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MaTtoMmopdonorivyHi 3MiHM NnayeHTn
B roCTpoOMy nepioni KOpOHaBiPyCHOI XBOpo6u
(COVID 19) Ha 37-41 TvOKHAX recrauii
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Bctyn. KopoHaBipycHa xBopoba (COVID-19) € dbakTopom pu-
3nky HOpMyBaHHSA NaaLeHTapHOT ANCHYHKLUIT Npu iHDIKYBaHHI
BariTHOI A0 35 TWXHA rectauii. 3a AaHMMM HaLKX NonepenHix
AocnigxeHb, npu iHQIKyBaHHI BariTHOI MNicNs UbOro TEpPMiHY
rectauii He 6yn0 BMSABNEHO XOAHOro BUMaAKy aHTeHaTa bHOI
acgikcii. itm Hapoannuca 3 BMCOKMMKW 6anamm 3a LWKasoko
Anrap Ta HeratuBHuM [1JIP-TecToM Ha HadABHicTb PHK Bipycy
SARS-CoV-2 Big XiHOK 3 KhiHiYHMMM nposiBamu COVID-19,
niagTsepaXeHoro nosuTueHuM MJIP-TecToM.

Meta pocnipgyxeHHs. Jocniant natoMopdonoriyHi 3MiHK nna-
LEeHTWN NpW AOHOLLEHIN BaAriTHOCTI B rocTpoMy nepioai COVID-19
Y XKIHKMU.

Martepianu Ta Metroam pochnimxeHHs. Jocnigxysanu nna-
ueHTy (n=37) npu HapOAXeHHi XMBOro AOHOLIEHOro nnoaa,
(ocHOBHa rpyna) y MOpPIiBHSAHHI 3 MNJaueHTO AOKOBIAHOI eni-
Aewmii npu disionoriyHnx nonorax (n=38 — rpyna nopiBHAHHSA).
3acTtocoByBanM KOMMAEKCHi MOpP@ONOrivHi: MaKpOCKOMIYHUNA,
MiKPOCKOMIYHWUIM, IMYHOFICTOXIMIYHMA, MOpPHOMETPUYHUI Ta
CTaTUCTUYHUIA METOAN AOCHIAKEHHS.

Pe3ynbTtatn. Y nnaueHTi 6ynn BUSABNEHI CTPYKTYPHI 3MiHM Yy cuHUMTiOTpodobnacTi: BTpa-
Ta MiKpOBOPCUHOK, iHBariHauii saepHoi 060M0HKM, NosiBa UWMTOMIa3MaTUYHUX BaKyoseMn,
anonTo3, KOHAEHCaUis XpoMaTUHY; B eHgoTenii — anonTo3, Habpsk Ta roMoreHisauis MiTOXOH-
Apin. Buasmnu cepuyHoi GopMM CTPYKTYPU CXOXi A0 BipyCHUX YACTOK 3 eNeKTPOHHO-LLiNb-
HOl 060/10HKOI 330BHI (ibpobnacTta. HasBHI CTPYKTYpPHi O3HaKW CBiAYMAN NPO AUCPYHKLIO
eHAoTenit, AUCUMPKYNATOPHI po3nagn: cta3m, Tpomb6o3u, kpoBoBuaneu - 97.3% (95%A1:
89.4%-100%); nnaueHTUT - 100% (95%AI: 94.6%-99.5%), MOpdonoriyHi NposiBu KO-
ro 3anexanu Big TPWUBaANOCTIi NOCTKOBIAHOrO iHTepBany (NPOMIXOK 4Yacy Biag AiarHOCTYyBaHHSA
COVID-19 po nonorie). Bigmivascs Habpsik BOpcuH xopioHa — 97.3% (95%/41: 89.4%-100%),
npu UbOMY BiACOTOK CTPOMM B TEpPMiHaNbHUX BOpCUHax cknae 71.1 (49.5; 85.1) npotu 32.6
(26.2; 39.5) y rpyni nopiBHSAHHSA; p<0.0001. BuaBnanocs 3MeHLEHHS BiACOTKY CYAMH Y Tep-
MiHaJbHUX BOPCUHAX 3a paxyHOK 3MEHLEeHHS NpocBiTy — 29.9 (14.5; 51.20 npotn 67.4 (58.7;
73.8) y rpyni nopiBHsHHSA; p < 0.0001; Ta 3MeHLWeEHHS BiACOTKY MIXXBOPCUHYACTOr0 NpPoOCTOpY
21.7 (12.9; 33.1) npotn 44.2 (40.3; 49.7) p < 0.0001. Mix 6n13bKO po3TaLlOBaHUMUN TepMi-
HanbHMUMM BOPCMHAMWN CnocTepiranocs 36inblUeHHS KiIbKOCTI CUHUMTIaNnbHUX BY3nkiB — 12.8
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Introduction

Coronavirus disease (COVID-19) is a risk factor for developing
placental dysfunction when a pregnant woman is infected
before 35 weeks of gestation. According to our previous studies,
no cases of antenatal asphyxia were observed when infection
occurred after this gestational age. The children were born
with high Apgar scores and negative PCR tests for SARS-CoV-2
RNA from women who had clinical manifestations of COVID-19
confirmed by a positive PCR test.

Objective of the Study: To investigate the pathomorpholog-
ical changes in the placenta during full-term pregnancy in the
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Materials and Methods: The placenta (n=37) was studied © All authors, 2024
at the birth of a live full-term fetus (main group) and com- ev
pared to placentas from physiological deliveries before the
COVID-19 pandemic (n=38, comparison group). Comprehensive morphological methods were
used, including macroscopic, microscopic, immunohistochemical, morphometric, and statis-
tical.

Results: Structural changes were noted in the syncytiotrophoblast of the placenta, includ-
ing loss of microvilli, nuclear membrane invaginations, appearance of cytoplasmic vacuoles,
apoptosis, and chromatin condensation. In the endothelium, apoptosis, swelling, and mito-
chondrial homogenization were observed. Spherical structures similar to viral particles with
an electron-dense membrane were found extracellularly, outside the fibroblast. The structural
features indicated endothelial dysfunction and circulatory disorders such as stasis, throm-
bosis, and hemorrhages - 97.3% (95% CI: 89.4%-100%); placentitis - 100% (95% CI:
94.6%-99.5%). Swelling of the chorionic villi was observed in 97.3% (95% CI: 89.4%-
100%), with the percentage of stroma in the terminal villi increasing to 71.1 [49.5; 85.1]
compared to 32.6 [26.2; 39.5] in the comparison group (p < 0.0001). A reduction in the
percentage of vessels in the terminal villi was noted due to a decrease in lumen size - 29.9
[14.5; 51.2] compared to 67.4 [58.7; 73.8] in the comparison group (p < 0.0001); and a
reduction in the percentage of the intervillous space to 21.7 [12.9; 33.1] compared to 44.2
[40.3; 49.7] (p < 0.0001).
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(11; 14) npotn 5.9 (5; 7) rpynu nopiBHAHHSA. KinbKiCcTb TepMiHanbHMX BopcuH 6yna 25.9 (21;
29) Ta He Bigpi3HAnacs Bi4 rpynu NOPiBHAHHS.

BucHoBKkM. Y roctpomy nepioai COVID-19 B nnaueHTi 6yn0 BUABNEHO NaToOMOPMdOOriyHi 3MiHK,
SKi CBiguYMNM nNpo ancdyHkKuito eHgotenito, obymosneHy SARS-CoV-2, nposBOM KOi cTanu gucum-
pKYNATOPHI po3naaun, Habpsk CTPOMM BOPCUH XOpioHa 3i 3MEHLLEHHAM NPOCBITY Kaninapie Ta Big-
COTKa BiNbHOIO MiXXBOPCMHYACTOro MPOCTOpPY, 3anasbHa iHdiNbTpauis, WO CBOEK 4Yeprow 3yMoB-
NOBAN0 MaTepuHCbKy Ta NaoAoBy Manbnepdysito B naaueHTi. [aTtonorivyHi 3MiHM y CTpyKTypax,
wo dopMyoTb BaCKynOCUHLUITIanbHi MeMbpaHu, Ha Hawy AyMKY, 6ynn KOMNEHCOBaHi Bxe cdop-
MOBaHOI0 MJ1IALEHTOI0 3 AOCTATHbOIO KiJIbKICTIO TEPMiHA/IbHUX BOPCUH Ta STIOKaNbHUM MNaueHTUTOM
(obMexeHUM OAHMM KOTUNEeAOHOM). ANONTOTUYHI 3MiHM cUHUMTIOTpodobnacTta Ta eHAOTenil €
MOpdONoriyHMMKM NposiBaMu rinoKcCii Ta eHepreTnyHoro AediunTy B nnaueHTi. Lli 3MiHKM BuMaratoTb
NoAanbLIOro AOCNIAXEHHS B KOHTEKCTI TPMBANOro NOCTKOBIAHOro iHTEpBany y BariTHWUX, iHdiKo-
BaHUX BipycoM SARS-CoV-2 y apyromy TpuMecTpi.

