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Abstract

Introduction: Among all pregnancies worldwide, approximately 5 to 18% end prematurely, a major cause of infant
morbidity and mortality. About 70% are spontaneous preterm births and have multiple comorbid causes. Prevention and
treatment of preterm birth is an unresolved worldwide problem in modern obstetrics. It is for this reason that studying the
pathogenetic mechanisms of preterm birth, which threaten the health and well-being of future generations and represents a
major scientific challenge requiring both moral and material investment.

Aim: An analysis of the literature on the role of etiopathogenetic mechanisms of preterm birth.

Search strategy: Sources were searched in PubMed, Medline, Cochrane Library, Web of Science, Embase and Google
Scholar, e-Library. The depth of the search was 10 years, from 2011 to 2021. Inclusion criteria: full-text articles in Russian
and English, reports of cohort and randomized trials describing different etiopathogenetic mechanisms of preterm birth. This
review did not include publications describing single cases, abstracts of reports, personal communications and abstracts.

Results: The search retrieved 797 articles. After reviewing titles, abstracts, and full text, 80 sources were selected for
detailed review, describing all currently known etio-pathogenetic mechanisms of preterm birth. Among the most significant
are the following:

1. activation of the central nervous system (pituitary and hypothalamus) by both the fetus and the mother;

2. preterm birth associated with the development of pregnancy complications, such as: detachment of the normally
located placenta, severe pre-eclampsia, acute placental insufficiency, etc.;

3. triggering an inflammatory reaction and involvement of the uterine-placental complex, both with and without the
identification of an infective agent.

Conclusions: The analysis of the sources once again demonstrates the polyetiology of the problem. It is clear that preterm birth
continues to be an issue for a long time due to the lack of a complete understanding of the pathogenetic mechanisms.
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COBPEMEHHbIX B3rnaa HA 3TUONATOrNEHE3
NMPEXXAEBPEMEHHbLIX POOOB. OG30P JIUTEPATYPbLI.
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HAO «MepuunHckun yHuBepcutet Cemen», ! Kadenpa akywepcrtsa u ruHekonorum,
2 Kadeppa cectpuHckoro gena, r. Cemen, Pecny6nuka KasaxcraH.

BeepeHune: Cpeaun Bcex GepeMeHHOCTel B Mupe mpumepHo oT 5 1o 18% 3akaH4MBAKOTCA MPEXOEBPEMEHHO, YTO
SIBNSETCA OOHOM M3 OCHOBHBIX MPUYMH MrageHyeckoi 3abonesaemoctn U cmepTHOCTW. Okono 70% — CMOHTaHHble
NPEXAEBPEMEHHBIE POAbI, UMEIOT MHOXECTBO COYETAHHbBIX MPUYKH. MpodhunakTuka u nevyeHne NpexaeBpeMEHHbIX POLOB —
9TO HepelleHHas MupoBasi nmpobremMa B COBPEMEHHOM aKyllepcTBe. VIMEHHO MO3TOMY W3y4YeHWe MaTOreHeTUYECKMX
MexaH13MOB MPEXAEBPEMEHHBLIX POJOB, KOTOpble CTaBAT MOZ Yrpo3y 340poBbe M Onarononyyne OyayLimx MoOKONEHMiA w
npeLcTaBnseT coboi cepbesHbIi HayYHbI BbI30B, TPEOYHOLWMA Kak MOpPanbHbIX, TaK 1 MaTepuanbHbIX BIOXEHWH.

Llenb: aHanu3 gaHHbIX NUTEPaTYpbl O PONW 3TMOMATOrEHETUYECKUX MEXAH3MOB NMPEXAEBPEMEHHBIX POLOB.

Crparterusi noucka: nouck UCTOYHIKOB Obin npoBeaeH B 6azax PubMed, Medline, Cochrane Library, Web of Science,
Embase u Google Scholar, e-Library. ny6usa noucka coctasuna 10 net, ¢ 2011 r. no 2021r. Kpumepuu eKi4eHUS:
MOMHOTEKCTOBbIE CTATbi HA PYCCKOM U aHTTIMACKOM $13bIKaX, OTYETbI O KOFOPTHbIX W PaHAOMU3MPOBAHHbIX UCCNEL0BaHUSX,
OMMCHIBAIOLLMX PaA3NNYHbIE 3TUONATOrEHETUYECKNE MEXAHW3MbI MPEXAEBPEMEHHbIX pofoB. B AaHHbIA 0630p He Gbinm
BKIHOYEHbI MyOnmKaLymm, ONrChIBAIOLLME eANHUYHBIE CITyYau, Pe3toMe LOKIaZ0B, IMYHbIe COODLUEHNS 1 TE3NCI.
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PesynbTatbl: B pesynbrtate noucka Obino obHapyxeHo 797 crateit. ocne 0630opa 3aronoBKOB, BbIAEPXKEK U MOSTHOO
Tekcta Bbino otobpaHo 80 MCTOWHMKOB ANS NOAPOGHOTO W3yyeHus, B KOTOPbIX OblMM OMUCaHbl BCE M3BECTHbIE Ha
CETOAHSHNNA [1eHb 3TUONATOrEHETUYECKME MEXaHW3Mbl NpexaeBpeMeHHbIX pogoB. Cpean Haubonee 3HaYMMbIX MOXHO
BbIgENuTL CrieayioLme:

