
48  |     Int J Gynecol Obstet. 2021;155:48–56.wileyonlinelibrary.com/journal/ijgo

1  |  INTRODUC TION

Adverse maternal and neonatal outcomes and birth defects are as-
sociated with certain viral infections during pregnancy. Maternal 

infections with rubella, cytomegalovirus, Zika virus, chickenpox, 
vaccinia, and poliomyelitis are associated with adverse pregnancy 
outcomes including birth defects such as microcephaly or even fetal 
death.1,2 The novel coronavirus SARS- CoV- 2, causing the respiratory 

Received: 16 May 2021  | Accepted: 22 June 2021  | First published online: 14 July 2021

DOI: 10.1002/ijgo.13793  

R E V I E W  A R T I C L E

O b s t e t r i c s

Differential impact of COVID- 19 in pregnant women from 
high- income countries and low-  to middle- income countries: A 
systematic review and meta- analysis

Rahul K. Gajbhiye1 |   Mamta S. Sawant2 |   Periyasamy Kuppusamy1 |   Suchitra Surve3 |   
Achhelal Pasi4 |   Ranjan K. Prusty5 |   Smita D. Mahale6 |   Deepak N. Modi2

© 2021 International Federation of Gynecology and Obstetrics

1Clinical Research Lab, ICMR- National 
Institute for Research in Reproductive 
Health, Mumbai, India
2Molecular and Cellular Biology 
Laboratory, ICMR- National Institute 
for Research in Reproductive Health, 
Mumbai, India
3Department of Clinical Research, 
ICMR- National Institute for Research in 
Reproductive Health, Mumbai, India
4Airport Health Organization, Ministry of 
Health and Family Welfare, Government 
of India, Mumbai, India
5Department of Biostatistics, ICMR- 
National Institute for Research in 
Reproductive Health, Mumbai, India
6Emeritus Scientist, ICMR- National 
Institute for Research in Reproductive 
Health, Mumbai, India

Correspondence
Rahul K. Gajbhiye, Clinical Research Lab, 
ICMR- National Institute for Research in 
Reproductive Health, J M Street, Parel, 
Mumbai, 400012, India.
Email: gajbhiyer@nirrh.res.in

Funding information
Indian Council of Medical Research 
(ICMR), Grant/Award Number: ICMR- 
NIRRH RA/896/04- 2020; DBT Wellcome 
India Alliance Clinical and Public Health 
Intermediate Fellowship, Grant/Award 
Number: IA/CPHI/18/1/503933

Abstract
Background: SARS- CoV- 2 has infected a large number of pregnant women.
Objective: To compare clinical, perinatal outcomes of women with COVID- 19 from 
high- income countries (HICs) and low-  to middle- income countries (LMICs).
Search strategy: Online databases were searched.
Selection criteria: Original studies on pregnant women with COVID- 19 were included.
Data collection and analysis: Information on clinical presentation, co- morbidities, 
pregnancy outcomes, neonatal outcomes, and SARS- CoV- 2 infection in neonates was 
extracted.
Main results: The pooled estimate of SARS- CoV- 2 positive neonates is 3.7%. 
Symptomatic presentations are less common in LMICs compared to HICs (odds 
ratio [OR] 0.38). Diabetes (OR 0.5), hypertension (OR 0.5), and asthma (OR 0.14) are 
commonly reported from HICs; hypothyroidism (OR 2.2), anemia (OR 3.2), and co- 
infections (OR 6.0) are commonly reported in LMICs. The overall risk of adverse preg-
nancy outcomes is higher in LMICs compared to HICs (OR 2.4). Abortion (OR 6.2), 
stillbirths (OR 2.0), and maternal death (OR 7.8) are more common in LMICs. Preterm 
births and premature rupture of membranes are comparable in both groups. Neonatal 
deaths (OR 3.7), pneumonia (OR 7.5), and neonatal SARS- CoV- 2 infection (OR 1.8) are 
commonly reported in LMICs.
Conclusions: In LMICs, pregnant women and neonates are more vulnerable to ad-
verse outcomes due to COVID- 19.
PROSPERO registration no: CRD42020198743.
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disease COVID- 19, has rapidly spread worldwide and infected a large 
number of individuals including pregnant women. Adverse pregnancy 
outcomes are documented in a limited number of women infected 
with other coronaviruses such as the SARS- Co- V and Middle East 
Respiratory Syndrome.3 Thus, there is a need to study the effects 
of SARS- CoV- 2 infections in pregnancy. The study protocol was ex-
empted from review by the institutional ethics committee of ICMR- 
National Institute for Research in Reproductive Health (NIRRH) (D/
ICEC/Sci- 49/52/2020).

