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ABSTRACT
Objective To assess the effects of COVID- 19 vaccines 
in women before or during pregnancy on SARS- CoV- 2 
infection- related, pregnancy, offspring and reactogenicity 
outcomes.
Design Systematic review and meta- analysis.
Data sources Major databases between December 2019 
and January 2023.
Study selection Nine pairs of reviewers contributed 
to study selection. We included test- negative designs, 
comparative cohorts and randomised trials on effects of 
COVID- 19 vaccines on infection- related and pregnancy 
outcomes. Non- comparative cohort studies reporting 
reactogenicity outcomes were also included.
Quality assessment, data extraction and analysis Two 
reviewers independently assessed study quality and 
extracted data. We undertook random- effects meta- 
analysis and reported findings as HRs, risk ratios (RRs), 
ORs or rates with 95% CIs.
Results Sixty- seven studies (1 813 947 women) were 
included. Overall, in test- negative design studies, pregnant 
women fully vaccinated with any COVID- 19 vaccine 
had 61% reduced odds of SARS- CoV- 2 infection during 
pregnancy (OR 0.39, 95% CI 0.21 to 0.75; 4 studies, 
23 927 women; I2=87.2%) and 94% reduced odds of 
hospital admission (OR 0.06, 95% CI 0.01 to 0.71; 2 
studies, 868 women; I2=92%). In adjusted cohort studies, 
the risk of hypertensive disorders in pregnancy was 
reduced by 12% (RR 0.88, 95% CI 0.82 to 0.92; 2 studies; 
115 085 women), while caesarean section was reduced 
by 9% (OR 0.91, 95% CI 0.85 to 0.98; 6 studies; 30 192 
women). We observed an 8% reduction in the risk of 

neonatal intensive care unit admission (RR 0.92, 95% CI 
0.87 to 0.97; 2 studies; 54 569 women) in babies born 
to vaccinated versus not vaccinated women. In general, 
vaccination during pregnancy was not associated with 
increased risk of adverse pregnancy or perinatal outcomes. 
Pain at the injection site was the most common side effect 
reported (77%, 95% CI 52% to 94%; 11 studies; 27 195 
women).
Conclusion COVID- 19 vaccines are effective in preventing 
SARS- CoV- 2 infection and related complications in 
pregnant women.
PROSPERO registration number CRD42020178076.

INTRODUCTION
Pregnant and recently pregnant women with 
SARS- CoV- 2 infection are more likely to have 
severe COVID- 19 disease and related mortality 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Pregnant women with COVID- 19 are at high risk of se-

vere disease and death.
 ⇒ Pregnant women were not included in vaccine trials, re-

sulting in a lack of data on efficacy and safety leading to 
vaccine hesitancy.

 ⇒ Existing reviews of observational studies do not account 
for confounding effects when combining studies, result-
ing in biased estimates and decreased confidence in 
findings.
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and morbidity than non- pregnant women of reproductive 
age.1 Globally, vaccination has been the most important 
intervention in preventing COVID- 19- related mortality 
and morbidity in the general population.2 However, most 
phase III trials of COVID- 19 vaccines excluded pregnant 
women, resulting in a lack of trial data on the safety and 
efficacy of these vaccines during pregnancy.3 Additionally, 
concerns about maternal and offspring outcomes have 
contributed to pregnant women’s reluctance to receive 
COVID- 19 vaccination, despite current recommenda-
tions that pregnant women should receive the vaccine.4 5

Early observational studies on vaccine effectiveness 
focused on reporting the effects of any COVID- 19 vaccine 
in pregnancy on maternal SARS- CoV- 2 infection.6–8 
Subsequent reviews reporting pregnancy outcomes 
varied in their inclusion of studies, overlapped their 
search periods by only a few months and were rapidly 
outdated, limiting their relevance.9–12 Some reviews only 
included studies from specific regions or countries and 
did not provide a global outlook.13 Existing reviews on 
the effects of vaccines on pregnant women only included 
aggregate data and did not adjust for confounding vari-
ables, which implied they were not controlled for some 
sources of bias such as the differences in healthcare- 
seeking behaviour.9 13

We undertook a systematic review to comprehensively 
assess the effects of any COVID- 19 vaccines adminis-
tered to pregnant women before or during pregnancy 
on infection- related, pregnancy- related maternal and 
offspring and reactogenicity outcomes.

