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ORIGINAL ARTICLE

Obstetric and perinatal outcomes of pregnancies with COVID 19:
a systematic review and meta-analysis

Faustino R. P�erez-L�opeza,b , Ricardo Savir�on-Cornudellac , Peter Chedrauid ,
Mar�ıa T. L�opez-Baenaa , Gonzalo P�erez-Ronceroa , Ana Sanz-Arenale , Marta Narv�aez-Salazare ,
Pe~na Dieste-P�ereza,e and Mauricio Tajadaa,b,e

aInstituto de Investigaciones Sanitarias de Arag�on, Zaragoza, Spain; bFaculty of Medicine, University of Zaragoza, Zaragoza, Spain;
cDepartment of Obstetrics and Gynecology, Hospital Cl�ınico San Carlos, Madrid, Spain; dInstituto de Investigaci�on e Innovaci�on en
Salud Integral & Laboratorio de Biomedicina, Universidad Cat�olica de Santiago de Guayaquil, Guayaquil, Ecuador; eDepartment of
Obstetrics and Gynecology, Hospital Universitario Miguel Servet, Zaragoza, Spain

ABSTRACT
Objective: This meta-analysis aimed at comparing obstetric and perinatal outcomes in labora-
tory-tested pregnant women for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection before delivering.
Method: We performed a comprehensive systematic review of electronic databases for studies
reporting pregnant women with and without SARS-CoV-2 infection, as determined by polymer-
ase chain reaction (PCR) before delivery, during the pandemic period published up to June 25,
2021. Results are reported as mean difference (MD) or odds ratio (OR) and their 95% confidence
interval (CI).
Results: Seventeen observational studies with low to moderate risk of bias, reported on 2,769
pregnant women with a positive SARS-CoV-2 PCR test and 13,807 with a negative test. Pregnant
women with a positive PCR test delivered at an earlier gestational age (MD �0.19; 95% CI
�0.36 to �0.02weeks), smoked less (OR 0.75; 95% CI 0.61–0.94) and were associated with
higher odds for preeclampsia (OR 1.30; 95% CI 1.09–1.54), NICU admissions (OR 2.37; 95% CI
1.18–4.76), stillbirths (OR 2.70; 95% CI, 1.38–5.29), and perinatal mortality (OR 3.23; 95% CI
1.23–8.52). There were no significant differences between positive and negative tested women
in terms of nulliparity, multiple pregnancies, gestational diabetes, route of delivery, labor induc-
tion, preterm birth, infant birth weight, 5min Apgar scores < 7, small-for-gestational-age infants
and fetal malformations. Eleven studies included neonatal PCR SARS-CoV-2 testing which was
performed on 129 infants, of which 20 were positive.
Conclusion: Positive SARS-CoV-2 tested pregnant women had higher odds for preeclampsia/
hypertensive disorders of pregnancy, NICU admissions, stillbirths and perinatal mortality.
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Introduction

The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection has caused more than 185 mil-
lion cases and more than 4,200,000 deaths up to July
30, 2021 [1]. The clinical characteristics of the severe
infection occurring during pregnancy are similar to
those observed among non-pregnant subjects: dys-
pnea, cough, fever, pneumonia, respiratory failure,
leukocytosis, and lymphopenia [2]. The prevalence of
severe forms of SARS-CoV-2 infections is higher among
pregnant women than in non-pregnant. Compared to
asymptomatic pregnant women, those with the more
severe forms of SARS-CoV-2 present higher rates of
critical respiratory disease, thromboembolism,

hypertensive disorders, intensive care unit admission
(NICU), severe sepsis, correlating to adverse maternal
and perinatal outcomes, including higher rates of
cesarean deliveries and preterm births as compared to
asymptomatic infected pregnant women. At the
beginning of the pandemic, many studies included
mostly hospitalized pregnant women with severe
symptoms and complications; whereas those with
mild or no symptoms were not specifically reported.
Indeed, universal polymerase chain reaction (PCR) test-
ing was not the case. However, to determine the real
impact of the SARS-CoV-2 infection on pregnancy out-
comes it seems relevant to include oligosymptomatic
and asymptomatic cases.
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During the last year, obstetric recommendations for
pregnant women with SARS-CoV-2 infection were
based mainly on the initial reports from China fatal-
ities and some Western cohorts of pregnant women,
and meta-analyses of case reports or comparisons
with pre-pandemic pregnant women. Universal screen-
ing of pregnant women before or during labor and
delivery has been proposed to identify positive cases,
even if they are asymptomatic, in order to prevent
infection from spreading and monitor pregnant
women more closely and organize clinical assistance
during labor and delivery. The objective of this sys-
tematic review and meta-analysis is to compare
obstetric and perinatal outcomes in delivering preg-
nant women with and without SARS-CoV-2 infection
as demonstrated by PCR testing.