To address the issue of COVID- 19 and pregnancy outcomes, case 
reports, case series, observational studies, and cohort and case- 
control studies are published that describe the maternal and fetal 
presentation of SARS- CoV- 2 infection in pregnant women. However, 
these reported studies have yielded conflicting findings leading to 
contradictory conclusions. Some reports indicate that there are no 
major adverse outcomes of SARS- CoV- 2 infection in pregnancy,4,5 
others have reported serious pregnancy complications such as 
preterm births, neurological disorders, miscarriages, and maternal 
deaths in women infected with SARS- COV2 during pregnancy.6- 13 
Multiple systematic reviews have been conducted that have majorly 
described the risk of vertical transmission and maternal presentation 
associated with COVID- 19. These studies have indicated that there 
are higher odds of having severe disease, low birth weight infants, 
and preterm delivery in pregnant women with COVID- 19; the ne-
onates born to these mothers also have a higher risk of hospitaliza-
tion.6,14- 16 Thus pregnant women with COVID- 19 will need special 
medical attention.

The scale of the COVID- 19 outbreak has resulted in the disrup-
tion of maternal health services and is predicted to adversely im-
pact pregnancy outcomes, specifically in low-  and middle- income 
countries (LMICs).17 However, the understanding of the impact of 
COVID- 19 disease on obstetric outcomes of women in LMICs is lim-
ited as much of the evidence is based on pooled estimates of the 
global data or registry data from high- income countries (HICs).14- 16 A 
single study has compared the maternal presentation of COVID- 19 
by country of origin.18 However, the comparisons are mainly done 
from studies reported from Spain, France, and China. It is believed 
that there is no comparative information on maternal presentations 
and pregnancy outcomes in women with COVID- 19 from LMICs and 
HICs.

Herein, the maternal presentations and outcomes of pregnant 
women with COVID- 19 globally were systematically assessed and 
the data obtained from LMICs and HICs were compared. The inci-
dence of vertical transmission of SARS CoV- 2 was also assessed.

2  |  METHODS

2.1  |  General overview

For this review, the Preferred Reporting Items for Systematic re-
views and Meta- analysis (PRISMA) guidelines were followed. The 
study protocol was registered at PROSPERO (CRD42020198743).

2.2  |  Eligibility criteria, information sources, and 
search strategy

The PubMed, Embase, Web of Science, Scopus, Google Scholar lit-
erature database, ScienceDirect, preprint servers and specialized 
COVID resources were searched for articles on pregnant women. 
The keywords and MeSH terminology used were a combination 
of “coronavirus,” “2019 n- COV,” “SARS- CoV- 2,” “SARS virus” or 
“COVID- 19,” “corona virus disease 2019,” “pregnancy,” “maternal,” 
“mothers,” “neonates,” and “infants.” Snowballing strategy and 
Ripe- tomato.org, a resource site for data on pregnant women and 
COVID- 19 (https://ripe- tomato.org/covid - 19/), was also searched 
manually to identify any missed articles. Articles in non- English lan-
guages that could be translated into English using Google Translate 
were also included.

