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Abstract
The widely accepted dogma of intrauterine sterility and initial colonization of the newborn during birth has been blurred by recent
observations of microbial presence in meconium, placenta, and amniotic fluid. Given the importance of a maternal-derived in utero
infant seeding, it is crucial to exclude potential environmental or procedural contaminations and to assess fetal colonization
before parturition. To this end, we analyzed sterilely collected intestinal tissues, placenta, and amniotic fluid from rodent fetuses
and tissues from autoptic human fetuses. Total bacterial DNA was extracted from collected samples and analyzed by Next
Generation Sequencing (NGS) techniques using hypervariable 16S ribosomal RNA (rRNA) regions (V3-V4). Colonizing microbes
were visualized in situ, using labeled probes targeting 16S ribosomal DNA by fluorescent in situ hybridization. The NGS analysis
showed the presence of pioneer microbes in both rat and human intestines as well as in rodent placentas and amniotic fluids.
Microbial communities showed fetus- and dam-dependent clustering, confirming the high interindividual variability of commensal
microbiota even in the antenatal period. Fluorescent in situ hybridization analysis confirmed the microbes’ presence in the lumen
of the developing gut. These findings suggest a possible antenatal colonization of the developing mammalian gut.

Keywords
mammalian gut, embryonic development, microbiota, 16S rRNA gene sequencing

Introduction

Fetus, amniotic fluid, and chorioamnion tissue have long

been considered sterile until birth or rupture of the amniotic

sac. However, recent evidence shows that the intragesta-

tional sac environment harbors a diversity of microorgan-

isms even in physiological pregnancies,1-3 contradicting the

long-standing dogma of “womb sterility”.4 Indeed, the cul-

tivable genera Enterococcus, Streptococcus, Staphylococcus,

and Propionibacterium have been isolated from umbilical

cord blood of healthy neonates born by cesarean delivery.5

Within the abundant literature on human placenta micro-

biome composition,3,6,7 a recent study combining 16S ribo-

somal DNA-based and whole-genome shotgun metagenomic

analyses showed the presence of a unique placental micro-

biota, strongly resembling the maternal oral bacteria, with

the dominance of Firmicutes, Tenericutes, Proteobacteria,

Bacteroidetes, and Fusobacteria phyla.3 In addition, amnio-

tic fluid and placenta were found to have similar microbial

communities, consistent across individuals.6 Lactic acid

bacteria and enteric bacteria have been reported in meco-

nium collected after birth,8 and a certain degree of similar-

ity has been demonstrated between meconium and amniotic

fluid,6 probably related to liquid swallowing by the fetus

during pregnancy.

All these data suggest that humans might come into contact

with bacteria before birth, and, depending on the time of gesta-

tion and the type of bacteria that first seed the fetus, this antena-

tal colonization might have important physiological and

clinical consequences. Indeed, microbes, either true pioneer

or transient species, could expose the developing fetus to a

diverse array of antigens9 that educate the fetal immune system

1 Dipartimento di Scienze della Salute, Università degli Studi di Milano, Milan,
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toward tolerance and participate in the full development of the

gut-associated lymphoid tissue.10

At the same time, toxins and viable microorganisms,

through active and passive transport from maternal circulation

to the placenta, could gain direct entry into fetal circulation,

eliciting infective and/or inflammatory processes.11

Despite these recent advances in the field, a conclusive

analysis of antenatal microbial colonization has not been

reported,12 leaving a gap in the knowledge of this important

developmental process. The present study is aimed at ascertain-

ing antenatal microbial colonization of mammalian fetal intest-

inal tissues. To address this issue, a rodent animal model was

used to allow sterile experimental conditions. This was com-

pared to human gut samples from fetal autopsies that were

studied using a 16S rRNA amplicon-based NGS approach,

validated by in situ detection.

Results

Microbial Species Are Identifiable in Rodent Fetuses in
Utero

We collected, under sterile conditions, intestine, placenta, and

amniotic fluid from 5 rat fetuses: 3 fetuses (numbered 1-3)

from 1 dam (dam A) and 2 (numbered 4-5) from the other

(dam B). The tissues were analyzed by Next Generation

Sequencing (NGS).

