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ABSTRACT
Objectives: There is an urgent need to review the status of COVID-19 vaccine immunization in pregnant 

women globally, so that adverse outcomes may be prevented. In this study, we performed a systematic 
review to evaluate the probable outcomes of COVID-19 vaccination in pregnant women. 

Materials and methods: An electronic search over three months (June 15-August 15, 2021) was 
conducted. Original studies evaluating safety concerns in pregnant women for COVID-19 vaccination 
were included. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2009 
guidelines were used for data collection and reporting of findings. 
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INTRODUCTION

The subsequent waves of COVID-19, 
caused by new variants of SARS-CoV-2, 
have kept raging across the world. Vac-
cination for COVID-19 is being ramped 
up globally in an attempt to stabilize 

the ongoing pandemic. An increasing number of 
studies established the high efficacy of current 
COVID-19 vaccines in the protection against in-
fection and disease severity. However, as most of 
the clinical trials for COVID-19 vaccines have 

excluded pregnant women, there was not enough 
data about vaccination safety and risks in this 
crucial population. 

The teratogenic effect of many drugs as well 
as viral infections, which can cross the placental 
barrier to enter into fetal circulation and may in-
fluence fetal development, is well-recognized 
(Figure 1) (1). Risks of teratogenicity are higher, 
particularly during the first trimester, which is the 
period of early embryogenesis (1). Moreover, 
m-RNA and nano-particles based novel ap-
proaches in COVID-19 vaccines have added to 
the apprehension of health policymakers, as 
their impacts on developing fetuses are currently 
unknown. On the other hand, COVID-19 infec-
tion has some proven risks for pregnant women 
and their unborn babies. Pregnancy is an impor-
tant risk factor for developing severe illness in 
COVID-19 infected women (2). Several resear-
chers observed that hospitalization and maternal 
mortality in pregnant patients infected with 
COVID-19 were significantly higher in compari-
son to women without COVID-19 (3, 4). Besides 
this fact, pregnant women with COVID-19 have 
an increased risk of premature and/or 
low-birth-weight infants, pre-eclampsia or 
eclamp sia, postpartum haemorrhage, ICU ad-
mission, intrauterine/fetal distress, premature 
rupture of membranes, prolonged admission af-
ter birth, and complications requiring emergency 
caesarean delivery (3, 5-13). The risk of neonatal 
adverse outcomes requires specialist neonatal 
care, and prolonged neonatal admission after 
birth is significantly higher in babies of mothers 
with SARS-CoV-2 infection (5). Intra-uterine fetal 
demises were more common in COVID-19 po-
sitive pregnant women than mothers without 
COVID-19 (7). Moreover, virus-mediated in-
flammation and injury to placental tissue of in-

COviD-19 immunizatiOn Of PRegnant wOmen

Results: COVID-19 vaccination in pregnant women was not associated with increased adverse effects 
or complications to the mother as well as the developing fetus or new-born compared to non-vaccinated 
pregnant women. Vaccinated pregnant women showed a robust immune response against COVID-19 
infection. 

Conclusions: COVID-19 vaccination during pregnancy causes no significant health risks for the mother 
or the developing fetus or new-born.

Keywords: COVID-19, vaccine, fetal outcome, pregnancy, SARS-CoV-2 vaccine,  
vertical transmission, umbilical cord.

FIGURE 1. Schematic illustration of SARS-CoV-2 infection of human 
placenta. The placenta uniquely contains both maternal and fetal tissue 
components separated by an intricate septum known as ‘the placental 
barrier, which regulates the maternal-fetal exchange of air, nutrients, and 
hormones. Multiple pathogens, including some viruses circulating in the 
maternal blood, are known to cross the tissue barrier and invade the fetal 
tissue. The SARS-CoV-2 entering into the blood vessels in the maternal 
component of the placenta (shown with larger arrow) can invade into the 
placental tissue – trophoblasts, which are known to express viral host cell 
entry receptors, and further into the fetal tissue (shown with smaller 
arrow)
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fected mothers and vertical transmission of the 
COVID-19 infection from mother to fetus have 
been reported in multiple studies (both in utero, 
which is uncommon, especially in the third tri-
mester, and peripartum) (2, 14-16).

