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Abstract 

Background The COVID-19 pandemic has significantly impacted public health, with emerging evidence suggest-
ing substantial effects on maternal and neonatal health. This systematic review and meta-analysis aimed to quantify 
the prevalence and risk of respiratory distress syndrome (RDS) in newborns born to mothers infected with SARS-
CoV-2, the virus responsible for COVID-19.

Methods We conducted a literature search in Embase, PubMed, and Web of Science up to April 20, without language 
or date restrictions. Observational studies reporting on the prevalence or risk of RDS among newborns from mothers 
with confirmed SARS-CoV-2 infection were included. Quality assessment was performed using the JBI tool. Statistical 
analysis was performed by using R software version 4.3.

Results Twenty-two studies met the inclusion criteria. The pooled prevalence of RDS among newborns born 
to COVID-19-infected mothers was 11.5% (95% CI: 7.4–17.3%), with significant heterogeneity (I² = 93%). Newborns 
from infected mothers had a significantly higher risk of developing RDS, with a pooled risk ratio (RR) of 2.69 (95% CI: 
1.77 to 4.17).

Conclusion Newborns born to mothers with COVID-19 have a substantially increased risk of developing RDS. These 
findings emphasize the need for vigilant monitoring and appropriate management of pregnant women with COVID-
19 to mitigate adverse neonatal outcomes.

Keywords COVID-19, Respiratory distress syndrome, Meta-analysis, Good health and well-being

†Muhammed Shabil and Shilpa Gaidhane contributed equally to this work.

*Correspondence:
Mahalaqua Nazli Khatib
nazlikhatib@dmiher.edu.in
Sanjit Sah
sanjitsahnepal561@gmail.com
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12879-024-10161-1&domain=pdf
http://orcid.org/0000-0003-1317-1186
http://orcid.org/0000-0003-0359-6287
http://orcid.org/0000-0001-6861-6934
http://orcid.org/0000-0002-7680-1141
http://orcid.org/0000-0003-2523-835X
http://orcid.org/0000-0003-0835-1684
http://orcid.org/0000-0002-6774-9847
http://orcid.org/0000-0001-6188-4266


Page 2 of 13Shabil et al. BMC Infectious Diseases         (2024) 24:1318 

Introduction
The global outbreak of coronavirus disease 2019 
(COVID-19), caused by the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), has had a sig-
nificant and far-reaching impact on both public health 
and healthcare systems worldwide. The primary clinical 
symptoms of COVID-19 primarily involve respiratory 
issues and complications, emerging evidence suggests 
that the virus may also have significant implications for 
maternal and neonatal health [1]. As a novel pathogen, 
there remain many uncertainties related to the potential 
vertical transmission of COVID-19 from infected moth-
ers to their infants and the associated risk of adverse per-
inatal outcomes [2].

A concerning potential consequence of COVID-19 
infection in pregnant women has been associated with 
an increased risk of respiratory distress syndrome (RDS) 
in their newborn. RDS is a respiratory disorder primarily 
affecting preterm infants, characterized by a deficiency 
of pulmonary surfactant and subsequent impaired gas 
exchange, leading to respiratory distress, hypoxemia, and 
the need for respiratory support [3]. In term infants, RDS 
can also occur due to various factors, including perinatal 
asphyxia, meconium aspiration syndrome, and genetic 
disorders affecting surfactant production or function [4].

The potential mechanisms by which maternal COVID-
19 infection may contribute to the development of RDS 
in newborns are not fully understood. However, several 
plausible pathways have been proposed. First, the inflam-
matory response induced by SARS-CoV-2 infection may 
lead to placental dysfunction and impaired gas exchange, 
potentially resulting in fetal hypoxia and the subsequent 
development of RDS [5]. Additionally, maternal COVID-
19 infection has been linked to a heightened risk of pre-
term birth [6], which is a well-established risk factor for 
RDS due to the immaturity of the fetal lungs and inad-
equate surfactant production [7].

