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ABSTRACT

Background: The aim of this meta-analysis was to estimate the prevalence
of cesarean section (CS), preterm birth, stillbirth, and low birth weight
deliveries (LBWD) in pregnant women with SARS-COV-2 infection.

Methods: All relevant studies were searched up to 30 February 2021.

Results: A total of 47 studies with 5970 infected pregnant women were
included. There were 1010 CS, 55 stillbirths, 524 preterm birth, and 82
with LBWD. Pooled data showed that the prevalence of CS, preterm birth,
stillbirth, and LBWD among women with SARS-COV-2 infection was
29.6% (95% CI 0.081-0.160), 2.1% (95% CI 0.081-0.160), 11.5% (95%
Cl 0.081-0.160), and 2.1% (95% CI 0.081-0.160), respectively. Stratified
analysis revealed that these pregnancy outcomes among Asian women were
higher than Caucasians.

Conclusion: Our combined data revealed that the CS prevalence (29.6%)
was the highest followed by preterm birth (11.5%), stillbirth (2.1%), and
LBWD (2.1%) among women with COVID-19.
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Covid19 and Pregnancy Complications

Introduction

ollowing the recognition of coronavirus
disease 2019 (COVID-19) in Wuhan,

China in December 2019, pregnant
women were reported to acquire the virus,
termed  SARS-CoV-2  (severe  acute
respiratory syndrome coronavirus 2), both in
this and other regions in the country.*® Initial
reports suggested that clinical disease in most
infected pregnant women was either non-
existent or mild,"” and significant maternal
complications appeared to be rare. Similar to
such previous coronavirus diseases as severe
acute respiratory syndrome (SARS), Middle
East respiratory syndrome (MERS),? and some
other pathogenic RNA respiratory viruses 9,
there was no proven mother-to-neonate
(vertical) transmission recognized at that
time.>!® However, following the subsequent
spread of COVID-19 to involve countries in the
Western Hemisphere, Europe, and the Middle
East, the situation changed. Reports of clinical
disease among pregnant women became more
frequent and the spectrum of complications and
the severity of their infections appeared to
become worse. These findings included the
development of severe and critical pneumonia,
thrombosis,  cardiomyopathy,  multiorgan
disease, need for intensive care, and mechanical
ventilation which, in a small number of cases,
led to maternal deaths.**** Besides the reports
of increases in maternal morbidity and
mortality, there were increasing descriptions of
newborn infants who tested positive for SARS-
CoV-2."" Some of whom were symptomatic.
More recently, the occurrence of intrauterine
maternal-fetal transmission of the virus across
the placenta has been described in a small
number of cases,’®* adding a new and
worrisome aspect to SARS-CoV-2 infection
occurring during pregnancy.

As the COVID-19 pandemic has spread
throughout the world, some of the most
challenging and complex questions concern
the effects of the virus on the pregnant
mother, fetus and neonate. Multiple clinical
studies have now demonstrated that pregnant
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women with COVID-19 are at an increased
risk for severe disease as well as such poor
perinatal outcomes as preterm birth, stillbirth
and LBW infants.?? In this communication,
we have conducted a meta-analysis of
published studies to assist in estimating the
prevalence of preterm births, stillbirths, CS
and LBW infants occurring among pregnant
women with SARS-COV-2 infection.

Materials and Methods

Search  Strategies: We performed a
meta-analysis in accordance with the
Preferred Reporting ltems for Systematic
Reviews and Meta-Analyses (PRISMA)
guidelines (http://www.prismastatement.org).
A comprehensive search on
PubMed/MEDLINE, Google Scholar,
EMBASE, Cochrane Library database,
SciELO, Springer Link, Technology Journal
database and Egyptian Knowledge Bank
(EKB)Chinese Biomedical Database (CBD),
China National Knowledge Infrastructure
(CNKI) platforms, VIP, Chinese literature
(Wan Fang) and China Science to identify all
relevant studies on the incidence of preterm
birth, stillbirth, cesarean section and low birth
weight in  women with SARS-COV-2
infection up to 30 February 2021. The
following medical subject headings (MeSH)
terms was used to search: (’COVID-19 virus
disease’> OR “’Severe Acute Respiratory
Syndrome Coronavirus 2°’ OR ’SARS-CoV-
2> OR 2019 novel coronavirus infection’’
OR ©2019-nCoV infection”’ OR
“’coronavirus disease’> OR ‘’coronavirus
disease-19°> OR “’2019-nCoV disease’” OR
“COVID-19  virus infection’’) AND
(“’Death’ OR “’Mortality’” OR ‘’Pregnancy
Outcome’ OR “Fetus Outcomes’ OR
“Outcome’”) AND (“’Preterm Birth> OR
“’Premature Birth’”) AND (“’Stillbirth > OR
“’Fetal Death’> OR “’Fetal Demise’’) AND
(“’Cesarean Section’” OR °* C-section’’ OR
“’Cesarean Birth’> OR “’Surgical Delivery’’)
AND (“neonate weight’”> OR “’low birth
weight’’). We restricted our search to human
studies and published articles in English and
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Chinese. Moreover, a manually screened
references of relevant articles for additional
relevant articles was carried out by two
authors. Articles included in the current meta-
analysis had no obvious overlap of subjects
with other studies.

Inclusion and Exclusion Criteria: The
full text of primary studies was selected
according to the following inclusion and
exclusion criteria: 1) cross-sectional studies
and consecutive case series; 2) studies on
pregnancy outcomes among women with
SARS-CoV-2 infection; 3) studies with
sufficient data to calculate the odds ratio (OR)
with 95% confidence interval (CI). The
following exclusion criteria were also used:
1) insufficient data; 2) non-human or in vitro
studies; 3) abstracts, case report, posters,
editorials, reviews, conference papers, and
previous meta-analyses and non-standard data
presentation; and 4) overlapping and
duplicated data.

Data Extraction: Two authors
independently reviewed all titles and abstracts
of the selected studies in the primary search in
order to extract the necessary data into a
standardized form. When the authors were not
in agreement, a third author was involved to
reach an agreement. According to the
inclusion and exclusion criteria, two authors
independently screened and selected the
studies. Characteristics such as name of first
author, year of publication, country, ethnicity,
total numbers of women with SARS-COV-2
infection, preterm birth, stillbirth, CS and
LBWD were data extracted from each study.
If a duplicate publication was found or the
same population was used in multiple studies,
the publication with the larger sample size
was included in the meta-analysis. We
contacted the corresponding author through
email for any missing data.

Statistical Analysis: The prevalence of CS,
stillbirth, preterm birth, and LBWD in
infected pregnant women with SARS-CoV-2
infection was assessed by odds ratios (ORs)
with 95% confidence intervals (Cls). A
between-study heterogeneity was tested using
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the Q-statistic test, which P < 0.10 indicated a
significant between-study heterogeneity. In
order to qualify the heterogeneity, the I
statistic was used (range of 0 to 100%:
1> = 0-25%, no heterogeneity; 1 = 25-50%,
moderate heterogeneity; 1> = 50-75%, large
heterogeneity; 1> = 75-100%, extreme
heterogeneity). A random effect model
(DerSimonian and Laird method) was adopted
If between-study heterogeneity existed
statistically; otherwise, affixed effect model
(Mantel-Haenszel method) was used in the
absence of heterogeneity. A visual inspection
of the funnel plot was used to assess potential
publication bias. Moreover, Egger’s test was
performed to assess the publication bias
statistically, in which P < 0.05 was considered
statistically significant. If the publication bias
tests indicated bias existed, the Duval and
Tweedie ‘‘trim and fill”> method was used to
adjust the bias.?® Using Comprehensive Meta-
Analysis (CMA) software version 2.0
(Biostat, USA), all of the statistical
calculations were performed. Two-sided
P < 0.05 were considered statistically
significant.

