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Summary

Our understanding of the bacterial species inhabiting the female genital tract has been limited
primarily by our ability to detect them. Early investigations using microscopy and culture-based
techniques identified lactobacilli as the predominant members of the vaginal microbiota and
suggested that these organisms might serve a protective function at the mucosal surface.
Improvements in cultivation techniques and the development of molecular-based detection
strategies validated these early findings and enabled us to recognize that the microbiota of the
female genital tract is much more complex than previously suspected. Disruption of the vaginal
microbial community due to invasion of exogenous organisms or by overgrowth of one or more
endogenous species has important health implications for both the mother and newborn.
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Introduction

The microbial inhabitants of the female genital tract and the contribution of these organisms
to health and disease have been investigated for well over a century, yet they remain
incompletely understood. The earliest studies focused on the microbiology of the lower
genital tract and relied upon growth of bacteria in rich medium and identification based on
observable characteristics (including shape, Gram stain, and arrangement of cells). These
investigations led to important insights including the identification of lactobacilli as the
predominant members of the vaginal ecosystem in most women, to the hypothesis that these
organisms might serve protective functions at the vaginal mucosal surface, and to the
presumption that the upper genital tract is sterile under normal conditions. With advances in
bacteriological culture strategies, scientific understanding of the vaginal microbiota became
significantly more nuanced. However, only a fraction of microbes can be cultured in the
laboratory even with the most modern techniques, limiting studies of the host-associated
microbiota. As culture-independent measures of microbial diversity have been developed
and used, the microbiota of the vagina and upper genital tract have been revealed as
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considerably more dynamic and complex than previously suspected, with important
implications for the health of women and infants.

Normal microbiota

Lower genital tract

The earliest debates about the relevance and even the existence of bacterial inhabitants of
the female genital tract date to the 1870s and reached a quite contentious point by the turn of
the century (reviewed by Williams?). The primary question under investigation at that time
was whether puerperal sepsis resulted from external contamination of normally sterile sites
(e.g. by the hands of physicians or midwives) or whether the necessary etiologic agents
existed in the vagina or uterus under normal circumstances. In 1887, Génner? and
Déderlein? separately examined this issue and came to opposite conclusions. Gonner noted a
failure to culture pyogenic organisms (staphylococci, streptococci) from the vaginal
secretions of pregnant women (and, presciently, observed that on direct examination of
coverslip preparations there were a multitude of visible organisms that did not grow in
subsequent culture). By contrast, Ddderlein found carefully obtained uterine samples to be
sterile but vaginal secretions frequently to contain pyogenic cocci, placing him firmly in the
camp of “autoinfectionists' (these early studies are reviewed by Williams1). In 1892,
Ddderlein published a monograph, Das Scheidensekret (“vaginal secretions'), reporting the
bacteriological investigation of nearly 200 pregnant women.* This work provided further
evidence supporting his autoinfectionist viewpoint but more importantly contained the first
descriptions and images of the vaginal bacillus, subsequently called the Déderlein bacillus
(later Lactobacillus acidophilus®).

Daoderlein divided the bacterial communities of pregnant women into normal (dominated by
the vaginal bacillus) and abnormal (containing numerous other organisms, frequently
streptococci or staphylococci). He argued that in the normal secretions, conditions promoted
by vaginal bacilli, including acidity, were crucial to keeping the vagina free of pathogenic
bacteria.* This was a crucial concept, one that continues to inform investigations into
vaginal microbial ecology. Understanding the mechanisms by which vaginal lactobacilli
protect from colonization or infection by other organisms (colonization resistance or
bacterial interference) is a longstanding goal. Thomas noted the absence of lactobacilli in
vaginal samples from women with gonorrhea and attempted to use instillation of cultures of
lactobacilli as therapy as early as the 1920s.°> Subsequent studies also described an inverse
relationship between lactobacilli and Neisseria gonorrheae in the vagina, suggesting
antagonism.® Further study attributed the protective effects of vaginal lactobacilli to several
mechanisms including the production of hydrogen peroxide and lactic acid (which maintains
the vaginal tract at an acidic pH) the production of bacteriocins (small peptides with
microbicidal activity) and competition for nutrients or receptors at the epithelial surface
(review%d by Reid et al.”). The relative importance of each of these mechanisms remains
unclear.

