COVID-19 AND PREGNANCY: EPIDEMIOLOGY, CLINICAL
FEATURES, MATERNAL AND PERINATAL OUTCOMES.
A SYSTEMATIC REVIEW

INTRODUCTION

Based on the genome sequencing of the vi-
rus, reported in December 2019, the National
Health Commission of China found that severe
acute respiratory distress syndrome (ARDS) is
caused by a new type of b coronavirus [1,2]. In
January 2020, the WHO named the virus coro-
navirus (2019-nCoV), and in February 2020,
the infectious disease was named COVID-19.
The International Committee on Taxonomy of
Viruses (ICTV), after a comprehensive genom-
ic characterization, officially named the virus
SARS-CoV-2 [3]. The rapid spread of the disease
worldwide in March 2020 led to the declaration
of a pandemic [4-6]. The presence of concomi-
tant pathology, such as diabetes, hypertension,
chronic respiratory diseases, kidney disease and
oncologic pathology, were recognized as risk
factors for worse COVID-19 disease prognosis
and death [7].

Past experience of complicated pregnan-
cy and maternal losses caused by SARS-type
coronavirus infection during the influenza virus
A H1NT pandemic in 2009-2010 led the scien-
tific community to hypothesize that a pregnant
woman is considered potentially vulnerable to
SARS-CoV-2-associated ARDS [8, 9]. In the con-
text of the COVID-19 pandemic, in order to re-
duce the risks of infection of pregnant women
and medical workers, many countries, along
with quarantine measures and restriction of
non-emergency medical care, have recom-
mended limiting routine prenatal care and, if
possible, replacing face-to-face communication
with electronic consultations [9-12].

Physiological changes in the cardiovascular,
respiratory, immune and hemostatic systems
during pregnancy may have some influence
on the severity of COVID-19 disease, which in
turn may affect the course of pregnancy. Cur-
rently, active research is ongoing on the impact
of COVID-19 on reproductive function, par-
ticularly, pregnancy, childbirth, and perinatal
outcomes. In addition to the direct impact of
the disease, maternal health can be adversely
affected by limited access to medical care, psy-
cho-emotional stress and socio-economic mal-
adjustment brought about by the pandemic.
Moreover, the infection can be asymptomatic,
which creates certain difficulties in the preven-

tion and treatment of the disease as well as rais-
es the question of the need for screening stud-
ies for SARS-CoV-2 [9].

The introduction of telemedicine so as to
avoid face to face contact in physical consulta-
tions was aimed primarily at reducing the prev-
alence of COVID-19. Nevertheless, the impact
of such tactic on maternal and infant morbidity
and mortality requires serious study.

The objective of this systematic review was
to analyze published literature data on the epi-
demiology, risk factors, and clinical features of
COVID-19 in pregnancy, maternal and perinatal
outcomes.

MATERIALS AND METHODS

Search strategy

A comprehensive search was conducted
based on the Preferred Reporting Items for Sys-
tematic reviews and Meta-Analyses (PRISMA)
methodology [13]. A search was carried out
on the electronic databases of PubMed, Sco-
pus, Medline, Google Scholar, Web of Science
and Central BMJ using MeSH terms or combi-
nations of the keywords of “COVID-19", “SARS-
CoV-2', “pregnancy’, “epidemiology”, “comorbid
disease’, “pregnancy and childbirth outcome’,
“preeclampsia” and “fetus” for the period from
December 1, 2019 to February 28, 2022. The in-
clusion criteria for the study were a confirmed
PCR diagnosis of COVID-19 in pregnant women,
available information about the clinical features
of the disease, as well as the course of pregnan-
cy, maternal and perinatal outcomes.

Selection criteria

At the first stage, potentially relevant works
were identified by titles and abstracts of articles.
After review of the full-text content, if the select-
ed criteria were met, the article was short-list-
ed for full processing. The quality of studies
was assessed, taking into account, the size and
structure of the sample, the representativeness
of the data presented the quality of statistical
analysis, and the study of causal relationships.
For the selection and methodological evalua-
tion of studies, a questionnaire was compiled in
accordance with the requirements for non-ran-
domized studies - the Newcastle-Ottawa scale
[5] (Table 1).
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Table 1. Newcastle-Ottawa scale for selected studies

Selection Comparability
Rt 3 T emraion LS, TS ey K
; womenwith  in pregnant A g patient*=  patient*=  Pregnancy
patients COVID-19 women gordee non-pregnant*  fetus*
Allotey ). 27] * * * * % *x * *
Bellos I. [28] * * * * INA ** * *
Brandt J.S. [24] * * * * ** ** * *
Qarmasco . [33] * * ¥ * INA ** * *
Chen L. [26] * * * INA INA ** * *
Di Mascio D. [25] * * * INA ** ** * *
Diriba K. [32] * * * * INA ** * *
Dixit A. [14] * * INA * ** INA INA *
Epelboin S. [40] * * INA * ** ** * *
Fiqueiro-Filho E.A. [42] * * * * INA ** * *
JuanJ. [31] * * * INA INA ** * *
Khan DS.A [41] * * INA * INA ** * *
Kim SH. [16] * * * * *x *x * *
Knight M. [15] * * INA * INA ** * *
MetzTorri D. [34] * * * * INA ** * *
Mullins E. [56] * * * INA ** * * *
Stock S.J. [35] * * INA * INA ** * *
Villar J. [30] * * * * INA * * *
Vousden N. [48] * * * * INA ** * *
Yee ). [59] * * * * % . * *
Zhal.[18] * * INA INA ** INA INA *

Note: authors — only the first author is listed; * information is available; ** information is available on both points; INA — information not available.