1. aKTUBaLWA LiEHTparnbHO HEPBHOM CUCTEMBI (TMNognaa 1 rnoTanamyca) kak co CTOPOHbI NAoAa, Tak U CO CTOPOHbI MaTepH;

2. MpexaeBpeMeHHble pofbl, CBA3aHHbIE C Pa3BUTUEM OCIOXHEHUI BEpEMEHHOCTY, TaKMX KakK: OTCMOKa HOPMAasbHO
PacnonoXXeHHON NaLeHTbl, TSXKENON NPe3kTaMncui, OCTPOIA NNaLEHTaPHOM HEAOCTAaTOMHOCTM U T.4,.;

3. 3anyck peakuuu BOCManeHust U BOBNEYEHWS B HEE MATOYHO-NMALEHTAPHOrO KOMMMEKCa, Kak npu uaeHTUdmKaLumm
MHGEKLUMOHHOTO areHTa, Tak 1 6e3.

BbiBoAbI: NPOBEAEHHbIN aHANM3 UCTOYHIKOB B OYEPEHON pa3 AoKasbiBaeT NOMMATUONOMMYHOCTb AaHHOMA NPOOREMbI.
CTaHOBMTCS COBEpLUEHHO SICHO, YTO MpobrieMa NpexaeBPEMEHHbIX POAOB NPOLOMKAET BbiTb aKTyarnbHOM Ha NPOTSHKEHUM
ANUTENBHOIO BPEMEHM B BIAY HEAOCTATOMHO MOMHOrO NPEACTABNEHNS O MATOreHETUYECKNX MEXaHU3MaXx.

Knioueenle cnosa: npexdespemeHHble podbl, 3muono2us, namoaeHes, hakmopsl.

TyWingeme
MEP3IMIHEH BYPblH BOCAHYAbIH 3TUONATONEHE3IHE
3AMAHAYM KO3KAPAC. OOEBUETTIK LLUOJY.
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KeAK «Cemen megmumnHanbiK yHUBEpPCUTETi», ! Akywiepus xaHe ruHekornorus kacdegpacsl,
2 Meniprep ici kacdpegpacbl, Cemen K., KazakctaH Pecnyb6nukachil.

Onemgeri 6apnbik XKyKTinikTiH wamameH 5 - TeH 18% - bl MepaiMmiHeH bypbiH askTanagel, 6yn HopecTenep MeH eniM-
XiTiMHIH, Heri3ri cebenTepiHiH Bipi. LiamameH 70% - e3giriHeH Mep3imMiHeH BypbiH 6ocaHy, kenTereH BipikTipinreH cebentep
Gap. MepaimiHeH OypbiH 6ocaHyablH anabiH any xoHe emiey Kasipri 3amMaHfbl akylepusiaarbl LUELiNMereH anemaik
npobnema Bonbin Tabbinagsl. CoHabiKTaH Gonallak ypnakrapablH eHCaynbiFbl MEH l-ayKaTbiHa Kayin TOHZIPETIH XaHe
MopanbAblK X8He MaTepuangblK canbiMgapabl KaXeT eTeTiH MaHbI3fbl FbifbiMW CbiHaK Oonbin TabbinaTbliH Mep3iMiHeH
OypbIH 60caHyabIH NAaTOreHeTUKabIK MEXaHU3MAEPIH 3epTTey.

Makcatbl: Mep3imiHeH OypblH GocaHyAblH, 3TMONATOrEHETUKANbIK MexaHW3MAepiHiH, peni Typanbl opebuettep
AepekTepiH Tangay.

I3peny ctpateruschbl: gepektepai isgey PubMed, Medline, Cochrane Library, Web of Science, Embase xaHe Google
Scholar, e-Library 6a3anapbinga xyprisingi. [3gey Tepengairi 2011 xbingan 2021 xbinFa gevin 10 xbingsl Kypagbl. Kocbuty
Kpumeputnepi: OpbIC XSHe arblNbiH TiNAepiHAeri ToMblK MOTIHAI Makananapgpl, epte 60caHydblH SpTYp
aTMONaTOreHeTUKanblK MexXaHU3MOEepiH CUNaTTalTblH KOropTTblK XOHe paHOOMW3aUuanaHfFaH 3epTTeynep Typanbl
ecenTtepdi eHrisgik. byn wonyra oKwaynauFaH xkargannapgbl CUnaTTalTbiH  kapusnadbiMpap, 6asHgamanapabiH,
TyWiHaemenepi, xeke xabapnamanap MeH Te3UCTep EHri3iNMEreH.

