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A comparative morphological study was carried out to analyze the number of syncytial knots 
and VEGF expression in placental villi in parturient women with COVID-19 categorized by 
the disease severity. The number of syncytial knots was assessed on specimens stained with 
hematoxylin and eosin. VEGF expression was determined by immunohistochemical analysis 
in syncytiotrophoblast and villous endothelial cells. Morphological study of the placenta 
tissue of parturient women with COVID-19 showed increased numbers of syncytial knots 
in the villi, indicating the development of preplacental hypoxia. High VEGF expression in 
syncytiotrophoblast and vascular endotheliocytes reflects a stereotyped response to hypoxia 
and can underlie the development of a preeclampsia-like syndrome. The number of syncytial 
knots and VEGF expression in placental villi in parturient women with COVID-19 depended 
on the disease severity.
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Novel coronavirus infection (COVID-19) first oc-
curred in December 2019, and three months later, the 
outbreak was declared a pandemic of SARS-CoV-2 
by the World Health Organization [5]. The most im-
portant manifestations of COVID-19 are lung lesions, 
development of pneumonia and/or acute respiratory 
distress syndrome, and coagulation disorders with 
the development of hypercoagulability [13]. Pregnant 
women are at particular risk due to the development 
of not only lesions in organs and tissues typical of 
SARS-CoV-2 infection, but also placental and fetal 
complications. 

According to some publications [3], most com-
mon placental injury in pregnant women with CO-
VID-19 is impaired blood flow in maternal uteropla-
cental compartment and development of inflammatory 

changes consequently resulting in the formation of 
hypoxic zones both in placental and fetal structures.

It is believed that morphological indicators of pre-
placental hypoxia and placental ischemia are increased 
numbers of syncytial knots [14] and high vascular 
endothelial growth factor (VEGF) expression levels 
in placental villi [15]. 

The aim of the study was a comparative analysis 
of the number of syncytial knots and VEGF expression 
in placental villi in parturient women with COVID-19 
depending on the disease severity.

MATERIALS AND METHODS

The study is based on the morphological analysis of 30 
placentas after term births in women, who were divid-
ed into three groups. Group 1 included placentas from 
6 patients (age 24-42 years, mean 29.8±6.1  years),  
who had moderate COVID-19 symptoms during child-
birth, group 2 included placentas from 17 patients 
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(age 26-48 years, mean 34.3±8.2 years) with mild 
COVID-19 symptoms. The control group consisted 
of placentas from 7 patients (age 22-35 years, mean 
28.7±4.9 years) with normal pregnancy, who had no 
extragenital and genital pathology.

Macroscopic examination of placenta was per-
formed according to generally accepted recommenda-
tions. After macroscopic examination, placental tissue 
specimens were excised from paracentral zone of the 
placental disc and fixed in 10% neutral formalin. His-
tological examination was performed on paraffin sec-
tions stained with hematoxylin and eosin. The number 
of syncytial knots and intervillous bridges (in %) was 
assessed in the terminal and immature intermediate 
villi in the microscope field of view.

Immunohistochemical analysis was performed 
on 3-4 μm-thick paraffin sections using automated 
ultraView Universal DAB Detection Kit system (Ro-
she), polyclonal rabbit anti-VEGF antibodies (Spring 
Bioscience), and polymer detection system (Spring 
Bioscience). Antigen unmasking was performed by 
boiling the samples in citrate buffer (pH 6.0); the sec-
tions were treated with 0.3% (v/v) H2O2 for 15 min to 
block endogenous peroxidase activity. Hematoxylin 
was used as a basis of the dye.

Quantitative assessment of VEGF expression was 
performed in terminal (in syncytiotrophoblast and cap-
illary endothelium) and stem (endothelium of arteries 
and veins) placental villi by optical density (OD) us-
ing Nikon Eclipse 80i microscope and Nikon NIS-
Elements Advanced Research 3.2 software for image 
analysis.

Statistical processing of quantitative data was per-
formed using Statistica 8.0 software (StatSoft, Inc.). 
The mean values, standard deviation and the standard 
error of the mean were calculated; the differences were 
statistically significant at p<0.05. 

RESULTS

In all observations, visual examination of histological 
preparations of the placental tissue stained with he-
matoxylin and eosin showed the presence of syncytial 
knots in the terminal and immature intermediate villi, 
and also in intervillous bridges. However, their num-
ber was different in the studied groups (Fig. 1. a-c).

Quantitative assessment showed that the num-
ber of syncytial knots was maximum in parturient 
women with moderate COVID-19 (group 1) and sur-
passed the corresponding parameter in group 2 and 
in the control group by 12.7 and 34.6%, respectively 
(p<0.01). In turn, the mean number of syncytial knots 
in the placental villi from parturient women with mild 
COVID-19 (group 2) exceeded the control values by 
19.5% (p<0.01).

The number of intervillous syncytial bridges was 
maximum in parturient women with mild COVID-19 
infection (group 2) and surpassed the control values by 
94.7% (р<0.01) and the values in group 1 by 4.75% 
(p>0.05).

Immunohistochemical analysis showed that the 
highest VEGF expression was observed in the cyto-
plasm of syncytiotrophoblast and trophoblast, as well 
as in vascular endotheliocytes (Fig. 1, d-e).

The quantitative assessment of immunohisto-
chemical preparations showed high VEGF expression 
in structures of the placenta from parturient women 
with moderate of COVID-19 infection (Fig. 2). These 
values in syncytiotrophoblast were higher than in the 
control group and in group 2 by 41.3 and 19.3%, re-
spectively (p<0.05), and in capillary endothelium in 
terminal villi by 19.4 and 12.7%, respectively (p<0.05). 
In stem villi, high VEGF expression in the endothe-
lium of arteries and veins was also found in group 
1: the values were higher than in the control group 
by 44.2 and 66%, respectively (p<0.05). In group 2, 
expression of VEGF in endotheliocytes of arteries and 
veins in stem villi surpassed the corresponding levels 
in the control group by 25.6 and 26.6%, respectively 
(p<0.05).

