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Amniotic fluid microbiome in asymptomatic pregnants at second trimester
Ikinci trimesterde asemptomatik gebeliklerde amniyotik sivi mikrobiyomu
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ABSTRACT

Aim: The purpose of this prospective cohort study is to evaluate the possible microbiome of the
amniotic cavity in the second trimester in asymptomatic pregnant women by the culture-based
technique.

Materials and Methods: This prospective cohort study was conducted in Gaziantep University
Gynecology and Obstetrics Clinic between October 2017 and November 2019. 100 pregnant women
who had amniocentesis for genetic screening in the fetus, and who had no complaints or clinical
symptoms of vaginal or chorioamnionitis infection, were included in the study. While culture tests were
performed by using the amniotic fluids of these pregnant women, glucose and leukocyte levels of their
amniotic fluids were also measured. At the same time, culture and gram staining analyses were
performed by collecting vaginal swab specimens from the patients.

Results: 12 patients (12%, 95% confidence interval, 0 to 41%) had positive amniotic fluid culture
results. The most observed bacteria were E. coli (5%). No findings of clinical infection were observed
in the patients with positive amniotic fluid culture results. These patients delivered healthy babies with
no complications.

Conclusion: The amniotic fluid has its own microbiome, and the vaginal flora plays a role in the
formation of this microbiome. This is a preliminary study; therefore, larger studies and targeted broad
range molecular methods are needed to find the variety of the possible flora of the amniotic fluid.
Keywords: Microbiome, amniotic fluid, pregnancy, culture, vaginal fluid.

oz

Amagc: Bu prospektif kohort ¢galismasinin amaci, ikinci trimesterde asemptomatik gebelerde amniyotik
kavitenin olasi mikrobiyomunu kdiltiir temelli teknikle degerlendirmektir.

Gereg ve Yéntem: Bu prospektif kohort calisma, Gaziantep Universitesi Kadin Hastaliklari ve Dogum
Klinigi'nde Ekim 2017- Kasim 2019 tarihleri arasinda gerceklestirildi. Fetiiste genetik tarama icin
amniyosentez yapilan, vajinal enfeksiyon veya koryoamniyonite dair klinik semptomu olmayan 100
gebe kadin g¢alismaya dahil edildi. Bu gebelerin amniyotik sivilari kullanilarak kdltiir testleri yapilirken,
amniyotik sivilarinin glikoz ve I6kosit diizeyleri de blglldi. Ayni zamanda hastalardan vajinal striintii
Ornekleri alinarak kiiltlir ve gram boyama analizleri yapildi.

Bulgular: 12 hastada (%12, %95 given araligi, %0 ile %41) amniyotik sivi kiltiri pozitif ¢ikti. En sik
goriilen bakteri E. coli idi (%5). Amniyotik sivi kiltiirli sonucu pozitif olan hastalarda klinik enfeksiyon
bulgusu izlenmedi. Bu hastalar highir komplikasyon olmaksizin saglikli bebekler dogurdu.
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Sonug¢: Amniyotik sivinin kendi mikrobiyomu vardir ve vajinal flora bu mikrobiyomun olusumunda rol
oynar. Bu bir én ¢alismadir; bu nedenle, amniyotik sivinin olasi florasinin gesitliligini bulmak igin daha
biiyiik ¢calismalara ve genis kapsamli molekiiler yéntemlere ihtiya¢ vardir.

Anahtar Sézciikler: Mikrobiyom, amniyotik sivi, gebelik, Kliltiir, vajinal sivi.

INTRODUCTION

Microbiome plays an important role in the early
period of the life of the baby by affecting immune
functions (1). The effect of microbiome on
metabolism and immune system has become
evident in the recent years. There is an
increasing curiosity in understanding whether
microbial relationships begin in the fetal
environment, and if these relationships start in
the intrauterine period, what is the source of the
microorganisms?

Most of the studies conducted starting from the
early twentieth century until today have
demonstrated that amniotic fluid is sterile during
a normal pregnancy (2). Therefore, any bacterial
isolation from the amniotic fluid has been
considered to be a pathological finding so far.

In fact, the amniotic fluid has been studied during
labor, cesarean delivery or preterm labor in most
of the studies conducted so far (3-6). But what
about the condition of the amniotic fluids of
healthy pregnant women who have no complaints
and pathological findings or risk of preterm labor
in the second trimester? What if there is a
microbiome in the intra-amniotic space? It is now
known that the placenta has its own endogenous
microbial flora (7, 8). If the placenta has its own
endogenous flora, why not the amniotic space,
too? These questions have attracted many
scientists’ curiosity for at least a century, and no
clear answer has been found so far.