Data collection and analysis

More than 600 published articles were analyzed by source
names. After checking the compliance of the full-text content
of the selected works with the inclusion criteria, 21 articles were
short-listed for final evaluation. The number of pregnant or re-
cently delivered women diagnosed with COVID-19 reported in
the highlighted papers total 238,798. Nine systematic reviews,
eight cohort studies, one case-control study, one retrospective
study, one multicenter observational study and one cross-sec-
tional study were included in the analysis comprising 103,736,
134,789, 61, 29, 105 and 78 study participants respectively. The
articles selected for analysis included studies conducted in var-
ious countries namely, Australia, Brazil, Canada, China, France,
Honduras, Italy, Iran, Japan, Korea, Netherlands, Peru, Scottish,
Spain, Sweden, Turkey, UK and the USA. Table 2 shows the types
of scientific studies, the number of patients, the frequency of
the most common clinical manifestations of SARS-CoV-2 and
risk factors for severe disease.

Table 3 presents data on pregnancy complications in women
with SARS-CoV-2 ARDS, as Caesarean section rate, women and

PernpogyKTnsHa eHgoKpUHOIOr S

newborn intensive care unit (ICU) admissions, maternal and
neonatal mortality.

RESULTS

The average age of pregnant women as represented in seven
studies was 31.9 + 1.47 years, with the proportion of women over
35 years of age as represented in 8 studies being 30.53 £ 12.31%.
Hyperthermia was noted in more than half of pregnant women
with COVID-19 (50.18 + 16.89%), cough in 48.05 + 10.97%; myal-
gia in 21.35 + 12.04% and shortness of breath in 22.49 + 8.55%
during hospitalization. Multi-segmental pneumonia, pneumo-
nitis, ground “glass pattern” and other changes in chest CT were
detected in 66.34 + 24.02% of pregnant women. The presence of
obesity in 44.85 + 21.79% of pregnant women was evidenced by
the data of seven studies. Nine studies indicated the presence of
previous diabetes (11.45%) and gestational diabetes —in 12.14 £
6.19% of women with a confirmed COVID-19 diagnosis. In addi-
tion, 26.39 £ 13.18% of women as represented in 15 studies have
a history of comorbid diseases (chronic arterial hypertension, dis-
eases of the lungs, kidneys, cardiovascular system).
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Table 2. Types of scientific studies, the number of women covered, the frequency of the most common clinical manifestations of SARS, ac-SARS-CoV-2 and risk

factors for COVID-19

No. of
pregnant Fever,
Author  Type of study women %
(COVID-19 +)
Moy 127 JSEME g
Be[g‘éj Lol 69.40%
Brandi}lS. Casit—ﬁ;trol 61 24.10%
Multicentric
Car[rg-ijo | observational 105 36.20%
study
CTSQ]L' Cohort study 18 75%
Di Mascio D.  Systematic
[25] review » i
Difbak. 321 SEMAC 36 1o
Dixit A. Systematic
(14] eview 67 271 INA
Epelboin S.  Retrospective
[40] analysis e LA
Fiqueiro- .
FihoEA.  YEMmalic o056 3905
(4] review
Jan) 1] eTEC g 48
KhanD.SA  Systematic
[41] review 318 INA
. (ross-sectional
Kim S.H. [16] study 78 INA
: Prospective
Knl[g]f;t]M. national 427 66%
cohort study
MetzTorriD.  Observational
[34] cohort study 12 -
MullinsE.  Large cohort
[56] studies 4005 48.4%
Dynamic
Stock S.J. [35] cohort study 123004 INA
' Multinational
Villar J. [30] cohort study 706 28.2%
Vousden N.  Prospective
[48] cohort study 4436 INA
Yee ). Systematic
[59] review L A
ZhaL.[18] Re”g’ff;yt“ve 2 INA

(T lung
changes,
%

33%
98.60%

INA

61.5%

79%
94.7%
57.90%

INA

INA

87.80%

5.10%

INA

INA

INA

INA
INA
INA
INA
79.70%
INA

INA

Cough,
%

39%

35%

259%%;
1009%**

35.20%
73%
57.1%

527%

INA

INA

51.80%

34.20%

INA

INA
56.20%

34%
56.5
INA
34.1%
INA
51%

INA

Obesity
(mean/%)
/DM, % /

GDM, %

Mean

/age>35,% %

INA 0/43.4% 31%

0/0/25% 30 (29-34%) INA
0/459% /
weee /7% 4290%

INA 341 343%
INA 31/0 INA
INA 346/0 INA
9.6% —GD INA 32.90%
0/5.02%/
4.95%° 0/5.29% 3.92%
0/8.4% /
08%/150% 034y
0/735%/0/
10‘63’@ 22.80% 50.80%
INA INA INA