Methods

Protocol, study design and search strategy

This investigation is a systematic review and meta-ana-
lysis of observational (cohort, case-control and cross-
sectional) clinical studies comparing the impact of
SARS-CoV-2 infection on maternal and perinatal out-
comes in delivering pregnant women. The study fol-
lowed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) recommenda-
tions [3]. The protocol was registered in the
International Prospective Register of Systematic
Reviews (PROSPERO: CRD42021235782). A formal insti-
tutional review board approval was not required since
this analysis consisted of the pooling of pub-
lished studies.

We searched the PubMed, Embase, and LILACS
online databases for relevant articles published up to
June 25 2021, using the keywords and related MeSH
terms as follows: “COVID-19,” “SARS-CoV-2,”
“Coronavirus 2019” AND “polymerase chain reaction”
OR “PCR” AND “Pregnant women” OR “gravida” OR
“obstetric delivery” OR “obstetric outcomes” OR “labor”
OR “maternal outcomes” OR “neonatal outcomes” OR
“perinatal outcomes” OR “preeclampsia” OR “preterm”
OR “neonate” OR “infant” OR “stillbirth.” There was no
restriction regarding the language or status of the
publication. Detailed search strategies are described in
Supplemental Table 1. Found abstracts were pooled
into the EndNote X9 (Clarivate Analytics, Philadelphia,
Pennsylvania, United States) to identify and remove
duplicate records. A further manual search of biblio-
graphic references was carried out in selected referen-
ces and in existing reviews to identify potential
studies that were not captured by the electronic

database searches. Also, information related to the
topic was periodically screened on Twitter and Google
Scholar for additional potential publications.

Selection criteria, data extraction and risk of bias

Eligible studies included cohort, case-control and
cross-sectional designs without language limitations.
The studied population was composed of pregnant
women delivering during the second half of preg-
nancy, the exposure was a positive SARS-CoV-2 PCR
test reported in at least three pregnant women. The
comparative group was composed of negative SARS-
CoV-2 PCR tested pregnant women of the same com-
munity and study period. This systematic review was
not designed to evaluate outcomes of only those
pregnancies affected by SARS-CoV-2 infection nor
compare outcomes of pandemic versus pre-pan-
demic cohorts.

Principal outcomes included maternal characteris-
tics and obstetric and perinatal/neonatal outcomes.
The study set up the outcomes to evaluate the rela-
tionships between SARS-CoV-2 infection and maternal
or perinatal/neonatal outcomes: maternal co-comor-
bidity, mode of delivery, gestational age and birth
weight at delivery, Apgar score < 7 at 5min, maternal
and/or NICU admissions, and the rates of preeclamp-
sia, preterm birth, small-for-gestational age infants,
stillbirths, and perinatal mortality. Any study that
described at least one of the outcomes was included
for assessment and analysis. The following types of
articles were excluded: review articles, hypotheses,
case reports, articles focusing on pediatric populations,
articles providing inadequate information or not rele-
vant to the study goal. Four investigators independ-
ently performed a systematic review using the same
criteria and included studies on the basis of agree-
ment. Upon disagreement, all authors joined and
helped make the final decision. Five investigators inde-
pendently extracted data from the included studies
using an established data collection form. Collected
variables included the first author’s surname, year of
publication, country of the study, study design, sample
size, study period, demographics of participants, fol-
low-up duration, method of SARS-CoV-2 testing, study
quality and outcomes. When required, corresponding
authors were contacted to gather missing data.