Subsequent improvements in culture techniques and in biochemical characterization of
micro-organisms have led to important additional insights: that the “Déderlein bacillus' is
not a single organism but a heterogeneous group of lactobacilli with distinct
characteristics®-11 and that the vaginal microbiota is composed of considerably more than a
simple monoculture of lactobacilli. The readily cultivable vaginal lactobacilli are now
divided into a small number of dominant species, chiefly Lactobacillus crispatus,
Lactobacillus jensenii, and Lactobacillus gasseri.12 Studies from the 1970s until the advent
of culture-independent techniques greatly expanded the census of vaginal microbes. The use
of quantitative culture, improved transport media, and anaerobic incubation particularly
drove this expansion (reviewed by Larsen and Monif!3). Among the aerobes and facultative
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organisms, lactobacilli, other Gram-positive rods, staphylococci and streptococci (of both
pathogenic and non-pathogenic varieties), and Gram-negative enteric organisms can all be
found at high prevalence in vaginal samples. Likewise, a variety of cultivable anaerobes
including Prevotella spp., Fusobacteria spp., and others are present in substantial numbers
at the vaginal mucosal surface.13

It has been clear since at least the days of Gonner that culture-based investigations of the
vaginal microbiota are intrinsically limited. Cultivation-independent techniques bypass the
need to grow microbes in culture and rely instead upon isolation of DNA from a given
sample followed by techniques to identify individual microbial community members. The
bacterial 16S rRNA gene is most commonly used as a means of identification, because it is
highly conserved among species but possesses several hypervariable regions that can allow
identification to the genus or species level (reviewed by Clarridgel#). Briefly, primers are
generated to the conserved regions of the 16S rRNA gene, producing a polymerase chain
reaction (PCR) product that spans one or more of these hypervariable regions. These
products can then be analyzed in several ways to assess community structure. These
methods include terminal restriction fragment length polymorphism (T-RFLP) analysis, in
which PCR products are generated and digested with restriction enzymes, yielding patterns
of fragments used for identification. The PCR products may also be analyzed by denaturing
gradient gel electrophoresis (DGGE) in which they are separated based on sequence
differences by subjecting them to the activity of a gradient of denaturing chemicals.
Whereas T-RFLP and DGGE are useful and economical techniques, direct sequencing of
16S PCR products yields the most detailed information and, as sequencing costs have
decreased, has become the most commonly used technique. The recent transition from low-
throughput clone library sequencing studies to deep sequencing of PCR amplicons has led to
a rapid accumulation of data regarding human-associated microbial communities and has
been crucial in furthering our understanding of the microbiota of the genital tract.

16S-based studies have largely confirmed the broad conclusion of Ddderlein, that
lactobacilli are the dominant organisms in the vaginal tract of most healthy premenopausal
women, but they have also refined that view significantly. For example, an early culture-
independent investigation seemed to confirm L. crispatus, L. jensenii, and L. gasseri as the
most numerous members of the vaginal lactobacilli.}?2 However, 16S-based studies have also
revealed a major role for a more recently identified organism, Lactobacillus iners, which
had been largely overlooked in early investigations because of its fastidious growth
requirements?® likely due to significant genome reduction.16 In a 2002 study, L. iners was
found to be a frequent constituent of the vaginal microbiota of Swedish women,1” and
Burton et al. subsequently found L. iners to be the most frequently detected vaginal
lactobacillus in their sample of premenopausal women.18 Individual differences in
Lactobacillus spp. composition of the vaginal tract between women of different geographic
locations, races and ethnicities have been noted across multiple studies.1920

Most of these early culture-independent studies relied on T-RFLP/DGGE with targeted
sequencing of some PCR products and thus were limited in resolution. A 16S clone-and-
sequence approach was used by Hyman et al. to investigate the vaginal microbiota of
healthy women and by Fredricks et al. to study women with and without bacterial
vaginosis.?122 These studies were largely limited to genus-level identification of microbes,
but they provided a glimpse of the vast, unappreciated diversity of uncultivated and lower-
abundance bacteria present at the vaginal mucosal surface. The most detailed investigation
to date used deep sequencing of 16S PCR products to probe the vaginal microbiota in 396
women of childbearing age.23 Despite considerable inter-individual diversity, the microbial
communities clustered into five groups, four of which had a single dominant Lactobacillus
sp., and one “diversity group', the members of which did not have a lactobacillus-dominant
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microbiota. It is notable that the L. iners-dominant group was the most common among the