OR: 1.37;95%

(:1.15-1.62 respiratory
(mean body 1.62 disorder
massindex  (0.05-51.11) (OR: 1.64; 95%
(BMI) - 0.60 (1:1.25-2.16)

(-6.39105.19)

17.8% —GDM 2044 /0 11.00%
69%/0/0 41% 34%

BMI:
83323 M yes

218+64/0 320+54/0 INA

BMI > 25 =
e 16.90% 34.40%
436%  300+6.1/0 Jes

0/635%/0/
9 4&) 531-589%  29.90%

0/0/4.2% INA 4.70%

>30-39
INA i 6.90%

Notes: authors — only the first author is listed; * mild, ** severe disease; INA — information not available.
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Pre-existing
maternal age comorbidities,

Reproductive Endocrinology

Dyspnoea,  Myalgia,
% %
4.40% 59.4%
10.80% 3.80%
37%% 9.3%%;
85.7%* 14.3%**
19.00% 13.30%

7%%; 33%™* INA

21.3% INA
31.7% 20.8%
INA INA
INA INA
253%% 43.50%
13.20% 9.20%
INA INA
INA INA

37.50% INA
19% 19%
28.2% 16.70%
INA INA
12.6% INA
INA INA
21% 16%
INA INA

3
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Table 3. Clinical outcomes of pregnancy and childbirth for mother and fetus, frequency of caesarean section, hospitalizations in the ICU in women with
SARS-CoV-2 associated SARS

No of

Miscarriage

. ) Small-for-
Author pvrveogmngzt Pft;‘; Tv:)e"kih Preeclampsia (aebc(:(r)t[;?cn, gestational
(COVID-19+) pregnancy) age (SGA)
A”[Ozt;]” 1432 186% 25% INA INA
Bellos|. (28] 158 297% 5.40% 79%
Bra?ﬂf-s- 61 S710%  740% INA
Car{g;jo L s 206% INA 5.6%
118:929% —
Cenl 6] mid 8%~ /576y INA INA
severe g
Di M[ag]'o D g 41.1% 16.2% 64.7% 11.7%
Diibak.32] 1316 143% 5.9% 145%  28%
DixitA. [14] 67271 421%
Ep‘*gzgi” > 1670%  480% INA INA
Figueiro-
FhoEA. 10966 21% 300%  17.00%  11%
[42]
anl 31 34 WA% 0% 123% 7§;€(§)<
< 37 weeks
(OR: 2.10; 95%
Kha[l%S'A E NG b . 'Bg 3 0473 83% 5
<34-434 (1012338 (047-3052)
(0.52-36.14)
149%; 5.5%—
Kim S.H. [16] 78 5.50% gestation INA INA
hypertensive
K”‘[Q]';HM‘ 57 7% INA 2%
418% - 8.0% —
MetzTorri D critical; moderate;
a8 S%- A% 08N%  122%-
severe; 11.9% — critical;
moderate 9.9% — severe
M“['gg]s E s 11609 A 2% 8.20%
17%
Sm[ng]S'J' 13004 410% NA - teminaion— S
27.6%
Vilar).30] 706 22.50% 8.40% 137%
Vousden N. mild 9.9%;
[48] 36 severe 52.5% 4.20% 3.30%
Yee)[59] 9032 30% 370% 17.4%
Thal1g] 29 INA INA INA INA

Notes: authors — only the first author is listed; INA — information not available.
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(Cesarean Admitted Maternal
section  tolCU death
3860%  180%  030%
83.50% 11% 1.30%
16.70%  1430%  nodeath
36.2%

(289%— 480%  nodeath

by COVID)

93%

(63%—by 8% no death
ovID)

93% 31.4% 11.4%
5%.9%  313% 2.7%
3290%  59% 0.20%

63%

78%

(S50 470% LS
by COVID) R
OR:1.40; OR:13.25, 11.87
959%Cl: 95%Cl:  (0.67—

1.17-1.67 5.60-3134  21.22)

78.1% vs.
54.7%

16% —
COVID;
449 —
other

6.4% —

oxygen b

10% 1%

36.9%;
29% by 3530% 4%
COVID

0.50% —
0.46% —
0.17%

44.80% INA

INA INA INA

49.00% 1.60%

Prelabor:
294 -
76.1%;

in labor —
14.6—
7.5%
18.2-
100%

INA

8.4%;

85.90% INA

4.6% -
oxygen

Fetal
distress

14.30%
6.10%
5.6%
(mild);

42.9%
(severe)

INA

34.1%
26.5%

33,00%

4.86%

INA

INA

4.10%

INA

INA

INA

INA

Newborns
admitted Ngzraliﬁal
toICU
28.10%  0.40%
1.30%
85.2%
(mild);
00% 2
(severe)
16.8% 2.86%
INA INA
25% 8.3%
11.3% 2.2%
INA 0.23%
1845%  0.80%
2830%  0.50%
OR: 1.96;
95%Cl:  0.82%
1.59-2.43
INA INA
INA 1%
50.4%
(critical) > Gases
0.2%,
INA 0.3%,
0.3%
INA 0.20%

Still
birth

0.90%

INA

INA

INA

INA
INA

INA

1,70%

INA

0%

1%

0.5%,
0.6%,
0.4%

0.50%

perinatal morbidity and mortality
1230% - index (RR 2.14; 959% (1 1.66-2.75

INA

2%
INA

14.7-66.7% 0.2-0.6%

0.4%

INA INA
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According to 18 studies, one from five pregnant women had
a premature birth with more than half of the cases being iat-
rogenic preterm births. In addition, eight studies noted that
13.57% of women had pregnancy losses up to 12 weeks. The
incidence of pregnancy complications with preeclampsia as
shown by 15 studies was 9.03% ranging from 3.01% to 25%.