The Newcastle-Ottawa Scale (NOS) risk of bias tool
[4] was used to appraise the quality of the studies.
This instrument consists of eight items covering three
broad perspectives: the selection of the study groups,
the comparability of the groups and the ascertainment

THE JOURNAL OF MATERNAL-FETAL & NEONATAL MEDICINE 9743

https://doi.org/10.1080/14767058.2022.2051008


of either the exposure or outcome of interest. The
total maximum score of these three perspectives is
nine. A study that scores equal to or higher than
seven is considered high-quality research, and moder-
ate-quality is considered for those scoring 4–6. Articles
with a NOS score of 4 or less were excluded.

Data synthesis and statistical analyses

We used the DerSimonian-Laird generic inverse vari-
ance method to perform meta-analysis since some of
the enrolled studies reported results with an inverse
design [5]. We conservatively chose random effect
modeling for analysis since differences were found in
relation to the study populations and study designs.
We calculated mean differences (MDs) for continuous
variables and the odds ratios (ORs) and 95% confi-
dence interval (95% CI) to present the overall esti-
mated effects represented in forest plots. The
heterogeneity of analyses was tested by I2 analysis. An
I2 60% indicated the existence of substantial hetero-
geneity [6,7]. In addition, small studies effects were
estimated with funnel plots and Egger’s tests. All
meta-analyses were conducted by Review Manager
version 5.3 software (Cochrane Collaboration,
Oxford, UK).

Subgroup analyses and sensitive analyses

Tentative subgroup analyses were planned considering
obstetric and perinatal outcomes (i) different paradig-
matic infection clinical approached forms: comparison
of results from universal SARS-CoV-2 maternal screen-
ing cohorts versus case-control and cross-sectional
studies aside of universal population screening pro-
grams; (ii) comparison of pregnant women living in
high-income countries (HICs) (United States and
Europe) and low- to middle-income countries (LMICs)
(Latin America, the Caribbean region and India) [8,9].
Sub-analysis by symptomatic and asymptomatic SARS-
CoV2 infections was also considered if articles separ-
ately report both asymptomatic and symptomatic
infected pregnant women. Sensitivity analyses were
planned, including the removal of studies one by one
[10], for gestational age at delivery, preeclampsia, pre-
term birth (<37weeks), stillbirth and peri-
natal mortality.

Results

General characteristics of included studies

We found 187 records through database searching,
and after the removal of duplicates, 157 abstracts

were evaluated along with seven articles found from
other sources. Forty-four full-text articles were eval-
uated for eligibility. Seven papers included duplicate
information, eight did not report individualized infor-
mation of control groups, and 12 did not report the
outcomes of interest (Figure 1). Finally, a total of 17
observational studies were evaluated for qualitative
and quantitative assessment [11–27]. These studies
reported on 2,769 delivering women with a positive
SARS-CoV-2 PCR test and 13,807 with negative results.

Table 1 details (i) Main general characteristics (study
location, study period, type of study, total pregnant
women at delivery); (ii) number of SARS-CoV-2 preg-
nant women tested positive, and the number of
infants tested positive for SARS-CoV-2; and (iii) number
of women tested negative for SARS-CoV-2 and mater-
nal mortality. Positive SARS-CoV-2 pregnant women
included asymptomatic and symptomatic ones.
Supplemental Table 2 details objectives of the studies,
clinical characteristics of pregnant women and main
findings, neonates with positive PCR testing and
maternal mortality. The studies included pregnant
women living in the United States [11,13,15,18,21–24],
India [19,27], Spain [16,25], Canada [26], Chile [17],
French Guiana [20], Mexico [14], and Sweden [12]
(Table 1). There were 8 cohort studies
[11,13,15,19,20,22,23,25], three matched case-control
studies [12,24,26] and, and 6 cross-sectional studies
[14,16–18,21,27]. Positive SARS-CoV-2 PCR tested
women ranged from 8 to 1,347 pregnant women
gravida [13,16] (Table 1 and Supplemental Table 2).