The purpose of this prospective cohort study is to
evaluate the possible microbiome of the amniotic
cavity in the second trimester in asymptomatic
pregnant women by the culture-based technique.

MATERIALS AND METHODS

This prospective cohort study was conducted in
Department of Obstetrics, Gaziantep University,
Turkey Clinic between October 2017 and
November 2019 with the ethics committee
approval number 2017/226. Informed consent
was obtained from the patients before they were
included in the study.

100 pregnant women aged between 18 and 40,
who had singleton pregnancies on weeks 15.0-
20, who had amniocentesis for genetic screening
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in the fetus, and who had no complaints or
clinical symptoms of vaginal or chorioamnionitis
infection, were included in the study. While
culture tests were performed by using the
amniotic fluids of these pregnant women, glucose
and leukocyte levels of their amniotic fluids were
measured at the same time. At the same time,
culture and gram staining analyses were
performed by collecting vaginal swab specimens
from the patients. The data obtained were
evaluated together with the pregnancy results,
maternal clinical and demographic attributes.

The exclusion criteria were chronic diseases
such as membrane rupture, cervical effacement
or dilation, major fetal abnormality, medical
indication for miscarriage, active viral or bacterial
infection, hypertension, diabetes, and connective
tissue diseases.

Transabdominal amniocentesis was performed
for all patients under the same conditions and by
the same team using a full antiseptic skin
preparation with 25 G disposable needle (Hanaco
Medical Co., Ltd., Saitama, Japan). 10 cc excess
fluid was collected from the amniotic fluid
collected for genetic examination. 5 cc of this
fluid was put in an aerobic blood culture bottle
(Bactec 9240 BD, USA). The remaining 5 cc fluid
was divided into 2 separate tubes and sent to the
biochemistry and microbiology laboratories for
biochemical  evaluation and microscopic
examination (cell count and gram staining).
Vaginal swab specimens were simultaneously
collected from the patients and Thayer-Martin
agar (Oxoid, UK), chocolate agar (BD, USA) and
blood agar (BD, USA) culture tests were
performed.

Amniotic fluid specimens collected into blood
culture bottles were kept in the system for an
incubation period of 5 days. 5% sheep blood agar
(BD, USA) and eosin methylene blue agar (BD,
USA) culture analyses were performed for the
reproduced bacteria and they were incubated
under aerobic conditions and in 10% CO2
incubator at 37°C for 48-72 hours. Vitek2
(Biomerieux, France) identification system was
used to identify the detected bacteria.

WBC (aCell) and glucose (aGlucose) levels in the
amniotic fluid specimens were measured in the
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biochemistry laboratory. aCell was determined
using a vertical microscope (ECLIPSE Ci-L;
Nikon, Tokyo, Japan) and expressed as the
number of cells per cubic millimeter. aGlucose
was analyzed automatically using a LABOSPECT
008 (Hitachi High-Technologies Corporation,
Tokyo, Japan).

All patients included in the study were routinely
followed wup until the end of pregnancy.
Chorioamnionitis, premature rupture of the
membrane, preterm birth, presence of genital
infections; and additionally, birth week, weight,
Apgar score and any signs of clinical infection in
the newborn were recorded. Treatment was not
administered to any patient with no suspected
clinical findings during pregnancy. Patients
whose vaginal culture tests were positive were
treated through the vaginal route with appropriate
antibiotic therapy for 7 days.

Although this was a prospective study, it was not
a comparative study. Therefore, we present only
the descriptive statistical analysis of the culture
results.

Statistical analysis

Continuous variables were summarized as
median and range, categorical variables as
numbers and percentages. Odds ratios (OR) and
95% confidence intervals (Cl) were estimated by
using logistic regression models. Chi-square test
was used in the analysis of the data presented as
N (%) and Kruskal-Walla ANOVA [sic: Kruskal-
Wallis ANOVA] was used in the analysis of the
data presented as median (interquartile interval).

All statistical analyses were performed by using
the JMP software version 9 (SAS Institute, Car,
NC, USA) and SPSS version 16.0J for Windows
Base System SC (SPSS Japan, Tokyo, Japan).

p<0.05 value was considered statistically
significant.
RESULTS
Table-1 shows the maternal characteristics,

demographic and clinical data of 100 patients
who constituted the study population.

12 patients (12%, 95% confidence interval, 0 to
41%) had positive amniotic fluid culture results.
The most observed bacteria were E. coli (5%) in
the amniotic fluid. Table-2 shows the results of
patients who had reproduction in their amniotic
fluids compared to the vaginal culture results.

Four patients continued smoking during
pregnancy; however, no reproduction was
observed in the specimens collected from the
amniotic fluid or vagina in these patients.

