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Abstract

Background—The majority of early preterm births are associated with intrauterine infections,
which are thought to occur when microbes traffic into the uterus from the lower genital tract and
seed the placenta. Bacterial vaginosis (BV) is associated with heterogeneous bacterial
communities in the vagina and is linked to preterm birth. The extent to which trafficking into the
uterus of normal and BV-associated vaginal bacteria occurs is unknown. The study objective was
to characterize in parallel the distribution and quantities of bacteria in the vagina, uterus, and
placental compartments.

Methods—Pregnant women at term (= 37 weeks) presenting for delivery were recruited

prospectively. Swabs were collected in parallel from the vagina, chorioamnion. Choriodecidual
swabs were collected if a Cesarean section was performed. Samples were analyzed by culture,
broad-range 16S rRNA gene PCR, and bacterial species-specific quantitative PCR (qPCR) for
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DNA from Lactobacillus and a panel of BV-associated bacteria. Results were correlated with
placental histopathology.

Results—Of the 23 women enrolled, 15 were delivered by Cesarean section (N=10 without
labor; N=5 in labor) and 8 were delivered vaginally. BV was diagnosed in two women not in labor.
Placental histopathology identified chorioamnionitis or funisitis in 6 cases [1/10 (10%) not in
labor; 5/13 (38%) in labor]. Among non-laboring women, broad-range 16S gPCR detected
bacteria in the chorioamnion and the choriodecidua (4/10; 40%). Among laboring women,
Lactobacillus species were frequently detected in the chorioamnion by gPCR (4/13; 31%). In one
case, mild chorioamnionitis was associated with gPCR detection of similar microbes in the
chorioamnion and vagina (e.g. Leptotrichia/Sneathia, Megasphaera), along a quantitative gradient.

Conclusions—Microbial trafficking of lactobacilli and fastidious bacteria into the
chorioamniotic membranes and choriodecidua occurs at term in normal pregnancies. In one case,
we demonstrated a quantitative gradient between multiple bacterial species in the lower genital
tract and placenta. Not all bacterial colonization is associated with placental inflammation and
clinical sequelae. Further studies of the role of placental colonization with Lactobacillus in normal
pregnancy and fastidious bacteria in chorioamnionitis may improve prevention and treatment
approaches for preterm labor.
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Introduction

Infection and inflammation in the pregnant uterus is associated with preterm birth, fetal
inflammatory response, chronic lung disease and cerebral palsy.[1] The majority of early
preterm births result from intrauterine infections, which are thought to arise from microbes
trafficking into the uterus from the lower genital tract and ultimately seeding the placenta.[1]
Infection-associated preterm birth is commonly polymicrobial and includes vaginal
microbes associated with bacterial vaginosis (BV), such as Gardnerella vaginalis and
Prevotella species. The microbiology of BV is highly heterogeneous and dynamic with a
shift away from a lactobacillus-dominated microbiota to one dominated by anaerobes.[2, 3,
4] The use of molecular microbiological methods has facilitated the identification of new
taxa of fastidious (cultivation-resistant) bacteria in the vagina of women with BV. Many BV-
associated microorganisms have not been previously cultured by standard microbiological
techniques.[4] The role of BV as a risk factor for microbial trafficking and preterm labor has
been controversial, in part because BV-associated microbial communities are dynamic and
complex.[2,4,5,6,7,8,9, 10, 11, 12, 13, 14] Further, the extent to which microbial
trafficking occurs during normal pregnancy remains unknown.

Characterization of the distribution and quantities of bacteria in the vagina, uterus, and
placental compartments could suggest a microbial “path” into the uterus. Several fastidious
BV-associated species, including Leptotrichial Sneathia, have been identified in the amniotic

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2020 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Lannon et al.