The objectives of the authors and main maternal,
obstetrical and perinatal characteristics of meta-ana-
lyzed studies are displayed in Supplemental Table 2.
The research objectives of the meta-analyzed papers
were (i) in eight studies aimed at performing universal
screening of SARS-CoV-2 infection before or during
labor and delivery [13–15,19,20,22,23,25], (ii) to com-
pare clinical characteristics and perinatal outcomes
among positive and negative SARS-CoV-2 tested preg-
nant women [11,12,16,17,19,20,26,27], (iii) to study
preeclampsia/hypertensive disorders of pregnancy
[24], (iv) early characteristics of infants [18,21], or (v)
analyze placental characteristics [21] There were no
separate subgroup reports to differentiate by the
severity of clinical symptoms and obstetric and peri-
natal outcomes.

All publications identified the characteristics of the
study population, pregnant women representative of
the average of symptomatic SARS-CoV-2 clinical cases
and local health care services. In addition, there was a
large proportion of asymptomatic pregnant women,
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and controls that were derived from the same popula-
tion as cases (Table 1, Supplemental Table 2). All stud-
ies reported a population of pregnant women
representative of the average in their respective social
context during the observation period (Table 1). The
cohort studies [11,13,15,19,20,22,23,25] corresponded
to universal SARS-CoV-2 screening protocol near or
prior to labor and delivery. Prospective cohort screen-
ing studies of SARS-CoV-2 reported prevalences of
positive pregnant women ranging from 1.9% in
Madrid and Zaragoza, Spain [25] to 11.6% in New
York, USA [23]. Retrospective analysis of screening
studies reported prevalences ranging between 2.5% in
New York [13] and 37.0% in the French Guiana [20]
during different pandemic phases and variable dur-
ation of the studies. Case control and cross-sectional
studies included subgroups with sample sizes accord-
ing to their corresponding scientific objectives
(Supplemental Table 1). The Cruz-Melguizo et al. [16]
cross-sectional study reported mixed results from an

initial PCR testing approach of suspicious infected
pregnant women (n¼ 1,347) and the second sample
of universal PCR screening.

The NOS was used for the quality assessment of
studies (Supplemental Table 3). It was determined that
3 studies had a moderate risk of bias [16,18,27], and
14 had a low risk of bias [11–15,17,19–26] (Table 1
and Supplemental Table 2).

Meta-analysis results

According to Figure 2, pregnant women with a posi-
tive PCR testing were significantly younger
(MD¼�0.75; 95% CI �1.26 to �0.24 years; Figure 2A)
yet with similar odds for nulliparity (Figure 2B).
Positive SARS-CoV-2 pregnant women were at higher
risk of delivering at an earlier gestational age
(MD¼�0.19; 95% CI �0.36 to �0.02weeks, Figure
2C), and developing preeclampsia/hypertensive disor-
ders of pregnancy (OR ¼ 1.30, 95% CI 1.09� 1.54,
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Figure 2. Forest plots comparing positive and negative PCR tested pregnant women. Results are presented as mean difference or
odds ratio (OR) and their 95% confidence interval (CI). From the top to the bottom: maternal age (A), nulliparity (B), gestational
age at delivery (C), preeclampsia/hypertensive disorders of pregnancy (D), gestational diabetes mellitus (E), and smoking/tobacco
consumption (F).
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Figure 2D). The odds for presenting gestational dia-
betes among cases and controls were similar (Figure
2E). Lower odds for smoking were found among posi-
tive SARS-CoV-2 tested pregnant women (OR 0.75,
95% CI ¼ 0.61� 0.94, Figure 2F) as compared to con-
trols. Positive tested pregnant women did not have
higher odds for obesity (>30 kg/m2; Supplemental

Figure 2A), pregestational diabetesmellitus (Supplemental
Figure 2B), chronic hypertension (Supplemental Figure 2C),
chronic cardiac disease (Supplemental Figure 2D), and
asthma (Supplemental Figure 2E).

Clinical evolution of labor and delivery was not
influenced by the presence of SARS-CoV-2 infection.
There were similar odds for spontaneous vaginal

Figure 2. Continued.
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Figure 3. Forest plots comparing positive and negative PCR tested pregnant women. Results are presented as odds ratio (OR)
and their 95% confidence interval (CI). From the top to the bottom: spontaneous vaginal delivery (A), instrumental/operative vagi-
nal delivery (B), a cesarean delivery (C), labor induction (D), preterm birth (< 37weeks, (E) and < 34weeks, (F)), and placental
abruption (G).
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delivery (Figure 3A), instrumental/operative vaginal
delivery (Figure 3B), a cesarean delivery (Figure 3C),
labor induction (Figure 3D), preterm birth before 37
(Figure 3E) or before 34weeks (Figure 3F), and

placental abruption (Figure 3G). Similar odds were also
observed for chorioamnionitis (Supplemental Figure
2A), intrapartum fever (Supplemental Figure 2B),
meconium staining of the amniotic fluid

Figure 3. Continued.
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(Supplemental Figure 2C), and postpartum hemor-
rhage (>500ml) (Supplemental Figure 2D).