Thus, histological analysis of placental prepara-
tions revealed higher number of syncytial knots and 
higher expression level of VEGF in placental villi in 
parturient women with COVID-19.

Syncytial (or syncytiotrophoblastic) knots are lo-
calized accumulations of syncytiotrophoblastic nu-
clei protruding into the intervillous space. Syncytial 
bridges are trophoblast elements linking adjacent villi. 
Syncytial knots reflect normal development of the pla-
centa, however, in cases of hypoxia and ischemia of 
the placenta, their numbers increase. Greater number 
of syncytial knots in the placental villi were found in 
pregnant women living in high mountain areas [11] 
and in cases of fetal growth retardation [7].

In preeclampsia, the number of syncytial knots 
was also increased in observed [7]. At the same time, 
increased numbers of syncytial knots were signifi-
cantly more often observed in late-onset preeclampsia 
compared to early-onset preeclampsia [1].

Due to this, syncytial knots are the most charac-
teristic sign of changes in placental villi under condi-
tions of reduced uteroplacental blood flow [2] and, 
accordingly, increased number of syncytial knots and 
bridges that was found in terminal villi, indicated pla-
cental hypoxia.

This conclusion is confirmed by the results of data 
analysis in publications on detected placental inju-
ries in pregnant women with COVID-19 [3]. In most 
studies, the signs of impaired maternal blood flow 
(maternal vascular insufficiency) to the placenta were 
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detected: decidual arteriopathy, accelerated villous 
maturation and distal villous hypoplasia, perivascular 
fibrin deposits and placental villous infarction.

It should be noted that similar changes in the pla-
centa are observed in preeclampsia. Moreover, system-
atic review of published reports [6] on the course of 
pregnancy and outcomes in patients with coronavirus 

infections (SARS, MERS, or COVID-19) found symp-
toms of preeclampsia in 16.2% of observations. In a 
prospective study [12], the presence of clinical signs 
of preeclampsia were revealed that disappeared be-
fore the onset of labor after elimination of respiratory 
disorders in a number of pregnant women with severe 
symptoms of SARS-CoV-2. The term “preeclampsia-
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Fig. 1. Syncytial knots (a-c) and VEGF expression (d-f) in placental villi in parturient women in the control group (a, d) and women 
with mild (b, e) and moderate COVID-19 symptoms (c, f). Hematoxylin and eosin staining, ×100 (a-c); immunoperoxidase assay, 
×100 (d-f).
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like syndrome” was given to the changes that met the 
clinical criteria for preeclampsia. 

It is most likely, that interaction between corona-
virus SARS-CoV-2 with angiotensin converting en-
zyme 2 (ACE2) receptor located in placental cells 
underlies the development of preeclampsia-like syn-
drome in pregnant women with COVID-19 [8]. This 
interaction will consequently result in changes in its 
expression and disproportion in the ratio of angioten-
sin I and angiotensin II with a subsequent BP elevation 
as the main sign of preeclampsia.

Another mechanism of BP elevation can be a 
change in the expression levels of VEGF and its recep-
tors in placental structures. It is known that the leading 
mechanism of a compensatory response to placental hy-
poxia is activation of VEGF pathway. Hence, the devel-
opment of preeclampsia caused by decreased uteropla-
cental blood flow leads to changes in the expression of 
pro-angiogenic and anti-angiogenic mediators, and the 
main source of their production is syncytiotrophoblast. 
Increased levels of serum VEGF and soluble form 
of sFlt-1 promote the development of preeclampsia 
symptoms, in particular, BP elevation [4,9].

Our immunohistochemical study demonstrated 
increased level of VEGF expression mainly in syncy-
tiotrophoblast of the terminal villi in parturient women 
with moderate COVID-19 to a greater extent than in 
women with mild disease severity. These changes, 
along with increased number of syncytial knots, also 
indicate the development of placental hypoxia in par-
turient women with COVID-19. In this regard, despite 
available published data on lesser susceptibility of 
the female body to coronavirus disease COVID-19, 
less severe symptoms and rare incidence of severe 
complications [10], it should be noted that preplacen-
tal hypoxia developed in all studied cases. Moreover, 

Fig. 2. Expression of VEGF in placental villi from parturient 
women with moderate and mild symptoms of COVID-19. SCT: 
syncytiotrophoblast, CETV: capillary endotheliocytes in terminal 
villi, EVSV: endotheliocytes of veins in stem villi, 4) EASV: en-
dotheliocytes of arteries in stem villi.
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hypoxia promotes increased production of pro-angio-
genic factors by placental cells, in particular, VEGF, 
which not only regulates proliferation and migration of 
endotheliocytes, but also contributes to BP elevation 
in pregnant women.

Thus, the morphological study of the placental 
tissue from parturient women COVID-19 revealed 
increased number of syncytial knots in the villi and 
intervillous bridges indicating the development of 
preplacental hypoxia. Immunohistochemical analysis 
showed enhanced expression of VEGF in the syn-
cytiotrophoblast and capillary endotheliocytes in the 
villi reflected a stereotyped response to hypoxia and 
could underlie the development of preeclampsia-like 
syndrome in pregnant women. Increased numbers of 
syncytial knots and high VEGF expression levels in 
the placental villi in parturient women with COVID-19 
depended on the disease severity.
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