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Being a new vaccine platform, continuous monitoring of the mRNA COVID-19 vaccines in pregnant
women is of critical importance. This systematic review and meta-analysis evaluate the maternal and
neonatal outcomes associated with mRNA COVID-19 vaccination during pregnancy. We conducted a

Keywords: systematic search of PubMed, Embase, Cochrane Library, and clinical trial registries for studies pub-
mRNA COVID-19 vaccination lished between December 2020 and July 2024. Studies were included if they assessed obstetric and
Pregnancy neonatal outcomes following mRNA COVID-19 vaccination in pregnant women. Data were extracted and
g;g::tr:ice)(posure analyzed using a random-effects model to calculate pooled odds ratios (ORs) and 95 % confidence in-
neonatal tervals (CIs). Fifteen studies met the inclusion criteria, encompassing 42,944 vaccinated and 183,733

unvaccinated pregnant women. mRNA vaccination was associated with a significant reduction in pre-
term delivery (OR 0.743, 95 % CI 0.607-0.911), fetal distress (OR 0.699, 95 % CI 0.546-0.893), neonatal
congenital abnormalities (OR 0.712, 95 % CI 0.570-0.889), and NICU admissions (OR 0.718, 95 % CI
0.617-0.836). However, a slight increase in gestational diabetes risk was observed (OR 1.107, 95 % CI
1.054-1.162). mRNA COVID-19 vaccines are safe during pregnancy and associated with reduced risks of
adverse obstetric and neonatal outcomes. An observed marginal increase in gestational diabetes risk
underscores the need for continuous monitoring. These findings support the inclusion of pregnant
women in vaccination campaigns and inform public health policies and clinical practices to improve

maternal and neonatal health outcomes.
© 2025 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Systematic review and meta-analysis

Introduction and neonatal outcomes reported. However, isolating the effects of

mRNA vaccines is challenging due to comparisons with other

The impact of mRNA COVID-19 vaccines on obstetric and
neonatal outcomes is complex, necessitating ongoing surveillance
to maintain public trust in vaccination during pregnancy. Under-
standing these effects is crucial for informed clinical decisions and
public health policies. Evidence supports the safety and efficacy of
COVID-19 vaccines in pregnant women, with positive maternal
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vaccine types and a lack of comprehensive analyses. This study
addresses these gaps by providing robust evidence on the safety
and efficacy of mRNA COVID-19 vaccines in pregnancy. It exclu-
sively analyzes high-quality studies comparing outcomes in
mRNA-vaccinated pregnant women with unvaccinated controls,
offering clear estimations of vaccine-attributed effects. Active and
long-term surveillance is essential for continued trust and future
mRNA vaccine development. Although growing evidence exists on
the safety of these vaccines, there remains a critical need for
continually updated data to promote vaccine trust and dispel
misinformation [1-3].

1028-4559/© 2025 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
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Pregnant women and children are typically excluded from
routine vaccine clinical trials, making post-market vaccine sur-
veillance a vital tool for assessing post-exposure outcomes and
promoting vaccine trust and safety among this group. Preliminary
short-term investigations of the BNT162b2 and mRNA-1273 vac-
cines have been inconclusive, with marginal and non-significant
rates of obstetric effects reported on pregnancy and neonatal
outcomes. [1,4-7]. This systematic review was conducted
following the guides of the Cochrane Collaboration Handbook and
PRISMA Statement (Preferred Reporting Items for Systematic Re-
views and Meta-Analyses) [8] and using the Joanna Briggs Institute
(JBI) methodology for systematic reviews to appraise the selected
studies. This study aims to update the available evidence on
maternal vaccination against COVID-19 and its impact on obstetric
and neonatal outcomes.

Objectives

The primary objectives of this study are:

1. To evaluate the impact of in-utero mRNA COVID-19 vaccine
exposure on obstetric outcomes.

2. To assess the neonatal outcomes following maternal mRNA
COVID-19 vaccination during pregnancy.

Ethical considerations

The study did not require any ethical clearance application
since no patient-related data or personal information were
collected. Only peer-reviewed published high-quality data were
extracted and used.
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Methodology

This systematic review and meta-analysis followed the PRISMA
2020 guidelines (http://www.prisma-statement.org/) comprising
of 3 main stages: identification, screening, and inclusion, Fig. 2. [8].
The comprehensive search was conducted across multiple elec-
tronic databases, including PubMed, Web of Science, and Scopus.
MeSH terms were generated using the PICO framework, focusing
on pregnant women, mRNA COVID-19 vaccines, and adverse
health events (Fig. 1).

Eligibility criteria
Inclusions (PICO):

e Population (P); pregnant women vaccinated

e Intervention (I); mRNA COVID-19 vaccines

e Comparison group (C); unvaccinated pregnant women

e Outcome (0); general obstetric and neonatal health outcomes

e Published peer-reviewed, English-language studies between
November 2019 and December 2023.

Exclusions:

e Studies not on mRNA COVID-19 vaccination during pregnancy.
o Efficacy or mechanistic studies.

e Publications in languages other than English.

e Predictive studies not conducted on humans.

e Studies without negative control groups.

