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A B S T R A C T

Objective: Coronavirus disease 2019 (COVID-19) has become a global pandemic and may adversely affect
pregnancy outcomes. We estimated the adverse maternal and neonatal characteristics and outcomes
among COVID-19 infected women and determined heterogeneity in the estimates and associated factors.
Study Designs: PubMed search was performed of confirmed COVID-19 pregnant cases and related
outcomes were ascertained prior to July 8, 2020, in this systematic review and meta-analysis. Studies
reporting premature birth, low birth weight, COVID-19 infection in neonates, or mode of delivery status
were included in the study. Two investigators independently performed searches, assessed quality of
eligible studies as per the Cochrane handbook recommendations, extracted and reported data according
to PRISMA guidelines. Pooled proportions of maternal and neonatal outcomes were estimated using
meta-analyses for studies with varying sample sizes while a systematic review with descriptive data
analysis was performed for case report studies. Maternal and neonatal outcomes included C-section,
premature birth, low birth weight, adverse pregnancy events and COVID transmission in neonates.
Results: A total of 790 COVID-19 positive females and 548 neonates from 61 studies were analyzed. The
rates of C-section, premature birth, low birth weight, and adverse pregnancy events were estimated as 72
%, 23 %, 7 %, and 27 % respectively. In the heterogeneity analysis, the rate of C-section was substantially
higher in Chinese studies (91 %) compared to the US (40 %) or European (38 %) studies. The rates of
preterm birth and adverse pregnancy events were also lowest in the US studies (12 %, 15 %) compared to
Chinese (17 %, 21 %), and European studies (19 %, 19 %). In case reports, the rates of C-section, preterm
birth, and low birth weight were estimated as 69 %, 56 %, and 35 %, respectively. Adverse pregnancy
outcomes were associated with infection acquired at early gestational ages, more symptomatic
presentation, myalgia symptom at presentation, and use of oxygen support therapy.
Conclusions: Adverse pregnancy outcomes were prevalent in COVID-19 infected females and varied by
location, type, and size of the studies. Regular screening and early detection of COVID-19 in pregnant
women may provide more favorable outcomes.

© 2020 Elsevier B.V. All rights reserved.
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Introduction

The coronavirus disease 2019 (COVID-19) is caused by the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
and has now become a global pandemic rapidly growing across the
world [1]. It has become critical to identify at-risk individuals for
COVID-19 to avoid poor outcomes through early, aggressive, and
preventive management [2]. Although COVID-19 can affect anyone,
pregnant women may be more susceptible to this viral infection
due to physiological and immunological changes during pregnancy
[3]. One of the major consequences of viral pneumonia is deaths
during pregnancy worldwide [4]. Moreover, viral infections have
been associated with adverse pregnancy and neonatal outcomes
[5]. Therefore, there is a concern of having adverse pregnancy
outcomes due to intrauterine transmission of infection to fetus
from mother [6,7]. Studies have shown the impact of viral
infections on preterm births and related outcomes [8]. Premature
births also have long-term consequences of developmental delays.
However, the current burden of adverse pregnancy events
including preterm birth and low birth weight is unclear among
females infected with SARS-CoV-2 particularly in comparison with
women without infection.

Recently, a few narrative and some systematic reviews based on
limited studies have attempted to summarize the maternal and
neonatal characteristics of pregnant women with COVID-19 [9–
23]. Most of these studies were predominantly based on case
reports, conducted a qualitative analysis by combining mixed
studies of case series with case reports, and are not up-to-date.
Furthermore, none of these studies estimated the overall adverse
pregnancy outcomes comprising preterm birth, death/stillbirth,
and early termination of pregnancies. Although studies evaluating
the effect of COVID-19 infection on pregnancy outcomes have been
accumulating, the maternal characteristics and treatment profile
for managing COVID-19 and pregnancy outcomes were inconsis-
tent across the studies. Because of the mixing of case reports with
case-series and not utilizing appropriate statistical analyses,
previous studies yielded biased estimates of a mode of delivery
and pregnancy outcomes. There is a need to determine heteroge-
neity in the estimates of adverse pregnancy outcomes and factors
associated with adverse pregnancy outcomes separately for
preterm birth, adverse pregnancy events, and low birth weight.
To promote evidence-based practice among infected pregnant
women, it is vital to provide quantitative syntheses of adverse
pregnancy outcomes to health care providers timely and accurate-
ly. We sought to estimate the proportions of adverse pregnancy
outcomes along with premature birth, low birth weight, and C-
section rates among mothers with COVID-19 through an updated
systematic review and meta-analysis of case series and case
reports separately.

Materials and methods

Search methods

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) and the Meta-analysis of
Observational Studies in Epidemiology (MOOSE) guidelines to
perform this study [24,25]. A comprehensive search on PubMed
was made for any studies reporting data on pregnant women with
COVID-19 prior to July 8th, 2020. We used combinations of search
terms “COVID-19 OR SARS-CoV-2 OR Coronavirus” AND “Pregnan-
cy OR Pregnant” OR “Neonates OR Newborn OR Neonatal” to screen
all eligible articles. Full articles and abstracts were independently
reviewed for evaluating eligibility criteria by the two authors (PD
and AD). Review and duplicated articles were excluded from the
analysis. References from the review articles were also cross-
checked to screen any pertinent studies excluded from the initial
search. Efforts were made to avoid studies with overlapping results
or inclusion of case data. We double-checked all the eligible
articles for any duplicity of data reporting in two or more articles
by matching the period of patient recruitment, location, or author
of studies, and excluded from our study.

Inclusion and exclusion criteria

Only studies were included in which patients were pregnant on
admission, confirmed with a COVID-19 infection by quantitative
real-time polymerase chain reaction (qRT-PCR), reported data on
human subjects with primary preterm birth, low birth outcome or
mode of delivery, and written in English or could be translated into
English from the Chinese language. Studies with unpublished
reports, unconfirmed COVID-19 cases and without maternal or
neonatal outcomes, and clinical trials were excluded from the
study.