Hatuxenep: isgey HatuxeciHae 797 makana Tabbingbl. TakblpbinTapabl, Y3iHAINEpOi XaHe ToMblK MaTiHAI kapan
LWbIKKAHHAH KelliH, enken-Tenkenni 3epTTey ywiH 80 gepekke3s TaHAandbl, oHaa MepaiMiHeH OypblH 6ocaHyabiH, Gapnbik
Oenrini aTMO-NAToreHeTUKabIK MEXaHU3MAEPI cunaTTanFaH. EH MaHbi3gbinapbiHbIH, ilWiHge MbiHanapas 6enyre 6onagbi:

1. opTanbIK XYMKe XyeciH (rMnodns xaHe runotanamyc) ypblk xarblHaH Aa, aHa XafbiHaH aa benceHgipy;

2. KYKTINiKTiH, acKbIHybIHbIH, AamybiMeH bainaHbiCTbl MepsiMiHeH OypblH BocaHy, Mbicanbl: KanmbinTbl OpHanackaH
nnaweHTaHbIH 6eniHyi, ayblp Npeaknamncus, xegen nnaleHTapsbl XeTKINIKCI3aiK xaHe T. 6.;

3. MH(EKUMANbIK areHTTi aHbiKTay Ke3iHae Ae, OHCbI3 Aa KabblHy peakuusiCbiH XoHe OfaH XaTbip-nnaleHTapnb
KelleHai TapTy.

KopbITbIHABLI: Jepekkesnepre xacanfaH Tanfay OCbl MOCENeHiH MonuaTuneHuaMiH TaFbl Gip peT ganengendi.
MaToreHeTuKanblK MexaHW3amaep Typarbl TOMbIK TyCiHik GonMaraHibiKTaH, mepsiMiHeH OypblH OocaHy Mmaceneci yaak
yaKbIT 60iibl ©3ekTi bonbin Kana 6epeTiHi aHbIK.

TytiHdi ce3dep: Mep3imiHeH bypbiH 6ocaHy, 3muono2uUsi, namoaeHe3, hakmoprap.
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Introduction:

Preterm birth is one of the major problems present in
midwifery today, as the number of preterm births has had
absolutely no decreasing trend for a long time, but on the
contrary continues to increase. The percentage of preterm
births ranges from 11% to 18% worldwide [13]. According to
data reported by WHO, the countries with the highest
percentage of preterm births are as follows: India:
3,519,100 China: 1,172,300 Nigeria: 773,600 Pakistan:
748,100 Indonesia: 675,700 United States of America:
517,400 Bangladesh: 424,100 Philippines: 348,900
Democratic Republic of Congo: 341,400 Brazil: 279,300
[26]. In Kazakhstan, about 100,000 babies are born
prematurely every year.

Rather common causes of preterm birth include social,
infectious, endocrine, immune, as well as structural
abnormalities of the cervix, thrombophilias of various origins
and a poor family history. Naturally, the outcome of labour
for the foetus depends on gestational age, the most
unfavourable being between 22 and 27 weeks. This is
because the maturation of all fetal organs and systems is
interrupted very early and there is a high risk of mortality
among newborns. In preterm birth, there is often a
detachment of the normal or low placenta, abnormal fetal
position, breech presentation, rapid or rapid delivery, in
which the risk of perinatal fetal and neonatal death is
increased several times, as well as various complications
on the part of the mother [17, 14]. Risk factors include
medical factors such as a history of premature birth,
spontaneous miscarriage, abortion, inflammatory diseases
of the genitals and urinary tract infections, as well as
sociodemographic factors such as young age, low social
level, unsettied family life, etc. [18, 19]. A major role in the
occurrence of preterm birth is played by various diseases
that a pregnant woman has had [18, 19]. A special place is
occupied by viral infections, including acute respiratory viral
infections suffered during pregnancy. There has also been
an increase in the number of women in a risk group for the
development of preterm birth, such as patients with a
uterine scar, severe extragenital diseases, polyhydramnios,
multiple pregnancy failure, etc. The widespread use of
reproductive technologies contributes to this and is one of
the risk factors for preterm birth.

Preterm birth has a number of complications and is the
cause of high infant mortality and disability. In order to
reduce the number of preterm births and the complications
associated with them, the World Health Organization has
developed a series of recommendations to improve
perinatal outcomes and long-term consequences. This has
been made possible by a number of interventions such as

e use of corticosteroids in the antenatal period, which
significantly reduces mortality, the rate of cerebral palsy, the
duration of artificial ventilation and the risk of severe VTE
[61];

e Improvements in neonatal ventilation, in particular the
use of cPAP.

e use of a surfactant;

e use of magnesium sulphate, which reduces the risk of
cerebral palsy and other musculoskeletal complications.

e use of antibiotics in asymptomatic bacteriuria, in
preterm antenatal rupture of amniotic fluid, in order to
reduce infectious complications in both the woman and the
foetus.

e Kangaroo method (Kangaroo mother care) [77].

In addition, organisations such as WHO and UNICEF
have emphasised the need for research to better
understand and find new pathogenetic mechanisms of
preterm birth. They also emphasise the need for increased
financial investment and the formation of specialised
working groups to address this issue [26]. For example, the
International Federation of Gynaecology and Obstetrics
(FIGO) has for a long time had a working group whose main
task is: to identify the main risk factors for preterm birth, to
develop treatment and diagnostic measures for this
obstetric problem, taking into account the pathogenetic
features.

Aim: An analysis of the literature on the role of
etiopathogenetic mechanisms of preterm birth.

Search strategy: the main sources of information were
the following databases: Pub-Med, Medline, Cochrane
Library, Web of Science, Embase and Google Scholar, e-
Library. Search period: 2011 to 2021.

