a lesion (subclinical shedding) can occur from the vulva and cervix intermittently
in subsequent years after primary infection. The titer of virus is significantly reduced
compared to the level of recoverable virus when clinically overt lesions are present.

Subclinical shedding of virus lasts an average of one and one-half days and the
quantity of virus is lower, however a susceptible partner can acquire this virus during
times of subclinical shedding. Shedding of virus without any symptoms or signs of
clinical lesions (subclinical shedding) makes this viral STD difficult to control and
prevent. Patients will experience recurrent disease after clinical or subclinical primary
HSV genital infection. Recurrences of genital HSV infection can be symptomatic or
subclinical and there is significant variation from patient to patient in the frequency,
severity, and duration of symptoms and viral shedding. Young adult women tend to
acquire the first episode of genital herpes between the ages of 20 and 24 years. Direct
contact with an individual who is infected is required for the transmission of this viral
infection. This maybe genital to genital contact or contact of the genital tract from an area
that is infected with HSV such as oral to genital contact. Direct sexual contact is the most
common source of genital HSV transmission to women.

Diagnosis

Maternal herpes infection may be documented in several ways. Being DNA viruses, the
HSV produce histologic stigmata indicative of virus replication. Papanicolaou smears of
a given lesion may demonstrate large multinucleated cells containing eosinophilic
intranuclear inclusion bodies (Figure 13.5). Cytological tests have a maximum sensitivity
of 60-70% when dealing with overt clinical disease. Both the Papanicolaou and Zanck
smears are poor screening procedures. The presence of

Table 13.2 Clinical differences between primary
and recurrent vulvovaginitis due to herpes simplex

virus type 2
Signs or symptoms Primary Recurrent
Number of lesions Multiple Scattered 1to 3
Location of lesions Tend to involve both labia and vagina; Limited involvement of

cervix may be concomitantly involved vulva, vagina, or cervix

Size of lesions Variable; tend to be larger than those Tend to be smaller
observed in recurrent disease
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Inguinal adenopathy Present Usually absent
Viremia Occurs Absent
Systemic symptoms Present* Absent

(malaise, myalgia, fever)

Local symptoms (dysuria, Present Present
itching, dyspareunia)

Specific antibody titer Greater than fourfold rise observed Usually no significant
between pre- and postconvalescent sera  change

*Only in the absence of preexisting antibodies to herpes simplex type 1.

Figure 13.4 Painful herpetic ulcers
with a shaggy white membrane and
marked bilateral labial edema as a
consequence of secondary bacterial
infection. (Courtesy of MS Amstey,
MD, Rochester, NY)

multinucleated giant cells is predominantly a phenomenon of herpetic involvement at free
surfaces, as opposed to the single intranuclear inclusion body observed within organ
tissues. Biopsy in conjunction with cytologic analysis of a cell preparation from the
lesion very often leads to a diagnosis, even in the absence of virus isolation studies.

Isolation of virus by cell culture remains the standard and the most sensitive test for
the detection of infectious herpes virus from clinical specimens. Numerous
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al &

Figure 13.5 Multinucleated giant cells
exhibiting intranuclear inclusion
bodies. Due to herpes simplex type 2
virus found in a cytological smear of a
herpetic ulcer. (a) The
photomicrograph is from a more active
lesion. The classical irregular
eosinophilic intranuclear inclusion
body is not present.The nuclei exhibit
gigantism with a ground-glass
background in which is scattered
chromatin fragments. (Papanicolaou
stain, x610). (b) The photomicrograph
demonstrates a mature multinuclear
giant-cell. Each nucleus has a discrete
central intranuclear inclusion body
surrounded by a halo. (Papanicolaou
stain, x1200).

factors in sampling and transport of the specimen determine the sensitivity of this
technique. False-negative cultures are not uncommon in patients with recurrent infection
or healing lesions.

Newer more sensitive techniques such as polymerase chain reaction (PCR) and
hybridization methods are largely replacing virus isolation techniques.



Infectious diseases in obstetrics and gynecology 144

Early first episode ulcers yield virus in 80% of patients, whereas ulcers from recurrent
infections are less likely to be culture-positive and only 25% of crusted lesions contain
recoverable virus. In culturing for HSV, overt lesions that are not in the ulcerated state
should be unroofed and the fluid sampled. Virus isolation can be readily achieved in
many primary or continuous human tissue culture cell lines.

The newly available serologic type-specific 1gG-based assays can distinguish infection
between HSV type | and type 2 antibodies. These new tests have excellent sensitivity
(80-98%) and specificity (>96%) in comparison with Western blot assay; however, early
in the course of infection, false-negative tests may occur. The older nonspecific antibody
tests are of limited value owing to the frequency of cross-reacting antibodies to
heterologous virus. IgM antibody test for HSV-1 and HSV-2 should not be used to
diagnose acute infection.

HSV-2 is considered to reside primarily in the genital tract. A demonstration of HSV-
2 type specific antibodies by a glycoprotein gG based assay is deemed evidence of genital
tract infection.

If the acute-phase serum has nondetectable or very low titer and the convalescent
serum obtained 10-14 days after the onset of clinical disease demonstrates a fourfold or
greater rise in the titer, the diagnosis of primary infection can be made. The presence of
an antibody titer in the initial specimen obtained at the onset of disease, and the failure of
the titer to exhibit a fourfold or greater rise in the convalescent specimen or the presence
of IgM specific antibodies argues strongly for recurrent infection.

Therapy

Numerous treatment options are available to the clinician to treat patients with genital
herpes. These compounds are nucleoside analogues and they selectively inhibit viral
replication and produce little or minimal effects on the cell. Acyclovir was the first drug
developed in this classification. This drug possessed a high safety profile along with
being selective against herpesvirus infected cells. Further advances with antiviral therapy
have focused on greater bioavailablity and therefore better absorption and higher plasma
levels of compound with fewer daily doses of medication.

Acyclovir

Acyclovir was the first purine nucleoside analogue with a new and selective activity
against virus infected with HSV-1 and-2. HSV viral DNA replication is stopped and the
drug acts selectively against a viral coded protein, thymidine kinase. The drug has shown
to be very safe with few side effects. However it has poor oral absorption. Only
approximately 20% of an oral dose is absorbed. The Food and Drug Administration
(FDA) has approved acyclovir for the treatment of primary genital herpes, treatment of
episodes of recurrent disease and for daily treatment for suppression of outbreaks of
recurrent genital herpes.

Approximately 3% of isolates obtained from healthy patients demonstrate in vitro
resistance to acyclovir. The frequency of in vitro resistance has not changed from that
prior to its introduction. The demonstration of in vitro resistance has only rarely been
associated with clinical failure in immunocompetent individuals. Foscarnet, a
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phosphonate viral DNA inhibitor or cidofovir, an acyclic nucleoside phosphonate, have
been used in infected AIDS patients with acyclovir-resistant isolates of herpes virus.

Valacyclovir

This newer antiviral is acyclovir with a valine ester. This drug is only for oral
administration and because there is an enzyme in the gut that cleaves the valine, the
bioavailability is 3 to 5 times greater than oral acyclovir. The safety profile is that of
acyclovir with a less frequent dosing schedule. The FDA has approved valacyclovir for
the treatment of primary genital herpes, treatment of episodes of recurrent disease and for
daily treatment for suppression of outbreaks of recurrent genital herpes.

Famciclovir

Famciclovir is a prodrug of penciclovir. Bioavailability is good but there is less clinical
long term use than acyclovir. Famciclovir requires less frequent dosing than acyclovir but
more frequent dosing than valacyclovir.

All cases of primary genital herpes should be treated with antiviral medication.
Currently, the FDA has approved acyclovir, valacyclovir, and famciclovir for the
treatment of primary genital herpes, recurrent episodes of genital herpes (episodic
therapy) and daily suppressive therapy of this disease. There is greater bioavailability of
the newer agents valacyclovir and famciclovir so they may require a less frequent dosing
schedule to get as good therapeutic benefit as acyclovir. Acyclovir treatment of primary
genital herpes infections reduces viral shedding, reduces pain and heals lesions
statistically significantly faster than placebo. Antiviral therapy should be administered as
early in the course of the disease as possible for the greatest therapeutic benefit. With all
these antiviral medications, therapy for the primary infection does not alter the natural
history of genital herpes nor alter the frequency of recurrent disease. Newer information
concerning symptomatic and asymptomatic shedding within the first three to six months
post primary infection may direct the clinician that in selective patients continued therapy
after the first ten days may be indicated. Therapy for the initial months past primary
infection appears to significantly suppress symptomatic and asymptomatic shedding.

The clinician can select patient initiated episodic or daily suppressive therapy to
control this disease in immunocompetent patients. All three medications have been
studied and have received approval for these forms of therapy. Patient initiated episodic
therapy can be effective in limiting each episode of recurrent disease but this mode of
therapy does not prevent recurrences. Famciclovir has been shown to be effective in
treating genital herpes with episodic therapy as compared to placebo. Valacyclovir
compared to the standard dose of acyclovir has been tested in more than 2500 patients
with self initiated episodic treatment for recurrent genital herpes. Valacyclovir is as
effective as acyclovir in treating genital herpes episodically. In 50% of patients that have
taken valacyclovir early in the prodromal phase it appears to prevent lesion development.

With the high frequency of recurrent disease in patients who acquire genital herpes
daily suppressive therapy is a management mode that may benefit many patients.
Antiviral therapy would be justified in patients after initial therapy for primary infection
to reduce the increased symptomatic and asymptomatic shedding after primary infection.
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A long term safety and efficacy study has recently been concluded in which more than
1140 immunocompetent patients with frequent recurrences of genital herpes (more than
12 episodes per year) were treated with acyclovir for the first ten years of the study and
then valacyclovir in the eleventh year. Goldberg et al. summarizes the first five year data
from that study. There is a statistically significant reduction in recurrent disease when
acyclovir is used at 400 mg twice a day, There was a 75-90% reduction in recurrent
disease in each three month quarter over the five year period. This long term study
provides major insight and information concerning suppressive therapy. Adverse
reactions to the medication were minimal and after the first year less than 2% of patients
reported any one side effect. Nausea, diarrhea, headache and rash were seen during the
study. Fife et al. showed that six years of continuous daily acyclovir suppressive therapy
did not produce the emergence of acyclovir resistant isolates in immunocompetent
patients. Approximately 3% of patients required a higher dose to control symptoms then
the standard dose of 400 mg acyclovir twice a day. This study has continued for a total of
11 years and the data was recently reported at a national clinical meeting.

Suppresive therapy

Suppressive therapy can reduce the frequency of genital recurrences by 70-80% among
individuals with frequent recurrences (6 or more per year).

Daily oral acyclovir therapy not only significantly reduces symptomatic recurrences
but also suppresses subclinical viral shedding. Valacyclovir therapy of 500-1000 mg
orally once day, famciclovir 250 mg orally twice a day is effective in suppressing
recurrent genital herpes. Patients on long term suppressive therapy with oral acyclovir
400 mg twice a day can be changed to valacyclovir 500 mg once a day and maintain the
safety and effectiveness of this therapy. Valacyclovir 500 mg once a day may be less
effective than its higher dose or acyclovir dosing regimens in women who experience ten
or more outbreaks in a year.

Recently, daily valacyclovir (500 mg) suppressed overt acquisition of HSV-2 in
susceptible sexual partners. Overall acquisition, symptomatic and asymptomatic, was
reduced 48% in the valacyclovir group compared to the placebo group.

HERPES IN PREGNANCY

Problems in distinguishing primary and recurrent genital herpes

In the absence of systemic symptomology, the distinction between primary and secondary
herpetic

Table 13.3 Uses of antiviral therapy

For the treatment of initial genital herpes infections in nongravida, the recommended adult
dosage of oral acyclovir is 200 mg every 4 hours while awake (5 times daily) for 7-10 days, or
until clinical resolution occurs (initiated within 6 days of onset of lesions), or acyclovir 400 mg
orally three time a day for 7-10 days or valacyclovir one gram orally twice a day for 7-10 days, or
famciclovir 250 mg orally three times a day for 7-10 days.
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For the intermittent treatment of recurrent episodes, the recommended adult dosage of acyclovir
is 200 mg every 4 hours while awake (5 times daily) for 5 days or, alternatively, 800 mg twice
daily for 5 days (initiated within 2 days of onset of lesions); of fanciclovir is 125 mg twice a day; of
valacyclovir is 500 mg twice a day for five days.

For chronic prophylaxis of recurrent episodes, the recommended adult dosage of acyclovir is
200 mg 2-5 times daily or 400 mg twice daily; of famciclovir is 125 mg twice daily; and
valacyclovir 500 mg once a day for patients with nine or less recurrences a year, 250 mg twice a
day or 1000 mg once for women who experience more than nine episodes a year.

infection appears to be more difficult than previously assumed. Henseleigh et al.
evaluated serologically and virologically 23 women with severe first clinical outbreak of
genital herpes in the second and third trimester of pregnancy. They were classified as
having true primary (no HSV type 1 or type 2 antibodies), nonprimary (heterologous
HSV antibodies present), or recurrent (homologous antibodies present) infections. Only
one of 23 women with clinical illnesses consistent with primary genital HSV infections
had serologically-verified primary infection. This primary infection was caused by HSV
type 1. Three women had nonprimary type 2 infections, and 19 women had recurrent
infections.

This report demonstrates the need for careful serological evaluation of all cases of
presumed first episode of genital herpes in pregnant women. In the absence of
homologous and heterologous antibodies, the risk of congenital infection exists.
Recurrent herpes may not be associated with vertical transmission unless a uterine site of
reactivation is involved.

Disseminated maternal herpetic infection and pregnancy

Disseminated herpetic infection in an adult is distinct from herpetic encephalitis, although
the latter may occur as part of the widespread organ system involvement. Disseminated
disease in adults is thought to represent primary infection in a partially
immunocompromised host, whereas herpetic encephalitis functions independent of
systemic humoral or cellular immunity.

There are several patient populations in whom disseminated disease may occur:
neonates, immunocompromised adults, particularly individuals with thymic dysplasias,
and pregnant women. Disseminated herpetic infection in pregnancy is an extremely rare
event. The manifestations of systemic dissemination in pregnancies tends to be
viscerotropic rather than neurotropic. Its principal presentation is that of a fulminating
hepatitis. Herpetic hepatitis is extremely rare, with a maternal mortality rate of 43%.
Classically, disease occurs in the third trimester. Often there is viral-like prodromal
illness in association with vulvar or oropharyngeal vesicular or vesiculo-pustular lesions.
Despite elevated liver enzymes, most of the cases are anicteric. In some cases, no
clinically overt site of primary herpetic infection can be identified. Chatelan et al.
identified 14 cases in the literature. Of the 14 patient reported, 6 died. Four patients
treated with parenteral acyclovir survived and 2 of the patients treated with the antiviral
agent vidarabine also survived; however, 5 of 7 patients who did not receive antiviral
therapy died.
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Herpetic hepatitis should be included in the differential diagnosis of hepatic
dysfunction in the third trimester. Any pregnant patient with primary infection in the third
trimester should be closely watched for any evidence of disseminated disease. In the
absence of herpetic lesions elsewhere, a diagnosis can be inferred by the demonstration of
characteristic intranuclear inclusion bodies within a liver biopsy specimen. Once the
diagnosis is made, acyclovir should be initiated to reduce maternal mortality

In every case, dissemination has occurred in the late second and third trimester at a
time when maternal T-cell function is partially compromised. Both type 1 and 2 viruses
have been isolated from gravidas with disseminated disease in pregnancy.

Fetal considerations: infection and fetal wastage

Preliminary data indicate a threefold increase in the rate of abortion following primary
maternal genital infection with HSV early in pregnancy. The probability of abortion
appears to be directly related if the maternal infection is primary. It has yet to be
determined whether this increased fetal wastage is related to infection of the conceptus or
is secondary to the maternal response to disease.

Congenital infection

During gestation, primary herpetic infection, in the absence of cross-protecting
antibodies, theoretically may result in hematogenous dissemination of the virus to the
conceptus.

Congenital herpetic infection can affect organogenesis or may produce visceral
disease. In utero infection in the first 12-14 weeks of gestation may produce a cluster of
anomalies clinically indistinguishable from those caused by the cytomegaloviruses.
Chalhub et al. reported a case of a premature neonate with microcephaly and
periventricular calcifications, bilateral lenticular opacities, and extensive hepatomegaly
with secondary dystrophic calcification, who did not develop overt evidence of
characteristic herpetic infection until day five. The fetal membranes ruptured 30 minutes
before parturition. At necropsy the infant had characteristic lesions involving the brain,
liver and adrenals. Eosinophilic Cowdry type A intranuclear inclusion bodies were
present in hepatocytes adjacent to areas of bland necrosis and dystrophic calcification.
Predicated upon the clustering of ocular lesions, microcephaly with dystrophic
periventricular calcification and hepatosplenomegaly, this case could have been attributed
to the cytomegalovirus. Similarly, an increased rate of premature births had been found in
infants whose mothers had genital infection after the 20th week of pregnancy. This was
particularly true with primary maternal herpetic vulvovaginitis.

The limited perception of the ability of HSV to cause disease in utero has been a
partial function of the criteria used to define congenital infections. The rigid adherence to
documented herpetic infection present at birth and/or within 24 hours of rupture of the
fetal membranes had effectively excluded a significant number of cases. In the absence of
well established placental or fetal pathology which clearly antedated potential access of
the virus to the products of conception by means of ascending infection, the cases of
congenital herpes reported by Von Herzen, and Benirschke, Altshuler, and Witzleben and
Driscoll could have been challenged. Gagnon reported a case of what typically would
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have been considered a case of neonatal disease developing on the fifth day of life. Had
umbilical cord blood and placenta not been cultured for virus at the time of delivery,
parturitional acquisition of disease would have been inferred. Similarly, Pettay described
a case of overt acute neonatal disease which developed on the sixth day of life; however,
HSV-2 had been recovered from an amniotic fluid specimen one week prior to parturition
and at a time when the fetal membranes were intact.

The mucus plug of pregnancy and the presence of intact fetal membranes are a
formidable barrier to ascending viral infection; however, once dissolution of the
membranes occurs, the herpes viruses can obtain direct access to amniotic fluid and/or
the fetus without ensuing vaginal delivery. For the term congenital herpetic infection to
imply vertical hematogenous dissemination from the mother to the fetus, disease must
develop within the shortest known incubation period required to induce overt disease in
experimental animals from rupture of the fetal membranes or a virally induced effect on
organogenesis must be identified in fetuses or neonates with documented herpetic
infection. The criteria which can be used to make the diagnosis of congenital infection
due to the HSVs include:

(1) documented herpetic infection present at birth and/or within 24 hours of rupture of the
fetal membranes (Figure 13.6);

(2) effects of herpetic infection on organogenesis which antedate dissolution of the fetal
membrane;
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Figure 13.6 Fetus aborted at 28 weeks
who demonstrated multiple ulcerative
lesions from which herpes simplex
virus type 2 was Isolated. (Reproduced
with permission from Monif et al. Am
J Obstet Gynecol 1985; 152:1000)

(3) evidence of herpetic and/or viral placentitis, the induction of which antedates rupture
of the fetal membranes, which is associated with documented disseminated herpetic
infection of the newborn.

Without virological confirmation the baby described by Schaffer and Avery would have
been attributed to the cytomegalovirus. South et al. reported a case of a premature
neonate with microcephaly, intracranial calcifications, micro-ophthalmus and retinal
dysplasia who had vesicular skin lesions from which HSV-2 was recovered. Fagnant and
Monif, using three criteria,
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(1) herpetic infection and altered organogenesis of inflammatory etiology that antedates
dissolution of the fetal membranes,

(2) documented herpetic infection present at birth and within 24 hours of rupture of the
fetal membranes, and

(3) evidence of viral herpetic placentitis, the induction of which antedates rupture of the
membranes, identified 15 cases of congenital transplacental HSV.

In this series, disease manifesting after the shortest recognized incubation period for the
induction of the disease in experimental animals did not necessarily preclude
transplacental acquisition.

The Centers for Disease Control (CDC) conducted an 18-month hospital-based
surveillance study in which 184 cases of neonatal HSV infection were analyzed. Only
22% of mothers had a history of genital HSV infection and only 9% had genital lesions at
the time of delivery. Cesarean delivery initiated prior to membrane rupture failed to
prevent infection in 15 cases. Their data confirm previous observations that most mothers
of infected neonates have no history of genital HSV and are asymptomatic at delivery.
They concluded that intrauterine infection was an important route of transmission which
underscores the limitations of our current prevention strategy.

Neonatal infection

Neonatal infection is the consequence of delivery of a neonate through an infected birth
canal. Neonatal involvement characteristically appears between the fourth and tenth day.
The length of the incubation period is a partial function of the inoculating dose of virus.

The infants may eat poorly and become listless and irritable. Cutaneous herpetic
vesicles may or may not develop. In the next few days, depending on the organs involved
and the extent of infection, the neonates may exhibit fever or subnormal temperature,
cough, increased respiratory distress, cyanosis, tachycardia, jaundice, vomiting, diarrhea,
irritability, and convulsions. A hemorrhagic diathesis associated with thrombocytopenia
or
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Figure 13.7 Miliary focal necrosis.
Miliary involvement of liver and
segmented involvement of the lungs of
a term neonate who died of
disseminated disease acquired at the
time of parturition.

gastrointestinal bleeding from herpetic gastric ulcers or esophagitis may occur. The
clinical course may terminate in irreversible vasomotor collapse or respiratory arrest.

At necropsy, affected infants exhibit miliary focal necrosis involving primarily the
liver, lungs and adrenal glands (Figure 13.7). Microscopically, these lesions demonstrate
focal, coagulative necrosis (Figure 13.8). At the margin of these areas of necrosis, the
characteristic intranuclear inclusion bodies can be identified.

Thirty to forty percent of infected progeny will develop disease, which results in the
death of 50-60% of those afflicted. Another 15-20% will develop permanent sequelae
involving primarily the brain and eyes. Of the 326 cases of neonatal herpes summarized
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by Nahmias et al., 59% died. An additional 20% who survived had permanent ocular or
central nervous system sequelae.

Probability of neonatal involvement

The simple presence of virus within the birth canal is not the sole determinant of disease.
In the absence of any demonstrable lesion, sensitive virological techniques can
demonstrate the presence of HSV in endocervical tissue of one to two percent of all
gravid females. The incidence of isolation appears to increase in the third trimester.
Asymptomatic occult shedding of HSV-2 can be demonstrated in 0.65-3.03% of cultures
from pregnant women with a history of recurrent genital herpes. When serial specimens
for culture are obtained, at least one episode of asymptomatic reactivation is detected in
2.3-14% of pregnant women with a history of genital herpes. As the number of
antepartum culture specimens increases so does the incidence of culture-proven
asymptomatic excretion. Among women with recurrent genital herpes antedating
pregnancy, the mean number of recurrences per trimester increased from 0.01 to 1.26 to
1.63 in the first through third trimester. In a very real sense, one infant in 50-100 live
births has been delivered through a birth canal harboring infectious virus, yet the
incidence of disseminated herpetic infection of the newborn is extremely low, i.e.
1:20000 deliveries. The difference between these patients and gravida with overt herpetic
vulvovaginitis is that in the former case, the quantity of virus present is limited to a few
plaque-forming units, whereas in the latter the quantity of virus present is in the order of
several logs of virus. While the quantity of virus present is a major factor in determining
the probability of ensuing neonatal disease, almost equally important may be the duration
of exposure to a given minimum quantum of virus, the genetic constitution of the infant
and the presence of specific homologous neutralizing antibodies. The risk of infection for
an infant born to a mother with primary herpetic vulvovaginitis is 30-45%. With active
recurrent herpetic disease at the time of parturition, the risk of infection is estimated to be
between five and eight percent.
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Figure 13.8 Photomicrograph of an
adrenal gland exhibiting coagulative
necrosis due to herpes simplex type 2
virus. (H&E, x120)

The virtual disappearance of disseminated herpetic infection of the newborn from the
neonatal nursery has focused on the question of resultant maternal morbidity. Once a
disease is eradicated, the cost of its eradication is reevaluated. Cesarean section carries
with it significant maternal morbidity and in rare instances mortality.

The rarity of neonatal disease has fostered the concept that cesarean section is
unwarranted for recurrent herpetic vulvovaginitis. How completely maternal antibody
will protect a neonate from infection during a recurrence is not well established. There
have been several case reports describing neonatal infection in patients with high serum
IgG antibody titers to HSV-2. Preexisting homologous and probably heterologous
antibodies protect fully against congenital but not neonatal disease. The available data
suggest that there is a risk to the neonate from any form of genital herpesvirus infection at
term. It would be wise to continue delivering infected mothers with active disease by
cesarean section.

Local neonatal infection may result from the use of fetal scalp electrode monitoring in
which the portal of infection was the site of attachment of the scalp electrode used in
internal fetal monitoring. If vesicular or vesiculopustular lesions develop at this site, it is
imperative that immediate cytologic evaluation be carried out. If multinucleated giant
cells with intranuclear inclusion bodies are identified, systemic chemotherapy should be
instituted immediately
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Nosocomial neonatal herpetic infection

The major emphasis has been placed on preventing acquisition of neonatal infection by
avoiding delivery through an infected or potentially infected birth canal. The success of
preventing ‘baby and virus from ever meeting’ has overshadowed the fact that neonatal
infection may be acquired independently of the events involved with parturition.
Transmission of virus to the neonate may be mediated by individuals other than the
mother and from sites other than the genital tract. The neonate, and particularly the
premature neonate, is uniquely susceptible to the HSV. Postnatally, nosocomially
acquired disease can be as lethal as that acquired by virtue of delivery through an infected
birth canal. Oropharyngeal or cutaneous lesions can be an effective source of virus as
primary herpetic vulvovaginitis. Most strains of HSV responsible for nosocomial
neonatal disease are type 1 rather than type 2. One of the big problems in devising a
management sequence is our current inability to document immunological competence on
the part of the neonate. Should the infant contract herpetic infection after 15-20 days, the
baby may become sick; however, permanent sequelae or mortality rarely ensue. Only
when we can document T-cell competence for HSV in a given neonate, can the
recommendations concerning the duration of relative isolation have validity. Given a
woman with one or more active lesions at term, the policy is to institute appropriate
isolation procedures (routine gown and glove isolation). Masks are added to the isolation
regimen only if an oropharyngeal lesion is identified. While isolation precautions need to
be implemented, bonding should be permitted. While separation of mother from her
neonate up to one week of age can be implemented, concern must be given to the
potential adverse effect on the establishment of a satisfactory mother-child relationship
later in life. The mode of dissemination of the herpes virus is basically that of direct
contact (hand-to-mouth type of dissemination). Care is taken to screen the father and
other family contacts for the presence of oral lesions. The neonate born to a mother with
prior primary infection during gestation will be isolated from other infants only if that
child is at risk for congenital involvement. These children will be handled as potentially
infected children and removed from the normal newborn nursery to a semi-isolated
situation.

Nosocomial dissemination via breast milk

The question of breast-feeding in the immediate postpartum period has been complicated
by the demonstration of neonatal HSV-1 infection. Serological studies demonstrated
postnatal acquisition of infection for which breast milk was the vehicle of dissemination.
The mother was found to have HSV-1 in her breast milk. She had no history of genital
lesions. Viral cultures of cervix, vagina and throat were negative for HSV-1. Previously,
Quinn and Lofberg reported the death of an eight-day-old breastfed neonate with
disseminated HSV-2. The mother was subsequently found to have bilateral herpetic
nipple lesions; however, concomitant cultures of the vulva and cervix also grew HSV-2.
The presence of HSV in breast milk is not surprising. The cytomegalovirus which is also
a herpesvirus is not an uncommon isolate from breast milk. The major question which
needs to be resolved is whether the concomitant presence of specific secretary IgA
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antibody can adequately function to render an infant relatively immune to infection. It is
the opinion of the Committees on Fetus and Newborn and on Infectious Diseases of the
American Academy of Pediatrics (1980) that breastfeeding can be attempted; however,
careful attention to hygienic measures must be implemented to adequately protect the
infant. The nipple should be examined to exclude the presence of herpetic lesions. In
view of the occult transmission of the herpes simplex viruses in breast milk, it may be
wise to individualize each case.

Management of active herpetic vulvovaginitis in pregnancy

When a pregnant patient presents with genital herpes, the physician must determine
whether he is dealing with primary or recurrent herpetic infection. In most instances the
solution does not require sophisticated laboratory backup, but can be made on clinical
grounds: the number of lesions, their size, their distribution, the presence or absence of
systemic symptomatology, etc. In primary herpetic infection, the immediate focus of
management (beyond that of maternal pain and discomfort) is to determine whether or
not an effective maternal viremia has occurred. Most people with primary infection to
HSV-2 have preexisting cross-reacting antibodies to HSV-1 which will effectively abort
type 2 viremia. A prior history of cold sores or the absence of systemic symptomatology
argues against an effective viremia having been engendered. The critical focus of
attention becomes the immediate antepartum period and the exclusion of recurrent
infection. It the gravida gives a history of fever, pseudochills, myalgia, or arthralgia,
these should be interpreted as indicative of an effective maternal viremia, and the
possibility of congenital herpetic infection is raised. It was previously advocated that,
approximately four to six weeks after primary infection, an amniocentesis should be
performed and the amniotic fluid cultured for the virus. Based on observation derived
from cases of congenital cytomegalovirus and rubella, it was postulated that recovery of
herpes virus from amniotic fluid would be presumptive evidence of in utero infection and
consequently, should overt disease be detected at the time of parturition, no advantage
would accrue from cesarean section. This postulate may not be invariably correct for the
HSV. To date, there has been a poor correlation between effective viremia as documented
by systemic symptomatology and/or the absence of cross-reacting antibodies to the
heterologous strain of HSV and congenital infection. Out of several hundred patients
studied by amniocentesis, only three isolates have been achieved from amniotic fluid. In
one instance, the neonate was free of any stigmata of disease at the time of parturition. In
the other two cases, the infants were infected in utero. This observation, coupled with the
rarity with which HSV functions teratogenically for the human fetus, has led to
questioning the wisdom of resorting to such a procedure except within academic settings.
Currently, culture of amniotic fluid for virus or analysis of amniotic fluid for viral
antigens are not recommended unless the fluid is to be obtained for another diagnostic
purpose or a high index of suspicion exists that in utero infection has occurred.

Given a patient with recurrent herpetic vulvovaginitis during pregnancy, no maternal
viremia is engendered and, consequently, there is no potential for fetal involvement. Here
management focuses on whether or not disease is present at the time of parturition. Given
one or more maternal lesions at the time of parturition, the probability of neonatal



Herpes simplex viruses, typesland2 157

disseminated infection is in the order of 5-8%. The two most important variables which
determine the probability of neonatal infection are:

(1) the amount of virus present; and
(2) the duration of labor.

Both variables must function in concert to achieve neonatal involvement with any degree
of regularity.

In the presence of one or more lesions, it is our recommendation that cesarean section
be performed. The cardinal point of therapy is that delivery must not occur through the
birth canal harboring virus. In the absence of congenital involvement, cesarean section
prior to the rupture of the fetal membranes is effective in circumventing neonatal
infection. Once the fetal membranes have been ruptured, both HSV-1 and HSV-2 have
the ability to ascend and infect the fetus in utero. With the advent of antiviral therapy of
the newborn, the duration of rupture of membranes is not the important clinical factor,
but the estimated time of delivery once the mother presents in labor.

Scott et al. have reported a small randomized, double-blind clinical trial in which
women with clinically first-episode genital herpes during pregnancy received daily
acyclovir treatment initiated in week 36 of gestation. They were able to demonstrate a
reduced need for cesarean section. The ability of acyclovir, famciclovir, and valacyclovir
to diminish viral shedding has brought into question the use of antiviral therapy for
gravida with lesions in close proximity to parturition, but not fulfilling guidelines for
cesarean section. The Centers for Disease Control and Prevention and Glaxo-Welcome
have maintained a voluntary registry of women who have received acyclovir or
valacyclovir during pregnancy (1-800-722-9292). Women who received acyclovir in the
first trimester and whose birth outcomes were known had a 2.3% prevalence of birth
defects as compared to a background rate of 3%. A theoretical concern is the
development of obstructive uropathy in newborns, secondary to acyclovir crystals.

Virological monitoring during pregnancy

Whatever management scheme is to be developed for the prevention of neonatal herpetic
disease will be predicated upon less than optimal scientific data. The future schema will
probably be built around two basic tenets:

(1) the probability of fetal-neonatal involvement increases following primary herpetic
vulvovaginitis in pregnancy;

(2) the probability of neonatal disease is greater when one or more lesions are present at
the time of parturition.

Influence of primary herpetic vulvovaginitis on neonatal outcome

Brown et al. prospectively followed 29 patients who had acquired genital herpes during
pregnancy. Fifteen patients had a primary episode of genital HSV-2 and 14 had a
nonprimary first episode. Six of the 15 gravida with primary genital herpes but none of
the 14 with nonprimary first episode infection had infants with serious perinatal
morbidity. Four of the five infants whose mothers acquired primary HSV in the third
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trimester had perinatal morbidity which included prematurity, intrauterine growth
retardation, and neonatal infection with HSV-2. Perinatal complications occurred in one
of the five infants whose mothers acquired primary HSV-2 during the first trimester as
well as one of the five infants who had primary HSV-2 during the second trimester.
Asymptomatic cervical shedding of HSV-2 was detected at 10.6% of weekly visits made
after a primary first episode as compared to 0.5% of visits made after a nonprimary first
episode.

One of the factors selected for the increased prevalence for neonatal involvement
following primary herpes appears to be the occurrence of in utero hematogenous
involvement. Fagnant and Monif have identified fifteen well documented cases of
congenital involvement in which disease or its impact on organogenesis clearly antedated
the rupture of the fetal membranes. When well-documented cases of congenital
involvement as well as those of probable congenital acquisition were combined, they
constituted approximately 5% of all the cases that had been reviewed.

Significance subclinical viral shedding

A second factor which influences the probability of an adverse fetal outcome is the
greater incidence of clinically overt recurrent infection as well as asymptomatic shedding
in gravida whose primary disease occurs during gestation. Brown, in another study,
documented that asymptomatic secretion from the genital tract was more common in
women whose first episode of genital herpes was acquired in pregnancy, 33%, than in
women whose disease antedated pregnancy, 12.9% (p<0.05%). Following primary
infection there may be continued viral shedding in the absence of clinically discernible
disease.

A third factor selecting for a higher probability of disease induction is the amount of
virus present. In most cases of asymptomatic shedding the amount of virus present is low
(less than one log). When one or more lesions are present, the quantity of virus recovered
from such lesions is in the order of 4 or 5 logs of virus.

Fifty to seventy percent of neonates with HSV infection are born to mothers who do
not have a history of peripartum genital herpes infection.

HIV-positive women have an increased tendency for genital shedding of virus,
herpetic lesions persist longer, and may become chronic ulcerations.

Who and when to culture

Virological monitoring has proven to be both costly and noneffective. The correlation
between asymptomatic viral shedding and ensuing neonatally acquired disease is poor.
Unless a portal of infection is incidentally established, i.e. scalp electrode site, and in the
absence of lesions in the periparturitional period, the probability of ensuing neonatal
disease appears to be exceedingly low. Prior disease that antedates this gestation is not a
sensitive predictor of ensuing fetal disease. Negative cultures probably do not preclude
the possibility of subsequent neonatal involvement. Current policy is not to institute
virological monitoring in gravida whose onset of disease antedated pregnancy or whose
sexual consorts have had herpetic lesions. Similarly, current information does not support
the value of culturing asymptomatic patients with a history of recurrent disease.
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There is no justification for cesarean delivery in women with a history of HSV
infection but no active disease during the last weeks of pregnancy. In the absence of
lesions in the periparturitional period, the probability of neonatal disease appears to be
exceedingly low. The presence of virus at parturition in a gravida whose disease
antedates this gestation is not a sensitive predictor of ensuing fetal disease.

Negative cultures probably do not preclude the possibility of subsequent neonatal
involvement. The reason for this is that type 1 disease which occurs in the neonate may
be acquired from family contact and nursing personnel and not the consequence of
delivery through an infected birth canal. To identify the 1-2% of gravida whose herpetic
infection antedates gestation and who are excreting virus at the time of parturition
requires that 200 to 500 cultures be obtained. If these women with low titers of virus are
then allowed to deliver vaginally, estimated probability of neonatal involvement is
significantly less than 1%.

Just as current monitoring policies have failed to totally preclude neonatal
involvement, it must be understood that the new policies will fail to preclude sporadic
occurrence of disease in the neonate. The difference between previous and currently
advocated positions is that the latter are more rational and more cost effective. Failure of
the current policies will occur because of

(1) asymptomatic primary herpetic infection during gestation and subsequent
hematogenous dissemination to the fetus may occur;

(2) rupture of the fetal membranes introducing distinct potential for ascending infection;

(3) direct mechanical inoculation associated with the use of a scalp electrode in an
asymptomatic shedder;

(4) distinguishing nosocomially acquired disease from parturitionally acquired disease
may be difficult.

Primary infection during pregnancy

These individuals constitute a higher risk group than do gravida whose disease antedates
gestation. The absence of episodes of symptomatic genital HSV infection throughout
pregnancy does not eliminate the risk of asymptomatic shedding at delivery. There is
limited data concerning prevention of disease in the fetus with maternal antiviral therapy.
Acyclovir, famciclovir and valacyclovir can reduce viral shedding and shorten the
duration of lesions. In theory, the reduction of the magnitude of the viremia and its
duration should lessen the risk of transplacental viral dissemination in a nonimmune
gravida.

If the fetus develops an abnormal biophysical profile, an amniotic fluid sample can be
obtained for either culture or testing for virus-specific antigens using PCR or ligase chain
reaction (LCR) technology.

Maternal herpetic genital tract disease antedating gestation or history of
genital tract disease in sexual consort

If there are no recurrences during pregnancy and no lesions are present at the time of
parturition, vaginal delivery has been advocated.
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Presence of clinically overt disease at parturition

The presence of one or more lesions at parturition is a contraindication to vaginal
delivery. Clearly when primary disease is present, there will be near unanimity on this
point. With limited recurrent disease, even though the estimated risk may also be less
than 5%, the ability to lower it to less than 1% mandates implementation of current
protocol which uses cesarean section.

There is a continued need to identify gravida who have any risk factor which
antedated gestation. Gravida with prior herpetic genital tract infection, herpes infection in
consort, and women who are on immunosuppressant therapy should be prospectively
identified to the neonatologists.

A unique situation arises when maternal genital HSV infection manifests in an
immature, nonviable gestation in conjunction with documented rupture of the fetal
membranes (ROM). What we would do after an informed consent is obtained is to put the
patient on parenteral antiviral therapy and manage the patient as one would any other
gravida with ROM and a previable fetus whose gestational age precluded reasonable lung
maturity. The use of corticosteroids to accelerate pulmonary maturity needs to be
carefully evaluated. Parenteral antiviral therapy is continued until termination of viral
synthesis is documented. Thereafter, conversion to oral drug is implemented and therapy
is continued until parturition. This approach is totally experimental.

Therapy in pregnancy

Approximately 1500 to 2000 newborns in the United States contact neonatal herpes each
year. Infections occur in the perinatal period from contact with infected maternal
secretions in the majority of cases. Mothers who do not know they are infected with
genital herpes and shed the virus without lesions or symptoms give rise to most infected
newborns. Alternative management of these women to prevent the transmission of this
virus is being studied. The current management that relies on cesarean delivery has many
disadvantages.

A viable alternative is antiviral therapy of the mother to prevent maternal symptomatic
and subclinical viral shedding during the intrapartum period.

Other examples of prophylactic antiviral therapy have been shown to be safe and
effective in reducing the spread of HIV from mother to newborn. In cases of
disseminated HSV, herpes pneumonitis, herpes hepatitis, and herpes encephalitis,
antiviral therapy using acyclovir has been life saving to mother and fetus. The use of
antiviral medication in the last few weeks of pregnancy to suppress recurrent disease is
being studied. Acyclovir is a class B medication as categorized by the FDA. The newer
anti-herpetic drugs valacyclovir and famciclovir are also class B. Studies on acyclovir in
pregnancy are the most complete. When acyclovir is given by the oral or intravenous
route to the mother the drug crosses the placenta, is concentrated in amniotic fluid and
breast milk and reaches therapeutic levels in the fetus. Starting in 1984, an acyclovir
pregnancy registry has been compiled. The CDC published data in 1993 showing there
was no increase in fetal problems in women who received acyclovir in the first trimester
of their pregnancy. The registry continues to accumulate this information.

Scott et al. studied a small number of pregnant women to see if suppressive therapy
started at 36 weeks gestation could decrease viral shedding and allow for a vaginal
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delivery. This study is a start in the use of antiviral therapy to prevent cesarean sections
and decrease viral shedding to prevent neonatal herpes.

Larger, more comprehensive studies on antiviral therapy in pregnancy will be soon
reported. The newer recommendations to reduce the number of newborns infected with
HSV will combine serological testing of all pregnant women for antibodies to HSV-1 and
HSV-2 using a type specific glycoprotein gG based test and the use of antiviral therapy
starting at 36 weeks in selected cases. Intervention is aimed primarily at preventing
primary infection in those women at risk for HSV.

Prevention of sexual transmission

Abstinence is advised when prodromal symptoms develop or one or more lesions is
identified. Antiviral therapy, by suppressing viral replication may result in decreased
transmission of infection to sex partners in discordant couples. In theory, the use at the
time of intercourse of Nonoxynol-9 and a condom may afford another layer of protection;
however given the wide distribution of herpes during reactivation, these measures may
not suffice.

In stable, established relationships, serological type-specific testing is advised. Often
as not, transmission of infection has occurred.

Information and its sharing are the keys to prevention. A HSV-infected woman needs
to know that HSV can be sexually transmitted, how to detect the earliest symptoms of
disease, the availability of suppressive therapy, the ability to obtain type-specific testing
of sexual partners, and the potential dangers to the newborn when disease is present at
parturition.

Pregnant women who are not infected with HSV-2 should be advised to avoid
intercourse during the third trimester with men who have had genital herpes. Pregnant
women who are not infected with HSV-1 should be counseled to avoid cunnilingus with
any partner with prior oral herpes and genital intercourse with a partner with genital
HSV-1 infection.
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Human immunodeficiency viruses
Hunter Hammill, MD

The acquired immunodeficiency syndrome (AIDS) viruses belong to a group of viruses
known as retroviruses or backward viruses. The retroviruses are ribonucleic acid (RNA)
viruses which require an enzyme called reverse transcriptase for successful replication.
Characteristically, the retroviruses can be subdivided into two groups: oncogenic viruses
or lentiviruses. The AIDS viruses are primarily a group of simian or monkey retroviruses.

These human T-cell lymphotrophic viruses (HTLV) are related but distinct. HTLV-I is
the causative agent of T-cell leukemia-lymphoma (ATL). The variability of this group
has been demonstrated by the fact that over 200 HTLV-I isolates have been obtained
since the virus was discovered in sporadic cases of adult T-cell malignancies. There is
some evidence to suggest that the HTLV can be transmitted by homosexual sex. HTLV-I
infection positively correlates with the duration of homosexuality and the increasing
number of sexual partners. Most of the HTLV-I isolates are closely related. The virus is
endemic in the Caribbean, South and Central America, southeastern United States, Africa
and southern Japan. Presently, HTLV-I is present in 1 to 4% of the general population
and 5 to 15% of the high-risk groups in the Caribbean. Dual infection with human
immunodeficiency virus-1 (HIV-1) and HTLV-I does occur. The presence of HTLV-I
may lead to a more rapid progression of HIV infection to AIDS.

HTLV-1I shares many features with HTLV-I, but has some genomic differences. It has
been isolated from a few patients with hairy cell leukemia. HTLV-II, like the AIDS virus
HIV, appears to have its origin in Africa. It has been found in about 100 people in Europe
where it has been the cause of a disease identical to AIDS.

HIV-1, originally called HTLV | and Il, is responsible for the vast majority of cases of
AIDS. This virus causes the body to lose its natural immunodefense mechanisms against
disease. The body then becomes more susceptible to a whole set of illnesses ranging from
mild to life-threatening conditions. A second retrovirus, HIV-2, has been identified as a
causative agent of AIDS. HIV-2 is endemic to West Africa. Infection and disease due to
HIV-2 have been diagnosed in Brazil, Europe and North America. The modes of
dissemination and prevalent pathways for infection and disease closely parallel HIV-1.
Recently, analysis of HIV-2 has shown that this virus is more closely related to the
simian viruses than to HIV-1.

Infection of a cell requires the virus to bind to a specific receptor site on cells. HIV-1
and HIV-2 preferentially infect brain cells, the infected macrophages (glial cells) and the
cells of the monocyte/macrophage group. HIV attachment requires the binding of the GP-
120 surface glycoprotein to a specific CD4 receptor site. Expression of the CD4 receptor
site may require antigenic stimulation; i.e., HIV is capable of infecting B cells only if
prior infection with EBB is present.
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HIV-1 AND HIV-2

Human immunodeficiency viruses are composed of a single strand of RNA with three
principal genes: GAG which is associated with viral internal protein production, PAL
which is associated with the reverse transcriptase production, and EB which is associated
with surface proteins. While these three genes are inherent to all of the retroviruses, the
immunodeficiency virus is unique owing to the presence of five additional regulatory
proteins which have been termed SOR, TAT, RART/TRS, 3'ORF and R. While the exact
nature of the regulatory genes has not been totally worked out, preliminary data suggest
that SOR governs reduced virus replication but facilitates cell-to-cell spread. TAT acts
like a fast forward for virus replication. RART/TRS is essential for virus replication and
controls subunit synthesis. 3'ORF is a negatory regulator which keeps virus in the latent
form. The function of R has yet to be defined.

HIV-1 and HIV-2 cause a slow and progressive destruction of T-cells and, in selected
cases, brain cells despite an immune response. How and why it is able to escape immune
surveillance is being extensively studied. The virus has the capacity to change some of its
antigenic initiators of the immune response as well as the ability to set up a latent
infection.

HIV-2 is less aggressive than HIV-1, both in terms of transmissibility and
pathogenicity. Both sexual and perinatal transmission rates of HIV-2 are lower than those
of HIV-1. Although the disease produced by HIV-2 is indistinguishable from that
induced by HIV-1, the progression of immune deficiency is slower.

Based on viral genetic sequences, HIV-1 and HIV-2 viruses have been classified into
number of subtypes. HIV-1 subtype B is the predominant subtype in the United States.

Transmission

While HIV-1 can be isolated in low numbers from saliva, tears and other biological
fluids, all current scientific research indicates that the only valid mechanism for
dissemination involves intimate sexual activity involving the repeated exchange of
genital body fluids, infusion of blood or blood products, and the sharing of needles to
inject drugs into body tissue.

HIV infection is transmitted primarily by sexual contact; from mother to neonate
during pregnancy, delivery, and breast-feeding. World-wide, over 70% of HIV infection
is due to heterosexual transmission. There is a link between drug users and sexual activity
which tends to accelerate the dissemination of AIDS into a larger community. The
combination of drug abuse and multiple sexual encounters renders these individuals at
double jeopardy for exposure toHIV-1.

Sexual transmission

The estimated probability of HIV being transmitted by a single sexual heterosexual
contact is estimated to between 0.03% and 0.09%. The probability of transmission in an
individual case is governed by viral subtype, host immunity and selected environmental
factors.
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High plasma viral load correlates with increased genital viral shedding. Plasma viral
loads tend to be elevated in the acute phase of infection and during the phase of immune
suppression. Enhanced detection of HIV in cervicovaginal lavage is often correlated with
decreased CD4 counts and increased viral load. Genital ulcers, due to a variety of
sexually transmitted diseases (STDs), appear to increase the risk of transmission as does
unprotected intercourse during menses. Increased genital shedding of HIV has been
demonstrated in the presence of ulcerative and nonulcerative STDs.

STDs, such as gonorrhea or chlamydia or trichomoniasis, have been identified as risk
factors for HIV transmission. The presumed mechanism is the recruitment of CD4+target
cells to the affected area. Inflammation associated with selected STDs is thought to lead
to increased proinflammatory cytokines (interleukin (IL)-1, IL-6, tumor necrosis factor
(TNF) alpha) production which can up-regulate HIV replication.

Three modes of maternal/neonatal transmission appear to function: in utero, during
labor and delivery, and postpartum, primarily due to breast-feeding. Prior to the
introduction of intrapartum therapy, perinatal transmission rates of 14-25% were
documented in industrialized nations and 25-40% in developing countries.

Only 15-23% of neonatal HIV cases are presumed to be due to in utero acquisition.
The vast majority occur during parturition and the early postpartum period. The
remaining cases result primarily from breast-feeding in the late postpartum period. The
likelihood of perinatal transmission has been dramatically decreased by intrapartum
antiretrovirus therapy. While mother-to-child transmission of HIV can occur at anytime
during pregnancy, the majority of women do not transmit HIV to their newborn infants.

The principal determinant of probability of maternal HIV transmission appears to be
the viral load. Pregnancy per se does not appear to accelerate the progression of HIV
infection into AIDS. Increased rate of transmission correlates with low CD4 counts. In
the European Collaborative Study, an inverse correlation was demonstrated between a
CD4 count of less than 200 and increased risk of transmission. When the CD4 count was
greater than 800, neonatal transmission still occurred. In general the CD4 cell count and
p24 antigenemia tend to reflect viral load.

In industrial nations, blood transfusion is becoming a rarer means of infection
acquisition. While the risk of a healthcare worker acquiring HIV infection from a
contaminated needle-stick is approximately 3 per 1000, a much more significant risk
resides with drug users who share needles. Most individuals who are infected through
blood develop specific HIV antibodies within the first 2-3 months.

Dissemination of HIV-1 from female to male appears to be more difficult than
dissemination from a seropositive male to his partner. The sexual male consort of an
HIV-1 -positive woman has a two to ten-fold lower risk of acquiring infection with HIV
than in the converse situation. The probability of acquiring infection with HIV is ten
times greater during a homosexual encounter between two men than during sex between
a man and a woman.

The susceptibility of the endocervix/uterus as a potential portal for infection has been
illustrated by women recipients of contaminated semen. Where semen from an HIV-1-
positive male donor was used for artificial insemination of eight women, four developed
AIDS-related complex (ARC). Although the pregnant women contracted the disease,
none of the children born to these women contracted infection in utero.
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The dissemination of HIV through artificial insemination has led to the change of the
American Fertility Society’s guidelines. Potential semen donors now are required to give
a detailed sexual history, and to be tested for a variety of STDs.

Lyophilized clotting factor concentrates, agents used to stop bleeding, are the principal
vehicles for the induction of infection in individuals with hemophilia. Blood products
potentially capable of transmitting HIV include lyophilized clotting factor concentrates,
platelets and white blood cells.

Blood products which do not harbor HIV-1 and therefore cannot transmit the virus are
immunoglobulin, albumin, plasma protein fraction and hepatitis B vaccine.

AIDS:THE DISEASE

Acquired immunodeficiency syndrome, known by the acronym AIDS, is a virus-induced
disease. The AIDS-causing virus, human immunodeficiency virus or HIV-1, attacks and
destroys selected vital cells in the human body’s immune system and brain. The
destruction of lymphatic cells leaves an individual vulnerable, that is, without his or her
natural defenses to microorganisms which under normal circumstances would not
produce disease in immunologically intact individuals. In time, these opportunistic
pathogens kill their host. Dementia, seen in HIV-positive individuals, can occur
independent of opportunistic pathogens, due to a direct virus-brain cell interaction.

There is no definitive test for the disease, AIDS. What we have are tests for infection
with the HIV virus which is anticipated to progress to full-blown disease, AIDS. The
diagnosis of AIDS is made on clinical grounds. The Centers for Disease Control’s (CDC)
initial definition was the presence of biopsy-proven Kaposi’s sarcoma in individuals less
than 60 years of age and/or Pneumocystis carinii pneumonia (PCP) or another
opportunistic infection in an individual who has no obvious underlying cause for
immunosuppression and is HIV-positive.

Pneumocystis carinii is a protozoan parasite which causes pneumonia in
immunosuppressed patients. The one-celled organism is acquired from the environment.
Patients have fever and shortness of breath. They may cough, but they rarely produce
sputum. Chest X-rays usually show diffuse interstitial infiltrates, or evidence of lung
involvement, but may also be normal. Diagnosis of PCP is established by histologic
demonstration of the cysts in lung lavage fluid or lung biopsy tissue.

Kaposi’s sarcoma is a malignant neoplasm, that is, a tumor of the skin and mucous
membranes and may affect parenchymal or adjacent structural organs. The initial
manifestation of Kaposi’s sarcoma is usually a blue to brown skin lesion (Figure 14.1).
Mucous membranes and the soft palate are commonly involved.
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Figure 14.1 (a, b) Kaposi’s sarcoma
with extensive involvement of
extremities and trunk

Any new skin lesion in a person at risk for AIDS should be biopsied as soon as possible.
A diagnosis of Kaposi’s sarcoma is established by identification of the typical histology
in a biopsy specimen.

The initial CDC surveillance definition for AIDS became:

(1) the presence of a reliably diagnosed disease at least moderately predictive of cellular
immune deficiency; and

(2) the absence of an underlying cause for the immune deficiency or of any defined cause
for reduced resistance to the disease.

Subsequently, the AIDS definition was expanded to include the following diseases if
accompanied by antibody to HIV-1: disseminated histoplasmosis, isosporia causing
diarrhea for greater than one month, pulmonary candidiasis or lung infections due to
certain fungi, nonHodgkin’s lymphoma, and a special kind of pneumonia
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Table 14.1 Revised CDC surveillance case
definition for acquired immunodeficiency
syndrome (AIDS)

Without laboratory evidence of HIV infection: If laboratory tests were not performed or gave
inconclusive results, and in the absence of other causes of immune deficiency, any of the following
diseases indicates AIDS:

1. Candidiasis of the esophagus, trachea, bronchi, or lungs
2. Cryptococcosis, extrapulmonary

3. Cryptosporidiosis with diarrhea persisting 1 month

4

Cytomegalovirus disease of an organ other than liver, spleen, or lymph nodes in a patient>1
month of age

5. Herpes simplex virus infection causing a mucocutaneous ulcer that persists longer than 1
month; or bronchitis, pneumonitis, or esophagitis for any duration affecting a patient>1 month
of age

6. Kaposi’s sarcoma affecting a patient<60 years of age
7. Lymphoma of the brain (primary) affecting a patient<60 years of age

8. Lymphoid interstitial pneumonia and/or pulmonary lymphoid hyperplasia (LIP/PLH complex)
affecting a child<13 years of age

9. Mycobacterium avium complex or M. kansasii disease, disseminated (at a site other than or in
addition to lungs, skin, or cervical or hilar lymph nodes)

10. Pneumocystis carinii pneumonia
11. Progressive multifocal leukoencephalopathy
12. Toxoplasmosis of the brain affecting a patient>1 month of age

With laboratory evidence for HIV infection: Regardless of the presence of other causes of
immunodeficiency, in the presence of laboratory evidence for HIV infection, any of the following
or preceding diseases indicates a diagnosis of AIDS:

1. Bacterial infections, multiple or recurrent (any combination of at least two within a 2-year
period), of the following types affecting a child<13 years of age:
Septicemia, pneumonia, meningitis, bone or joint infection, or abscess of an internal organ or
body cavity (excluding otitis media or superficial skin or mucosal abscesses), caused by
Haemophilus, Streptococcus (including Pneumococcus), or other pyogenic bacteria

2. Coccidioidomycosis, disseminated (at a site other than or in addition to lungs or cervical or
hilar lymph nodes)

3. HIV encephalopathy (also called HIV dementia, AIDS dementia, or subacute encephalitis due
to HIV)

4. Histoplasmosis, disseminated (at a site other than or in addition to lungs or cervical or hilar
lymph nodes)

5. Isosporiasis with diarrhea persisting>1 month
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6. Kaposi’s sarcoma at any age
7. Lymphoma of the brain (primary) at any age

8.  Other non-Hodgkin lymphoma of B-cell or unknown immunologic phenotype and the
following histologic types:
Small noncleaved lymphoma (either Burkitt or non-Burkitt type)
Immunoblastic sarcoma (equivalent to any of the following, although not necessarily all in
combination: immunoblastic lymphoma, large-cell lymphoma, diffuse histiocytic lymphoma,
diffuse undifferentiated lymphoma, or high-grade lymphoma)
(Note: Lymphomas are not included here if they are of T-cell immunologic phenotype or their
histologic type is not described or is described as ““lymphocytic, “lymphoblastic’, ““small
cleaved”, or “plasmacytoid lymphocytic™)

9. Any mycobacterial disease caused by mycobacteria other than M. tuberculosis, disseminated
(at a site other than or in addition to lungs, skin, or cervical or hilar lymph nodes)

10. Disease caused by M. tuberculosis, extrapulmonary (involving at least one site outside the
lungs, regardless of whether there is concurrent pulmonary involvement)

11. Salmonella (nontyphoid) septicemia, recurrent

12. HIV wasting syndrome (emaciation, “slim disease™)

in children called pediatric chronic lymphoid interstitial pneumonia as well as dementia
and a variety of wasting syndromes (Table 14.1) which can occur independent of
significant immunological compromise.

The diagnosis of AIDS should be considered for any patient who presents with
unusual pneumonia, meningitis, encephalitis, esophagitis, chronic enterocolitis, extensive
mucocutaneous herpes, or a history of more than a 20-pound unintentional weight loss
over a six-month period.

Abnormalities of immunologic function are often found in persons with AIDS.
Lymphopenia, altered numbers of helper and suppressor lymphocytes, decreased in vitro
lymphocytic proliferation in response to antigens and mitogens, anergy to delayed
hypersensitivity skin testing, and increased levels of serum immunoglobulins and
circulating immune complexes are commonly described. Although some of these tests
may be within the normal range in any given AIDS patient, only rarely would a patient
have normal responses to all tests.

The presence of one or more abnormal values may cause unnecessary anxiety in the
patient who is HIV-1 positive, but not yet diagnosed as having AIDS. Isolated
abnormalities have little predictive value for the presence or future occurrence of AIDS.

The diagnosis of AIDS rests upon evidence of malignancy and/or infection with one of
the selected opportunistic pathogens (Table 14.2).

CD4+ T-lymphocyte categories

The three CD4+ T-lymphocyte categories are defined as follows:
Category 1: =500 cells/pl
Category 2:200-499 cells/ul
Category 3: <200 cells/ul
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These categories correspond to CD4" T-lymphocyte counts per microliter of blood and
guide clinical and therapeutic actions in the management of HIV-infected adolescents and
adults. The revised HIV classification system also allows for the use of the percentage of
CD4" T-cells.

HIV-infected persons should be classified based on existing guidelines for the medical
management of HIV-infected persons.

Symptoms

Initial infection with HIV often does not cause any signs or symptoms.

