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ABSTRACT

Introduction: It is known that COVID-19 in pregnancy causes some negative consequences. Although some studies have
been conducted on the possible effects of COVID-19 seen in late pregnancy; its effects in the previous trimesters are not clearly
known. This study aimed to examine the umbilical cords of pregnant women who did not have COVID-19 and those who had
in the second and third trimesters, after delivery using histopathological and immunohistochemical methods.

Material and Method: The study included 27 pregnant women who had never had COVID-19 (n:9), who had had COVID-19
in the second trimester (n:9) and had had COVID-19 in the third trimester (n:9). After delivery, sections were taken from the
umbilical cords of the pregnant women and examined with histopathological and immunohistochemical (VEGF and vimentin
antibodies) methods. H-scores were determined for statistical analysis of immunohistochemical staining results. Group means
were analyzed using the non-parametric Kruskal Wallis Test.

Results: In cases that had COVID-19 in the third trimester of pregnancy, histopathological findings were more significant
than in the other groups. Hemorrhage, thinning of the tunica intima layer, and deterioration in its integrity were observed in
the umbilical vascular structures of this group. VEGF and vimentin expression levels were higher in the third-trimester group
than in the other groups.

Conclusion: The COVID-19 disease has both acute and long-term effects. The presence of histopathological and
immunohistochemical findings in the umbilical cord during the third trimester of pregnancy supports this information.
Moreover, the high levels of expression of VEGF and vimentin in the umbilical cords of pregnant women may contribute to the

understanding of the pathogenesis of COVID-19 and the post-acute eftects of these proteins.
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INTRODUCTION

The novel coronavirus disease (COVID-19) has emerged
due to the Sars-CoV2 virus and has spread to many
countries, causing an outbreak (1). The disease may progress
asymptomatically as well as may lead to serious life-
threatening conditions such as sepsis (2). Although the most
frequently affected system due to this disease is the respiratory
system, organs in many systems such as nervous, circulatory,
digestive, and urogenital systems are also adversely affected.
Damages that occur in the organs may occur in the acute
period as well as in the later periods (3). The COVID-19
disease results in recovery in many cases whereas in some
cases, although the PCR test result turns negative, some
symptoms may persist. This condition is defined as “post-
COVID-19 syndrome” or “long COVID” (4).
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Pregnant women are among the risk groups affected
by the COVID-19 disease. When this disease occurs
during pregnancy, it can cause negative effects on
both maternal and infant health (5). The COVID-19
infection during the active period of pregnancy leads
to  immunohistochemical and histopathological
degenerative effects on the placenta (6). In addition,
it is known that pregnant women experience mental
complications such as anxiety, depression, and obsessive-
compulsive disorder during the Covid-19 pandemic (7).
In order to prevent these effects, necessary measures
should be taken to reduce the rate of Sars-CoV2 infection
during pregnancy and perinatal periods. Also, pregnant
patients should be monitored closely (5, 8).
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The umbilical cord has an important role in fetal
development (9). It is stated that perinatal and
intrapartum complications are associated with umbilical
cord abnormalities (10). Inflammation in the umbilical
cord is defined as funisitis (11). Infection in the umbilical
cord may cause neonatal mortality or morbidity and
unhygienic practices performed during delivery lead to
the development of the disease (12). COVID-19 infection
can also cause perinatal transmission if the correct
hygienic measures are not taken (13).

Vascular endothelial growth factor (VEGF) is a specific
mitogen for vascular endothelial cells. VEGE, also known
as vascular permeability factor, increases the proliferation
of vascular endothelial cells, microvascular permeability,
and angiogenesis (14). Angiogenesis is involved in many
physiological and pathological processes. The VEGF
family plays a significant role in the development of the
vascular system through angiogenesis and is also involved
in tissue repair (15). Umbilical cord cells widely express
VEGF and these proteins play a role in the growth of the
umbilical cord (16). It is known that VEGF levels increase
in feline infectious peritonitis (FIP), an infection caused
by coronaviruses (17).