Study endpoints

We used a comprehensive data sheet to extract data on the
following variables a) neonatal outcomes which included the
number of neonates, type of delivery (C-section or normal), low
birth weight, infant death or stillbirth, neonates with COVID-19
infection, asphyxia, pneumonia, lymphopenia, and Apgar score b)
maternal characteristics which included age range, gestation age,
comorbidities (gestational diabetes, pre-eclampsia, and others),
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and clinical symptoms (fever, cough, dyspnea, fatigue, diarrhea,
sore throat, myalgia, lymphopenia before and after treatment,
elevated C-reactive protein, and asymptomatic) and outcomes
(preterm birth, death, and early pregnacy termination) c)
treatment profile (oxygen support, antivirals and antibiotics).
The primary outcomes of interest in the study were C-section rate,
rate of premature birth, rate of low birth weight, overall adverse
pregnancy events (defined as a composition of premature birth and
stillbirth or death or early pregnancy termination), and the rate of
COVID infection in neonates. In addition to these data, we also
extracted the type of study (case reports or case series). Any studies
with less than 5 cases were classified into a case report. The
location of the study was classified into China, USA, Europe
(Ireland, Italy, Netherlands, Spain, Sweden, Turkey, and UK). Rest
studies were classified into others category (Jordan, Iran, Korea,
India, Peru, Canada, and Australia) due to a low number of case
studies. The number of pregnant women with a positive COVID
infection, number of women proceeded to delivery or still
pregnant, number of women with pregnancy outcome status,
and the number of neonates were also extracted and used for
estimating specific proportions.

Assessment of risk of bias

We performed the quality appraisal of eligible studies. The risk
of bias was assessed using the quality assessment tool for case
series studies (NHLBI, Research Triangle Institute International.
National Heart, Lung, and Blood Institute Quality Appraisal Tools)
Fig. 1. Study flowchart. Inclusion of studies at different s
[26]. In addition, funnel plots and Egger’s test were performed to
assess publication bias as well.

Statistical analysis

We performed (a) a meta-analysis for primary outcomes (C-
section rates, preterm birth rates, low birth weight rates, adverse
pregnancy events, common symptoms, common treatment) after
assigning appropriate weight to each study (b) descriptive data
analyses for these outcomes in case reports studies without
assigning any weight. Studies with 5 or more subjects were
considered in the meta-analysis. The pooled proportions (P) were
also estimated separately for location and study size. Appropriate
summary measures such as mean and range were used for
quantitative measures while frequency and proportions were used
for categorical data in the descriptive data analysis [27]. For the
meta-analysis, we applied a priori random effects model for
proportions using the DerSimonian and Laird (D-L) method. The
Wilxon score method was used to obtain a 95 % confidence interval
(CI) for the pooled estimate. The pooled association between
pregnancy outcomes and COVID-19 compared to controls was
summarized with an odds ratio (OR) and a 95 %CI. The I2 statistic
was used to summarize the proportion of observed variance after
removing sampling error to assess the heterogeneity across the
studies. The I2 statistic >50 % indicates a significant presence of
heterogeneity. Sensitivity and subgroup analyses according to
some important cofactors were performed to evaluate heteroge-
neity across the studies as well as to identify factors associated
tages for this systematic review and meta-analysis.



Table 1
Characteristics of studies included in the analysis.

Study Place Women
with
COVID

Neonates Average
midrange age
(range), y

Average
midrange
gestation
(range), w

Cesarean
section

Adverse
events

Preterm
birth

Death/
stillbirth/
early
termination

Low
birth
weight

Newborn
with
COVID-19

Quality

CASE SERIES STUDIES INCUDED IN THE META-ANALYSIS
Liu et al [28] China 15 11 31.5(23�40) 25(12�38) 10 3 3 0 NR 0 Good
Chen et al [29] China 9 9 33(26�40) 37.1(36�39) 9 4 4 0 2 0 Good
Chen et al [30] China 5 5 28(25�31) 39.5(38�41) 3 0 0 0 0 0 Good
Yu et al [31] China 7 7 31.5(29–34) 39(37�41) 7 0 0 0 0 1 Good
Wu et al [32] China 23 21 29(21�37) 25.5(12�39) 18 6 3 3 0 0 Good
Liu et al [33] China 13 10 29.5(22�37) 32(25�39) 10 7 6 1 NR NR Fair
Zhu et al [34] China 9 10 30(30) 35(31�39) 9 7 6 1 7 NR Fair
Khan et al [35] China 17 17 29(24�34) 38(35�41) 17 3 3 0 3 0 Fair
Breslin et al [44] USA 43 18 29.5(20�39) 35(32�38) 8 1 1 0 NR NR Fair
Liu et al [36] China 19 19 31(26�36) 38(35�41) 18 2 2 0 1 0 Good
Zeng et al [37] China NR 33 NR NR NR 4 4 0 2 3 Fair
Zhang et al [38]
*

China 16 11 29(24�34) 38(35�41) 10 8 3 5 0 0 Good

Liu et al [39] * China 41 16 30(30) NR NR NR NR NR NR 0 Fair
Li et al [40] * China 16 17 31.5(26�37) 36.5(33�40) 14 4 4 0 3 0 Good
Hantoushzadeh
et al [54] $

Iran 9 11 37(25�49) 31(24�38) 6 8 8 5 7 0 Good

Liao et al [41] * China 10 10 31.5(27�36) 36.5(31�42) 0 1 1 0 0 0 Good
Ferrazzi et al
[50]

Italy 42 40 32.9(21�43) NR 18 11 11 0 3 Good

Govind [52] UK 9 9 28.5(18�39) 36.7(27�39) 8 2 2 0 2 1 Fair
Wu et al [42] China 8 8 29.8(26�35) 37.7(33�40) 6 NR NR NR NR NR Fair
Pereira et al [53] Spain 60 23 34 (22�43) 32(5�41) 5 2 2 0 NR 0 Good
Sentilhes et al
[48]

France 54 21 30.6 30.4 9 3 3 0 0 0 Fair

Blitz [45] USA 13 7 33.8 33.3 6 7 5 2 0 NR Fair
Savasi et al [51]

+
Italy 77 57 32 (15�48) 37.2(5�41) 22 12 12 0 NR 4 Fair

London et al
[46]

USA 68 55 30
(24.5�34.8)

