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MaTtomopdonoriyHi 3MiHM NayeHTU npm
KOpPOHaBipycHiX xBopob6i (COVID-19) y
BariTHUMX Ha 19-32 TXXHAX recrauii

TeTaHa CaBuyK

HauioHanbHui meanyHwuii yHiBepcnuteT imeHi O.0. boromosibus,
KwuiB, YkpaiHa

Bctyn. Mopdonoria nnaueHTn (XopioHa) 3MiHIOETbCSA NPOTAroM
BariTHOCTi. KoTunenoH € po3ranyxXeHHsiM oAaHiei ctoBbypoBoi
BOPCUHW Ha 3pisii MPOMIXKHI BOPCUHWU Ta TEPMiHasIbHi BOPCUHMU.
MopyweHHsa dopMyBaHHSA XOpioHa NpM3BOAMAN A0 MiaueHTap-
HOT AMCPYHKLUIT Ta BHYTpPiWHbOYTPOOHOI 3arnbeni nnoga. ®op-
MYBaHHS XPOHIYHOI niaLeHTapHol HeAOCTaTHOCTI NP KOPOHa-
BipycHin xBopobi (COVID-19) y MaTtepi y apyromy TpuMmecTpi
BariTHOCTI CMOHYyKaso Hac MNPOBECTV Le AO0CAiAXeHHs. Bubip
TepMiHiB rectauii y HawoMy AocnigxkeHHi 6yB nos’dA3aHuin 3i
CTPYKTYPHUMMN 3MiHAMW BOPCUMHYACTOro XOpioHa 4Ki npunaga-
IOTb Ha KiHeub APYroro Ta Mo4YaToK TPeTbOoro TPUMECTpIiB Ba-
riTHOCTi. MeTa: BM3Ha4YMTU NATOMOP@ONOriyHi 3MiHW NAaALEHTH

HOI (iHaHCOBOT MIATPUMKK CBOTO AOCAI- | yiHOK, sIKi mepexBopinn COVID-19 Ha 19-32 TUKHSAX recTauii.

JXKEHHS.
© TeTsiHa CaBuyk, 2024 Metoan pocnipg)keHHsA. MaTepian AOCNIAXEHHSA - 52_ nna-
BY LEHTM XXMBOHAPOAXEHUX AOHOLIEHMX HEMOBAT, MaTepi AKUX
nepexBopiaiv Ha KOpOHaBipycHyY XBOopoby, miaTBEpAXXEHY MO3U-
TUBHUM [MJ1P TecTtoM (BM3HaueHHss PHK SARS-CoV-2). I rpyna — nnaueHTtn npn COVID-19 y BariT-
HOT Ha 19-25 TuxHAx rectauii, II rpyna — Ha 26-32 TMxXHAX. OTpMMaHi pe3ynbTaTh NOPiBHIOBAN
3 KOHTponbHot rpynoto (n=30; naaueHTu XiHOK npu disionoriyHmnx nonorax 3a 2017-2018 pp.).
ByKoOpmncTOBYBaMCs MakpoOCKOMiIYHMUI, MIKPOCKOMIYHUIA, MOPHOMETPUYHUIN Ta CTaTUCTUUYHUA Me-
TOAW AOCHIOXKEHHS.

Pe3ynbTaTthn. lNpu MikpockoniyHoMy gocnigxeHHi nnaueHT I ta II rpyn BuABisgBCA XopioaMHio-
HiT: Nn=20 (76,9% (95% AI: 58,2%-91,3%)) Ta n=16 (61,5% (95% Al: 41,5%-79,7%)), p,.
,=0,23; 6a3zanbHuit aeumayit: n=24 (92,3% (95% AI: 78,4%-99,4%)) Ta n=26 100% (95%
AI: 92,9%-100%); p, ,=0,15, BianosiaHo. MnaueHT npn COVID-19 y mMaTepi Ha 19-32 TUXHAX
BAriTHOCTI XapaKTepu3yBasiMCA eKCyAaTUBHUM 3anasieHHAM NOMipHOT BUPaXXEHOCTI 3 MepeBaxHoto
iHdinbTpauieto 6asanbHoi nnactuHku; B (+); p, ,=0,01. BiacoTtok cTtoB6ypoBUX Ta 3pinnx npo-
MixHMX BopcuH y I Ta Il rpynax cknae 42,3 [37; 47] 1a 24,2 [23; 26], sianosiaHo, p, ,=0,0001,
NpPOTW rPynu NMOPIiBHAHHA — 7,7 [7; 9]; Npwu 3MeHLeHil KiNbKOCTI TepMiHafibHUX BOPCUH B 060X
rpynax — 100% (95% [AI: 92,9%-100%). Buasnsanacs 3aTpuMmka A03piBaHHA XopioHa: y I rpyni
- 36inbleHHs BiACOTKY ibpo3oBaHMX CTOBOYPOBUX BOPCUH, NMpW rinonnasii 3pinMx npoMixkKHMX
Ta TepMiHanbHUX BOpcuH 16,5 [12; 21]. Y II rpyni HasBHI 3pini NpOMiXHi BOPCMHK, Npwu rinonnasii
TepMiHanbHUX BOopcuH — 16,8 [10; 25] npotun 25,6 [21; 29] y rpyni nopiBHsAHHSA, p<0,001.

BucHoBku: COVID-19 y BariTHOI y ApyroMy Ta Ha no4vaTKy TPeTbOro CeEMecTpiB € )akTOpOM pU3MKY
BUHWUKHEHHS CTPYKTYPHUX 3MiH BOPCMHYACTOrO XOpioHa — rinonasii 3pisinx NnpoMiKHUX Ta TepMiHasib-
HUX BOPCUH. MopyLleHHS A03piBaHHSA XOpioHa CPUYUMHEHO YpaxeHHSM KopoHasipycoM SARS-CoV-2
BOPCUH (HEKPO3 eHAOoTesNito, nposidpepaTuBHi 3MiHKM M'930B0i 06010HKK, 0bniTepauis NpocsiTy apTe-
pion, ¢ibpo3 cTpOMM BOPCUH), iICHYIOUMX Ha TEPMIH iH(DiIKyBaHHS. PeMoaentoBaHHA CyAnH, sike € Npo-
JIOHroBaHe y 4yaci Ta obyMmoBieHe TpMBanicTio Ta 3MiHOK a3 3anasnbHOro Npouecy, NosICHE hopMy-
BaHHSA XPOHIYHOI NiaueHTapHOI HeLOCTaTHOCTI, AKa MOXe MPOSABUTUCS KIiHIYHO Ta CTaTu NMpUYMHOLO
BHYTPIiLWHbOYTPOOBHOI rinoKCcii nnoaa came 3i 36inbleHHSM TPUBANOCTiI MOCTKOBIAHOIO iHTepBany.

KnitouoBi cnoBa: COVID-19, SARS-CoV-2, BariTHiICTb, niaueHTa, BOPCMHM XOpioHa.
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Pathomorphological changes of the placenta
in coronavirus disease (COVID-19) in
pregnant women at 19-32 weeks of gestation

Tetiana Savchuk
Bogomolets National medical university, Kyiv, Ukraine

Introduction. The morphology of the placenta (chorion)
changes during pregnancy. Immature intermediate villi formed
during the first two trimesters are developmental steps to-
wards the stem villi. A cotyledon is the branching of a single
stem villus into mature intermediate villi and terminal villi. Vil-
lous maturation disorders led to placental dysfunction, fetal
growth retardation and intrauterine asphyxia. The formation
of placental insufficiency in the case of coronavirus disease
(COVID-19) in the mother in the second trimester of pregnan-
cy prompted us to conduct this study. The choice of gestation
periods in our study was related to the structural changes of
the villous chorion that occur at the end of the second and the
beginning of the third trimester of pregnancy. Purpose: to de-
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termine pathomorphological changes in the placenta of women

© Tetiana Savchuk, 2024
who contracted COVID-19 at 19-32 weeks of gestation.

Research methods. The research material is 52 placentas of live-born full-term infants whose
mothers contracted the coronavirus disease, confirmed by a positive PCR test (determination of
SARS-CoV-2 RNA). Group I - placentas with COVID-19 in a pregnant woman at 19-25 weeks of
gestation, group II - at 26-32 weeks. The obtained results were compared with the control group
(n=30; placentas of women during physiological childbirth in 2017-2018). Macroscopic, micro-
scopic, morphometric and statistical research methods were used.

