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QUANTITATIVE DETERMINATION OF DELAYED MATURATION OF CHORIONIC VILLI
IN THE PLACENTA IN PREGNANT WOMEN WITH COVID-19
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Key words: placenta, COVID-19, Summary.The structure of the chorion changes according to gestational age,
SARS-CoV-2, chorionic villi, including stem, intermediate, and terminal villi. In the placenta, SARS-CoV-2
pathology, delayed villous affects cells expressing angiotensin-converting enzyme 2 (ACEZ2), including
maturation. endothelium and syncytiotrophoblasts. Damage to these cells triggers pyroptosis,

inflammation, and arteriolosclerosis. During its maturation, the placenta records
Bukovinian Medical Herald. 2026. V. and preserves these changes, manifested as impaired chorionic villus formation.

30, M 2 (118). P. 85-90. Objective. To quantitatively assess delayed maturation of the villous chorion in
pregnant women with COVID-19.

DOI: 10.24061/2413- Materials and Methods. 102 placentas from COVID-19-positive pregnancies

0737.30.2.118.2026.14 were examined: Group | (n=90) — placentas from live term births during the acute
phase of maternal disease, and Group Il (n=12) — placentas from antenatal fetal

E-mail: leshchenko@nmu.ua asphyxia. In Group I1, maternal infection occurred at 17—22 weeks of gestation.

t.savchuk@nmu.ua For comparison, 50 placentas from physiological term deliveries before the

COVID-19 pandemic were analyzed. Microscopic, immunohistochemical, and
statistical methods were used. Histological slides were photographed with a
digital camera through a microscope, and images were analyzed in JPEG format
using ONLINE JPG TOOLS to quantify the percentage of pixels corresponding
to the structure of interest.

Results. In Group Il (antenatal fetal asphyxia), there was an increased
proportion of stem and intermediate chorionic villi — 36 (25-50) vs. 7 (6-9) in
Group |. Stem villi in Group Il exhibited qualitative changes, including stromal
fibrosis and arteriolosclerosis. The number of terminal villi in Group 1l was 8 (8—
8); p<0.001. In Group I, the number of terminal villi did not differ from the
comparison group — 26 (25-27), indicating appropriate villous chorion
formation for gestational age. Despite similar numbers of terminal villi in Groups
I and the comparison group, the inter-villous space percentage was reduced in
Group | — 26 (20-33) vs. 44 (40-49) in the comparison group, indicating edema
of terminal villi. A decreased number of villi in Group Il led to an increased inter-
villous space — 49 (44-55).

Conclusions. A quantitative assessment of placental structures was performed in
the acute phase of coronavirus disease in cases of live term birth and in cases of
antenatal asphyxia following infection at 17-22 weeks of gestation. The basis of
placental insufficiency is qualitative and quantitative remodeling of the chorion.
Distal villous hypoplasia chorionic villi in cases of antenatal fetal death are a
manifestation of SARS-CoV-2—induced injury to stem and semi-stem villi during
the second trimester of gestation.

KUIBKICHE BU3HAYEHHA 3ATPUMKH /IO3PIBAHHA BOPCHHYACTOI'O XOPIOHA
IIPH KOPOHABIPYCHIH XBOPOKI (COVID-19) ¥ BATITHOI

Casuyk T.B., Jlewienxo 1.B.

Kniouogi cnosa: niayenma, Pezrome. Cmpykmypa XopioHa 3MiHIOEMbCSL BIONOBIOHO 00 MePMIHY A2IMHOCMI:
COVID-19, SARS-CoV-2, sopcunu  cmogbyposi, npomisxcui ma mepminaivhi gopcunu. Y nnayenmi SARS-CoV-2
XOpIioHa, namono2i4Ha aHamoMmis, ypasicae KiimuHu, Wo eKCnpecyoms aH2iomeH3uHnepemeopro8aIbHull hepmenm
3ampuUMKa 003pi6aAHHS OPCUH 2  (angiotensin-converting enzyme 2 — ACE2), - enoomeni,
XOpioHa. cunyumiompogodracm.  Ypaoswenns yux KIUMUH CHAPUYUHAE  NIPONMO3,

3ananenus ma po3eumox apmepionockaeposy. Ilio uac ceoeo 0o3pisanns
Bykosuncokuii meouunui GiCHUK. niayenma @ikcye ma 30epicac 3MiHU, AKI NPOAGNAIOMLCA  NOPYUIEHHAM

2026. T. 30, M 2 (118). C. 85-90. Gopmyeanns xopiona.
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Mema pobomu — KinvKicne UIHAYEHHA 3AMPUMKU O03PIBANHS BOPCUHYACTNOLO
xopiona npu kopornasgipycHiil xeopobi COVID-19 y éazimnoi.