Vimentin is an intermediate filament (IF) protein of
mesenchymal cells and plays a significant role in organ
homeostasis (18). One of the organs in which this protein
is expressed and takes part is the umbilical cord (19).
Vimentin is also a regulator of proteins involved in cell
signaling and migration (18). It is thought that these
proteins work as a cytoprotective structure that prevents
the movement of some viruses into the cytoplasm (20).
Despite this information, the functions of vimentin are
not fully known and further studies are needed.

We could not find any information in the literature on
how the umbilical cord is affected in pregnant women
who have had COVID-19 infection in the second and
third trimesters. This research aims to examine the
umbilical cords of pregnant women who had not had
COVID-19 and those who had had it in the second and
third trimesters, after delivery with histopathological and
immunohistochemical (VEGF and vimentin antibodies)
methods.

MATERIAL AND METHOD

The study was carried out with the permission of Siirt
University Non-Interventional Clinical Research Ethics
Committee (Date: 13.04.2022, Decision No: 42191).
The procedures applied in the study were carried out
in line with the ethical rules and the principles of the
Declaration of Helsinki. Participants included in the
research were informed and a written informed consent
form was taken.
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A total of 27 pregnant women, nine who had had and
recovered from COVID-19 in the second trimester
of pregnancy, nine who had had and recovered from
COVID-19 in the third trimester, and nine who had never
had a COVID-19 infection, were included in the study.
Pregnant women with a secondary disease or any chronic
disease were not included in the study. Tissues (umbilical
cord) were taken from pregnant women who applied to
the Department of Obstetrics and Gynecology of Siirt
Training and Research Hospital, right after delivery.

Histological Follow-up

Tissues taken from the groups were put into 10% buffered
neutral formalin and kept for 16 hours for fixation. Then,
the fixed tissues were washed with running water for
about 12 hours and the formalin solution was eliminated.
Then, the tissues were incubated in alcohols of 30%, 50%,
70%, 80%, 90%, and 96%, respectively, for 8 hours. The
dehydration process of the tissue was completed after
they were kept in absolute alcohol (99.9%) for 2X20
minutes. After the dehydration process, the tissues
were kept in xylol for 2X15 minutes to make the tissues
transparent and discard the alcohol from the tissues. The
tissues then were incubated in melted paraffin containing
50% xylol in an incubator at 58°C for approximately 1.5
hours. Then the tissues were put into pure paraffin and
left for approximately 4 hours for paraffin to penetrate
the tissues. Then, the tissues embedded in liquid paraffin
were kept at room temperature to dry and sections of 5
pm were taken from the dried tissues using a microtome
(Leica RM 2265, Germany).

Hematoxylin-Eosin Staining Protocol

Sections kept in xylol in two series of 15 minutes were
deparaffinized. Then, the sections were passed through
the decreasing alcohol series for about 5 minutes, ending
with the distilled water step. The sections were then
incubated in Harris hematoxylin for 8 minutes. Sections
were taken under the running water and kept here for 5
minutes, then immersed in 1% acid-alcohol solution to
ensure differentiation and washed with distilled water for
5 minutes. After washing, the sections were kept in eosin-
floxin solution for 2 minutes for counterstaining. Then,
the sections were passed through increasing alcohol
series, kept in xylol for two series of 15 minutes, and
mounted with entellan.