METHODS
Our prospectively registered protocol (PROSPERO 
CRD42020178076) on effects of SARS- CoV- 2 in preg-
nancy was extended to evaluate the effects of COVID- 19 
vaccines on infection- related and pregnancy- related 

maternal and offspring outcomes.14 We report our review 
using the Preferred Reporting Items for Systematic 
Reviews and Meta- Analyses guidance (see online supple-
mental appendix 1).

Literature search
We searched major databases, preprint servers and 
websites that serve as repositories for COVID- 19 studies, 
including Medline, Embase, Cochrane database, WHO 
COVID- 19 database, Living Overview of the Evidence 
platform, China National Knowledge Infrastructure and 
Wanfang databases for relevant studies on COVID- 19 
in pregnant women (1 December 2019 to 30 January 
2023). We coordinated our search efforts with the WHO 
Library, and the Cochrane Gynaecology and Fertility 
group. We contacted established groups coordinating or 
conducting surveillance and studies in pregnant women 
receiving COVID- 19 vaccination, such as the US Centers 
for Disease Control and Prevention and the European 
Centre for Disease Prevention and Control, for infor-
mation on published and upcoming data. Additional 
searches of preprint servers, blogs, websites that serve 
as repositories, social media, guidelines and reference 
lists of included studies were conducted.15 No language 
restrictions were applied. Online supplemental appendix 
2 provides details of the search strategies and databases.

Study selection
Nine pairs of independent reviewers selected studies 
using a two- stage process. The reviewers first screened 
the titles and abstracts of studies and then assessed the 
full text of the selected studies in detail for eligibility. 
Disagreements between reviewers were resolved through 
discussion with a third reviewer (ST, JA or SF- G). We 
included test- negative design studies, and comparative 
cohorts reporting adjusted and unadjusted effects of any 
COVID- 19 vaccine received by women before or during 
pregnancy on infection- related, pregnancy- related 
maternal and offspring outcomes, and the rates of reac-
togenicity outcomes. In test- negative design studies, the 
source population was pregnant women with COVID- 19- 
like illness, and outcomes of interest were maternal SARS- 
CoV- 2 infection, severe disease and maternal hospital 
admission outcomes. In neonates with COVID- 19- like 
illness, our outcome was neonatal SARS- CoV- 2 infection. 
SARS- CoV- 2 infection was diagnosed by laboratory testing. 
Those who tested positive were considered as cases, and 
those who tested negative were controls, and their vacci-
nation status assessed. For infection- related outcomes, we 
only included studies where women received a complete 
schedule of the COVID- 19 vaccine during pregnancy; 
for pregnancy- related maternal and offspring outcomes, 
women were included if they received at least one dose 
during pregnancy, except for miscarriage outcome where 
women vaccinated before pregnancy were included. We 
additionally included non- comparative cohort and case- 
control studies with a minimum of 10 participants if 
they reported on reactogenicity outcomes of COVID- 19 

WHAT THIS STUDY ADDS
 ⇒ Analysis of adjusted data by confounding variables implies the 
control of sources of bias, such as the differences in healthcare- 
seeking behaviour.

 ⇒ Fully vaccinated pregnant women are at reduced risk of having 
SARS- CoV- 2 infection and being admitted to the hospital compared 
with unvaccinated pregnant women.

 ⇒ Unvaccinated pregnant women are more likely to experience hy-
pertensive disorders and caesarean sections, and their neonates 
are more likely to be admitted to a neonatal unit.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR 
POLICY

 ⇒ Pregnant women should be counselled and reassured about the 
safety and benefits of COVID- 19 vaccination during pregnancy, both 
for their own health and that of their babies.

 ⇒ As the pace of the pandemic continues to evolve, the effectiveness 
of COVID- 19 vaccines against new variants and the duration of pro-
tection they provide should be monitored.
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vaccines in women vaccinated during pregnancy. We 
excluded case reports and case series, and studies where 
women were vaccinated after pregnancy.

