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Abstract: This paper details the anatomic and immunologic environment in the placenta, urinary tract and vagina
that allows for the establishment of a commensal or symbiotic bacterial population in each of those areas. It de-
scribes the placental microbiome and hypothesizes implications for the initiation of labor. It details how the host
bladder cells and behavior form the foundation of the urinary microbiome and attempts to explain the observed
variations in a normal population. It concludes with a review of the vaginal microbiome and discussion of probiotic
use. Comparison of these three microbiomes illustrates that neither microbial sterility nor constancy have been ob-
served in healthy populations and highlights the ubiquitous role that microorganisms play in normal human physiol-
ogy. The paper summarizes the local anatomic and immunologic factors that contribute to the establishment and
maintenance of the microbiome, and considers what processes may alter its function. Recalibrating dysfunctional
microbiota remains challenging but is an ambitious and important goal for clinical practice and future experimental
design.
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Introduction

Humans co-evolved with a multitude of bacte-
ria, viruses and fungi that colonized and occa-
sionally invaded their body surfaces and spac-
es. It is now widely accepted that these po-
tential pathogens are kept at bay by a sophisti-
cated innate and acquired immune system that
recognizes and neutralizes pathogens and sig-
nals for needed repairs [1]. Bacteria cultured
from surfaces of healthy hosts that have regu-
lar contact with the environment are not usually
associated with a disease state because of a
healthy host immune system, physical barriers
to invasion and clearance mechanisms.

As our understanding of the gaps and failures
in the immunologic defense system increase,
more and more antimicrobials have been devel-
oped with the goal of treating disease by killing
the organisms hypothesized to be the cause.
However, intentional bacterial eradication in
many cavities of the human body has proven

unhealthy as normal organ function may be
inadvertently interrupted when populations of
flora, which help maintain physiologic homeo-
stasis, are decimated by broad spectrum antibi-
otic use. An example of this disruption is the
reduction in Vitamin K, needed for clotting, cal-
cium retention in bone and other functions, fol-
lowing broad spectrum antibiotic use which
decreases the vitamin K synthesizing flora usu-
ally present in the gut. Exogenous sources of
vitamin K must be used to compensate [2, 3].

The concept of a normal flora composing ami-
crobiome, a population of microbes that exist
on and in the human body in symbiotic, com-
mensal or pathogenic relationships, was des-
cribed in 1988 [4] and more broadly accepted
in the two decades following its recognition
[http://microbe.net/2015/04/08/what-does-
the-term-microbiome-mean-and-where-did-it-come-
from-a-bit-of-a-surprise/] as technologic advan-
ces allowed researchers to identify non-patho-
logic and non-dominant bacterial populations
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more easily. The labor involved in usingculture
based techniques to investigate the multitude
of organisms in a microbiome limited its explo-
ration; it was too difficult to obtain a sufficient
sample, uncontaminated by sampling meth-
ods, grow many organisms, which may be fas-
tidious or difficult to isolate, and identify known
bacteria. Non-culture based molecular meth-
ods, which extract DNA from a swab or fluid
sample, use polymerase chain reaction (PCR)
techniques to amplify and sequence bacterial
16SrRNA and attempt to match it with known
bacterial rRNA sequences, allow for easier
identification of bacteria but do not mitigate
the issues with sampling. With the use of cul-
ture and non-culture based testing, over a
dozen distinct microbiomes have been discov-
ered in anatomic spaces of healthy individuals,
including in some spaces that had traditionally
been considered sterile using conventional cul-
ture techniques.

These distinct microbiomes are not only influ-
enced by non-infectious disruptions in human
health, but the absence of a robust heteroge-
neous bacterial population in certain non-ster-
ile spaces can rapidly become pathologic. The
differences between populations of bacteria
identified in the gut microbiome in healthy indi-
viduals are now thought to be a result of the
interactions between diet, genetic make-up
and antibiotic exposure [5]. In turn, gut micro-
biota alter nutrient metabolism in obese or
underweight states, [6] or influence the level of
chronic inflammation in bowel disease [7]. After
broad-spectrum antibiotic use, the substrates
and space originally used by a mixture of
organisms may be used for the overgrowth of a
single bacterial or fungal population. The over-
growth commonly precipitates an immune
response as occurs in oral or vulvo-vaginal
candidiasis [8] or invasive disease like
Clostridium difficile associated colitis [9].

For the clinician who prescribes antibiotics, the
presence and genomic identity of the microbi-
omes in any body space are less directly appli-
cable to practice than an understanding of the
relationship that exists between bacterial and
fungal elements in the microbiome and its ana-
tomic niche. Then assessment of the microbi-
ome can be combined with discrete microbial
manipulation in disease states. Yet the func-
tional relationship is not completely defined in
many of the descriptive studies outlining and
categorizing either the normal or altered mi-
crobiome.
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This paper aims to investigate the relationship
between the identified microbiota of placental,
urethral and vaginal spaces, three spaces with
very different anatomic relationships to normal
bacterial flora in the perineum (Table 1). It will
explore the type of relationship the microbiome
has with its anatomic space by using the under-
standing of the normal function and operation
of the placenta, bladder and vagina, the depth
of immunologic response in those spaces, and
characteristics of the bacteria identified in the
microbiome in healthy subjects. We speculate
on a physiologic role for the placental microbi-
ome, explain the role of cellular niches and
local host defenses in the bladder and urethra
in shaping the urinary microbiome, and briefly
review the role of the vaginal microbiome in
health and disease.

Placental microbiome

Normal placental function and immunologic
environment

The human placenta forms in the fertilized egg,
supports and protects the developing fetus dur-
ing the course of a healthy pregnancy. Around
the sixth day after egg fertilization, the expand-
ing blastocyte moves from the fallopian tubes
to the uterus where, initially, its growth is sup-
ported by uterine secretions. After the blasto-
cyte implants, the connection it makes with the
uterine wall eventually matures into decidua
basalis from maternally derived tissue on the
basal plate of the placenta and the choric villi
from the fetus on the chorionic plate side of the
placenta [10].

The largest cellular interface between the blood
of the developing fetus and the blood of the
mother is the fused multinucleated tropho-
blasts, called syncytiotrophoblast, in the pla-
centa’s chorionic villi. Trophoblasts indepen-
dent of the syncytiotrophoblast invade the ut-
erine wall to form the spiral arteries which con-
nect the myometrium and the maternal blood
supply. In the first trimester, natural killer cells,
macrophages and regulatory T-cells enter the
decidua and accumulate around extravillus tro-
phoblasts [11]. The syncytiotrophoblast allows
the essential exchange of nutrients, gases, and
waste between the maternal and fetal blood
streams. It also protects the fetus from expo-
sure to foreign genetic material, maternal im-
mune system interrogation and sensitization,
and transmission of pathogens [12].
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Table 1. Normal and abnormal flora of the placenta, bladder and vagina

Location Flora detected in absence of dysfunction (Microbi- Flora fassociated with dysfunction, and/or Prior References
ome) Infection (resolved)
Placenta Oral Flora (Lactobacilli, Bifidobacterium, Proteobacte- Ureaplasma urealyticum, Esherichia coli, [15, 17]
ria, Bacteroidetes and Fusobacteria) Bifidobacterium Enterococcus species, Group B Streptotoccus,
and Lactobacterium Listeria monocytogenes and mixed gram nega-
tive and gram positive aerobes
Urine
Urethra Male
Foreskin intact Lactobacilli, Corynebacterium, Pseudomonal genera, [45]
anaerobes
No Foreskin Lactobacillli, Corynebacterium [45]
Urethra Female Lactobacilli [46, 50]
Bladder Intracellular enterobacteriacea (following resolution ~ Gram negative enteric organisms; streptococci [48]
of prior infection)
Vagina
Pregnancy Dominance of Lactobacilli-L. iners and L. crispatus; [60]
stable throughout pregnancy
Non-pregnancy Five community state types: Four dominated by Bacterial dysbiosis associated with fewer lactic  [55, 60, 61]