For the analysis of this problem were selected articles in
Russian and English, which were in the public domain with
full content. Questionable publications and reports were not
included in this analysis.

The search turned up 797 articles. After reviewing the
titles, abstracts and full text, 80 sources were selected for
detailed study, in which all currently known etiopathogenetic
mechanisms of preterm birth were described.

A search for sources is shown in the table below

Database Found sources|Met the criteria
on the subject  [for inclusion
PubMed 190 36
Medline 113 9
Cochrane Library 98 5
Web of Science 110 6
Embase 76 3
Google Scholar 106 10
e-Library 104 1

Results. During the literature review, the main factors
and pathogenetic mechanisms of preterm birth were studied
and summarised.

Factors of preterm birth.

The factors of preterm birth include:

- maternal causes ((pregnancy out of wedlock, low
socioeconomic status, not following a healthy lifestyle
(alcohol, tobacco, drug use), low body mass index (less
than 20 kg/m 2), obesity, malnutrition, (deficiency of copper
and ascorbic acid obtained with food), anemia,) long-term
treatment with steroids, vascular collagen disorders));

- Fetal causes (multiple births, large foetuses,
congenital foetal malformations, endocrine disorders and
endangered foetal conditions);

- Uteroplacental (uterine abnormalities (cavity septum),
premature detachment of the normally located placenta (10-
15%), shortening of the cervix in the second trimester to 2.5
cm due to progressive ismicocecal insufficiency, previous
cervical conization, uterine overstretch due to polygynous or
multiple pregnancy, chorioamnionitis, multiple vaginal
bimanual or transvaginal ultrasound examinations).

Pregnant women who undergo invasive diagnostic
techniques (amniocentesis, chorionic biopsy) and cervical
suturing for ischemic-cesteral insufficiency are at risk of
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mechanical iatrogenic injury during diagnostic or therapeutic
procedures.

Pathogenetic mechanisms of preterm birth.

The main pathogenetic links studied and proven to date
are:

1. Activation of the central nervous system, such as the
pituitary gland and hypothalamus, by both the fetal and
maternal body;

2. Premature birth associated with the development of
pregnancy complications, such as: detachment of the
normally located placenta, severe gestosis, acute placental
insufficiency, delayed intrauterine development, etc.;

3. Triggering an inflammatory reaction and involvement
of the uterine-placental complex, with or without the
identification of an infective agent.

4. Premature development of labour for an unclear reason.

1. The central nervous system.

The hypothalamic-pituitary trigger mechanism begins with
the occurrence of stressful situations, manifested by feelings
of fear, depression, anxiety, to which the production of cortisol
increases, both by the mother and the foetus, and the
increased production of corticotropin-releasing hormone by
the hypothalamus and the placenta (46). This in tumn
increases the production of corticotropin-releasing hormone
in the uterine-placental complex and of prostaglandins E and
F2a, and hence activates the onset of labour (31). This
pathogenetic mechanism explains the fact that women
suffering from depression are twice as likely to develop
preterm birth as pregnant women with a more stable psyche.

2. Complications leading to preterm birth.

Preterm birth due to complications of pregnancy or
exacerbation of pre-existing chronic diseases of the mother,
in which the termination of pregnancy is necessary in order
to preserve the life of the mother and the foetus. These
situations occur most commonly in severe pre-eclampsia,
eclampsia,  placental  insufficiency,  compensatory
hemorrhage, etc. Thus, according to a study by E L Davies
et al. (2016) the rate of preterm births with pre-eclampsia
was almost 4 times higher than in women without the
complication. Severe pre-eclampsia increases the risk of
extremely early preterm delivery by 5-fold compared with
women without pre-eclampsia, and the rate of early preterm
delivery in women with severe preeclampsia was, as high
as 25% (32).

Chronic diseases such as arterial hypertension, which
increases the risk of preterm birth by 2.7-fold [78, 25],
chronic kidney disease increases the risk by 5.7-fold [64],
diabetes mellitus, according to the study of S.T.Mackin et
al. (2018) significantly increases the risk of realisation of
preterm birth ( with type -1 diabetes increases the risk to
35.3%, type -2 diabetes - 21.8%, while in the control group
was only 6.1% (p < 0.0001);

3. An infectious factor.

The importance of infection in the pathogenesis of
preterm birth is not in doubt, as a huge number of studies
over decades have shown a direct link between the
presence of an infective agent and preterm birth [16, 2, 62,
77, 33]. In about 20-75% of cases of preterm birth of
infectious genesis, there are histological signs of
chorioamnionitis; in 30-60% of cases, the causative agent is
detected in cultures (45, 7). Although this pathogenetic
mechanism has been studied for a long time, various
authors show a relationship between preterm birth and

various pathogens, the most significant being group B
streptococci, Chlamydia trachomatis, Neisseria gonorrhea,
Treponema, Trichomonas vaginalis and Haemophilus
influenzae [45].

Bacterial vaginosis is also a frequent cause of preterm
birth [41, 8].