Study quality assessment and data extraction
Two independent reviewers (SF- G, LdC- A) assessed 
the quality of the comparative cohort studies and test- 
negative design case- control studies in our primary anal-
ysis using the ‘Risk of Bias in Non- Randomised Studies of 
Interventions’ (ROBINS- I) tool.16 We used a prepiloted 
form to extract information on study design, recruitment 
period, predominant circulating SARS- CoV- 2 variant at 
the time of study, setting (hospital, country), World Bank 
region, details of key adjustment variables (age, body 
mass index (BMI), gestational age, education, diabetes, 
chronic hypertension), the vaccine platform and vaccine 
product administered, the number of doses and time of 
vaccination (before or during pregnancy and trimester). 
The number of doses was assumed to be ‘at least one 
dose’ when the number received was unclear or when 
women included had received different doses. We consid-
ered the group to be ‘partially vaccinated’ when women 
received only one dose of two- dose vaccines and ‘fully 
vaccinated’ when they received one dose of single- dose 
vaccines or two doses of vaccines requiring two doses for 
immunogenicity. When women received three doses, we 
considered the group as ‘booster dose’.

We extracted data on the adjusted estimate of the 
effect of COVID- 19 vaccines, the number of vaccinated 
and non- vaccinated pregnant women and the number 
of events for infection- related maternal outcomes such 
as diagnosis of maternal SARS- CoV- 2 infection before 
delivery, maternal hospital admission, maternal death 
and maternal severe COVID- 19 disease defined as admis-
sion to the intensive care unit (ICU), hospitalisation due 
to severe disease or as defined by study authors; infection- 
related offspring outcomes like offspring SARS- CoV- 2 
infection up to 6 months after delivery; pregnancy- related 
maternal outcomes included miscarriage, preterm birth 
<37 weeks, caesarean section, postpartum haemorrhage, 
gestational diabetes and hypertensive disorders and 
offspring outcomes included stillbirth, neonatal death, 
neonatal intensive care unit (NICU) admission, low 5 min 
Apgar score (<7) and small- for- gestational- age baby. We 
extracted data on the number of vaccinated pregnant 
women who reported reactogenicity outcomes such as 
headache, fever, myalgia, fatigue and pain at injection 
site from comparative and non- comparative cohorts and 
case- control studies. We did not consider the booster 
doses for reactogenicity outcomes.

Statistical analysis
Our primary analysis was based on test- negative design 
and comparative cohort studies with adjusted analyses 
reporting the effects of COVID- 19 vaccines on infection- 
related, and pregnancy- related maternal and offspring 
outcomes. We pooled the adjusted estimates using 

random effects meta- analysis and summarised the find-
ings as HRs, risk ratios (RRs) or ORs with 95% CIs.

For the secondary analysis, we pooled data from all 
included comparative cohort studies with unadjusted 
estimates and summarised the findings of infection- 
related and pregnancy- related maternal and offspring 
outcomes as ORs with 95% CIs. We calculated the rates of 
reactogenicity outcomes from non- comparative studies 
as proportions with 95% CIs using DerSimonian and 
Laird random- effects meta- analysis, after transforming 
data using Freeman- Tukey double- arcsine transforma-
tion. Heterogeneity was reported using I2. All statistical 
analyses were performed using Stata (V.18).

Patient and public involvement
This study is supported by Katie’s team, a dedicated 
patient and public involvement group in women’s health. 
The team was involved in the interpretation and reporting 
of this systematic review through participation in virtual 
meetings. Findings will be made available on our website 
in a format more suitable for patients and members 
of the public (www.birmingham.ac.uk/research/who- 
collaborating-centre/pregcov/index.aspx).

RESULTS
We included 67 studies (1 813 947 women) from 1 326 315 
identified articles (figure 1). Twenty- four were included 
in the primary analysis, with eight performing adjusted 
analysis (185 955 women) for SARS- CoV- 2 infection- 
related outcomes.6–8 17–21 Six of them reported maternal 
SARS- CoV- 2 infection, three reported maternal hospital 
admission and two reported severe COVID- 19 disease 
and neonatal SARS- CoV- 2 infection. Sixteen performed 
adjusted analysis for pregnancy- related maternal and 
offspring outcomes (544 314 women).22–37 We included 
16 studies (425 867 women) reporting SARS- CoV- 2 
infection- related outcomes6 7 17 19 21 31 33 36 38–45 and 
35 (1 362 172 women) reporting pregnancy- related 
maternal and offspring outcomes in the secondary anal-
ysis.17 18 21–24 29–34 36 38 39 41–60 Twenty- three studies reported 
reactogenicity outcomes (94 206 women) following vacci-
nation.38 39 46 61–80

