CONTENTS / COOEP)XAHME 49 I

UDC code: 618.25:618.39-07
DOI: https://doi.org/10.17816/JOWD69649-60

INTEGRAL ASSESSMENT OF MARKERS OF THE LOCAL INFECTIOUS AND INFLAMMATORY
PROCESS IN WOMEN WITH PRETERM BIRTH IN MULTIPLE PREGNANCIES
© 0.V. Kosyakova?, O.N. Bespalova?, O.V. Budilovskaya®?, A.M. Savicheva® 2

! The Research Institute of Obstetrics, Gynecology, and Reproductology named after D.O. Ott, Saint Petersburg, Russia;
? Saint Petersburg State Pediatric Medical University, Saint Petersburg, Russia

For citation: Kosyakova OV, Bespalova ON, Budilovskaya OV, Savicheva AM. Integral assessment of markers of the local infectious
and inflammatory process in women with preterm birth in multiple pregnancies. Journal of Obstetrics and Women’s Diseases.
2020;69(6):49-60. https://doi.org/10.17816/J0WD69649-60

Received: October 6, 2020 Revised: November 19, 2020 Accepted: December 7, 2020

= Hypothesis/Aims of study. Premature birth in multiple pregnancies remains an important object of research, since it is
the main factor in poor perinatal outcomes, and their heterogeneous mechanisms determine the ineffectiveness of predic-
tion and prevention methods. In the pathogenesis of premature birth, as is known, one of the leading links is inflammation
caused by infections of the lower genital tract (40%). In multiple pregnancies, which in most cases occur as a result of
assisted reproductive technology treatment (70%) and are mainly accompanied by complications, pregravid preparation
and antenatal observation include more careful control and correction of local infectious and inflammatory processes. In
this regard, the persisting high rate of premature birth in multiple pregnancies (about 54%) demonstrates the ambiguity
of the opinion about the suppressive role of the infectious factor in the induction of premature birth and determines the
need for studying its contribution to multifactorial genesis. The aim of this study was to conduct an integral assessment
of markers of the local infectious and inflammatory process in women with PB in multiple pregnancies.

Study design, materials and methods. We performed a comprehensive study of the bacteriological composition of the
lower genital tract discharge using microscopic, bacteriological, and molecular biological methods (Femoflor 16 test) and
assessed the local inflammatory status (ImmunoQuantex test) in 30 pregnant women with dichorionic diamniotic twins.
The main group consisted of women with premature birth (n = 13), the control group comprising those with term birth
(n = 16), while patients with induced premature birth (n = 2) were not included in the comparative analysis.

Results. This study was the first to determine the features of vaginal microbiocenosis and the local immune status in
women with premature birth in multiple pregnancies. In general, the study cohort had a low inflammatory status and
normal or intermediate types of vaginal biotope. The most common disruptions (24.1%) were vaginal dysbiosis, expressed
in a small amount of Lactobacillius spp., and non-specific vaginitis associated with Mycoplasma hominis. The local immune
status of women with premature birth was characterized by a relative decrease in the mRNA expression of such innate
immunity genes as ILIB, TNFa, TLR4, and GATA3. An integrated assessment of the studied parameters based on the
data obtained allowed us to build a mathematical model for predicting premature birth with the probability of 87.6%.

Conclusion. The integral assessment of infectious and inflammatory markers is important from the standpoint of not
only their possible identification as predictors, but also a general understanding of the genesis of premature birth.

= Keywords: inflammation; infection; markers; multiple pregnancy; predictors; preterm birth; prognosis.
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= AxmyanvHocmo. IIpexxieBpeMeHHble POABI IPY MHOTOIUIOFUM OCTAIOTCS aKTya/JbHBIM OOBEKTOM HAyYHBIX MCCIIe-
IOBAHUII, TOCKONIBKY CIy>KaT OCHOBHBIM (PAaKTOPOM HeOIarolpUATHBIX IIepUHATa/IbHBIX MCXOMOB, a TeTepOreHHbIE
MeXaHM3Mbl UX pea3aluyl OIpeneNAloT HedddeKTUBHOCTb METOOB IPOTHO3MPOBAHNUA ¥ NMpoduIakTuku. B ma-
TOTeHe3e IPeXIeBPeMeHHbIX POJIOB, KaK M3BECTHO, OHUM U3 BeAYLIVX 3BeHbeB AB/IACTCA BOCIAINMTENbHBIN (ak-
TOp, 06YCIIOBNIEHHBIN MH(EKIVOHHBIMY IPOLeCCaMyl HIDKHUX OPraHOB reHuTanpHOro tpakra (40 %). Ilpy mHuoro-
IUIOJHON 6epeMeHHOCTH, KOTopas B OOJNBIIMHCTBE CIy4aeB HACTYINAeT B pe3y/braTe MPUMeHEHVS BCIOMOTAaTeIbHBIX
PeNpofyKTUBHBIX TeXHONOIWi (70 %) M COIPOBOXJAeTCA OCIOKHEHHBIM TeYeHHUeM, IperpaBufiapHas IIOATOTOB-
Ka ¥ aHTeHATaJbHOE HaOIIOfieHNe BKIIOYAI0T KOPPEKIMIO JIOKaJIbHBIX MHQEKIVOHHO-BOCIAINTENIbHBIX IIPOLECCOB.
B cBsA3M ¢ 3TMM BBICOKMII TTOKA3aTeNb MPEXKIEBPEMEHHBIX POLOB IIPM MHOTOIUTORHON GepeMeHHOCTH (OKOMO 54 %)
CBUJETENbCTBYeT O HEOJHO3HAYHOCTY IIPEACTABJIEHMA O IIOJABJIAIIIel pomy MHPEKIMOHHOro (akropa B MHIYK-
LUV NPEXAEeBPEMEHHbIX POOB M OIpee/sieT HeOOXOMVMOCTb M3ydeHNMsI CTEIEH) €ro BKIaJa B MHOTO(aKTOPHBII
reHes.