five, though this was not true across all racial and ethnic groups. Hummelen et al. used deep
sequencing of 16S amplicons in a cohort of human immunodeficiency virus (HIV)-positive

women in Tanzania and described L. iners and Gardnerella vaginalis as members of a core

microbiota (i.e. present in all samples tested).24

Follow-up of these deep sequencing approaches with targeted PCR or microarray-based
detection of specific organisms has provided tools to examine short term fluctuations in the
vaginal microbiota. Daily sampling with PCR-based quantification of vaginal bacterial
species in a small sample of women demonstrated substantial variability in individuals over
very short time periods as well as significant shifts in species composition associated with
menses.2® Factors influencing the normal vaginal microbiota may include age, hormonal
status/phase of menstrual cycle, host genetic background, exposure to sexually transmitted
agents, immune status, and possibly diet and nutritional status.2® Long-term studies with
frequent sampling will be needed in order to gain a better understanding of the factors
driving the diversity and the dynamics of the vaginal bacterial community.

Upper genital tract

Despite the extensive microbial colonization of the cervico-vaginal epithelium, the tissues of
the upper genital tract are generally considered to be sterile.2” Introduction of bacteria into
these tissues is typically associated with identifiable disease (endometritis or pelvic
inflammatory disease?82%). However, the results of several culture-based based
investigations documenting recovery of organisms from the endometrium of healthy,
asymptomatic women challenge this notion of sterility.39-32 Contamination with bacteria
from the lower genital tract, particularly when using a transcervical technique for specimen
collection, is one potential explanation for these findings.33 However, endometrial cultures
obtained via surgical hysterotomy in women presenting for hysterectomy have yielded
similar results. Specimens obtained using this intraoperative technique indicate that ~25-
30% of subjects harbor one or more micro-organisms in the uterus, with Lactobacillus spp.,
Mycoplasma hominis, Gardnerella vaginalis and Enterobacter spp. the most frequently
recovered,34.3

Additional evidence in support of a non-sterile intrauterine environment comes from studies
demonstrating the ability of some bacteria to attach to human spermatozoa, enabling
transport through the cervix and into the intrauterine space.36 Despite these data, bacterial
colonization of the upper genital tract of healthy, asymptomatic women remains a somewhat
controversial issue.

During pregnancy, the placenta, fetal membranes, and cervical mucus plug function
collectively to defend the developing fetus from invading organisms. Several adverse
obstetric outcomes including miscarriage,3’ chorioamnionitis,38-3% premature rupture of
membranes (PROM)* and preterm birth#! have been associated with presence of bacteria in
the intrauterine cavity. These sequelae are believed to be the direct result of the maternal and
sometimes fetal inflammatory response to bacterial pathogens.

It is difficult to ascertain whether bacteria may exist in these tissues without inducing a
deleterious inflammatory response (i.e. colonization without infection). Because rupture of
the fetal membranes*® and uterine contractions*? are independently associated with
microbial invasion of the intrauterine cavity, only studies using specimens obtained from
women with intact membranes, prior to the onset of labor, can adequately address this
question. Therefore, the majority of investigations are made in women delivering preterm
secondary to maternal indications, such as pre-eclampsia, or in those presenting for elective
cesarean section at term gestation. Variability in the specimen collected (placental tissues
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versus fetal membranes or amniotic fluid) and methodologies employed for bacterial
detection (culture-dependent versus molecular-based techniques) contribute to the difficulty
in interpreting reported data.