Acute retroviral syndrome

When signs or symptom do occur, initial infection presents as an infectious
mononucleosis-like illiness characterized by fever, malaise, lymphadenopathy and skin
rash. If a sharp transient decline in the CD4+ T-cell count occurs at this time,
opportunistic organisms may cause disease manifestation such as oral candidiasis. This
syndrome frequently occurs in the first few weeks after HIV infection, before antibody
tests become positive. Documentation that an illness is due to acute retroviral syndrome
can be inferred by assaying for HIV plasma RNA. A positive test should be subsequently
confimed by enzyme immunoassay and Western blot tests. Current guidelines suggest
that persons with recently acquired HIV infection may benefit from antiretroviral drugs.

The signs and symptoms that AIDS victims eventually develop are primarily related to
secondary pathogens. Disease results from the body’s inability to abort infection or
reactivation of dormant infection and its subsequent progression to disease. These
symptoms are persistent and may include:

(1) extreme tiredness, sometimes combined with headache, dizziness, or light-
headedness;

(2) continued fever or night sweats;

(3) weight loss of more than 20 pounds which is not due to dieting or increased physical
activity;

(4) swollen glands in the neck, armpits or groin;

(5) purple or discolored growths on the skin or the mucous membranes (inside the mouth,
anus or nasal passages);

(6) heavy, continual dry cough that is not from smoking or that has lasted too long to be a
cold or flu;

(7) continuing bouts of diarrhea;

(8) thrush, a thick, whitish coating on the tongue or in the throat which may be
accompanied by sore throat;

(9) unexplained bleeding from any body opening or from growths on the skin or mucous
membranes; bruising more easily than usual; and

(10) progressive shortness of breath.
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The incubation period

Seroconversion for antibodies to HIV usually occurs within three to six weeks following
infection. In isolated instances the appearance of specific antibody does not appear until
months later. The viral subtypes appear to be one of the variables influencing the time
interval prior to antibody production. The onset of symptoms following infection with the
HIV-1 virus (and presumably HIV-2) is thought to range from six months to ten or more
years.

Disease progression

The immunologic hallmark of progressive HIV disease is the decline in the CD4+
lymphocyte count. Clinical manifestations are closely related to the CD4+ T-lymphocyte
count which in otherwise healthy individuals declines at a rate of approximately 75/l per
year. In general, HIV-infected individuals do not manifest immune deficiency
complications when the CD4+ lymphocyte count is 500/ul or above and rarely when the
counts are above 350/ul. As counts decline below 350/ul, symptoms, such as oral or
recurrent vaginal candidiasis, weight loss, herpes zoster, diarrhea, unexplained prolonged
fevers, seborrheic dermatitis and the risk for other opportunistic infections increases.
Bacterial infections such as pneumonia and listeriosis occur both early and late in the
progression of induced immune deficiency. Streptococcus pneumoniae and Hemophilus
influenzae are the most commonly identified pathogens. The risk of full blown disease
and death occurs at CD4+ T-cell counts of 100-150/pl.

The median period to AIDS in seropositive cohorts in the industrialized world has
been about 10 years.

CONSEQUENCES OF HIV INFECTION IN PREGNANCY

Maternal issues

If adjusted for stage of disease, pregancy per se does not appear to be an independent risk
factor for disease progression. What pregnancy does is provide an opportunity for
identification of HIV infection, education and early therapeutic intervention, over and
above fetal/ newborn considerations.

Given the life-prolongation achievable with antiretroviral therapy and
nonconsequential effects of pregnancy on survival more and more HIV-infected women
will have the opportunity to be pregnant. In general HIVV-positive women should receive
the same therapy as if they were not pregnant; however, some antiviral therpy may need
to be modified for fetal considerations. Efavirenz, a non-nucleoside reverse transcriptase
should be substituted. Experimental use in pregnant monkeys resulted in anencephaly,
anophthalmia and cleft palate being observered in 3 out of 13 study animals. Amprenavir
is contraindicated owing to concerns that pregnant women may not be able to adequately
metabolize propylene glycol. Hydroxyurea has been shown to be teratogenic in a number
of animal species and similarly should be avoided. If one agent in a regimen is stopped, a
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prudent decision is to replace it with an alternate drug. Continued updating of potential
teratogenic effects of antiretrovirus drugs is available through the CDC web site.

HIV-infected gravida may decide to withhold new or on-going therapy in the first
trimester owing to potential unidentified fetal risks. The potential risks of antiviral
therapy to the fetus must be weighed against the risk of in utero transmission, progression
of the immune deficiency and/or rebound in HIV titers. When restarted, all drugs in the
regimen should be reinstituted simultaneously.

Since the vast majority of infants become infected in the intrapartum period,
significant controversy has developed concerning the use of cesarean section delivery to
reduce the potential for intrapartum dissemination. It is estimated that at least 40% and as
high as 80% of perinatal HIV transmission occurs in the intrapartum period. Elective
surgical delivery should preclude maternal-fetal transfusion as well as exposure to
infected genital secretions. Abdominal delivery will not protect against transplacentally
acquired infection.

There is no clear consensus on this issue, owing to the relative absence of prospective
studies tightly focused on the matter. It is not uncommon for a physician to add the
immunocompetence of the mother as a factor in determining whether surgery can be
avoided. Pregnant women infected with HIV should have their viral load monitored. If,
despite aggressive antiviral therapy, the viral load is greater than 1000 copies/ml,
recognized leaders in this area such as Minkoff have argued for elective cesarean section
at 38 weeks. In addition to antiretroviral therapy and possible cesarean section, vaginal
cleansing with chlorhexidine has been used and may be of benefit for women who have
had membranes ruptured for four hours or greater.

When alternate sources of sustenance are available, breast-feeding should be avoided.

Neonatal issues

The majority of infected children acquired HIV from their infected mothers, presumably
due to transplacental infection or through blood and fluid exchanges in the birth process.
Prior to screening of the blood supply, a few children developed HIV from blood
transfusions. Currently, over 90% of pediatric HIV cases are believed to have been
congenitally acquired. The fetus or infant becomes infected primarily by three
mechanisms:

(1) infection of that portion of the placenta which has contact with maternal blood and is
subsequently spread to the fetus (transplacental);

(2) secondary contamination with blood at time of birth; and/or

(3) ingestion of infected breast milk.

Probability of in utero transmission

Exactly what the probability is of an asymptomatic pregnant woman giving birth to an
infected neonate is not known. Maternal-infant transmission rates vary widely in various
regions of the world. In most areas, they were initially overestimated, biased towards
investigating women with symptoms of HIV-1 disease, a factor known to lead to higher
transmission rates. In the US 16% to 30% of maternal-fetal transmission rates have been
recorded, with an incidence of 15% to 20% in Europe and 25% to 39% in Africa. Of
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potential clinical relevance is the recent finding that rates of HIV-2 transmission may be
much lower, possibly <5%.

St. Louis et al. demonstrated an inverse relationship between transmission and CD4+
percentage of total lymphocytes (transmission rates of 23%, 49%, 63%, and 77% for
CDA4+ cells of >30%, 20% to 29%, 10% to 19%, and <10%, respectively). When analysis
was limited to values obtained during the third-trimester, Burns et al. found that women
whose lowest antepartum CD4+ level was 20% were at a greater risk of transmitting HIV
to their infant (42% risk vs. 18% in those with CD4+ levels >20%). The longer infection
with HIV is present, the greater is the probability of in utero dissemination.

Determination of viral load defines disease activity, whereas CD4+ T-cell count
defines the degree of immunocompromise present and the potential for opportunistic
infections. Several methods are used to quantify HIV RNA. Thes include reverse
transcription polymerase chain reaction (PCR), bDNA, and the nucleic acid sequencing-
based amplification techniques. Ultrasensitive assays can detect as little as 50 copies/ml.

A variety of cofactors may be involved in facilitating vertical transmission of HIV.
These include factors related to disease progression such as clinical status, CD4+ cell
count, and p24 antigenemia, copresence of STDs, particularly when accompanied by
chorioamnionitis, viral phenotype, titer and character of neutralizing antibodies, and
genetic factors. Extreme prematurity is also associated with a higher rate of HIV
transmission, with infants born at <34 weeks of gestational age 3 times more likely to
acquire HIV. This has raised the possibility that a lack of transfer of specific maternal
antibodies is involved.

The greatest probability of in utero transmission occurs when virus reappears in the
blood and specific antibodies to the virus decline. Both advanced disease stage and
immunologic deterioration are generally associated with increased levels of viremia;
pregnant women with high viral load most likely represent a group with a particularly
high potential for wvertical transmission. Acute viremia associated with maternal
seroconversion in the year prior to pregnancy or during breast-feeding also appears to be
associated with higher rates of vertical transmission.

Once AIDS develops, the probability of transplacental transmission appears to
increase. In one published study of 20 mothers with AIDS, who had previously given
birth to infected infants, 13 transmitted the virus in utero to subsequent progeny. Even in
cases of documented transplacental transmission, dissemination is not an all or nothing
affair. At least two sets of twins have been born to mothers with AIDS in whom
infections and disease developed in one newborn and not in the other.

HIV transmission rates are higher with vaginal delivery involving the use of vacuum
extraction or episiotomy, but only in those hospitals where these procedures were not
routine. A meta-analysis of eight studies did show a small but significant decrease in HIV
transmission rates with cesarean section, though the magnitude of this difference did not
provide a sufficient reason to recommend such a procedure in most cases.

The reason for this trend may reside with the status of the fetal membranes at the time
of abdominal delivery. Landesmen et al. studied the impact of duration of rupture of the
fetal membranes on the probability of ensuing neonatal infection. Among mothers with
membranes that ruptured more than four hours before delivery, the rate of transmission of
HIV-1 to the infants was 25%, as compared with 14% among mothers with membranes
that ruptured four hours or less before delivery. In a multivariate analysis, the presence of
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ruptured membranes for more than four hours nearly doubled the risk of transmission,
regardless of the mode of delivery.

Adverse neonatal consequences

Disease which antedates a pregnancy or is manifested in pregnancy can have harmful
effects on both the pregnant woman and unborn child. Of the 34 infants with AIDS or
ARC reported by Minkoff et al., approximately one out of three (11 of 34) were either
low birthweight neonates and/or preterm births (11 of 34). In a majority of cases, siblings
born before any affected offspring were significantly heavier. However, the majority of
these infants were born to mothers who have a traditionally high incidence of low
birthweight infants. Ryder et al. looked at the adverse neonatal/infant consequences of
HIV-1 positivity compared to matched seronegative controls. Infants born to seropositive
gravidas had:

(1) more frequent premature births;
(2) lower birthweights; and
(3) higher neonatal death rates at one year of age (21% vs. 3.8% had died).

The affected child’s age at the onset of symptoms does not correlate with birthweight,
mode of delivery or status of membranes at the onset of labor. The mode of delivery of a
potentially HIV-1 infected neonate did not appear to adversely affect the development of
pediatric illness. Operative cesarean section delivery did not guarantee neonatal well-
being and is not warranted. If the neonate is infected in utero, the subsequent prognosis is
poor. Sixty percent are dead within the first year of life. The principal clinical expression
of pediatric AIDS or ARC is the development of pneumonia, enlarged lymph nodes, large
liver, large spleen, or protracted diarrhea.

Not all infants who develop clinical AIDS are seropositive for HIV-1. Of 76
seronegative infants born to HIV seropositive gravidas reported by Ryder et al., nine
developed symptoms suggestive of AIDS despite continued seronegativity.

Postnatal transmission through breast milk

Breast-feeding is a clear risk factor. Fourteen percent of mothers who acquired HIV at or
just prior to delivery infected their infants, whereas mothers infected post-delivery had a
29% (7-22%) transmission rate through breast-feeding. It is recommended that breast-
feeding by infected mothers be discouraged in the US, although in underdeveloped
countries the benefits of breast-feeding appear to outweigh the risk of virtual
transmission. In the Third World countries, the decision as to whether or not an HIV-
positive mother should breastfeed her newborn may be influenced by the availability of
an alternative protein source for the infant.
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PRENATAL SCREENING FOR HIV

To protect the unborn/unconceived child, the Centers for Disease Control initially
recommended that antibody testing be used to help identify HIV-positive women and to
encourage them to defer childbearing for the foreseeable future.

The potential of congenitally acquired disease is greatest for babies born to mothers
with one or more of the following characteristics:

(1) women who have HIV infection;

(2) women who have previously delivered a baby with AIDS or ARC;

(3) women who have used drugs intravenously for nonmedical purposes since 1978 or
whose sexual partners have done so in this time period;

(4) residents since 1978 of countries where heterosexual transmission is thought to play a
major role, e.g., Haiti and central Africa;

(5) women who are or who have been sexual partners of intravenous drug abusers,
bisexual men, men with hemophilia, men who were born in countries where
heterosexual transmission is thought to play a major role in transmission of infection,
or men who otherwise have evidence of HIV infection; and

(6) women who engage in prostitution.

The majority of congenitally infected infants are currently born to asymptomatic mothers,
approximately one-third of whom have no immediately identifiable risk factors. Selective
testing will not safeguard the workplace or significantly impact on the incidence of HIV-
1 infection in pregnant women. What it may do is introduce a false sense of security
which may increase the possibility of nosocomial infection among healthcare providers.

Even if cost-benefit was discarded as an argument against the implementation of
compulsory screening, whatever advantages might be derived from this kind of program
will be negated by three factors which are destined to rewrite current AIDS avoidance
strategy:

(1) seronegativity does not preclude HIV infection;

(2) HIV-2 is being introduced into the United States and will spread in an insidious
manner over the next two decades; and

(3) HTLV-I infection is increasing.

The public health problems created by HIV-1 will be compounded by the continued
spread of HIV-2. HIV-2 is endemic to West Africa. The virus has recently been
demonstrated to be in Europe, North America and Brazil. Cortes et al. have demonstrated
that HIV-1 and HIV-2 dual infection does occur. The modes of dissemination of HIV-2
appear to be identical to those functioning for HIV-1. It is reasonable to assume that a
pattern of penetration comparable to HIV-1 will materialize.
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CDC RECOMMENDATIONS FOR HIV-2 TESTING

Because epidemiologic data indicate that the prevalence of HIV-2 in the United States is
low, CDC does not currently recommend routine testing for HIV-2 at US HIV counseling
and test sites or in settings other than blood centers. However, when HIV testing is to be
performed, tests for antibodies to both HIV-1 and HIV-2 should be obtained when
demographic or behavioral information suggests that HIV-2 infection might be present.

Another retrovirus, HTLV-I (human T-cell lymphotrophic virus type 1) which has
been closely associated with leukemia, is presently evident in 1-4% of the general
population in the Caribbean and 5-15% among high-risk groups for HIV-1. Dual
infection with HIV-1 and HTLV-1 does occur. It is distinct from the dual infection with
HIV-1 and HIV-2. The presence of HTLV-I appears to accelerate progression of HIV
infection to AIDS in addition to its own morbidity and mortality. The risk of HTLV-I
infection from transfused blood products that have been screened for antibodies to HIV-1
is nearly ten-fold higher than the risk of HIV-1 infection.

Voluntary prenatal testing is needed, not for HIV infection identification, but as a
vehicle to educate and alter risk-enhancing behavior to ALL the retroviruses. The CYA
for healthcare professionals is not testing, but rather the aggressive implementation of
universal precautions. Our current proposals for prenatal screening are time limited and
do not adequately address the complexity in which the retroviruses and society interface.

Rather than advocating selective HIV testing in moderate and high prevalence areas,
we should be moving towards a policy of education and offering of voluntary testing to
all pregnant women. To impact on the dissemination of infection, every healthcare
opportunity must be utilized to arm our patients with information by which they can
make critical life decisions. For the majority of women, pregnancy is a recurring
educational event.

USE OF ZIDOVUDINE TO REDUCE PERINATAL
TRANSMISSION

In 1994, the Centers for Disease Control issued its recommendations for the use of
zidovudine (ZDV) to reduce perinatal transmission (Table 14.2). The decision to do so
was prompted by the ACTG Protocol 076ZDV study which indicated that ZDV would
likely reduce the risk for perinatal transmission by about two-thirds. The following
material is from their subsequent recommendations.

Clinical situation (CDC)

l. Pregnant HIV-infected women with CD4+ T-lymphocyte counts >200/ul who are
at 14-34 weeks of gestation and who have no clinical indications for ZDV and no
history of extensive (>6 months) prior antiretroviral therapy.
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Discussion

The results of ACTG Protocol 076 are directly applicable only to women who meet the
entry criteria for the study. The data from that study indicate that the complete ACTG
Protocol 076 ZDV regimen will likely reduce the risk for perinatal transmission by about
two-thirds.

Although ZDV was successful in reducing perinatal transmission, the study regimen
did not completely prevent it. The possible reasons for transmission to these infected
infants are being evaluated but have not yet been identified. Several case reports also
have described perinatal transmission despite the initiation of ZDV therapy during
pregnancy.

Although long-term toxicity to infants is unknown, this risk must be weighed against
the decreased risk for transmission of an infection associated with substantial risk of
death.

Recommendation

The healthcare provider should recommend the full ACTG Protocol 076 regimen to all
HIV-infected pregnant women in this category. This recommendation should be
presented to the pregnant woman in the context of a risk-benefit discussion: a reduced
risk of transmission can be expected, but the long-term adverse consequences of the
regimen are not known. The decision about this regimen should be made by the woman
after discussion with her healthcare provider.

I1. Pregnant HIV-infected women who are at >34 weeks of gestation, who have no
history of extensive (>6 months) prior antiretroviral therapy, and who do not
require ZDV for their own health.

Discussion

This patient population has clinical characteristics similar to those of women enrolled in
ACTG Protocol 076; the major difference is gestational age at which ZDV therapy would
begin. Therefore, the ZDV regimen for these women would differ from the ACTG
Protocol 076 regimen only in duration of antenatal therapy. As much as 50-70% of
perinatal transmission may occur close to or during delivery. Therefore, the ACTG
Protocol 076 ZDV regimen may have some benefit when initiated at>34 weeks of
gestation, although the intervention is likely to decrease in effectiveness as the duration
of antenatal ZDV administration is reduced.

A study evaluating the effect of ZDV on quantitative p24 antigen levels indicates that
maximal effect is observed after 8-16 weeks of therapy. A shorter duration of ZDV
therapy may thus be associated with an effect on maternal viral load that is less than can
be anticipated when ZDV is initiated before 34 weeks of gestation. Both potential risks
and benefits for the woman and her infant may decrease the closer to delivery that the
ZDV regimen is initiated.
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Recommendation

The healthcare provider should recommend the full ACTG Protocol 076 regimen in the
context of a risk-benefit discussion with the pregnant woman. The woman should be
informed that ZDV therapy may be less effective than that observed in ACTG Protocol
076, because the regimen is being initiated late in the third trimester.

I11. Pregnant HIV-infected women with CD4+ T-lymphocyte counts <200/ul who
are at 14-34 weeks of gestation, who have no other clinical indications for ZDV, and
who have no history of extensive (>6 months) prior antiretroviral therapy.

Discussion

Women in this group meet the current standard of care for ZDV treatment of HIV
infection for their own benefit; therefore, administration of ZDV during pregnancy for
these women provides direct benefit to them as well as potential benefit to their infants.
The risk for HIV transmission to the infants of HIV-infected pregnant women with low
CD4+ T-lymphocytes or percent of total lymphocytes ranges from 22% to 60%.Viral
load has been shown to increase as CD4+ T-lymphocyte count decreases; thus, baseline
viral loads can be expected to be high among the women in this group.

Although viral replication and resultant capacity for mutations in this group are high,
preexisting ZDV-resistant viral strains are unlikely to be present because these women
have had little or no exposure to ZDV. Therefore, ZDV therapy can be expected to result
in an acute reduction in maternal viral load analogous to that observed in women who
have CD4+ T-lymphocyte counts >200/ul. Additionally, the mother’s CD4+ T-
lymphocyte count would not be expected to affect ZDV levels or toxicity in the infant
after administration of ZDV during labor and the first 6 weeks of life. Hence, maternal
CD4+ T-lymphocyte count should not affect the potential utility of neonatal levels of
systemic ZDV for reducing intrapartum transmission.

Recommendations

The healthcare provider should recommend initiation of antenatal ZDV therapy to the
woman for her own health benefit. The intrapartum and neonatal components of the
ACTG Protocol 076 regimen should be recommended until further information becomes
available. This recommendation should be presented in the context of a risk-benefit
discussion with the pregnant woman.

IV. Pregnant HIV-infected women who have a history of extensive (>6 months)
ZDV therapy and/or other antiretroviral therapy before pregnancy.

Discussion

Women who have received extensive prior ZDV therapy may be infected with viral
strains with reduced susceptibility to ZDV. These resistant strains of HIV can be
transmitted from mother to fetus; however, the frequency with which such transmission
occurs is unknown.
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Resistant virus appears to emerge more quickly if therapy is initiated at later stages of
HIV disease. The appearance of mutations associated with ZDV resistance follows a
temporal pattern, and the level of in vitro resistance is proportional to the number of
mutations in the reverse transcriptase-coding region of HIV. Phenotypically and
genotypically diverse HIV populations can coexist in patients who are receiving ZDV
therapy.

In one study, ZDV-resistant strains appeared earlier during ZDV therapy in patients
with advanced HIV disease than in patients whose ZDV therapy was initiated at an early
stage of the disease. After 12 months of ZDV therapy, viral isolates from 89% of patients
with late-stage disease and 31 % of those with early-stage disease were resistant.
However, isolates from only 33% of late-stage patients demonstrate high-level resistance
(defined as a 100-fold decrease in susceptibility. Resistant virus also was more likely to
be isolated from patients who had low CD4+ T-lymphocyte counts when therapy was
initiated: 1-year estimated rates of resistance in patients with baseline CD4+ T-
lymphocyte counts of >400, 100-400, and <100 cells/ul were 27%, 41%, and 89%,
respectively. In patients with advanced disease, high-level resistance develops after 6-18
months of therapy. However, in patients with early-stage disease, high-level resistance
appears to be delayed until after 24 months of therapy. Therefore, ZDV-resistant strains
are likely to be more common in women with advanced disease who have received
prolonged therapy.

ZDV-resistant viral strains also may be more common in persons receiving alternative
antiretroviral agents because their disease progressed while they were receiving ZDV
therapy. There is controversy regarding the association of clinical disease progression
during ZDV therapy with the development of ZDV resistance and regarding whether
resistance persists when therapy is changed to an alternative antiretroviral agent. Some
studies involving small numbers of children have indicated that in vitro susceptibility to
ZDV is correlated with clinical outcome, suggesting that ZDV-resistant isolates are
associated with diminished efficacy of ZDV and more rapid clinical progression.

However, at least one study indicated that disease progression may be associated more
closely with the development of syncytia-inducing viral phenotype than with resistance to
ZDV. Change to alternative antiretroviral therapy has been associated with reversal of
ZDV resistance in some studies, but resistance has been reported to persist for
considerable periods of time after discontinuation of ZDV. The prevalence of ZDV-
resistant viral strains in women who are receiving alternative antiretroviral agents
because of disease progression has not been defined.

The capability of ZDV to reduce HIV transmission may be decreased for mothers in
whom ZDV-resistant strains predominate, particularly if the strains have highlevel
resistance; however, this assumption is not yet supported by data. Further clinical trials to
evaluate alternative approaches for such women are needed.

Recommendation

Because data are insufficient to extrapolate the potential efficacy of the ACTG Protocol
076 regimen for this population of women, the healthcare provider should consider
recommending the ACTG Protocol 076 regimen on a case-by-case basis after a
discussion of the risks and benefits with the pregnant woman. Issues to be discussed
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include her clinical and immunologic stability on ZDV therapy, the likelihood that she is
infected with a ZDV-resistant HIV strain, and, if relevant, the reasons for her current use
of an alternative antiretroviral agent (e.g. lack of response to or intolerance of ZDV
therapy). Consultation with experts in HIV infection may be warranted. The healthcare
provider should make the ACTG Protocol 076 regimen available to the woman, although
its effectiveness may vary depending on her clinical status.

V. Pregnant HIV-infected women who have not received antepartum
antiretroviral therapy and who are in labor.

Discussion

Data from studies in humans are insufficient to evaluate the potential effectiveness of
ZDV in this situation. Because the mother’s exposure to ZDV would be brief, such
therapy can be expected to have no effect on the level of maternal virus in blood or
genital secretions. However, because of the intravenous loading dose and continuous
infusion of ZDV during labor, the infant will be born with circulating levels of ZDV
similar to those of infants whose mothers have received antenatal as well as intrapartum
ZDV. ZDV may have some utility for this group of patients regardless of whether the
pregnancy is at term or preterm because the presence of systemic levels of ZDV in the
infant before or shortly after HIVV exposure through contact with the mother’s blood and
genital secretions during delivery may help prevent intrapartum transmission.

The intravenous route was chosen for drug dosing during labor in ACTG Protocol 076
because continuous intravenous infusion of drug after an initial loading dose results in
predictable levels of ZDV in the mother. Under optimal circumstances, these maternal
levels provide a substantial fetal blood level during birth, when the infant is presumed to
be exposed extensively to HIV through contact with the mother’s blood and genital
secretions. Because gastric emptying is delayed during labor, the absorption of orally
administered drugs is unpredictable. Therefore, oral administration of ZDV during labor
might produce widely variable systemic levels in the mother and infant. Oral ZDV
administered intrapartum cannot be assumed to be equivalent to the intravenous
intrapartum ZDV component used in ACTG Protocol 076. Further studies are needed to
characterize the pharmacokinetics of oral ZDV during labor.

Intrapartum ZDV cannot prevent the substantial number of infections that occur before
labor. Therefore, ZDV administered only during labor and to the newborn may not be
effective.

Because the mother would receive ZDV only during labor, her risk for developing
resistant virus or ZDV toxicity would be minimal. The primary risk is that associated
with an intravenous catheter. The risk to the infant would be limited to the potential
toxicity associated with transfer of drug from the maternal intrapartum infusion and with
6 weeks of oral ZDV therapy, without in utero exposure to the drug. The effect of
neonatal ZDV treatment in ameliorating disease progression in infected infants is
unknown. Clinical trials should be designed to address the efficacy of antiretroviral
therapy in this situation.
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Recommendation

For women with HIV infection who are in labor and who have not received the
antepartum component of the ACTG Protocol 076 regimen (either because of lack of
prenatal care or because they did not wish to receive antepartum therapy), the healthcare
provider should discuss the benefits and potential risks of the intrapartum and neonatal
components of the ACTG Protocol 076 regimen and offer ZDV therapy when the clinical
situation permits.

PARTURITIONAL MANAGEMENT OF PROGENY OF HIV-
POSITIVE GRAVIDA

The elective use of invasive procedures which may result in a maternal-fetal blood
interface such as the use of scalp electrodes should be avoided. Blood and body fluids
from pregnant women with one or more possible risk characteristics should be treated as
if they harbored the virus. Great care should be exercised in avoiding exposure of the
baby and others to blood and body fluids:

(1) healthcare providers should not handle newborns with bare hands until all secretory
matter has been washed off;

(2) strict precautions similar to those employed for hepatitis B virus should be employed;
and

(3) breast-feeding should be discouraged. Separation of the mother and infant postpartum
does not appear warranted.

The precautions used in HIV-positive pregnant women are the same as those used for
gravida who have serological evidence of hepatitis virus infection.

ANTE-, INTRA-, AND POSTPARTUM MANAGEMENT

The new therapeutic options have made AIDS a chronic disease. Voluntary HIV testing
done early in pregnancy is identifying many gravida with early infection. Initial
management begun in pregnancy can have long-term consequences for better mother and
baby outcomes.

Management of the HIV-positive gravida involves more than antiretroviral therapy.
Critical to management of such a patient is the quality of patient counseling for
antepartum treatment, intrapartum, and postpartum treatment.

Preconceptional counseling
HIV positive women considering pregnancy can be divided in three main groups:

(1) HIV+ woman with HIV+ man;
(2) Discordant couple HIV+ woman and HIV— man;
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(3) Discordant couple HIV—woman with HIV+ man.

HIV+ woman with HIV+ man

When both partners are HIV positive, vertical transmission rates depending on treatment
and immune status can vary from 1% to 50%. In an untreated population with no formal
care, vertical transmission can be as high as 33%. If breast-feeding is added to this rate, it
will increase by 20% taking the vertical transmission rate up to 50%. If viral loads are
less than 1000 copies/ml (HIV-1 RNA), the vertical transmission rate has been reported
to be as low as 1 %, but still not zero percent.

Patients who are not pregnant but on HAART (highly active antiretroviral treatment)
therapy should not be advised to stop or change therapy unless the combination

Table 14.2 CDC situations and recommendations
for use of zidovudine to reduce perinatal HIV
transmission (1994)

*Note:These recommendations do not represent approval by the Food and Drug Administration
(FDA) or approved labeling for the particular product or indications in question.

I. Pregnant HIV-infected women with CD4+ T-lymphocyte counts >200/ul who are at 14-34
weeks of gestation and who have no clinical indications for ZDV and no history of extensive
(>6 months) prior antiretroviral therapy.

Recommendation: The healthcare provider should recommend the full ACTG Protocol 076
regimen to all HIV-infected pregnant women in this category.This recommendation should be
presented to the pregnant woman in the context of a risk-benefit discussion: a reduced risk of
transmission can be expected, but the long-term adverse consequences of the regimen are not
known.

11. Pregnant HIV-infected women who are at >34 weeks of gestation, who have no history of
extensive (>6 months) prior antiretroviral therapy, and who do not require ZDV for their
own health.

Recommendation: The healthcare provider should recommend the full ACTG Protocol 076
regimen in the context of a risk-benefit discussion with the pregnant woman. The woman should be
informed that ZDV therapy may be less effective than that observed in ACTG Protocol 076,
because the regimen is being initiated late in the third trimester.

I11. Pregnant HIV-infected women with CD4+ T-Lymphocyte counts <200/ul who aro at 14—
34 weeks of gestation, who have no other clinical indications for ZDV, and who have no
history of extensive (>6 months) prior antiretroviral therapy.

Recommendation: The healthcare provider should recommend initiation of antenatal ZDV therapy
to the woman for her own health benefit. The intrapartum and neonatal components of the ACTG
Protocol 076 regimen should be recommended until further information becomes available. This
recommendation should be presented in the context of a risk-benefit discussion with the pregnant
woman.

1V. Pregnant HIV-infected women who have a history of extensive (>6 months) ZDV therapy
and/or other antiretroviral therapy before pregnancy.

Recommendation- Recalise data are instifficient to extrannlate the notential efficacv of the ACTG
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Protocol 076 regimen for this population of women,the healthcare provider should consider
recommending the ACTG Protocol 076 regimen on a case-by-case basis after a discussion of the
risks and benefits with the pregnant woman. Issues to be discussed include her clinical and
immunologic stability on ZDV therapy, the likelihood she is infected with a ZDV-resistant HIV
strain, and, if relevant, the reasons for her current use of an alternative antiretroviral agent (e.g.,
lack of response to or intolerance of ZDV therapy). Consultation with experts in HIV infection may
be warranted. The healthcare provider should make the ACTG Protocol 076 regimen available to
the woman, although its effectiveness may vary depending on her clinical status.

V. Pregnant HIV-infected women who have not received antepartum antiretroviral therapy
and who are in labor.

Recommendation: For women with HIV infection who are in labor and who have not received the
antepartum component of the ACTG Protocol 076 regimen (either because of lack of prenatal care

or because they did not wish to receive antepartum therapy), the healthcare provider should discuss
the benefits and potential risks of the intrapartum and neonatal components of the ACTG Protocol

076 regimen and offer ZDV therapy when the clinical situation permits.

V1. Infants who are born to HIV-infected women who have received no intrapartum ZDV
therapy.

Recommendation: If the clinical situation permits and if ZDV therapy can be initiated within 24
hours of birth,the healthcare provider should offer the ACTG Protocol 076 postpartum component
of 6 weeks of neonatal ZDV therapy for the infant in the context of a risk-benefit discussion with
the mother. Data from animal prophylaxis studies indicate that, if ZDV is administered, therapy
should be initiated as soon as possible (within hours) after delivery. If therapy cannot begin until
the infant is>24 hours of age and the mother did not receive therapy during labor, no data support
offering therapy to the infant.

includes (Sustiva®) due to teratogenic potential of anencephaly. It is important that the
coordination of any change be done as a team with the patient’s HIV primary provider.
Patients may have history of positive drug resistance studies (phenosense tests) or are
drug intolerant or have shown failure to the treatment previously.

Discordant couple HIV+ woman and HIV— man

Having a HIV positive woman and a negative partner, the first big decision comes when
the couple wishes for a pregnancy. This decision to do so or not to do so resides with the
individuals involved. The physician should be informative, but neutral. If the male
partner is negative, then the option for safely advised pregnancy should be discussed and
explained clearly: patients take their basal body temperature, and when raised have their
partner take his ejaculate and dispense it in the vagina via a syringe (assistance of a
physician helps ensure better method) at the time of ovulation. This method prevents
mucosal contact and the male partner is not at risk. This method can be done
inexpensively with the use of disposable dixie cups and a turkey baster and a
thermometer. The author has had patients achieve pregnancies with this technique.
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Discordant couple HIV—woman with HIV+ man

When the woman is seronegative and the male partner is HIV positive, this situation
presents a more difficult scenario. Two centers have used a method of sperm washings
and in vitro fertilization (IVF). Financial and legal concerns may limit this approach.

Postconceptional counseling

Women presenting after having been diagnosed HIV positive are usually treatment naive
patients and anxious. Supportive, psychologic, social, and medical care needs to be
coordinated. Patients tend to be in a state of shock/denial (5 steps in crisis description)
when asked what being HIV positive means to them the usual reply being, “it means |
die.” The patient should be given information on vertical transmission (Table 14.3) and
the chronic nature of long-term actual treatment options.

The two big questions almost always asked by patients are:

Will being pregnant make the course of HIV in me worsen? The answer is NO. Early
in the endemic, the only pregnant women being tested were very ill and this was felt to be
the case. Cohort studies showed the pregnancy does not worsen the progression of HIV.

How does the HIV positivity of a newborn affect the pregnancy? The baby will be
born with a positive blood test (detected by enzyme-linked immunogorbent assay
(ELISA) Western blot) due to passive transmission of antibodies. Approximately 6 weeks
postpartum, 66% of infants without treatment will be seronegative. It should be noted that
with treatment, subsequent transmission can be as low as less than 1%.

Table 14.3 Relationship of antiretroviral treatment
to vertical transmission

Antiretroviral treatment regimen Percentage of vertical transmission
076 study AZT 8.3%

C/S+AZT 2%

HAART Less than 1%

Bangkok oral AZT 9.4%

Uganda Nevirapine 13.3%

Nothing 33%
Nothing+Breast-feeding 50%

AZT, azidothymidine (zidovudine); C/S, Cesarean section; HAART, highly active antiretroviral
treatment

Special considerations for treatment

It should be noted that some patients may choose to wait until after the first trimester to
start therapy. Certain antiretroviral drugs should be avoided in pregnancy. Efavirenza
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(Sustiva®) should not be used due to reports of anencephaly. Hydroxyurea is teratogenic
and should not be used in first trimester.

There have been reports of lactic acidosis and hepatic steatosis in woman patients
treated with nucleosides. Three maternal deaths have been reported due to lactic acidosis.

It should be noted that in countries where the AZT treatment option of the 076 study is
not available, two alternatives have shown decreased transmission.

The Uganda study with nevirapine in labor found a 13.3% vertical transmission at 14
weeks. The Bangkok data with oral AZT had 9.4% transmission rate (Table 14.3).

Initial laboratory evaluation

(1) All patients that are newly diagnosed must have a repeat ELISA and Western blot
done. In any large health system, mistakes occur. It is worth verifying the best test to
rule out sample mix up. Some patients may have equivocal tests and actually be false
positives.

(2) Patients should have baseline renal, liver function tests, RRR, Hepatitis B and C,
complete blood counts and platelets. When indicated CXR and TB screening test.

(3) Baseline T-cell subset studies, and HIV and viral load studies.

(4) Certain experts recommend sensitivity testing either phenosenses or genotype in all
positive HIV pregnant women. If the viral load is less than 50 to not detectable, this
test cannot be done. Sensitivity testing is certainly important in nontreatment naive
patients with especially high viral loads, or with evidence of resistance or failure of
treatment. Mostly it is important when the main issue is to avoid the vertical
transmission and disastrous outcomes for any newborn that may result positive for
HIV transmission.

(5) Viral loads+CD4 counts should be monitored every three months and drawn at the
time of delivery.

Treatment consultation and options

Indications for treatment of the asymptomatic patient when not pregnant are CD4 counts
less 350/mm? and viral load (HIV-1 RNA) greater than 55000 copies/ml. These patterns
will dramatically change during pregnancy; treatment should be offered if the level of
HIV-1 RNA is more than 1000 copies/ml, rather than being above 55000 copies/ml.

With the advent of combination therapy, the use of single agent AZT would not be the
standard in the nonpregnant state. Decreased vertical transmission with HAART therapy
following decreasing viral loads has revealed a level of less than 1% over 100 patients in
a cohort private patient population in Houston, Texas using Combivir® and Viracept®
combined therapy. However, treatment options with combination therapy can be quite
complicated.
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INTERRELATIONSHIPS OF HIV INFECTION WITH OTHER
SEXUALLY TRANSMITTED DISEASES

HIV infection appears to be facilitated by STDs that cause genital ulcers. Such STDs
include syphilis, herpes simplex virus, and chancroid.

Studies in Kenya suggest an extraordinary impact of STDs on HIV spread. According
to Eckholm, in partners free of venereal disease, the chance of transmitting HIV from an
infected female to a male in a single act of vaginal-penile intercourse is below 0.2%, but
the risk jumps to 5-10% when the woman has an active genital ulcer.

The immunosuppression produced by HIV infection can and does impact on other
STDs. Cases have begun to be identified in which an altered response to standard therapy
occurs in those STD diseases which require T-cell participation for resolution; prime
examples are Treponema pallidum and herpes simplex viruses.

Several investigators have reported the development of neurological complications
despite adequate penicillin therapy in HIV-positive patients infected with Treponema
pallidum. These reports have suggested that penicillin alone is probably not adequate
therapy to eradicate infection in the absence of vigorous host response. The immunologic
response of patients appears to be important in controlling infection, even in the presence
of adequate antibiotic therapy.

HIV-infected individuals have an increased incidence of anal and cervical cancer
related to human papilloma virus types 16 and 18. Cervical intraepithelial neoplasia
(CIN) is 4-5 times higher in HIVV-seropositive women than in HIVV-seronegative women.

DIAGNOSIS

There is no test to determine if a person has AIDS or will develop AIDS in the future.
Tests have been developed for detecting antibodies to HIV-1. Presence of HIV-1
antibodies means only that a person has been exposed to the virus; it does not guarantee
that the individual has or will develop AIDS.

Since there is no single diagnostic test for AIDS, diagnosis is based on evaluation of a
variety of indicators including immune system function and presence of HIV-1 antibodies
and AlDS-associated infections and diseases. The combination of HIV-1 antibodies in
conjunction with demonstrable abnormalities of immunological function strongly favors
the probability of disease in evolution.

HIV testing

Anonymous HIV-1 antibody testing is provided by many State Departments of Health for
persons who wish to know if they have been exposed to the virus. Persons should receive
counseling as to what the test results mean and what preventive actions they may take to
minimize further exposure to the virus or potential transmission to others.

What must be stressed is that the test that detects antibodies to HIV-1 is not a
diagnostic test for AIDS. Persons exposed to the HIV-1 virus may not develop AIDS.
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What testing does do is to identify individuals capable of spreading the infection. All
individuals infected with the HIV-1 virus—even those who remain completely symptom-
free—probably will be infectious for their entire lives and be able to pass the virus on to
others.

Antibodies to HIV-1 can be detected by several techniques. The principal techniques
used are the enzyme-linked immunosorbent assay (ELISA) and the Western blot analysis.
The ELISA test is used to identify the presumptive presence of antibodies against HIV-1
in a serum sample. The Western blot test permits documentation of antibodies to specific
viral proteins and thus is a more specific test of serological reactivity.

A positive HIV-1 test by ELISA does not necessarily mean that an individual has been
infected with the virus (Table 14.4). False-positive ELISA tests have been reported in
association with the use of oral contraceptives and prior multiple births. Over 1000
ELISA-positive but Western blot-negative individuals have been serially followed. Not
one of them has either developed antibodies to HIV-1 or developed signs or symptoms of
disease. Confirmation requires the individual to have, concomitantly, a positive HIV-1
test by the Western blot method (Table 14.5). Even though rare cases of false-positive
tests by both methods may exist, patients with antibodies to HIV-1 as determined by
ELISA and Western blot must be considered infectious for purposes of transmission of
the virus. Approximately 60% of individuals who test HIV-1 positive can be
demonstrated to have the virus in their bloodstream. However, a positive antibody test is
not diagnostic of disease. Not everyone with HIV-1 antibodies necessarily

Table 14.4 Disease entities associated with false-
positive ELISA reactions

1. Hematological malignancies (e.g., multiple myeloma)
2. Acute DNA viral infections
3. Alcoholic hepatitis
4. Primary sclerosing cholangitis
5. Autoimmune disease, i.e., rheumatoid arthritis, SLE
Table 14.5 Interpretation of Western blot results
Negative No bands
Positive Presence of P24, P31, and GP41 or GP160 bands
Indeterminate Any bands which do not meet the criteria for positive

*Any individual with indeterminate test results must be retested.

develops AIDS-related complex (ARC) or AIDS; however, again, infected individuals
may well remain infectious to others for life.
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Congenital infection

Simply demonstrating placental infection does not necessarily imply fetal spread. Like
rubella, placental infection can occur without subsequent engenderment of a secondary
viremia. Diagnosis of HIV infection in children is confounded by the fact that maternal
IgGs can cross the placenta and remain in the infant’s circulation until approximately 18
months of age. Indeed by 10 months only one-half of infants have lost maternal anti-HIV
antibody. Viral isolation, proviral amplification by PCR, and other technologies will
provide the potential of therapy such that a commitment to treatment will be implemented
pending documentation at time-points 3 months postpartum.

ACOG’s position on HIV testing

Prior to July of 1996, the American College of Obstetricians and Gynecologists (ACOG)
advocated that HIV testing be offered to pregnant women thought to be at high-risk.
Because of the following three factors, this policy was changed:

(1) women of child-bearing age make up the fastest-growing population of new HIV
infections in the United States;

(2) the rate of transmission of HIV from pregnant women to their newborns ranges from
25% to 28%;

(3) treatment of pregnant women during pregnancy and delivery and their newborns
following delivery with zidovudine can reduce the rate of transmission by
approximately two-thirds, according to the National Institutes of Health-sponsored
AIDS Clinical Trial Group 076 study

ACOG currently recommends:

(1) that all pregnant women receive HIV education and counseling as part of their regular
prenatal care; and that
(2) HIV testing be performed in all pregnant women with their consent.

Diagnosis of HIV-2 infection

Although considerable serologic cross-reaction occurs between HIV-1 and HIV-2, HIV-2
infection may not be diagnosed when screening is done exclusively with HIV-1 tests.
From 60% to 91% of HIV-2-infected persons will test repeatedly reactive by HIV-1
whole-virus lysate enzyme immunoassay (EIA). Because HIV-2 infections are not always
detected by HIV-1 antibody tests, antibody tests for HIV-2 have been developed. On
April 25, 1990, the Food and Drug Administration (FDA) licensed an EIA test kit for
detection of antibodies to HIV-2 in human serum or plasma. According to data provided
to the FDA by the test manufacturers, HIV-2 antibodies are detected with>99%
sensitivity by FDA-licensed HIV-1/HIV-2 EIAs and the FDA-licensed HIV-2 EIA.
However, analogous to the diagnosis of HIV-1 infection, diagnosis of HIV-2 infection
requires more specific supplemental tests, such as an HIVV-2 Western blot. The diversity
of protein bands, especially glycoprotein bands, is greater on the HIV-2 Western blot
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tests than on HIV-1 Western blot tests. This variation occurs because the various HIV-2
Western blot tests use different strains of HIV-2 and because of the different methods by
which HIV-2 antigens are prepared before separation by electrophoresis.

The following procedures have been recommended if testing for both HIV-1 and HIV-
2 is performed by means of a combination HIV-1/ HIV-2 EIA. A repeatedly reactive
specimen by HIV-1/HIV-2 EIA should be tested by HIV-1 Western blot (or another
licensed HIV-1 supplemental test). A positive result by HIVV-1 Western blot confirms the
presence of antibodies to HIV, and testing for HIV-2 is recommended only if HIV-2 risk
factors are present. If the HIV-1 Western blot result is negative or indeterminate, an HIV-
2 EIA should be performed. If the HIVV-2 EIA is positive, an HIV-2 supplemental test
should be performed.

Indications for testing for HIV-2 infection
Persons at risk for HIVV-2 infection include:

(1) sexual partners of a person from a country where HIV-2 is endemic (this category
includes persons originally from such countries);

(2) sexual partners of a person known to be infected with HIV-2;

(3) persons who received a transfusion of blood or a nonsterile injection in a country
where HIV-2 is endemic;

(4) persons who shared needles with a person from a country where HIV-2 is endemic or
with a person known to be infected with HIV-2; and

(5) children of women who have risk factors for HIV-2 infection or who are known to be
infected with HIV-2.

Additionally, testing for HIV-2 is indicated when there is clinical evidence for or
suspicion of HIV disease (such as an AlDS-associated opportunistic infection) in the
absence of a positive test for antibodies to HIV-1 and in cases in which the HIV-1
Western blot exhibits the unusual indeterminate pattern of GAG (p55, p24, or p17) plus
POL (p66, p51, or p32) bands in the absence of ENV (gp160, gp120, or gp41) bands.

Table 14.6 Blood and body fluid precautions

(1) Blood and other specimens should be labeled prominently with a special warning,such as
‘Blood and Body Fluid Precautions’ along with the lab or specimen sheets. If the outside of the
specimen container is visibly contaminated with blood or body fluids, it should be cleansed
with household bleach and water (1:10 dilution). Clorox solution should be mixed and labeled
for this purpose. All blood specimens should be placed in a second container, such as an
impervious bag, for transport. The bag or container should be examined carefully for cracks or
leaks.

(2) Pap smear slides should be labeled with a ‘Precaution’ label and placed in an empty Pap smear
box that is also labeled. The box should then be placed in an impervious bag and taken to the
lab. Remember to label the Pap requisition with ‘Blood and Body Fluid Precautions’.

(3) Blood spills, body fluids and secretions should be cleaned up promptly with a disinfectant
solution of household bleach and water. Disposable gloves should be worn.

(4) Infections waste hamners shauld he tilized for disnnsal of infections waste (excludina sharns
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liquid body wastes, linen or instruments). Lined infectious waste hampers with infectious
waste bags on the inside and clear autoclave bags on the outside are advocated.

(5) All contaminated linen should be placed in a water-soluble bag first and then into the nylon
linen bag which is then taken to the area’s respective dirty linen room.

(6) Examination tables should be wiped down using the Clorox solution in between patients when
soiled with body secretions or fluids.

Antibody-negative HIV infection

There is something which we call the serological window in which the virus and its
antigen constituents are present, but the 1gG antibodies measured by both the ELISA and
Western blot have not developed to detectable levels. There are sequential steps which
permit for the documentation of a viral etiology:

(1) virus isolation;
(2) demonstration of specific viral antigens in blood or other biological fluids; and
(3) demonstration of special antiviral antibodies, first IgM and then IgG.

In HIV testing, we measure the last in this developmental series, namely, the
development of specific antiviral 1gG antibodies; hence there is a potential 3 to 6-month
window in which an infected individual will not be identified by either the current ELISA
or Western blot test. When antigen detection systems become the diagnostic standards,
this problem will cease to exist.

How long is the serological window? If infection is acquired by blood transfusion or
parenteral administration of blood products, the majority of individuals seroconvert
within the first three months. If one looks at clinical illness associated with
seroconversion, the great majority of these individuals manifest disease within the first
eight weeks. When HIV-1 infection is acquired through the exchange of genital
secretions, a more variable pattern of seroconversion occurs.

PREVENTION OF NOSOCOMIAL INFECTION

The Public Health Service (PHS) has outlined instructions for hospital workers who care
for AIDS patients (Tables 14.6). The PHS recommendation is that people who care for
AIDS patients should avoid direct contact of their skin and mucous membranes with
blood and body fluids of patients with AIDS or AIDS-related disorders. Urine, feces,
body secretions, and open wounds are likely to contain blood that harbors HIV. The PHS
advocates that home care providers wear gloves when handling blood specimens, blood-
soiled items, body fluids, excretions, and secretions, as well as surfaces, materials, and
objects contaminated with these fluids. Unfortunately, the hysteria engendered by AIDS
may kindle a renaissance of quackery. In the interim between the development of a
vaccine to prevent HIV-1 infection and effective therapy to abort the progression of
disease, the victims of AIDS also could become victims of dubious therapies which may
mask some valid interim treatments.
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To help the FDA identify such products, patients and health professionals are
encouraged to submit examples of questionable AIDS products being marketed directly
to the public or to health professionals to: FDA Health Fraud Staff, HFN-304, Center for
Drugs and Biologics, FDA, 5600 Fishers Lane, Rockville, MD 20857.

Data collected by the Centers for Disease Control have identified over 20 healthcare
providers who appear to have contracted HIV-1 infection as a consequence of
professional contact with patients with HIV-1 infection. The vast majority of these cases
occurred after significant needlestick exposures to blood from patients infected with
HIV-1. In a few cases, the individual acquiring HIV-1 infection did not sustain
needlestick injuries, but rather had extensive contact with HIV-1-positive blood and had
not observed routine recommended blood and body fluid precautions. These cases
suggest that exposure of skin or mucous membranes to contaminated blood rarely may
result in transmission of HIV and re-emphasize the need for healthcare workers to adhere
rigorously to existing infection control recommendations for minimizing the risk of
exposure to blood and body fluids of all patients.

Those who have chosen a healthcare profession need to clearly understand that their
occupation, like those of the police and firefighters, has an inherent element of risk.
Contact with sick people or their body fluids and tissues has always carried with it the
possibility of illness resulting in death.

A healthcare provider is defined as any person, including students and trainees, whose
activities involve contact with patients or with blood or other body fluids from patients in
a healthcare setting. It is mandatory that all healthcare workers be educated about the
following:

(1) virology of AIDS;

(2) modes of transmission;

(3) prevention of these infections;

(4) appropriate barrier precautions during procedures; and

(5) appropriate precautions when cleaning the environment during and after patient
exposure.

CDC guidelines—universal precautions

Since medical history and examination cannot reliably identify all patients infected with
HIV or other blood-borne pathogens, blood and body fluid precautions should be
consistently used for all patients.

(1) All healthcare workers should routinely use appropriate barrier precautions to prevent
skin and mucous membrane exposure when contact with blood or other body fluids of
any patient is anticipated. Gloves should be changed after contact with each patient.

(2) Hands and other skin surfaces should be washed immediately and thoroughly if
contaminated with blood or other body fluids. Hands should be washed immediately
after gloves are removed.

(3) All healthcare workers should take precautions to prevent injuries caused by needles,
scalpels, and other sharp instruments or devices during procedures; when cleaning
used instruments; during disposal of used needles; and when handling sharp
instruments after procedures.
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(4) Although saliva has not been implicated in HIV transmission, to minimize the need
for emergency mouth-to-mouth resuscitation, mouthpieces or other ventilation devices
should be available for use in areas in which the need for resuscitation is predictable.

(5) healthcare workers who have exudative lesions or weeping dermatitis should refrain
from all direct patient care and from handling patient care equipment until the
condition resolves.

(6) Pregnant healthcare workers are not known to be at greater risk of contracting HIV
infection than healthcare workers who are not pregnant.
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Human papilloma viruses
Stanley Gall, MD

Genital warts have been recognized for centuries and were described by ancient
physicians as ‘condylomas’ or “figs.” Despite this ancient association of condylomas and
the female genital tract, the true etiology of genital warts has only recently been
determined. Nonspecific material such as dirt and genital secretions was implicated in the
development of ‘Venereal’ warts. In 1890 the histologic similarities between skin and
genital warts were described. Skin warts were experimentally produced by inoculation of
extracts of penile warts into nongenital epithelia. The viral etiology was demonstrated by
the presence of viral particles using electron microscopy in 1949. Sexual transmission of
genital warts was affirmed in 1954 although the concept of a common viral etiology for
skin and genital warts had obscured the concept that genital warts were a sexually
transmitted disease (STD). Sexual transmission of genital warts has been confirmed in
several studies finding a high incidence in sexual contacts of those having the disease.

The spectrum of clinical disease that has been identified necessitates the use of the
term human papillomavirus (HPV) infection rather than genital warts or condyloma
acuminata. This spectrum has been extended to include entities such as subclinical HPV
infection of the cervix, vagina, vulva, penis and scrotum, a relationship of HPV to
intraepithelial neoplasia of the vulva, vagina, cervix, Bowen’s disease; and juvenile
laryngeal papillomatosis. Because of the relationship to malignant disease and because
HPV infection is among the most widespread of the STDs and difficult to treat, it has
become a disease of potentially great concern.

There are four morphologic types of genital warts including condyloma acuminata
which have the appearance of small cauliflowers; smooth papular warts which are dome
shaped, flesh-covered 1-4 mm papules; keratotitic genital warts resembling a common
wart or a seborrheic keratosis (thick horny layer); and flat warts which are flat to slightly
raised flat-topped papules (Figure 15.1).

VIROLOGY

Genital warts are caused by specific types of HPV. HPV is classified with the
papovavirus family (standing for papilloma, polyoma, simian kidney cell vacuolating
virus). It is composed of double-stranded DNA with an average molecular weight of
5x10° daltons. The viral DNA is present as a supercoiled covalently closed circle with an
icosahedral capsid composed of one major structural protein. Other papilloma viruses
include bovine papillomavirus (BPV) and Shope cottontail rabbit papillomavirus.
Papillomaviruses are highly host and site specific and possess the ability to transform
epithelial cells. HPV has not been convincingly cultured in tissue systems, probably
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because productive viral infection requires a degree of keratinocyte differentiation which
has not as yet been achieved.

HPV DNA has been molecularly cloned and more than 70 HPV types have been
identified by DNA homologies. HPV types are correlated with anatomic sites and
biologic behavior (Table 15.1). Genital warts are associated with HPV types 6, 11, 16,
18, 31, 33, 35, 39, 42, 43, 44, 45, 51, 52, 56, 58, 66 and 68 (Table 15.1). HPV types 6 and
11 are the most prevalent viral types in exophytic warts while HPV types 16, 18, 31, 33,
35, 45 and 56 are the types most associated with genital neoplasia (Figure 15.2).

The genomes of HPV as well as other papillomaviruses have been sequenced. The
HPV genome does not need to

Figure 15.1 Vestibular condyloma
presenting as pink, whitish or
pigmented sessile projections with a
lobulated surface

Table 15.1 Human papilloma viruses: type, disease
and anatomic location, and malignant potential

Type Disease and/or anatomic site Malignant
potential

1 Plantar and palmar warts Benign

2 Common skin warts, occasionally associated with anogenital Benign

condylomata

3,10, 28 Juvenile flat warts may be associated with Rarely malignant
enidermodvsnlasia verriiciformis. aenital infection and




Human papillomaviruses 201

9,12, 14, 15,
17, 19-25, 36,
40

12,17, 20, 16,
18,31

33, 35, 39, 45
51, 52, 56, 58

13,32

26, 29
30, 40

34

37

38

41

42, 43,44

common warts
Plantar and common skin warts

Epidermodysplasia verruciformis associated with congenital
or reduced cell-mediated immune deficiency

Anogenital condylomata acuminata flat condylomas, CIN I,
I, juvenile and laryngeal papillomas

Common warts of meat and animal handlers

Epidermodysplasia verruciformis

CIN 11, I11, carcinoma in situ of genital tract, Bowenoid
papulosis, Bowen’s disease, laryngeal, esophageal and some
bronchial carcinomas

Oral focal epithelial hyperplasia

Cutaneous warts, immunodeficient patients
Laryngeal carcinoma

Nongenital Bowen’s disease
Keratoacanthoma

Epidermodysplasia verruciformis
Condylomas, cutaneous flat warts

Genital warts

Benign

30% malignancy

Usually benign

Benign

Several progress to
malignancy

Frequent
progression to
malignancy

Possible
progression to
malignancy

Unknown
Malignant
CIS
Benign
Malignant
Benign

Benign
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Figure 15.2 Condyloma acuminatum
of the cervix after application of acetic

acid
Table 15.2 Association of HPV types and cervical
malignancies
Risk HPV types
High-risk HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68
Low-risk HPV 6, 11, 40 42, 43, 44

be integrated into the host genome to induce transformation and persists in productive
keratinocytes as self-replicating extra/chromosomal nuclear plasmids. Integration of HPV
into the host genome has been associated with malignancy (Table 15.2). HPV DNA
sequences can be found in basal layer keratinocytes but complete viral particles are found
only in terminally differentiated cells in the superficial layers of the dermis.

The DNA regions with protein coding potential are termed open reading frames
(ORFs) which are divided into early and late capsid ORFs. The remainder of the circular
viral DNA (15%) is a non-coding segment termed the upstream regulatory region (URR)
located between the end of the ‘late’ region and the beginning of the ‘early’ region. ORFs
E6, E7, and E8 appear responsible for oncogenic transformation and logically receive
considerable investigative attention. ORF E1 specifies proteins required for regulated
episomal (non-integrated) DNA replication. ORF E2 encodes proteins that regulate viral
transcription, and ORFs L1 and L2 encode the major and minor capsid proteins,
respectively.
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With benign and precancerous HPV-related lesions, the viral DNA tends to be
episomal (i.e. a free, self-replicating, extrachromosomal, circular nuclear plasmid). In
invasive cancerous lesions, it is integrated (i.e. spliced into the host chromosomes by
covalent bonds). This phenomenon occurs in particular with HPV 16- and HPV 18-
containing tumors. Altered unregulated expression of E6 and E7 ORFs is hypothesized to
be a consequence of viral integration into the host genome.

Table 15.3 Colposcopic index

Colposcopic  Zero points One point Two points

sign

Margin Condylomatous or Regular lesions with  Rolled, packing edges.
micropapillary contour. smooth, straight Interval demarcation of
Indistinct acetowhitening. outlines. appearances.
Flocculated or feathered
margins.

Angular or jagged margins.
Satellite lesions and
acetowhitening beyond
transformation zone.

Color Shiny-snow white color. Intermediate shade Dull oyster-white
Indistinct acetowhitening. (shiny gray).

Vessels Fine-caliber vessels. Absent vessels. Definite
Poorly formed patterns. Punctuation or
Condylomatous mosaic.

micropapillary lesions.
Colposcopic score
1-2=SPI or CIN 1; 3-5=CIN 1, 2; 6-8=CIN 2, 3 ‘aneuploid lesions’

Reproduced with permission from Reid R, Scalzi P. Am J Obstet Gynecol 1985; 153:611-18

EPIDEMIOLOGY

Human papillomavirus (HPV) infections of the genital tract are one of the most common
sexually transmitted viral infections. Both the incidence and prevalence of genital HPV
infection are increasing. A survey of private office-based physicians showed
consultations for genital warts increased 580% in a decade. With an increasing awareness
that many HPV infections are subclinical, most reports seriously underestimate the
frequency of HPV infection.