Results. Chorioamnionitis was detected during microscopic examination of placentas of groups
I and II: n=20 (76.9% (95% CI: 58.2%-91.3%)) and n=16 (61.5% (95% CI: 41.5%-79.7%)),
p,,=0.23; basal deciduitis: n=24 (92.3% (95% CI: 78.4%-99.4%)) and n=26 100% (95% CI.:
92.9%-100%), p,, =0.15, respectively. The placenta with COVID-19 in the mother at 19-32
weeks of pregnancy was characterized by exudative inflammation of the basal plate: basal decid-
uitis (+); p,,=0.01. The percentage of stem and mature intermediate villi in groups I and II was
42.3 [37; 47] and 24.2 [23; 26], respectively; p, ,=0.0001, with a reduced number of terminal
villi in both groups - 100% (95% CI: 92.9%-100%). A deficiency of mature intermediate villi
and distal villous immaturity delay of the chorion were revealed: in the group I, the percentage
of fibrotic stem villi increased, with deficiency of mature intermediate villi and terminal villi 16.5
[12; 21]. In the group II there are mature intermediate villi with deficiency of terminal villi 16.8
[10; 25] against 25.6 [21; 29] in the comparison group, p<0.001.

Conclusions. COVID-19 in a pregnant woman in the second and early third semesters is a risk
factor for the occurrence of structural changes in the villous chorion - deficiency of mature in-
termediate villi and distal villous immaturity delay. Villous maturation disorders is caused by the
SARS-CoV-2 coronavirus damage to the villi (endothelial necrosis, proliferative changes in the
smooth muscle, obliteration of the lumen of the arterioles, fibrosis of the villus stroma) existing
at the time of infection. Remodeling of blood vessels, which is prolonged in time and due to the
duration and change of phases of the inflammatory process, explains the formation of chronic
placental insufficiency, which can manifest itself clinically and become the cause of intrauterine
hypoxia of the fetus precisely with the increase in the duration of the post-COVID interval.

Keywords: COVID-19, SARS-CoV-2, Pregnancy, Placenta, Chorionic villi.
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BcTtyn

Spike Protein o6onoHku KopoHaBsipyca SARS-
CoV-2, 36yaHMKa KOpOHaBipyCHOi  XBOpO-
6n (COVID-19), 3B'a3yeTbCs 3 peLenTopoM
(angiotensin-converting enzyme 2, ACE2) kni-
TUH 6araTbOX OpraHiB 3 BUCOKUM piBHEM eKC-
npecii dpepmeHty ACE2 [1, 2]. He3Baxatouu Ha
Te, WO nnaueHTa € OpraHoM 3i 3HMXKEHWUM piB-
HEeM aKTMBHOCTI (KOeKCnpecii) Ta KOHLUeHTpauii
NpOTEiHY aHrioTeH3MHMEepeTBOpIOYOro dep-
meHTy II TNy (ACE2) Ta TpaHCcMeMbpaHHOI ce-
puHOBOI npoTeasn Tvny 2 (TMPRSS2) [3], ko-
poHaBipyc (SARS-CoV-2) noTpannse y KNiTuHy,
NOLWKOAXYE eHAoTeni (dasa anbTepadii), WO
NPOSIBNASIETLCA HEKPOTUYHUMW 3MIHAMWU Y €HAO-
Tenii cyamH [4]. Y BianoBigb Ha 3armbenb KNITUH
[1] akTtuBytoTbCs Makpodaru Ta Hentpodinu
(dpaza ekcypauii), akTUBYIOTbCA TpOMBOLUTH, 3
noAanblUnMM MNOpPYLUEHHSAM Mikpoumpkynsauii [5,
6] Ta, AK Hacnigok, akTuBauii ¢ibpobnacTis -
po3BUTOK (ibpo3y. 3a CBiAYEHHSMU HAYKOBLIB
COVID-19 y apyroMy TpWUMECTpi BariTHOCTI €
(aKkTOpOM pu3nNKy (POPMYBaHHS XPOHIYHOI nia-
LleHTapHOI HeAoCTaTHOCTI, noB’a3aHoi 3 da3oto
nponicdepadii 3 HaCTyNHUM ibpo3yBaHHAM: ap-
TepiosIoCK1epO30M apTepion cToBOYypoBUX BOp-
CVH, (ibpo3yBaHHAM CTPOMM BOPCUH Ta obnite-
paui€lo MixXBopcMHYacToro npocropy [4, 7], wo
niaBuLLYyeE BiporigHicTb Manbnepdysii MaTepuH-
CbKMX CyAMH y nnaueHTi [8]. Takox, He3Baxa-
toum Ha 6ap’epHi MexaHiamn nnaueHtn [9, 10],
3yCTpivalTbCs BUMAAKU BHYTPILLUHLOYTPOOHOIrO
iHbikyBaHHA noga [11, 12, 13, 14].

MnaueHTa (XOpIiOH) € TMM4YacOBWUM OpraHoM,
MopdoNoria AKOro 3MiHETLCA NPOTAroM Ba-
riTHOCTI. KOTUNEeAoOH € CTPYKTYPHOLO | PyHKLi-
OHaNlbHOK OAMHMUEID AOHOLUEHOT MaueHTH,
BiH BMiLLYy€E po3rany>xeHHs oAHiel cToB6ypoBOi
BopcuHKM [15]. PicTt xopioHa BinbyBaeTbcs 3
nporpecyBaHHSAM BariTHOCTI, MPUYOMY Pi3HUM
1T TepMiHaM npuTaMaHHa HaABHICTb BiAMNO-
BiAHNX BOPCWUH. B nepwmx ABOX TpUMeCTpax
BAriTHOCTI (OPMYIOTbCS He3pini  NPOMiXHI
(embpioHanbHi) BOpPCUHKU, $AKi € [AXepesom
YTBOpPEHHS CTOBOYPOBUX BOPCUH. Y Apyromy
TpuMecTpi 3i cToB6YypoBUX HOPMYIOTLCS 3pini
NpoMixHi (HaniBcTtoB6ypoBi BOpCUHMK) i B Tpe-
TbOMY - 3'ABNASIOTbCSA TEepMiHaNbHi BOPCUHU
[16, 17]. OdocTaTHSA KiNbKiCTb OCTaHHIX Crno-
CTepiraeTbCa NpW [OHOLUEHI BariTHOCTI Ta
3abe3neuye 3a40BiNbHUI CTaH nnoaa. MNopy-
WweHHS dopMyBaHHSA XOpioHa NMpuU3BOAUTbL A0
naayeHTapHoi AMCPYHKLUIT, 3aTPUMKKU PpOCTY
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nnoga Ta BHYTPIiWHbOYTPO6HOI noro acdikcii
[4, 7, 18]. OCHOBHi CTPYKTYypHi 3MiHW BOp-
CMHYACTOro XopioHa 3 (OpPMYBaHHAM CTOB-
6ypoBuX, HaniBCcToBOYypoBMX Ta TepMiHaNb-
HUX BOPCWH MpuNajdalTb Ha KiHelb ApYroro
Ta NMo4YaToOK TPETbOro TPMMECTPIB BariTHOCTI 3
yuM i 6yB NoB’a3aHun BUGIp TepMiHiB rectauii
Yy HawoMy AOCNIAXKEHHI.

MeTa: BM3HAUUTM NATOMOPAONOriYHI 3MiHU
niaueHTn XiHokK, aki nepexsopinn COVID-19
Ha 19-32 TMXHAX rectauii 4ns BUBYEHHS MOp-
doreHesy nnaueHTapHOI ANCHYHKLIT.

MaTepianu i meToamn

MaTepian gocnigxeHHsa — 52 nnaueHTu XX1UBoHa-
POAXEHUX AOHOLUEHUX HEMOBJIAT, MaTepi AKUX
nig Yac AaHoI BariTHOCTI rMepexBopinv Ha Kopo-
HaBipyCHY xBOpoby, niaoTBEpAXEHY MO3NUTUBHUM
MNP tectom (BM3HaveHHs PHK SARS-CoV-2).
MnaueHTn 6ynn oTpuMaHi y BiadineHHi natono-
riuHoi aHatomii HOCT «OXMATOUT» MO3 Ykpa-
H1 y nepioa 3 rpygHa 2020 no rpyaeHs 2022
pokKiB. lMNnayeHTn XiHOK 3 recTo3amu BaritTHUX 40
rpynu AOCNIAXEHHA HE BK/IHOYanuCs.