Ilenv — ocCyLecTBUTh MHTETPAIbHYIO OLEHKY MapKepoB JIOK/JIbHOTO MH(EKIVIOHHO-BOCIAIUTEIBHOIO IIpoIiecca
Y KEHIIVH C IpeXJeBpeMeHHbIMI POJiaMI TIPY MHOTOIUIOIHON OepeMeHHOCTI.

Mamepuanvt u memoovt uccrnedosanus. IIpoBefeHO KOMIUIEKCHOE OIpefie/ieH1e 6aKTepIONIOrNIecKOro COCTaBa OT-
[ie/Is1eMOTO HVDKHUX OT/E/IOB FeHNTATbHOTO TPAKTA IIOCPEACTBOM MUKPOCKOMMYIECKOT0, HaKTepIOIOrNIecKoro, Moje-
Ky/IsIpHO-61osorndeckoro uccnenoBanns (Tect «Pemodmop-16»), a TakxKe OLjeHeH TOKaIbHBII BOCIIA/IUTEIbHBIN CTATyC
(tect «VIMMyHOKBaHT3KC») ¥ 30 6epeMeHHBIX ¢ AMXOPMATbHOI AMaMHUOTIYeCKOI ABorHell. [TannenTKY ¢ mpexxaeBpe-
MEHHBIMM pofiaMu (1 = 13) cOCTaBU/IV OCHOBHYIO TPYIITY, CO CPOYHBIMY (1 = 16) — KOHTpOnbHYyMW. [lanmenTKy) ¢ MHAY-
LPOBAHHBIMY IIPEX/EBPEMEHHBIMI pofaMul (1 = 2) He ObUIM BK/IIOYEHbI B CPABHIUTEIbHBIN aHA/INS.

Pesynvimamot uccnedoéanus. B nccnenoBanny BriepBble ObUIN YCTAHOB/IEHBI 0COOEHHOCTI MUKPOOMOIIEHO3a B/Iarain-
IIa ¥ JIOKaJIbHOTO IMMYHHOTO CTaTyca y XKeHINVH ¢ IPeX/ieBpeMeHHBIMM POflaMy IIPY MHOTOIUIONHOI OepeMEeHHOCTH.
Y nccnenyemMoit KOrOpThI OTMedeH HU3KUI BOCIIINTETbHBIN CTATyC ¥ HOPMaJIbHbII YTV IIPOMEXYTOYHBII TUII OM0TOMa
Braraimiga. /3 Bcex mapymenuit (24,1 %) Hanboree 9acTo BBIAB/IANN FUCOMO3 BJIATa/IMINA, BBIPAXKABIINIICSI B HE3Ha-
unrenbHOM KonmdectBe Lactobacillius spp., n HecrienuuaecKuil BarmHNT, acCOLMMPOBaHHbI ¢ Mycoplasma hominis.
CocTosHMe TOKaTPHOTO IMMYHHOTO CTATyCa )KEHIIVH B IPYIIIe IPeXXAeBPEMEHHBIX POJOB OT/INYATI0Ch OTHOCUTETbHBIM
cHypkeHneM skcrpeccun MPHK Takyx reHOB BpOXX/IEHHOTO MMMYHNTETA, Kak IL-1B, TNFa, TLR4, GATA3. VIHTerpanbHas
OlLleHKa ITOKa3aTeslell Ha OCHOBAaHNM ITOTY4YE€HHbIX JaHHBIX II03BOJIMJIA BBICTPOUTh MaTeMaTIYECKYI0 MOJeb IIPOTHO3M-
POBaHUA IIPeX/IeBPEMEHHBIX POIOB (BepPOATHOCTb — 87,6 %).

3axmouenue. Taxum 06pa3oM, MHTETPaIbHAs OLIEHKA NH(EKIIOHHO-BOCIAINTEIbHBIX MAPKEPOB SB/ISETCS] BOXKHBIM
ACIIEKTOM He TO/IBKO C MO3MUINY BO3MOXXHOCTH MX UAEHTU(UKALNN B Ka4eCTBE IPEAVKTOPOB, HO I OOIIETr0 MOHMMAHN
reHe3a IpeXIAeBPEMEHHDIX POTOB.
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Introduction mainly by etiological factors such as a progester-

The problem of preterm birth (PB) in multi-
ple pregnancies has become a significant field in
modern obstetrics. This priority issue is prima-
rily due to the global trend of an increase in the
frequency of multiple pregnancies. Because of the
prevalence in the category of complications and
significance of consequences, PB is considered
the leading factor in adverse outcomes [1, 2].
Premature infants account for 60-70% of cases
of early neonatal mortality and 50% of all estab-
lished neurological diseases. Moreover, one-third
share of PBs is associated with the induction of la-
bor caused by complications in the mother and/or
fetus, whereas the rest occur spontaneously [3].

