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Objective: To evaluate the safety and efficacy of COVID-19 vaccines in pregnant women performing an
updated meta-analysis.
Methods: We searched PubMed, Cochrane Central, and SCOPUS from inception to March 2022. Outcomes of
interest were incidence of adverse maternal, fetal and neonatal consequences pertaining to safety of the vac-
cines. Secondarily, we analyzed the number of SARS-CoV-2 infections, hospitalization for COVID-19, and
admission to the I.C.U. for COVID-19 assessing the effectiveness of vaccines. Results were pooled using a ran-
dom effects model.
Results: Ten observational studies (n=326,499) analyzing pregnant women were included. Our results sug-
gest that COVID-19 vaccination prevents infection (OR: 0.56, 95% CI: 0.47, 0.67; P = <0.00001) and related
hospitalizations (OR: 0.50, 95% CI: 0.31, 0.82; P = 0.006) effectively. It was also observed that vaccination
does not change adverse outcomes in pregnancy, namely preeclampsia or eclampsia, stroke (four weeks of
delivery), meconium-stained amniotic fluid, spontaneous vaginal delivery, operative vaginal delivery, cesar-
ean delivery, postpartum hemorrhage, and blood transfusions. Furthermore, the vaccine was observed to be
protective against neonatal COVID-19 .C.U. admissions (OR: 0.85; 95% CI: 0.81, 0.90; P = <0.00001).
Conclusion: Our pooled analysis suggests that the COVID-19 vaccination in pregnant women prevents infec-
tion effectively and has no adverse outcomes. Future large-scale trials in a randomized fashion are needed to
confirm our results.
© 2022 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All
rights reserved.

Negative outcomes associated with COVID-19 in pregnant
patients make vaccination an imperative precaution for this patient
population. Pregnant patients were excluded from the randomized
clinical trials conducted early in the pandemic to determine the
safety and efficacy of COVID-19 vaccination, with limited data being
obtained when pregnant patients were unknowingly enrolled in
these trials.! However, recent population-based studies
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demonstrated the effectiveness of the COVID-19 vaccine in pregnant
women which has been established with an appropriate immuno-
logic response observed. Antibody titers in pregnant women were
similar to those seen in non-pregnant women and passive immunity
to newborns has also been conferred, as antibodies were observed in
the umbilical cord blood and breast milk.> There are still no clear and
universal guidelines that enforce the vaccination of pregnant females
against COVID-19 and at this point, vaccination strategies for preg-
nant patients are varying over different countries. There is hesitation
amongst healthcare professionals in advising vaccination for preg-
nant women due to an insufficient amount of data regarding the vac-
cine’s safety profile.> Furthermore, even in countries where pregnant
women are encouraged to get vaccinated against COVID-19, a lower
acceptance rate of the vaccine is observed in pregnant versus
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non-pregnant patients, with safety concerns being documented as
the major hurdle toward obtaining vaccines.*

The willingness to get vaccinated amongst pregnant women has
changed dramatically over time, with only 29% of pregnant women
accepting the vaccine in studies conducted in the first half of 2021
and rising to as high as 77.4% towards the end.” Furthermore, the
rate of vaccine acceptance varies significantly between countries,
with the lowest rates seen in Switzerland and Ireland and the highest
in China, Qatar, and Italy. Numerous factors encouraged the accep-
tance of the vaccine, not only including the safety of the vaccine but
also appropriate awareness regarding the vaccine, mass vaccination
of pregnant women within the country, and trust in public health
services.”

Significantly altered outcomes have been seen following a globally
adopted vaccination strategy catered to at-risk patient populations.
Our meta-analysis aimed to primarily evaluate the safety of the
COVID-19 vaccine and to further investigate its efficacy, thus adding
relevance to the existing literature to improve the current level of
understanding.

METHODS
Data sources and search strategy

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement® and the Meta-anal-
ysis of Observational Studies in Epidemiology (MOOSE) group for this
study.” The following databases were used to conduct our search:
PubMed, Cochrane Library, and SCOPUS. We searched for articles
published in each database from inception to March 2022 (the com-
prehensive search strategy is given in Supplemental Table 1). The ref-
erence lists of the retrieved articles and previous meta-analyses were
manually reviewed for studies that might be relevant.