10% of newborns, had had a birth weight that was “low for
gestational age”, and according to the data of eight studies
one from three newborn needed observation in the neona-
tology department or in the ICU. Fetal distress was diagnosed
in 16.15 + 10.65% of antenatal cases (including during labor)
and neonatal deaths averaged 1.47%, ranging from 0.2 to
8.3%. Five studies provided information on stillbirths, giving
a rate of 1%. The proportion of Caesarean sections averaged
54.04% ranging from 10.2% to 82%. The number of pregnant
women in need of intensive care unit stays and resuscitation
was 16.58% ranging from 4.6% to 85.9%, while maternal death
rate was 1.97%, with a range of 0.2 to 11.4%.

DISCUSSION

The onset of the SARS-CoV-2 pandemic dictated the need to
ensure the safety of both patients and healthcare workers, cre-
ating a challenge for healthcare systems globally. Indicators of
maternal as well as neonatal morbidity and mortality serve to
ensure the delivery of antenatal and perinatal care of sufficient-
ly high standard.

The incidence of COVID-19 among pregnant women, accord-
ing to different authors, ranges from 4.9% to 10.0% [14, 15]. Ac-
cording to the Centers for Disease Control and Prevention (CDC,
USA) by mid-June 2020, the number of cases and deaths due to
COVID-19 in the USA were 2,104,346 and 116,140 respectively,
whereas the number of women aged between 15 to 44 years
with positive test results for SARS-CoV-2 was 326,335; 9.0%
(8,207) of these women were pregnant. A 5.4 times greater risk
of hospitalization was noted in pregnant women compared
with non-pregnant women (31.5% vs. 5.8%) [17].

According to Kim S.H. et al. (2022), pregnant women are not at
increased risk of COVID-19 infection and the incidence among
them is lower than in non-pregnant women aged 20-44 years
(0.02% vs. 0.14%, p < 0.0001) [16]. The authors emphasize that
asymptomatic forms of the disease are not uncommon, espe-
cially in the absence of screening examinations, which does not
allow identifying the true extent of the spread of the disease.
Despite a low incidence compared to non-pregnant women
of reproductive age, pregnant women require hospitalization
more often, have a significantly higher risk of severe form of
COVID-19 with the need for observation in the ICU (Kim S.H. et
al. [16]: 6.4% vs. 1, 6%, p < 0.05, Ellington S. et al. [17]: adjusted
risk ratio (aRR) = 1.5, 95% confidence interval (Cl) = 1.2-1.8 [16,
171. According to Zha L. et al. (2022), in pregnant women com-
pared with non-pregnant women COVID-19 is characterized by
a milder course, and Parums D.V. et al. (2021) also report a slight
increase in the risk of severe maternal morbidity and mortality
[18,19].

The relatively low incidence of COVID-19 amongst pregnant
women can probably be explained by the following. The phys-
iology of pregnancy usually allows a degree of immunological
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tolerance such that the woman’s body is able to allow the devel-
opment of a semi-allogeneic fetus. This is mostly mediated by
the production of immunosuppressive Th2 cytokines [20-23].
The immunosuppressive Th2 cytokines may confer some pro-
tection to pregnant women in cancelling out the effect of the
cytokines produced by SARS-CoV-2 infection.

COVID-19 and pregnancy: clinical features

The most typical clinical manifestations of COVID-19 in preg-
nant women are hyperthermia with studies quoting values
ranging from 24.1% to 84.2% [24, 25], cough ranging from
25.9% to 73% [24, 26], shortness of breath ranging from 3.7 %
to 85.7% depending on the severity of the disease and myalgia
ranging from 3.8% to 59.4% [24, 27-29]. According to Villar J.
et al. (2021), dyspnoea and pyrexia, regardless of duration of
symptoms, are associated with a high risk of severe maternal
(RR 2.56; 95% Cl 1.92-3.40) and neonatal complications (RR
4.97;95% Cl 2, 11-11.69) [30].

The frequency of changes in the chest, according to comput-
ed tomography (CT), varied from 5.1 to 98.6%, and the propor-
tion of cases of severe pneumonia, according to Juan J. et al.
(2020) - from 0% to 14% with all these patients needing ICU
care [28, 31]. The most common CT findings in pregnant wom-
en infected with coronavirus were “ground glass” (65.8%) and
bilateral pneumonia (57.9%) [32]. A number of studies [26, 33—
35] have shown that women are most vulnerable in the third tri-
mester of pregnancy, which can be explained by physiological
changes [26, 36, 371.