Spontaneous PB represents a “major obstetric
syndrome” characterized by a multifactorial na-
ture. Its development is known to be contributed

one receptor decrease, cervical factors, vascular
disorders, impaired maternal and fetal tolerance,
and placental insufficiency. In case of multiple
pregnancies, the most significant causes of PB in-
clude overdistension of the uterus, specific com-
plications of multiple pregnancy, such as feto-fetal
syndrome, and selective retardation in the deve-
lopment of one fetus [4-7].

The task of determining the leading cause
of PB is difficult, and even impossible in some
cases. In most studies, it was revealed that it can
be infectious and inflammatory processes of the
lower organs of the genital tract (40%) in single-
ton pregnancy [7-9]. At the same time, in multi-
ple pregnancies, there are insufficient data on the
contribution of inflammation to the polyetiologi-
cal process of PB implementation. The pathways
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of infection spreading (predominance of the as-
cending or hematogenous pathway), pathogens
that initiate the cascade of immune responses
(pathogenic and opportunistic microorganisms),
and mechanisms leading to PB have also been
studied insufficiently.

Today, inflammatory processes play a signifi-
cant role in the development of labor, namely,
remodeling of the cervix during maturation, rup-
ture of membranes, and occurrence of regular
uterine contractions. A large amount of data pre-
sented that by the onset of labor in the amnion,
chorion, and decidual membranes, the number of
pro-inflammatory cytokines and prostaglandins
increases. Subpopulations of leukocytes, macro-
phages, and neutrophils increase in the cervix.
A change in the ratio of pro-inflammatory and
anti-inflammatory cytokines toward a decrease in
the latter was developed evolutionarily to activate
the inflammatory process necessary for the physi-
ological act of delivery [7, 9].

During pregnancy, the inflammatory response
to the permeation of infectious agents can re-
produce this model of reactions leading to the
preterm onset of labor. Microbial invasion, initiat-
ing an inflammatory reaction from the amniotic
epithelium of the fetal membranes and umbilical
cord, can promote the production of pro-inflam-
matory cytokines, chemokines, and prostaglan-
dins, which in turn trigger contractile activity of
the uterus, shortening of the cervix, rupture of
membranes and, as a result, PB [5-7].

In multifetal pregnancy, which in most cases
occurs because of the use of assisted reproductive
technology (70%) and is often accompanied by
a complicated course, in the process of pregravid
preparation and antenatal monitoring, local infec-
tious and inflammatory processes are controlled
and corrected especially carefully. Despite this, the
persisting high rate of PB in multifetal pregnancy
(about 54%) indicates the ambiguity of the idea of
the suppressive role of the infectious factor in the
induction of PB in multifetal pregnancy. Studying
the degree of contribution of inflammatory pro-
cesses to multifactorial mechanisms of imple-
mentation is an important aspect not only from
the standpoint of the possibility of their identifi-
cation as predictors and targets for exposure but
also a general understanding of the genesis of PB
in multifetal pregnancy.

Materials and methods

This prospective cohort study included 30 wo-
men with multiple pregnancies, who were admit-
ted at the D.O. Ott Scientific Research Institute of
Obstetrics, Gynecology, and Reproductology with
a diagnosis of threatened preterm labor. The in-
clusion criteria were pregnancy with dichorionic
diamniotic twins and presence of clinical mani-
festations of threatening PB at a gestational age of
22-36 weeks (29.4 + 2.1).

A comprehensive assessment of the qualita-
tive and quantitative compositions of microor-
ganisms of the discharge of the lower segments
of the genital tract was performed to all preg-
nant women using microscopic, bacteriological,
molecular, and biological studies (Femoflor-16
test, DNA-Technology, Russia), and an indica-
tor of local inflammatory status was identified
by the ratio of profiles of immune response gene
expression using an ImmunoQuantex test system
(DNA-Technology).

Microscopic examination. A microscopic ex-
amination of the urogenital tract discharge was
performed with an assessment of the microbioce-
nosis when staining the preparations with methy-
lene blue and using gram staining. In the vaginal
discharge, the ratio of polymorphonuclear leuko-
cytes (PMNL) to squamous epithelial cells (SEC)
was assessed, as well as lactobacilli in relation to
other microorganisms, clue cells, yeast-like fun-
gi, and trichomonas. In addition, in the cervical
discharge, columnar epithelial cells, SEC, PMNL,
mucus, and intracellular and extracellular gram-
negative diplococci were assessed.

Bacteriological study. Microorganisms were
isolated using standard nutriculture media for
gram-positive and gram-negative bacteria. The
microorganisms isolated were identified by mass
spectrometry using a matrix-assisted laser desorp-
tion and ionization time-of-flight mass spectrom-
etry bacteriological analyzer (Bruker, Germany).

Molecular biological study. Using the
Femoflor-16 test system, the discharge of the
lower parts of the genital tract was studied using
polymerase chain reaction in real time with
a quantitative assessment of opportunistic patho-
gens, Lactobacillus spp., and determination of to-
tal bacterial mass. When interpreting the results,
the quantitative ratio of Lactobacillus spp. and
the total bacterial mass were calculated, and the
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following conclusions about the microbiocenosis
state were made: (1) Lactobacillus spp. > 80% in-
dicated normocenosis characterized by the domi-
nance of the normal flora, (2) Lactobacillus spp.
20-80% indicated moderate dysbiosis, and
(3) Lactobacillus spp. < 20% indicated severe dys-
biosis.

