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Abstract

Introduction. The microbiota dynamics of the core biotopes during pregnancy are hardly studied, although changes in
these compartments have an important role in both the functioning of the female organism and foetal development.
Objective. To study the dynamics and interactions of changes in bladder, vaginal and bowel microbiota in healthy
pregnant women over three trimesters (TRI-1, 2, 3).

Materials & Methods. Study design: a single-centre comparative observational longitudinal study. Thirty out of
first-time 220 pregnant women were selected for screening at the antenatal clinic from 2021 to 2022. All pregnant
women underwent sampling at T-1, 2, 3: mid-stream bladder urine samples, posterior vaginal swabs and faecal masses
were collected for culture study. After a special pre-culture preparation, samples were examined on an expanded
set of nutrient media (n = 13) using special cultivation (aerobic-anaerobic) conditions. Based on the research results,
identification frequencies (IDFs), microbial load values (MLVs) and microbial co-occurrence coefficients between the
different biotopes were estimated.

Results. Culture study revealed various bacteria in each biotope investigated during all TRIs. In the urine, aerobes and
anaerobes were observed from TRI-1 to TRI-3 with different IDFs, but no taxa showed a stable IDFs. In the vagina, IDFs
of bacteria were similar to urinary. The bowel microbiota was the most stable biotope remained almost unchanged
during pregnancy. In the urine and vagina, mean MLVs of most aerobes and anaerobes did not change significantly
throughout pregnancy. In the bowel, MLVs were consistently higher than in the urine and vaginal swabs. According
to the co-occurrence analysis bladder-vagina and bladder-bowel biotopes showed significantly more interconnections
between microorganisms in all TRIs.

Conclusion. The observed microbiota structure during all TRIs is associated with uncomplicated gestation. These
results will be valuable for studying changes of microbiota in complicated pregnancies.
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AHHOTaUUA

BeepeHwme. [liHaM1Ka MUKPOBNOTbI OCHOBHbIX 6110TOMOB BO Bpemsi 6epeMeHHOCTM NPaKTUYeCKN He M3yYeHa, XOTS
M3MeHEeHWS B AaHHbIX KOMNapTMeHTax MMEeHT BaXKHYH0 Po/b Kak B QYHKLMOHMPOBAHWM XXEHCKOrO OpraHmn3ma, Tak
1 B pa3BUTUM Naoga.

Lienb nccnepgoBaHma. VI3yumTtb ANHAMUKY 1 B3aUMOCBSA3b U3MEHEHW MUKPOBMOTLI MOYEBOro Ny3bIps, BAaranuia
M KVLLEYHWKA Y 340POBbIX 6epeMeHHbIX XEeHLLUMH B TedeHne Tpéx TpumecTpos (T-1, 2, 3).

MaTepuansbl u meToabl. [ln3aliH ncciefoBaHVA: OAHOLEHTPOBOE CPaBHUTEIbHOE HabtogaTenbHOe NOHTUTIAHOE
nccnegosaHve. TpuauaTe 13 220 NepBOPOAALLIMX XEHLLMH 6bINV 0TOOPaHbI A5 CKPUHWHIA B XXEHCKOW KOHCYNbTaLmmn
B nepuog c 2021 no 2022 rog. Y Bcex 6epeMeHHbIX XeHLUWH 6b11u B3ATbl Npo6bbl B T-1, 2, 3 AN KyNbTypanbHOro 1c-
CnefioBaHVsA: NPO6bLI MOUM 13 MOYEBOr0 Ny3bIPs (CPeAHSAS MOPLIMA), Ma3KKM U3 3a4Hero CBoAa Bnaranviia n pekanbHble
Macchl. Mocne npeakynbTypanbHOM NOAFOTOBKM 06pasLibl MCCNef0Baan Ha pacllMpeHHOM Habope nuTaTenbHbIX
cpes (n =13) B cneyymanbHbIX YCI0BUAX KYNBTUBNPOBaHUSA (3p06HO-aHaspobHbIX). Mo pesynsTaTaM nccnefoBaHUim
OLleHMBanu 4actoTel nageHtTuoukaumm (HA4), BennumHbel MUKPO6HOI Harpyskm (BMH) 1 ko3¢ durLmeHTbl B3aMHO
conpskéHHocTu (KBC) MMKpOOpraHM3MoB Mexay pasnnyHbiMy 61otonamu.