Furthermore, there exists a potential for vertical trans-
mission of SARS-CoV-2 from infected mothers to their 
infants, either through transplacental transmission or 
during delivery [8]. While the precise mechanisms of ver-
tical transmission are not fully elucidated, and the risk 
appears to be relatively low [9], neonatal SARS-CoV-2 
infection could potentially contribute to the development 
of RDS through direct viral injury to the immature lungs 
or through the induction of an inflammatory response 
[5].

Given the possible impact of maternal COVID-19 
infection on neonatal respiratory health, it is crucial to 
understand the prevalence and risk of RDS among babies 
born to women with COVID-19 infection during preg-
nancy. Early reports from case series and cohort studies 
have provided valuable insights into this issue, but the 

findings have been inconsistent, and the overall risk esti-
mates have varied widely across studies. To address this 
knowledge gap and synthesize the available evidence, a 
systematic review and meta-analysis are needed to pro-
vide a comprehensive and quantitative assessment of the 
prevalence and risk of RDS in newborns born to moth-
ers with COVID-19. Such a synthesis would not only 
enhance our knowledge of the possible consequences of 
maternal SARS-CoV-2 infection on neonatal respiratory 
health but also inform health policies and clinical prac-
tice to optimize the management and care of mothers 
and newborns during the pandemic. The primary objec-
tives of this systematic review and meta-analysis are to 
estimate the pooled prevalence of RDS among newborns 
born to mothers with confirmed SARS-CoV-2 infection 
during pregnancy and to assess the risk of developing 
RDS in newborns born to mothers with COVID-19 com-
pared to those born to mothers without SARS-CoV-2 
infection.

Methods
This systematic review and meta-analysis was con-
ducted strictly in line with the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines, as detailed in Table S1. Additionally, the 
protocol for this study was officially registered with the 
PROSPERO database, ensuring adherence to established 
research standards.

Eligibility criteria
Studies qualified for inclusion based on the following 
criteria: The study design needed to be observational, 
including case-control, cohort, or cross-sectional stud-
ies that reported on the prevalence or risk of RDS among 
newborns whose mothers had confirmed SARS-CoV-2 
infection during pregnancy. The population focus was 
on pregnant women diagnosed with SARS-CoV-2 infec-
tion, verified either by RT-PCR or serological testing, 
and their newborns. Additionally, eligible studies were 
required to report on the number of newborns diagnosed 
with RDS or provide enough information to calculate the 
prevalence or risk of RDS. No language restrictions were 
imposed. Studies were excluded if they only involved 
mothers without a confirmed SARS-CoV-2 infection, 
did not report data on RDS in newborns, or were types 
of publications such as reviews, editorials, commentaries, 
and case reports.

Literature search
A thorough literature search was carried out across the 
following electronic databases from inception to April 
20 in Embase, PubMed, and Web of Science. The search 
strategy employed a mix of pertinent keywords related 
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to “COVID-19,” “SARS-CoV-2,” “pregnancy,” “maternal,” 
“newborn,” “infant,” and “respiratory distress syndrome.” 
No restrictions were placed on language or publication 
date. The search strategy is detailed in Table S2.

Screening
The process of selecting studies involved two independ-
ent reviewers who screened the titles and abstracts of 
identified records according to the eligibility criteria. Dif-
ference in opinion between reviewers were resolved by 
discussion or by consulting a third reviewer. Articles that 
potentially met the inclusion criteria were retrieved in 
full-text and further evaluated for inclusion. A semiauto-
mated web software (Nested-Knowledge, MN, USA) was 
used for screening.

Data extraction and quality assessment
Data extraction was carried out independently by two 
reviewers utilizing a uniform data collection template. 
Any conflicts were resolved through discussion or by 
involving a third reviewer for consultation. Extracted 
data from each study comprised the first author’s name, 
the year of publication, the study design, the country 
where the study was conducted, and the sample size, the 
number of newborns diagnosed with RDS, and the odds 
ratios (OR) and risk ratios (RR) for RDS. The included 
studies’ methodological quality and risk of bias were 
assessed using the JBI tool. Quality assessments were 
independently conducted by two reviewers. In cases of 
disagreement, issues were resolved by discussing them or 
consulting a third reviewer for a final decision.