Methods

Page 3

fluid of women in preterm labor, but whether these bacteria routinely colonize the
chorioamnion (placental membranes) or choriodecidual space (between uterus and placenta)
is unknown.[12, 15, 16, 17] Cesarean section at term provides an ideal opportunity to
aseptically obtain samples from these compartments to assess colonization. Although
microbial communities tend to become less diverse during pregnancy as gestation advances,
some women have BV and a highly diverse vaginal microbiota even in the third trimester.
[18, 19, 20]

We hypothesized that microbial trafficking occurs in normal pregnancies independent of
labor, as demonstrated by the detection of similar microbial species in the vagina and
intrauterine compartment. A quantitative gradient of Lactobacillus species and BV-
associated microbes along the anatomical “path” of ascending infection (vagina to
choriodecidual space to chorioamnion) would provide important evidence of microbial
trafficking between vaginal and intrauterine compartments. The objective of this study was
to compare the quantity and distribution of Lactobacillus species and specific BV-associated
bacteria along the continuum of vaginal, chorioamnion and choriodecidual spaces in healthy,
term pregnant women before and after labor.

Study Design

Pregnant women at term (= 37 weeks) presenting for delivery at the University of
Washington Medical Center were recruited prospectively and provided informed consent
(UW IRB #34004). Women were excluded for multiple gestation and known infection.
Women not in labor presented for a scheduled cesarean delivery without painful
contractions. Women in labor were defined as having regular painful contractions with
cervical change in dilation.

Sampling of the vaginal fluid, choriodecidual and chorioamnion

Upon enrollment and prior to delivery, two polyurethane foam swabs (Epicentre
Biotechnologies, Madison, WI) were inserted into the vagina blindly, and rotated for 15
seconds, one swab was used for Gram stain and one for PCR. Swabs (polyurethane foam
and a Dacron™ tip) were used to collect samples from the choriodecidua and chorioamnion.
To sample the choriodecidual space, obstetricians performing the cesarean delivery paused
after incision of the myometrium in the lower uterine segment and visualization of the
bulging amniotic membranes. Swabs were then rotated in the choriodecidual space between
the myometrium and the chorioamnion for approximately 5 seconds. Swabbing of the
chorioamnion was performed in between the membranes after careful separation of the
amnion from the chorion, using a sterile technique either in the operating room, the delivery
room or in a laminar flow biosafety cabinet by the primary author (S.L.). Swabs were placed
into the chorioamnion space and rolled for 30 seconds to sample a ~10 cm? space.
Polyurethane swabs for DNA extraction and PCR were re-sheathed and frozen immediately
at —20° C and subsequently held at —80° C. Dacron™ swabs were immediately placed in
Port-A-Cul ™ tubes for culture by plating within 72 hours.
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Placental histopathology

Placenta and umbilical cord samples underwent tissue fixation in 10% neutral buffered
formalin. For histologic examination, full-thickness umbilical cord and fetal membrane rolls
were stained with hematoxylin and eosin (H&E) by standard protocols. A board-certified
pediatric pathologist (RPK) blinded to group assignment examined the stained samples.
Chorioamnionitis was diagnosed by the presence of a neutrophilic infiltrate at the chorion-
decidua junction (mild) or amniochorion junction (moderate or severe). Funisitis denoted
neutrophils in the umbilical vessels and/or surrounding connective tissue.

BV diagnosis and Nugent scoring

BV was diagnosed by a Gram stain Nugent score of 7-10.[21, 22] Nugent scoring was
performed by an experienced microbiologist (K.A.). Inability to assess for BV occurred in a
few cases due to gel on the slide (n=3) or no sample (h=5).

Cultures

Chorioamnion and choriodecidual samples were cultured for aerobic and anaerobic bacteria
as well as Mycoplasma hominis and Ureaplasma urealyticum. Columbia agar with 5% sheep
blood and chocolate agar plates were incubated for up to 72 hours at 35-37° C in 5-10%
CO». Brucella agar plates and chopped meat carbohydrate broth were incubated for 5-7 days
in anaerobe jar at 35-37°C. A8 plates and Ureaplasma and Mycoplasma broths were
incubated for 48—72 hours at 35-37°C in 5-10% CO», then subcultured to a fresh A8 plate
and incubated for an additional 5 days. Coagulase negative staphylococci were identified by
Gram stain, and being catalase positive and coagulase negative. Gardnerella vaginalis was
identified by Gram stain and by being catalase negative. Anaerobic Gram-positive cocci and
anaerobic Gram-negative rods were identified by Gram stain after growth in anaerobic
conditions.