Lactobacillus: L iners or L crispatus most common; L acid producing organisms; Gardnerella sp,
gasseri or L. jenesnii less common; Fifth with fewer Prevotella sp, Atopobium vaginae, Candida sp
lactic acid producing bacteria; Prevotellas sp, Gard-  associated with HIV, human papilloma virus and
nerellavaginalis and more strict anaerobes. Variation Trichomonas vaginalis

over time
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Both the activation and modulation of the
maternal immune system are essential for the
progression of pregnancy and completion of a
successful delivery. The development of a
strong connection between the uterus and pla-
centa is promoted by a pro-inflammatory state
driving rapid cell recruitment and tissue growth
in the first trimester [11]. The immune cells
accumulating around the extravillous tropho-
blasts are demonstrably essential to the pro-
gression of the pregnancy, but Mor and Car-
denas [11] hypothesized that the function of
these immune cells must be carefully modulat-
ed to allow for tolerance of the connection
between mother and placenta. In the second
trimester, the inflammatory state is suspended
so the maternal immune system will permit the
connection through the placenta. This allows
an unrestricted supply of the substances es-
sential for the maturation of fetal organs, cre-
ates a protected space for cell activity that
does not occur at any other time in human
development. However, the extravillous tropho-
blasts in the decidua and the syncytiotrop-
hoblast in the chorionic villi may also be a site
of potential microbial invasion or colonization
[12]. Gene expression changes in the transcrip-
tional profiles of chorioamniotic membranes of
women in normal labor are similar to the genes
expressed with local inflammation, [13] as a
second pro-inflammatory state in the third tri-
mester spurs uterine contraction, delivery of a
neonate and disconnection of the placenta
from the uterus [11].

Describing placental microbiota

The presence of bacteria in the amniotic fluid of
a pregnancy has long been associated with
miscarriage, preterm labor and fetal infection,
however this is not exactly the case for the
presence of bacteria in the placenta. In a study
by Pettker, 183 women undergoing trans-
abdominal amniocentesis either for preterm
labor and suspected infection or for fetal lung
maturity (used as the control population) also
had swab, tissue of the placenta, and tissue
of the amnion-chorion taken immediately after
delivery [14]. Bacteria including Ureaplasmau-
realyticum, Esherichia coli, Enterococcus spe-
cies, Group B Streptotoccus and mixed gram
negative and gram positive aerobes, grew from
the placenta in women in preterm labor, but
over 50% of women’s placental samples from
their control group also grew bacteria. Thenina
study of samples of placental tissue of full term
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pregnancies from both vaginal and cesarean
section births, the DNA of common vaginal flora
Bifidobacterium and Lactobacterium was found
in placental tissue, though those bacterial
strains were not cultivated in the lab [15].

Before the concept of a placental microbiome,
it was unclear why these oral or intestinal com-
mensal bacteria would be found in placental
tissue from healthy pregnancies with such high
prevalence. Efforts to prevent contamination of
samples from the vaginal tract had been made
and other colonizers of the vagina were culti-
vated, mostly at low concentrations of <1,000
colony forming units (CFU). In another cross
sectional study aimed at identifying intracellu-
lar and therefore uncultivable bacteriain pla-
cental tissues published in 2013 [18], 27% of
195 placentas harvested less than 12 hours
after delivery had evidence of intracellular bac-
teria of many morphologies and cell wall char-
acteristics in basal plate samples from both
term and preterm placentas. Researchers only
noted a significant increase in the incidence of
this intracellular bacteria in very premature
spontaneous births; Group B Streptococcus
carriage, or clinical chorioamniotis diagnosis
were not linked to increased bacterial detection
[16].

In 2014, an investigation of the placenta’s
microbiota using PCR-sequencing based, rath-
er than cultivation based techniques suggest-
ed that the bacteria found in the placenta told
a partial microbiotic history of the pregnancy
[47]. Researchers took samples from 320 wo-
men with a variety of pregnancy histories and
determined the taxonomic classification of the
placental microbiome and then compared it to
other body niches. The placental microbiome,
with taxonomic classifications matching phyla
of commensal bacteria with low pathogenic
potential including Firmicutes, Tenericutes, Pr-
oteobacteria, Bacteroidetes and Fusobacteria,
was far more similar to oral microbes from non-
pregnant subjects than to the microbesin the
vagina, gut, or nares. Bacterial contamination
was not a plausible explanation of the results,
though it is worth noting the authors did not
attempt to culture these bacteria so there is no
evidence that organisms were alive or replicat-
ing at the time of delivery. The content of the
microbiome was altered in those subjects with
remote history of antenatal infection, such as a
urinary tract infection in the first trimester of
pregnancy, and in those subjects with preterm
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birth. However, the microbiome was not altered
in those with Group B Streptococcus coloniza-
tion, maternal obesity or by mode of delivery
and it was unclear if the microbiota in cases of
antenatal infection were altered by the infec-
tion or by the exposure to antibiotics to treat
the infection.

The critiques of the construction of a placental
microbiome independent of culture based tech-
niques are that sequence based techniques
may amplify fragmented or dead bacteria, have
a higher risk of sample contamination given the
increased sensitivity, and maternal blood infus-
ing the placental tissue may contain nonviable
bacteria present transiently during the process
of labor and birth [18]. However, studying the
way that PCR and culture based techniques
have been used in conjunction to identify pla-
cental bacteria suggests that the PCR based
techniques are unlikely to amplify bacteria from
maternal blood or bacteria fragments in sam-
ples. In one study, approximately half of 1365
samples of placental tissues of neonates deliv-
ered between 23 and 27 weeks gestation had
positive bacterial cultures [19]. Due to freezing
of the tissues prior to PCR analysis, none of the
samples randomly selected for PCR analysis
had bacteria identified. In the process of inves-
tigating why and how this occurred, research-
ers discovered that it was difficult to amplify
bacterial DNA from placental tissue and specu-
lated the tissue itself degraded the DNA. More
vaginal deliveries than deliveries by cesarean
section had bacteria identified, which could
suggest vaginal contamination, except the bi-
opsy was taken from a different tissue plane
that did not have direct contact with the birth
canal and did not have high rates of lactobacil-
lus identified (as would be expected for tissue
contaminated by vaginal secretions).

Role of placental microbiota

The presence of bacteria in the placenta may
be incidental. Transient bacteremia with oral
flora occurs in individuals without periodontal
disease, following the typical activities of teeth
brushing or flossing. Such bacteria are rapidly
cleared by innate host defenses. Human oral
bacteria can spread hematogenously into a
murine placenta and it may do the same th-
roughout a normal pregnancy because of the
unique immune regulation that occurs in preg-
nancy, coupled with massive blood flow through
an organ that also has immense filtering capac-

ity [20]. The presence of periodontal disease is
associated with pre-term birth, [21] but the pla-
cental bacteria were identified in women with-
out periodontal disease who carried their ges-
tations to term in the Aagaard study [17].

A certain density of bacteria in the placenta
may play a role in stimulating the second pro-
inflammatory state of the immune system in
pregnancy and lead to cervical ripening and
uterine contractions as part of the interaction
between stimulation and suppression of the
mother’'s immune response at the maternal-
fetal interface [22]. When biopsy specimens
were obtained from placentas from neonates
up to 28 weeks gestation, samples from neo-
nates of lower gestational age had a higher rate
of bacterial identification by culture [23]. When
tissue was examined by pathologists, this bac-
terial colonization was associated with the
presence of neutrophils in the fetal stem ves-
sels or vessels of the umbilical cord. It is possi-
ble that the bacteria populating the placental
microbiome may only become pathogenic when
they replicate too quickly in the protected space
or, as is possibly the case with periodontal dis-
ease, when the placenta was exposed to fre-
quent or concentrated bacterial loads through-
out pregnancy. Even if the placental bacterial
load reaches a critical density too soon, it may
elicit an immune response and set off an
inflammatory cascade which eventually leads
to birth [10].