Data synthesis and analysis
The outcomes of interest in this study were two-fold: 
first, the pooled prevalence of RDS among newborns 
born to mothers with confirmed SARS-CoV-2 infec-
tion during pregnancy; and second, the comparative risk 
of developing RDS between newborns born to moth-
ers with COVID-19 and those born to mothers without 
SARS-CoV-2 infection. To calculate the pooled preva-
lence estimates and their 95% confidence intervals (CIs), 
a random effect model was employed. Additionally, RRs 
with 95% CIs were derived from the included studies for 
the risk analysis. Heterogeneity across the studies was 
assessed using Cochran’s Q test and quantified using the 
 I2 statistic, with an  I2 value greater than 50% indicating 
substantial heterogeneity. Publication bias was evaluated 
using the Doi plot and the LFK index. Meta-regression 
has been performed to explore the impact of sample size 
on the pooled prevalence. All statistical analyses were 
performed using R statistical software (version 4.3, R 
Foundation for Statistical Computing, Vienna, Austria), 
utilizing the ‘metafor’ and ‘meta’ package.

Results
Literature search
The search identified a total of 997 records. After the ini-
tial removal of 324 duplicate records, 673 records were 
screened for relevance. Out of these, 364 records were 
excluded, leaving 46 reports that were sought for detailed 
retrieval. All 46 reports were subsequently retrieved and 
assessed for eligibility based on the study’s inclusion cri-
teria. Of these, 24 full-text articles were excluded for rea-
sons such as not reporting the outcome of interest (21 
reports) or the exposure of interest not being relevant (3 
reports). Ultimately, 22 [10–31] studies met the inclusion 
criteria and were included in the final analysis (Fig. 1).

Characteristics of included studies
The characteristics of the studies included are presented 
in Table 1. Research was carried out in various countries 
such as Iran [18, 19, 26], India [22, 24, 27, 28], China 
[31], Poland [29], Italy [15, 30], USA [16, 21], Canada 
[13], Turkey [12, 14, 23], Egypt [10], Kazakhstan [10], 
Taiwan [25], and Brazil [20]. Predominantly observa-
tional in nature, these studies utilize a variety of designs, 
including cohort studies, prospective and retrospective 
observational studies, and cross-sectional studies, with 
a few employing case-control methodologies to provide 
comparative insights between infected and non-infected 
groups. Focusing on pregnant women confirmed to have 
COVID-19 through RT-PCR or serological testing, these 
studies reported the primary outcome of RDS incidence 
in newborns. Sample sizes vary widely, ranging from as 
few as 7 to as many as 4,707 participants, reflecting the 
varied scale and scope of research interests. Most stud-
ies concentrate solely on infants born to infected moth-
ers, with a few providing comparative RR or OR for RDS 
between infants born to COVID-19 positive and negative 
mothers. The quality assessment of studies is presented 
in Table S3.

Prevalence of RDS among newborn born to COVID‑19 
infected mothers
From 23 studies that reported on RDS among babies 
born to COVID-19-infected mothers, the total pooled 
prevalence of RDS was found to be 11.5% (95% CI: 7.4–
17.3%). A high level of heterogeneity was observed across 
the studies, as indicated by an  I2 value of 93%. The find-
ings are visually represented in the forest plot provided 
in Fig. 2.

Risk of RDS for newborn born due to COVID‑19 infection 
of mothers
The meta-analysis evaluating the risk of RDS in newborns 
born to women with COVID-19 compared to those born 
to non-infected mothers reveals a pooled RR of 2.69 
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(95%CI: 1.77 to 4.17), indicating a significantly higher 
likelihood of RDS in newborns from COVID-19-infected 
mothers (p = 0.027). High heterogeneity was observed as 
evidenced by an  I2 statistic of 90%. The forest plot is pre-
sented in Fig. 3.