NR 22 10 9 1 NR 0 Good

Zeng et al [43] China 16 16 31(25�40) 37(34�41) 12 3 3 0 0 0 Fair
Lokken et al [47]

++
USA 46 8 29(26�34) 27(21�33.9) 3 2 1 1 0 0 Fair

Vivanti et al [49] France 100 36 33.7
(29�36.7)

31.3(25.6�35.6) 16 20 20 0 0 1 Good

Total(27) 745 505 31.0(28�37) 34.3(25�39.5) 266 130 116 19 27 13
CASE REPORTS (INDIVIDUAL PATIENT ANALYSIS)
Lee et al [55] Korea 1 1 35 37 1 0 0 0 0 0 NA
Kalafat et al [56] Turkey 1 1 32 35 1 0 0 0 0 0 NA
Yang et al [57] China 1 1 30 35 1 1 1 0 NR 0 NA
Fan et al [58] China 2 2 31.5 36.5 2 1 1 0 0 0 NA
Wang et al [59] China 1 1 34 40 1 0 0 0 0 1 NA
Zambrano et al
[60]

China 1 1 41 32 0 1 1 0 1 0 NA

Wang et al [61] China 1 1 28 30 1 1 1 0 1 0 NA
Iqbal et al [62] USA 1 1 34 39 0 0 0 0 0 0 NA
Karami et al [63] Iran 1 1 27 30 0 2 1 1 NA 1 NA
Gidlöf et al [64] Sweden 1 2 34 36 1 2 2 0 2 0 NA
Chen et al [65] China 4 4 28.5 37 3 0 0 0 0 0 NA
Chen et al [66] China 3 3 29.5 36.5 3 1 1 0 1 0 NA
Blauvelt et al
[67]

USA 1 1 34 28 1 1 1 0 1 0 NA

Hong et al [68] USA 1 0 36 23 0 NR NR NR NR NR NA
Li et al [69] China 1 1 31 35 1 2 1 1 0 0 NA
Browne et al
[70]

USA 1 0 33 27 0 NR NR NR NR NR NA

Lu et al [71] China 1 1 22 38 1 0 0 0 0 0 NA
Sharma et al
[72]

India 1 1 NR 36 1 NR NR NR NR NR NA

Romero et al
[73]

Spain 1 1 44 29 1 1 1 0 NR 0 NA

Peng et al [74] China 1 1 25 35 1 1 1 0 1 0 NA
Alzamora et al
[75]

Peru 1 1 41 33 1 1 1 0 0 1 NA

Mehta et al [76] USA 1 2 39 27 1 0 2 0 2 1 NA
Yu et al [77] China 1 1 35 34 0 1 1 0 1 0 NA
Cooke et al [78] UK 2 2 30.5 28 2 2 2 0 2 0 NA
Kirtsman et al
[79]

Canada 1 1 40 35 1 1 1 0 0 1 NA

Taghizadieh
et al [80]

Iran 1 1 33 34 1 1 1 0 0 0 NA

Khan et al [81] China 3 3 32 37 0 1 1 0 0 0 NA
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Table 1 (Continued)

Study Place Women
with
COVID

Neonates Average
midrange age
(range), y

Average
midrange
gestation
(range), w

Cesarean
section

Adverse
events

Preterm
birth

Death/
stillbirth/
early
termination

Low
birth
weight

Newborn
with
COVID-19

Quality

Fontanella et al
[82]

Netherlands 2 1 33.5 35.5 1 0 0 0 0 1 NA

Grimminck et al
[83]

Netherlands 1 1 31 38 0 0 0 0 0 0 NA

Ferraiolo et al
[84]

Italy 1 1 30 38 1 0 0 0 0 0 NA

Silverstein et al
[85]

USA 2 2 25.5 35 2 2 2 0 1 0 NA

AlZaghal et al
[86]

Jordan 1 1 30 36 1 1 1 0 1 0 NA

Anderson et al
[87]

USA 1 0 35 22 0 0 0 0 0 0 NA

Lowe et al [88] Australia 1 1 31 40 0 0 0 0 0 0 NA
Total (34) 45 43 32.6 33.8 31 22 24 2 14 6 NA

* Included a control group in the study; w: weeks; y: years: midrange is the average of the range reported; NR: not reported; NA: not applicable.
$ 5 adverse events of 8 preterm births.
+ status is missing for 1 patient.
++ consent was not obtained for 4 patients.
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with adverse pregnancy outcomes. Fishers’ exact test was
conducted to determine factors associated with adverse pregnancy
outcomes in case reports analysis. Forest plots were made to show
key findings in the study. P-values less than 5 % were considered
significant. All statistical analyses were employed using STATA 15.1
(StataCorp LLC, College Station, TX).

Results

A total of 429 studies were evaluated and 61 met the eligibility
criteria for data extraction and data analysis. Of these, 27 studies
were used in meta-analysis and underwent for quality assessment
and bias evaluation (Fig. 1). The list of excluded studies along with
PubMed identifier and pertaining reasons for exclusion are
included in Supplementary Table 1. Accordingly, 11 clinical trial
studies, 7 demographic studies, 12 immunological or pathological
studies, 35 studies with insufficient data, 5 clinical updates or
commentaries, and 3 maternal health studies were excluded. In
addition, 2 studies were excluded due to duplicity of data
reporting. Out of 27 studies [28–43], 16 studies were from China
(14 were from Hubei province and 2 from Guangzhou) and 4
studies was from USA [44–47], 2 from France [48,49], 2 from Italy
[50,51], 1 from UK [52], 1 from Spain [53], and 1 from Iran [54]. Of
27 studies, 4 studies (n = 233) also included a control group [38–
41]. However, one study included non-pregnant healthy controls
[39]. The meta-analysis was based on 745 COVID infected cases and
219 controls. A total of 34 case reports [55–88] yielding 45 cases
were also included in the descriptive data analysis. Majority of the
studies (12/34) were from China, 7 from the USA
[62,67,68,70,76,85,87], 2 from Iran [63,80], 2 from Netherlands
[82,83], 1 from Peru [75], 1 from Italy 1 [84], 1 from Sweden [64], 1
from Spain [73], 1 from Korea [55], 1 from Turkey [56], 1 from UK
[78], 1 from Australia [88], 1 from Canada [79], 1 from Jordon [86],
and 1 from India [72].