Results

Our initial search yielded 819 studies up to
30 February 2021 as shown in Figure 1. After
the removal of duplicate articles, the search
retrieved 583 items. Upon a check of the
article titles and abstracts, 379 articles were
excluded due to irrelevance to the current
meta-analysis scope. Of the remaining
204 articles that were assessed for eligibility
in full-text screening, 157 did not meet
inclusion criteria. Finally, a total of 47
studies %™ 2*® with 2410 pregnant women
with SARS-COV-2 infection were selected.
The characteristics of studies included in the
present meta-analysis are presented in table 1.
Among them, there were 1010 CS, 55
stillbirth, 524 preterm birth, and 82 neonates
with LWBD. The studies were performed in
China (n = 16), United States
(n = 12), France (n = 5), Spain (n = 2), Italy
(n = 2), United Kingdom (n = 2), India
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(n = 2), Iran (n = 2), Denmark (n = 1),
Netherlands (n = 1), Turkey (n = 1), and
Kuwait (n = 1). All selected studies were
published between 2020 and 2021 and in
English and Chinese.

Data Synthesis
Cesarean Section: The summaries for the
prevalence of CS among preghant women
with SARS-COV-2 infection are listed in
Table 2.

In the current meta-analysis, there was
significant heterogeneity for CS, thus a
random-effect meta-analysis was selected to

= PRISMA 2009 Flow Diagram

|

estimate its prevalence among pregnant
women  with  SARS-COV-2 infection.
Combined data revealed that the prevalence
of CS was 29.6% (95% CI 0.223-0.380,
Figure 2) overall. Stratified analysis by
ethnicity showed that the prevalence of CS in
the Asian and Caucasian women with SARS-
COV-2 infection was 63.0% and 14.3%,
respectively. Moreover, stratified analysis by
country of origin revealed that the prevalence
of CS was highest in China (74.4%) followed
by Iran (45.3%), united kingdom (45.1%),
Italy (33.9%), India (37.4%), Spain (22.1%),
USA (16.6%) and France (3.6%).

[ Records identified through Additional records identified
-,g database searching published up to through other sources published up
S 30 February 2021 to 30 February 2021
= (n =816) {n=3)
f =
QU
A
A 4 4
5 Records excluded (n = 379)
Yy Records screened after removing after &) Irreverent after reading
duplicates (n = 583) titles and/for abstracts
oo
=
=
[}
L)
T
(s}
“v Records screened
(n=204)
Full-text articles excluded,
T with reasons (n = 157)
Review, case reports, letters
Full-text articles assessed for to editors, evaluated other
= eligibility (n = 204} P diseases instead of preterm
= birth, Cesarean section,
= stillbirth and Low birth weight,
w not relevant to SARS-COV-2
infection.
Studies included in
qualitative synthesis
=]
7]
]
=~ Studies included in quantitative synthesis
= {n = 47 studies with 5970 infected pregnant women with
COVID-19, 1010 cesarean section, S5 stillbirths, 524
preterm birth, and 82 Low Birth Weight Deliveries)

Figure 1. The study selection and inclusion process
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Table 1. Details of included studies in the current meta-analysis

Karimi-Zarchi, et al.

First Author Country (Ethnicity) Women with  Cesarean Preterm Stillbirth Low Birth
SARS-COV-2 Section Birth Weight
Chenetal., China(Asian) 9 9 4 0 2
Chenetal., China(Asian) 5 3 0 0 0
Yuetal., China(Asian) 7 7 0 0 0
Wu et al., China(Asian) 23 18 3 3 0
Wu et al., China(Asian) 8 6 0 0 0
Liuetal., China(Asian) 15 10 3 0 0
Liuetal., China(Asian) 13 10 6 1 0
Liuetal., China(Asian) 19 18 2 0 1
Liuetal, China(Asian) 41 0 0 0 0
Zhuetal., China(Asian) 9 9 6 1 7
Khan et al., China(Asian) 17 17 3 0 3
Yan et al., China(Asian) 116 85 99 0 0
Zeng et al., China(Asian) 16 12 3 0 2
Zhang et al., China(Asian) 16 10 3 5 0
Lietal., China(Asian) 16 14 4 0 3
Liao et al., China(Asian) 10 0 1 0 0
Mahajan et al., India(Asian) 879 248 61 10 0
Nayak et al., India(Asian) 141 68 0 3 39
Hantoushzadeh et al., Iran(Asian) 9 6 8 5 7
Jenabi et al., Iran(Asian) 90 39 18 0 16
Ayed et al., Kuwait(Asian) 185 0 0 1 0
Sahin et al., Turkey(Caucasian) 533 0 0 1 0
Egerup et al., Denmark(Caucasian) 28 6 2 0 0
Ferrazzi et al., Italy(Caucasian) 42 18 11 0 2
Savasi et al., Italy(Caucasian) 77 22 12 0 0
Govind et al., UK(Caucasian) 9 8 2 0 0
Knight et al., UK(Caucasian) 427 42 66 3 0
Pereira et al., Spain(Caucasian) 60 5 2 0 0
Preze et al., Spain(Caucasian) 82 37 15 0 0
NVOG Netherlands(Caucasian) 528 25 7 0 0
Sentilhes et al., France(Caucasian) 54 9 3 0 0
Kayem et al., France(Caucasian) 617 0 0 7 0
Hcini et al., France(Caucasian) 137 0 0 7 0
Vivanti et al., France(Caucasian) 100 16 20 0 0
Tsatsaris et al., France(Caucasian) 25 0 0 3 0
Blitz et al., USA(Caucasian) 13 6 5 2 0
London et al., USA(Caucasian) 68 22 9 1 0
Lokken et al., USA(Caucasian) 46 3 1 1 0
Qadri et al., USA(Caucasian) 16 0 1 0 0
Andrikopoulou et al., USA(Caucasian) 158 2 2 0 0
Pierce-Williams et al., USA(Caucasian) 64 24 19 0 0
Malhotra et al., USA(Caucasian) 131 41 41 0 0
Prabhu et al., USA(Caucasian) 70 32 11 0 0
Ahlberg et al., USA(Caucasian) 155 15 14 1 0
Breslin et al., USA(Caucasian) 43 8 1 0 0
Delahoy et al., USA(Caucasian) 598 15 56 0 0
Adhikar et al., USA(Caucasian) 245 65 0 0 0
Preterm Birth: The summaries for the analysis was selected to estimate its

prevalence of preterm birth among pregnant
women with SARS-COV-2 infection are
presented in Table 3. There was significant
heterogeneity for preterm birth in the current
meta-analysis, thus a random-effect meta-

prevalence among pregnant women with
SARS-COV-2 infection. Pooled data
indicated that the prevalence of preterm birth
was 11.5% (95% CI 0.081-0.160, Figure 3)
in overall.
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Table 2. Summary for prevalence of cesarean section among pregnant women with COVID-19