Onderdonk et al. used culture-based techniques to examine placental biopsy specimens
obtained from women delivering in the second trimester of pregnancy.*3 Bacteria were
recovered in nearly 25% of placentas delivered via cesarean section in the absence of labor
with intact fetal membranes, leading the authors to conclude that the presence of organisms
in these tissues represented colonization as opposed to infection. They further speculated
that in some cases, colonization of the placenta may be beneficial, promoting normal
development of the fetal immune system without harm to fetus or mother. Steel et al. used
in-situ hybridization to detect bacterial RNA in fetal membranes and demonstrated that
preterm tissues delivered by cesarean section in the absence of labor with intact membranes
contain bacteria as frequently as those collected after preterm labor or PPROM (nearly 85%
of samples).** These investigators concluded that the presence of bacteria in these tissues is
not necessarily sufficient to induce inflammation and subsequent preterm labor. Whether
these pregnancies would have continued to term is unknown. Interestingly, this same study
revealed that the 70% of tissues delivered by elective cesarean section at term in the absence
of labor were positive for the presence of bacterial RNA.#4 By comparison, the frequency of
microbial invasion of the amniotic cavity was noted to be only 1% in a similar cohort of
women when standard culture techniques were used to examine the amniotic fluid
specimens. This finding may represent the presence of dead microbes or the limitations of
culture-based study.

Disturbances of the genital tract microbiota

Disruption of the vaginal microbial community may occur following invasion of an
exogenous organism, as is the case with monoetiologic diseases such as gonorrhea or
chlamydia, or by overgrowth of one or more endogenous commensal species, as occurs in
bacterial vaginosis or aerobic vaginitis. This later mechanism is particularly problematic
with regards to defining disease, identifying causative agents and distinguishing colonization
from infection. Several of these issues are highlighted below.

Bacterial vaginosis

Bacterial vaginosis (BV) is a condition characterized by replacement of the normally
protective Lactobacillus spp. with a massive overgrowth of anaerobic and facultative
organisms including Gardnerella vaginalis, Atopobium vaginae, Bacteroides spp.,
Mobiluncus spp., and genital mycoplasmas.#>46 This alteration in vaginal microbiology may
lead to symptomatic vaginitis. However, the vast majority of affected women remain
asymptomatic.4’ Regardless of clinical presentation, BV is associated with significant
adverse consequences including miscarriage,*® preterm birth,4° chorioamnionitis,°
postpartum endometritis°! and an increased risk of HIV acquisition.>2 This complex
disorder is exceedingly common, with prevalence rates ranging from 10% to 40%.°3
Suboptimal methods of diagnosis reflect the inherent difficulties in precisely defining this
condition and make the true prevalence difficult to ascertain.

In 1955, Gardner and Dukes isolated Haemophilus vaginalis, now known as G. vaginalis,
from women with “nonspecific vaginitis' and postulated that this was the primary etiological
agent.> Their attempts to induce infection in healthy volunteers by inoculating pure cultures
of G. vaginalis were largely unsuccessful (only one of 13 volunteers infected).2® They were,
however, able to induce vaginitis in 11 of 15 volunteers by inoculating vaginal secretions
from affected women, suggesting that G. vaginalis alone was not sufficient to induce disease
and that additional factors/organisms were necessary. Since that time, numerous BV-
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associated bacteria have been identified using both standard culture and cultivation-
independent techniques and BV is generally regarded as a polymicrobial disease.
Nevertheless, G. vaginalis remains one of the most frequently isolated organisms in women
with BV®% and its cytotoxicity and ability to produce an adherent biofilm suggests a greater
virulence potential relative to other BV-associated organisms.>/~59

Because of the failure to define a single causative infectious agent and because most BV-
associated bacteria may be found in women without disease, the utility of standard culture
for diagnosis is limited. Hillier et al. noted that the positive predictive value of a positive G.
vaginalis culture is <50%.4> Amsel's criteria, although widely accepted as the best available
means to diagnose BV in the clinical setting®® may fail to identify women with
asymptomatic BV. Alternatively, BV may be diagnosed using the Nugent scoring system for
interpretation of Gram-stained vaginal smears. This method assesses the number of
lactobacilli relative to BV-associated bacterial morphotypes in order to characterize vaginal
microbiota as normal, intermediate or abnormal (BV).51 A major criticism of this diagnostic
strategy is that although women with high numbers of Lactobacillus spp. generally do not
have BV, it may be incorrect to conclude that women with few or no Lactobacillus spp.
have BV.2 In the study by Ravel et al. described above, nearly 25% of asymptomatic
reproductive-age women had vaginal bacterial communities in the “diversity group' (i.e. not
dominated by Lactobacillus spp.).23 In addition, questions regarding the risk of potential
morbidities and the need for antimicrobial therapy in those women found to have
“intermediate flora' remain unanswered.%3