VEGF and Vimentin Immune Staining Methods

Sections with a thickness of 5 um were first kept in xylol
for 2x15 minutes. Sections recovered from paraffin in
xylol were then kept in decreasing alcohol series for
5 minutes each and taken into distilled water for a
while. Then, the sections were put into EDTA solution
and kept in the microwave oven for approximately 3
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minutes. Sections taken from the microwave were left
at room temperature for 15 minutes for cooling. At the
end of incubation, the sections were placed in distilled
water again and then dried. The parts with the tissues
were drawn with hydrophobic pencils. Then, PBS-T
was added and the sections were kept for 3x15 minutes.
During these procedures, special care was taken to keep
the immunohistochemistry box moist. After the PBS-T
on the sections was discarded, hydrogen peroxide
solution was dripped onto them and the sections were
kept for an average of 20 minutes. Tissues were divided
into two sections: some of the sections were incubated
with 1/100 diluted with VEGF primary antibodies
(cat no: MA5-13182, Thermofisher Scientific, US)
and the remaining sections were incubated in 1/100
diluted Vimentin primary antibodies (cat no: MA5-
11883, Thermofisher Scientific, US) overnight at
+4°C. The sections were kept at room temperature for
approximately 1 hour the next day and were washed
with PBS-T for 3x5 minutes. The sections were then
incubated with anti-rabbit secondary antibody for
approximately 15 minutes. Streptavidin-peroxidase was
dripped onto the sections washed with PBS-T for 3x5
minutes and the sections were kept for 15 minutes. They
were washed with PBS-T for 3x5 minutes and DAB was
dripped onto the sections. The reactions of the tissues
were monitored with a light microscope and the reaction
of those showing involvement was terminated with
PBS-T. The sections were re-washed with PBS-T for 3x5
minutes, counterstained with Gill IIT hematoxylin for
approximately 45 seconds, and washed in tap water for
5 minutes. Then, the sections passed through increasing
alcohol series were kept in xylol for 2x15 minutes and
mounted with entellan.

Immunohistochemical staining results were analyzed
with H scoring (HS). The formula used is HS= X (1 + i)
x pi. Here, ‘pi’ represents the intensity of the percentage
of staining; ‘i’ corresponds to the staining intensity (0=no
expression, 1=mild, 2=moderate, 3=intense, and 4=very
intense) (6).

Statistical Analysis

Statistical analysis was made in the IBM SPSS program.
Non-parametric Kruskal Wallis Test was performed to
analyze the group means. Data were presented as mean
and standard deviation (SD). Statistically, p<0.05 was
considered significant.

RESULTS

Pregnant women who participated in the study did not
develop any complications and no fetal abnormality was
detected in their babies.

Histopathological Findings

Hematoxylin-eosin staining of umbilical cord tissues
of the control and experimental groups (who had had
COVID-19 in the second and third trimesters) are
shown in Figure 1. Figure 1A represents the control
group; Figure 1B represents the group who had
had COVID-19 in the second trimester; Figure 1C
represents the groups who had had COVID-19 in the
third trimester. In the histopathological images of the
umbilical cords of the control group, the muscles in the
tunica media layer of the umbilical vessel were a regular
structure. The histological structure of the Wharton gel
was normal. There were occasional ruptures between
the muscle fibers in the tunica media of the umbilical
vessel in the umbilical cords of pregnant women
who had had COVID-19 in the second trimester of
pregnancy. The integrity of the tunica intima layer
was lost. Hemorrhagic findings were detected in the
umbilical vascular structure of the umbilical cords of
pregnant women who had had COVID-19 in the third
trimester of pregnancy. Furthermore, the tunica intima
layer was thinner and the integrity partly deteriorated.

histological appearance in the tunica intima, media (arrows), and
adventitia (star) in the control group (B) Structural deterioration in
the tunica media (arrow) and intima (arrowhead) layers in the group
who had had COVID-19 in the second trimester (C) Hemorrhage
(star) and thinning of the tunica intima (arrow) and deterioration

in the integrity in the group who had had COVID-19 in the third
trimester (X10)