Mamepian i memoou. [locniodcysanuce 102 naiayenmu npu COVID-19 y
sacimuoi: 1 epyna (n=90) — niayenma npu HapOOICEHHI HCUBO2O0 OOHOUIEHO20
nrooa 8 eocmpomy nepiodi xeopobu y eacimuoi, ma Il epyna (n=12) — npu
anmenamanvrin acgixcii. ¥ 11 epyni ocinka xeopina na 17-22 musicnsax cecmayii.
Jlna nopienanna Oanux Oocnioxcysanu niayenmy (n=>50) npu izionoziunux
nonozax 0o enioemii COVID-19.

3acmocoeysanu  MIKpOCKONiYHUU,  IMYHO2ICHOXIMIUHUL, — CMAMUCIUYHUL
Memoou 00Cnioxcenus. s 6UBHAYEHHS KIIbKICHO20 NOKA3HUKA 2ICMO02IYHI
npenapamu  gomozpagyyeanu uepe3 MIKPOCKON 3a 00NOMO2010 YuPposoi
gdomoxamepu, ompumani gpomoepaii saeanmaxcysaru y gopmami JPEG na
cepgic ONLINE JPG TOOLS, 3a 00nomozo1o K020 U3Ha4anu 8i0CoOmoK Koabopy
nikcensy ¢pomo, saxuil € i0COMKOM O0CHIOACYBAHOT CIMPYKMYPUL.

Pesynomamu. [Ipu anmenamanvhitl acgixcii nnooa (epyna Il) cnocmepieanocs
30LIbUIeHHS 6I0COMKA CIMOBOYPOBUX MA HANIBCMOBOYPOBUX 60PCUH XOpioHa — 36
(25; 50) npomu 7 (6; 9) y nrayenmax epynu 1. Cmogbyposi éopcunu zpynu Il
8IOpI3HANU AKICHI 3MiHU — ibpo3 cmpomu ma apmepionockiepos. Kinvkicmo
mepminanoHux gopcun y epyni Il oyna 8 (8-8); (p<0,001). ¥V nnayenmax epynu [
KIbKICIb MEePMIHATbHUX 60PCUH He BIOPIZHANACA 610 2pynu nopisHsannsa — 26 (25-
27), Wo € NOKA3HUKOM Qa0eK8amHO20 (POPMYBAHHS BOPCUHYACHOZ0 XOPIOHA
8i0no08ioHo 00 2ecmayitinozo 6iky. Ilpu 00HaKO8ill KilbKOCMI MepMiHANIbHUX
6opcun xopiona 6 epynax I ma nopisHAHMA GIOCOMOK MidCEOPCUHYACTNO2O
npocmopy 6 2pyni 1 6y smenutenuii — 26 (20-33) npomu epynu nopisusanmns — 44
(40-49), wo € npossom HAOPAKY MePMIHATLHUX BOPCUH XOPIOHA. 3MEHULEeHHS
Kinekocmi eopcun y epyni Il npuzeoouno 0o 36invbuieHHs  GIOCOMKA
Midceopcunuacmozo npocmopy — 49 (44-55).

Bucnogxu. Ilposedeno xinvKicne 8U3HA4eHHA CIPYKMYP NAAYEHMU 6 COCHPOMY
nepiodi KOpOHAGIPYCHOI X80POOU NPU HAPOOICEHHT HCUBO2O OOHOUIEHO20 NI00A
ma npu awmenamanvHit acghixcii npu ingpixyeanni na 17-22 musxcnax. OcHosa
NIAYeHMAapHoi HeOOCMAamHOCmi — AKICHA Ma KilbKicHa nepedy008a XopioHda.
Tinonnasisa mepminanbHUXx 60pCcuUn NpU AHMEHAMATbHIU 3a2ubeni niodd — npose
ypaoicennsi SARS-C0OV-2 cmosbyposux ma naniecmogbyposux 60pcut y opy2omy
mpumecmpi 2ecmayii.