The theory of placental bacteria as part of the
normal initiation of laboris conjectural on our
part; studies to date have focused on identify-
ing bacterial pathogens that prematurely initi-
ate labor, rather than suggesting that the pres-
ence of bacteria is part of a continuum. The
dominant species of microbes in the microbi-
ome of both mother and neonate are different
in term and preterm labor. The differences may
be a cause of the pre-term labor or a reflection
of labor initiation in a different stage of preg-
nancy as the maternal microbiota in the vagina,
gut and mouth also change during pregnancy
[24]. While it may be hypothesized that the
changes result in a more-metabolically active
bacterial population similar to how changes in
the gut microbiota are noted in bacteria con-
centrations in lean and obese subjects, it is not
clear whether the behavior or hormonal state of
the subject or their personal microbiota chang-
es first or how long these alterations persist.
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Urinary microbiome

Gender differences in usual urinary tract func-
tion and dysfunction

The anatomy of the upper urinary tract, kidneys
and bladder is nearly identical in both genders
and the traditional standpoint is that urine is
produced sterile from the kidneys and should
remain so throughout the urinary tract unless
an infection is present. As with the assumption
of placental sterility, this concept of urine steril-
ity does not account for the presence of a sta-
ble population of bacteria in a healthy and nor-
mally functioning bladder. Moreover, as with
the placental microbiome, the presence of a
urinary microbiome in a healthy functioning
bladder has more ramifications than would an
incidental colonization, easily removed with
antibiotic treatment. Unlike the placental micro-
biome, which exists only for the duration of the
pregnancy, the urinary microbiome spans a
wide range of physiologic and pathologic condi-
tions in the urinary tract over an individual's
lifetime and has more variability than the pla-
cental microbiome.

The anatomic differences between the urinary
tracts of adult men and women are a source of
diversity in the microbiologic populations of the
bladder and likely influence the rates of symp-
tomatic urinary tract infection. The female uri-
nary tract has a shorter urethra with only a brief
distance to the bladder and has a wealth of
both lower gastrointestinal tract and vaginal
flora exposure. Accidental contamination of uri-
ne with this surrounding flora may occur when
samples are collected by spontaneous voiding.
The male urinary tract has a longer urethra,
less diverse potential bacterial exposures and
lower risk of accidental contamination of sa-
mples.

It has been accepted that not all bacteria in
urine equate to an infection in a patient who
has no symptoms of a urinary tract infection,
but the precise definition differs between
men and women. Asymptomatic bacteriuria in
women is defined as the same strain of bacte-
ria with quantitative counts of at least 100,000
colony forming units per milliliter of urine from
at least two consecutive clean-catch urine sa-
mples without clinical symptoms of a urinary
tract infection (dysuria, urinary frequency). In
men, asymptomatic bacteriuria is defined as
bacteria growing from only one clean-catch
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urine sample without symptoms. If the urine
sample is taken by catheterization from either
gender without symptoms, only up to 100 colo-
ny forming units per milliliter of urine may grow
for it to be deemed asymptomatic bacteriuria.
Except in pregnant women, it is not felt neces-
sary to treat asymptomatic bacteriuria as an
infection [25]. Rates of asymptomatic bacteri-
uria change as men and women age. In women,
it may occur from 3% to greater than 18% in
post-menopausal women over 60 years old
[26]. Asymptomatic bacteriuria is very uncom-
mon in young men. In men over 80, the rate is
still less than 10% [27].

In either gender, substantial host urinary tract
defenses must be breached in order for bacte-
ria to cause a urinary tract infection. High salt
content and low pH make urine a poor media
for bacterial growth [28]. Bacteria may ascend
from the external mucosal surfaces to the blad-
der via the urethra or a colonized urinary cath-
eter and replicate without causing an infection
during a period of urinary stasis. Regular mictu-
rition eliminates bacteria which are not adher-
ent to the bladder walls; bladder epithelial cells
called facet cells form an impermeable barrier
which protect the transitional and basal cells in
deeper cell layers in the bladder. The uroepithe-
lium responds to bacterial invasion by releasing
inflammatory cytokines, recruiting hostimmune
cells and subsequently shedding the infected
uroepithelial cells. These processes cause the
clinical symptoms of urinary frequency, dysuria
or hematuria and microscopic changes seen in
urinalysis in lower urinary tract infection. In-
fections occur with greater frequency in women
than in men and sexual intercourse and the use
of spermicides or a new sexual partner increas-
es the risk of a urinary tract infection in women
[29]. Infrequent urinary infections are observed
in young men with normal anatomy.

Bacterial persistence in the urinary tract is the
foundation of the microbiome

The adaptive responses of bacteria to immune
system defenses in the bladder allow for the
creation of deep quiescent intracellular bacte-
rial colonies which may persist even after a
symptomatic infection has been treated. Many
different enterobacteriacea are capable of in-
vading the facet cells via uroplakins on the cell
surface [30]. Most successful uropathogenic
strains of E. coli replicate in the epithelial cells’
cytoplasm but leave the intracellular space
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before the cell can be shed [28]. Some E. coli
strains augment the cell signaling and cytokine
production after the cell has been infected
which accelerates the shedding of superficial
cells and results in the exposure of transitional
and basal cell layers of the bladder [30]. With
increased facet cell shedding, there is incre-
ased exposure of deeper cell layers to poten-
tially pathogenic bacteria before the transition-
al cells can differentiate into new, mature facet
cells. In this way, bacteria form a cellular reser-
voir below the facet cells, partially circumvent-
ing the host immune system and antibiotics.

This cellular reservoir may be a source of recur-
rent bacteriuria. In a 2 month cycle, superficial
bladder epithelial cells are shed, exposing ma-
ture new facet cells to urine [31]. Thirty years
ago, cultures and scanning electronic micros-
copy analysis of bladder biopsies from women
with recurrent urinary tract infections had iden-
tified bacteria within bladder tissue that were
not cultured in their urine [32]. In a mouse
model of recurrent bladder infections con-
structed by Mysorekar and Hultgren, quiescent
intracellular reservoirs were identified in super-
ficial facet cells 2 weeks after E. coli initial
infection despite sterile urine without inflam-
matory cells [33]. Mice bladders were then
treated with protamine sulfate, which causes
exfoliation of the superficial bladder cells simi-
lar to the inflammatory shedding during an
infection. When transitional cells differentiated
to reform superficial facet cells, around half of
the mice developed bacteriuria with identical
levels and cell changes to an acute infection
with the E. coli bacteria with which the bladd-
er had originally been inoculated. This might
explain findings from follow up of human uri-
nary tract infections; sampling of urine from
women with recurrent cystitis found that one
third of the recurrent episodes were caused by
the index episode strain [34]. With the right
stimulus for facet cell shedding, quiescent
intracellular reservoirs in the deeper transition-
al cells might release bacteria which could lead
to a symptomatic urinary tract infection.