Immunohistochemical Findings

VEGF immunohistochemical staining of the umbilical
cords of the control and experimental groups are
shown in Figure 2. In the umbilical cords of the control
group, the expression of VEGF in the tunica intima and
adventitia layers of the umbilical vessel was mild (Figure
2A). VEGF expression was positive in endothelial cells in
the tunica intima of the umbilical vessel and at the border
of the tunica media and tunica adventitia in the umbilical
cord tissues of pregnant women who had had COVID-19
in the second trimester of pregnancy (Figure 2B). VEGF
expression was higher in the second-trimester group than
in the control group. In umbilical cord tissues of pregnant
women who had had COVID-19 in the third trimester of
pregnancy, VEGF expression was positive in endothelial
cells in the tunica intima of the umbilical vessel, at the
border of the tunica media and adventitia, and in the
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tunica adventitia (Figure 2C). VEGF expression was
higher in the group who had had COVID-19 in the third
trimester than in both the control group and the group
who had had COVID-19 in the second trimester.

i | [, il g o
Figure 2. Inmunohistochemical staining of VEGF in umbilical cord
sections (A) Control group: Mild expression in the tunica intima
(arrowhead) and adventitia (black star) of the umbilical vessel (B)
Group who had had COVID-19 in the second trimester: Positive
expression in the tunica intima (arrowheads) of the umbilical vessel,
at the border of the tunica media and adventitia (star) (C) Group
who had had COVID-19 in the third trimester: Positive expression
in the tunica intima (arrowheads), at the border of the tunica media
and adventitia (black star), and tunica adventitia (yellow star) of the
umbilical cord (X10)

Vimentin immunohistochemical staining of the umbilical
cords of the control and experimental groups are shown
in Figure 3. In the umbilical cord of the control group,
vimentin expression was positive in endothelial cells in
the tunica intima of the umbilical vessel and mild in the
tunica media layer (Figure 3A). Vimentin expression
was positive in the tunica intima and media layers of
the umbilical vessel and mild in the tunica adventitia
layer in the umbilical cord tissues of pregnant women
who had had COVID-19 in the second trimester of
pregnancy (Figure 3B). Vimentin expression was higher
in the second-trimester group than in the control group.
In the umbilical cord tissues of pregnant women who
had had COVID-19 in the third trimester of pregnancy,
vimentin expression was positive in the tunica media and
adventitia layers of the umbilical vessel and mild in the
tunica intima layer (Figure 3C). Vimentin expression
was higher in the third-trimester group than in both the
control group and second-trimester group.

Figure 3. Immunohistochemical staining of vimentin in umbilical
cord sections (A) Control group: Positive expression in the tunica
intima (arrowhead), mild expression in the tunica media (star)

of the umbilical vessel (B) Group who had had COVID-19 in the
second trimester: Positive expression in the tunica intima (arrow)
and media (black star) of the umbilical vessel and mild expression
in the adventitia (yellow star) (C) Group who had had COVID-19
in the third trimester: Positive expression in the tunica media (black
star) and adventitia (yellow star) of the umbilical vessel and mild
expression in the intima (arrow) (X10)
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Immunohistochemical Statistics

Statistical analysis of immune activities of VEGF and
vimentin was shown in Table 1. The change in VEGF
expression was statistically significant between groups.
The significance of VEGF in the second group compared
to the control group was less than the significance
of the third group compared to the second group.
The expression was the highest in the third-trimester
group. Similarly, the change in vimentin expression was
significant between control, second and third-trimester
groups. Vimentin expression was significantly higher in
the second-trimester group than in the control group.
Vimentin reaction was higher in the third-trimester
group than in the control and second-trimester group,
this increase was statistically significant.