Study selection and eligibility criteria

All articles were exported to EndNote Reference Library (version
X9; Clarivate Analytics, Philadelphia, Pennsylvania), where duplicates
were found and eliminated. Two reviewers (0.M.S. and M.N.) inde-
pendently reviewed and shortlisted the remaining articles based on
their relevance to the eligibility criteria. After reviewing the titles and
abstracts of the papers, the whole article was read. A third reviewer
(LH.) was consulted in the event of disagreements. We included
observational studies that investigated the safety and efficacy of
COVID-19 vaccinations in pregnant women. The following studies
were excluded: (a) studies not using COVID-19 vaccination as the
exposure; (b) insufficient data to compute the outcomes for the effec-
tiveness and safety of COVID-19 vaccines among pregnant women;
(c) duplicate studies or overlapping participants; (d) reviews, editori-
als, conference papers, case reports, or animal experiments; and (e)
studies published in a non-English language.

Data extraction and quality of assessment

The safety of COVID-19 vaccinations was the primary outcome of
our study. Patients who received one dose, more than one dose or
two doses were considered vaccinated and the ones who did not
receive any vaccines before or during pregnancy, or received a dose
after delivery were considered unvaccinated. The following data was
obtained from the included studies: (1) study characteristics, such as
first author, publication year, and study design; (2) study population
characteristics, such as sample sizes, age groups, trimester of preg-
nancy, and locations; (3) types of COVID-19 vaccines, and the number
of doses; (4) outcomes related to the safety of COVID-19 vaccines: the
incidence of adverse maternal (preeclampsia or eclampsia, stroke,

meconium-stained amniotic fluid, spontaneous vaginal delivery,
operative vaginal delivery, cesarean delivery, postpartum hemor-
rhage, abortion, and blood transfusion), fetal (preterm birth < 37
weeks, stillbirth), or neonatal outcomes (5 min Apgar score < 7, small
for gestational age (S.G.A.), low birthweight < 2500 g, very low birth-
weight < 1500 g, neonatal I.C.U. admission) following vaccination;
and (5) outcomes for the effectiveness of COVID-19 vaccines: number
of SARS-CoV-2 infections, hospitalization for COVID-19, and admis-
sion to the .C.U. for COVID-19. Data extraction was carried out inde-
pendently by two investigators (LH. and M.0.K.) using the criteria
mentioned above, with conflicts resolved by consensus or with the
help of a third investigator (S.A.S.). The Newcastle—Ottawa quality
assessment scale was used to assess the risk of bias. With an overall
quality score of 9 stars, cohort studies were classed as having a low
(7 stars), moderate (5—6 stars), and high (4 stars) risk of bias. Two
investigators (S.A.S. and M.N.) independently assessed the quality of
the data, and any inconsistencies were resolved by consensus or with
the help of a third investigator (I.H.).

Statistical analysis

We conducted all statistical analyses using RevMan (version 5.3;
Copenhagen: Nordic Cochrane Centre, The Cochrane Collaboration,
2014). We used Odds Ratio (O.R.) with 95 % confidence intervals (C.I.)
to calculate the dichotomous data as meaningful effect measures for
the safety and effectiveness of COVID-19 vaccines based on clinical
outcomes. The random-effects model and the Higgins I? statistic
were used to analyze and evaluate heterogeneity, respectively. We
considered an I? of < 50%, 50-75%, and > 75% indicating low, moder-
ate, and high heterogeneity, respectively. The statistical significance
level was considered for hypothesis testing at a p-value <0.05. In
case of heterogeneity > 50%, we performed sensitivity analysis by
using the leave-one-out analysis to identify the study causing hetero-
geneity. Furthermore, subgroup analyses were conducted based on
adjusted/ unadjusted data, location, type of vaccine, and trimester of
first dose vaccine. We decided not to perform any funnel plot asym-
metry tests because Cochrane guidelines do not recommend them
when fewer than ten papers are included in the analysis (which is
the case for all outcomes in our study). In such instances, the test’s
power is insufficient to distinguish between random and actual
asymmetry.®

RESULTS
Basic characteristics

The initial search identified 1243 potential articles up to March
2022. Initially, 276 duplicate articles were removed, following the
exclusion of 976 articles after reading the title and abstract. In the
remaining 24 articles, 14 were excluded after the full-text screening,
four did not meet the inclusion criteria, three did not provide suffi-
cient data, six were reviews, and one was not in the English language
- leaving behind ten articles to be included in our meta-analysis. The
details of this process are highlighted in the PRISMA flowchart in
Figure 1. The Quality assessment was conducted according to the
Newcastle—Ottawa quality assessment scale (Supplemental Table 2),
and all studies included were of good quality (> 7 stars).