Using the ImmunoQuantex test system, ac-
cording to the manufacturer’s instructions, indi-
ces of local inflammatory status were determined
by the ratio of the expression profiles of the im-
mune response genes. To isolate nucleic acids,
the Proba NK kits (DNA-Technology) were used.
After isolation of the total pool of DNA and RNA,
a reverse transcription reaction was performed
to obtain from the template the mRNA comple-
mentary to DNA, which was further amplified by
the polymerase chain reaction method. After the
amplification stage, the mRNA expression level of
eight innate immunity genes (IL-1B, IL-10, IL-18,
TNFa, TLR4, GATA3, CD68, and B2M) was cal-
culated using the indicator cycle value. Based on
the integral assessment of the obtained gene ex-
pression levels, it was concluded on the presence
or absence of a local inflammatory response ac-
cording to the value of the inflammation index.
An inflammation index value of more than 60%
was considered inflammation, less than 50% was
considered the absence of an inflammatory re-
sponse, and 50-60% implied that an inflammatory
response could not be ruled out (gray area).

Laboratory studies were conducted after ob-
taining biomaterials from all pregnant women.
(No correction was performed on the basis of the
results obtained.) After obtaining data on preg-
nancy outcomes, the study results were evaluated
and analyzed. Comparison groups were formed
depending on the gestational age at the time of
delivery and type of delivery. Women with spon-
taneous PB (13) were included in the main group,
and those with term delivery (16) constituted
the control group. Women with medically induced
PB (2) were excluded from the comparative analy-
sis. The results of their testing were described only
when characterizing the data.

Statistical analysis

Statistical processing of the results was per-
formed using the STATISTICA ver. 10 program.
For analyzing qualitative attributes, the Pearson

chi-square test (x?) was used. If the number of
expected attributes was less than 10 in the analy-
sis of fourfold tables, the chi-square test (x*) with
Yates’ correction was used; at frequencies less
than 5, two-tailed Fisher’s exact test was used (p).
With a normal distribution of quantitative data,
the results were presented as arithmetic mean
and mean-square deviation (M * o), and the sig-
nificance was calculated using Student’s t-test (¢).
In the absence of a normal distribution, the me-
dian indicating the interquartile range Me (L-H)
and Mann-Whitney test (U) were calculated.

A mathematical model of PB probability was
developed, based on an integral assessment of
markers of the local inflammatory process by the
mRNA level of innate immunity genes in epitheli-
al cells of the lower parts of the reproductive tract.
A linear discriminant analysis was performed to
identify the predictive value of the parameters
under study, deduce the formula for calculat-
ing the probability, and check the operation of
the algorithm. For all types of analysis, p-values
of <0.05 were considered statistically significant.

Results

Microscopic examination of the discharge from
the vagina and cervical canal revealed several
aspects of the state of the microbiocenosis of the
genital tract organs in women with preterm and
term birth.

When examining vaginal discharges, in
about half of the cases, both during spontaneous
and PB, in relation to PMNL to SEC, inflamma-
tion was noted (PMNL > SEC). However, there
were no statistically significant differences in this
indicator in the groups (p > 0.05).

There were also no significant differences
between the groups in the lactobacilli count
(Lactobacillius spp.) and their ratio with other mi-
croorganisms (p > 0.05). Only lactobacilli or lacto-
bacilli prevalence was found in 84.4% of pregnant
women. In the remaining 15.6% of women, lac-
tobacilli were either absent or present in the
minority. In both groups, pseudomycelium was
detected in single samples (4.65%), but clue cells
or trichomonas were not found.

When examining the cervical canal discharge
in the group of women with preterm labor, an
inflammatory reaction was determined signifi-
cantly more often compared with the control
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group, characterized by several leukocytes of
more than 10 in the field of view of a light micro-
scope with a magnification of x 1000 (53.9% and
31.3%, respectively, p = 0.033) and mucus content
(73.9% and 26.1%, p = 0.026).

Bacteriological ~examination of discharge
from the cervical canal found microorgan-
isms such as Lactobacillius spp., Gardnerella
vaginalis, Escherichia coli, Streptococcus agalac-
tiae, Streptococcus spp., Staphylococcus  spp.,
Enterococcus faecalis, Corynebacterium spp., Kleb-
siella spp., and Candida spp.

In the group of PB women, lactobacilli were
isolated less frequently, but more often, oppor-
tunistic microorganisms were revealed. In the
main group, Lactobacillius spp. was identified in
15.4% of cases. In the group of women whose
pregnancy ended in term delivery, lactobacilli
were isolated in 32.5%, but the differences were
not significant (p > 0.05).

In the main group, the isolation frequency of
E. faecalis was two times higher than in the con-
trol group, but the differences were not statisti-
cally significant (23.1% and 12.5%, respectively;
p>0.05).

According to the frequency of isolated E. coli,
S. agalactiae, Streptococcus spp., Staphylococ-
cus spp., Klebsiella spp., and Candida spp., the
groups were comparable and did not differ sig-
nificantly (p > 0.05). Corynebacterium spp. were
not identified by microbiological examination
but were detected by molecular biological exami-
nation (polymerase chain reaction in real time),
which necessitates the application of methods for
identifying genital infections in aggregate.