DNA extraction and quality control

Swabs were thawed, washed with 1-mL filtered saline solution, and centrifuged at 10,0009
for 10 minutes. DNA was extracted from the resulting cell pellets using the Ultra Clean Soil
DNA Isolation Kit (Mobio, Carlsbad, CA) and eluted in 100-300 pl buffer. Two pl of diluted
DNA was used in each gPCR assay. Sham digests from swabs without human contact were
used to assess contamination from DNA extraction reagents or collection swabs. Human 18S
rRNA gene qPCR measured human DNA levels, verifying that the swab contacted a human
tissue surface and documenting successful extraction. All DNA samples were tested for PCR
inhibition using a sensitive gPCR approach targeting a segment of exogenously added
jellyfish DNA at a concentration suitable for detection of low levels of inhibitors.[23] PCR
Inhibition was defined as a delay in the threshold cycle by =2 cycles compared to the no-
DNA-template controls.

Quantitative PCR

Total bacterial load was measured by qPCR targeting a highly conserved region of the 16S
ribosomal RNA gene for all vaginal, choriodecidual and chorioamnion samples. In addition,
8 species-specific qPCR assays targeting key vaginal bacteria were performed including
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assays for G. vaginalis, Lactobacillus genus, Leptotrichial Sneathia species (single assay),
Megasphaera-like bacterium (type 1 & type 2), Atopobium vaginae, and three Clostridiales
order bacteria designated as bacterial vaginosis associated bacterium 1 (BVABL1), bacterial
vaginosis associated bacterium 2 (BVAB2) and Mageeibacillus indolicus (formerly BVAB3)
with methods as described previously.[2, 24, 25] The gPCR assays were performed on all
choriodecidual and chorioamnion samples; if any sample was positive, the same species-
specific qPCR was performed on the woman’s vaginal fluid. Assays underwent 45 cycles of
amplification on the Applied Biosystems ABI 7500 (Waltham, MA) or the Eppendorf
Mastercycler® ep realplex Thermal cycler (Hamburg, Germany). Standards were run in
duplicate from 10 to 107 copies (broad range 16S assay) and 2.5 to 10° to copies (species-
specific assays) for quantitation. Values are reported as 16S rRNA gene copies/swab.
Samples with undetectable levels of bacteria were assigned the value of the lower limit of
the assay.

Statistical Analysis

Results

Bacterial quantities were log transformed for analysis and presented in copies per swab.
Median quantities of bacteria among laboring and non-laboring women are reported with
standard deviations.

Study Participants, BV and Chorioamnionitis

We enrolled a total of 23 pregnant women in this study (Table 1, N=10 not in labor, N=13 in
labor). Table 2 presents a comprehensive description of each case including demographics,
delivery mode, antibiotic use, BV by Nugent’s score, culture results, gPCR results, and
histopathology results. Cesarean was performed on all women not in labor (N=10) and 5
women in labor. An additional 8 women in labor delivered vaginally. Prophylactic
antibiotics were administered prior to all Cesarean deliveries per standard practice and in
two women delivering vaginally for either Group B streptococcus colonization (N=1) or
presumed chorioamnionitis (N=1). BV was diagnosed in two women not in labor (Nugent
score=8, each). Placental histopathology identified chorioamnionitis or funisitis in 6 cases
[1/10 (10%) not in labor; 5/13 (38%) in labor]. The severity of chorioamnionitis or funisitis
was mild in all cases except in one patient, from whom Group B Streptococcus was cultured
in the chorioamnion (Case 18, Table 1).