Recent studies that have investigated the causes of
preterm birth have shown that women with bacterial
vaginosis (BV) are at higher risk of developing preterm birth
spontaneously.  Bacterial  vaginosis and  urogenital
candidiasis increase the risk of pregnancy complications
such as chorioamnionitis, preterm birth, intrauterine
infection of the foetus, polyhydramnios, untimely rupture of
amniotic fluid by 2-6 times (52). In pregnancy, BV is found
in 15-37 % of women, and it is twice as frequent in the first
trimester (24-37 %) than in the second and third trimesters
(918 %) [41]. The incidence of pregnancy failure in
bacterial vaginosis is 21%, of which patients with recurrent
failure to conceive account for 52.3%. Bacterial vaginosis is
a disorder of the vaginal microbiocenosis that occurs when
normal microflora (Lactobacillus sp., producing hydrogen
peroxide) are replaced predominantly by anaerobes
(Prevotella sp., Mobiluncus sp., Gardnerella vaginalis) and
other microorganisms (Mycoplasma hominis), with no
clinical signs of vaginal inflammatory changes [41, 8]. As for
urogenital candidiasis, a meta-analysis by H.J. Schuster et
al. Schuster et al. in 2020, about 30 species of Candida
fungi are not responsible for the development of preterm
birth [70].

Many researchers describe a correlation between
asymptomatic  bacteriuria  and adverse  pregnancy
outcomes. Asymptomatic bacteriuria poses a risk to both
the pregnant woman and the foetus. According to the
World Health Organisation, about 8% of women have
asymptomatic bacteriuria, and 15-57% of women with
untreated asymptomatic bacteriuria develop symptoms of
urogenital tract diseases, such as acute cystitis,
pyelonephritis, etc. Therapy of this condition is essential
during pregnancy as it reduces the risk of acute urinary tract
infections, premature delivery and extremely low birth
weight of the newborn.

The diagnosis of asymptomatic bacteriuria is made
when 105 CFU/ml of a single bacterial strain or 102 CFU/ml
of Escherichia coli uropathogen in 2 urine samples taken >4
h apart and containing >10 leucocytes per field of view in
the absence of clinical manifestations of urinary system
disease.

It should be remembered that the risk of this pathology
is greatest between 9-17 weeks of pregnancy. This is the
most appropriate time for the examination. The only
reliable method to diagnose asymptomatic bacteriuria is the
urine culture method.

International  guidelines recommend  antimicrobial
treatment for asymptomatic bacteriuria as a preventive
measure against the risk of preterm birth, low birth weight
and perinatal mortality [66, 71]. For example, among
patients with asymptomatic bacteriuria, preterm birth is
twice as common (13.3% versus 7.6%; p < 0.001) [71, 69].

In addition to urogenital tract infections, numerous
studies have now focused on periodontal infections (119).
To date, there are a number of hypotheses linking
periodontal disease and preterm birth [48, 37, 47, 27]. The
main flora of periodontal disease are pathogens such as
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Tannerella  forsythia, Porphyromonas  gingivalis,
Actinobacillus ~ actinomycetemcomitans, ~ Treponema
denticola, Fusobacterium nucleatum, which can cause local
inflammation or, through inflammatory mediators, activate
systemic inflammation.

Thus, the presence of an infectious agent with any
localisation in a pregnant woman's body leads to the
binding of infectious ligands to toll-like receptors (TLRs) in
the decidua, amnion, chorion and cervix and this, in turn,
activates the response mechanism of the inflammatory
response. Toll-like receptors (TLRs) are receptors for innate
immunity and are widely present on various cells in the
body. The initial mediators of this response are IL-1p and
TNF-a, which enhance prostaglandin production by
inducing the expression of cyclooxygenase-2 (COX-2) in
the amnion and decidua, while inhibiting the prostaglandin
metabolizing enzyme, 15-hydroxyprostaglandin
dehydrogenase in the chorion [75,30].

In addition, these mediators enhance the work of matrix
metalloproteinases, which contribute to the destruction of
the extracellular matrix of the fetal membranes and cervix
[72, 36, 57]. This mechanism leads to cervical softening
during pregnancy due to a reduction in proteoglycans,
which causes collagen bundle breakdown [5]. Cervical
maturation is accompanied by an inflammatory response
and hence by an increase in pro-inflammatory cytokines
and leukocytic infiltration of cervical tissue. . Osman et al.
(2006) determined that the proinflammatory cytokine IL-8 is
11-fold higher in the mature cervix than in the immature
cervix [58]. Cytokines contribute to the secretion of different
types of metalloproteinases in the cervix, inferior uterine
segment, amniotic membranes and amniotic fluid during
labour [73, 67]. They, in turn, change the structural
composition of the collagen fibres of the cervix, which
contributes to its softening, shortening and opening.

Prostaglandins, which are synthesised in the
arachidonic acid cycle, under the influence of
cyclooxygenase enzymes, are of no small importance in the
genesis of preterm birth. Cyclooxygenase-1 (COX-1) is
permanently present in the cervix, but cyclooxygenase-2
(COX-2) is triggered by inflammatory mediators. In turn,
COX-2 activates the arachidonic acid cycle and this
increases the levels of prostaglandins E2 and F2a, which
promote cervical 'maturation’ and stimulate uterine
contractions.

Also, when the inflammatory response is triggered, the
number of oxytocin receptors increases dramatically,
causing uterine contractions [54, 39].