Not every bacteriuria with a pathogenic organ-
ism leads to symptoms or pathologic evidence
of a urinary tract inflammation, and bacteriuria,
even in the presence of increased bladder cell
turn-over, may not always result in infection.
Consider interstitial cystitis/painful bladder
syndrome (IC/PBS), which is a disease charac-
terized by pain with a full bladder, relieved by
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voiding, with a sterile urine culture at the time
of diagnosis. Its histological appearance, hypo-
thesized to be due to longstanding inflamma-
tion or intrinsic dysfunction of the associated
cells, is thinning or ulcerations of the epithelial
cell wall in the bladder [35]. The initiation for
the cascade and vulnerability to development
of the disease is not well known, but studies
suggest that the inflammatory cascade results
in increased cell apoptosis in IC/PBS [36]. In
the setting of increased cell turn over, bacteri-
uria would be expected, and in fact, in a study
following urine cultures of 100 patients diag-
nosed with IC/PBS collected at active visits
over 2 years, 31% had urine cultures with bac-
teria traditionally considered pathogenic [37].
Subjects with positive cultures reported no dif-
ference in several symptomatic measures,
including bladder pain, frequency and urgency.
Furthermore, oral antibiotic administration, ev-
en for presumed unmeasured or uncultivable
bacterial infections precipitating the inflamma-
tory cascade, has not been successful in IC/
PBS treatment [38]. When a continually intra-
vesical system allows for lidocaine, which may
work as a local anti-inflammatory agent, [39] to
be instilled into the bladder for days without
further mechanical disruption, the ulcerations,
bladder wall thinning and bladder pain charac-
teristic of IC/PBC may resolve and not return for
months after the device is removed [40]. As
another example, when urine was collected by
catheterization from 182 women planning tre-
atment for urgency urinary incontinence (medi-
an ages approximately 55-60) and 16S ribo-
somal RNA gene sequencing was used to iden-
tify presence or absence of bacterial DNA in
their urine, a little more than half of the sam-
ples contained bacterial DNA [41]. Moreover,
those womens’ urinary urgency episodes were
more likely to respond to the tested anticholin-
ergic medication and those women with bacte-
rial DNA in their urine were less likely to
experience urinary tract infections after anti-
cholinergic treatment was introduced. So the
pursuit of urine sterility is not the solution in
IC/PBS or urgency urinary incontinence, as
asymptomatic bacteriuria may not resolve with
antibiotics nor always evolve into an infection.

Influences of cell type, environment, and void-
ing pattern on the urinary microbiome

The characteristics of the mucosal cells in the
bladder coupled with emptying patterns may
predetermine which bacteria are present in uri-
nary microbiota. For example, following a radi-
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cal cystectomy, a neobladder can be surgically
constructed from an intestinal segment that
has been resected and diverted, complete with
its own blood supply. This neobladder does not
have the same immune response and protec-
tion as the native bladder which may influence
the patterns of colonization that subsequently
occur. Post-urinary diversion procedure, mucus
and urine are first colonized by yeast while on
post-surgical antibiotic regiments, then by
gram-positive cocci (Streptococcus and Sta-
phylococcus species found on the skin surface)
and gram negative enteric bacteria (E. coli,
Proteus species, and Klebsiella species) [42].
Non-continent diversions, with constant drain-
age of urine through a stoma in the abdominal
wall, had colonization of mixed gram negative
enteric bacteria and gram positive skin flora.
Orthotopic diversions, where the neobladder
was connected to the subject’s intact urinary
sphincter, had urine colonized by mostly E. coli
and other gram-negative enterobacteriacae.
The concentration of bacterial colonization cor-
related strongly with the amount of residual
urine in the neobladder, and in a separate
study, patients with neurogenic bladder had dif-
ferent bacterial populations if they could spon-
taneously void [43]. lleal neobladders (made
from small bowel) were more frequently colo-
nized by anaerobic bacteria than colonic neo-
bladders (made from large bowel) suggesting
that different bowel epithelium promoted dif-
ferent populations of bacterial colonization,
even with optimal neobladder emptying [44].

The similarities and differences between the
male urinary microbiome and the female uri-
nary microbiome reflect the environment aro-
und the urethra of each gender. Researchers
have hypothesized the Lactobacillus coloniza-
tion in men and women is present from mater-
nal transmission at birth and able to persist in
the urogenital area of both genders due to
shared embryonic origins of the urogenital tis-
sue cells [45]. Lactobacillus species, well kn-
own colonizers of the female vaginal tract, are
present by 16S rRNA sequencing in healthy
women’s urine even when urine is obtained by
transurethral catheterization or sterile supra-
pubic sampling [46, 47]. Lactobacilli can even
be cultured with the appropriate media sug-
gesting that live Lactobacillus species are near-
ly always part of a healthy woman’s urinary
microbiota [48].

In men, the urinary microbiome may not be so
dominated by a single bacterial genera and
may transiently change with sexual activity and
circumcision status. In a study of 19 first-catch
urine samples in men, researchers found that
the urogenital microbiome identified by PCR
sequencing of 16S rRNA sequences reflected
known bacterial colonizers of skin, colon and
vagina including Lactobacillus and Coryneba-
cterium species, usually found on the skin [49].
The coronal sulcus and urethral bacterial micro-
biota in circumcised and uncircumcised men
were distinguished by increasing proportions of
Pseudomonal genera and anaerobic bacteria in
uncircumcised men, and more abundant La-
ctobacillus species in the urine versus the coro-
nal sulcus. In a second study, serial urine sam-
ples over 3 months taken from healthy men
aged 14-17 with and without history of sexual
activity identified a few bacteria genera only
transiently present in males with sexual experi-
ence, while Lactobacillus was consistently fo-
und in their urine, even without reported sexual
activity [45].

In the native and normally functioning urinary
tract, the urinary microbiota changes with type
and pattern of voiding. In a cross-sectional
study of the urine samples from in men and
women with and without spinal cord injury
associated neurogenic bladder, 16S rDNA se-
quencing was performed on urine samples
obtained from 53 participants, 27 of which had
neurogenic bladder due to spinal cord injury
[43]. Healthy female controls and female neu-
rogenic bladder patients who could spontane-
ously void were distinguishable from other
patients by dominant populations of lactobacil-
lus, a normal colonizer of the vaginal tract, in
their urinary microbiota. These urinary bacteri-
al populations were decreased in women who
needed intermittent catheterizations or an in-
dwelling catheter. Healthy male patients had
populations of Corynebacterium that were also
decreased in men with neurogenic bladder and
men requiring intermittent or continuous cath-
eterization [43].

While the identification of urinary microbiota in
healthy individuals suggests its presence alone
is not pathologic, it is not yet clear if the con-
tents of the urinary microbiome influence infec-
tious risk or bladder dysfunction or if they only
a reflection of past urinary tract infections or
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colonization. When a urinary microbiota survey
was obtained in women who suffer from urg-
ency urinary incontinence without infection,
researchers found that though the urinary
microbiota was less diverse than microbiomes
of the human skin, gut or mouth, the urinary
microbiota contained a greater number of bac-
terial species in women with urge incontinence
than in women with normal bladder control
[46]. It was also less likely to contain Lac-
tobacillus than normal women. It has been
hypothesized that lactobacillus may help acidi-
fy the urine and provide a less fertile environ-
ment for more virulent bacteria as a decreased
lactobacilli colony counts in stool and urine
have been observed in infants with urinary
tract infections, [43] though the observed de-
crease may have been due to the presence of a
urinary tract infection itself [50]. However, in
adults it has been demonstrated that voiding
patterns, gender, history of antibiotic usage
and presence of in dwelling catheters all also
change the risk of a urinary tract infection and
likelihood of Lactobacillus isolation. So chang-
es in organisms found in urinary microbiota
reflect bladder cell origin and previous bacterial
exposure, subject voiding patterns, gender and
circumcision status, and presence of indwelling
catheters without yet reliably predicting the risk
of urinary tract disease.

Vaginal microbiome
“Normal” vaginal flora and function

The vagina is the muscular canal which extends
from the vulva to the uterus located between
the anus and the urethra. Its surface is a strati-
fied squamous epithelium whose squamous
outermost layer is in a state of constant exfolia-
tion. Intermediate and basal cell layers are
filled with glyocogen with estrogen stimulus
and thinner without. There are regulated chan-
ges in hormonal stimuli and pH that occur with
menstruation cycle to make the vagina and its
secretions support the delicate process of
human reproduction. The discomfort of vaginal
bacterial disruption will likely affect every wo-
man with exposure to antibiotics through her
life time.