The final ten observational cohort studies included in our meta-
analysis gave us a pool of 326,499 pregnant women to work with
(79,460 vaccinated and 247,039 unvaccinated). The details of the
data provided in the studies and the participant’s essential demo-
graphic characteristics are presented in Table 1. We assessed a
diverse set of outcomes throughout pregnancy and after.
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Fig 1. Flow diagram of the study search and selection process.

Safety of COVID-19 vaccination

Pregnancy-related outcomes

The incidence of preeclampsia (OR: 1.07; 95% CI: 0.78, 1.45;
P = 0.68; Fig 2A) was reported by three studies, while the occurrence
of stroke (OR: 1.13; 95% CI: 0.59, 2.17; P = 0.71; Fig 2B) within four
weeks, before or after delivery was reported by two studies. Inte-
grated analysis showed no difference in the occurrence of both
events regardless of vaccination status respectively, both with mini-
mum heterogeneity (I* = 0%). Two studies were found to report the
event of abortion (OR: 1.54; 95% CI: 0.41, 5.76; P = 0.52; Fig 2C)
(I = 0%) and the requirement of blood transfusion (OR: 1.37; 95% CI:
0.90, 2.10; P=0.15; Fig 2D) (I = 0%). Vaccination status did not signif-
icantly affect the frequency at which these events occurred between
the two study groups. No pregnancy-related outcomes showed any
statistical difference in their matched and unmatched subgroups.

Outcomes related to delivery

Two studies assessed meconium-stained amniotic fluid (OR: 0.70;
95% Cl: 0.42, 1.16; P= 0.17; Fig 2E) (I? = 72%) and spontaneous vaginal
delivery (OR: 0.90; 95% CI: 0.69, 1.17; P = 0.43; Fig 2F) (I* = 0%) with
neither of them having any difference in the rate of occurrence
between vaccinated and unvaccinated participants. Sensitivity analy-
sis on meconium-stained amniotic fluid could not be performed to
reduce heterogeneity due to the presence of only two studies. Four
studies provided data to assess the occurrence of operative vaginal
delivery, and pooled analysis showed that no group had a

significantly higher or lower probability for the outcome to occur
based on their vaccination status (OR: 0.99; 95% CI: 0.59, 1.67;
P=0.97; Fig 2G) (I> = 72%). By performing sensitivity analysis, hetero-
geneity was brought down to 0% by removing Rottenstreich et al.
(OR: 1.22; 95% CI: 0.88, 1.70; P=0.22; Supplemental Figure 1A), while
the effect remained the same. Five studies were found to report
cesarean delivery (OR: 1.10; 95% CI: 0.95, 1.27; P = 0.21; Fig 2H)
(12 = 52%) and postpartum hemorrhage (OR: 0.88; 95% CI: 0.77, 1.01;
P =0.07; Fig 2I) (12 = 7%). After performing the sensitivity analysis for
cesarean delivery (OR: 1.06; 95% CI: 0.95, 1.18; P = 0.28; Supplemen-
tal Figure 1B) (I? = 25%), it was noted that neither of the outcomes
was likely to significantly increase or decrease with a positive vacci-
nation status. No outcomes related to delivery showed any statistical
difference between their matched and unmatched subgroups.

Fetal outcomes

When comparing fetal outcomes there was no statistical differ-
ence noted between vaccinated pregnant women and their child
being born preterm (OR: 1; 95% CI: 0.95, 1.06; P = 0.87; Fig 3A)
(2 = 0%) or having a 5-minute APGAR score less than 7 (OR: 0.94; 95%
Cl: 0.86, 1.04; P=0.22; Fig 3B) (I = 10%) as compared to unvaccinated
pregnant women, when collective analysis was done with data gath-
ered from five studies. The events of having a stillbirth (OR: 1.02; 95%
Cl: 0.82, 1.26; P = 0.87; Fig 3C) (I = 0%) and the baby being small for
gestational age (OR: 0.99; 95% CI: 0.92, 1.06; P = 0.67; Fig 3D)
(12 = 12%) were also not affected by the mother’s vaccination status as
extrapolated from data retrieved from four studies. The pregnant
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mother’s vaccination status was also unlikely to alter the outcomes of
the baby having a low birth weight (OR: 0.99; 95% CI: 0.69, 1.42;
P =0.96; Fig 3E) (12 = 48%) or very low birth weight (OR: 0.79; 95% CI:
0.18, 3.54; P=0.76; Fig 3F) (I = 82%) as calculated from the combined
analysis from data reported in two studies. Additionally, there was a
significant difference in the matched and unmatched data subgroups
(P = 0.02). Four studies reported data about Neonatal ICU admission
and combining their results showed that the vaccine played a protec-
tive role in significantly decreasing the neonatal ICU admission rates
(OR: 0.85; 95% CI: 0.81, 0.90; P = <0.00001; Fig 3G) (I*> = 0%). Apart
from very low birth weight, none of the other fetal outcomes had any
statistical difference between their matched and unmatched sub-
groups.