Thus, preterm birth of infective genesis is realised by
activation of the 'cervical maturation' process and uterine
contractions through toll-like receptors.

Unfortunately, about 30-50% of cases of unclear
genesis are so-called spontaneous preterm births and are
of particular interest to researchers, as understanding their
pathogenesis will allow the development of preventive
measures and generally reduce the percentage of preterm
births and complications associated with them;

4. Immunological and molecular genetic aspects of
the pathogenesis of spontaneous preterm birth.

To date, the development of the inflammatory process
in the absence of an infectious agent of spontaneous
preterm birth remains incompletely understood. A significant
increase in proinflammatory cytokines in amniotic fluid,

uterus, placenta, umbilical cord blood and fetus indicates
the initiation of an inflammatory response during
spontaneous preterm birth [1, 15, 23, 59].

That is why a large number of scientists are currently
paying a lot of attention to the study of the immunological
and molecular genetic aspects of the pathogenesis of
spontaneous preterm birth it has been proved that the state
of the immune system during pregnancy determines its
outcome.

For example, an increase in the level of
proinflammatory cytokines in the pregnant woman's plasma
precedes pregnancy termination [10]. Pregnancy is a very
complex process in which a fetus containing paternal
antigens is partly a foreign body to the woman's body. It is
the mother-placenta-fetus system that contributes to the
creation of a unique immunological situation that contributes
to  prolonged pregnancy. During pregnancy,
syncytiotrophoblast, which forms the outer layer of placental
villi and is exposed to maternal blood, but does not express
class 1 HLA-antigens on its surface and is 'not visible' to the
maternal immune system [21]; a number of changes also
occur in the trophoblast, such as the production of active
substances that activate and stimulate apoptosis of
maternal T- lymphocytes (e.g. protein B7H1, IDO) [21, 50,
24]; Trophoblast cells produce regulatory proteins for the
complement system (CD46, CD55, CD59) and this helps to
protect fetal tissue from cytotoxic maternal antibodies [21,
42]; in utero: a large number of decidual macrophages with
anti-inflammatory activity (M2 phenotype) appear, which in
turn  secrete  immunosuppressive  factors, reducing
inflammatory responses in the mother-placenta-fetal
system.

This immunological process is seen not only in preterm
birth, but also in pre-eclampsia and placental insufficiency.

Progesterone also has a direct effect on the production
of anti-inflammatory cytokines in placental cells (e.g. IL-10);
it also helps to suppress the maternal immune response
and changes the balance of Th1\Th2-helpers towards the
anti-inflammatory state of Th2 and blocks TNF-a synthesis
[21, 74].

It should be noted that all these changes are
predominantly local in nature and there is no generalised
maternal immunosuppression during pregnancy [21]. Many
immunologists agree that pregnancy is an anti-inflammatory
state. However, when the balance, for one reason or
another, shifts to the pro-inflammatory side, there is an
increase in the production and concentration of cytokines in
the uteroplacental complex, then spontaneous miscarriages
and other pregnancy complications occur [6]. For example,
increased IL-6, IL-1B and TNF-a in plasma, cervico-vaginal
secretion and amniotic fluid are associated with a high risk
of premature births [38, 11].

The study of the immunological factor in the
development of preterm birth has a long history.
Researchers have studied the balance of pro-inflammatory
cytokines and anti-inflammatory cytokines in different
biological media and in different combinations. Each of the
studies has shown the crucial importance in the processes
of fetal implantation, placental preparation and pregnancy
outcome of certain components of immunity [38, 11]. For
example, F. Hertelendy et al. (2002) determined that IL-18
and TNF-a stimulate the release of arachidonic acid and
increase the production of prostaglandins in the
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myometrium, these processes are similar to the action of
oxytocin [40], and a little later J. Dowd et al. (2005) found a
significant increase in IL-8 concentration in cervical mucus
in women whose pregnancies ended subsequently in
preterm birth, R. Romero et al. (2007) found that the
increased levels of proinflammatory cytokines (IL-1, IL-6,
IL8, TNF-a) in amniotic fluid are directly proportional to the
risk of developing preterm birth, and they also found
increased concentrations of proinflammatory cytokines in
the lungs, intestine, liver and brain of the fetus [63; 34]. Of
recent studies in this direction, a significantly increased
concentration of IL-1B, IL-6, IL-8, TNF-a, IL-17A, interferon-
y-induced protein-10 in blood, amniotic fluid or cervical-
vaginal lavage samples from patients with spontaneous
premature birth compared to normal birth was found by J.M.
Fettweis et al. (2019).

We would like to elaborate further on the role of tumour
necrosis factor (TNF-a) TNF-a during pregnancy. According
to the literature, a certain level of TNF-a is necessary for the
normal development of pregnancy, as in early gestation it
interacts with receptors expressed on the surface of the
trophoblast, thereby protecting it from the action of maternal
cytotoxic lymphocyte clones.

In the serum of healthy pregnant women, tumour
necrosis factor is almost undetectable, but if an infective
agent of viral or bacterial nature enters the body, TNF-a
concentrations increase tenfold. It is known that high
concentrations of this cytokine can increase inflammation
and trigger apoptosis of trophoblast cells, thus causing
serious complications such as placental detachment and
premature delivery [22, 79].