Such physiological changes include increase in body weight,
change in the shape of the chest, relaxation of the ligamentous
apparatus of the ribs as well as decreased tone of the chest and
abdominal wall musculature. These changes are coupled with
a restriction of respiratory excursion, as a result of decreased
amplitude of body wall movements and also due to splinting of
the diaphragm that occurs as the pregnancy advances into the
third trimester. All these changes contribute to a decrease in the
lungs'vital capacity together with an additional progressive de-
crease in expiratory reserve volume and a decrease in residual
lung volume by approximately 20% to the end of pregnancy.
Thus, it is possible to explain the high frequency of lung lesions
in pregnant women in the third trimester [38, 39].

Comorbid status of pregnant women with COVID-19

One in four pregnant women diagnosed with COVID-19 suf-
fered from other comorbid medical conditions. According to
Allotey J. et al. (2021), chronic arterial hypertension and previ-
ous diabetes mellitus (DM) increase the risk of hospitalization
(odds ratio (OR) 4.21; 95% Cl 1.06-16.72; 12 = 0%;) in ICU and
invasive ventilation (OR 4.48; 95% Cl 1.40-14.37; 1> = 0%) more
than 4 times [27]. The importance of chronic hypertension as
a risk factor for severe coronavirus infection was also pointed
out by Khan D.S.A. et al. (OR: 2.07; 95% Cl: 1.38-3.10), Villar J.
etal. (OR 2.0, 95% Cl 1.14 to 3.48; > = 0%) and Epelboin S. et al.
(in pregnant women - 0.9% vs. 0.3% in non-pregnant women)
[30, 40, 41].

Another significant risk factor for the severe course of
COVID-19 is obesity, which, according to our analysis, was
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present in almost half of women (44.85 + 21.79%; Dixit A. et
al. (2021), min - 5.02%; Figueiro-Filho E.A. et al. (2020), max -
73.5%). Overweight as an independent factor aggravating the
course and prognosis of COVID-19 in pregnant women was re-
ported by many authors (Allotey J. et al. (2021): OR 2.38, 95%
Cl 1.67-3.39; I = 0%, Khan D.S.A. et al. (2021): OR: 1.37, 95% Cl
1.15-1.62, Villar J. et al. (2021): 48.6%, Vousden N. et al. (2022):
OR 2.52,95% C1 1.97-3.23) [14, 27, 30, 41-43].

Several possible mechanisms are known to explain the
almost three-fold increase in the severity of COVID-19 in the
presence of overweight. Firstly, there is a general increase in
subcutaneous adipose tissue as well as the volume of ectopic
fatin the visceral, perivascular, epicardial and other areas of the
body. Secondly, obesity is characterized by a sluggish systemic
inflammatory response with corresponding activation of pro-
inflammatory cytokines such as interleukin-6 (IL-6), tumour
necrosis factor a (TNF-a) and chemokines. Thirdly, a decrease
in adiponectin production predisposes to a pro-inflammatory
state and oxidative stress, the development of insulin resistance,
metabolic disorders and generalized endothelial dysfunction
[44, 45]. In addition, the social requirements of lockdown
exacerbate the behavioral characteristics of the population
associated with a sharp limitation of physical activity, overeating
and other factors [46].

Previous diabetes mellitus, on the one hand, aggravates the
course of COVID-19, and on the other hand, severe coronavirus
infection can have a specific negative impact on the course of
diabetes, both by the direct effect of the virus on the pancreas and
by the use of steroids in the COVID-19 therapy program, which
contributes to hyperglycemia [43, 47]. According to Allotey J.
et al. (2021) (OR: 2.51; 95% Cl 1.31 4.80; I = 12%) and Villar J. et
al. (2021) (OR: 2.12; 95% Cl 1.62 2.78; I* = 0%), previous diabetes
increases the risk of severe COVID-19 in pregnant women by
more than two and a half times. In addition, diabetes, both pre-
existing and gestational is more frequently reported among
pregnant women than among non-pregnant women [17, 271.

The data obtained from the performed analysis indicate the
presence of pre-existing DM (11.45%) or gestational diabetes
(GD) (12.14 + 6.19%) in one from five pregnant women
with a confirmed COVID-19 diagnosis. The severe course of
COVID infection in diabetic mothers can be attributed to the
diabetogenic state of pregnancy imparted by the production of
hormones such as oestriol, human placental lactogen, prolactin
and cortisol by the placenta.

The literature has shown that women of older reproductive
age have a more severe course of ARVI, as-SARS-CoV-2. The risk
of severe COVID-19 has been shown to almost double with age
(Villar J. et al.: OR: 1.82; 95% Cl 1.27 2.63; I> = 30.1%; 7 studies;
3561 women) [27, 30, 40, 48]. According to our analysis, one in
three women with a COVID-19 diagnosis was over the age of 35,
which confirms the importance of the age factor in the course
of coronavirus infection.