Meta‑regression
We performed a meta-regression to assess the effect 
of sample size on the pooled prevalence of RDS. How-
ever, the analysis showed a non-significant associa-
tion between sample size and the pooled prevalence 
(p = 0.2513). Figure 4 presents the corresponding bubble 
plot.

Publication bias
The Doi plot provided is instrumental in assessing pub-
lication bias in meta-analyses, showing a visualization of 
the dispersion of studies around the effect size (Fig.  5). 
In this specific Doi plot, the LFK index, a diagnostic 
tool used to quantify the asymmetry of the Doi plot, is 
reported as 0.09. This value indicates minimal asymme-
try, suggesting that there is little to no publication bias 

present in this meta-analysis. Typically, an LFK index 
value less than 1 suggests no significant publication bias, 
which is confirmed here by the smooth, almost sym-
metrical arc of the plot from the higher effect sizes on 
the left to the lower effect sizes on the right. The plot, by 
not displaying a tail on one side or the other, supports the 
conclusion that the meta-analysis results are robust and 
not significantly influenced by unpublished or selectively 
reported studies.

Discussion
The present study provides important insights into the 
impact of maternal SARS-CoV-2 infection on RDS in 
newborns. The pooled prevalence of RDS among new-
borns born to mothers with COVID-19 was found to be 
11.5%, which is significantly greater than the reported 
prevalence of RDS in the general newborn population 
(around 1%) [32]. This elevated prevalence highlights the 
potential respiratory complications that newborns may 
face when their mothers are infected with SARS-CoV-2 
during pregnancy. Furthermore, the meta-analysis dem-
onstrated a nearly three-fold increased risk of developing 

Fig. 1 PRISMA flow diagram depicting article selection process
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RDS in newborns born to mothers with COVID-19 com-
pared to those born to mothers without SARS-CoV-2 
infection (pooled RR = 2.69, 95% CI: 1.77–4.17). This 
finding is consistent with the proposed mechanisms by 
which maternal SARS-CoV-2 infection could contribute 

to the development of RDS in newborns, as outlined in 
the introduction.

The inflammatory response initiated by SARS-CoV-2 
infection may lead to placental dysfunction and impaired 
gas exchange, potentially resulting in fetal hypoxia and 

Fig. 2 Forest plot depicting prevalence of Respiratiory distress syndrome among newborn born to COVID-19 infected mothers

Fig. 3 Risk of RDS for newborn born due to COVID-19 infection of mothers
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subsequent RDS development [33]. Additionally, the 
increased risk of preterm birth associated with mater-
nal COVID-19 is a well-established risk factor for RDS 
due to the immaturity of the fetal lungs and inadequate 
surfactant production [34, 35]. Moreover, the potential 
for vertical transmission of SARS-CoV-2 from infected 
individuals mothers to their infants could also play a role 
in the development of RDS through direct viral injury to 
the immature lungs or the induction of an inflammatory 
response [18, 36]. While the precise mechanisms require 
further investigation, the findings from this meta-analysis 
indicate the need for heightened vigilance and appropri-
ate respiratory support for newborns born to mothers 
with COVID-19.

It is important to note that high heterogeneity was 
observed among the included studies for both the preva-
lence and risk analyses. This heterogeneity may be attrib-
uted to several factors, such as variations in study design, 
population characteristics, disease severity, and treat-
ment protocols. Additionally, the included studies were 
conducted across multiple countries, which may reflect 
differences in healthcare systems, resources, and man-
agement strategies for COVID-19 during pregnancy. One 
of the key issues raised in the review process concerns 
the high heterogeneity observed in our meta-analysis, 
which is indeed a common phenomenon in observational 

studies. The observed heterogeneity may be attributed to 
various factors, such as differences in study design, popu-
lation characteristics, disease severity, and treatment pro-
tocols. Additionally, the included studies were conducted 
across multiple countries with different healthcare sys-
tems, management strategies, and available resources for 
handling COVID-19 in pregnant women. Despite these 
variations, the overall findings are consistent with bio-
logical plausibility, reinforcing the association between 
maternal COVID-19 infection and the increased risk of 
RDS in newborns. The width of the confidence inter-
val (1.77 to 4.17) reflects variability in the existing data, 
emphasizing the need for further research to refine these 
estimates. Larger, well-powered studies are crucial to 
provide more precise risk estimates and to better under-
stand the full spectrum of neonatal outcomes associated 
with maternal SARS-CoV-2 infection. These findings 
highlight the necessity for tailored clinical protocols to 
optimize neonatal outcomes in this population.