PesynbTaTthbl. KynbTypanbHoe nccnefoBaHme BbISBUIO pasanyHble 6akTepun B KaXKA0M 61oTone, nccneoBaHHOM
BO BCex TpumecTpax. B moue o1 T1 go T3 Habnaoganncb aspobbl U aHaspobbl ¢ paznnyHbiMmn YA, HO HX oAnH
TakCOH He nokasan ctabunbHoro YW/A. Bo Bnaranve YM/A 6akTepuii 6bi1n aHanornyHel B moye. Mukpobunora
KVLLeYHVKa bblia Hanbonee cTabuibHbIM 6MOTONOM, OCTaBaBLUMMCSA MPaKTUYECKN HEM3MEHHbIM B TeyeHue bepe-
MeHHOCTW. B MoYe 1 Bnaranuile cpegHne nokasarenu Y/ 6onbLlLMHCTBA a3p0ob0oB 1 aHa3poboB He NpeTepnenn
3HaUNTENbHbIX U3MEHEHWNIA B TeyeHne bepeMeHHOCTU. B knweyHrke BMH 6binn cTabuibHO Bbillie, YeM B Maskax
13 Mo4mn 1 Bnarannwa. Mo gaHHbIM aHanmsa KBC, 61oTonbl MOYeBOW NMy3bipb — BAranvLle 1 MoYeBOr Ny3blpb —
KVLLEYHVK NoKasaam 3HaunTenbHO 60nbLllee KOANMYeCTBO B3aNMOCBSA3EN Mexay MUKPOopraHnu3mamum Bo Bcex T.
3akntoueHmne. Habaogaemas CTpyKTypa MMKPOOMOThI B TedeHMe Bcex T accoLmMmpyeTes C HEOCTOKHEHHbBIM TeYeHrem
6epeMeHHOCTW. TV pe3ynbTaThbl ABAAOTCA 3HAUNMBIMU 419 N3YHEHNS U3MEHEHNN MUKPOBUOTLI MPY OC/IOXKHEHHON
bepemeHHOCTU.

KnioueBble cnoBa: 6epeMeHHOCTb; MUKPO6MOTa BAaraaniLla; MMKpobmoTa MOYeBOro ny3bipsi; MUKPO-
610Ta KMLLEeYHMKa

durHaHcMpoBaHMe. VicciejoBaHne He NMeNo CroHCOPCKON noaaepxkn. KoHGAUKT nHTepecos. ABTOPLI 3asBASIOT 06 OTCYTCTBMM KOHPNUKTa
NHTepecoB. 3TU4YecKoe 3asBeHune. Viccnej0BaHNe BbIMOMHEHO B COOTBETCTBUM C MONOXEHUAMYU XeNbCUHKCKON geknapaumm (nepecMoTpeHHon
B ®opTanese, bpasnaus, B okTA6pe 2013 roga). dTUUeckoe 3asBneHune. icciegoBaHne o4o6peHo JIokanbHbIM HE3aBUCMMbIM 3TUYECKM KOMUTE-
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Introduction

Pregnancy involves a series of metabolic
changes in the female physiology, primarily
in the hormonal and immune systems.
Recent studies have identified important
rearrangements in the bowel, vaginal,
urinary, and oral microbiota and microbiome
in pregnant women playing a definite role in
pregnancy course and complications [1, 2].

There are plenty of microorganismes, i.e.
bacteria, viruses, and fungi, that have an
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impact on human host health. Undoubtedly,
the maternal microbiota has a predominant
influence on the formation, maturation, and
development of microbial communities in
foetal and neonatal organs and systems.
From this perspective, it is essential to have
an insight regarding the microbiota in key
biotopes of healthy pregnant women (HPW)
during first, second and third trimesters (TRI-1,
TRI-2, TRI-3) [2, 3].

By now it is known, the TRI-1 bowel
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microbiota resembles that of healthy non-
pregnant women. However, evidence for
changes in the bowel microbiota from TRI-1 up
to delivery is limited [3] and strongly associated
with individual heterogeneity [1, 3].

It has been determined that bowel
microbiota shift during pregnancy aims to
cover foetal energy and metabolic needs [1, 4].
Diet during TRI-1 and TRI-2 affects the bowel
microbiota composition in the TRI-3 [5], and
the formation of neonatal microbiota [6].
Several studies indicate that bowel microbiota
shift is associated with an increased risk of
gestational arterial hypertension, diabetes
mellitus, obesity, early preeclampsia, and
pregnancy loss [7 - 12].