Heterogeneity Odds Ratio Publication Bias
Subgroup PR E MR ] 12 (%) Py Prevalence  95% ClI Poeass  Peagers
Overall Random 93.59 <0.001 0.296 0.223-0.380 0.934  0.818
By ethnicity
Asians Random 90.28 <0.001 0.630 0.491-0.750 0.672  0.009
Caucasian Random 93.19 <0.001 0.143 0.094-0.211 0.145  0.225
By country of origin
China Random 59.94  0.001 0.744 0.621-0.837 0.321  0.894
USA Random 93.53 <0.001 0.166 0.094-0.278 0.086  0.261
France Random 83.28 <0.001 0.036 0.009-0.133 0.462  0.022
Italy Fixed 59.29 0.117 0.339 0.259-0.430 NA NA
UK Random 93.75 <0.001 0.451 0.012-0.982 NA NA
Spain Random 9448 <0.001 0.221 0.032-0.711  NA NA
India Random 95.43 <0.001 0.374 0.204-0.582 NA NA
Iran Fixed 41.01 0.193 0.453 0.357-0.552 NA NA
Stratified analysis by ethnicity showed that showed that the prevalence of preterm birth
the prevalence of preterm birth in the Asian was highest in China (21.9%) followed by
and Caucasian women with SARS-COV-2 Iran (54.8%), Italy (19.8%), UK (15.6%),
infection was 17.5% and 8.5%, respectively. USA (10.3%), Spain (9.0%), India (2.2%),
Then, subgroup analysis by country of origin and France (2.1%).
Study name Statistics for each study Event rate and 35% C1
Gvent Lower Upper Retntive
rate it ot ZANValue p-Value Total weight
Chenetal a 0.850 0525 0887 2028 0042 8s9 —— 1.10
Chenetal b 0800 0200 0.900 0444 0557 3s8 w—— j— 176
Yu et al 0936 0451 0936 1854 0054 77 — 109
Wuetal a 0.783 0672 0807 2534 0011 1823 % 241
Wuetal b 0750 0377 0937 1346 0173 §/8 — 190
Luetal a 08667 0405 0.854 1265 0206 1016 — 235
Livetal b 0788 0478 0824 1829 0057 10013 s 216
Livetal, ¢ 0947 0705 0993 2313 0005 18718 —(N 159
Luetal d 0.012 0001 0184 2108 002 O0s41 p— 112
et 0950 0525 0997 2029 0042 9s9 —H 110
Yomet sty 0723 06w 088 4807 0000 85116 O 250
Z»:a‘-;)::(; 3 0750 0 49;7’ 0.903 1903 0057 12716 <$— 23
Prengetal, 0625 0377 0821 089 0323 10018 —_— 240
Uetal 0875 0614 0969 2574 0010 14716 w— zm
Lao et al 0.045 0003 0448 2103- 0035 010 - 1.10
Mahapnet o, 0202 0283 0313 12481 0000 238/879 D 283
Naysket ., 0.482 0401 0584 0421- 0674 58/141 1} 2383
Hortoushzadehetal, 0667 0333 0888 00 037 89 —_—{T— 208
Jenabietal, 0433 033 0537 1261- 0207 33/90 -D- 279
Ayedet o 0.003 000? 0.041 4178 OL‘LIJ 0r185 8 11}
Sahin et al 0.001 0000 0.015 49828. 00X 0s533 113
Egerup et 8l 0214 0100 0402 2821- 0005 6/28 —D— 243
Ferazzietal, 0.420 0289 0580 0823 0355 18/42 il 269
Savasietdl., 0265 0185 039 3632- 000 22/77 = 276
Govnd et al 0.889 0500 0.985 1951 0030 8/s9 e 154
Hright et al 0.098 0074 01320 13834- 000 42s427 E_ 283
Perers el al 0083 003 0185 5134- 00X 5760 247
Preze et al 0.451 02347 06580 0.6882. 0378 a7s02 —C— 279
NVOG 0047 0032 0068 148643- 0000 257528 j z2a0
Sertibesetd., 0167 008 0290 4408- 0000 954 o 262
Kyemeta,, 0.00t 0000 0013 5032. 00X 0s817 113
Hoiniet s, 0004 0000 0055 3954- 0000 07137 113
Vrantieta,, 0.160 0100 0246 £079- 0000 18100 {+ 273
Tsatsanis et al 0019 0001 0244 2753- 000 0725 112
Blizet s, 0462 0224 0718 0277- 0782 6713 —C— 23
Londonetal, 0324 0223 0443 2845. 00X 22/88 -D- 275
Lokkenet &, 0055 0021 0184 4459 Q0 3745 23
Codrietal, 0028 0002 02338 2438 0015 018 1
Andrikopouiou et al 0013 0003 0043 6£122- 0000 27158 203
Plerce-Viliams etal, 0.375 0265 04399 1.978- 0043 24764 g— 275
Mahctra et al 0313 0233 0387 4173 00X 417131 23
Prabhu et al 0457 0345 0574 0716 0474 32070 - - 277
Ahberg et al 0.097 0089 0154 8221- 00X 155155 | t 274
Sresin et al 0166 009 0330 3.765- 00X 8/43 253
Delahoy et al 0025 0015 0041 13997- 0000 157598 275
Adhkaret 0285 0214 0324 7.038- Q000 86s245 285
0295 0223 0380 4505- 0000 Q

-1.00 250 0.00 0,50 100

Figure 2. Forest plots for prevalence of cesarean section in infected pregnant women with COVID-19
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Table 3. Summary for prevalence of preterm birth among pregnant women with COVID-19

Subgroup Type of Model  Heterogeneity Odds Ratio Publication Bias
12 (%) Py Prevalence 95% Cl Preass  Pragers
Overall Random 90.32 <0.001 0.115 0.081-0.160 0.020  0.350
By ethnicity
Asians Random 92.83 <0.001 0.175 0.083-0.330 0.102 0.611
Caucasian Random 86.89 <0.001 0.085 0.058-0.124 0.009  0.012
By country of origin
China Random 86.43 <0.001 0.219 0.101-0.410 0.857 <0.001
USA Random 88.00 <0.001 0.103 0.059-0.174 0.303  0.305
France Random 86.30 <0.001 0.021 0.003-0.125 0.806  0.012
Italy Fixed 48.02 0.165 0.198 0.135-0.281 NA NA
UK Fixed 0.00 0.583 0.156 0.125-0.193 NA NA
Spain Random 82.88 0.016 0.090 0.016-0.378 NA NA
India Random 78.22  0.032 0.022 0.001-0.294 NA NA
Iran Random 90.05 0.002 0.548 0.040-0.973 NA NA

Stillbirth:  The summaries for the
prevalence of stillbirth in the pregnant women
with SARS-COV-2 infection are presented in
Table 4. There was a significant heterogeneity
for stillbirth, thus a random-effect meta-

analysis was selected to estimate its prevalence
among pregnant women with SARS-COV-2
infection in overall. Pooled data found that the
prevalence of stillbith was 2.1% (95%
C1 0.013-0.034, Figure 4) in overall.