COVID-19 and pregnancy:

maternal and perinatal outcomes

Preeclampsia is a common pregnancy complication in
women with COVID-19. According to the analyzed literature,
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pre-eclampsia was diagnosed in one in ten women, and it
was found that there is a twofold to fourfold increased risk
of developing pre-eclampsia among pregnant women with
COVID-19 infection (Di Mascio D. et al. (2020): OR 2.19; 95%
Cl 4.2-34.1; Metz Torri D. et al. (2021): 40.4% vs 18.8% control,
aRR 1.61, 95% ClI 1.18-2.20, Villar J. et al. (2021): OR: 4.21, 95%
Cl11.26-14.0, I> = 0%). A possible explanation for the increased
incidence of pre-eclampsia may be the direct affinity of the
SARS-CoV-2 virus to the angiotensin-converting enzyme 2
(ACE2) receptors [49, 50]. Besides, the potential role of the
renin-angiotensin system in the genesis of pre-eclampsia [51],
immunological factors, endothelial dysfunction, and systemic
inflammation [52] could also have an important part to play.

The incidence of spontaneous preterm birth with COVID-19
ranges from 6% (Allotey J. et al., 2021) to 52.5% (Vousden N. et
al., 2021); and up to 57% (Chen L. et al., 2021) of them may be
iatrogenic due to the severe course of coronavirus infection [26,
27,48]. According to Khan D.S.A. et al. (2021), pregnant women
with COVID-19 are two times more likely to have preterm births
and early pregnancy losses than healthy pregnant women
(OR: 2.10; 95% Cl: 1.04 4.23) [41]. According to Wilkinson M.
et al. (2022), more often preterm birth is observed in women
with symptomatic COVID-19 disease (14/62, 22.6%) compared
to asymptomatic pregnant women (9/109, 8.3%, p=0.008)
and control group of healthy pregnant women (5/62, 8.1%,
p =0.025) [53]. Banerjee J. et al. (2021) reported a 22% preterm
birth rate, and Carrasco |. et al. (2021) a rate of 20.6% [33, 54].
Two studies reported an association between prematurity and
maternal pneumonia (OR: 6.970, 95% Cl: 2.340-22.750) [33,
54]. According to our analysis, preterm births, including the
iatrogenic ones and spontaneous abortions associated with
COVID-19 were observed in one in five women.

As already noted, pregnant women with SARS-CoV-2, acute
respiratory viral infection (ARVI) often need hospitalization in the
ICU (OR: 13.25; 95% Cl: from 5.60 to 31.34) and included those
on mechanical ventilators (OR: 15.56; 95% Cl: 2.96 to 81.70).
Interestingly enough, their newborns were also found to have
a higher likelihood of being admitted to the ICU (OR: 2.66; 95%
Cl, 1. 69-4.18) [30, 41, 55]. According to Allotey J. et al. (2021),
a quarter of all newborns from COVID-19 infected mothers
are hospitalized in the neonatal unit or ICU (OR: 3.13, 95% Cl
2.05 4.78) [27]. A possible explanation for the greater need for
hospitalization in pregnant women with COVID-19 may be the
higher incidence of infection towards the end of pregnancy. The
physiological changes, particularly, in the cardiovascular and
respiratory systems, towards the third trimester may contribute
to the development of more severe ARDS.

Some studies suggest that the maternal death rate is higher
in a cohort of pregnant women with COVID-19 as opposed to
controls (Epelboin S. et al. (2021): 0.2% vs. 0.005%, p < 0.007;
MullinsE.etal.(2021):0.5%; MetzTorriD.etal. (2021):0.3%) [34, 40,
56]. Conversely, in other studies, there were no cases of maternal
loss (Kim S.H. et al., 2022; Zha L. et al., 2022; Wilkinson M. et al.,
2022) [16, 18, 53] or differences in groups between pregnant and
non-pregnant women were not found to be significant (Ellington
S. et al. (2020) [17]: aRR = 0.9, 95% Cl| = 0.5-1.5). Given the lack
of consensus between studies on this issue, when planning
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antenatal care, it is reasonable to assume pregnancy as being a
risk factor for severe disease making these women more at risk
of requiring ICU admission, mechanical ventilation, extracorporal
membrane oxygenation, and having a greater mortality risk than
non-pregnant women of reproductive age, should they develop
COVID-19 infection [57, 58].

Most studies observed a higher proportion of deliveries by
caesarean section (CS) in pregnant women with COVID-19
and this was directly related to the severity of the course of
the disease. Rates reported in the literature varied widely, with
Knight M. et al. (2021) reporting a CS rate of 16% as opposed
to a CS rate of 55% reported by Juan J. et al. (2020) [15, 31]. The
likelihood of CS tended to be higher in women with a confirmed
COVID-19 PCR diagnosis compared to asymptomatic pregnant
women with the disease (OR: 1.40, 95% Cl: 1.17 to 1.67) [15,
31]. The presence of concomitant risk factors was found to
more than double the likelihood of severe symptoms of the
disease and delivery by CS [30, 41]. According to Di Mascio D.
et al. (2020), in the case of a severe form of COVID-19 disease,
CS was done in 84% of cases, and Yee J. et al. (2020) reported
a 100% CS rate [25, 59]. On average, according to the review,
half of pregnant women with COVID-19 were delivered by CS.
However, this indicator included both obstetric indications and
COovID-19.