After the gut microbiome, the symbiotic role of
lactobacilli in the vaginais perhaps the most
well established and well accepted. In 1894,
Albert Doderlein, a German obstetrician and

gynecologist, first identified the ‘Doderleinba-
cillus,” now called lactobacilli, in vaginal secre-
tions. Lactobacilli remain the dominant orga-
nisms of a healthy vaginal microbiota; however,
improvements in culture technique and me-
thods of bacterial identification increased our
understanding of their behavior and that of
smaller subgroups of anerobic bacteria that
were subsequently identified. Decades ago,
researchers found that presumed stable popu-
lation of bacteria in the healthy vagina unde-
rwent a number of fluctuations in both quantity
and relative proportions of sub-populations
through out a woman’s entire life time, chan-
ging from pre-puberty, to maturity with varia-
tions during menstruation, pregnancy and in
the post-partum period, to menopause [51].
Alterations invaginal flora were also observed
in disease states such as vaginosis and vulvo-
vaginal candidiasis, and after gynecologic sur-
gery, antibiotic use and immunosuppression
[51].

The bacteria in the vaginal microbiome are
believed to have an active role in preventing
urogenital disease. Vaginal acidity is main-
tained by the bacterial production of lactic
acid and hydrogen peroxide by Lactobacillis
species, and a low pH inhibits the growth of
many other bacteria including Gardnerella vagi-
nalis and Candida albicans, both associated
with disease states in overgrowth [52, 53].
Lactobacilli are also thought to produce other
inhibitory proteinaceous molecules, generally
called bacteriocins or bacteriocin-like compo-
unds, which help to maintain their dominance
in the vaginal microbiota [54]. Disruptions in
the vaginal flora are associated with increased
risk of urinary tract infections and contraction
of sexually transmitted infections including
chlamydia, trichomonas, and HIV [55].

Physiologic and genetic variations in the vagi-
nal microbiome

Hundreds of species of Lactobacilli and anaero-
bic subpopulations in the vaginal microbiome
have been identified and despite its relative
proximity to other skin surfaces, vaginal micro-
biota in all stages of reproduction is distinct
from the microbiota of the nose, nasopharynx,
mouth, gut or skin [17]. Analysis of the vaginal
microbiome in healthy woman of varying races
and ethnicities has revealed further variations
of microbiota than anticipated. Ravel identified
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five distinct “communities” of vaginal microbio-
ta containing from 21 to 135 known bacterial
taxa when they characterized the vaginal micro-
biota of 396 asymptomatic sexually active
women of four self-reported ethnic groups
(white, black, Asian and Hispanic) via phyloge-
netic analysis of 16SrRNA gene sequences
[55]. Four of these 5 states were dominated by
Lactobacillis species while one more heteroge-
neous group had higher proportions of anaero-
bic bacteria including Prevotella and Gardnere-
lla species. Though all communities contained
bacteria in genera known to produce lactic
acid, the more heterogeneous group had the
highest median pH (5.3+0.6) while the commu-
nity dominated by L. crispatus had the lowest
median pH (4.0+0.6). When ethnic variations in
the microbiome were examined, lactobacillus
dominated groups were found in 80-90% of
self-identified white and Asian women but only
in around 60% of the black and Hispanic
women, where the more heterogeneous com-
munity group was more prevalent and the medi-
an vaginal pH was higher. Similar findings of
differences in homogeneity of the vaginal mi-
crobiota have been demonstrated in studies
in Chinese, Japanese and self-identified white
and black women, suggesting that the defini-
tion of healthy and normal vaginal may have
been skewed by the ethnicity of women includ-
ed in the earlier studies [55]. It is also worth
noting that American populations of women
self-identifying as black, African American, or
Hispanic reflect a more genetically heteroge-
neous group than researchers assumed [56].

The differences in the vaginal microbiota dec-
rease during normal pregnancy, when the vagi-
nal microbiome has low diversity and high sta-
bility. Studies published by Hillier noted that
pregnant women could be categorized into dif-
ferent groups based on the predominance of
lactobacilli in their vaginal flora [57]. The ab-
sence of lactobacilli did initially seem to be
associated with pathology such as preterm
labor, bacterial vaginosis and intrauterine gro-
wth restriction, [58, 59] though more recent
research found no significant difference be-
tween the vaginal microbiota of pregnant wo-
men who carried to term and those who did not
[60]. Walter-Antonio [61] compared samples of
vaginal swabs taken from a small group of preg-
nant Caucasian women four times (one during
each trimester and one prior to labor) to data
collected by Romero [60] who sampled from
pregnant and non-pregnant predominantly Af-
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rican-American women. Both groups found that
bacterial species diversity in the vaginal micro-
biome significantly decreased during pregnan-
cy so that Lactobacillus species dominated all
vaginal microbiota types. Inter-subject variabil-
ity between African American women also ap-
peared lower in pregnancy than non-pregnancy
[61]. Though the meta-analysis was limited by
fact that the differences in the 16S rRNA
regions amplified by the primers used in the
two studies and sequencing platforms made a
number of direct comparisons impossible, it
suggests that lactobacillus dominates the vagi-
nal microbiota in uncomplicated pregnancy.
Monthly fluctuations in hormones or alterations
in cervical or vaginal secretions associated
with men struation may drive vaginal microbio-
logic diversity and their absence during preg-
nancy may contribute to the relative stability of
the microbiome. The protective aspects of a
stable vaginal microbiome during pregnancy
are still being investigated.

Years of study of the vaginal microbiota have
suggested that some demographic and behav-
ioral characteristics may influence the contents
of the microbiome [62]. The vaginal microbi-
ome does not appear to vary substantially in
adolescents, reproductive age or post-meno-
pausal woman, though the quantity and diver-
sity of the microbiota may be reduced in post-
menopausal women. The influence of sexual
behavior, while presumed to have some influ-
ence on the microbiota as the levels of Ga-
rdneralla vaginalis are higher after sexual de-
but, lacks detailed surveillance data needed
for comprehensive study. Studies on the effect
of the menstrual cycle suggest that increased
estradiol, both during menstruation and preg-
nancy, promotes lactobacilli growth but the
passage of menses disrupt the usual flora,
decreasing lactobacilli concentration and intro-
ducing streptococci or other gram positive co-
cci, and some organisms associated with bac-
terial vaginosis (BV). In a study done in post-
menopausal women with vaginal atrophy and
dryness, increased vaginal dryness was associ-
ated with decreased lactobacilli dominance
and a large amount of detectable species diver-
sity [63]. It remains unclear if this decreased
lactobacilli dominance is due to the down-regu-
lation of the genes associated with vaginal epi-
thelial cell proliferation and decreased in epi-
thelial cell glycogen levels after menopause or
part of the cause of vaginal dryness as some
studies have not shown significant differences
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in the vaginal microbiome pre- and post-
menopause.

Vaginal microbiota dysfunction

Most attention has been devoted to the altered
communities of microorganisms in the vagina
associated with a variety of conditions includ-
ing postpartum endometritis, neonatal infec-
tions, miscarriage, pre-term birth, pelvic inflam-
matory disease and increased HIV acquisition
and transmission. Those associated with BV
will be very briefly reviewed here. Bacterial vagi-
nosis is now known to be imbalance of the vagi-
nal microbiota associated with a range of
diverse facultative anaerobic bacteria where
no single organism predominates. There is an
inverse association between hydrogen perox-
ide production by various lactobacilli and the
diagnosis of BV, and while G. vaginalis and
Atopobium vaginae are the common organisms
by prevalence and abundance, neither are
invariably present in BV. In recurrent BV, no sin-
gle organism is identified as the cause, though
>90% of a biofilm identified on vaginal epitheli-
al cells of women with BV was composed of A.
vaginae and G. vaginalis and this biofilm may
have interfered with treatment. Other potential
explanations for recurrent BV include inade-
quate treatment with residual organisms after
treatment (i.e. relapse), reinfection from sexual
partners or disruption of normal flora from
other exogenous factors.