Table 1. Comparison of VEGF and Vimentin expression between

groups

Control 2nd 3rd
Parameters group trimester  trimester
Median Median Median value
(min-max) (min-max) (min-max)
Hin
VEGE 0.00 1.00 2.00 *}3;‘260_8})91
(0.00-1.00)  (0.00-2.00)  (1.00-3.00) 0,001
*p<0.001
S 0.00 2.00 3.00 ok
Vimentin - 551 00)  (0.00-3.00) (2.00-3.00) .. P<0-001
p=0.027
* control vs second, **control vs third, ***second vs third

DISCUSSION

The clinical findings of pregnant women with COVID-19
are generally similar to other COVID-19 patients.
However, it is known that COVID-19 in pregnancy
causes some negative consequences such as preterm
birth, fetal distress, and neonatal asphyxia. Although
COVID-19 does not usually cause fetal and neonatal
adverse effects, COVID-19 infection, especially seen in
the third trimester, may cause more risky and negative
consequences (21). Furthermore, there is a need for
further comprehensive studies, including other trimesters
to understand the long-term effects of COVID-19 on
maternal and infant health during pregnancy. In our
study, we examined the long-term effects of COVID-19
in the second and third trimesters of pregnancy, using
histopathological and immunohistochemical methods
on the umbilical cord.

Immunohistochemical and histopathological disorders
are seen in the placentas of pregnant women with active
COVID-19. In a study, it was seen that IL-6 and Bax
expression levels were higher in the postpartum placentas
of pregnant women with active COVID-19 compared to
the control group (6). In another study, fetal and maternal
vascular malformation, villitis, thrombus formation,
and chorangiosis were histopathologically reported in
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the placentas of pregnant women with COVID-19 (22).
This information suggests that COVID-19 should be
evaluated not only in terms of clinical outcomes but also
in terms of histopathological outcomes. Although there
are studies on the possible effects of COVID-19 seen in
the last period of pregnancy, its effects in the previous
trimesters are not fully known (21). Studies examining
the relationship of this disease with the umbilical cord
are limited (23). Previous studies mostly reported that
mesenchymal stem cells taken from the umbilical cord
are successful in the treatment of this disease (24, 25).

A study in which the umbilical cords of pregnant women
with COVID-19 were examined immunohistochemically
reported antibody involvement against Sars-CoV-2 N
protein. It was stated that the cells with involvement
were macrophages and fibroblast-like cells in Wharton
gel (23). The fact that there was no involvement in the
umbilical cords in the control group whereas there was an
involvement in the active COVID-19 group is important.
This shows that the umbilical cord is affected by the
Sars-CoV-2 virus, like many other organs. Accordingly,
the presence of the Sars-CoV-2 virus in the umbilical
cords and its long-term effects should be considered
when evaluating the effects of COVID-19 on the mother-
placenta-fetus system.

In our study, structural deteriorations were
histopathologically observed in the layers of the
umbilical vessels in the umbilical cords of pregnant
women who had had COVID-19 in the second and third
trimesters. There was more histopathological damage
with hemorrhage in the third-trimester group. Given
that the Sars-CoV-2 virus can be transmitted to the
umbilical cord, the apparent histopathological findings,
especially in the third trimester, can be explained by the
histopathological effects of this infection. As a matter of
fact, the pregnant women in the third-trimester group
included in the study mostly consisted of cases who were
near delivery. This suggests that the effects of the virus on
the umbilical cord remain in the post-acute period. On
the other hand, milder histopathological findings seen
in the second-trimester group can be explained by the
fact that the effects of COVID-19 infection seen in earlier
periods on the umbilical cord decrease. At this point, it
is important to ensure new pathogenic mechanisms to
provide fetal protection against COVID-19 infections,
especially near delivery.

VEGEF is one of the major factors for fetal and placental
development (26). A study comparing VEGF expressions
between normal placenta and placenta increata cases
found that VEGF expression levels were higher in
placenta increata cases. Overexpression of VEGF and
abnormal villous vessel formation seen in placental
adhesion anomalies were found to be associated with

the pathogenesis of placenta increata (27). In another
study examining normal pregnancies and pregnancies
with severe preeclampsia, VEGF expression levels in the
umbilical cord were compared and VEGF expression
was found to be higher in the preeclampsia group. It is
known that VEGF affects NO synthesis by regulating
eNOS production (28). Therefore, the increase in VEFG
expression in the preeclampsia group may be a tolerant
mechanism to dilate blood vessels and improve fetal
blood flow against developing hypoxic conditions. In
another study, it was stated that VEGF reduces the
expression of proinflammatory cytokines such as TNF-a
and IL-1. Moreover, VEGF was reported to reduce tissue
damage by inhibiting inflammation (29).