2.3  |  Study selection

The PRIMSA flowchart for the present systematic review is pre-
sented in Figure 1. Articles published between March 1 to December 
31, 2020, were reviewed. Two authors shortlisted original studies 
on pregnant women with SARS- CoV- 2 infection. Only those stud-
ies that reported the data on the laboratory- confirmed diagnosis of 
SARS- CoV- 2 were included. Duplicate articles, reviews, narrative 
articles, abstracts, and gray literature such as media reports, blogs, 
and information from unverified sources were excluded. Articles 
that did not have the primary outcome as maternal presentations or 
pregnancy outcomes were also excluded. The extracted data were 
verified independently and the inconsistencies in the data entries 
were sorted. It was not possible to rank the quality of the studies 
included due to the inherent nature of the data. Data were sorted 
based on country of origin and the information was pooled for HICs 
and LMICs (as per the World Bank Data of 2020).

2.4  |  Outcome measures

Information was collected on maternal presentations, that is, the 
proportion of women presenting with fever, cough, myalgia, dysp-
nea, chest pain, or headache. The information on pregnancy out-
comes included type of delivery (cesarean or vaginal), preterm and 
term delivery, premature rupture of membranes (PROM), abortion, 
stillbirths, and maternal deaths. The neonatal outcomes included the 
numbers of neonates positive for SARS- CoV- 2, the numbers with 
respiratory distress, and neonatal deaths.

2.5  |  Data extraction and meta- analysis

Individual patient data or pooled data from papers were recorded 
in a table format. Pooled data were used with a random- effects 
meta- analysis to estimate the incidence of outcomes as proportions 
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with 95% confidence intervals (CIs). Heterogeneity was reported 
as I2 statistics and analysis was performed using Stata 15 package 
(StataCorp., College Station, TX, USA).

3  |  RESULTS

Through database searches and snowballing, 2593 articles were 
identified. After screening and assessment of eligibility (Fig. 1), 
225 studies reporting the data of 10 582 women were found eligible 
for inclusion (Table S1). These studies are from 35 countries (Fig. 2) 
with the majority of the data from the United States (24%), India 
(11%), Brazil (9%), Colombia (9%), China (7%), Spain (7%), Iran (7%), 
France (6%), and the United Kingdom (5%).

3.1  |  Maternal presentations, co- morbidities, and 
pregnancy outcomes

Figure 3 gives the clinical presentations and pregnancy out-
comes synthesized from the included studies. The most com-
mon maternal presentations (Figure 3a) were fever (23%, 95% CI 
22.19– 24.04) and cough (25%, 95% CI 23.71– 25.60). The other 
symptoms were less common and reported in less than 10% of 
cases.

The major co- morbidities (Fig. 3b) were diabetes mellitus (9.3%, 
95% CI 8.72– 10.02) and hypertensive disorders (8.4%, 95% CI 
7.79– 9.04). Asthma and hypothyroidism were the other reported 

F I G U R E  1  PRISMA (Preferred Reporting Items for Systematic Reviews and Meta- Analyses) flow chart of included studies describing the 
sequential inclusion and exclusion of the studies reporting COVID- 19 and pregnancy. The number of articles included from HICs and LMICs 
are shown, as well as the various study designs included in the systematic review. Abbreviations: HIC, high- income country; LMIC, low-  and 
middle- income country. [Colour figure can be viewed at wileyonlinelibrary.com]
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co- morbidities. Placental disorders such as placenta previa, placenta 
accreta, and placental abruption were reported in less than 1% of 
women with COVID- 19. There were some reports of co- infections 
that included hepatitis B, influenza, dengue, malaria, tuberculosis 
(TB), Legionella pneumophila, and mycoplasma.

Among the pregnant women with COVID- 19 who had delivered, 
the cumulative incidence of vaginal delivery was 48.5% (2352/4841, 
95% CI 47– 1– 50.0) and 51.5% (2489/4841, 95% CI 50.0– 52.8) for 
cesarean delivery. Among the adverse pregnancy outcomes (Fig. 3c), 
preterm birth was the most common (22%, 95% CI 20.81– 23.15). 