The use of cultivation-independent techniques has not only enhanced our understanding of
the microbiology of BV but has also recently been explored as a potential diagnostic
strategy. Fredricks et al. used 16S rDNA PCR to characterize and compare the bacterial
communities found in women with and without BV.2! They demonstrated that those
subjects with BV exhibited considerably greater bacterial diversity, with 35 bacterial
phylotypes detected, 16 of which were newly recognized. By contrast, women without BV
were noted to have relatively homogeneous vaginal microbiota, predominantly comprised of
lactobacilli. Preliminary studies using targeted (taxon-directed) broad-range assays to detect
these novel species reveal a diagnostic performance comparable to that of the Amsel or
Nugent criteria.54 Application of these molecular-based techniques to detect organisms
traditionally associated with BV may also be of benefit. Real-time PCR analyses of vaginal
specimens indicate that increased concentrations of both G. vaginalis and A. vaginae are
highly specific for BV.%6 A prospective study examining the diagnostic accuracy of
quantitative PCR assay for these two organisms found this strategy to have a high sensitivity
(100%) and specificity (93%) in relation to standard methods of diagnosis.®> Although these
culture-independent methodologies exhibit promise as potential diagnostic modalities, the
prohibitive cost, necessary equipment and required technical expertise preclude their routine
use at this time.

The physiologic mechanisms by which BV leads to adverse pregnancy outcomes remain
poorly understood. It is possible that replacement of the lactobacillus-dominated microbial
community with an overgrowth of BV-associated organisms stimulates a local or systemic
inflammatory response that ultimately reaches the intrauterine environment. This
explanation is somewhat unlikely as BV is characterized by a paucity of infiltrating immune
cells, and, although increases in local cytokine concentrations have been documented,
circulating levels of serum cytokines remain unchanged.53.66 Alternatively, these adverse
outcomes may be attributable to the ascension of BV-associated bacteria into the intrauterine
space.®%:67 Evidence in support of this hypothesis is presented below.

Semin Fetal Neonatal Med. Author manuscript; available in PMC 2013 February 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Rampersaud et al.

Page 7

Aerobic vaginitis

Recently, a second major abnormality of the vaginal microbiota, termed aerobic vaginitis
(AV), has been described. In this disorder, the normally present Lactobacillus C spp. are
replaced with aerobic organisms, predominantly enteric commensals or pathogens.58 Such a
community was most often classified as “intermediate' in previous investigations. Donders et
al. proposed the following microscopic features to diagnose this disorder: (1) a paucity of
lactobacilli; (2) an increased number of leukocytes; (3) the presence of parabasal cells (a
sign of epithelial inflammation); and (4) the presence of cocci or coliform bacteria.5% By
contrast with BV, women with AV exhibit a robust immune response, with markedly
elevated vaginal concentrations of interleukin (IL)-1b, IL-6, IL-8 and leukemia inhibitory
factor. Furthermore, this condition produces clinical signs and symptoms of vaginitis in
>70% of those affected.

Group B streptococci (GBS), Escherichia coli, and Staphylococcus aureus are the organisms
most frequently associated with AV.59 Of note, 20% of women with AV also exhibited an
overgrowth of G. vaginalis, indicating that there may be a degree of overlap with BV or that
the two entities may coexist.5® Prospective analyses have linked AV with several
pregnancy-related complications including late miscarriage, chorioamnionitis, and preterm
birth.68.70.71 The precise role of AV during pregnancy, the utility of screening, and potential
therapies require further study.

Ascending infection and chorioamnionitis

Chorioamnionitis refers to inflammation of the fetal membranes and placental chorion most
typically due to an ascending bacterial infection. It is believed that vaginal organisms first
invade the choriodecidual space (between the maternal tissues and the fetal membranes) and
then infect the amniotic fluid by crossing intact chorioamniotic membranes.’? Less
frequently, organisms may gain access to these tissues via migration from the abdominal
cavity through the Fallopian tubes, iatrogenic inoculation during amniocentesis or chorionic
villus sampling, or hematogenous spread from distant sites.”%73 The presence of microbes in
the chorioamnion generates a maternal and, in some cases, a fetal inflammatory response
characterized by the release of proinflammatory cytokines and chemokines3? that may lead
to cervical ripening, membrane injury, labor at term or premature birth at earlier gestational
ages.’* Because the vast majority of intrauterine infections are subclinical, identifying
women with chorioamnionitis poses a major challenge.