Knrouosi cnosa: nnayeHta, COVID-19, SARS-CoV-2, BariTHiCTb, BOPCMHMN XOpiOHa, naTosioriyHa

aHarTomi.
Bctyn 3 COVID-19 nicnsa 36 TUXHSA BariTHOCTI, Cro-
MnaueHTa Npuv AOHOLIEHIN BariTHOCTI npea- HYKano Hac NMpoOBECTU Le AOCNIAXEHHS.
CTaBJjieHa KOTuUNeAoHaMW, gKi BMillyHTb pO3-
ranyxeHHst ogHiei ctoBbypoBOi BOpPCUMHM Ha MeTa gocnig>keHHs
3pini NPOMiXHI Ta TepMiHanbHi BOPCUHU XOpio- Jocniantyn natoMopdooriyHi 3MiHM NaaueHTn
Ha [1]. YTBOpeHHS TepMiHa/IbHUX BOPCUH Bia- Npwv AOHOLIEHIN BariTHOCTI B FOCTPOMY nepioai
6yBa€ETbCA y TpeTbOMYy TpMMeCTpi BariTHOCTI, COVID-19 y martepi.
BOHU € Axepenom (popMyBaHHS BaCKYNOCUH-
uMTianbHMX MeMbpaH [2], aki 3abe3neuytoTb MaTepianu Ta MeToaMn AOCAIAXKEHHSNA
andysinHmin 0bMiH Ta cpopMoBaHi eHaoTenio- JocnigxyBanu nnaueHTty (n=37) y roctpomy
umMTtoM, 6asanbHO MeMbpaHol Ta uuTonnas- nepiogi COVID-19 y BariTHOi Npn HapoXeHHi
MOl cuHuuTioTpodobnacTa [3]. 3amoBinbHMI XUBUX AOHOLIEHUX HEMOBANAT Ha 37-41 Tux-
CTaH nnoaa 3abe3nedyloTb AOCTATHS BaCKy- Hi rectauii. MaTepian 6yB BigibpaHui y Biaai-
napusauia TepMmiHanbHUX BOPCUH XOpioHa Ta neHHi natonoriyHoi aHatomii HOCJT «OXMAT-
BiNbHWI MiXBOpCcuHYacTuii npoctip (MM) [4; ONT» MO3 YkpaiHn 3a nepiog 2020-2021
5; 6; 7], W0 € nepeayMoOBOI0 afAeKBaTHOI nia- poku. COVID-19 y BariTHOI NigTBEpPAXKEHO MO-
ueHTapHoi nepdysii [8, 9]. OnucaHi BuNnagku 3UTUBHUM pe3y/ibTaTOM MosliMepasHoi JlaHuU-
BHYTPIWHbLOYTPOO6HOrO iHIKyBaHHA nsoja Ta rosoi peakuii (MJ1P) Ha HaaBHicTb PHK Bipy-
aHTeHaTanbHOI 3armnbeni nnoga A0 35 TUXHSA cy SARS-CoV-2. TJIP-TeCT HOBOHapOXeHUX
BariTHOCTI, WO nosicHoBanucs GopMyBaHHAM 6yB HeraTvBHUW. TpuBaniCTb MNOCTKOBIAHOMO
nnaueHTapHoi aucdyHkuii npu COVID-19 vy iHTepBany (NpPOMIXOK 4acy BiA AiarHocTy-
BariTHoi [10; 11; 12; 13]. BaHHa COVID-19 po nonorie) ctaHoBuna 1-4
TUXHI. 19 nopiBHAHHA AaHUX A0CigXyBa-
OauvH 3 edekTiB Bnamey SARS-CoV-2 - 36ya- nn nnaueHtn (n=38) npu @isionoriyHnx no-
HMKa KOpoHaBipycHoi iHdekuii (COVID-19) norax po enigemii COVID-19. 3acTocoByBanu
MiCTUTb 3B’A3yBaHHS 3 peLenToOpOM aHrio- MaKpPOCKOMIYHWUI, MiIKPOCKOMIYHWUI, enekTpo-
TeH3uHnepeTBoplotovoro depmerHty II Tuny HHO-MikpockoniyHui  (EM), MopdomeTpuu-
(ACE2), wo npucyTHI y KniTuHax 6araTbox HUA Ta CTAaTUCTUYHWUI MeToAM AOCHIAXKEHHS.
opraHie [14; 15], akTmBauito eHaoTenianbHUX 3pi3n 3abapsntoBann rictoNoriyHMMmM 3arasnb-
KNiTUH, Makpodaris, HEUTPOINiB 3 NOpyLUEH- HOMPUMAHATUMM METOAMKAMM, Ta IMYHOriCTO-
HAM MiKpoUMpKyNnauii Ta peMoaentoBaHHAM XiMiYHO i3 3aCTOCYyBaHHAM MOHOKJ/IOHANIbHUX
CyAMH BOpCMHYacToro xopioHa [16; 17]. Bu- MULWwa4mx aHTmTin npotn CD34 (Thermo Fisher
3HAYEeHHSA OKPEeMUX JIAHOK KOMMEHCAaTOpPHUX Scientific, CLUA) B pobounx po3BeAeHHSX.
MexaHi3MiB MnnaueHTn, WO € 3anopyKoK Ha- [na Bi3yanisauii NOBHOro riCTof0rivyHOro 3pi-

poaXeHHs MJIP-HeraTMBHUX HEMOBJIAT Y XIHOK 3y TKaHWH MpoBOAMAW KOMMN'IOTEpPHE A0Chi-
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Conclusions. In the acute phase of COVID-19, pathomorphological changes were observed in
the placenta, indicating endothelial dysfunction caused by SARS-CoV-2. This was manifested
by circulatory disorders, swelling of the stroma of the chorionic villi with a reduction in capillary
lumen size and the percentage of free intervillous space, and inflammatory infiltration, leading
to maternal and fetal malperfusion in the placenta. In our opinion, pathology changes in the
structures forming the vasculosyncytial membranes were compensated by the already-formed
placenta with sufficient terminal villi and local placentitis (limited to one cotyledon). Apoptotic
changes in the syncytiotrophoblast and endothelium are morphological manifestations of hypoxia
and energy deficiency in the placenta. These changes require further investigation in the context
of the prolonged post-COVID interval in pregnant women infected with the SARS-CoV-2 virus
during the second trimester.

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

Introduction. The placenta in a full-term The purpose of the study

pregnancy is represented by cotyledons, To investigate the pathomorphological chang-
which accommodate the branching of one es in the placenta during full-term pregnancy
stem villus into mature intermediate and ter- in the acute phase of COVID-19 in women.
minal villi of the chorion [1]. The formation
of terminal villi occurs in the third trimes- Research materials and methods
ter of pregnancy; they are the source of the We studied the placenta (n=37) in the acute
formation of vasculosyncytial membranes phase of COVID-19 in pregnant women who
[2]. The latter provide diffusional exchange gave birth to live full-term infants at 37-41
and are formed by an endotheliocyte, a bas- weeks of gestation. The material was se-
al membrane and the syncytiotrophoblast lected from the Department of Pathological
cytoplasm [3]. The satisfactory condition Anatomy of the NSCH OHMATDYT of the Min-
of the fetus is ensured by sufficient vascu- istry of Health of Ukraine from 2020 to 2021.
larization of the terminal villi of the chorion COVID-19 in pregnant women was con-
and the free intervillous space (IS) [4; 5; 6; firmed by a positive polymerase chain reac-
7], which is a prerequisite for adequate pla- tion (PCR) result for the presence of SARS-
cental perfusion [8; 9]. Cases of intrauterine CoV-2 RNA. The PCR test of newborns was
infection of the fetus and antenatal death of negative. The post-covid interval (the period
the fetus up to the 35th week of pregnan- from the diagnosis of COVID-19 to delivery)
cy were described, which were explained by was between 1 and 4 weeks. To compare the
the formation of placental dysfunction with data, placentas (n=38) were studied during
COVID-19 in a pregnant woman [10; 11; physiological childbirth before the COVID-19
12; 13]. epidemic. Macroscopic, microscopic, elec-
tron-microscopic (EM), morphometric and
One of the effects of SARS-CoV-2, the statistical research methods were used.
causative agent of coronavirus infection Sections were stained histologically using
(COVID-19), is binding to the receptor generally accepted methods and immuno-
for angiotensin-converting enzyme type histochemically using monoclonal mouse
IT (ACE2), which is present in the cells of antibodies against CD34 (Thermo Fisher
many organs [14; 15], resulting in the ac- Scientific, USA) in working dilutions. To visu-
tivation of endothelial cells, macrophages, alize a complete histological tissue section,
neutrophils that leads to impaired micro- a computer study of the digitized slides was
circulation and remodeling of vessels of the performed using a Pannoramic DESK DW II
villous chorion [16; 17]. Determining indi- digital scanner [18]. To determine the quan-
vidual components of compensatory mech- titative differences between terminal villi
anisms of the placenta, which is the key to (capillaries, stroma) and IS in the graphic
the birth of PCR-negative babies in women editor Microsoft Paint, the studied histolog-
with COVID-19 after 36 weeks of pregnancy, ical structures were additionally colored in
prompted us to conduct a study. a color that differed from the colors of the
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JXeHHS oundpoBaHMX Cnanais 3a 4OMNOMOrow
umdposoro ckaHepa Pannoramic DESK DW II
[18]. Ana BM3Ha4YeHHS KiNbKiCHUX BigMiHHOC-
Tel TepMiHanbHUX BOPCUH (Kaninspu, ctpoma)
Ta MM y rpadiyHomMy peaakTopi Microsoft Paint
aonatkoBo 3adapboByBanu AoChigXyBaHi ri-
CTOJIOTiYHI CTPYKTYPU Y KONIp, AKNI BiApi3HSAB-
CS BiA KONbOPIB riCTONOri4YHOro 3abapBreHHs
CTPYKTYp Ha doTo (Kaninapu — y 4YopHuii, doH
- Yy 3eNeHUN KONip) 3 HAaCTYMHMM 3aBaHTaXeH-
HAM apXxiBHUX doTo (%200, x600) y dopmari
JPEG Ha ONLINE JPG TOOLS (onlinejpgtools.
com/find-dominant-jpg-colors) 3 BM3Ha4yeH-
HAM BiACOTKa KONbopy 3abapBneHHs. BiacoTok
KO/IbOpY € BIiACOTKOM MJiOWi AO0CNiAXYBaHOI
CcTpykTypn Ha doto (5, 7). WinbHiCTb CUH-
uMTianbHUX BY3NUKIB 064MCAOBanM METOAOM
KinbKicHOI nnaHimMeTpii [19]. YnbTpacTpyKTyp-
Hi 3MiHW Y BaCKyNOCUHUUTIaNbHUX MeMbpaHax
BMBYaNu 3a gonomorow EM.

3abip dparMeHTiB TKAHWHU NAALEHTU PO3Mi-
pom 1-2 MM3 npoBOAWAM Bigpasy Nicis nonoris,
dikcyBanun B cyMiwi 4 % napadopmanbaeriay
(Aldrich, HimeuunHa), 2.5 % rnoTapanbaerigy
(Raaral, YropwwuHa) i Ha 0.1 M kakoamnaTHoO-
My 6ydepi pH 7.4 (Agar scientific, HimeuunHa)
3 HacTynHow Jodikcauielo B O4HOMPOLIEHT-
HOMY PpO34YMHi YOTMPbLOXOKUCY OcCMito (Agar
scientific, HimeuunHa) [20], 3HeBoAHIOBaNn B
3pOoCTaryMX KOHUEHTpaUidX eTaHosy i OKCi-
nponifneHy Ta 3anvMeanau B CyMill eNoOKCUAHUX
cmon (enoH-apanawTt, Fluka, LUBenuapis) 3a
CTaHAAPTHUMU MEeTOAUKAMMU eSIEKTPOHHOI Mi-
KpocCKornii. YNbTpaToHKi 3pi3n ToBwMHOWO 70
HM BMIOTOBASN Ha ynbTpaToMmi LKB (LUBewis).
[Ons noninweHHa KoHTpacTy ix 3abapsntoBanu
CTaHgapTHuMm MeTtoaoM Reynolds [21] i npo-
OVBNIANNCA B eNeKTPOHHOMY Mikpockoni MNEM
100-1 (SELMI, YkpaiHa) 3a npuCKOpIOBasbHOI
Hanpyrun 75 kB.

