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disease 2019 (COVID‐19) and healthy controls. Furthermore, the association of inflammation parameters, disease severity, and obstetric complications with VEGF‐A was
investigated. This prospective case‐control study was conducted on pregnant women
who were admitted to Ankara City Hospital between June 14, 2020 and August 28,
2020. Pregnant women with COVID‐19 (n = 95) were compared with a control group of
healthy pregnant women (n = 92) with similar clinical and demographic characteristics.
Demographic features, clinical characteristics, laboratory test results, VEGF‐A values
were compared between the groups. A correlation analysis was performed between
VEGF‐A levels, inflammation parameters, and clinical characteristics of the cases for
pregnant women with COVID‐19. VEGF‐A levels were also compared between patients
with composite adverse outcome and patients without any complication in the
COVID‐19 group. The two groups were similar except for obstetric complications
(p > .05). The obstetric complication rate was higher in the COVID‐19 group
(p =.02). The two groups were comparable in terms of neutrophil to lymphocyte ratio
and VEGF‐A values. VEGF‐A values were slightly different between the trimesters.
A negative moderate statistically significant correlation was found between the
neutrophil and VEGF‐A values (r = −0.231, p =.02). VEGF‐A values were similar between
patients with and without composite adverse outcomes (p > .05). VEGF‐A values were
similar between pregnant women with COVID‐19 and healthy controls.
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| INTRODUCTION

and caused a pandemic. Researchers all over the globe have been
working on various projects to overcome this alarming situation.

Coronavirus disease 19 (COVID‐19) is a novel viral infection caused

However, our knowledge is still very limited, and more data is ne-

by severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2)

cessary to establish more efficient management protocols.2

and has had a significant impact on our lives since the first day of its

Pregnancy is a special condition that is associated with sev-

appearance.1 It has spread around the world in a short period of time

eral adaptive physiological changes. Prominent alterations occur,
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especially in the hematologic, immune, cardiovascular, and re-

the management of COVID‐19 patients since the beginning of the

spiratory systems. 3 As COVID‐19 mainly affects the above‐

pandemic.26 It has a special protocol for pregnant women with

mentioned systems, physicians have concerns related to the in-

COVID‐19 and all cases were followed up by a multidisciplinary

fluence of COVID‐19 on pregnant women. Although the course of

team consisting of obstetricians, perinatologists, neonatologists,

the disease was generally reported to be mild in pregnant women

pulmonologists, radiologists, and infectious disease specialists.

in previous studies, COVID‐19 may cause obstetric complications

Despite being the main pandemic center, it continues to give

4–6

like miscarriage, preterm labor, pre‐eclampsia, and fetal distress.

service to both high‐risk and low‐risk pregnant populations with

On the other hand, the underlying mechanisms behind increased

approximately 1100 deliveries per month. 26

obstetric complications in COVID‐19 cases have not yet

In the first part of the study, pregnant women with COVID‐19

been revealed. Invasion of the placental villi by SARS‐CoV‐2,

were compared with healthy controls in terms of demographic fea-

impaired coagulability, increased systemic inflammation, and

tures, clinical characteristics, laboratory parameters, and VEGF‐A

decreased arterial oxygen saturation were hypothesized to be

values. Maternal age, body‐mass index (BMI) (kg/m2), gravidity,

the possible pathophysiological events for poor obstetric

parity, comorbid conditions, gestational age, pregnancy status, ob-

outcomes.

7–10

stetric complications, hemoglobin (Hb), hematocrit (Hct), white blood

Vascular endothelial growth factors (VEGFs) are a family of

cell, platelet, lymphocyte, neutrophil counts, neutrophil to lympho-

growth factors that potently stimulate vasculogenesis and an-

cyte ratio, erythrocyte sedimentation rate (ESR), C‐reactive protein

giogenesis. 11 Five members of VEGFs are present in mammals

(CRP), procalcitonin, interleukin 6 (IL‐6), ferritin, lactate dehy-

with different functions: VEGF‐A, placenta growth factor (PGF),

drogenase (LDH), D‐dimer and VEGF‐A levels were compared be-

VEGF‐B, VEGF‐C, and VEGF‐D.12 They are essential for the

tween the groups.