We performed subgroup analyses on the basis of location (Israel,
USA, Canada, Norway, Sweden, and England), trimester (first, second
and third), and type of vaccines (mRNA-273, BNT162b2, AZD1222).

Country wise

In Canada, the incidence of caesarean delivery was seen to be sig-
nificantly more (OR: 1.12; 95% CI: 1.08, 1.16; P = <0.00001) and post-
partum hemorrhage was noted to occur significantly less (OR: 0.89;
95% CI: 0.81, 0.98; P = 0.02). Preterm birth was observed to be signifi-
cantly lower in Israel (OR: 0.87; 95% CI: 0.76, 0.99; P = 0.03) (I* = 0%)
and Norway (OR: 0.81; 95% CI: 0.71, 0.92; P = 0.001). Stillbirth was
observed to occur at a lower rate in Sweden (OR: 0.71; 95% CI: 0.52,
0.99; P = 0.04) and Norway (OR: 0.42; 95% CI: 0.20, 0.91; P = 0.03).
Israel was the country noted to have a significantly lower occurrence
of the infants having very low birth weight (<1500g) (OR: 0.41; 95%
Cl: 0.28, 0.61; P = <0.00001), while Canada was the country that
showed a significant decrease in neonatal ICU admissions (OR: 0.85;
95% CI: 0.80, 0.90; P = <0.00001). The analysis is represented in Sup-
plemental Figure 2.

Trimester

When performing subgroup analysis according to the Trimester
(First, Second and Third), we found a significant decrease in preterm
births when patients were vaccinated in the third trimester (OR:
0.70; 95% CI: 0.63, 0.77; P = <0.00001). The analysis is represented in
Supplemental Figure 3.

Type of vaccines

Subgroup analysis with classification according to the type of vac-
cination used showed a significant decrease in preterm births, partic-
ularly when the Pfizer BionTech162b2 (OR: 0.91; 95% CI: 0.86, 0.97;
P=0.006) and the Moderna mRNA1273 (OR: 0.83; 95% CI: 0.73, 0.94;
P =0.003) vaccines were used. The analysis is represented in Supple-
mental Figure 4.

Efficacy of COVID-19 vaccination

SARS-Cov-2 Infections. Six studies were included in analyzing the effi-
cacy of the COVID-19 vaccine. Receiving the vaccine was shown to
decrease the chances of getting infected with the virus (OR: 0.56; 95%
Cl: 047, 0.67; P = <0.00001; Fig 4A); however, the heterogeneity was
high at 53%. Performing the sensitivity analysis by removing Theiler
et al., the heterogeneity was brought down to an acceptable level of
25%, with the effect still being significant (OR: 0.58; 95% CI: 0.52,
0.65; P=<0.00001; Supplemental Figure 2C).

COVID-19 related hospitalizations. COVID-19 related hospitalizations
were also significantly reduced after receiving the vaccine (OR: 0.50;
95% CI: 0.31, 0.82; P = 0.006; Fig 4B) (I> = 0%) when analyzing data
from two studies.

When considering COVID-19 related ICU admissions the vaccine
failed to produce a significant impact (OR: 1.29; 95% CI: 0.23, 7.24;
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Fig 2. Forest plots for safety of COVID-19 Vaccines (Adverse pregnant, fetal or neonatal outcomes). A: Preeclampsia or Eclampsia. B: Stroke. C: Abortion. D: Blood transfusion. E:
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Fig 2 Continued.
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P=0.77; Fig 4C) as assessed from 3 studies with high heterogeneity at
56%. When adjusting for heterogeneity by removing Dagan et al an
acceptable level of 21% was achieved; however, the effect remained
insignificant (OR: 2.05; 95% CI: 0.65, 6.50; P = 0.22; Supplemental
Figure 2D).

When performing the subgroup analysis based on location, there
was a significant decrease noted in COVID-19 infection after receiving
the vaccination in all locations except England (OR: 1.06; 95% CI: 0.24,
4,68; P = 0.94); however, there was no significance noted when sub-
group analysis was performed to assess COVID-19 related hospital-
izations.