MaTtepian 6yB po3noAineHuin Ha rpynu B 3a-
NIeXXHOCTI BiA TepMiHy 3axBoptoBaHHA: I rpy-
na - COVID-19 y maTtepi Ha 19-25 TMxXHAX
rectauii, II rpyna — COVID-19 Ha 26-32 Tux-
HaxX. OTpuMaHi pe3ynbTaTu MOpiBHIOBaNN 3
KOHTpOnbHOW rpynot (n=30; nnaueHTn Xi-
HOK npwu disionoriyHnx nonorax 3a 2017-2018
pp.). MNMepebir kopoHaBipycHOI xBopobu y Ba-
riTHnx 6yB nerkmin y 29 Bunagkax, y 21 xiH-
KN — CepefiHE BaXXKU Ta y ABOX BariTHuUx 6ys
BaXkKni nepebir xBopobn 3 nNHeBMOHIE. Y 9
Bunaakax 1 rpynun Ta 7 Bunagkax 2 rpynu 6ys
NnpoBeAeHUl KecapCbKUM pPO3TWUH. [iTM Hapo-
annucsa 3 Bucoknmm b6anamm (8-9) 3a wkanow
Anrap Ta HeratTuBHuM [MJ1P-TecToM (BU3Ha4YeH-
Ha PHK SARS-CoV-2). BukopuctoByBanucs
MeToau AOCNIAXEHHSA: MAaKpPOCKOMIYHUNA, Mi-
KpOoCKOMivyHUi 3 hapbyBaHHAM riCTONOTYHUMU
6apBHMKaMM — reMaTtOKCUNiHOM Ta €03UHOM
(FE), MSB y moaudikauii 3epbiHo-JlykaceBuy
(MN4YB) ana BusABneHHSA QibpuHY Ta KonareHo-
BUX BOMOKOH. IMyHOrictoximiyHun meton 3a-
CTOCOBYBaJIM 3 BUKOPUCTAHHSAM MOHOKJ/IOHas b-
HUX aHTUTIN NpoTn CD34 Ta rnagkom’a30BOro
aKTUHY ANS BU3HAYEeHHA CTaHy eHAoTenito ap-
Tepion, Ta M'a30Boro wapy. [Ansa BU3HAYEHHS
KiNbKOCTI TepMiHanbHUX BOpPCUH obuuncnioBa-
N IX 4nUCno 4vepes MiKpOCKOon B OAHOMY MO
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Introduction

Spike Protein of the envelope of the SARS-
CoV-2 coronavirus, the causative agent of the
coronavirus disease (COVID-19), binds to the
receptor (angiotensin-converting enzyme 2,
ACE2) of cells of many organs with a high level
of ACE II enzyme expression [1, 2]. Despite
the fact that the placenta is an organ with a re-
duced level of activity (co-expression) and pro-
tein concentration of angiotensin-converting
enzyme type II (ACE II) and transmembrane
serine protease type 2 (TMPRSS2) [3], the
coronavirus (SARS-CoV-2) enters the cell and
damages endothelium (phase of alteration),
which was manifested by necrotic changes in
the endothelium of vessels [4]. In response to
cell damage [1], macrophages and neutrophils
are activated (exudation phase), platelets are
activated, with further disruption of microcircu-
lation [5, 6] and, as a result, activation of fibro-
blasts - the development of fibrosis. According
to scientists, COVID-19 in the second trimester
of pregnancy is a risk factor for the formation
of chronic placental insufficiency, associated
with the proliferation phase with subsequent
fibrosis: arteriolosclerosis of the arterioles of
the stem villi, fibrosis of the stroma of the villi
and obliteration of the intervillous space [4, 7],
which increases the likelihood of malperfusion
maternal vessels in the placenta [8]. Also, de-
spite the barrier mechanisms of the placenta
[9, 10], there are cases of intrauterine infec-
tion of the fetus [11, 12, 13, 14].

The placenta (chorion) is a temporary organ
whose morphology changes during pregnancy.
The cotyledon is the structural and functional
unit of the full-term placenta, it accommodates
the branching of one stem villus [15]. The
growth of the chorion occurs with the progres-
sion of pregnancy, and the presence of corre-
sponding villi is inherent in its various terms.
In the first two trimesters of pregnancy, imma-
ture intermediate (embryonic) villi are formed,
which are the source of the formation of stem
villi. In the second trimester, mature intermedi-
ate (semi-stem villi) are formed from stem villi,
and in the third, terminal villi appear [16, 17].
A sufficient amount of the latter is observed in
full-term pregnancy and ensures a satisfacto-
ry condition of the fetus. Violation of chorion
formation leads to placental dysfunction, fetal
growth retardation and intrauterine asphyxia
[4, 7, 18]. The main structural changes of the
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villous chorion with the formation of stem, ma-
ture intermediate and terminal villi occur at the
end of the second and beginning of the third
trimester of pregnancy, which was the reason
for the choice of gestational dates in our study.

Purpose: To determine pathomorphological
changes in the placenta of women who con-
tracted COVID-19 at 19-32 weeks of gestation
to study the morphogenesis of placental dys-
function.

Materials and methods

The material of the study is 52 placentas of
live-born full-term infants whose mothers
contracted the coronavirus disease during this
pregnancy, confirmed by a positive PCR test
(determination of SARS-CoV-2 RNA). The pla-
centas were obtained in the Department of
Pathological Anatomy of the NSCH “OHMAT-
DYT” Ministry of Health of Ukraine in the pe-
riod from December 2020 to December 2022.
Placentas of women with gestosis of pregnant
women were not included in the study group.
The material was divided into groups depend-
ing on the duration of the disease: Group I
- COVID-19 in the mother at 19-25 weeks
of gestation, group II - COVID-19 at 26-32
weeks. The obtained results were compared
with the control group (n=30; placentas of
women during physiological childbirth in 2017-
2018). The course of the coronavirus disease
in pregnant women was mild in 29 cases, 21
women had a moderately severe course, and
two pregnant women had a severe course of
the disease with pneumonia. Caesarean sec-
tion was performed in 9 cases of group I and 7
cases of group II. Children were born with high
Apgar scores (8-9) and a negative PCR test.
Research methods were used: macroscop-
ic, microscopic with staining with histological
dyes - hematoxylin and eosin (H&E), MSB for
the detection of fibrin and collagen fibers. To
determine the number of terminal villi, their
number was calculated through a microscope
in one field of view at a magnification of 400.
The immunohistochemical method: stained
immunohistochemically for CD34 and smooth
muscle actin to determine the condition of the
endothelium of arterioles and the muscle lay-
er. To determine the percentage of stem and
mature intermediate villi of the chorion, archi-
val photographs (x40) were uploaded in JPEG
format to ONLINE JPG TOOLS (onlinejpgtools.
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30py npu 36inbweHHi 400. Ons BM3HAYEHHS
BiACOTKY CTOBOYpPOBMX Ta 3pisiX MPOMIXKHUX
BOPCMH XOpioHa apxiBHi doTorpadii (x40) 3a-
BaHTaxyBanu y dopmati JPEG Ha ONLINE JPG
TOOLS  (onlinejpgtools.com/find-dominant-
jpg-colors). Y Microsoft Paint 3adpapbosyBanu
[OCNiAXYBaHi FiCTONOrIYHI CTPYKTYpPU Y KONIp,
KNI BiAPI3HABCSA Bif, KONbOPiB MiCTOMOMYHOr0
3abapBneHHsa CTPyKTyp Ha ¢oTo (3eneHuin).
3a3Havanm KinbKicTb KONboOpiB — 5, BiACOTOK
AKMX NOTPIGHO BMpaxyBaTu. BiAcoTOK KONbOpy
y $OTO € BIACOTKOM AOCNIAXKYBAHOI CTPYKTY-
pu. CTaTUCTUYHWUI MeTOA AOCAIAXEHHS Mpo-
BOAMNU 3 BUKOPWUCTAHHSAM TMaKeTy rnporpaM
STATISTICA 8.0 (StatSoft, USA), cepinHni
HoMep STA862D175437Q Ta MedStat cepin-
HUIN HoMep 85684586. [ns ouiHKK pi3HULI
MiDXX MOPiBHIOBAHUMW cepefHiMWU 3HAYEeHHAMMU
ABOX He3anexHUX CYKYMHOCTENW Mpu Manmx
BMbipkax 3acTocoByBasM HenapamMeTpuyHui
U-kputepit ManHa-YiTHi (Mann-Whitney U
Test). PaHrosi gaHi HaBeaeHi y popmMari meaia-
Ha 3 HMXKHIM Ta BepxHiM kBapTunammu (Me [Q1;
Q3]). BigMiHHOCTI BBa)anu CTaTUCTUYHO 3Ha-
YYLWUMU, SKLWO 3Ha4YeHHs KMOBipHOCTI 6yno
6inbwe abo pieHe 95% (p <0,05).

Original research: Clinical sciences

Pe3synbTatn

JocnipxyBanuca nnaueHty npu COVID-19 y
BariTHoi Ha 19-32 TuxHaAX recrtauii. MNpu op-
raHOMEeTPUYHOMY  AOCNIAXEHHI  AO0CTOBipHOI
pi3HMUi y Maci nnaueHT He 6yno BUABIEHO
(p=0,90), y I rpyni uen nokasHuk cknas 580
[350; 990] Ta y II - 551 [320; 750].

Mpn  MiKpOCKOMIYHOMY  AOCAIAXEHHI nna-
ueHt I ta II rpyn (tab. 1; puc. 1) Buasnsas-
cq XopioaMHioHiT: n=20 (76,9% (95% AI:
58,2%-91,3%)) Ta n=16 (61,5% (95% AI:
41,5%-79,7%)), p,,=0,23; 6azanbHuin geun-
ayiT: n=24 (92,3% (95% Al: 78,4%-99,4%))
Ta n=26 100% (95% AI: 92,9%-100%),
p,,=0,15, BianosiaHo. Ane AOCTOBIPHOI pi3HM-
ui MiXk rpynamMmu BUSBMEHO He 6yro.