F I G U R E  3  Pooled estimates of (a) the maternal presentations, (b) co- morbidities, and (c) pregnancy and neonatal outcomes in pregnant 
women with COVID- 19. Abbreviations: DM, diabetes mellitus; GDM, gestational diabetes mellitus; GH/HT, Gestational hypertension/
Hypertension; PCR, polymerase chain reaction; PROM, premature rupture of membrances; RDS, respiratory distress syndrome. [Colour 
figure can be viewed at wileyonlinelibrary.com]
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Fetal distress was the most common reason for cesarean delivery. 
There were 140 reported instances of fetal loss, of which 79 of 9054 
were cases of abortions (0.87%, 95% CI 0.70– 1.09) and 61 of 9054 
were stillbirths (0.67%, 95% CI 0.52– 0.86). The overall risk of preg-
nancy loss in women with COVID- 19 was 1.46%. The overall inci-
dence of maternal death was 1.79% (188/10 492, 95% CI 1.56– 2.06).

3.2  |  Complications in infants born to mothers with 
COVID- 19

The infant data of mothers with COVID- 19 are shown in Figure 3c. 
Of the data on 4797 newborns, there were 23 neonatal deaths 
(0.49%, 95% CI 0.33– 0.73). Respiratory distress syndrome (RDS) 
was reported in 1.68% of cases (95% CI 1.34– 2.12) and pneumonia 
was reported in 1.07% of neonates born to mothers with COVID- 19 
(95% CI 0.80– 1.43). Testing for SARS- CoV- 2 was carried on 4112 
newborns, of which 3.78% (95% CI 3.24– 4.40) neonates born to 
mothers with COVID- 19 were positive for SARS- CoV- 2.

3.3  |  Comparison of data on HICs and LMICs

Figure 4 gives the comparisons of clinical presentations, co- 
morbidities, and pregnancy and neonatal outcomes in women 
with COVID- 19 in HICs (n = 5080) versus LMICs (n = 5502). The 
actual values and the statistical comparisons are given in Table S2. 
Symptomatic presentations are less commonly reported in stud-
ies from LMICs compared to HICs (overall OR 0.38, I2 = 93.5%, 
P = 0.000). The proportion of women reporting fever (HIC vs LMIC 
30.3% vs 16.7%), cough (HIC vs LMIC 37.0 % vs 13.7%), dyspnea 
(HIC vs LMIC 14.4% vs 5.7%), myalgia (HIC vs LMIC 8.7% vs 2.9%), 
and headache (3.8% vs 1.6%) were significantly higher (P < 0.01) in 
women from HICs compared to those from LMICs (Fig. 4a, Table S2). 
Although diarrhea was reported as common in both groups (HIC vs 
LMIC 3.9% vs 3.2%), the marginal reduction was not statistically sig-
nificant (P > 0.05).

Among the co- morbidities (Fig. 4b, Table S2), diabetes mellitus, 
including gestational diabetes mellitus (HIC vs LMIC 12.3% vs 6.8%), 
and hypertension, including pre- eclampsia (HIC vs LMIC 11.0% vs 
6.1%), were more commonly reported in pregnant women in from 
HICs compared to those from LMICs. Asthma was almost six times 
more commonly reported in women from HICs compared to LMICs 
(HIC vs LMIC 6.3% vs 1.0%). The differences were statistically sig-
nificant (P < 0.01). In LMICs, hypothyroidism (HIC vs LMIC 0.8% vs 
1.8%), anemia (HIC vs LMIC 0.2% vs 0.6%), and co- infections (HIC 
vs LMIC 0.1% vs 0.5%) were more commonly reported compared to 
HICs, and these differences were statistically significant (P < 0.01).

Adverse pregnancy outcomes (Fig. 4c, Table S2) were more com-
monly seen in LMICs compared to HICs (overall OR 2.49, I2 = 94.0%, 
P = 0.000). Women in LMICs were more likely to experience preg-
nancy losses. The odds of abortion were 6.2 times higher (HIC vs 
LMIC 0.3% vs 1.6%) and stillbirth was twice as likely (HIC vs LMIC 

0.5% vs 0.9)% in LMICs compared to HICs. These differences are 
statistically significant (P < 0.01) The risk of death was almost eight 
times higher in LMICs compared to HICs (HIC vs LMIC 0.4% vs 
3.1%). This difference is statistically significant (P < 0.01). However, 
preterm births and PROM are comparable in both groups.