The end goal of the focus on the vaginal micro-
biota dysfunction is the development of a probi-
otic which could re-establish a healthy and pro-
tective community of vaginal flora after in-
evitable interruption with antibiotic treatment
or other conditions, but current treatments
remains limited by our understanding of the
natural variation of the vaginal microbiome in
healthy women and ability to influence vaginal
microbiota in a disease state. Bisanz investi-
gated the effect of three days of vaginal admin-
istration of two strains of lactobacilli in post-
menopausal women [64]. Women had no si-
gnificant improvement in Nugent score (which
is believed to predict the risk of development
of BV) or change in vaginal pH. There was an
increase in total lactobacillus abundance, ei-
ther of the study strains or of indigenous lacto-
bacillus, but the application of any vaginal sup-
plement (with study strains or placebo) seemed
to increase levels of Staphylococcus. For now,
the safety and efficacy of attempts to influence
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the vaginal microbiota with the instillation of
specific strains of lactobacilli remains uncer-
tain.

Swapping microbiomes

Each of the three microbiomes of the urogenital
tract described in this paper have the potential
to be altered by external pressures-from altera-
tion of their growth environment, the health of
the individual host or from exogenous chemi-
cals and enzymes. Though antibiotics are gen-
erally thought to have a powerful effect, the
effect is clearly not always beneficial. For exam-
ple, breast milk has its own microbiome helps
to populate the neonatal gut. One of the bre-
ast microbiome’s dysfunctional states causes
infectious mastitis during lactation [64]. A trial
using two strains of lactobacilli isolated from
breast milk as an oral probiotic to treat infec-
tious mastitis found that women in the probiot-
ic group had more improvement and lower
recurrence rates than women who were treated
with antibiotics [65]. The study also found that
there was an increase in the populations of
Staphylococcus epidermidis and Staphyloco-
ccus aureus in breast milk of the antibiotic
treated group when compared to the probiotic
groups. This finding suggests that antibiotic
use might select populations of more patho-
genic bacteria.

In reviewing the studies of the placental micro-
biome, there have been few attempts to influ-
ence the placental microbiome with agents
other than antibiotics. In contrast, researchers
have attempted to manipulate the urinary mi-
crobiome by establishing a colonization of non-
pathogenic, non-virulent E. coli in men and wo-
men who had recurrent urinary tract infection
due to incomplete bladder emptying [66]. The
strain of E. coli used in the study lacks viru-
lence factors and is sensitive to common anti-
biotics. The study protocol involved attempted
sterilization of the urine, a short infection-free
interval and then emptying of bladder using a
catheter followed by instillation of a solution of
E. coli 83972. Researchers found it took
approximately 5 months longer for study sub-
jects to develop urinary tract infections after
successful colonization with E. coli 83972 than
subjects who had placebo procedures or unsuc-
cessful colonization.

The evidence on influencing the vaginal micro-
biome with probiotics is more robust, but the
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effect has not been clearly beneficial as some
studies found no significant difference between
placebo and the vaginal instillation of lactoba-
cillus species [67]. It may be that the differenc-
es from probiotic administration are too subtle
for studies that do not use 16S rRNA sequenc-
ing for assessment to detect [68]. It may also
be that it takes more than just a single installa-
tion of a few strains of lactobacillus or an anti-
biotic to alter the population of a complex and
established microbiome that has been devel-
oping over an individual’s lifetime. When stud-
ies have looked at the risk of bacterial vagino-
sis in women who have sex with women, there
was a high rate of bacterial vaginosis in both
members of monogamous couples. Bacterial
vaginosis was also more common in women
who had a higher number of lifetime female sex
partners, did not clean insertive sex toys
between partners and reported oral-anal sex
[69]. This suggests that there are many ways
and ongoing practices that might introduce
disruptive microbiota into the vaginal micro-
biome.

Conclusion

The microbiota of every surface of the human
body are influenced by the physiologic func-
tions, the exposures to other bacteria, available
substrates and the cell type and immune func-
tion both generally of the host and specific to
the microbiota’s anatomical niche. It is clear
after investigating the available literature that
the understanding of the complex microbiotic
ecosystems in the urogenital tract is still
nascent and there are many questions left to
be investigated including the role of antibiotics
and probiotics, even in situations where a
change in the make-up of the microbiome is
thought to be the cause of the clinical symp-
toms. Many of the studies correlate certain
bacterial species or levels of bacterial diversity
with healthy states, but are unable to identify
which activities or strains of bacteria might
most strongly promote those healthy states.
The ability to fine tune dysfunctional microbiota
remains limited, but one of the ultimate goals in
the study of the human microbiome should be
the development of new physiologic methods
of replenishing a microbiota depleted by antibi-
otic exposure.

Disclosure of conflict of interest

None.

12

Address correspondence to: Dr. Amanda VH Th-
ornton, Department of Infectious Disease, Kaiser
Permanente Vacaville Medical Center, MOB B 4th
Floor, 1 Quality Drive, Vacaville 95688, California.
E-mail: athornt3@bu.edu

References

[1] Lederberg J. Infectious history. Science 2000;
288: 287-93.

[2] Conly J, Stein K. Reduction of vitamin K2 con-
centration in the human liver associated with-
broad spectrum antibiotic use. Clin Invest Med
1994; 17: 531-9.

[3] Kane AB, Kumar V. Environmental and nutri-
tional pathology. In: Kumar V, Abbas AK, Faus-
to N, editors. Robbins and Cotran pathologic
basis of disease. Philadelphia: Elsevier; 1999.
pp. 456.

[4]  Whipps JM, Lewis K, Cooke RC. Mycoparasit-
ism and plant disease control. In: Burge MN,
editor. Fungi in biological control systems. New
York: Manchester University Press; 1988. pp.
176.

[5] Ley RE, Peterson DA, Gordon JI. Ecological and
evolutionary forces shaping microbial diversity
in the human intestine. Cell 2006; 124: 837-
48.

[6] Armougom F, Henry M, Vialettes B, Raccah D,
Raoult D. Monitoring bacterial community of
human gut microbiota reveals an increase in
lactobacillus in obese patients and methano-
gens in anorexic patients. PLoS One 2009; 4:
e7125.

[71 Greenblum S, Turnbaugh PJ, Borenstein E.
Metagenomic systems biology of the human
gut microbiome reveals topological shifts as-
sociated with obesity and inflammatory bowel
disease. PNAS 2012; 109: 594-9.

[8] Vazquez-Gonzalez D, Perusquia-Ortiz AM, Hun-
deiker M, Bonifaz A. Opportunistic yeast infec-
tions: Candidiasis, cryptococcosis, trichospo-
ronosis and geotrichosis. JDDG 2013; 11:
381-94.

[9] Cohen SH, Gerding DN, Johnson S, Kelly CP,
Loo VG, McDonald LC, Pepin J, Wilcox MH; So-
ciety for Healthcare Epidemiology of America;
InfectiousDiseases Society of America. Clinical
practice guidelines for Clostridium difficile in-
fection in adults: 2010 update by the society
for health care epidemiology of America (SHEA)
and the Infectious Diseases society of America
(IDSA). Infect Control Hosp Epidemiol 2010;
31: 431-55.

[10] Wassenaar T, Panigrahi P. Is the foetus devel-
oping in a sterile environment? Lett Appl Micro-
biol 2014; 59: 572-9.