In a molecular biological study using the
Femoflor-16 test system (assessment of the char-
acteristics of the state of the vaginal microbio-
cenosis in the groups being studied through
multiple analysis), it was revealed that in the PB
group, the frequency of dysbiotic disorders and
degree of their severity were higher than in the
control group (p = 0.029).

In women whose pregnancy resulted in PB, the
tfrequency of physiological microbiocenosis of the
vagina was insignificantly lower (76.9%) than in
those who had term delivery (87.5%). When as-
sessing vaginal dysbiosis, the control group pa-
tients were characterized by a milder form of
microbiocenosis disorders, namely, moderate

%
100 - /
80 -

60 -

40 -

20 -

Term birth
CpouHble pogpl

Preterm birth
MpexaeBpeMeHHble Poabl

W Normocenosis / HopmoLieHo3
B Moderate dysbiosis / YmepeHHblit gncénos
Severe dyshiosis / BbipaxeHHbI ancéunos

Characteristics of vaginal microbiocenosis in the
study groups (* p < 0.05)

XapakTepucTuKa COCTOSIHMA MUKPOOMOIeHO3a
BIarajmiga y 6epeMeHHbIX B MCCIERYEMBIX TPyII-
max (*p < 0,05)

anaerobic dysbiosis (12.5%), whereas in patients
whose pregnancy resulted in spontaneous pre-
term labor, moderate dysbiosis was not registered.
In the PB group, more pronounced disorders of
the vaginal microbiocenosis were noted, includ-
ing pronounced anaerobic dysbiosis (15.38%) and
pronounced aerobic dysbiosis (7.69%). There were
no pronounced dysbiotic disorders during term
delivery (Figure).

In the control group, the amount of
Lactobacillius spp. included in the vaginal micro-
flora during pregnancy corresponded to the physi-
ological indicator in 100% (16) of cases, whereas
in the main group, physiological microbiocenosis
was registered in 69% (9) of cases. The median of
the number of lactobacilli in the main group was
significantly lower and amounted to 5.0 GE/sam-
ple, whereas at term delivery, it was 6.8 GE/sam-
ple (p = 0.0019). There were no intergroup differ-
ences in the frequency of optionally anaerobic mi-
croorganisms (bacteria of the Enterobacteriaceae
family, Streptococcus spp., and Staphylococcus spp.;
p > 0.05). In the main group, obligate anaerobic
microorganisms (Lachnobacterium spp./Clostri-
dium spp. and Peptostreptococcus spp.) were noted
with a frequency of 7.69% (1), whereas in the con-
trol group, these microorganisms were not identi-
fied. The group of microorganisms Snethia spp./
Leptotrichia spp./Fusobacterium spp. was not iden-
tified in any group under study. The frequency of
detection of Ureaplasma (urealyticum + parvum)
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did not differ significantly in the main and control
groups (46.15% and 31.3%, respectively; p > 0.05;
Table 1).

There were significant differences in the
groups of women for detecting Mycoplasma homi-
nis. In the main group, M. hominis was revealed
in 38.5% of cases (5) with a median number of
0.92 GE/sample, whereas in the control group,
these microorganisms were not detected in any
case (p = 0.0085).

Assessment of the state of the local immune
status in women with dichorionic twins. To as-
sess the presence and severity of local inflamma-
tion in pregnant women with dichorionic twins,
the ImmunoQuantex test was performed, based
on determining the mRNA expression profile of
eight innate immunity genes in the epithelial cells
of the lower reproductive tract and four indicators
of their ratios (Table 2).

Table 1/ Tabauya 1

Vaginal microbiota composition in the study groups

Among all the patients examined, the median
expression level of the gene that encodes inter-
leukin (IL)-1b, which is an important mediator
of the inflammatory response, was 5.2 Ig GE/mL.
An inhibitor of cellular immunity is IL-10, and
the expression value of this interleukin gene
was 2.4 lg GE/mL. The level of IL-18, which has
pleiotropic effects in the immune response, was
4.9 1g GE/mL.

The expression level of the gene encoding tu-
mor necrosis factor (TNF)a, a protein of the acute
phase of inflammation, was 3.2 Ig GE/mL. The ex-
pression level of TLR4, which determines the first
line of local antibacterial defense, corresponded
to 2.7 lg GE/mL, and the level of GATA3 tran-
scription factor was 4.11g GE/mL. The expres-
sion value of the gene encoding CD68, which is
significant in the phagocytic activity of cellular
macrophages, was 4.7 Ig GE/mL. The expression

CocTaB MMKPOBUOTbI BNaranmiua y XXeHLWUH B OCHOBHOW U KOHTPOAbHOI rpynnax

Preterm delivery

Term birth (n = 16),

Microbiota composition (n=13), % (n) % (n) p-value
Normal flora
Lactobacillius spp. 69.2 (9) 100 (16) 0.0019
Optionally anaerobic microorganisms
Enterobacteriaceae 30.8(4) 18.8 (3) 0.68
Streptococcus spp. 30.8 (4) 18.8 (3) 0.46
Staphylococcus spp. 53.9(7) 43.8 (7) 0.96
Obligate anaerobic microorganisms
Gardnerella vaginalis/Prevotella bivia/Porphyromonas spp. 38.5 (5) 37.5 (6) 0.84
Eubacterium spp. 30.8 (4) 50.0 (8) 0.54
Megasphaera spp./Veillonella spp./Dialister spp. 15.4 (2) 18.8 (3) 0.84
Lachnobacterium spp./Clostridium spp. 7.7 (1) 0 0.29
Mobillincus spp./Corynebacterium spp. 7.7 (1) 18.8 (3) 0.49
Peptostreptococcus spp. 7.69(1) 0 0.29
Atopobium vaginae 15.38 (2) 25.0 (4) 0.55
Yeast-like fungi
Candida spp. 0 12.5 (2) 0.21
Mycoplasma