No findings of clinical infection were observed in
the patients with positive amniotic fluid culture
results. These patients delivered healthy babies
with no complications.

Preterm labor was observed in eleven patients
(<37 weeks), but none of them had reproduction
in their amniotic culture. Reproduction occurred
in two of the patients who had preterm labor
(Candida spp., S. agalactiae). The mean
gestational age of preterm deliveries was 34
weeks.

Table-1. Maternal characteristics, demographic data and clinical data of patients.

Median (IQR) or % (n/N)

Maternal age (years) 25(19.2 - 32.3)

Body mass index (kg/m?) 25 (24 - 31)
AF glucose (mg/dL) 32 (24 - 35)
AF white blood cell count

(cells/mm?®) 40-8)
GA at amniocentesis (weeks) 18 (15 - 20)
GA at delivery (weeks) 37 (31 - 40)

Birth weight (grams)

AF culture positive 12 (12/100)

AF gram stain positive 25 (3/12)
Vaginal culture positive 15 (15/100)
Vaginal gram stain positive 60 (9/15)

2950 (2450 - 3900)

AF: amniotic fluid; GA: gestational age; IQR: interquartile range
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Table-2. Results of patients who had reproduction in their amniotic fluids compared to the vaginal culture results.

Sample number Amnion culture

Vaginal culture

Gram stain

1 P. spp. P. spp Gram positive cocci
2 P. spp C. spp. Gram positive cocci
3 P. spp None None
4 E. coli E. coli Gram positive cocci
5 E. coli E. coli Gram positive cocci
6 E. coli S. agalactiae None
7 E. coli C. spp, Gram positive cocci
8 E. coli None None
9 S. agalactiae S. agalactiae Gram positive cocci
10 S. agalactiae E. coli Gram positive cocci
11 S. epidermidis S. agalactiae Gram positive cocci
12 S. epidermidis None None

Abbreviations: S. agalactiae: Streptococcus agalactiae; E. coli: Escherichia coli; S. epidermidis; Staphylococcus epidermidis; P.

spp: Peptostreptococcus spp; C. spp: Candida spp

Table-3. Maternal clinical information and pregnancy outcome of culture-positive and culture-negative groups.

Amnion Culture positive Amnion Culture negative p value
(n=12) (n=88)
Maternal age (years)* 30 (21-36) 32 (28-35) 0.27
Nulliparity+ 3 (25) 21 (24) 0.38
GA at amniocentesis (week)* 18 (17-19) 17 (16-18) 0.64
Ga at delivery (week)* 38 (38-40) 37 (37-40) 0.72
Birthweight (grams)* 2950 (2600-3400) 3100 (2780-3800) 0.86
1 minute Apgar<7+ 2(17) 11 (12.5) 0.71
5 minute Apgar<7 + 1(8) 5 (6) 0.61
Body Mass index (kg/mz) 26 (24-29) 27 (24-31) 0.66
AF glucose (mg/dL) 33 (25- 34) 29 (27-35) 0.13
AF white blood cell count (cells/mma) 3(1-8) 5 (0-6) 0.23

+Data presented as n (%) and analyzed by Chi square

* Data presented as median (interquartile range) and analyzed by Kruskal-Walla

None of the babies delivered by the pregnant
women included in this study had no
complications directly related to the infection.
None of them had neonatal death and severe
long-term neonatal morbidity, tocolysis, tocolysis
resistant preterm delivery, fetal distress and
placental abruption.

No statistical difference was observed in the
demographic characteristics of the patients with
and without bacterial growth in the amnion
culture (p> 0.05). Table-3 shows the pregnancy
outcomes of the groups with positive and
negative culture test results with maternal clinical
and demographic data.
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DISCUSSION

Although there are some studies asserting the
idea that the amniotic fluid is sterile (9-11),
according to the results of our study, reproduction
was observed in the culture tests of the mid-
trimester amniotic fluids of the healthy pregnant
women with a rate of 12% and this result was
partially consistent with the rare culture-based
studies conducted on this subject (12, 13).
However, molecular-based studies investigating
the amniotic fluid of the pregnant women with
complicated conditions such as preterm labor,
preeclampsia, infants with low birth weight,
premature rupture of the membranes have also
observed bacteria in the amniotic fluid, but most
of the studies conducted on this subject were
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conducted with  pregnant women  with
complications  (14-19). Recently, bacterial
sequences have been detected in the amniotic
fluids collected from 15 healthy term pregnancies
using new generation sequencing; this suggests
that human amniotic fluid has a microbial
community and that microbial effects on the
infant health and development begin before birth
(20-21). Similarly, there are different studies
confirming the presence of bacterial populations
in other components of the utero environment
including placenta, cord blood, and meconium
(22-24).