Overproduction of TNF-a can adversely affect the
development of pregnancy. A study by V.M. Sidelnikova
(2010) found a significant increase in TNF-a levels in the
blood of women in the 3rd trimester with threatened fetus
compared with a normal pregnancy [15]. There are also
studies proving that TNF-a can induce amnion epithelial cell
death and hence lead to premature antenatal expulsion of
amniotic fluid. Among other things, proinflammatory
cytokines are important in the pathogenesis of preterm
birth, which in turn cause leukocyte and endothelial cell
activation and complement, which correspond to the acute
phase of inflammation.

Speaking of proinflammatory cytokines, one cannot but
mention anti-inflammatory cytokines, the increased content
of which during pregnancy provides maternal
immunosuppression in relation to the forming feto-placental
complex [1, 68, 20, 28], and can also form highly active
oxygen and nitrogen metabolites, enhance differentiation
into cytotoxic Th2 cells, activate macrophages, induce
proliferation of NK cells [65]. This eventually suppresses the
proinflammatory link and ensures the progression of
pregnancy to term.

Summarizing the above described mechanisms, there is
no doubt about the role of cytokines in the genesis of
preterm birth at present.

In the presence of an infectious agent, the mechanism
of increased production of proinflammatory cytokines in the
uteroplacental complex is quite clear; this cannot be said for
preterm birth of a non-infectious genesis, in which the
production of proinflammatory cytokines is also increased.
One version of this mechanism may be a genetic
predisposition as a result of their gene polymorphism [6].

Given that cytokines are polypeptides, their synthesis
begins with gene transcription. Currently, there is evidence
of a large variation in the polymorphisms of cytokine genes.
One of the most studied and significant SNP
polymorphisms is the Leiden mutation. This mutation is
represented by the substitution of the guanine nucleotide for
the adenine nucleotide at position 1691 in chromosome 1
CGA—CAA and as a result, glutamine is synthesised
instead of arginine in factor V, which leads to thrombophilia.
It is now known that different polymorphisms have been
identified for each pro- and anti-inflammatory cytokine [60].
The major gene polymorphisms of a number of cytokine
polymorphisms TNF-a -308G/A (rs1800629) -238G/A
(rs361525) -863C/A (rs1800630) IL-6 -174G/C - 572G/C -
597G/A -634C/G IL-1B -511C/T (rs16944) 3953 C/T
(rs1143634) 3954 C/T (rs1143644) -31 (rs1143627) IL-1Ra
VNTR (intron 2) IL-4 VNTR (intron 3) -589 C/T So, the TNF-
a -308G/A polymorphism results in a substitution of the
guanine (G) nucleotide for adenine (A) in the regulatory
region of the gene. Thus there are people in the population
with a normal GG genotype as well as heterozygotes (GA)
and homozygotes (AA) with a pathological genotype. Pro-
and anti-inflammatory cytokine gene polymorphisms have
been shown to play a role in many diseases of inflammatory
etiology. For example, such diseases as rheumatoid arthritis
and chronic periodontitis [43] occur more frequently in
patients with TNF-a gene polymorphism. Whereas the
presence of TNF-a -308G/A variant increases the risk of
developing metabolic syndrome, type 1 diabetes, bronchial
asthma, psoriasis, oncological diseases, including cervical
cancer in carriers of oncogenic human papilloma virus
(HPV). This genotype variant can also be considered as a
marker of the efficacy of hormonal therapy for diseases
such as Crohn's disease and ulcerative colitis and
rheumatoid arthritis (49).

For women with preterm birth, polymorphisms of
different cytokine genes are also quite common. For
example, a study by E. Moura et al. (2011) found that
different polymorphisms of the TNF-a gene are associated
with a high percentage of preterm birth, and in a meta-
analysis by J. Cui et al. (2015) found an association
between IL-1Ra gene polymorphisms and an increased
incidence of preterm birth in their carriers [3, 55, 29]. It is
also now known that the IL-4 VNTR gene polymorphism
(intron 3), particularly the presence of the 2R allele,
increases the risk of early termination of pregnancy (6).

However, despite the current knowledge on this issue,
there is still interest in identifying different combinations of
gene polymorphisms of several cytokines at once and their
direct impact on the frequency and duration of pregnhancy
termination. It is possible that multiple cytokine gene
polymorphisms may be combined in one woman and that
these combinations may lead to increased production of
pro-inflammatory cytokines during pregnancy and hence to
the realization of preterm birth.

A brief mention of the role of toll-like receptors in the
pathogenesis of preterm birth was made above.

