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QUANTITATIVE EVALUATION OF CD34
IMMUNOHISTOCHEMICAL EXPRESSION IN
THE PLACENTA IN PREGNANT WOMEN WITH COVID-19

Abstract. Background. Coronavirus (SARS-CoV-2) is the causative agent of
the novel viral disease COVID-19. SARS-CoV-2 affects organs whose cells
demonstrate a high level of expression of angiotensin-converting enzyme 2 (ACE2).
The action of SARS-CoV-2 leads to necrotic and apoptotic changes in the
syncytiotrophoblast and in the endothelium of chorionic villous vessels despite
protective mechanisms against vertical transmission, including decreased activity (co-
expression) and concentration of angiotensin-converting enzyme type Il (ACE2) in the
placenta.

Objective. To quantitatively determine the expression of the immunohistoche-
mical marker CD34 in the placenta in pregnant women with coronavirus disease
(COVID-19).

Methods. A total of 456 placentas from pregnancies complicated by COVID-19
were examined. Group | (n = 422) included placentas from live births, and Group Il (n
= 34) included placentas from cases of antenatal fetal asphyxia. Depending on the
duration of the post-COVID interval (the time between the diagnosis of COVID-19 in
the mother and delivery), the following subgroups were formed: 1.1 (n = 232) and 11.1
(n = 12) with a post-COVID interval of 5-22 weeks; 1.2 (n = 190) and 11.2 (n = 22)
with a post-COVID interval of 1-4 weeks. COVID-19 in pregnant women was
confirmed by a positive polymerase chain reaction (PCR) test for SARS-CoV-2 RNA.
For comparison, placentas obtained from physiological deliveries before the COVID-
19 pandemic (n = 106) were studied. Immunohistochemical analysis using monoclonal
antibodies against CD34 and statistical methods were applied.

Results and Conclusions. In the acute phase of coronavirus disease in pregnant
women, necroptosis of arteriolar endothelium was detected in 92.6% of placentas from
live births and in 100% of cases of antenatal fetal death. This was manifested by
decreased expression of monoclonal antibodies against CD34 in the endothelium of
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arterioles of chorionic villi. The percentage of CD34 expression in the endothelium of
arterioles of chorionic villi in subgroups 1.1, 1.2, 11.1, and 11.2 was 20 (16; 22), 20 (13;
30), 18 (8; 22), and 10 (6; 14), respectively, compared with 46 (35; 58) in the
comparison group (p < 0.001). The presence of placentitis, edema, and narrowing of
vascular lumina represent manifestations of endothelial dysfunction, which was
associated with decreased expression of the immunohistochemical marker CD34.

Keywords: placenta, COVID-19, SARS-CoV-2, chorionic villi, pathological
anatomy, immunohistochemical marker CD34, endothelial dysfunction.
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KLJIBKICHE BUSHAUEHHS EKCIPECII
IMYHOTI'ICTOXIMIMHOI'O MAPKEPA CD34 B IIJTAIEHTI
IIPU KOPOHABIPYCHIM XBOPOREI (COVID 19) ¥ BAT'ITHOI

Anortanisi. AkryaabHicTb. Koponasipyc (SARS-CoV-2) € 30yHUKOM HOBOIi
BipycHoi xBopoou — COVID-19. Koponasipyc SARS-CoV-2 Bpakae opranu, KIITHHH
SAKUX BIAPI3HSIOTHCS BUCOKMM PIBHEM €KCIpecli aHTI0TeH3WHIEPETBOPIOIOYOTO
depmenty 2 (angiotensin-converting enzyme 2 — ACE2). [lis Bipycy SARS-CoV-2
CIIPUYUHSE HEKPOTHYHI Ta allOTUYHI 3MIHU CUHIIUTIOTpOodibiiacTa Ta eHA0TeN1s CyIUH
BOPCHH XOpIOHA, HE3BAXKAIOUM HA 3aXMCHI MEXaHI3MU IIPOTH BEPTHKAIBHOI mepeaayl
— 3HWKEHHSA aKTHBHOCTI (KOEKcHpecii) Ta KOHIEHTpalli B IJIAUEHTI MNpPOTEiHy
anrioreHsuHneperBoproroyoro gpepmenty Il tumy (ACE2).