Mycoplasma hominis 38.5(5) 0 0.0085
Ureaplasma (urealyticum + parvum) 46.2 (6) 31.3(5) 0.84

N o te. Significant values at p < 0.05 are presented in bold.
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Table 2 / Tabauya 2

Mean values of local immune status parameters in the study cohort
CpeaHuve 3HaYeHMA NOKasaTenei 10KaAbHOro MMMYHHOrO CTaTyca Y KeHLMH B uccneayemoii Koropre

Indicator,

Ig GE/mL L

IL-1B 50+1.2
IL-10 23+13
IL-18 46+1.3
TNFa 31+13
TLR4 2515
GATA3 3.7+15
CD68 43+16
B2M 49+15
TLR4/GATA3 09+21
TNFa/IL-18 0.6+23
IL-10/IL-18 238.9+1162.8
IL-1B/CD68 13.5+24.7
Inflammation index, % 33.5+44.0

level of the gene encoding B2M associated with an
increase in the activity of the immune system was
5.51g GE/mL.

The parameter ratio was 0.04 lg GE/mL for
TLR4/GATA3, 0.02 lg GE/mL for TNFo/IL-18,
2.1 lg GE/mL for IL-10/IL-18, and 2.8 1g GE/mL
for IL-1B/CD68. The inflammation index was cal-
culated from the ratio of mRNA expression levels
of pro-inflammatory and anti-inflammatory cy-
tokine genes; and the median was 3.3%. With an
inflammation index of less than 50%, the test was
regarded as negative, and a conclusion was made
about the absence of inflammation in 58% of
cases. With an index of 50-60% (“gray zone”),
a reliable assessment of the local immune status
was impossible in 3% of cases, and with an in-
dex of more than 60%, the test was determined as
positive with the presence of local inflammatory
processes stated in 26%.

It was not possible to estimate the inflamma-
tion index in 13% of cases because of the level of
B2M expression below the critical value (not less
than 4 lg GE/mL), which determines the test va-
lidity. It was noted that all patients with “ambi-
guous” test results gave birth prematurely. Further
analysis showed that spontaneous PB occurred
in 28.57% (8) of patients, which level of B2M ex-
pression in the sample was less than 4 1g GE/mL.
The expression level of the B2M-encoding gene

Min Max
2.1 7.0
0 5.1
1.4 6.3
0 5.1
0 4.6
0 5.7
0 6.1
13 6.9
0 9.2
0 13
0 6498
0 90.5
0 100

differed significantly in the PB group, and the
median was significantly lower (4.5 lg GE/mL)
compared with term delivery (6.0 lg GE/mL;
p=0.035).

A significant decrease in the expression of
most genes, including IL-1B, TNFa, TLR4, and
GATA3, was also found in the PB group compared
with the term delivery group (Table 3).

The median expression of the IL-1B gene,
a pro-inflammatory cytokine that is an important
mediator of the inflammatory response induc-
ing prostaglandin synthesis, neutrophil activa-
tion, and antibody production, was 4.6 lg GE/mL
in PB and 58 lg GE/mL in term delivery
(p = 0.064).

A relative decrease in the expression of the
TNFa gene, which is a multifunctional pro-
inflammatory cytokine synthesized mainly by
monocytes and macrophages, has a significant ef-
fect on the endothelium functioning, production
stimulation of IL-1, IL-6, IL-8, and interferon-
gamma, and leukocyte activation. The median
level of TNFa expression was 2.8 Ig GE/mL in pa-
tients with PB and 4.35 Ig GE/mL in women with
term delivery (p = 0.024).

Similar data were obtained when analy-
zing the expression of receptor genes that de-
termine the first line of natural local defense
when permeating pathogenic microorganisms
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Table 3 / Tabauya 3

ImmunoQuantex test values in the study groups

Mokasarenu tecta «MMmyHOKBaHTIKC» Yy NauMeHTOK B CpaBHMBaeMbIX rpynnax

Preterm delivery (n = 13)

Indicator,

lg GE/ml Mto min-max
IL-1B 44+13 2.1-6.2
IL-10 22+15 0-5.1
IL-18 44+15 1.4-6.3
TNFa 25%15 0-4.3
TLR4 1.7+16 0-4.1
GATA3 31+17 0-5.2
CD68 36+19 0-5.9
B2M 43+1.7 1.3-6.7
TLR4/GATA3 09+20 0-7.5
TNFa/IL-18 1.0+£3.3 0-13.0
IL-10/IL-18 84.2 +169.1 0-649.8
IL-1B/CD68 10.5+19.3 0-64
Inflammation index, % 31.6+44.3 0-100

N o te. Significant values at p < 0.05 are presented in bold.

(TLR4) so that the median was significantly low-
er in PB (1.71g GE/mL) than in term delivery
(3.7 1g GE/mL; p = 0.048).

The expression of the gene for the transcrip-
tion factor GATA3, which regulates the expres-
sion of the spectrum of genes involved in the
development of inflammatory and allergic reac-
tions, was also significantly lower in PB than in
term delivery (3.8 and 4.9 g GE/mL, respectively;
p=0.023).