CTaTUCTUYHUIA  aHani3  pe3ynbTaTiB  BUKO-
HyBann 3 BWKOPUCTAHHAM MakeTy nporpaM
STATISTICA 8.0 (StatSoft, USA), cepiiHnii Ho-
Mep STA862D175437Q Ta MedStat, cepiliHuni
HoMmep 85684586. [ns ctaTUCTUYHOI 06pObKM
AaHMX 3aCTOCOBYBa/M MeToAM BapiauiliHOi cTa-
TUCTUKW. [119 OUIHKM Pi3HULI MiX MOpiBHIOBaHU-
MW CepefiHiMU 3HAaYEeHHSAMU OBOX He3anexHuX
CYKYMHOCTen npu Manmx Bubipkax 3acTocoByBa-
NN HenapameTpuyHui U-kputepin MaHHa-YiTHI
(Mann-Whitney U Test). PaHrosi aaHi HaBeaeHi
y dopmMaTi MefiaHa 3 HMXHIM Ta BEPXHIM KBap-
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Tmnamn (Me [Q1; Q3]). BigMiHHOCTI BBaxkanu
CTaTUCTUYHO 3Hauvywmmm npu p < 0.05.

Pe3synbTatn

Mu BuBYanu natoMopdoNorivyHi 3MiHM nna-
LLeHT HEMOBJIAT, HAPOAXEHUX XMUBUMKU, MaTepi
AKNX xBopiin Ha COVID-19 Ha 36-40 TWxHI
BariTHocTi. MNepebir KopoHaBipyCHOI xBOpobu
y 14 BariTHMX BM3HaA4aBCsa AK nerkun, y 21 -
cepefHbO-BaXKWUIM Ta y 2 BMNagKax AiarHoc-
TOBAHO BaXXKMWW CTaH 3 MHEBMOHI€. He3Baxa-
I0UM Ha BaXKiCTb Nepebiry xBopobu y maTtepi,
AiTn 6ynu ouiHeHi Npu HapoAXXeHHI 3a LWKasnok
Anrap y 7 - 9 6anis Ta Manu HeratuBHuin MJ1P
TecT Ha HasasHicTb PHK Bipycy SARS-CoV-2.

Ha moMeHT nonorie TepMiH BaritHocTi 6yB 39.9
[36. 41] TwxHiB (Tabnuusa 1) Ta He BiApi3HAB-
CS Bifl TEPMIiHY Yy rpyni NOpiBHAHHA — 39.4 [37.
40] TnxHiIB.

Mpn MakpoCKOMIYHOMY AOCAIAXEHHI naaueHT
npn COVID-19 BuaBNAIM ANCUMPKYIATOPHI
po3naAn: HepiBHOMipHe MOBHOKpPOB'a (puc.l1),
BOMHULLEBI KPOBOBWIMBM Yy TOBLLY OpraHy
(puc.1. E). Ha ™MaTepuHCbKilAi NMOBEpXHi Bia-
KNageHHs >XOBTyBaToro 3abapsneHHs -  i-
6puH (puc.1l. Bb. B) Ta 3ryctku kposi (puc.l.
B. A). NMpueepTtano ao cebe yBary TeEMHO-BULL-
HeBe 3abapBneHHs KpoBi. AMHIOTUYHI 0600H-
Kn 6ynuM NOTOBLUEHI Ta Manu XOBTyBaTe 3a-
6apBfneHHs, 3 BOMHULEBUMU KPOBOBUINBAMMU
(puc.1; A, IN). Mig obonoHkamMn Ta Ha po3pisi
nnaveHtn y 29.7 % (95 %AI: 15.9 % - 45.8
%) BUABNEHO BOrHULLEBI iIHDapPKTXU YepBOHOIO
Ta 6nigo-xoBToro 3abapeneHHs (puc. 1; I, E).

Mpy MIKPOCKOMIYHOMY AOCHIAXEHHI MnaueHT
npu COVID-19 y BariTHOI B rocTpoMy nepiogi
xBopobu y 97.3 % (95 % AI: 89.4 % - 100
%) BUABNANN ANCUMPKYNSTOPHI po3naaun (pwc.
2. A; Tab.1): kpososunuen y MIl (puc. 4), wo
EM igeHTndikyBano sk arperauito (3nunaHHs)
eputpoumTiB (puc. 4; 4 - 1). Y npocsiTti cyanH
BOPCWMH XOpioHa — cTa3n, Tpom6o3u (Tabnuus
1). Mpwn EM B NpOCBITi CyaAWHN BUABNSAAW arpe-
rauito epuTpouUTIiB 3 YTBOPEHHAM crneundiuHnX
croBnuukis (puc.5; I, E, 3 — 1) Ta TpoMboum-
™ (puc.5; E - 2). B enpotenii cyanH BusBns-
NN anonTUYHI 3MiHU: KOoHAEeHcauia XpoMaTuHy,
iHBariHauii saepHOi 060M10HKN, YTBOPEHHS YnC-
NIEHHMX UMTOMNMa3MaTUYHUX BigpocTKiB (puc. 5;
I). Yci cnocTtepexeHHs cynpoBOAXYBanucs nna-
LeHTMTOM: 6asanbHuin geumnayit — 100 % (95
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histological staining of the structures in the
photo (capillaries - in black, background - in
green) with subsequent loading of archival
images (x200, x600) in JPEG format using
ONLINE JPG TOOLS (onlinejpgtools.com/
find-dominant-jpg-colors) with the determi-
nation of the color percentage. The percent-
age of color represents the percentage of the
area of the studied structure in the photo [5;
7]. The density of syncytial nodules was cal-
culated using quantitative planimetry [19].
Ultrastructural changes in vasculosyncytial
membranes were studied using EM.

Placental tissue fragments with a size of 1-2
sq. mm were taken immediately after deliv-
ery, fixed in a mixture of 4% paraformalde-
hyde (Aldrich, Germany), 2.5% glutaralde-
hyde (Raaral, Hungary) and 0.1 M cacodylate
buffer pH 7.4 (“Agar scientific,” Germany) fol-
lowed by fixation in a 1% solution of osmium
tetroxide (“Agar scientific.” Germany) [20].
The samples were dehydrated in increasing
concentrations of ethanol and oxypropylene
and embedded in a mixture of epoxy resins
(Epon-Araldite, “Fluka,” Switzerland) using
standard electron microscopy techniques.
Ultrathin sections with a thickness of 70 nm
were made on an LKB ultratome (Sweden).
To increase the contrast, they were stained
using the standard Reynolds method [21]
and viewed through an electron microscope
PEM 100-1 (“SELMI,” Ukraine) at an acceler-
ating voltage of 75 kV.

Statistical analysis of the results was per-
formed using the STATISTICA 8.0 software
package (StatSoft, USA), serial number
STA862D175437Q, and MedStat, serial num-
ber 85684586. Variational statistics methods
were used for statistical data processing.
The non-parametric Mann-Whitney U Test
was used to assess the difference between
the average values of two independent pop-
ulations with small samples. Rank data are
presented in median format with lower and
upper quartiles (Me [Q1; Q3]). Differences
were considered statistically significant at p
< 0.05.

The results

We studied pathomorphological changes in
the placentas of babies born alive to moth-
ers who had COVID-19 at 36-40 weeks of
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pregnancy. The course of the coronavirus dis-
ease in 14 pregnant women was defined as
mild, in 21 - medium-severe, and in 2 cases,
a severe condition with pneumonia was di-
agnosed. Despite the severity of the moth-
er’s illness, children were assessed at birth
as having 7-9 points on the Apgar scale and
a negative PCR test for the presence of RNA
of the SARS-CoV-2 virus.

At the time of delivery, the gestation period
was 39.9 [36. 41] weeks (Table 1) and did
not differ from the period in the comparison
group, which was 39.4 [37. 40] weeks.

During the macroscopic examination of the
placentas with COVID-19, dyscirculatory dis-
orders were revealed: uneven, full blood
(Fig. 1) and focal hemorrhages in the thick-
ness of the organ (Fig. 1.F). On the mater-
nal surface, yellowish deposits - fibrin (Fig. 1.
B. C) and blood clots (Fig. 1. B. E). The dark
cherry color of the blood attracted attention.
The amniotic membranes were thickened and
yellowish, with focal hemorrhages (Fig. 1. A,
D). Focal infarcts of red and pale-yellow col-
or were found under the membranes and on
the section of the placenta in 29.7% (95% CI:
15.9%-45.8%) (Fig. 1. D, F).

During the microscopic examination of the
placentas of pregnant women with COVID-19,
dyscirculatory disorders were detected in
97.3% (95%CI: 89.4%-100%) of cases in
the acute phase of the disease (Fig. 2. A;
Table 1): hemorrhages in the IS (Fig. 4) were
identified by EM as aggregation (clumping)
of erythrocytes (Fig. 4. E - 1). Stasis and
thrombosis were observed in the lumen of the
chorionic villi vessels (Table 1). During EM,
erythrocyte aggregation with the formation of
specific columns (Fig. 5. D, F, H- 1) and platelet
degranulation (Fig. 5. F - 2) were detected
in the vessel Ilumen. Apoptotic changes
were noted in the endothelium of vessels:
condensation of chromatin, intussusception
of the nuclear envelope, and formation of
numerous cytoplasmic processes (Fig. 5.
I). All observations were accompanied by
placentitis: basal deciduitis in 100% (95%CI:
94.6-99.5%), chorioamnionitis in 97.3%
(95%CI: 89.4%-100%) and focal intervillositis
in 16.2% (95%CI: 6.0-30.1%) of cases.
Intervillositis was manifested by leukocyte
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PucyHok 1. MaTtomopdonoriyHi 3MiHn nnaueHT npym COVID-19 y BariTHOI Ha 39 TWXXHI NPV HApPOAXXEHHI XWBOro NaoAa.
A, B, B - nerknii nepebir; I', 4, E — TaXkuin cTaH 3 NHeBMOHI€. A, [ — nnogoBa nosepxHs. b, [l — MaTepuHcbka noBepx-
H4. B, E — BUrngaa niaueHTu Ha po3pisi.