Broad-range 16S gPCR of the Vagina, Choriodecidua, and Chorioamnion

To determine if the total quantity of vaginal bacterial DNA might be altered during labor, we
compared 16S rRNA gene copies (bacterial load by quantitative PCR) for laboring and non-
laboring groups. The median quantity of total vaginal bacterial DNA in the laboring group
was similar to the non-laboring group (Not in labor: 7.2 x 107 + 2.1x 108 copies/swab;
Labor: 4.8 x 107 + 1.9 x 108 copies/swab).

We performed broad-range 16S rRNA gene gPCR to determine bacterial load in the
chorioamnion and choriodecidua. We hypothesized that microbial trafficking from the
vagina into the pregnant uterus would be facilitated by labor, but that occasionally bacteria
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may also be detected in low levels in the choriodecidua and chorioamnion of women not in
labor. In all women, we obtained swabs using sterile technique from within the placental
membranes (chorioamnion) and, if a cesarean was performed, from the space between the
uterus and placenta (choriodecidual space). Bacteria were detected in the choriodecidua
and/or chorioamnion for 4/10 (40%) women prior to the onset of labor and 5/13 (38%)
women after the onset of labor (Table 1). Bacterial detection did not correspond to
chorioamnionitis or funisitis, as none of the pre-labor cases and only 2/5 laboring cases were
noted to have placental or umbilical cord inflammation. These results suggest that bacteria
may colonize the chorioamnion in late pregnancy even in the absence of labor or placental
inflammation.

Lactobacillus and BV-Associated Bacterial Species in the Vagina, Choriodecidua and
Chorioamnion

To identify bacteria found by 16S rRNA gPCR in the chorioamnion and choriodecidua, we
chose to assay for Lactobacillus species and specific BV-associated bacterial species using a
panel of validated qPCR assays. We assayed for the same bacterial species in the vagina
when the selected species or genus was found in the chorioamnion or choriodecidua. We
identified Lactobacillus in either the chorioamnion or choriodecidua by a genus-specific 16S
gPCR in 4 of 5 women in labor undergoing Cesarean section, but not prior to labor.
Regardless of mode of delivery, Lactobacillus species were detected in the chorioamnion of
31% of women in labor (4/13) by gPCR (Table 2). Interestingly, our selected species-
specific qPCR assays did not identify bacteria in the chorioamnion or choriodecidua prior to
labor, suggesting that BV-associated microbes rarely inhabit these spaces in term
pregnancies prior to labor.

For one woman in labor with mild chorioamnionitis, DNA from several BV-associated
species was detected in the chorioamnion, including Leptotrichia/Sneathia, G. vaginalis,
BVAB-2, Afopobium vaginae, Megasphaera, and Lactobacillus (case 19, Table 1, Fig. 1).
DNA for each of these species was also detected on vaginal swabs collected during labor.
Each of these species demonstrated a gradient of bacterial load, with highest quantities in the
vagina prior to rupture of membranes, followed by lower quantity in the vagina after rupture
of membranes, and lowest quantities in the chorioamnion (Fig. 1). A similar gradient from
vagina to chorioamanion and choriodecidua was noted among women prior to the onset of
labor using 16S rRNA for bacterial detection. Detection of a quantitative gradient between
bacterial species in the vagina and chorioamnion is consistent with microbial trafficking
between these compartments.

Discussion

A prevailing model in the obstetrical literature for the etiology of infection-associated
preterm birth has involved ascension of bacteria from the lower genital tract into the uterus.
As the earliest events in this model occur within hidden compartments of asymptomatic
pregnhant women, this hypothesis has not been practical to prove in humans. Murine models
have been developed only recently to demonstrate preterm birth after bacterial trafficking
from the vagina into the uterus.[26] In this study, we demonstrate for the first time that
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Lactobacillus and fastidious BV-associated bacteria can be identified in the chorioamnion
and vagina along a quantitative gradient, which provides supportive evidence for the model
of bacterial ascension. The strength of this study is in the detailed description of the
microbiota in parallel between the vagina, chorioamnion and choriodecidual compartments
at term. Our results suggest that vaginal bacteria can migrate into the chorioamniotic
membranes during labor, and may not always be associated with clinical sequelae.