Gestational age is a well-known risk factor for the 
development of RDS, especially in preterm infants due 
to the immaturity of the lungs and insufficient surfactant 
production. In our analysis, we recognized the impor-
tance of gestational age and made efforts to extract and 
analyze data related to this variable. Unfortunately, the 
majority of the included studies did not provide sufficient 

Fig. 4 Bubble plot based on the meta-regression of association of sample size on pooled RDS
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detail on gestational age to perform a comprehensive 
analysis. We recommend that future studies focus on 
reporting gestational age more consistently to allow for 
better understanding of its role in the development of 
RDS in the context of maternal COVID-19 infection. 
Addressing this gap in the literature will be crucial for 
refining risk estimates and tailoring clinical interventions.

A previous systematic review aimed to clarify the trans-
mission route, clinical features, and outcomes of neonatal 
COVID-19 infections [37]. It found that 70% of infections 
were attributed to environmental transmission, while 
30% were due to vertical transmission. Of the infected 
neonates, 55% developed COVID-19, with the most com-
mon symptoms being fever (44%), gastrointestinal issues 
(36%), respiratory symptoms (52%), and neurological 
manifestations (18%) [37]. Additionally, 64% had abnor-
mal lung imaging. The review identified a significant 
association between the lack of mother-neonate separa-
tion at birth and a higher risk of late SARS-CoV-2 infec-
tion (OR 4.94, p = 0.0002; adjusted OR 6.6, p < 0.0001). 
However, breastfeeding was not significantly associated 

with infection risk (OR 0.35, p = 0.10; adjusted OR 2.2, 
p = 0.148). These findings contribute to the growing body 
of knowledge on neonatal SARS-CoV-2 infections.

The potential mechanisms by which maternal SARS-
CoV-2 infection contributes to the development of RDS 
in newborns remain an area of ongoing investigation. 
Current evidence suggests that maternal COVID-19 
could lead to placental dysfunction, resulting in fetal 
hypoxia, which in turn increases the risk of RDS. Moreo-
ver, maternal infection has been linked to an increased 
risk of preterm birth, a major risk factor for RDS. While 
the possibility of vertical transmission of SARS-CoV-2 
remains low, it cannot be completely ruled out as a con-
tributing factor, as direct viral injury to the fetal lungs or 
the induction of an inflammatory response could also 
play a role [38–40]. Further research is needed to elu-
cidate these mechanisms and to better understand the 
pathophysiology of RDS in newborns exposed to mater-
nal COVID-19.

The findings suggest a need for enhanced monitor-
ing and proactive management of pregnant women who 

Fig. 5 Doi plot for publication bias assessment



Page 11 of 13Shabil et al. BMC Infectious Diseases         (2024) 24:1318  

are diagnosed with COVID-19. Given the increased risk 
of RDS among newborns born to COVID-19-infected 
mothers, healthcare providers, including obstetricians 
and neonatologists, should be prepared for potential 
complications. There may be a need to adjust deliv-
ery plans and respiratory support strategies to optimize 
neonatal outcomes and manage the elevated risk of RDS 
effectively. Public health policies should prioritize vacci-
nations and protective measures for pregnant women to 
mitigate the risks associated with COVID-19 infection. 
This is particularly important given the demonstrated 
vulnerability of this group and the direct implications for 
neonatal health. Policies aimed at reducing the incidence 
of COVID-19 among pregnant women could significantly 
decrease the prevalence of RDS in newborns, thereby 
easing the burden on healthcare systems and improving 
overall public health outcomes during the pandemic. The 
results of this meta-analysis highlight the importance of 
clear and effective communication strategies targeting 
pregnant women about the risks of COVID-19 and the 
potential health implications for their newborns. Public 
health campaigns should focus on educating pregnant 
women on the importance of following preventive meas-
ures, seeking timely medical advice, and adhering to vac-
cination schedules to protect both their health and that 
of their infants.