CTyniHb BMpPaxeHOCTi MNpOosBY XOpiOaMHIiOHi-
Ty v I rpyni ouiHtoBanacsa (+) y 19,2% (95%
Al: 6,2%-37,5%); (++) - 23,1% (95% Al:
8,7%-41,8%); (+++) y 26,9% (95% AI:
11,3%-46,2%); (++++) y 7,7% (95% AI:
0,6%-21,6%) npotn (+) 30,8% (95% AI:
14,2%-50,5%); (++) Ta (+++) - 11,5%
(95% AI: 2,1%-27,2%) T1a (++++) 7,7%

Tabanys 1

MaTtomopdonoriyHi 3MiHM NnaueHT npu COVID-19 y matepi Ha 19-32 TMXKHAX BariTHOCTI

P (Mann-
Fpynm I (n=26) 11 (n=26) Whitn(ey rest)
n=20 n=16
XopioaMHioHIT 76,9% 61,5% (95% AI: 41,5%- p,,=0,23
(95% Al: 58,2%-91,3%) 79,7%)
IHTepsinysut n=6 n=6 -
pBiny 23,1% (95% Al: 8,7%-41,8%) 23,1% (95% Al: 8,7%-41,8%)
. n=3 n=2 _
Binysut 11,5% (95% [AI: 2,1%-27,2%) | 7,7% (95% AI: 0,6%-21,6%) | P12=0:68
BazanbHuii aeunayit n=24 n=26 =0,15
Aeumay 92,3% (95% AI: 78,4%-99,4%) | 100% (95% [I: 92,9%-100%) |  P2=""
ObniTepauis npocsiTy apTe- n=4 n=4 -0.68
pion 15,4% (95% AI: 4,0%-32,4%) 15,4% (95% AlI: 4,0%-32,4%) P12=%
MponicdbepaTmBHi 3MiHN B n=16 n=16 -0.76
CTiHUi apTepion 61,5% (95% AI: 41,5%-79,7%) 61,5% (95% Al: 41,5%-79,7%) P12=0
Tpom603u Kaninapis TepMi- n=2 n=6 012
HaNbHNUX BOPCUH 7,7% (95% AI: 0,6%-21,6%) 23,1% (95% AI: 8,7%-41,8%) P12=0
36inblIEHHA KiIbKOCTi CUHUM- n=26 n=26 _
TiaNbHUX BY3/UKiB 100% (95% AI: 92,9%-100%) 100% (95% AI: 92,9%-100%)
AHriomMmaTos TepMiHanbHUX n=8 n=12 -0.16
BOPCUH 30,8%(95% Al: 14,2%-50,5%) 46,2% (95% [AI: 26,9%-66,1%) P12=0
IHdapkTn, obniTepauis n=26 n=26 }
Mi>KBOPCMHYACTOr0 NpOCTOpYy 100% (95% A1: 92,9%-100%) 100% (95% A1: 92,9%-100%)
lnonnasis TepMiHanbHUX n=26 n=26 _
BOPCUH 100% (95% Al: 92,9%-100%) 100% (95% Al: 92,9%-100%)

MpumiTtka: (Mann-Whitney U Test) — cTtaTUCTMYHaA 3HAYYLWiCTb BigMiHHOCTEN MiX rpynamu; p<0,05

226



Mpaui HTL MeanyHi Hayku
2024, Tom 73, N2 1 ISSN 2708-8634 (print)

Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua
ISSN 2708-8642 (online) 2024, Vol. 73, 1

OpuriHanbHi 4OCAIAXEHHS: KNIHIYHI HayKWn

com/find-dominant-jpg-colors). In Microsoft
Paint, the examined histological structures
were painted in a color that differs from the
color of the histological staining of the struc-
tures in the photo (green). The number of col-
ors was indicated - 5, the percentage of which
needs to be calculated. The percentage of col-
or in the photo is the percentage of the stud-
ied structures. The statistical method of the
study was carried out using the STATISTICA
8.0 program package (StatSoft, USA), serial
number STA862D175437Q and MedStat serial
number 85684586. To assess the difference
between the compared average values of two
independent populations for small samples,
the non-parametric Mann-Whitney U-test was
used U Test). Rank data are presented in me-
dian format with lower and upper quartiles
(Me [Q1; Q3]). Differences were considered
statistically significant if the probability value
was greater than or equal to 95% (p <0,05).

The results

Placentas with COVID-19 in mothers at 19-32
weeks of gestation were studied. During the
organometric study, no significant difference in

Original research: Clinical sciences

placenta mass was found (p=0.90), in the 1st
group this indicator was 580 [350; 990] and in
IT - 551 [320; 750].Microscopic examination
of placentas of groups I and II (Table 1; Fig. 1)
revealed chorioamnionitis: n=20 (76.9% (95%
CI: 58.2%-91.3%)) and n=16 (61 .5% (95%
CI: 41.5%-79.7%)), p,,=0.23; basal decidu-
itis: n=24 (92.3% (95% CI: 78.4%-99.4%))
and n=26 100% (95% CI: 92.9%-100%), p,_,
=0.15, respectively. But there was no signifi-
cant difference between the groups.

The severity of chorioamnionitis in group I
was estimated (+) in 19.2% (95% CI: 6.2%-
37.5%); (++)-23.1% (95%CI: 8.7%-41.8%);
(+++) in 26.9% (95% CI: 11.3%-46.2%);
(++++) in 7.7% (95% CI: 0.6%-21.6%) ver-
sus (+) 30.8% (95% CI: 14.2%-50.5%); (++)
and (+++) - 11.5% (95% CI: 2.1%-27.2%)
and (++++) 7.7% (95% CI: 0.6% -21.6%) in
the group II (Table 2).

The expression of manifestations of basal de-
ciduitis in the 1st group was estimated (+) in
15.4% (95% CI: 4.0%-32.4%); (++) - 50%
(95% CI: 30.3%-69.7%); (+++) in 23.1%

Table 1
Pathomorphological changes of the placenta in case of COVID-19
in the mother at 19-32 weeks of pregnancy
P (Mann-
Groups I (n=26) 1 (n=26) Whitn(ey Otest)
. . n=20 n=16 _
Chorioamnionitis 76.9% (95% CI: 58.2%-91.3%) | 61.5% (95% CI: 41.5%-79.7%) | Pi2=0:23
Intervillositis n=6 n=6 .
23.1% (95% CI: 8.7%-41,8%) | 23.1% (95% CI: 8.7%-41,8%)
- n=3 n=2 _
villitis 11.5% (95% CI: 2.1%-27.2%) | 7.7% (95% CI: 0.6%-21.6%) p,,=0.68
S n=24 n=26 _
Basal deciduitis 92.3% (95% CI: 78.4%-99.4%) | 100% (95% CI: 92.9%-100%) P,,=0.15
Obliteration of the lumen of n=4 n=4 -0.68
arterioles 15,4% (95% CI: 4.0%-32.4%) | 15.4% (95% CI: 4.0%-32.4%) P1,=b
Proliferative changes in the n=16 n=16 -0.76
wall of arterioles 61.5% (95% CI: 41.5%-79.7%) | 61.5% (95% CI: 41.5%-79.7%) Pi,=U
Thrombosis of capillaries of n=2 n=6 —0.12
terminal villi 7.7% (95% CI: 0.6%-21.6%) | 23.1% (95% CI: 8.7%-41.8%) Pi=Y-
An increase in the number of n=26 n=26 _
syncytial nodules 100% (95% CI: 92.9%-100%) | 100% (95% CI: 92.9%-100%)

- . s n=8 n=12 _
Chorangiosis of terminal villi | 34 go5 (959, CI: 14.2%-50,5%) | 46.2% (95% CI: 26.9%-66,1%) | Pr2=0-16
Infarction, obliteration of the n=26 n=26 _

intervillous space 100% (95% CI: 92,9%-100%) | 100% (95% CI: 92,9%-100%)
. . . . n=26 n=26
Distal villous immaturity delay | 440, (959, CI: 92.9%-100%) | 100% (95% CI: 92.9%-100%) -

Note: (Mann-Whitney U Test) - statistical significance of differences between groups; p<0.05
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Tabamys 2

BupaxxeHicTb nposiBiB xopioaMHioHiTa (XA) Ta 6asanbHoro geuyuayita (bl) y nnaueHTi
npu COVID-19 y maTtepi Ha 19-32TNXXHAX BariTHOCTI