An average of 259 465 reads were obtained per sample,

giving a total of 4 670 364 reads overall. Paired-end reads

generated from the original DNA fragments using Illumina

MiSeq NGS were merged and quality-filtered producing a total

of 1 560 296 sequence tags from the gut samples and 982 017

and 900 070 from placentas and amniotic fluids, respectively.

Nine different bacterial phyla were identified in rat fetal

samples following negative control subtraction. The most rep-

resented phyla (Figure 1A), using a cutoff applied of a relative

abundance greater than 1% in at least one experimental group,

were Firmicutes (mean relative abundance [SD], 57.0 [8.6]),

Bacteroidetes (23.7 [8.7]), Actinobacteria (10.3 [8.4]), Proteo-

bacteria (5.0 [2.1]), and Verrucomicrobia (2.8 [1.9]).

The most abundant families (Figure 1B) were Ruminococ-

caceae (20.9 [7.6]), Lachnospiraceae (20.5 [9.3]), Bacteroida-

ceae (11.4 [4.4]), Veillonellaceae (5.9 [3]), Rikenellaceae (4.2

[2.3]), and Propionibacteriaceae (3.5 [6.3]).

Microbial Community Is Characteristic of Fetuses and
Dams

In order to understand the main determinants constituting the

microbial diversity, we evaluated the differences among the

samples on both richness and composition. Tissues (ie, intes-

tine, placenta, and amniotic fluid), dams (ie, A and B), and

fetuses were considered for microbiota profiling. The analysis

of samples biodiversity (a-diversity) showed clustering accord-

ing to dam and fetus rather than analyzed tissue. Faith’s phy-

logenetic diversity (Figure 2) measured based on distances and

observed species metrics showed a significant separation

dependent on fetus (Mann-Whitney U test: P ¼ .016 and

.019, respectively). Both the metrics showed a separation

dependent also on dam (permutation-based test: P ¼ .004 and

.036, respectively). Interestingly, no significant separation was

observed based on tissue type (P > .05), independent of the

metric used to compare distributions.

To evaluate whether different samples were characterized

by distinct microbiota composition profiles (b-diversity,

Figure 3A), the distribution of UniFrac distances was

assessed. Both unweighted, which gives equal importance to

rare and common taxa, and weighted UniFrac distances,

which gives a higher importance to the most abundant bac-

teria, were used.

As with the a-diversity, the b-diversity analyses clustered

according to fetus (adonis test: P ¼ .009 and .006 on

unweighted and weighted UniFrac distances, respectively) and

to dam (adonis test P ¼ .015 on weighted UniFrac distances).

Distributions of unweighted UniFrac distances (Figure 3B)

on fetus were statistically different (P ¼ .01), whereas

weighted UniFrac distances were not (P ¼ .09), indicating that

significant differences are present in subdominant components

of the microbiota. In detail, fetus 1 was characterized by a high

relative abundance of Propionibacteriaceae (14.3% compared

to an average of 1.1% in other fetuses) and Corynebacteriaceae

(4.1% compared to an average of 0.4% in other fetuses). Fetus 3

showed an increased abundance of Erysipelotrichaceae (1.7%
compared to an average of 0.9% in other fetuses), and fetus 5

was enriched in Porphyromonadaceae (average relative abun-

dance: 2.4% compared to 1.0% in other fetuses; Supplemental

Figures 1 and 2A).

Analysis of observed species metric (P ¼ .036) and Faith’s

phylogenetic distances (P ¼ .004) allowed for a significant

separation among dams, with dam B presenting with a lower

biodiversity (Supplemental Figure 3). Analysis of distances

based on sample origin (ie, fetus, tissue, and dam) showed a

trend indicating similarity in microbial profiles among fetuses

(Figure 3C).

The microbiota signature for each tissue appeared less dis-

tinct, with only some hints of a lower presence of Verrucomi-

crobiaceae in placenta tissue (relative abundance: 1.1%
compared to 2.7% and 3.7% in amniotic fluid and intestine,

respectively) and a trend of higher relative abundance of Bar-

nesiellaceae in the intestine (4.0% compared to 1.4% and 1.5%
in placenta and amniotic liquid, respectively; Supplemental

Figures 2C and 4). Few differences emerged in the comparison

between dams A and B (Supplemental Figures 2B and 5).