Emerging evidence does not indicate any sig-
nificant harm to pregnant women taking vacci-
nation when compared to the unvaccinated 
ones; however, a clear view on this issue is la-
cking to date. In this article, we present a syste-
matic review of the existing evidence from human 
studies regarding safety concerns of COVID-19 
vaccination in pregnancy. q 

MATERIAL AND METHODS

Objectives
We aimed to evaluate the probable out-

come of COVID-19 vaccination in pregnant 
women for the development of evidence-based 
policy for vaccination.

Information sources and search strategy
Several online literature sources, including 
PubMed/Medline (EBSCO & Ovid), EMBASE, 
Google Scholar, Science Direct, Scopus, 
Bio-Medical, and Web of Science (WoS), were 
searched using multiple combinations of MeSH 
(Medical Subject Headings) and free keywords 
representing the components of the objective of 
the study such as ("COVID-19 vaccine ") OR 
(“COVID vaccine”) OR (“SARS-CoV-2 vaccine”) 
AND ("Pregnancy") OR ("Pregnant women") OR 
("Pregnancy outcome") OR ("Newborn"), 
("COVID-19 vaccine" AND “Umbilical cord”), 
etc. Additionally, publication citations for origi-
nal studies were searched in and review/com-
mentary papers. Apart from these, technical re-
ports and other papers from government 

agencies or scientific groups, or committees ad-
dressing COVID-19 vaccination in pregnant 
women were searched. Studies pu blished up to 
15 August 2021 were considered eligible for the 
present review.  

Protocol followed
A systematic review of original studies about the 
effect of COVID-19 vaccination on the health of 
mother and fetus was performed following  
Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) guidelines 
(Figure S1). The inclusion and exclusion criteria 
for studies that met the objectives of this review 
were determined based on the ‘PICO principle’ 
(Population, Intervention, Comparator, and Out-
come, Study design) and are presented in 
Table S1.

Data selection, extraction, risk of bias 
assessment, and qualitative synthesis
Full articles reporting original clinical/epidemio-
logical/clinical trials were included in the present 
review. A comprehensive literature search was 
performed to minimize the chances of publica-
tion bias. Assessments of studies were performed 
in two steps. Firstly, the titles and abstracts of ci-
tations were screened. Studies which did not 
meet the eligibility criteria were excluded at this 
step. Duplicates were also excluded. Studies that 
met the criteria at screening were included in the 
second step and full-text articles were assessed. 
Further, the inclusion/exclusion eligibility criteria 
were applied to full-text articles and studies only 
presenting relevant data were included for data 
e xtraction. No prioritization approach was adop-
ted during the search to prevent a selection bias. 
Citation details and abstracts of all retrieved 
studies were downloaded into the Zotero bibli-

COviD-19 immunizatiOn Of PRegnant wOmen
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inclusion of studies
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ography manager for the record. Articles with 
abstracts only, case reports, reviews and meta-
analyses, newsletters, and non-English language 
articles were excluded from the review. Original 
studies which either did not provide effects in 
controls or had test groups with no statistical sig-
nificance were also excluded from the study; 
however, no quantitative data analysis or further 
statistical testing was performed. Any study re-
port currently available in preprint was peer-re-
viewed by the authors before considering wheth-
er it should be included. The risk of bias 
assessment for each included study was inde-
pendently done by two authors using the Na-
tional Institute of Health (NIH) tool for systema-
tic reviews and meta-analyses (Table S2). Two 
authors independently completed data collec-
tion, while qualitative analysis was contributed 
and reviewed by all co-authors, and disagree-
ments among investigators were resolved by re-
checking for the errors (in data collection and 
analysis process) and mutual discussions. Any 
study with odd results was discussed with all co-
authors before its inclusion in the final analysis. 
The final inferences were made based on the 
qualitative synthesis of collected data. q

COviD-19 immunizatiOn Of PRegnant wOmen

TABLE S2. National Institute of Health (NIH) tool for Quality Assessment of Systematic 
Reviews and Meta-analyses

FIGURE S1. Flow Diagram for Selection of Studies following Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines.