O3- BupaxeHicTb npossis
HaKu + ++ +++ ++++ +++++
n=5 n=6 n=7 n=2 n=0%
— | XA 19,2% (95% AI: 23,1% (95% Al: 26,9% (95% [Al: 7,7% (95% Al: (95% AI: 0,0%-
© 6,2%-37,5%) 8,7%-41,8%) 11,3%-46,2%) 0,6%-21,6%) 7,1%)
2 n=4 n=13 n=6 n=1 n=0%
“~| BAO 15,4% (95% Al: 50% (95% Al: 23,1% (95% Al: 3,8% (95% AI: (95% AI: 0,0%-
4,0%-32,4%) 30,3%-69,7%) 8,7%-41,8%) 0,0%-15,1%) 7,1%)
n=8 n=3 n=3 n=2 n=0%
= | XA 30,8% (95% AI: 11,5% (95% AI: 11,5% (95% AI: 7,7% (95% Al: (95% AI: 0,0%-
© 14,2%-50,5%) 2,1%-27,2%) 2,1%-27,2%) 0,6%-21,6%) 7,1%)
P n=12 n=6 n=4 n=4
(=} =00, 0, .
—-| BA 25% (95% Al: 23,1% (95% Al: 15,4% (95% AI: 15,4% (95% AI: n 000/3/ (_9751/3/£)l1-
46,2%-66,1%) 8,7%-41,8%) 4,0%-32,4%) 4,0%-32,4%) ren s, L0
(XA) p,,=0,34 (XA) p,,=0,27 (XA) p,.,=0,16 (XA) p,,=1 _
(B4) p,,=0,01* (A) p,,=0,04 (BA) p,,=0,48 (6A) p,,=0,16

Mpumitka: (Mann-Whitney U Test), cTaTMCTMYHa 3Ha4vyLWicTb BiAMIHHOCTEN MiX rpynamm; *- p < 0,05

(95% AI: 0,6%-21,6%) y II rpyni (Tab6.2).

BupaxeHictb nposBiB  6a3anbHOro  geum-
ayity y I rpyni ouiHioBanaca (+) y 15,4%
(95% AI: 4,0%-32,4%); (++) - 50% (95%
Al 30,3%-69,7%); (+++) y 23,1% (95%
Al: 8,7%-41,8%); (++++) y 3,8% (95%
AI: 0,0%-15,1%) npotn (+) 25% (95% Al:
46,2%-66,1%); (++) 23,1% (95% AI: 8,7%-
41,8%) 1a (+++) i (++++) no 15,4% (95%
Al: 4,0%-32,4%) y II rpyni. Mpuyomy pocro-
BipHa pi3HMUA MK rpyrnaMu Bigmidanaca nuwe
ana npossy (+) 6asanbHoro ageumayita: p,.
,=0,01; ana (++) - p,,=0,04. ¥ 6 cnocrepe-
XKEHHAX KOXHOI rpynu BUSABMIEHO IHTEPBINY3NUT
(23,1% (95% AI: 8,7%-41,8%), npuyomy y
ABox Bunaakax I rpynun Ta y Tpbox II rpynu
BiH NnokanisyBaBcs cybxopianbHO. Y nnaueHTax
060X rpyn cnocrtepirasnocs 3MeHLEHHS Kifb-
KOCTi TepMiHanbHUX BOpPCUH XxopioHa — 100%
(95% [AI: 92,9%-100%) (puc. 1.A). KinbkicTb
TepMiHanbHux BopcuH Mix I Tta II rpynamn go-
CTOBIpHO He Biagpi3Hganaca Ta cknanay I rpyni -
16,5[12; 21]Tay Il rpyni - 16,8 [10; 25]; no-
PiBHAHO 3 KOHTPOJIbHO rpynoto 25,6 [21; 29],
p,,<0,001. ¥ 16 sunaakax I rpynu (61,5%
(95% [AI: 41,5%-79,7%)) Ta y 12 II rpynu
(46,2% (95% AI: 26,9%-66,1%)) dopma Tep-
MiHanbHUX BOPCUH Byna BuAoBxeHo (puc. 1.
A). Y 7 Bunagkax I rpynu (26,9% (95% AI:
11,3%-46,2%)) Ta y 8 II rpynun (30,8% (95%
Al 14,2%-50,5%)) cnocTtepiranocsa aucoui-
MnoBaHe [A03piBaHHSA BOPCUMH XOpioHa (4ocTtaT-
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HA KiNbKIiCTb TepMiHa/IbHUX BOPCUH MepeBax-
HO oBanbHOi opmu (Puc. 1.B) ueprysanacs 3i
3MEHLLEHOK KiJIbKICTIO TepMiHasIbHUX BOPCUH
BUAOBXEHOI (POpMU Yy pi3HMX NOMSAX 30pY).

MnaueHTn 060X rpyn XxapakTepulyBanucs
BOTHULEBUMN iHDApPKTaMMU 3 BOMHULLEBOIO
obniTepauieto  MiXKBOPCMHYACTOro MpoCTOpy
¢ibpuHoigom, dibpo3yBaHHAM CTPOMWU CTOB-
6ypoBuMX Ta 3pinuMx NpOMiXHUX BOpcuH (Puc.
2), 36iNblWEHHSIM KiIbKOCTI CUHUMTIaNbHUX
By3nukie 100% (95% AI: 92,9%-100%);
a Takox nponidepaTMBHUMU 3MiHaMn rnag-
KOM'A30BMX BOJIOKOH Yy CTiHKax apTepion
cToB6ypoBUX Ta HaniBCTOBOYPOBMX BOPCUH Y
16 BuMmapgkax KoxHoi rpynu — 61,5% (95%
OI: 41,5%-79,7%) 3i 3BY>XEHHSM NpPOCBITY Y
5 Bunagkax I rpynu - 19,2% (95% AI: 6,2%-
37,2%) ta y 11 Bunaakax II rpynn - 42,3%
(95% A1: 23,5%-62,3%) (Puc. 3). Y 3 Bunaa-
Kax KoxHoi rpynn — 11,5% (95% AI: 2,1%-
27,2%) Buasnanucs dibpososaHi ctoBbypoBi
BOPCUHWN 3 06NiTEPOBAHUM MPOCBITOM CYAMH.
Y nnaueHTax 060x rpyn BUABASNIOCH 3HUXKEH-
Hs ekcnpecii CD34 B eHgoTenii cyamH (Puc. 4)
y NopiBHAHHI 3 ekcnpecieto CD34 B eHpoTe-
nii y nnaueHTax KoHTposbHOi rpynu (Puc. 5).
Tpom603n Kaningpie TepMiHanbHUX BOPCUH
BUABNANNCSA Y ABOX CNOCTEpexeHHAX I rpynu
-7,7% (95% A1: 0,6%-21,6%) Ta y 6 BMnaa-
kax II - 23,1% (95% AI: 8,7%-41,8%); ane
[OCTOBIPHOT Pi3HULI MiX rpynamMu He criocrte-
piranocsa: p, ,=0,12.
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Table 2

Manifestations of chorioamnionitis (ChA) and basal deciduitis (BD) in the placenta

with COVID-19 in mothers at 19-32 weeks of pregnancy

Sians Expressiveness of manifestations

K + ++ 4+ 4+ 4

n=>5 n=6 n=7 n=2 _no o
~| cha | 19.2% (95% 23.1% (95% 26,9% (95% 7.7% (95% | e O
o Cl: 6.2%-37.5%) | CI: 8.7%-41.8%) | CI: 11.3%-46.2%) | CI: 0.6%-21.6%) |<!'0:0%7.1%

o

s n=4 n=13 n=6 n=1 Y 0
Ol BD 15.4% (95% 50% (95% 23,1% (95% 3.8% (95% CIr"_OOO/OO/(—9751/‘t”/)
Cl: 4.0%-32.4%) | CI: 30.3%-69.7%) | Cl: 8.7%-41.8%) | CI: 0.0%-15.1%) |<!i0:0%7.1%

n=8 n=3 n=3 n=2 o o
= | cha | 30.8% (95% 11.5% (95% 11.5% (95% 7.7% (95% | e O
o Cl: 14.2%-50.5%) | CI: 2.1%-27.2%) | CL: 2.1%-27.2%) | CI: 0.6%-21.6%) |1 0:0%7.1%

o n=12 n=6 n=4 n=4 =0% (959
G| BD 25% (95% 23.1% (95% 15.4% (95% 15.4% (95% CIr-‘_OOO/OO/(-E;Sl/g/)
Cl: 46.2%-66.1%) | CI: 8.7%-41.8%) | CI: 4.0%-32.4%) | CI: 4.0%-32.4%) |C1i0:0%-7.1%

(ChA) p,,=0.34 (ChA) p,,=0.27 (ChA) p,,=0.16 (ChA) p,,=1 ]
(BD) p, ,=0.01 (BD) p, ,=0.04 (BD) p, ,=0.48 (BD) p,,=0.16

Note: (Mann-Whitney U Test) - statistical significance of differences between groups; p < 0.05