Maternal and neonatal characteristics

The average maternal age of women included in the meta-
analysis was 31 (midrange: 28�37) years with an average
gestational week of 34.3 (midrange: 25�39.5). The majority of
patients had no lymphopenia after treatments. A total of 505
neonatal subjects were included in the meta-analysis. Only 6
studies reported a COVID infection in neonates and 8 studies
reported other events such as death or stillbirth in neonates
(Table 1).

For the case reports, the average age was 32.6 (range: 22–44)
years with an average gestational week of 33.8 (range: 22–40). For
single case studies, 43 neonates were included in the analysis
(Table 1). Among reported studies, all neonates had a 5-minute
Apgar score of 8 or higher except four cases with a 0, 1, 3, and 6
score. Of 34 case reports, 6 studies observed infection in neonates
and two studies reported death or stillbirth in neonates (Table 1).

Meta-analysis

Most of the studies included in the meta-analysis were of fair or
good quality (Table 1). The symmetry of the funnel plots (Fig. 2A
and B) and Egger’s test p-values (p = 0.44 for preterm birth and p =
0.23 for adverse pregnancy events) indicated no significant
presence of publication bias or small size effect. Of the 745
pregnant women, 474 subjects proceeded to delivery and 8 had
early abortions, while 263 were still pregnant at the end of the
study. The pooled rate of C- section was commonly observed as 72
% (95 %CI: 0.59�0.84, I2 = 86.4 %). Of the total successful births, the
pooled proportions were estimated to be 23 % (95 %CI: 0.16�0.31, I2

= 65.3 %) for preterm birth and 7 % (95 %CI: 0.01�0.15, I2 = 72.7 %)
for low birth weight. Among 509 females, 27 % (95 %CI: 0.19�0.36,
I2 = 74.1 %) had overall adverse pregnancy events (Fig. 3A).
Compared to controls, the odds of preterm birth was higher (n = 3,
OR = 2.28; 95 %CI: 0.92–5.65, p = 0.074) in COVID-19 cases.

For pregnant subjects, the most prevalent symptom was fever
(58 %), followed by cough (52 %), lymphopenia (46 %), and dyspnea
(17 %). The asymptomatic presentation was estimated to be 9% in
COVID infected patients. The elevated C-reactive protein (CRP) was
estimated to be 48 % of infected patients. From studies reporting
the treatment profile, the most common treatment was antibiotics
(67 %), followed by antiviral medications (48 %), and oxygen
support (31 %). Only limited studies reported comorbidities.
Among reported comorbidities, other types of comorbidities (such
as polycystic ovary syndrome and hypothyroidism) were the most
common (13 %) followed by preeclampsia (4 %) and gestational
diabetes (4 %) (Table 2).

Only 13 (1 %, 95 %CI: 0 %–2 %, I2 = 0 %) neonatal subjects had a
COVID-infection. A total of 19 (2 %, 95 %CI: 0 %–5 %, I2 = 53.4 %)
death/stillbirth which included 5 early terminated pregnancies
and 3 threatened abortions was also observed (Table 1). In



Fig. 2. (A) Funnel plot for preterm birth outcome; (B) Funnel plot for adverse pregnancy events.

Fig. 3. (A) Rates of cesarean section, adverse pregnancy events, preterm birth, and
low birth weight estimated from case series studies. The meta-analysis findings of
case series studies reported separately for Chinese studies with a sample size>10,
the USA studies after excluding a study with low sample size, and European studies
after excluding one study with small sample size and another study with a large
number of women without pregnancy status. N denotes the number of datasets or
cases, I2 denotes the measure of heterogeneity across studies. The adverse
pregnancy events include preterm birth, death, stillbirth, and early terminated
pregnancies; (B) Rates of cesarean section, preterm birth, and low birth weight
estimated from case report studies by location of the study. European studies
included studies from Ireland, Italy, Netherlands, Spain, Sweden, Turkey, and UK;
others included studies from countries (Jordan, Iran, Korea, India, Peru, Canada, and
Australia).
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newborns, pneumonia was reported in 13(1 %, 95 %CI: 0 %–3 %, I2 =
45.8 %) neonates while 4 neonates had asphyxia and lymphopenia.

Heterogeneity assessment

Location and sample size of the included studies were major
contributors to heterogeneity across the studies. After stratifying
studies by study location, the heterogeneity for estimating C-
section rate was substantially reduced among the US studies (48 %,
I2 = 43.3 %) and European studies (44 %, I2 = 62.2 %). There were no
differences observed in other pregnancy outcomes (preterm birth
and adverse pregnancy events) by location. However, a substantial
reduction in the heterogeneity measure was observed for adverse
pregnancy outcomes when the analysis was restricted to studies
ascertaining pregnancy outcomes with a sample size greater than
10 (Table 3). In the sensitivity analysis after restricting the analysis
to relatively large Chinese studies [28,32,35–40,43], removing a US
study due to relatively a low sample size [45] and two European
studies due to relatively a small sample size [52] and a large
number of women without pregnancy status [49], the heteroge-
neity was eliminated for all pregnancy outcomes. After removing
heterogeneity, the rate of C-section was substantially higher in
Chinese studies (91 %, I2 = 9.2 %) compared to the US (40 %, I2 = 0 %)
or European (38 %, I2 = 9.3 %) studies. The rates of preterm birth and
adverse pregnancy events were also lowest in the US studies (12 %,
15 %) compared to Chinese (17 %, 21 %), and European studies (19 %,
19 %) without any significant presence of heterogeneity (Fig. 3 A).