Study name Statistics for each study

Gvent Lower Upper
rate limit limit  ZValue pValue Total

Chenetal . a 0444 0477 0749 0333- 0739 459
Chenetal b 0023 0006 0622 1823- 0105 0§
Yu et al 0053 0004 0539 1854- 0064 07
Wuetal a 0130 0043 0335 3084- 0002 3723
Wuetal b 0056 0003 0505 19847- 0052 0/8
tuetal 3 0200 0088 0470 2148- 0022 3/15
Liuetal b 0462 0224 0718 0277- 07@2 8713
Uuetsl ¢ 0105 0026 0337 2863- 0004 2719
Liuetal d 002 0001 0184 3.108- 0002 041
Duetd, 0657 0333 0339 090 03Z7 6/9
Khaneta, 0176 0058 0427 2421- 0015 3017
Yan et al 0853 0777 0907 &711 0000 99/ M8
Zeretd, 0183 0062 0447 2289- 002 3716
Znamgetd, 0183 0082 0447 2209- 0022 3718
Lietal 0250 0097 03503 1903- 0057 4716
Liao et al 0100 0.014 04567 2.084- 0037 1510
Mahapnet ., 0039 0054 0022 19568. (0000 &1/879
Maysket &, 0034 0000 0054 3985- 0000 07141
Hartoushzadeh et 0829 0500 0925 1951 0080 @s8
Jenabiet 0200 0130 0225 5261- 0000 18/9%
Ayed et o 003 0000 0041 4178- 0000 0s185
Sshinetal 0001 0000 0015 4828. 0000 0s533
Egerup et 8l 0071 0018 0245 3495- 0000 2728
Femazzietal, 0262 0151 0414 2852. 0003 11542
Savesietd, 0156 0091 025 5377- 0000 12/77
Gowvind et al 0222 0058 057 1682- O0mNng 2s9
Kreght et al 0155 0122 0192 12803. 0000 &8 /427
Pereira et al 0033 0008 0124 4682- 0000 2760
Preze et al 0183 012 0232 5240- 0000 15/
MVOG 0013 0006 0023 11.327- 0000 7/528
Sertibes et d,, 0056 0018 0159 4769- 0000 3754
Kyjemeta, 0001 0000 003 5032 0000 OS&17
Heiniet &, 0034 0000 0055 3964- 0000 0137
Vriantiet 0200 0133 0220 5545- 0000 20/100
Tsalsarnis et al 0019 0001 0244 2753- 0005 025
Blizet s, 0335 04170 06355 0824- 0410 5713
Londonet 0132 0070 0235 5254- 0000 988
Lokkenet ., 0022 0003 013 3765 0000 1745
Qodneta, 0033 0009 0335 2822. 0009 1718

Andrikopoddou etsl. 0013 0003 0049 6122- 0000 2/158
Flerce-Wiliams et al 0297 0138 0419 3.151- 0002 13/64
Mahotra et al 0313 0239 0397 4173 0000 41 /121

Prabhy et 8l 0157 0088 0252 S114- 0000 11770
Ahberg et al 0020 0054 0147 8.243- 0000 14/155
Bresin et 8l 0023 0003 0147 3694- 0000 1743

Delahry et 8l 0034 0073 0120 16.172- 0000 56 /583
Adhikar et 002 0000 0032 4377- 0000 05245

0115 0081 0180 10.373- 0000
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Figure 3. Forest plots for prevalence of cesarean section in infected pregnant women with COVID-19
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Table 4. Summary for prevalence of stillbirth among pregnant women with COVID-19

Subgroup Type of Heterogeneity Odds Ratio Publication Bias
Model 12 (%) Py Prevalence 95% ClI Poegss  Prgoers
Overall Random 69.07 <0.001 0.021 0.013-0.034 0.001  0.205
By ethnicity
Asians Random 7466 <0.001 0.044 0.020-0.098 0.131  0.785
Caucasian Random 5555 <0.001 0.012 0.007-0.021 0.017  0.021
By country of origin
China Fixed 24.47 0.177 0.088 0.054-0.141 0.528 <0.001
USA Fixed 41.28 0.059 0.014 0.007-0.026  0.360  0.003
France Random 76.49 0.002 0.027 0.009-0.081 0.806  0.837
Italy Fixed 0.00 0.765 0.009 0.001-0.059 NA NA
UK Fixed 39.38 0.199 0.009 0.003-0.026 NA NA
Spain Fixed 0.00 0.877 0.007 0.001-0.048 NA NA
India Fixed 0.00 0.339 0.013 0.008-0.022 NA NA
Iran Random 91.62 0.001 0.088 0.001-0.951 NA NA

Subgroup analysis by ethnicity showed
that the prevalence of stillbirth in the Asian
and Caucasian pregnant women with SARS-

country of origin showed that the prevalence
of stillbirth was highest in China (8.8%) and
Iran (8.8%) followed by France (2.7%), India

COV-2 infection was 4.4% and 1.2%, (1.3%), USA (1.4%), Italy (0.9%), UK
respectively. Then, subgroup analysis by (0.9%), and Spain (0.7%).
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Figure 4. Forest plots for prevalence of stillbirth in infected pregnant women with COVID-19
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Table 5. Summary for prevalence of low birth weight among pregnant women with COVID-19

Subgroup Type of Model  Heterogeneity Odds Ratio Publication Bias
12 (%) Py Prevalence 95% ClI Pieqas Peagers
Overall Random 81.79 <0.001 0.021 0.011-0.039 0.003 <0.001
By ethnicity
Asians Random 76.14 <0.001 0.092 0.048-0.168 0.432  0.005
Caucasian Random 0.00 0.468 0.007 0.004-0.012 <0.001 0.003
By country of origin
China Random 55.64 0.004 0.086 0.041-0.174  0.787 0.003
USA Fixed 0.00 0.850 0.006 0.003-0.014 0.001 <0.001
France Fixed 0.00 0.592 0.005 0.001-0.016  0.027 0.043
Italy Fixed 39.47  0.199 0.032 0.009-0.104 NA NA
UK Fixed 71.65 0.060 0.007 0.001-0.052 NA NA
Spain Fixed 0.00 0.877 0.007 0.001-0.048 NA NA
India Random 9519 <0.001 0.017 0.001-0.910 NA NA
Iran Random 90.72  0.001 0.440 0.049-0.923 NA NA
Low birth weight Deliveries: The effect meta-analysis was selected to estimate

summaries for the prevalence of LBWD in
pregnant women with COVID-19 are
presented in Table 5. There was significant
heterogeneity for LBWD, thus a random-

its prevalence among pregnant women with
SARS-COV-2 infection overall. Pooled data
found that the prevalence of LBWD was 2.1%
(95% C10.011-0.039, Figure 5) overall.
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Figure 5. Forest plots for prevalence of low birth weight deliveries in infected pregnant women with COVID-19
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Subgroup analysis by ethnicity showed
that the prevalence of LBWD in the Asian and
Caucasian pregnant women with COVID-19
was 0.92% and 0.07%, respectively. Then,
subgroup analysis by country of origin
showed that the prevalence of LBWD was
highest in Iran (4.4%) followed by China
(8.6%), Italy (3.2%), India (1.7%), UK
(0.7%), Spain (0.7%), USA (0.6%), and
France (0.5%).

Heterogeneity Test: There was significant
heterogeneity among these studies for CS
(1> = 9359, Py < 0.001), preterm birth
(1= 90.32, Py < 0.001), stillbirth (I = 69.07,
Pq < 0.001), and LBWD (I* = 81.79,
Py < 0.001). Then, we assessed the source of
heterogeneity by ethnicity and country of
origin. We found that country of origin might
be contribute to substantial heterogeneity for
stillbirth, but not for stillbirth and LBWD
(Tables 2-5).

Publication Bias: Both Begg’s funnel plot
and Egger’s test were used to examine the
publication bias of literatures. The Egger’s
test results and Begg’s funnel plots showed an

00 A

“

evidence of publication bias for preterm birth
(Pgeggs = 0.020; Peggers = 0.350) and stillbirth
(Pgeggs = 0.001; Pgggers = 0.205), and LBWD
(PBeggs = 0003, PEggers < 0001), but not for
CS (Pgeggs = 0.934; Peggers = 0.818). Thus, we
used the Duval and Tweedie ‘‘trim and fill”’
method to adjust for possible publication bias
in the current meta-analysis. Figure 6A-C
showed the Duval and  Tweedie
nonparametric ‘‘trim and fill”> methods funnel
plot for preterm birth, stillbirth and LBWD.
This method results did not change for the
complications, suggesting that our combined
data are reliable.