Bacteria Are Visualized in the Gut During Rodent Fetal
Development

To assess bacteria distribution, in situ analysis was performed

on whole sectioned fetuses. Fluorescent detection revealed

the presence of bacteria in the gut lumen of developing rat

fetuses (Figure 4A and B). In particular, eubacteria (green

fluorescence) could be visualized on the different analyzed
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sections, confirming that bacteria colonize the rodent intestine

before birth.

Probe for Staphyloccaceae did not give positive fluorescent

signal in any of the tissue sections analyzed.

Bacteria Are Present in the Gut During Human Fetal
Development

Paraffin-embedded intestinal tissues from 3 third-trimester

(gestational age 29, 31, and 33 weeks) human fetuses were

screened for the presence of fetal microbiota.

In all analyzed samples, bacteria were observed. The most

represented phyla (Figure 5A) were Firmicutes (57.3 [4.5]),

Bacteroidetes (17.4 [1.2]), Actinobacteria (16.8 [5.4]), Proteo-

bacteria (4.9 [2.2]), and Verrucomicrobia (2.7 [1.7]). At family

level, the most abundant taxa were Lachnospiraceae (19.0

[8.6]), Ruminococcaceae (18.2 [2.4]), Propionibacteriaceae

(9.1 [4.1]), Bacteroidaceae (8.9 [2.2]), Streptococcaceae (4.7

[1.7]), and Veillonellaceae (4.7 [0.6]).

The presence of bacteria indicated by the data obtained by

NGS analysis was further validated by visualizing eubacteria in

the lumen of the developing gut by fluorescent in situ hybridi-

zation (Figure 5B).

Figure 1. Pioneer microbiota in the developing rodent gut bar charts representing the relative abundance of 5 fetal intestines (I1-I5), amniotic
fluids (A1-A5), and placentas (P1-P5). The figure shows relative abundance of bacterial (A) phyla and (B) families.
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Discussion

The presence of a meconium microbiota supports the existence

of maternal microbial transmission in utero.8 In this study, we

show that bacteria are present in anatomical fetal mammalian

gut sections. Reported relative abundance in meconium6,8,13

indicate a consistent presence of Proteobacteria, whereas in

this study, both in human and in rat developing gut, Firmicutes

were found to be more represented. These changes in micro-

biota may be a consequence of physiological changes that

occur during birth. The present study does not suffer for the

rodent (not the human) sampling of the known different oxygen

levels given the immediate freezing of dissected tissues.

Supporting the important role of the microbiota community

in the developing mammalian gut, the phyla composition

found in analyzed samples (Firmicutes, Bacteroidetes,

Figure 2. Microbial biodiversity (a-diversity) is fetus-specific (A) a-diversity rarefaction curves according to faith’s phylogenetic distance (“PD
whole Tree”). X-axis reports the number of sequences per sample, whereas Y-axis shows the value of the metric. Samples are grouped based on
fetus number. (B) Distribution of distances between a-diversity PD whole tree values; Distances are labeled as “intra-” or “inter-category”
according to fetus number. Dashed black line represents the mean of the distances, whereas the solid black line represents the median.

Figure 3. Microbiota composition (b-diversity) is fetus-specific (A) principal coordinates analysis (PCoA) of the unweighted UniFrac distances;
PCoA components 1 and 3 are reported. Samples are connected together on the basis of fetus number. (B) Boxplots of intra- and intercategory
unweighted UniFrac distances among samples; categories are based on the fetus number. (C) Boxplots of intracategory weighted UniFrac
distances among samples; samples are grouped according to fetus, tissue, or dam.
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Actinobacteria, Proteobacteria, and Verrucomicrobia)

closely resembles those reported in healthy adult human

gut.14,15 It is important to note that, compared to adult and

childhood tissues,16,17 the developing gut is enriched in Acti-

nobacteria and depleted in Bacteroidetes. Actinobacteria

abundance has been shown to progressively increase in infant

feces during lactation and to then decrease when solid food is

introduced in the diet. The opposite has been reported for

Bacteoidetes.18-20 Hence, the difference between fetal and

adult gut composition is in line with infant fecal microbiota,

Figure 4. Eubacteria in the developing rodent gut lumen confocal microscopy images showing (A) eubacteria (in green) in the lumen of a 16-day
post coitum rat fetus; (B) at a higher magnification (inset is represented as a white box in A) note the typical bacterial morphology and it is
possible to identify few bacteroides spp. (yellow). In blue is DAPI (40,6-diamidino-2-phenylindole) (nuclei) and 50-mm scale bar is reported in B.
Asterisks indicate bacterial cells.