DISCUSSION

Our meta-analysis was conducted to determine the safety and
effectiveness of COVID-19 vaccination in pregnant patients. We
included ten observational studies in our analysis, which encom-
passed data from England, the U.S.A,, Israel, Norway, Sweden, Qatar,
and Canada, with a total of 326,499 pregnant patients under consid-
eration. The Pfizer BNT162b2, Moderna mRNA1273, adenovirus vec-
tor vaccine, and AZD1222 were included. While the Centre for
Disease Control and Prevention (C.D.C.) urges pregnant females to
ensure complete vaccination against COVID-19, the WHO currently
recommends the vaccination of pregnant females under the circum-
stance that the benefits are greater than the possible risks.'®!®
Through these recommendations, numerous countries have begun

urging their pregnant citizens to obtain the COVID-19 vaccine. How-
ever, there is a gap between the current rate of vaccination and the
desired rate, owing to doubts regarding the safety of the available
vaccines.®> Our meta-analysis reinforced the lack of adverse outcomes
in association with COVID-19 vaccination during and after pregnancy
for females and neonates and reiterated the effectiveness of the for-
mer as well.

Indicators of adverse pregnancy outcomes such as ‘preeclampsia’
or ‘eclampsia’, ‘stroke within four weeks of delivery’, ‘operative vagi-
nal delivery’, ‘cesarean delivery’, ‘postpartum hemorrhage’, ‘blood
transfusions’, ‘meconium-stained amniotic fluid’ and ‘abortion’ were
used to determine the safety profile of COVID-19 vaccination. Our
study revealed that there were no adverse pregnancy outcomes in
vaccinated females in comparison to the unvaccinated. Current
guidelines being followed regarding vaccination of pregnant females
enforce the administration of the Inactivated Influenza vaccine and
the Inactivated Tetanus Diphtheria Pertussis vaccine, with live vac-
cines such as the Measles Mumps Rubella vaccine and the Varicella
vaccine being contraindicated in pregnancy.?’ The type of vaccine
plays a major role in its respective safety profile, with live vaccines
being contraindicated due to the increased risk of perinatal infection
and congenital birth defects- while inactivated vaccines do not pose
such risks to the mother or fetus.?' The Pfizer Biontech and Moderna
vaccines are mRNA vaccines that use the SARS CoV 2 spike protein as
the target antigen, thus inducing a cell-mediated and humoral anti-
body response by activating CD4 T cells, CD8 cells and B cells. The
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Fig 3. Forest plots for safety of COVID-19 Vaccines (Adverse pregnant, fetal or neonatal outcomes). A: Preterm birth (<37 weeks). B: 5 min APGAR score <7. C: Stillbirth. D: Small for
gestational age. E: Low birthweight <2500g). F: Very low birth weight (<1500g). G: Neonatal ICU admissions
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Fig 3 Continued.

efficacy of the mRNA vaccines has been established through relevant
clinical trials in non-pregnant patients, and the adverse effects associ-
ated with them were minimal.?>** Similar to influenza and the Tdap
vaccines, which are inactivated and have a favorable safety profile in
pregnancy, the mRNA vaccines are also demonstrating a lack of nega-
tive pregnancy outcomes which can be attributed to the nature of the
vaccine and the processing of the mRNA within the host cells.*
Concern regarding the risk of spontaneous abortions followed by
immunization exists, and the former has been identified as an out-
come that needs to be examined closely when determining the safety
of vaccines being administered during pregnancy. Fortunately, this
meta-analysis stressed on there being no difference in the incidence
of abortion between vaccinated and unvaccinated women (OR: 1.54;
95% Cl: 0.41, 5.76; P=0.07; Fig 2C) - encouraging health professionals
and patients alike to recommend and take the vaccine respectively.?”
This was also true for operative vaginal status (OR: 0.99; 95% CI: 0.59,
1.67; P = 0.97; Fig 2G) and caesarean deliveries (OR: 1.10; 95% CI:
0.95, 1.27; P = 0.21; Fig 2H) where no significant difference was
observed. However, our study demonstrated heterogeneity for opera-
tive vaginal and cesarean delivery, though our overall results did not
differ after sensitivity analysis. This heterogeneity can be attributed
to a retrospective cohort study conducted by Rottenstreich et al., who

reported an increased number of elective cesarean deliveries and a
lower number of vacuum-assisted vaginal deliveries in women who
received two doses of the vaccine. However, in their study, women
who received two doses of the vaccine were older, had previous
cesarean deliveries, and underwent treatment for infertility. The
patient populations listed are already at an increased risk for cesar-
ean delivery, thus proving to be a possible reason for their findings.!*