Metor OyJi0 KUIbKICHE BU3HAYEHHS €KCHpecii IMyHOTICTOXIMIYHOTO Mapkepa
CD34 B nianeHTi npu KopoHasipycHiid xBopo61 (COVID 19) y BaritHoi

Metoau. locmimxyBanu 456 mianednt npu COVID-19 y BaritHoi: | rpyna
(n=422) — 1utanieHTH TPU HApOKEHHI kuBoro rmwioga Ta Il rpyma (n=34) — npu
aHTEHaTaJIbHIN acikcii.

B 3ayie’kHOCTI Bijf TPUBAJIOCTI MOCTKOBITHOTO 1HTEPBATY (TIPOMIKOK Hacy Mix
niarnoctyBanHsaM COVID-19 y matepi Ta nonoramu) Oynu copmoBani miarpynu: I.1
(n=232) taIl.1 (n=12) — nocTkoBiAHMUI iHTEepBaJ ckiaB 5-22 twxkHi; [.2 (n=190) Ta 11.2
(n=22) — 1-4 Twxui. COVID-19 y BaritHOi miaATBEPHKEHO MO3UTUBHUM PE3yJIHTATOM
noiMepasHoi sanmrorosoi peakii (IIJIP) na nmassuicte PHK Bipycy SARS-CoV-2.
J1J1st MOpIBHSHHS TaHUX JOCT1KyBau TuianeHTy (n=106) mpu ¢i310JI0TT9HHUX MMOJI0TaxX
1o enigemii COVID-19.

BukopucToByBanu iMyHOTICTOXIMIYHUNA 3 BUKOPUCTAHHSM MOHOKJIOHAJBHUX
auTuTu1 poty CD34 Ta cTaTUCTUYHI METOIU TOCTIIKEHHS.
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Pe3yabTaTH Ta migcymok. B roctpomy mepiofi KOpOHaBIpyCHOI XBOPOOH y
BariTHOI HEKPONTO3 €HAOTENII0 apTepios BUABISBCSA y 92,6% BUMAAKIB B IJIAIICHTI
xuBoHapokeHNX Ta 100% croctepekeHb MpU aHTEHATaJIbHIN 3arubeni 1oaa, Ta
NPOSIBIISIBCA 3HMKCHHSIM  €KCIIpecii MOHOKJIOHAJNbHUX aHTUTUT mpotu CD34 vy
EHO0TeNIi apTepioa BOPCHUH XOopioHa. BicoTOK ekcrpecii MOHOKIOHATbHUX aHTUTLT
npotu CD34 B engorenii apTepion BopcuH xopiona B miarpynax I.1, 1.2, 1.1 Ta 11.2
ckiaB 20 (16; 22), 20 (13; 30), 18 (8; 22)ra 10 (6; 14) mpotu 46 (35; 58) y rpymi
nopiBHsHHSA; p<0,001. HasiBHICTH MIalIeHTUTY, HAOPSK, 3SMEHIIIEHHS TPOCBITY CYIUH —
MPOSIBU  €HAOTENaIbHOI MUCQYKHINT, IO MPOSIBISUIOCS 3MEHIICHHSIM eKcIrpecti
iMyHoricToxiMiuHoro Mmapkepa CD34.

Karwuosi caoBa: mnanenra, COVID-19, SARS-CoV-2, BopcuHu XOpioHa,
MaTOJIOTIYHA aHaToMisl, IMyHoricToximiunuid wmapkep CD34, enmoTemianbHa
TUCYHKITIS.

