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COVID-19 vaccines.

Objectives: This study aimed to provide guidance for clinical treatment and increase public confidence in

Methods: The Cochrane Library, Embase, PubMed, Web of Science, Clinicalkey, and other COVID-19
datasets were searched from December 2019 to May 2022. Case-control studies and prospective cohort
studies of COVID-19 vaccine effectiveness and safety in pregnant women were included.
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Keywords: Results: From day 11 to day 13, after the first dose of the COVID-19 messenger RNA vaccine, the effec-
COVID-19 tiveness was 54% (95% confidence interval: 0.33-0.69). On days 14 to 27, the effectiveness was 59%. There
Vaccine was a 14% increase in vaccine effectiveness 28 days after the first dose was given. The inactivated vaccines
Effectiveness showed similar effectiveness. The proportions of placental abruptions, postpartum hemorrhages, miscar-
Safety . i . . . .. .
Obstetrics riages, stillbirths, premature births, and small for gestational age infants were not significantly different
between vaccinated and nonvaccinated pregnant women. Fatigue and fever were also not associated with
pregnancy.
Conclusion: Our findings affirm that the effectiveness varies for different types of vaccines and is sig-
nificantly and positively correlated with time in the pregnant population. COVID-19 vaccines have also
been deemed safe for pregnant women. Thus, we developed a comprehensive understanding of the role
of vaccines in pregnant women.
© 2023 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
Introduction Research shows that pregnant women are a high-risk group

From December 30, 2019, to May 14, 2022, 517,648,631 peo-
ple were infected with COVID-19, and 6,261,708 people died in to-
tal. The male-to-female ratio was 0.9 among infected people and
1.29 in deceased people [1]. According to the United States Cen-
ters for Disease Control and Prevention (https://www.cdc.gov/, last
accessed 05/09/22), 207,793 pregnant women in the United States
were infected, and 296 died.

* Corresponding authors.
E-mail addresses: annaabcd114@hotmail.com (X. Liu), hemoglobin@163.com (H.
Xie), stephenying_2011@163.com (H. Ying).
# Co-first authorship: Shengyu Wu, Luyao Wang, and Jiaqi Dong contributed
equally to this work.

https://doi.org/10.1016/j.ijid.2023.01.018

for COVID-19 infection [2]. Physiological changes during pregnancy
often increase susceptibility to infection. For instance, the ma-
ternal immune system is biased toward T helper 2 cells (Th2)
during pregnancy, which makes the mother more susceptible to
COVID-19 [3].

Vaccination is currently considered the most effective interven-
tion for the prevention of COVID-19. As of May 15, 2022, approx-
imately 65.6% of the world’s population had received a COVID-
19 vaccine [1]. Of all countries, Cuba ranked first, where approxi-
mately 94.23% of residents have received at least one dose [4]. Ac-
cording to the World Health Organization, 142 COVID-19 vaccines
have been in the clinical development phase, mainly including
viral vector vaccines, inactivated vaccines, and RNA vaccines [5].
However, the acceptance of vaccination among pregnant women
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is relatively low [6], and there are no systematic evaluations of
dose- and time-dependent vaccine effectiveness (VE) in pregnant
women.

To better help with COVID-19 prevention and control in gravida,
we combined the random forest predictive model with classical
statistical methods to identify and compare the effectiveness of dif-
ferent COVID-19 vaccines in pregnant women. Time-effectiveness
charts were also constructed for the temporal dynamics of VE. In
addition, we analyzed both the obstetric and neonatal outcomes
as well as local and systemic reactogenicity. We hope that our
research can provide guidance for clinical treatment and increase
public confidence in COVID-19 vaccines.

Materials and methods
Literature search strategy

We identified records by searching the Cochrane Library, Em-
base, Web of Science, PubMed, Clinicalkey, COVID-19 Research
Database, COVID-19 Open Research Dataset Challenge (CORD-19),
COVID-19 Intelligent Insight and COVID-19 Public Media Dataset
for “(SARS-CoV-2 OR COVID-19 OR 2019-nCoV) AND pregnancy
AND vaccine” (up to May 12, 2022). Clinical trial registries such
as ClinicalTrials.gov were also searched. We also checked the refer-
ence lists of the included studies on the topic. Only articles written
in English were included in our meta-analysis, and other types of
papers and language articles were excluded. A complete descrip-
tion of the initial and supplementary search strategies is available
in Table S1.