Our analysis revealed that negative fetal outcomes such as ‘pre-
term birth’ - (OR: 1; 95% CI: 0.95, 1.06; P = 0.87; Fig 3A), ‘5 min Apgar
score< 7’- (OR: 0.94; 95% CI: 0.86, 1.04; P = 0.22; Fig 3B) and ‘still-
birth’ - (OR: 1.02; 95% CI: 0.82, 1.26; P = 0.87; Fig 3C) show no signifi-
cant difference between vaccinated and unvaccinated pregnant
females. COVID-19 has been shown to significantly increase the risk
of preterm birth and stillbirth, possibly due to an aggressive systemic
inflammatory response and placental hypoperfusion. Our meta-anal-
ysis determined that not only will vaccination decrease the risk of
COVID-19 infection, but it also has no impact on the rate of preterm
birth and stillbirth- thus leading to an overall decrease of these two
negative outcomes in pregnant females.”® Amongst neonatal out-
comes included, we found that the incidence of neonatal ICU admis-
sion decreased in the vaccinated group (OR: 0.85; 95% CI: 0.81, 0.90;
P = <0.00001; Fig 3G). Magnus et al. found a lower rate of neonatal



I. Hameed et al. / American Journal of Infection Control 51 (2023) 582-593 591

A Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% Cl Year IV, Rand 95% CI
1.17.1 Matched/Adjusted data
Butt, A, A. -2.0475 0.7561 1.4% 0.13[0.03,0.57] 2021
Dagan, N. -0.5941 01099 27.2% 0.55(0.45,0.68] 2021 -
Goldshtein, I. -0.549 0117 259% 0.58[0.46,0.73] 2021 -

Subtotal (95% CI) 54.5% 0.54[0.42,0.70] @

Heterogeneity: Tau*= 0.02; Chi*= 3.84, df= 2 (P=0.15); F= 48%
Test for overall effect: Z= 4.67 (P < 0.00001)

1.17.2 Unmatched/Unadjusted data

Blakeway, H. 0.0598 0.7554 1.4% 1.06 [0.24, 4.67] 2021 ——
Theiler, R, N. -21715 0716 1.6% 0.11[0.03,0.46] 2021 _—
Magnus, M, C. -0.5074 0.0282 425% 0.60[0.57,0.64] 2022 B
Subtotal (95% CI) 45.5% 0.45[0.16, 1.25] e
Heterogeneity: Tau®= 0.54; Chi*= 5.96, df= 2 (P = 0.05), F= 66%
Test for overall effect Z=154 (P=0.12)
Total (95% CI) 100.0% 0.56 [0.47, 0.67] 4
i 2 - . - - - CR= 4 4 4 4
Heterogeneity: Tau®= 0.02; Chi*=10.70, df = 5 (P = 0.06); F= 53% o oh 10 180

Test for overall effect: Z= 6.31 (P < 0.00001)
Test for subaroup differences: Chi*=0.11,df=1 {(P=0.74), F= 0%

Favours Vaccinated Favours Unvaccinated

B Odds Ratio 0Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.18.1 Matched/Adjusted data
Dagan, N. -0.8223 03621 47.9% 0.44[0.22,0.89] 2021 ——
Goldshtein, I. -0.5719 0.3474 521% 0.56(0.29,1.12) 2021 —H
Subtotal (95% Cl) 100.0% 0.50[0.31,0.82] <
Heterogeneity: Tau®= 0.00; Chi*= 0.25, df=1 (P = 0.62), F= 0%
Test for overall effect: Z= 2.76 (P = 0.006)
Total (95% CI) 100.0%  0.50[0.31,0.82] <
it 12— . 12— - - s e 4 } 1 1
Heterogeneity: Tau®= 0.00; Chi*= 0.25, df=1 (P = 0.62), F= 0% o002 01 10 500

Test for overall effect: Z= 2.76 (P = 0.006)
Test for subaroup differences: Not applicable

Favours Vaccinated Favours Unvaccinated

C Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI Year IV, Rand 95% CI
1.19.1 Matched/Adjusted data
Blakeway, H. 0.4266 0.4451 509% 1.53[0.64,3.67] 2021 —1il—
Dagan, N. -21976 1.4908 21.8% 0.11 [0.01, 2.06] 2021 =—a————
Subtotal (95% Cl) 72.7%  0.61[0.05,7.09] IR R—
Heterogeneity. Tau®= 2.23; Chi*= 2.84, df=1 (P = 0.09), F= 65%
Test for overall effect: Z= 0.40 (P = 0.69)
1.19.2 Unmatched/Unadjusted data
Theiler, R, N. 1.9007 1.2279 27.3%  6.69([0.60,74.24] 2021 -
Subtotal (95% CI) 27.3%  6.69[0.60,74.24] e —