% Al: 94.6% - 99.5 %), xopioaMHioHIT 6yB Yy
97.3 % (95 % AlI: 89.4 % -100%) Ta BOrHU-
LeBWUI iHTepBiny3uTy 16.2 % (95 % AI: 6.0 %
- 30.1 %) Bunagkax. IHTepBiny3uT nposiBnsBs-
Csl nerkouuTapHo iHdinbTpauieto y MIM Ta cy-
NPOBOAXYBABCS BiAKNagaeHHAM @ibpuHoigy no
nepuMeTpy BOPCUH XopioHa (puc. 2; B; puc. 4;
B, B) 3 4aCTKOBOO BTPATOIO LWapy CUHLUMTIOTPO-
dobnacra (puc.3. A; puc. 4. b, B). Y kniTuHax
36epexXeHoro CUHUMUTIIO MOMIYEHO YLUINIbHEHHS
aApa — KapionikHo3, y BUrngaai KoHaeHcauil Xpo-
mMatuHy (puc. 4; . 4; A; puc. 6; b, IN), y uu-
TOMNasMi — po3LWNPEHHSA LUUCTEPH MaZAKOro eH-
A0nnasMaTUyYHOro peTukynymy 3 hopMyBaHHAM
yncneHHmx Bakyonen (puc. 4; I, O, puc. 5; IN).

KinbKiCTb TepMiHa/IbHUX BOPCUH XOpioHa He

182

BiApi3HAMAca Bi4 rpynu NopiBHAHHA Ta ckiana
25.9 (21; 29) npotun 25.3 (20; 30). MNpu ubomy
y 97.3 % (95 %AI1: 89.4 %-100 %) BuMnaakis
npn COVID-19 y maTepi TepMiHanbHi BOPCUHU
xopioHa 6ynu Habpsknaumm (puc. 3. A.1.2.3;
puc. 5. A, B, [, X) NopiBHSHO 3 KOHTPOJIbHOO
rpynoto (puc. 3. b5.1.2.3). byno BusiBneHo cge-
pUYHOI (POpPMU CTPYKTYPU CXOXi A0 BipyCHUX
yactok [15] 3 eneKkTpOHHO-LWiNbHOK 0600H-
kot (puc. 5, X - ctpinku). CohepnuHoi dop-
MW YaCTKM pO3TalloBaHi 330BHi, 6ina KAITUHHOI
mMeMbpaHn @ibpobnacra. MNpu EM Buasnanu
MYKOIAHI 3MIHW OCHOBHOI PEYOBUHW CMOJTYYHOI
TKaQHMHW CTPOMW BOPCUH XOpiOHa, WO MposiB-
NAN0CS BTPaTO KOMMAaKTHOCTI KOJiareHoBUX
BOJIOKOH 3i 36epexeHol CTpyKTypot, Ta oi-
6pUHOIAHMMM 3MiHAMW 3 BTpaTOlo MornepeyvHol
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Fig. 1. Pathomorphological changes in the placenta in a 39-week pregnant woman with COVID-19 who gave birth to a
live fetus. A, B, C - mild case; D, E, F - severe condition with pneumonia. A, D - fetal surface. B, E — maternal surface.
C, F - view of the placenta in cross-section.

infiltration in the IS and was accompanied
by fibrinoid deposition along the perimeter
of the chorionic villi (Fig. 2 B; Fig. 4 B, C)
with partial loss of the syncytiotrophoblast
layer (Fig. 3. A; Fig. 4. B, C). The compaction
of the nucleus (karyopyknosis) in the form
of chromatin condensation (Fig. 4. D. 4; A;
Fig. 6. B, D) was observed in the cells of the
preserved syncytium, and an expansion of
smooth endoplasmic reticulum cisterns with
the formation of numerous vacuoles was
observed in the cytoplasm (Fig. 4 G, D.; Fig.
5 D).

The number of terminal villi of the chorion
did not differ from the comparison group,
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amounting to 25.9 [21; 29] versus 25.3 [20;
30]. However, in 97.3% (95% CI: 89.4-100%)
of cases with COVID-19 in the mother, the
terminal villi of the chorion appeared swollen
(Fig. 3.A.1.2.3; Fig. 5. A, C, E, G) compared to
the control group (Fig. 3. B.1.2.3). Spherical
structures resembling viral particles [15] with
an electron-dense shell, were detected (Fig.
5. G - arrows). These spherical particles were
located externally, near the cell membrane of
the fibroblast. Electron microscopy revealed
mucoid changes in the ground substance of
the connective tissue of the stroma of the
chorionic villi, characterized by the loss of
collagen fiber compactness, while the fiber
structure remained intact. Fibrinoid changes



Mpaui HTLW MeanyHi Haykun Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua
2024, Tom 76, N° 2 ISSN 2708-8634 (print) ISSN 2708-8642 (online) 2024, Vol. 76, 2

OpuriHanbHi 4OCAIAXEHHS: KNIHIYHI HayKKn Original research: Clinical sciences

gb(244, 174, 231)

rgb(179, 90, 179)

rgb(20, 203, 72)

PucyHok 2. CTpyKTypHi 3MiHW niaueHT B roctpomy nepiogi COVID-19 y BariTHoi: A — COVID-19 Ha 39 TWXHi BariTHOCTI.

36iNblUEHHSA KiNbKOCTI CMHUMTIaNbHUX BY3/MKIB, epuTpoumTn y MI1; ekcnpecis MOHOKIOHaNbHUX aHTUTIN npotn CD34 B

eHpoTenii apTepion BOpcuH xopioHa, x400. b — COVID-19 Ha 38 TuxHi BaritTHoCTi. BopcMHM OKOHTYpoBaHi dibprHoigom,

nevikounTn y MM; T'E, x600. B — kinbkicHe BM3Ha4vyeHHs MI 3a Buwe 3a3HavyeHnM crnocobom; ME, x400. [ - BU3HAUYEHHS
BiiICOTKa BOPCUH XopioHa Ta Ml B nporpami ONLINE JPG TOOLS.

Tabnnys 1

MaTtomopchonorivyHi 3MiHM NNaLEeHTn XXMBUX HEMOBAAT npu COVID-19
y MaTepi y roctpoMy nepiofi Ta y rpyni NOpiBHAHHA

MaToMopdonoriyHi 3MiHM COVID-19 (n=37) 'pyna nopiBHAHHA (N=38)
TepMiH BariTHOCTI 39.9 (36; 41) 39.4 (37; 40)
KinbKicTb TepMiHaNbHUX BOPCUH? 25.9 (21; 29) 25.3 (20; 30)
Habpsik cTpoMK TepMiHanbHUX BOp- n=36 n=0
CWH, BIACOTOK CTPOMM 97.3 % (95 % Al: 89.4 % -100 %); 0 % (95 % AI: 0.0% - 4.7 %);
! 71.1(49.5; 85.1)* 32.6 (26.2; 39.5)
Crasu, TpoM6031, KPOBOBUINBMU n=36 n=4
! ! 97.3 % (95 % Al: 89.4 % -100 %)* 10.5 % (95% A1: 2.7 %-22.5 %)
3BYXEHHA NPOCBITY Kaninapis n=36 n=0
TepMiHa/IbHNUX BOPCUH, BiACOTOK 97.3 % (95 %A41: 89.4 % —-100 %); 0 % (95 % A1: 0.0 % -4.7%);
Kaninsapis 29.9 (14.5; 51.2)* 67.4 (58.7; 73.8)
= XopioaMHioHIT n=36
s 97.3 % (95 % AI: 89.4 % - 100 %)
5 IHTepBiny3nT n=6 -
= 16.2 % (95 % [AI: 6.0 % - 30.1 %)
©
= BazanbHui geunayit n=37
c 100 % (95 % AOI: 94.6 % - 99.5 %)
IHdapkTm n=11 n=>
29.7 % (95 % [AI: 15.9 % - 4.8 %) 13.2 % (95 % AI: 4.2 %—--26%)
CuHUMTIanbHi By3nuku! 12.8 (11; 14)* 5.9 (5;7)
Mi>XBOpCUHYACTUIA NPOCTip 21.7 (12.9; 33.1)* 44.2(40.3; 49.7)

MpuMiTKN: * — KINbKICTb AOCNIAXYBaHUX CTPYKTYP B OAHOMY Mofi 30py npu 36inbweHHi Mikpockona 400; * - p < 0.0001
(Mann-Whitney U-test).
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Fig. 2. Structural changes of the placenta in the acute phase of COVID-19 in a pregnant woman: A - COVID-19 at 39 weeks of

gestation. An increase in the number of syncytial nodules and erythrocytes in IS; expression of monoclonal antibodies against

CD34 in the endothelium of arterioles of chorionic villi, x400. B — COVID-19 at 38 weeks of gestation. Villi are outlined by

fibrinoid and leukocytes in IS; H&E stain, x600. C — quantitative determination of IS according to the aforementioned method;
H&E stain, x400. D — determination of the percentage of chorionic villi and IS in the ONLINE JPG TOOLS program.