It is well recognised how the vaginal
microbiota changes throughout a female
lifecycle and also related to their menstrual
calendar [13]. But it is now also clear that
vaginal dysbiosis in pregnancy increases the
risk of adverse obstetric outcomes, including
spontaneous preterm delivery [14 - 16].
In a healthy woman, the lactobacilli that
dominate the vaginal discharge contribute
to maintaining a low pH, which protects this
biotope from bacterial and fungal infections
[17]. In turn, altered proportions between
lactobacilli and other aerobes/anaerobes in
the vaginal microbiota of HPW can occur,
increasing the risk of dysbiosis and elevating
the risk of dysbiosis and premature delivery
chance [18]. There are also changes in
lactobacilli composition, so the most found L.
crispatus in European women is replaced by
L. iners [18], which is specifically associated
with premature pregnancy loss [19, 20]. In
HPW, some studies have shown that the TRI-
3 vaginal microbiota is analogous to the pre-
pregnancy microbiota, but significant changes
occur in the vaginal microbiota after childbirth
[21]. On contrary, several studies have refuted
the resemblance of the vaginal microbiota
during pregnancy with that of non-pregnant
women, citing both the low taxa diversity and
the absence or presence of unique bacteria
[22, 23].

Five types of vaginal microbiome in
asymptomatic non-pregnant North American
women [24, 25], along with differences in the
microbiome of white and black women and
its ethnicity patterns during pregnancy have
been established in several studies [26 - 30].
Simultaneously, there are very limited
concurrent studies available on the vaginal
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and bowel microbiota in pregnant women
[31 - 33]. High interindividual variability
and dynamic composition of microbial
communities depending on gestational age
in physique biotopes have been demonstrated
[32]. Bowel lactobacilli decline sharply after
TRI-1 while vaginal lactobacilli are stable
throughout the three TRIs [33]. Regarding
research on the bladder microbiota during
an uncomplicated pregnancy in HPW, these
studies are extremely valuable in assessing
the so-called asymptomatic bacteriuria.
Researchers consider it a high-risk factor for
gestational pyelonephritis, maternal sepsis,
and preterm labour [34, 35]. Therefore,
screening for asymptomatic bacteriuria and its
treatment during pregnancy is recommended
[36 - 39]. But is it right way?

In the last decade, the belief that the
urinary system is sterile has been challenged
[40, 41]. The bladder urine microbiota in
healthy women has been studied quite fully
throughout their lives [42 - 46].

The bladder urine microbiota in HPW
throughout all trimesters has also been
studied, and a diverse range of urinary aerobes
and anaerobes has been identified. However,
no comprehensive study of the three biotopes
(bladder, vagina, bowel) has been conducted
in HPW to date.

Objective. To study the dynamics and
interactions of changes in bladder, vaginal and
bowel microbiota in healthy pregnant women
over three trimesters (TRI-1, 2, 3).

Materials and methods

1. Ethical statement

The study was registered by the Ethics
Committee of Rostov State Medical University
(Protocol Ne15/20 dated 08/10/2020) [47].
Study design: a single-centre comparative
observational longitudinal study.

2. Patient brief demographics

From 2021 to 2022, 30 HPW were
sequentially included according to criteria
planned (Table 1) in a single-center prospective
cohort observational study out of 280 who
applied to antenatal clinics for the diagnosis
of pregnancy during the TRI-1. All participants
have read and signed a voluntary informed
consent.

Demographic data, sexual life patterns,
urogenital symptoms were registered for all
pregnant women.
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Table 1. Criteria for selection of healthy pregnant women

Inclusion criteria

Exclusion criteria

* healthy pregnant women aged 20 - 35 years;

* singleton primary pregnancy verified before 12 weeks;

* absence of any comorbidities;

« history of acute lower urinary tract infections (UTI) but no
neurogenic lower urinary tract symptoms or infection signs
within 3 months prior to pregnancy.

* pregnancy due to assisted reproductive technologies;

* kidney and urinary tract anomalies and diseases;

« vaginal dysbiosis;

« use of antibiotics since conception;

« history, and current presence of sexually transmitted infections,
* HIV positive;

* drug addiction & abuse;

* smoking.