In PB, there was also a tendency to a de-
crease in the CD68 level, a glycoprotein that is
significant in the phagocytic activity of tissue
macrophages, both in intracellular lysosomal
metabolism and in extracellular cell-cell and
cell-pathogen interactions. The expression level
of CD68 was 4.2 and 5.4 lg GE/mL in patients
with preterm and term deliveries, respectively
(p = 0.077), which is inconsistent with the litera-
ture data on the prevalence of pro-inflammatory
factors in PB.

There were no statistically significant differ-
ences in the levels of gene expression of such reg-
ulatory pro-inflammatory and anti-inflammatory
cytokines as IL-18 and IL-10, which perform mul-
tiple pleiotropic functions in immunoregulation

Term delivery (n = 16)

p-value
Mto min-max

55+1.0 3.9-7.0 0.034
22+1.2 0-3.7 >0.05
49+0.6 2316.1 >0.05
3.8+09 2.1-5.1 0.024
3.2+1.0 1.9-4.6 0.048
45+1.0 1.9-5.7 0.023
5.0+0.84 3.2-6.1 0.077
5.7+0.79 4.2-6.9 0.035
1.0+£2.6 0.001-9.2 >0.05
0.2+0.26 0.009-0.81 >0.05
142 +£35.8 0-125 >0.05
13.5+245 0.25-78.8 >0.05
37.7+45.8 0-100 >0.05

and inflammation. The expression levels of genes
IL-18 and IL-10 were 4.9 and 2.3 1g GE/mL, re-
spectively, in PB, and 5.5 and 3.1 g GE/mL, re-
spectively, in term delivery (p > 0.05). Using
various statistical methods, there were also no
significant differences in the groups in the pa-
rameters of the ratio TLR4/GATA3, TNFa/IL-18,
IL-10/IL-18, and IL-1B/CD68 (p > 0.05).

The compared groups did not differ in terms
of the inflammation index calculated from the
difference in these ratios (p > 0.05). When inter-
preting the test as an “inflammatory;” the samples
differed significantly from the “noninflamma-
tory” ones in the relative decrease in the expres-
sion level of IL-18 genes (4.0 and 5.2 lg GE/mL,
respectively; p = 0.015), the tendency toward a de-
crease in the GATA3 expression level (3.3 and
4.41g GE/mL, respectively; p =0.055), and in-
crease in TLR4 (3.5 and 2.5 g GE/mL, respective-
ly; p = 0.055).

In terms of the ratio of factors, positive tests
that determined the presence of inflammation dif-
tered significantly from negative ones with relative-
ly higher values of TLR4/GATA3 (3.11 and 0.04;
p =0.0001), TNFo/IL-18 (2.13 and 0.05; p = 0.0002),
and IL-1B/CD68 (39.8 and 4.9; p = 0.0004).
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Table 4 / Tabauya 4

Function parameters in the probability model of preterm birth in multiple pregnancies
MapameTpbl GYHKUUN B MOAENN BEPOATHOCTU peannsauunn npexaespemMeHHbIX poaos NpyM MHoronaogum

Indicators Indicator designation
IL-1B X
IL-10 Y
TNFa z
TLR4 M
GATA3 K
CD68 L
B2M S
IL-18 R
Constant

Predictive model of probability of PB
in multifetal pregnancy

Based on the data obtained, a prognostic mo-
del of PB probability in multifetal pregnancy was
created based on the mRNA level of innate immu-
nity genes in epithelial cells of the lower parts of
the reproductive tract.

Linear discriminant analysis was used to re-
veal the prognostic value of the parameters un-
der study, deduce the formula for calculating the
probability of PB, and check the operation of the
algorithm for predicting it.

The values of the discriminant functions were
calculated using the following equations:

F=-151.299 + 45.199 - X - 11.166 - Y -
-45.49 -7 -64.028 - M + 10.267 - K -
- 71962 - L+ 129.403 - S+ 5.985 - R;

F, =-153.151 + 45.155- X - 11.123 - Y -

-45375-7Z2-63.212- M +11.983 - K -
—-72.564 - L+ 129.102- S+ 5.209 - R,

where F is the probability of PB; F, is the prob-
ability of term delivery; X is the expression level
of IL-1B gene; Y is the expression level of IL-10
gene; Z is the expression level of TNFa gene; M is
the expression level of TLR4 gene; K is the expres-
sion level of GATA3 gene; L is the expression level
of CD68 gene; S is the expression level of B2M
gene; R is the expression level of IL-18 gene. With
F < F,, PB is predicted, and with F < F,, term de-
livery is predicted (Table 4).

Coefficients
Preterm Term
delivery delivery
45.199 45.155
-11.166 -11.123
—45.49 —45.375
—64.028 —63.212
10.267 11.983
-71.962 —72.564
129.403 129.102
5.985 5.209
-151.299 -153.151

When checking this formula, the program as-
signed patients to the group with the probable de-
velopment of PB in 100% of cases. The program
identified the probability of term delivery cor-
rectly in 86.7% of cases. A false positive result was
obtained for PB in 13.3% of cases.

When calculated using the above formula, if
the probability by control (term delivery) is less
than the probability by PB, then it can be assumed
with a probability of 100% that this patient will
have spontaneous PB. If the probability by control
is greater than that by PB, then it can be assumed
with a probability of 86.7% that this patient will
have a term delivery.