Table 1

Pathomorphological changes in the placenta of live infants born to mothers
with COVID-19 during the acute phase, compared to a control group

Pathomorphological changes COVID-19 (n=37) Comparison group (n=38)
Pregnancy period 39.9 [36; 41] 39.4 [37; 40]
Number of terminal villit 25.9 [21; 29] 25.3 [20; 30]
. . - n=36 n=0
Swelling °£rt£‘eenf;r%“:)af gtfrgif:'“a' villi, 97.3% (95%IS: 89.4-100%); 0% (95%IS: 0.0-4.7%);
P 9 71.1[49.5; 85.1]* 32.6 [26.2; 39.5]
Stasis, thrombosis, hemorrhages n=36 n=4
! ! 97.3% (95%]IS: 89.4%-100%)* 10.5% (95%]IS: 2.7-22.5%)
. I n=36 n=0
Narrowing of lumen of capillaries of
! 9 eSO 97.3% (95%IS: 89.4-100%); 0% (95%IS: 0.0-4.7%);
terminal villi, percentage of capillaries 29.9 [14.5; 51.2]* 67.4 [58.7; 73.8]
. s n=36
2 Chorioamnionitis 97.3% (95%IS: 89.4-100%)
hd
c R, n=6
g Intervillositis 16.2% (95%IS: 6.0-30.1%) -
©
= R n=37
o
Basal deciduitis 100% (95%IS: 94.6-99.5%)
Infarction n=11 n=>
29.7% (95%]IS: 15.9-45.8%) 13.2% (95%]IS: 4.2-26%)
Syncytial nodules! 12.8 [11; 14]* 5.9 [5; 7]
Intervillous space 21.7 [12.9; 33.1]* 44.2 [40.3; 49.7]

Note: 1 - the number of studied structures in a single field of view at a microscope magnification of 400x; *p<0.0001
(Mann-Whitney U-test)
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PucyHok 3. MikpockoniyHi 3MiHKM nnaueHT npu COVID-19 (A) Ta y rpyni nopiBHsiHHA (B). KinbkicHe BU3HauYeHHs BiACOTKIB
CyAWH Ta CTPOMM Y TiCTOMIOrYHOMY 3pi3i TepMiHanbHOi BopcuHM npmn COVID-19 y BariTHOI Ta npu disionoriyHnx nonorax:
1 (A, B) - TepMiHanbHi BOPCUHM, EKCMPECist MOHOKIOHaNbHUX aHTUTIN NnpoTu CD34 B eHAaoTenii cyauH BOPCUH xopioHa, (A,
x700; b, x1000). 2 - y rpadiuHoMy peaakTopi Microsoft Paint 3acdapboBaHunii NpocBIT CyaAnH Ta DOH OTOYEHHS BOPCUHU Y
KONbOpW (YOpHUI Ta 3eneHui). 3 — BU3HAYEHHS BiACOTKIB CyAMH Ta CTPOMM 3a HaBeAeHWM BuLLE CMOCO60M

NOCMYrOBaHOCTI OCTaHHIX, rOMOreHisaui€w Ta
po3nagom (puc. 5; B, [). BuasneHo Bigkna-
AeHHa @dibpuHy B CTpoMi. BiacoTtok cTtpomu B
TepMiHanbHMX BopcuHax rnpu COVID-19 cknas
71.1 (49.5; 85.1) npotn 32.6 (26.2; 39.5) y
rpyni nopiBHaHHA (p<0.0001). Takox 6yno Bu-
ABJ/IEHO 3MEHLUEeHHA BiACOTKA Mol MNpocBiTy
CYAVH Yy TEpPMiHaNbHUX BOpcMHax — 29.9 (14.5;
51.2) (puc. 3; A 1, 2, 3) npotn 67.4 (58.7;
73.8) y rpyni nopiBHaHHSA; p<0.0001 (puc. 3;
b 1, 2, 3). BigMiueHO 3MeHLeHHS BigcoTky M
- 21.7 (12.9; 33.1) npotn 44.2 (40.3; 49.7)
p<0.0001 (puc. 2; B, IN). Mix 6n13bko po3Ta-
LWOBAaHUMWN TepMiHanbHUMK BOpcUMHaMm 6yno
rMoMiTHe 36iNblUEeHHSA KiNbKOCTI CUHUMUTIANbHUX
By3nukiB (puc. 6), wo cknano npm COVID-19
-12.8(11; 14) npotn 5.9 (5; 7) y rpyni nopis-
HAHHA. [lpn EM By3nuku Burnaganu gk cKyn-
YEHHS BEJINKOI KiJIbKOCTi a4ep HernpasuibHOI
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dopmn  cumHumuTIioTpodobnacTta, 3 UYMCAEHHUM
BUMUHAHHAM s4epHOi 060M0HKM 3 Ae30praHi-
3aui€lo  g4epeub, KOHAEHCALIE XpOMaTUHY
(puc. 6, B). Y Micuax, ae TepMiHanbHi BOpCU-
HM 6/IM3bKO pO3TalOBYBaNUCsA OA4Ha Big O4HOI
CnocTepirasnocs 3MeHLWEeHHS KiNlbKOCTi MiKpo-
BOPCUMHOK Ha MoBepXxHi cuHuuTioTpodobnacra,
3MiHa X GopMU Ta 3MEHLUEHHS AOBXWHU, OKpe-
MWX A0 NOBHOI iX BTpatn (puc.6; I, 2). Cxoxi
3MiHW MIKPOBOPCWHOK BUSIBASSIUCS I NPU KOH-
TaKTi BOPCUH 3 epuTpounTamMmm rnpm KpoBoBUIIN-
Bax y MM (puc. 4, IN).

O6roBopeHHA

BuasneHi natoMopdonoriyHi 3MiHW niaueH-
TM B roctpomy nepioai COVID-19 mann Hu3-
Ky ocobnusocTeli. TepMiH BariTHOCTi Ha uJac
nosnorie - 39.9 (36, 41) TMxHiB. He3Baxato-
UM Ha BaXKiCTb nepebiry xsopobu y martepi,
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Fig. 3. Microscopic changes of placentas in COVID-19 (A) and the control group (B). Quantitative determination of
the percentage ratio of blood vessels and stroma in a histological section of terminal villi in a pregnant woman with
COVID-19 compared to physiological childbirth: 1 (A, B) — terminal villi, expression of monoclonal antibodies against
CD34 in the endothelium of chorionic villi vessels, (A, x700; B, x1000). 2 - using the graphic editor Microsoft Paint,
the lumen of the blood vessels and the surrounding background of the villi were colored (black and green). 3 -
determination of the percentage of vessels and stroma was carried out according to the method described above.

were also observed, with the loss of transverse
striation, homogenization, and disintegration
(Fig. 5. C, E). Fibrin deposition in the stroma
was also noted. The percentage of stroma
in terminal villi in COVID-19 cases was 71.1
[49.5; 85.1] against 32.6 [26.2; 39.5] in
the comparison group (p<0.0001). There
was also a decrease in the percentage of the
lumen area of the vessels in the terminal villi
-29.9[14.5; 51.2] (Fig. 3. A. 1. 2. 3) against
67.4 [58.7; 73.8] in the comparison group;
p<0.0001 (Fig. 3. B. 1. 2. 3). A decrease in
the percentage of IS was observed - 21.7
[12.9; 33.1] compared to 44.2 [40.3; 49.7],
p<0.0001 (Fig. 2. C. D.). An increase in the
number of syncytial nodules was observed
between closely located terminal villi (Fig. 6),
amountingto 12.8[11; 14]in COVID-19 cases
versus 5.9 [5; 7] in the comparison group.
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Under EM, the nodules appeared as clusters
of irregularly shaped syncytiotrophoblast
nuclei, with numerous protrusions of the
nuclear envelope, nucleoli disorganization,
and chromatin condensation (Fig. 6. B). In
areas where the terminal villi were closely
positioned, a reduction in the number of
microvilli on the syncytiotrophoblast surface,
changes in their shape, and a decrease in the
length of individual villi until their complete
loss were observed (Fig. 6. D. 2). Similar
microvilli alterations were detected when
the villi came into contact with erythrocytes
during hemorrhages in the IS (Fig. 4.D).

Discussion

The identified pathomorphological changes of
the placenta in the acute phase of COVID-19
revealed several features. The gestational age
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PucyHok 4. baraTopiBHeHBIi: MaKpOCKOMiYHi, MiKpOCKOMIYHI Ta eNeKpOHHO-MiKpOCKOMiYHI 3MiHK naaueHT npmn COVID-19
y BariTHOI y rocTpoMy nepioai xBopobu. A — KpoBOBMIMBMK (KOBTa CTpifika) MiXX BopcMHaMm xopioHa (*), x5. b - Habpsik
TepMiHaNbHOI BOPCMHM, OTOYEeHOT hibpMHOIAOM, YacTkoBa BTpaTa Wapy cuHumMTioTpodobnacTta, epuTpoLmTN Y MidXXKBOP-
cuH4YacTtoMmy npoctopi. I, [ — eputpounTn (1) y MM (3), ' — 3MeHLIEHHS BiACTaHi MiXk TepMiHaNbHMMW BOPCMHaMu (2),
MPUCTIHKOBa KOHAEHCAList XpoMaTUHY Y s4pi cuHumuTioTpodobnacta (4), MikpOBOPCUHKKN cMHUMTIOTpodobnacTa (YopHa
CcTpinka), Bakyoni y unmtonnasmi cuHumutioTpodobnacta (YepBoHa cTpinka), cyamHa (5), poswmnpeHHst 6asanbHoi meMbpa-
HM (>koBTa cTpinka), x400; x1100; I, A, - EM, x4000, x6000.
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~