(95% CI: 8.7%-41.8%); (++++) in 3.8%
(95% CI: 0.0%-15.1%) versus (+) 25% (95%
Cl: 46.2%-66.1%); (++) 23.1% (95% CI:
8.7%-41.8%) and (+++) and (++++) 15.4%
each (95% CI: 4.0% -32.4%) in the group
I1. Moreover, a significant difference between
the groups was noted only for the manifes-
tation of (+) basal deciduitis: p, ,=0.01; for
(++) - p,,=0.04. Intervillositis was detected
in 6 observations of each group (23.1% (95%
CI: 8.7%-41.8%), and in two cases of group
I and three of group II it was localized sub-
chorially. In the placentas of both groups, a
decrease in the number of terminal chorionic
villi was observed - 100% (95% CI: 92.9%-
100%) (Fig. 1.A). The number of terminal villi
between the I and groups II was not signifi-
cantly different and was 16.5 [12; 21] in the
group I in one field of view at a magnification
of 400 and in the group II - 16.8 [10; 25];
compared to the control group 25.6 [21; 29],
p,,<0.001. In 16 cases of group I (61.5%
(95% CI: 41.5%-79.7%)) and in 12 cases of
group II (46.2% (95% CI: 26.9%-66.1%))
the shape of the terminal villi was elongated
(Fig. 1.A). In 7 cases of group I (26.9% (95%
CI: 11.3%-46.2%)) and in 8 cases of group
IT (30.8% (95% CI: 14.2%-50.5%)) dissoci-
ated maturation of chorionic villi (a sufficient
number of terminal villi of mostly oval shape
(Fig. 1.B) alternated with a reduced number
of terminal villi of elongated shape in different
fields of view).

Figure 1. Structural changes in the placenta during
COVID-19 in a pregnant woman. A, B - terminal villi of
placentas at 39-40 weeks of gestation, H&E staining,
x200; A - history of COVID-19 at 27-28 weeks; villous
paucity, thin and elongated villi; B -COVID-19 at 30-31
weeks of pregnancy; rounded villi, chorangiosis
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PucyHok 1. CTpyKTypHi 3MiHM nnaueHT npu COVID-19 y BariTHoi. A, b — TepMiHanbHi BOPCUHU naaueHT Ha 39-40 TMXHAX
rectauii, dapbysaHHsa ME, x200; A - COVID-19 B aHaMHe3i Ha 27-28 TWXXHSX; rinonnaasis TepMiHanbHUX BOPCUH, OCTaH-
Hi TOHKi Ta BMAgoBxeHoi popMu. b — COVID-19 Ha 30-31 TUXHAX BariTHOCTi; BOPCUHU OKpyrnoi opmMun, aHrioMmaTo3

Ona KiNbKICHOT OUIHKW CTPYKTYPHUX 3MiH Y
naaueHTi BU3Havanu BiACOTOK AOCNIAXKYBaHUX
ctpyktyp (Puc. 6. A, b, B). ¥ nnaueHtax I Ta
IT rpyn BigcoTOK CTOBOYpPOBMX Ta HamMiBCTOB-
6ypoBMX BOPCUH Yy OAHOMY MOJIi 30py CKiaB
42,3 [37; 47] Ta 24,2 [23; 26], BiANOBIAHO;
p,,=0,0001 (Puc. 6. A, B,). Mpuyomy y I rpyni
nepesaxann cToBbypoBi BOPCUHW MpU npak-
TUYHI BiACYTHOCTI 3pisInX MPOMIDXKHUX BOPCUH,
y II rpyni 6ynu HasBHI 3pini NPOMiXHI BOPCUHU
Ta 3MEHLUEeHa KiflbKiCTb TEPMiHaNbHUX BOPCUH.
Y nnaueHTax goHoweHux aiten 3 COVID-19 y
MaTepi Ha 38-39 TMXXHAX BariTHOCTI BiACOTOK
cToBbypoBMX Ta HaniBCcToBO6ypoBMX BOPCUH
cknas 7,7 [7; 9] Ta AOCTOBIipHO He Biapi3HAB-

PucyHok 2. CTpyKTYpHi 3MiHX NAaueHTn Npu AOHOLUEHIN

BariTHocTi npun COVID-19 y maTtepi Ha 30-31 TMXHAX rec-

Tauii: pibposyBaHHSA CTPOMKM BOPCUH (61aknTHUIA KoNip),

HasABHUI «Monoaunii» QibpuH (YepBoHUI Konip); dhapby-
BaHHA MSB, x40
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cs Big rpynu nopiBHAHHS (Puc. 6. B). Y KOH-
TPONbHIN rpyni BUABNAIAcA BenMKa KisbKiCTb
TepMiHaNbHUX BOPCUH 3 MOOAMHOKMMK MpPO-
MiDKHUMU BOPCUHAMMW.

O6roBopeHHA

BUBYEHHS CTPYKTYPHMUX 3MiH NAaueHTu npwu
COVID-19 y MmaTepi Ha 19-32 TuXHAX recrauii
0brpyHTOBaHO NonepeaHiMu CBiAYEHHAMUN Hay-
KOBLIB, SIKi 4OBOAWIN, LLO KOPOHaBipyCcHa XBO-
poba y MaTepi y 4pyroMy TpMMeCTpi BariTHOCTI €
(haKkTopoM pu3nKy GOpMyBaHHS MaaueHTapHol
AncdyHKLUiT Ta aHTeHaTanbHOI 3armbeni nnoaa
[4]. Y HawoMy AocnifXXeHHi AiTM Hapoawunmcs
3 BMCOKMMM Banamu 3a wWkKanow Anrap Ta He-
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PucyHok 3. CTpyKTYpHi 3MiHM NaaueHTn Npu AOHOLLEHIN
BariTHocTi npn COVID-19 Ha 27-28 TMXHSAX rectauii;
EeKCMnpecist rnagkoM’s30BOro akTUHY y CTiHLUi apTepion
CcTOB6YPOBMX Ta HaniBCTOBOHYPOBMX BOPCUH XOpioHa 3

¢$ibpo30BaHO CTPOMOIO, 3BYXXEHHSIM MPOCBITY apTepion

(cTpinka). 36inblUeHHS KilbKOCTi CTOBOYpPOBMX Ta 3pinmx
MPOMIXKHMUX BOPCUH Mpu rinonaasii TepMiHanbHuX; x40
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The placentas of both groups were character-
ized by focal infarctions with focal obliteration
of the intervillous space by fibrinoid, fibrosis of
the stroma of the stem and mature intermedi-
ate villi (Fig. 2), an increase in the number of
syncytial nodules by 100% (95% CI: 92.9%-
100%); as well as proliferative changes of
smooth muscle fibers in the walls of arterioles
of stem and semi-stem villi in 16 cases of each
group — 61.5% (95% CI: 41.5%-79.7%) with
narrowing of the lumen in 5 cases of group
I-19.2 % (95% CI: 6.2%-37.2%) and in 11
cases of II group - 42.3% (95% CI: 23.5%-
62.3%) (Fig. 3). In 3 cases of each group -
11.5% (95% CI: 2.1%-27.2%) showed fibrot-
ic stem villi with obliterated vessel lumen. In
the placentas of both groups, a decrease in
the expression of CD34 in the endothelium of
vessels was detected (Fig. 4) in comparison
with the expression of CD34 in the endotheli-
um in the placentas of the control group (Fig.
5). Thrombosis of the capillaries of terminal
villi was detected in two observations of group
I1-7.7% (95% CI: 0.6%-21.6%) and in 6 cas-
es of IT - 23.1% (95% CI: 8.7%- 41.8%); but
no significant difference between the groups
was observed: p, ,=0.12.

For the quantitative assessment of structural
changes in the placenta, the percentage of the
studied structures was determined (Fig. 6. A,
B, C). In the placentas of groups, I and II, the
percentage of stem and semi-stem villi in one

Figure 2. Structural changes of the placenta during full
term pregnancy with COVID-19 in the mother at 30-31
weeks of gestation: fibrosis of the stroma of the villi
(blue color), the presence of “young” fibrin (red color);
MSB staining, x40

Original research: Clinical sciences

field of view was 42.3 [37; 47] and 24.2 [23;
26], respectively; p, ,=0.0001 (Fig. 6. A, B,).
Moreover, stem villi predominated in the group
I with the practical absence of mature inter-
mediate villi, while mature intermediate villi
and a reduced number of terminal villi were
present in the group II. In the placentas of
full-term children with COVID-19 in mothers
at 38-39 weeks of pregnancy, the percentage
of stem and semi-stem villiwas 7.7 [7; 9] and
was not significantly different from the com-
parison group (Fig. 6. C). A large number of
terminal villi with single mature intermediate
villi were found in the control group.