Discussion

This study was the first to assess the charac-
teristics of vaginal microbiocenosis and local im-
mune status in women with multiple pregnancies
and PB. It was noteworthy that, in general, the
pregnant women of the study cohort had a low in-
fectious-inflammatory status, but vaginal biotope
disorders were registered with a higher frequency
in the PB group.

The microscopic presentation of the vagina
and cervical canal microbiocenosis in women
with PB was characterized by a significantly
higher leukocyte count and mucus amount com-
pared with patients with term delivery. A more
pronounced degree of leukocyte reaction in the
main group may indicate both mucosal immunity
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activation and cervical remodeling processes (mu-
cous plug discharge) [8].

When determining the spectrum of microor-
ganisms in the vaginal microbiota during bacte-
riological examination, E. faecalis was isolated in
the PB group two times more often than in the
control group, but the differences were not signifi-
cant. As a rule, E. faecalis colonization of the uro-
genital tract of pregnant women has no significant
consequences, but an excessive number of these
microorganisms can be associated with pregnancy
complications such as PB, chronic placental insuf-
ficiency, and small-for-gestational-age fetus [9].

The molecular biological study revealed that
vaginal dysbiosis in the PB group is found sig-
nificantly more often than in the control group,
which manifested itself as a small amount or
complete absence of lactobacilli in the vaginal
microbiocenosis [6, 10, 11]. Lactobacilli are of
great importance for maintaining normal vagi-
nal microbiocenosis because of high competition
and antagonism with respect to most pathogenic
and opportunistic bacteria [11]. In the absence of
lactobacilli, favorable conditions are created for
activating microorganisms exhibiting pathogenic
properties. The resulting inflammation becomes
a trigger for premature contractile uterine activity,
and an increase in the proteolytic enzyme level
can lead to the shortening of the cervix and early
rupture of the fetal membranes [12, 13].

In pregnant women with PB, M. hominis was
detected in the vaginal microbiota, which was not
identified in any case in women who gave birth
at full term. M. hominis plays a significant role in
the genesis of miscarriage at all stages of gestation
[14, 15]. Mycoplasma membrane structures can
activate macrophages and monocytes and increase
main pro-inflammatory cytokine secretion, espe-
cially TNFa, ILs (IL-1, IL-1b, IL-6, IL-8, IL-12,
and IL-16), and interferon-gamma, causing local
inflammatory processes that contribute signifi-
cantly to the initiation of PB [16-18].

In this study, for the first time, the state of
the local immune status in women with dicho-
rionic twins was analyzed by the mRNA expres-
sion profile of the IL- IL-1B, IL-10, IL-18, TNFa,
TLR4, GATA3, CD68, and B2M genes. During the
study, a significant decrease in the expression of
the genes IL-1B, TNFa, TLR4, and GATA3 was
revealed in women with PB than in the control

group. Multivariate factor analysis enabled to
characterize the relationship of these parameters
with the term of delivery as directly proportional,
namely, the lower the level of expression of these
markers was, the shorter was the term of delivery.

Researchers who have obtained similar data in
singleton pregnancies in their works agree that the
most important is not an increase in the expres-
sion of these genes but an imbalance toward a de-
crease in the levels of pro-inflammatory cytokines,
which lead to PB [19-22]. Such data are explained
by the hyporeactive state of local immunity, which
determines favorable conditions for ascending in-
fection, and the development of chorioamnionitis,
which is an important pathogenetic link in PB
mechanisms.

At the same time, it should be noted that ear-
lier studies were characterized by the isolated de-
termination of the levels of inflammatory markers
without a comprehensive assessment of local im-
munity. In this study, for the first time, a mathe-
matical model was formed on the basis of an
integral assessment of the local immune status
parameters. The results obtained revealed both
the importance of a comprehensive assessment of
local inflammatory processes for understanding
the multifactorial mechanisms of PB implemen-
tation in multiple pregnancies and the possibility
of predicting PB using this model with high effi-
ciency (86.7%).

Conclusion

Evaluation of markers of infectious and inflam-
matory processes of PB is an important aspect not
only for identifying these markers as predictors
and targets of exposure but also for understanding
the pathogenesis of PB in multiple pregnancies.

In accordance with the results obtained, PB
markers in multiple pregnancies can be an in-
crease in the level of leukocytes in the cervical
canal to more than 10 in the field of view during
microscopic examination of cervical discharge,
decrease in the count of lactobacilli (vaginal dys-
biosis), and presence of genital mycoplasmas in
the vaginal microbiocenosis detected using the
polymerase chain reaction in real time.

The studied indices of mRNA expression
of innate immunity genes (IL-1B, IL-10, IL-18,
TNFa, TLR4, GATA3, CD68, and B2M) in the
vagina (polymerase chain reaction with reverse
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transcription) and mathematical model developed
based on an integrated assessment of the data
obtained (probability 87.6%) demonstrated the
prospectivity of their assessment to predict PB in
multiple pregnancies.

In turn, the general low inflammatory profile
in the cohort under study, including a decrease
in the expression of mRNA of the genes IL-1B,
TNFa, TLR4, and GATA3 in vaginal discharge,
necessitates further research to study the degree
of contribution of infectious and inflammatory
factors to the mechanisms of PB development in
multiple pregnancies and search for markers of
other ways of their implementation.
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