3. Diagnostic work-up

Pregnant women underwent obstetric
examination at gestational ages of 8 - 12
weeks (TRI-1), 22 - 24 weeks (TRI-2) and 32 - 36
weeks (TRI-3). Midstream urine samples,
posterior vaginal discharge and faecal masses
were collected from all pregnant women for
culture study at times under research.

Allwomen completed their pregnancies at
37 to 38 weeks by term vaginal labour (22.0 -
73.3%) or C-section (8.0 - 26.7%) and delivered
healthy neonates.

* Sampling

Midstream urine samples were collected
by trained medical staff after appropriate
hygienic procedure when pregnant women
urinated independently. Urine was collected in
a sterile disposable container (Sterile Uricol™
— “"HiMedia Laboratories Pvt. Ltd.”, Mumbai,
India).

Vaginal samples were collected using
a disposable gynaecological mirror and pH
was measured using pH strips (colpo-pH
test). Vaginal discharge was collected using
two sterile swabs with unique identification
numbers. One swab was used to prepare
a smear followed by Gram staining (Gram
Stains-Kit — “HiMedia Laboratories Pvt. Ltd.”,
Mumbai, India) to assess the vaginal microbiota
according to the Nugent R.P. (1 - 10 scale) [48].
Other swabs with transport medium (Hiculture
Transport Swabs w/Alternative Thioglycollate
Medium — “HiMedia Laboratories Pvt. Ltd.”,
Mumbai, India) were used for culture study.

Faecal samples were collected in a sterile
container (Sterile ClinicolTM — “HiMedia
Laboratories Pvt. Ltd.”, Mumbai, India) with
a unique identification number.

* Culture study

Urine culture was performed by streaking
to quantitatively count the grown colonies on
suitable nutrient media [49]. Tampons with
vaginal discharge were placed in a tube with
1.0 mL of 0.9% PBS and gently shaken. Further
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serial dilutions were performed with transfer of
100 pl each into the next tubes with 0.9% PBS.
By this way dilutions up to 107 were obtained
[33]. From each dilution, seeding (100 pl) were
performed on appropriate nutrient media to
count the quantity of microorganisms.

Faeces (1000 mg) were homogenised in
9.0 mL of pre-reduced PBS. Subsequently,
nine-fold dilutions were performed, and
each sample was cultured on the appropriate
nutrient media to count the quantity of
microorganisms [50].

In our study we used an advanced nutrient
media set for the cultivation of aerobes
and anaerobes: MacConkey Agar, HiCrome
Klebsiella Selective Agar Base, HiCrome
Candida Differential Agar, HiCrome Enterococci
Agar, HiCrome Aureus Agar Base, Blood Agar
Base, Streptococcus Selection Agar, Rogosa
SL Agar, Bifidobacterium Agar, MRS Agar,
Anaerobic Agar, Shaedler Agar, Bacteroides
Bile Esculinum Agar (“HiMedia Laboratories
Pvt. Ltd.”, Mumbai, India). The samples
were cultivated under aerobic (24 - 48 h)
and anaerobic (48 - 72 h) conditions using
a AnaeroHiGas Pak (“HiMedia Laboratories Pvt.
Ltd.”, Mumbai, India). Microorganisms were
identified based on their morphological and
haemolytic properties. Smears were prepared
from colonies grown in culture medium and
heat-fixed for Gram staining according to
standard protocol using an oil-immersion
microscope (magn. x 900, 10 - 15 FoV). Final
identification of microorganisms was carried
out according to their biochemical properties
using entero-, staphylo-, and anaerotests
(“Erba Lachema s.r.0.”, Brno, Czech Republic).

4. Statistics methods

The statistical software IBM SPSS Statistics
26.0 («SPSS: An IBM Company», IBM SPSS
Corp., Armonk, NY, USA) was used to perform
the calculations. The microbial identification
frequency (IDF, %) and average microbial
load values (MLV, CFU/mL) in the biotopes
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of HPW were calculated. The mean values
permitted the inclusion of low-frequency
high levels of MLVs and were used for
comparative characterisation rather than as
a central measure of distribution. The Mann-
Whitney U test was used to compare IDFs
and MLVs. Relationships between microbes
in different biotopes was investigated using
Pearson's coefficient of reciprocal conjugation
(co-occurrence coefficient). Standard statistical
significance levels of 1% and 5% were used for
hypothesis testing.