Existence of a “placental microbiome” remains controversial,[27, 28, 29, 30] but use of
sensitive and specific gPCR assays in our study to detect bacterial species in both the vagina
and chorioamnion provides important evidence suggesting microbial trafficking contributes
to a placental and intrauterine microbiome during labor at term. Recently, the
chorioamniotic membranes have been profiled using 16S rRNA broad-range PCR, which
also demonstrates the common detection of bacterial DNA in placental tissues and spatial
variation in the microbial signature.[31, 32] However, these studies did not evaluate the
relation of placental bacteria to those found in the vagina. Evidence for microbial trafficking
from the lower genital tract into the placenta in pregnant animal models has been
demonstrated in rabbits and recently in mice[26, 33, 34, 35, 36, 37], but not definitively in
pregnant women due to ethical reasons. Our results support the existence of a human
placental microbiome in labor, but indicate that detection of microbes in the chorioamniotic
membranes at term prior to labor by gPCR is infrequent.[38, 39]

The relative frequency with which Lactobacillus species were detected in the chorioamnion
of women in labor suggests that these bacteria may be part of the normal microbial
community that develops in the chorioamnion during labor. Gram-positive Lactobacillus
species are the most prevalent bacteria in the vagina and are thought to promote a healthy
vaginal environment. Several studies using /n vitroand in vivo models suggest that
Lactobacillus species can inhibit growth of other bacteria[40, 41], their infectivity[42], and
adhesion to vaginal epithelial cells[43]. Two recent reports suggest that bacteria, including
Lactobacillus species, can be recovered from umbilical cord blood[44] or the early
meconium from neonates[45], also suggesting an intrauterine microbiome originating from
vaginal microbiota. In contrast, BV-associated microbes were found in the chorioamnion and
choriodecidua of only one case in our study (Figure 1). This case was complicated by
clinical and histopathological diagnosis of chorioamnionitis. BV-associated microbes were
detected in the vagina and chorioamnion in a quantitatively decreasing gradient. Several of
the identified species in this case have also been associated with preterm birth when
identified in the amniotic fluid.[12] These findings also support the current theory that BV-
associated microbes in the chorioamnion or amniotic fluid are pathologic.

The clear strength of the study is in the parallel detection of bacteria in the vagina and
chorioamnion at term as prior studies in pregnancy have reported detection of fastidious
bacteria in a single compartment (e.g. amniotic fluid, vagina) or tissue (e.g. chorioamniotic
membranes). Our collection technique of sampling the choriodecidua during Cesarean
section and swabbing between the chorioamniotic membranes, limits the risk of
contamination when compared to collection directly from placental tissues exposed to the
lower genital tract during vaginal birth. While the result of bacteria in the choriodecidua and
chorioamnion could still represent contamination, this risk seems unlikely due to the
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detection of 16s qPCR bacterial DNA in the chorioamnion and choriodecidua of women
prior to the onset of labor and at the time of Cesarean section. Another study strength was
the use of an expanded number of species-specific quantitative assays to include eight
vaginal bacterial species and Lactobacillus species. Species-specific assays are more
sensitive than broad range 16S rRNA gene PCR for bacterial detection, with detection
thresholds of a few molecules per reaction. Limitations of this study include the modest
number of subjects enrolled, but this is tempered by the detailed analysis of the microbial
quantities in each subject’s vaginal fluid and chorioamnion. The impact of antibiotic
administration on the data derived from women delivering by cesarean is unknown, but
likely diminished our ability to detect placental bacterial DNA.