[ Identification of studies via databases and registers ]

Records removed before

screening:

Duplicate records removed
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Fig. 1. PRISMA 2020 flowchart for identification and inclusion of articles in the systematic review and meta-analysis.
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Fig. 2. Word clouds depict the most frequent terms in the selected studies’ keywords. Larger fonts indicate higher frequency.
"vaccine safety” (notably Pfizer-BioNTech), and "obstetric outcomes."

most common, followed by "COVID-19 mRNA,"

Search strategy

A systematic search was performed using MeSH terms and
Boolean combinations across databases including PubMed, Web of
Science, and Scopus. The search strategy was adjusted for other
databases as necessary detailed in supplementary file 1.

Search outcome and article selection

From the initial 3907 publications identified, duplicates were
removed using RefWorks and manual checks. The remaining ar-
ticles were screened for relevance, and 261 articles were selected
for full-text review. After quality assessment using the JBI critical
appraisal tool, 12 studies were included in the quantitative meta-
analysis (Fig. 1). Screening process is detailed in supplementary
file 2.

To pass the quality assessment, a quality score was agreed not
to be less than 75 % using the appropriate study design tool. The JBI
assessment was done by two researchers (FAM and 00). Grading
conflicts were resolved through further mutual discussions with
emphasis on the analytical methods used by the studies. Addi-
tional updated search done yielded 3 studies (Fig. 2). The overall
number of the included studies are n = 15. In the current study, the
Comprehensive Meta-Analysis (CMA) version 3 package was used
of the meta-analysis. The main features of the selected studies are
presented in Fig. 2 and Table 1.

Studies like ‘myocarditis after BNT162b2 vaccination in Israeli
adolescents’ by Witberg et al. [9], vulvar aphthous ulcer in an
adolescent  after Pfizer-BioNTech  (BNT162b2) COVID-19

959

"SARS-CoV-2" and "COVID-19 vaccinations" were

vaccination by Wojcicki et al. [10] etc were rejected due to target
group inconsistencies to the present study.

Data extraction and quality assessment

Data extraction was performed independently by two re-
viewers using a standardized data extraction form. Any discrep-
ancies were resolved through discussion or consultation with a
third reviewer. The quality of the included studies was assessed
using the JBI critical appraisal tool, ensuring a rigorous evaluation
of each study's methodology, data analysis, and results reporting.

Statistical analysis and synthesis

Statistical analyses were conducted using the Comprehensive
Meta-Analysis (CMA) software. Odds ratios (ORs) with 95 % con-
fidence intervals (CIs) were calculated for each outcome of inter-
est. Heterogeneity among studies was assessed using the I?
statistic, and a random-effects model was applied to account for
variability between studies.

Results
Characteristics of selected studies

The selected studies were conducted across various continents,
with the majority being cohort studies. Most identified were
conducted in the Middle East/Asia (6) followed by North America
(5), lastly Europe (1) and Africa (1). Most studies were cohort
studies (14) and a case—control study (1). Other characteristics are
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Table 1
Study characteristics.

Study Country Design Period Vaccine type Sample Size Target population Objective

[11] Israel Retrospective Jan —June2021 Pfizer 4339 Postpartum women To study the association between prenatal Pfizer-
Cohort study BNT162b2 mRNA (Delivered between Jan BioNTech COVID-19 vaccination, pregnancy course and

and June 2021 outcomes.

[12] [srael Retrospective Feb2021-July2021 Pfizer 1894 Pregnant women To compare adverse perinatal outcomes among
Cohort Study (Medical /BioNTech (COVID-19-vaccinated and unvaccinated pregnant
Centre) BNT162b2 mRNA women

[13] Israel Population based Mar2021-0ct2021 Pfizer-BioNTech (BN162b2) 24,288 Pregnant women To examine whether BNT162b2 mRNA vaccination
Cohort during pregnancy is associated with adverse neonatal
Study and early infant outcomes among the newborns

[14] Israel Retrospective Mar-July2022 Pfizer-BioNTech 3700 Pregnant women To compare obstetric and neonatal outcomes between
Cohort study BN162b2 mRNA vaccine vaccinated and non-vaccinated pregnant women with

singleton pregnancies

[15] Romania Retrospective Jan2020- Jan2021 Pfizer 3094 Pregnancies (927) To determine whether pregnant women vaccinated
Cohort study BNT162b2 mRNA Spontaneous abortions with an mRNA-type vaccine during the first trimester

Moderna mRNA-1273 (124) have higher risks of spontaneous abortion.