Subgroup analysis

The average age at delivery, diarrhea, and dyspnea symptoms at
presentation were not associated with premature birth, adverse
pregnancy outcomes, or low birth weight. Early gestational week
(� 35) was associated with higher proportions of adverse
pregnancy events and preterm birth. Studies including women
with high proportions of fever, cough, fatigue, myalgia symptoms
yielded a high preterm birth as well as adverse pregnancy events.
Studies with high proportions of elevated CRP and lymphopenia
also yielded increased adverse pregnancy outcomes. Studies with
unknown CRP status and a high proportion of sore throat symptom
produced the highest low birth weight. Studies including patients
with less frequent asymptomatic presentation was consistently
associated with more adverse pregnancy outcomes including low
birth weight. An unusually high proportion of adverse pregnancy
events was noticed in studies reporting more usage of antiviral
medications in infected mothers. Furthermore, high premature
birth, adverse pregnancy events, and low birth weight were
observed in studies with increased usage of oxygen support.
(Table 4).

Systematic review of individual case analysis

Of the 45 infected women, the rate of C-section was 68.9 %. Of
43 newborns, 55.8 % (95 %CI: 39.9 %–70.9 %) had preterm birth, and
35 % (95 %CI: 20.6 %–51.7 %) had low birth weight (Fig. 3B). Lowest
C-section rate with the highest preterm birth and low birth weight
outcomes were observed in the US studies compared to Chinese,
European, or studies from other countries (Fig. 3B). Among clinical
signs and symptoms, fever (64.4 %) and cough (60 %) were the most
common followed by lymphopenia (38.5 %), dyspnea (35.6 %),
myalgia (24.4 %), sore throat (22.2 %), and fatigue (15.6 %). Among
comorbidities, 8.1 % had preeclampsia and 21.1 % had gestational



Table 2
Symptoms and treatments profile.

Meta-analysis of case series studies Descriptive data analysis of case reports

Outcomes Meta-analysis Individual data analysis

N I2 P(%) 95 %CI P(%)

Maternal signs and symptoms
Fever 26 83.67 % 0.58 0.48 0.67 0.64
Cough 26 85.49 % 0.52 0.42 0.62 0.60
Lymphopenia 18 91.40 % 0.46 0.31 0.62 0.38
Asymptomatic 20 84.94 % 0.09 0.02 0.19 0.09
Dyspnea 25 89.11 % 0.17 0.09 0.28 0.36
Fatigue 21 77.16 % 0.06 0.01 0.12 0.16
Diarrhea 23 48.86 % 0.03 0.01 0.06 0.04
Sore throat 22 66.57 % 0.03 0.01 0.08 0.22
Myalgia 21 83.25 % 0.06 0.01 0.14 0.24
Elevated C-reactive protein 18 89.58 % 0.48 0.34 0.63 0.55
Maternal comorbidities
Gestational diabetes 20 39.69 % 0.04 0.02 0.07 0.21
Preeclampsia 20 25.56 % 0.04 0.02 0.07 0.08
Other* 20 63.71 % 0.13 0.08 0.2 0.44
Treatments for COVID-19 infection
Antibiotics 17 96.79 % 0.67 0.41 0.89 0.63
Antivirals 17 96.44 % 0.48 0.24 0.73 0.69
Oxygen support 18 90.99 % 0.31 0.19 0.46 0.71

* Other included polycystic ovary syndrome, hypothyroidism, hyperthyroidism etc.; P: proportion; CI: confidence interval; I2: measures of heterogeneity across studies;
COVID: coronavirus disease.

Table 3
Heterogeneity assessment.

N I2 P(%) 95 %CI

C-section
Location
China 14 79.35 % 0.88 0.73 0.98
USA 4 43.30 % 0.48 0.31 0.65
Europe 6 62.22 % 0.44 0.32 0.57
Sample size
Sample size of studies with pregnancy outcome < = 10 11 87.52 % 0.80 0.54 0.98
Sample size of studies with pregnancy outcome >10 14 83.12 % 0.66 0.51 0.80
Preterm
Location
China 14 46.99 % 0.20 0.12 0.30
USA 4 71.90 % 0.20 0.04 0.43
Europe 6 74.55% 0.24 0.12 0.39
Sample size
Sample size of studies with pregnancy outcome < = 10 10 70.12 % 0.33 0.15 0.54
Sample size of studies with pregnancy outcome >10 15 53.56 % 0.19 0.13 0.26
Adverse pregnancy events
Location
China 14 65.47 % 0.25 0.14 0.37
USA 4 80.69 % 0.26 0.05 0.54
Europe 6 77.96 % 0.25 0.12 0.41
Sample size
Sample size of studies with pregnancy outcome < = 10 10 78.23 % 0.39 0.17 0.64
Sample size of studies with pregnancy outcome >10 15 63.32 % 0.22 0.15 0.29
Low birth weight
Location
China 12 65.86 % 0.07 0.01 0.16
USA 2 NA 0.00 0.00 0.13
Europe 3 NA 0.02 0.00 0.15
Sample size
Sample size of studies with pregnancy outcome < = 10 9 76.18 % 0.14 0.01 0.36
Sample size of studies with pregnancy outcome >10 9 43.53 % 0.03 0.00 0.08

P: proportion; CI: confidence interval; I2: measures of heterogeneity across studies; NA: not applicable.
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diabetes. Over half of the patients (55.3 %) had elevated CRP levels.
In the treatment profile of reported studies, most of the patients
received antiviral medications (68.6 %) and antibiotics (62.9 %).
Oxygen support was given to 71.4 % of infected patients (Table 2). In
newborns, pneumonia was in 6(16.7 %) and lymphopenia was in 4
(12.5 %) and no neonates experienced asphyxia. Infection acquired
at an early gestation week (� 35) was strongly associated with
preterm birth (89.5 % vs. 22.7 %, p < 0.001) and low birth weight
(62.5 % vs, 9.09 %, p = 0.0014). The presence of myalgia symptom
was also associated with a high preterm birth rate (88.9 % vs. 43.8
%, p = 0.024). Only six (14 %) neonates had a COVID infection and 2
(5 %) were stillborn/death.



Table 4
Estimation of adverse pregnancy outcomes according to considered factors: subgroup analyses.