Cervical cytology and histology have been used to estimate the prevalence of genital
HPV infection. These studies have shown cytologic evidence of HPV infection in 1.85 to
3% of unselected Papanicolaou smears.

Routine cervical cytologic examination alone is inadequate for diagnosing all cervical
HPV infections. HPV DNA sequences have been detected in greater than 50% of women
attending an STD clinic who had normal Pap smears and normal colposcopic
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examination. In Seattle, cervical HPV infection diagnosed by Pap smear,
immunoperoxidase stains or DNA hybridization was detected in 18% of non-selected
women attending an STD clinic.

In an important study from the University of California health service, women
presenting for non-gynecologic complaints had a cervical and vulvar scrape for detection
of HPV. Polymerase chain reaction (PCR) analysis showed that 32% of scrapes from the
cervix and 42% of scrapes from the vulva were positive for HPV.

An effort to identify asymptomatic HPV infection in males has been initiated but has
not been well accepted by patients or the medical community. Diagnostic methods
include koilocytosis of exfoliated uroepithelial cells, tissue biopsies, and acetowhitening
of penile skin viewed through a colposcope (Table 15.3). In one study of male partners of
women with condyloma acuminatum, of the 88% who had histologic evidence of penile
condyloma, 16% had visible lesions and 72% had asymptomatic infection detected
colposcopically after application of 5% acetic acid.

The male:female ratio of genital HPV infection varied from 1:1.7 to 2:1 with the peak
age at 20 to 24 years.

Sexual transmission of HPV is the commonly accepted mode of transmission.
Transmission rates vary from 59 to 95%. Infectivity of genital warts may decrease with
time so warts present for greater than one year may be less likely to be transmitted than
warts present less than one year. Genital warts in children have been associated with
child abuse but are not necessarily confirmatory for sexual contact.

ASSOCIATION OF PAPILLOMA VIRUS WITH MALIGNANCY

The association between HPV infection and genital malignancy has been investigated
most intensively for cervical neoplasia, but associations exist between HPV infection and
vulvar, vaginal, anal and penile neoplasia. Malignant degeneration in vulvar and anal
warts has been recognized for many years but is an uncommon complication and even
reportable. The concern today is not the rare event of malignant degeneration in anal and
vulvar warts, but the concept that HPV can act as a carcinogen and/or co-carcinogen
throughout the genital tract and that simple HPV infections should be taken seriously by
the patient and clinician.

The potential role of HPV in the etiology of neoplasia was originally suspected
following observations of malignant conversion of HPV-induced skin and mucosal
tumors. HPV DNA was first detected in squamous cancers arising in epidermodysplasia
verruciformis (a disease of multiple flat warts of nongenital skin in persons with
congenital impairment of cellular immunity). The HPV DNA found in these cancers was
types 5 and 8 in more than 90% of patients. An average of 20 years elapsed between the
onset of verrucosis and cancer and the preferential location of carcinomas on sunlight-
exposed skin implied that malignant conversion depended on the activity of other
cocarcinogens.

The association of HPV infection and cervical neoplasia was first reported with the
finding that koilocytes, a possible marker for HPV infection, were present in 70% of
cytologic and biopsy specimens showing cervical intraepithelial neoplasia (CIN) (Figure
15.3). It has also been recognized that as the grade of CIN increases, the detection of
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koilocytes decreases and they are absent in frank carcinoma. Similarly, the detection of
HPV antigens show a similar decrease in higher grades of CIN. It is believed that
permissive factors for productive viral infection are absent in higher grades of dysplasia
and carcinoma. However, HPV DNA has been found in all grades of CIN as well as
invasive cancer. The association with cervical neoplasia is strong with as many as 91%
CIN lesions containing HPV DNA compared to 10% of controls.

HPV DNA types are not equally present in neoplastic lesions. Types 16 or 18 are
present in 70% of cancers with types 10, 11, 31, 33, 35, 51 and 56 present in small
percentages. However, types 16 and 18 are found in only a small percentage of genital
warts while type 6, the most common type found in genital warts, is found much less
often in genital cancer. This has led to the concept of ‘high-risk’ HPV types. The finding
of HPV types 16 and 18 in genital lesions anywhere in the genital tract implies a greater
tendency toward advanced grade neoplasia (as high as 85% in one study). The corollary
is that the finding of HPV DNA type 6/11 indicates the lesion will usually not progress
but will regress.

There seems to be an anatomic site selection for various HPV types. Types 16 and 18
seem to be detected in cervical neoplasia while HPV types 6 and 11 are more frequently
found in the lower vaginal and vulvar lesions as well as in subclinical infection. More
recently, data has been published that suggests that many HPV lesions contain more than
one HPV type. Therefore, many lesions may contain both a ‘high-risk” HPV DNA type
16 or 18 in addition to a ‘low-risk’ type 6 or 11. This suggests multiple infection or
superinfection and complicates the clinical management based entirely on HPV DNA
typing results.

Approximately 40% of patients with HPV disease have multiple HPV types present in
their genital tissues. It has been postulated that the biologic activity of the HPV disease is
determined by the HPV type. The biologic effect of multiple HPV types being present
simultaneously is completely unknown.

It has now been determined that about 90% of invasive cervical squamous carcinomas
contain HPV DNA. The viral DNA has been detected both in primary and metastatic
cancers with HPV-16 the most prevalent type. Equally interesting is the finding of HPV
DNA in histologically normal genital tissue in women with invasive carcinoma. This
helps to confirm the concept that HPV infection is a generalized lower genital tract
epithelial infection and not localized to the area of the genital wart or the CIN lesion and
the therapy must be commensurate with the extent of the lesion.

CLINICAL MANIFESTATIONS

Clinical vs. subclinical

The extent and spectrum of genital HPV infection has not been fully appreciated by
patients or by most clinicians. The spectrum of the disease has become much broader
than previously recognized because of newer diagnostic tools such as HPV DNA typing
and the application of the colposcope for the detection of subclinical disease. Many
clinicians still regard the presence of a vulvar condyloma as a nuisance local problem and
do not consider its potential presence throughout the genital tract. HPV infection must be
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considered an infectious disease that in many cases will be present throughout the genital
tract. Acceptance of this concept will significantly improve the chances for diagnosis and
application of appropriate therapy techniques.

Vulva

The incidence of vulvar condylomata has increased 460% in the United States in the last
15 years. Age incidence is similar to other STDs with peaks at 16-25 years. Vulvar
condylomas appear as pink, whitish or pigmented sessile tumors with the surface of
lobulated or pointed finger-like projections. The most common sites are the posterior
introitus, perineal skin, labia minora, labia majora, and urethral orifice. Less common
sites are the anus, clitoris, mons pubis and crural folds. Small sessile warts or flat
condyloma-like lesions which are minimally elevated, pink papules and plaques with a
smooth surface may be missed during routine examination.

Generally, the majority of women with type 6 or 11 infection will not experience local
complications. There is a direct association with HPV infection in the vagina and cervix
and, therefore, colposcopic examination is indicated as well as careful cytological
surveillance.

Subclinical vulvar HPV infection may be detected by colposcopic examination of the
vulva after application of 5% acetic acid. The acetic acid removes the surface mucus and
causes the individual cells to swell, giving a white color to warty or neoplastic
epithelium. Colposcopic patterns involve three distinct types of SPI (subclinical
papillomavirus infection). These are the presence of vestibular papillae, fused papillae or
acetowhite epithelium.

The vestibular papillae are small, multiple villous projections largely confined to
mucous membranes. Each villous projection resembles the individual aspirates of an
exophytic condyloma. Histology will show a central capillary surrounded by koilocytotic
dyskeratotic epithelium.

Fused papillae refer to individual papillae that have grown together, giving the vulvar
skin a granular rather than villous appearance. These areas will show whitening with
acetic acid and are associated with burning vulvar discomfort erroneously attributed to
chronic Candida albicans infection.

Acetowhite epithelium is flat normal-appearing epithelium which turns white with
application of 5% acetic acid. This may be found in vulvar areas and may act as a
reservoir for high-risk HPV types. Acetowhite epithelium is usually multifocal.

Vagina

HPV infection in the vagina has been given less attention than vulvar or cervical because
the lesions:

(1) seem to be asymptomatic;

(2) seem to have less malignant potential;
(3) may be more difficult to diagnose; and
(4) are more difficult to treat satisfactorily.
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Vaginal condylomas can be detected in as many as one-third of patients who have vulvar
condylomas.

The condylomas are usually present in the upper and lower one-third with ‘high-risk’
DNA types more frequently found in the upper one-third and ‘low-risk’ DNA types
found in the lower one-third. Condylomas in the vagina are usually multiple. The lesions
are small raised dense white elevations with small aspirates. Although vaginal
condylomas may be asymptomatic, vaginal discharge and pruritus frequently accompany
the infection. In patients with recurrent episodes of bacterial vaginosis or monilial
vaginitis, the presence of HPV infection should be investigated.

Subclinical vaginal HPV infection is more common than overt condyloma. Most
changes can be seen with the colposcope after application of 5% acetic acid. In addition,
staining the vaginal walls with Lugol’s solution will aid in making the diagnosis.

A common lesion consists of elongated vaginal papillae, made up of clustered
epithelial projections with a central capillary. These lesions are analogous to the fronds
seen in classic condyloma. Histologic features include koilocytotic atypia and
dyskeratosis. Capsid antigen is present in 30% indicating infectivity.

A second colposcopically detectable lesion is acetowhite epithelium following 5%
acetic acid application. Sharply demarcated areas of flat white epithelium are detected.
Vascular patterns may be present and the small capillary loops are of uniform caliber.
This lesion is more common in the upper one-third of the vagina. Punctuation and
mosaicism are quite common in the upper vagina.

A third and most common colposcopically detectable lesion is that of ‘reverse
punctuation’. This is defined as a diffuse pattern of minimally elevated white dots against
the pink background of the vaginal mucosa. The appearance is made more prominent by
staining with quarter-strength Lugol’s solution. The parakeratotic ‘dots” will turn yellow.
Histologic findings include minimal basal hyperplasia, mild koilocytosis, variable
dyskeratosis and prominent intraepithelial capillaries.

Cervix

Condyloma acuminatum of the cervix was described as a rare entity in 1921 but clinically
apparent lesions can now be seen in 20% of HPV-infected women. These lesions are
recognized by papillary projections often with irregular vascular loops beneath the
epithelium. HPV infection is usually detected within the transformation zone but can
involve the original squamous epithelium of the portico.

Subclinical cervical HPV infection is generally accepted as being most common and
becoming visible with application of acetic acid. Cervical HPV infection is one of the
commonest STDs. The cytopathic effects of HPV include koilocytotic atypia,
dyskeratosis and multinucleation.

Colposcopic differentiation of SPI and significant grades of CIN can be difficult. A
colposcopic index devised by Reid and Scalzi aids in the process by using four
colposcopic signs (lesion margin, color, vascular patterns and iodine staining) as a means
to direct biopsies to the most severe areas (Table 15.3). SPI represents the earliest stage
in the CIN continuum that leads to invasive cancer. The evidence is strong that women
with koilocytotic atypia on Pap smear will show CIN and that approximately 25% will
progress to CIN 3 within 2 years. The spontaneous regression rate is low (11%). The
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transit time to CIN 3 today for these groups of women is shorter than that described
twenty years ago and probably reflects the impact of HPV on the process.

Anus

Clinical vulvar condylomas extend into the anal canal and perianal region in about 18%
of women. Lesions can be found above the dentate line in the lower rectum. Growth in
the perianal region tends to be luxuriant, painful and difficult to treat.

Subclinical infection is common and 5% acetic acid should be applied prior to
colposcopic evaluation. Histology shows characteristic HPV infection.

DIAGNOSIS OF HPV INFECTION

The diagnosis of HPV infection may be easy or very difficult. Diagnostic techniques
include physical examination, colposcopy, cytologic studies, histologic studies, HPV
antigen detection, ploidy studies of HPV DNA molecular hybridization, pdymerase chain
reaction (PCR) assay, hybrid capture and Southern and dot blot.

Southern blot and dot blot use radioactive probes and are labor intensive. They require
significant sample size. DNA hybridization involves non-radioactively-labeled DNA
probes. It can be performed on formalin-fixed paraffin-embedded tissues and requires
little specialized equipment.

Physical examination of the genital tract is simple and noninvasive. However, this
method alone fails to detect most cervical HPV infections and an unknown proportion of
vaginal, vulvar, anal and penile lesions.

If wart-like lesions are present on the vulva, visual diagnosis is 90% correct. It is
appropriate to initiate therapy on the basis of visual diagnosis. However,

Figure 15.3 Koilocytotic changes
demonstrable on cytologic smears
(Papanicolaou’s stain, x490)
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should the patient fail to respond to therapy or the ‘warts’ (1) appear atypical, (2) be
pigmented or change color, (3) be fixed to underlying tissues, (4) exceed 1 cm (possible
Buschke-Lowenstein growths) an excisional biopsy should be seriously considered.

The differential diagnosis includes:

(1) normal anatomic structures;
(2) vestibular papillae;

(3) sebaceous glands;

(4) molluscum contagiosum;
(5) seborrheic keratoses;

(6) lichen planus;

(7) skin tags;

(8) melanocytic nevi;

(9) condyloma latum.

Colposcopic examination after application of acetic acid is time consuming but detects
most of the SPI. The colposcope will help the clinician find the areas which need to be
biopsied. The colposcopic examination must include the vulva, vagina, cervix and anus.
The entire area should be exposed to acetic acid for at least five minutes prior to
examination.

Cytologic studies are a relatively inexpensive method of diagnosing HPV infection on
epithelial surfaces from which exfoliated cells can be obtained (Figures 15.3). The
cytologic findings of koilocytosis, dyskaryosis, atypical parabasal cells and
multinucleation can be seen. Anal cytology has been demonstrated to be useful in
screening of anal HPV infection while urinary cytology was not useful as a screening
procedure for HPV infection in male consorts of women with genital warts. It is not
known whether penile or vulvar cytology is useful or practical.

The histologic findings of genital warts are basal cell hyperplasia, acanthosis,
papillomatosis, koilocytosis, parakeratosis and mild nuclear atypia (Figures 15.4, 15.5
and 15.6). Koilocytosis is probably the most specific marker for HPV infection; however,
the
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Figure 15.4 Koilocytotic changes
involving glandular cells
(Papanicolaou’s stain, x360)

Figure 15.5 Histological
demonstration of koilocytes with
variable dyskeratosis (H&E stain,
x375)
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Figure 15.6 Elongated rete ridges with
extensive koilocytotic change (H&E
stain, x220)

specificity of koilocytosis is poor for lesions caused by HPV DNA types 16 and 18,
especially in advanced grades of CIN.

HPV antigens can be detected in cytologic or histologic specimens by
immunoperoxidase staining techniques utilizing antisera made in rabbits immunized to
bovine papillomavirus. The cells carrying the virus are well-differentiated keratinocytes
and often koilocytes. As the dysplasia becomes progressive, it becomes increasingly
difficult to detect HPV antigens. Similarly, lesions containing HPV 16 and 18 have poor
sensitivity for detection of HPV antigens.

The diagnostic test which gives the clinician the most information is the isolation and
cloning of HPV DNA. This has led to a typing scheme already discussed. HPV DNA has
been found to be present in subclinical and overt warts, Bowenoid papules, lesions of
CIN, and invasive genital cancers. Although currently a research tool, it seems to be able
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to provide additional information about the type or types of HPV present in the patient.
This will alert the clinician to ‘high-risk’ types present and should stimulate a more
aggressive approach to therapy. Ploidy analysis has been utilized to attempt to predict the
course of the clinical lesions. Generally, cells thought to be euploid or polyploid has been
considered to be benign while cells showing aneuploidy have been thought to either be
malignant or have strong malignant potential. Studies relating ploidy to progression of
histologically proven SPI have been conflicting. This confusion is probably the result of
the methodology currently used. This technique will probably emerge to be useful
clinically. The newest technique available for diagnostic evaluation is the use of the PCR.
Specific oligonucleotide primers are used to amplify segments of HPV DNA. The
method is a highly specific and sensitive method of detecting HPV infection.

THERAPY FOR HPV INFECTION

The classic standard therapy for genital warts has been based on the assumption that the
grossly visible warty tissue needed to be destroyed and that the virus resided only where
the warts existed. The recognition of subclinical disease in addition to overt disease and
the association with genital neoplasia forces a re-evaluation of the standard approach.
HPV infection must be regarded as having the potential for infecting the entire genital
tract, and only very early disease tends to be localized. Therapy is also complicated by
the fact that HPV may be present in normal skin and in colposcopically, cytologically and
histologically normal epithelium. Wart recurrence after any therapy is common and
whether a virologic ‘cure’ can be accomplished is unknown. Practically all clinical trials
address only overt visible disease. Wart recurrence after therapy is difficult to assess. It is
not known whether recurrence indicates failure of therapy, failure to treat all areas
involved, resistant virus or reinfection. Most recurrences are seen within 3 months of
therapy. If disease is present for six months despite repetitive attempts at therapy, it is
called resistant and persistent. Therapy uses agents that are keratolytic (podophyllin, tri-
or bichloracetic acid, 5-fluorouracil (5-FU)); physical agents (electric cautery, laser
therapy, cryotherapy) and immunotherapy (vaccine, interferon inducers). Since the
classic standard approach must be modified to account for subclinical infection and the
frequent presence of HPV throughout the genital tract, no single or combination of agents
has emerged as standard treatment at this time.

Options

Currently available treatments for visible genital warts are patient-applied therapies:
podofilox (Condylox®) and imiquimod (Aldara®); and provider-administered therapies:
cryotherapy, podophyllin resin, trichloroacetic acid (TCA), bichloroacetic acid, interferon
(Intron, Alferon), and surgery. Most patients have one to ten genital warts with a total
wart area of 0.5 to 1.0 cm?, which is amenable to most treatment modalities. Factors that
may influence selection of treatment include wart size, wart count, anatomic site, wart
morphology, patient preference, financial cost of treatment, and clinician’s experience. It
is important to have a treatment plan or protocol since many patients will require a course
of therapy rather than a single treatment. The treatment should be no worse than the
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disease. In general, warts on moist surfaces and/or located in intertriginous areas respond
better to topical treatment such as TCA, podophyllin, podofilox and imiquimod than do
warts on drier surfaces.

After utilization of provider-administered treatments, if there has not been significant
improvement after three treatment sessions, or complete clearance after six treatment
sessions, the treatment modality should be changed. The risk-benefit ratio of treatment
should be evaluated throughout the course of therapy in order to avoid over-treatment.
Providers should be knowledgeable about, and have available to them, at least one patient
applied and one provider administered modality.

When employed properly, complications of wart treatment are rare but can occur.
Scarring in the form of persistent hypo- or hyperpigmentation may occur with ablative
modalities. Depressed or hypertrophic scars are rare but can occur especially when the
patient has not had sufficient time to heal between treatments. Overly aggressive
treatment can result in disabling chronic pain syndrome such as vulvodynia or
hypoesthesia of the treatment.

Patient-applied

Podofilox 0.5% solution or gel (Condylox®)

Podofilox, being an antimitotic, causes localized tissue necrosis. The 5% solution or gel
does not contain the mutagenic flavanoid compounds found in the providerapplied
analogue, podphyllin. Patients may apply podofilox solution with a cotton swab, or
podofilox gel with a finger, to visible genital warts twice daily for three days, followed
by four days of no therapy. This cycle may be repeated as necessary for a total of four
cycles. Total wart area treated should not exceed 10 cm?, and a total volume of podofilox
should not exceed 0.5 ml per day. If possible, the healthcare provider should apply the
initial treatment to demonstrate the proper application technique and identify which warts
should be treated. The use of podofilox is contraindicated during pregnancy. Between
45% and 82% of patients treated for 4 to 6 weeks achieve total clearance of warts;
however from 10% to 90% can be anticipated to experience recurrences.

Imiquimod 5% (Aldara®) cream

Imiquimod is a topically active, non-nucleoside, heterocycline amine, immune-response
enhancing agent. It is a potent inducer of interferon-alpha and other cytokines. Patients
should apply imiquimod cream with a finger, at bed-time, three times per week, for up to
16 weeks. It is recommended that 6-10 hours following the application, the treatment
area be washed with mild soap and water. Many patients may be clear by 8-10 weeks or
sooner. The use of imiquimod is contraindicated in pregnancy.

This therapeutic approach is unique in that the host’s cell-mediated immunity is used
to destroy the warts. Imiquimod is used to sensitize the patient and when this is
accomplished, the imiquimod is placed in a cream which is placed on the wart. A delayed
hypersensitivity reaction occurs destroying the wart. The difficulties of therapy include
an inability to sensitize the patient, varying sensitivity with potential for severe reaction,
and the patient’s resistance to a hypersensitivity reaction in the perineal area.
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Between 37% and 85% of patients treated with 5% cream exhibit wart clearance after
therapy. Between 13% to 19% of these patients can be expected to have recurrences.

Provider-administered

Cryotherapy

Cryotherapy causes cryocytolysis, resulting in tissue sloughing. Cryotherapy of
anogenital warts employs either single or repetitive 1-2 minute freeze-thaw cycles to
destroy wart tissue. Cryotherapy may be performed by probe or liquid nitrogen. Most
patients require 3 to 6 treatments to clear the warts. In comparative studies, cryotherapy is
more effective than podopyllin and is as effective as electrical cautery and laser therapy.
Between 60% and 97% will have total clearing for 3 to 6 weeks. Wart recurrences may
occur in 20-79% of patients so treated.

Keratolytic agents

Podophyllin resin 10-25% This is in a compound tincture of benzoin. Podophyllin is an
extract from May apples and there are four active ingredients which vary in concentration
in different lots of podophyllin. It acts by poisoning the mitotic spindle and causing
intense vasospasm. A small amount should be applied to each wart and allowed to air
dry. To avoid the possibility of problems with systemic absorption and toxicity some
experts recommend that application be limited to <0.5 ml or <10 cm?® of warts per
session.

The patient is instructed to wash off the podophyllin in 4-6 hours. It is applied to
warts weekly until the wart disappears. The side effects are unpredictable and include
severe local reaction at initiation and ulceration and systemic toxicity from excessive
absorption. Podophyllin is contraindicated in pregnancy because of teratogenesis and
possible carcinogenesis.

Podophyllin’s success is dependent on the size and number of lesions and is indicated
in patients with minimal vulvar or anal disease. It is generally not used for vaginal or
cervical HPV infection. Its use has diminished significantly.

Trichloracetic acid (TCA) (bichloracetic acid) 80-90%

The mode of action of TCA is by precipitation of surface proteins and, therefore, it is less
effective when applied to keratinized epithelium. It should be used at a strength of 85%.
Application should be via small cottontipped applicator. It is not necessary to apply
paraffin to adjacent skin as this is cumbersome and counterproductive. Powder with talc
or sodium bicarbonate (baking soda) is used to remove unreacted acid if an excess
amount is applied. TCA has been used on occasion on lesions of the cervix and seems to
be well tolerated and effective. However, no randomized clinical trial of TCA therapy of
cervical HPV disease has been published. Clearance rates between 50% and 100% have
been reported. Between 6% and 50% of patients so treated may develop recurrences.
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5-Fluorouracil

This agent is a pyrimidine antimetabolite that causes necrosis and sloughing of growing
tissue. The 5% 5-FU cream is applied by several protocols:

(1) Vulvar or anal lesions: 5-FU is applied directly to the lesion on a daily basis until
erythema to vesiculation occurs. This will generally occur on about the 7-10th day of
therapy. The course may be repeated to any remaining lesions following initial
healing. A preferable alternative therapy is the administration of 5-FU on two
consecutive days each week for 10-12 weeks. This seems to diminish the
inflammatory reaction which results from 7-10 days of consecutive therapy.

(2) Vaginal lesions: 5-FU may be applied via vaginal applicator with an applicator full
applied nightly for 7 days or until an inflammatory reaction occurs. A vaginal tampon
should be placed at the introitus to prevent the 5-FU from getting to the vulva.

A preferable alternative method is to use 5-FU once weekly for 10-12 weeks to diminish
the vaginitis from the more intensive course of therapy. This has been found to be equally
effective as the more intensive course. Randomized, placebo-controlled studies have
demonstrate total wart clearance in 55% to 65% of patients. Between 30% and 45% of
patients will have recurrences within three months after the completion of therapy.

5-FU is a mutagen and is contraindicated in pregnant and lactating women.

Surgical removal

Tangential scissor excision, tangential shave excision, curettage, or electrosurgery have
all been utilized with varying degrees of success.

Laser therapy

Laser therapy is widespread and has the theoretical advantages of precise control of
depth, margins, and hemostasis. Laser ablation has the disadvantages of being under
operator control as well as being able to treat only visible disease. Recurrences occur in
25 to 100% of cases. Some clinicians have extended their field of treatment to account for
latent HPV at the margins, but more than one-half of these women have recurrences and
the morbidity is excessive. The use of 5-FU immediately following laser therapy of the
vagina has been proposed, in which 5-FU is placed intravaginally daily for 5 days. The
success and morbidity rates need to be confirmed. The use of electrical cautery
destruction of warts has been found to be very effective. It is particularly useful for office
destruction of small lesions. It may be used for larger warts but the laser offers more
precision.

Immunotherapy

Interferons are a family of proteins with antiviral, antiproliferative and
immunomodulatory properties. Interferon has been shown to induce reversion of BPV-
transformed mouse cells and elimination of extrachromosomal viral DNA.

Leukocyte interferon, alpha-recombinant interferon, beta interferon and
lymphoblastoid interferon have been used in the treatment of warts topically,
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intralesionally and systemically. Generally speaking, the topical therapy is least effective;
intralesional therapy is effective for a small wart number or volume; and systemic
therapy is effective for large wart numbers and volumes and especially for intravaginal
warts. Although the preparations of interferon doses and treatment regimens varied, the
studies have reported positive results; however, only the responses of clinically overt
lesions have been evaluated. The potential advantages of therapy with systemic interferon
include therapy of all wart-affected areas at the same time, the potential of eliminating
the HPV from the patient, and lower morbidity than other techniques. Interferon is
administered parenterally either by intralesional or subcutaneous routes. The intralesional
route is recommended by the package inserts and has FDA approval. This route is very
painful to the patient because wart tissue is very dense and distention with even small
amounts of interferon is very uncomfortable. The usual scenario that occurs is the
clinician injects the wart intralesionally with the first injection; however, on the
subsequent injections the clinician places the interferon under the wart, i.e.
subcutaneously, and therefore the injection is painless. We have found that a superior
method without the loss of efficacy is the patient’s self administration of interferon
subcutaneously in the anterior thigh. The administration is with a 29 gauge needle and
TB syringe. The dosage of interferon should be 2.5 or 3.0 million units three times per
week for 8 weeks. The patient should have a complete blood count with platelets, and
liver function tests determination prior to initiation of interferon. If the pulmonary tests
are normal, no additional testing is necessary. This program will result in a clearing of the
condyloma in 65% to 70% of the patients. Follow-up data from patients achieving a
complete clearing of the condyloma had a recurrence rate of <5% in 2 years.

Side effects are dose dependent and are minimal at 3 million units three times per
week. Side effects will
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Figure 15.7 Extensive fused vulvar
condyloma in pregnancy

occur in less than 10% of patients at this dosing level. The most frequent side effects at
this dose level are transient malaise, fatigue, and headache. Experience with interferon
therapy has shown that if any external genital warts remain after 8 weeks of therapy
interferon may be continued for another four weeks. An alternative therapy for
condyloma at the conclusion of the primary interferon course is the use of CO, laser,
cryotherapy or surgical excision. The combination of laser ablation as primary therapy
plus interferon 1.0 million units three times per week for ten weeks may be successful for
the patient who wants immediate wart removal.

Therapy of HPV in pregnancy

The true incidence of genital HPV infection during pregnancy is unknown but it is
probably greater than in the general population. Existing lesions tend to enlarge during



Infectious diseases in obstetrics and gynecology 218

pregnancy, probably in response to diminished cell-mediated immunity (Figure 15.7).
These lesions may become large and friable causing pain and hemorrhage. The fetal
effects are those of the possibility of passage of HPV to the fetus during delivery.
Congenital, infant and childhood genital condylomas have been reported in children born
to mothers known to have genital warts; however, it is unknown how many pregnant
women harbor HPV. The number of children with respiratory papillomatosis is low.
Recent data from the Perinatal Collaborative Study reported no cases in a 7-year follow-
up of 44000 deliveries.

Therapy with podophyllin is contraindicated in pregnancy because of toxicity and
teratogenesis. Agents such as bleomycin and 5-fluorouracil are also contraindicated
because of their antimitotic and cytotoxic action. TCA (85%) solution is useful and can
be applied weekly either to skin or mucous membranes. Cryotherapy and CO, laser have
been found to be helpful in reducing the number and volume of warts. Most of the time
the warts will diminish significantly after delivery.

IMPACT OF HIV ON HPV

The concomitant epidemic of HIV and HPV more than overlap each other. Findings from
a number of clinical studies suggest that while HPV does not appear to alter the course or
frequency of HIV infections, HIV-induced immunosuppression does increase the severity
and duration of anogenital warts. Also, it is probable that it increases the period of
infectiousness and decreases the probability of a good clinical response to conventional
therapy. The impact of HIVV on HPV pathogenesis appears to extend beyond increased
clinical recognition of conventional lesions and severity of disease. If demographic
studies are correct, pre-invasive and ultimately invasive cervical neoplasia are becoming
more common manifestations in patients with dual infections.

The magnitude of host immunosuppression influences the probability of pre-malignant
and/or preinvasive histological changes. Spinillo et al. evaluated the prevalence of lower
genital neoplasia and HPV-related genital lesions in each cohort of 75 women infected
with HIV-1 at different stages of the disease. The overall rate of CIN in the group studies
was 29.3% (22/75). Eight out of ten high-grade CIN lesions contained ‘high-risk’ HPV-
DNA 16/18 and/or 31/35/51 as demonstrated by in situ hybridization with biotinylated
probes. Vulvar and/or perianal condylomata were histologically diagnosed in 14 patients
(18.7%); nine of these biopsies contained detectable HPV-DNA which was always
related to HPV6/11.

The rate of high-grade CIN-symptomatic HIV-infected patients was 28% (7/25),
compared to 6% (3/50) of the other cases (p=0.02). CD4+ lymphocyte counts, white
blood cell counts, the CD4+/CD8+ cell ratio and the percentage of CD4+ lymphocytes
were lower in patients with high-grade CIN than in patients with negative colposcopical
and/or cytological examinations. After adequate standard treatment (cryotherapy,
electrocauterization, cold-knife conization), only one case of CIN 2 recurred during the
two year follow-up period. The prevalence of lower genital neoplasia and HPV-related
lesions among HIV-infected women is high (compared with 9% of 76 intravenous drug
users who were HIV negative and 4% of 526 new high-risk women) and therefore seems
to correlate with the severity of HIV disease.
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Johnson et al. correlated HPV-DNA testing with CD4 T-cell status in 32 HIV-infected
women using colposcopy, Papanicolaou smears, and polymerase chain reaction. Women
with a CD4 T-cell count below 200/ul were considered functionally immunosuppressed.
The frequency of HPV positivity was five fold higher among immunocompromised
women (nine of ten) than in relatively immunocompetent HIV-infected women (four of
22). Four immunosuppressed women, compared with no immunocompetent subjects,
showed evidence of HPV-DNA without signs of HPV-associated lesions by cytology or
histology (i.e. latent HPV infection). Furthermore, four of the nine immunocompromised
subjects, compared with four of the 21 immunocompetent subjects, had CIN. HPV 18
was detected in five of the ten women with CD4 T-cell counts below 200/ul and in only
one of the 22 with CD4 T-cell counts above that level. These results suggest that
impaired immune status, as reflected by the CD4 T-cell count, was an important factor in
increasing the severity of HPV-induced cervical infection in their population.

HPV is not a true opportunistic infection; however, its apparent progression to cervical
neoplasia can be viewed as an opportunistic complication of a concomitant
infection/disease. Laga et al. followed 47 HIV-seropositive and 48 HIV-seronegative
patients. Thirty-eight percent of the HIV-seropositive and eight percent of the
seronegative women (odds ratio=6.8; p=0.001) had HPV-DNA. This was found using:

(1) Vira Type (a dot-blot assay which detects specific genital HPV types); or
(2) low-stringency Southern blot (a blot that detects all HPV types).

Eighty-two women (86%) had an interpretable Pap smear; eleven of 41 (27%) HIV-
seropositive women, and one of 41 (3%) seronegative women had CIN: odds ratio=14.7;
p=0.002). HPV was detected in eight of 11 (73%) seropositive women with CIN.

As many as 12% of all HIV-infected individuals develop malignant lymphoma,
primarily of non-Hodgkin’s B-cell phenotype. The etiology is unclear, but may be
facilitated by long-term AZT therapy. HIV may be associated with reactivation of a
chronic hepatitis B virus (HBV) infection, and HBV itself may induce HIV replication in
latently infected cells, through its X gene. When viewed in an abstract sense, the STD
wars are a collective tribute to what can be achieved as a consequence of diversity of the
genetic pool. It should be a warning to those who would seek to limit genetic diversity.
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Human B-19 parvovirus
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Human parvovirus virus belongs to the family Parvoviridae, which includes two general
DNA vertebrate viruses: genus parvovirus (autonomously replicating parvoviruses) and
genus dependovirus (parvoviruses that require a helper virus, such as adenovirus or
herpesvirus, for replication), and one genus of invertebrate viruses. B-19 is in the genus
parvovirus, which includes a number of animal parvoviruses such as the canine
parvovirus and feline panleukopenia virus. The parvoviruses tend to be species-specific;
only adeno-associated parvoviruses (members of the dependovirus genus) and B-19 are
known to infect humans. Animal parvoviruses are known to cause fetal infection,
intrauterine death and abortion. Cerebral hypoplasia in kittens and pseudo-Down’s
syndrome in hamsters have been attributed to intrauterine parvovirus infection.

B-19 parvovirus, a non-enveloped, single stranded DNA virus about 20 nm diameter,
is responsible for benign illness in children (fifth disease) or in adults (arthritis). Acute or
chronic anemia may occur following the lysis of its target cell, the erythroid progenitors.

CLINICAL DISEASE

Erythema infectiosum (Fifth disease)

The most commonly recognized illness associated with B-19 infection is erythema
infectiosum (EI). The incubation period is usually 4-14 days, but can be as long as 20
days. The individual is contagious prior to the development of a rash. Aerosol spread is
the principal method of dissemination. Respiratory secretions contain the virus up to the
time of onset of rash or arthralgia and rarely thereafter. El is a mild exanthematous
childhood illness which begins as a bright red facial rash (‘slapped cheek’ appearance),
and spreads to the trunk and extremities. As it fades it produces a reticulated or lace-like
appearance. Reappearance of the rash may occur for several weeks following non-
specific stimuli such as change in temperature, sunlight, and emotional stress. Typically,
the patient is otherwise well at rash onset but often gives a history of mild systemic
symptoms 1-4 days before rash onset. In some outbreaks, pruritus has been a common
clinical feature.

Maternal parvovirus B-19 infection is often atypical or asymptomatic. Asymptomatic
disease occurs in approximately 20% of the cases. Rash or fever which is common in
children may not develop in adults. Viremia precedes the rash.

In adults infection often produces a symmetrical peripheral polyarthropathy. Joints in
the hands are most frequently affected, followed by the knees and wrists. Symptoms are
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usually self-limited but may persist for several months. Joint symptoms, more common in
adults, may occur as the sole manifestation of infection.

The highest rate of attack is in school age children and household contacts. Although
commonly observed in children ages 2 to 12, approximately 40% of the individuals over
12 years of age are sero-susceptible.

In adult patients, particularly women, arthralgia or arthritis has been associated with
up to 80% involvement. The process usually starts in the small joints of the hand and
progresses to larger joints. The presence of a rash involving primarily the face, or B-19
infection in the community, should suggest the possibility of Fifth disease; however
arthralgia, arthritis or arthrophy may occur in the absence of a rash.

Transient aplastic crisis (TAC)

Human parvoviruses have a special affinity for rapidly dividing cells and, in particular,
marrow erythroid progenitor cells. The virus attacks immature erythroblasts, arresting red
blood cell (RBC) production. Destruction of erythroid lineage cells may involve
apoptosis induced by the non-structural protein of the virus. Parvovirus B-19 infections
have been implicated in the induction of aplastic crisis in patients with sickle cell
diseases, hereditary spherocytosis and other chronic hemolytic anemias.

Parvovirus B-19 is the primary etiologic agent causing TAC in patients with chronic
hemolytic anemias (e.g. sickle cell disease, hemoglobin SG disease, hereditary
spherocytosis, beta-thalassemia, and autoimmune hemolytic anemia). It can also cause
TAC in other conditions in which increased red cell production is necessary to maintain
stable red cell indices, as may occur in anemia due to blood loss. Patients with TAC
typically present with pallor, weakness, and lethargy and may report a non-specific
prodromal illness in the preceding one to seven days. Few patients with TAC report a
rash. In the acute phase of the illness, patients usually have a moderate to severe anemia
with absence of reticulocytes, and bone marrow examination shows a hypoplastic or an
aplastic erythroid series with a normal myeloid series. Recovery is indicated by a return
of reticulocytes in the peripheral smear approximately seven to ten days after their
disappearance. TAC may require transfusion and hospitalization and can be fatal if not
treated promptly. In immunocompromised individuals, B-19 parvovirus may cause pure
red cell aplasia.

HUMAN PARVOVIRUS INFECTION AND PREGNANCY

Approximately 50% of pregnant women have serological evidence of prior parvovirus B-
19 infection. Prior infection confers immunity Maternal disease is usually self-limited,
but the effects to the fetus can be devastating.

Human parvovirus B-19 is a recognized cause of hydrops fetalis. Infection is
accompanied by characteristic intranuclear inclusions in fixed and circulating RBC
precursors. These inclusions have been shown to contain virus particles by electron
microscopy and in situ hybridization. Recent work has shown that parvovirus B-19 can
infect cells other than erythroid precursors, such as myocardial cells. Infected fetuses are
not always hydropic.
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Maternal infection results in increased abortion and stillbirth. Early infected fetuses
are particularly vulnerable to premature demise owing to their high erythrocyte turnover
rate and limited hematologic reserves. The overall risk of fetal loss following maternal
exposure is much less than previously thought, and may be less than 3% in the first 20
weeks of gestation or approximately 10%, if the mother is actually infected. Although
parvoviruses are teratogenic in animals, there is no evidence that B-19 is a significant
human teratogen.

Parvovirus B-19 infection appears to be a significant cause of second trimester
abortions. Nyman et al. assessed the frequency of first-trimester fetal loss associated with
parvovirus B-19 infection during a nonepidemic period in Sweden. Using B-19 DNA-
specific polymerase chain reaction (PCR) in placental tissue, only one of 36 placentae
examined from first trimester losses contained detectable parvovirus B-19 DNA. In
second-trimester fetal losses, eight of 64 samples were B-19 DNA positive.

Ananda et al. have reported six women with serological evidence of having contracted
human parvovirus infection during pregnancy. Two of the women had mid-third trimester
abortions. Both abortuses were grossly hydropic with anemia. Histopathological analysis
revealed a pronounced leukoerythroblastic reaction, hepatitis, excess iron pigment in liver
and degenerative changes in the hematopoietic cell nuclei. Dot hybridization with
radiolabeled human parvovirus probes revealed viral DNA in several tissues of both
fetuses. The remaining four women had uncomplicated pregnancies and delivered
apparently healthy babies, none of whom had human parvovirus specific immunoglobulin
M (IgM) antibodies at delivery.

Maeda et al. reported two cases of non-immunologic hydrops fetalis associated with
intrauterine human parvovirus B-19 infection. In these cases, hydrops fetalis was
diagnosed with ultrasound at 21 and 22 weeks’ gestation after 10 or more days of
maternal flu-like symptoms. The outcome was stillbirth in one case and neonatal death in
the other. In both cases, intrauterine infection by human parvovirus B-19 was confirmed
based on two findings: maternal serum positive for human parvovirus B-19 IgM
antibody, and human parvovirus B-19 DNA detected in the fetal organs using Southern
blotting and hybridization with a labeled probe. Laboratory tests on cord blood
demonstrated a RBC count of 163x10* pl nucleated red cells numbering 1267 per 50
white cells in the live-birth case. Histologic examinations of fetal tissues demonstrated
leukoerythroblastic reaction in the liver and spleen, granular hemosiderin deposition in
hepatocytes and Kupffer cells, and bilirubin deposition in the intercellular space in the
liver. Hydropic changes may be induced by the sudden decrease in oxygen-carrying
capacity of the blood due to severe anemia caused by the infection.

Schwarz et al. serologically confirmed 80 acute cases of parvovirus B-19 infection in
pregnancy using enzyme-linked immunosorbent assay (ELISA). Of the 80 pregnancies, 4
were terminated. Of the remaining 76 pregnancies, no fetal complications were observed
in 36 (47.4%), hydrops fetalis occurred in 18 (23.7%) and no further information was
available in 22 (28.9%). Fifteen of 18 (83.3%) fetuses with hydrops died. Intrauterine
transfusion was performed in the remaining three fetuses and pregnancy continued
without further complications.

Sheikh et al. reported two cases of fetal parvovirus B-19 infection with documented
hydrops at 24 and 30 weeks of gestation. Serial sonograms demonstrated that the hydrops



Human B-19 parvovirus 225

resolved spontaneously over three to five weeks after initial diagnosis. Both infants
appeared normal at birth and developed normally through the first year of life.

Hager et al. studied 618 pregnant women exposed to parvovirus B-19. Of the 618
pregnant women, 307 (49.7%) were immune to B-19, 259 remained susceptible after
exposure and 52 (16.7% of all susceptibles) contracted B-19 infection. None of the 52
fetuses of infected women developed nonimmune hydrops, and there were no fetal deaths
attributed to B-19 in this group. The risk of maternal B-19 infection in pregnancy was
significantly higher when the source of exposure was her own child. Maternal symptoms
of polyarthralgia (46%), fever (19%), and non-specific rash (38%) were significantly
more common (p<0.001) in IgM-positive patients than in non-infected women (4.1%,
2.8%, and 5.7% respectively). Only 17 (33%) of the IgM-positive women were entirely
asymptomatic.

In the most comprehensive study done to date, Rodis et al. retrospectively surveyed
the progeny of 113 immunoglobulin positive women. The 113 pregnancies resulted in
103 term singletons, two sets of twins (of which one neonate died of complications of
prematurity), one hydropic stillborn, four spontaneous abortions, and one ectopic
pregnancy. The mean gestational age at time of exposure was 15.6 weeks. The median
age of the liveborn infants in study and comparison groups was 4 years old. Eight of the
108 (7.3%) surviving children, one set of twins (exposed at 27 weeks), and six singletons
(exposed at 7,8,9,20,27 and 35 weeks) had developmental delays in speech, language,
information processing, and attention. Their conclusion was that while there was no
apparent increase in the frequency of developmental delays in children with exposure in
utero to parvovirus, larger studies are needed. No increased incidence of congenital
anomalies was identified.

Congenital postnatal infection

Adverse fetal/neonatal consequences are not limited to erythroid cells. The virus can
infect and cause disease in myocardial and endothelial cells. Neonatal cases of
myocarditis, hepatitis and systemic necrotizing vasculitis have been described in infected
infants.

In suspected cases of fetal infection, cordocentesis can be performed. If the technology
is available, B-19 infected fetal erythroblasts can be detected by standard histological
staining methods and in situ hybridization using a digoxigenin-labeled B-19 DNA probe
and PCR.

Rather than being teratogenic, intrauterine human parvovirus infection appears to be
embryocidal. No increase in the incidence of anti-parvovirus antibodies occurs in
malformed infants as compared with normal infants.

DIAGNOSIS
While a presumptive diagnosis can be inferred on clinical grounds, definite diagnosis

requires serological confirmation. IgG and IgM titers are available through the CDC
laboratories on a limited basis for women with
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Table 16.1 Management of maternal/fetal
parvovirus infection
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clear-cut exposure to parvovirus B-19 infection during pregnancy. The most sensitive
serological test to detect recent infection is the IgM-antibody assay. Parvovirus B-19 IgM
antibody can be detected by capture-antibody radioimmunoassay or enzyme
immunoassay in approximately 90% of cases by the third day after symptoms of TAC or
El begin. The titer and the percentage of positives begin to decline 30-60 days after
onset. Maternal IgM titers may drop to low or undetectable levels depending on the
interval between maternal infection and fetal signs of involvement. B-19 IgG antibody is
usually present by the seventh day of illness and persists for years.

There are severall methods to diagnose parvovirus infection. They rely on antibodies
to the virus, PCR for detection of the virus and histopathology.

An IgG antibody response occurs usually within a week of IgM antibody production.
IgG antibody is protective and if positive in the absence of IgM specific antibodies
represents past exposure. The diagnosis by antibody testing is limited by the assay and
reagents employed. Assays using serum-derived or recombinant antigens are significantly
better than those using peptide antigens.

PCR assays for the detection of parvovirus DNA have been developed and applied to
clinical diagnosis of this disease. Amniotic fluid appears to be a good source to test for
parvovius DNA by PCR for the diagnosis of in utero infection.

Histological studies looking for inclusion bearing cells (finding of characteristic
intranuclear inclusions in nucleated erythroid cells in formalin-fixed placental or fetal
tissues) can suggest the diagnosis of this infection.

Fetal/neonatal serological response to infection can also exhibit variability. Only a
minority of viral DNA confirmed cases of congenital infection will have a B-19 positive
response. Infants exposed to the virus earlier in gestation are less likely to produce an
IgM immune response; infants infected in the last trimester almost invariably do. The
most definitive way to document infection is the demonstration of viral DNA in infected
tissue samples.

For women with a documented infection, maternal serum alpha-fetoprotein levels and
diagnostic ultrasound examinations have been used to identify adversely affected fetuses.
The sensitivity and specificity of these tests are sensitivity 94.1% and specificity 93.3%.
Fetal anemia caused by parovirus infection can be detected non-invasively by Doppler
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ultrasonography on the basis of an increase in the peak velocity of systolic blood flow in
the middle cerebral artery.

The fetuses of gravida with only IgG specific antibodies are not at risk for the in utero
development of non-immune hydrops. If the mother has IgM and no 1gG specific
antibodies to human parvovirus B-19, the fetus is at risk. One-third of the progeny may
develop an aplastic crisis resulting in fetal hydrops. Current management dictates careful
serological, clinical and ultrasonographic evaluation of the fetus for evidence of hydrops
fetalis (Table 16.1).

Non-immune hydrops is the presence of excessive fetal body fluid accumulated in the
tissues and serous cavities in the absence of RBC antibodies. Ultrasonic diagnosis
includes subcutaneous edema (>5 mm), ascites, pleural effusion, pericardial effusion,
excessive amniotic fluid, and placental edema (>6 cm). Hydrops fetalis can be diagnosed
by ultrasonography as early as 10 to 14 days after maternal illness. The majority of
fetuses that develop hydrops after maternal parvovirus infection do so within 6 to 8
weeks of infection. Weekly ultrasound studies are recommended for 8 weeks from the
time of maternal infection or 6 weeks from the documented convalescent titer if the
precise time of maternal infection is unknown.

When a gravida presents with hydrops, a diagnosis of parvovirus fetal infection can be
made by detection of viral agents in amniotic fluid using PCR or ligase chain reaction
(LCR) tests.

THERAPY

The immune response to the virus is largely humoral and directed against limited
numbers of epitopes. Persistent infection is due to failure to produce neutralizing
antibodies. Because viral infection is prevalent in the population, therapeutic immune
globulin preparations are a good source of anti-B-19 antibodies. 1gG administration can
lead to cure of anemia in the congenitally immunodeficient patient and to its amelioration
in AIDS patients with persistent parvovirus infection. Treatment strategies may include
supportive care, analgesic medications, transfusions with RBC or administration of
intravenous immunoglobulin, depending on the clinical circumstances.

Maternal therapy is largely symptomatic. Care should be given to limiting exposure to
other gravida.

In the presence of hydrops at or beyond 20 weeks of gestation, diagnostic
cordocentesis is recommended. The fetal blood should be tested for fetal hematocrit,
reticulocyte count, platelet count, white blood cells, IgM anti-parvovirus B-19 antibodies
and parvovirus B-19 DNA (using PCR).

While fetal hydrops may spontaneously regress, intrauterine transfusion is the
cornerstone of management when the biophysical profile begins to change. Rodis
recommends transfusing the fetus sufficient to raise the fetal hematocrit to 45%. Because
fetal aplasia is transient, being related to fetal viremia, a single transfusion usually
suffices. Fetal anemia with a reticulocyte count of 105x10°l suggests that the fetus is in
the recovery phase of the infection. These fetuses should be followed closely with fetal
biophysical profiling.
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At some future date, an attenuated live virus vaccine will be available. At such time, a
prenatal strategy, not dissimilar to that employed for rubella may be implemented. No
studies have been conducted to determine whether pre-exposure or postexposure
prophylaxis with commercially available immune globulin preparations would prevent
infection or modify the course of illness during community outbreaks.
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Influenza viruses

Influenza virus infections occur every year in the United States but vary greatly in
incidence and geographic distribution. Infections may be asymptomatic or they may
produce a spectrum of manifestations ranging from mild upper respiratory infection to
pneumonia and death.

Influenza epidemics are frequently associated with deaths in excess of the number
normally expected. More than 200000 excess deaths are estimated to have occurred in
association with influenza epidemics in the United States during 1968-1982. Excess
deaths in this period were attributable mainly to influenza A viruses, although influenza
B epidemics were occasionally associated with excess deaths in 1979-1980.

INFLUENZA A AND B VIRUSES

Type A influenza viruses occur frequently in humans and domestic animals. These
pathogens all have a core of ribonucleic acid (RNA). This internal component is
antigenically stable, but the two envelope proteins of the virus may vary. The World
Health Organization nomenclature for influenza A viruses includes their strain
designation and a description of hemagglutinin (H) and neuraminidase (N), the two
surface antigens. The presence of these two proteins provides a basis for dividing
influenza A viruses into subtypes. Three subtypes of hemagglutinin (H1, H2, H3) and
two subtypes of neuraminidase (N1, N2) are recognized among influenza A viruses that
have caused widespread human disease. Immunity to these antigens, especially
hemagglutinin, reduces the likelihood of infection and the severity of disease if a person
does become infected. However, there may be sufficient antigenic variation (antigenic
drift) within the same subtype over time, so that infection or vaccination with one strain
may not induce immunity to distantly related strains of the same subtype. Although
influenza B viruses have shown much more antigenic stability than influenza A viruses,
antigenic variation does occur. As a consequence, the antigenic characteristics of current
strains provide the basis for selecting virus strains to be included in the vaccine. Human
and animal influenza A viruses are interrelated, but not identical.

Between epidemics, there are minor degrees of antigenic drift because of the passage
of human influenza A viruses in partially immune people. This process selects mutants
that are responsible for the seasonal illnesses experienced every year or so. Major
antigenic change probably results from recombination of animal and human influenza A
viruses. Influenza A virus may cross the species line periodically and cause major
alterations of one or both of the envelop proteins. Laver (at Canberra) and Webster (at
Memphis) have postulated that new human strains appear by recombination of viruses
from animals and humans. They suggest that A2/Hong Kong/68 strain was a recombinant
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that gets its N2 moiety from an Asian H2N2 strain and its H3 from another unknown
donor. The influenza B viruses have no known animal reservoirs.

INFLUENZAL PNEUMONIA

Analysis of virologically confirmed fatal cases of influenza indicate three broad patterns
of respiratory involvement: pure influenza-virus pneumonia, postinfluenzal bacterial
pneumonia, and pneumonia due to concomitant virus and bacterial infection. In terms of
their therapeutic ramifications as well as their pathogenesis, the latter two categories can
be considered as one, namely, influenza-associated bacterial pneumonia. The translation
of infection into mortality or into disease sufficiently severe to force hospitalization has
led to early recognition of the fact that influenza constitutes a special hazard to patients
with cardiopulmonary disease and to gravidas. Pure influenza virus pneumonia functions
as a lethal disease almost exclusively in these special circumstances. In the 1957-1958
epidemic, influenzal pneumonia was the leading cause of maternal mortality in
Minnesota, but what was more significant was the observation that gravidas died from
pure influenza virus pneumonia and not from superimposed bacterial infection.

Pure influenza-virus pneumonia

A wide spectrum of modes of onset of symptoms and signs is observable with influenza
virus pneumonia. Nevertheless, sufficient common denominators are discernible to
permit a generalized description of the typical fatal course. Usually there is a short
antecedent illness of 6-12 hours characterized by malaise, myalgia, and chilly sensation,
followed by the onset of fever, headaches, pain on ocular movement, nasal congestion, or
mild sore throat. Between the second and third day, cough, dyspnea, hemoptysis, and
occasionally pleuritic chest pain develop. These symptoms usually herald the onset of
clinical deterioration. Analysis of the white blood cell (WBC) count at this time reveals
that it is either within normal limits or slightly elevated. There is no marked shift to the
left in terms of the WBC differential. The cough becomes productive of frothy
bloodstained sputum. Frank hemoptysis is frequent. Marked cyanosis secondary to
pulmonary decompensation and shock due to cardiovascular collapse precede death.
Almost invariably, fetal death occurs before maternal death. If maternal demise occurs, it
does so most commonly about the fourth day following the prodromal illness, and within
24-48 hours after the onset of the clinical features of pneumonia.

Physical examination during the clinical course reveals diffuse bilateral crepitant
basilar inspiratory rales. The chest roentgenograms correlate closely with the physical
findings. Characteristically, there are diffuse, fluffy bilateral infiltrates radiating from the
hilum to the peripheral portion of the lung fields. These infiltrates are not uncommonly
sparse. Gram-stained sputum smears are noteworthy in that they fail to demonstrate
significant numbers of pathogenic bacteria. At necropsy the lungs are heavy, bulky, and
plum-colored. Numerous subpleural hemorrhages are discernible. These changes are
most pronounced in the lower lobes. The cut surface of the lung reveals blood-stained
frothy fluid as well as hemorrhage both in bronchi and in the lung parenchyma. The
microscopic features are characteristic, with widespread necrosis of the tracheobronchial
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epithelium as low as the respiratory bronchioles and alveolar ducts. Similar
cytopathologic effects are observable within alveolar macrophages. Scattered foci of
interstitial mononuclear cell infiltrate can be identified. Intraalveolar hemorrhage
secondary to capillary disruption is characteristic. Rare capillary thrombi and hyaline
membranes lining the intra-alveolar surface are also present.

Influenza-associated bacterial pneumonia

Purulent sputum, shaking chills, or pleuritic chest pain frequently indicate superimposed
bacterial infection. Although the symptoms of pure viral pneumonia may blend directly
with and be indistinguishable from those of secondary bacterial pneumonia, in certain
instances a short period of improvement intervenes. In the absence of bacteremia the
recognition of secondary bacterial pneumonia depends on the identification of bacterial
pathogens in Gram-stained sputum. Roentgenographic findings in these two entities may
mimic each other exactly; however, pleural effusion, lobar consolidation, or cavitation
within the involved lung strongly suggest superimposed bacterial pneumonia.

DIAGNOSIS

The diagnosis of influenzal pneumonia is usually presumptive and is based on a
characteristic pattern of disease or roentgenograms occurring at a time when influenzal
infection is prevalent in the community. Although it is possible to isolate the virus on the
chorioallantoic membrane of embryonated eggs or in a variety of tissue culture lines, the
time required for a positive identification and the relative non-availability of isolation
systems in most laboratories severely limits its applicability except for necropsy material.
Infection can be retrospectively documented by hemagglutination inhibition (HAI)
testing utilizing strain-specific viral antigen. A greater than eight-fold rise in the HAI titer
(performed by the microtechnique) between acute and convalescent serums is deemed
diagnostic of infection with influenza virus.

MANAGEMENT

The frequent inability to distinguish between the two entities dictates a common
therapeutic approach. Once the diagnosis of severe influenzal pneumonia is made, the
patient should be hospitalized, with appropriate precautions made to isolate her from
potential antibiotic-resistant strains of bacterial pathogens indigenous to the hospital
environment.

Baseline blood gas values should be obtained. Clinical amelioration or deterioration
can be monitored by serial determinations of blood pH, PCO,, and O, saturation. A
contracted intravascular space should be anticipated and intravenous therapy should be
directed at restoring the intravascular volume, replacing the insensible water loss due to
hyperventilation and hyperthermia, and maintaining electrolyte balance. Aggressive
intravenous therapy necessitates careful monitoring of the intravascular compartment by
a central venous catheter. Should vascular overload occur, rapid but cautious
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digitalization is indicated. Marked hypoxia increases the probability of an adverse drug
reaction as a consequence of digitalization. The development of shock may require large
intravenous doses of corticosteroids.

Vigorous pulmonary therapy includes administration of oxygen and intermittent
positive pressure breathing. Progressive deterioration as indicated by blood gas studies
may necessitate intubation. Therapy at this point should be performed by specialists.

Operative intervention with evacuation of the uterus, rather than contributing to
clinical amelioration, appears to be associated with significantly increased maternal
mortality. Because many of the medications used for inducing analgesia or anesthesia
may have adverse effects on pulmonary function, it is imperative to involve the
anesthesiologist early in the disease. In general, the pregnancy becomes of secondary
consideration, and the patient is treated for acute pulmonary decompensation.

Staphylococcal pneumonia is now recognized as the prime bacterial complication in
fatal cases of influenzal pneumonia. However, a high incidence of disease due to
Streptococcus pneumoniae is to be anticipated. Escherichia coli is the next most frequent
pathogen observed. The spectrum of antibiotic therapy instituted for presumptive
bacterial superinfection (nafcillin and gentamicin) should encompass these three major
pathogens. The possibility of intrahospital epidemics has focused on the desirability of
restricting hospital visits by relatives and friends.

MATERNAL RISK DUE TO PREGNANCY

Without a massive epidemiologic study, it is not established how much added risk
influenza imposes on pregnancy. Fragmentary data and anecdotal experience suggest that
pregnant women may be at greater risk.

In the 1918 and 1957-1958 epidemics, many preghant women were among those who
developed severe and rapidly fatal pneumonia. In analyzing maternal mortality in these
situations, investigators found that most pregnant women died of influenza pneumonia
rather than of secondary bacterial infection. In the 1957-1958 epidemic, influenza
pneumonia was the leading cause of maternal death in Minnesota. Again, the women died
of viral pneumonia and not of a superimposed bacterial infection. After describing a case
of fatal maternal influenza in the third trimester, one author stated: “Pregnant women are
at increased risk when infected with influenza virus... Perhaps prior vaccination would
have averted the disaster.”

Only two deaths were reported as a direct consequence of the 1979 swine flu out-
break: one a military recruit who reputedly left sick bay and ran to catch up to his unit,
the other a pregnant 17-year-old with no underlying disease. Figures on morbidity and
pregnancy are elusive, but assessment of mortality is not difficult. What is notable about
pregnant women is that they die of pure viral pneumonia rather than bacterial super-
infection. The only other groups who consistently die of pure viral pneumonia are those
with mitral stenosis and chronic bronchopulmonary disease.
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Table 17.1 CDC recommendations for influenza
vaccination

Annual vaccination is strongly suggested:

(1) For women who will be in the second or third trimester of pregnancy during the influenza
season.