Fig. 4. Multilevel: macroscopic, microscopic, and electron-microscopic changes in the placenta during COVID-19 in a
pregnant woman in the acute phase of the disease. A - hemorrhages (yellow arrow) between the villi of the chorion
(*), x5. B - swelling of the terminal villus surrounded by fibrinoid, partial loss of the syncytiotrophoblast layer, and
erythrocytes in the IS. D, E - erythrocytes (1) in IS (3); D - reduction of the distance between terminal villi (2),
parietal condensation of chromatin in the syncytiotrophoblast nucleus (4), syncytiotrophoblast microvilli (black arrow),
vacuoles in the syncytiotrophoblast cytoplasm (red arrow), vessel (5), and expansion of the basement membrane
(yellow arrow), B,C - H&E; x400; x1100; D, E, - EM, x4000, x6000.
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PucyHok 5. MikpockoniyHi Ta enekpoHHO-MiKpOCKOMiYHi 3MiHK nnaueHTy npn COVID-19 y BariTHOI y rocTpoMy nepioi xsopobu.
A, B — TepMiHanbHa BOpcUHa XOpioHa, CTpoMa (CUHIN KBaapaT), BacKyo-CuHUITianbHa MeMbpaHa (KOpUYHEBWIA KOMip), MiKpo-
BOPCUHKM (YopHa cTpinka); N, x1100, x2000. B, [] — Habpsik CTpOMW BOpPCMHU, KOnareHoBi BoslokHa (dioneTosa cTpinka); X
— BipYCHi YacTku (4YopHa cTpinka); dibpuHoigHe HabpsikaHHA KonareHoBMX BOTOKOH, GibpuH (6ina cTpinka) I' — MikpoBOPCUHKM
(4opHa cTpinka), Bakyoni (YepBoHa CTpinka), po3wmnpeHHs 6asanbHoi MeMbpaHu (>koBTa CTpinka). E — arperauis eputpoumTis
(1) Ta TpomMbounTKM (2) Y NPOCBITI CyAnHW. 3 — 3nunaHHa eputpoumTi (1) y NpPOCBITi CyanHKW, MITOXOHAPIT Y uMTonnasmi eHaoTe-
niounTy (cuHSA cTpinka). I - eputpoumT (1) y npocsiti cyamHn, enpoteniount (2). B, E, I - EM, x3000; I, 4, X, 3 - EM, x10000.
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Fig. 5. Microscopic and electron-microscopic changes in the placenta during COVID-19 in a pregnant woman in the acute
phase of the disease. A, B - terminal villus of the chorion, stroma (blue square), vasculo-syncytial membrane (brown color);
microvilli (black arrow); CD34, x1100, x2000. C, E - swelling of the villus stroma, collagen fibers (purple arrow); G - viral
particles (black arrow); fibrinoid swelling of collagen fibers, fibrin (white arrow). D — microvilli (black arrow), vacuoles (red
arrow), expansion of the basement membrane (yellow arrow). F — aggregation of erythrocytes (1) and platelet degranulation
(2) in the vessel lumen. H - clumping of erythrocytes (1) in the vessel lumen; mitochondria in the endotheliocyte cytoplasm
(blue arrow). I - erythrocyte (1) in the vessel lumen, endotheliocyte (2). C, F, I - EM, x3000; D, E, G, H - EM, x10000.
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PucyHok 6. MiKpOCKOMIYHI Ta €N1eKPOHHO MiKPOCKOMiYHi 3MiHM nnaueHTn npu COVID-19 y BariTHOI y rocTpomMy nepioai
xBopobu. A, B - I'E, x950; x2000; B, ' - EM, x3000, x10000. B.1. - 3MiHu saep cuHumTioTpodobnacTa, ¢pparmMeHTauis
aapa (cTpinka). .1 - 3miHM aapa cuHuuTioTpodobnacta (anonTos); 2 — MiKPOBOPCUHKM MOBEPXHI TEPMiHaNbHOI BOPCUHMU

XOpioHa; 3 — uMTonaasMaTuyHi Bakyoni.

ATV Hapoaunucsa 3 HeraTuBHuUM [1JIP-TecToM
Ta BMCOKMMM 6anamum 3a wkanow Anrap. Mwu
HEe BM3HAYUIN CTAaTUCTUYHO 3HAUYLLOI Pi3HULI
Yy A0CNIoKYBaHUX BUNAAKaX MK BaXKKiCTo ne-
pebiry COVID-19 y BariTHOi Ta MOpP@O0orivyHn-
MW 3MiHaMu nnaueHTwn. B niTepatypi HaBeaeHi
cyrnepeunmsi AaHi WOAO 3a5EeXHOCTI BaX>KOCTi
XBOpObM y MaTepi Ta CTaHy nsoaa npu Hapoa-
XeHHi [3; 11; 26]. desiki aBTOpn BM3HAUUAK
3aN1eXHICTb MiX BaxXKiCT0O xBopobu y Barit-
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HOI Ta 3MiHaMM y NnaueHTi, ane rnpu uboMy He
BpaxoByBanu TEPMIH recrauii, y KoMy XiHKa
3axBopina [22]. Y nonepeaHix AOCNiAXEHHAX
Hamu 6yno BCTAHOBMEHO, WO BaXKiCTb CTaHy
naoAa Ta HOBOHApOAXeHOro (ouiHioBanacs 3a
wkanoto Anrap y 3-6 6anis) nos’sA3aHa 3 BU-
paXeHiCTo 3analbHUX 3MiH Yy MnAaueHTi, dKka
cnocTepiranaca nepesaxHo npu COVID-19 y
XIHKW B ApyroMy TpuMecTpi BariTHocTi [7; 11;
13]. Lle nosicHioBann HECNPOMOXHICTIO 3axXuc-
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Fig. 6. Microscopic and electron microscopic changes in the placenta during COVID-19 in a pregnant woman

in the acute phase of the disease. A, C - CD34, x950; x2000; B, D - EM, x3000, x10000. B.1 - changes in

syncytiotrophoblast nuclei, nuclear fragmentation (arrow). D.1 - changes in the syncytiotrophoblast nucleus
(apoptosis); 2 — microvilli on the surface of the terminal villus of the chorion; 3 - cytoplasmic vacuoles.

at delivery was 39.9 [36; 41] weeks. Despite
the severity of the mother’s illness, the chil-
dren were born with negative PCR tests and
high Apgar scores. We did not find a statisti-
cally significant difference in the studied cases
between the severity of COVID-19 in a preg-
nant woman and the morphological changes in
the placenta. The literature presents conflict-
ing data regarding the relationship between
the severity of the disease in the mother and
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the fetus’s condition at birth [3; 11; 26]. Some
authors identified a correlation between the
severity of the disease in a pregnant woman
and changes in the placenta but did not take
into account the period of gestation during
which the woman became ill [22]. In previ-
ous studies, we established that the severi-
ty of the condition of the fetus and newborn
(as estimated according to the Apgar scale of
3-6 points) is associated with the severity of
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HMX MeXaHi3MiB He3pinoi nnaueHTn [5; 17].

MaToMopdonoriyHMMM nNposiBamMuM B MJIALEHTI
npu COVID-19 y roctpomy nepiofi xBopobu y
mMaTepi 6yB nnaueHTUT (XopioaMHioHIiT — 97.3
% (95 %AI: 89.4 %-100 %), iHTepBiNy3uT -
16.2% (95 %[AI: 6.0 %-30.1 %), 6a3anbHumn
aeumayit — 100 % (95 %A1: 94.6 %-99.5 %)),
wo € npossoM dda3m ekcygauii 3ananbHOro
npouecy. Mpn UbOMY iHTEHCMBHICTb NenKoun-
TapHOI iHdiNnbTpauii B ob6onoHkax Ta 6azanbHil
nnacTuHui nnaueHtn 6yna 3a3Buyalt nomip-
Hoto. [iATBEPAXKEHHAM BEpPTUKANbHOIO LWAAXY
iHbikyBaHHS Bipycom SARS-CoV-2 € 6inblia
BUpa3HicTb nposBy 6asanbHoro geumayity Ta
Cy6XxopianbHOro iHTEPBINY3UTY HiXX BUPA3HICTb
3ananeHHs y aMHioTM4Hnx obonoHkax [5]. Hamu
BUABJIEHO, WO MOLUMPEHICTb IHTEPBINY3UTY MpHU
[OOHOLLEHIN BariTHOCTI obmexyBanacsi OAHUM,
BXe COpMOBaHUM KOTuedoHOM. IHwWi gocnig-
HUKM BigMiYanu BiNy3uT Ta BiaKIaaeHHs dibpu-
HOigy Y MDKBOpCUMHYacToMy npoctopi y 37.7 %
cnoctepexeHb [23]. ®opMmyBaHHSA dibpuHoigy
HaBKOJ10 BOPCUH XOpioHa (MiX CTPOMOKO BOpCU-
HW Ta Wwapom cuHumTiotpodobnacra (puc. 4. B)
nos’sisaHe 3 MigBULLEHHSAM MPOHUKHOCTI KNITUH-
HUX MeMbpaH. EM 3MiHu cuHumuTioTpodobnacta
XapaxkTepusyBanucsa AK anonTUYHi: KOHAEeHCa-
Lig XpoMaTuHy, nosiBa UMTOMNIa3MaTUYHUX Ba-
Kyonen, BTpaTa MiKpOBOPCUHOK. dakTtopamu,
Wo akTMByloTb anonto3 npu COVID-19 € unto-
KiIHOBMI LUTOPM Ta FiNoKcis TKaHWH [24]. MNosiBa
anonTUYHO 3MIHEHUX KNITUH, AK CUHUMTIOTPO-
dobnacra, TaK i eHAOTENII0, CBIAYNTbL NPO eHep-
reTUYHUI AediunT y OCTaHHIX. Y ainsHkax nna-
LEeHTN, Ae BOPCMHWU OKOHTYpoBaHi ¢ibpnHoiaoM
(puc. 4. B), oueBnaHi nopyLleHHs nepdyasii, Wwo
€ OOHUM i3 eTaniB OpMyBaHHSA MNnaueHTapHOI
HenoCTaTHOCTI. 3a AaHuMM iHWKX daxiBuis, re-
Hepani3oBaHWM IHTEPBINY3UT, PO3BUTOK $KOro
CAPUYNHEHUI LWe HechOpPMOBAHMMU KOTUNE-
[OHaMW y pasi HeLOHOLUEHOI MaueHTn, Moxe
6yT” NpUUYNHOIO aHTeHaTanbHOI 3armbeni nnoaa
[7; 11]. OAncumpkynatopHi po3naan (KpoBOBU-
nmen y MI) Ta nosisa ¢i6puHoigy y MIM 3meHwye
Moro BiACOTOK ax A0 MOBHOI obniTepadii, Skui
Yy HOpMi NpeacTaBfieHNn 3BUBUCTUMIN KaHanamu
Mi>K BOpCMHaMm xopioHa [6; 8; 9]. Tox dakTop,
wo 3abe3nevye agekBaTHy MaTEPUHCbKY nep-
dysito — BinbHMn M. Ha nnogosy nepdysito
BN/IMBANN He Nine anonTUYHi 3MiHM eHAoTenNito
CyaAvH Ta uuTonnasMu (KOHAEeHcaLuis XpoMaTu-
Hy, iHBariHauii saepHoi 06010HKM, HabpsKaHHS