Premature birth Adverse pregnancy events Low birth weight

P(%) 95 %CI P(%) 95 %CI P(%) 95 %CI

Age (years)
< = 30 0.20 0.11 0.32 0.28 0.15 0.43 0.10 0.00 0.30
>30 0.26 0.16 0.37 0.28 0.16 0.41 0.05 0.00 0.16
Gestational age(weeks)
< = 35 0.33 0.17 0.50 0.40 0.22 0.60 0.09 0.00 0.33
>35 0.17 0.12 0.24 0.19 0.12 0.28 0.06 0.01 0.13
Fever
<50 % 0.16 0.11 0.22 0.18 0.13 0.24 0.03 0.00 0.12
> = 50 % 0.30 0.18 0.43 0.36 0.21 0.51 0.10 0.00 0.25
Cough
<50 % 0.19 0.11 0.29 0.22 0.13 0.33 0.10 0.01 0.24
> = 50 % 0.29 0.17 0.43 0.35 0.20 0.51 0.04 0.00 0.18
Fatigue
<10 % 0.23 0.13 0.35 0.27 0.15 0.42 0.10 0.00 0.29
> = 10 % 0.32 0.14 0.53 0.36 0.16 0.58 0.04 0.00 0.18
Diarrhea
<10 % 0.27 0.16 0.40 0.32 0.19 0.46 0.03 0.00 0.16
> = 10 % 0.21 0.09 0.35 0.23 0.09 0.41 0.14 0.02 0.32
Sore throat
<10 % 0.26 0.15 0.38 0.29 0.17 0.43 0.04 0.00 0.15
> = 10 % 0.26 0.11 0.45 0.31 0.12 0.53 0.19 0.03 0.42
Dyspnea
<10 % 0.21 0.11 0.33 0.26 0.13 0.41 0.05 0.00 0.25
> = 10 % 0.26 0.16 0.38 0.30 0.18 0.44 0.07 0.00 0.20
Myalgia
<10 % 0.18 0.09 0.27 0.21 0.11 0.33 0.06 0.00 0.21
> = 10 % 0.43 0.26 0.60 0.48 0.28 0.69 0.12 0.00 0.38
CRP
<50 % 0.19 0.13 0.27 0.24 0.17 0.32 0.01 0.00 0.05
> = 50 % 0.30 0.13 0.50 0.33 0.14 0.56 0.08 0.00 0.33
Unknown 0.21 0.10 0.33 0.24 0.11 0.40 0.19 0.04 0.42
Lymphopenia
<50 % 0.17 0.13 0.22 0.19 0.14 0.24 0.03 0.00 0.12
> = 50 % 0.38 0.18 0.61 0.43 0.18 0.69 0.07 0.00 0.31
Unknown 0.24 0.10 0.41 0.30 0.12 0.50 0.11 0.00 0.31
Asymptomatic
<10 % 0.38 0.23 0.54 0.44 0.26 0.63 0.13 0.00 0.35
> = 10 % 0.15 0.09 0.22 0.18 0.12 0.25 0.02 0.00 0.10
Unknown 0.15 0.10 0.21 0.19 0.05 0.38 0.04 0.00 0.13
Oxygen support
<50 % 0.21 0.13 0.31 0.23 0.14 0.34 0.01 0.00 0.06
> = 50 % 0.40 0.13 0.71 0.46 0.13 0.81 0.16 0.00 0.53
Unknown 0.18 0.09 0.28 0.24 0.11 0.40 0.10 0.01 0.24
Antivirals
<50 % 0.20 0.10 0.31 0.21 0.11 0.33 0.02 0.00 0.09
> = 50 % 0.32 0.15 0.51 0.38 0.18 0.61 0.09 0.00 0.28
Unknown 0.21 0.10 0.34 0.26 0.12 0.42 0.10 0.00 0.32
Antibiotics
<50 % 0.18 0.08 0.31 0.19 0.08 0.33 0.00 0.00 0.03
> = 50 % 0.28 0.12 0.45 0.30 0.12 0.52 0.11 0.01 0.27
Unknown 0.24 0.14 0.36 0.32 0.18 0.47 0.08 0.00 0.25

Adverse pregnancy events include preterm births and death/still birth or early terminated pregnancies; p: pooled proportion; CI: confidence interval; CRP: C-reactive protein;
Analyses were performed only for outcomes where at least 2 studies were available; highlighted values indicate a significant presence (at least 6 %) of condition relative to
their average value.
The percentages indicate high or low proportion of studies with a specific characteristics.
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The heterogeneity in estimates was also observed according to
the type of studies (case series vs. case reports). Women included
in case report studies had higher proportions of symptoms
particularly dyspnea, fatigue, sore throat, and myalgia compared
to women included in case series studies. Moreover, infected
patients in case report studies received more oxygen support (71 %
vs. 31 %) and antivirals (69 % vs. 48 %) suggesting that case reports
represent more severe infected pregnant cases (Table 2).

Comparative evaluations of current study with other studies

Table 5 displays the comparative evaluation of our study
findings in relation to other existing systematic reviews. There
were 12 other systematic reviews published on this topic [11,13–
23]. All studies included a combined analysis of case series and case
reports except one study [17]. Only one study reported qualitative
data separately for case report and case series studies. The majority
of prior studies performed descriptive data analysis except two
studies. Of 12 studies, 5 studies only included Chinese studies
[13,20,14–23], 4 studies included data from up to four countries
[11,14,16,17] while rest three studies included data from multiple
countries [15,18,19] with predominantly case reports [15,18].
Compared to our study (n = 61), all studies were based on relatively
a small number of studies (range: 8–49) with small sample sizes.
Most studies reported higher rates and a wider range of C-section
(median: 80 %, range: 55.6 %–94 % vs. 72 %), preterm birth (median:



Table 5
Comparative evaluation of current systematic review and meta-analysis with other systematic reviews.