(2) For women over the age of 64 years.
Conditions predisposing to such increased risk include:

(1) Acquired or congenital heart disease with actual or potential alterations in circulatory
dynamics (e.g., mitral stenosis, congestive heart failure, or pulmonary-vascular overload).

(2) Any chronic disorder or condition that compromises pulmonary function (e.g. chronic
obstructive pulmonary disease, bronchiectasis, heavy smoking, tuberculosis, severe asthma,
cystic fibrosis, neuromuscular and orthopedic disorders with impaired ventilation, broncho-
pulmonary dysplasia following neonatal respiratory distress syndrome).

(3) Chronic renal disease with azotemia or nephrotic syndrome.
(4) Diabetes mellitus or other metabolic diseases.
(5) Severe chronic anemia, such as sickle cell disease.

(6) Conditions that compromise the immune mechanism, including certain malignancies and
immunosuppressive therapy.

POSSIBLE FETAL CONSEQUENCES

Stanwell-Smith et al. looked at the possible association of influenza infection with fetal
or perinatal mortality. They conducted an epidemiological investigation which focused
on a small cluster of early and late fetal deaths in early 1986. Women whose pregnancies
were affected (cases) were compared with women whose pregnancies had a normal
outcome (controls). Case pregnancies were distinguished by a significant excess of recent
flu-like illness (p=0.006), and were significantly more likely than controls to have
serological evidence of influenza A infection (p=0.00067), predominantly the influenza A
H3N2, Christ church/4/85-like strain. The cluster was recognized because most cases
were patients of one health center. Larger epidemiological studies will be needed to
confirm an association between influenza A and fetal death, but this cluster suggests that
influenza A may have an adverse influence on fetal survival.

In a limited number of animal model systems, influenza A virus appears to have some
teratogen abilities. Weak circumstantial evidence has been advanced which purports a
linkage between maternal infection in pregnancy and a number of late manifesting
neurological defects or childhood leukemia.

All know viral teratogens function either by direct cytopathic effect or by indirect
inhibition of DNA replication. Except for a case reported by Yawn et al., there is no
added data which documents the ability of the influenza viruses to traverse the placental
barrier.
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VACCINATION IN PREGNANCY

The Centers for Disease Control (CDC) have designated women who are in the second or
third trimester of pregnancy during the influenza season as individuals at increased risk
for complication and hence a vaccine target population (Table 17.1). Should a pregnant
woman have a chronic metabolic disease such as diabetes mellitus, significant renal
dysfunction, hemoglobinopathies, chronic disorders of the pulmonary or cardiovascular
system or be immunosuppressed, including drug-induced immunosuppression or human
immunodeficiency infection/disease, these conditions constitute additive risk factors.

In addition, women who are healthcare workers and other individuals in close contact
with persons at high risk should be vaccinated to decrease the risk for transmitting
infection to persons at risk.

Inactivated influenza vaccine should not be administered to persons known to have
anaphylactic hypersensitivity to eggs or other vaccine components. Influenza vaccine
contains three strains, two type A and one type B, representing the influenza viruses
likely to be circulating in the United States during the upcoming winter. Different
manufacturers may use additional compounds as a preservative such as thimerosal, a
mercury-containing compound, or they may use an antibiotic to prevent bacterial
contamination. Before administering a vaccine, the package insert should be consulted
and vaccine recipient questioned as to known allergies.

The effectiveness of an influenza vaccine is a function primarily of the recipient’s age,
immunocompetence and the degree of similarity between viruses in the vaccine and those
in circulation. When the vaccine and circulating viruses are antigenically similar,
influenza vaccine is 70-90% effective. immunity declines in the year following
vaccination.

A 0.5 ml dose of either the whole- or split-virus vaccine administered intramuscularly
is recommended for women. Immunogenicity and side effects of whole and split-virus
vaccines are similar among adults when administered at the recommended dosages. Little
or no improvement in antibody response is observed when a second dose of the vaccine is
administered in the same season.

Both local and systemic side effects occur. Soreness at the site of vaccination is
common and may last up to two days. Fever, malaise, and myalgia tend to occur in
individuals with little prior exposure to the viral antigens in the vaccine. Immediate
allergic reactions are rare.

CHEMOPROPHYLAXIS

Antiviral drugs for influenza are an adjunct to the vaccine. Four influenza antiviral drugs
have been licensed for use in the United States: amantadine, rimantadine, zanamivir and
oseltamivir.

Amantadine and rimantadine are chemically related antiviral drugs with activity
against influenza A, but not influenza B. They interfere with the influenza virus life
cycle. Both are approved for the treatment and prophylaxis of influenza A virus infection.
When administered prophylactically to healthy adults before and throughout the epidemic
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period, they are 70-90% effective in preventing illness caused by naturally occurring
strains of type A influenza viruses.

Zanamivir and oseltamivir are neuraminidase inhibitors with activity against both
influenza A and B viruses. Both are approved for the treatment of uncomplicated
influenza infections. Only oseltamivir is approved for prophylaxis, but both drugs appear
to afford similar effectiveness in preventing febrile illness in community-based studies.

Antiviral agents taken prophylactically can prevent illness but not subclinical
infection. Individuals taking these drugs, if infected, will develop immune responses that
may protect them when they are exposed to antigenically related viruses in later years.
The recommended daily dosage of influenzal medications for treatment and prophylaxis
are listed in Table 17.2.

Chemoprophylaxis can be considered for persons with immune deficiency in whom a
less than optimal response to vaccination is anticipated. Such patients should be closely
monitored for adverse drug reactions, if chemoprophylaxis is administered.

Chemoprophylaxis should not be used in lieu of vaccinations. Antiviral therapy is
indicated for nonvaccinated individuals after an outbreak of influenza A has begun in the
community. Individuals in this situation should still be vaccinated.

The development of antibodies takes 8-14 days, hence the rationale for concomitant
chemoprophylaxis during an influenza outbreak for high-risk women. Amantadine and
rimantadine do not interfere with antibody response to the vaccine. When inactivated
influenza A virus vaccine is unavailable or contraindicated, amantadine may be
administered for up to 90 days in cases of epidemic exposure. Amantadine must be taken
each day for the duration of the epidemic or until active immunity has an opportunity to
develop after vaccination.

No clinical studies have been conducted regarding the safety or efficacy of
amantadine, rimantadine, zanamivir or oseltamivir for pregnant women. Both amantadine
and rimantadine have been demonstrated to be teratogenic and embryotoxic in animal
studies when administered in very high doses. Because of the unknown effects of these
drugs on the developing fetus, all anti-influenza virus drugs should be used during
pregnancy only when benefits justify the potential risk to the embryo or fetus. These
drugs are secreted into breast milk.

Side effects associated with amantadine and rimantadine are usually mild and cease
soon after discontinuing the drug. Side effects can diminish or disappear after the first
week despite continued drug ingestion.

Table 17.2 Recommended daily dosage of antiviral
medications for treatments and prophylaxis

Antiviral agent 13-64 years >65 years
Amantadine!

Treatment 100 mg twice daily <100 mg/day
Prophylaxis 100 mg twice daily <100 mg/day

Rimantadine?
Treatment® 100 mg twice daily 100 or 200 mg/day*



Influenzaviruses 237

Prophylaxis 100 mg twice daily 100 or 200 mg/day*
Zanamivir®®

Treatment 10 mg twice daily 10 mg twice daily
Oseltamivir

Treatment’ 75 mg twice daily 75 mg twice daily
Prophylaxis 75 mg/day 75 mg/day

The drug package insert should be consulted for dosage recommendations for administering
amantadine to persons with creatinine clearance <50 ml/min/1.73m?

2A reduction in dosage to 100 mg/day of rimantadine is recommended for persons who have severe
hepatic dysfunction or those with creatinine clearance <10 ml/min. Other persons with less severe
hepatic or renal dysfunction taking 100 mg/day of rimantadine should be observed closely, and the
dosage should be reduced or the drug discontinued, if necessary.

®0Only approved treatment among adults.

“Elderly residents of nursing homes should be administered only 100 mg/day of rimantadine. A
reduction in dosage to 100 mg/day should be considered for all persons aged>65 years of age if
they experience side effects when taking 200 mg/day.

Szanamivir is administered via inhalation by using a plastic device included in the package with the
medication. Patients will benefit from instruction and demonstration of correct use of the device.
6zanamivir is not approved for prophylaxis.

"A reduction in the dose of oseltamivir is recommended for persons with creatininte clearance <30
ml/min.

Adapted from CDC MMWR, 2001; 50:24
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Measles

Measles virus is a paramyxovirus. Its virions have a diameter of 100 to 250 nm and
consist of a helical ribonucleoprotein core surrounded by a lipid envelope. The virions
replicate predominantly in the cytoplasm and are released from the cell surface by
budding. The envelope of the virion is composed of at least two glycoproteins: F, which
causes membrane fusion and is crucial for infectivity; and H, which is the hemagglutinin.
Antibodies to F glycoprotein inhibit viral infectivity.

Measles is an extremely infectious disease entity. The virus is disseminated
predominantly by droplet transmission from an infected individual to a susceptible
subject in close proximity. Transmission by articles soiled by respiratory secretions may
occur. Though any mucosal surface potentially provides a portal of entry, the principal
portal of infection is the upper respiratory tract.

The usual incubation period between initiation of infection and onset of the first
symptoms (prodrome) is approximately 10 days. Approximately 10 to 14 day intervals
between exposure and exanthema occur in 80% of individuals, 15 to 19 days in 14%, and
less than 10 days in 6%.

Measles is most communicable during the prodrome and catarrhal stage of infection
rather than during the period of the exanthema. Individuals with measles should be
considered infectious from the onset of the prodrome (about 4 days before the appearance
of the exanthema) until 3 days after the onset of the exanthema. The risk of contagion
abruptly diminishes 48 hours after the rash appears. Measles virus is readily recovered
from respiratory secretions from 2 days before until 1 or 2 days after the onset of the rash.

Before licensing of live measles vaccine, the incidence of measles in pregnancy
ranged from 0.4 to 0.6 cases of measles per 10000 pregnancies. The decline in the
incidence of measles associated with the widespread use of the vaccine has further
decreased this low incidence of measles in pregnant women. Over half of these cases
which now occur are believed to result from primary vaccine failure rather than
secondary vaccine failure due to loss of immunity to measles after vaccination. At
present, there is no evidence that immunity induced by measles wanes with time.

CLINICAL MANIFESTATIONS

The prodrome typically begins 10 to 11 days after exposure, with fever and malaise,
followed within 24 hours by coryza, sneezing, conjunctivitis and cough. During the next
2 to 3 days, this catarrhal phase is accentuated with markedly infected conjunctivae and
photophobia. Toward the end of the prodrome, Koplik’s spots appear. These are tiny (no
larger than a pinhead), granular, slightly raised, white lesions surrounded by a halo of
erythema.
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The rash, which appears 12 to 14 days after exposure, begins on the head and neck,
especially behind the ears and on the forehead. At first the lesions are red macules 1 to 2
mm in diameter, but during a period of 2 or 3 days they enlarge, becoming
maculopapules of 1 cm or greater. By the second day, the exanthema has spread to the
trunk and upper extremities. The lower extremities are involved by the third day. The
lesions are most prominent in those regions where the exanthema appears first, namely,
the face and upper trunk. By the third or fourth day the exanthema begins to fade in the
order of its appearance. A brown staining of the lesions often persists for 7 to 10 days and
is followed by fine desquamation.

The clinical course of measles can be greatly altered by administration of immune
globulin (IG) during the incubation period. In modified measles, the catarrhal phase may
be completely suppressed and the exanthema limited to a few macules on the trunk.

Table 18.1 Adverse fetal consequences of maternal
rubeola (measles) in pregnancy

Abortion*
Fetal death in utero*

Congenital infection

*Fetal wastage is probably as contingent upon the severity of maternal disease as on the gestational
age of the fetus.

The principal complications associated with measles are pneumonia, encephalitis, and
myocarditis. Encephalitis occurs in one per 10000 cases of measles. Measles encephalitis
has a mortality rate approaching 10%. Liver enzyme elevations may occur in 50-75% of
young adults. It is not uncommon for adults with arrested tuberculosis to have an acute
flare-up following measles.

MEASLES IN PREGNANCY

The incidence of death and other complications from measles during preghancy may be
higher than expected for age-comparable, non-pregnant women (Table 18.1). Pneumonia
which is a relatively rare complication in the general population is increased in
pregnancy.

Eberhart-Phillips et al. identified 58 gravida with measles. Thirty-five, 60%, were
hospitalized for measles, fifteen, 26%, were diagnosed with pneumonia, and two, 3%,
died of measles complications.

In Packer’s series of cases, six of eighteen pregnant women with measles were said to
suffer from ‘severe’ disease. Christensen et al. describe an epidemic of measles in
Greenland. Pregnant women were nearly three times as likely to die from their infections
as nonpregnant women with measles aged 15 to 54. In a hospital based study of women
in Houston, seven had pneumonia and one died.
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PERINATAL WASTAGE

Measles in pregnancy may lead to high rates of fetal loss and prematurity, especially
within the first two weeks after onset of the rash. In Eberhart-Phillips’ series and
excluding three induced abortions, eighteen pregnancies, 31 %, ended prematurely; five
were spontaneous abortions; and thirteen were preterm deliveries. All but two of the
eighteen pregnancies that terminated early did so within 14 days after onset of the rash.
Two term infants were born with minor congenital anomalies, but their mothers had
measles late in their third trimester.

CONGENITAL MEASLES

Because the usual incubation period from infection to the first appearance of the
exanthema is 13 to 14 days, measles exanthemas acquired in the first 10 days of life are
considered transplacental in origin, whereas those appearing at 14 days or later are
probably postnatally acquired.

By-and-large, the outcome of gestational measles on the fetus is relatively benign. The
spectrum of disease in congenital measles varies from a mild illness in which a rash and
Koplik’s spots may or may not be present to fulminating fetal disease in which
pneumonia is the leading complication. Mortality, if it occurs, tends to do so in a
premature infant. The case fatality ratio is not well established and is probably
significantly influenced by the gestational age and maternal/fetal immune response.
Administration of I1G at birth may decrease the mortality. The dose usually administered
has been 0.25 mg/kg.

Overt neonatal disease usually is seen when maternal disease occurs in the
periparturitional period.

Disease in the newborn is not associated with enhanced virulence or an expanded
pattern of disease. There is no evidence to incriminate the measles virus as a teratogen for
the human fetus.

Neonatal disease is usually but not invariably at the same stage of development as that
of the mother. Most of the progeny of pregnancies which have been complicated by
maternal measures exhibit apparent immunity when subsequently exposed to rubeola
virus.

Most women of childbearing age in urban areas are immune to measles because of
previous natural infection or vaccination. Because it is amply documented that infants
born to immune mothers are usually protected by transplacentally acquired antibodies,
measles outbreaks in newborn nurseries are extraordinarily rare events.

DIAGNOSIS

Maternal

A definitive diagnosis of maternal measles can be inferred on purely clinical grounds
when there is history of recent exposure and the typical catarrhal phase is followed by
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Koplik’s spots and a maculopapular exanthema in the characteristic distribution. Koplik’s
spots are deemed to be pathognomonic.

More characteristically, the clinical impression is confirmed by serological testing. For
routine determinations of antibodies in paired human sera, the hemagglutination
inhibition (HI) test is faster, less cumbersome and less expensive than the neutralization
or enzyme-linked immunofiltration assay (ELISA) test. For detecting antibodies after
infection in the remote past or for predicting immunity, the neutralization test is
somewhat more sensitive. Recent maternal infection can be inferred by the demonstration
of IgM anti-measles antibodies in the ELISA test system. Serum antibodies appear
shortly after the appearance of the rash and peak in three to four weeks. Definitive
diagnosis of rubeola is contingent on demonstration of IgM-specific antibodies, a four-
fold or greater rise in paired sera run in the same test or isolation of the virus.

The measles virus is best isolated using primary cultures of human embryonic kidney
or rhesus monkey kidney. Presumptive isolates of measles virus are identified by typing
with known antiserum in hemadsorption inhibition or plaque reduction tests.

Congenital

The diagnosis of congenital measles is contingent upon the disease process being present
at birth or developing in the first twelve days of life and either recovery of virus or the
demonstration of specific IgM or IgA virus antibodies in neonatal blood.

THERAPY AND PREVENTION

Management of maternal myxovirus infection is largely supportive in terms of
symptomatology. If hyperthermia develops, fever must be aggressively controlled.
Antibiotics are indicated if pulmonary secondary bacterial superinfection occurs.

MANAGEMENT OF THE EXPOSED GRAVIDA

Mothers with an unequivocal history of either previous natural measles or vaccination
with live attenuated measles virus are assumed not to be at risk when exposed to measles
in the neonatal period. If a mother without a history of previous measles or measles
vaccination is exposed 6 to 15 days antepartum, she may be in the incubation period and
capable of transmitting measles infection during the postpartum period. In the absence of
a previous maternal history of measles, the neonate should remain in the newborn
nursery.

Both mother and the neonate should receive IG, 0.25 mg/kg intramuscularly, to
prevent or modify subsequent measles infection that might have been incubating at the
time of delivery If exposed less than 6 days antepartum, she would not be capable of
transmitting measles by the respiratory route until at least 72 hours postpartum.
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PROPHYLAXIS

In the absence of prior vaccination or immunity, the administration of gamma globulin
during the incubation period for any individual with HI titers of less than 1:2 is indicated.
This level of antibody is highly correlated with susceptibility to measles.

Immune globulin prophylaxis given within 72 hours of exposure prevents infection in
the majority of instances. Efficacy diminishes linearly with time. Some protection may
exist as long as 6 days after initial exposure. The recommended dose of 1G is 0.25 ml/kg
IM, not to exceed 15 ml. IG given after this period before the prodrome usually results in
modification of the measles infection with diminished morbidity

Those non-immune gravidae, if well beyond the first 3—4 weeks of pregnancy, given
IG prophylaxis should be considered for vaccination if the disease persists in the general
population. An interval of at least 8, and preferably 12, weeks should be allowed to pass
so that residual measles antibodies do not interfere with a vaccine ‘take’.

All infants born to mothers with active measles in the six days before delivery also
should receive IG.

MEASLES VACCINE

Measles vaccine is a live-attenuated virus vaccine that produces a mild or inapparent non-
communicable infection. A single subcutaneously administered dose of live measles
vaccine provides durable protection against measles illness for 95% of susceptible
individuals.

Non-pregnant adults who are exposed to measles and who have no or uncertain
documentation of live measles vaccination on or after their first birthday, no record of
physician-diagnosed measles, and no laboratory evidence of immunity should be
vaccinated within 72 hours after exposure; vaccination is most likely to be protective
during that time. If the exposure did not result in infection, the vaccine should induce
protection against subsequent measles infection.

An acceptable alternative is to use IG, which can prevent or modify infection if
administered within 6 days after exposure. This alternative is principally indicated when
measles vaccine is contraindicated. 1G should not be used in an attempt to control
measles outbreaks.

Vaccine adverse reactions

A temperature of >103°F (39.4°C) may develop among approximately 5-15% of
vaccinees, usually beginning between the fifth and twelfth days after vaccination; fever
usually lasts 1-2 days and, rarely, up to 5 days.

Rashes have been reported among approximately 5% of vaccinees. Encephalitis after
measles vaccination is extremely rare, and its incidence cannot be discerned from the
background incidence of encephalitis of an unknown etiology. The incidence of
postvaccination encephalitis is much lower than the incidence after natural measles.
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Vaccine precautions

Vaccination should not be postponed because of a minor illness, such as a mild upper
respiratory infection. However, vaccination of persons with severe febrile illnesses
should be postponed until recovery. Vaccine should be given 14 days before—or deferred
for at least 6 weeks and preferably 3 months after—a person has received IG, whole
blood, or other blood products containing antibody.

Persons with a history of any sign or symptom of an anaphylactic reaction (e.g. hives,
swelling of the mouth and throat, difficulty breathing, hypotension or shock) after
ingestion of eggs or receipt of neomycin should be given measles vaccine only with
extreme caution. Protocols have been developed for vaccinating such persons.

Persons with reactions that are not anaphylactic are not at increased risk and can be
vaccinated. Because of a theoretical risk to the developing fetus, measles vaccine should
not be given to pregnant women.

The vaccine also should not be given to persons who are immunocompromised as a
result of immune deficiency diseases, leukemia, lymphoma, or generalized malignancy or
who are immunosuppressed as a result of therapy with corticosteroids, alkylating drugs,
antimetabolites, orradiation.
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Mumps

Mumps virus, like measles virus, is also a member of the paramyxovirus family. The
mumps virus contain a hemagglutinin neuraminidase glycoprotein or viral (V) antigen
associated with the envelope, a hemolysis cell fusion (F) glycoprotein antigen also
associated with the envelope, and a soluble (S) antigen associated with the
ribonucleoprotein core.

The mumps virus is transmitted primarily by droplet, saliva and fomites. The initial
site of virus replication is the upper respiratory tract from which a viremia is engendered
which results in metastatic glandular and central nervous system involvement.

Mumps is an acute, generalized, communicable disease whose most distinctive feature
is swelling of one or both parotid glands. Involvement of other salivary glands, the
meninges, the pancreas and the testes of postpubertal males occurs with some frequency.

The usual incubation period, between exposure to infection and onset of paratitis is 14
to 18 days. The extremes between 7 and 23 days have been identified.

The prodrome consists of fever, malaise and myalgia. Parotitis, if it is to develop, does
so in the next 24 hours. Parotid gland involvement progresses for two to three days and
then gradually regresses.

MUMPS IN PREGNANCY

When mumps is superimposed on pregnancy, the resultant disease is not appreciably
more severe than it is in non-pregnant women. In general, the clinical course of mumps in
pregnancy is relatively benign. Mumps virus has been isolated from breast milk.

PERINATAL WASTAGE

Like measles, mumps infection when superimposed upon pregnancy may adversely affect
its outcome. Small studies have demonstrated a greater than two-fold increase in perinatal
wastage. Mumps differs from measles in the sense that some studies have identified an
increased incidence in congenital defects as well as abortions; however, in the largest
series involving 501 cases, no significant difference in terms of fetal complications could
be demonstrated between gravida whose pregnancy had been complicated by mumps and
the control group, irrespective of the stage of pregnancy at which infection occurred.
Unlike fetal deaths or abortions associated with measles, those associated with mumps
are closely related temporally to the maternal infection.
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CONGENITAL INFECTION

In extremely rare incidences maternal mumps has produced congenital disease. The
infants present with parotitis at birth or develop it in the ensuing ten days of life. In
general, the disease tends to pursue an uneventful course. Occasionally severe systemic
involvement is noted. Lacour et al. reported a case in which the mother developed
bilateral parotitis beginning the day of the delivery. The child was subsequently severely
ill and suffered from fever, splenomegaly and thrombocytopenia, however without
partotitis or pancreatic involvement. Both mother and child recovered with symptomatic
treatment. When maternal disease occurs in the immediate periparturitional periods, the
neonate may develop paraotitis or aseptic meningitis.

MUMPS EMBRYOPATHY

The prime controversy concerning maternal mumps during gestation centers around the
question of whether there is a mumps embryopathy. Retrospective studies have noted a
higher incidence of delayed hypersensitivity to mumps in infants with endocardial
fibroelastosis than in the control groups. This observation has not been universally
substantiated. Despite the ability of mumps virus to induce congenital malformations in
experimental animals, there is no definite evidence of teratogenicity for mumps virus in
humans.

There is question as to whether maternal disease in gestation is causally related to
childhood onset diabetes mellitus. Fine et al. conducted a long term follow up study of
3076 subjects who were exposed to viral infection in utero and who at the time of
analysis were up to 40 years of age. Mortality and morbidity were compared with those in
a control population matched for sex and date and area of birth. There was evidence of an
increased risk of diabetes among those exposed to mumps during the first trimester (four
cases among 128 subjects against none of 148 controls).

DIAGNOSIS

The diagnosis of mumps is not problematical on clinical grounds when bilateral, painful
parotitis develops especially when a history of recent exposure is available. The virus can
be recovered from saliva or urine by cultivation on a variety of cell tissue culture lines.
Definite diagnosis requires either serological confirmation, virus isolation or specific
documentation using polymerase chain reaction (PCR).

Serologically, the diagnosis of mumps is established by demonstrating a rising
antibody titer in paired acute and convalescent sera. Complement fixation,
hemagglutination inhibition and neutralization tests can demonstrate seroconversion to
mumps V antigen. These test systems have largely been replaced by the introduction of
highly sensitive enzyme-linked immunosorbent assay (ELISA) tests which are capable of
identifying both IgG and IgM anti-mumps antibodies. Measurement of IgM mumps
antibodies can also be measured using a variation of the ELISA known as antibody
capture.
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THERAPY

Treatment is largely symptomatic. Application of cold packs to the parotid glands in
conjunction with the liberal use of analgesics may be beneficial. If mastitis develops,
application of cold packs can be used. Mumps vaccine may be used to immunize
serosusceptible individuals in the home or hospital environment. Mumps vaccine is not
recommended for pregnant women. Immunoglobulin is of little value in aborting mumps
or its complications.

MUMPS VACCINE

A single dose of live mumps vaccine administered subcutaneously provides protective
and long-lasting levels of antibody. Clinical vaccine efficacy reports range between 75%
and 95%. Recurrent disease does occur. Mumps outbreaks have been reported in highly
vaccinated populations. These occurrences have brought into advocacy the use of two
doses of MMR vaccine.

VACCINE INDICATIONS

Mumps vaccine is indicated for all adults believed to be susceptible. Persons should be
considered susceptible to mumps unless they have documentation of physician-diagnosed
mumps, adequate immunization with live mumps vaccine on or after their first birthday,
or laboratory evidence of immunity. Most adults born before 1957 are likely to have been
infected naturally and can be considered immune, even if they did not have clinically
recognizable mumps disease.

VACCINE ADVERSE REACTIONS

Parotitis and fever after vaccination have been reported rarely. Allergic reactions
including rash, pruritus, and purpura have been associated temporally with mumps
vaccination but are uncommon, usually mild, and of brief duration. The frequency of
reported central nervous system (CNS) dysfunction after mumps vaccination is not
greater than the observed background incidence rate in the general population.

VACCINE PRECAUTIONS

Because of the theoretical risk of fetal harm after administration of a live-virus vaccine to
a pregnant woman, avoiding administering mumps vaccine to pregnant women is
prudent.

Mumps vaccine should not be given to persons who are immunocompromised as a
result of immune deficiency diseases, leukemia, lymphoma, or generalized malignancy or
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to persons who are immunosuppressed as a result of therapy with corticosteroids,
alkylating drugs, antimetabolites, or radiation.
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Rubella

Clinical rubella was first described in Germany by De Bergen in 1752 and Orlow in
1758. Considered sort of a ‘bastard measles’, it was given several names, the principal
ones being Rotheln, rubeola, and German measles. The latter name was engendered by
the early interest of these German investigators.

In 1886, Veale formally proposed the name rubella for the disease.

“The name of a disease is always a matter of importance. It should be short for the
sake of convenience in writing, and euphonious for ease in pronunciation. It should not
be a question-begging appellative. Rotheln is harsh and foreign to our ears, rubeola
notha and Rosalia idiopathica are too long for general use, and are certainly expressive
of conclusions which have yet to be proved. | therefore venture to propose Rubella as a
substitute for Rotheln.”

During the early 1970s, most cases of rubella occurred in children and young
adolescents. By 1999, adults accounted for 86% of cases. Seventy-three percent of
individuals with rubella were Hispanic. Most of these persons were foreign-born. Recent
outbreaks of rubella occurred in individuals from Mexico and Central America.

The rash characteristic of rubella virus is a maculopapular eruption. It usually begins
on the upper thorax or face and spreads in a wavelike pattern to involve first the thorax
then the abdomen, and finally the extremities over approximately a 3-day period. It is not
uncommon for the rash to be fully developed on the lower extremities at the same time
that there is early fading of the rash around the face and neck. Characteristically, the rash
lasts for 3 days; hence its popular name ‘the 3 day measles’, as contrasted to that of
rubeola, the 7 day measles’.

Arthralgia (and occasional instances of arthritis) is not an uncommon complication in
adults, particularly young women. Depending on the strain virulence of the virus, the
incidence of clinically significant arthralgia may approach 20%.

Not all viral infections associated with an exanthema of 3 days’ duration are rubella.
Exanthemas comparable to that observed with rubella infection have been described with
echovirus and coxsackie virus infections and type A hepatitis. The diagnosis of rubella
can be inferred on clinical grounds by the additional finding of postauricular adenopathy.
The postauricular adenopathy may be detectable 6—7 days prior to the onset of rash and
persists for 1-2 weeks after its disappearance.

CONGENITAL RUBELLA FOLLOWING MATERNAL
INFECTION

The aggressive use of childhood and strategic vaccination programs have dramatically
reduce the incidence of congenital rubella cases. During 1997-1999, a total of 21/26 of
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congenital rubella cases occurred in Hispanic infants. Most of the mothers were foreign-
born.

The probability of involvement of the developing fetus by rubella virus is in part a
function of when in gestation maternal infection occurs. An inverse relationship exists
between clinical manifestations of the teratogenic potential of rubella virus and the age of
the embryo at the time of maternal infection within the first 90 days of pregnancy. The
earlier in development maternal infection occurs, the greater the probability of significant
fetal involvement. In light of the augmented knowledge concerning congenital rubella, it
is apparent that there are no adequate statistics that can translate the true incidence of
infection in utero into a problematic figure. Nevertheless, certain principles are evident:

(1) The further advanced the pregnancy is from the tenth week, the less the probability of
overt fetal involvement. If congenital involvement occurs,

Table 20.1 Probability of fetal involvement
following maternal infection in gestation

Month of Probability of Probability of congenital rubella

maternal overt
infection congenital
rubella
First 50% The inability to quote a precise probability of involvement is due
to a number of factors:

1. The *normal’appearing infants, who harbor rubella virus in
their biological fluids, are readily missed when only clinical
parameters are used to calculate the incidence of
involvement.

Second 25% 2. Many of the symptoms are not detectable early in life, i.e. in
Third 10% two separate studies only 50% of the malformations
Ir 0 presented signs or symptoms at birth. In another study, while
deafness was detected in 6% of the infants at 2 years of age,
it was found in 13% of the same group at 3 years of age.
Fourth 1-2% 3. The mother can contract subclinical rubella.

fetal involvement is more likely to result in an incomplete form or forme fruste of
the syndrome rather than the full-blown congenital rubella syndrome.

(2) Even within the period of maximum susceptibility to the teratogenic effect of the
virus, although the incidence of involvement of the fetus per se is markedly increased,
it is nonetheless a random phenomenon. Gestational age is just one of the many
variables for fetal involvement.

Based on epidemiologic data, the chances of having an infant with congenital rubella
syndrome as a consequence of maternal infection in the first trimester are estimated to be
between 18% and 20% (Table 20.1). Although statistics are an adequate reflection of the
teratogenicity of rubella virus, they fail to delineate the total morbidity resulting from
congenital infection. Formes frustes of rubella embryopathy due to continuous virus-cell
interaction (‘the expanded congenital rubella syndrome’) have gone unrecognized. Once
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it was recognized that infection of the fetus could still result in normal-appearing
neonates, it became apparent that the incidence of transplacental infection could not be
monitored from clinically overt disease alone. Involvement of the fetus and the
persistence of viral infection into the first year of life meant that delayed morbidity was
to be anticipated because of continued virus-cell interaction during somatic growth.
Previous statistical assessments of the possibility of fetal involvement as opposed to
teratogenicity were invalid, owing to their failure to include congenital rubella infants
without overt rubella syndrome or formes frustes.

Only fragmentary data exist which might shed some light on the true incidence of
congenital infection as well as its translation into morbidity and mortality. The effect of
the 1964 epidemic in Baltimore on the outcome of pregnancy was studied prospectively
in 1086 women enrolled in a prenatal program at Johns Hopkins Medical Center. When
maternal infection occurred in the first trimester, 4 of the 7 live-born infants had defects
compatible with rubella syndrome; 6 of the 7 were small for their age. The seventh was
normal in all clinical aspects tested; however, rubella virus was recovered from the throat
washings on two occasions.

Morbidity from congenital rubella is not restricted to maternal infection in the first 90
days. Hardy et al. described variants of rubella embryopathy in the progeny of mothers
who contracted infection in the early part of the second trimester. They reported on 24
women with clinical and laboratory evidence of rubella between the 14th and 31st weeks
of pregnancy. In the two cases of fetal loss, the rubella virus was recovered from the
products of conception. Although

Table 20.2 Clinical findings in symptomatic
neonates with the ‘expanded’ congenital rubella

syndrome
Organ system Clinical findings
Bone Micrognathia

Bony radiolucencies

Cardiovascular system  Pulmonary arterial hypoplasia
Patent ductus arteriosus
Coarctation of aortic isthmus
Interventricular septal defect
Interauricular septal defect
Myocardial necrosis
Myocarditis

Central nervous system Encephalitis
Microcephaly
Dystrophic calcification
Bulging fontanel
Neurologic deficits
Progressive panencephalitis

Ear Hearing defects
Peripheral
Central
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Eye Retinopathy
Cataracts
Cloudy cornea
Glaucoma
Microphthalmos

Genitourinary system  Hypospadias
Unilateral agenesis
Renal artery stenosis with hypertension

Hematopoietic system  Anemia
Dermal erythropoiesis (blueberry muffin syndrome)
Immunologic dyscrasias
Leukopenia
Thrombocytopenia with/without purpura

Liver Hepatitis
Hepatosplenomegaly
Jaundice (regurgitative)

Lungs Interstitial pneumonitis (acute, subacute, chronic)
Pancreas Diabetes mellitus

Growth and Growth retardation

development Intrauterine

Extrauterine

Prematurity

Psychomotor retardation: intellectual, behavioral, autistic, educational
difficulties

the 22 live-born infants were incompletely sampled, the virus was isolated from 3 of
them. Of the 22 infants, 7 were clinically normal and had no detectable antibody at 6
months of age. Of the remaining 15 infants suspected to be abnormal, 6 had elevated IgM
levels and 10 had detectable levels of antibodies after 6 months of age. Although
morbidity may occur as a consequence of second-trimester fetal involvement, the
incidence of congenital malformations by the fifth month approaches its background
norm.

PATHOGENESIS

Following maternal infection in the first trimester, rubella virus is recoverable from the
products of conception in up to 64% of cases. If maternal rubella is prospectively
confirmed, either by viral isolation or serologic conversion, the incidence of recovery
approaches 100%. Involvement of the conceptus is almost invariably the result of
hematogenous dissemination associated with maternal viremia. Involvement of the
conceptus takes one of the two principal forms, either:

(1) recovery of virus is limited to the placenta; or
(2) there is concomitant widespread organ involvement.
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It is this latter pattern of viral infection which correlates with congenital rubella. Once
infection of a given organ system is achieved, virus replication may continue throughout
gestation and well into the first year of life.

Despite widespread organ involvement, the teratogenic manifestations of rubella virus
are primarily limited to those organ systems with a limited capacity to regenerate (Table
20.2). Certain facets of rubella embryopathy require not only the establishment of
infection within that organ system, but also its involvement at a critical phase of
organogenesis. As with drug-induced embryopathy, vulnerability of the developing fetus
is partly a function of time, wherein minimal insult, either direct, in the form of virus-cell
interaction resulting in necrobiosis, or indirect, in the form of inhibition of mitosis, can
have an exaggerated effect. Both of these possibilities are functional postulates in the
pathogenesis of congenital rubella (Figure 20.1).

Figure 20.1 Bilateral congenital
cataracts which, with cardiovascular,
central nervous system, and inner ear
abnormalities, constitute the so-called
classic stigmata of congenital rubella.
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An inverse relationship exists between manifestations of the teratogenic potential of
rubella virus and gestational age within the first 90 days of life. This may be a partial
function of alterations in placental structure during early growth and development or the
loss of the complementary viral receptor sites on cell surfaces.

Even when fetal infection has occurred within the first 90 days of gestation, in rare
instances the infants, although possessing virus in all their biologic fluids except blood,
have been deemed normal by every clinical parameter. In these instances, the effects of
rubella virus have been either negligible or offset by the limited regenerative capacity of
those tissues which are compromised in the classic rubella syndrome.

Virus persistence and continued virus-cell interaction during in utero existence is
responsible for a wide spectrum of clinical disease in the neonatal period.
Thrombocytopenia, hemolytic anemia with extramedullary hematopoiesis, hepatitis,
interstitial pneumonitis, myocarditis, myocardiopathy, interstitial nephritis, encephalitis,
interstitial pancreatitis, and osteomyelitis have all been observed in infants with
congenital rubella (Table 20.2). These manifestations of cellular dysfunction and
necrobiosis have prompted the use of the term ‘the expanded congenital rubella
syndrome’.

Infants with congenital rubella develop a neurologic syndrome, progressive rubella
panencephalitis, during the second decade of life. The progressive neurologic
deterioration observed is characterized by motor spasticity, ataxia, intellectual
deterioration, and seizures. Examination of the cerebrospinal fluid (CSF) reveals elevated
protein and gamma-globulin levels, in conjunction with a high rubella antibody titer in
both the serum and the CSF. Rubella virus has been isolated from the brain biopsy of one
such patient.

POSTNATAL PERSISTENCE

The postnatal persistence of rubella virus is one of the major enigmas in our
understanding of the pathogenesis of rubella embryopathy. Acquisition of rubella
infection in the neonatal period or later results in a limited period of virus replication
within internal organ systems and at free epithelial surfaces. Thirty days after the onset of
rash there is no evidence of continued virus replication, a finding that is in sharp contrast
to the condition as it exists in an infant with congenital rubella. Once the fetus is infected
in utero, virus replication persists throughout gestation. Approximately 90% of all
neonates with congenital rubella syndrome have virus in most of their extravascular
biologic fluids, such as CSF, urine, tears, and swabbings of the conjunctiva and posterior
part of the oropharynx.

The earliest postulate advanced to account for viral persistence was immune paralysis,
namely, that the fetus exposed to an antigen in appropriate quantity in utero would be
rendered incapable of synthesizing specific antibodies to the antigen. Congenital rubella
furnished an exciting model system in which infection could antedate implantation.

Analysis of the serum of infants with congenital rubella shows it to contain a
composite of specific IgG and IgM antibodies. Because IgM of maternal origin is
excluded from the fetal circulation, this finding constituted presumptive evidence of
congenital infection. At age 34 months, infants with congenital rubella do not exhibit
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significant absence of neutralizing or hemagglutination-inhibition antibodies, as would be
anticipated if the titers were totally contingent on transplacentally acquired maternal
immunoglobulins.

That the IgM antibodies are functional is suggested by the infrequency of recovery of
rubella virus from the serum of neonates in the neonatal and postnatal periods, as
opposed to its recovery from multiple organs. Having said this, one must focus on what
perhaps is the critical issue in congenital infection. The response of host to virus is not
that of a single, but of a dual, biologic system in which the maternal host is capable of a
more accelerated response than the fetus. The fetus at the time of immunologic
competence is involved in antigenic processing and initial antibody synthesis. The
maternal host has already responded to infection and is now flooding the fetal
compartment with a high titer of specific antibody. What is the influence of specific
maternal 1gG antibody on the immune response?

It has been clearly demonstrated, either in vivo or in vitro, in multiple animal systems,
and in man, that exogenous administration of specific antibody may suppress in vivo
endogenous production of antibody to that immunogen. The best example of this is
probably the use of Rho(D) human immune globulin to prevent sensitization of an Rh-
negative woman. The function of specific antibody is postulated to result in the
destruction of immunologically committed lymphocytes. The possibility that this
phenomenon functions in fetuses has been suggested by three sets of observations:

(1) There is a prolonged phase of IgM antibody synthesis in congenital rubella as
opposed to that in neonatally acquired infection. In the latter, the conversion from the
IgM to the IgG antibody response occurs 6—20 weeks prior to that observed in
congenital rubella.

(2) Some 10% of infants with congenital rubella exhibit dysgammaglobulinemia or
hypogammaglobulinemia. The characteristic pattern is an elevated IgM level with a
low 1gG level and absence of IgA. Eventually, there is a re-emergence of the IgG and
IgA classes of immunoglobulins.

(3) Some infants with documented congenital rubella fail to produce specific antibodies
to rubella virus in the first two years of life.

Having touched on the conversion from specific IgM to 1gG, we can now see the
ramifications. A total of 80% of IgM is maintained within the intravascular space as
contrasted to 20% at the interstitial sites of virus replication. With the conversion, the
interstitial distribution of immunoglobulins is markedly altered so that a threefold
increase in specific antibody is achieved at the interstitial site of replication (60% of IgG
is extravascular). Marked similarity exists between the curves of apparent immune
elimination of the virus and the emergence of specific 1gG. The correlation is not
absolute for a given case. Although the shift in the type of immunoglobulin synthesis is
probably of great importance in the ultimate nonrecovery of virus, other factors function
concomitantly. Otherwise, a tighter correlation between the two phenomena would be
anticipated.

Many investigators have explored the possibility that chronic rubella viral infection
may be the result of defective cellular immunity. Although decreased delayed
hypersensitivity can be demonstrated in infants with congenital rubella, it is not unlike
that observed in normal individuals during acute viral infection and following
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administration of viral vaccines. While delayed hypersensitivity plays a prominent role in
certain facets of the histopathology of congenital rubella, it has yet to be demonstrated
that chronic viral infection is primarily the result of defective cellular immunity.

Clinical significance of persistence

Approximately 50% of infants with congenital rubella will have recoverable virus in their
biologic fluids at six months of age. Rubella virus has been recovered from lens
fragments as long as three years following birth.

The persistence of rubella virus has very pragmatic ramifications. Infants with
congenital rubella are a source of infection among nurses and are responsible for the
‘second generation’ congenitally malformed infants in pregnant females caring for these
children. Consequently prophylactic measures need to be instituted to guard the
immediate paramedical and medical personnel within the delivery suite and on the
obstetric ward.

The inability to supply prospective identification of all potentially infected infants,
owing to inapparent maternal illness or the lack of maternal participation in a prenatal
program, should prompt the screening of all potential vectors within the nursing and
medical community. It is not enough to merely determine the antibody status of the
women who are currently pregnant or may soon become so. A susceptible nurse may
become infected and may serve as a vector in disseminating infection among a young
childbearing population. Though the diagnosis of congenital rubella may be made after
parturition, it is often recognized within the incubation period of rubella virus. Thus,
prospective knowledge of the susceptibility of the nursing staff permits both:

(1) the assessment of the probability of the subsequent development of infection among
personnel exposed to the infant, the amniotic fluid, or the placenta; and
(2) initiation of proper quarantine.

DIAGNOSIS

Congenital

Laboratory diagnosis of congenital rubella infection only requires any one of the
following:

(1) Demonstration of a rubella-specific IgM antibody or infant 1gG rubella antibody level
that persists at a higher level and for a longer time than expected from passive transfer
of maternal antibody (i.e. rubella titer that does not drop at the expected rate of a
twofold dilution per month). Approximately 20% of infected infants tested for rubella
IgM might have detectable titers before age one month. Infant with symptoms
consistent with congenital rubella who tested negative soon after birth should be
retested at age one month.

(2) Isolation of rubella can be obtained from nasal, blood, throat, urine, or cerebrospinal
fluid specimens. The best results are from throat swabs. An infant with congenital
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rubella syndrome should be considered infectious until two cultures of clinical
specimens obtained one month apart are negative for rubella virus.

(3) Detection of virus by reverse transcription and polymerase chain reaction
methodology (RT-PCR). This process can be used to detect the presence of rubella
virus after growth in tissue culture or directly in clinical specimens.

RT-PCR has been used to document rubella placentitis; however demonstration of rubella
virus in the placenta correlates poorly with secondary dissemination to the fetus.

Maternal

A clinical case of adult rubella is defined as an illness characterized by (1) acute onset of
a generalized maculopapular rash; (2) temperature greater than 37.2°C (99.0°F) and (3)
arthralgia/arthritis, lymphadenopathy (usually suboccipital, postauricular and cervical); or
conjunctivitis.

Maternal rubella is most commonly documented serologically with the demonstration
of a greater than eightfold rise in the specific antibody titer obtained from specimens
drawn on or before the rash and 7-10 days following its clinical appearance.

Not infrequently, the obstetrician or gynecologist is confronted with a gravida who
had a rash 3 or 4 days earlier. Paired serologic specimens obtained within the first 5 days
following may still demonstrate possible serologic conversion (rubella infection). When
more than five days have elapsed since the onset of a rash, the presence of postauricular
adenopathy in conjunction with a high rubella titer containing specific IgM antibodies
can substantiate the diagnosis of recent infection. Rubella IgM antibodies appear one
week after the onset of infection and persist for approximately one month. To document
recent maternal infection with rubella virus, the IgM ELISA test should be utilized.

EXPOSURE TO RUBELLA DURING GESTATION

One of the most common problems of clinical management is that of a gravida with
known exposure to rubella virus. At the time of the initial visit it is imperative to obtain a
sample of serum for testing. Since antibodies first appear at the time of the rash, any
significant titer of specific antibody prior to the presumed onset of rash or possible
subclinical illness (days 11 through 17) is indicative of prior infection. A gravida with
pre-existing antibody can be reassured about the safety of her fetus in terms of the
potentially deleterious effects of rubella virus. Absence of specific antibody indicates
susceptibility. The patient is given an appointment to return in 18-20 days or at the time
of clinical symptoms (fever, malaise, arthralgia, and rash), whichever comes first. At the
time of this follow-up visit, the patient is carefully re-evaluated for postauricular
adenopathy (Figure 20.2). Approximately 25-30% of maternal infections can be expected
to be subclinical. Although rash may not develop, postauricular adenopathy not
infrequently does. Postauricular adenopathy, even in the absence of rash, should arouse a
high index of suspicion of infection with rubella virus. Definitive diagnosis is contingent
on the demonstration of an eight-fold increase in specific antibody titer. An eight-fold
increase in the convalescent specimen drawn 21-24 days after exposure, or 7-10 days
after the onset of the rash, serologically confirms the diagnosis. Serologic evaluation at
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the time of the rash is still valid, since the peak antibody titers will not be reached for
another 7-10 days.

There is no place for gamma-globulin in the clinical management. Administration of
specific antirubella antibodies can only suppress the clinical manifestation of rubella and
the appearance of endogenous specific antibody. If gamma-globulin has been given to
susceptible individuals following intimate exposure to rubella virus, serologic
surveillance must be extended for at least another 30 days. In the experimental model
systems, the concomitant administration of exogenous specific antibody with an
immunogen results in partial suppression or ablation of the immune response.

Once a case of rubella is confirmed, the appropriate health agencies must be
immediately notified. Even one documented case needs to be treated as a potential
outbreak. Since 30-50% cases of rubella infection are subclinical, investigation of an
apparent isolated case may reveal the occurrence of additional cases.

VACCINATION OF WOMEN OF CHILDBEARING AGE

The vaccination strategy adopted by the United States in 1969, the year rubella vaccine
was licensed, was aimed at controlling rubella in preschool and young school-aged
children, the known reservoirs for rubella transmission. The intention was to thereby
prevent exposure of susceptible adolescents and young adults, especially women. By
1977, vaccination of children 12 months of age and older had resulted in marked declines
in reported rubella incidence in children and had interrupted the characteristic 6- to 9-
year rubella epidemic cycle; however, this vaccination strategy had less effect on rubella
incidence in persons 15 and over (i.e. childbearing age for women). Approximately 10—
20% of this latter population continued to be susceptible, a proportion similar to that of
prevaccine years. Most importantly, reported endemic congenital rubella syndrome had
continued at a low but constant level. When this problem was recognized, public health
authorities targeted other groups for vaccination. Increased efforts were made to
vaccinate junior and senior high school students, enforce rubella immunization
requirements for school entry and for all susceptible military recruits, and recommend
vaccination of pregnant women. The incidence of congenital rubella syndrome has been
significantly reduced. The advent of rubella vaccines has markedly altered the natural
history of congenital rubella and, in so doing, has delineated new responsibilities for the
discipline of obstetrics and gynecology namely vaccination of women of childbearing
age.

It is recommended for these groups that they should receive the vaccine only if they
are shown to be susceptible to serological testing, and if they agree to prevent pregnancy
for two months after immunization. Furthermore, programs undertaking prenatal or
antenatal screening for
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Figure 20.2 Postauricular adenopathy
associated with rubella virus infection

rubella susceptibility and, if appropriate, immunization in the postpartum period, need to
be developed if the critical population, women of child-bearing age, are to be effectively
protected from the possibility of giving birth to a child with rubella embryopathy.

The major impediment to the vaccination of women of childbearing age is the
recognition that vaccine strains of rubella virus can, in rare instances, reach the products
of conception. That intrauterine rubella infection may follow immunization of the gravida
underscores the need for careful selection and monitoring of the population to be
vaccinated. Prior to vaccination, the criteria that must be met include documented
susceptibility, absence of pregnancy, and demonstration of a reliable form of
contraception. An HA1 antibody titer of 1:10 or less usually indicates susceptibility to
infection. However, prior to vaccination the patient should undergo a pregnancy test and
should use an effective modus of contraception, which should be continued for three
menstrual cycles after vaccination. Noteworthy is the immediate postpartum period as a
time for vaccination; also attractive as a situation for vaccination is the family planning
clinic.

No congenital rubella syndrome (CRS) defects have been noted when pregnant
women have been vaccinated with RA 27/3 vaccine. Rubella vaccine viruses, including
the RA 27/3 strain, can cross the placenta and infect the fetus. Approximately 1-2% of
infants born to susceptible gravida vaccinated in pregnancy had serologic evidence of
subclinical infection, regardless of vaccine strain. On the other hand, while the rubella
virus isolation rate from the products of conception for the RA 27/3 vaccine is only 3%
(1/34), the rate of virus isolation for Cendehill and HPV-77 vaccines is 20% (17/85).
These data indicate that the risk of placental or fetal infection from RA 27/3 vaccine is
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minimal. In view of the data collected through 1985, the Immunization Practices
Advisory Committee (ACIP) continues to state that:

(1) pregnancy remains a contraindication to rubella vaccination because of the theoretical
albeit small risk of CRS;

(2) reasonable precautions should be taken to preclude vaccination of pregnant women,
including asking women if they are pregnant, excluding those who say they are, and
explaining the theoretical risks to the others; and

(3) if vaccination does occur within three months before or after conception, the risk of
CRS is so small as to be negligible; thus, rubella vaccination of a pregnant woman
should not ordinarily be a reason to consider interruption of pregnancy. The patient
and her physician, however, should make the final decision.
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Varicella-zoster virus (chickenpox)

Varicella-zoster virus (VZV) is a member of the herpesvirus family. The mature particle
is approximately 1800 A in diameter and consists of a linear double-stranded DNA
molecule center core surrounded by an icosahedral capsid and a lipid envelope. The
capsid is composed of 162 elongated hexagonal prisms, called capsomeres.

The outer envelope is derived from the inner nuclear membrane of the host cell.
Having a significant phospholipid component, it is sensitive to both ether and chloroform
degradation. The site of biosynthesis of viral DNA is the nucleus of the whole cell. Even
though the site of assembly of viral particles is cytoplasmic as well as nuclear, virus
replication within a cell produces an eosinophilic intranuclear inclusion body.

VARICELLA (CHICKENPOX)

The average incubation period is 11 days; the range is from 10 to 21 days. With direct
parenteral inoculation, disease may develop in as few as nine days. Fever is usually the
first sign of illness. Within a day, a maculopapular rash appears on the skin and mucous
membranes. The lesions rapidly undergo vesiculation and appear as superficial thin-
walled vesicles which appear in crops and are intensely pruritic. All stages from
maculopapular to encrusted lesions can be observed simultaneously This pattern
distinguishes varicella from variola (smallpox), in which all the lesions are synchronous.
The patient’s temperature is in the range 101°-103°F. Varicella-zoster virus usually can
be obtained from vesicular fluid but rarely from other sites. Individuals with varicella
should be considered to be infectious from 24-48 hours before to five days following the
appearance of the first vesicles when the scabs have become dried. The infectivity period
of herpes zoster is about the same as for varicella.

HERPES ZOSTER

Herpes zoster represents an immunological modification of latent chickenpox. After the
patient recovers from varicella, the virus persists in a latent form within the peripheral
nervous system. The triggering mechanism for reactivation of viral synthesis is poorly
understood. Its clinical manifestation is shingles, in which the cutaneous lesions, rather
than being generalized, are restricted to one to three dermatomes. Because of the
sensorineural ganglion involvement, intense pain is characteristic of this manifestation of
the VZV.

Varicella is uncommon in the first three months of life. The transplacental transfer of
maternal antibody appears to be able to modify clinical expression of postnatally acquired
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varicella zoster infection such that the infant develops zoster rather than chickenpox. The
factors responsible for preventing the activation of latent varicella-zoster virus are
unknown. Although it is postulated that serum antibody is the critical determinant,
evidence is accumulating that cell-mediated immunity may be a more important factor.
The risk of developing herpes zoster appears to be augmented in immunosuppressed
patients and patients with Hodgkin’s disease who have lost their cell-mediated responses.
Varicella occurs more frequently during the late winter and early spring. Since herpes
zoster is not caused by exogenous reinfection, it occurs with equal frequency throughout
the year. The incidence of herpes zoster increases with age, whereas most cases of
varicella occur in children.

VARICELLA AND PREGNANCY

Varicella superimposed upon pregnancy causes three distinct sets of problems:

(1) enhanced maternal morbidity and mortality;
(2) adverse impact in utero on organogenesis and growth; and
(3) potentially lethal parturitional disease in the neonate.

Maternal morbidity and mortality

Greater than 90% of children have serological evidence of varicella-zoster before they
reach adolescence or adulthood. The incidence of chickenpox among women of
childbearing age is under 5%. The attack rate in pregnancy is between one to two cases
per 10000 pregnancies. These figures are probably conservative estimates owing to the
under-reporting of mild cases.

Varicella, when it occurs in an adult, tends to be more severe than in preadolescence.
While the incidence of chickenpox is no higher in pregnant than in nonpregnant women,
in pregnant women in advanced stages of gestation, infection is more likely to run a
complicated course, with possible development of pneumonia, encephalitis, hepatitis,
pancreatitis, and/or nephritis.

MATERNAL EXPOSURE TO VARICELLA

Inquiry should be made as to prior history of varicella or zoster. Barring gross alterations
of the patient’s immune state, prior disease confers life-long immunity. If the patient is
uncertain about prior diseases and one or more family members cannot confirm its
occurrence, a serological test to determine immune status should be performed. Maternal
virus specific IgG antibody levels as determined by enzyme-linked immunosorbent assay
(ELISA) or the fluorescent antibody test for membrane antigen can be done. If exposure
was beyond the standard incubation period for varicella-zoster by more than five days,
and if maternal 1gG antibody is detected, the serum specimen should be retested to
determine whether IgM specific antibodies are concomitantly present. If IgM antibodies
are demonstrated, a second serum sample should be tested five to seven days later. The
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presence of IgM antibodies are indicative of recent infection. The presence of IgM
specific antibodies and a greater than fourfold rise in titer of a pair specimens in parallel
is diagnostic of acute infection.

If acute maternal infection or seronegativity (with the risk of continued intimate
exposure) is documented, the patient can be offered varicella-zoster immune globulin
(VZIG). The usual dose of VZIG is 125 units per 10 kg body weight, administered
intramuscularly, up to a maximum of 625 units (five vials). The cost of VZIG varies
between $100 and $600. While reasonably effective in preventing or attenuating varicella
if given within 4 days of exposure, the value of VZIG in the presence of acute disease is
not well established.

VARICELLA-ZOSTER (CHICKENPOX) PNEUMONIA IN
PREGNANCY

Much speculation exists as to whether varicella in pregnancy is complicated by an
increased incidence of pneumonitis. The incidence of pneumonia in adults is probably
about 16%. In a review of 173 cases of varicella complicated by pneumonia, Harris and
Rhoades found 30 deaths, or a mortality rate of 17%. Of the 17 cases of varicella
pneumonia complicating pregnancy, 7 terminated in maternal deaths, giving a mortality
rate of 41%.

Most cases of varicella pneumonia in pregnancy have occurred in the third trimester at
a time when it has been demonstrated that maternal cell-mediated immunity is depressed.

Respiratory symptoms usually develop when the cutaneous lesions have been present
from 2 to 5 days (Figure 21.1). The initial sign is a dry, non-productive cough. In many
instances this may be the sole manifestation of pulmonary involvement, and no
symptomatic progression beyond this stage may be noted. In those patients with more
severe disease, the cough, after 3648 hours, becomes productive of a mucoid sputum,
which may become blood-streaked; frank hemoptysis can occur. Dyspnea, tachypnea,
and cyanosis may subsequently develop. Chest pain indicates parenchymal disease
extending to the pleural surface. Symptoms may
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Figure 21.1 Varicella pneumonia
complicating gestation in the third
trimester. Oxygen saturation
measurements on room air were as low
as 57%. Following her recovery, the
patient delivered at term a normal
healthy infant

progress with frightening rapidity. Physical examination usually reveals minimal
abnormal findings despite extensive roentgenographic evidence of pulmonary
parenchymal involvement. The X-ray films characteristically reveal a widespread
bilateral acinonodular infiltrate. The nodular densities seem to be superimposed on
markedly increased bronchovascular markings. The infiltrates are most accentuated in the
hilar regions, and while apices may be relatively spared, no areas are completely free of
disease. In moderately severe cases, the respiratory symptoms may persist for 7-10 days.

The sudden increase in tachypnea and tachycardia may be signs of impending
cardiovascular collapse. Clinicians must be aware of the insidious nature of the disease
and of the gross disparity between initial relatively mild symptoms and potentially
fulminating lethal disease.

Varicella pneumonia is but the clinical manifestation of disseminating disease. If
sought for, evidence can be occasionally demonstrated for multiple organ involvement
(pericarditis, myocarditis, hepatitis, pancreatitis, encephalitis).

The pathologic process is primarily an extensive mononuclear cell infiltration of the
interstitium, with focal areas of coagulative necrosis associated with alveolitis. Septal
cells may become cuboidal and form multinucleated giant cells. Within septal cells or
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macrophages, the characteristic intranuclear inclusion body of the VZV may be
identified.

The National Institutes of Health study group has recently identified two maternal risk
factors. Women who are smokers and women with extensive cutaneous lesions (100 or
more lesions) who contract varicella during pregnancy are at greater risk for developing
the pneumonic complications.

Diagnosis

The differential diagnosis is usually not in doubt in view of the characteristic cutaneous
and pulmonary findings, and the frequent history of chickenpox in progeny or household
contacts. Laboratory analyses are not particularly helpful. The white blood cell count
tends to be normal or slightly elevated, with a shift to the left, and the Gram smear of the
sputum is unremarkable. The definite diagnosis of varicella-zoster infection resides in
either serologic confirmation or virus isolation.