Regarding perinatal outcomes, there were similar
odds for 5min Apgar scores <7 (Figure 4A), and neo-
natal metabolic acidosis (Figure 4B). Contrary to this,
positively tested pregnant women had significant
odds for NICU admissions (OR ¼ 2.37, 95% CI
1.18� 4.76, Figure 4C), stillbirths (OR ¼ 2.70, 95% CI
1.38� 5.29, Figure 4D), and perinatal mortality (OR ¼
3.23, 95% CI 1.23� 8.52, Figure 4E). Odds for fetal mal-
formations (Figure 4F), and small-for-gestational-age
infants (Figure 4G) did not differ between positive and
negative tested pregnant women.

There were three maternal deaths among PCR posi-
tive tested pregnant women [16,19] and seven among
those tested negative [19]. Of a total of 2,769 positive
tested pregnant women, only 129 neonates were
tested for SARS-CoV-2 and 20 of them were positive
(Table 1).

Publication bias and subgroup analysis results

According to funnel plots, there was evidence of a small
study effect for gestational age at delivery (Supplemental
Figure 3A), preeclampsia risk (Supplemental Figure 3B), pre-
term birth risk (Supplemental Figure 3C), and neonatal birth
weight (Supplemental Figure 3D). Although the “trim and
fill” analysis is recommended to examine the impact of
potentially missed or unpublished studies on the pooled
estimates, this procedure has poor performance in the pres-
ence of between-study heterogeneity [7,28,29]. Therefore,
we followed the Cordero and Dans [29] recommendation of
subgroup analyses (Supplemental Figure 4–9).

Gestational age at delivery was lower in preg-
nant women living in LMICs or case-control and
cross-sectional studies (without universal SARS-
CoV-2 screening) in comparison to pregnant
women living in HICs and to those with universal
SARS-CoV-2 screening (Supplemental Figure 4A,B).
Odds for preeclampsia/hypertensive disorders of
pregnancy risk were significantly higher among
women living in LMICs and without universal
SARS-CoV-2 screening programs (Supplemental
Figure 5A,B). Odds for the risk of preterm birth
before 37 weeks and admissions to NICUs were
not significantly different between positive and
negative tested pregnant women living in LMICs
(Supplemental Figure 6A,B) or those without uni-
versal SARS-CoV-2 screening programs
(Supplemental Figure 7A,B).

Odds for the risk of stillbirth did not differ between
women living in countries with HICs or LMICs

(Supplemental Figure 8A), and the odds for stillbirths
were higher in two meta-analyzed studies for mothers
included in case-control and cross-sectional studies
(Supplemental Figure 8B). Odds for perinatal mortality
did not differ for women living in LMICs or HICs
(Supplemental Figure 9A) or women included in case-
control and cross-sectional studies (Supplemental
Figure 9B).

Sensitivity analysis results

One-study leave-out sensitivity analyses for gesta-
tional age at delivery, preeclampsia, preterm birth,
NICU admission, stillbirths and perinatal mortality are
displayed in Supplemental Table 4. Preeclampsia,
stillbirths and perinatal mortality had low heterogen-
eity (I2) values, suggesting the robustness of results.
The very high heterogeneity (I2 > 80%) for gesta-
tional age at delivery was reduced to 56% when one
study was deleted [16]. A similar phenomenon was
detected concerning the odds for preterm birth
(37weeks), high heterogeneity (I2 > 90%) that was
reduced to I2 ¼ 47% by deleting one study [19]. On
the contrary, the high heterogeneity (I2 ¼ 86%) for
admission to the NICU was only mildly reduced to I2

¼ 64% by deleting one study [22].