Figure 5. Eubacteria in the developing human gut (A) bar charts representing the family relative abundance at family level of 3 fetal human
intestines (29, 31, and 33 weeks of gestation, respectively). (B) Representative confocal microscopy images of in situ hybridization showing the
presence of eubacteria (in green-, inset showing higher magnification) in the lumen human fetuses. In blue is DAPI (nuclei) and 100 mm and 50 mm
(inset) scale bars are reported. Asterisks indicate bacterial cells.
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suggesting that solid food might be responsible for the switch.

It could also suggest that the presence of a maternally

provided reservoir of bifidobacteria, which with human milk

oligosaccharides are known to be fundamental for the devel-

opment of a balanced infant microbiota and a fully functional

gastrointestinal tract.18,21-23

Another difference found in our study compared to bacteria

composition reported in meconium collected after birth6,8 is

that Staphylococcaceae and Streptococcaceae appear to be

less abundant during uterine life. It is known that Staphylo-

cocci are characteristic of higher respiratory tract and skin

microbiota; hence, it is conceivable that colonization occurs

during birth or from the first days of life through contact with

maternal tissues. It has also recently been shown that both

genera are abundant in colostrum and maternal milk,24 indi-

cating a possible dual colonizing path.

Analysis of 16S rRNA amplicon data showed that micro-

biota composition is fetus- and dam specific rather than tissue

specific. Indeed, bacterial families found in amniotic fluid and

placenta overlap with those found in the corresponding fetus.

Importantly, the specificity seems to be independent of grow-

ing environment (ie, uterine tissues), but it seems to relate to

micro niches (ie, embryonic implant). This is true not only for

the microbial community but also for other developmental

determinants, such as genetic, metabolic, biochemical, or epi-

genetic components, known to be specific to the single devel-

oping organism and not always shared among all siblings. This

is in addition to the possible confounding factors of gender,

time, site of implantation, and so on.

Given that bacteria colonize mammalian gut during intrau-

terine life, the fundamental question remains as to the source

and the path of this in utero seeding or exposure. Recent find-

ings3 have described how, analyzing a significant number of

placentas collected after birth, the placental microbiota shares

more similarities with that of the oral composition compared to

vaginal, skin, and/or gut communities. Rather than identifying

the origin of placental microbiota, these data support the exclu-

sion of a passive dispersion through excreting organs. In the

literature, a possible microbiota colonization in utero has been

often hypothesized as a consequence of pathogens known to be

able to reach the developing fetus. Our data suggest an alter-

native mechanism, where pathogens may pass the maternal

barrier as a consequence of the necessary permissiveness to

commensal bacteria,4 instead of resulting from infectious

events (reviewed in Doran et al25).

Clearly, considering the accumulating evidence for a strict

relationship between microbiome and health status, in all stud-

ied settings (age, gender, ethnicity, mtDNA SNP, haplogroup,

etc)26-31 and the importance of maintaining or replenishing

the microbial community in pathological conditions,29,32,33

the present article reports data contributing to the open field

of investigation relating to the management of healthy preg-

nancies.34 Future studies will be devoted to overcome the

limitations of the present research, that is, prospective collec-

tion of fetal human samples, increase number of rodent

fetuses, and implementing culture techniques for growing

commensal microorganisms.

Materials and Methods

Animals and Housing

CD albino rats (Sprague-Dawley) were maintained in standard

conditions (light 6 AM to 6 PM, T ¼ 22�C + 2�C, humidity ¼
55% + 5%) with tap water and food (Mucedola standard diet)

ad libitum. Virgin females were caged overnight with males of

proven fertility. The day of positive vaginal smear was consid-

ered as day 0. The pregnant rats were housed individually.

Animals were euthanized by carbon dioxide inhalation, and

bilaterally pregnant uterine samples were collected in the

morning of gestational day 16. Amniotic fluid, placenta, and

fetal intestines were dissected, collected in sterile conditions,

and stored at �80�C until use. For dissection, uteruses were

placed in sterile saline solution under laminar flow cabinet, and

all procedures were conducted in the hood using UV-sterilized

equipment within a sterile field created by a Bunsen burner,

until samples were placed in sterile tubes. For in situ hybridiza-

tion, whole fetuses were collected in paraformaldehyde 4%
(vol/vol) and kept at 4�C in rotation for 4 days. Samples were

then washed twice in phosphate saline solution, rehydrated

through a graded series of alcohols, and paraffin embedded.