Therapy

Supportive therapy is comparable to that utilized in influenzal pneumonia. Salient
features of management include the following:

(1) Administration of oxygen, primarily via a positive pressure apparatus. This is often
helpful in relieving the dyspnea.

(2) Intravenous maintenance of fluids and electrolyte balance. As a rule, patients with
varicella-zoster pneumonia tend to have intravascular hypovolemia.

(3) If central venous pressure rises, digitalization of the patient before acute pulmonary
edema occurs.

(4) With significant hemoptysis, especially in a patient with pre-existing anemia,
transfusion therapy with concomitant digitalization.

(5) Obtaining serial sputum smears and cultures, and antibiotics, if secondary bacterial
infection is suspected.

It a pregnant woman develops VZV, antiviral therapy is indicated to prevent severe and
life-threatening complications. In the United States, acyclovir has been approved for the
treatment of acute VZV.

Acyclovir has been used in gravida with varicella pneumonia in the late second and
third trimester. Most case reports involve the use of intravenous acyclovir 5 to 18 mg/kg
every 8 hours for 5 to 10 days. Pulmonary function improved in most women with
therapy, but one patient died after increasing pulmonary dysfunction.

Smego et al. retrospectively evaluated the use of acyclovir in 21 women with varicella
pneumonia in their second or third trimester of pregnancy. Sixteen of the women were
previously reported in the literature and five of the women were newly reported by the
investigator. Those women received a short course of oral acyclovir 600 to 800 mg four
to five times daily for five days following intravenous therapy. Due to pneumonia,
ventilatory assistance was required in 5 of twelve women in their second trimester and in
7 of 9 women in their third trimester. Deaths associated with uncontrolled infection or
complications occurred in 2 of 21 (14%) women. Among the women who died, two of
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the three infants born also died. One infant was stillborn and one infant was born
prematurely. Women at highest risk for fatality were those in their third trimester of
pregnancy who required mechanical ventilation. Preliminary evidence suggests that
acyclovir is safe and the drug is safe for the developing fetus when given during the last
trimester.

The antiviral drugs, acyclovir, valacyclovir and famciclovir have been approved for
treating herpes zoster.

Some physicians have used oral valacyclovir, one gram three time a day for 7 to 10
days in the therapy of acute VZV in pregnancy.

Huang et al. have shown that the combination of intravenous immunoglobulin (IVIG)
and acyclovir intravenously administered 7 days after the onset of maternal rash can
effectively prevent perinatal varicella.

IVIG should be offered to pregnant, varicella-seronegative women with significant
exposure to vzv.

The patient who develops varicella pneumonia near term may require hospitalization.
To counteract possible nosocomial spread, respiratory isolation with dressing precautions
should be instituted. This means a private room with the door closed at all times; use of
masks, gloves, and gowns; restricting equipment to use only in that room (an article
possibly contaminated by direct contact or secretions must be handled as infectious and
disposed of properly); handwashing upon leaving the room; and restricting personnel
who care for the patient to those with a history of prior varicella or those over the age of
30 and not pregnant.

FETAL WASTAGE

Postpartum goals are focused clearly on the neonate and on maximizing its well-being.
The possibility of congenital involvement, that is, the occurrence of disease at birth or
before the tenth day of life, must be assessed. In those cases in which maternal disease
occurs immediately prior to the delivery, strict isolation must be instituted.

In general, maternal infection with the VZV during the first trimester does not result in
a detectable increase in fetal wastage unless associated with severe maternal illness.

Abortion may ensue in those instances complicated by varicella pneumonia. Early
abortion or prematurity is thought to be secondary to maternal hypoxia and febrile
response. The degree of maternal hypoxia can be marked. The interstitial pneumonitis
creates an alveolar-capillary block upon which is imposed intraalveolar hemorrhage.

IN UTERO VARICELLA

While the bulk of fetal wastage associated with varicella is the consequence of the
severity of the maternal disease, congenital varicella may occur as a result of both clinical
and subclinical maternal infection. Congenital varicella is defined as disease occurring in
the neonate before the tenth day of life. Maternal and neonatal disease most often are
nonsynchronous. This discrepancy in the stage of development of lesions between mother
and neonate strongly suggests the possibility that transplacental infection depends on the
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second viremia from placental sites. Although most cases of congenital infection in the
world literature are varicella, congenital herpes zoster does occur.

Up to 25% of progeny born to gravidae whose pregnhancies were complicated by
varicella will have serological evidence of congenital infection, however the incidence of
overt congenital anomalities ranges from 0% to 9%. The best test for predicting
morbidity as opposed to infection is ultrasonography. Ultrasound findings suggestive of
congenital varicella include ventriculomegaly, microcephaly, limb abnormalities,
intrauterine growth retardation and dysmorphic calcification in multiple organs,
especially the liver.

There is little evidence to suggest that subclinical infection modifies the ability of the
virus to establish infection in utero. Varicella rarely has an incubation period shorter than
10 days. Congenital varicella is defined as (1) a disease occurring before the tenth day of
life or (2) the characteristic syndrome of developmental anomalies associated with
maternal chickenpox in the first 15 days of life or (3) presence of IgM or IgA specific
antibodies at birth.

Transplacental transmission of VZV is not limited by gestational age nor the severity
of maternal disease. Varicella-zoster virus is not recoverable in the neonates whose
mothers had chickenpox in the first trimester despite morphological and serological
evidence of in utero infection or disease. The most probable consequence of second
trimester and early third trimester congenital varicella-zoster is complete resolution in
utero. In an unpublished prospective study by Ann Arvins of 43 pregnant women whose
gestations were complicated by maternal varicella, eight of the 43 resultant progeny
demonstrated immunologic evidence of in vitro infection. Only one of these eight
neonates had viral-induced anomalies. This baby was one of 11 neonates born to mothers
who contracted their disease in the first trimester.

VARICELLA-ZOSTER EMBRYOPATHY

The time in gestation that varicella occurs markedly influences the pattern of ensuing
disease. Chickenpox which occurs early in gestation may be associated with multiple
developmental abnormalities (Table 21.1). La Foret and Lynch, in 1947, were the first to
describe a syndrome characterized by low birth weight, areas of critical skin scarring
(Figure 21.2), hypotrophic limbs (Figure 21.3), eye abnormalities and neonatal growth
retardation. The ophthalmologic lesions include microphthalmia, cataracts, optic atrophy
and chorioretinitis. The demonstrable neurologic defects include motor and sensory
deficits, overt paralysis, and/or dysphagia. Postnatally, such infants may exhibit a failure
to thrive. Psychomotor retardation and seizures are not uncommon. Necropsy analysis
supports the thesis that the observed embryopathy is the result of viral cytopathic effects
which are magnified by incomplete organogenesis.

Sauerbrei et al. using polymerase chain reaction (PCR) demonstrated VZV DNA in
formalin-food samples of lung, spleen, adrenal glands, bulbus oculi and
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Table 21.1 Clinical and laboratory findings in five
infants born following maternal varicella in early

pregnancy
Individual Cases
Gestational 8 wk 13-14 wk 11 wk 9 wk 13-15 wk
varicella
Low birth weight ~ + + + + +
for gestational age
Skin lesions + + + + +
Hypotrophic limb  Right Right lower Right upper  Left upper Left lower
lower
Seizures + + + - +
Cortical atrophy + + + Not reported  +

Ophthalmologic Bilateral

observations optical
atrophy

Virus isolation Not
reported

Varicella-zoster Not

antibody titer reported

(complement-

fixing)

Infant

Mother

Chorioretinitis

Negative
Day Day
13 63
1:16  1:32
1:64 1:8

Chorioretinitis

Not reported

5mo 8mo

1:32 1:8
Not reported

Left Horner’s
syndrome

Not reported

6wk Day?2

1:40 1:256
1:320 1:128

Microphthalmia,
cataracts,
chorioretinitis

Negative

5mo

1:128
1:64

Modified from Srabstein JC, et al., J Pediatr 1974; 84:239

placenta from a 34 week old stillborn with hypophthamos, hypoplasia of the extremities

and skin lesions.

The full-blown La Foret-Lynch syndrome occurs in neonates whose mothers
contracted chickenpox during the first 15 weeks of gestation. The syndrome is not
constant. Some neonates exhibit the complete spectrum of pathology whereas others have
only one or two organ systems involved.

Congenital VZV infection can occur in the abscence of overt maternal illness.
Mustonen et al., in their study of 201 neonates, identified four babies with neurological
varicella induced sequelae whose mothers had asymptomatic infection during pregnancy.
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PERIPARTURITIONAL VARICELLA

When gravida develop varicella late in the third trimesterwithin 17 days of delivery, 24%
of the ensuing progeny will develop overt disease. The incubation period from onset of
maternal rash to the onset of rash in the newborn is 11 days (range nine to 15 days). This
discrepancy between maternal and neonatal lesions suggests that transplacental infection
is dependent on a second viremia from fetal endothelial sites within the placenta and that
only occasionally is the congenital form of the disease a consequence of the primary
viremia in the maternal host. In rare cases, the primary maternal viremia induces
simultaneous disease in both mother and fetus. Middlecamp reported the presence of
congenital varicella at birth in fraternal twins whose mother developed the disease on the
day prior to delivery. Similarly, Harris reported two cases of congenital varicella in
which maternal and neonatal lesions were in a comparable stage of development. With
the exception of these four cases, varicella in the mother and in the newborn are
nonsynchronous.

Timing of maternal disease is a critical factor for neonatal outcome. When maternal
disease has occurred within five days prior to delivery, at five to 10 days of life, the
ensuing progeny are prone to develop a severe form of varicella characterized by
disseminated intravascular coagulopathy superimposed upon viral pneumonitis and
hepatitis. Thirty percent of these neonates die. If the onset of maternal rash is more than
five days postpartum and the neonate develops a disease in the first four days of life, the
morbidity and mortality are significantly modified by the presence of specific maternally
derived antibodies.

The order of appearance and the distribution of the eruptions in the newborn are
similar to the pattern seen in adults. The initial lesions appear on the torso

— —

Figure 21.2 Cutaneous scars in a child
suspected of having had congenital
varicella. (Courtesy of WE Bell, MD,
lowa City, 1A)
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Figure 21.3 Digital anomalies in the
same child as in Figure 21.2. (Courtesy
of WE Bell, MD, lowa City, I1A)

and then spread centrifugally. Successive crops of lesions develop in such a manner that
later in the disease, an infant may exhibit macules, vesicles, and pustules simultaneously.
Respiratory difficulty may develop between the second and third day after the initial
cutaneous lesions. This time interval between the onset of cutaneous lesions and
respiratory distress is comparable to that of varicella pneumonia in the adult. The
development of respiratory distress carries with it an ominous prognosis.

The placenta exhibits both gross and microscopic foci of miliary coagulative necrosis.
The adjacent intervillous spaces are filled with necrotic material, leukocytes, and nuclear
fragments. Some of the villi may exhibit granulomatous lesions in the stroma consisting
of areas of necrosis surrounded by epithelioid cells, a few foreign-body giant cells, and
mononuclear elements. Some of the decidual cells contain intranuclear inclusion bodies
consisting of an eosinophilic central mass surrounded by a clear halo and rimmed by
fragments of chromatin along the nuclear membrane.

Fatal cases of congenital and neonatal varicella are indistinguishable on anatomic and
histologic grounds. Postmortem examinations have revealed widespread systemic
involvement, with characteristic areas of focal necrosis associated with intranuclear
inclusion bodies and secondary hemorrhage. The most important lesions involve the
lungs. The pulmonary parenchyma exhibits areas of focal necrosis. In some cases, an
interstitial pneumonitis may be present. Miliary areas of coagulative necrosis may be
identified, involving liver, pancreas, esophagus, stomach, adrenal cortices, thymus,
spleen, and bone marrow. At the margins of these lesions, eosinophilic intranuclear
inclusion bodies are present in adjacent epithelial cells.
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NOSOCOMIAL VARICELLA IN THE NEWBORN NURSERY

Nosocomial spread of varicella is an uncommon event owing to the underlying presence
in most neonates of transplacentally acquired specific maternal antibodies. Even when
chickenpox occurs (after the 9th day of life) as a result of postnatal nursery exposure, it is
usually attenuated. Infants born of mothers who contracted varicella within two weeks
prior to delivery should be regarded as potentially incubating the virus. Such infants are
best isolated to minimize the possibility of horizontal transmission of infection to other
neonates, postpartum mothers or hospital personnel. If the baby does not develop the
disease and lacks specific antibodies, it is best to isolate the baby from the mother if she
still has evidence of the disease.

NEONATAL HERPES ZOSTER

The fetus may develop an infection with varicellazoster in utero which resolves before
birth. Such infants harbor the virus which later in life reactivates to cause zoster. This
association of maternal chickenpox during gestation and early onset of zoster in the child
has been reasonably well documented. Brunnell et al. reported a series of cases of zoster
in children ranging from three and a half months to two years of age. In each case, the
mother had experienced clinically overt varicella during pregnancy. None of these infants
had any stigmata of intrauterine varicella-zoster infection at birth. Infants who acquire
varicella in utero appear to have difficulty in maintaining virus in its latent state.
Ordinarily, zoster is a disease of the elderly.

DIAGNOSIS

Maternal disease

A presumptive diagnosis of varicella or herpes zoster is made primarily on the basis of a
characteristic pattern of disease. Definitive documentation requires serologic
confirmation or virus isolation or demonstration.

Rapid diagnosis of varicella or zoster infection can be done using a fluorescein-
conjugated VVZV monoclonal antibody test. Cell scrapings obtained from the base of one
or more vesicles is smeared onto a glass slide and air-dried. The cells are then probed
with the conjugated VZV-specific monoclonal antibody. Vesicular fluid collected with a
sterile tuberculin syringe is appropriate material for virus isolation in cell cultures.

Complement-fixing antibodies to the virus are demonstrable four to five days after the
onset of the disease and the titer continues to rise for about two weeks. Viral
neutralization, immunofluorescent and enzyme-linked immunoassay identification can be
used. The availability of such methods for serologic identification, as well as viral
isolation, tends to be variable. Demonstration of VZV-specific antibodies during the
course of disease similarly documents etiology.

Immunofluorescent or ELISA are reliable tests for documenting prior infection with
VzZV.
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Congenital disease

Congenital varicella is usually defined as varicella occurring in a neonate before the tenth
day of life. This definition is based on the shortest incubation period accepted for
varicella. The work of Steiner in human volunteers suggests that eight rather than nine
days may represent the shortest incubation period for varicella. In those cases in which
maternal disease occurred prior to delivery and congenital varicella ensued in the
immediate postpartum period, an eight day interim between the two events was not
uncommon.

Although the gross and microscopic pathology of varicella embryopathy are
sufficiently characteristic to warrant a high index of suspicion as to the probable etiologic
agent, the specific incrimination of VZV resides in either the occurrence of classic
maternal disease, serologic confirmation of prior specific infection and/or virus isolation.

Immunofluorescent tests have been adapted to detect VZV-specific IgM antibodies.

PROPHYLAXIS AND THERAPY

Maternal

The pruritis can be controlled with local applications of calamine lotion. Systemic
antipruritics are rarely required, and until their effects in the fetus are established, it
would be wise to avoid their use in pregnant women. The skin should be kept clean by
daily bathing to prevent secondary infection. Complications such as pneumonia,
encephalitis, myocarditis, hemorrhagic disorders, or nephritis are managed with
therapeutic agents directed at the specific problems.

There are no specific guidelines for the management of a pregnant woman who is
exposed to or develops varicella early in gestation. Pregnant women with a history of
previous chickenpox or prior chickenpox in their immediate progeny are probably not at
risk. Varicella-zoster immune globulin is the only apparent potentially therapeutic
modality

Some experts have recommended VZIG administration for pregnant women with
negative or uncertain prior histories of varicella who are exposed in the first or second
trimester to prevent congenital varicella syndrome or in the third trimester to prevent
neonatal varicella. However, there is no evidence that administration of VZIG to a
susceptible, pregnant woman will prevent viremia, fetal infection, or congenital varicella
syndrome. In the absence of evidence that VZIG can prevent congenital varicella
syndrome or neonatal varicella, the primary indication for VZIG in pregnant women
would be to prevent complications of varicella in a susceptible adult patient rather than to
prevent intrauterine infection. VZIG is supplied in vials containing 125 units per vial
(volume is approximately 1.25 ml). The recommended dose is 125 units per 10 kg (22
Ibs) body weight, up to a maximum of 625 units (i.e., five vials). Fractional doses are not
recommended. VZIG has not been evaluated as a prophylactic measure for prevention or
attenuation of varicella in normal adults.

VZIG is mandatory 1.25 ml (one vial) IM for all progeny of mothers with onset of
rash less than five days.
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If VZIG is not available, 1.0-1.5 ml/kg of immune globulin will not prevent but may
attenuate disease.

In 1995, the FDA approved a live attenuated VZV vaccine for children. The vaccine is
recommended for all non-pregnant susceptible women of childbearing age. Pregnancy
should be avoided for three months after vaccination. The vaccination regimen requires
two doses one month apart. Protection has been reported to be >94% of immunized
persons, vaccine use in pregnancy is contraindicated.

Neonatal

If a neonate is delivered during the incubation period of the mother but before viremia,
the risk of neonatal chickenpox is minimal unless the infant is exposed to the virus. The
period of greatest risk for severe and potential lethal disease occurs when the infant is
born within one day before or four days after the onset of maternal varicella.

The progeny of mothers with onset of rash less than five days prior to parturition
should receive VZIG as soon as possible. Zaia et al. reported no deaths in 133 neonates
who received VZIG in the first 24 hours. Slightly over 50% of the VZIG recipients
developed mild disease. The recommended dose of VZIG for the neonate is 1.25 ml (one
vial) IM. If VZIG cannot be obtained, high doses of immune serum globulin (1.0-1.5
ml/kg) should be used, although it will probably not prevent infection. The use of
intravenous acyclovir, prophylactically and therapeutically, has not been assessed in
clinical studies.

Since its licensure on February 1, 1981, VZIG has been produced and distributed in
Massachusetts by the Massachuetts Public Health Biologic Laboratories (MPHBL) and
distributed elsewhere by the American Red Cross Services- Northeast Region through
regional blood centers.
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Calymmatobacterium granulomatis

Granuloma inguinale was first recognized in 1882 by McLeod who named it serpiginous
ulcerations of the groin. In 1905, Colonel Donovan described the intracellular, rodshaped
bodies known since as Donovan bodies.

The ultrastructure of Calymmatobacterium granulomatis in human tissue is typical of
Gram-negative bacteria. C. granulomatis appears to share antigenic determinants with
various members of the Klebsiella genus. Because of the antigenic similarities and the
requirement for a low oxidation-reduction potential, the organism was initially postulated
to be a member of the Enterobacteriaceae. A distinguishing feature is the large capsule
around the bacterium within mononuclear cells. The demonstration of phage material
within C. granulomatis has suggested the possibility that C. granulomatis is a phage-
modified bacterium. Phage modification may be the necessary prerequisite to translate
fecal bacterial contamination into the disease state.

The determinants of disease and the factors responsible for the pathogenic expression
of this organism are poorly understood. Although disease can be produced with some
regularity with infected human material, as a rule organisms grown on appropriate culture
media fail to produce infection when inoculated into human volunteers.

It has been postulated that C. granulomatis is primarily a constituent of the
gastrointestinal tract which is auto-inoculated from the rectum into sites of both sexual
and non-sexual trauma. Poor personal hygiene is thought to be a contributing factor.
Disease is usually endemic in areas with both high temperatures and humidity. In the
United States, disease occurs primarily in port cities in the southern part of the United
States.

The disease is apparently not very contagious. While a significant mode of
transmission involves sexual contact, the disease does not invariably affect conjugal
partners despite repeated contact.

NATURAL HISTORY OF THE DISEASE

Donovanosis is a chronic, progressive ulcerative disease involving primarily the genital
region. The predilection of lesions for the genital areas and the occasional occurrence of
disease in sexual partners of infected individuals constitute the prime evidence to support
the concept of granuloma inguinale as a venereal disease.

The prevalence of the disease among pederasts and the predominant anal and perianal
predilection of the lesions strongly suggest that rectal coitus is the prime means of
transmission of infection, either by contamination of the skin directly through anal
intercourse (whether it be heterosexual or homosexual) or indirectly by faulty hygiene.
Further evidence supporting the inferred thesis of venereal disease transfer, secondary to
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rectal coitus, can be drawn from the observations that the disease process is infrequent
among prostitutes. In the preantibiotic era, individuals in the florid stage of the disease
only occasionally transmitted infection to their sexual partners. From clinical studies, an
incubation period of 17.4 days has been calculated; however, experimental infection of
human volunteers has produced disease in 50 days.

The disease is only mildly contagious. In most cases lesions cannot be demonstrated in
sexual consorts. Evidence of infection as opposed to disease is detected in 12-52% of
marital or steady sexual partners.

The common sites for lesions, in women, are the labia minora, fourchette, and labia
majora. The perianal region also can be affected. Bedi has reported an unusual case of
non-venereal transmission of perianal granuloma inguinale in a child. Another site that
may occasionally be affected by this disease is the oral cavity.

Clinically the disease presents as painless, progressive ulcerative lesions without
regional lymphadenopathy. The initial lesion usually begins as a reddish-brown, flat-
topped papule which often spreads and then ulcerates in the center. Not infrequently,
other papules appear at about the same time. When they ulcerate, the lesions eventually
coalesce.

The ulcer may show variation in its morphology:

(1) the ulcerative or ulcerogranulomatous form—the fleshy, exuberant lesion—presents
as a beefy-red granulomatous ulcer, usually single, which is nontender, non-indurated,
and bleeds profusely on touch (owing to its high vascularity);

(2) the hypertrophic or verrucous form consists of an ulcer or growth with a raised,
irregular edge or surface, drier than the ulcerative variety, with an elevated,
granulomatous base;

(3) the necrotic type gives rise to extensive destruction of genitalia with profuse, foul-
smelling exudate; and

(4) the sclerotic or cicatricial variety presents as a band-like scar in and around the
genitalia.

As arule, the ulcer tends to have a clean base composed of fresh granulation tissue and to
have well-defined borders. The advancing edge of the lesion exhibits a scrolled
appearance owing to epithelial hyperplasia and acanthosis of the squamous epithelium
(Figure 22.1). The degree of hyperplasia (and not infrequently dysplasia) in response to
infection may cause an erroneous diagnosis of low-grade squamous cell carcinoma. The
lesion or lesions may develop secondary bacterial infection or may be co-infected with
another sexually transmitted pathogen.

Spread of the disease may be by contiguous contact, autoinoculation, or lymphatic
extension. The histologic demonstration of lymph node involvement and the development
of pseudobubo in males stress the role of lymphatic dissemination from the superficial
genital lesion (Table 22.1). In females, the regional lymph nodes enlarge somewhat and
are occasionally tender, but they do not suppurate unless gross secondary infection of the
initial lesion is present.
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Figure 22.1 Vulval donovanosis of
relatively recent origin. Some of the
lesions are separate, other confluent.
The margin of the lesion is raised and
scrolled, and the base is granular and
covered imperfectly by a thin gray
slough

Biopsy of the initial lesion reveals, in addition to the secondary epithelial change, a
granulomatous proliferative response and a secondary connective tissue attempt at repair.
The histopathologic feature of the ulcer of donovanosis is that of a dense granulomatous
tissue reaction consisting mainly of small lymphocytes, with a scattering of the typically
large mononuclear cells which may contain the pathognomonic Donovan bodies. Small
collections of polymorphonuclear neutrophils (microabscesses) secondary to
superimposed bacterial infection are typical. In the absence of secondary infection,
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neutrophils are conspicuously absent. Within the granulation tissue, capillaries tend to be
prominent

Table 22.1 Differential diagnosis of inguinal
adenopathy associated with a presumed venereal

disease
Disease Genital lesion Nodal involvement Cutaneous lesions
Granuloma Extensive in Involvement of lymph nodes; Primary skin infection
inguinale males, less draining cutaneous sinuses late  with superficial
evident in in the course of the disease, ulceration
females nodes become tender
Lymphogranuloma  Occurs, butis  Bilateral node involvement is Multiple sinus tracts
venereum extremely determined by site of primary draining a thick, creamy
transient in lesion exudate
nature

Chancroid Usually present  Primarily unilateral with limited Acute, with craterlike

involvement of lymph nodes slough
Genital tuberculosis None With extensive involvement of ~ Pleomorphic, often with

female genital tract, bilateral sinus tract draining

inguinal adenopathy scanty thick exudate
Syphilis Usually present  Bilateral; firm, rubbery nodes Protean in its clinical

manifestations

owing to reactive hyperplasia of their endothelial cells. Even in the absence of Donovan
bodies, the histopathology of infection due to C. granulomatis is sufficiently
characteristic to warrant a presumptive diagnosis.

The more advanced lesions represent a composite of the two processes of exuberant
granulomatous proliferation and fibroblastic repair. With partial resolution of infection,
isolated foci of plasma cells and lymphocytes appear, as well as occasional macrophages
within the interstices of connective tissue. With arrest of the disease process, the
granulation tissue is replaced by newly grown connective tissue.

One of the less commonly seen features of the disease is a gross local swelling of the
affected area. It may develop before treatment or during the phase when the ulcers are
healing. These hard, knobby swellings are due to obliteration of predominantly efferent
lymphatics. Biopsy of such a lesion reveals grossly dilated lymphatics.

With secondary infection of the initial ulcers, the gross appearance of the lesions
changes, owing to extension of the area of ulceration deep into the underlying dermis
with excavation and undermining of the margins. With appropriate therapy, the
fibroblastic component predominates, leaving scar formation as the end-stage lesion of
genital involvement. In 6% of the cases, extragenital lesions are observed. Metastatic
hematogenous infection as well as involvement of the oral cavity has been described. The
infection, particularly after delivery or abortion, infrequently extends from the cervix and
may involve the uterus, fallopian tubes, and ovaries.
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With extensive disease and secondary infection, systemic signs such as fever, anemia,
weight loss, malaise, and leukocytosis may occur. Although the diagnosis may be
inferred because of the clinical presentation and the exclusion of other disease processes,
a definitive diagnosis is still contingent upon the demonstration of Donovan bodies.

DONOVANOSIS AND CARCINOMA

Infection with C. granulomatis is thought to be responsible for the high incidence of
carcinoma of the vulva in very young patients in Jamaica. Occasionally, concomitant
active donovanosis and carcinoma have been identified in the same patient. Carcinoma of
the vulva occurring only a year or two after apparent cure of granuloma inguinale is one
of the urgent reasons for thorough treatment and careful follow-up.

DIAGNOSIS

Many clinicians examining their first case of donovanosis think it is carcinoma,
regardless of whether the lesion is of the vulva or the cervix. Adequate biopsies must be
taken and carefully studied. Pathologists can also be misled. The hyperplasia and
dysplasia of squamous epithelium at the edge of an ulcer can easily be mistaken for low-
grade squamous cell carcinoma. Occasionally, however, the diagnosis is carcinoma.

The clinical diagnosis is suggested by the clinical appearance of the lesion or lesions.
Confirmation can be obtained on the basis of histologic examination of punch biopsy
material taken from the edge of active lesions, on scrapings taken from the edge of
lesions, or on a crush preparation made from granulation tissue obtained with a thin
scalpel. In all cases, active lesions should be cleansed with physiological saline prior to
sampling. Smear preparations should be stained with either Giemsa or Wright’s stain.
Fixed embedded tissue specimens require the long Giemsa or silver stains. An indirect
immunofluorescence test is available. This test is both sensitive and specific. Its
utilization is limited by the paucity of of positive control material.

A definitive diagnosis of granuloma inguinale is almost invariably based on the
identification of classic Donovan bodies in biopsy material. Donovan bodies appear as
clusters of blue or black staining with an organism’s ‘safety pin’ appearance (from
bipolar chromatin) in the cytoplasm of large mononuclear cells. Biopsies should be taken
radially through the edge of the ulcer and include some of its base. The affinity of the
intracysts of C. granulomatis for silver salts facilitates the recognition of the Donovan
bodies. Because Donovan bodies are very hard to find, they may be more readily
demonstrated in tissue spreads stained with Giemsa’s stain than in histologic sections
stained with either hematoxylin and eosin or silver stains. In either case, success in their
identification depends on the sharp eyes and persistence of the pathologist, who often has
to search many slides in order to establish the diagnosis of donovanosis.
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THERAPY

Calymmabacterium granulomatis is susceptible to a wide number of antibiotic
preparations that interfere with protein synthesis. Doxycycline 100 mg orally twice a day
or trimethoprim-sulfamethoxazole (two 800 mg/ 160 mg tablets every 12 hours) is the
recommended initial therapy. Alternative regimen includes ciprofloxacin 750 mg po 2
times a day, erythromycin 500 mg orally 4 times a day for 21 days or azithromycin 1 g
orally per week for 3 weeks. For any of these regimens, addition of an aminoglycoside
(such as gentamicin 1 mg/kg IV every 8 hours) should be considered if lesions do not
respond within the first few days of therapy. Doxycycline, trimethoprim-
sulfamethoxazole, and ciprofloxacin are contraindicated in pregnancy

Both ampicillin and erythromycin have been found to be somewhat erratic in
efficiency, the combination of ampicillin and erythromycin or azithromycin has been
found to be satisfactory in the treatment of pregnant patients.

When possible, strong consideration should be given to the addition of a parenteral
aminoglycoside if improvement is not evident within the first 3-4 days of therapy.
Treatment should be continued until the lesions have healed completely, which usually
takes three weeks. Prolonged duration of therapy is often required to permit granulation
and re-epithelialzation of the ulcers. Longstanding lesions may be so mutilating that
adjunctive surgical care may be necessary. The elimination of secondary infection by
topical cleansing and antimicrobial therapy accelerates healing.

Relapses may occur within 6-18 months later despite effective initial therapy; some
cases require prolonged courses of antibiotic therapy It is wise to treat infection
vigorously and to insist on compulsive follow-up even after apparent cure.

The local areas of ‘elephantiasis’ remaining after effective treatment of active
infection are often uncomfortable and cause cosmetic embarrassment. Once infection is
cured, local excision of such focal swelling can be carried out.

MANAGEMENT OF SEX PARTNERS

Persons who have had sexual contact with a patient who has granuloma inguinale within
the 60 days before onset of the patient’s symptoms should be examined and treated if
clinical signs and symptoms are present. The value of empiric therapy in the absence of
lesions has not been established.
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Haemophilus ducreyi

Chancroid is a superficial infection of the external genital tract caused by Hemophilus
ducreyi. The bacteria are small Gram-negative rods measuring 0.5 um by 1.5 to 2.0 um,
and are often seen in short chains or parallel arrays (‘school-of-fish” or ‘fingerprint’
patterns). They may be cultivated with considerable difficulty, are nonmotile, and are not
acid-fast. Bipolar staining is often demonstrable.

H. ducreyi has a worldwide distribution but is found more frequently in tropical and
subtropical countries. Within the United States, there is geographic variation in disease
prevalence or recognition.

CHANCROID

Chancroid has had a cyclic history in the United States. Reported cases of chancroid
peaked in 1947 and then declined until 1978, when the numbers of reported cases began
to rise. This increase continued through 1987 and only recently have the number of
reported cases begun to decline. Considered a relatively uncommon sexually transmitted
disease (STD), chancroid has become a matter for greater concern, as studies have
indicated that genital ulcer is a risk factor in the transmission of HIV. The infection is
disseminated venereally. Genital lesions appear three to 14 days after sexual contact and
may be single or multiple. The initial lesion is usually one or more small erythematous
macules which rapidly become vesicular pustules. The lesion ruptures, leaving behind a
small circumscribed ulcer with an erythematous base (Table 23.1). The ulcer is painful
and tender to palpation and is characterized by a nonindurated base, painful overhanging
edges, and ragged margins. The lesion frequently has an erythematous halo. The base of
the ulcer is covered with a dirty-looking, necrotic, grayish exudate. Lymphadenitis occurs
in approximately 30% of the cases. The lymphadenopathy is regional and is often
unilateral (generally on the same

Table 23.1 Clinical characteristics of chancroid

ulcer
Number usually multiple but may occur as an isolated lesion
Shape irregular
Depth deep
Purulence present

Tenderness present
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Induration none

side as the lesion). Without adequate therapy there may be extension of the process from
the lymph nodes to the overlying skin, resulting in draining sinuses.

Superinfection of the ulcer or ulcers, especially by fusospirochetes, may lead to
extensive destruction of the external genitalia (phagedenic chancroid).

DIAGNOSIS

Diagnosis is inferred by the demonstration of small Gram-negative rods with the so-
called ‘school-of-fish’ appearance (Figure 23.1), occurring in strands on smears stained
with Gram or Wright stain, and an ulcer characterized by non-induration of the base and
painful, ragged, overhanging margins. Specific fluorescent antibody staining of bacteria
in smears from suspected lesions provides a means for substantiation of the diagnosis;
unfortunately, the availability of this diagnostic procedure is limited. Biopsy of the lesion
is useful since it eliminates granuloma inguinale, syphilitic chancre, and herpetic ulcer
from diagnostic consideration.

A definitive diagnosis is established with isolation of the organism. Gonococcal agar
supplemented with bovine hemoglobin and fetal calf serum or Mueller-Hinton agar
supplemented with chocolatized horse blood are required to maximize recovery on
primary isolation.

Haemophilus ducreyi grows best at 35°C in an atmosphere of 5% CO, in a moist
environment. Single

Figure 23.1 Chancroid. Gram-stained
smear revealing the classic ‘school-of-
fish” pattern. (Parker RT. In Holly R.
Gynecology-Obstetrics Guide.
Chicago: Commerce Clearing House,
1964)
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colonies are not visible until after 48-96 hours of incubation. Colonies are typically
raised, opaque, compact, granular, tan or yellowish and are difficult to pick up with a
loop, as colonies characteristically slide over the agar surface intact. It is the sole human
Haemophilus species with a requirement only for X factor as determined by the
porphyrin test.

Haemophilus ducreyi, being a fastidious organism that is not easily isolated and
having few biochemically distinguishing features that can be used to identify it, causes
concern about the sensitivity of culture identification. Many reports have suggested that
the sensitivity of culture, using clinical diagnosis as the gold standard, is between 35%
and 80% and these estimates appear to depend strongly on the laboratory setting;
laboratories that deal with populations with a high prevalence of chancroid tend to be
better able to both culture H. ducreyi and to diagnosis chancroid. Even with specialized
culture media the sensitivity of culture identification is less than 80%.

Recently there has been increased demand for nonculture methods for the detection
and identification of H. ducreyi and for the diagnosis of chancroid. Some progress has
been made in the development of molecular diagnostic methods. These include the
development of DNA probes for the direct detection of H. ducreyi, the development of
monoclonal antibodies for detecting H. ducreyi in smears, and the development of
serologic assays for detecting antibodies reactive with H. ducreyi antigens in infected
individuals. In their present form, each of these methods lacks either the specificity or the
sensitivity desirable in a non-culture approach for detection and identification of H.
ducreyi.

The recent development of the polymerase chain reaction (PCR), which uses specific
primers to amplify the intervening DNA sequences, may offer a sensitive and specific
alternative approach for the diagnosis of chancroid.

PCR should be a useful method for the detection of H. ducreyi in genital lesions,
particularly those in female patients where normal flora may complicate culture, and in
bubo aspirates which yield positive cultures less readily than ulcers. PCR should be
especially valuable for epidemiologic studies where poor culture sensitivity is a major
problem, especially studies conducted with high-risk patients who are likely to have
ulcers that contain multiple etiologic agents where culture sensitivity may be poorer.

Because of the possibility of concomitant syphilitic infection, darkfield analysis of all
lesions should be performed. Serologic tests for syphilis should be obtained during
therapy. If the antimicrobial agent utilized will not eradicate incubating syphilis, the
serological test should be repeated 6-8 weeks after its termination.

A probable diagnosis for both clinical and surveillance purposes may be made if the
person has one or more painful genital ulcers; and (a) no evidence of Treponema
pallidum infection by darkfield examination of ulcer exudate or by a serologic test for
syphilis performed at least 7 days after onset of ulcers; (b) the appearance of the genital
ulcers and regional lymphadenopathy, if present, are typical for chancroid; and (c) a test
for herpes simplex virus is negative. The combination of a painful ulcer with tender
inguinal adenopathy (which occurs among one-third of patients) is suggestive of
chancroid, and when accompanied by suppurative inguinal adenopathy is almost
pathognomonic.
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Table 23.2 Centers for Disease Control (CDC)
2002 recommended regimens

Azithromycin 1 g orally in a single dose
Ceftriaxone 250 mg IM in a single dose
Ciprofloxacin 500 mg orally bid for 3 days
Erythromycin base 500 mg orally tid for 7 days

HIV and chancroid

Women with HIV infection do not respond as well to treatment as do HIV-negative
women. Patients should be tested for HIV infection at the time chancroid is diagnosed
and retested 3 months later if the initial test results were negative.

THERAPY

The emergence of H. ducreyi that is resistant to multiple antibiotics has limited the
effectiveness of many antimicrobials for therapy of chancroid. Trimethoprim-
sulfamethoxazole (160/800 mg twice a day for seven days) had been a drug of choice.
Resistance to sulfonamides is mediated by a non-conjugative 4.9 mega dalton plasmid.
Because of an increasing number of treatment failures, tetracycline is no longer used for
the treatment of chancroid. Worldwide, occasional isolates with intermediate resistance to
ciprofloxacin or erythromycin have been reported.

The Centers for Disease Control’s (CDC) recommendations for antibiotic therapy
have somewhat changed from 1993 (Table 23.2). These now include: azithromycin (1 g
once), erythromycin (500 mg tid for 7 days), ceftriaxone (250 mg IM once) or
ciprofloxacin 500 mg bid for 3 days. Bolus ciprofloxacin (750-1000 mg) has been used
with some success.

While highly effective in the treatment of chancroid, erythromycin can cause
significant gastrointestinal discomfort, leading to suboptimal compliance.

Azithromycin and ceftriaxone offer the advantage of single dose therapy.
Ciprofloxacin is contraindicated in pregnant and lactating women.

Ulcers in HIV-positive women do not appear to heal as readily as would be
anticipated. Such patients may benefit from more intensive therapy. Irrespective of
culture data, women with persisting ulcer following therapy should be considered still
infected.

With effective therapy, a clinical response, first subjective and then objective, should
be apparent within several days of instituting therapy. A subjective response (diminished
tenderness and pain) occurs within 48 hours of institution of antimicrobials. An objective
response generally occurs within 72 hours and almost always within seven days. Healing
takes 10 to 11 days after institution of therapy. Large ulcers may require relatively longer
time periods to heal. Patients should be seen seven days after beginning therapy, when
objective signs of ulcer healing will be present in virtually all successfully treated
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patients, and adenopathy should be less painful and usually smaller. Some nodes may
progress to fluctuation despite adequate therapy and require needle aspiration through
normal skin to prevent spontaneous drainage. Ernst et al. have advocated incision and
drainage, with subsequent irrigation and packing of the bubo cavity. The use of a more
extensive surgical procedure appears potentially applicable to large, confluent fluctuant
nodes. Incisional drainage may be preferred as it will reduce need for subsequent
drainage procedures.

While ulcers in successfully treated patients respond to therapy quickly, adenopathy
may not, and progression to fluctuation is not necessarily a sign of treatment failure.

If by day seven a clinical response has occurred and therapy has been taken as
directed, therapy need not be continued. If a clinical response is not apparent, the
clinician should reconsider the clinical diagnosis of chancroid or, if it has been confirmed
by a culture, consider a mixed infection, e.g. herpes and chancroid, HIV and chancroid,
etc.

Sexual contacts of patients with chancroid should be examined and treated with an
effective antimicrobial regimen, whether lesions are present or not, if they have had
sexual contact with the patient during the 10 days preceding the patient’s onset of
symptoms. Asymptomatic carriage of H. ducreyi appears to be uncommon, but
colonization of the vagina, penis, and mouth in the absence of lesions has been described.

Initial treatment guidelines recommended that therapy be continued for at least ten
days and until clinical resolution of ulcer(s) and adenopathy. Subsequent studies have
shown high efficacy of one- to seven-day courses of therapy and indicate that
antimicrobial courses of ten days offer no therapeutic advantage over shorter courses,
even though ulcers have not completely healed and adenopathy is persistent.
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Haemophilus influenzae

The bacterium Haemophilus influenzae was initially described by Pfeiffer who presumed
it to be the causative agent for the 1889-1891 influenza pandemic. The organism is a
Gram-negative aerobic bacillus which requires both X factor (hemin) and V factor
(nicotinamide adenine dinucleotide). X factor is released into the medium by red blood
cells. While V factor is also present in red blood cells, it is not released into the medium
unless the cells are lysed. Consequently, H. influenzae will not grow on blood agar except
as satellite colonies around other colonies which produce hemolysis.

Haemophilus influenzae is classifiable by virtue of its capsular polysaccharides into
six typeable serotypes (a, b, c, d, e, and f) and into non-typeable strains. The type b and
non-typeable strains are the principal causes of disease. Of the typeable strains, type b is
the most virulent.

Based upon three biochemical reactions, the organism can be classified into six
biotypes. Most H. influenzae type b are biotypes | and Il whereas most non-typeable
strains are Il through VI (Table 24.1). Nearly all genital isolates of H. influenzae from
puerperal women with endometritis and hematogenous isolates from infected neonates
are biotype IV (Table 24.2). In contrast, bio-type | accounts for 80% of septicemic
isolates in children. Respiratory isolates from well children and children whose illness
was not caused by H. influenzae were rarely serotypeable (1%) or were biotype | (8%).
The predominance of biotype | in invasive disease argues that these strains possess
unique virulence determinants.

Haemophilus influenzae is a rare constituent of the vaginal flora. Khuri-Bulos and
Mclintosh failed to recover H. influenzae in 325 cervical cultures obtained from obstetric
patients. Other studies have shown rates of isolation of less than 0.02%.

As a monoetiological pathogen, H. influenzae produces four disease entities which are
specific for the female genital tract and/or products of conception:

(1) acute bacterial vulvovaginitis;

(2) hematogenous and ascending chorioamnionitis;
(3) endometritis; and

(4) perinatal septicemia.

In addition, the non-typeable strains can function as part of the anaerobic progression.



Infectious diseases in obstetrics and gynecology 296

CLINICAL DISEASE

Acute bacterial vulvovaginitis

Haemophilus influenzae can be a cause of vulvovaginitis and should be treated as an
exogenous pathogen in this clinical setting. It produces a purulent vaginitis. The onset of
the disease is sudden. Vaginal erythema and pressure tenderness are two characteristics.
The recovery of this bacterial species from the female genital tract should have the same
significance to a clinician as that of the group A beta-hemolytic streptococci.

Chorioamnionitis/perinatal septicemia

In contrast to the group B streptococci with their high prevalence of genital tract
colonization but low attack rate, H. influenzae appears to have a low prevalence, but a
high attack rate in terms of maternal and neonatal infection. When present, the organism
has the potential to cause both local and systemic disease. If rupture of the fetal
membranes ensues, chorioamnionitis frequently ensues; however, the majority of affected
infants are born to mothers in whom rupture of the fetal membranes did not constitute a
significant antepartum obstetric

Table 24.1 Relationship of serotypes and biotypes
of Haemophilus influenzae

Serotype Biotype
Type b strains Biotype |
and

Biotype 11 (I and 1)
Non-typeable strains Biotypes Il through VI

Table 24.2 Relationship of serotypes to specific
disease entities due to Haemophilus influenzae

Type B strain Non-typeable strains
Meningitis* Acute sinusitis

Otitis media Chronic bronchitis
Cellulitis* Acute tracheobronchitis
Epiglottitis* Pneumonia

Septic arthritis* Chorioamnionitis (ascending)

Chorioamnionitis

Endometritis (hematogenous)
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Perinatal septicemia

Vulvovaginitis

*Specific for type b strains

complication, implying hematogenous dissemination. In the majority of cases of neonatal
septicemia, maternal colonization or infection with H. influenzae can be demonstrated. In
one series of 10 cases of neonatal septicemia due to H. influenzae, type b was responsible
for disease in four of the neonates. The strains were not typeable in four and not typed in
the remaining two cases. Maternal infectious febrile morbidity occurred within 24 hours
of fetal membrane dissolution in six of the 10 cases. Prolonged rupture of the fetal
membranes in combination with endocervical colonization has a higher correlation with
postpartum maternal infectious morbidity than with neonatal disease. Rusin et al.
analyzed the records of all mothers and neonates infected with H. influenzae over a 10-
year period. Of the 18 infected mothers, 13 had chorioamnionitis, endometritis, or both.
Of the 23 infected neonates, 15 presented with early sepsis and/or pneumonia and nine
had conjunctivitis. During the period of the study, only group B streptococci and
Escherichia coli were more common as causes of early neonatal bacteremia. Under the
conditions of this retrospective study, maternal infection predicted neonatal infection.

Endometritis

In the female genital tract, non-encapsulated H. influenzae organisms appear to function
as pathogens when there is pre-existing disease. H. influenzae has been recovered from
cases of chronic endometritis associated with the Lippes loop intrauterine contraceptive
device (IUD) and from tubo-ovarian abscesses.

Salpingitis

Salpingitis due to H. influenzae has traditionally been associated with IUD usage.
Recently Carmeci and Gregg have reported a case of H. influenzae acute salpingitis in a
patient who had no predisposing conditions.

DIAGNOSIS

As previously indicated, H. influenzae will not grow on blood agar, except as tiny
colonies around other bacterial colonies which produce hemolysis of the red blood cells.
Recovery of the bacteria can be readily achieved on chocolate agar. Dependence on X
and V factors is demonstrable with horse blood and brain heart infusion plates. Definitive
confirmation is achieved by the Quellung reaction using type-specific antiserum.

When present, capsular antigens can be detected by latex agglutination or enzyme-
linked immunosorbent assay (ELISA).

Haemophilus influenzae may be responsible for false-negative blood cultures if
routine ‘blind’ subcultures of grossly negative cultures are not performed within 12 to 16
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hours after blood collection. Subcultures should be inoculated onto quadrants of
chocolate agar plates which are incubated in 10% CO, for 48 hours.

THERAPY

Ampicillin was once considered the drug of choice; however, therapy of disease is
complicated by the

Table 24.3 Therapeutic considerations for
Haemophilus influenzae

Antibiotic Limiting factors
Ampicillin 25% of Haemophilus influenzae type b
show

Third-generation cephalosporins, i.e., ceftizoxime and resistance to penicillin and semi-synthetic
cefotamine analogues

progressive development of antibiotic resistance due to the production of (3 lactamases
(Table 24.3). Approximately 25% of H. influenzae type b strains are resistant to penicillin
and its semi-synthetic analogues. Current therapy focuses on selected ‘third generation’
cephalosporins (cefuroxime 0.75-1.5 g every eight hours, ceftriaxone 1.0-2.0 g every 24
hours, or cefotaxime 1.5-2.0 g every eight hours).
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Listeria monocytogenes

Listeria monocytogenes is a member of the family Corynebacteriaceae, order
Eubacteriales. It is a small, slightly curved Gram-positive and catalase-positive bacillus
with rounded ends. The organism can exist in both a rough form and the predominantly
pathogenic smooth form which is characterized by a peritrichous arrangement of flagella.
These flagella are responsible for the tumbling motility seen when the organism is grown
in cultures at room temperature. Old cultures, particularly if incubated at 37°C, show
imperceptible movement. The organism ferments several carbohydrate substances;
however, the fermentative reactions are neither sufficiently characteristic nor consistent
enough to be of much diagnostic significance. L. monocytogenes produces soluble
hemolysins which may cause a very narrow band of beta-hemolysis on blood agar plates.

There are 11 serotypes of L. monocytogenes, 1a, 1b, 2, 3a, 3b, 4a, 4b, 4ab, 4c, 4d, and
4e, based on analysis of somatic and flagellar antigens. It is generally stated that type 1
serotypes tend to be predominantly isolated from rodents, whereas type 4 serotypes tend
to be isolated from herbivores; however, there is no absolute species specificity.
Dissemination is believed to be primarily foodborne.

The majority of human infections that have been serotyped belong to the group 3
serotypes. As might be anticipated from its characteristic pathology, abscess formation,
the organism is a facultative anaerobe. Certain facets of the pathogenesis of the
morphologic lesion are thought to be the consequence of host response to a toxin, even
though no toxin has yet been identified.

Much speculation exists as to whether or not there may be a filterable L form of L.
monocytogenes. The presence of an L form has been postulated as one of the reasons for
the difficulties in isolating the bacterium from infected tissue as opposed to biologic
fluids such as cerebrospinal fluid (CSF), urine, and blood.

CLINICAL DISEASE

Depending upon the patient population infected, L. monocytogenes produces primarily
two diverging patterns of disease. In immunologically compromised or age-vulnerable
populations, infection results in invasive disease. Among patients with advanced human
immunodeficiency syndrome, listeriosis is approximately 100 times more frequent than
in the general population. The clinical presentation tends to be sepsis, meningitis,
meningoencephalitis, cerebritis or brain abscess. Disease selection reflects the importance
of the T-helper cell-mononuclear phagocyte arm of the immune defense system in
organismal containment. Fetuses and neonates constitute an age-vulnerable population.

In non-immuno- or disease-compromised populations, clinical presentation is
primarily that of a gastrointestinal illness or infectious mononucleosis-like syndrome.
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Maternal listeriosis

Infection has a predilection for pregnant women. Listeria monocytogenes produces a
spectrum of disease. Because of the forme fruste of disease and the ability to mimic other
infections, the clinical diagnosis of L. monocytogenes is often difficult.

When clinically overt, L. monocytogenes may present as one of three syndromes:

(1) infectious mononucleosis-like syndrome;
(2) influenza-like syndrome;

(3) typhoidal-like syndrome; and

(4) febrile gastroenteritis.

Approximately 20% of infants with neonatal listeriosis are born to asymptomatic gravida.
The infectious mononucleosis-like syndrome is characterized by malaise, chills, fever,
pharyngitis, lymphadenopathy, splenomegaly and monocytosis. The influenza-like
pattern is characterized by fever, headaches, and upper respiratory symptoms. Some
women experience a very transient macular salmon-colored rash. Careful questioning of
these patients reveals the majority to have one or more documented episodes of rigors.
The typhoid-like syndrome is characterized by high spiking temperatures which are often
associated with back pain or flank pain. In many instances, the diagnosis of
pyelonephritis is made even though there is no subsequent substantiation by urinalysis or
urine cultures. Listeria monocytogenes can cause a febrile gastroenteritis characterized by
fever, musculoskeletal symptoms, nausea, vomiting and diarrhea. Foods incriminated as
the vehicle source have included soft cheese, shrimps, foods sold from delicatessen
counters, rice salad, pork tongue in jelly and undercooked chicken.

The dose inoculum of bacteria influences the timing and probability of disease. While
most of the gastrointestinal symptomology develops within a few days following
ingestion of the contaminated food, Riedo et al. reported incubation periods in two
pregnant women of 19 and 23 days.

Individuals infected with human immunodeficiency virus (HIV) are at greater risk of
infection with Listeria monocytogenes than the general population. Ewert et al. quantified
the risk of listeriosis in persons with acquired immune deficiency syndrome (AIDS) and
HIV infection in Los Angeles County. The incidence of listeriosis was 95.8 and 8.8 cases
per 100000 person-years among persons with AIDS and all HIV-infected persons,
respectively, but only 1.0 case per 100000 person-years in the total population. When
disease occurs in an immunocompromised gravida, greater morbidity is likely to ensue.

In the majority of instances, the mother is not critically ill, the symptoms are of
relatively short duration, and with or without therapy the fever, pain, and associated
symptoms will subside. The impact on the fetus is usually delayed for several days or
weeks. Fetal death in utero may occur. This is usually heralded by diminution and finally
total cessation of fetal movements. Alternatively, parturition may ensue with delivery of a
stillborn or severely ill infant. Occasionally, fever occurs or recurs with the onset of
labor, and the amniotic fluid and fetal surfaces of the placenta are often suggestive of
chorioamnionitis. In rare instances, careful inspection of the placenta reveals small
miliary areas of necrosis. In many instances, the amniotic fluid will have a murky
discolored appearance. In those instances in which the gravida is febrile and symptomatic
prior to parturition, she often becomes asymptomatic postpartum, and her clinical course
tends to be uneventful even in the absence of therapy. In rare instances, maternal
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infection may result in meningitis which cannot be distinguished from meningitis due to
other bacteria. There is no characteristic body of laboratory data or clinical profile. In
most instances, the organism is readily identified in the CSF. In retrospect, one is often
able to elicit a history of a prodrome of either gastrointestinal upset with diarrhea or
respiratory infection and then ensuing headaches, myalgia, fever, chills, nausea,
vomiting, and stiff neck. In the absence of therapy, mortality exceeds 70%. The correct
diagnosis is usually made as a consequence of recovery of the organisms from the blood
or CSF.

Patients without significant symptomatology will have the diagnosis of listeriosis
made retrospectively, only after the delivery of an infected or stillborn infant. A
significant number of cases of perinatal septicemia occur in the progenies born to
asymptomatic mothers who experience no obvious illness during pregnancy. Maternal
septicemia may occur both with disease and infection. What does maternal septicemia
mean in terms of potential fetal involvement? Data in the literature indicate a near one-to-
one correlation between symptomatic maternal listeriosis and subsequent involvement of
the products of conception. L. monocytogenes can be isolated from amniotic fluid in
cases of congenital infection and from the neonates or products of conception in cases
after documented maternal septicemia. In the absence of therapy, when L. monocytogenes
is isolated from the intravascular compartment of gravida, the fetus almost invariably
becomes infected.

Genital listeriosis

There has been much speculation as to whether or not L. monocytogenes may result in
prolonged colonization of the female genital tract. Circumstantial evidence indicates that
L. monocytogenes may be spread by venereal modes of transmission. The organism has
been isolated from urethral exudates of individuals with gonorrhea who shared a common
sexual partner, as well as from the semen of consorts of women who had genital
listeriosis. None of the men with genital listeriosis exhibited urethral symptoms;
however, analysis of their semen prior to therapy showed reductions in sperm count and
motility viability as well as incomplete mucolysis of seminal fluid in the ejaculate. With
therapy, the impaired sperm indices returned to normal. In European countries, there is a
high incidence of isolation of the organism from women with histories of repeated
abortions. In one study, L. monocytogenes was recovered from 25 of 34 women with a
history of repeated abortion. Diagnosis was contingent on the isolation of the organism
from at least three cultures taken at 1-5 day intervals. Three of the patients were pregnant
and in the second trimester. All three aborted shortly thereafter. In one instance L.
monocytogenes was isolated from the amniotic fluid. The remaining eight gravidas were
in their first trimester. They received antibiotic therapy, and no ensuing fetal deaths were
observed.

Chronic infection of the female genital tract is thought to be manifested by continuous
excretion of the microorganisms from the uterine cervix over long periods, which may
result in abortion or stillbirth in a supervening pregnancy. The observations cited are only
suggestive, and much more of the natural history of infection must evolve before these
fragmentary pieces of knowledge can be put into proper perspective.
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Congenital and neonatal infection (granulomatosis infantiseptica)

There have been recent attempts to divide neonatal listeriosis into early-onset and late-
onset disease. Early-onset disease becomes clinically apparent within the first five days
of life; late-onset, after more than five days. Unfortunately, this classification, borrowed
from group B streptococcal infections, amalgamates congenital infection with early
neonatally acquired infection despite their markedly different pathogenesis.

In most instances, congenital listeriosis is the consequence of seeding of the fetal
compartment by a low-grade maternal septicemia. Almost invariably, microscopic
listerial placentitis can be demonstrated, with involvement of the maternal placental
component and subsequent extension of the disease process to the fetal compartment. The
majority of mothers exhibit clinical illness characterized by pyrexia. Not infrequently, the
amniotic fluid is discolored in appearance resembling ‘murky dish water’. When in
gestation maternal disease occurs partially dictates the neonatal consequences in the
absence of therapy. First trimester maternal infection results in abortion. Fetal death in
utero is a common occurrence when disease occurs in the second trimester. Third
trimester infection or disease produces premature termination of pregnancy. Of those
infants born alive, many die within minutes after parturition. The bacteria recovered from
the female genital tract are of the same serotype as those which infect the infant. No
particular serotype predominates. Congenital listeriosis may account for up to 20% of
perinatal septicemia. Up to 60% of cases of congenital listeriosis present as preterm
labor.

Listeria monocytogenes is endemic in both wild and domestic animals. A small but
significant number of humans may function as fetal carriers of the organism for limited
periods of time. It is probable that birds and mammals constitute the major reservoir of
listeriosis and, in certain instances, are directly responsible for human infection. Direct
contamination of fruits and vegetables as well as unpasteurized milk have been the source
of mini-epidemics. Schwartz et al. analyzed over 50 cases of perinatal listeriosis. The
only statistically significant demographic difference was a history of having eaten
uncooked hot dogs or undercooked chicken.

According to Farber and Losos, L. monocytogenes can be recovered from a variety of
dairy products, leafy vegetables, fish and meat products. It can be isolated from
refrigerated foods and is more heat-resistant than most vegetative bacteria. Epizootic
listeriosis occurs in laboratory animals and cattle. Disease in man is a sporadic event;
however, when it does occur, not infrequently a second or third case will be identified at
the same institution within several months of each other. Though occurring in unrelated
patients, these mini-clusters of cases are usually due to a common serotype. Other than
some rare cases of apparent neonatal cross-infection in nurseries, person-to-person
transmission, with the exception of venereal, has not been recognized.

Listeria monocytogenes is rapidly becoming one of the more important bacterial
infections which involve both the gravida and her fetus. The incidence of perinatal
infection with L. monocytogenes is higher than the 1 in 30000 births reported in England
by the Communicable Disease Surveillance Centre. In the past decade, the incidence of
disease has increased such that, in a number of institutions in the United States, L.
monocytogenes is the third most common bacterial cause of perinatal septicemia
(septicemia in the first 24 hours of life). The unique importance of L. monocytogenes is
that, if left untreated, it results in a high perinatal mortality. Disease in the mother usually
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spontaneously regresses. Sixty percent of neonates die due to the infection. Another 30%
have permanent sequelae. However, if identified and properly treated, the disease can be
totally eradicated in utero.

Live-born infants exhibit evidence of central nervous system involvement, manifested
by fever, abnormal patterns of respiration, and the subsequent onset of vasomotor
collapse. Occasionally, a rash associated with cutaneous bacterial involvement is
observed. The majority of infants with congenital infection will have roentgenographic
abnormalities. These range from interstitial pneumonitis to nodular infiltrates. While
group B streptococci can emulate these findings, it is relatively rare for L. monocytogenes
to mimic the roentgenographic picture of hyaline membrane disease. The neonates
surviving parturition are often critically ill and not infrequently succumb during the first
or second week of life from cardiovascular collapse and pulmonic involvement. Therapy
requires vigorous ventilatory support and aggressive antibiotic therapy with ampicillin. If
evidence of a left-to-right shunt or pulmonary hypertension is documented and the infant
cannot be adequately ventilated, attempts should be undertaken to combat the associated
pulmonary vasospasm which seems to aggravate the hypoxemia.