v}
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3MiHM (CTa3u, TpoMb603M y NPOCBITI CyauH). Y
HaLOMy AOCAIAKEHHI MW NepeBaXXHO NpUAINISAIn
yBary 3MiHaM y AWCTasibHUX BigAainax BOPCUH-
4YacToro XopioHa, OCKifIbKM caMe B TepMiHasib-
HUX BOpPCUMHax XxopioHa dOpPMYOTbCS BacKy-
NocuHUMTIianbHi MembpaHu. B HOpMi TOBLUMHA
OCTaHHIX 3MeHLIYEeTbCS A0 1-2 MKM; ue Biabysa-
€TbCS YHaAcNifok o6Tpy3ii heTanbHUX Kaninspis
y wap cuHuuTioTpodobnacra [2]. Y ainsHkax
BUMWHAHHA CYAUH CMOCTEpIraeTbCcd nartepasnbHe
3MilleHHs wapy cuHuuTioTpodobnacra (puc. 3;
A. 1 - uyepBoOHa cTpinka). 36iNblIEHHS TOBLUN-
HW BacCKynocuHUMTIaNbHMX MeMbpaH yHacnigok
WiNbHOCTI Wwapy cuHuuTioTpodobnacrta iHiui-
toe 3armbenb KNITUMH cuHUMTIOTpOodobnacTa Ta
MpU3BOAUTbL A0 MaToNOriyHOI akTMBaLil eHaoTe-
nito, 1 ONMCaAHO HayKOBLSMM NpU Npeeknammncii.
MoaibHWMn MexaHi3M pO3BUTKY SIEXUTb B OCHOBI
OMMCaHOro HayKoBUSMM Mpeeknamncienomi6-
HOMO CMHAPOMY MpPWU KOPOHABIpYCHIN XBOpob6i y
MaTepi Ta CNpUYNHEHUI NPSMOIO A€ BipyCy Ha
eHgoTenioumTn (anoHekpo3 — 3a AaHMMK Sankar
K., 2012) abo gi€o UMTOKIHIB CTMMY/IbOBAHMUMM
SARS-CoV-2 [3]. 3a cBiAYEeHHSIMW HayKOBLIB,
peyYOBMHM, MPOAYKOBaAHI aKTUMBOBAHWMU €HAO-
TenioumMTamMn, HagxoAmnu AK y MpoOCBIT CYAWUH,
Lo npu3BOAMIO A0 MNOPYLUEHHA MiKpOUMPKY-
nauii, Tak i cybeHpoTenianbHO, BMMBAO4YM Ha
rnagkomM’s3oBi kKiTMHM Ta dibpobnactu [25]. Lle
NigTBEPAXEHO CBiAYEHHSAMW ABTOPIB MPO Mpo-
nipepaTnBHI 3MiHM y M'930BOMY LIapi apTepion
CTOBOYpPOBMX Ta MPOMDKHUX BOPCUMH XOpioHa 3
noganbwnm ibpo3om npu 36inbLUEHHI NOCTKO-
BigHOro iHTepBany [12; 13]. Y Hawwux cnocre-
peXeHHAX Taki 3MiHU CTIHKU CyAWH He BCTUraau
YTBOPIOBATUCS Y 3B’A3KY 3 KOPOTKUM MPOMIXKKOM
NoCTKOBiAHOrO iHTepBany (1-4 TuxHi). Auc-
dyHKUIA eHpoTenito npussoauna A0 MNOpyLUeH-
HS MiIKpOLMPKY LI, BA3OKOHCTPUKLIi, Habpsky
TKaHWH. Y HaWMX CNOCTEPEXEHHAX MK BOPCU-
HaMW, OKOHTypoBaHWMKM i6pUHOIAOM, Ta MiX
HabpSAKIMMU TepMiHANbHUMW BOPCUHAMM Cro-
cTepiranocb 36iNblIEHHS KiNbKOCTI CUMHUMTIaNb-
HMX By3numkiB o 12.8 (11; 14) npotn 5.9 (5; 7)
y rpyni nopiBHsaHHSA; p<0.0001. BiporigHo, ue
€ KOMMEHCATOPHMM MeXaHi3MoM A 36inbLueH-
HA MPOCTOPY MK BOPCMHAMU AN BiAHOB/IEHHSA
aflekBaTHOI MikpouupKynsauii. 3a cBigYeHHSMU
aBTOPIB — CUHUMTIANbHI BY3/IMKU BUKOHYOTb Me-
XaHivHy, niaTpumytody dyHKLUITy Micuax 6113b-
KO pO3TalloBaHMX TEPMiHaNbHUX BOPCUH [2; 5].
Lle niagTBEepAXXeHO HaLIMMK CMOCTEPEXEHHAMMN
niaueHT, e sigcotok MI 6yB 36inbweHnin, a
KiNIbKICTb CUHUMTIQ/IbHUX BY3/IMKIB HE BiApi3HA-



Mpaui HTW MeanyHi Hayku
2024, Tom 76, N2 2 ISSN 2708-8634 (print)

Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua
ISSN 2708-8642 (online) 2024, Vol. 76, 2

OpuriHanbHi 4OCAIAXEHHS: KNIHIYHI HayKWn

inflammatory changes in the placenta, which
were mainly observed with COVID-19 in wom-
en in the second trimester of pregnancy [7;
11; 13]. This was explained by the inability of
the protective mechanisms of the immature
placenta [5; 17].

Pathomorphological manifestations in the pla-
centa associated with COVID-19 in the acute
phase of the illness in the mother were pla-
centitis (chorioamnionitis - 97.3% (95%CI:
89.4-100%), intervillositis — 16.2% (95%CI:
6.0-30.1%), basal deciduitis — 100% (95%CI:
94.6-99.5%)), which indicates the exudation
phase of the inflammatory process. At the
same time, the intensity of leukocyte infiltra-
tion in the membranes and the basal plate of
the placenta was usually moderate. Confirma-
tion of the vertical route of infection with the
SARS-CoV-2 virus is the greater severity of
basal deciduitis and subchorionic intervillositis
than the severity of inflammation in the amni-
otic membranes [5]. We noted that the prev-
alence of intervillositis in full-term pregnancy
was confined to a single, already-formed coty-
ledon. Other researchers have noted villitis and
fibrinoid deposition in the intervillous space in
37.7% of observations [23]. The formation of
fibrinoid around the chorionic villi (between
the villous stroma and the layer of syncytiotro-
phoblast (Fig. 4B) is associated with increased
permeability of cell membranes. EM changes
in the syncytiotrophoblast were characterized
as apoptotic: chromatin condensation, the ap-
pearance of cytoplasmic vacuoles, and loss of
microvilli. Factors that activate apoptosis in
COVID-19 are cytokine storm and tissue hy-
poxia [24]. The appearance of apoptotically
changed cells, both syncytiotrophoblast and
endothelium, indicates an energy deficiency
of the latter. In areas of the placenta where
the villi are outlined by fibrinoid (Fig. 4. C),
perfusion is disturbed, which is one of the
stages of forming placental insufficiency. Ac-
cording to other specialists, generalized inter-
villositis, the development of which is caused
by still unformed cotyledons in the case of a
premature placenta, can be the cause of the
antenatal death of the fetus [7; 11]. Dyscircu-
latory disorders (hemorrhages in the IS) and
the appearance of fibrinoid in the IS reduce its
percentage of the latter up to complete obliter-
ation, which is normally represented by wind-
ing channels between the chorionic villi [6;
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8; 9]. Thus, the factor that ensures adequate
maternal perfusion is free IS. Fetal perfusion
was affected not only by apoptotic changes
in the endothelium of vessels and cytoplasm
(condensation of chromatin, intussusception
of the nuclear membrane, swelling of mito-
chondria) but also by the dyshemic changes
we discovered (stasis, thrombosis in the lumen
of vessels). In our study, we primarily focused
on changes in the distal parts of the villous
chorion, as vasculosyncytial membranes are
formed in the terminal chorionic villi. Normal-
ly, the thickness of the latter decreases to 1-2
pm due to the protrusion of fetal capillaries
into the syncytiotrophoblast layer [2]. Lateral
displacement of the syncytiotrophoblast layer
is observed in areas of vessel protrusion (Fig.
3. A. 1 - red arrow). An increase in the thick-
ness of vasculosyncytial membranes due to
the density of the syncytiotrophoblast layer
initiates the death of the latter’s cells. It leads
to pathological activation of the endothelium
as described by scientists in preeclampsia. A
similar mechanism of development is the basis
of the preeclampsia-like syndrome described
by scientists in the case of coronavirus disease
in the mother and is caused by the direct ef-
fect of the virus on endotheliocytes (aponecro-
sis — according to Sankar K., 2012), or by the
effect of cytokines stimulated by SARS-CoV-2
[3]. According to researchers, substances pro-
duced by activated endothelial cells were de-
livered both into the vascular lumen, leading
to microcirculation disturbances, and suben-
dothelially, affecting smooth muscle cells and
fibroblasts [25]. This was confirmed by the
authors’ evidence of proliferative changes in
the muscle layer of the arterioles of the trunk
and intermediate villi of the chorion with sub-
sequent fibrosis and an increase in the post-
COVID interval [12; 13]. In our observations,
similar changes in the vessel wall did not have
time to form due to the short duration of the
post-COVID interval (1-4 weeks). Dysfunction
of the endothelium led to impaired microcir-
culation, vasoconstriction, and tissue swelling.
In our observations, between villi outlined by
fibrinoid and swollen terminal villi, an increase
in the number of syncytial nodules up to 12.8
was noted [11; 14] against 5.9 [5; 7] in the
comparison group; p<0.0001. This increase
is likely a compensatory mechanism to create
more space between the villi to restore ade-
guate microcirculation. According to the au-
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nacs sig HopMu. IHLWI aBTOpKM TaKOX criocTepira-
N 36iNblUEHHS KiNbKOCTI CUHUMTIANIbHUX BY3/U-
KiB y 100 % Bunaakis Ta BBaXkasiv Le OAHIEI0 3
03HaK MaTpPUHCBLKOI Manbnepdysii [26].