healthy development of the placenta and the fetus.13–15 More-

Secondly, VEGF‐A values were compared between pregnant

over, their role in obstetric complications like miscarriage, fetal

women with COVID‐19 and healthy controls according to preg-

growth restriction, and pregnancy‐induced hypertension were

nancy trimesters. Thereafter, a correlation analysis was per-

16–21

Additionally, the potential

formed between VEGF‐A levels, inflammation parameters, and

role of VEGFs in the pathogenesis of COVID‐19 infection has

clinical characteristics of the cases for pregnant women with

been reported in recent studies.22–25 Considering that COVID‐19

COVID‐19. Finally, VEGF‐A levels were compared between pa-

increases VEGF levels and the relationship between the same

tients with composite adverse outcome and patients without any

mediators and obstetric complications, VEGF levels may differ in

complication in the COVID‐19 group. The composite adverse

normal and infected pregnant women. However, to the best of

outcome was defined as the presence of an obstetric complica-

our knowledge, there is no study in the literature evaluating the

tion or moderate/severe COVID‐19.

investigated in various studies.

Real‐time polymerase chain reaction (RT‐PCR) assay of a

VEGFs levels in pregnant women with COVID‐19.
This study aims to compare VEGF‐A values between

nasopharyngeal and oropharyngeal specimen was used for the

pregnant women with COVID‐19 and healthy controls. Further-

diagnosis of COVID‐19.27 All COVID‐19 cases were managed

more, the association of inflammation parameters, disease se-

according to the national guideline.28 The severity of COVID‐19

verity,

was determined according to the defined criteria by the Turkish

and

obstetric

complications

with

VEGF‐A

was

investigated.

Ministry of Health.28 Blood samples were obtained from the
patients along with the initial laboratory tests upon their first
admission to the hospital.

2
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VEGF‐A level was measured with the Sandwich‐ELISA principle at Ankara University Faculty of Medicine, Pathophysiology

This prospective case‐control study was conducted on pregnant

Laboratories. The measurements were done according to the

women who were admitted to the Department of Obstetrics and

instructions for use of the commercial kit (Elabscience, Human

Gynecology, Turkish Ministry of Health Ankara City Hospital

VEGF‐A ELISA Kit).

between May 11, 2020 and August 30, 2020. Pregnant women

Statistical analyses were performed using the Statistical

with COVID‐19 were compared with a control group of healthy

Package for the Social Sciences (SPSS.22, IBM SPSS Statistics for

pregnant women with similar clinical and demographic char-

Windows, Version 22.0; IBM Corp.). Descriptive analyses were

acteristics. Patients who were willing to participate and gave the

presented as medians and interquartile range as they were not

required blood sample for the evaluation of the VEGF‐A level

normally distributed. The Mann–Whitney U‐test was performed

were included in this study. Both the Turkish Ministry of Health

to compare the median values between the groups. Categorical

and the Institutional Ethics Committee approved the study pro-

variables were presented by numbers and percentages. The

tocol (E1‐20‐602) and informed consent was obtained from all

chi‐square test was used to compare categorical variables be-

patients.22–25

tween the groups. Correlation analysis was performed by

The Turkish Ministry of Health Ankara City Hospital is a
tertiary health‐care facility that has been playing a major role in

Spearman test. A two‐tailed p < .05 was regarded as statistically
significant.
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T A B L E 1 Comparision of demographic features and clinical
characteristics between pregnant women with COVID‐19 and
healthy controls

TABLE 1

(Continued)
Pregnant
women with
COVID‐19
(n = 95)

Healthy
controls
(n = 92)

GHT (n, %)

1 (1.1%)

0 (0%)

DVT (n, %)

1 (1.1%)

0 (0%)

Pregnant
women with
COVID‐19
(n = 95)

Healthy
controls
(n = 92)

p value

Maternal age (years)
(median, IQR)a

29 (7)

28 (7.75)

.12

BMI (kg/m2)
(median, IQR)a

26.57 (5.54)

26.36 (6.20)

.54

Abbreviations: BMI, body‐mass index; COVID‐19, coronavirus disease
2019; DVT, deep vein thrombosis; GDM, gestational diabetes mellitus;
GHT, gestational hypertension; ICHP, Intrahepatic cholestasis of
pregnancy; IQR, interquartile range.