Introduction. The structure of the chorion changes objective, 102 placentas from COVID-19-positive

according to gestational

consisting of stem,

pregnancies were examined: Group | (n=90) — placentas

intermediate (immature and mature), and terminal villi [1].
During the first and second trimesters, immature
intermediate villi predominate, serving as a source for
mature intermediate villi, while in the third trimester,
terminal villi predominate [2,3]. Stem villi play a role in
regulating blood flow and providing mechanical stability
to the villous tree. Intermediate villi serve as a source for
the formation of terminal Vvilli, which form the
vasculosyncytial membranes [4].

In the placenta, the coronavirus SARS-CoV-2 affects
cells expressing angiotensin-converting enzyme 2 (ACE2),
including endothelium and syncytiotrophoblasts, leading
to pyroptosis, endothelial dysfunction with impaired blood
rheology, platelet activation, microcirculatory
disturbances, inflammation, and arteriolosclerosis [5-8].
During its maturation, the placenta records and preserves
changes that manifest as impaired chorion formation [9],
which is reflected by quantitative alterations in chorionic
villi and in the intervillous space.

Objective. To quantitatively assess delayed maturation
of the villous chorion in pregnant women with COVID-19.

Materials and Methods. To achieve the study
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from live term births during the acute phase of maternal
COVID-19, and Group Il (n=12) - placentas from
antenatal fetal asphyxia The material was obtained in
accordance with a cooperation agreement with the
Department of Pathological Anatomy of the National
Children’s Specialized Hospital Okhmatdyt of the Ministry
of Health of Ukraine during the period from 2020 to 2022.
In Group I, the post-COVID interval (the time between
maternal COVID-19 diagnosis and delivery) ranged from
1 to 3 weeks. In Group II, maternal infection occurred at
17-22 weeks of gestation. COVID-19 in pregnant women
was confirmed by a positive polymerase chain reaction
(PCR) test for SARS-CoV-2 RNA. For comparison, 50
placentas from physiological term deliveries before the
COVID-19 pandemic were analyzed.

Microscopic, histochemical, immunohistochemical,
and statistical methods were used. Histochemical staining
was performed using the MSB method modified by
Zerbino—Lukasevich. Immunohistochemical (IHC)
analysis was carried out using monoclonal antibodies
against CD34 (Thermo Fisher Scientific, USA) at working
dilutions to assess the condition of arteriolar endothelium.
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To determine quantitative parameters, histological slides
were photographed through a microscope with a digital
camera. The obtained images were saved in JPEG format
and uploaded to the ONLINE JPG TOOLS service

(onlinejpgtools.com/find-dominant-jpg-colors), which
allowed the determination of the percentage of pixel color
corresponding to the studied structure (Fig. 1; Fig 2A, B)
[10].
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Fig. 1. Screenshots from ONLINE JPG TOOLS: A, B (left) — uploaded JPEG images; right — percentage of colors in the
image. 1 — intervillous space (light color); 2 — terminal villi (sum of pink color shades)

To determine the percentage of stem and intermediate
(semi-stem) villi, these villi were colored in Microsoft
Paint with a color distinct from the other structures in the
image (green), followed by percentage calculation using
the ONLINE JPG TOOLS service.

Statistical analysis was performed using SPSS IBM
v.22 (Armonk, NY, USA), licensed to Bogomolets
National Medical University, license No. 128 dated
01.08.2016. Variational statistical methods were applied.
For multiple group comparisons of mean values, the non-
parametric Kruskal-Wallis test was used. Ranked data are
presented as median with lower and upper quartiles (Me
[Q1; Q3]). Differences were considered statistically
significant at p < 0.05.

Results and Discussion. In the study of placentas from
live term neonates in the acute phase of coronavirus disease
(Group 1) and from cases of maternal infection at 17-22
weeks of gestation with antenatal fetal asphyxia (Group I1),
alterations in the proportional distribution of stem, semi-
stem, and terminal chorionic villi, as well as the
intervillous space, were observed. In cases of antenatal
fetal asphyxia (Group 1), an increased percentage of stem
and intermediate villi of the chorion was observed — 36
(25-50) versus 7 (6-9) in Group | placentas (Table 1; Fig.

2C-F). Stem villi in Group Il were characterized by
qualitative changes, including stromal fibrosis and
arteriolosclerosis (Fig. 2D), as evidenced by blue staining
on immunohistochemical analysis.

In some vessels with an obliterated lumen,
revascularization was observed as a final attempt to restore
vascular patency (Fig. 3D, arrow).