Habpsk ctpomMn BopcuH Buasnascsa y 97.3 %
(95 %[I: 89.4 %-100 %) cnocTepexeHb, Ta
nposiBNsBCS 36iNblIEHHAM BiACOTKa CTPOMU Y
BOpPCWHi Ao 71.1 (49.5; 85.1). Takox Habpsk
npu3BoAMB A0 3MEHLUEHHSA BiACOTKa CyAWH Yy
BOPCUHI A0 29.9 (14.5; 51.2) npotu rpynu no-
pPiBHAHHSA, A€ BiACOTOK CTPOMWU Ta CYAMH CK/a-
has 32.6 (26.2; 39.50 ta 67.4 958.7; 73.8)
BianoBiaHo. Habpsk TepMiHanbHMX BOPCUH
Npu3BOAMB A0 3MEHLUEHHS MPOCBITY MIXBOpP-
CMHYacTuX KaHanis (Bigcotok MM - 21.7 (12.9;
33.1) npotn - 44.2 (40.3; 49.7) y HOpMi), Ta
00 3MiH 6yn0BM MiIKPOBOPCUHOK (aTpodi€to BiA
TUCKY), WO noripwye nepdysito. BipycHi yacTt-
Kn chepunyHoi dopmu, Wo BusBneHi HaMmm EM
y CTpOMi BOPCWMHM pO3TalloBaHi MNO3aKiTUH-
HO, 330BHi KNiTUHHOI MemMbpaHu dibpobnacTa.
Hawi gaHi 36iratoTbcs 3 gaHUMKM OOCNIAHUKIB,
SKi 3BEpHYNM yBary Ha npukpinneHHsa Tta/abo
OpYHbKYBaHHS BipyCHMX 4acTOK A0 KiTUH
(pecnipaTopHoOro enitenit), Wo CBiAYMTbL NpPO
eHaoumTo3 abo ek3ouMTo3, a TakoX MNpo Ha-
ABHICTb MO3aKMITUHHIX BipyCHMX 4acTok [15].
TakoX aBTOPW BUABANN YUCTEHHI BIipYCHI
YacTKM Yy uuToniasMmi cuHumtioTpodobnacra
Ta eHpotenii [15]. MykoigHi Ta ¢ibpuHoigHI
3MiHW KOJlareHoBMX BOJIOKOH OCHOBHOI pe4yo-
BWMHW MOB’A3aHi 3 NiABULLEHHSAM MPOHMUKHOCTI,
BUK/IMKaHOI BipycoM SARS-CoV-2. PosTawy-
BaHHSA CYAWH Yy TepMiHasIbHUX BOPCUHAaX AeLlo
BiApi3HAMOCH Bif X po3TallyBaHHA Y BOPCUHAX
rpynu nopiBHSAHHSA, Ae CYAWHU NoKanisysanum-
CS NepeBaxHOo y nepudepinHmMx Bigginax, Lo
3abe3neuvyBano ajgekBaTHe @QYHKLiIOHYBaHHS
BACKy/IOCUHUMTIaIbHMX MeMbpaH [3]. Y Ha-
LWINX CrOCTEepEeXeHHAX Habpsk CTPOMU BOPCUH
NpU3BOAMB HE TiSIbKU A0 3MEHLUEHHS MpPOCBi-
Ty CYAWHW, a 1 A0 iX 3MiweHHs 6nuxde [o
LeHTpasbHUX Big4iNniB TepMiHaNbHUX BOPCUH.
3arasibHO BiZ4OMO, WO TaKe po3TallyBaHHS Cy-
OVH npuUTaMaHHe NpoOMiDKHUM Ta TepMiHabHUM
BOPCWMHaM Npu HeAOHOLIEHOCTi, WO cnocTepi-
raeTbCcs Npu GOpMyBaHHi BOPCUH XOpioHa, Ta
€ 0cob6nuBICTIO.

PesynbTaTn Haworo AocnigxeHHs 36iratoTb-
cs 3i cBig4eHHAMM aBTopiB [27], AKi BUBYa-
M 3MiHWM Yy nnaueHTi B rOCTpOMYy nepioai
COVID-19 Ha ni3Hin cTaaii rectauii, ae Hay-
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KOBLi TaKOX BUABWUAN BipyCHi YaCcTKM y nna-
LEeHTI, NNaueHTUT Ta O3HaKku Manbnepdysii,
X04a HOBOHApoAXeHi 6ynuM 3 HeraTMBHUM
MJ1IP-TecToM Ta BiACYTHICTIO NMPOSABIB riMNOKCil.
OTpuMaHi pe3ynbTaT¥ MOXYTb CBIAYNTU NPO-
T BepTuKanbHoi nepegadvi SARS-CoV-2 npu
COVID-19 y maTepi Ha ni3Hin ctajii recra-
Lii, Wo nosicHoBanocs 6ap’epHoo DYyHKLIEKD
naaueHTun.

BucHoOBKM

1. Y pocnigxeHHi BMBYEHO NaToMOpPdONOoriyHi
3MiHM MaueHT NepeBaxHo y AUCTanbHO-
MYy BiAAini BOPCUMHYACTOrO XOpioHa, BiA-
noBifanbHOro 3a (OpMyBaHHSA BacCKyno-
CUHUMTIanbHNX MembpaH, npu COVID-19
y BariTHOI B rocTpoMy nepiogi. B nnaueHTi
BUABNEHO naToMopdOsorivyHi 3MiHM, WO
ceigunnn npo aucdhyHKUilo eHpoTenito,
obymoBneHy aieto SARS-CoV-2, He3Baxa-
O4YM Ha HAPOAXEHHA AOHOLWEeHOoro nnoaa
3 BUCOkumMu banamu 3a wkanow Anrap 3
HeraTusHuM I1JIP TecToMm.

. MaToMopdonorivyHi 3MiHM CNpUYNHEHi aNC-
YHKUIEID eHAOoTenito NposABASANUCA AUC-
LMPKYNATOPHUMKU po3najamMn, Habpsakom
CTPOMM BOPCUH 3i 3MEHLUEHHAM MpPOCBITY
Kaningapis TepMiHanbHUX BOPCWUH XOpio-
Ha Ta BigcoTka BinbHoro MIl, 3anasbHOMO
iHpinbTpauieo, wWo npm3BoAMNO A0 Ma-
TEPUHCbLKOI Ta nioAoBoi Manbnepdysii B
naaueHTi.

. MarTonorivHi 3mMiHM y cTpykTypax, wo dop-
MYIOTb BacKyOCUHLUITIianbHi MemMbpaHu, Ha
Halwy AyMKY, KOMMeHcyBanucsa Bxe cdop-
MOBaHOIO MJALEHTO 3 AOCTATHbOK Kiflb-
KIiCTIO TEpMiHa/IbHUX BOPCUH Ta JIOKaJbHUM
niaueHTMToM (obMexeHnM oAHUM KoTune-
OOHOM).

. ANoNTOTWUYHI 3MiHW cuHuuMTIOTpodobnacTa
Ta eHAoTenito € MoOpdOoAoriYHMMK NposiBa-
MW TiNOKCil Ta eHepreTMyHoro Aediyunty
B nnaueHTi. Ui 3MiHM BuMaratoTb nogasnb-
LIOro AOCNIAXEHHA B KOHTEKCTI TpMBasoro
NOCTKOBIAHOrO iHTepBany y BaritHUX, iHi-
KoBaHuX BipycoM SARS-CoV-2 y gpyromy
TPUMECTpiI.

Moaskwn: 3asiayBadvy BigAdiNeHHs naTosoriy-
HOi aHaToMmii HOCT «OXMATAUT» MO3 Ykpai-
Hu B.M. Xexepi Ta nikapam: M.b. YucTakosin,
H.J1. CasocrTikoBili, O.B. BuctasHux.

CrNMCOK JIITEPATYPU
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thors, syncytial nodules perform mechanical,
supporting functions in areas with closely lo-
cated terminal villi [2; 5]. This was confirmed
by our observations of placentas, where the
percentage of the IS was increased, and the
number of syncytial nodules did not differ from
the norm. Other authors also observed an in-
crease in syncytial knots in 100% of cases and
considered this one of the signs of maternal
malperfusion [26].

Edema of the stroma of the villi was detected
in 97.3% (95% CI: 89.4%-100%) of observa-
tions and was manifested by an increase in the
percentage of stroma in the villi to 71.1 [49.5;
85.1]. Additionally, edema led to a decrease in
the rate of vessels in the villus to 29.9 [14.5;
51.2] against the comparison group, where
the percentage of stroma and vessels was 32.6
[26.2; 39.5] and 67.4 [58.7; 73.8], respective-
ly. The swelling of the terminal villi led to a de-
crease in the lumen of the intervillous channels
(percentage of IS - 21.7 [12.9; 33.1] compared
to 44.2 [40.3; 49.7] in the normal range) and
to changes in the structure of microvilli (atrophy
due to pressure), which worsened perfusion.
Spherical viral particles detected by EM in the
villus stroma were located extracellularly, out-
side the cell membrane of the fibroblast. Our
data coincide with those of researchers who not-
ed the attachment and/or budding of viral parti-
cles to cells (respiratory epithelium), indicating
endocytosis or exocytosis and the presence of
extracellular viral particles [15]. The authors
also detected numerous viral particles in the
cytoplasm of syncytiotrophoblast and endothe-
lium [15]. Mucoid and fibrinoid changes in the
collagen fibers of the ground substance are as-
sociated with increased permeability caused by
the SARS-CoV-2 virus. The location of vessels in
the terminal villi differed slightly from their loca-
tion in the villi of the comparison group, where
the vessels were primarily situated in the pe-
ripheral parts, ensuring adequate functioning of
the vasculosyncytial membranes [3]. In our ob-
servations, the swelling of the stroma of the villi
led not only to a decrease in the lumen of the
vessel but also to the displacement of the ves-
sels closer to the central parts of the terminal
villi. As is generally known, this arrangement
of vessels is characteristic of intermediate and
terminal villi in prematurity, which is observed
during the formation of chorionic villi and rep-
resents a specific feature.
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The results of our study align with the findings
of other authors [27] who investigated placen-
tal changes in the acute phase of COVID-19
during late gestation. These researchers also
detected viral particles in the placenta, pla-
centitis, and signs of malperfusion, even
though the newborns had negative PCR tests
and showed no signs of hypoxia. The obtained
results may argue against the vertical trans-
mission of SARS-CoV-2 in cases of maternal
COVID-19 during late gestation, which the
placental barrier function can explain.

Conclusions

1. Pathomorphological changes in the placen-
ta were studied primarily in the distal part
of the villous chorion, which is responsible
for forming vasculosyncytial membranes, in
pregnant women with COVID-19 during the
acute phase of the illness. These changes
indicated endothelial dysfunction due to
the effect of SARS-CoV-2 despite the birth
of a full-term fetus with high Apgar scores
and a negative PCR test.

. Pathomorphological changes caused by en-
dothelial dysfunction were manifested by
dyscirculatory disorders, swelling of the
stroma of the villi with a decrease in the lu-
men of the capillaries of the terminal villi of
the chorion, a reduction in the percentage
of free IS, and inflammatory infiltration,
which led to maternal and fetal malperfu-
sion in the placenta.

. In our opinion, pathological changes in the
structures that form the vasculosyncytial
membranes were compensated by the al-
ready formed placenta, which contained a
sufficient number of terminal villi and local
placentitis (limited to one cotyledon).

. Apoptotic changes in the syncytiotropho-
blast and endothelium are morphological
manifestations of hypoxia and energy de-
ficiency in the placenta. These changes re-
quire further investigation in the context of
the prolonged post-COVID interval in preg-
nant women infected with the SARS-CoV-2
virus during the second trimester.
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