2 (2)

2 (1)

.06

a

1 (2)

1 (1)

.08

24 (25.3%)

15 (16.3%)

.13

Variables

Gravidity (median, IQR)a
a

Parity (median, IQR)
Comorbidity (n, %)

b

Comorbidity type (n, %)b

Variables

.49

3

p value

Statistical analysis was performed by Mann–Whitney U test.

b

Statistical analysis was performed by chi‐square test.
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Obesity (n, %)

7 (7.4%)

10 (10.9%)

There were 95 and 92 patients in the COVID‐19 and control groups

Hypothyroidism (n, %)

6 (6.3%)

4 (4.3%)

respectively. Thirty‐two, 32, and 31 patients were in the first, second,

Hypertension (n, %)

2 (2.2%)

1 (1.1%)

and third trimesters of pregnancy in the COVID‐19 group. On the other

Asthma (n, %)

2 (2.2%)

0 (0%)

Epilepsy (n, %)

1 (1.1%)

0 (0%)

Diabetes mellitus type 2
(n, %)

1 (1.1%)

0 (0%)

Ulcerative colitis (n, %)

1 (1.1%)

0 (0%)

A comparison of demographic features and clinical characteristics

0 (0%)

between pregnant women with COVID‐19 and healthy controls is

hand, 32, 29, and 31 patients were in the first, second, and third trimesters of pregnancy in the control group. In the COVID‐19 group, 70,

1 (1.1%)

Thalassemia trait (n, %)

1 (1.1%)

0 (0%)

Immune
thrombocytopenic
purpura (n, %)

1 (1.1%)

0 (0%)

Mitral valve stenosis
(n, %)

1 (1.1%)

Pregnancy status (n, %)

Eighteen cases had computerized tomography findings consistent with
COVID‐19 and medication was necessary in 27 cases.

Ankylosing spondylitis
(n, %)

Gestational age (weeks)
(median, IQR)a

23, and 2 patients had mild, moderate, and severe disease, respectively.

shown in Table 1. Approximately a quarter of pregnant women with
COVID‐19 infection had comorbidities. Obesity and hypothyroidism
were the leading comorbid conditions. Two pregnancies resulted in
miscarriage and 19 pregnant women were delivered in the COVID‐19
positive group. Pre‐eclampsia and preterm delivery were the most
common obstetric complications in the COVID‐19 group. Two groups

0 (0%)

were similar except for obstetric complications (p > .05). The obstetric
25 (22)

24 (23)

.69

complication rate was higher in the COVID‐19 group (p = .02).
A comparison of laboratory parameters and VEGF‐A levels between pregnant women with COVID‐19 and healthy controls

b

is shown in Table 2. Significantly lower Hb, Hct, white blood cell,
Miscarriage (n, %)

2 (2.1%)

0 (0%)

On‐going pregnancy
(n, %)

74 (77.9%)

82 (89.1%)

Delivered (n, %)

19 (20%)

10 (10.9%)

12 (12.6%)

3 (3.2%)

Obstetric complication
(n, %)b

.76

platelet, lymphocyte, and neutrophil values were found in the
COVID‐19 group (p < .05). However, ESR, CRP, procalcitonin, IL‐6,
ferritin, LDH, and D‐dimer values were significantly lower in the
control group (p < .05). The two groups were comparable in terms of

.02

NLR and VEGF‐A values (p > .05).
A comparison of median VEGF‐A values between pregnant women with COVID‐19 and healthy controls according to pregnancy

Obstetric complication
type (n, %)b

trimesters is shown in Table 3. No statistically significant difference
.16

was found between the groups (p > .05). VEGF‐A values were slightly

Pre‐eclampsia (n, %)

3 (3.2%)

0 (0%)

Preterm delivery (n, %)

3 (3.2%)

0 (0%)

Miscarriage (n, %)

2 (2.1%)

0 (0%)

GDM (n, %)

1 (1.1%)

2 (2.2%)

Correlation of VEGF‐A values with inflammation parameters and

ICHP (n, %)

1 (1.1%)

1 (1.1%)

clinical characteristics in pregnant women with COVID‐19 is shown

higher in the control group. CRP, D‐dimer, and VEGF‐A levels of the
second trimester were significantly higher than those of the first and
last trimesters in both groups.

in Table 4. A negative moderate statistically significant correlation
(Continues)

was found between the neutrophil and VEGF‐A values (r = −.231,
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parameters and VEGF‐A levels between
pregnant women with COVID‐19 and
healthy controls
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Pregnant women with
COVID‐19 (n = 95)

Healthy
controls (n = 92)

11.7 (1.8)

12.5 (1.5)