Characteristics of the included studies
A third of the included studies were from the Middle East 
and North Africa (22/67; 193 889 women), followed by 
North America (28%, 19/67; 397 756 women), Europe 
and Central Asia (22.5%, 15/67; 1 150 470 women), East 
Asia and Pacific (10.5%, 7/67; 42 204 women) and Latin 
America and Caribbean (3%, 2/67; 22 122 women), 
South Asia (1.5%, 1/67; 247 women) and one was a 
multicountry study (1.5%, 1/67; 4618 women). Fifty- nine 
studies were from high- income countries (59/67; 1 782 
548 women), six from upper- middle- income countries 
(6/67; 26 534 women), one from lower- middle- income 
countries (1/67; 247 women) and one from a mix of 
high- income, upper- middle- income and lower- middle- 
income countries (1/67; 4618). Overall, 45 studies 

www.birmingham.ac.uk/research/who-collaborating-centre/pregcov/index.aspx
www.birmingham.ac.uk/research/who-collaborating-centre/pregcov/index.aspx
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included women vaccinated with mRNA vaccine only 
(281 030 women), four studies included inactivated 
virus (3088 women), one study viral vector vaccine (247 
women), 14 studies mRNA and/or viral vector vaccines 
(436 453 women), one mRNA, viral vector and inac-
tivated virus vaccines (2886 women) and two did not 
report the type of vaccine (284 women). Most of the 
studies included in the primary analysis were adjusted by 
maternal age (88%, 21/24), followed by diabetes (42%, 
10/24), hypertension (33%, 8/24), BMI (33%, 8/24), 
gestational age (17%, 4/24) and education (4%, 1/24). 
Three of the eight studies performing adjusted analysis 
for SARS- CoV- 2 infection- related outcomes were from 
the Delta and Omicron periods (134 779 women), one 
study was from the Delta period (464 women), one from 

the Omicron period (4618 women), one from the Alpha 
and Beta periods (4534 women), one from the Alpha 
period and other variants (21 722 women) and one from 
the Delta period and other variants (19 838 women). 
Online supplemental appendix 3 describes the charac-
teristics of all included studies.

Quality of studies included in primary analysis
Figure 2 provides the risk of bias for the included test- 
negative design and adjusted cohort studies included in 
the main analysis. For the maternal SARS- CoV- 2 infection 
outcome, 17% of studies (1/6) were considered to be low 
risk, 66% (4/6) moderate risk and 17% (1/6) as serious 
risk. Of the two studies reporting severe COVID- 19 
disease, one was considered to be moderate risk and the 

Figure 1 Study selection process in the systematic review. Created and owned by the authors. *Twitter, national reports, 
blog Thornton J, ObG Project, COVID- 19 and Pregnancy Cases (https://www.obgproject.com/2020/04/07/covid-19-
research-watch-with-dr-jim-thornton/); EPPI- Centre, COVID- 19: a living systematic map of evidence (http://eppi.ioe.
ac.uk/cms/Projects/DepartmentofHealthandSocialCare/Publishedreviews/COVID19Livingsystematicmapoftheevidence/
tabid/3765/Default.aspx); Norwegian Institute of Public Health (NIPH), NIPH systematic and living map on COVID- 19 
evidence (https://www.nornesk.no/forskningskart/NIPH_mainMap.html); John Hopkins University Center for 
Humanitarian Health; COVID- 19, Maternal and Child Health, Nutrition (http://hopkinshumanitarianhealth.org/empower/
advocacy/covid-19/covid-19-children-and-nutrition/); ResearchGate, COVID- 19 research community (https://www.
researchgate.net/community/COVID-19); Living Overview of the Evidence, COVID- 19 (https://app.iloveevidence.com/
loves/5e6fdb9669c00e4ac072701d?population=5d062d5fc80dd41e58ba8459).