Heterogeneity: Not applicable
Test for overall effect Z=1.55(P=0.12)

Total (95% CI) 100.0%
Heterogeneity: Tau®=1.32; Chi*= 4.53, df= 2 (P = 0.10); F= 56%
Test for overall effect Z=0.28 (P=0.77)

Test for subaroup differences: Chi*=1.87, df=1 (P=0.17). F= 46.5%

1.29[0.23,7.24]

-’

0.001 01 1 10 1000
Favours Vaccinated Favours Unvaccinated

Fig 4. Forest plots for effectiveness of COVID-19 Vaccines. A: SARS-CoV-2 infections. B: COVID-19 related hospitalization. C: COVID-19 related ICU admissions.

admissions in women vaccinated within the third trimester and
attributed this to increased awareness regarding perinatal and neo-
natal care amongst women who opt for the vaccine.'®

In the subgroup analysis of adverse pregnancy outcomes based on
location, the vaccinated group in Canada demonstrated a higher inci-
dence of caesarean delivery (OR: 1.12; 95% CI: 1.08, 1.16;
P=<0.00001; Supplemental Figure 2C) and a lower incidence of post-
partum hemorrhage (OR: 0.89; 95% CI: 0.81, 0.98; P = 0.02; Supple-
mental Figure 2D). The relevant study included 97950 individuals,
with 22660 receiving the COVID-19 vaccine - a much higher number
of participants in comparison to the groups from the other locations
included, possibly resulting in such findings.'” The SARS CoV 2 virus
has been shown to result in obstetric complications such as postpar-
tum hemorrhage, possibly due to a progressive coagulopathy result-
ing in the consumption of clotting factors. The group in Canada had a
high number of vaccinated individuals, preventing infection and the
decreased development of such obstetric complications in that

population.?’-*® Among fetal outcomes, preterm birth decreased after
vaccination in Israel (OR: 0.87; 95% CI: 0.76, 0.99; P = 0.03; Supple-
mental Figure 2E) and Norway (OR: 0.81; 95% CI: 0.71, 0.92;
P = 0.001; Supplemental Figure 2E), in comparison to USA and Swe-
den which showed no difference while the incidence of stillbirth
decreased in Norway (OR: 0.42; 95% CI: 0.20, 0.91; P = 0.03; Supple-
mental Figure 2F) and Sweden (OR: 0.71; 95% CI: 0.52, 0.99; P = 0.04;
Supplemental Figure 2F) with no change in the groups from the other
locations. This could be due to the low number of stillbirths noted by
Magnus et al. in comparison to the other studies, coming to only 0.2%
of all included births.'®

In the subgroup analysis based on the trimester in which the first
dose was given on neonatal outcomes, a decrease in preterm birth was
seen when the former was given in the third trimesters (OR: 0.70; 95%
Cl: 0.63, 0.77; P = <0.00001; Supplemental Figure 3B), while no signifi-
cant difference was seen for small for gestational age births. However,
this can be attributed to the fact that only 3.9% of the vaccinated group
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were those who received their first dose in the first trimester, thus
leading to a low overall number of events.'® The Royal College of
Obstetricians and Gynaecologists have suggested that pregnant
women should preferably take their COVID-19 vaccine after the first
trimester, provided they are not at an increased risk for infection with
the virus due to the fetus being more susceptible to the development
of adverse outcomes during that window. Nevertheless, several studies
including ours have not shown a significant change in neonatal
adverse outcomes, post-vaccination in the first trimester.”® When the
subgroup analysis was done based on the type of vaccine, the Pfizer
BionTech162b2 (OR: 0.91; 95% CI: 0.86, 0.97; P = 0.006; Supplemental
Figure 4C) and the Moderna mRNA1273 (OR: 0.83; 95% CI: 0.73, 0.94;
P = 0.003; Supplemental Figure 4C) vaccines decreased the incidence
of preterm births amongst vaccinated females, in comparison to the
AstraZeneca vaccine which showed no significant difference between
the vaccinated and unvaccinated. The vaccine’s protective effect
against infection in pregnant females and thus decrease in negative
outcomes after infection, such as preterm birth, has been documented
thus explaining the BNT162b2 and mRNA1273 vaccines’ leading to a
decrease in the incidence of preterm births.*’