[11] Mor G, Cardenas |. The immune system in
pregnancy: A unique complexity. AJRI 2010;
63: 425-33.

Am J Clin Exp Obstet Gynecol 2016;3(1):1-15



[12]

[13]

[14]

(15]

[16]

[20]

[21]

[22]

(23]

[25]

13

Microbiota of the urogenital tract

Robbins JR, Bakardjiev Al. Pathogens and the
placental fortress. Curr Opin Microbiol 2012;
15: 36-43.

Haddad R, Tromp G, Kuivaniemi H, Chai-
worapongsa T, Kim YM, Mazor M, Romero R.
Human spontaneous labor without histologic
chorioamnionitis is characterized by an acute
inflammation gene expression signature. Am
Obstet Gynecol 2006; 195: e1-24.

Pettker CM, Buhimschi IA, Magloire LK, Sfaki-
anaki AK, Hamar BD, Buhimschi CS. Value of
placental microbial evaluation in diagnosing
intra-amniotic infection. Obstet Gynecol 2007;
109: 739-49.

Stokari R, Gronroos T, Laitinen K, Salminen S,
Isolauri E. Bifidobacterium and lactobacillus
DNA in the human placenta. Lett Appl Microbi-
ol 2009; 48: 8-12.

Stout M, Conlon B, Landeau M, Lee |, Bower C,
Zhoa Q, Roehl K, Nelson M, Macones G, My-
sorekar IU. Identification of intracellular bacte-
ria in the basal plate of the human placenta in
term and preterm gestations. Am J Obstet Gy-
necol 2013; 208: 226, el-7.

Aagaard K, Ma J, Antony K, Ganu R, Petrosino
J, Versalovic J. The placenta harbors a unique
microbiome. Sci Trans Med 2014; 6: 1-11.
Kilman HJ. Comment on “The placenta har-
bors a unique microbiome”. Sci Trans Med
2014; 6: 1-2.

Onderdonk AB, Delaney ML, Dubois AM, Allred
EN, Leviton A. Detection of bacteria in placen-
tal tissues obtained from extremely low gesta-
tional age neonates. Am J Obstet Gynecol
2008; 198: 110, e1-7.

Fardini Y, Chung P, Dumm R, Joshi N, Han YW.
Transmission of diverse oral bacteria to murine
placenta: Evidence for the oral microbiome as
a potential source of intrauterine infection. In-
fect Immun 2010; 78: 1789-96.

Jeffcoat M, Geurs N, Reddy M, Cliver S, Gold-
enberg R, Hauth J. Periodontal infection and
preterm birth: Results of a prospective study. J
Am Dent Assoc 2001; 132: 875-80.

Mor G, Kwon JY. Trophoblast-microbiome inter-
action: A new paradigm on immune regulation.
Am J Obstet Gynecol 2015; 213 Suppl: S131-7.
Onderdonk AB, Hecht JL, McElrath TF, Delaney
ML, Allred EN, Leviton A; ELGAN Study Investi-
gators. Colonization of second-trimester pla-
centa parenchyma. Am J Obstet Gynecol 2008;
199: 52.e1-52.e10.

Prince AL, Antony KM, Chu DM, Aagaard KM.
The microbiome, parturition, and timing of
birth: More questions than answers. J Reprod
Immunol 2014; 104-105: 12-9.

Colgan R, Nicolle LE, McGlone A, Hooton TM.
Asymptomatic bacteriuria in adults. Am Fam
Physician 2006; 74: 985-90.

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

(34]

(35]

[36]

[37]

(38]

[39]

Bengtsson C, Bengtsson U, Bjorkelung C, Lin-
coln K, Sigurdsson J. Bacteriuria in a popula-
tion sample of women: 24-year follow up study.
Scand J Urol Nephrol 1998; 32: 284-9.

Rodhe N, Lofgren S, Matussek A, André M, En-
glund L, Kuhn I, Mélstad S. Asymptomatic bac-
teriuria in the elderly: High prevalence and
high turnover of strains. Scand J Infect Dis
2008; 40: 804.

Schilling JD, Mulvey MA, Hultgren SJ. Dynamic
interactions between host and pathogen dur-
ing acute urinary tract infections. Urology
2001; 57 Suppl 1: 56-61.

Stapleton AE. Urinary tract infection pathogen-
esis: Host factors. Infect Dis Clin N Am 2014;
28: 149-59.

Hannan TJ, Totsika M, Mansfield KJ, Moore KH,
Schembri MA, Hultgren SJ. Host-pathogen ch-
eckpoints and population bottlenecks in the
persistent and intracellular uropathogenic E.
coli bladder infection. FEMS Microbiol Rev
2013; 36: 616-48.

Rosen DA, Hooton TM, Stamm WE, Humphrey
PA, Hultgren SJ. Detection of intracellular bac-
terial communities in human urinary tract in-
fection. PLoS One 2007; 4: €329.

Elliott TS, Reed L, Slack RC, Bishop MC. Bac-
teriology and ultrastructure of the bladder in
patients with urinary tract infections. J Infect
1985: 11: 191-9.

Mysorekar IU, Hultgren SJ. Mechanisms of uro-
pathogenic Escherichia coli persistence and
eradication from the urinary tract. Proc Nat
Acad Sci U S A 2006; 103: 14170-5.

Ikaheimo R, Siltonen A, Heiskanen T, Karkkain-
en U, Kuosmanen P, Lipponen P, Makelia P.
Recurrence of urinary tract infection in a pri-
mary care setting: Analysis of a 1-year follow-
up of 179 women. CID 1996; 22: 91-9.

Keay SK, Birder LA, Chai TC. Evidence for bl-
adder urothelial pathophysiology in function-
al bladder disorders. Biomed Res Int 2014;
2014: 865463.

Shie J, Liu H, Kuo H. Increased cell apoptosis
of urothelium mediated by inflammation in in-
terstitial cystitis/painful bladder syndrome. J
Urol 2012; 79: 484, e7-13.

Nickel JC, Shoskes DA, Irvine-Bird K. Preva-
lence and impact of bacteriuria and/or urinary
tract infection in interstitial cystitis/painful
bladder syndrome. J Urol 2010; 76: 799-803.

Warren JW, Horne LM, Hebel JR, Marbel RP,
Keay SK, Chai TC. Pilot study of sequential oral
antibiotics for the treatment of interstitial cysti-
tis. J Urol 2000; 163: 1685-8.

Henry R, Morales A, Cahill CM. Beyond a sim-
ple anesthetic effect: Lidocaine in the diagno-
sis and treatment of interstitial cystitis/blad-
der pain syndrome. J Urol 2015; 85: 1025-33.

Am J Clin Exp Obstet Gynecol 2016;3(1):1-15



[40]

[41]

[42]

[43]

[45]

[46]

(48]

[49]

(50]

14

Microbiota of the urogenital tract

Nickel JC, Jain P, Shore N, Anderson J, Giesing
D, Lee H, Kim G, Daniel K, White S, Larrivee-
Elkins C, Lekstron-Himes J, Cima M. Continu-
ous intravesicular lidocaine treatment for in-
terstitial  cystitis/bladder pain syndrome:
Safety and efficacy of a new drug delivery de-
vice. Sci Trans Med 2012; 4: 143ra100.
Pearce MM, Zilliox MJ, Rosenfeld AB, Thomas-
White K, Richter HE, Nager CW, Visco A,
Nygaard |E, Barber M, Schaffer J, Moalli P,
SungV, Smith A, Rogers R, Nolen T, Wallace D,
Brubaker L. The female urinary microbiome in
urgency urinary incontinence. Am J Obstet Gy-
necol 2015; 213: e1-11.