Discussion

The study of the structural changes of the
placenta in the case of COVID-19 in the
mother at 19-32 weeks of gestation is sub-
stantiated by the previous evidence of sci-
entists who proved that the coronavirus dis-
ease in the mother in the second trimester of
pregnancy is a risk factor for the formation
of placental dysfunction and antenatal death
of the fetus [4]. In our study, children were
born with high Apgar scores and a negative
PCR test, despite the fact that the severity
of the course of the coronavirus disease in
21 women was moderately severe and two
pregnant women had a severe course of the
disease with pneumonia. The groups were
divided to compare the structural changes
of the placenta with COVID-19 in pregnant
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Figure 3. Structural changes of the placenta during
full-term pregnancy with COVID-19 at 27-28 weeks of
gestation; expression of smooth muscle actin in the wall
of arterioles of stem and semi-stem villi of the chorion
with fibrotic stroma, narrowing of the lumen of arterioles
(arrow). An increase in the number of stem and mature
intermediate villi with terminal hypoplasia; x40
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PucyHok 4. CTpyKTYpHi 3MiHW NAaueHTn Npu AOHOLUEHIN PucyHok 5. MnaueHTa npu AOHOLWEHIN BariTHOCTI (rpyna
BariTHocTi npn COVID-19 Ha 27-28 TuXHSX recrauii. nopiBHSAHHA, MaTepian 3a 2018 p.); iMyHoricToximMiyHe
3HuxeHHs CD34-no3nTnBHOro 3abaperieHHs B eHaoTenii 3abapeneHHs CD34 B eHpoTenii cyanH, x40

CYAWH BWAOBXEHUX TEPMiHaNbHUX BOPCUH Ta y apTepio-
nax ibpo3oBaHnX 3pinnMx NPOMiIXHMX BOpCUHax; x100

23.06%

rgb(204, 147, 197)

rgb(146, 88, 148)

rgb(248, 238, 247)

y reb(206, 118, 183)

rgb(146, 55, 133)

- rgb(250, 227, 243) 27.91%
rgb(210, 129, 180) 23.33%
rgb(164, 74, 136)

rgb(55, 113, 72)

=

PucyHok 6. KinbKicHe BU3HAYeHHS CTPYKTYPHMUX 3MiH nnaueHTn npn COVID-19 y BariTHOI Ha pi3HMUX TepMiHax rectauii: 1
(A, B, B) — MikpockoniyHi 3pi3n NnaueHT AOHOLIEHMX XUBOHapoaxXeHux aiter npn COVID-19 y matepi Ha 19-20; 28-29
Ta 38-39 TmxHaX rectauii, BianosiaHo, x40. ®apbyBaHHA reMaToOKCUIiHOM Ta eo3nHoM. 2 (A, b, B) — 3adapboBaHi y
Microsoft Paint ctoB6ypoBi Ta NpOMiXHi BOPCUHM Y KOMip, SKUIA BiAPI3HSAETbCS Bif KOMbOPY FCTONOrYHOro 3abapBreHHs
CTPYKTYp Ha doTo (3enenmin). 3 (A, b, B) - BU3HauYeHHs BiaCOTKY BOpcuH XopioHa y nporpami ONLINE JPG TOOLS
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Figure 4. Structural changes of the placenta during Figure 5. Structural changes of the placenta during

full-term pregnancy with COVID-19 at 27-28 weeks full-term pregnancy (comparison group); stained

of gestation. Reduction of CD34-positive staining in immunohistochemically for CD34 in vascular
vascular endothelium of elongated terminal villi and in endothelium, x 40

arterioles of fibrotic mature intermediate villi; x100
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Figure 6. Quantitative determination of the structural changes of the placenta in case of COVID-19 in a pregnant
woman at different stages of gestation: 1 (A, B, C) — microscopic sections of the placenta of full-term live-born children
in case of COVID-19 in the mother at 19-20; 28-29 and 38-39 weeks of gestation, respectively, x40. Staining with
hematoxylin and eosin. 2 (A, B, C) - stem and mature intermediate villi painted in Microsoft Paint in a color that differs
from the color of the histological staining of the structures in the photo (green). 3 (A, B, C) — determination of the
percentage of chorion villi in the ONLINE JPG TOOLS program
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raTmsHuM [JIP TecToM, He3BaXxakun Ha Te, WO
BaXKiCTb nepebiry KopoHaBipyCHOi XBOpobu y
21 xiHkn 6yna cepefHE BaXKKoOK Ta Yy ABOX Ba-
riTHMx 6yB Baxkuin nepebir xsopobu 3 NHeBMO-
Hieto. pynn 6ynu po3noaineHi Ana NOpPiBHAHHSA
CTPYKTYPHUX 3MiH niaueHTn npu COVID-19 y
BaritTHux I rpyna COVID-19 Ha 19-25 TuxHax
rectauii, II rpyna — Ha 26-32 TmxHaX. MNpuyo-
My y I rpyni noCTKOBIAHWI iHTepBan (MPOMiXOK
yacy Bia giarHoctyBaHHs COVID-19 go nonoris)
6ye TpuBaniwum: 15-20 TKXKHIB, Npotn 8-14
TWKHIB Yy II rpyni, YUM NOACHIOETLCA HASABHICTb
nposiBiB  (ekcyaaTuBHWUX, nponiepaTuBHUX
3MiH abo dibpo3yBaHHSA) B 3a51€XHOCTI Big a3u
3ananbHOro npouecy. BupaxeHi ekcyaaTuBHI
3MiHK (NnaueHTuT) 6ynn onucaHi gocniaHuKa-
MW Ta 3yCTpivaroTbCs yacTiwe y HeLOHOLEeHUX
AiTel Npy NOCTKOBIAHOMY iHTepBani B 1-4 Tux-
Hi [4, 7, 18]. Y HawoMy crnocTepexeHi NposiBu
€KCyAaTUBHOrO 3ananeHHs BUABMSAINCSA Y Nia-
ueHTax obox rpyn. Y I rpyni: 23 Bunagku manu
BMpaxeHicTb npossis Big (+) Ao (+++) ta 3
cnocrtepexeHHs — (++++). Y II rpyni 20 Bu-
nagkis Big (+) Ao (+++) Ta 6 cnocrepexeHHs
Bi4 (++++) 3a n'atnbanbHOO WKanow. Takmm
YMHOM, NATOMOPMONOriYHi 3MiHM B MNnaLeHTax
XmnBoHapoaxeHnx npu COVID-19 y BariTHoOI
Ha 19-32 TMXHAX recrauii xapakrtepusyBsasn-
CA eKCyAaTUBHUM 3anasieHHAM MoMipHOI Bupa-
xeHocTi: (+), (++) Ta (+++) 3 nepeBaxHot
iHbinbTpauieto 6a3anbHoi NaacTuHku; b (+);
p,,=0,01; IHTEHCMBHICTb 3MiH 3MeHLWyBana-
cs 3i 36inblWEeHHsaM TpMBanoCTi MOCTKOBIAHOMO
iHTepBany. IH@inbTpauia nenkounTammn nepe-
BaXHO 3 6oky 6aszanbHOi nnactuHku (Mate-
PUHCbKA 4YacTuHa niaueHTn) i cybxopianbHo
CBigYMTb NpOo 36epexeHHs 3axUCHOI yHKUii
NNaLeHTM, YUM TMOSICHIOBABCS 3aA40BiNbHUN
CTaH nfoga 3 BWMCOKMMM Banamu 3a LIKanow
Anrap npu Hapoa)XeHHi. Takox, CTaH nnoja 3a-
Nnexasn Bifl KOMNEHCAaTOPHNX MOXJ/TMBOCTEN Nna-
LEeHTM, a came, BiA CNPOMOXHOCTI dopMyBaTu
po3rasy>eHHs BOPCUH BiZL BOPCUH, YpPa>KeHUX
KopoHaBipycoM SARS-CoV-2 [7]. IcHytOTb CBia-
YeHHs Npo peMoAeNntoBaHHA CcyauH cToBbypo-
BMX Ta HaniBCToBOYypOBMX BOPCUH CAPUYMHEHI
KopoHaBipycoM SARS-CoV-2: o NposBisncs
NOCNIAOBHMMW 3MiHaMU: HEKpPO3 eHAoTenito,
TpomMb03 Ta nponidepaTMBHi 3MiHM M’'A30BOI
060110HKM, 0bniTepauia NpoceiTy apTepion, i-
6p03 CTPOMM BOPCUH, LLO € 3HAYHO BUPAXKEHN-
MW MpW aHTeHaTanbHiIn acdikcii nnoga [4, 7,
19]. Y HawoMy pocnigxeHHi nponidepaTuBHiI
3MiHM y apTepionax Ta obniTepauis ix NnpocsiTy
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BusiBunuca y 61,5% (95% Al1: 41,5%-79,7%)
Ta 15,4% (95% [Al: 4,0%-32,4%) BianosigHo,
KOXHOI rpynu. ToMy nepioa no (OpMyBaHHIO
XOpiOHA € KPUTUYHWUM MpU iHQIKYBaHHI BariT-
HOI, TaK 9K ypaXXeHHH BOPCUH KOPOHABipyCOM
SARS-CoV-2 Moxe npu3BoauTUM A0 3aTPUMKU
po3BUTKY nnaueHTn [7]. Came 3 yacom dop-
MyBaHHS BOPCUMH XOpiOHa MOB’A3aHMn MNoAin
Ha rpynu. Ha 19-25 TwxHAX rectauii TpuBae
nepiog dopMyBaHHS CTOBOYpPOBUX BOPCUH, LE
NosicHE 36inbweHHs y I rpyni BiacoTky oi-
6po3oBaHnx cToBOYpOBUX BOPCUH — 42,3 [37;
471, NpOTU KOHTPONbHOI rpynu - 7,7 [7; 91;
HEeBeNIMKOI KiNIbKOCTI He3pinnx npoMidkHuX (y
3B'A3KY 3 HECMPOMOXHICTIO iX hOpMyBaHHS BiA
ypaxeHux COVID-19 ctoB6ypoBMX BOPCUH) Ta
rinonnasii TepMiHanbHUX BOPCMH - 16,5 [12;
21]. Y ocTaHHbOMY TPUMECTpi BariTHOCTI ¢op-
MYIOTbCS 3pisli MPOMIKHI Ta TepMiHanbHi BOpCU-
HM XOpioHa, TOMy nnaueHTax y II rpyni 6ynu
HasABHI 3pifli NPOMIXKXHI BOPCUHU, BIACOTOK AKUX
cknas 24,2 [23; 26]; p, ,=0,0001, Ta 3mMeHwe-
Ha KiNbKiCTb TepMiHanbHMUX BOpPCcMH — 16,8 [10;
25], npotn 25,6 [21; 29] y rpyni NOpiBHAHHS,
p<0,001. KinbKicTb TepMiHanbHMX BOPCUH Byna
3MEeHLLUEeHa MOPIBHAHO 3 KOHTPOJIbHOK Fpynoto
- 25,6 [21; 29], p,,<0,001. Ane mix I Ta II
rpyrnamMmuy AOCTOBIpHOI Pi3HWULI He BUABIANOCH.
Y I rpyni uen nokasHuk 6ys 16,5 [12; 21] Tay
IT rpyni — 16,8 [10; 25]. TepMiHanbHi BOPCUHU
BiApI3HANMUCA 3a OpPMOI0: BUAOBXKEHI y 61,5%
I rpynu tay 46,2% II rpynn. Y 26,9% I rpynu
Tay 30,8% II rpynun cnocTtepiranocs gmcouino-
BaHe A03piBaHHA BOPCUH XOpiOHa, WO CBigYMN0
NpoO BOrHMULLEBE ypaXK€HHS HamniBCcToBOYpOBUX
BOPCUH. B 060X rpynax BUSABASAINCA KOMMEH-
CaTOpHi 3MiHM Yy BUrNAAI 36iNblLIEHHS KiNbKOCTI
CUHUMTIaNbHUX BY3JIUKIB.