Microorganisms can reach the amniotic cavity
iatrogenically during interventional procedures
such as migration from the genital system,
hematogenous spread through the placenta or
amniocentesis (25, 26). According to the results
of previous culture studies, the most common
way of bacterial invasion of the amniotic cavity is
through the ascending vaginal infections (27).
The mechanism causing bacterial invasion and
subsequent preterm labor starts with the
colonization of microorganisms, and progresses
with inflammation of the amniotic membranes
and pro-inflammatory  cytokine  activation,
prostaglandin production, premature
contractions, and preterm delivery, respectively
(28). Microorganisms can also induce preterm
labor directly by producing some enzymes or by
causing prostaglandin synthesis (29). In our
study, both the clinical and laboratory findings of
the patients and the white blood cell and glucose
values obtained as a result of the biochemical
examination of the amniotic fluid were not in favor
of infection in none of the patients who had
reproduction in their culture and no preterm labor
was observed in none of these patients.

In this case, if microorganisms in the amniotic
fluid do not cause any infections, can these
microorganisms be considered members of the
microbiome? Or can a new terminology such as
colonization or “transient amnionemia” be used?
It seems very exciting to answer this question.

In our study, Peptostreptococcus spp reproduced
in the amniotic fluids of 3 patients, E. coli in 5
patients, Strep.agalactiae in 2 patients, and S.
epidermitis in 2 patients. All bacteria other than
S. epidermitis among the bacteria that
reproduced were members of the normal vaginal
flora. The different aspects of this study
compared to the studies conducted until now are
as follows: blood culture method, which is a

Volume 60 Issue 1, March 2021 / Cilt 60 Sayr 1, Mart 2021

reproduction method, was used when evaluating
the amniotic fluid, vaginal culture tests were also
simultaneously performed and evaluated, and the
study was conducted in healthy pregnant women
who had no clinical problems or signs of preterm
labor in the early pregnancy week. There are
studies with different outcomes in the literature as
well. In a previous culture-based study evaluating
the amniotic fluids of 166 preterm pregnant
women, 2 Peptostreptococcus spp. and 1
Streptococcus agalactiae reproduced (17); in
another study with 62 patients, Ureoplasma
urealiticum reproduced only in 1 patient (18), and
in another study in which the specimens collected
from 52 patients with intrauterine growth
restriction, no reproduction occurred in the
amniotic fluid (19). The study which was most
similar to our results was the study of the
pregnant women diagnosed with preterm labor
(17), and the pregnant women in our own patient
group did not have any preterm labor diagnosis
or suspicion. In a study of 50 women who were
terminated before the 20th week of gestation,
four Mycoplasma hominis and two
Staphylococcus epidermidis were isolated from
the amniotic fluid. In this study, the authors
assumed that M. hominis was transmitted
through the vagina and that S.epidermitis was
associated with skin contamination (1). In another
study, 21-26% bacteria were isolated from the
placenta of the pregnant women, who delivered
healthy term, by culture method and viable
bacteria (Enterococcus, streptococcus,
staphylococcus or Propionibacterium) were
isolated from the cord blood of the healthy
newborn babies (10). In our study, a bacterial
growth with a rate of 12% was observed. S.
epidermidis was isolated in two pregnant women
and although it was collected under aseptic
conditions, we think that there might be skin
contamination based on the reproduction of the
bacteria even in small amounts in the blood
culture bottles we used for bacterial isolation.
Other detected factors are largely similar to the
results of the vaginal culture tests and it was
observed that they formed a profile similar to the
vaginal flora spectrum. The possibility of this
transition due to changes in permeability without
the micropore or defect occurring in the amniotic
membrane are subjects awaiting discussion and
proof. We think that the fact that bacteria such as
Chlamydia trachomatis (12), Mycoplasma,
Ureoplasma (28), which have been found in the
culture-based studies so far, are bacteria with
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vaginal and cervical colonization supports this
hypothesis. Therefore, if there is a microbiome in
the amnion, its source may most likely be the
vaginal flora. However, this hypothesis must be
proven at the DNA level by molecular tests.

In this study, we aimed to investigate the
presence of bacterial population and/or
microbiome in the amniotic fluid of pregnant
women in the early period by using culture-based
methods. Because we thought that the results we
obtained would have a major impact on our
understanding of how the baby intestine or
placenta was full of microbes initially. Although
dethroned by the modern molecular techniques,
culture-based bacterial isolation is still the first
choice as a low-cost and easy method. Although
culture methods also provide a much stronger
microbial  analysis than other methods
morphologically and biochemically (30), more
than 99% of the complex microbial groups
observed microscopically cannot be reproduced
in the culture analyses. Because pure culture
methods are only suitable for the growth of a
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