Adverse neonatal outcomes (Fig. 4c, Table S2) were also more 
common in women in LMICs compared to those in HICs. The rates of 
neonatal deaths were four times more common (HIC vs LMIC 0.2% 
vs 0.8%) and pneumonia was 7.5 times more common (HIC vs LMIC 
0.3% vs 2.0%) in LMICs compared to HICs. These differences are 
statistically significant (P < 0.01). However, RDS was not significantly 
different between the two groups.

In LMICs, the neonates born to mothers with COVID- 19 were 
twice as likely to be positive for SARS- CoV- 2 compared to those in 
HICs (HIC vs LMIC 2.8% vs 5.1%). This difference was statistically 
significant (P < 0.01).

4  |  DISCUSSION

Data from 10 582 pregnant women with COVID- 19 from 35 coun-
tries were analyzed in the present systematic review. The major em-
phasis was to evaluate the clinical presentations, co- morbidities, and 
pregnancy outcomes of pregnant women with COVID- 19. Most of 
the data are mainly of hospitalized pregnant women near term, and 
there is very little information on the outcomes of first-  and second- 
trimester infections separately.

Several studies are published globally that have assessed the 
outcomes of SARS- CoV- 2 infection in pregnancy. The highest pro-
portion of these data is from the USA followed by India, Brazil, 
Columbia, and China. Although there are comparable data from the 
HICs and LMICs (5080 and 5502 women, respectively), these are 
mainly from India, Brazil, Columbia, China, Spain, and Iran. There is 
a dearth of data from Far East and southeast Asian LMICs (such as 
Malaysia, Myanmar, Bangladesh, and Sri Lanka) and almost negligible 
data from African countries. Thus there is a need to increase data 
reporting from underrepresented countries to have a clear global 
picture of COVID- 19 and pregnant women.

The initial identification of COVID- 19 was based on a diagnosis 
of severe presentation of respiratory distress. It was eventually 
evident that most cases of laboratory- confirmed SARS- COV- 2 in-
fection were asymptomatic.19 In an Indian cohort of 1169 preg-
nant women,20 the prevalence of symptomatic cases was 11.5% 
while that of asymptomatic cases was 88.5%. In the present sys-
tematic review, the clinical manifestations of COVID- 19 in the 
symptomatic cases were highly heterogeneous where fever (23%) 
and cough (24%) were the most commonly reported symptoms. 
These numbers are comparable to those reported in other system-
atic reviews.4,15 Some studies have shown that some ethnicities 
are more likely to have a severe presentation of COVID- 19 during 
pregnancy 15,21 To address whether socioeconomic status has had 
an impact on the clinical presentation of COVID- 19 during preg-
nancy, data based on country of origin were analyzed and it was 
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observed that symptomatic presentations were more commonly 
reported from studies in HICs compared to LMICs. Although there 
was a lot of heterogeneity across the studies, this was unexpected 
as it was anticipated that most of the data were out of tertiary 
referral centers and only symptomatic women may present to the 
hospital in LMICs. It will be important to address the LMIC popu-
lation and determine why these women have presented with less 
severe symptoms.

The commonality of asymptomatic and less severe presentations 
of COVD- 19 in pregnant women in LIMCs is a matter of concern. 
With the scarcity of resources for testing, many women without their 
COVID- 19 status would be hospitalized and these could be a source 
of SARS- CoV- 2 infection in the community and among healthcare 
workers. The results of the present study further emphasize the 

need for the strict implementation of universal screening of SARS- 
CoV- 2 in an obstetric population and the LMICs must implement 
these more rigorously to prevent outbreaks in hospitals.