All animal procedures were conducted in accordance with

the ethical guidelines approved by the University of Milan in

compliance with national (Dlgs 26/2014) and international

laws and policies (EEC Council Directive 86/609).

Human Samples

Human samples were included based on stillborn nonmacer-

ated fetuses and gut tissue availability. The 3 fetuses were not

malformed and with normal karyotype. Pregnancies were

reported as uneventful, including infection and inflammation

disease or premature rupture of the membranes, until intrau-

terine fetal death. Autopsy was performed following interna-

tional protocols.35

Four micrometer thick tissue sections from formalin-fixed,

paraffin-embedded tissue samples were cut and processed for

in situ hybridization by deparaffinization in xylene and rehy-

dration through a graded series of alcohols. For NGS analysis,

tissue sections, cut under laminar flow cabinet using sterile

blades and placed in sterile tubes, were washed twice with 1

mL of Histo-Clear (Sigma Aldrich, Milan, Italy) for 15 min-

utes with rotation at 56�C or until diaphanization. Tissue was

recovered by centrifugation, washed in ethanol, and dried for

DNA extraction.

The study was exempt from institutional review board

approval because, following Italian Data Protection Act

9/2013, and autopsy material sampled for diagnostic purposes

can be used for research as long as patient privacy is ensured.

This law is in line with European Commission recommenda-

tion n. Rec(2006)4.
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Next Generation Sequencing Analysis

Total bacterial DNA extraction was performed using the

QIAamp DNA Microbiome Kit (QIAGEN, Hilden, Germany),

following manufacturer’s instructions. Particular attention was

paid to avoid environmental contamination of collected sam-

ples and cross-contamination between samples. Samples were

individually processed for DNA extraction under laminar flow

cabinet, following UV sterilization. Empty tubes, processed in

parallel during tissue recovery and DNA extraction, were used

as negative controls. A number of corrective measures have

been applied. In particular, UV irradiation of surfaces and

instruments using disposable equipment or autoclave-based

sterilization. Negative controls were run in parallel and pro-

cessed for detecting possible contaminating microorganisms.

16s rRNA sequencing results did not show commonly reported

environmental and reagent contaminants.36

16S rRNA gene amplicon libraries were performed with a

2-step barcoding approach according to Illumina 16S Metage-

nomic Sequencing Library Preparation (Illumina, San Diego,

California), which amplifies 2 hypervariable regions (ie, V3

and V4) of the 16S rRNA bacterial gene. Library concentration

and exact product size were measured using a KAPA Library

Quantification Kit (Kapa Biosystems, Woburn, Massachusetts)

and Agilent 2100 Bioanalyzer System (Agilent, Santa Clara,

California), respectively. Agilent analysis for evaluating the

correct predicted size of amplicons showed no bands in nega-

tive controls, extracted, and processed in parallel with samples

(Supplemental Figure 6). Prior to sequence, libraries were

pooled using Amicon Ultra 0.5 mL Centrifugal Filters (Merck

Millipore Ltd, Tullagreen, Carrigtwohill Co, Cork, Ireland).

The resulting library was loaded on a MiSeq 500 cycle-v2

cartridge to obtain a paired-end 2� 250 bp sequencing. Demul-

tiplexed FASTQ files were generated by Illumina MiSeq

Reporter, and 2.5 Gbases were obtained.

Raw sequence data determined in this study are available at

NCBI Short Read Archive (https://www.ncbi.nlm.nih.gov/sra/)

under Accession numbers PRJNA379373 and PRJNA379370.

Fluorescence In Situ Hybridization Analysis

Paraffin-embedded tissue specimens (4-mm thick) were depar-

affinized by sequential steps in xylene. Then samples were

rehydrated in 95% ethanol, 90% ethanol, and finally deionized

water. The slides were air-dried prior to hybridization.