967Maedica
  

A Journal of Clinical Medicine, Volume 17, No. 4, 2022

RESULTS

Overall, 2559 articles were identified using the 
relevant keywords and seven articles from 

other sources. After exclusion of duplicates, 1872 
research articles were finalized for the screening, 
following which 1851 articles were exclu ded due 
to various reasons (reported no rele vant data re-
lated to our study, or were perspective and com-
mentary articles, etc). Only 21 articles were found 
eligible for the final analysis according to selection 
criteria, as mentioned in the method section. Out 
of 21 studies, 19 studies were selected based on 
the availability of COVID-19 vaccine-related ef-
fect on mother and outcomes in newborn, anti-
body titers in mother and newborn related, and 
two studies were related to the effect of mRNA 
vaccination on implantation rates and embryo-
logical outcome during in-vitro fertilization. Fin-
dings of this review are being described below 
and key characteristics of the included studies 
have been provided in Tables 1 and 2.

Local and systemic reactogenicity in pregnant 
women
Pain (88.1-91.9%), soreness (57-88%), swelling 
(6.2-11.9%), redness (3-5.4%), itching (1.5-5%), 
and rash (1-10.5%) at the injection site were the 
common local adverse reactions among vacci-
nated pregnant women after both vaccine doses; 
however, they were more frequently reported 
after the second dose [Table 1 (k)] (17-20). Fa-
tigue (29.6-71.5%), headache (18.1-55.4%), my-
algia (11.6-54.1%), arthralgia (0.1-5.5%), nausea 
(6.7-29%), chills (4.1-47%), fever or felt feverish 
(4.2-52%), uterine contraction (1.2-8.9%), mus-
cle spasm (3%) and paraesthesia (2.3-4.6%), axil-
lary lymphedema (0.3-2.1%), stomach-ache 
(<0.1%) etc, were the common systemic adverse 
effects, which were more frequent after the se-
cond dose of vaccine [Table 1 (k)] (17-20). After 
the first and second dose of vaccine, about 
0.5-1.5% and 8.0-9.0% of participants, respec-
tively, experienced temperature at or above 
38°C [Table 1 (k)] (17-20). Only 0.76% of preg-
nant women had a fever of 39°C and above, fol-
lowing the second dose of vaccination [Table 1 (k)] 
(20). Overall, adverse local and systemic effects 
in pregnant women were similar to those in 
non-pregnant women after vaccination. No seri-
ous adverse events were reported in all included 
studies, except in one case, the participant de-

veloped a seizure attack; however, she was a 
known case of a seizure disorder under treat-
ment [Table1 (k)] (19).

Maternal and neonatal outcomes
Pregnancy outcomes following vaccination were 
reported as live birth (77.1-100%) (17, 19, 21-24) 
[Table 1 (c)], abortion (0.0-20.8 %) (17, 21, 25-28) 
[Table 1 (d)], stillbirth (0.1-1.3%) (17, 21) 
[Table 1 (e)], premature rupture of membrane 
(PROM) (1.3-1.4%) (17, 20) [Table 1 (f)], preterm 
birth (0.0-9.4%) (17-21, 23, 24) [Table 1 (g)], in-
trauterine growth retardation/small for age 
(IUGR/SGA) (0.5-7.9%) (17, 21, 23) [Table 1 (h)] 
congenital anomalies (0-2.2%) (17) [Table 1 (i)] 
and neonatal death (0-0.4%) (17, 21) [Table 1 (j)]. 
The mRNA COVID-19 vaccine preconception or 
during pregnancy was not associated with an in-
creased risk of spontaneous abortion compared 
to recognized pregnancies (25). Incidences of 
pregnancy-related complications such as uterine 
contraction (1.2-8.9%) and vaginal bleeding 
(0.2-1.5%) were very low following vaccination 
(17, 20) [Table 1 (k)]. The adverse outcome in-
dex (AOI) (the number of patients with one or 
more identified adverse events, divided by the 
total number of deliveries) was not affected by 
vaccination and was also insignificant (23) 
[Table 1 (l)]. Further, the mode of delivery (caesar-
ean section versus vaginal route) gestational age, 
thromboembolic events, and rates of gestational 
hypertensive disorders were similar in vaccinated 
and unvaccinated pregnant groups (23) [Table 1 (l)]. 
Furthermore, preeclampsia (0.0-1.8%), postpar-
tum haemorrhage (PPH) (10.5%), polyhydramni-
os (3.5%), oligohydramnios (1.8%), placental ab-
ruption (3.5%), NICU hospitalization (0.7-4.3%), 
need of supplemental oxygen/CPAP (7.7%), 
Transient tachypnea of the newborn (TTN) (7.7%) 
occurred following vaccination (18, 20, 23, 24) 
[Table 1 (l)]. Overall, COVID-19 vaccination in 
pregnant women was not associated with any se-
vere adverse effects or increased pregnancy or 
delivery related complications in comparison to 
unvaccinated pregnant women. 