A little history of this type of receptor: they were
discovered in 1985 by the German biologist Christian
Niisslein-Follhard, and years later Jules Hoffmann was
awarded the Nobel Prize in 2011 for the discovery of their
gene. TLRs were first discovered in Drosophila Toll, from
which they were given their name. They are innate immunity
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receptors and are found in large numbers on various cells
of the immune system (monocytes, dendritic cells,
leukocytes, etc.), as well as on many other cells of the body
(fibroblasts, endothelium, epithelium, cardiomyocytes, etc.).
They are all similar in chemical structure and are
represented by type | transmembrane glycoproteins.
Currently, about 13 types of TLRs have been studied in
humans, but their properties have not been adequately
studied. TLRs have been found to have a specific
relationship with the main groups of pathogens with which
multicellular organisms - bacteria, viruses, fungi, and
protozoa - are in contact [44]. We would like to point out
that TLRs recognize not only exogenous structures, but
also endogenous molecules that are released or produced
during tissue damage and inflammation - damage-
associated molecular fragments (DAMPs). These include
heat shock proteins, fibronectin, fatty acids, haem,
mitochondrial DNA, ATP, uric acid, heparin sulphate and
others [44]. These components, once released, interact with
toll-like receptors, resulting in the release of cytokines. This
inflammatory process is termed "sterile inflammation” due to
the lack of identification of the infectious agent [12, 53]. The
mechanism of toll-like receptor functioning begins with the
recognition of ligands by toll-like receptors, then an
activation signal is generated and pro-inflammatory
cytokines (TNF-q, interleukins) begin to be produced and
the inflammatory process is realized. Different TLRs
ligands, interact with their specific receptors and thereby
contribute to the production of different cytokines. For this
reason, depending on which combination of toll-like
receptors is specific to the cell type of a particular tissue,
the immune response will differ according to the
characteristics of the tissue.

Discussion

Having studied a large number of literature sources, it is
evident that the problem of preterm birth is not losing its
relevance at present. This can be seen from the statistics
that show a fairly high percentage of preterm births in
different countries with different levels of socio-economic
development [76, 16, 13]. The consequences of early
preterm birth affect all areas of national development and
cause huge economic losses due to the huge monetary
costs of nursing preterm babies and the treatment of
chronic diseases that inevitably develop in these newborns
in the near future. In addition, preterm birth tends to recur
and the literature suggests that about 2.5 million preterm
births worldwide are carried out each year. This is why there
are a huge number of different programmes and
methodologies around the world aimed at reducing preterm
birth. In spite of this, there has been no downward trend in
the incidence of preterm birth worldwide over the last 20
years, according to WHO data. This is most likely due to
delayed preventive measures aimed at treating the
complaints rather than the pathogenetic links.
Understanding the pathogenetic mechanisms of preterm
birth is therefore a particularly important topic for research
at this time. Indeed, in 2015, the WHO Iled
recommendations "On measures to improve the outcomes
of preterm birth" were adopted to stimulate research into the
causes and pathogenetic links of preterm birth, as well as to
improve methods for the prevention of preterm birth and
reduce the complications associated with it [77]. It has long
been known that the inflammatory process is the main

cause of the development of preterm birth, as various
variations of pro- and anti-inflammatory cytokines are
detected in the uteroplacental complex during preterm birth
[35, 34]. The interaction of immune complexes on
cyclooxygenases (COX-1 and COX-2) results in the
activation of prostaglandins, particularly E and F2a, leading
to cervical maturation, uterine contractions and the
realization of preterm labour. All these mechanisms, where
bacterial and viral ligands activate toll-like receptors,
resulting in increased production of pro-inflammatory
cytokines and triggering the above described mechanism,
are well studied and understood.

However, the nature of the occurrence of high
concentrations of proinflammatory cytokines in the absence
of an infectious factor remains unclear. And since about half
of all preterm births are spontaneous, it is the pathogenesis
of these spontaneous preterm births that is of great interest
to researchers worldwide. Most likely, the realization of
spontaneous preterm birth occurs by the same
pathogenetic mechanism, through the activation of toll-like
receptors. However, in the absence of an infectious agent it
is unclear what can activate TLRs. The following hypothesis
for the pathogenesis of preterm birth has been proposed by
various researchers. One of the trigger mechanisms for
spontaneous PR is premature death of placental cells. As a
result of their early death, various cellular fragments
(DAMPs) are released, which act as a ligand for toll-like
receptors. An increased pro-inflammatory  cytokine
production in the uterine-placental complex may also be
due to a genetically determined propensity for increased
production due to cytokine gene polymorphism.

Based on the results of the literature review, a certain
structure of pathogenetic mechanisms was formed:

> one of the significant pathogenetic mechanisms of
spontaneous preterm birth is increased production of pro-
inflammatory cytokines and is associated with cytokine
gene polymorphisms, and their combination most often
leads to very early and early preterm birth;

> a trigger mechanism for the activation of premature
spontaneous labour is premature placental cell death. Dead
placenta cell fragments (DAMPs) are ligands of toll-like
receptors whose expression is also increased in
spontaneous preterm labour. As a result of their activation,
and because of the presence of proinflammatory cytokine
gene polymorphisms, there is an increased production of
the latter in the utero-placental complex - a process of
'sterile' inflammation is realized;

> a comprehensive assessment of the key
pathogenetic mechanisms of spontaneous preterm birth is
required to develop pathogenetically sound algorithms for
antenatal preparation, prevention and management of
pregnancy in women at risk of preterm birth.

Conclusions: The analysis of the sources once again
demonstrates the polyetiology of the problem. It is clear that
preterm birth continues to be an issue for a long time due to
the lack of a complete understanding of the pathogenetic
mechanisms.
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