Results

In HPW, culture study during TRI-1, TRI-2,
and TRI-3 revealed various aerobes and
anaerobes in each biotope investigated. IDFs
of selected bacteria throughout the three TRIs
are shown in Figure 1 and Figure 2.

1. Evaluation of identification frequency

* Bladder urine microbiota

In bladder urine samples, aerobes
and anaerobes were detected from TRI-1
to TRI-3 with different IDFs. However,
multidirectional trends were found in the
urine microbiota regarding IDFs. Thus, IDFs
for CoNS, Corynebacterium spp., E. faecium,
Lactobacillus spp. and Bifidobacterium spp.
decreased during TRI-2. In contrast, detection
rates for Klebsiella spp., Eubacterium spp.,

ORIGINAL
ARTICLES

Peptococcus spp., and Veillonella spp. were
highest throughout TRI-2. Only two taxa (E.
faecalis, E. coli) showed a decrease in IDFs
from TRI-1 to TRI-3. Generally, E. faecium,
Lactobacillus spp. (TRI-1 vs TRI-3, p < 0.05),
Propionibacterium spp. (TRI-1 vs TRI-3, p <
0.05) and Bifidobacterium spp. had the highest
urinary detection rates during TRI-3. Only
Klebsiella spp. Were eliminated from the urine
during TRI-3.

* Vaginal microbiota

Vaginal bacteria detection frequency
trends were similar to those for urine. Stable
vaginal inhabitants of HPW throughout all
TRIs were Lactobacillus spp. (100.0%), and E.
coli isolated with markedly reduced frequency
(10.0%). By TRI-3, five aerobes and three
anaerobes demonstrated decreasing IDFs. In
contrast, S. aureus, Bifidobacterium spp. and
Propionibacterium spp. marked an increase
in MLV (TRI-1 vs TRI-3, p < 0.05). Klebsiella
spp were eliminated from vaginal secretions
during TRI-2 and TRI-3, and Veillonella spp.
exceptionally during TRI-2.

* Bowel microbiota

Bowel microbiota showed to be the most
stable biotope. Thus, E. coli, Propionibacterium
spp. and CoNS remained essentially
unchanged in their IDFs. E. faecalis, E. faecium,
Lactobacillus spp. revealed the baseline high
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Figure 1. Identification frequency trends of aerobes in three biotopes during pregnancy

16 | 1SSN 2308-6424
UROVEST.RU

BecTHWK yponorum
Vestnik Urologii
2024;12(5):12-23



OPUTVHAJNbHBIE
CTATbW

p <0.05

—+—Lactobacillus spp. —*— Eubacterium spp.

O.J1. Haboka, H.B. BopobbeBa, V.A. Tyanma
COCTAB 11 ANHAMIKA MOUYEMY3bIPHOW, BJIATA/IULLIHOM 1 KULLIEYHOW
MWKPOBWOTbI B TPEX TPUMECTPAX BEPEMEHHOCTW Y 30POBbIX XXEHLLIH

ANAEROBES
Veillonella spp. >< Bifidobacterium spp. —+— Peptococcus spp. ~* " Propionibacterium spp.

100.0

83.3 86.7

80.0 767~
3:. 76.7 ¢
5 700 70.0 733

Z

3

<} 60.0

w

o

w

= 50.0

(<]

=

<

o 40.0

L 30.0 2
=
Z 30.0 o ® 300
w

=]

=X 20.0

6.7

0.0

1sT 2ND 3RD
I TRIMESTER TRIMESTER TRIMESTER I
BLADDER

100.0
93.3 100.0 100.0
90.0 03.3
90.0

10.0

1sT 2ND 3RD
I TRIMESTER TRIMESTER TRIMESTER I
VAGINA

60.0

50.0 ¥ 46.7
6.7 6.7 6.7
L] L ] . o
0.0 33 0.0 0.0 0.0

3RD
TRIMESTER TRIMESTER TRIMESTER
I— BOWEL 41

Figure 2. Identification frequency trends of anaerobes in three biotopes during pregnancy

IDFs during TRI-1 increased throughout TRI-3,
but Eubacterium spp. and Peptococcus spp.
revealed a decrease in IDFs. Klebsiella spp. and
S. aureus also diminished towards the TRI-3.
Corynebacterium spp. and Veillonella spp.
were not detected in the bowel microbiota
throughout pregnancy.