https://dx.doi.org/10.1136/bmjgh-2023-014247
https://www.obgproject.com/2020/04/07/covid-19-research-watch-with-dr-jim-thornton/
https://www.obgproject.com/2020/04/07/covid-19-research-watch-with-dr-jim-thornton/
http://eppi.ioe.ac.uk/cms/Projects/DepartmentofHealthandSocialCare/Publishedreviews/COVID19Livingsystematicmapoftheevidence/tabid/3765/Default.aspx
http://eppi.ioe.ac.uk/cms/Projects/DepartmentofHealthandSocialCare/Publishedreviews/COVID19Livingsystematicmapoftheevidence/tabid/3765/Default.aspx
http://eppi.ioe.ac.uk/cms/Projects/DepartmentofHealthandSocialCare/Publishedreviews/COVID19Livingsystematicmapoftheevidence/tabid/3765/Default.aspx
https://www.nornesk.no/forskningskart/NIPH_mainMap.html
http://hopkinshumanitarianhealth.org/empower/advocacy/covid-19/covid-19-children-and-nutrition/
http://hopkinshumanitarianhealth.org/empower/advocacy/covid-19/covid-19-children-and-nutrition/
https://www.researchgate.net/community/COVID-19
https://www.researchgate.net/community/COVID-19
https://app.iloveevidence.com/loves/5e6fdb9669c00e4ac072701d?population=5d062d5fc80dd41e58ba8459
https://app.iloveevidence.com/loves/5e6fdb9669c00e4ac072701d?population=5d062d5fc80dd41e58ba8459
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other serious. For maternal hospital admission outcome, 
two studies were classified as having moderate risk and 
one as low risk. Of the two studies reporting neonatal 
SARS- CoV- 2 infection, one study was considered to have 
critical risk of bias rating, as prematurity, a postinterven-
tion variable was used as an adjustment factor.18 More 
than half of the studies reporting pregnancy- related 
maternal and offspring outcomes were considered to 
be serious risk (9/16), 19% (3/16) low risk and 12% 
(2/16) as moderate or critical risk. Online supplemental 
appendix 4 describes the consensus judgements used to 
assign the risk of bias in each domain.

Effects of COVID-19 vaccines on SARS-CoV-2 infection-
related outcomes
In our primary analysis of test- negative design studies, 
women who were fully vaccinated had a 61% reduction 
in the odds of SARS- CoV- 2 infection during pregnancy 
(OR 0.39, 95% CI 0.21 to 0.75; 4 studies, 23 927 women; 
I2=87.2%) and a 94% reduction in the odds of hospital 
admission (OR 0.06, 95% CI 0.01 to 0.71; 2 studies, 868 
women; I2=92%) (figure 3). The effect of the vaccines on 
infection- related outcomes of the adjusted comparative 
cohort studies is imprecise and heterogeneous. Although 
it consistently shows a reduction in the hazard of 

Figure 2 Quality assessment for risk of bias in studies of primary analysis using Risk of Bias in Non- Randomised Studies of 
Interventions tool. Created and owned by the authors.

https://dx.doi.org/10.1136/bmjgh-2023-014247
https://dx.doi.org/10.1136/bmjgh-2023-014247
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infection- related outcomes, this reduction does not reach 
statistical significance (figure 3). We did not find any test- 
negative design study or adjusted comparative cohort 
study reporting on maternal death. Table 1 provides the 
summary estimates of the effects of COVID- 19 vaccines 
reported in test- negative design studies (adjusted), 
comparative cohort (adjusted) and unadjusted cohort 
studies. Online supplemental appendix 5 provides details 
of individual unadjusted cohort studies.

Effects of COVID-19 vaccines on pregnancy-related maternal 
and offspring outcomes
Meta- analysis of adjusted comparative cohort studies 
showed a 12% reduction in the risk of hypertensive 
disorders in pregnancy (RR 0.88, 95% CI 0.82 to 0.92; 2 
studies; 115 085 women) in women vaccinated versus not 
vaccinated in pregnancy. The odds of caesarean section 
(OR 0.91, 95% CI 0.85 to 0.98; 6 studies; 30 192 women) 
was reduced in the pooled analysis of adjusted compar-
ative cohorts. We did not find any association between 
COVID- 19 vaccination and other maternal outcomes, 
except for gestational diabetes (table 1). We observed an 
8% reduction in the risk of newborn’s admission to the 
NICU (RR 0.92, 95% CI 0.87 to 0.97; 2 studies; 54 569 
women) in babies born to vaccinated versus not vaccinated 
women. There were no significant differences observed 
in other offspring outcomes (table 1). The summary find-
ings of data from adjusted and unadjusted cohort studies 

for pregnancy- related maternal and offspring outcomes 
are provided in online supplemental appendices 6 and 
7. The summary findings from the adjusted individual 
studies are provided in online supplemental appendices 
8 and 9.