Eligibility criteria

We included randomized controlled trials and observational
studies of COVID-19 VE and safety in pregnant women published
from December 2019 onward.

Studies were eligible for inclusion if their subjects included
pregnant women, regardless of nationality and race; research con-
tents contained the effectiveness of and adverse reactions to
COVID-19 vaccines among pregnant women.

We excluded case reports, cross-sectional studies, review arti-
cles, conference abstracts, and editorials due to their low levels of
evidence. In addition, males and any other nonpregnant females
were not included in this study.

In this study, all participants received both doses of the vaccine,
and no participant received a booster dose.

Study selection and data extraction

References were imported into EndNote (version X9), and du-
plicates were removed. We completed the screening in two stages.
The titles and abstracts of the studies were initially screened for el-
igibility. Afterward, the full texts of the studies assessed as poten-
tially relevant for the review were retrieved and checked against
our inclusion and exclusion criteria. Two investigators indepen-
dently performed abstract screening, full-text screening, and data
extraction. Disagreements between reviewers were resolved by dis-
cussion or, if needed, by consultation with a third review author.

Data were recorded using the predesigned PROforma method
and managed on a Microsoft Excel spreadsheet. We extracted
the primary and secondary outcomes from appropriate random-
ized controlled trials and nonrandomized studies of interventions.
Other relevant data included study names, basic information from
the studies, study population characteristics, and types of SARS-
CoV-2 vaccines.
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Risk of bias assessment

The risk of bias was evaluated using the Cochrane risk of bias
(RoB) tool [7] for randomized trials and the Risk Of Bias In Non-
randomized Studies of Interventions (ROBINS-I) tool [8] for non-
randomized studies. We included randomized and nonrandomized
trials; however, we found no randomized trials. For nonrandom-
ized studies, we judged the RoB in seven domains and differenti-
ated bias due to confounding, the selection of study participants,
the classification of interventions, deviations from intended inter-
ventions, missing data, the measurement of outcomes, and the se-
lection of reported results. Disagreements were resolved by discus-
sion with a third investigator.

Outcomes of interest

The primary outcome was the VE of COVID-19 vaccines. VE is
a measure of how well vaccines work in the real world. In this
research, VE reflects protection from infection. We estimated the
effectiveness of vaccines against SARS-CoV-2 infection as follows:
VE = 100% x (1 - adjusted odds ratio [OR] of completing COVID-
19 vaccination during pregnancy among mothers in the case and
control groups) [9,10]. The case group was defined as vaccinated
pregnant women, and the control group was defined as unvacci-
nated pregnant women in this meta-analysis.

The secondary outcomes were obstetric and neonatal outcomes,
as well as local and systemic reactogenicity. The obstetric and
neonatal outcomes mainly included postpartum hemorrhage, pla-
cental abruption, miscarriage, premature birth, stillbirth, and small
for gestational age (SGA) infant. The local and systemic reacto-
genicity included pain, fever, and fatigue.

Statistical analysis

Our primary outcome was the dose- and time-dependent VE
of COVID-19 vaccines, expressed by how well the messenger RNA
(mRNA) and inactivated vaccines worked to protect communities
as a whole and stratified according to time. Table 1 reports the re-
spective data for the vaccines included in the study. The VE of the
COVID-19 vaccines is defined as the relative reduction in the risk
of SARS-CoV-2 infection after vaccination. VE was used to evaluate
the vaccines, and we can easily find the VE and both the upper and
lower limits of the 95% confidence interval (CI) from the articles.
We performed separate meta-analyses for the VE of different types
of vaccines and different times. Spearman correlation was used
to assess correlation. The statistical significance of the VE on dif-
ferent days was assessed by the nonparametric Mann-Whitney U
test.

Our secondary outcomes were obstetric and neonatal outcomes
as well as local and systemic reactogenicity. The ORs and corre-
sponding 95% Cls were estimated. A hazard ratio of less than 1
indicates a reduced risk for adverse outcomes. We also calculated
and reported the averaged data of the adverse outcomes as the
means =+ standard errors (SEs).