Discussion

Most pregnant infected women with
SARS-CoV2 preferred early delivery by CS
to avoid a prolonged labor, which may
worsen COVID-19 for women and increase
the risk of infection for the medical staff.%>
Dixon et al. found that the number of CS
increased by 4.3% (95% Cl 1.3-7.4;
P = 0.015) in the United Kingdom between 1
April and 31, 2020.
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Figure 6. Begg’s funnel plot for publication bias test for prevalence of preterm birth, stillbirth,
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Moreover, their single-center  study
revealed a reduction in the frequency of
administration of general anesthesia for all
categories of CS during the COVID-19
pandemic, which might be associated with
increased maternal morbidity and mortality.®’
Our data revealed that the prevalence of CS
was 29.6% in women with SARS-CoV2
infection. Its prevalence in the Asian and
Caucasian women with  SARS-COV-2
infection was 63.0% and 14.3%, respectively.
Khalil et al., in a meta-analysis based on
17 studies with 2567 pregnancies, reported
that 48.3% of women with SARS-CoV2 have
delivered by CS.%® Malhotra et al., reported
that there were no changes in CS rate during
the COVID-19 pandemic in New York City.
Their results revealed 31.3% of pregnant
women  with  SARS-CoV-2 infection
underwent of CS, which was not different
from the expected average rate of 31% from
previous years. Moreover, they reported the
rate of CS in non-tested women was 31.4%
and was 33.9% in woman with a negative test
for SARS-CoV2.>® However, Gao et al., in a
meta-analysis based on 14 studies including
236 pregnant women with SARS-CoV2,
reported that the prevalence of CS among
these women was 65% (95% CI = 0.42-0.87,
P < 0.001).® In another meta-analysis based
on 13 studies, the pooled prevalence of
reported CS was 88.0% (95% CI = 0.82-
0.94).”° A meta-analysis performed by Dubey
et al. revealed that the frequency of CS
performance was 72%."

The impact of the SARS-CoV2 infection
on timing of delivery is still unclear.” Several
studies showed that preterm birth rates have
been increased in pregnant women with
SARS-CoV-2 infection.®®®*"™ A study from
China reported a 46% preterm labor rate
between 32 and 36 weeks of gestation in
10 women with SARS-CoV-2 infection.?’ The
prevalence of preterm labor in normal
pregnant women who are healthy and
uninfected with any virus world-wide is
approximately 11%, a metric that varies by
ethnicity and country.” For example, two

Karimi-Zarchi, et al.

meta-analyses  demonstrated  that  the
prevalence of preterm delivery in Iran and
Ethiopia ~was 9.2% and  10.48%,
respectively.”"® Our pooled data showed that
the preterm delivery in  women with
SARS-COV-2 infection was 11.5%. Stratified
analysis by ethnicity showed that the
prevalence of preterm birth in the Asian and
Caucasian women with SARS-COV-2
infection was 17.5% and 8.5%, respectively.
In the meta-analysis by Gao et al. that
included 236 pregnant women  with
SARS-CoV2 infection, the frequency of
preterm labor was 23% (95% CI 0.14-0.32;
P < 0.001). Yang et al. reported that among
pregnant women with SARS-CoV-2 infection
the risk of preterm birth (OR 3.34, 95% CI
1.60-7.00) and CS (OR 3.63, 95% CI
1.95-6.76) was increased when compared
with pregnant women without SARS-CoV-2
infection in China.”’

The World Health Organization (WHO)
has cautioned that COVID-19 occurring in
pregnant women could worsen the global
number of stillbirths,”® with several studies
reporting high rates of preterm birth and
stillbirth  in  women with SARS-CoV-2
infection.”” Khalil et al. compared the
pregnancy outcomes at St George’s
University Hospital, London during the
COVID-19 pre-pandemic and pandemic
periods. Their results revealed that the
incidence of stillbirth was significantly higher
during the pandemic period than during the
pre-pandemic period.”® In the current meta-
analysis, our pooled data showed that the
incidence of stillbirth was 2.1% in women
with  SARS-CoV-2 infection. Subgroup
analysis by ethnicity showed that its
prevalence in the Asian and Caucasian
pregnant women with SARS-COV-2 infection
was 4.4% and 1.2%, respectively. Wald et al.,
indicated that the stillbirth rates were
significantly increased during the pandemic
(1.2% pre-pandemic vs. 7% pandemic).”
Di Toro et al., in a meta-analysis based on
24 studies examining 1100 pregnancies
demonstrated that the fetal and neonatal
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mortality risk in women with SARS-COV-2
infection was extremely low.®

LBW is one of the major public health
problems, resulting in perinatal mortality of
15-20% of newborns  worldwide.®"®
However, its prevalence varies in different
parts of the world with the highest being 28%
in South Asia and the lowest 6% in East Asia
and the Pacific region.®® It is defined as
absolute weight of < 2500 g regardless of
gestational  age®*  Other  pathogenic
coronaviruses such as severe acute respiratory
syndrome coronavirus (SARS-CoV), and
Middle East respiratory syndrome
coronavirus (MERS-CoV) are associated with
significant rates of LBW in newborns from
infected pregnant women.*® Our pooled data
showed that the prevalence of LBWD in
women with SARS-COV-2 infection was
2.1%. In a meta-analysis, Dubey et al.
analyzed 790 pregnant women  with
SARS-CoV-2 infection and found the
frequency of LBW among their neonates to be
7% (95% CIl 0.01-0.15). When examining
case reports, the authors found that the rate of
LBW was 35%."

Some limitations of this meta-analysis
should be taken into account. First, all of the
included studies in this meta-analysis were
performed in Caucasian and Chinese patients.
Moreover, we found only studies published in
English or Chinese language which might
cause potential selection bias. Second, in this
meta-analysis the heterogeneity was high.
This may mean that the estimated prevalence
is less reliable than would be expected. Third,
publication bias can present a serious threat to
the validity of conclusions this meta-analysis.
This might be a limitation for meta-analysis
of CS, stillbirth and LBW. Fourth, the sample
size of some included studies to estimates the
prevalence of stillbirths and low weight birth
were small.

Conclusion

Our pooled data showed that the prevalence
of CS, preterm birth, stillbirth, and LBWD
among women with SARS-COV-2 infection

34  World J Peri & Neonatol 2021; Vol. 4; No. 1

was 29.6%, 2.1%, 115% and 2.1%,
respectively. The prevalence of these
pregnancy outcomes in the Asian women was
higher than Caucasian infected pregnant
women with COVID-19. Clinicians should be
aware of the high prevalence of these
obstetrical complications in pregnant women
with  SARS-COV-2 infection. Moreover,
well-designed, large-scale and multicenter
clinical studies are required to improve and
validate these results.

Conflict of Interests
Authors have no conflict of interests.

Acknowledgments
Not applicable.

How to Cite: Karimi-Zarchi M, Schwartz DA,
Dastgheib SA, Bahrami R, Javaheri A, Emarati A,
et al. A Meta-Analysis for Prevalence of Cesarean
Section, Preterm Birth, Stillbirth, and Low Birth
Weight Deliveries in infected Pregnant Women
with COVID-19. World J Peri & Neonatol 2021;
4(1): 23-39.

DOI: 10.18502/wjpn.v4il.7542

References

1. Schwartz DA. An analysis of 38 pregnant
women with COVID-19, their newborn
infants, and maternal-fetal transmission of
SARS-CoV-2: Maternal coronavirus infections
and pregnancy outcomes. Arch Pathol Lab
Med 2020; 144(7): 799-805.

2. Yu N, Li W, Kang Q, Xiong Z, Wang S, Lin
X, 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(5): 559-64.

3. Zhu H, Wang L, Fang C, Peng S, Zhang L,
Chang G, et al. Clinical analysis of 10
neonates born to mothers with 2019-nCoV
pneumonia. Transl Pediatr 2020; 9(1): 51-60.