While congenital infection secondary to hematogenous dissemination is the most
characteristic mechanism for granulomatosis infantiseptica, it does not represent the sole
mechanism by which the fetus or neonate may become infected. Transperineal spread of
the ingested L. monocytogenes can result in vaginal-cervical colonization and a
possibility of ascending infection.

The probability of sexual transmission has been inferred by the identification of the
organism in semen of sexual consorts of women with recurrent abortions. Once effective
labor has been established and/or dissolution of the fetal membranes has occurred,
potential for ascending infection occurs. The clinical picture here is that of
chorioamnionitis. An alternative presentation for these patients is relatively asymptomatic
disease in the gravida with the major symptoms being that of premature labor.
Transabdominal amniocentesis has documented, in rare instances, that the onset of labor
in the late second or early third trimester was due to L. monocytogenes.

Infected neonates can be the source for hospital-acquired meningitis and enterocolitis
within intensive care nurseries.

Neonatally acquired listeriosis is somewhat analogous to the problems observed with
group B streptococci. Two patterns of disease exist: an early-onset septicemia and a late-
onset meningitis. The early-onset septicemic form is observed in progeny of mothers with
obstetric complications; it has a proclivity for premature infants and is associated with a
high neonatal mortality rate.

Neonatal presentation is primarily a function of the portal of infection. When the
organism has been inhaled, the principal manifestations of disease are respiratory
distress, apnea, cyanosis, hypothermia and bradycardia. The majority of infants have
roentgenographic evidence of disease. In other instances, the conjunctiva or nasopharynx
has provided the portal of infection. These patients present with a septicemic/meningitis
type of onset which has been termed as late-onset as opposed to early-onset respiratory
distress. These children develop hepatosplenomegaly, conjunctivitis, cutaneous
manifestations of disseminated and vascular coagulopathy and sometime ascites.

The characteristic pattern of late-onset disease is that of meningitis. Disease occurs in
normal neonates with no antecedent history of infectious complications. In contrast to the
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meningitis due to Haemophilus influenzae, Neisseria meningitidis or Streptococcus
pneumoniae, disease tends to occur in the fourth week. The most frequent presenting
manifestations, in addition to fever, are irritability and anorexia. Less frequent signs
include respiratory distress, lethargy, cyanosis, jaundice, tense anterior fontanelle, and
convulsions. Differential cell counts of white blood cells in the CSF demonstrate a
polymorphonuclear neutrophilic leukocytosis. A relative or absolute monocytosis occurs
in approximately 30% of the cases.

The organisms responsible for late-onset neonatal meningitis tend to be serotypes 1
and 4. The mortality figures are far more favorable than those observed with early-onset
septicemic disease. Approximately 50% of the infants survive; however, late sequelae
including hydrocephalus and mental retardation may occur.

At autopsy one finds widespread miliary micro- and macro-abscesses, primarily
involving the liver, spleen, adrenal glands, lung, gastrointestinal tract, central nervous
system, and skin. These foci of septic necrosis are manifested as grayish white, often
slightly raised, pinhead lesions. The hepatic abscesses characteristically border on central
veins. The organism can be readily demonstrated with appropriate bacterial stains, both
lying free and phagocytized within polymorphonuclear (PMN) neutrophils. As is obvious
from this description, granulomatosis infantiseptica is a misnomer. The name originated
because the gross lesions resembled those seen in miliary tuberculosis.

Invasive disease is more likely to occur in HIV-postive gravida and to result in more
serious adverse outcomes.

DIAGNOSIS

The diagnosis requires a high index of suspicion. The presence of Gram-positive
coccibacilli in meconium gastric aspirates or CSF may make the presumptive diagnosis
of neonatal listeriosis. The diagnosis can be inferred by finding widespread miliary
microabscesses involving the placenta which, when Gram stained, reveal the presence of
the characteristic coccobacillus, both lying free and within PMN neutrophils. When
available, definitive confirmation can be achieved using a direct immunofluorescent
technique. Unless the laboratory is appropriately alerted to possible isolation of L.
monocytogenes, because of the morphological similarities between L. monocytogenes and
other members of the genus Corynebacterium, positive cultures may be discarded as
diphtheroid contaminants. A laboratory report of diphtheroids, especially in pure culture
from certain types of infection (i.e. meningitis, neonatal septicemia or chorioamnionitis),
should raise the possibility of false identification and a suspicion of underlying listeriosis.
L. monocytogenes can be grown from blood and CSF; however, its isolation from tissue
sources may be difficult. Once growth is achieved on artificial medium, the bacteria grow
well on common, commercially available media. If recovery of the organism is to be
attempted from tissue, it is best that the material be kept at 4°C for one to two days before
inoculation into a bacteriological media. L. monocytogenes can be differentiated from
diphtheroids by its motility at 20-30°C. A clinician who challenges the diagnosis of the
diphtheroids can ask for the intraperitoneal inoculation of the isolate into seronegative
mice. If the isolate is L. monocytogenes, intraperitoneal inoculation of 0.1 to 0.2 ml of a
24-hour culture of diphtheroids will result in the demise of the mouse in one to three
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days. Autopsy will reveal miliary abscesses involving primarily the liver, spleen and
mesenteric lymph nodes. Gram stain of these nodes reveals Gram-positive rods. In the
majority of instances, the diagnosis of listeriosis is derived by bacteriological
identification from blood or CSF.

THERAPY

The keynote of maternal therapy is prompt institution of effective antibiotic therapy. The
variation in resistance to antibiotics exhibited by different strains of L. monocytogenes
poses a problem in empiric treatment. Patients with overt listeriosis should receive
parenteral therapy. At present, the combination of ampicillin and aminoglycoside appears
to afford the best therapy.

If the gravida is allergic to penicillin (immediate type of reaction or definite history of
hypersensitivity), trimethroprim-sulfamethoxazole, 20 mg/kg/day of the trimethoprim
component in four divided doses, or erythromycin 60 mg/kg/day intravenously in four
divided doses can be utilized. Erythromycin traverses the placental barrier poorly. The
recommended duration of therapy in symptomatic patients is 14 days; however, shorter
courses of drug administration, 5 to 7 days, have been effective. Because of the
uncertainty of the initial maternal diagnosis, combined antibiotic therapy with ampicillin
and an aminoglycoside is often used effectively. What is of the utmost importance is that
when infection with L. monocytogenes is suspected the cephalosporins should not be
used. The cephalosporins are ineffective in the therapy of listeriosis.

A growing number of reports indicate that good reproductive outcome can be achieved
if transplacental infection can be arrested in utero. Therapeutic concentrations of
ampicillin can be achieved in amniotic fluid. A number of cases of maternal listeriosis
septicemia have been reported in which systemic antibiotics resulted in a favorable
pregnancy outcome. The growing documentability of successful treatment of potentially
lethal fetal disease due to L. monocytogenes places a premium on excluding this disease
entity when a gravida presents with rigors and/or flu-like syndrome.
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Neisseria gonorrhoeae

Neisseria gonorrhoeae is a Gram-negative, kidney-bean-shaped diplococcus measuring
0.6-1 um in diameter. It is a strict aerobe which requires humidity and CO, for growth.
Optimal growth occurs at 34°-36°C and a pH range of 7.2-7.6. Prior therapy with
penicillin or its synthetic analogues can significantly alter both the characteristic bacterial
morphology and the stainability, thus on occasion obscuring diagnosis from Gram-
stained smears. Inhibition of cell wall synthesis by the penicillins causes the organism to
lose its characteristic kidney bean-shape as well as its ability to stain Gram-negative.

The organism is a pathogen for columnar and transitional epithelium. Infectivity
appears to be in part a function of the presence of hair-like structures, pili, which may be
important for the initial attachment of the gonococci to epithelial J cells. Five distinct
colony forms have been identified: fresh isolates exhibit colony forms T1 and T2
characterized by the presence of pili and by virulence on experimental inoculation into
the urethra of male chimpanzees. Repeated subculturing of these isolates produces the
T3, T4, and T5 colony forms, which lack pili and are less virulent.

The determinants of disease are difficult to distinguish. Prior infection does not confer
immunity either systemically or at the portal of infection. Although volunteers with
circulating antibodies are more resistant to experimental infection than those without,
humoral immunity per se is not the critical factor in determining the attack rate. Disease
can recur in the presence of specific antibodies. The virulence of N. gonorrhoeae may
vary. Some men do not acquire the disease and others do when exposed to the same
asymptomatic female carrier.

Two factors which permit infection to become disease are:

(1) dissolution of the anatomicophysiologic barrier constituted by endocervical mucosa;
and
(2) the marked alteration in pH induced by menstrual blood.

The timing of the onset of acute salpingitis due to N. gonorrhoeae is such that it
frequently occurs at or immediately following menses. In the gravid female, the rarity
with which the gonococcus establishes overt disease in the endometrium and fallopian
tubes after the first eight weeks of pregnancy indicates the efficacy of the endocervical
barrier to ascending infection.

FEMALE GENITAL TRACT INVOLVEMENT

Acute salpingitis

Gonococcal disease involving the female genital tract is characterized by:
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(1) penetration of the glandular mucosa; and
(2) submucosal lymphatic and contiguous surface spread.

Once infection is established within the endometrial cavity, the gonococcus takes the path
of least resistance. Involvement of the female genital tract is one of sequential infection
due to contiguous bacterial replication and dissemination along the epithelial surfaces and
to submucosal lymphatic spread. This is in marked contrast to the infectious mechanism
of bacteria such as the group A streptococci which, once having penetrated the glandular
epithelium, pursues a transorgan route so as to involve sequentially the endometrium, the
myometrium, and then adjacent soft tissues or the peritoneal serosa.

Peritonitis secondary to N. gonorrhoeae is primarily the consequence of spillage of
organism and inflammatory exudate from the fimbriated ends of the fallopian tube into
the peritoneal cavity, and not of transmural infection. Although the capsular surface of
the ovary may be superficially involved in acute gonococcal salpingitis, it is resistant to
penetration of the organism. Once having attained access to the peritoneal cavity, the
gonococcus may again spread along free surfaces and up the paravertebral gutters to
produce a perihepatitis known as the Stajano-Curtis-Fitz-Hugh syndrome (see
Gonococcal perihepatitis).

Currently, gonorrhea is the second most prevalent reportable infection in the United
States. Over one and a half million new cases develop annually. Moreover, it is estimated
that over sixty million new cases develop annually in the world. The relative inability to
eradicate the disease is in part due to the fact that asymptomatic women with gonorrhea
provide a great reservoir of infection that perpetuates the organism within the population.
It is becoming apparent that significant control of the disease can only occur if routine
cervical and anorectal cultures become a standard part of comprehensive female health
care.

Clinical aspects

Generally, in men, the initial symptoms due to infection with the gonococcus appear 3-5
days after sexual exposure. In women, the interim between colonization and disease is so
variable as to preclude a meaningful estimate. The susceptible genital areas that have
been exposed are the urethra, paraurethral glands, and cervix. When the first two areas
are involved, the symptoms produced may be so minimal that the patient is unaware of
them. They include urinary frequency and slight burning on urination. When the
endocervix is infected, vaginal leukorrhea not infrequently develops. The discharge may
not be any more profuse than one which already existed; however, its appearance may be
altered. It is now likely to be green or yellow-green and may be irritating to the vulvar
tissues, whereas the previous discharge was not. Examination is rarely performed at this
time, as the symptoms are usually not severe enough to compel the patient to seek
medical advice.

The infection may extend to involve Bartholin’s glands and may advance to abscess
formation. It is a mistake to think that all Bartholin abscesses are gonorrheal, since they
can develop from other types of infection. Local redness, swelling, and edema as well as
pain are present. As the abscess enlarges, it approaches the surface and may undergo
spontaneous rupture. The pain may be sufficiently severe to require incision and
drainage. Spontaneous resolution may occur, with cyst formation or the development of a
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nodular swelling that remains deep at the site of the gland. The symptoms generally
subside after several days or a week, even if untreated. The gonococcus, if present at the
start of the disease, is often eliminated from the site of infection by obligatory anaerobic
bacteria once abscess formation is well established.

Progress of disease

The organisms in the endocervix are probably prevented from progressing upward to the
endometrium by cervical mucus. With the onset of menses, the bacteria may gain
entrance to the uterine cavity. Menstruation not only negates the effect of cervical mucus
and destroys the barrier constituted by the intact endometrium, but renders vaginal pH
more alkaline, thus favoring the growth of N. gonorrhoeae.

Gonorrheal endometritis is transitory and heals spontaneously without leaving its
mark. The organisms spread quickly and bilaterally to the endosalpinx and then, by virtue
of the pus that pours from the fimbriated end of the tube, the infection involves the
ovaries, the cul-de-sac, and the pelvic peritoneum, producing pelvic peritonitis.

Neisseria gonorrhoeae by virtue of its replication alters the local microbiologic
environment. The lowered oxidation-reduction potential permits selected constituents of
the vaginal flora to successfully compete in this biologic niche. Initially, the bacteria
recruited are Class | anaerobes. By virtue of local consumption of molecular oxygen, pH
changes and lowering of the oxidation-reduction potential, the microbiologic
environment becomes progressively more conducive for anaerobic bacteria until a point
is reached at which the aerobic bacteria, such as N. gonorrhoeae, undergo auto-
elimination. It is currently postulated that the critical site of infection in acute salpingitis
is interstitial rather than intraluminal. As in patients with pyelonephritis, the consequence
of basement membrane destruction secondary to the interstitial inflammatory process is
healing by fibrosis. The destructive changes which alter the normal fallopian tube
structure are due not primarily to N. gonorrhoeae, but to anaerobic bacteria, which
function at these interstitial sites.

Although the endosalpingitis is the predominant feature of the infection, infection may
spread both into the muscle wall of the tube and into the broad ligament tissues. Grossly,
the tube is swollen, containing purulent material within its lumen that exudes from its
fimbriated end. In severe cases the tube may be covered with a shaggy fibrinous exudate.
The vessels are engorged. The pelvic peritoneum and ovaries are inflamed; turbid fluid or
pus may be present in the pelvis. Microscopically, this stage is characterized by
hyperemia, marked edema of the tubal folds, and leukocytic infiltration.

Symptomatically, there may be fever (up to 40°C); nausea and vomiting are not
uncommon; and pain, moderate or severe, is usually present and generally located in both
quadrants of the lower abdomen. Although one side may manifest greater involvement
than the other, rarely will only one side be involved.

On examination, there is tenderness and variable rigidity in both lower quadrants;
there may also be some distention. On pelvic examination, evidence of infection of the
external genitalia and cervix may be present; motion of the cervix causes pain and there
is tenderness in the lateral fornices.
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Without the treatment, the symptoms and the findings described begin to subside in
about 7 to 10 days and are usually gone in about 21 days. Uncomplicated gonococcal
salpingitis responds to appropriate antibiotic therapy in 24 to 48 hours.

Acute salpingitis and the IUD

When a gonococcal infection occurs in a woman with a contraceptive intrauterine device
(IUD), she has a three- to fourfold greater chance of developing acute salpingitis than an
asymptomatic carrier without an IUD. In selected instances, the IUD may facilitate
secondary infection by anaerobic organisms (in particular, Bacteroides and
peptostreptococci).

Gonococcal septicemia

Most loci of gonococcal infection are the consequence of contiguous spread by the
organism. There are two syndromes which may either occur independently or co-exist in
a patient, that are the consequence of hematogenous dissemination: gonococcemia and
gonococcal arthritis.

Not infrequently a patient may exhibit small, raised macular skin lesions, which
preferentially involve the wrists and distal joints. The lesions may become pustules
(Figure 26.1). Gonococcemia is usually associated with migratory polyarthralgia or
arthritis. Fever occurs in 85% of the cases. The differential diagnosis includes
meningococcemia, rickettsial infection, and subacute bacterial endocarditis. Unlike
meningococcemia, gonococcemia is relatively benign in its morbidity and mortality.
Since the initial clinical presentation may be indistinguishable from meningococcemia or
subacute bacterial endocarditis, the patient should initially receive 20 million units of
penicillin G intravenously in the first 24 hours after a minimum of three sets of blood
cultures have been obtained. Once the diagnosis of N. gonorrhoeae septicemia has been
documented, the dosage of penicillin can be substantially reduced.

Prolonged disseminated gonoccocal infection, like meningococcemia, may be due to
an inherent absence of the fifth component of complement (Cs). The importance of Cs in
host susceptibility to invasive Neisseria infections has been inferred by epidemiological
studies of females with this terminal complement component deficiency. Complement
mediated bacterial lysis appears to be important in human defense against bacteremic
Neisseria infections. Peter et al. reported a family in which the oldest male child had
suffered severe and recurrent meningococcal meningitis over four years (at ages 14 and
18 years), and a sister had the gonococcal arthritis-cutaneous syndrome. Bacterial disease
in the absence of Cs due to N. gonorrhoeae usually occurs in adolescence and early
childhood.

All patients with prolonged gonococcal bacteremia or gonococcemia should be
analyzed for complement deficiency syndrome. Once identified, the entire family should
be screened.
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Figure 26.1 A vesiculopustular lesion
on the middle finger of a young
woman with disseminated gonococcal
infection

While host considerations may be of prime importance in gonococcemia-like disease, the
isolates from patient to patient with disseminated gonococcal infection appear to be
significantly different from other gonococcal isolates. The majority of the isolates are of
an auxotype different from that of most other gonococci. They are not killed by sera from
other patients with uncomplicated gonorrhea, even though these sera are bactericidal to
other gonococci.

Gonococcal arthritis

While acute gonococcal salpingitis in pregnancy is rare, gonococcal arthritis is not. The
prompt and effective treatment of symptomatic primary gonorrhea has shifted the sex
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ratio of gonococcal arthritis. The majority of the current cases are in women, and, in
particular, in gravidas. The absence of genitourinary signs often obscures early diagnosis
and therapy. What is termed gonococcal arthritis is in most instances a tenosynovitis and
not a true arthritis. Tenosynovitis, particularly of the wrist, is common in gonococcal
arthritis, whereas it is rare in other types of pyogenic arthritis.

Gonococcal arthritis tends to take one of two forms: a septic form in which the patient
gives a history of chills and fever, or a non-septic form in which there is no evidence of
bacteremia or skin lesions comparable to those observed in meningococcemia. In
approximately 85% of cases the arthritis is polyarticular. Even in its septic mono- or
oligoarthritis form, which involves large joints (knee, ankle, elbow), the clinician can
usually elicit with careful questioning the history of an initial phase of migratory
polyarthralgia. This monoarticular type of disease is a true arthritis. In most pyogenic
arthritides, polyarthritis is rare. Once acute rheumatic fever has been excluded, the
combination of polyarticular involvement, a lack of response to salicylates, fever, and
joint swelling during pregnancy should be regarded as gonococcal arthritis.

In untreated septic monoarthritis due to N. gonorrhoeae, the clinician may find
roentgenographic evidence of joint destruction. Before the introduction of antimicrobial
agents, 23% of patients who recovered from gonococcal arthritis had residual joint
damage. In rare instances of untreated gonococcal arthritis, osteomyelitis may develop in
the contiguous bony structure. In general, with adequate therapy, resolution of either
form is prompt and complete.

The diagnosis of gonococcal arthritis is often inferred rather than documented. A
definitive diagnosis may be achieved by culturing joint fluid and blood on appropriate
media. When joint fluid is available, N. gonorrhoeae can be demonstrated by direct
immunofluorescence staining. Rarely, an exudative pharyngitis with subsequent recovery
of N. gonorrhoeae may indicate the portal of infection. In most cases the diagnosis is
inferred from the recovery of the gonococcus from the endocervix or the anorectal area,
and the dramatic clinical response to penicillin. Failure to achieve a dramatic response in
24 hours calls for a re-evaluation of the working diagnosis. The strains of N. gonorrhoeae
which cause disseminated infection are highly sensitive to penicillin. Prompt clinical
amelioration has been achieved with both a low-dose regimen (procaine penicillin G,
600000 units IM, given every 12 hours for up to 10 days) or a high-dose regimen of
intravenous aqueous penicillin G, 10 million units daily for three days.

Gonococcal endocarditis

In the preantibiotic era, 11-26% of all endocarditis was due to N. gonorrhoeae. The
prevalence of gonococcal endocarditis has markedly declined in contrast to the increased
incidence of the arthritis-cutaneous variant of disseminated gonococcal infection. During
the second and third trimesters of pregnancy, despite the relatively high incidence of
disseminated gonococcal infection, there is not a concomitant increase in gonococcal
endocarditis. Preliminary data have suggested that the more penicillin-sensitive strains of
N. gonorrhoeae are more apt to produce clinical infections of the uterus and fallopian
tubes or disseminated systemic disease than the more penicillin-resistant strains. In many
instances, valvular involvement is aborted by relatively minimal therapy.
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The majority of patients with gonococcal endocarditis experience a migratory
polyarthritis which usually precedes the signs of endocarditis. Weakness, high fever,
chills, and rigors with diaphoresis are characteristic presenting complaints. Symptoms
reputed to be unique to gonococcal endocarditis are the double-quotidian febrile spikes
(two marked spikes in the same day) and concomitant jaundice secondary to hepatic
involvement. These were not uncommonly seen in the preantibiotic era. Focal embolic
manifestations involving the skin, conjunctiva, kidneys, lungs, and brain usually occur
when one is dealing with well-established disease. The aortic, mitral, or pulmonary valve
may be involved, in order of diminishing frequency. Right-sided valvular involvement is
frequently silent until perforation occurs. The site of valvular involvement dictates
whether systolic or diastolic murmurs are present. The most common
electrocardiographic change is a bundle-branch block (usually right) or evidence of focal
myocardial injury.

The diagnosis is readily established by the recovery of the organisms from the
intravascular compartment. When done during the investigation of a fever of unknown
etiology (FUO), liver biopsy may reveal leukocytes within the spaces of Disse with focal
parenchymal necrosis. A presumptive diagnosis is based on the signs of progressive
involvement of the cardiac valves in a patient with gonococcemia. Agglutinating
antibodies to N. gonorrhoeae develop and titers may be of diagnostic significance.

There are no set ground rules governing dosage or duration of therapy. Like
Streptococcus pneumoniae and Staphylococcus aureus, N. gonorrhoeae produces an
acute destructive process. Twenty million units of penicillin G per day by IV infusion
followed by three weeks of oral ampicillin has been the regimen advocated. Current
therapy is governed by the isolate’s sensitivity profile to antibiotics.

In the preantibiotic era, the interim between initial manifestation and death was in the
order of 10 weeks. Persistent heart failure or the presence of the murmurs of aortic
insufficiency are strong indications for cardiac catheterization even in the absence of
increasing left ventricular dilation and a wide pulse pressure. In our experience,
successful treatment often necessitates valvular replacement. The failure of the
temperature to normalize to its diurnal variation is often an antecedent to cardiac
perforation.

Gonococcal chorioamnionitis and endometritis

Involvement of the fetal membranes and the subsequent clinical manifestation is the
consequence of ascending gonococcal infection from glandular sites of bacterial
replication. The status of the fetal membranes appears to be the major determinant of the
pattern of ensuing maternal febrile morbidity. Dissolution of membrane integrity, in
excess of 24 hours, may result in maternal pyrexia antenatally or in the immediate
postpartum period. Examination of the placenta reveals morphologic evidence of an
inflammatory process with varying degrees of vasculitis. The gonococcus is usually
readily recoverable from the fetal or maternal surfaces of the placenta and from neonatal
gastric aspirates. When the membranes have been ruptured for less than 24 hours, a more
variable pattern in the timing of maternal disease is observed. While pyrexia still may
occur in the immediate postpartum period, the infectious morbidity frequently develops
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in the ensuing 24 hours. Not all patients with gonococcal endocervitis at parturition
develop the postpartum endometritis.

In some patients, the clinical evidence of an endometritis does not develop until 4 to
20 days following delivery. This pattern tends to be more prevalent when the membranes
are ruptured in the immediate antepartum period or at the time of parturition per se.

Gonococcal ophthalmia neonatorum

Before the introduction by Credé of silver nitrate, N. gonorrhoeae was reputed to be
responsible for 12% of all blindness in the world. Gonococcal ophthalmia neonatorum is
a consequence of the delivery of a neonate through an infected birth canal or its
involvement in utero by N. gonorrhoeae following premature rupture of the membranes
and ascending infection. Infection established before birth in this way is less likely to be
aborted by silver nitrate than infection acquired during delivery.

Topical solutions of 1% silver nitrate, oxytetracycline, or erythromycin have been
efficacious. An increase in the incidence of endocervical gonorrhea has engendered a
proportionate increase in the number of cases of neonatal gonococcal ophthalmitis. Most
of these cases occurred despite chemical or antibiotic prophylaxis. Periorbital edema and
the tendency to resist manual opening of the eye on the part of the neonate contribute
significantly to the problem of gonococcal ophthalmia neonatorum despite prophylaxis.
The instillation of 1 % silver nitrate may result in a chemical conjunctivitis requiring
smear and cultures, but this is a small price to pay compared to acute gonococcal
ophthalmitis. The silver nitrate should not be subsequently rinsed out with either saline or
distilled water. A saline rinse following instillation of silver nitrate decreases the
probability of efficacy. In addition to the diluent effect, the cation is precipitated by the
use of the saline rinse, forming silver chloride. The chemical conjunctivitis from 1%
silver nitrate is a self-limited entity. Any conjunctivitis present after 24 hours should be
viewed with great suspicion. Gram-staining is important in early diagnosis. In addition to
N. gonorrhoeae, H. influenzae, L. monocytogenes, and probably S. pneumoniae are all
capable of producing a bacterial conjunctivitis. In the case of L. monocytogenes (a small
Gram-positive bacillus), one is dealing with a bacterial pathogen that is potentially lethal
for the neonate.

The initial conjunctivitis of N. gonorrhoeae rapidly involves all of the contiguous
portions of the eye. The resulting damage from healing by fibrosis may leave the neonate
partially or completely blind. In the 1930s, isolated reports demonstrated the possible
nosocomial spread of ocular gonococcal infection within newborn nurseries. This has not
been a problem in the antibiotic era.

Any adequate prevention program must include not only silver nitrate prophylaxis but
early identification of infected women in the course of prenatal care and the eradication
of maternal infection. It is imperative to treat sexual consorts to prevent reinfection. If
gravidas are treated for bacteriologically documented gonorrhea during gestation but their
consorts are not aggressively sought out and treated, approximately 30% will again
harbor the organism at the time of parturition.
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Prepubescent gonococcal vulvovaginitis

Neisseria gonorrhoeae is one of the classic causes of vulvovaginitis in prepubescent
girls. The anatomicophysiologic environment of the prepubescent vagina is ideal for the
growth of the organism. The vaginal pH varies between 7 and 8 and is more conducive to
gonococcal replication than the more acid adult vagina. Similarly, the absence of an
estrogenic effect on the vaginal mucosa facilitates the establishment of infection.

Although gonorrhea is spread primarily by sexual congress, this is not the sole means
of dissemination. Gonococcal vulvovaginitis occurs in epidemic forms, particularly in
institutions with young girls. Some of these infections are probably transmitted by towels,
common use of bathtubs, or the hands of infected individuals. Gonococcal vulvovaginitis
readily responds to routine therapy.

Although gonococcal vulvovaginitis will occur given the opportunity, acute
gonococcal salpingitis in prepubescent girls is rare. The failure of the disease to involve
the endometrium and fallopian tubes is primarily a function of the anatomic status of the
cervix in children. The preadolescent cervix exhibits a cryptiform configuration and has
been shown to be impermeable to high intravaginal fluid under pressure. The
endocervical glands are at best rudimentary.

Gonococcal pharyngitis

Changes in sexual behavior during pregnancy may include fellatio, with the result that the
pharynx becomes a substantial reservoir of infection.

Gonococcal pharyngitis is seen primarily but not exclusively in patients who practice
fellatio. Except following dental extraction, the gingiva, buccal mucosa, and tongue
appear to be resistant to gonococcal infection. Gonococcal infection of the pharynx does
not always produce clinical symptoms. When present, the most common clinical
manifestation is an acute exudative pharyngitis; a less frequent presentation is chronic
recurrent tonsillitis or pharyngitis. In approximately 15% of cases, asymptomatic
pharyngeal infection has been the source of disseminated gonococcal infection (DGI).

Recovery of a Gram-negative, catalase-positive diplococcus from the oropharynx is
not sufficient to establish the diagnosis of gonorrhea. Because of the presence of other
Neisseria species within the microbiologic flora of the oropharynx, confirmatory
fermentation tests must be performed. When selecting sites for culture for N.
gonorrhoeae in pregnant women, one should remember that the pharynx is a more
common site of infection than the anorectal region. Pharyngeal gonococcal infection is
more difficult to eradicate than infection of Skene’s glands or the endocervical or
anorectal glands. Tests of cure in women who practice fellatio should include follow-up
cultures of the oropharynx.

Gonococcal perihepatitis (Stajano-Curtis-Fitz-Hugh syndrome)

Though originally described by Stajano in 1920, gonococcal perihepatitis was not
perceived as a distinct entity until the early 1930s. In 1930, Curtis conceptually linked the
association of “violin-string” or banded adhesions between the anterior surface of the liver
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and the parietal peritoneum with coexistent evidence of inflammatory disease of the
pelvis. He believed that these adhesions were indicative of a previous gonococcal
salpingitis and cites his discussions with other physicians who had observed ‘hepatic
flexure colitis’, pleurisy, or gallbladder pain in female patients with gonorrhea. Fitz-Hugh
characterized the acute clinical presentation of what Curtis had observed in end-stage. He
described three young women with pain in the right upper quadrant. One of them had
been explored surgically for what was presumed to be cholecystitis. On the next day,
recalling the article of Curtis, Fitz-Hugh re-examined the woman and was able to
demonstrate, by Gram-staining, the presence of Gram-negative intracellular diplococci in
a smear of the wound drainage.

The syndrome is quite protean in its clinical manifestations. If not aware of its
occurrence, the physician may be seduced into performing an exploratory laparotomy for
what is a medical disease. Not infrequently, the presence of right upper quadrant pain
may overshadow an antecedent history of bilateral lower quadrant pain. Failure to
perform an adequate pelvic examination coupled with a lack of appreciation of the
sequential pattern of pain precludes preoperative diagnosis of this entity.

There are two basic variants: the suprahepatic (phrenic) syndrome and the infrahepatic
(subcostal) syndrome of Stajano. In the suprahepatic variant, gonococcal involvement
may produce, in addition to fever and pain in the right upper quadrant, right
supraclavicular pain which is characteristic of rupture viscus. The infrahepatic form may
produce symptoms and physical findings almost indistinguishable from those of acute
cholecystitis, with a more or less localized point tenderness and pain referral along the
12th rib to the back. Roentgenograms may reveal elevation of the right hemidiaphragm.
The patient experiences nausea without vomiting. The diagnosis is established by a
positive smear or culture of N. gonorrhoeae from the cervix, prompt relief of symptoms
with the appropriate antibiotic regimen, and a subsequent negative cholecystogram.

Care must be taken to distinguish this perihepatitis from the gonococcal hepatitis
which can be seen in the course of disseminated gonococcal infection. In patients with
DGI, an acute inflammatory infiltrate involving predominantly portal areas can be
demonstrated by liver biopsies. Isolated neutrophils can be identified within the
sinusoidal spaces. The pathogenesis of these two entities is sufficiently divergent to
warrant a clear-cut distinction.

DIAGNOSIS

The presence of intracellular Gram-negative kidney-shaped diplococci within
polymorphic neutrophils from an appropriate source is virtually pathognomonic of N.
gonorrhoeae; nevertheless, the value of the Gram smear is limited compared to the
cultural method of detecting N. gonorrhoeae. Comparative studies, using modified
Thayer-Martin selective medium versus the Gram smear, clearly demonstrate the greater
sensitivity of the cultural method. The Gram smear is used primarily as an important
adjunct to cultural methods for the early diagnosis of gonorrhea in women. Since roughly
one-half of all women with gonorrhea have concomitant infection in the anorectal area,
when cultures are indicated samples for culturing should not be restricted to the
endocervix. Obtaining an anorectal culture becomes even more imperative:
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(1) when attempting to document causality in cases of presumed gonococcal arthritis; and
(2) for documentation in cases of rape.

The gonococcus is such a fastidious organism that unless properly handled it quickly dies
after removal from the body. Isolation of N. gonorrhoeae requires a media which:

(1) contains all its complex growth requirements;

(2) contains starch or other substances which absorb inhibitory fatty acids; and

(3) contains antimicrobial agents which inhibit most non-pathogens, Neisseria and other
species.

Because all selective media contain vancomycin, some isolates of N. gonorrhoeae
sensitive to this antibiotic will go undetected.
The microbiological diagnosis of N. gonorrhoeae is based on:

(1) characteristic colony appearance;

(2) Gram-stain characteristics (Gram-negative diplococci);

(3) demonstration of oxidase positivity; and

(4) selected sugar utilization or immunofluorescent confirmation.

To obtain superior isolation results, ground rules need to be followed:

(1) Never culture a sample on a plate that is not at least at room temperature. Neisseria
gonorrhoeae has an extremely limited thermal tolerance. Preferential growth occurs
between 30° and 36°C. Temperatures below room temperature will rarely sustain the
replication of N. gonorrhoeae and often account for non-recovery of the organism.

(2) Incubate cultures immediately. N. gonorrhoeae does not tolerate drying. Again the
thermal liability of the organism is such that maintaining cultures at room temperature
for more than one hour is destined to have a deleterious effect. One can almost
establish a linear decay curve between recovery of organisms and prolonged exposure
at suboptimal temperatures. If transport to a diagnostic laboratory is required, when
possible, incubate the culture 6-10 hours before attempting transport.

(3) Be sure to provide a source of carbon dioxide. In dealing with the Thayer-Martin
plates, it is imperative that they not only be incubated, but that candle jars be utilized
to provide the critical 5% CO, atmosphere required for the initiation of bacterial
replication. Unless an extremely heavy inoculum of the bacteria is present, the
likelihood of successfully culturing the organism is markedly reduced. With the
Transgrow bhottles, think of the CO, as liquid and handle those bottles in a comparable
way. They should never be inverted. The Neigon (JEM-BEC) system contains its own
CO,-generating capacity such that the initial use of candle jars is less critical.

(4) Probably the single greatest failure is that of a physician not rolling the swab ina Z or
W manner. The swab when placed within the endocervical canal samples 360°; yet if
one does not roll the swab, a maximum of 33-40% of the swab is sampled. One
hundred percent sampling is exceedingly important when dealing with a situation
where N. gonorrhoeae is present in quantities that are numerically reduced (e.g. the
asymptomatic carrier or the patient with initial gonococcal salpingitis who is now
undergoing a facultative anaerobic superinfection at the endocervix).
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A single culture from the endocervix plated on selective media and handled under near
optimal conditions has a sensitivity of 84—-89%.

The culture prerequisite for pre-heated culture plates, ambient CO,, selective media,
and marked organismal thermal liability has resulted in a gross under-diagnosing of
subclinical infection.

With current methodology, in many institutions less than one-third of all subclinical
carriers of gonorrhoeae are identified by bacterial cultures. The development of DNA
probes complementary to ribosomal RNA of N. gonorrhoeae is an important diagnostic
advance.

DNA probes will be of great benefit for patient clinic facilities which must rely on off-
site laboratories. The value of DNA probes is that:

(1) they allow for concomitant testing of Chlamydia trachomatis,

(2) specimens can be frozen indefinitely and retested at a later date, if needed; and

(3) they offer markedly superior sensitivity over suboptimally handled endocervical
specimens.

The short-comings of the probes are that they:

(1) are currently approved only for endocervical and urethral specimens. Test of cure may
require anorectal or pharygneal specimens; and
(2) cannot be used to identify antibiotic-resistance pattern of a given gonococcal isolate.

The sensitivity of the DNA probes will be enhanced when the polymerase chain reaction
(PCR) or ligase chain reaction (LCR) tests become the standard technology used for the
diagnosis.

ANTIMICROBIAL RESISTANCE

Antimicrobial resistance in the gonococcus can be plasmid mediated, chromosomally
mediated, or both. In the United States, many variations have been identified. The three
most important, from a public health standpoint, are plasmid-mediated resistance to
penicillin (PPNG); chromosomally-mediated resistance to penicillin (CMRNG); and
plasmid-mediated, high-level tetracycline resistance (TRNG).

PPNG: PPNG are gonococcal strains that have acquired an extrachromosomal
element or plasmid that encodes for beta-lactamase, an enzyme that destroys the
betalactam ring of penicillin. Of the resistant strains, PPNG has had the greatest impact
on public health programs and resources in the mid-1980s.

CMRNG: Unlike strains of plasmid-mediated resistance, strains with chromosomal
resistance to penicillin do not produce beta-lactamase. Chromosomally-mediated
resistance is not limited to penicillin, but is a more general phenomenon that can include
resistance to tetracycline, the cephalosporins, spectinomycin, and other aminoglycosides.
In most instances to date, those strains have not been associated with treatment failure,
either because the levels of resistance have been high or because the antibiotic in question
was not used for therapy.

TRNG: Gonococcal isolates with plasmid-mediated, high-level resistance to
tetracycline (minimal inhibitory concentration>16 mg/ml) were first identified in 1985.
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Although many individual cases and clusters of TRNG have since been reported,
investigation has shown that in most instances, CDC treatment guidelines were followed
regarding dual therapy with penicillin and tetracycline, thus avoiding therapy failure. For
nearly all patients with TRNG who have been treated with tetracycline alone, the therapy
has not been effective.

Quinolone resistant N. gonorrhoeae (QRNG): Cases of gonorrhea caused by N.
gonorrhoeae resistant to fluoroquinolones have been reported sporadically from many
parts of the world, including North America.

Quinolone resistant N. gonorrhoeae is widespread in parts of Asia and the Pacific. In
the united States, QRNG is becoming increasingly common on the West Coast. Because
of the progressive dissemination of QRNG, quinolones are no longer recommended for
the treatment of gonorrhea in the states of Alaska, Hawaii and California and should not
be used in the treatment of infection that may have been acquired in Asia and the Pacific.

Gonococcal organisms with decreased in vitro susceptibilities to ciprofloxacin have
deceased susceptibilities to all fluoroguinolones, including ofloxacin, enoxacin,
iomefloxacin, and norfloxacin. Importation of QRNG is likely to continue. The
dissemination of QRNG in the United States may well increase to a point when
fluoroguinolones can no longer be relied upon to eradicate gonoccal infections.

THERAPY

In terms of specific antibiotic therapy, the form of gonococcal disease dictates its therapy.
The CDC 2002 guidelines for treatment of gonococcal infection in the United States take
into account several observations: the high frequency of coexisting chlamydial and
gonococcal infections, increased recognition of the serious complications of chlamydial
and gonococcal infections, the difficulty in diagnosing chlamydial infection, the
increasing incidence of infections due to both plasmidmediated (PPNG) and
chromosomally-mediated resistant N. gonorrhoeae (CMRNG), and published reports of
the emergence of tetracycline-resistant gonococci in some geographic areas (Table 26.1).

Women and men exposed to gonorrhea (e.g. within the past 60 days) should be
examined, cultured, and treated prophylactically with one of the regimens which covers
both gonococcal and chlamydial infections.

Meningitis and endocarditis

Patients with gonococcal meningitis or endocarditis occurring in PPNG-endemic and
hyperendemic areas should be treated with high-dose intravenous third generation
cephalosporins in consultation with an expert. Optimal therapy may be guided by results
from in vitro susceptibility tests. Most authorities recommend treating patients with
meningitis for 10-14 days and those with endocarditis for at least one month.

Ophthalmia

In PPNG-endemic and -hyperendemic areas, adult patients with gonococcal ophthalmia
should be hospitalized and treated with either ceftriaxone, 1 g, once a day, IM or 1V, for 5
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days, or with equivalent doses of another effective third generation cephalosporin. An
ophthalmologist should evaluate the patient for ocular complications. Adjuvant topical
antibiotics are not thought to offer any significant advantage. Irrigation of the eyes with
saline or buffered ophthalmic solutions may be useful adjunctive therapy to eliminate
discharge.

Gonococcal ophthalmia in neonates

Untreated gonococcal ophthalmia in neonates is highly contagious and may rapidly lead
to blindness. All neonates with gonococcal ophthalmia in PPNG-endemic and
hyperendemic areas should be treated with ceftriaxone, 25-50 mg/kg body weight/day,
IV or IM, for 7 days. An equivalent third-generation cephalosporin may be used in
appropriate doses. Topical antimicrobial preparations alone are not sufficient and are not
required when appropriate systemic therapy is given. Irrigation of the eyes with saline or
buffered ophthalmic solutions may be useful adjunctive therapy to eliminate discharge.
Both parents of newborns with gonococcal ophthalmia must be treated. Simultaneous
ophthalmia infection with Chlamydia trachomatis has been reported and should be
considered if a patient does not respond satisfactorily to recommended treatment.

Table 26.1 2002 CDC therapeutic
recommendations for gonoccal infections

Uncomplicated gonococcal infections of the cervix,
urethra, and rectum

Alternate regimens

Cefotaxime 1 g IV every 8 hours OR
Ceftizoxime 1 g IV every 8 hours OR
For persons allergic to R-lactam drugs:
Septinomycin 2 g IM every 12 hours.

Recommended regimens

Cefixime 400 mg orally in a single dose OR

Ceftriaxone 125 mg IM in a single dose OR
Ofloxacin* 400 mg orally in a single dose OR
Ciprofloxacin* 500 mg orally in a single dose/ OR
Levofloxacin* 250 mg orally in a single dose PLUS (if
chlamydial infection is not ruled out)

Doxycycline 100 mg orally twice a day for 7 days

OR

Azithromycin 1 g orally in a single dose

Alternate regimens

Spectimomycin 2 g in a single IM dose
Single-dose cephalosporins (ceftizoxime 500 mg IM;
ceftriazone 500 mg 1M

Uncomplicated gonoccal infections of the pharynx

Recommended regimens

All regimens should be continued for
24-48 hours after improvement begins;
then therapy may be switched to one of
the following regimens to complete a
full week of antimicrobial therapy:
Cefixime 400 mg orally 2 times a day
OR

(Ciprofloxacin 500 mg orally 2 times a
day) OR

(Ofloxacin 400 mg orally twice a day)
OR

(Levofloxacin 500 mg orally daily)

Opthalmia neonatorum caused by N.
Gonorrhoeae

Recommended regimen

Ceftriaxane 25-50 ma/ka I\/ or IM in
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Ceftriaxone 125 mg IM in a single dose OR single dose, not to exceed 125 mg
Ciprofloxacin 500 mg IM in a single dose PLUS (if Topical antibiotic therapy alone is
chlamydial infection is not ruled out) inadequate and is unnecessary if
Azithromycin 1 g orally in a single dose OR systemic treatment is administered.

Doxycycline 100 mg orally 2 times a day for 7 days or

another regimen effective against C. trachomatis Prophylactic treatment for infants

whose mothers have gonoccal
Quinolones should not be used for infections acquired in  infection
Asia or the Pacific including Hawaii. The use of
quinolones is probably inadvisible for the treatment of
disease acquired in California and in other areas with
increased prevalence of quinolone resistance

Infants born to mothers who have
untreated gonorrhea are at high-risk for
infection.

Recommended regimen in the

. . absence of signs of gonoccal infection
Pregnant women should not be treated with quinolones or g g

tetracyclines. Gravida infected with N. gonorrhoeae
should be treated with a recommended or alternate
cephalosporin.Women who can tolerate a cephalosporin
should be administered a single dose of 2 g of
spectinomycin IM

Ceftriaxone 25-50 mg/kg IV or 1M, not
to exceed 125 mg, in a single dose
Mother and Infant should be tested for
chlamydial infection.

Azithromycin 2 g PO is effective
Disseminated gonoccal infection against uncomplicated gonoccal
infection but it is expensive and too
often causes gastrointestinal distress to

Ceftriaxone 1 g IM or IV every 24 hours be used except for in special situations.

Recommended regimen

MANAGEMENT OF SEX PARTNERS

Patients should be instructed to refer sex partners for evaluation and treatment. All sex
partners of patients who have N. gonorrhoeae infection should be evaluated and treated
for N. gonorrhoeae and C. trachomatis infections if their last sexual contact with the
patient was within 60 days of onset of the patient’s symptoms or diagnosis. If a patient’s
last sexual intercourse was more than 60 days before symptom onset or diagnosis, the
patient’s most recent sex partner should be treated. Patients should be instructed to avoid
sexual intercourse until therapy is completed and patient and partner(s) are without
symptoms.

NEONATAL PROPHYLAXIS AND PROPHYLACTIC
TREATMENT

All newborns should receive ocular prophylaxis with either 1% silver nitrate solution, 1%
tetracycline solution (or ointment), or 0.5% erythromycin ointment. Prophylaxis should
be given within 1 hour after birth. No one regimen is completely effective. Tetracycline
and erythromycin are also active against C. trachomatis. The prophylaxis failure rate of
the antibiotic preparations for infections with resistant gonococcal strains is unknown.
However, the intraocular antibiotic concentrations achieved with routine prophylaxis are
high.
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Neonates born to mothers with documented gonococcal infection peripartum should
be treated with ceftriaxone 125 mg, IM, in one dose. Low-birthweight infants should
receive 25-50 mg/kg body weight.

TREATMENT FAILURES

If gonorrhea persists after treatment with one of the non-spectinomycin regimens,
patients should be treated with spectinomycin 2.0 g IM. Recurrent gonococcal infections
after treatment with the recommended schedules commonly are due to reinfection rather
than treatment failure and indicate a need for improved sexpartner tracing and patient
education. Since antimicrobial resistance is a cause of treatment failure, all post-treatment
isolates should be tested for antimicrobial susceptibility.

RECOMMENDATIONS FOR THERAPY OF CONCOMITANT
SYPHILIS

The concept that gonorrhea was a manifestation of syphilis resulted from John Hunter’s
experiment in 1767 of self-inoculation of pus from the urethra of an individual
supposedly infected with gonorrhea. It was not until 1873 that Benjamin Bell clearly
demonstrated that gonorrhea and syphilis were two separate disease entities.
Nevertheless, this unfortunate experiment in self-inoculation serves to stress the fact that
in approximately 1-2% of cases of gonorrhea there is a concomitant infection with
Treponema pallidum. Evidence of possible concomitant infection must be actively
sought. The therapy for syphilis is inadequate for the treatment of gonorrhea, and vice
versa.

Although long-acting forms of penicillin (such as benzathine penicillin G) are
effective in the treatment of syphilis, they have no place in the treatment of gonorrhea.
Penicillin preparations and cephalosporins not recommended for the treatment of
gonorrhea include benzathine penicillin G, oral penicillin G, penicillin V, cloxacillin,
dicloxacillin, cephradine, cephalothin, cephapirin, cefazolin, cephalexin, cefadroxil, and
cefaclor.
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Salmonella typhi

The salmonellae are short plump rods which occur singly in pairs or in chains. The
organisms stain Gram-negative and are actively matile. All known Salmonella species are
pathogenic for man and domesticated animals. Isolates that fulfill the selected
biochemical prerequisites of the genus fall into three groups: typhi, cholerae suis, and
enteritidis. Subclassification is achieved by serologic segregation based on the somatic
(O) and flagella (H) antigens. More than 1400 serotypes have thus been identified,;
however, just 11 serotypes account for approximately 60-70% of human isolates. These
include S. enteritidis, serotypes typhimurium, enteritidis, copenhagen, newport,
heidelberg, infantis, thompson, blockley, dergy and S. typhi.

PATHOGENESIS

The portal of infection is almost invariably the gastrointestinal tract. The ability to infect
man is primarily a quantum-related phenomenon. Salmonella typhi, in small doses, may
be rapidly eliminated, except when there has been an alteration of the acid barrier, as may
occur in patients with partial gastrectomy, where as little as 10 organisms of Shigella may
produce disease. An infective dose of 10° organisms or greater is required to produce
salmonellosis.

A second important host defense mechanism is bacterial flora of the gastrointestinal
tract which exerts a strong hemostatic influence. Many anaerobes produce short chain
fatty acids which are postulated to inhibit the growth of viral and bacterial enteric
pathogens. Alteration of the enteric flora with antibiotic therapy increases susceptibility
of experimental animals and man to enteric pathogens. Gastric acid buffering with
antacids or compromising gastric function by disease or prior surgery may alter
susceptibility. Patients with achlorhydria have been shown to have higher incidences of
acute diarrheal disease.

A final factor potentially contributing to the induction of disease is the fact that
selected strains of S. typhi possess a Vi surface antigen which may interfere with the
bactericidal activity of serum and phagocytosis. S. typhi tends to elicit a predominantly
mononuclear inflammatory response. Non-typhoid salmonellae lead to a predominantly
polymorphic response.

The salmonellae characteristically invade the intestinal epithelium; however, extensive
destruction of the intestinal mucosa does not occur. The lining epithelium is left relatively
intact. A significant inflammatory exudative response is elicited in the lamina propria.
Disease at this site has the potential to lead to septicemia.

With penetration of the bacteria through the intestinal mucosa, dissemination is
initially by lymphatics to the regional nodes and ultimately by the intravascular
compartment. S. typhi is one of the bacteria of man which has a predilection for the
reticuloendothelial system (RES). The initial bacteremia is rapidly cleared by the
reticuloendothelial cells in the liver, spleen, and bone marrow. While the liver, spleen,
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and mesenteric nodes are all enlarged as a consequence of hypertrophy of the RES, only
splenic enlargement is commonly observed clinically. Bacterial replication occurs within
these intracellular sites. The relative protection from host defense mechanisms afforded
by the intracellular sites of replication accounts for the persistence of the bacteria.
Clinical disease becomes manifest when the bacteria re-enter the vascular compartment
from their intracellular sites of replication. The latent stage between ingestion and overt
disease is usually of the order of 8 to 14 days but may range from 3 to 60 days. During
this phase, the biliary tract becomes infected. The multiplication of typhoid bacilli in the
bile leads to secondary seeding of the gastrointestinal tract and accounts for the increased
number of S. typhi observed in the feces during the second and third weeks of clinical
illness. Involvement of the lymphoid tissue in the intestinal tract, particularly the Peyer’s
patches in the terminal ileum, may be responsible for the subsequent diarrhea state, which
is often associated with hemorrhage, and on rare occasions may cause ileal perforation.

Immunity to S. typhi is not related to the presence of specific antibodies. There is no
correlation between resistance to infection, recurrence, or relapse and the titer of
antibodies to O, H, or Vi antigens of the typhoid bacillus. Resistance is presumably a
function of cell-mediated immunity at the RES level.

All Salmonella serotypes are capable of producing a septicemia or typhoid-like
picture. A transient bacteremia may be the rule rather than the exception in symptomatic
Salmonella infections. The younger the patient, the greater the probability of documented
septicemia. Infants with Salmonella gastroenteritis under 90 days of age appear to be at
greater risk for developing invasive disease. The frequency of nosocomial epidemics
suggests that the infecting dose in newborns is considerably less than the 10° organisms
usually needed to infect adults.

Mortality following Salmonella bacteremia is low compared with other
Enterobacteriaceae. Of those with clinically overt bacteremia, fewer than 10% will
develop severe life-threatening sepsis or metastatic infections. If there is an underlying
disease process, such as malnutrition, the ensuing mortality or the incidence of serious
sequelae is significantly increased.

Metastatic infected foci may not be apparent at the time of initial clinical presentation,
and osteomyelitis, for example, may manifest during or after initial therapy (Table 27.1).

Meningitis is almost exclusively a disease entity of children under one year of age.
Even with optimum support, the results of therapy tend to be poor. The overall mortality
is 60%. Morbidity, due to ventriculitis, subdural empyema, hydrocephalus and chronic
neurologic defects, is unfortunately common.

A sustained bacteremia in a gravid female introduces the possibility for transplacental
infection and congenitally acquired disease.

Table 27.1 Metastatic infectious complications of
Invasive Salmonella septicemia

Meningitis Osteomyelitis

Pneumonia Septic arthritis
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FETAL INVOLVEMENT

Having fulfilled the major prerequisite, namely the ability to mount a sustained
bacteremia, the salmonellae have the potential to traverse the placental barrier and
produce infection within the developing fetus. Involvement appears to be a two-step
phenomenon in which the fetus is not affected until infection is established within the
placenta and subsequent invasion of the fetal vascular compartment occurs. Pregnancy
does not alter the maternal prognosis; however, the disease has a major effect on perinatal
morbidity. An increased incidence of abortion or prematurity is observed when typhoid
fever is superimposed on pregnancy. Much of the fetal mortality reported in the literature
is secondary to the severity of maternal disease, rather than intrauterine involvement.
When fetal exposure to maternal disease has been less than two or three weeks in
duration, the typhoid bacillus has not been isolated at autopsy from the spleen, bone
marrow, or liver of fetuses who have been aborted. This observation theoretically
supports the contention that fetal involvement is a two-step phenomenon and the
probability that early perinatal mortality and morbidity are due to the consequences of
maternal disease; later in the course of the disease, fetal colonization and fetal infection
may occur. In the majority of instances, even though the same strain of S. typhi is
recovered from the alimentary tract of the newborn infant, the child is asymptomatic. The
possibility that these isolates from the neonate were acquired during parturition as a
consequence of delivery through an infected birth canal is unlikely. Fecal cultures are
usually negative for S. typhi during the incubation period. Fetal involvement during the
convalescent phase of the maternal disease carries with it a surprisingly good prognosis.
Dildy et al. reported on a woman convalescing from typhoid fever who gave birth to a
child with evidence of intrauterine dissemination. This child was isolated from the
mother in the immediate postpartum period, yet S. typhi was repeatedly cultured from
stools and a high titer of O and H typhoid agglutinins were demonstrable in the cord
blood. A similar case was reported by Wing and Troppoli. Again the mother was
convalescing from typhoid fever and gave birth to a child who had S. typhi in the feces
and whose cord serum gave a positive Widal reaction. The Widal reaction is contingent
on IgM antibodies. Since neither IgM nor IgA antibodies traverse the placental barrier,
the presence of such agglutinins in cord blood indicates intrauterine exposure.

Awadalla et al. reported a case of a primagravida who at 26 weeks gestation
developed a severe S. typhi gastroenteritis, sepsis and disseminated intravascular
coagulopathy. Shortly after the institution of antibiotic therapy, she spontaneously
aborted a previable infant from whose intact gestational sac was recovered S. typhi. The
amniotic fluid was grossly turbid.

The asymptomatic congenitally infected neonate as well as individuals with rectal
carriage are the potential reservoirs for nosocomial salmonellosis in newborn intensive
care nurseries.

In utero dissemination of maternal salmonella infection is not restricted to S. typhi.
Salmonella enteritidis can occasionally access the fetus in utero. Any Salmonella
serotype producing a bacteremia lasting days to weeks can be responsible for induction of
fetal infection/disease.
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FEMALE GENITAL TRACT INVOLVEMENT

Heamatogenous dissemination to the ovary has been reported. In a review of 8000 cases
of salmonellosis, Cohen et al. identified 9 cases of an ovarian abscess. Disease manifests
as an acute abdomen with fever, abdominal pain, and a unilateral mass. Almost
invariably, an abscess occurred in an ovary with some sort of pre-existing lesion
including simple cyst, dermoid, endometrioma, and cystadenoma. The corresponding
fallopian tube is relatively free of disease.

DIAGNOSIS

Clinical presentations

The non-typhoidal cases of salmonellosis usually present as acute-onset diarrhea in
pregnancy. An unexplained

Table 27.2 Common signs and symptoms of
typhoid fever

Persistent fever

Abdominal pain

Diarrhea

Hypothermic response to antipyretics
Headache

Splenomegaly

Rose spots (small petechial hemorrhages)
Generalized malaise

Chills

Relative bradycardia

Relative leukopenia

splenomegaly in association with a relative lymphocytosis may be present.

In typhoidal-like disease (Table 27.2), once patients enter the septicemic stage, they
commonly suffer from head pain, sore throat, chills, and persistent fever. The white blood
cell count tends to be depressed and is often under 5000/mm? with a marked shift to the
right. What is impressive is the marked temperature-pulse dissociation. The patient tends
to have a bradycardia which is disproportionate to the temperature. There are a number of
cutaneous manifestations associated with the disease, varying from ‘rose spots’ to
transient erythematous maculopapular rashes. Once the organisms have reappeared in the
stool, diarrhea, which may be bloody, is not uncommon. In rare instances, the patient
may experience ileal perforation.
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Salmonellosis is a disease of the small bowel. Careful history is helpful in
distinguishing small bowel versus large bowel disease. The occurrence of large watery or
bulky stools suggests a small bowel origin. The presence of rectal pain and urgency to
defecate is characteristic of large bowel disease. The colicky pain of small bowel disease
tends to be periumbilical in distribution whereas terminal ileum and large bowel pain is
referred to areas clearly below the umbilicus.

A second procedure which should be done in evaluating the significance of potentially
infectious diarrhea in a gravid female is examination of stool for fecal leukocytes. The
absence of fecal leukocytes depends on the integrity of the intestinal mucosa. Diseases
which inflame or disrupt the intestinal mucosa frequently cause shedding of fecal
leukocytes. Normal controls and diseases in which the intestinal mucosa remains
relatively normal seldom cause excretion of fecal leukocytes. The demonstration of
polymorphonuclear leukocytes in feces warrants the submission of feces for enteric
pathogen culturing.

Procedure for detection of fecal leukocytes

Examination for fecal leukocytes is easily performed by placing a small fleck of mucus
(or stool if no mucus is present) on a clean microscope slide and mixing it thoroughly
with two drops of Loeffler’s methylene blue stain. A coverslip is then placed over the
mixture and after two to three minutes the slide is examined microscopically. Leukocyte
nuclei will appear blue with this technique. Specimens should be taken from the outside
of stool specimens, and not from the center or from the rectal swabs which may give
false-negative stains for leukocytes.

The absence of fecal leukocytes does not exclude an enteric pathogen etiology. Those
agents which produce their diarrheic effect via enterotoxins usually are not associated
with the presence of fecal leukocytes. The principal exceptions are:

(1) Shigella dysenteriae and
(2) Clostridium difficile.

The ultimate diagnosis rests on recovery of a pathogenic strain of Salmonella from stool
or blood. The following procedure is recommended.

Stool specimens for microbiological analysis

The stool sample should be fresh and warm and should be free from contamination with
barium, bismuth, oils, antibiotics, antacids, or kaolin antidiarrheal agents.

The best specimen is a freshly passed stool obtained before the initiation of
antimicrobial therapy. A rectal swab in a transport medium is a poor choice. Unless the
specimen can be taken immediately to the laboratory and properly handled there, a
number of significant microorganisms will not survive the changes in pH which occur
with a drop in temperature. This is
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Table 27.3 Therapeutic recommendations for
nontyphoidal Salmonella infections

Uncomplicated enteritis in normal  Antibiotics do not abbreviate period of symptoms or prolong

hosts asymptomatic excretion; however, relapse more common
when antibiotics given; antibiotic therapy
CONTRAINDICATED

Enteritis with bacteremia If toxicity persists and bacteremia more than transient event,
antibiotic therapy INDICATED

Colitis (characterized by fever, antibiotic therapy INDICATED
abdominal pain and tenesmus)

Metastatic complications antibiotic therapy INDICATED

(meningitis, osteomyelitis, septic

arthritis)

Secretory diarrhea Brief course of non-absorbable antibiotic such as colistin

sulfate or neomycin sulfate

Immunocompromised host Individualization of each case

especially true of most shigellae and an appreciable number of the salmonellae.