Vaccination in pregnancy and reactogenicity outcomes
The most common side effects reported by pregnant 
women vaccinated with any number of doses of COVID- 19 
vaccine were mild pain at the injection site (77%, 95% 
CI 52% to 94%; 11 studies; 27 195 women), followed by 
fatigue (29%, 95% CI 15% to 46%; 14 studies; 72 671 
women) (table 2). Other side effects, such as headache 
and myalgia, were reported by 12% of vaccinated preg-
nant women each, while fever was reported by 5% (95% 
CI 2% to 8%; 19 studies; 82 972 women) of vaccinated 
pregnant women (table 2).

DISCUSSION
COVID- 19 vaccination in pregnant women reduces the 
risks of maternal SARS- CoV- 2 infection and admission to 
the hospital during pregnancy. Vaccination in pregnancy 
appears to reduce risks of maternal hypertensive disor-
ders during pregnancy, caesarean section and neonatal 
admission to ICU. Pain at injection site was the most 
common side effect of COVID- 19 vaccination.

Figure 3 Vaccine effectiveness for SARS- CoV- 2 infection- related outcomes. BMI, body mass index. Created and owned by 
the authors.

https://dx.doi.org/10.1136/bmjgh-2023-014247
https://dx.doi.org/10.1136/bmjgh-2023-014247
https://dx.doi.org/10.1136/bmjgh-2023-014247
https://dx.doi.org/10.1136/bmjgh-2023-014247
https://dx.doi.org/10.1136/bmjgh-2023-014247
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Our comprehensive review on the effects of COVID- 19 
vaccination in pregnant women provides robust data 
by focusing on test- negative design studies, which are a 
rigorous method to reduce the bias, and adjusted compar-
ative cohorts in our main analysis. We used ROBINS- I 
tool that provides a comprehensive assessment of the 
risk of bias. We undertook an extensive deduplication 
process and minimised the risk of including duplicate 
data. By focusing on both SARS- CoV- 2 infection- related 
and pregnancy- related maternal and offspring outcomes, 
we addressed questions that are important to women 
in making decisions regarding vaccination. The large 
sample size in our review allowed us to assess the magni-
tude of benefit and risk of harm with high precision, 
including for less common but important outcomes such 
as neonatal admission to ICU. We included studies from 
different regions and income levels, with no language 
restrictions.

Our review has some limitations. The trimester of expo-
sure to vaccines was poorly reported in primary studies, 
which did not allow us to see the effect of the timing 
of vaccination on infection- related, pregnancy- related 
maternal and offspring or reactogenicity outcomes. 
We did not find any test- negative design or adjusted 
comparative cohort study reporting on maternal death. 
Some of the studies included women vaccinated before 
or during pregnancy and we were unable to separately 
give estimates for women vaccinated during pregnancy. 
We did not evaluate long- term effects of the vaccines and 
were unable to analyse data on adverse effects such as 
thrombocytopenia, embolic reactions or myocarditis due 
to the lack of enough studies reporting these outcomes. 
Similarly, the sample sizes and event numbers were small 
for outcomes such as miscarriage and maternal death 
requiring cautious interpretation. We found an asso-
ciation between vaccination and an increased risk of 
gestational diabetes, but this is based on two different 
populations from the same adjusted comparative cohort 
study.35 Further data are needed to confirm this. We were 
unable to assess the effects of vaccines on the different 
variants due to the few published papers reporting sepa-
rately for periods of variants of concern. Despite our 
comprehensive search, most of the studies that met our 
inclusion criteria are from high- income countries and 
external validity of our findings may not be accurate for 
middle- income and low- income settings.

In pregnant women from test- negative design studies, 
we found a reduction in the odds of SARS- CoV- 2 infec-
tion and hospital admission after complete vaccination. 
The findings are similar to those observed in clinical 
trials and real- world data showing COVID- 19 vaccines to 
be effective in preventing SARS- CoV- 2 infections, severe 
COVID- 19 disease and deaths, in the general adult 
population.81 82 In general population, the effectiveness 
of COVID- 19 vaccines varied depending on the type of 
vaccine, the population being vaccinated, the number 
of doses, the variant and the immunity of individuals.82 
However, we refrained from performing this analysis as Ta
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data were only limited to non- adjusted cohort studies, 
with high degree of bias. Previous reviews on COVID- 19 
vaccines in pregnancy often limited their reporting to 
a few specific regions or countries, or only on SARS- 
CoV- 2 infection.9 13 In addition, most of these reviews 
did not include test- negative design studies or did not 
use data from adjusted comparative cohort studies 
analysis. Our findings, based on these study designs, 
are inherently controlled for some sources of bias, 
such as differences in healthcare- seeking behaviour 
and access by vaccination status and are less affected by 
confounding factors.83