Epidemiological evidence suggests that hypertension and di-
abetes are risk factors for poor outcomes of COVID- 19. In addi-
tion, in pregnant women hypertensive disorders, diabetes, and 
asthma were the major co- morbidities associated with COVID- 19. 
Intriguingly, the prevalence of co- morbidities was very different in 
LMICs versus HICs. Pregnant women with COVID- 19 in HICs were 
more likely to be diabetic or hypertensive or asthmatic compared 
to those in LMICs. Hypothyroidism or anemia or co- infections 
are commonly reported in women in LMICs compared to those 
in HICs. Globally, the estimated prevalence of hypothyroidism 
in pregnancy is in the range of 2%– 3%. In the present study, it 

F I G U R E  4  Comparison of (a) maternal presentations, (b) co- morbidities, and (c) pregnancy and newborn outcomes in women with 
COVID- 19 from HICs and LMICs. The events, total values, percentages, and P values are given in Table S2. Abbreviations: DM, diabetes 
mellitus; GDM, gestational diabetes mellitus; GH/HT, Gestational hypertension/Hypertension; HIC, high- income country; LMIC, low-  and 
middle- income country; PCR, polymerase chain reaction; PROM, premature rupture of membrances; RDS, respiratory distress syndrome. 
[Colour figure can be viewed at wileyonlinelibrary.com]
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was observed that the number is approximately 1.3% in women 
with COVID- 19. A higher chance of developing hypothyroxin-
emia is observed in pregnant Chinese women with COVID- 19.22 
However, the incidence of hypothyroidism in pregnant women 
with COVID- 19 in LMICs is 1.8% versus 0.8% for those in HICs. 
However, the reasons for such differences are unclear. Similar 
to hypothyroidism, women with COVID- 19 in LMICs were more 
likely to suffer from anemia (OR 3.2). This could be due to a higher 
incidence of anemia among pregnant women in LMICs 23 ; how-
ever, anemia itself is identified to be an independent risk factor for 
COVID- 19 in the general population.24

Further, in women with COVID- 19, adverse pregnancy outcomes 
were preterm deliveries (21.9%), PROM (4%), and fetal distress 
(0.93%). These numbers are comparable to those reported in recent 
systematic reviews.4,15,16 A higher incidence of preterm delivery is 
reported in pregnant women with COVID- 19 compared to matched 
controls.25,26 Whether the increased risk of preterm birth is iatro-
genic or directly as a consequence of COVID- 19 is presently debat-
able. Comparison of the rates of preterm births and PROM between 
HIC and LMICs showed a surprising trend. Although LMICs are likely 
to have a higher general incidence of preterm births,27 the rates of 
preterm births and PROM in women with COVID- 19 are comparable 
between HICs and LMICs. Decreased rates of institutional deliveries 
during the pandemic due to limited travel access to reach the hospi-
tals during the lockdown, mainly in LMICs, might skew the outcome 
measure.28 Systematic case controls and cohort studies are required 
to address the incidence of COVID- 19– associated preterm births 
and PROM in LMICs.

Beyond SARS- CoV- 2, many countries are endemic to other infec-
tions such as TB, malaria, chikungunya, and dengue. It was observed 
that although the overall proportions of women with COVID- 19 pre-
senting with co- infections are quite low, it is six times more com-
mon in LMICs than HICs. The presenting symptoms of TB, malaria, 
chikungunya, and dengue often overlap with SARS- CoV- 2 infection 
and there is a clinical dilemma. In a small case series from India,29 it 
was observed that symptoms of dengue or malaria overlapped with 
those of COVID- 19 in pregnancy and the co- infection did not aggra-
vate the symptoms, making the clinical diagnosis and management 
challenging. Further, coinfections of TB and SARS- CoV- 2 during 
pregnancy are reported to have severe complications and adverse 
outcomes, and SARS- CoV- 2 enhances the symptoms of previously 
undetected TB.30 Thus obstetricians must remain vigilant about the 
other common conditions in endemic regions and investigate for 
them in symptomatic cases of COVID- 19 to avoid complications.