2. Evaluation of microbial load values

The average MLVs of bacteria in the studied
biotopes are shown in Figure 3 and Figure 4.

* Bladder microbiota

During TRI-1, mean baseline MLVs for most
bacteria were < 103 CFU/ml. Only Klebsiella
spp., Lactobacillus spp. and Eubacterium spp.
had mean bacteriuria levels of 10%%, 10*32and
10352 CFU/ml respectively.

By TRI-3, mean MLV did not change
significantly for most aerobes and anaerobes,
only E. faecium (TRI-1 vs TRI-3, p = 0.038; TRI-2
vs TRI-3, p = 0.038), Lactobacillus spp. (TRI-2 vs
TRI-3, p = 0.040) and Propionibacterium spp.
(TRI-1 vs TRI-3, p=0.011) showed a significant
increase in bacteriuria. Among aerobes, only
Klebsiella spp. was non-trend-specific, having
a MLV of 105 CFU/ml in the T1 that completely
reduced through the TRI-2 to zero-level in
TRI-3.

* Vaginal microbiota

Most vaginal aerobes showed that initial
(TRI-1) MLVs slightly higher than urinary,
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excluding Klebsiella spp. and S. aureus.
Fluctuations in aerobic MLVs were insignificant
during pregnancy. The differences in MLVs
between TRI-1 and TRI-3 were significant only
for E. coli (TRI-1 vs TRI-3, p = 0.025; TRI-1 vs
TRI-3, p = 0.025).

In TRI-1, vaginal anaerobes showed
MLV generally higher than urinary. The
overall MLV of vaginal discharge throughout
pregnancy was elevated compared to urinary.
Lactobacillus spp. showed a significant MLV
increase from TRI-1 to TRI-3 (TRI-1 vs TRI-
3, p < 0.001; TRI-2 vs TRI-3, p = 0.001), and
Eubacterium spp. demonstrated its decrease
(TRI-1 vs TRI-3, p = 0.011).

* Bowel microbiota

Bowel microbiota was characterized
by consistently high MLVs (>10> CFU/ml),
specified for E. coli, E. faecalis, E. faecium,
Eubacterium spp., Bifidobacterium spp.
n Propionibacterium spp. However, it should
be noted that deviations of MLV for faecal
samples with aerobes and anaerobes were
unreliable between TRIs.

3. Evaluation of biotope interactions

Indices of co-occurrence (contiguity)
coefficient between taxa of the three biotopes
based on verification frequency during TRIs
are presented consecutively in Tables 2, 3,
and 4.
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Figure 3. Microbial load dynamics of aerobes from three biotopes during pregnancy (red dotted line —
detection limit, 0.00 — below detection limit
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Table 2. Co-occurrence coefficients for identification frequencies between taxa of the three biotopes in

first trimester

Microorganisms Urine — Vagina Urine — Bowel Vagina — Bowel

coc* P coc* P coc* P
Corynebacterium spp. 0.504 0.001** - - - -
CoNS 0.356 0.037*** 0.426 0.01%** 0.387 0.25
S. haemolyticus 0.431 0.488 0.147 0.414 0.378 0.025**
S. saprophyticus 0.659 <0.007*** 0.513 0.001*** 0.563 <0.007***
S. lentus 0.484 0.002*** 0.545 <0.001*** 0.463 0.004***
S. warneri 0.63 <0.007*** 0.579 <0.001*** 0.523 0.001%**
S. epidermidis 0.392 0.02** 0.522 0.001*** 0.554 <0.001***
Enterococcus spp. 0.537 <0.001*** 0.14 0.439 0.13 0.472
E. faecalis 0.531 0.001*** 0.263 0.136 0.288 0.1
Note. CoNS — coagulase-negative staphylococci; *COC — co-occurrence coefficient; ** — differences are significant at 5% level; *** — at 1% level; "-" — coefficients are not

calculated if values are constants

Table 3. Co-occurrence coefficients for identification frequencies between taxa of the three biotopes in