.004

35.7 (5.25)

37.3 (4.2)

<.001

6070 (3480)

8880 (3092)

<.001

Platelet (10 /ml) (median, IQR)

222 (86.5)

253 (81.7)

<.001

Lymphocyte (103/ml) (median, IQR)a

1240 (665)

1835 (592)

<.001

Neutrophil (103/ml) (median, IQR)a

4250 (3185)

6265 (2862)

<.001

NLR (%) (median, IQR)

3.5 (3.1)

3.3 (1.8)

30 (12.5)

24.5 (17.7)

<.001

10.5 (15.8)

5 (5.8)

<.001

0.07 (0.02)

0.03 (0.01)

<.001

6.5 (7.6)

3.6 (1.2)

<.001

19 (28)

12.5 (12)

<.001

201 (50)

183.5 (62.7)

(mcg/ml) (median, IQR)

1.2 (1.1)

0.6 (0.5)

<.001

a

151 (60)

155 (30)

.59

Variables
a

Hb (g/dl) (median, IQR)
a

Hct (%) (median, IQR)
3

a

WBC (10 /ml) (median, IQR)
3

a

a

ESR (mm/h) (median, IQR)

a

CRP (mg/dl) (median, IQR)

a

Procalcitonin (ng/ml) (median, IQR)
a

IL‐6 (pg/ml) (median, IQR)

a

Ferritin (ng/ml) (median, IQR)
a

LDH (U/l) (median, IQR)
D‐dimer

VEGF‐A (pg/ml) (median, IQR)

p value

.55

.013

Abbreviations: COVID‐19, coronavirus disease 2019; CRP, C‐reactive protein; ESR, erythrocyte
sedimentation rate; Hb, hemoglobin; Hct, hematocrit; IL‐6, interleukin 6; DH, lactate dehydrogenase;
NLR, neutrophil to lymphocyte ratio; VEGF‐A, vascular endothelial growth factor A; WBC, white
blood cell.
a

Statistical analysis was performed by Mann–Whitney U test.

p = .02). However, no other significant correlation was present for
the remaining parameters.
A comparison of VEGF‐A levels between patients with composite adverse outcomes and patients without any complication in

T A B L E 4 Correlation of VEGF‐A values with inflammation
parameters and clinical characteristics in pregnant women with
COVID‐19

T A B L E 3 Comparison of median VEGF‐A values between
pregnant women with COVID‐19 and healthy controls according to
pregnancy trimesters
Second
trimester
VEGF‐A (pg/
ml)a,ba,b

Third trimester
VEGF‐A (pg/
ml)a,ba,b

159.5 (40)a

140 (60)a

109.42b

72.74b

149 (40)a

165 (40)a

149 (50)a

92.77b

122.28b

75.13b

0.79a

0.21a

0.62a

First trimester
VEGF‐A (pg/
ml)a,ba,b
Pregnant women
145 (210)a
with COVID‐19
93.06b
Healthy controls

p value

0.02c

0.015c

Abbreviation: COVID‐19, coronavirus disease 2019; VEGF‐A, Vascular
endothelial growth factor A.
a

Median and interquartile range.

b

Mean rank values were used, statistical analysis was performed by
Mann–Whitney U‐test.

c
Mean rank values of first and second, second and third trimester were
significantly different.

Parameter

r valuea

p valuea

Lymphocyte

.008

.93

Neutrophil

−.231

.02

NLR

−.154

.13

ESR

−.049

.63

CRP

−.033

.75

Procalcitonin

−.045

.66

IL‐6

−.040

.70

Ferritin

−.079

.44

LDH

−.019

.85

D‐dimer

−.162

.11

COVID‐19 status

−.164

.12

Obstetric complications

−.158

.13

Abbreviations: COVID‐19, coronavirus disease 2019; CRP, C‐reactive
protein; ESR, erythrocyte sedimentation rate; IL‐6, interleukin 6; LDH,
lactate dehydrogenase; NLR, neutrophil to lymphocyte ratio; VEGF‐A,
vascular endothelial growth factor A.
a

Correlation analysis was performed by Spearman test.
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VEGF‐A level (pg/ml)
(median, IQR)

Patients with composite
adverse outcome (n = 30)

Patients without any
complication (n = 65)

p value

150.5 (30)

149 (100)

0.93

5

T A B L E 5 Comparison of VEGF‐A levels
between patients with composite adverse
outcome and patients without any
complication in the pregnant women with
COVID‐19 group

Abbreviations: COVID‐19, coronavirus disease 2019; IQR, interquartile range; VEGF‐A, vascular
endothelial growth factor A.

pregnant women with the COVID‐19 group is shown in Table 5. The

controls with similar clinical characteristics. In a similar manner, in-

two groups were similar in terms of VEGF‐A values (p = .93). Patients

flammatory marker responses show differences between trimesters.

with asthma had slightly higher VEGF‐A values (0.38 ± 0.27).