In women in spontaneous preterm labor with intact membranes, the most commonly
identified bacteria in the amniotic fluid using standard culture techniques are Ureaplasma
urealyticum (47%) and Mycoplasma hominis (30%), G. vaginalis, Bacteroides spp. and
peptostreptococci.8”:72.75.76 Group B streptococci and Escherichia coli are most often
isolated in clinically symptomatic women and may associated with aerobic vaginitis 681
Chorioamnionitis secondary to Chlamydia trachomatis and Neisseria gonorrhoeae, though
infrequent, has also been described, particularly after membranes have ruptured.’2.77
Chorioamnionitis is typically a polymicrobial infection, with >65% of positive amniotic
fluid cultures growing two or more organisms.’# In some instances, intra-amniotic
inflammation is detected although bacterial cultures remain sterile. This likely reflects
infection with uncultivated species.

DiGiulio et al. used both standard culture and broad-range PCR to analyze the amniotic fluid
of women in spontaneous preterm labor with intact membranes.’® They demonstrated that
the microbial prevalence in the amniotic fluid using this method was 56% higher than that
found by routine cultivation methods. Species detected by PCR alone included
Streptococcus mitis, an uncultivated Bacteroidetes bacterium, Delftia acidovorans, Neisseria
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cinerea, sneathia sanguinegens, Leptotrichia amnionii and one previously uncharacterized
bacterial species. These investigators highlighted the clinical relevance of these findings by
demonstrating that a positive PCR result had a 100% positive predictive value for preterm
delivery in this cohort.

The use of broad-range PCR to identify bacterial DNA in the amniotic fluid has increased
our understanding of the diversity and abundance of microbial species invading the amniotic
cavity in the setting of preterm labor. Importantly, this methodology may allow for more
timely intervention and appropriate antibiotic selection.

The vaginal microbiota as a reservoir for neonatal pathogens

Bacterial communities that exist in the lower genital tract are among the first to colonize the
neonate following vaginal delivery and therefore contribute to the establishment of the skin
and intestinal microbiota of early infancy.”® A number of well-recognized neonatal
pathogens may be found in the vaginal tissues of healthy pregnant women and the vertical
transmission of such organisms is associated with increased risk for invasive bacterial
disease in the early neonatal period.

Group B streptococcus—Group B streptococcus (GBS) is a leading infectious cause of
morbidity and mortality among neonates, and colonization of the maternal genital tract,
occurring in 20-25% of pregnant women, is the primary risk factor for neonatal disease.80:81
The gastrointestinal tract is believed to be the primary human reservoir for group B
streptococcus and the likely source of vaginal colonization in pregnant women.82 Vaginal
colonization may be transient, intermittent or chronic.83 Epidemiologic studies suggest that
black race, multiple sexual partners, increased maternal age, previous spontaneous abortion,
increased sexual activity, and altered vaginal bacterial communities (decreased
Lactobacillus spp. and concurrent colonization with CCandida spp.) are risk factors for
vaginal colonization with GBS 8486

Vertical transmission of GBS to the neonate occurs in ~50% of colonized mothers. Of those
colonized infants, 2% will go on to develop early onset GBS infection (reviewed by
Baker87). Transmission to the fetus or newborn occurs through direct exposure during
passage of the infant through the birth canal or via ascension of the organism from the
vagina to the intrauterine space. Efforts to prevent vertical transmission of GBS, including
universal maternal screening and antepartum antibiotic prophylaxis, have led to a nearly
80% reduction in the incidence of early onset disease.88