Authors Study
design

Type of
study
(case
series/
case
reports)

Number
of
studies

Sample
size
(mothers/
neonates)

C-section Preterm birth LBW Other
events

Infection
transmission

Included studies

Trocado
[13] et al
[77]

Systematic
Review

Mixed
(6/2)

8 95/51 94 % 35 % 20 % 1.9 % 1.9 % From China only

Thomas
et al [14]

Systematic
Scoping
Review

Mixed
(7/11)

18 157/160 73 % 20 % 11 % 1 % 6 % Limited countries

Juan et al
[15]

Systematic
Review

Mixed
(9/15)

24 324/221 78.1 % in case
series

NR 7.8 % in case
reports

1.4 % in
case
series;
0.5 % in
case
reports

0.40 % Multiple countries with
predominantly case reports.
Qualitative separate analysis

Matar et al
[16]

Systematic
Review

Mixed
(14/10)

24 136/94 76.30 % 37.70 % NR NR 11.50 % Limited countries with
weighted analysis without
separate analysis for case
reports and case series

Huntley
et al [17]

Systematic
Review

Case
series
(13)

13 538/435 84.70 % 20.10 % NR 0.30 % 0 % Limited countries without
weighted analysis

Walker
et al [18]

Systematic
Review

Mixed
(9/40)

49 655/666 55.60 % NR NR 1.20 % 4 % Multiple countries with
predominantly case reports

Trippella
et al [19]

Systematic
Review

Mixed
(18/19)

37 275/248 75 % 23 % NR 0.80 % 8.40 % Multiple countries

Smith et al
[20]

Systematic
Review

Mixed
(4/5)

9 92/60 80 % 63.80 % 42.80 % 0.20 % 0 % From China only

Kasraeian
et al [21]

Systematic
review and
meta-
analysis

Mixed
(NR)

9 87/86 NR 61.20 % NR 0.40 % 0.00 % From China only with
weighted analysis without
separate analysis for case
reports and case series

Yang et al
[22]

Systematic
Review

Mixed
(10/8)

18 114/84 91 % 21.30 % 5.30 % 2.40 % 0 % From China only

Zaigham
and
Andersson [11]

Systematic
Review

Mixed
(4/14)

18 108 91 % NR NR 1.90 % 0.10 % Limited countries

Muhidin
et al [23]

Systematic
Review

Mixed
(6/3)

9 89 94 % 33.70 % 7.90 % NR 0 % From China only

Current
study

Meta-
analysis

Case
series
(27)

27 745/505 72 % (91 % in
China, 40 % in
US, 38 % in
Europe)

23 % (17 % in
China, 12 % in
US, 17 % in US)

7% (5% in
China)

2.00 % 1.00 % Multiple countries, separate
analysis by location,
compared with controls, and
association analysis with
heterogeneity assessment

Systematic
Review

Case
reports
(45)

34 45/43 68.9 % (70 % in
China, 50 % in
US,78 % in
Europe, and 75
% in others)

56 % (45 % in
China, 83 % in
US,50 % in
Europe, and 71
% in others)

35 % (26 % in
China, 67 % in
US,44 % in
Europe, and 17
% in others)

5 % 14 % Multiple countries, separate
analysis by location, and
association analysis

LBW: low birth weight; NR: not reported; Other events include deaths/still birth or early terminations.
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34 %, range: 21.3 %–63.8 % vs. 23 %) and low birth weight (median: 9
%, range: 5.3 %–42.8 % vs. 7 %) and vertical transmission of infection
(median 0 %, range: 0 %–11.5 % vs. 1 %) compared to current meta-
analysis of case series studies.

Discussion

Our findings of this systematic review and meta-analysis
confirmed that preterm birth and other adverse pregnancy
outcomes are commonly observed in COVID-19 patients and
relatively larger in Chinese and European studies compared to the
US studies. The C-section rate was highest in Chinese studies
compared to the US and European studies in both meta-analysis
and systematic review. Moreover, the mode of delivery and adverse
pregnancy outcomes were even higher in severe infected cases as
reflected in the qualitative analysis of case reports and subgroup
analyses of case series studies. The odds of preterm birth was even
higher in COVID-19 patients than the controls as well as general
populations [89]. The majority of the preterm birth or adverse
pregnancy outcomes occurred if the infection was acquired early in
the gestational ages (25–35 weeks). This was further confirmed by
the case report studies in which the majority of adverse pregnancy
outcomes occurred if the cases were detected early. This suggests
that pregnant women should follow an intensive practice to avoid
acquiring an infection during early gestational ages. However, if a
pregnant female becomes infected by SARS-CoV-2, it needs to be
detected as early as possible. Some symptoms particularly myalgia
symptom at presentation was associated with adverse pregnancy
outcomes in both analyses of case series and case report studies.
Specific attentions are required for pregnant women presenting
with myalgia symptom or requiring oxygen supports.

Case reports from Korea [55], India [72], Netherlands [82,83],
Australia [88], Italy [84], Ireland [82], and Turkey [56] did not show
any adverse pregnancy outcomes. All of these cases were detected
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after the gestation age of 35 weeks except for one case in a study
[82]. However, cases from Peru [75], Spain [73], Iran [63,80], and
UK [78] showed adverse pregnancy outcomes that may be due to
early detection of infection before gestation age of 35 weeks. Out of
eight cases from seven case reports reported from the US, six cases
had proceeded to delivery [62,67,76,85]. Of which, two cases
[62,85] diagnosed with an infection at a gestation age of more than
35 weeks and one observed with no adverse pregnancy outcomes
and others observed with preterm birth. However, the other four
cases [67,76,85] diagnosed before gestation age of 35 weeks and
observed with preterm birth and low birth weight. These findings
suggest that acquiring infection at an early gestational age might
lead to adverse pregnancy outcomes. Although a case series study
from the US detected infection as early as 32 gestational weeks
[44], the reported preterm birth was only one out of 18 deliveries.
Similarly, another US study [47] reported only two adverse events
out of 8 deliveries even when all cases were identified prior to a
gestational week of 35. However, it would be important to
ascertain the pregnancy outcome status on the remaining 25
pregnant cases from Breslin et al. [44] and 34 pregnant cases from
Lokken et al. [47] as well. One case study reporting two neonatal
outcomes from Sweden [64] had also reported 1 neonate with
preterm birth and low birth weight outcomes. It is known that the
viral infection can induce adverse pregnancy outcomes including
preterm birth and low birth weight [5]. These findings suggest that
careful management is required to reduce the risk of adverse
pregnancy outcomes among patients who acquired infection at an
early gestational week.