COVID- 19 vaccines are recommended for use in preg-
nancy by WHO, policymakers and professional bodies 
globally.5 84–87 The exclusion of pregnant women from the 
initial clinical trials limited the acquisition of safety data 
and the ability to make evidence- based recommendations 
at the early stages of vaccine implementation. Our study 
demonstrated that reactogenicity- related side effects of 
COVID- 19 vaccine in pregnant women were generally 
mild, similar to those reported in the general population. 
Rare adverse events such as vaccine- associated thrombotic 
thrombocytopenia (incidence 0.73 cases per 100 000 
vaccinated persons receiving adenovirus- based vaccines), 
myocarditis (12.6 cases per million doses messenger RNA 
(mRNA) vaccine) and Guillain- Barré syndrome (7.8 
cases per million doses adenovirus vaccine) may not be 
captured, and a very large sample size would be needed 
to evaluate such rare events during pregnancy.88

Pregnant women should be counselled and reassured 
about the safety and benefits of COVID- 19 vaccination 
during pregnancy, both for their own health and that 
of their babies. Our findings demonstrate the effective-
ness and safety of different COVID- 19 vaccines. Although 
most available data are for the mRNA vaccines Pfizer- 
BioNTech BNT162b2 and Moderna mRNA- 1273, our 
review also includes data on Sinovac- CoronaVac, Sino-
pharm BIBP, Janssen Ad26.COV2.S, AZD ChAdOx1- S, 
Cansino Ad5- nCoV- S and Bharat BBV152 Covaxin. More 
data on these non- mRNA vaccines would strengthen 
existing findings. Women should discuss their individual 
risks and concerns with their healthcare provider, who 
can help reassure and support them in making the best 
decision about vaccination.

The response was too slow during the pandemic, and 
equitable and timely distribution of COVID- 19 vaccines 
to all communities, particularly vulnerable popula-
tions, could have saved more lives at the height of the 
pandemic. Barriers to vaccine access, including trans-
portation, language and technology barriers, should be 
addressed and ensure that vaccine distribution sites are 
located in areas that are easily accessible to underserved 
communities.89 An investment in providing vaccine 
education and outreach campaigns to promote accep-
tance and address hesitancy is critical. Close collaboration 
is needed between professional colleges and community 
organisations to provide accurate and appropriate infor-
mation about vaccine safety and efficacy and continuous 

monitoring to provide updates to help build trust and 
confidence.

The virus has shown its ability to mutate, leading to the 
emergence of new variants. The effectiveness of existing 
vaccines against these variants is continuously monitored 
by vaccine manufacturers and health authorities. This 
has led to the recommendation of supplementary doses 
to enhance immunity or a single dose in each pregnancy, 
regardless of previous vaccination status.90 It is important 
to continue research on the effectiveness of COVID- 19 
vaccines against different variants of the virus, the dura-
tion of protection they provide and further safety data 
from non- mRNA vaccines. The Human Reproduction 
Programme (the United Nations Development Program-
me/United Nations Population Fund/UNICEF/WHO/
World Bank Special Programme of Research, Develop-
ment and Research Training in Human Reproduction) 
initiatives can be adapted and generalised to prepare for 
quicker response in future epidemics.91 The development 
of research infrastructure, which includes strengthening 
laboratories, research facilities and data management 
systems can be repurposed for epidemic outbreaks. In 
addition, collaboration with various stakeholders such 
as governments, non- governmental organisations and 
research institutions can facilitate faster response times 
and resource mobilisation. Research should also focus 
on identifying reasons for vaccine hesitancy, particu-
larly among pregnant women.92 Effective communica-
tion strategies need to be developed to address these 
concerns.

CONCLUSION
COVID- 19 vaccination in pregnant women is highly effec-
tive in reducing the odds of maternal SARS- CoV- 2 infec-
tion, and hospital admission, and improves pregnancy 
outcomes, with no serious safety concerns. The interpre-
tation of our findings may be impacted by changes in 
vaccine recommendations and the changing landscape 
of SARS- CoV- 2 variants.

Dissemination to participants and related patient and public 
communities
The PregCOV- 19 Living Systematic Review Group will 
disseminate the findings through a dedicated website ( 
www.birmingham.ac.uk/research/who-collaborating- 
centre/pregcov/index.aspx) and social media.
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