In our study, VEGF expression in the vascular structures
that form the basic structure of the umbilical cords and
are embedded in the Wharton gel was higher in the group
who had had COVID-19 in the third trimester. This
suggests that VEGF may be involved in the pathogenesis
of the COVID-19 infection, especially in the period near
delivery. COVID-19 is known to cause arterial hypoxia
due to pulmonary involvement (30). The increase in
VEGEF expression, especially seen in the third-trimester
group, might be a defense mechanism that supports the
blood circulation of the fetus against hypoxic conditions.
Another finding in COVID-19 infection is the increase
of proinflammatory cytokines such as TNF-a (31).
Considering the effects of VEGF such as reducing the
expression of proinflammatory cytokines such as TNF-a
and inhibiting inflammation (29), it can be suggested
that this protein has a regulatory and protective role in
COVID-19 infection.

Vimentin has many functions such as cell physiology,
cellular interactions, and tissue homeostasis. Another
important function of vimentin is that it takes part in
cases of infection (18). It was reported that vimentin
has a cytoprotective role that prevents the entry of viral
components into the cytoplasm. Indeed, this effect
of vimentin was demonstrated in a study conducted
on African swine fever virus (ASFV) infection (20).
The increase in vimentin expression observed in the
third-trimester group in our study may be due to the
cytoprotective role of vimentin against viral infections.
The decreasing vimentin expression from the second-
trimester group to the control group can be explained by
the fact that the effect of the disease and the viral load
gradually decrease.

In a study in which the placentas of preeclamptic and
normotensive pregnant women were compared in terms
of vimentin expression, it was found that the vimentin
expression was higher in the preeclamptic group and that
vimentin hasarolein the pathogenesis of preeclampsia (32).
In another study, it was stated that the expression levels of
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vimentin and VEGF in these patients were correlated with
each other. Moreover, both proteins were held responsible
for trophoblast invasion, angiogenesis, and vascular
permeability (26). In our study, the expression levels of
vimentin and VEGF in the umbilical cord were found to
be higher in the third-trimester group. This suggests that
both proteins can be co-evaluated in the pathogenesis of
COVID-19. On the other hand, new studies are required to
explain the molecular mechanisms by which vimentin and
VEGEF play a role in the relationship between COVID-19
and the umbilical cord.

Limitations

This study has some limitations. Primarily, each group
included in the study consisted of nine cases. The decreasing
trend of the number of COVID-19 cases in our region made
it difficult to find pregnant patients who had COVID-19,
especially in the third trimester. Comprehensive studies
can be conducted with a larger number of pregnant
patients who have had COVID-19 by increasing the period
for the study. Secondly, cases who had had the disease
in the second and third trimesters were included in the
study to investigate the long-term effects of COVID-19.
Further studies to examine postpartum umbilical cords
can be planned with cases who have had COVID-19 in
the first trimester and even before pregnancy. Lastly, the
use of different primary antibodies may provide important
results when evaluating the expression of other proteins
important for umbilical cord development besides VEGF
and vimentin primary antibodies.

CONCLUSION

Today, both the acute and long-term effects of the
COVID-19 disease are still a matter of discussion. One
of the most researched subjects among these effects
is maternal and infant health. Histopathological and
immunohistochemical findings in the umbilical cord,
especially in the third trimester of pregnancy, were more
prominent, suggesting that more attention should be
paid to COVID-19 infection near delivery. Furthermore,
the high levels of VEGF and vimentin expression in the
umbilical cords of pregnant women in this period may
be useful in understanding the post-acute effects of these
proteins in the pathogenesis of COVID-19.
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