second trimester

Microorganisms Urine — Vagina Urine — Bowel Vagina — Bowel

coc* P coc* P coc* P
CoNS 0.35 0.041** 0.596 <0.001*** 0.245 0.166
S. haemolyticus 0.311 0.043** 0.323 0.061 0.258 0.144
S. saprophyticus 0.336 0.051 0.533 0.001*** 0.336 0.051
S. lentus 0.471 0.351 0.617 <0.001%** 0.563 <0.001%**
S. warneri 0.555 0.467 0.362 0.033** 0.251 0.156
S. epidermidis 0.542 0.584 0.442 0.007*** 0.441 0.007***
E. faecalis 0.252 0.031** 0.119 0.513 0.149 0.41
Eubacterium spp. 0.111 0.042** 0.251 0.156 0.11 0.543
Peptococcus spp. 0.363 0.433 0.079 0.666 0.272 0.121
Fusobacterium spp. 0.707 <0.0071*** 0.707 <0.001*** 0.707 <0.007***

Note. CoNS — coagulase-negative staphylococci; *COC — co-occurrence coefficient; ** — differences are significant at 5% level; *** — at 1% level

Table 4. Co-occurrence coefficients for identification frequencies between taxa of the three biotopes in

third trimester.

Microorganisms Urine — Vagina Urine — Bowel Vagina — Bowel

coc* P coc* P coc* P
Corynebacterium spp. 0.372 0.028** 0.183 0.309 0.195 0.277
S. haemolyticus 0.504 0.001*** 0.471 0.003*** 0.471 0.003***
S. saprophyticus 0.626 <0.007*** 0.336 0.051 0.071 0.696
S. lentus 0.15 0.935 0.607 <0.001*** 0.617 <0.007***
S. warneri 0.383 0.087 0.513 0.0071*** 0.571 <0.001***
S. epidermidis 0.289 0.099 0.36 0.035** 0.067 0.713
Eubacterium spp. 0.253 0.041** 0.523 0.001*** 0.119 0.513
Peptococcus spp. 0.281 0.651 0.345 0.044** 0.193 0.282
Peptostreptococcus spp. - - - - 0.707 <0.007***
Note. CoNS — coagulase-negative staphylococci; *COC — co-occurrence coefficient; ** — differences are significant at 5% level; *** — at 1% level; «-» — coefficients are not

calculated if values are constants

As observed in TRI-1, high-significant
association strengths were found between
microorganisms verified in biotopes.

In TRI-2, reduction of such high-significant
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association strengths characterising the
tightness of taxa interrelationships in biotopes
was observed. In TRI-3, the probability of such
associations becomes higher again.
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Bladder and bowel biotopes were more
strongly associated in all TRIs, but such
associations between vaginal and bowel
biotopes occurred less in TRI-2 and TRI-3.
Notably, the sought co-occurrence coefficients
were highly significant in all TRIs and were
greatly marked for aerobes, specifically
for CoNS cluster species. By contrast, the
estimated coefficients for anaerobes between
biotopes were observed only for certain taxa.

Discussion

Pregnancy is a period of profound changes
in the female physique, both to adapt for the
new conditions of functioning and to support
and develop the foetus. The female microbiota
plays a fundamental role in these processes,
although insights into the structural and
qualitative microbiota features of different
physique sites of pregnant women are still
clearly limited. This applies both to cross-
biotopic relationships and their impact
on the course of healthy and complicated
pregnancies. The vaginal microbiota has been
studied better than other biotopes in non-
pregnant and pregnant women [23, 24, 30].
Studies have shown greater stability of the
vaginal microbiota during pregnancy than in
the non-pregnant state [23] and the impact
on its variation from gestational age [1]. In
fact, it has been observed that pregnancy
progression does not result in significant
taxonomic changes in the vaginal microbiota
[31].

The results of our analysis based on
microbiota evaluation of exclusively HPW over
three TRIs, reveal precisely reliable changes
in detection frequencies of most taxa from
TRI to TRI, while the IDF of only Lactobacillus
spp. and E. coli remained stable. Furthermore,
no significant changes were observed in
the IDFs of vaginal aerobes and anaerobes
during pregnancy. However, TRI-3 showed
aremarkable increase in MLV for Lactobacillus
spp., which was accompanied by a significant
decrease in MLVs by E. coli and Eubacterium
spp.

Previous studies of the bowel microbiota
have revealed an increasing diversity of
taxa from TRI-1 to TRI-3 [1]. Conversely, our
study demonstrated just stability for taxa of
this biotope both in IDFs and MLVs. But the
variations of some microorganisms in the
upward or downward trend by TRI-3 turned
out to be insignificant. In the last 15 years, no
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studies have investigated the bladder urine
of pregnant women along with vaginal and
bowel biotopes, although isolated studies on
urine in pregnant women have certainly been
conducted [34, 35].