Discussion

This systematic review and meta-analysis were based
on observational studies that included positive PCR
tested pregnant women (asymptomatic and symp-
tomatic) matched to those with negative results
before delivery. The 17 studies included a few SARS-
CoV-2 cases with severe symptoms. We found that
compared to negative PCR tested delivering preg-
nant women, those with a positive test were
younger, delivered at an earlier gestational age,
smoked less, and had higher odds for preeclampsia/
hypertensive disorders of pregnancy, NICU admis-
sions, stillbirths, and perinatal mortality. Sub-analyses
suggest that the odds for earlier gestational age at
delivery and preeclampsia were increased in both
LMIC and HIC and in all types of observational stud-
ies. Odds for preterm birth (< 37weeks), NICU
admissions and stillbirths were not influenced by the
level of income of the country level nor the design
of the studies. The odds for perinatal mortality were
increased in those living in LMIC countries. There
were 3 maternal deaths among positive tested preg-
nant women, and 7 among those tested negative.
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Eleven studies reported 20 positive PCR newborns
out of 129 tested ones.

Pre-gestational co-morbidity

Pregnant women with severe forms of SARS-CoV-2
infection frequently have some predisposing condi-
tions that favor a more severe course of the disease.

Reichelt et al. [30] reported that the prevalence of
obesity and hyperglycemia were increased in preg-
nancies complicated with severe SARS-CoV-2 infec-
tion. The pandemic confinement also increased the
risk of hypothyroxinemia during the first and second
trimesters of pregnancy [31]. Severe and critical
forms of maternal SARS-CoV-2 infection have been
previously described as well as the preexisting co-

Figure 4. Forest plots comparing positive and negative PCR tested pregnant women. Results are presented as odds ratio (OR)
and their 95% confidence interval (CI). From the top to bottom: 5min Apgar tests score < 7 (A), neonatal metabolic acidosis (B),
NICU admissions (C), stillbirths (D), perinatal mortality (E), fetal malformations (F), and small-for-gestational-age infants (G).
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morbid conditions, including pulmonary complica-
tions, cardiac disease, obesity and smoking [32].
When comparing positive and negative PCR tested
pregnant women, our meta-analyses did not find
significant differences in the prevalence of the fol-
lowing co-morbid conditions: obesity (BMI > 30 kg/
m2), pre-gestational diabetes mellitus, chronic hyper-
tension, chronic cardiac disease, and asthma. The
previous suggestion that some pre-gestational condi-
tions may increase the risk of SARS-CoV-2 may be
biased due to the selection of certain populations
that appeared during the beginning of the pan-
demic or to a mixture of cultural, ethnical and
socio-economical factors [33]. Furthermore, initial
studies were mostly based on severe cases, many of
them requiring the admission to adult ICUs, the use
of anti-coagulation, and/or ventilatory assistance,
whereas the spectrum of symptoms among SARS-
CoV-2 infected pregnant women may vary from

none, mild or severe, as we have meta-ana-
lyzed herein.

The present meta-analysis included studies based
on universal PCR SARS-CoV-2 screening. However, we
must take into consideration the limited value of PCR
screening, since some pregnant women may display
negative results despite being previously exposed to
the SARS-CoV-2; as can be demonstrated by sero-
logical testing [34]. Therefore, some SARS-CoV-2
exposed pregnant women may be underdiagnosed if
based on PCR testing yet be diagnosed through sero-
logical testing. These maternal antibodies can be dem-
onstrated in the fetal circulation when maternal
infections were more than 2months before delivery,
thus promoting passive immunity that may protect
infants for up to six months [35]. Due to the possible
transfer of maternal antibodies to the fetus, there is a
need to be cautious when it comes to interpreting
PCR testing in the infant.

Figure 4. Continued.
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Preeclampsia and SARS-CoV-2 infection

Preeclampsia is a highly specific pregnancy-associated
syndrome causing adverse outcomes in pregnant
women with SARS-CoV-2, including maternal and fetal
morbidity and mortality [36]. An increased risk of pree-
clampsia and hypertensive disorders of pregnancy
may be considered a central complication of severe
maternal SARS-CoV-2 infection; as found in the pre-
sent meta-analysis that included both pregnant
women who were symptomatic (mild ore severe) or
asymptomatic. Our results show that compared to
negative PCR tested pregnant women, those positive
displayed higher odds for preeclampsia/hypertensive
disorders of pregnancy; even if asymptomatic SARS-
CoV-2 exposed pregnant women are included in
the analysis.