Problem Statement. Coronavirus (SARS-CoV-2) is the causative agent of the
novel viral disease COVID-19. SARS-CoV-2 affects organs whose cells exhibit a high
level of expression of angiotensin-converting enzyme 2 (ACEZ2), including type |
alveolocytes, cardiomyocytes, cholangiocytes, and the epithelium of the nasal cavity,
oral cavity, stomach, and intestine, as well as syncytiotrophoblast cells of chorionic
villi. Viral entry occurs with the participation of transmembrane protease serine 2
(TMPRSS2), which is required for activation of the spike (S) protein and cleavage of
the ACE2 molecule [1,2]. In response to the death of infected cells (pyroptosis) [3],
macrophages and neutrophils become activated, resulting in endothelial dysfunction,
impaired rheological properties of blood, and platelet activation. These processes lead
to microcirculatory disturbances and, consequently, activation of fibroblasts with the
subsequent development of fibrosis. Clinically and morphologically, these processes
manifest as disseminated intravascular coagulation (DIC), generalized microthrom-
bosis, inflammation, arteriolosclerosis, interstitial fibrosis, and multiple organ failure
[4,5]. In pregnant women with COVID-19, these changes contribute to the
development of placental dysfunction [6-9]. The action of SARS-CoV-2 induces
necrotic and apoptotic changes in the syncytiotrophoblast and in the endothelium of
chorionic villous vessels despite protective mechanisms against vertical transmission,
including decreased activity (co-expression) and concentration of angiotensin-
converting enzyme type 2 (ACE2) in the placenta [10]. These changes have been
detected in placentas both in cases with PCR-negative tests in newborns and in cases
of stillbirth. The immunohistochemical marker CD34 is expressed by intact endothelial
cells [11].

Objective. To quantitatively determine the expression of the immunohistoche-
mical marker CD34 in the placenta in pregnant women with coronavirus disease
(COVID-19).

Materials and Methods. To achieve the objective, 456 placentas from
pregnancies complicated by COVID-19 were examined. Group | (n = 422) included
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placentas from live births, and Group Il (n = 34) included placentas from cases of
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. Depending on the duration of the post-COVID interval (the time
between the diagnosis of COVID-19 in the mother and delivery), the following
subgroups were formed: subgroups 1.1 (n =232) and 1.1 (n = 12), with a post-COVID
interval of 5-22 weeks; and subgroups 1.2 (n = 190) and 1.2 (n = 22), with a post-
COVID interval of 1-4 weeks. COVID-19 in pregnant women was confirmed by a
positive polymerase chain reaction (PCR) test for the presence of SARS-CoV-2 RNA.
For comparison, placentas obtained from physiological deliveries before the COVID-
19 pandemic (n = 106) were also studied. The immunohistochemical (IHC) method
was applied using monoclonal antibodies against CD34 (Thermo Fisher Scientific,
USA) in working dilutions to assess the condition of arteriolar endothelium. For
guantitative determination of the expression of the immunohistochemical marker,
qualitative pixel-by-pixel visualization of the studied structure (endothelium) was
performed, based on differences in color intensity resulting from immunohistoche-
mical staining. After fixation of placental tissue fragments in 10% neutral buffered
formalin, the samples were processed through a graded series of alcohols, embedded
in paraffin, and sectioned at a thickness of 4 um. Following immunohistochemical
staining, the sections were photographed using a digital camera mounted on a
microscope. The obtained images were saved in JPEG format and uploaded to the
ONLINE JPG TOOLS service (onlinejpgtools.com/find-dominant-jpg-colors). Using
this tool, the percentage of the dominant pixel color in each image was determined,
which was used as an indicator of the percentage expression of the immunohistoche-
mical marker. (fig.1).
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Fig. 1.

Screenshot from ONLINE JPG TOOLS

On the left — the uploaded image, on the right — the colors used to determine their
percentage in the image. A — microscopic section of the placenta from a mother with
COVID-19 at 39 weeks of gestation. CD34 expression is observed in the nuclei of the
endothelial cells of chorionic villi. The presence of brown (dark) color indicates
positive expression in the endothelium. The percentage of this color in the image
corresponds to the percentage of the structure being analyzed.
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Presentation of Main Findings.

In the acute period of coronavirus disease in pregnant women, endothelial
necroptosis of arterioles was observed in 92.6% of cases in the placentas of live-born
infants and in 100% of cases in instances of antenatal fetal demise. This manifested as
a decreased expression of monoclonal antibodies against CD34 in the endothelium of
chorionic villous arterioles (Fig. 2.A-D; Table 1) compared to the control group (Fig.
2.E).

The percentage of expression of monoclonal antibodies against CD34 in the
endothelium of chorionic villus arterioles in subgroups 1.1, 1.2, 11.1 and 11.2 was 20 (16;
22), 20 (13; 30), 18 (8; 22) and 10 (6; 14) versus 46 (35; 58) in the comparison group;
p<0.001 (Fig. 3).