4. Chen H, Guo J, Wang C, Luo F, Yu X, Zhang
W, et al. Clinical characteristics and
intrauterine vertical transmission potential of
COVID-19 infection in nine pregnant women:
a retrospective review of medical records.
Lancet 2020; 395(10226): 809-15.

http://wjpn.ssu.ac.ir



5. Zhang L, Jiang Y, Wei M, Cheng BH, Zhou
XC, Li J, et al. Analysis of the pregnancy
outcomes in pregnant women with COVID-19
in Hubei Province. Zhonghua Fu Chan Ke Za
Zhi 2020; 55(3): 166-71. [In Chinese].

6. Antikchi MH, Neamatzadeh H, Ghelmani Y,
Jafari-Nedooshan J, Dastgheib SA, Kargar S,
et al. The risk and prevalence of COVID-19
infection in colorectal cancer patients: a
systematic review and meta-analysis. J
Gastrointest Cancer 2020; 52(1): 73-9.

7. Schwartz DA. The effects of pregnancy on
women with COVID-19: maternal and infant
outcomes. Clin Infect Dis 2020; 71(16): 2042-4.

8. Schwartz DA, Graham AL. Potential maternal
and infant outcomes from coronavirus 2019-
NCOV (SARS-CoV-2) infecting pregnant
women: Lessons from SARS, MERS, and
other human coronavirus infections. Viruses
2020; 12(2): 194.

9. Schwartz DA, Dhaliwal A. Infections in
pregnancy with Covid-19 and other respiratory
RNA virus diseases are rarely, if ever,
transmitted to the fetus: Experiences with
coronaviruses, parainfluenza,
metapneumovirus respiratory syncytial virus,
and influenza. Arch Pathol Lab Med 2020;
144: 920-8.

10.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(5): 415-26.

11.Galang RR, Chang K, Strid P, Snead MC,
Woodworth KR, House LD, et al. Severe
coronavirus infections in pregnancy: A
systematic review. Obstet Gynecol 2020;
136(2): 262-72.

12.Takemoto MLS, Menezes MO, Andreucci CB,
Knobel R, Sousa LAR, Katz L, et al. Maternal
mortality and COVID-19. J Matern Fetal
Neonatal Med 2020: 1-7.

13.Juusela A, Nazir M, Gimovsky M. Two cases
of coronavirus 2019-related cardiomyopathy in
pregnancy. Am J Obstet Gynecol MFM 2020;
2(2): 100113.

14.Ellington S, Strid P, Tong VT, Woodworth K,
Galang RR, Zambrano LD, et al.
Characteristics of women of reproductive age
with  laboratory-confirmed  SARS-CoV-2
infection by pregnancy status. MMWR Morb
Mortal Wkly Rep 2020; 69(25): 769-75.

Karimi-Zarchi, et al.

15.Zimmermann P, Curtis N. COVID-19 in
children, pregnancy and neonates: A review of
epidemiologic and clinical features. Pediatr
Infect Dis J 2020; 39(6): 469-77.

16.Schwartz DA, Mohagheghi P, Beigi B,
Zafaranloo N, Moshfegh F, Yazdani A.
Spectrum of neonatal COVID-19 in Iran: 19
infants with SARS-CoV-2 perinatal infections
with varying test results, clinical findings and
outcomes. J Matern Fetal Neonatal Med
2020:1-10.

17.Dhir SK, Kumar J, Meena J, Kumar P. Clinical
features and outcome of SARS-CoV-2
infection in neonates: A systematic review. J
Trop Pediatr 2020; 67(3): fmaa059.

18.Schwartz DA, Morotti D, Beigi B, Moshfegh
F, Zafaranloo N, Patane L. Confirming vertical
fetal infection with COVID-19: Neonatal and
pathology criteria for early onset and
transplacental transmission of SARS-CoV-2
from infected pregnant mothers. Arch Pathol
Lab Med 2020; 144(12): 1451-6.

19.Patané L, Morotti D, Giunta MR, Sigismondi
C, Piccoli MG, Frigerio L, et al. Vertical
transmission of coronavirus disease 2019:
severe acute respiratory syndrome coronavirus
2 RNA on the fetal side of the placenta in
pregnancies with coronavirus disease 2019-
positive mothers and neonates at birth. Am J
Obstet Gynecol MFM 2020; 2(3): 100145.

20.Schwartz DA, Thomas KM. Characterizing
COVID-19 maternal-fetal transmission and
placental infection wusing comprehensive
molecular pathology. EBioMedicine 2020; 60:
102983.

21.Schwartz DA, Morotti D. Placental pathology
of COVID-19 with and without fetal and
neonatal infection: Trophoblast necrosis and
chronic histiocytic intervillositis as risk factors
for transplacental transmission of SARS-CoV-
2. Viruses 2020; 12(11): 1308.

22.Karimi-Zarchi M, Neamatzadeh H, Dastgheib
SA, Abbasi H, Mirjalili SR, Behforouz A, et
al. Vertical transmission of coronavirus disease
19 (COVID-19) from infected pregnant
mothers to neonates: A review. Fetal Pediatr
Pathol 2020; 39(3): 246-50.

23.Bahrami R, Dastgheib SA, Niktabar SM,
Amooee A, Lookzadeh MH, Mirjalili SR, et al.
Association of BMP4 rs17563 polymorphism
with nonsyndromic cleft lip with or without
cleft palate risk: Literature review and

World J Peri & Neonatol 2021; Vol. 4; No.1 35

http://wjpn.ssu.ac.ir



Covid19 and Pregnancy Complications

comprehensive meta-analysis. Fetal Pediatr
Pathol 2020; 40(4): 305-19.

24.Chen S, Liao E, Cao D, Gao Y, Sun G, Shao
Y. Clinical analysis of pregnant women with
2019 novel coronavirus pneumonia. J Med
Virol 2020; 92(9): 1556-61.

25.Wu X, Sun R, Chen J, Xie Y, Zhang S, Wang
X. Radiological findings and clinical
characteristics of pregnant women with
COVID-19 pneumonia. Int J Gynaecol Obstet
2020; 150(1): 58-63.

26.Liu D, Li L, Wu X, Zheng D, Wang J, Yang L,
et al. Pregnancy and perinatal outcomes of
women with coronavirus disease (COVID-19)
pneumonia: A preliminary analysis. AJR Am J
Roentgenol 2020; 215(1): 127-32.

27.Liu Y, Chen H, Tang K, Guo Y. Withdrawn:
Clinical manifestations and outcome of SARS-
CoV-2 infection during pregnancy. J Infect
2020; S0163-4453(20)30109-2.

28.Liu W, Wang J, Li W, Zhou Z, Liu S, Rong Z.
Clinical characteristics of 19 neonates born to
mothers with COVID-19. Front Med 2020;
14(2): 193-8.

29.Zeng L, Xia S, Yuan W, Yan K, Xiao F, Shao
J, et al. Neonatal early-onset infection with
SARS-CoV-2 in 33 neonates born to mothers
with COVID-19 in Wuhan, China. JAMA
Pediatr 2020; 174(7): 722-5.

30.Khan S, Jun L, Nawsherwan, Siddique R, Li
Y, Han G, et al. Association of COVID-19
with pregnancy outcomes in health-care
workers and general women. Clin Microbiol
Infect 2020; 26(6): 788-90.

31.Li N, Han L, Peng M, Lv Y, Ouyang Y, Liu K,
et al. Maternal and neonatal outcomes of
pregnant women with COVID-19 pneumonia:
a case-control study. Clin Infect Dis 2020;
71(16): 2035-41.