Interestingly; the second trimester has the highest acute phase responses (D‐dimer, CRP, etc) and VEGF‐A levels. Moreover, VEGF‐A
values remained comparable between the groups at different trimesters

4
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of pregnancy. No significant correlation was found for VEGF‐A values
with inflammation parameters and clinical characteristics in pregnant

Cytokine storm, altered immune response, impaired coagulation, and

women with COVID‐19 except for a negative moderate statistically

low blood oxygen levels are the major pathologic events behind the

significant correlation with the neutrophil count. CRP, IL‐6, and D‐dimer

complications of COVID‐19.7–10 In severe cases, this cascade of

concentrations have a negative correlation with lymphocyte count.

events leads to vascular injury and hypoperfusion. Excessive ma-

Additionally, VEGF‐A values except lung diseases were similar

ternal immune response, formation of microthrombi in the vascular

between patients with composite adverse outcome and patients

structures of the placenta and decreased oxygenation in the

without any complication in pregnant women with COVID‐19.

maternal–fetal interface are all associated with adverse pregnancy

However, VEGF‐A values were slightly higher in patients with asth-

outcomes.29,30 COVID‐19 infection may adversely affect pregnancy

ma. These results were inconsistent with the previous theories.

as the growing fetus needs appropriate perfusion and oxygenation. It

However, this is a preliminary study and more data is necessary to

has been reported that COVID‐19 infection was associated with

make more precisive inferences.

various obstetric complications like miscarriage, preterm labor, pre‐

In our opinion, the findings of the present study may lead to the

eclampsia, and fetal distress.4–6 However, how the SARS‐CoV‐2 virus

development of new studies focusing on two main possible targets

affects the placenta and fetus remains vague. Impaired placentation

for the clinicians. Firstly, if the findings of future studies indicate a

and occlusion of placental vessels by thrombus seem to be two

significant difference between COVID‐19 positive and negative

possible pathological events behind obstetric complications. As

pregnant women with regard to VEGF‐A values, this mediator may

VEGF‐A production may be induced in cells receiving insufficient

be used as an ancillary test for the prediction of disease prognosis.

oxygen, it may be hypothesized that COVID‐19 infection may ele-

Secondly, medications affecting the levels and functions of VEGF‐A

vate VEGF‐A levels in pregnant women with COVID‐19. Further-

may be used for therapeutic purposes.

more, increased VEGF‐A levels were reported in COVID‐19 patients

The strengths of the present study were the novelty, the high

and antiangiogenic agents were used for therapeutic purposes.

number of study parameters, and the prospective design in each

VEGF‐A was also found to be associated with increased angiopoie-

trimester. However, the lack of information related to the final

tins and vascular permeability in COVID‐19 infection.22–25

outcomes of ongoing pregnancies and a low number of severe cases

The term placenta‐mediated pregnancy complications has

were the main limitations.

been used widely in the recent literature. 31–33 According to this

In conclusion, although VEGF‐A values change with trimester;

theory, impaired placentation and injury of placental vascular

they were similar between pregnant women with COVID‐19 and

structures result in poor obstetric outcomes. Destruction of

healthy controls. Furthermore, VEGF‐A was not associated with

cellular components of the maternal‐fetal interface may lead to

disease severity and obstetric complications.

altered fetal perfusion and hypoxia. Moreover, cell degradation
products seem to activate maternal innate and humoral im-

CO N FLI CT O F I N TER E S TS

munity. This cascade of pathologic events probably results in
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pregnancy complications.

31–33

Altered levels of VEGFs were re-

ported to play a role in various obstetric complications like
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miscarriage, fetal growth restriction, and pregnancy‐induced
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Thus,

COVID‐19

may

cause

placenta‐

mediated pregnancy complications via VEGFs.