Maternal immunogenic response (antibody) 
& placental antibody transfer
Vaccination-induced IgG, or IgM, or both anti-
bodies were detected in 71-100%, 30-56%, and 
16% of the pregnant mothers, respectively, 
whereas 13% of mothers had neither IgG nor 

COviD-19 immunizatiOn Of PRegnant wOmen
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IgM (29-31) [Table 2 (d)]. Vaccinated pregnant 
women showed a robust immunological res-
ponse in comparison to COVID-19 infection 
(32). IgG (subpopulation IgG1, IgG2, IgG3), IgM, 
IgA antibodies against spike protein (S1 and S2), 
receptor-binding domain (RBD), pseudovirus 
neutralizing antibodies (NT50), FcR binding anti-
bodies were found in the maternal serum follo-
wing COVID-19 vaccination (18, 22, 24, 30, 33) 
[Table 2 (d)]. Four weeks after the first dose, IgG 
antibodies were detected in the blood of all 
pregnant women and cord of newborns, with 
rare exceptions (31). The earliest detection of 
antibodies after the first dose of vaccine occurred 
in five days in mothers and 16 days in the cord 
blood of the newborns. Maternal IgG level were 
progressively increased, starting two weeks after 
the first dose as well as 1-2 weeks after the se-
cond dose (p=0.05 and p=0.019, respectively 
(31) [Table 2 (i)]. IgG was detected in 89-99% 
and 44% of tested cord blood samples of new-
borns to the mothers who received two doses 
and one dose, respectively, but none of them 
had detectable IgM (31) [Table 2 (e)]. IgG, IgG3 
antibodies against spike protein, viral RBD, pseu-
dovirus neutralizing antibodies (NT50), and FcR 
binding antibodies were found frequently in the 
cord blood samples following maternal vaccina-
tion [Table 2 (e)].

Maternal to cord antibody transfer was noted 
in multiple studies (29, 30, 34) [Table 2 (h)]. Pla-
cental transfer ratio (cord: maternal) of antibo-
dies correlated with the number of weeks 
elapsed since the maternal second dose of vac-
cine (29) [Table 2 (i)]. An increased latency from 
vaccination to delivery (weeks) was associated 
with an increased transfer ratio and increased in-
fant IgG levels (29). The second dose of vaccine 
before delivery was significantly correlated with 
increased infant IgG levels (29, 34) [Table 1 (i)]. 
SARS-CoV-2 anti-S and anti-RBD-specific IgG 
levels and IgG against all the analysed antigens, 
except N antigens in maternal sera were posi-
tively correlated to their respective concentra-
tions in cord blood (24, 30, 34). SARS-CoV-2 
anti-S and anti-RBD-specific IgG titers in cord 
blood were directly correlated with the total du-
ration of time since the first mRNA dose of vac-
cine (29, 30, 34) [Table 2 (i)]. Notably, in two 
studies pregnant women had significantly lower 
SARS-CoV-2 IgG serum levels and IgG subclass 
compared to non-pregnant women (20, 33).

Placental changes in the vaccinated group
There were no increased incidences of decidual 
arteriopathy, fetal vascular malperfusion, chronic 
villitis, or histiocytic intervillositis in the 
COVID-19 vaccinated group compared to the 
unvaccinated control group. Incidence of 
high-grade chronic villitis was higher in the con-
trol group than the vaccinated group (32). 