32.Liao J, He X, Gong Q, Yang L, Zhou C, Li J.
Analysis of vaginal delivery outcomes among
pregnant women in Wuhan, China during the
COVID-19 pandemic. Int J Gynaecol Obstet
2020; 150(1): 53-7.

33.Wu C, Yang W, Wu X, Zhang T, Zhao Y, Ren
W, et al. Clinical manifestation and laboratory
characteristics of SARS-CoV-2 infection in
pregnant women. Virologica Sinica 2020;
35(3): 305-10.

34.Zeng Y, Lin L, Yan Q, Wei W, Yang BX,
Huang R, et al. Update on clinical outcomes of

36 World J Peri & Neonatol 2021; Vol. 4; No. 1

women with COVID-19 during pregnancy. Int
J Gynaecol Obstet 2020; 150(2): 264-6.

35.Mahajan NN, Ansari M, Gaikwad C, Jadhav P,
Tirkey D, Pophalkar MP, et al. Impact of
SARS-CoV-2 on multiple gestation pregnancy.
Int J Gynaecol Obstet 2020; 152(2): 220-5.

36.Nayak AH, Kapote DS, Fonseca M, Chavan N,
Mayekar R, Sarmalkar M, et al. Impact of the
coronavirus infection in pregnancy: A
preliminary study of 141 patients. J Obstet
Gynaecol India 2020; 70(4): 256-61.

37.Hantoushzadeh S, Shamshirsaz AA, Aleyasin
A, Seferovic MD, Aski SK, Arian SE, et al.
Maternal death due to COVID-19. Am J Obstet
Gynecol 2020; 223(1): 109. e1-109. e16.

38.Jenabi E, Bashirian S, Khazaei S, Masoumi
SZ, Ghelichkhani S, Goodarzi F, et al.
Pregnancy outcomes among symptomatic and
asymptomatic women infected with COVID-
19 in the west of Iran: a case-control study. J
Matern Fetal Neonatal Med 2020: 1-3.

39.Ayed A, Embaireeg A, Benawadh A, Al-
Fouzan W, Hammoud M, Al-Hathal M, et al.
Maternal and perinatal characteristics and
outcomes of pregnancies complicated with
COVID-19 in Kuwait. BMC Pregnancy
Childbirth 2020; 20(1): 754.

40.Sahin D, Tanacan A, Erol SA, Anuk AT,
Yetiskin FDY, Keskin HL, et al. Updated
experience of a tertiary pandemic center on
533 pregnant women with COVID-19
infection: A prospective cohort study from
Turkey. Int J Gynaecol Obstet 2020; 152(3):
328-34.

41.Egerup P, Olsen LF, Christiansen A-M,
Hellerung, Westergaard D, Severinsen ER, et
al. Severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) antibodies at
delivery in women, partners, and newborns.
Obstet Gynecol 2021; 137(1): 49-55.

42.Ferrazzi E, Frigerio L, Savasi V, Vergani P,
Prefumo F, Barresi S, et al. Vaginal delivery in
SARS-CoV-2-infected pregnant women in
Northern Italy: a retrospective analysis. BJOG
2020: 127(9): 1116-21.

43.Savasi VM, Parisi F, Patané L, Ferrazzi E,
Frigerio L, Pellegrino A, et al. Clinical
findings and disease severity in hospitalized
pregnant women with coronavirus disease
2019 (COVID-19). Obstet Gynecol 2020;
136(2): 252-8.

http://wjpn.ssu.ac.ir



44.Govind A, Essien S, Karthikeyan A,
Fakokunde A, Janga D, Yoong W, et al. Re:
Novel coronavirus COVID-19 in late
pregnancy: Outcomes of first nine cases in an
inner city London hospital. Eur J Obstet
Gynecol Reprod Biol 2020; 251: 272-4,

45.Knight M, Bunch K, Vousden N, Morris E,
Simpson N, Gale C, et al. Characteristics and
outcomes of pregnant women admitted to
hospital with  confirmed SARS-CoV-2
infection in UK: national population based
cohort study. BMJ 2020; 369: m2107.

46.Pereira A, Cruz-Melguizo S, Adrien M,
Fuentes L, Marin E, Perez-Medina T. Clinical
course of coronavirus disease-2019 in
pregnancy. Acta Obstet Gynecol Scand 2020;
99(7): 839-47.

47.Martinez-Perez O, Vouga M, Melguizo SC,
Acebal LF, Panchaud A, Mufioz-Chapuli M, et
al. Association between mode of delivery
among pregnant women with COVID-19 and
maternal and neonatal outcomes in Spain.
JAMA 2020; 324(3): 296-9.

48.Update  registratie  COVID-19  positieve
zwangeren in NethOSS. [Online]. [cited 13
Oct 2021]; Avilable from: URL:
https://www.nvog.nl/actueel/registratie-van-
covid-19-positieve-zwangeren-in-nethoss

49 .Sentilhes L, De Marcillac F, Jouffrieau C,
Kuhn P, Thuet V, Hansmann Y, et al.
Coronavirus disease 2019 in pregnancy was
associated with maternal morbidity and
preterm birth. Am J Obstet Gynecol 2020;
223(6): 914. e1-914. e15.

50.Kayem G, Lecarpentier E, Deruelle P, Bretelle
F, Azria E, Blanc J, et al. A snapshot of the
Covid-19 pandemic among pregnant women in
France. J Gynecol Obstet Hum Reprod 2020;
49(7): 101826.

51.Hcini N, Maamri F, Picone O, Carod J-F,
Lambert V, Mathieu M, et al. Maternal, fetal
and neonatal outcomes of large series of
SARS-CoV-2  positive  pregnhancies in
peripartum period: a single-center prospective
comparative study. Eur J Obstet Gynecol
Reprod Biol 2020; 257: 11-8.

52 Tsatsaris V, Mariaggi A-A, Launay O,
Couffignal C, Rousseau J, Ancel PY, et al.
SARS-COV-2 IgG antibody response in
pregnant women at delivery. J Gynecol Obstet
Hum Reprod 2020; 50(7): 102041.

53.Blitz MJ, Rochelson B, Minkoff H, Meirowitz

Karimi-Zarchi, et al.

N, Prasannan L, London V, et al. Maternal
mortality among women with coronavirus
disease 2019 admitted to the intensive care
unit. Am J Obstet Gynecol; 223(4): 595-
599.e5.

54.London V, McLaren R, Atallah F, Cepeda C,
McCalla S, Fisher N, et al. The relationship
between status at presentation and outcomes
among pregnant women with COVID-19. Am
J Perinatol 2020; 37(10): 991-4.

55.Lokken EM, Walker CL, Delaney S, Kachikis
A, Kretzer NM, Erickson A, et al. Clinical
characteristics of 46 pregnant women with a
severe acute respiratory syndrome coronavirus
2 infection in Washington State. Am J Obstet
Gynecol 2020; 223(6): 911.e1-911.e14.

56.Qadri Q, Rasool R, Afroze D, Nagash S,
Gulzar GM, Yousuf A, et al. Study of TLR4
and IL-8 gene polymorphisms in H.pylori-
induced inflammation in gastric cancer in an
ethnic kashmiri population. Immunological
Investigations 2014; 43(4): 324-36.

57.Andrikopoulou M, Madden N, Wen T, Aubey
JJ, Aziz A, Baptiste CD, et al. Symptoms and
critical illness among obstetric patients with
coronavirus  disease 2019 (COVID-19)
infection. Obstet Gynecol 2020; 136(2): 291-9.