None of the 25 urinary microorganisms
studied showed stability in IDFs and MLVs.
Trends for IDFs of urinary microbes from
TRI-1 to TRI-3 were multidirectional. The
greatest changes were seen in most bacteria
during TRI-2. This was especially true for
anaerobes. The average bacteriuria for most
aerobes and anaerobes did not exceed 103
CFU/mI. However, some anaerobes exhibited
a significant increase in bacteriuria by TRI-3.
Among the all aerobes, only Klebsiella spp.
showed high bacteriuria values (10° CFU/mL)
in TRI-1 and no bacteriuria at all during TRI-3.

In bladder and vaginal microbiota,
CoNS, Corynebacterium spp., E. coli, and
E. faecalis were dominant aerobes, while
Lactobacillus spp., Eubacterium spp. were
dominant among the anaerobes. In addition,
Bifidobacterium spp., Propionibacterium spp.,
and Peptococcus spp. were often found in
vaginal discharge. In bowel microbiota, E.
coli was a common microorganism, as are
E. faecalis and E. faecium, and CoNS were
also high-frequency prevalent in all TRIs The
dominant anaerobic bacteria in this biotope
included Bifidobacterium spp., Lactobacillus
spp., and Eubacterium spp.

Thus, we determined that CoNS and
Lactobacillus spp were the dominant in
biotopes at all TRIs. Our data on the IDFs
of Lactobacillus spp in biotopes are not
complementary to the results of other studies,
especially regarding to the bowel Lactobacillus
spp [31, 32]. The differences may be related
to the heterogeneity of the pregnant women
cohort where premature births occurred, with
the specific dietary and nutritional habits,
use of progesterone treatments [52], as well
as with the predominant use of sequencing
techniques to identify bacteria in other studies,
etc.

How can we explain that the same types of
bacteria are found in three different biotopes
of HPW? One possible explanation is that
the bacteria were contaminated during the
sampling process or during preparation for
examination. However, it is more likely that we
are dealing with distinct strains of the same
bacteria that may be unidentical in different
biotopes [32]. However, colonization can also
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occur in the uterus, during passage through
the genital tract and natural feeding. In
addition, it has previously been shown that
various Lactobacillus spp. are present in the
vagina and bowel in diverse combinations and
that their diversity depends on the TRI [33].

In this regard, it is important to understand
the relationships between the various taxa
defined in all biotopes. Our material shows
that a reliable consistency exists, and it varies
depending on the several co-occurrencies
from TRI to TRI. It has been established that
the co-occurrence between the bladder-
vaginal and bladder-bowel biotopes is more
pronounced than the relationships of the
MLVs in the vaginal-bowel biotopes. Also, the
links between aerobes are higher than those
between anaerobic ones.

Our results enhance existing knowledge
regarding the composition of the microbiota in
three biotopes and demonstrate the dynamics
and interrelated behaviour of the bladder,
vaginal and bowel microbiota throughout
pregnancy in first-time HPW. Biotopes are
characterised by a stable dominance of certain
aerobes and anaerobes. Furthermore, some of
these taxa are marked by an unchanged IDFs
in given biotopes.

Limitations. The strength of our work
lies in the first-present study of the bladder
microbiota jointly with the vaginal and
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bowel microbiota. However, we observe the
limitations of our study being the small cohort
of HPW, the insufficient breadth of species
composition identification inherent in an
extended culture-based study compared to
gene sequencing approach.

Conclusion

The microbiota of the pregnant woman is
essential for her health and foetal well-being.
It is likely that our discovered microbiota
composition at gestational ages observes
a crucial role in its straightforward course.
It is natural to assume that variations in
microbiota composition from the studied
one may be involved in the development of
several pregnancy complications. Extended
culture allows the detection and observation
of these changes in microbial composition
without resorting to the complex expensive
investigative techniques available in all
antenatal clinics worldwide. In this regard,
it is essential to pay special attention to
the evaluation of the urinary microbiome
to prevent acute kidney and urinary tract
infections. Consequently, it will be crucial in
the future to determine which abnormalities
in the microbial composition of the urinary
tract convey a potential risk of pregnancy-
related complications, such as acute
pyelonephritis.
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