Interestingly, the literature reported, a higher incidence of
venous thromboembolism (VTE) among pregnant women
with severe disease (6%) compared with mild and moderate
disease (0.2%; 95% Cl 2-11%) [34]. The relationship between
venous thromboembolism and COVID-19 infection can be most
likely attributed to the latter's pathophysiology. The cytokine
activation inherent to COVID-19 disease, along with impaired
platelet function and the underlying inflammation of the
endothelium could all be factors that are directly responsible
for the increased incidence of VTE in pregnant women with
COVID-19 [60, 61]. According to Epelboin S. et al. (2021), the
frequency of VTE among pregnant women is insignificant
for statistical analysis [40]. It is likely that the combination of
physiological hypercoagulability during pregnancy and the risk
of VTE associated with COVID-19 may be mutually aggravating
conditions. However, this assumption requires further research.

There is evidence that SARS-CoV-2 infection during
pregnancy is associated with adverse neonatal outcomes such
as stillbirths, neonatal mortality, the birth of children with a
small weight for gestational age, and fetal distress. Thus, Juan J.
et al. (2020) reported that in up to one third of 219 women with
COVID-19 newborns, which were hospitalized in the ICU, there
was one case (0.5%) of neonatal asphyxia and death. In a series
of nine cases of severe COVID-19, the same authors reported
seven maternal deaths, four intrauterine fetal deaths, and two
neonatal losses [31].

While, comparing groups of 706 pregnant women diagnosed
with COVID-19 and 1424 healthy pregnant women, Villar J. et
al. (2021) found the neonatal (OR: 2.66; 95% Cl, 1.69-4.18) and
perinatal (OR 2.14; 95% Cl, 1.66-2.75) morbidity and mortality
index were more than double in the COVID-19 group as
opposed to the control group [30]. Khan D.S.A. et al. (2021)
after analyzing the course and outcome of pregnancy in 3158
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women (1900 symptomatic and 1258 asymptomatic pregnant
women) reported that the mean birth weight of newborns from
mothers with symptomatic COVID-19 was significantly lower.
The probability of having children with small body weight
was higher by up to one and a half times in these women (OR:
1.85; 95% Cl: 1.06-3.24) [28]. Stillbirth was also reported as an
adverse neonatal outcome associated with maternal COVID-19
in a number of studies [15, 27, 35, 42, 48, 56].

According to our analysis, the frequency of birth of newborns
with a small weight for gestational age (SGA) was 9.27+ 3.18%;
the incidence of fetal distress was 16.15 + 10.65%, the incidence
of newborn hospitalizations in the ICU was 34.63 £ 17.7%, and
the incidence of neonatal losses was 1.47 £ 1.25%.

Thus, the systematic review of literature data on epidemiology,
clinical features, maternal and perinatal outcomes in pregnant
women with COVID-19 allows us to draw some conclusions and
identify possible promising areas for further research.

The relatively low incidence of COVID-19 amongst pregnant
women can probably be explained by the production of
immuno-suppressive Th2 cytokines characteristic of pregnancy
to conferimmunetolerance to the semi-allogeneic fetus [20-23].
These same cytokines may confer some protection to pregnant
women in cancelling out the effect of the pro-inflammatory
cytokines produced by SARS-CoV-2 infection. Ultimately, there
is no increase in maternal loss rate that the medical community
experienced during the 2010-2012 HINT influenza pandemic.
This assumption requires further in-depth research.

CONCLUSIONS

Despite the ongoing accumulation of information on
the mutual relationship between pregnancy and COVID-19
infection, the data is sometimes contradictory and our
understanding of the COVID-19 disease course in pregnancy,
is still in its infancy. Further studies are needed, in particular,
when it comes to the pathophysiology of COVID infection to
better our knowledge of the increased incidence of severe
COVID disease in the pregnant population cohort as well as
the increased risk of pregnancy complications such as VTE in
such individuals. Such understanding would further benefit the
scientific community in helping us to develop innovative ways
to prevent pregnancy complications in women with COVID-19
infection.
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Background and objectives: COVID-19 pandemic had quite a significant impact on a number of obstetric outcomes. This is often directly attributed to
complications of COVID-19. This article is a systematically review literature on the epidemiology, clinical features, maternal and perinatal outcomes of
(OVID-19in pregnancy.

Materials and methods. A PRISMA methodology search was conducted on the databases of PubMed, Scopus, Medline, Google Scholar, Web of Science and
Central BMJ using MeSH keywords or combinations of the words “COVID-19", “SARS-CoV-2", “pregnancy’; “epidemiology”; “‘comorbid disease’,“pregnancy
and childbirth outcome’, “preeclampsia’; “fetus”. Only articles published between December 1, 2019 to February 28, 2022 were considered. After preliminary
analysis of more than 600 publications, 21 articles were short-listed for final processing. The studies were selected using a Newcastle-Ottawa scale style
questionnaire. The clinical features, risk factors, co-morbid conditions, maternal and neonatal outcomes were presented in two separate tables respectively.
Results. COVID-19 incidence in pregnancy ranged from 4.9% to 10.0%. Such women were 5.4 times more likely to be hospitalized and 1.5 times more to
need ICU care. Dyspnoea and hyperthermia were associated with a high risk of severe maternal (OR 2.56; 95% (I 1.92—3.40) and neonatal complications
(OR4.97;95% (1 2.11-11.69). One in ten of neonates had a small weight for gestational age (9.27 + 3.18%) and one in three required intensive care unit
observation.