[16] Australia Retrospective July 1, 2021 to March Pfizer-BioNTech 32,536 Vaccinated and Aimed to measure the rate of COVID-19 vaccine uptake
multicenter cohort 31, 2022. BNT162b2 mRNA. unvaccinated women among women giving birth in Melbourne, Australia,
study Moderna mRNA; for whom weeks 20-43 and to compare perinatal outcomes by vaccination

Janssen of gestation fell entirely status.
Ad26.COV2. within the 9-month
S.; Oxford -AstraZeneca data collection period
[17] Sweden & Registry based Jan2021- Jan2022 mRNA 157521 Pregnant women To examine the risk of adverse pregnancy outcomes
Norway retrospective Vaccines, (Norway: after vaccination against SARS-CoV-2 during pregnancy
Study Vector vaccines (BTN162b2, 54112)
mRNA1273 & (Sweden:
AZD1222) 103409)

[18] United States  Retrospective cohort January 1, 2021, and Pfizer 15,865 Vaccinated and To compare frequency of perinatal death between
study December 31, 2021 BNT162b2 mRNA & unvaccinated pregnant pregnant patients who completed mRNA

mRNA-1273 patients COVID-19 vaccination series and unvaccinated
patients.

[19] United States Retrospective cohort Feb-Sept. 2021 Moderna & Pfizer BioNTech 1205 Vaccinated and non- To assess whether COVID-19 mRNA vaccination is
study mRNA vaccines vaccinated — hyper associated with controlled ovarian hyperstimulation or

ovarian regnant early pregnancy outcomes.
women with

hyperstimulation

cycles

[20] Israel Retrospective cohort January and April 2021 (Pfizer- 1775 Pregnant women To evaluate the impact of Covid-19 vaccination (Pfizer—
study BioNTech BNT162b2 BioNTech BNT162b2) during the third trimester of

pregnancy on maternal and neonatal outcomes

[21] USA Retrospective cohort May 17- October 24, COVID-19 vaccine during 46,079 Pregnant women To evaluate risks for preterm birth (<37 weeks'
study 2020, and December pregnancy gestation) and small-for-gestational-age (SGA) at birth

15, 2020-July 22, 2021 (birthweight <10th percentile for gestational age) after
COVID-19 vaccination (receipt of >1 COVID-19 vaccine
doses) during pregnancy.

[22] Israel Retrospective cohort December 2020 and Pfizer BioNTech (BNT162b2) or 5618 Pregnant women To examine the association between SARS-CoV-2

study

July 2021

Moderna vaccines.

vaccination during pregnancy and maternal and
neonatal outcomes in a large cohort study.
Furthermore, to evaluate if the timing of vaccination
during pregnancy is related to adverse outcomes.

ID 32 a£3[D]O °S ‘OMWDGN]Q ‘O ‘YDSUIN-12SIPY o

026256 (S202) ¥9 A80]020ufD 3 $2113915q0 fo |puLnOf Isaupmin],
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detailed in Table 1. A summary of the characteristics is presented in
Table 1 and Fig. 3.

Narrative results (systematic review)

The study examines the impact of COVID-19 vaccination during
pregnancy on various obstetric and neonatal outcomes, with
mixed findings reported across different studies.

Fetal Outcomes: Kugelman et al. and Rottenstreich et al. found
no effect on intra-uterine fetal deaths. Hui et al. reported a sig-
nificant protective effect against stillbirth (OR 0.18, CI 0.09-0.37),
while Jarraya et al. found no significant effect. For intra-uterine
growth retardation (IUGR), Hui et al. observed no significant
impact, whereas Jarraya et al. reported a protective effect (OR
0.129, CI 0.029-0.581). 12202516

Meconium-Stained Amniotic Fluid and Fetal Distress:
Peretz-Machluv et al. and Wainstock et al. noted a significant as-
sociation with meconium-stained amniotic fluid, while Jarraya
et al. and Rottenstreich et al. did not. Jarraya et al. found no sig-
nificant effects on fetal distress [11,14,20,25].

Preterm Birth: Results varied, with Jarraya et al., Hui et al., and
Morgan et al. indicating a protective effect, while others, including
Goldshtein et al., Kugelman et al., Peretz-Machluf et al., and Lip-
kind et al., showed no significant effect [11-14,16,18,20,21,25].

Pathological Complications: Wainstock et al. found no sig-
nificant effect on pathological presentation, whereas Rottenstreich
et al. reported an association with non-vertex presentation. Citu
et al. found no significant effects on pregnancy-related complica-
tions. Mixed results were noted for gestational hypertension and
diabetes [11,14,20].

Delivery Methods: Among eight studies on caesarean de-
liveries, results were mixed. Studies on vacuum delivery also
showed mixed outcomes. Two studies on placental abruption
found no significant effect.

Maternal Outcomes: Few studies assessed maternal outcomes,
showing no differences in postpartum hemorrhage or fever be-
tween vaccinated and unvaccinated patients [15].

Neonatal Outcomes: Most studies reported no significant ef-
fect on outcomes like the 5-min Apgar score, congenital abnor-
malities, small for gestational age, neonatal complications,
respiratory complications, low birth weight, birth weight >4000 g,
neonatal hospitalization, and ICU hospitalization. Some studies
suggested potential protective effects against congenital abnor-
malities and neonatal complications [11-14,16,17,20,22].

Trimester-Specific Outcomes: The review included trimester-
specific data on preterm birth and small for gestational age (SGA),
showing mixed results across studies [13,14,18,20,22,23,25].

To assess the safety and efficacy of COVID-19 vaccines

in pregnant patients.
during pregnancy against hospitalization for Covid-19

among infants younger than 6 months of age.
To assess the impact and effectiveness of vaccination

among the pregnant population on maternal,

To assess the effectiveness of maternal vaccination
obstetrical, and foetal outcomes.