Fluorescence in situ hybridization probe sequences for

Eubacteria (EUB 338-I, 50-GCTGCCTCCCGTAGGAGT-30;
EUB 338-III, 50-GCTGCCACCCGTAGGTGT-30), encom-

passing all bacterial species in Bacteria domain (labeled with

fluorescein isothiocyanate [FITC]), Bacteroides (BAC303, 50-
TCCTCCATATCTCTGCGC-30, Cy3), and Lachnospiraceae

(LACHNO, 50-TTCCCATCTTTCTTGCTGGC-30, Cy5) were

obtained from probeBase website.37 Negative control probe

(complementary to EUB 338-I probe, NON-EUB, 50-ACTCC-

TACGGGAGGCAGC-30) was also hybridized to evaluate

nonspecific binding. Staphylococcaceae probe (STAPHY,

50-TCCTCCATATCTCTGCGC-30, Cy3) sequence was

designed as described by Gey et al38 and used to assess possible

environmental contaminants in sampling. Probes were

purchased from Integrated DNA Technologies (San Jose,

California). Hybridization was carried out using standard

methods.38,39 Briefly, sections were deparaffinized and rehy-

drated in serial solutions. Following section air-drying, specific

oligonucleotide probes were hybridized using conditions opti-

mized for each probe for stringent hybridizations: BAC303 at

48�C and 10% formamide; STAPHY, and LACHNO at 48�C
and 30% formamide; EUB 338-I, and EUB 338-III, at 48�C and

10% or 30% formamide according to the paired probes. DAPI

(40,6-diamidino-2-phenylindole) counterstaining was applied

to assess prokaryotic and eukaryotic nuclear morphology.

In this set of experiments, a number of controls were used:

sections hybridized with STAPHY probe that resulted nega-

tive, to exclude common contaminants; sections hybridized

with NON-EUB probe, as negative control; and artificially

contaminated sections hybridized with STAPHY probe, that

resulted positive, as technical control.

Images of probe-labeled sections were acquired using a con-

focal laser scanning microscope (TCS SP2, Leica, Wetzlar,

Germany). Microorganisms were checked for position, size,

and morphology. Confocal images were acquired by series and

sequential scan mode. Photomultiplier tube detectors were

adjusted to minimize the bleed-through of fluorescent emis-

sions and to optimize signal/noise ratio, in particular versus

tissue autofluorescence.

Data Analysis

Sequencing reads were processed, filtered, and analyzed fol-

lowing similar procedures described in Borghi et al.40 Briefly,

read pairs were merged together by PandaSeq software41 dis-

carding fragments of length <300 bases or >900 bases as well

as nonoverlapping sequences. Then, fragments were quality-

filtered, clustered into operational taxonomic units, and taxo-

nomically classified against the 13.8 release of the Greengenes

bacterial 16S rRNA database (http://greengenes.lbl.gov) using

the QIIME suite (version 1.8.042).

Biodiversity (a-diversity) was evaluated by permutation-

based t tests, whereas “adonis” of the R package “vegan” was

used for bacterial composition (b-diversity). In addition, due to

the reduced number of samples per category, we devised an

alternative strategy for comparing the distributions of distances

within and between each experimental group for both a-diver-

sity and b-diversity evaluations. Each sample was assigned to

an experimental group according to one of the associated labels

(ie, tissue type and dam or fetus number); then, a distance

between each sample and all the others was calculated. This

allowed distinguishing distances between samples belonging to

the same (“intracategory” distance) or to a different

(“intercategory” distance) experimental group. This strategy

was applied for evaluating the absolute difference for a-diver-

sity indexes (ie, chao1, Shannon index, observed species, and

Faith’s phylogenetic distance) and the weighted or unweighted
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UniFrac distances43 (b-diversity). A Mann-Whitney U test was

applied for comparing the distributions of “intra-” and

“intercategory” distances. Details of statistical methods are

provided as Supplemental information.
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5. Jiménez E, Fernández L, Marı́n ML, et al. Isolation of commensal

bacteria from umbilical cord blood of healthy neonates born by

cesarean section. Curr Microbiol. 2005;51(4):270-274.

6. Collado MC, Rautava S, Aakko J, Isolauri E, Salminen S. Human

gut colonisation may be initiated in utero by distinct microbial

communities in the placenta and amniotic fluid. Sci Rep. 2016;6:

23129.

7. Prince AL, Ma J, Kannan PS, et al. The placental membrane

microbiome is altered among subjects with spontaneous preterm

birth with and without chorioamnionitis. Am J Obstet Gynecol.

2016;214(5):627.e1-627.e16.
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