Our analysis reinforced the effectiveness of the COVID-19 vaccine
as our results showed a decrease in the number of SARS CoV 2 infec-
tions in vaccinated pregnant females (OR: 0.56, 95% CI: 0.47, 0.67,
P =<0.00001; Fig 4A), along with a decrease in COVID-19 hospitaliza-
tion (OR: 0.50, 95% CI: 0.31, 0.82; P = 0.006; Fig 4B) in those infected,
when compared to unvaccinated pregnant females. When investigat-
ing the vaccine’s immunologic response, a significant rise in IgG, IgM,
and IgA antibody titers was measured in vaccinated pregnant
females, with a sustained IgG response seen two weeks after immu-
nization. Furthermore, vaccination induced a more robust immuno-
logic response in comparison to that seen after infection with the
virus.>' Despite adverse pregnancy and fetal outcomes associated
with SARS CoV 2 infection, several studies have revealed that COVID-
19 vaccine uptake in pregnant females is not reaching the desired
level, with women of older age, those undergoing fertility treatment,
and those with higher education levels or socioeconomic status
receiving the vaccine more readily in comparison to those who do
not fit these criteria.>!® Skjefte et al. explored the degree of vaccine
acceptance amongst pregnant females and determined that a major-
ity will be willing to get immunized against the SARS-CoV-2 virus
provided a greater than 90% effectiveness rate is established- which
has now been established through numerous clinical trials.*?

Heterogeneity was seen for SARS CoV 2 infection during or after
pregnancy and COVID-19 related I.C.U. admission, though no signifi-
cant difference was noted after sensitivity analysis. Though Theiller
et al. did establish a significant decrease in COVID-19 infection rate in
vaccinated pregnant females, the heterogeneity in our results is due to
this study, possibly due to vaccine efficacy observed for a short time as
most females received the vaccination in the third trimester.” The rate
of COVID-19 ICU admission did not differ amongst the vaccinated and
unvaccinated groups. However, the heterogeneity in our results can be
attributed to the study conducted by Dagan et al., who did not find
enough relevant events to draw a conclusion.!' Based on location, the
population of vaccinated pregnant females from England showed no
difference in SARS CoV 2 infection rates in comparison to the unvacci-
nated group on subgroup analysis, while all other studies included
showed a significant difference. In the relevant study conducted by
Blakeway et al., women with pre-pregnancy diabetes mellitus were
more prone to take the vaccine. However, this group is also more sus-
ceptible to infection including COVID-19, thus being one of many pos-
sible risks the participants of the English study were exposed to,
leading to the disparity between it and other included studies.’

Our analysis had several limitations. Only observational studies
were included in our study, with no randomized clinical trials. Our
participants received either one dose, more than one or two doses,

which were all taken as one and the same. We were not able to per-
form a subgroup analysis based on the number of doses received. The
subgroup analysis performed based on trimester was limited to the
first dose of the vaccine, instead of two doses. Furthermore, the sub-
group analysis performed on the type of vaccine could not assess all
the outcomes owing to limited available data. Another limitation was
that few studies reported unmatched data which can result in con-
founding bias, thus leading to variability in baseline characteristics
and outcome measures. We choose OR analysis over risk analysis to
report data pooled through the included studies which may exagger-
ate the association but this was done to maximize the included sam-
ple size and minimize confounding bias. In addition, we included ten
studies, all of them did not report all the outcomes we assessed, not
allowing us to perform publication bias. Another limitation of our
paper was that the included studies lacked data on the variabilities in
response to therapies or vaccinations with respect to different
COVID-19 variants and sub-variants, therefore, we were not able to
perform a subgroup analysis based on the aforementioned.

CONCLUSIONS

Our study clearly outlined the lack of significant adverse preg-
nancy, fetal and neonatal outcomes after the COVID-19 vaccine. These
results were seen regardless of the type of vaccine and the trimester in
which females receive the vaccination. Furthermore, our study rein-
forced the decrease in COVID-19 infection rate and decrease in COVID-
related hospitalizations in pregnant females. Clear guidelines are
needed to help healthcare professionals in advising and implementing
the vaccination of pregnant females against COVID-19. Pregnant
patients also require the assurance needed to readily take the vaccine.
Our meta-analysis can act as a reference for healthcare professionals
and policymakers, for the prompt and much-needed vaccination of
pregnant females against the SARS-CoV-2 virus.
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