Infants younger than 6

months of age.
positive for COVID-19

pregnant patients.
Parturients tested
during pregnancy and
who needed
hospitalization at any
stage of gestation.

2002
1049
145

mRNA vaccine,
mRNA vaccine
mRNA vaccine

July 1, 2021, and March

8, 2022
January 2021 to May

December 10, 2020,
2022

and April 19, 2021,

Meta-analysis

Maternal outcomes

The meta-analysis shows that mRNA COVID-19 vaccines
significantly reduce the risk of preterm delivery (OR 0.743, 95 % CI
0.607-0.911, p = 0.004) and fetal distress (OR 0.699, 95 % CI
0.546-0.893, p = 0.004). There is also a significant association with
gestational diabetes (OR 1.107, 95 % CI 1.054-1.162, p = 0.001). No
significant associations were found for intrauterine fetal death (OR
0.556, 95 % CI 0.252-1.224, p = 0.145), intrauterine growth re-
striction (OR 0.727, 95 % Cl 0.392-1.346, p = 0.310), placental
abruption (OR 0.595, 95 % CI 0.294-1.204, p = 0.149), maternal
postpartum fever (OR 0.911, 95 % CI 0.551-1.505, p = 0.716),
maternal postpartum hemorrhage (OR 0.969, 95 % CI 0.821-1.142,
p = 0.706), non-vertex presentation (OR 2.262, 95 % CI
0.408-12.535, p = 0.350), gestational hypertension (OR 1.092, 95 %
CI 0.809-1.372, p = 0.449), vacuum delivery (OR 0.743, 95 % CI

Retrospective delivery

cohort
Retrospective cohort

Case-control test-
negative design
study

USA
USA
Tunisia

[23]
[24]
[25]
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A

Study name Statistics for each study Odds ratio and 95%CI

Odds Lower Upper
ratio  limit limit 2-Value p-Value

Wainstock et al. 0640 0,142 2888 -0,581 0,562
Rottenstrichetal. 0,952 0559 1,621 -0,181 0,856
0911 0551 1505 -0364 0,716

0,01 0,1 1 10 1

Favours A Favours B

00

Study name Statistics for each study Odds ratio and 95%CI
Odds Lower Upper
ratio  limit limit Z-Value p-Value

Dick et al. 0,490 0,339 0,708 -3,798 0,000 -

Lipkindetal. 0,820 0,718 0937 -2918 0,004
0,653 0,396 1,078 -1,666 0,096

0,01 0,1 1 10 100
Favours A Favours B
C
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio  limit limit 2Z-Value p-Value
Peretz-Machluv etal. 0,630 0,484 0820 -3437 0,001 ||
Wainstock et al. 0,520 0,323 0,837 -2689 0,007 L =
Jarraya et al. 0836 0313 2232 -035 0721
Rottenstreich et al. 0876 0672 1142 0979 0,328
0699 0546 0,893 -2858 0,004 4
001 041 1 10 100
Favours A Favours B
D
Study name Statistics for each study Odds ratio and 95%Cl
Odds Lower Upper
ratio limit limit Z-Value p-Value
Kugelmanetal. 0690 07115 4,140 -0406 0,685
Jamraya et al. 0942 0173 5,124 -0,069 0,945
Hui et al. 0,190 0,099 0,365 -4,976 0,000 T+
Rottenstreich et al. 1496 0432 5,184 0635 0,525
Dick et al. 0870 0498 1520 -0,489 0,625
Morgan et al. 0,130 0,018 0915 -2,050 0,040 —lG—
Theiler et al. 1,033 0,058 18,399 0,022 0,982
0556 0252 1224 -1458 0,145