58.[58] Pierce-Williams RAM, Burd J, Felder L,
Khoury R, Bernstein PS, Avila K, et al.
Clinical course of severe and critical
coronavirus disease 2019 in hospitalized
pregnancies: a United States cohort study. Am
J Obstet Gynecol MFM 2020; 2(3): 100134.

59.Malhotra Y, Miller R, Bajaj K, Sloma A,
Wieland D, Wilcox W. No change in cesarean
section rate during COVID-19 pandemic in
New York City. Eur J Obstet Gynecol Reprod
Biol 2020; 253: 328-9.

60.Prabhu M, Cagino K, Matthews K, Friedlander
R, Glynn S, Kubiak J, et al. Pregnancy and
postpartum outcomes in a universally tested
population for SARS-CoV-2 in New York
City: a prospective cohort study. BJOG 2020;
127(12): 1548-56.

61.Ahlberg M, Neovius M, Saltvedt S, Soderling
J, Pettersson K, Brandkvist C, et al.
Association of SARS-CoV-2 test status and
pregnancy outcomes. JAMA 2020; 324(17):
1782-5.

62.Breslin N, Baptiste C, Gyamfi-Bannerman C,
Miller R, Martinez R, Bernstein K, et al.
Coronavirus disease 2019 infection among

World J Peri & Neonatol 2021; Vol. 4; No.1 37

http://wjpn.ssu.ac.ir



Covid19 and Pregnancy Complications

asymptomatic and symptomatic pregnant
women: two weeks of confirmed presentations
to an affiliated pair of New York City
hospitals. Am J Obstet Gynecol MFM 2020;
2(2): 100118.

63.Delahoy MJ, Whitaker M, O’Halloran A, Chai
SJ, Kirley PD, Alden N, et al. Characteristics
and maternal and birth outcomes of
hospitalized pregnant women with laboratory-
confirmed COVID-19 - COVID-NET, 13
States, March 1-August 22, 2020. MMWR
Morb Mortal WKly Rep 2020; 69(38): 1347-
54.

64.Adhikari EH, Moreno W, Zofkie AC,
MacDonald L, Mclintire DD, Collins RRJ, et
al. Pregnancy outcomes among women with
and without severe acute respiratory syndrome
coronavirus 2 infection. JAMA Netw Open
2020; 3(11): e2029256.

65.Bauer ME, Bernstein K, Dinges E, Delgado C,
El-Sharawi N, Sultan P, et al. Obstetric
anesthesia during the COVID-19 pandemic.
Anesth Analg 2020; 131(1): 7-15.

66.Chen D, Yang H, Cao Y, Cheng W, Duan T,
Fan C, et al. Expert consensus for managing
pregnant women and neonates born to mothers
with suspected or confirmed novel coronavirus
(COVID-19) infection. Int J Gynaecol Obstet
2020; 149(2): 130-6.

67.Dixon T, Bhatia K, Columb M. The SARS-
CoV-2 effect: an opportunity to reduce general
anaesthesia rates for Caesarean section? Br J
Anaesth 2020; 125(3): e324-6.

68.Khalil A, Kalafat E, Benlioglu C, O’Brien P,
Morris E, Draycott T, et al. SARS-CoV-2
infection in pregnancy: A systematic review
and meta-analysis of clinical features and
pregnancy outcomes. EClinicalMedicine 2020;
25: 100446.

69.Gao YJ, Ye L, Zhang JS, Yin YX, Liu M, Yu
HB, et al. Clinical features and outcomes of
pregnant women with COVID-19: A
systematic review and meta-analysis. BMC
Infectious Diseases 2020; 20(1): 564.

70.Capobianco G, Saderi L, Aliberti S, Mondoni
M, Piana A, Dessole F, et al. COVID-19 in
pregnant women: A systematic review and
meta-analysis. Eur J Obstet Gynecol Reprod
Biol 2020; 252: 543-58.

71.Dubey P, Reddy SY, Manuel S, Dwivedi AK.
Maternal and neonatal characteristics and
outcomes among COVID-19 infected women:

38 World J Peri & Neonatol 2021; Vol. 4; No. 1

An updated systematic review and meta-
analysis. Eur J Obstet Gynecol Reprod Biol
2020; 252: 490-501.

72.Narang K, Enninga EAL, Gunaratne MDSK,
Ibirogba ER, Trad ATA, Elrefaei A, et al.
SARS-CoV-2 infection and COVID-19 during
pregnancy: A multidisciplinary review. Mayo
Clin Proc 2020; 95(8): 1750-65.

73.Khalil A, von Dadelszen P, Draycott T,
Ugwumadu A, O’Brien P, Magee L. Change in
the Incidence of Stillbirth and Preterm
Delivery During the COVID-19 Pandemic.
JAMA 2020; 324(7): 705-6.

74.Vogel JP, Chawanpaiboon S, Moller AB,
Watananirun K, Bonet M, Lumbiganon P. The
global epidemiology of preterm birth. Best Pract
Res Clin Obstet Gynaecol 2018; 52: 3-12.

75.Vakilian K, Ranjbaran M, Khorsandi M,
Sharafkhani N, Khodadost M. Prevalence of
preterm labor in Iran: A systematic review and
meta-analysis. Int J Reprod Biomed 2015;
13(12): 743-8.

76.Muchie KF, Lakew AM, Teshome DF, Yenit
MK, Sisay MM, Mekonnen FA, et al.
Epidemiology of preterm birth in Ethiopia:
Systematic review and meta-analysis. BMC
Pregnancy Childbirth 2020; 20(1): 574.

77.Yang R, Mei H, Zheng T, Fu Q, Zhang Y,
Buka S, et al. Pregnant women with COVID-
19 and risk of adverse birth outcomes and
maternal-fetal ~ vertical  transmission: a
population-based cohort study in Wuhan,
China. BMC Med 2020; 18(1): 330.

78.World Health Organization. One stillbirth
occurs every 16 seconds, according to first
ever joint UN estimates. [Online]. [cited 08
Oct  2020];  Avilable  from: URL:
https://www.who.int/news/item/08-10-2020-
one-stillbirth-occurs-every-16-seconds-
according-to-first-ever-joint-un-estimates

79.Wald A. Does COVID-19 cause stillbirth?
NEJM Journal Watch 2020; 2020.

80.Di Toro F, Gjoka M, Di Lorenzo G, De Seta F,
Maso G, Risso FM, et al. Impact of COVID-19
on maternal and neonatal outcomes: a
systematic review and meta-analysis. Clin
Microbiol Infect 2020; 27(1): 36-46.

81.K. C. A, Basel PL, Singh S. Low birth weight
and its associated risk factors: Health facility-
based case-control study. PLoS One 2020;
15(6): e0234907.

82.Girma S, Fikadu T, Agdew E, Haftu D,

http://wjpn.ssu.ac.ir



Gedamu G, Dewana Z, et al. Factors
associated with low birthweight among
newborns delivered at public health facilities
of Nekemte town, West Ethiopia: A case
control study. BMC Pregnancy Childbirth
2019; 19(1): 220.

83.Chhea C, Ir P, Sopheab H. Low birth weight of

institutional births in Cambodia: Analysis of

Karimi-Zarchi, et al.

the demographic and health surveys 2010-
2014. PL0S One 2018; 13(11): e0207021.

84.Cutland CL, Lackritz EM, Mallett-Moore T,

Bardaji A, Chandrasekaran R, Lahariya C, et
al. Low birth weight: Case definition &
guidelines for data collection, analysis, and
presentation of maternal immunization safety
data. Vaccine 2017; 35 (48 Pt A): 6492-500.

World J Peri & Neonatol 2021; Vol. 4; No.1 39

http://wjpn.ssu.ac.ir