In our meta-analysis, the adverse pregnancy event rate was
estimated to be 27 % which was skewed by two studies. One study
had 5 early pregnancy terminations due to severe complications
such as shortness of breath, chest tightness, and psychosocial
factors that led to pregnancy termination [38]. Another study had 3
threatened abortions due to COVID-19 [32]. Despite these
observations, our case report analyses produced 56 % adverse
pregnancy complications and 35 % low birth weight. Although
these studies did not report the psychological health of the
infected women, psychological health especially depression,
anxiety, and stress of pregnant women have been associated with
preterm birth including low birth weight [90,91]. Furthermore, an
interplay between viral infections with poor psychological health
may have deleterious effects on maternal and child health. It is
important to evaluate the psychological health of COVID-infected
pregnant women.

The C-section rate in infected patients was observed unusually
higher than uninfected pregnant women. However, this could have
been done to minimize severe adverse outcomes in mothers and
neonates as suggested [92]. Similar to other studies [11], our study
also identified cough, fever, and lymphopenia as the prevalent
symptoms in infected patients. However, subgroup analyses in our
study indicated that early detection of infection, especially during
the asymptomatic phase, minimizes the risk of adverse outcomes.
As observed in other studies [10,11], the majority of infected
women received some antibiotic or antiviral therapies. However,
studies reporting more patients with antiviral medications or
oxygen support yielded a high proportion of adverse pregnancy
outcomes. COVID infection acquiring at an early gestational age
with some symptoms at presentation such as myalgia and
lymphopenia for preterm birth while sore throat and diarrhea
for low birth weight and a requirement of oxygen support may be
used for risk assessments in pregnant women.

Our heterogeneity assessments revealed that the variation in
the estimates was heavily influenced by the location, sample size,
and severity of the studied COVID cases. Disproportionally higher
rates of C-section and adverse pregnancy outcomes were observed
in Chinese studies followed by European and US studies in the
meta-analysis of case series studies. In contrast, the rates of
preterm birth and low birth weight were higher in the US studies
with the lowest C-section rate compared to case report studies
from other countries. All patients reported in case reports from the
US required oxygen support except one [70] compared to the
studies from other locations indicating the reporting of more
severe cases in the US studies. Nevertheless, a case report study
mostly highlights the unusual and complex cases typically
requiring critical management as evidence by the overall propor-
tion of oxygen support given to patients and the prevalence of
other symptoms at presentation in case reports compared to case
series studies. Thus, our systematic review of case reports provides
the estimates of adverse pregnancy outcomes by different
locations in relatively severe COVID infected cases compared to
estimates obtained from our meta-analysis. Since case reports are
limited with one or a few cases, the proportion estimates from
analysis of case reports may be biased. Compared to our study, only
two studies [14,19] out of 12 studies yielded similar rates of C-
section and preterm birth. However, these studies produced a fairly
large rate of vertical transmission of infection compared to our
study. All prior systematic reviews analyzed case series studies
with case reports which is likely to produce biased estimates
compared to our meta-analysis of case series studies.

Our study reports a 1 % prevalence of COVID-19 in neonates
based on case series studies. Six neonates had COVID infection
reported in case studies, one in vaginal delivery [63] and others in
cesarean delivery [59,63,75,76,79,82]. The majority of mothers of
these neonates had a fever, myalgia, other comorbidities, and
received oxygen support and antibiotics. Of six, four neonates had a
preterm birth and two neonates had an Apgar score of 0 and 6.
Though it seems a rare transmission of infection in babies from
mothers, more research is needed to examine the long-term
outcomes of infection and delivery times and their interactions
with maternal characteristics among infected mothers with
neonates. Extra precaution is needed while breastfeeding until
the infection is completely eliminated. In case reports, all the
neonates had a 5-minutes Apgar score of 8 or higher except for
three neonates, one died immediately after birth [63], and one
within 2 h of birth [69]. Some neonates had pneumonia and
lymphopenia which were resolved after treatment. The majority of
the infants did not have serious morbidities requiring intensive
care admission or ventilator supports.

There are several limitations to consider while interpreting
findings from this systematic review and meta-analysis. Our study
was based on mostly case series and case report studies with
limited and heterogeneous sample sizes and approximately half of
the included studies were carried out in China. These factors limit
the generalizability of our findings. However, our sensitivity
analysis for the primary outcomes based on location and sample
size of the studies significantly reduced the heterogeneity in the
estimates across the considered studies. Although our study
included a fair number of case reports, the estimates obtained from
case studies may be biased. Despite these limitations, our study is
the first comprehensive study that provides the quantitative
estimates of adverse pregnancy outcomes based on a relatively
large sample size separately presented for case report and case
series studies. Contrary to other review studies [10,11], our study
included up-to-date data from the USA as well as other countries.
The other systematic reviews are not up-to-high quality because of
mixing case-reports with case-series articles without meta-
analysis, and not determining heterogeneity in maternal and
neonatal outcomes. Our study provided the heterogeneity assess-
ment as well. We do not only report the prevalence of pregnancy
outcomes among infected patients but also provide factors
associated with adverse pregnancy outcomes separately for
preterm, adverse pregnancy events, and low birth weight.
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Furthermore, our study also reports the prevalence of pregnancy
outcomes by location (US, Europe, China, Others) and provides a
comparison of preterm birth in relation to controls. Our subgroup
analyses produced important clinical and treatment factors that
could be considered for appropriate management of pregnant
women with COVID-19 to achieve better outcomes.

Conclusions

Adverse pregnancy outcomes including low birth weight and
cesarean-section were observed to be relatively higher in COVID-19
positive patients and relatively larger in Chinese and European
studies compared to the US studies. The rates of pregnancy outcomes
varied by location, type, and size of the studies. The rates of adverse
pregancyoutcomeswere substantially higher insevere infectedcases
mostly reported in case report studies. Serious adverse events were
uncommon in infected women and newborns. Vertical transmission
of infection was uncommon in our study. Adverse pregnancy
outcomes were associated with early detection of infection during
pregnancy, more symptomatic presentation, myalgia symptom at
presentation, and usage of supplemental oxygen therapy or antiviral
medications. Regular screening for coronavirus infection, early
identification of infection in asymptomatic pregnant women, and
safe practice to avoid acquiring an infection during early gestational
ages may be associated with more favorable pregnancy outcomes.
Close monitoring and future surveillance studies are required for
infected newborns and premature babies to evaluate their long-term
adverse consequences of infection.
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