Preeclampsia may probably be the initial manifest-
ation of pro-inflammatory and/or metabolic responses
to viral products, and if co-existing, pregnancy may pre-
sent later obstetrical complications [37], like the ones
described in our study. If the infection is sustained dur-
ing pregnancy, placental mal-perfusion and inflamma-
tory products might contribute to negative clinical
consequences for both the mother and the neonate.
Despite this, there is evidence questioning the role of
inflammation in the development of preeclampsia, giv-
ing preference to cardiovascular and metabolic altera-
tions as the initiators of the placental disorder found
among preeclampsia patients [38]. In general, future
studies of SARS-CoV-2 pregnant women should include
the early evaluation of inflammatory and metabolic
markers related to the risk of developing preeclampsia/
hypertensive disorders of pregnancy in order to provide
early medical intervention.

Other neonatal and maternal outcomes

Previous meta-analyses of studies that included preg-
nant women with confirmed SARS-CoV-2 infection
have found a higher risk of preterm birth, low birth
weight neonates, NICU admissions, stillbirths with a
small percentage of neonates being positive for SARS-
CoV-2 [36]. Some studies have even reported that the
risk of preterm birth is two-fold among pregnant
women with severe symptomatic SARS-CoV-2 infec-
tions [39]. Despite this, the Yang et al. [40] meta-ana-
lysis found that preterm birth risk was reduced during
the SARS-CoV-2 pandemic while the rate of stillbirth
and perinatal mortality were similar to the pre-pan-
demic period. The present meta-analysis found no dif-
ferences between positive and negative tested
pregnant women in terms of preterm birth, mode of

delivery, chorioamnionitis, intrapartum fever, placental
abruption and postpartum hemorrhage. Several of
these outcomes were reported only in some studies,
hence, our results should be interpreted with caution
until more studies with larger samples are available.
All the above-mentioned adverse outcomes, including
preeclampsia, inflammation and fibrin deposition are
key pathophysiological factors. Despite this, there are
different degrees of placental damage associated with
the SARS-CoV-2 infection [41], and it is possible that in
mild maternal infections (with mild or nil symptoms)
placental function is not sufficiently altered or has a
minimal lesion, hence retaining its protective barrier
function without compromising fetal growth or life
especially when the screening is during delivery.

Some studies, but not all, have reported a higher
risk of preterm birth associated with critical cases or
severe forms of maternal SARS-CoV-2 infection. In the
present meta-analysis, some pregnant women with
severe or critical symptoms were assisted at different
hospitals [14]; therefore, the results of earlier pan-
demic studies are not comparable to those reported
here. Our meta-analysis did not find a higher risk of
preterm birth before 34 or 37weeks. This may be due
to the inclusion of asymptomatic or mild cases.
Nevertheless, one meta-analysis compared preterm
birth rates before and during the pandemic, finding
no differences [42]. Preterm birth among critically
infected pregnant women deserves a separate analysis
since the earlier interruption of gestation may prob-
ably be related to avoiding maternal or fetal intrauter-
ine death. Furthermore, these types of cases were a
minority among the meta-analyzed articles herein.

The higher odds found for stillbirths and perinatal
mortality among positive pregnant women as com-
pared to negative ones are important issues for
obstetrical care. The placentas of term SARS-CoV-2
infected pregnant women display villous trophoblast
necrosis and inflammatory infiltration and fibrinoid
deposition even in the absence of local viral placental
infection [43] and also a significant increase of placen-
tal angiotensin-converting enzyme, that is associated
with complications such as preeclampsia and robust
immune responses even in the absence of local viral
infection [44]. These placental protective mechanisms
against infection may also contribute to the appear-
ance of poor pregnancy outcomes such as stillbirths
and perinatal mortality. It is likely that those outcomes
are consequences or part of a spectrum of causes
expressed during pregnancy or early after birth. A
recent meta-analysis of a small sample suggested that
intrauterine death rates were not significantly different
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between positive and negatively tested pregnant
women [45]. Some previous studies have suggested
that critical maternal cases may be associated with
higher rates of stillbirths and perinatal mortality [46].
In our study, the direct comparison of a large sample
of positive and negative SARS-CoV-2 pregnant women
indicates that those risks are also present in non-critic-
ally infected pregnant women.