001 01 1 10 100

Favours A Favours B

Fig. 3. A. Pooled association of maternal mRNA Covid-19 vaccine exposure and second trimester preterm delivery, B. Pooled association of maternal mRNA Covid-19 vaccine
exposure and third trimester preterm delivery. C. Pooled association of maternal mRNA Covid-19 vaccine exposure and fetal distress, D. Pooled association of maternal mRNA
Covid-19 vaccine exposure and intra-uterine fetal death. E. Pooled association of maternal mRNA Covid-19 vaccine exposure and intra-uterine fetal growth restrictions, F. Pooled
association of maternal mRNA Covid-19 vaccine exposure and placental abruption. G. Pooled association of maternal mRNA Covid-19 vaccine exposure and gestational diabetes, H.
Pooled association of maternal mRNA Covid-19 vaccine exposure and gestational hypertension. I. Pooled association of maternal mRNA Covid-19 vaccine exposure and maternal
postpartum fever, J. Pooled association of maternal mRNA Covid-19 vaccine exposure and maternal postpartum haemorrhage. K. Pooled association of maternal mRNA Covid-19
vaccine exposure and non-vertex presentations, L. Pooled association of maternal mRNA Covid-19 vaccine exposure and preterm delivery. M. Pooled association of maternal mRNA
Covid-19 vaccine exposure and vacuum delivery, N. Pooled association of maternal mRNA Covid-19 vaccine exposure and caesarean delivery.
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E Study name Statistics for each study Odds ratio and 95%ClI
Odds Lower Upper
ratio limit limit Z-Value p-Value
Kugelmanetal. 0805 0,526 1,231 -1,001 0,317
Jamaya et al. 0,129 0,029 0577 -2,678 0,007
Hui et al. 1,070 0,793 1,445 0,442 0,659
0,727 0,392 1,346 1,016 0,310
0,01 0,1 1 10 100
F Favours A Favours B
Study name Statistics for each study Odds ratio and 95%CI
Odds Lower Upper
ratio  limit limit Z-Value p-Value
Wainstock et al. 1,040 0290 3,735 0,060 0,952
Rottenstrichetal. 0472 0212 1,051 -1837 0,066
0,595 0,294 1,204 -1445 0,149
0,01 0,1 1 10 100
Favours A Favours B
G
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio  limit limit Z-Value p-Value
Kugelman et al. 1,002 0,690 1455 0,010 0,992
Peretz-Machluvetal. 0988 0,745 17310 -0,084 0933
Hui et al. 1,108 1,052 1,167 3,875 0,000
Dick et al. 1,177 0,978 1417 1,723 0,085
1,107 1,054 1162 4,083 0,000
0,01 0,1 1 10 100
Favours A Favours B
H
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio  limit limit Z-Value p-Value
Peretz-Machluv etal 1,300 0699 2417 0829 0407
Wainstock et al. 1,130 0,784 1,629 0655 0,512
Rottenstreichetal. 1,380 0,519 3671 0645 0,519
Dick et al. 0,815 0497 1,336 -0,812 0417
Theiler et al. 1,163 0,703 1,924 0588 0,557
1,092 0869 1,372 0,757 0,449
0,01 0,1 1 10 100
Favours A Favours B

Fig. 3. (continued).
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Study name Statistics for each study Odds ratio and 95%CI
Odds Lower Upper
ratio  limit limit Z-Value p-Value
Wainstock et al. 0640 0,142 2888 0581 0,562
Rottenstrichetal. 0,952 0559 1621 0,181 0,856
0,911 0551 1,505 0,364 0,716
0,01 0,1 1 10 100
Favours A Favours B
J
Study name Statistics for each study Odds ratio and 95%Cl
Odds Lower Upper
ratio limit limit Z-Value p-Value
Wainstock etal. 1,280 0623 2631 0671 0,502
Hui et al. 0970 0831 1,132 -0,387 0,699
Rottenstreich et al. 0,711 0,503 1,006 -1,929 0,054
Dick et al. 1,095 0813 1474 0598 0,550
Theiler et al. 1418 0600 3,350 0,796 0,426
0,969 0821 1,142 -0,377 0,706
0,01 0,1 1 10 100
Favours A Favours B
K
Study name Statistics for each study QOdds ratio and 95%Cl
Odds Lower Upper
ratio limit limit Z-Value p-Value
Wainstock etal. 0960 0626 1471 -0,187 0,851
Rottenstreich et al. 5510 2920 10,399 5266 0,000
2262 0408 12,535 0935 0,350
0,01 0,1 1 10 100
Favours A Favours B
L
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratic limit limit 2Z-Value p-Value
Goldstein et al. 0,950 0,825 1,094 -0,714 0475
Kugelman et al. 0,827 0,385 1,776 -0,487 0,626
Peretz-Machlufetal. 0,786 0541 1,142 -1263 0,206
Jarraya et al. 0,123 0,035 0435 -3254 0,001 —.
Hui et al. 0,560 0481 0652 -7497 0,000 [ |
Dick et al. 0,889 0,708 1,117 -1,010 0,312
Halasa et al. 0,674 0,461 0,986 -2,034 0,042
Lipkind et al. 0,970 0858 1,097 -0485 0628
Morgan etal. 0,630 0482 0,823 -3,382 0,001 [ |
0,743 0607 0911 -2865 0,004 ¢
0,01 0,1 1 10 100
Favours A Favours B

Fig. 3. (continued).
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M
Study name Statistics for each study Odds ratio and 95%CI
Odds Lower Upper
ratio  limit limit Z-Value p-Value
Kugelman et al. 1,009 08632 1611 0,038 0,970
Wainstock et al. 0,790 0522 1,195 -1,116 0,264
Rottenstrichetal. 0,504 0311 0,818 2,774 0,006 -.-
0,743 0508 1,086 -1533 0,125
0,01 01 1 10 100
Favours A Favours B
N

Study name

Statistics for each study

Odds ratio and 95% CI

Odds Lower Upper

ratio  limit limit
Kugelman et al. 1,012 0,819 1,251
Peretz-Machluvetal. 0,780 0,569 1,069
Wainstock et al. 1,190 0,987 1,435
Jarraya et al. 0,172 0,071 0417
Hui et al. 1,180 1,057 1,317
Rottenstreich et al. 1,523 1,151 2,015
Dick et al. 0968 0,836 1,120
Theiler et al. 1,104 0,762 1599

1,031 0,869 1,223

Z-Value p-Value

0,110 0912

-1,546 0,122

1,820 0,069

-3,897 0,000 -T-—

2,958 0,003

2,945 0,003 H

-0,436 0,663

0,523 0,601

0,348 0,728

0,01 0.1 1 10 100
Favours A Favours B

Fig. 3. (continued).