Similarly, refrigeration markedly diminishes the probability of isolating enteric
pathogens. While alternative methods exist to diminish the changes in pH, the price is an
increased incidence of falsely negative bacteriological cultures. If sterile swabs are used
in obtaining the specimen, they should be passed beyond the anal sphincter, carefully
rotated, and withdrawn.

THERAPY

Typhoidal and septicemic variants should be treated with antimicrobial drugs. The
selection of initial antibiotic therapy is influenced by prior identification of resistant
strains in the community.

Uncomplicated Salmonella gastroenteritis is usually not an indication for drug therapy
per se unless the individual involved is at special risk (Table 27.3). Underlying
conditions which would sanction antimicrobial therapy are:

Table 27.4 Antimicrobial agents for potential use in
the treatment of S. typhi in pregnancy

Ampicillin, 8 g/day IV

Ceftriaxone, 75 mg/kg/day for 5 days
Amoxicillin, 4-6 g/day in 4 divided doses
Cefoperazone, 2 g b.i.d. IVto 4 g q.i.d.




Infectious diseases in obstetrics and gynecology 334

(1) lymphoproliferative diseases;
(2) vascular grafts;

(3) aneurysms;

(4) valvular heart disease and;
(5) sickle cell-related diseases.

The current drugs of choice in non-gravida are the fluoroquinolones. Antibiotics
commonly used in pregnancy are listed in Table 27.4.

In face of life-threatening disease, maternal considerations should have priority over
potential fetal adverse drug reactions.
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Streptococcus pneumoniae

Streptococcus pneumoniae is a catalase-negative Gram-positive coccus that replicates in
chains in liquid medium. Clinical isolates of S. pneumoniae contain an external capsule;
only rarely have unencapsulated isolates been implicated as the cause of infection.
Pneumococci produce a substance which breaks down hemoglobin causing a green color;
as a result, pneumococcal colonies are surrounded by a green zone during growth on
blood agar plates. More than 80 serotypes of S. pneumoniae have been identified based
on antigenic differences in their capsular polysaccharides.

Streptococcus pneumoniae is not a normal constituent of vaginal bacterial flora;
however, given the opportunity, S. pneumoniae can be a significant pathogen for the
female genital tract.

Classically, involvement with the female genital tract has occurred in conjunction with
primary pulmonary disease, engenderment of bacteremia, and subsequent metastatic
involvement.

STREPTOCOCCUS PNEUMONIAE (PNEUMOCOCCAL)
PNEUMONIA IN PREGNANCY

With the advent of antibiotics and in the absence of underlying chronic disease or acute
alcoholism, death due to S. pneumoniae is a rarity. Yet lobar pneumonia is still associated
with a 2-3% maternal mortality when significant disease occurs in pregnancy. Fetal
mortality approaches 30%. Both maternal and fetal mortality and morbidity are
influenced by the extent of disease and the aggressiveness of therapy Although not
infrequently a history suggestive of virus-like upper respiratory infection can be elicited,
the onset of disease often occurs with dramatic suddenness. The patient develops fever,
cough, and malaise. The initial stage of pulmonary parenchymal involvement is
characterized by marked vascular engorgement, serous exudate, and rapid bacterial
proliferation. The thick, mucoid capsule of the bacterium impedes immediate
phagocytosis and is responsible for the virulence of the organism. In contrast to the group
A streptococci, virulence of S. pneumoniae is primarily a function of the organism’s
ability to replicate and evoke an acute inflammatory reaction, rather than one of exo- or
endotoxins or extracellular enzymes. The pneumococcus is a classic example of an
organism that is highly pathogenic by virtue of its replicative ability. The pneumococci
are numbered from 1 to 81 in the order in which they were identified.

The cough is sequentially productive first of turbid, watery sputum, which rapidly
converts to purulent and grayish green, and then assumes the characteristic rust color.
The changes in the sputum parallel those within the lung parenchyma. The initial serous
exudate and vascular engorgement give way to a precipitous increase in neutrophils,
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extravasation of red blood cells, and precipitation of fibrin. The confluent exudative
reaction tends to obscure the pulmonary architecture.

With the extension of the disease process to the pleural surfaces and the disruption of
vascular elements, the patient experiences pleuritic chest pains, chills, and tremor.
Shortness of breath, orthopnea, and cyanosis tend to reflect the extent to which the vital
capacity of the lung parenchyma has been compromised. In pregnant women the degree
of oxygen unsaturation is often greater than anticipated. On physical examination the
patient exhibits a diminution of breath sounds associated with fine crepitant rales. With
consolidation, increased tactile and vocal fremitus and bronchial breath sounds occur.

Prior to the advent of antibiotics, the disease usually persisted for 7-9 days. Extreme
hypoxia and generalized vasomotor collapse usually led to death. In patients who
ultimately recovered, a period of apparent clinical deterioration occurred about the eighth
day, preceding recovery by crisis. Tachypnea and tachycardia increased, and the
sensorium became obtunded. Then, precipitously, the breathing became less labored, the
pulse rate dropped, and the fever lysed. Within hours the seemingly moribund patient was
transformed into a convalescent patient. Fortunately, in terms of morbidity and mortality,
recovery is no longer a quantitative and possibly qualitative function of antibody
synthesis.

METASTATIC FETAL INVOLVEMENT

The primary deleterious consequence of severe maternal pneumonia due to S.
pneumoniae is fetal wastage. Beyond the question of possible maternal demise, a certain
component of fetal wastage is difficult to avoid, owing to a failure to curtail aggressively
maternal hyperthermia.

S. pneumoniae is capable of affecting the products of conception by other
hematogenous involvement or ascending infection. Either mechanism results in
chorioamnionitis and/or perinatal septicemia.

FEMALE GENITAL TRACT INVOLVEMENT

Vaginal carriage of S. pneumoniae, when present within the vaginal flora, is a rare
occurrence. The microorganism may have a higher invasion to colonization ratio than the
group B streptococci. At the time of parturition or rupture of the fetal membranes,
bacteria have the ability to ascend and infect the amniotic sac and secondarily the fetus.

Involvement of the female genital tract as a metastatic process secondary to maternal
septicemia due to S. pneumoniae was a relatively well-documented phenomenon in the
pre-antibiotic era.

The occurrence of cases of chorioamnionitis and/or perinatal septicemia in the absence
of pulmonary involvement indicated the possibility of contiguous spread from the
vaginal/cervical reservoir and subsequent involvement of the female upper genital tract.
Hughes et al. described a case of neonatal pneumococcal sepsis in the product of a 37
week uneventful gestation. The mother simultaneously developed bacteremia with the
same serotype organism and died from septic shock. DNA fingerprinting confirmed the
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identicality of both isolates. Nallusamy reported two cases of invasive early-onset
neonatal pneumococcal sepsis. One neonate was born with no maternal risk factors
present and the other was preterm at 35 weeks. Evidence of infection was not present at
parturition. Despite penicillin therapy, both neonates died. Kahike et al. described a case
of pneumococcal peritonitis which occurred four weeks after the patient had given birth
to a healthy boy. High vaginal, blood and operative cultures were all positive for S.
pneumoniae.

Genital tract disease due to S. pneumoniae has been reported in non-pregnant females.
Isolated cases of spontaneous pneumococcal peritonitis have been described. Hadfield et
al. reported a case of a 46-year-old woman with bilateral tubo-ovarian masses. Biopsy
specimens from both tubes and from the wall of the abscesses demonstrated Gram-
positive, lancet-shaped diplococci which were documented to be S. pneumoniae by
immunoperoxidase staining. Rahav et al. reported a case of postmenopausal
pneumococcal tubo-ovarian abscess from which S. pneumoniae was recovered. The
fallopian tubes in these two cases of spontaneous peritonitis due to S. pneumoniae in
females were described as being swollen and hyperemic with pus emanating from the
ends. What was described is not a specific disease entity (spontaneous peritonitis) but
more probably a progressive consequence of salpingitis. Rare causes of acute salpingitis
due to S. pneumoniae have been reported. S. pneumoniae appears to be able to function as
a primary pathogen for the fallopian tubes. The entire pathogenic spectrum previously
attributable to Neisseria gonorrhoeae can potentially be mimicked by S. pneumoniae.

DIAGNOSIS

A presumptive diagnosis is inferred from the presence of encapsulated lancet-shaped
diplococci in significant numbers on a Gram-stained smear of the sputum. Immunization
of rabbits stimulates the appearance of antibodies that cause serotype-specific
agglutination or microscopic demonstrability of the capsule (the Quellung reaction): this
reaction is due to increased visibility of the capsule because the interaction with antibody
renders it retractile, not only to capsular swelling, which is often said to be responsible.

This reaction can be used for quick identification and typing of the organism. In
adults, types | through VIII are responsible for about 80% of the cases of pneumococcal
pneumonia, and for more than one-half of the fatalities from pneumococcal bacteremia.
Ultimate confirmation of the diagnosis rests with bacteriologic identification of the
organism.

Pneumococci are identified in the routine microbiology laboratory by three reactions:

(1) the so-called alpha-hemolysis of blood agar;

(2) catalase negativity; and

(3) solubility in bile salts or susceptibility to ethyl hydrocupreine (optochin). In recent
years a number of isolates have been found to be optochinresistant, which has led
cautious microbiologists to rely more on the use of bile solubility for definitive
identification.

While S. pneumoniae will grow on 5-7% sheep blood agar culture when incubated in a
CO, environment, the recovery of alpha hemolytic streptococci is usually not worked up
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any further and is often reported as ‘mixed vaginal flora’. Recovery of alpha hemolytic
streptococci from patients with acute salpingitis needs to be microbiologically evaluated
to exclude the possibility that these isolates are S. pneumoniae.

THERAPY

Penicillin is the drug of choice for susceptible or intermediately resistant strains of S.
pneumoniae. Most hospitalized patients are treated with intravenous drugs, in which case
500000-1000000 units g4h is adequate therapy. A third-generation cephalosporin is an
alternative for parenteral therapy.

Resistance on the part of pneumococcal isolates to the beta-lactam antibiotics has
become a major problem. The decision to add alternate drug therapy is predicated on
sensitivity patterns of local S. pneumoniae isolates. In most cases, it is prudent to
presume the existence of a resistant strain and treat accordantly with ‘best fit for
spectrum’. If a bacteriostatic antibiotic is to

Table 28.1 Recommendations for pneumococcal
vaccine use

Immunocompromised adults at increased risk for pneumococcal disease include those with:

1. chronic cardiovascular disease
2 chronic pulmonary disease

3 diabetes mellitus

4. alcoholism/cirrhosis

5 adults aged 65 or over

be used in conjunction with a bacteriocidal antibiotic, it is recommended that the
bacteriocidal antibiotic be given at least one half hour before the bacteriostatic antibiotic.
If the isolate is sensitive to penicillin, the ‘drug of choice’ concept applies.

PREVENTION

Pneumococcal vaccination is an important part of the pneumococcal disease prevention.
In the past, uncertainty about local reactions and the duration of protection have limited
the use of pneumococcal vaccination. Currently, the use of pneumococcal vaccine should
be predicated on: (1) the risk to the patient population; and (2) whether a pneumococcal
vaccination has been procured six years or more previously.

S. pneumoniae remains a major cause of morbidity and mortality in both developed
and underdeveloped countries. To address the need for protection in infancy, maternal
immunization with the newer pneumococcal vaccines has been aggressively advanced as
a strategy to prevent disease during a period of increased vulnerability in infants.



Infectious diseases in obstetrics and gynecology 340

The pneumococcal vaccine available before 1983 was a 14-valent pneumococcal
vaccine. The currently licensed pneumococcal polysaccharide vaccine is composed of 23
capsular polysaccharide. Many of these antigens are of poor immunogenicity in infants
under the age of five, but not in adults.

Patients recommended for primary or revaccination are listed in Table 28.1.
Immunocompromised individuals with splenic dysfunction, lymphoma, multiple
myeloma, chronic renal failure, nephrotic syndrome, transplantation, or hepatitis C virus
have an increased risk of pneumococcal disease.
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Group A B-hemolytic streptococci
(Streptococcus pyogenes)

The group A beta-hemolytic streptococci are Gram-positive cocci. Within actively
spreading lesions, diplococcal forms predominate, whereas in purulent exudates, chain
formation tends to occur.

The organisms have a capsule containing hyaluronic acid; the cell wall has three
components:

(1) a protein component containing M, T, and R antigens;

(2) the carbohydrate moiety which contains rhamnose N-acetylglucosamine, the group-
specific carbohydrate for the group A streptococci; and

(3) the peptidoglycan moiety.

The M protein is closely associated with the virulence of group A streptococci. It
interferes with the ingestion of the streptococci by phagocytic cells.

In terms of pathogenicity, the group A beta-hemolytic streptococci must be deemed to
possess the most impressive enzymatic and cellular armamentarium of any human
pathogen. They produce a minimum of 20 extracellular products, including streptokinase
(fibrinolysin) and streptodornase (deoxyribonuclease), hyaluronidase, diphosphopyridine
nucleotidase, and hemolysins (streptolysin O and S).

The fibrinolysin and deoxyribonuclease function to liquefy viscous inflammatory
exudates and in this way facilitate dissemination of the organism. The fibrinolysin is
effective in the breakdown of the fibrin barrier which normally forms at the margins of
inflammation, thus negating an additional host defense mechanism. Certain strains
elaborate a diphosphopyridine nucleotidase which appears to possess the ability to kill
leukocytes. Bacterial hyaluronidase can split hyaluronic acid, an important component of
the ground substance of connective tissue, thus aiding in the spread of infection through
connective tissue and fascial planes.

The streptolysin O is a protein which is hemolytically active in its reduced state. It is
antigenic and forms the basis for the antistreptolysin titer; however, it is the streptolysin S
(which is non-antigenic for man) that is responsible for the beta-hemolysis on the surface
of blood agar plates.

FEMALE GENITAL TRACT INVOLVEMENT

The syndromes attributable to group A beta-hemolytic streptococci and whose occurrence
and clinical manifestation directly involve the disciplines of obstetrics and gynecology
are puerperal sepsis, prepubertal vulvovaginitis, endometritis-salpingitis, and necrotizing
fasciitis.
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Puerperal sepsis

While group A beta-hemolytic streptococci are unique in terms of potential
pathogenicity, their mere presence within the bacterial flora of the female genital tract is
not sufficient to produce disease. What is required is some breach of the mucosal barrier.
Parturition is usually the event which provides the organism with an effective portal of
infection. In rare instances trauma associated with coitus late in gestation may precipitate
infection.

Antepartum infection due to the group A betahemolytic streptococci utilizes a
different route of infection from that observed in the postpartum period. Infection spreads
from the cervix or endocervix through the tissue planes of the uterus. Clinically, the
patient presents with very high fever. Physical examination
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reveals nothing more than significant uterine tenderness. When the organism attains
either the vascular implantation site or serosal surface, signs and symptoms of septicemia
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ensue. At no time is there evidence of an exudative process at the endocervix. Maternal
pyrexia and septicemia occur before fetal involvement (Figure 29.1). Even when the
pregnancy is not at term, if the fetus is treated effectively with chemotherapy, an adverse
fetal outcome may be totally averted.

In the pathogenesis of postpartum puerperal sepsis, two phases of disease can be
discerned.

Phase of lymphangitic spread

Classically, the symptoms occur early—within 2-48 hours postpartum. Onset of the
disease within the first 18 hours suggests that the group A beta-hemolytic streptococci
resided within the patient’s vaginal flora, whereas onset after 24 hours suggests possible
acquisition of the organism from environmental sources.

Infection confined to the uterus and pelvis (parametrium) is clinically characterized by
fever (38°-40°C), leukocytosis (12000-20000 WBC/ml), tachycardia (110-120 heartbeats
per min), and an edematous, soft uterus (uterine subinvolution). Exquisite pelvic
tenderness involving both the adnexa and the cul-de-sac is usually demonstrable. The
vaginal discharge tends to be serosanguinous and virtually free of odor. There is a
pronounced diminution in the volume of lochia. Because of their invasiveness and
virulence, the group A streptococci may produce fulminating infection with relatively
unobtrusive localizing signs until peritonitis develops.

Peritonitis and systemic phases

With extension of the infection beyond the pelvis and the resultant peritonitis, patients
develop the classic signs of puerperal sepsis, including shaking chills, flushed cheeks,
glassy eyes, euphoria, distended tympanic abdomen, and absence of bowel sounds, in
addition to those referable to infection limited to the pelvis. If the infection is not
eradicated prior to this stage, bacteremia results, with possible secondary involvement of
the lung parenchyma or heart valves and disseminated intravascular coagulopathy These
complications may be manifested as a friction rub, evidence of pulmonary consolidation,
the development of a cardiac murmur, and petechiae or oozing from surgical wounds,
respectively. Death is usually imminent.

In the Sloane Hospital epidemic of 1927 reported by Watson and by Meleney et al.
there were 25 cases of puerperal sepsis with 9 deaths. All but one of the patients who died
in this epidemic exhibited positive blood cultures. Careful bacteriologic investigation
clearly indicated that the vagina was the portal of entry. With the recognition of the
natural history of the disease and the institution of rigid antiseptic and aseptic
precautions, childbed fever due to group A streptococci should have been relegated to the
history of medicine. Yet every now and then the organism circumvents precautionary
measures and surveillance systems, and epidemic infection among puerperal patients
occurs. In an epidemic in Boston, prompt and massive administration of penicillin in the
early stages of the disease was responsible for limiting septicemia and thus the hazard of
death. Even when septicemia occurred, no maternal mortality was observed.

Group A streptococcal infection of the female genital tract is often a hospital-acquired
infection rather than an infection from an organism endogenous to the vaginal flora. The
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recovery of this organism from a case of puerperal sepsis should alert the physician to the
possibility not only of hospital acquisition but, even more important, to the potential for
nosocomial spread. The individual responsible for bacteriologic surveillance in the
institution should be notified immediately. If the infection is not an isolated occurrence,
every attempt should be made to trace the pathway of bacterial dissemination and to
institute rigid quarantine and isolation of known cases. The epidemiologic branch of the
Centers for Disease Control may be of valuable assistance. In the Boston epidemic,
penicillin was prophylactically administered to every new patient at admission and to the
physicians intimately involved in therapy, in the hopes of eliminating organisms before
they could either replicate to the point of clinical iliness or become a source for additional
dissemination.

Diagnosis

The clinical recognition of beta-hemolytic streptococci as markedly more virulent than
their non-hemolytic counterparts prompted a classification based on the type of
hemolysis and carbohydrate reaction. It was not until Lancefield demonstrated by
precipitation tests that the streptococci contained group-specific carbohydrate substances
(see Groups B, C, D and G streptococci) that the natural history of disease for the various
subgroups was delineated. The hemolytic activity of the streptococci is the most
misapplied feature of streptococcal classification and has engendered an inordinate
amount of taxonomic confusion. Not all beta-hemolytic streptococci belong to the
Lancefield group A. Betahemolysis does not necessarily imply pathogenicity; neither
does an alpha- or gamma-hemolysis exclude it. The group A S. pyogenes are, in general,
very susceptible to very low concentrations of bacitracin. The combination of these two
characteristics, beta-hemolysis and bacitracin susceptibility, is presumptively diagnostic
of S. pyogenes. Definitive identification is based on serologic testing for the group A
polysaccharide antigen. This diagnosis has great potential consequences for the patient in
view of the associated non-suppurative sequelae (rheumatic carditis and
glomerulonephritis) which are observed exclusively with the group A organisms.

Therapy

The key to therapy is antibacterial chemotherapy in the form of potassium penicillin G
administered IV. Erythromycin may be administered when patients demonstrate
hypersensitivity to penicillin. Every effort should be made to ensure that there are no
retained products of conception in the uterus. If any are identified, antibiotic coverage
should be broadened to include Bacteroides fragilis, peptococcus, peptostreptococcus and
Prevotella. The volume of the intravascular compartment should be restored. The patient
should be isolated, and every attempt should be made to exclude an exogenous source of
infection. Any hospital employee with a positive isolate from a nasopharyngeal, throat,
skin, or rectal culture should receive 400000 units of phenoxymethyl penicillin (penicillin
V) orally four times a day for 10 days. Once the culture is negative, the individual may
return to work.
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Antenatal streptococcal infection

Group A streptococcal infection in a pregnant patient with intact membranes may
produce a distinct syndrome in the antenatal period. The prerequisite necessary to
transform vaginal colonization into disease is presumed to be a breach of the mucosal-
epithelial barrier. The portal of infection determines the ensuing symptom complex.
When the labia minora or introitus is the site of initial infection, the patient presents with
fever which is in excess of 39.5°C and is extremely rapid in onset. Involvement of the
external portion of the urethral meatus results in dysuria upon initiation of micturition.
Physical examination reveals marked mucosal erythema and tenderness. When the cervix
is traumatized by coitus late in gestation, the clinical presentation is virtually identical:
sudden onset of significant fever. The pertinent physical findings are restricted to the
uterus and peritoneum. Pelvic examination reveals diffuse uterine tenderness with or
without parametrial tenderness. Rigors indicate involvement of the maternal implantation
sites. The pathway of infection, with its ultimate involvement of the fetus, appears to be
one of contiguous spread. Fetal infection occurs after maternal involvement. From the
portal of infection, disease sequentially involves the endocervix, uterus, and products of
conception. If maternal therapy is instituted early in the course of disease, the pregnancy
is often unaffected.

Streptococcal vulvovaginitis

The group A, B, C, and G beta-hemolytic streptococci can produce an acute
vulvovaginitis in prepubertal children and adults. Heller et al. have demonstrated group A
streptococci (S. pyogenes) to be the etiologic agent in 10% of children seen at the
Baltimore City Hospital with vulvovaginitis.

Vulvovaginal disease is due to direct mechanical transport of the bacteria from the
nasopharynx to the vulvovaginal area. The same serotype of group A streptococci can be
frequently demonstrated in both the vulvar and the pharyngeal sites.

Clinically, the patients present with vulvar pain, pruritus, and frequently dysuria (at
the beginning of micturition). The vaginal discharge varies significantly in character so as
to be non-diagnostic. The presence of diffuse vulvovaginal pain associated with a
markedly erythematous mucosa should alert the clinician to the possibility of group A
streptococcal vulvovaginitis. A presumptive diagnosis can be made from the Gram stain,
but a definitive diagnosis is based upon bacterial confirmation. Because of the inability to
differentiate group A streptococcal vulvovaginitis from that due to Neisseria
gonorrhoeae, appropriate tests need to be employed which encompass these organisms.

Streptococcal disease readily responds to an oral penicillin or semisynthetic penicillin.
Erythromycin can be effectively used in the penicillin-allergic patient.

Group A streptococcal endometritis salpingitis-peritonitis

Disease due to group A beta-hemolytic streptococci in the non-gravid female is not
generally recognized. An acute endomyometritis may be triggered by the insertion of an
intrauterine contraceptive device when group A beta-hemolytic streptococci are present
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in the vaginal flora. Characteristically, patients have the onset of a high, spiking fever
within 24 hours following insertion. Physical examination reveals the virtual absence of
any inflammatory exudate. The only pertinent physical finding is exquisite uterine
tenderness. If the infection is allowed to progress untreated, death may ensue.

The advent of culdocentesis coupled with anaerobic technology has radically altered
our conception of what was once thought to be a well-defined entity, acute salpingitis.
Monif et al. demonstrated that, S. pyogenes can be recovered as sole isolate from the cul-
de-sac. The recovery of the organism and the ability to exclude the concomitant presence
of class Ill obligatory anaerobes has focused on the probability that the group A
streptococci under selective conditions can be a rare cause of acute salpingitis in the non-
pregnant woman.

While a bacterium of unique virulence, the group A streptococcus requires a specific
event such as a mechanical disruption of the cutaneous and mucosal barrier to initiate
overt infection. The onset of menstruation appears to be an effective initiating event;
consequently, the disease has a proximity to the onset of the menses which is not
dissimilar from that characteristic of N. gonorrhoeae. The clinical manifestations are
indistinguishable from those associated with N. gonorrhoeae. The incidence of acute
salpingitis due to the group A streptococcus is low. Monif et al. identified a single case in
a study of 92 patients with acute salpingitis. Eschenbach et al., in their study of 241 cases
of acute pelvic inflammatory disease, recovered S. pyogenes from the cul-de-sac in a
single instance. In their case, as in that reported by Monif et al., a pure culture of group A
streptococci was recovered from the cul-de-sac.

Therapy involves 1V penicillin G. Because of occasional non-susceptibility
clindamycin and the tetracyclines are not deemed first-line drugs for group A
streptococci.

Necrotizing fasciitis

As long ago as the Civil War, necrotizing fasciitis was recognized as a clinical entity. At
that time it was known as ‘hospital gangrene’. The condition was first formally described
in 1924 by Meleney, who applied the name ‘hemolytic streptococcal gangrene’. His
description and therapy for this disease process are applicable today. The only significant
alteration in therapy has been the introduction of antibiotics.

Clinical course

The portal of infection is established by a prior surgical procedure. The clinical course is
rapid, with the patient exhibiting fever (38°-39°C) and tachycardia which occasionally is
out of proportion to the fever. With the onset of the disease, the patient usually
experiences pain and swelling of the affected part. Chills and tremor are not uncommon.
The initial pain is replaced by numbness which, in conjunction with the toxic metabolic
state, usually renders the patient indifferent to her illness. On the second to fourth day of
illness, the pathognomonic signs of streptococcal gangrene occur; to quote Meleney,
‘these are dusky hue of the skin, edema with blisters, from which can be expressed a dark
serosanguinous fluid. The margins are red, and swelling is neither raised nor clearly
demarcated’.
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On the fifth to eighth day, the discolored areas becomes frankly black or gray from
gangrenous necrosis. Proportional to the severity of the disease, bacteremia is a common
complication, with frequent metastatic involvement of the lung parenchyma. The disease
process is one of extensive cellulitis complicated by abscess within fascial planes and
widespread superficial fascial necrosis, resulting in separation and infarction of the
overlying skin.

Streptococcal hyaluronidase is probably responsible for the destruction of connective
tissue and the spread of infection along fascial planes. The fascia becomes liquefied and
sloughs off. This disease entity is distinct from progressive synergistic bacterial
gangrene, also described by Meleney, which is caused by microaerophilic streptococci in
synergism with other organisms. It is interesting to note that Meleney’s recorded
mortality of 20-50% with the disease is the same as that indicated by present data. This
high mortality and morbidity is partially the result of failure to recognize the
pathognomonic features of this disease and institute early treatment. The late stage of the
disease is difficult to check.

Diagnosis

Although a presumptive diagnosis can be inferred from the Gram stain, definitive
diagnosis is contingent on bacteriologic identification. The organisms are found only in
the subcutaneous slough. The surrounding edema is sterile. The causative agent is the
group A Streptococcus. Secondary or associated organisms, such as Staphylococcus
aureus, Pseudomonas, and diphtheroids, may be present, necessitating a distinction of
this condition from progressive bacterial synergistic gangrene.

Therapy

The wound must be widely opened and the necrotic material removed. Long incisions to
the ends of the necrotic areas are necessary to expose the involved tissue adequately.
They are generally made in a stellate fashion out from the wound. The viable overlying
skin may be left intact. The whole area is irrigated and packed open. Large doses of
penicillin, administered intravenously, are also necessary. Because of the nature of the
destructive process and the debridement, secondary closure is not possible and healing is
by secondary intention. Grafting is sometimes necessary. Ventral hernias are frequent
because of the loss of the abdominal wall fascia.

Streptococcal toxic shock syndrome

The group A streptococci causing a toxic shock-like syndrome belong to the M1 or M3
serotypes. They have been demonstrated to have the streptococcal pyogenes exotoxin A
gene, a superantigen, and can stimulate T cells to proliferate non-specifically and cause
the release of massive amounts of lymphokines and monokines. The exotoxin produces
rapid skin and soft-tissue necrosis with fever, septic shock, and multiple organ failure.
Bacteremia due to streptococci belonging to just the M1 serotype increased from 18% in
1979 to 64% in 1989-1990.
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The group A beta-hemolytic streptococci can produce a clinical syndrome not too
dissimilar from that due to the toxogenic strains of S. aureus. Disease usually occurs in a
previously healthy individual and is characterized by marked systemic toxicity, rapidly
progressive multi-system organ failure and a mortality of 30-60%.

Streptococcal pelvic infections are often associated with diffuse, non-localizing signs
and symptoms. A prodroma of gastrointestinal symptoms such as vomiting and diarrhea
and/or headache and myalgia may occur. Cervical exudate is usually sparse with little or
no odor. Regardless of the site of primary infection, the patient presents with acute onset
of very high fever and pain in the affected area; however, occasionally symptomatology
referable to the primary site may not be conspicuous. Hypotension tends to develop in the
first 24 hours. Mental status changes, oliguria, disseminated intravascular coagulopathy,
biochemical evidence of hepatic dysfunction, and leukocytosis will manifest prior to
respiratory and cardiovascular collapse, mortality exceeds 25%.

Streptococcal toxic shock has occurred with necrotizing fasciitis, endomyometritis,
abortions and postpartum endocarditis. When streptococcal toxic shock syndrome ocurs
in conjunction with necrotizing fasciitis, prompt and aggressive surgical removal of
involved tissues is critical. Therapy entails aggressive use of beta-lactam antibiotics in
conjunction with one or two doses (depending on renal status) of an aminoglycoside and,
where indicated, surgical intervention in conjunction with use of a central venous line and
intensive care support.

SELECTED READING

Holmes OW. The contagiousness of puerperal fever. N Engl J Med Surg 1843; 1:503

Iffy L. Contribution of Semmelweiss to the problem of puerperal fever. Am J Obstet Gynecol 1968;
102:1180

Jewett JF, Reid DE, Safon LE, Easterday CL. Childbed fever—a continuing entity. J Am Med
Assoc 1968; 206:344

Ledger WJ, Headington JT. Group A beta-hemolytic streptococcus. An important cause of serious
infections in obstetrics and gynecology. Obstet Gynecol 1972; 39:474

Marshall BR, Helper JK, Masaharu SJ. Fatal Streptococcus pyrogenes septicemia associated with
an intrauterine device. Obstet Gynecol 1973; 41:83

Martens PR, Mullie A, Goessen L. A near-fatal case of puerperal sepsis. Anaesth Intensive Care
1991; 19:108

McGregor J, Ott A, Villard M. An epidemic of “childbed fever.” Am J Obstet Gynecol 1984;
150:385

Mclintyre DM. An epidemic of Streptococcus pyrogenes. Puerperal and postoperative sepsis with
an unusual carrier site—the anus. Am J Obstet Gynecol 1968; 101:308

Meleney FL, et al. Epidemiologic and bacteriologic investigations of the Sloane Hospital epidemic
of hemolytic streptococcus puerperal fever in 1927. Am J Obstet Gynecol 1928; 16:180

Nathan L, Peters MT, Ahmed AM, Leveno KJ. The return of life threatening puerperal sepsis
caused by group A streptococci. Am J Obstet Gynecol 1993; 169:571

Ogden E, Amsty MS. Puerperal infection due to group A beta-hemolytic streptococcus. Obstet
Gynecol 1978; 52:53

Ooe K, Serikawa T, Sekine M, et al. A new type of fulminant group A streptococcal infection in
obstetric patients: Report of two cases. Hum Pathol 1997; 28:509

Schwartz B, Fracklam RR, Breiman RF. Changing epidemiology of group A streptococcal
infection in the USA. Lancet 1990; 336: 1167



Infectious diseases in obstetrics and gynecology 350

Silver RM, Heddleston LN, McGregor JA, Gibbs R. Life-threatening puerperal infection due to
group A streptococci. Obstet Gynecol 1992; 79:894

Tancer ML, McManus JE, Bellotti G. Group A, type 33, hemolytic streptococcus outbreak on a
maternity and newborn service. Am J Obstet Gynecol 1969; 103:1028

Watson BP. An outbreak of puerperal sepsis in New York City. Am J Obstet Gynecol 1928; 16:157

Watson BP. Practical measures in the prevention and treatment of puerperal sepsis. J Am Med
Assoc 1934; 103:1745

Webb LG, Silberstein N. Severe puerperal sepsis. Med J Aust 1985; 143:316

Antenatal fetal infection
Monif GRG. Antenatal group A streptococcal infection. Am J Obstet Gynecol 1975; 123:213

Neonatal infection

Ginsberg H, Cohen 1. Late onset group A streptococcal bacteremia in a neonate. J La State Med Soc
1987; 139:39

Lehtonen OP, Kero P, Ruuskanen O, et al. A nursery outbreak of group A streptococcal infection. J
Infect 1987; 14:263

Shanks GD, Anderson RT, Lazoritz S, Hemming VG. Bilateral neonatal group A streptococcal
hydrocele infection associated with maternal puerperal sepsis. Pediatr Infect Dis 1986; 5:107

Streptococcal vulvovaginitis

Boisvert PL, Walchen DN. Hemolytic streptococcal vaginitis in children. Pediatrics 1948; 2:24

Emans SJ, Goldstein DO. The gynecologic examination of the prepubertal child with
vulvovaginitis: use of the knee-chest position. Pediatrics 1980; 65:758

Heller RH, Joseph JM, David HJ. Vulvovaginitis in the premenarchal child. J Pediatr 1969; 74:370

Group A endometritis/salpingitis/peritonitis

Eschenbach DA, Buchanan TM, Pollock HM, et al. Polymicrobial etiology of acute pelvic
inflammatory disease. N Engl J Med 1975; 293:166

Marshall BR, Hepler JK, Jinguji MD. Fatal Streptococcus pyogenes septicemia associated with an
intrauterine device. Obstet Gynecol 1973; 41:83

Monif GRG, Williams BT, Dase DF. Group A streptococcus as a cause of
endometritis/salpingitis/peritonitis. Obstet Gynecol 1977; 50:509

Necrotizing fasciitis

Beathard GA, Guckion JC. Necrotizing fasciitis due to group A beta-hemolytic streptococcus. Arch
Intern Med 1967; 120:63

Buchanon CS. Necrotizing fasciitis to group A beta-hemolytic streptococci. Arch Dermatol 1970;
101:664

Collins RN, Nadel MS. Gangrene due to the hemolytic streptococcus—a rare but treatable disease.
N Engl J Med 1965; 272:578

Crosthwait RW Jr, Crosthwait RW, Jordan GL. Necrotizing fasciitis. J Trauma 1964; 4:149

Gryska PF, O’Dea AE. Postoperative streptococcal wound infection: the anatomy of an epidemic. J
Am Med Assoc 1970; 213:1189



Group A 3-hemolytic streptococci 351

Mastro T, Farley TA, Elliot JA, et al. An outbreak of surgical wound infection due to group A
streptococci carried on the scalp. N Engl J Med 1990; 323:968

May J, Chalmers JP, Loewenthal J, Rountree PM. Factors in the patient contributing to surgical
sepsis. Surg Gynecol Obstet 1966; 122:28

McCafferty EL, Lyons C. Supportative fasciitis as the essential feature of hemolytic streptococcal
gangrene. Surgery 1948; 24:438

Meleney FL. Hemolytic streptococcus gangrene. Arch Surg 1924; 9:317

Meleney FL. Hemolytic streptococcal gangrene. J Am Med Assoc 1929; 92:2009

Meleney FL. Bacterial synergism in disease processes with a confirmation of the synergistic
bacterial etiology of a certain type of progressive gangrene of the abdominal wall. Ann Surg
1931; 94:961

Rea WJ, Wyrick WJ. Necrotizing fasciitis. Ann Surg 1970; 172:957

Strasberg SM, Silver MS. Hemolytic streptococcal gangrene: an uncommon but frequently fatal
infection in the antibiotic era. Am J Surg 1968; 115:763

Webb HE, Hoover NW, Nichols DR, Weed LA. Streptococcal gangrene. Arch Surg 1962; 85:969

Streptococcal toxic shock syndrome

Batter T, Dascal A, Carrol K, Curley FJ. “Toxic strep syndrome,” a manifestation of group A
streptococcal infection. Arch Intern Med 1988; 148:1421

Cone LA, Woodard DR, Schlievert PM, Tomory GS. Clinical and bacteriologic observations of a
toxic shock-like syndrome due to streptococcus pyogenes. N Engl J Med 1987; 317:146

Crum NF, Gaylord TG, Hale BR. Group A streptococcal toxic shock syndrome developing in the
third trimester of pregnancy. Infect Dis Obstet Gynecol 2002; 10:209

Dotters DJ, Katz VL. Streptococcal toxic shock associated with septic abortion. Obstet Gynecol
1991; 78:549

Jorup-Ronstrom C, Hofling M, Lundberg C, Holm S. Streptococcal toxic shock syndrome in a
postpartum woman: Case report and review of the literature. Infection 1996; 24:164

Noronha S, Yue C, Sekosan M. Puerperal Group A beta-hemolytic streptococcal toxic shock-like
syndrome. Obstet Gynecol 1996; 89:729

Schummer W, Schummer C. Two cases of delayed diagnosis of postpartum streptococcal toxic
shock syndrome. Infect Dis Obstet Gynecol 2002; 10:217

Stevens DL, Tanner MH, Winship J, et al. Severe group A streptococcal infections associated with
a toxic shock-like syndrome and scarlet fever toxin A. N Engl J Med 1988; 148:1268

Stollerman GH. Changing group A streptococci: the reappearance of streptococcal “toxic shock.”
Arch Intern Med 1988; 148: 1268

Whitted WR, Yeomans ER, Hankins GDV. Group A beta-hemolytic streptococcus as a cause of
toxic shock syndrome: a case report. J Reprod Med 1990; 35:558

Wood TF, Potter MA, Jonasson O. Streptococcal toxic shock-like syndrome:The importance of
surgical intervention. Ann Surg 1993; 217:109



30
Actinomyces israelii

Actinomyces israelii is an anaerobic, Gram-positive, branching filamentous bacterium
whose filaments, by their radial attachment to the granule, give the organism its name:
actino (radial), myces (mold-like). The diameter of the branching filaments is comparable
to that of other bacteria; however, the overall length of the hyphae resembles that of
molds measuring hundreds of thousands of microns.

The organism is a common saprophyte of the oropharynx and the intestinal tract.
Under normal circumstances, it is incapable of penetrating intact anatomic barriers.

Actinomyces israelii is a strict anaerobe. Its pathogenesis in a given host is determined
by this characteristic. Disease, when it occurs, is a function of a synergistic association
between the anaerobic microbes of the Actinomyces group and other bacteria. Cultures of
exudates confirm the observation that most, if not all, cases of actinomycosis represent
mixed or combined infection. When material is analyzed at necropsy using special stains,
organisms other than Actinomyces almost invariably can be demonstrated.

FEMALE GENITAL TRACT INVOLVEMENT

Actinomycosis is a progressive inflammatory disease with local or systemic
manifestations, or both, characterized by a tendency to produce multiple draining sinuses.
Infection of the female genital tract is an unusual variant of abdominal, disseminated, or
ascending actinomycosis. The principal ways in which the female genital tract may be
involved include:

(1) direct dissemination from a contiguous area;

(2) local lymphatic spread from contiguous areas (e.g. a ruptured appendix or inflamed
colonic diverticula);

(3) hematogenous dissemination during systemic infection; and

(4) possible ascending infection associated with a contraceptive intrauterine device (IUD)
(Figure 30.1).

The interim between initial systemic seeding of the female genital tract and onset of
disease may be prolonged. A case of tubo-ovarian involvement occurred 6 years and 11
months after a ruptured appendix. When involvement of the genital tract is secondary to
widespread systemic disease, initial infection appears to occur within the distal portion of
the fallopian tubes. In this respect, actinomycosis behaves very similarly to tuberculosis.
Endometrial and ovarian involvement are usually secondary to tubal disease.

The initial pathologic process is abscess formation. Physical expansion of an
encapsulated organ or inflammatory neuritis may make pain a prominent symptom. The
abscesses tend to burrow, eventually resulting in tortuous sinus tracts composed of dense
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fibrous connective and granulation tissue surrounded at the margins by a chronic
inflammatory infiltrate. Within the lesions aggregate colonies of the organism, known as
‘sulfur granules’ can be demonstrated (Figure 30.2). Infection is contingent on
synergistic, facultative, anaerobic bacteria creating a low oxidation-reduction potential;
consequently, contagion is not a major consideration.

A small percentage of women, by choosing the IUD as their mode of contraception,
appear to develop a chronic polymicrobial infection of the endometrial cavity which
ultimately becomes clinically manifested. Endometrial involvement appears to be due to
an ascending infection. Burnhill has described a syndrome of progressive endometritis
characterized by foulsmelling intermenstrual leukorrhea, metrorrhagia, premenstrual
bloating, and menorrhagia. Papanicolaou smears from such patients have often
demonstrated
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collections of pseudomycelial bacteria which by immunofluorescence can be
demonstrated to be A. israelii.

A significant number of these patients have developed a unilateral abscess associated
with IUD utilization or shortly after its removal. It is postulated that the development of a
unilateral tubo-ovarian abscess is an expanded manifestation of anaerobic endometritis.
The presence of A. israelii in the polymicrobial bacterial infection may be one of the
factors predisposing to this complication.



Infectious diseases in obstetrics and gynecology 354

DIAGNOSIS

Although used for taxonomic identification, serologic tests are devoid of diagnostic
value. Both immediate and delayed types of skin reactions have been observed in
actinomycotic patients; however, the nonavailability of antigenic material for cutaneous
challenge limits the clinical usefulness of this procedure.

Diagnosis of actinomycosis is often inferred from a fresh smear or a simple Gram
stain smear of exudate or aspirated material. A fresh smear of pus or exudate may reveal
a tangled mass of wavy organismal threads, the so-called yellow ‘sulfur granules’. These
characteristic mycelia-like collections are often scanty. Their identification often depends
on extensive searching of smears of histologic sections or necrotic material. Sulfur
granules per se are not pathognomonic of actinomycosis. Both A. israelii and Nocardia
asteroides may produce them. The two organisms can be distinguished on the basis of
histochemical staining. Whereas N. asteroides is acid-fast, A. israelii is not (unless the
Putt modification of the Ziehl-Neelsen acid-fast method is used). The sulfur granules of
A. israelii are sometimes confused with clusters or colonies of other bacteria growing in
an anaerobic environment. The greater affinity of A. israelii for silver stains provides one
means of histologic differentiation between the two conditions.

Figure 30.2 Sulfur granules of
Actinomyces israelii showing the radial
arrangement of branching filamentous
organisms which stain positive with
Gram and silver stains, surrounded by
necrotic debris and acute inflammatory
cells. (H&E, x140)
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Actinomyces israelii can be grown if appropriate anaerobic culture techniques and media
are used. Culturing of the organism provides the definitive means of identifying it as the
causative agent.

THERAPY

Actinomyces species are sensitive to penicillin, ampicillin, the tetracyclines,
chloramphenicol, clindamycin, and selected aminoglycosides. In dealing with deep-
seated, soft-tissue infections of the female genital tract, chemotherapy is more than an
adjunct to surgical resection of diseased tissue; it is a necessary prerequisite. Prior to an
operative procedure, it is recommended that a patient receive penicillin, an erythromycin
or doxycycline. The extent of the disease determines the drug dosage and its duration of
administration.

When fallopian tube involvement is secondary to spillage from the GI tract,
gastrointestinal maximum shrinkage of an abscess with antibiotics should be attempted. If
the disease is still evident after adequate therapy, or if a single relapse occurs, surgical
removal of diseased tissue under antibiotic coverage is indicated.

Therapy for localized disease associated with 1UDs requires a degree of
individualization. If the patient with pseudomycelial clumps of bacteria is asymptomatic
and the pelvic examination does not reveal cervical tenderness to motion or an adnexal
mass, very often mere removal of the IUD is sufficient to eradicate disease. If the IUD
presents with either menstrual irregularities or Burnhill’s syndrome, it has been the
author’s policy to place these patients on antibiotics prior to the removal of the IUD. If
the pelvic examination is abnormal, aggressive antibiotic therapy should be implemented
to eradicate the symbiotic polymicrobial infection which frequently includes members of
the Bacteroides or Prevotella species. If an adnexal mass does not respond to antibiotic
therapy and surgery is required, as conservative an operation as technically possible
should be carried out.
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Bacteroidaceae

The family Bacteroidaceae consists of Gram-negative non-spore-forming anaerobic
bacilli which constitute one of the major groups of anaerobes that function effectively as
class Il anaerobes (obligate anaerobes). These bacteria can be differentiated from other
organisms of this schema by morphology, biochemical characteristics, and identification
of metabolic end products by gas liquid chromatography (GLC). The bacteroides,
Prevotella and the fusobacteria are the most commonly found organisms of this group.
Morphologically, Bacteroides and Prevotella appear as rods with rounded ends or as
coccobacilli. Fusobacteria are generally characterized by long, thin fusiform shapes or
extremely pleomorphic spherical forms.

Therapeutically, the Bacteroides/Prevotella species can be subdivided for pragmatic
purposes into the penicillin-sensitive and the non-pencillin-sensitive bacteroides. The
ability to function as an effective pathogen for the female genital tract is independent of
the bacterium’s relative sensitivity to penicillin. Originally, the Bacteroides were
subdivided into bile-resistant and bile-sensitive organisms. The principal bile-resistant
species were B. fragilis, B. distasonis, B. vulgatus, B. ovatus, B. thetaiotaomicron and B.
uniformus. The major bile-sensitive species included B. bivius, B. disiens, B. capillosus,
B. gracilis, B. ureolyticus, B. oralis, B. melaninogenicus and B. asaccharolyticus.

In recent years, the taxonomy of anaerobic Gram-negative bacilli has been in a state of
great change, and this trend will continue. The genus Bacteroides has been restricted to
the Bacteroides fragilis group only (including Bacteroides eggerthii); the taxonomic
positions of other species still included in the genus Bacteroides remain uncertain, but all
of these species will ultimately be transferred to other genera. As currently constituted,
the B. fragilis group includes: B. caccae, B. distasonis, B. eggerthii, B. fragilis, B.
merdae, B. ovatus, B. stercoris, B. thetaiotaomicron, B. uniformis, B. vulgatus.

This bile-resistant B. fragilis group is the most commonly recovered anaerobe in
clinical specimens and is more resistant to antimicrobial agents than are most other
anaerobes. B. fragilis and B. thetaiotaomicron are of the greatest clinical significance.

The genera Prevotella (saccharolytic) and Porphyromonas (pigmented asaccharolytic
organisms) were previously included in the genus Bacteroides. Prevotella species are the
bile-sensitive, non-pigemented, saccharolytic Gram-negative bacilli. Prevotella species
are found in the same settings as the pigemented Gram-negative rods. Prevotella bivia
and Prevotella disiens are found in female patients with genital tract infections.

Porphyromonas (Bacteroides) melaninogenicus is a monomorphic (i.e. not
pleomorphic) species, characterized by the formation of a black pigment on blood agar.
P. melaninogenicus is part of the normal flora of mucous membranes and is commonly
found in anaerobic infections originating from the genital tract. It is frequently found in
assocation with peptostreptococci. The two organisms may act synergistically.
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Bacteroidaceae are relatively common anaerobic female genital tract isolates. The
bacteria has been cultured in the cervix, placenta, and/or amniotic fluid of gravida with
premature or prolonged rupture of the fetal membranes.

Anaerobic bacteria may colonize amniotic fluid in the absence of ruptured
membranes. The frequency with which anaerobic bacteria enter into amniotic fluid is
significant, yet progression to disease, chorioamnionitis, or perinatal septicemia is not a
common phenomenon. A potential explanation for this discrepancy between infection
and disease rates may be inferred from the prerequisites for disease. Amniotic fluid
preferentially supports the growth of class | (bacteria that replicate better in the presence
of air than in its absence) over class Il (microaerophilic) anaerobic bacteria. For the
Bacteroidaceae to function effectively, some change must occur in its local
microbiologic environment. Meconium enhances anaerobic replication by lowering the
oxidation-reduction potential.

PATHOGENESIS

The Bacteroides and Prevotella species exist as microaerophilic constituents of the
female genital tract, being present usually as class Il anaerobes, which are defined as
bacteria that are unable to initiate growth unless the oxidation-reduction potential of the
medium is low or unless they are present in an extremely large number. The
transformation from a state of colonization to a state of disease can be achieved by two
major pathways:

(1) the anaerobic progression; and
(2) the immediate anaerobic syndrome.

The mandatory prerequisite in each case is an alteration of the oxidation-reduction
potential.

THE ANAEROBIC PROGRESSION

The anaerobic progression has its genesis with bacteria whose ability to replicate at
different oxygen levels varies significantly. The polymicrobial infection present at the
initiation of anaerobic disease undergoes selective changes as the consequence of the
induced alterations in the microbiologic environment. As the oxidation-reduction
potential is lowered, acidification of the local environment occurs and molecular oxygen
is removed; the more aerobic bacteria, which are unable to replicate under these adverse
conditions, undergo the process of autoelimination. Sequential samplings of what is
ultimately to be an abscess due to B. fragilis might reveal B. fragilis present as a class Il
anaerobe with such bacteria as Escherichia coli, Staphylococcus epidermidis, the
enterococci (group D streptococci), Gardnerella vaginalis, and the peptostreptococci.
When the environmental requirements for anaerobic dominance are achieved and the
anaerobic progression has shifted from organisms of class Il to class 111, many of these
cofacilitating  bacteria undergo auto-elimination so that Bacteroides and
peptostreptococci, either singly or in combination, predominate.
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The ultimate result of anaerobic infection is abscess formation. In a well-established
abscess, one rarely finds more than one or two types of bacteria. In an evolving abscess, a
more polymicrobial representation of bacteria is to be anticipated. Factors which
predispose to anaerobic infection include:

(1) new tissue space, e.g. hematoma;

(2) necrotic tissue as might be present with incomplete abortions or retained products of
conception, criminal abortions, degenerated tumor masses, crush injury, or
devitalization of previously healthy tissue;

(3) penetration of the gastrointestinal tract with spillage of fecal material; or

(4) alteration of the microbiologic environment by Neisseria gonorrhoeae.

Under these conditions the probability of the Bacteroidaceae functioning as effective
pathogens in the female genital tract is great.

Many of the Bacteroides strains elaborate betalactamases which can protect beta-
lactamase-sensitive constituents, e.g. enterococci, until a critical oxidation-reduction
potential is reached which allows the Bacteroides strain to function as a monomicrobial
pathogen.

All members of the B. fragilis group appear to be able to encapsulate during an
inflammatory process. Nonencapsulated strains can become encapsulated with the
assistance of their aerobic counterparts in the anaerobic progression. These encapsulated
strains are more virulent to the host than non-encapsulated strains. This increased
virulence can be demonstrated by a higher rate of induction of bacteremia, and a greater
enhancement of growth of other bacteria. Antimicrobial therapy directed only at the
eradication of aerobic bacteria does not prevent encapsulation or reduce the number of
Bacteroides species.

IMMEDIATE ANAEROBIC SYNDROME

The right microbiologic environment can be combined with the right bacteria to produce
disease. This sequencing of events is called the immediate anaerobic syndrome, the
classical example of which is either spontaneous or iatrogenic perforation of the
gastrointestinal tract. The oxidation-reduction potential of feces is one of the lowest
recorded. The bacterial flora of the gastrointestinal tract is predominantly anaerobic. The
spillage of fecal material requires no intermediary events for the production of anaerobic
infection.

CLINICAL CONSEQUENCES

Endomyometritis-septic thrombophlebitis-septicemia

Under normal physiologic conditions the endometrial cavity has no demonstrable
bacterial flora. Even when organisms are iatrogenically introduced, as with insertion of
an intrauterine contraceptive device, bacterial replication (barring the presence of group
A beta-hemolytic streptococci) is not sustained. Within a relatively short time after
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insertion of the device, transcervical cultures of the endometrial cavity are again sterile.
In the postpartum period, the endometrium represents a functional tissue system whose
normal defense mechanisms have undergone significant alteration. The loss of mucosal
integrity and the presence of blood and a necrotic decidua sustain bacterial colonization.
Transcervical aspiration almost invariably documents the occurrence of bacterial
replication. When one is dealing with nonquantitative data, the major bacteriologic
difference between infected and non-infected endometria (excluding infection due to N.
gonorrhoeae, group A betahemolytic streptococci, and Listeria monocytogenes) is a shift
toward the more obligate anaerobes.

What is impressive is the ability of the endometrial cavity to limit the number of
instances in which bacterial replication progresses to infectious morbidity. Unless there
are retained products of conception, or the mode of delivery has been a cesarean section,
the presence of other synergistic or facilitating organisms is not sufficient to sustain
anaerobic dominance by the Bacteroides/Prevotella. In these instances,
Bacteroides/Prevotella may participate as part of a mixed aerobic/anaerobic low-grade
endometritis that is usually not clinically discernible.

The situation is markedly altered when one is dealing with retained products of
conception or with an infected uterus after cesarean section. In the former and as a
consequence of the altered oxidation-reduction potential engendered, the Bacteroides or
Prevotella alone or in conjunction with the anaerobic streptococci and/or the anaerobic
staphylococci produce disease. Patients present with fever, a foul-smelling lochia, and
uterine tenderness. If the process is not arrested by surgical removal of the retained
products of conception, it may progress to involve the maternal implantation site, in
which case septic thrombophlebitis and septicemia may develop. Bacteroides can spread
in the clots within the thrombosed sinuses to the uterine and ovarian veins. More
extensive spread involves the iliac veins, the inferior vena cava, and the renal vein. The
patient develops chills and hectic fevers, which are often accompanied by rigors.
Subsequent pleuritic chest pain and hemoptysis may indicate pulmonary emboli and
segmental infarction of the pulmonary parenchyma. Careful inspection of the placenta is
one of the most effective means of averting this sequence of events.

Puerperal infection from septic abortion

In terms of fulfilling the major prerequisite for Bacteroides/Prevotella infection, namely,
a low oxidation-reduction potential, septic abortion, whether spontaneous or induced by
instrumentation, creates a condition analogous to that observed with retained products of
conception. In the absence of more virulent pathogens within the vaginal flora, E. coli,
group B betahemolytic streptococci, and enterococci are often the leading organisms.
However, they may be subsequently superseded by the more obligate anaerobes. The
amount of tissue available for bacterial replication and the direct access to the maternal
vascular compartment or the presence of peritonitis secondary to uterine perforation sets
the stage for sustained septicemia, which in turn can be correlated with maternal
morbidity and possibly mortality. The situation here is analogous to a patient’s being
administered a continuous intravenous infusion of bacteria. The key to therapy in this
situation consists of surgically disconnecting the intravenous line while aborting potential
metastatic complications with antibiotics.
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Perinatal septicemia

A subgroup of neonatal septicemia has been established, based on perceived differences
in the events that combine to produce disease. Septicemia in the first 24-48 hours of life
is termed perinatal septicemia, whereas that occurring after 48 hours is termed neonatal
septicemia. Maternal factors such as chorioamnionitis, urinary tract infection, and
prolonged and/or premature rupture of the fetal membranes predispose to perinatal
septicemia. In contrast, neonatal septicemia occurring after the first 48 hours is primarily
a nosocomial disease of infants who are debilitated or chronically ill (e.g. those with
congenital anomalies, necrotizing enterocolitis) or who have been anatomically
compromised (e.g. by surgical procedures or central line complications).

There are very few demographic factors that distinguish anaerobic perinatal
septicemia (specifically that due to Bacteroidaceae) from its aerobic counterpart.
Maternal chorioamnionitis, fetal distress, and perinatal respiratory difficulty are common
to both. A foul-smelling neonate is evidence of anaerobic replication in utero. In the
series of Chow et al., eight of nine newborns with a foul smell at birth had Bacteroides.
Both cases of Bacteroides perinatal septicemia reported by Keffer and Monif occurred in
women who had intact fetal membranes until the immediate parturition period.

Foul-smelling amniotic fluid and/or a maternal history of prolonger labor with intact
membranes, coupled with a potentially septic neonate, should alert the neonatologist to
the possibility of anaerobic infection from a member of the Bacteroidaceae/ Prevotella.
Many of the Bacteroidaceae/Prevotella are resistant to a penicillin-aminoglycoside
combination. In terms of perinatal outcome, failure to adequately cover for the penicillin-
resistant isolates may be equivalent to delayed therapy.

DIAGNOSIS

The diagnosis of Bacteroides infection must emanate from the physician and not the
clinical laboratory. By having insight into the pathogenesis of the anaerobic infections,
one can often anticipate those clinical situations in which Bacteroides may represent a
significant portion of the group of bacteria that have combined to produce disease.
Certain clinical situations carry with them a high probability of organismic participation:

(1) postpartum endometritis associated with retained products of conception;

(2) postpartum endomyometritis in patients who have undergone cesarean section;

(3) septic abortion;

(4) septic thrombophlebitis; and

(5) any abscess (irrespective of site), particularly one that had access to the vaginal flora
or is the consequence of penetration of the gastrointestinal tract and spillage of fecal
material.

A prospective orientation to the problem is best. However, the diagnosis of
Bacteroides/Prevotella infection is sometimes suggested by the failure of infectious
morbidity to respond to beta-lactam antibiotics.

The mortality rate due to perinatal septicemia is directly contingent on the interim
between onset of disease and initiation of effective antibiotic therapy. Monif et al.
demonstrated that when therapy was delayed for more than four hours, 80% of the infants
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died or had residual sequelae. The possibility of a penicillin-resistant strain should
influence antibiotic selection.

If anaerobic collection containers are not available, Gram-staining becomes the most
important diagnostic tool next to the physician’s ability to anticipate participation by
Bacteroidaceae. As previously stated, the presence in smears from body fluids or
abscesses of Gram-negative pleomorphic rods that fail to grow in aerobic cultures should
suggest the Bacteroidaceae/Prevotella.

THERAPY

Antibiotic selection significantly depends on whether the process is in evolution or
whether the critical conditions for anaerobic dominance have been met. The contention of
Gorbach and Bartlett (personal communication) that by treating the synergistic
component one can

Table 31.1 Advocated antibiotic regimens in the
treatment of infections due to the penicillin-
resistant Bacteroidaceae/Prevotella

Degree of efficacy Drug In vitro
susceptibility
Penicillin-resistant Chloramphenicol* 98%
Bacteroidaceae/Prevotella
M 94-96%
etronidazole*"
Clindamycin* 70-85%
Doxycycline* 80-85%
Cefoxitin 72-85%
Ureidopenicillins 60-70%
Category designation Ampicillin/sulbactam**

Chloramphenicol*
Clindamycin*
Imipenem
Metronidazole*

Antibiotics with reasonable Cefoxitin
effectiveness

Doxycycline
Trovofloxacin***

Ureidopenicillin
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*Chloramphenicol, clindamycin, and metronidazole each carry an FDA black box indicating
Eossible dangerous or lethal adverse drug reaction.