Conclusions. Despite the increasingly emerging evidence on the associations between pregnancy and COVID-19 infection, the data is sometimes

contradictory necessitating further studies.
Keywords: pregnancy, COVID-19, clinical features, perinatal outcomes.

COVID-19 | BATITHICTb: ENIAEMIONONIA, KNIHIYHI 0COBNBOCTI, MATEPUHCHKI TA MEPUHATATIbHI PE3Y/IBTATI. CUCTEMATIYHII OMNAL

I.C. MaHacoBa, /1. Mef. H., Npodecop Kadeapu akyLiepcTsa Ta riekonorii OAecbKoro HallioHanbHoro MeanuHoro yHisepcutery, M. Oneca
B.B. ApTbomeHKo, /1. Mefl. H., Mpodecop kadeapy akyLuepcTBa Ta rikexonorii 0ecbKoro HallioHanbHoro MeauuHoro yHisepcutety, m. Oneca
91.0. PapueHKo, acnipaHT Kadeapy akyLIepCTBa Ta rikexonorii OiecbKoro HallioHanbHOro MeauuHoro yHisepcuTety, M. Oneca

0.B. oBTeHKO, K. Mefl. H., aCUCTEHT Kadeapi akyLLEPCTBA Ta riHeKonorii OAeCbKoro HalioHansHOro MeauuHoro yHiepauTety, M. Oaeca

06rpyHTyBaHHA Ta MeTa: [laHaemia COVID-19 3HauHO BNAMHYNA Ha HU3KY aKyLLEPChKUX pe3ynbTaTiB. Lle yacto be3nocepeaHbo noB'A3yioTh 3
ycknaaxerHami COVID-19. LA cTaTTa € cvucTemaTiuHvm orAZoM NiTepaTypy 3 enigemionorii, KNiHiYHIX 0coBMMBOCTeNA, MaTepUHCHKIAX Ta NepUHaTaNbHIX
Hacnigkia COVID-19 nig vac BariTHoCTI.

Martepianu Ta metoau. lMowyk 3a Metogonorieto PRISMA npoogunu 8 6asax aHux PubMed, Scopus, Medline, Google Scholar, Web of Science i Central
BMJ 3a sonomoroto kniouosix cig (MeSH) abo kombiHaviit cnig «COVID-19», «SARS-CoV-2», «BariTHiCTb», «enifgemionoris», «cynyTHi 3aXBopioBaHHs»,
«nepedir BariTHOCTI Ta nonoriBy, «npeeknamncis», «nnigy. Po3raagani auiwe crarTi, onyonikoai 3 1 rpyana 2019 poky o 28 ntotoro 2022 poky.

[licna nonepeaHboro aHanisy noxaz 600 ny6nikauii 21 cratta byna Bigiopaxa And 0CTaTouHoro onpavioBaHHA. 1ocnigxeHHd BigiopaHo 3a A0NOMOroio
ONUTYBANbHIKA 33 LKanoto Hbtokacna — OTTaBlA. KniHiuHi 03HaKW, YHHUKI PU3NKY, CYNYTHI 3aXBOPIOBAHHA, MaTePUHCHKI Ta HEOHaTalbHI pe3ynbTaTil yw
npeAcTaBneHi y ABOX OKPEMUX TabAMLIAX BIANOBIAHO.

Pe3ynbrati. Yactora 3axBoptoBarocTi Ha COVID-19 nig yac BariTHocTi KonvBanacs B mexax Big 4,9 10 10,0%. Taki XiHki manu B 5,4 pa3a OinbLLe WaHCiB
byTi rocniTanizoBaumu i B 1,5 pasa yactitue notpebyBany nikyBaHHA y BiAAiNeHHi iHTeHCVBHOI Tepanii. 3auiiKa Ta rinepepmia bynu noB'A3aHi 3
BYCOKMM PU3UKOM TAXKUX YCKNaaHeHb y Martepi (cniBBiAHoLIEHHA LwaHCiB — 2,56; 95% [l 1,92—3,40) | HeoHaTanbHux ycknaaHeHb (CNiBBIAHOLLIEHH
waHcie —4,97;95% [l 2,11-11,69). KoxxeH aecATii HOBOHAPOZKEHHIA MaB Many Bary A0 rectauiitHoro Biky (9,27 + 3,18%) i KoxeH TpeTiit notpebyBaB
CNOCTEPEXEHHA Y BIZAINEHHI IHTEHCUBHOI Tepanil.

BucHoBKM. He3Baxaloun Ha Te 1140 Aefani uacTiluie 3'ABAAIOTHCA J0KA3V 3B'A3KY MiX ycknaaHeHumM nepebirom BaritHocTi Ta iHdekuieio COVID-19, gaHi
iHoAi cynepeunvgi, Lo AUKTYe noTpeby NPOBeAeHHA NoAANbLINX AOCTIKeEHD.

Kntouoi cnoBa: aritHicTb, COVID-19, KniHiuHi nposBw, nepuHaTanbHi HACigKM.
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