Y BUCHOBKax:

COVID-19 y BariTHOI y ApyroMy Ta Ha rno4aTky
TPeTbOro CEMECTpiB € (PakTOpPOM pU3MKY BU-
HUKHEHHS CTPYKTYPHUX 3MiH BOPCMHYACTOrO
XOpioHa - rinonnasii 3piInX NPOMIKHUX Ta Tep-
MiHanbHUX BOPCUH. [lopylleHHA A[03piBaHHA
XOpiOHa CMNPUYNHEHO YPaKEHHAM KOPOHaBipy-
coM SARS-CoV-2 BopcuH (HeKpo3 eHpoTenito,
nponicdepaTnBHi 3MiHN M'30B0i 06010HKMK, 06-
nitepauia npocsiTy aptepion, ¢i6po3 cTpomu
BOPCMH), ICHYKHOUMX Ha TepMiH iHDiIKyBaHHS.
PeMopentoBaHHSA CyAWH, SIKe € MPOJIOHroBaHe
y yaci Ta obymMoBneHe TpMBaniCTIO Ta 3MiHO
a3 3ananbHOro npouecy, MOSICHE dopMy-
BAaHHA XPOHIYHOI naueHTapHOi HeaoCTaTHO-
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women. The group I of COVID-19 at 19-25
weeks of gestation, the group II - at 26-32
weeks. Moreover, in group I, the post-COVID
interval (time from diagnosis of COVID-19 to
delivery) was longer: 15-20 weeks, against
8-14 weeks in group II, which explains the
presence of manifestations (exudative, pro-
liferative changes or fibrosis) depending on
the phase inflammatory process. Expressive
exudative changes (placentitis) were de-
scribed by researchers and are more com-
mon in premature babies at a post-COVID
interval of 1-4 weeks [4, 5, 6]. In our case,
the observed manifestations of exudative in-
flammation were found in the placentas of
both groups. In group I: 23 cases had sever-
ity of manifestations from (+) to (+++) and
3 observations - (++++). In the II group,
there are 20 cases from (+) to (+++) and
6 observations from (++++) on a five-point
scale. Thus, pathomorphological changes in
the placentas of live births with COVID-19 in
a pregnant woman at 19-32 weeks of gesta-
tion were characterized by exudative inflam-
mation of moderate severity: (+), (++) and
(+++) with predominant infiltration of the
basal lamina; database (+); p,,=0.01; the
intensity of the changes decreased with an
increase in the duration of the post-COVID in-
terval. Infiltration of leukocytes mainly from
the basal plate (maternal part of the pla-
centa) and subchorial intervillositis indicates
the preservation of the protective function of
the placenta, which explained the satisfacto-
ry condition of the fetus with high scores on
the Apgar scale at birth. Also, the condition
of the fetus depended on the compensatory
capabilities of the placenta, namely, on the
ability to form the branching of villi from vil-
li affected by the SARS-CoV-2 coronavirus
[7]. There is evidence of vascular remodel-
ing of stem and semi-stem villi caused by the
SARS-CoV-2 coronavirus: manifested by con-
secutive changes: necrosis of the endothe-
lium, thrombosis and proliferative changes
of the muscle membrane, obliteration of the
lumen of arterioles, fibrosis of the stroma of
the villi, which are significantly expressed in
antenatal asphyxia of the fetus [4, 7, 19]. In
our study, proliferative changes in arterioles
and obliteration of their lumen were found in
61.5% (95% CI: 41.5%-79.7%) and 15.4%
(95% CI: 4.0%-32.4 %) respectively, of each
group. Therefore, the period of chorion for-
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mation is critical when a pregnant woman is
infected, as damage to the villi by the SARS-
CoV-2 coronavirus can lead to a delay in the
development of the placenta [7]. The divi-
sion into groups is associated with the time
of formation of chorionic villi. At 19-25 weeks
of gestation, the period of formation of stem
villi continues, which explains the increase
in the percentage of fibrotic stem villi in the
group I - 42.3 [37; 47], against the control
group - 7.7 [7; 91; a small amount of imma-
ture intermediate villi (due to the failure of
their formation from the stem villi affected
by COVID-19) and deficiency of terminal villi
-16.5[12; 21]. In the last trimester of preg-
nancy, mature intermediate and terminal villi
of the chorion are formed, therefore the pla-
centas in the group II had mature interme-
diate villi, the percentage of which was 24.2
[23; 26]; p,.,=0.0001 and a reduced number
of terminal villi - 16.8 [10; 25], against 25.6
[21; 29] in the comparison group, p<0.001.
The number of terminal villi was reduced
compared to the control group - 25.6 [21;
29], p,,<0.001. But there was no significant
difference between the I and groups II. In
the group I, the indicator was 16.5 [12; 21]
and in the group II - 16.8 [10; 25]. Terminal
villi differed in shape: they were elongated
in 61.5% of the group I and in 46.2% of the
group II. Dissociated villous maturation disor-
der was also observed in 26.9% of the group
I and 30.8% of the group II, which indicated
a focal lesion of the mature intermediate villi.
Both groups showed compensatory changes
in the form of an increase in the number of
syncytial nodules.

In conclusions:

COVID-19 in a pregnant woman in the sec-
ond and early third semesters is a risk factor
for the occurrence of structural changes in
the villous chorion — deficiency of mature in-
termediate villi and distal villous immaturity
delay. Villous maturation disorders is caused
by the SARS-CoV-2 coronavirus damage to
the villi (endothelial necrosis, proliferative
changes in the smooth muscle, obliteration
of the lumen of the arterioles, fibrosis of the
villus stroma) existing at the time of infec-
tion. Remodeling of blood vessels, which is
prolonged in time and due to the duration
and change of phases of the inflammatory
process, explains the formation of chronic
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CTi, IKa MOXe MPOABUTUCH KNiHIYHO Ta CTaTun
NPUYNHOK BHYTPIWHBOYTPOOHOI rinokcii nno-
Aa came 3i 36inbleHHAM TpMBaNOCTi MOCTKO-
BigHOro iHTEpBany.
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