0.508-1.086, p = 0.125), and caesarean delivery (OR 1.031, 95 % CI
0.869-1.223, p = 0.728). Fig. 3A-N presents the forest plots for
these outcomes. This comprehensive analysis highlights the ben-
efits and risks associated with mRNA COVID-19 vaccination during
pregnancy, providing valuable insights for healthcare providers
and policymakers.

Meta analysis for the neonatal outcomes

The meta-analysis indicates that maternal mRNA COVID-19
vaccination significantly reduces the risk of congenital abnor-
malities (OR 0.712, 95 % CI 0.570-0.889, p = 0.003), NICU hospi-
talization (OR 0.718, 95 % CI 0.617-0.836, p = 0.000), and preterm
delivery (OR 0.743, 95 % CI 0.607-0.911, p = 0.004). Marginal but
non-significant reductions were observed for third-trimester
small for gestational age (SGA) (OR 0.922, 95 % CI 0.846-1.006,
p = 0.068). No significant associations were found for other
adverse neonatal outcomes, including 5-min Apgar score (OR
0.805, 95 % CI 0.629-1.030, p = 0.085), newborn respiratory com-
plications (OR 0.717, 95 % CI 0.460-1.118, p = 0.142), all-cause
neonatal complications (OR 0.718, 95 % CI 0.617-1.100,
p = 0.277), and overall SGA (OR 0.979, 95 % CI 0.917-1.044,
p = 0.510). Fig. 4A-] presents the forest plots for these outcomes.

General discussions

The systematic review and meta-analysis aimed to investigate
the impact of prenatal mRNA COVID-19 vaccine exposure on ob-
stetric and neonatal outcomes. The analysis encompassed a
comprehensive evaluation of various outcomes across 15 studies
(Table 1, Fig. 1). The findings from our analysis (Figs. 3A-4]) have
suggested that receiving the mRNA COVID-19 vaccine during
pregnancy does not seem to increase the likelihood of experi-
encing adverse outcomes for both the mother and the newborn
except for potential association with gestational diabetes (Fig. 3G).
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However, potential added benefit in the form of reductions in
certain adverse maternal and neonatal outcomes were observed
which outweighs the risk.

From the analysis, a potential protective effect of prenatal
mRNA COVID-19 vaccine exposure against fetal distress with 30 %
reduction (Fig. 3C), fetal congenital abnormalities with 28 %
reduction (Fig. 4D), NICU hospitalizations with 28 % reduction
(Fig. 4H) and preterm birth with 25 % reduction (Fig. 4I) was
observed, which was evidenced by the significant reduction of
odds in the meta-analysis (Figs. 3C, 4D and 4H, 4I). In addition, it
was also demonstrated that other neonatal adverse outcomes such
as intrauterine fetal death, and intrauterine fetal growth restric-
tion were not significantly associated with prenatal mRNA COVID-
19 vaccine. An increased risk of gestational diabetes was found to
be associated with mRNA COVID-19 vaccine in pregnancy. Other
adverse maternal and neonatal outcomes such as placental
abruption, gestational hypertension, maternal post-partum fever,
maternal post-partum hemorrhage, non-vertex presentation,
vacuum delivery, caesarean delivery, 5-min APGA, low birth
weight, newborn respiratory complications, all-cause neonatal
complications and full-term small for gestational age (SGA) were
not found to be associated with exposure to prenatal mRNA COVID-
19 vaccine. These observations did not significantly change in a
sensitivity analysis using fixed effect model for outcomes with tau
square statistics less than 25 % (supplementary 3, not included in
the main text).

The decline in preterm births may stem from preventing
complications that are linked to infection with COVID-19, such as
severe maternal respiratory issues or pre-eclampsia/eclampsia.
This decrease could also be attributed to systemic inflammation
avoidance which is associated with infection by COVID-19 or
different general immune response [16]. During pregnancy,
maternal SARS-CoV-2 infection has been linked to immune acti-
vation in the maternal and fetal compartments that can lead to
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A
Study name Statistics for each study Odds ratio and 95%CI
Odds Lower Upper
ratio  limit limit Z-Value p-Value
Dick et al. 0,730 0519 1,027 -1,805 0,071
Lipkindetal. 1,000 0,857 1,166 0,000 1,000
0,888 0658 1,197 0,779 0,436
0,01 0,1 1 10 100
Favours A Favours B
B
Study name Statistics for each study Odds ratio and 95%CI
Odds Lower Upper
ratio  limit limit Z-Value p-Value
Dick et al. 0,850 0640 1129 1,121 0,262
Lipkindetal. 0930 0849 1019 -1560 0,119
0922 0846 1006 -1,828 0,068
0,01 0,1 1 10 100
Favours A Favours B
C Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio  limit limit Z-Value p-Value
Kugelman et al. 0,555 0,220 1,399 1,249 0212 —1
Peretz-Machluvetal. 1421 0,181 11,142 0,334 0,738 —
Wainstock et al. 0,330 0,079 1380 -1518 0,129 B
Hui et al. 0690 0511 0932 -2421 0,015
Rottenstreich et al. 1,166 0,654 2079 0521 0,603
Dick et al. 0,957 0,645 1419 -0219 0,827
0,805 0,629 1030 -1722 0,085
0,01 0.1 1 10 100
Favours A Favours B
D
Study name Statistics for each study Odds ratio and 95%CI
Odds Lower Upper
ratio limit limit Z-Value p-Value
Goldshteinetal. 0690 0,449 1,061 -1,691 0,091
Hui et al 0,720 0556 0933 -2486 0,013
0,712 0570 0,889 -3,002 0,003 0
0,01 0,1 1 10 100
Favours A Favours B