Gram-negative enteric organisms—Gram-negative bacteria that typically inhabit the
gastrointestinal tract may also colonize vaginal mucosal surfaces. These organisms may be
transmitted to the fetus or newborn during the perinatal period and are associated with
substantial neonatal morbidity. Escherichia coli most prevalent of these and is responsible
for the majority of cases of early onset sepsis in preterm infants, and is the most frequent
cause of early onset meningitis.8% A recent prospective study designed to identify primary
determinants of mucosal colonization of newborns in the neonatal intensive care unit
revealed that vaginal delivery was associated with a fourfold higher risk of colonization by
E. coli, indicating that these organisms are likely of maternal origin.?CE. coli strains
possessing the K1 capsular antigen exhibit a specific tropism for the central nervous system
and are responsible for ~75-80% of neonatal cases of E. coli meningitis.®! Culture-based
studies demonstrate E. coli K1 vaginal colonization rates ranging from 5% to 7% throughout
pregnancy.92 Vertical transmission of the K1 serotype from mother to infant is exceedingly
common, with 50% of infants colonized if their mothers were positive for this organism at
the time of delivery.93 Other Gram-negative pathogens including Haemophilus, Klebsiella,
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and Enterobacter spp. have been isolated from the maternal genital tract and are less
frequent, but have been reported as causes of neonatal early onset sepsis.89:94.95

Staphylococcus aureus—Most newborns are colonized with Staphylococcus aureus
within the first few days of life.%6 The vast majority of infants acquire S. aureus through
direct contact with the skin of caretakers and healthcare personnel. However, the maternal
vaginal tract has become an increasingly recognized source of neonatal colonization. A
recent epidemiologic study indicated that S. aureus colonization rates in newborns are
tenfold higher when the mother is a vaginal carrier than when she is not.%7 Furthermore,
among maternal carriers, delivery by caesarean section significantly decreases the likelihood
of S. aureus colonization in the neonate compared to vaginal delivery. Of concern is the
increasing proportion of neonates harboring meticillin-resistant S. aureus (MRSA). A large,
single center, prospective surveillance study revealed that 3.5% of infants admitted to the
neonatal intensive care unit between 1993 and 2006 were colonized with MRSA.8 Vaginal
delivery was again noted to be an independent predictor for neonatal colonization.

The estimated prevalence of vaginal colonization with S. aureus during pregnancy ranges
from 14% to 21%.98-100 Both meticilli-susceptible S. aureus and MRSA colonization are
significantly more common among GBS-positive than GBS-negative women.®® Vaginal
colonization with S. aureus is often asymptomatic, except when associated with AV.%9
Although the attack rates for infection following neonatal colonization are low, S. aureus
remains an important neonatal pathogen, particularly in the intensive care setting.

Ureaplasma species—Vaginal colonization with Ureaplasma spp. occurs in 40-80% of
women.101 Transmission to the fetus may occur following ascending infection or
hematogenous spread through the placenta and umbilical vessels.192 Alternatively, the
neonate may acquire the organism during passage through the birth canal with subsequent
colonization of the skin, mucosal membranes and respiratory tract.101 Vertical transmission
appears to vary according to gestational age. One prospective study revealed a vertical
transmission rate of 60% for newborns weighing <1000 g vs only 15.3% for infants
weighing >1500 g.103 The authors noted that the overall ureaplasma colonization rate was
10% for full-term infants vs 24% for preterm infants. This variability likely reflects the
causative role for these organisms in the onset of preterm labor.104

Ureaplasma spp. are a frequent cause of chorioamnionitis and fetal infection.194 Acute
infections in the neonatal period appear to be less frequent, although the lack of detection
may be secondary to inadequate/inappropriate collection and processing of culture
specimens. Nevertheless, neonatal pneumonia, % sepsis,102 and meningitis,19¢ secondary to
Ureaplasma spp. have all been clearly described in the literature. Interestingly, colonization
of preterm infants with Ureaplasma spp. has been linked to development of several
significant morbidities, including bronchopulmonary dysplasia, 197 intraventricular
hemorrhage, 198 and necrotizing enterocolitis.109

Conclusion

Our understanding of the breadth and diversity of bacterial species inhabiting the female
genital tract has been primarily limited by the ability to detect them. Improvements in
cultivation techniques and the development of molecular-based identification strategies have
enabled us to recognize that the microbiota of the female genital tract is extraordinarily
complex and dynamic in nature, with significant inter-individual variability. Interestingly,
these methodologies have helped validate several important observations made in the late
1800s, including the protective role of vaginal lactobacilli and the importance of both
endogenous and exogenous microbes in the pathogenesis of diseases. Continued exploration
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host and microbial factors will help clarify the pathophysiology of important perinatal

conditions, including chorioamnionitis, and will likely lead to new strategies to prevent
infection-related morbidity in women and newborns.
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