Falagas ME, Vergidis PI. Urinary tract infec-
tions in patients with urinary diversion. Am J
Kidney Dis 2005; 46: 1030-7.

Fouts D, Pieper R, Szpakowski S, Pohl H, Kno-
blach S, Suh M, Huang S, Ljungberg |, Sprague
B, Lucas S, Torralba M, Nelson K, Groah S. In-
tegrated next-generation sequencing of 16S
rDNA and metaproteomics differentiate the
healthy urine microbiome from asymptomatic
bacteriuria in neuropathic bladder associated
with spinal cord injury. J Trans Med 2012; 10.
Wullt B, Holst E, Steven K, Carstensen J, Peder-
sen J, Gustafsson E, Colleen S, Mansson W.
Microbial flora in ileal and colonic neoblad-
ders. Eur Urol 2004; 45: 233-9.

Nelson D, Dong Q, Pol BVD, Toh E, Fan B, Katz
B, Deming M, Rong R, Weinstock G, Sodergren
E, Fortenberry JD. Bacterial communities of
the coronal sulcus and distal urethra of ado-
lescent males. PLoS One 2012; 7: e36298.
Pearce M, Hilt E, Rosenfeld A, Zilliox M, Thom-
as-White K, Fok C, Kliethermes, Schrecken-
berger P, Brubaker L, Gai X, Wolfe AJ. The fe-
male urgency microbiome: A comparison of
women with and without urgency urinary in-
continence. MBio 2014; 5: 1-12.

Wolfe A, Toh E, Shibata N, RongR, Kenton K,
FitzGerald M, Mueller ER, Schreckenberger P,
Dong Q, Nelson D, Brubaker L. Evidence of un-
cultivated bacteria in the adult female bladder.
J Clin Microbiol 2012; 50: 1376-83.

Hilt E, McKinley K, Pearce M, Rosenfeld A, Zil-
liox M, Mueller E, Brubaker L, Gai X, Wolfe A,
Screckenberger P. Urine is not sterile: Use of
enhanced urine culture techniques to detect
resident bacterial flora in the adult female
bladder. J Clin Microbiol 2014; 52: 871-6.
Nelson D, Pol BVD, Dong Q, Revanna K, Fan B,
Easwaran S, Sodergren E, Weinstock G, Diao L,
Fortenberry JD. Characteristic male urine mi-
crobiomes associate with asymptomatic sexu-
ally transmitted infection. PLOS One 2010; 5:
el4116.

Lee JW, Shim YH, Lee SJ. Lactobacillus coloni-
zation status in infants with urinary tract infec-
tion. Pediatr Nephrol 2009; 24: 135-9.

(51]

[52]

(53]

(54]

(55]

[56]

(57]

(58]

[59]

[60]

(61]

[62]

[63]

Larsen B, Galask RP. Vaginal microbial flora:
Practical and theoretic relevance. Obstet Gyno-
col 1980; 55: 100S-113S.

Klebanoff SJ, Hillier SL, Eschenbach DA, Wal-
tersdorph AM. Control of the microbial flora of
the vagina by H202-generating lactobacilli. J
Infect Dis 1991; 164: 94-100.

Boskey ER, Cone RA, Whaley KJ, Moench TR.
Origins of vaginal acidity: High D/L lactate ratio
is consistent with bacteria being the primary
source. Hum Reprod 2001; 16: 1809-13.
Kaewsrichan J, Peeyananjarassri K, Kong-
prasertki J. Selection and identification of an-
aerobic lactobacilli producing inhibitory com-
pounds against vaginal pathogens. FEMS Im-
munol Med Microbiol 2006; 48: 75-83.

Ravel J, Gajer P, Abdo Z, Schneider M, Koenig
S, McCulle S, Karleback S, Gorle R, Russell J,
Tacket CO, Brotman RM, Davis CC, Ault K, Per-
alta L, Forney L. Vaginal microbiome of repro-
ductive-age women. Proc Nat Acad Sci U S A
2011, 108: 4680-7.

Jackson F. Human genetic variation and he-
alth: New assessment approaches based on
ethnogenetic layering. Br Med Bull 2004; 114:
215-35.

Hillier SL, Krohn MA, Nugent RP, Gibbs RS.
Characteristics of three vaginal flora patterns
assessed by gram stain among pregnant wom-
en. Am J Obstet Gynecol 1992; 166: 938-44.
Germain M, Krohn MA, Hillier SL, Eschenback
DA. Genital flora in pregnancy and its associa-
tion with intrauterine growth retardation. J Clin
Microbiol 1994; 32: 2162-8.

Hitti J, Hillier SL, Agnrew KJ, Krohn MA, Reisner
DP, Eschenbach DA. Vaginal indicators of am-
niotic fluid infection in preterm labor. Obstet
Gynecol 2001; 97: 211-9.

Romero R, Hassan SS, Gajer P, Tarca AL, Fad-
rosh DW, Nikita L, Galuppi M, Lamont R, Chae-
msaithong P, Miranda J, Chaiworapongsa T,
Ravel J. The composition and stability of the
vaginal microbiota of normal pregnant women
is different from that in non-pregnant women.
Microbiome 2014; 2: 4.

Walther-Antonio MR, Jeraldo P, Miller ME, Yeo-
man CJ, Nelson KE, Wilson BA, White BA, Ch-
ia N, Creedon D. Pregnancy’s stronghold on
the vaginal microbiome. PLoS One 2014; 9:
€98514.

van de Wijgert JH, Borgdorff H, Verhelst R, Cru-
citti T, Francis S, Verstraelen H, Jespers V. The
vaginal microbiota: What have we learned af-
ter a decade of molecular characterization?
PLoS One 2014; 9: e105998.

Hummelen R, Macklaim JM, Bisanz JE, Ham-
mond J, McMillan A, Vongsa R, Koenig D, Gloor
G, Reid G. Vaginal microbiome and epithelial
gene array in post-menopausal women with

Am J Clin Exp Obstet Gynecol 2016;3(1):1-15



[64]

[65]

[66]

15

Microbiota of the urogenital tract

moderate to severe dryness. PLOS One 2011;
6: €26602.

Fernandez L, Langa S, Martin V, Maldonado A,
Jimenez E, Martin R, Rodriquez JM. The human
milk microbiota: Origin and potential roles in
health and disease. Pharmacol Res 2013; 69:
1-10.

Arroyo R, Martin V, Maldonado A, Jimenez E,
Fernandez L, Rodriguez J. Treatment of infec-
tious mastitis during lactation: Antibiotics ver-
sus oral administration of lactobacilli isolated
from breast milk. Clin Infect Dis 2010; 50:
1551-8.

Sundén F, Hdkansson L, Ljunggren E, Wullt B.
Escherichia coli 83972 bacteriuria protects
against recurrent lower urinary tract infections
in patients with incomplete bladder emptying.
J Urol 2010; 184: 18-179.

[67]

[68]

[69]

Falagas ME, Betsi Gl, Athanasious S. Probiot-
ics for the treatment of women with bacterial
vaginosis. Clin Microbiol Infect 2007; 13: 657-
64.

Bisanz J, Seney S, McMillan A, Vognsa R, Koe-
nig D, Wong L, Dvoracek B, Gloor G, Sumarah
M, Ford B, Herman D, Burton J, Reid G. A sys-
tems biology approach investigating the effect
of probiotics on the vaginal microbiome and
host responses in a double blind, placebo-con-
trolled clinical trial of post-menopausal wom-
en. PLoS One 2014; 9: e104511.

Marrazzo JM, Koutsky LA, Eschenbach DA,
Agnew K, Stine K, Hillier SL. Characterization
of vaginal flora and bacterial vaginosis in wom-
en who have sex with women. J Infect Dis
2002; 185: 1307-13.

Am J Clin Exp Obstet Gynecol 2016;3(1):1-15