Table 1
Pathomorphological changes in the placenta in COVID-19 in a pregnant woman
Parameters COVID-19 (N=456)
Live birth (group I) A”te?gfgl'l;sﬁ;‘yx'a Compa-
(N=422) (N=34) rison p
1.2 grovip
1.1 (n=232) | 1.2 (n=190) | II.1(n=12) (1=22) (n=106)
Necrosis of the 6 (2,6) 176 (92,6) 2(16,7) 100 [91,7-
endothelium of arterioles; [0,9-5] [88,5-95.9] * [11-453] 100]* - p<0,001
n (%) [95% CI];
Percentage of expression
of monoclonal antibodies 46 (35:
against CD34 in the 20 (16;22)* | 20 (13;30)* 18 (8;22)* | 10 (6: 14)* 55(3) ' p<0,001
endothelium of chorionic
villus arterioles; %
Chorioam- | 213 (955) 190 (100) 3(25) 22(100) ) P2.3<0,001
nionitis [93-98,1] * [99-100]* [2-55] [91,7-100]* P34<0,001
P,.3<0,001
o Inter- 17 (7,3) 51 (26,8) 0 22 (100) ’
Placentitis | i\ ogitis | [4.3-11] [208-334] | 0,0[0,0-146] | [91,7-100] * - P34<0,001
P1.4<0,001
Basal 221 (95,3) 190 (100) 8 (72,7) 22 (100)
deciduitis | [92.2%-99,6] [99-100] [40,1%-95,5] | [91,7-100] )

Note: *p<0.01 (Kruskal-Wallis test)
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pregnancy, showing the percentage of CD34 monoclonal antibody expression in the

endothelium of chorionic villous arterioles (brown shades) analyzed using ONLINE
JPG TOOLS. A — Subgroup 1.2; B — Subgroup 11.2; C — Subgroup 1.1; D — Subgroup

[1.1; E — Comparison group. x200, expression of CD34 monoclonal antibodies in the

endothelium of chorionic villous arterioles. x200.
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Fig. 3. Structural changes in the placenta in COVID-19 during pregnancy and in the
control group. CD34 expression is shown in the nuclei of endothelial cells of
chorionic villous vessels (arrows). A, B — Subgroups 11.2 and 1.2, respectively,
showing endothelial necrosis and narrowed vascular lumens. C — Placenta of the
control group, with CD34 expression observed in the endothelium of chorionic
villous vessels (dark color along the vessel perimeter, arrows). Immunohistochemical
staining using CD34 monoclonal antibodies, %200.

In COVID-19 during pregnancy, the lumens of chorionic villous vessels were
reduced and exhibited edema. The vessels were located closer to the center of the villi,
resulting in thickening of the vasculosyncytial membrane. With an increase in the post-
COVID interval, the vessel lumens gradually recovered. In Subgroup 11.1, despite
lumen restoration, the number of vessels remained reduced, the vasculosyncytial
membranes were thickened, stromal fibrosis was present, and revascularization of
previously obliterated arteriolar lumens was observed (Fig. 2.B, arrows).

The main manifestation of COVID-19 in the placenta was the presence of
placentitis, indicating endothelial dysfunction. Microscopic examination of all
observations in the main groups revealed placentitis (Table 1). Chorioamnionitis and
basal deciduitis were observed in the acute period of the disease in pregnant women in
100% of cases. Intervillositis was detected in 100% of cases during antenatal fetal
asphyxia. Villitis in Subgroup 11.2 was observed in 95.5% [82.1-100]. In live-born
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infants (Subgroup 1.2), intervillositis occurred in only 26.8%, and villitis in 22.6% [17—
28.8].

With increasing duration of the post-COVID interval, the frequency of
inflammation in the placental tissue decreased (Subgroup 1.1) — intervillositis was
observed in 7.3%. Chorioamnionitis in Subgroup 1.1 was found in 95.5% of cases, and
basal deciduitis in 95.3%; in Subgroup 1.1 — 25% and 72.7%, respectively. The
severity of inflammatory manifestations decreased in Subgroups I.1 and I1.1.

The observed pathomorphological changes in the placenta led to a quantitative
decrease in CD34 expression in the endothelium of chorionic villous arterioles.

Conclusions. In pregnant women with COVID-19, a reduction in the expression
of the immunohistochemical marker CD34 in the placenta was observed, indicating
endothelial dysfunction.
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