Atakan Tanacan: study design, statistical analysis, manuscript writing. Seyit
Ahmet Erol: data collection, manuscript writing. Ali Taner Anuk: data

The findings of the present study indicated that VEGF‐A values

collection, manuscript writing. Selcan Sinaci: data collection, review of the

were similar between pregnant women with COVID‐19 and healthy

literature. Derya Biriken: statistical analysis, manuscript writing. Huseyin

|

6

YAZIHAN

Levent Keskin: critical review, study design. Ozlem Moraloglu Tekin: su-

19.

pervision, manuscript writing. Dilek Sahin: supervision, manuscript writing.
ORCID
Atakan Tanacan

20.

https://orcid.org/0000-0001-8209-8248

R EF E RE N C E S
1.
2.

3.
4.

5.

6.

7.

8.
9.

10.
11.

12.

13.

14.

15.

16.

17.

18.

Zu ZY, Jiang MD, Xu PP, et al. Coronavirus disease 2019 (COVID‐19):
a perspective from China. Radiology. 2020;296(2):E15‐E25.
Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, Prescott HC. Pathophysiology, transmission, diagnosis, and treatment of coronavirus disease 2019 (COVID‐19): a review. JAMA. 2020;324:782.
Talbot L, Maclennan K. Physiology of pregnancy. Anaesthesia
Intens Care Med. 2016;17(7):341‐345.
Rasmussen SA, Smulian JC, Lednicky JA, Wen TS, Jamieson DJ.
Coronavirus disease 2019 (COVID‐19) and pregnancy: what obstetricians need to know. Am J Obstet Gynecol. 2020;222:415‐426.
Trocado V, Silvestre‐Machado J, Azevedo L, Miranda A, Nogueira‐
Silva C. Pregnancy and COVID‐19: a systematic review of maternal,
obstetric and neonatal outcomes [published online ahead of print
July 7, 2020]. J Matern Fetal Neonat Med. 1‐13.
Yu N, Li W, Kang Q, et al. Clinical features and obstetric and neonatal outcomes of pregnant patients with COVID‐19 in Wuhan,
China: a retrospective, single‐centre, descriptive study. Lancet Infect
Dis. 2020;20:559‐564.
Algarroba GN, Hanna NN, Rekawek P, et al. Confirmatory evidence
of visualization of SARS‐CoV‐2 virus invading the human placenta
using electron microscopy. Am J Obstet Gynecol. 2020;223:275‐278.
Mangalmurti N, Hunter CA. Cytokine storms: understanding
COVID‐19. Immunity. 2020;53:19‐25.
Lazzaroni MG, Piantoni S, Masneri S, et al. Coagulation dysfunction
in COVID‐19: the interplay between inflammation, viral infection
and the coagulation system [published online ahead of print August
24, 2020]. Blood Rev. 100745.
Shi W, Lv J, Lin L. Coagulopathy in COVID‐19: Focus on vascular
thrombotic events. J Mol Cell Cardiol. 2020;146:32‐40.
Karaman S, Leppänen V‐M, Alitalo K. Vascular endothelial growth
factor signaling in development and disease. Development. 2018;
145(14):dev151019.
Melincovici CS, Bosca AB, Susman S, et al. Vascular endothelial
growth factor (VEGF)‐key factor in normal and pathological angiogenesis. Rom J Morphol Embryol. 2018;59(2):455‐467.
Pang V, Bates DO, Leach L. Regulation of human feto‐placental
endothelial barrier integrity by vascular endothelial growth factors:
competitive interplay between VEGF‐A165a, VEGF‐A165b, PIGF
and VE‐cadherin. Clin Sci. 2017;131(23):2763‐2775.
Olaya‐C M, Michael F, Fabian G, Silva JL, Bernal J, Garzon A. Role of
VEGF in the differential growth between the fetal and placental
ends of the umbilical cord. J Neonat Perinat Med. 2019;12(1):47‐56.
Wada Y, Ozaki H, Abe N, et al. Role of vascular endothelial growth
factor in maintenance of pregnancy in mice. Endocrinology. 2013;
154(2):900‐910.
Tandon V, Hiwale S, Amle D, Nagaria T, Patra PK. Assessment of
serum vascular endothelial growth factor levels in pregnancy‐
induced hypertension patients. J Pregnancy. 2017;2017:1‐5.
Tang Y, Ye W, Liu X, Lv Y, Yao C, Wei J. VEGF and sFLT‐1 in serum
of PIH patients and effects on the foetus. Exp Ther Med. 2019;17(3):
2123‐2128.
Pang L, Wei Z, Li O, et al. An increase in vascular endothelial growth
factor (VEGF) and VEGF soluble receptor‐1 (sFlt‐1) are associated with
early recurrent spontaneous abortion. PLOS One. 2013;8(9):e75759.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

ET AL.