Fig. 4. A. Pooled association of maternal mRNA Covid-19 vaccine exposure and 2nd trimester SGA, B. Pooled association of maternal mRNA Covid-19 vaccine exposure and 3rd
Trimester SGA. C. Pooled association of maternal mRNA Covid-19 vaccine exposure and 5-min APGA, D. Pooled association of maternal mRNA Covid-19 vaccine exposure and
congenital abnormalities. E. Pooled association of maternal mRNA Covid-19 vaccine exposure and low birthweight, F. Pooled association of maternal mRNA Covid-19 vaccine
exposure and newborn respiratory complications. G. Pooled association of maternal mRNA Covid-19 vaccine exposure and all-cause neonatal complications, H. Pooled association
of maternal mRNA Covid-19 vaccine exposure and neonatal intensive care unit admission (NICU). I. Pooled association of maternal mRNA Covid-19 vaccine exposure and preterm
delivery, ]. Pooled association of maternal mRNA Covid-19 vaccine exposure and Small for gestational age (SGA).
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Study name

Goldshtein et al.
Kugelman et al.

Statistics for each study Odds ratio and 95%CI

Odds Lower Upper

ratio limit limit 2Z-Value p-Value
0890 0,782 1,013 -1,768 0,077
1,038 0674 1,509 0,169 0,866

Jarraya et al. 0286 0,062 1,317 -1607 0,108
Theiler et al. 1248 0656 2374 0,675 0,499
0925 0,756 1,131 -0,761 0,447
0,01 0,1 1 10 100
Favours A Favours B
F
Study name Statistics for each study QOdds ratio and 95% CI

Peretz Machluvetal. 0,740 0,379 1446 0,881 0,378

Wainstock et al. 0,880 0,436 1775 0357 0,721
Rottenstreich etal. 0,395 0,130 1197 -1642 0,101
0,717 0,460 1,118 -1468 0,142

0,01 0,1 1 10 1

Odds Lower Upper
ratio  limit limit Z-Value p-Value

00
Favours A Favours B
G
Study name Statistics for each study Odds ratio and 95%ClI
Odds Lower Upper
ratio limit limit Z-Value p-Value
Goldshteinetal. 0990 0878 1,117 0,163 0,870
Hui et al. 0,795 0,703 0,900 -3,640 0,000
0,888 0,716 1,100 -1,088 0277
0,01 01 1 10 100
Favours A Favours B
H
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio  limit limit Z-Value p-Value
Kugelman et al. 0,693 0,465 1,033 -1,801 0,072
Peretz-Machluv etal. 1,060 0,538 2,090 0,168 0,866
Hui et al. 0,700 0,534 0917 -2586 0,010
Rottenstreich et al. 0,898 0,561 1438 -0448 0,654
Morgan et al. 0,660 0,516 0844 3315 0,001
Theiler et al. 1,230 0,158 9,587 0,198 0,843
0,718 0,617 0836 -4275 0,000 4
001 01 1 10 100
Favours A Favours B
Fig. 4. (continued).
adverse fetal outcomes. Vaccination aims to decrease this immune comparable immune response in pregnant women was found with
activation and thus reduce adverse perinatal outcome [25-27]. the two doses of mRNA COVID-19 vaccine which is associated with

COVID-19 vaccines are found to be linked to a decreased chance of transmissions of antibodies to the newborn [28,29]. By activating
maternal COVID-19 infection/severity from infection. Induction of the innate immune response, antibodies play a role in protecting