Collectively, these findings indicate that microbial trafficking of fastidious bacteria and
lactobacilli from the vagina into the uterus occurs during term labor in normal pregnancies,
which may or may not lead to chorioamnionitis. Detection of Lactobacillus species occurs
commonly in the chorioamnion during labor and may provide protection to the neonate if a
Lactobacillus dominant microbiota impedes microbial trafficking of more pathogenic
bacteria. In one case of clinical chorioamnionitis, detection of a quantitative gradient
between BV-associated bacterial species in the lower genital tract and placenta supports the
theory that ascension of these microbes are pathologic in labor. Further studies of the role of
Lactobacillus in normal pregnancy and fastidious bacteria in chorioamnionitis may improve
prevention and treatment approaches for preterm labor.
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Histology
Mild chorioamnionitis
Mild funisitis

Vaginal bacteria by PCR

before membrane rupture:

1.8 x 108
3.8x107
1.6 x 108
1.7 x 107
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6.6 x 10°
4.1 x 108

Leptotrichia/Sneathia
Gardnerella vaginalis
BVAB-2

Atopobium vaginae
Megasphaera
Lactobacillus

16S broad range

Figure 1.
Placental Cultures, Histopathology and Species-Specific gPCR for a Woman in Labor.

Standard cultures and species-specific qPCR reveal the complexity of a polymicrobial
infection in a woman in labor (case 19, Table 1). In this case, multiple BV-associated
bacteria were detected in both the chorioamnion and vagina in the setting of mild
chorioamnionitis and funisitis before and after rupture of the chorioamniotic membranes.
The combination of parallel detection of the same bacterial species in the chorioamnion and
vagina with a quantitative gradient (higher vaginal levels, lower chorioamnion levels)
suggests microbial trafficking of these bacteria from the vagina and into the placenta. Copy

numbers in the figure are per swab.
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Chorioamnion bacteria
by standard culture:
102 CFU coagulase negative
Staphylococci
Gardnerella vaginalis
Anaerobic Gram-positive cocci
Anaerobic Gram-negative rods

4.5 x 10°
4.9 x 10*
8.2x10°
7.5x10°
5.5x10°
2.2x10°
2.0 x 10°

Chorioamnion bacteria by PCR:

Leptotrichia/Sneathia
Gardnerella vaginalis
BVAB-2

Atopobium vaginae
Megasphaera
Lactobacillus

16S broad range

Vaginal bacteria by PCR

after membrane rupture:
8.4 x 107 Leptotrichia/Sneathia
6.1 x 10° Gardnerella vaginalis

6.1 x 10° BVAB-2

4.1 x 10® Atopobium vaginae
5.2 x 10° Megasphaera

8.7 x 10* Lactobacillus
7.2x107 16S broad range
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16S rRNA PCR Quantities from the Vagina, Choriodecidua and the Chorioamnion

Table 1

Case | Vagina before rupture | Vagina after rupture | Choriodecidua | Chorioamnion

Women Not in Labor (N=10)

1 5.6 x 108 - 1.6 x 103
2 6.0 x 10° 2.3 x10* -
3 9.8 x 108 3.9 x 104 4.0 x 10*
4 4.5x10° 43x10* 3.4 x 104
5 5.4 x 108 - -
6 7.2 x 108 - -
7 1.4 x 108 - -
8 2.6 x 10° - -
9 9.4 x 107 - -
10 3.4 x 108 - -
Women in Labor (N=13)
1 2.2 x 10° - -
12 6.2 x 10° 1.4x 10° - -
13 1.7 x 108 -
14 2.6 x 10° )
15 2.7 x 107 7.6 x 108 -
16 4.2 x 106 2.6 x10° -
17 8.2 x 108 2.0 x 10° 48x103
18 5.5 x 108 3.7 x 108 -
19 4.1x 108 7.2 x 107 2.0 x 105
20 1.1 x 108 9.1 x 107 1.3 x 103
21 3.8 x 108 1.78x 108 -
22 - 4.0 x 10
23 1.6 x 10° 1.0 x 108

- Indicates below the threshold of detection.

Choriodecidual swabs were only obtained from women in labor if they underwent Cesarean section.

Data presented as 16S rRNA gene copies/swab.
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