The intravenous form of metronidazole has been released for the treatment of anaerobic infections;
consequently, the correlation between in vitro and in vivo, while probably excellent, is not as well
substantiated as for chloramphenicol and clindamycin.

*Must use 300 mg/day to achieve these percentages, which exceeds FDA recommendations but is
commonly used.

**Qther “fifth generation’ penicillin may also have category designation.

***Excellent in vitro data may well correlate with clinical data

disrupt the anaerobic progression appears to be valid so long as it is restricted to the early
phase of disease. Once obligate anaerobic dominance has been established, all the
bacterial constituents in the synergism should be treated with appropriate antibiotics to
effect a definitive cure (Table 31.1).

The Bacteroides/Prevotella pose a difficult problem to clinicians because of their
ability to produce the enzyme beta-lactamase. Resistance of most anaerobic Gram-
negative bacteria to beta-lactam antimicrobial agents is primarily mediated by the
production beta-lactamases. A great variation in specific activity has been demonstrated
among enzymes from different Bacteroides/Prevotella strains. Consequently, coverage in
both categories | and Il of the Gainesville Classification needs to be implemented. The
drugs of choice are clindamycin, imipenem, and metronidazole. There have been two
major attempts to overcome resistance to beta-lactam drugs:

(1) Coupling of semisynthetic penicillins with beta-lactamase inhibitors such as
clavulanic acid, sulbactam and tazobactam. The inhibitors produce a marked reduction
in MIC®’s and MIC%s for the companion penicillin, and

(2) the development of antibiotics which are more resistant to degradation by beta-
lactamase enzymes. Some modifications including the 7 alpha-methoxy
cephalosporins (cefoxitin, cefotetan, moxalactam) and the 7 beta-methoxy
aminoacetamide cephalosporins (cefotaxime and cefmenoxime) have greatly enhanced
efficiacy against the Bacteroidaceae.

In contrast to the Bacteroides/Prevotella, the Fusobacterium do not produce beta-
lactamase and consequently are sensitive to the penicillins.

Because of the increasing resistance to clindamycin and metronidazole and the rapid
induction of resistance to imipenem, selective use of ampicillin-sulbactam and ticarcillin-
clavulanic acid and possibly piperacillin-tazobactam appears warranted.

Although metronidazole can be readily substituted for clindamycin in the context of
triple therapy for category Il coverage in the Gainesville Classification, its failure to
cover the aerobic Gram-positive bacteria of category | precludes its combination with just
an aminoglycoside. Effective preliminary antibiotic coverage requires the concomitant
administration of an antibiotic whose spectrum of susceptibility encompasses both Gram-
positive and Gram-negative aerobic bacteria.
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Clostridium perfringens

Clostridium perfringens is a Gram-positive, anaerobic, non-motile, spore-forming rod
which is often encapsulated and capable of producing potent exotoxins. The bacterium is
subdivided into five types based upon the production of four major lethal toxins: alpha,
beta, epsilon, and iota. The most important toxin is alpha toxin, a lecithinase that destroys
cell membranes, alters capillary permeability, destroys platelets, and causes severe
hemolysis. In appropriate environmental conditions, vegetative forms of the histotoxic
clostridia replicate and elaborate toxins that diffuse into adjacent soft tissue and promote
local spread as well as extensive systemic effects. Despite its relatively high prevalence
in the lower gastrointestinal tract bacterial flora, C. perfringens is a rare isolate from the
female genital tract.

Two explanations have been advanced to explain the disassociation between bacterial
isolation/infection and disease. The first is that of variability in the toxigenicity of
individual strains of C. perfringens. The alternate hypothesis has to do with variability in
the conditions necessary to produce disease. Holtz and Mauch postulated that primarily
three conditions are necessary for the development of clostridium myonecroses, which
are:

(1) the organism must be introduced into the uterus from an outside source or must be
carried into the uterus from the vagina or cervix;

(2) dead tissue must be present at the time the organisms are introduced; and

(3) the injured tissue must remain in the uterus for sufficient time to permit incubation of
the organisms.

One can readily visualize situations in which, despite vascular access, conditions
necessary for toxic production might be transient; e.g. transient retention of a larger
fragment of necrotic decidua. Neither theory is mutually exclusive.

The time over which C. perfringens can produce toxins influences both morbidity and
lethality. In obstetric and gynecological patients, the severity of extrauterine
manifestations of disease is a partial function of the extent of pelvic tissue necroses.
Within necrotic tissue, the production of exotoxins requires approximately 24-28 hours
of incubation. The exotoxins necrotize surrounding normal tissue, especially muscle,
thereby creating a wide area for invasion by the proliferating organisms.

The exotoxins produce the full-blown syndrome of C. perfringens septicemia,
characterized by hemolysis, hemoglobinemia, hemoglobinuria, hyperbilirubinemia, acute
renal failure, hyperkalemia, and diffuse intravascular coagulation (DIC). The alpha toxin,
a lecithinase, causes lysis of the red blood cell membrane. Hemoglobin is liberated and
circulates as free hemoglobin in the plasma, producing the characteristic portwine colored
serum and urine. Acute renal failure is due to acute tubular necroses secondary to renal
ischemia. Hyperkalemia is a result of the liberation of potassium from hemolyzed red



Infectious diseases in obstetrics and gynecology 366

blood cells compounded by an inability to excrete this overload in the presence of renal
failure. DIC is due both to the action of alpha toxin on the vascular endothelium and
release of a thromboplastin-like substance.

CLINICAL MANIFESTATIONS

Clostridial myonecrosis

The usual clinical setting for cases of clostridial myonecrosis (gas gangrene) due to C.
perfringens is that of criminal abortion, retained products of conception or
endomyometritis. Nevertheless, a wide clinical spectrum is observed with clostridial
septicemia, ranging from a relatively benign course to septic toxemia with renal failure
due to massive intravascular hemolysis and death. Markedly less frequent is the
occurrence of clostridial myonecrosis following a surgical procedure. The determining
factor governing the severity of disease is the local oxidation-reduction potential. A
sustained decreased oxidation-reduction potential promotes toxin production. With the
exception of septic abortion, overwhelming sepsis is a relatively rare event. However,
when serial blood cultures are done in cases of endomyometritis following cesarean
section, an occasional case can be identified in which C. perfringens is isolated from the
intravascular compartment; the clinical course is one that readily responses to antibiotic
therapy.

With postabortion and puerperal uterine infections, C. perfringens can produce a low-
grade endometritis. Patients present with vaginal discharge, uterine tenderness and fever.
There are no signs of systemic toxemia. The diagnosis is suggestive by the identification
of large Gram-positive rods on Gram-staining and confirmed by the growth of C.
perfringens in culture specimens. Ramsey noted that in his series of 190 cases of
postabortion sepsis in which clostridia were isolated from the cervix, 130 (66%) were
mild infections localized to the uterus, and response was rapid. In the 15% of
postabortion clostridial infections with clostridial bacteremia, two-thirds had no clinical
evidence of systemic infection.

The key for the induction of postabortal clostridial disease is the presence of necrotic
tissue which occurs with incomplete abortion or an intrauterine fetal demise. In these
cases, clinical response to dilation and curettage, coupled with effective antibiotic
therapy, is rapid. When the underlying causation is due to excessive tissue destruction, as
would occur with abortions induced by caustic agents or injection of hypertonic saline
into the myometrium during intra-amniotic infusion, or significant delay in therapy
occurs, the patients develop severe endomyometritis, peritonitis and septicemia.

Clinically, the patients usually present with fever and abdominal pain. On physical
examination, an elevated temperature, uterine tenderness and the presence of a foul-
smelling discharge are usually demonstrable. The diagnosis may be inferred by the
identification of large Gram-positive, box-like rods on Gram-stained smears. With
progression of clostridial disease, the consequence of alpha toxin production is manifest.
Full-blown clostridia septic toxemia is characterized by intravascular hemolysis,
hemoglobinemia, hemoglobinuria, hypotension and renal failure. Depending upon the
quality and timing of interventions, the ensuing mortality ranges from 21-85%.
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Soft tissue clostridial infections

Soft tissue clostridial infection in the gynecological patients requires, in addition to
bacterial access to the site of infection and tissue necrosis, poor tissue perfusion. In the
non-pregnant woman, clostridial myonecrosis tends to occur primarily in irradiated or
diabetic patients or in patient with either benign (leiomyoma) or malignant genital tract
tumors which have undergone significant necrosis. When clostridial myonecrosis
complicates these types of cases, a higher than expected mortality rate occurs, owing
primarily to the failure of recognizing clostridia superinfection after surgery.
Postoperatively, the development of severe pain and systemic toxicity, which is out of
proportion to the physical finding, should alert the clinician to the possibility of
clostridial infection.

In the absence of extensive trauma to the operative site, surgical wound infections
rarely develop clostridia myonecrosis. Clostridia may be isolated from a simple wound
infection. However, unless there is an extensive area of tissue necrosis or hematoma
formation, the process is limited, and the impact of alpha toxin production is relatively
negligible.

DIAGNOSIS

The diagnosis is usually made in one of three ways:

(1) recovery of Clostridium perfringens from a wound or blood culture;

(2) visual or roentgenographic evidence of myocerosis with gas fermentation (Figure
32.1); or

(3) a clinical picture suggestive of toxigenic clostridial sepsis.

Pain, which is caused by the rapid infiltration of muscle by edema and gas, is the earliest
symptom. When pain is the result of trauma, disease appears within 24-72 hours of the
event. A tachycardia out of
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Figure 32.1 Gas formation in the
pelvic tissues of a woman with
postpartum endomyometritis due to
Clostridium perfringens

proportion to the temperature is characteristic. A subnormal temperature with a marked
tachycardia is a grave prognostic sign.

When the site of myonecrosis is visible, the appearance of the wound is that of an
edematous, purulent wound with brownish, bubbling exudate. Crepitation may be
demonstrable in the adjacent tissues. The surrounding skin becomes edematous and has a
brown discoloration termed ‘brown erysipelas’. Gram-stained smears reveal the presence
of large Gram-positive rods.

The full-blown syndrome of clostridial sepsis include hypotension, intravascular
hemolyses, hemoglobinemi, hemoglobinuria, jaundice and renal failure. The skin exhibits
a gray pallor, and profuse diaphoreses may be present. The patient may be apathetic and
indifferent to her condition. X-ray films can usually demonstrate spread of the gas in the
involved tissues. A definite diagnosis is based on bacteriological identification of C.
perfringens.
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THERAPY

Most cases of postabortal or postpartum endometritis/ endomyometritis without evidence
of intravascular hemolysis do well with removal of necrotic tissue and appropriate
antibiotic therapy. The isolation of clostridium from the uterus or bloodstream is not
indicative, by itself, of a severe infection. The development of intravascular hemolysis in
association with clostridial infection is a poor prognostic sign and delineates a group of
patients with potentially lethal infections. Once clostridial organisms are identified on a
Gram-stained smear from the site of infection in a septic patient, prompt surgical
intervention is urged.

Better than 80% survival rates can be achieved with early aggressive therapy that
includes antibiotics, prompt operative debridement of necrotic tissue with removal of the
nidus of infection, which is the source of the exotoxins responsible for the clinical
findings, and prompt medical therapy of acute renal failure. In severe uterine and pelvic
infections, total abdominal hysterectomy and bilateral salpingoophorectomy may be
required.

The most important component of therapy is prompt and extensive surgical removal of
infected tissue when disease involves the uterus. Hysterectomy is indicated. With wound
infection and myonecrosis, extensive surgical debridement with wide excision of
involved muscle when the abdominal wall is involved need to be carried out. When
available, antecedent hyperbaric oxygen therapy facilitates surgery by increasing the
visual demarcation between visible and dead tissue.

Early antimicrobial therapy is essential for optimal outcome. Penicillin G in dosages
of 10-24 million units per day is advocated for severe infection. Alternative therapy
includes metronidazole and clindamycin. Cefoxitin is less active against clostridia than
most other cephalosporins and should be avoided. Antitoxin therapy is no longer
available commercially. The high frequency of allergic reactions and a relative lack of
efficacy were the reason behind discontinuations.

The timing of hyperbaric oxygen continues to be controversial. If laparotomy or
hysterectomy is indicated, the operation should not be delayed for hyperbaric oxygen
therapy. Hyperbaric oxygen before surgery has the benefit of clearly demarcating
involved tissue, thus potentially sparing viable tissue while halting toxin production. If
used, hyperbaric oxygen should be available within a 1-hour time frame.
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Clostridium sordellii

Clostridium sordellii was considered merely as a common soil and enteric bacterium that
was infrequently recovered from the vagina.

C. sordellii has been shown to cause puerperal infection and a distinctive and lethal
toxic shock-like syndrome (Table 33.1). The clinicopathologic manifestations and
significant morbidity and mortality described with these infections have been linked to
the elaboration of two unique exoproteins: edema-producing, or lethal, toxin (LT) and
hemorrhagic toxin (HT). Strains with the capacity to produce LT and HT have been
associated with puerperal wound infections that are accompanied by anasarca and a
clinical picture of septic shock.

The histotoxic clostridia can produce an array of softtissue infections ranging from
cellulitis to necrotizing fasciitis to frank myonecrosis.

CLINICAL MANIFESTATIONS

The histotoxic exoproteins manufactured by C. sordellii result in localized fascial
necrosis and myonecrosis which can mimic gas gangrene. Characteristically, infections
occur less than one week postpartum.

Each patient has had a distinctive course characterized by sudden onset of clinical
shock marked by severe and unrelenting hypotension associated with marked,
generalized tissue edema and ‘third spacing’ with increased hematocrit, presence of
marked leukemoid reaction with total neutrophil counts of 84000/mm®, 66000/mm?, and
93600/mm®, absence of rash or fever, limited or no myonecrosis, and a rapid and
potentially lethal course.

Each case has been associated with low grade fever, massive edema, subsequent
vascular collapse due to sequestering of the fluid, and a very rapid progression from
initial infection to death. Despite what would appear to have been adequate debridement,
most patients have died.

Table 33.1 Clostridium sordellii syndrome

Sudden onset of clinical shock

Severe unrelenting shock

Generalized edema progressing to anasarca
Rapid deterioration of cardiovascular status
Marked leukemoid reaction

Absence of rash or fever
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Minimal purulent discharge from infected lesions

Daly JW. Infect Dis Lttr Obstet Gynecol 1990; 12:48

Infections with C. sordellii are associated with relatively “‘clean’ incisions; they produce
localized tissue damage but a profound exotoxin-mediated systemic response
characterized by anasarca, refractory hypotension, and marked leukocytosis. The
exotoxins (primarily LT) appear to disrupt the vascular integrity, producing extensive
‘third spacing’ and, ultimately, cardiovascular collapse.

DIAGNOSIS

An early diagnosis of this or any necrotizing subcutaneous infection based on clinical
grounds and an external examination alone can be exceedingly difficult. Consequently
prompt surgical intervention is advocated to:

(1) determine the extent and nature of the soft-tissue damage;
(2) remove the source of toxin production and necrotic tissue; and
(3) obtain tissue for histopathologic examination and culture confirmation.

The presence of systemic toxicity and profound, rapidly progressive, widespread edema,
leukocytosis, hemo-concentration, and lack of a predominant organism on tissue Gram’s
stain in the presence of myonecrosis should suggest C. sordelli as the potential etiological
agent. Confirmation of a presumptive diagnosis is predicated on recovery of this class Ill
anaerobic bacteria.

THERAPY

The management of puerperal infections with this clostridial species has been similar to
the treatment of C. perfringens myonecrosis: surgical debridement of necrotic tissue,
broad-spectrum antimicrobials because of the polymicrobic nature of perineal infections,
highdoses of beta-lactam antibiotics, hyperbaric oxygen therapy, and intensive supportive
care.

Despite this aggressive therapy, most maternal infections have been fatal.
Cardiovascular collapse secondary to marked ‘third space’ sequestration of fluid has been
the cause of death in all instances.

Since debridement and antibiotic therapy do not reverse the chain of events set in
motion by the elaboration of toxins in this disease process, the use of exchange
transfusion and hyperbaric oxygen should be considered.
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Escherichia coli

Escherichia coli is a short, Gram-negative bacillus. Most strains are motile. The organism
is a facultative anaerobe and grows readily on most laboratory media, producing a
characteristic fetid odor. Serologic identification is based on the antigen specificity of the
O antigens. To date, more than 150 group O (somatic cell wall), at least 50 H (flagellar)
and a similar number of K (capsular) antigens have been identified. Clinical studies
indicate that certain O group antigens are more likely to be incriminated in disease than
other strains; this finding suggests a correlation between pathogenicity and antigenic
composition. Strains that are rich in K antigens are more resistant to destruction by
antibody, complement, and phagocytosis and thus are more prone to circumvent host
defense mechanisms than are other strains.

While the gastrointestinal tract is the probable reservoir of organisms, recent studies
have documented the existence of significant differences between fecal E. coli and those
strains isolated from the female genital tract and cases of neonatal sepsis. Cook et al.
examined 50 E. coli isolates from cases of vaginitis, 45 isolates from tubo-ovarian
complexes and 45 isolates from infants with neonatal sepsis for selected phenotypic and
genetic virulence properties. Results were compared with fecal E. coli isolates not
associated with disease. A statistically significant greater proportion of E. coli associated
with infection exhibited D-mannose resistant hemagglutination compared with fecal E.
coli. This adherence phenotype correlated statistically with the presence of P fimbrae
genes.

Selected strains termed enteropathic E. coli produce exotoxins. These strains function
by either exotoxin production or by their tissue invasive properties which result in
bacillary dysentery. Approximately 30-40% of diarrhea observed in United States
travelers in developing countries is caused by these strains.

FEMALE GENITAL TRACT INVOLVEMENT

As part of the intestinal and vaginal flora endogenous to man, E. coli is pervasive in its
pathogenetic spectrum. Within obstetrics and gynecology, it can function as a
monoetiologic pathogen to produce urinary tract infection or chorioamnionitis, or the
organism can be a lead constituent of polymicrobial infection (i.e. septic abortion,
postpartum endometritis, or wound infections). Both monoetiologic and polymicrobial
infection may result in septicemia.
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URINARY TRACT INFECTIONS

Maternal infection

About 5% of all the serotypes (04, 06, 075, and less frequently 01, 07, 02, and 050)
account for almost 75% of E. coli urinary tract infections. Irrespective of the route of
infection (hematogenous or ascending), the strains that are responsible for infection of the
female genital tract almost invariably have as their reservoir the patient’s own feces. The
prevalence of E. coli in feces alone cannot account for its overwhelming predominance as
a cause of urinary tract infection. Variables other than merely fecal contamination of the
perineum must function to favor the establishment of E. coli colonization at the urethral
introitus and its subsequent replication in the urine. Since the serotypes of E. coli causing
acute urinary tract infection are derived from the fecal flora, any factor that alters the
predominant fecal serotype of E. coli may be of potential clinical significance. When a
patient is hospitalized, considerable alterations in strain prevalence of E. coli may occur,
with the acquisition of new strains, particularly following the use of broad spectrum
antibiotics. Once colonization occurs, the new strains persist. The newly acquired strains,
having been selected predominantly by prior administration of antibiotics, are more likely
to be resistant to multiple antibiotics. The high incidence of strains rich in K antigen in
pyelonephritic gravidas suggests that, although initial access to the genital tract may be
due to mechanical transfer of E. coli by fecal contamination, those K strains, with their
enhanced resistance to host defense mechanisms, may possess a greater capacity to
invade the kidney. Although the concept of pyelonephritogenic strains of E. coli is still
controversial, it is probable that antigenic differences among transported strains of E. coli
may be important in the pathogenesis of urinary tract infections.

Fetal impact

Urinary tract infection in pregnancy may not be without consequences to the fetus. Some
evidence suggests that occasionally neonates born to mothers who had urinary tract
infections during pregnancy have IgM elevations for which other readily identified
causes are not apparent. The concept of in utero immunologic stimulation has been
reinforced by the demonstration of lymphocyte blast transformation on the part of some
neonates whose mothers have had urinary tract infections in pregnancy when their cells
are incubated with specific E. coli antigens. Whether or not infection of the fetus occurs
and is responsible for fetal morbidity is an issue which has yet to be adequately
elucidated.

ESCHERICHIA COLI SEPTICEMIA SECONDARY TO
ABORTION OR CHORIOAMNIONITIS

Several properties of E. coli organisms enhance their ability to function as pathogens.
They can replicate both in aerobic and in partially anaerobic environments. Unlike the
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majority of bacteria present in the feces and vaginal flora, most strains of E. coli are
motile. Motility per se is not the major determinant of disease. The organisms must be
able not only to reach the site of infection, such as the intra-amniotic space or devitalized
tissue, but also to replicate successfully. If a strain of E. coli has established a persistent
pattern of replication in the urinary tract, its ability to produce uterine infection is
markedly augmented. When cases of pyelonephritis are excluded, the major factor
selecting for septicemia due to the Enterobacteriaceae and E. coli in particular is
antecedent asymptomatic bacteriuria. The majority of patients with Enterobacteriaceae
septicemia for which the uterus is clearly the portal of infection can be demonstrated to
have concomitant asymptomatic bacteriuria. The strains of E. coli which produce
asymptomatic bacteriuria appear to differ from non-nephrogenic isolates obtained from
the vagina by virtue of their augmented ability to adhere to cell membranes. With
premature rupture of the membranes, effective dissolution of the physiologic and
anatomic barrier represented by the cervical mucous plug and intact fetal membranes
occurs.

The nephrogenic E. coli concomitantly sustained within the vaginal flora now obtain
potential access. Access to amniotic fluid does not necessarily correlate with ensuing
infection unless the bacterium in question is an exogenous pathogen (i.e. group A
streptococci, Neisseria gonorrhoeae, or an endogenous bacteria for which augmented
virulence has been preselected). Once the organism either overwhelms the infant’s
defense mechanisms at the alveolar level or penetrates the chorioamnion of the placenta,
fetal infection is initiated. Maternal infection is observed when the disease process
extends through the placental tissue and reaches the maternal vascular channels at the
implantation site. When infection due to E. coli is associated with retained products of
conception, septicemia may occur. In contrast to most infections in which access to a
vascular space occurs, the placental site cannot be completely thrombosed. The situation
is analogous to a patient who receives an IV infusion of a potentially unlimited quantity
of bacterial organisms. The focus of therapy is surgical removal of the source of
organisms while instituting supportive measures to sustain the gravida. It is imperative
that the antibiotic therapy be such that the divergent spectrum of Enterobacteriaceae is
more than adequately covered. In the management of retained products of conception and
criminal abortion, there is not one but a multitude of potential or functional pathogens;
hence the necessity for broad-spectrum antimicrobials that will destroy both Gram-
positive and Gram-negative organisms. With prolongation of the disease process,
anaerobic organisms have a progressively larger representation in the pathogenetic flora,
and there is a greater tendency for anaerobic streptococci and Bacteroides to predominate
and gain access to the maternal intravascular space.

WOUND INFECTIONS

E. coli is not an infrequent isolate from infected wounds. Rarely is it isolated in pure
culture. While it is important in initiating the disease, one almost never sees progressive
wound infections and resulting septicemia due to E. coli per se. Once an appropriate
anaerobic oxidation-reduction potential is achieved, the more obligatory anaerobes, such
as anaerobic streptococci and Bacteroides, emerge as the dominant organisms in the
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wound. Therapy directed against E. coli in the absence of early abscess formation may be
effective in aborting the progression of the local process. In contrast to E. coli isolates
from the patient with primary pyelonephritis, a higher incidence of organisms with
resistance to broad-spectrum antibiotics is encountered.

POSTPARTUM ENDOMETRITIS

Barring obstetrical trauma or retained products of conception, postpartum endometritis
following spontaneous vaginal delivery occurs in 2-3% of gravida. In the great majority
of patients, an exogenous pathogen can be isolated from the endometrium. In selected
instances, a member of the Enterobacteriaceae can be isolated as the quantitatively
dominant bacteria amidst a polymicrobial background. The majority of these patients
have concomitant asymptomatic bacteriuria. The probability of ensuing postpartum
endometritis due to E. coli is markedly enhanced when chorioamnionitis due to the
bacteria in question anteceded parturition. When a woman is delivered by cesarean
section, the need for a virulence factor to select for pathogenicity is obviated. In this
setting the Enterobacteriaceae can function as part of the anaerobic progression. E. coli is
more prone to exhibit gas formation in the course of soft tissue infection in diabetics. All
that is crepitant is not Clostridium perfringens but one is committed therapeutically to use
a regimen effective against both organisms until a definitive bacteriologic diagnosis has
been established.

THERAPY

Generally, the major consideration in the therapy of urinary tract infections (Chapter 68),
abortion (Chapter 64), chorioamnionitis (Chapter 60), and wound infections (Chapter 77)
is whether the pathogenic strain of E. coli was acquired from the hospital or from a
nonhospital environment. The acquisition of infection in the former milieu or infection in
a patient who had received prior antibiotic therapy argues for the selection of an
aminoglycoside or a fluoroquinolone.
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Gardnerella vaginalis (Haemophilus
vaginalis)

Gardnerella vaginalis is a facultative, anaerobic, pleomorphic, non-motile, Gram-
variable bacillus or coccobacillus. Characteristically on Gram stain, they tend to be
arranged at angles or parallel to one another. Morphologically, when grown on
appropriate media, the colonies appear as minute, convex, circular, translucent ‘dew
drops’ measuring about 0.1-0.8 mm in diameter. Gram-negativity is characteristic of the
organisms from early, 6 to 36 hour-old cultures. After 72 to 96 hours, the organism may
stain Gram-positive.

Gardnerella vaginalis is one of the most important regulators of the abnormal vaginal
flora. Only two bacteria, Lactobacillus species and G. vaginalis have been shown to be
recoverable as sole isolates from the female genital tract. What is implied by this finding
is that they can individually function as ultimate regulators of the female genital tract’s
bacterial flora. Chaisilwatana and Monif have documented the in vitro ability of G.
vaginalis to inhibit Lactobacillus species and vice-versa. In vivo analysis of
microbiological data has shown the absence of aerobic lactobacilli when G. vaginalis is
present at high multiplicity.

TAXONOMY OF GARDNERELLA VAGINALIS

The original assignment of Leopold’s bacillus to the genus Haemophilus was predicated
upon the assumption that bacteria required X (heme) and Y (nicotinamide adenine
dinucleotide) factors for its growth. The name Haemophilus vaginalis was used from
1955-1961, at which time LaPage demonstrated that neither the heme nor the
nicotinamide adenine dinucleotide was essential for its replication, and suggested that
Haemophilus vaginalis might belong to the genus Corynebacterium. In 1963, Zinnemann
and Turner concluded that the bacterium was not Gram-variable but Gram-positive and
proposed the specific name of Corynebacterium vaginalis. Despite the opposition of
microbiologists such as Washington, Greenwood and Pickett, the proposed name gained
wide acceptance. Bergry’s Manual of Determinative Bacteriology retained the name
Haemophilus vaginalis. The major reason for not adopting the widely publicized new
name of Corynebacterium vaginalis was the fact that the bacteria was clearly not a
Corynebacterium. Corynebacterium are catalase-positive, have arabinose in the cell wall,
have a significant guanine-cystosine content and serologically agglutinate with
themselves. Finally, Greenwood and Pickett proposed that Leopold’s bacillus be placed
in a new genus appropriately termed Gardnerella and that the specific organism be called
Gardnerella vaginalis in honor of Herman Gardner.
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GARDNERELLA VAGINALIS VULVOVAGINALIS

The alterations in the microbiological flora of the female genital tract required to produce
infection and its translation into disease have been poorly delineated. On a theoretical
level, the governing monoetiological concept of the disease (a given bacterium causing a
specific disease state) has contributed to a limited perspective of the biological
interrelationships and interdependencies governing the various individual constituents of
the microbiological flora of the female genital tract.

The relationship of G. vaginalis to disease is not simply a cause-and-effect
phenomenon. G. vaginalis is a common constituent of the vaginal flora of women
undergoing elective vaginal hysterectomy or with abnormal Papanicolaou smears, yet
only a relatively small percentage of these women are symptomatic or have a clinically
significant vaginal discharge. G. vaginalis has been shown to be a constituant of the
vaginal flora of women who consulted a student health center and who were free of
clinically overt disease.

The difference between colonization and disease appears to be a partial function of the
magnitude of bacterial replication. Quantitative bacteriological studies have shown that
disease, when due primarily to G. vaginalis, is associated with greater than 10° colony
forming units (cfu) per gram of vaginal fluid. If re-infected post-therapy by an untreated
sexual consort, the patient is usually asymptomatic; however, in this setting the
quantitative counts are less than 10° cfu per gram of vaginal fluid. For disease to occur,
not only must there be an environment which will sustain G. vaginalis as a constituent of
its microbiological flora, but something must happen to free the bacteria from the
inhibitory restraints which govern the magnitude of its replication.

Gardnerella vaginalis functions as a pathogen under selected circumstances. Part of
the controversy concerning Gardnerella vulvovaginitis has been engendered by the
failure to distinguish monoetiological disease due to G. vaginalis from mixed infection in
which G. vaginalis may be the predominant aerobic bacteria, but functioning in concert
with a polymicrobial anaerobic flora.

Monoetiological disease-type |

What Gardner and Dukes initially described was a clustering of specific signs and clinical
findings. The typical patient presents with a malodorous, grey, homogeneous vaginal
discharge whose pH is greater than 5.0. The microscopic picture produced is
characteristic. Gram stain will show a large number of Gram-variable small coccobacilli
which give a salt and pepper appearance and possibly “clue cells’. ‘Clue cells’ are vaginal
epithelial cells which have a stippled appearance owing to the almost uniformly spaced
coccobacilli. The wet mount shows a literal sea of coccobacilli often appearing as rafts or
clumps of bacteria floating between epithelial cells. Polymorphonuclear leukocytes are
characteristically absent, or if present they are in insignificant numbers. The coccobacilli
dominate all fields of the slide, usually in a ratio exceeding 100:1 of other bacteria.
Gram-stained smears reveal the overwhelming dominance of genus as determined by
organismal morphology.
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Polymicrobial disease-type Il

The concomitant presence of a large number of pus cells is most commonly associated
with a mixed polymicrobial bacterial infection. Larsson et al. demonstrated that 36.5% of
women with bacterial vaginosis (BV) had vaginal leucocytosis. Their study indicated that
women with BV had similar sexual behavior to women at risk for sexually transmitted
diseases (STD). Peters et al. analyzed BV in women with dyskaryotic PAP smears. The
presence of BV was significantly associated with age of first intercourse, the lifetime
number of sexual partners and current Chlamydia trachomatis infection. Over 37% of
women attending STD clinics have BV. Josoef et al. identified a 23.3% prevalence of a
major STD among pregnant women with BV, chlamydial infection being the most
common. Anywhere from 19-48% of patients with Trichomonas vaginalis vulvovaginitis
will have G. vaginalis concomitantly isolated. Patients with gonococcal endocervicitis or
acute salpingitis will frequently have G. vaginalis as a co-isolate or as a constituent in the
anaerobic progression.

Type Il disease is more than a specific disease entity, it is a marker for the possible
presence of a significant STD pathogen. In addition, endocervical and/or vaginal
colonization by G. vaginalis has been shown to be a risk factor for the development of
post-hysterectomy cuff cellulitis.

The ability of metronidazole to eradicate G. vaginalis (which lacks the required
nitroreductase system necessary for the drug to function as an antimicrobial agent) has
supported the hypothesis that the principal effect of therapy may not be directly on G.
vaginalis but rather on the anaerobic co-constituents of the vaginal flora. It has been
postulated that anaerobic bacteria may provide some undefined factors to support the
growth of G. vaginalis and that the inhibition of anaerobes may be the critical factor in
the bacteriological eradication of the organism. Prophyromonas melaninogenicus and
Bacteroides fragilis have been shown to inhibit phagocytosis of selected bacteria by
leukocytes; however, the degree of inhibition appears to be species related.

Most infections from which G. vaginalis is isolated are due to a synergistic interaction
of the bacterium with other bacterial or protozoan constituents of the vaginal flora.
Quantitatively, bacterial replication is on the order of 10° logs of bacteria per gram of
vaginal fluid. The vaginal pH is in excess of 4.5. Wet mounts reveal the presence of
bacteria, which may or may not be associated with significant bacterial adherence to
squamous epithelial cells and numerous polymorphic neutrophils. Addition of a drop of
10% potassium hydroxide (KOH) to the wet mount will result in a “fishy odor’ (positive
amine test).

GARDNERELLA VAGINALIS AS A SYSTEMIC PATHOGEN

Until 1974, the role of G. vaginalis as a systemic pathogen was controversial. Prior to
that time most microbiologists discounted the bacteria’s ability to function as a systemic
pathogen. Blood cultures harboring G. vaginalis were not infrequently discarded. Monif
and Baer were the first not only to focus on the validity of hematologically derived
isolates, but also the ability of this organism to function as a constituent in the anaerobic
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progression of patients with endometritis and endomyometritis. These investigators noted
that, while a common isolate from obstetrical patients, G. vaginalis was a rare isolate
from the intravascular compartment of gynecological patients. A subsequent series by
Venkataramani and Rathburn of 29 patients with G. vaginalis bacteremia corroborated
these earlier findings. Nineteen of the isolates were derived from postpartum women and
six from patients with septic abortion.

While a monoetiologic septicemia due to G. vaginalis does occur, the organisms are
more commonly recovered from the intravascular compartment with other facultative
anaerobes. The most prevalent co-isolates in these polymicrobial bacteremias include the
peptococci, peptostreptococci, Bacteroides, and coagulase-negative staphylococci.

G. vaginalis septicemia develops in the context of three clinical settings:

(1) septic abortion;
(2) postcesarean section endomyometritis; and
(3) postpartum endometritis.

In those instances where G. vaginalis is the sole pathogen isolated from the blood, the
patients develop significant pyrexia; however, leukocytosis may not be present. Not
infrequently, residual products of conception are present within the endometrial cavity.
Clinical amelioration with rapid defervescence of fever occurs with their removal and
conventional antibiotic administration. G. vaginalis is an organism of low pathogenicity
and as a monoetiological pathogen does not produce significant morbidity and mortality.

In cases of polymicrobial bacteremia, particularly that due to postcesarean section
endomyometritis, the pathogenicity of the multiple organisms appears to be additive.
Therapy should be directed against all bacteria which can participate in the anaerobic
progression. The low pathogenicity of G. vaginalis, combined with its apparent
sensitivity to the drugs commonly used in obstetrics, renders its therapeutic management
relatively simple.

Gardnerella vaginalis, on rare occasions, may be a cause of perinatal septicemia in the
immediate neonatal period following maternal chorioamnionitis. The bacteria attain
access to the fetus through ascending infection associated with premature rupture of the
fetal membranes. Even in the absence of therapy, it is uncommon for significant neonatal
morbidity to ensue.

INTER-RELATIONSHIP OF GARDNERELLA VAGINALIS AND
VAGINAL BACTERIOSIS (BACTERIAL VAGINOSIS)

Bacterial vaginosis (or more properly termed, vaginal bacteriosis; bacterial vaginosis
means bacteria having an excess of vaginas) is due to an imbalance in the bacterial
ecosystem of the female genital tract. Qualitatively, the lactobacilli are replaced by a
mixture of predominantly anaerobic organisms (Bacteroides, G. vaginalis, Mobiluncus,
Mycoplasma hominis, peptostreptococci). Quantitatively, the concentration of these
bacteria, when present, increases 100x from 10 million bacteria per ml of vaginal fluid to
1 billion bacteria per ml of vaginal fluid.
Vaginal bacteriosis is a syndrome characterized by:

(1) homogeneous discharge;



Gardnerellavaginalis 383

(2) vaginal pH>4.7;

(3) positive amine odor test;

(4) presence of “clue cells’; and

(5) demonstration of anaerobic bacterial overgrowth.

Type Il Gardnerella vulvovaginitis does result in vaginal bacteriosis but vaginal
bacteriosis is not necessarily type Il Gardnerella vulvovaginitis. G. vaginalis is isolated
from only 83-87% of vaginal samples obtained from women with vaginal bacteriosis.

DIAGNOSIS

The clinical diagnosis of vaginal bacteriosis necessitates the presence of 3 of the 4
following criteria;

(1) presence of milky discharge;

(2) vaginal pH>4.7;

(3) presence of “clue cells’; and

(4) amine odor after the addition of KOH.

Vaginal Gram smear can infer the diagnosis by demonstration of:

(1) relative absence of lactobacilli;
(2) presence of an abnormal bacterial flora;

a. qualitatively
b. quantitatively; and

(3) presence of “clue cells’.

The presence of “‘clue cells’ is the best single diagnostic indicator of vaginal bacteriosis.
Since the bacterial constituents producing disease can vary significantly, vaginal cultures
are difficult to interpret.

The discharge of vaginal bacteriosis may be present on the perineum. It usually
involves the anterior and lateral walls of the vagina.

The characteristic ‘fishy’ vaginal odor is a clue to increased amine production by
anaerobic bacteria. Intensification of this odor by adding 10% KOH to vaginal secretions
is due to conversion of amines to a more volatile state. Amine odor is the most specific
indicator of disease but lacks sensitivity.

THERAPY

A number of therapeutic regimens have been effective for type Il disease (vaginal
bacteriosis):

(1) oral metronidazole: 500 mg bid for 7 days (efficacy=85%);
(2) oral clindamycin: 300 mg bid for 7 days (efficacy=85%);
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(3) intravaginal 2% clindamycin cream: 5 ml applied intravaginally at night for seven
days (efficacy=85%);

(4) metronidazole gel: 5 ml of 0.75% gel inserted intravaginally twice daily for 5 days;
and

(5) amoxycillin 500 mg tid x 5-7 days.

When dealing with type | disease, good results have been achieved with:

(1) amoxycillin 500 mg tid x 5-7 days;
(2) doxycycline 100 mg bid x 4 days; or
(3) clindamycin 300 mg bid for 7 days.

Most therapies for BV achieve an initial 75-85% clinical success; however
microbiological success a month or so post therapy is between 50 and 60%, if that. The
reasons for both therapeutic failures and extented microbiological failures have not been
well delineated. Individual strains of G. vaginalis are not susceptable to metronidazole. A
second important therapeutic variable is the presence of Mobiluncus species within the
BV flora. Mobiluncus species are resistant to metronidazole. Depending on whether M.
curtisii or M. mulieris is present, clindamycin may not afford optimal coverage. To
address these possibilities, the European use combine metronidazole and erythromycin
therapy.

All women with BV need a comprehensive evaluation for co-infections, particularly
the major STDs. While most male sexual partners are colonized with BV-type flora,
studies to date have yet to conclusively demonstrate increased efficacy when sexual
partners are treated. Gardner and Duke isolated G. vaginalis from the urethra of 54 (96%)
of 57 husbands of women with G. vaginitis, but not from the urethra of 20 medical
students. The urethra of 77-91% of the sexual consorts of infected women can be
demonstrated to harbor the bacteria. These male carriers rarely have clinical evidence of
disease. Women whose sexual consorts are not treated tend to become reinfected. If
reinfection occurs, ampicillin or amoxycillin is superior to bolus metronidazole in the
treatment of the sexual consort.

BV AND PRETERM DELIVERY

A causative relationship between vaginal bacteriosis and preterm labor delivery has been
inferred from the Vaginal Infection and Prematurity Study, which involved 10397
pregnant women from seven medical centers who had no known risk factor for preterm
delivery of low-birth weight infants. In a subsequent study, Hauth et al., using
metronidazole and erythromycin, reduced the rates of premature delivery in women with
bacterial vaginosis and an increased risk for preterm delivery. Similar results were
achieved by McGregor et al. In the prospective arm of the McGregor study, the presence
of bacterial vaginosis was associated with increased risks of pregnancy loss, preterm
premature rupture of the membranes, and preterm birth. When gravida with bacterial
vaginosis were treated with orally administered clindamycin, a 50% reduction in
premature rupture of the membranes occurred. Subsequent studies have suggested that
prophylactic screening and therapeutic intervention for abnormal vaginal flora may be of
value when limited to a high risk subpopulation rather then all women. Irrespectively,
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when BV is diagnosed, and especially if inflammatory cells are present, effort should be
directed at not only eradicating symptomatology, but also eliminating the possibility of
co-functioning STDs.

BV AND ACUTE SALPINGITIS, ECTOPIC PREGNANCY AND
SECONDARY INFERTILITY

A number of cross-sectional, static group studies have proposed a causal relationship
between BV and pelvic inflammatory disease, ectopic pregnancy, cervical cancer,
retrovirus infection (AIDS) and secondary infertility. Most of these studies have centered
on women with high risk factors for STDs. Multiple studies of women with BV have
revealed a high incidence of co-infection with major STD pathogens, and in particular
Chlamydia trachomatis. Larsson et al. analyzed the sexual behavior of 400 women with
and 400 women without BV. Their study indicated that women with BV had similar
sexual behavior to women at risk for STDs. In the Swedish Women’s Health Study, no
significant differences in sexual activity risk factors existed when women with BV were
compared with women with endocervical C. trachomatis except for a higher frequency of
casual sex. Other studies have demonstrated a significant prevalence (37.8%) of BV in
women attending STD clinics and frequent co-infection with a major STD.
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Klebsiella/Enterobacter

Like Escherichia coli, Klebsiella and Enterobacter belong to the genus
Enterobacteriaceae, but are grouped under the tribe Klebsiella. They are colonizers of the
human gastrointestinal tract.

KLEBSIELLA

On Gram stains, Klebsiella appears as a large Gram-negative rod. Owing to its prominent
polysaccharide capsule it forms large mucoid colonies on agar media. Serotyping is done
using predominantly the K capsular antigen. More than 70 K types have been identified.
Although the capsule is an important virulence factor in preventing phagocytosis and
helping to retard leukocyte migration, no specific K type is more pathogenic than
another. Like most Enterobacteriaceae, Klebsiella produces endotoxin. The predominant
species within obstetrics and gynecology is Klebsiella pneumoniae. Other species tend to
be lumped together and reported just as Klebsiella species.

Clinical manifestations

As a monoetiological pathogen, K. pneumoniae functions as an important agent in urinary
tract infection, chorioamnionitis, perinatal septicemia, and endometritis. When it
functions as part of the anaerobic progression, it may be a constituent of a polymicrobial
endomyometritis or the lead organism in a ruptured tubo-ovarian complex.

The incidence of disease is approximately 1/10 that due to E. coli. Clinically disease
due to Klebsiella species is identical to that described for E. coli.

Therapy

The Klebsiella are almost invariably resistant to all the penicillins. The drugs of choice
for the Klebsiella are the cephalosporins, in particular the third generation
cephalosporins.

ENTEROBACTER

Enterobacter consists primarily of E. aerogenes, E. cloacae, and E. agglomerans. Unlike
Klebsiella, Enterobacter organisms are motile and tend to be less heavily encapsulated.
They do not produce H,S on triple sugar iron medium, are indole- and methyl red-
negative, use citrate as a sole carbon source, and can ferment lactose. Simplified tests for
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decarboxylation of the diamino acids lysine, arginine, and ornithine differentiate E.
cloacae, E. aerogenes, E. agglomerans, and K. pneumoniae.

The pathogenic spectrum is comparable to that described for Klebsiella. Their disease
prevalence is 1/10 that observed with Klebsiella but it is of greater clinical significance
owing to the resistance of Enterobacter to many of the penicillins and to all first-
generation cephalosporins and some of the second- and third-generation cephalosporins.
This lack of susceptibility to the commonly used antibiotics in obstetrics and gynecology
underlies the importance of this group of bacteria.

Clinical manifestations

Enterobacter cloacae is a significant cause of hospital-acquired infections, along with E.
agglomerans. These organisms are capable of horizontal spread in the hospital
environment and, like many opportunistic Enterobacteriaceae, can be spread on the hands
of hospital personnel.

The three clinical areas in which the Enterobacter function as significant pathogens in
obstetrics and gynecology are:

(1) nosocomial infections;
(2) urinary tract infection; and
(3) maternal and perinatal septicemia/meningitis.

Enterobacter cloacae is the species most frequently associated with nosocomial
infections. Within a hospital setting, Enterobacter organisms can establish widespread
colonization of patients and as such represent an ongoing threat by a multi-resistant
bacteria to a vulnerable patient population.

The association of Enterobacter with contaminated intravenous fluids is somewhat
predictable considering its aquatic lineage. Enterobacter species as the sole pathogen in
the majority of blood cultures should suggest the possibility of parenteral introduction of
Enterobacter contaminated fluid or the presence of significant urinary tract infection.

Although all Enterobacter species are capable of causing disease, the three primary
nosocomial pathogens are E. aerogenes, E. cloacae, and E. agglomerans.

The Enterobacter produce a spectrum of infection and/or disease of the genitourinary
tract which is very similar to that induced by E. coli. The Enterobacter are the etiological
agents for approximately 1 % of the cases of asymptomatic bacteriuria but 5% of the
cases of pyelonephritis. This discrepancy is due to the failure to eradicate asymptomatic
bacteriuria when identified. Most of the antibiotics used to treat urinary tract infection are
ineffective against most Enterobacter species. The failure to eradicate asymptomatic
bacteriuria is the failure to prevent pyelonephritis.

Asymptomatic bacteriuria provides a reservoir of Gram-negative aerobic bacteria of
increased virulence within the vaginal flora. With prolonged rupture of the fetal
membranes, the nephrogenic strains of Enterobacter ascend into the amniotic cavity from
where they may induce chorioamnionitis, maternal septicemia, and/or perinatal
septicemia. A woman with asymptomatic bacteriuria due to the Enterobacteriaceae has an
eightfold increased probability of endometritis following vaginal delivery.



Infectious diseases in obstetrics and gynecology 390

Therapy

The first generation cephalosporins classically have little or no inherent anti-Enterobacter
activity. Antimicrobials which have a high degree of activity against the Enterobacter are
the third generation cephalosporins, the fluoroquinolones, and the aminoglycosides. As in
the case with Klebsiella, there have been increasing reports of aminoglycoside-resistant
Enterobacter strains from across the country. In such situations, amikacin has remained
the preferred aminoglycoside.

In the treatment of uncomplicated urinary tract bacteriuria, the carboxypenicillins and
nalidixic acid have activity against most Enterobacter species. Nitrofurantoin is reliable
only against E. agglomerans.
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Mobiluncus species
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Mobiluncus is a non-spore-forming, anaerobic, curved rod-shaped bacterium that has
been isolated most frequently from the lower genital tract of women. The organism was
first isolated and described by Curtis in 1913, and first classified, albeit erroneously, by
Prevot in 1940. Prevot named the organism Vibrio mulieris and located it taxonomically
within the group of anaerobic vibrios. In 1984, Spiegel and Roberts reclassified the
organism since this organism was not found to fit into the vibrio group nor did its
description fit that of any other existing genus. Vibrios have Gram-negative type cell
walls, produce cytochrome oxidase, and are motile by polar flagella. Curved anaerobic
rods possessed none of these traits and DNA homology between Mobiluncus and other
existing genera was less than 1%. Accordingly, they created a new genus, Mobiluncus in
the family Bacteroidaceae. They established two species, M. mulieris and M. curtisii, and
divided M. curtisii into two subspecies, M. curtisii subspecies curtisii and M. curtisii
subspecies holmesii.

Mobiluncus has the cell wall structure and biochemical composition of a Gram-
positive rod, but it usually stains Gram-negative. Electron micrographs reveal a
multilayered cell wall consisting of a trilaminar structure with a peptidoglycan layer
which lacks an outer membrane. This cell wall structure is similar to that seen in
Gardnerella vaginalis. The thinness of this peptidoglycan layer may explain the tendency
of these organisms to stain Gram-negative. However, because its cell wall lacks an outer
membrane this organism is considered to be Gram-positive.

FEMALE GENITAL TRACT INVOLVEMENT

Clinical manifestations

Mobiluncus species have been closely associated with bacterial vaginosis and are
considered by some investigators to be an etiological agent of that syndrome. The
organism can be detected in about 50% of patients with bacterial vaginosis either by its
characteristic serpentine or corkscrewing pattern of motility on direct microscopic
examination (wet mount) of vaginal secretions, or as Gram-variable curved rods with
tapered ends on Gram stain. Culture methods have not proven reliable. Selective and
differential media that work well on laboratory isolates have yet to be found clinically
useful. In fact, even when the organism is the predominant morphotype on Gram stain, it
often cannot be recovered by culture methods. The findings of Mobiluncus in a wet
mount or on Gram stain strongly correlates with the concomitant presence of vaginal
bacteriosis.
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Mechanisms of pathogenicity for Mobiluncus, if any, have not been elucidated. The
organism produces large quantities of succinate which has been shown to decrease both
chemotaxic response and phagocytic activity in leukocytes and to stimulate the growth of
specific anaerobes, e.g. Bacteroides melaninogenicus. These factors may play a role in
bacterial vaginosis. Mobiluncus has also been isolated in mixed culture from extra-genital
wounds and abscesses and in pure culture from repeat blood cultures. Mobiluncus species
have been isolated from patients with pelvic inflammatory disease and have been isolated
from amniotic fluid.

Although never cultured from males, Mobiluncus has been detected by genetic probe
analysis and by Gram stain in prostatic and seminal secretions in partners of patients with
vaginal bacteriosis. It is, therefore, suspected that males serve as reservoirs for this
organism. Mobiluncus has not been incriminated in any diseases in males.

Diagnosis

On Gram stain, Mobiluncus appears as curved rods with tapered ends occurring singly or
in pairs, sometimes with a gull wing appearance or as semi-circles. It produces tiny
punctate colonies about 1.2 mm in diameter on blood agar after 3-5 days anaerobic
incubation at 35°C. It does not pit or corrode the agar. Although growth requirements are
incomplete, Mobiluncus can be grown on nutrient agar supplemented with blood or
serum, or in carbohydrate broth enriched with 2% inactivated serum. It is not hemolytic
on fresh blood but appears hemolytic on very old (4-6 weeks) rabbit and human blood.
All strains can produce acetic, lactic and large amounts of succinic acids from a variety of
carbohydrates. They produce no detectable catalase or cytochrome oxidase, but can
hydrolyze starch. They are motile by a tuft of flagella originating in the concave aspect of
the bacterium. M. mulieris is longer, about 3-5 um, than M. curtisii, which is about 1.5
pum in length. Both species are about 0.4 pm in width. M. curtisii can hydrolyze
hippurate, decarboxylate arginine and split galactosides. M. mulieris is negative for all of
these traits. M. mulieris always stains Gram-negative while M. curtisii can stain Gram-
positive.

The two species can also be differentiated by antimicrobial susceptibility patterns. M.
curtisii is resistant in vitro to nitroimidazole agents, while M. mulieris is generally
sensitive.

Therapy

All strains are resistant in vitro to colistin, nalidixic acid, and aminoglycosides, and
sensitive in vitro to penicillin and erythromycin, further demonstrating that these
organisms have cell walls that more closely resemble those of Gram-positive organisms.
The presence of a Mobiluncus species isolate in a patient with vaginal bacteriosis
accounts for the 15-20% failure rate observed with metronidazole treatment. The
demonstration of Mobiluncus warrants the addition of erythromycin to the therapeutic
regimen.
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Peptostreptococci

In 1893, Veillon first described what is today recognized as the anaerobic streptococcus.
He recovered a strict anaerobic streptococcus, which he called Micrococcus foetidus,
from a case of suppurative bartholinitis. The anaerobic streptococci are Gram-positive
cocci that grow in chains, clumps, pairs, or even tetrads. Because of the extent of
heterogeneity within the group, there is no characteristic pattern of fermentation. With the
exception of the micro-aerophilic group, the peptostreptococci do not produce beta-
hemolysis. Because of their proteolytic properties, the bacteria often produce large
amounts of hydrogen sulfide from sulfur-containing amino acids, resulting in a
putrefactive odor. Taxonomically, the peptostreptococci and the peptococci have recently
been grouped together under the peptostreptococci. Because of the similarity of their
pathogenic spectrum, the clinical distinctions between the two had never been sharply
delineated. Morphologically, the peptococci are distinct from the peptostreptococci and
are more properly thought of as the anaerobic staphylococci. They are larger than the
peptostreptococci and, rather than aggregating in chains, tend to form clusters similar to
their more aerobic counterparts.

FEMALE GENITAL TRACT INVOLVEMENT

The peptostreptococci constitute part of the natural flora of humans. The presence of
these organisms within the vaginal and alimentary tracts readily favors their conversion
from commensal organisms to opportunistic pathogens. The peptostreptococci have been
implicated in many infections, including chronic ulcers, the anaerobic form of gangrene,
pelvic abscesses, septic abortion, pyogenic liver abscesses, septicemia, urinary tract
infection, and subacute bacterial endocarditis. However, the disease entities affecting the
female genital tract are often examples of synergistic bacterial growth. In its original
definition by Meleney, bacterial synergism was described as not being a phenomenon in
which one organism initiates a process and another takes over, but rather one in which
there is a necessity for organisms to grow together intimately, implying the cross-
utilization of intermediary products of metabolism. Peptostreptococcal infections in
obstetrics and gynecology that deserve special attention include endometritis and
septicemia, and progressive synergistic bacterial gangrene.

Endometritis and septicemia

As early as 1910, peptostreptococci had been isolated from cases of puerperal sepsis. The
prerequisite for infection is a low oxidation-reduction potential, such as that provided by
grossly traumatized or devitalized tissue. Not infrequently a synergistic relationship
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exists with either G. vaginalis or the Bacteroidaceae. The G. vaginalis-peptostreptococci
coinfection occurs more frequently in obstetric patients, whereas the Bacteroides-
peptostreptococci are more common synergistic pathogens in gynecologic patients. Given
the conditions permitting anaerobic growth, the initial infection is endometritis. The signs
of infection include a foul-smelling lochia which is usually followed by pyrexia. If
infection is the consequence of retained septic products of conception, the process
spreads through the partially thrombosed sinuses at the placental site and gains access to
the uterine and ovarian veins. The process may not progress beyond this point, with
resolution of the infection occurring gradually over several weeks.

In uncontrolled infection, more widespread thrombophlebitis occurs (Figure 38.1).
The process may involve the iliac veins, inferior vena cava, and left renal vein.
Frequently the thrombosis is discontinuous, so that both external iliac veins may be
involved, whereas the

Early phiebitis =, '—

Initial infection

N8y

Extermive phiebitis

Figure 38.1 The uncontrolled spread
in infection due to the
peptostreptococci. Frequently
associated with severe injuries to the
birth canal and with retained pieces of
placenta, the infection is initially
limited to these injured areas.
Organisms tend to spread in the clot
within thrombosed sinuses to the
uterine and ovarian veins. Later more
widespread thrombophlebitis may
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involve the iliac veins, inferior vena
cava, and renal vein. From these foci
septic emboli slough off,causing
intermittent septicemia and abscesses
in the lung. (Gibberd GF. J Obstet
Gynaecol Br Commonw 1966; 73:1)

common iliac veins remain patent. Septicemia is almost inevitable with extensive
phlebitis of the pelvic veins. Its severity is influenced by the presence of a copathogen.
Immediate sequelae of the bacteremia include implantation of the anaerobic streptococci
on a previously damaged heart valve or hepatic localization in conjunction with a
Bacteroides species, resulting in subacute bacterial endocarditis or hepatic abscess,
respectively. The late sequelae of this disease process include septic embolization and the
resultant abscess in the lungs and/or pulmonary infarcts. Septicemia associated with
thrombophlebitis is characterized by repetitive sudden febrile spikes, which lend a
characteristic profile to the temperature chart. At necropsy, wide-spread pelvic
thrombophlebitis and multiple lung abscesses are frequent findings. The morbidity and
mortality seen with Bacteroides-peptostreptococci is far more significant than that
observed with G. vaginalis-peptostreptococci alone.

Antibacterial therapy is best directed against both components in the synergism,
although it is possible the eradication of one of the two organisms and the surgical
removal of the conditions favoring anaerobic growth will allow the condition to resolve
itself. Penicillin, the drug of choice in the treatment of the peptostreptococci, is often
ineffective in eradicating B. fragilis. The presence of thrombophlebitis is an indication for
heparinization.

Progressive bacterial synergistic gangrene

In 1926 Meleney first described a condition which he later termed ‘progressive
synergistic gangrene’, which was due to beta-hemolytic, microaerophilic streptococci in
synergism with other organisms (e.g. Staphylococcus aureus, Proteus, etc). The disease
process usually begins around retention sutures after abdominal surgical repairs. The
initial lesion is a small, very painful, superficial ulcer which gradually spreads. The
central shaggy ulcerated area is surrounded by a rim of gangrenous skin. This in turn is
surrounded by an outer zone of peripheral erythema that infiltrates the adjacent pink
edematous skin. The condition is distinct from the fulminating ulcer described by
Meleney that is associated with group A hemolytic streptococci and which occurs without
the synergistic action of other organisms. Meleney reproduced this lesion experimentally
with a mixture of microaerophilic anaerobic streptococci and S. aureus. If pure cultures
of either organism were used, gangrenous ulcers did not develop. It should be noted that
even in the preantibiotic period, this was a rare disease.

Therapy involves massive systemic administration of antibiotics, including penicillin,
with a wide incision of the lesion. Conservative treatment has resulted in repetitive
operations. The incisional line must go far beyond the area of redness and edema and
bleed readily.



Peptostreptococci 397

DIAGNOSIS AND THERAPY

The diagnosis and therapy of peptostreptococcal disease is that discussed under
Anaerobic infections (Chapter 3).
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The Proteus group

The Proteus organisms are motile Gram-negative bacilli which exhibit significant
variation in size and shape. Young cultures grown on solid agar are particularly
pleomorphic. Short coccobacillary and long filamentous forms may be identified in
cultures and exhibit rapid spread over the entire surface of the culture. Such ‘swarming’
is due to the organism’s very active motility. The spread is so rapid that, not infrequently,
the presence of a Proteus strain as a component in a specimen may mask the presence of
another pathogen. Such specimens should be reisolated by cultivation on relatively dry
surfaces of 5% agar or on ordinary 1-2% agar containing 0.1% chloral hydrate. Urease
production is characteristic of the Proteus group. Experimental evidence suggests that
urease production may preferentially enhance bacterial replication within the renal
medulla, once infection is established. While urease production is a distinguishing
metabolic characteristic, functional subdivision of the Proteus group is based on maltose
fermentation and indole formation. The maltose-fermenting strains form indole; those
that do not ferment maltose are indole-negative. The relative ability or inability to form
indole is important in antibiotic chemotherapy. Indole-positive strains, such as Proteus
vulgaris, are resistant to ampicillin, whereas most of the indole-negative strains, such as
Proteus mirabilis, are highly susceptible.

IMMUNOLOGY OF INFECTION

Motile strains of Proteus contain H (flagellar) antigens in addition to the somatic O
antigens. Certain strains of P. vulgaris labeled OX share specific polysaccharide
antigenic determinants with Rickettsia prowazekii (the organism of epidemic typhus) and
other rickettsiae. The serologic cross-reactivity of the OX strains with certain rickettsial
organisms has resulted in the recognition of three types: OX 2, OX 19, and OX K, by
virtue of the Weil-Felix reaction. While these 