The number of terminal villi in Group 1l was 8 (8-8),
indicating hypoplasia of terminal villi; p < 0.001(Fig.2B).
In Group 1, the number of terminal villi did not differ from
the comparison group — 26 (25-27), reflecting adequate
formation of the villous chorion for gestational age.
Despite a similar number of terminal villi in Groups | and
the comparison group, the intervillous space percentage in
Group | was reduced — 26 (20-33) versus 44 (40-49) in the
comparison group, indicating edema of the terminal villi
(Fig.2C; Fig.3).

In Group I, edematous terminal villi were located in
close proximity to each other. Due to stromal edema of the
terminal villi in the main groups, a reduction in the vascular
lumen was observed, with vessels positioned centrally
within the villi (Fig. 3.A,B). This led to an increase in the
thickness of the vasculosyncytial membranes, resulting in
malperfusion [11].
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Fig. 2. Structural changes of the placenta in pregnant women with COVID-19.A,C,E — placenta from a term pregnancy with
COVID-19 at 37 weeks of gestation. B,D,F — placenta from antenatal fetal demise at 34 weeks of gestation, COVID-19 at 19—
20 weeks of gestation. MSB staining modified by D.D. Zerbino and L.L. Lukasevich; A, B x400; C-F x40

Table 1
Pathomorphological changes in the placenta in pregnant woman with COVID-19
Parameters COVID-19 (N=102)
Live births (Group I) Antenatal asphyxia Comparison group p
(N=90) (Group 1) (N=50)
(N=12)
Percentage of stem and ) e .
semi-stem chorionic villi; % 169 36 (25;50) 1 9) p<0,001
Number of terminal villit 26 (25-27) 8 (8-8)* 26 (25-27) p<0,001
Intervillous space, % 26 (20-33)* 49 (44-55) 44 (40-49) p<0,001

Note: *p<0.001 (Kruskal-Wallis test); * — number of terminal villi in a single field of view at 400x magnification
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SRS,

Fig. 3. Structural changes of terminal chorionic villi in placentas from pregnancies complicated by COVID-19. A,C —

placenta from a term pregnancy with coronavirus disease at 39 weeks of gestation. B,D — placenta from antenatal fetal
demise at 34 weeks of gestation; maternal COVID-19 at 19-20 weeks of gestation. Immunohistochemical study showing
expression of monoclonal antibodies against CD34 in the vascular endothelium of chorionic villi. A, B x200. C,Dx400

A large number of syncytial knots were identified
between the terminal chorionic villi; their presence is
considered a compensatory mechanism aimed at increasing
the intervillous space (Fig. 3A). According to other
researchers, an increased number of syncytial knots reflects
telocyte damage and loss of their regulatory control over
syncytiotrophoblast apoptosis [12].

In Group 11, despite a reduced proportion of terminal
villi, an increase in the percentage of the intervillous space
was observed —49 (44-55). The latter is described as a
three-dimensional system of channels between chorionic
villi, the unobstructed patency of which ensures adequate
maternal perfusion.

On the one hand, edema of terminal chorionic villi (Group
1), and on the other, the surrounding villous environment —
characterized by the accumulation of fibrinoid material or
inflammatory cells — intervillositis (Group Il) — lead to a
reduction in the size of the intervillous channels, ultimately

resulting in the development of placental insufficiency.

The study of placentas from pregnant women with
coronavirus disease at different gestational ages revealed
both qualitative and quantitative changes in the formation
of the chorionic villous tree. Quantitative differences were
manifested by alterations in the proportional distribution of
chorionic villi across the main study groups, which in turn
were associated with qualitative changes in stem (and
semi-stem) villi following SARS-CoV-2 — induced injury
at the corresponding stage of pregnancy.

In Group 1l, SARS-CoV-2 infection resulted in stromal
fibrosis and arteriolosclerosis of stem villi. Since these
structures serve as a growth source for terminal villi, their
number within the cotyledon was reduced, resulting in
distal villous hypoplasia chorionic villi. Thus, placental
insufficiency in Group Il is based on structural remodeling
of the chorion.

Conclusions. A quantitative assessment of placental
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structures was performed in the acute phase of coronavirus
disease in cases of live term birth and in cases of antenatal
asphyxia following infection at 17-22 weeks of gestation.
The basis of placental insufficiency is qualitative and
quantitative remodeling of the chorion. Distal villous
hypoplasia chorionic villi in cases of antenatal fetal death
are a manifestation of SARS-CoV-2 — induced injury to
stem and semi-stem villi during the second trimester of
gestation.

Future Directions. A prospective direction for further

research is the study of villous chorion formation in
pregnant women with COVID-19 during early gestational

stages.
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