The incidence of maternal deaths in COVID- 19 is a matter of con-
troversy. Some studies reported negligible death rates of pregnant 
women with COVID- 19, while others reported a high proportion. 
Herein, it was estimated that a maternal death rate of 2% (188/10 492 
women) related to COVID- 19. This is comparable to those observed 
in systematic reviews.15,16 Although the numbers of maternal deaths 
concerning COVID- 19 are not high as those reported for influ-
enza,31 a high incidence of COVID- 19– related maternal deaths is 
reported from Brazil (13%, 125/981). Indeed, the present analysis 

revealed that eight times more pregnant women are likely to die of 
COVID- 19 in LMICs (3.1%) compared to HICs (0.4%). This is not due 
to more severe presentations (in fact, women in LMICs often have 
less severe or asymptomatic presentations) or higher prevalence of 
co- morbidities. Poor access to healthcare services, inadequate infra-
structure, and the impact of lockdown are possible factors that may 
lead to a higher risk of deaths in LMICs.17 Thus, more data on preg-
nant women with COVID- 19 from LMICs are required to identify the 
risk factors for maternal mortality.

Infection with influenza A virus during pregnancy is associated 
with poor neonatal outcomes and there is a higher risk of delivering 
low birth weight infants. Low birth weight was observed in almost 
8% of neonates born to mothers with COVID- 19 (data not shown). 
Other complications were respiratory distress, pneumonia, and neo-
natal deaths. In the present analysis, stillbirth rates were more com-
mon in LMICs compared to HICs (OR 2.03). Further, this was not due 
to higher preterm birth rates as the numbers of studies reporting 
preterm births and PROM were higher in LMICs. Thus, like maternal 
deaths, loss of a pregnancy or newborn (due to abortion, stillbirth, or 
newborn death) is more likely in LMICs due to COVID- 19.

SARS- CoV- 2 infection in the newborns of mothers with 
COVID- 19 is a matter of concern. Some isolated case reports and 
small case series could not detect the presence of viral RNA in fetal 
tissues such as the placenta, amniotic fluid, cord blood, and in the 
neonatal respiratory tract.32 This led to the notion that there is min-
imal risk of newborns acquiring maternal SARS- CoV- 2 infection. 
However, SARS- COV- 2 receptors are detected in the placenta and 
there is evidence of the presence of viral RNA in the placenta of 
women with COVID- 19.10,33,34 The cumulative data in the present 
study indicate that nearly 3.7% of the neonates born had SARS- 
CoV- 2 infection in their nasopharyngeal swabs. This number is com-
parable to those reported in other systematic reviews.34 Intriguingly, 
the incidence of neonates born to mothers with COVID- 19 acquiring 
SARS- CoV- 2 is higher in LMICs compared to HICs (OR 1.85). This 
is despite the fact that nearly the same numbers of neonates are 
tested in both groups. Furthermore, it is important to note that 
neonatal pneumonia was also more commonly observed in children 
born to mothers with COVID- 19 in LMICs versus those in HICs (OR 
7.5). Thus, neonates born to pregnant women in LMICs will require 
a rigorous clinical evaluation and proper follow- up to minimize the 
adverse impact of COVID- 19.

4.1  |  Study limitations

The present systematic review is based on almost all the data pub-
lished from infections occurring around the time of delivery and 
there is limited information on the presentations and outcomes of 
SARS- CoV- 2 infection in earlier trimesters. There was no uniform-
ity in testing the newborns across various studies and the data are 
largely underreported. Thus the incidence of vertical transmission of 
SARS- CoV- 2 cannot be accurately estimated. There is heterogeneity 
in the reported incidence of multiple parameters across studies and 
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this is largely due to variations in sample size, reporting criteria, and 
study designs.

5  |  CONCLUSION

In pregnant women with COVID- 19 at term, there is evidence of ad-
verse pregnancy and neonatal outcomes. Well- defined studies will be 
required to generate clear evidence on vertical transmission of SARS- 
CoV- 2. The data in the present study suggest that pregnant women 
and their neonates in LMICs are more vulnerable to adverse outcomes 
due to COVID- 19, although there is considerable heterogeneity across 
the reported studies. High- quality systematic reporting from regis-
tries will be required to sort these issues. Coupled with compromised 
health services, COVID- 19 itself will jeopardize the roadmap toward 
achieving the Sustainable Development Goals in maternal and child 
health in the LMICs. With the availability of the vaccine, high priority 
must be given to pregnant women to at least partially rescue the dam-
age done by COVID- 19 to maternal health in LMICs.
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