967



F. Adusei-Mensah, O. Olubamwo, S. Olaleye et al.

Taiwanese Journal of Obstetrics & Gynecology 64 (2025) 957-970

Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit Z-Value p-Value
Goldstein et al. 0,950 0825 1,094 -0,714 0475
Kugelman et al. 0,827 0385 1,776 -0487 0,626
Peretz-Machlufetal. 0,786 0541 1,142 1263 0,206
Jarraya et al. 0,123 0,035 0435 -3254 0,001 —
Hui et al. 0,560 0,481 0652 -7,497 0,000 [ |
Dick et al. 0889 0708 1,117 -1010 0312
Halasa et al. 0,674 0461 0986 -2034 0,042
Lipkind et al. 0,970 0858 1,097 -0485 0,628
Morgan etal. 0630 0432 0,823 -3382 0,001 ]
0,743 0607 0911 -2865 0,004 ¢
0,01 0.1 1 10 100
J Favours A Favours B
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio  limit limit Z-Value p-Value
Goldshtein et al. 0970 0871 1,081 -0552 0,581
Peretz-Machluvetal. 1,010 0659 1548 0046 0964
Wainstock et al. 0,790 0,478 1,305 -0920 0,357
Rottenstreich et al. 1,271 0,931 1,735 1,511 0,131
Dick et al. 0,868 0699 1077 -1284 0199
Lipkind et al. 0980 0,890 1,080 -0409 0,682
Morgan et al 1,150 0,789 1677 0726 0,468
0,979 0917 1,044 -065 0510
0,01 0.1 1 10 100
Favours A Favours B

Fig. 4. (continued).

the mother and the fetus against COVID-19 infection through the
Fc-domain [30]. Previous review studies showed the association
between any type of COVID-19 vaccination exposure including
mRNA COVID-19 vaccine in pregnancy and peripartum outcomes
but they did not find any significant protective effect on preterm
birth [31].

Based on our analysis, we have robust evidence to support the
safety of prenatal mRNA COVID-19 vaccine and advocate for its
advantages in reducing the occurrence of preterm birth and fetal
distress. It was found that individuals who received the mRNA
vaccine showed a significantly reduced likelihood of having
meconium-stained amniotic fluid, indicating a protective influ-
ence of the vaccine against this event. As an indicator of fetal
distress, meconium-stained amniotic fluid is recognized [14,32].

An increased risk of gestational diabetes is found with the
mRNA COVID-19 vaccine exposure. Our investigation of previous
studies did not reveal a direct link between the mRNA COVID-19
vaccine and gestational diabetes. However, we observed mRNA
vaccine-associated hyperglycemia, with several suggested mech-
anisms to explain the phenomena in some studies. The natural
immune response of the body to viral infections can facilitate beta
cell destruction in the pancreas which is linked to abnormal
glucose metabolism [33,34]. MDA5(melanoma differentiation-
associated protein 5), a protein to recognize pathogens, plays a
significant role in controlling the initial immune response of the
body to SARS-CoV-2 infection [35]. It is suggested that MDA5 de-
tects RNA from mRNA COVID-19 vaccine which can stimulate type
1 interferon production that can hamper the insulin production,
conversion of proinsulin, and the function of mitochondria taking
place in beta cells of the pancreas [36]. This can cause dysregula-
tion of effective blood sugar levels in the body and lead to hyper-
glycemia, but further studies are warranted to get specific
molecular mechanisms.
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Neonatal intensive care admission could stem from multiple
sources of congenital abnormalities, neonatal infection, stressful
labor, etc. The observed decrease in neonatal abnormalities in due
to maternal vaccination partly justifies the subsequent reduction
in the observed neonatal intensive care admissions among the
vaccinated mothers. This observation is in sync with other studies
[37].

Our study provided a comprehensive overview of COVID-19
acceptance and hesitancy among pregnant women throughout
the world. Some studies reported a positive trend with high
acceptance and low hesitancy rates, while some others revealed
mixed results with similar acceptance and hesitancy rates. On the
other hand, several studies from different areas of the world
including Asia, Europe, and North America pointed out low
acceptance and high hesitancy rates. This highlights the signifi-
cance of targeted educational efforts and information access so
that vaccine hesitancy can be addressed, and vaccination uptake
can be promoted in this demographic.

The uptake of vaccine among pregnant women is on the rise but
still low, with only a minor portion being fully vaccinated when it
is time to deliver. Pregnant mothers usually hesitate to try some-
thing unfamiliar or new during pregnancy because of their con-
cerns about the potential harm to their offspring. It is crucial to
address the low vaccination rates among pregnant individuals to
safeguard the health of both mother and offspring [38,39].

Strength: Our updated search strategy reviewed over 3900
records, including all high-quality studies assessed by the ]BI
critical appraisal tool. We used meta-analysis techniques to pro-
vide precise estimates of mRNA COVID-19 exposure's impact on
pregnancy and neonatal outcomes, aiding decision-making for
pregnant individuals and healthcare professionals.

Limitations: The studies were limited to a few countries,
affecting geographical generalizability. Excluding some high-
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quality studies without comparison groups may have missed
important insights. Further studies are recommended to validate
the results.

Clinical and Policy Implications: The findings offer robust
evidence for healthcare providers to support the safety and ben-
efits of mRNA COVID-19 vaccines during pregnancy, aiding in
counseling and addressing vaccine safety concerns. Public health
agencies can use this evidence to develop policies promoting
maternal vaccination and addressing vaccine hesitancy.

Conclusion: This systematic review and meta-analysis provide
robust evidence that mRNA COVID-19 vaccines are safe during
pregnancy, reducing preterm delivery, fetal distress, congenital
abnormalities, and NICU admission. However, the association with
gestational diabetes requires vigilant post-vaccine surveillance
and further research. The findings inform public health policy,
guide clinical practices, and shape future vaccine development
strategies.
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