There is a need for further research to elucidate the 
precise mechanisms by which maternal SARS-CoV-2 
infection leads to RDS in newborns. Such studies could 
explore the role of placental dysfunction, fetal hypoxia, 
and direct viral effects on the fetal lungs. Understanding 
these mechanisms in greater detail will aid in the devel-
opment of targeted interventions to prevent RDS in new-
borns of infected mothers. Future studies should consider 
longitudinal designs to track the long-term respiratory 
and developmental outcomes of newborns exposed to 
SARS-CoV-2 in utero. This will provide critical insights 
into the lasting impacts of maternal COVID-19 infection 
and inform long-term care strategies for affected indi-
viduals. Conducting studies in diverse geographical and 
healthcare settings can help understand how different 
management strategies and healthcare infrastructures 
impact the prevalence and outcomes of RDS among new-
borns born to COVID-19-infected mothers. These com-
parative studies will be valuable in tailoring public health 
interventions to specific regional needs and challenges. 
Research on the effectiveness of COVID-19 vaccination 
during pregnancy in reducing the incidence of RDS in 
newborns could provide compelling evidence to support 
public health recommendations for vaccination. Studies 
could focus on the timing of vaccination during preg-
nancy and its correlation with neonatal health outcomes 
to optimize vaccination strategies. By addressing these 

research gaps, the scientific community can better under-
stand and mitigate the impacts of COVID-19 on mater-
nal and neonatal health, contributing to more effective 
healthcare responses in current and future pandemics.

The strengths of this study include the comprehensive 
literature search, the inclusion of studies from various 
countries and settings, and the rigorous methodology 
employed in study selection, data extraction, and qual-
ity assessment. However, several limitations should 
be acknowledged. The included studies were primar-
ily observational in nature, which inherently carries a 
risk of bias and confounding factors that may influence 
the reported associations. Additionally, the severity of 
COVID-19 infection in pregnant women, gestational age 
at delivery, and other potential risk factors for RDS were 
not consistently reported across studies, limiting the abil-
ity to perform subgroup analyses or meta-regression to 
explore these factors as sources of heterogeneity. The 
high level of heterogeneity observed across the included 
studies further limits the reliability of pooled estimates, 
as it reflects significant variability in study design, popu-
lations, and outcomes. Despite our efforts to explore the 
sources of this heterogeneity, the lack of consistent data 
prevented us from fully addressing this issue through sta-
tistical means. Studies did not report the adjusted ORs 
for the outcome. While some studies provided compara-
tive data between infants born to mothers with SARS-
CoV-2 infection and those without, others reported only 
on infants born to infected mothers. Many of the studies 
included in our meta-analysis were retrospective, which 
introduces limitations such as potential recall bias and 
inconsistencies in data reporting. Furthermore, the var-
ied definitions of RDS across studies may have influenced 
the results, making it challenging to draw definitive con-
clusions. Future research should focus on prospective 
cohort studies with rigorous data collection and stand-
ardized reporting to further elucidate the connection 
between maternal SARS-CoV-2 infection and neonatal 
respiratory outcomes, including RDS. Investigation of 
potential modifying factors, such as disease severity, 
gestational age, mode of delivery, and maternal comor-
bidities, would provide valuable insights into risk stratifi-
cation and targeted interventions.

Conclusion
The increased prevalence and risk of RDS among new-
borns born to mothers with COVID-19. These findings 
indicate the importance of close monitoring and appro-
priate respiratory support for these infants and the need 
for continued research to further elucidate the underly-
ing mechanisms and identify potential preventive or 
therapeutic strategies. Effective management of maternal 
COVID-19 infection and optimization of neonatal care 
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are crucial to mitigate the potential adverse respiratory 
consequences for newborns during the ongoing pan-
demic and potential future outbreaks of emerging res-
piratory viruses.
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