Effect of COVID-19 vaccination on in-vitro 
fertilization (IVF)
Vaccinated individuals had similar implantation 
rates to those of SARS-CoV-2 seropositive and 
seronegative pregnant women and the rates 
were consistent with pre-pandemic rates (35). 
Further, there were no differences in the vacci-
nated and control groups between cycles in the 
length of ovarian stimulation (OS), the total dose 
of gonadotropin used, peak estradiol and pro-
gesterone levels, the number of oocytes and ma-
ture oocytes retrieved, and fertilization rate (36).

Vaccine effectiveness against COVID-19 
infection 
Vaccine effectiveness (VE) of the BNT162b2 
mRNA COVID-19 vaccine against COVID-19 in-
fection in pregnant women was 67% in 
14–20 days, 71% in 21–27 days following the 
first dose, and 96% in 7–56 days following the 
second dose of vaccine. The estimated VE for 
symptomatic infection was 66% on days 
14–20 fol lo wing the first dose, 76% on 21-27 days 
following the first dose, and 97% on 7–56 days 
following the second dose. Vaccine effectiveness 
for COVID-19-related hospitalization was 89% 
in 7–56 days following the second dose (37). 
Twenty eight days after vaccination, and inci-
dences of COVID-19 infection were 0.13% in 
vaccinated pregnant women and 0.61% in un-
vaccinated ones, respectively (21). However, af-
ter 77 days post-vaccination, incidences were 
significantly low (1.2-1.42%) in the vaccinated 
group than the unvaccinated one (2.16-11.27%) 
(23, 37) [Table 1 (i), Table 2 (l)]. There was a sta-
tistically significant hazard reduction among the 
vaccinated group during 11 to 28 days or more 
after vaccination (21) [Table 1 (l)]. q

DISCUSSION

COVID-19 vaccination in pregnant women 
has come forth as a pertinent public health 

COviD-19 immunizatiOn Of PRegnant wOmen
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issue that required immediate resolution. Preg-
nancy is a condition of unique immunological 
and physiological tolerance that makes women 
more susceptible to viral infection (42). Even 
though pregnant women should be included in 
clinical studies, the rapid progress of COVID-19 
vaccinations and its unpredictable fetal conse-
quences are a serious reason for excluding preg-
nant women from trials. As a result, currently, 
there is very little evidence available on the safe-
ty and efficacy of COVD-19 vaccines in preg-
nant women. However, several international 
agencies and scientific bodies have recently 
a cknowledged the potential risks of keeping 
pregnant women out of vaccine trials (43). Of 
note, previous experiences with the vaccination 
of pregnant women for other RNA–virus-caused 
diseases have been largely uneventful. No prior 
use of mRNA-based vaccines and lack of experi-
ence with coronavirus vaccination draw scepti-
cism for its administration during pregnancy. 
However, keeping the pregnant population un-
vaccinated has posed a serious public health risk, 
as the emerging evidence indicated that 
non-vaccinated pregnant mothers not only had 
an increased risk of developing severe COVID-19 
but there was also a considerable risk to their in 
utero babies (21, 23, 24). 

Vaccines are generally advised for pregnant 
women when the possible benefit surpasses the 
potential risk by a significant margin. Theoreti-
cally, the possible conceivable risk to the fetus 
comes from the live vaccines, however, all the 
licensed vaccines against SARS-CoV-2 are not 
live, except one (44). The first COVID-19 vac-
cines to enter clinical trials included Pfizer-BioN-
Tech COVID-19 Vaccine (BNT162b2) and Mo-
derna COVID-19 Vaccine (mRNA1273), both 
based on messenger RNA (mRNA). These mRNA 
vaccines have previously been studied for other 
viruses such as cytomegalovirus, influenza, and 
Zika viruses (45). The first Emergency Use Au-
thorization (EUA) for Pfizer-mRNA BioNTech's 
COVID-19 vaccine was issued by the U.S. Food 
and Drug Administration (FDA), which permit-
ted the vaccine to be distributed nationally to 
people over the age of 16 years based on safety 
and efficacy data from their worldwide trial [U.S. 
Food and Drug Administration]. In India, based 
on the recommendations from the National 
Technical Advisory Group on Immunization 
(NTAGI), the Ministry of Health and Family Wel-
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fare (MoHFW) has approved voluntary vaccina-
tion of pregnant women after being informed 
about the risks and benefits (46).