In the present study, 20 infants were positive for
SARS-CoV-2 out of only 129 positive tested infants. It
seems that the risk of vertical viral transmission is very
low, even among severe infections, and mostly due to
in-utero hematogenous dissemination [47]. Maternal
mortality was very low in our study (two deaths in
positive cases and seven among negatives). All previ-
ous reports of maternal deaths were found in preg-
nant women with pre-gestational morbid conditions
or severe/critical SARS-CoV-2 pneumonia [48]. It is
likely that the severity of maternal SARS-CoV-2 infec-
tion may correlate with maternal and neonatal risks.

Strength and limitations

The main strength of the present meta-analysis is the
comparison of positive and negative pregnant women
tested through PCR near or during labor and delivery.
Positive tested pregnant women included those with
clinical symptoms (mild to severe) and those asymp-
tomatic. Previous meta-analyses had limitations
regarding the diagnosis of controls who were not
tested with PCR or controls were selected from pre-
pandemic populations. A second strength is the inclu-
sion of pregnant women with a wide spectrum of clin-
ical symptoms, whereas previous studies have been
based on severe cases. Another strength was that the
search had no language restrictions and we made an
effort not to include duplicated publications. Indeed,
some studies have periodically published updates or
included information in different cooperative studies.
The results of our meta-analysis should be considered
robust, as it includes 2,769 positive laboratory-tested
pregnant women and 13,807 tested negatives.

Despite the aforementioned strengths, our meta-ana-
lysis has several limitations, including clinical diversity
(types of observational studies), types of populations
along with the pandemic duration, mixing pregnant
women with and without symptoms. In addition, some
studies included a small number of SARS-CoV-2 positive
pregnant women and clinical diversity and reporting on
a small number of outcomes. Contrary to this, one
cross-sectional study [16] contributed with a large sam-
ple of both positive and negative pregnant women that

might have exaggeratedly influenced both the MD and
OR of some of the measured outcomes. A second limi-
tation is a fact that negative PCR results near delivery
may include pregnant women that may have had a
SARS-CoV-2 infection early during pregnancy without
maternal or neonatal adverse outcomes [34]. Therefore,
they might be diagnosed as PCR negative before deliv-
ery (non-infected) which may erroneously be catego-
rized as non-exposed to the virus [49].

One also needs to take into account the heterogen-
eity of several of the outcomes mainly related to study
design. For instance, the study of Cruz-Melguizo et al.
[16] was found upon the sensitivity analysis to be
causing heterogeneity (I2 ¼ 81%) for gestational age
at delivery, probably because a large proportion of
pregnant women had no controls during the initial
pandemic period while posteriorly there was a change
to a close universal screening. When this study has
deleted the difference for gestational age upon deliv-
ery disappeared. The study of Gupta et al. [19] was
found to be causing heterogeneity for preterm birth
< 37weeks; when the study was eliminated upon sen-
sitivity analysis, the odds became significant.

Conclusions

Seventeen observational studies from eight countries,
with low to moderate risk of bias, reported 2,769
pregnant women with a positive SARS-CoV-2 PCR test
and 13,807 with a negative test. Pregnant women
with a positive PCR test were younger, delivered at an
earlier gestational age, smoked less and associated
with higher odds for preeclampsia/hypertensive disor-
ders of pregnancy, NICU admissions, stillbirths and
perinatal mortality. There were no significant differen-
ces between positive and negative tested women in
terms of nulliparity, multiple pregnancies, gestational
diabetes, route of delivery, labor induction, preterm
birth, birth weight, and 5min Apgar scores < 7, small-
for-gestational-age infants and fetal malformations.
Eleven studies reported on 129 SARS-CoV-2 PCR tested
infants from positive PCR pregnant women, of which
20 were PCR positive. There were three maternal
deaths among positive PCR tested pregnant women
and seven among negatives. Better-designed studies
should be planned to overcome the heterogeneity of
results in order to provide more precise information
regarding maternal and perinatal outcomes.
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