Nejabati HR, Latifi Z, Ghasemnejad T, Fattahi A, Nouri M. Placental
growth factor (PlGF) as an angiogenic/inflammatory switcher: lesson from early pregnancy losses. Gynecol Endocrinol. 2017;33(9):
668‐674.
Ali LE, Salih MM, Elhassan EM, Mohmmed AA, Adam I. Placental
growth factor, vascular endothelial growth factor, and hypoxia‐
inducible factor‐1α in the placentas of women with pre‐eclampsia.
J Matern Fetal Neonat Med. 2019;32(16):2628‐2632.
Ravikumar G, Mukhopadhyay A, Mani C, et al. Placental expression
of angiogenesis‐related genes and their receptors in IUGR pregnancies: correlation with fetoplacental and maternal parameters.
J Matern Fetal Neonat Med. 2019:1‐8.
Young BE, Ong SW, Ng LF, et al. Viral dynamics and immune correlates of COVID‐19 disease severity [published online ahead of
print August 28, 2020]. Clin Infect Dis.
Chi Y, Ge Y, Wu B, et al. Serum cytokine and chemokine profile in
relation to the severity of coronavirus disease 2019 in China. J Infect
Dis. 2020;222(5):746‐754.
Kong Y, Han J, Wu X, Zeng H, Liu J, Zhang H. VEGF‐D: a novel
biomarker for detection of COVID‐19 progression. Crit Care. 2020;
24(1):1‐4.
Yin X‐X, Zheng X‐R, Peng W, Wu M‐L, Mao X‐Y. Vascular endothelial
growth factor (VEGF) as a vital target for brain inflammation during
the COVID‐19 outbreak. ACS Chem Neurosci. 2020;11:1704‐1705.
Sahin D, Tanacan A, Erol SA, et al. A pandemic center's experience
of managing pregnant women with COVID‐19 infection in Turkey: a
prospective cohort study. Int J Gynecol Obstet. 2020;151(1):74–82.
Tanacan A, Erol SA, Turgay B, et al. The rate of SARS‐CoV‐2 positivity in asymptomatic pregnant women admitted to hospital for
delivery: Experience of a pandemic center in Turkey. Eur J Obstet
Gynecol Reprod Biol. 2020;253:31‐34.
Turkish Ministry of Health. General Directorate of Public Health,
COVİD‐19 (SARS‐CoV‐2 infection) Guideline, Scientific Committee
Report. https://covid19bilgi.saglik.gov.tr/depo/rehberler/COVID-19_
Rehberi.pdf?type=file. Accessed 21 August 2020.
Leisman DE, Deutschman CS, Legrand M. Facing COVID‐19 in the
ICU: vascular dysfunction, thrombosis, and dysregulated inflammation. Intensive Care Med. 2020;46:1‐4.
Ackermann M, Verleden SE, Kuehnel M, et al. Pulmonary vascular
endothelialitis, thrombosis, and angiogenesis in COVID‐19. N Engl J
Med. 2020;383:120‐128.
Rey E, Garneau P, David M, et al. Dalteparin for the prevention of
recurrence of placental‐mediated complications of pregnancy in
women without thrombophilia: a pilot randomized controlled trial.
J Thromb Haemostasis. 2009;7(1):58‐64.
Kim M, Kim S, Park S, Ahn H, Chung J, Ryu H. Association of fetal‐
derived hypermethylated RASSF1A concentration in placenta‐
mediated pregnancy complications. Placenta. 2013;34(1):57‐61.
Rodger MA, Carrier M, Le Gal G, et al. Meta‐analysis of low‐
molecular‐weight heparin to prevent recurrent placenta‐mediated
pregnancy complications. Blood. 2014;123(6):822‐828.

How to cite this article: Yazihan N, Tanacan A, Erol SA, et al.
Comparison of VEGF‐A values between pregnant women
with COVID‐19 and healthy pregnancies and its association
with composite adverse outcomes. J Med Virol. 2020;1‐6.
https://doi.org/10.1002/jmv.26631