Various preclinical as well as clinical studies 
showed no significant harm from COVID-19 
vaccination  in  pregnancy (17-21, 23, 27, 32, 47-49); 
however, any systematic assessment of the im-
pact of COVID-19 vaccination in pregnant 
women is currently limited. In this systematic re-
view, we have assessed the emerging evidence in 
humans on adverse impacts of COVID-19 vac-
cination on the health of mothers and in utero or 
newborn babies. Only a few vaccinations are 
currently accessible and being given to pregnant 
and nursing women, all of which have been 
manufactured by various manufacturers (details 
are shown in Table 3). 

Our results bring forth multiple observations 
which may have a significant impact on the de-
ciding health policies regarding the vaccination 
of pregnant women. COVID-19 vaccination in 
pregnant women was not associated with any se-
vere adverse effects and nor increased pregnan-
cy or delivery related complications compared 
to non-vaccinated pregnant women, with a rare 
exception, where a participant developed sei-
zure attack, however, the subject was a diag-
nosed case of a seizure disorder and anticonvul-
sant level in blood was borderline low (19). 
Vaccinated pregnant women showed a robust 
immunological response to COVID-19 infection. 
IgG antibodies were detected in the blood of 
pregnant women and umbilical cord blood sam-
ples from newborns with rare exceptions (29, 31). 
A significantly lower level of IgG antibodies fol-
lowing vaccination in pregnant women in com-
parison to the non-pregnant noted in two studies 
(20, 33) could not be related to any adverse ef-
fects; however, needs further investigation 
through randomized clinical trials. There were 
no increased incidences of placental injuries in 
the COVID-19 vaccinated group compared with 
the unvaccinated control group. Furthermore, in 
cases of IVF, the vaccinated women had similar 
implantation rates as the SARS-CoV-2 seroposi-
tive and seronegative pregnant women and the 
rates were consistent with the pre-pandemic 
rates. The vaccines were found equally effective 
in protecting against severe COVID-19 in preg-
nant women compared to non-pregnant. 

Risk of teratogenicity on the developing fetus 
is a well-established fact with providing drugs to 

the pregnant woman; however, the known 
mechanism of action for the COVID-19 vaccines 
which are currently in practice, including mRNA 
vaccines (Figures 2 and 3), does not warn for any 
potential risk (Figure 2). Our review of the emer-
ging evidence, which did not find a significant 
increase in risk in vaccinated pregnant subjects 
in comparison to the unvaccinated ones further 
confirms this (Tables 1 and 2). 
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FIGURE 3. Schematic diagram showing the mechanism of action of an 
mRNA vaccine on the human body

FIGURE 2. Schematic diagram of SARS-CoV-2 showing its structural 
proteins as target antigens for various vaccines. Most of the COVID-19 
vaccines (1-8) are targeted at the viral spike protein (S protein). The whole 
virion is used for the traditional inactivated vaccine, whereas various viral 
subunits are used for live attenuated vaccines.
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Study limitations and strengths
There are multiple limitations in this systematic 
review. Firstly, the number of original studies test-
ing the safety of COVID-19 vaccines in pregnant 
women was limited. Secondly, the sample sizes 
of most of the included studies were small. 
Thirdly, available studies did not precisely iden-
tify the safest period for COVID-19 vaccination 
in pregnancy. Notably, most of the studies in-
volved vaccination of participants in the third 
trimester, even though the first trimester of preg-
nancy is the most vulnerable period for fetal inju-
ries (1). Fourthly, for some studies matching of 
the controls for the demographic factors and 
health conditions was not adequately informed. 
Fifthly and lastly, few studies had survey-based 
assessment methods and hence, the cases were 
not examined clinically, which may have missed 
some essential data. All these factors may have a 
possible influence on the interpretation of results 
included in the study. 

Although original studies are limited cur rently, 
there has been a consensus across studies that 
the COVID-19 vaccines had a protective role for 
both the mother and baby against COVID-19 in-
fection and developing severe di sease, and no 
significant health risks were caused to the devel-
oping fetus. Evidence is continually emerging 
and results of larger-scale clinical trials in preg-
nant women may further validate the safety of 
the COVID-19 vaccines; however, the indica-
tions from currently available data are encourag-
ing for the full-fledged vaccination in pregnant 
women. q
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