We analyzed the data with RevMan 5.3 and StataMP 16. At least
two studies were required for each meta-analysis. Random effects
models were selected to calculate effect sizes because they repre-
sented a more conservative estimate of the mean prevalence. As-
sessing heterogeneity was necessary, and it was assessed using the
I2 statistic. Heterogeneity was categorized as 25% (low heterogene-
ity), 50% (moderate heterogeneity), or 75% (high heterogeneity). A
sensitivity analysis was also conducted to determine the possible
cause of high heterogeneity. Publication bias was assessed using a
funnel plot and both Egger's test and Begg's test for funnel plot
asymmetry. A P-value < 0.05 indicated statistical significance.
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Table 1
Overview of the included vaccines.
Research Number of
contents Type studies Vaccine name  Type of ingredient (in one dose) Study ID
Vaccine mRNA vaccine 3 Pfizer-BioNTech Active ingredient Adjuvant Other excipients Dagan et al. [11];
effectiveness mRN: / -Lipids (fats)*: Goldshtein et al. [12];

Inactivated 1
vaccines

Moderna

CoronaVac

Tozinameran is a single-stranded,
5’-capped mRNA produced using a
cell-free in vitro transcription from
the corresponding DNA templates,
encoding the viral spike protein of
SARS-CoV-2.

One vial (0.45 ml) contains six doses of 0.3 ml after dilution.

-2[(polyethylene glycol
(PEG))-2000]-N,N-ditetradecylacetamide
-1,2-distearoyl-sn-glycero-3-
phosphocholine

-Cholesterol (plant derived)
-((4-hydroxybutyl)azanediyl)bis(hexane-
6,1-diyl)bis(2-hexyldecanoate)

-Sugar and acid stabilizers:

- Sucrose (table sugar)

- Tromethamine

‘-Tromethamine hydrochloride

Butt et al. [13]

One dose (0.3 ml) contains 30 micrograms of tozinameran, a COVID-19 mRNA vaccine (embedded in lipid

nanoparticles).

* Lipid nanoparticle formulation has intrinsic adjuvant activity.
Active ingredient Adjuvant

-mRNA: /

Elasomeran is a single-stranded,

5'-capped mRNA produced using a

cell-free in vitro transcription from

the corresponding DNA templates,

encoding the viral spike protein of

SARS-CoV-2

Other excipients

-Lipids (fats)*:

- PEG2000-DMG:
1,2-dimyristoyl-rac-glycerol,
methoxypolyethylene glycol
-1,2-distearoyl-sn-glycero-3-
phosphocholine

- BotaniChol® (nonanimal origin
cholesterol)

- SM-102: heptadecane-9-yl
8-((2-hydroxyethyl) (6-ox0-6-(undecyloxy)
hexyl) amino) octanoate

-Salt, sugar, acid stabilizers, and acid:
- Sodium acetate

- Sucrose (basic table sugar)

- Tromethamine

‘-Tromethamine hydrochloride

- Acetic acid (the main ingredient in
white household vinegar)

Butt et al. [13]

This is a multidose vial that contains 10 doses of 0.5 ml each or a maximum of 20 doses of 0.25 ml each.
One dose (0.5 ml) contains 100 micrograms of elasomeran, a COVID-19 mRNA vaccine (embedded in SM-102

lipid nanoparticles).

One dose (0.25 ml) contains 50 micrograms of elasomeran, a COVID-19 mRNA vaccine (embedded in SM-102

lipid nanoparticles).

* Lipid nanoparticle formulation has intrinsic adjuvant activity.

Active ingredient Adjuvant

-3 ng of inactivated SARS-CoV-2 -Aluminum hydroxide:

virus 0.5 ml of aluminum
hydroxide diluent per dose

Other excipients

- Salt, sugar, acid stabilizers, and acid:
disodium hydrogen phosphate, sodium
dihydrogen phosphate, sodium, chloride,
and water for injection

Paixao et al. [14]

One dose (0.5 ml) is composed of 3 g of inactivated SARS-CoV-2 virus

(continued on next page)
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Table 1 (continued)

Research Type Number of
contents studies
Vaccine Safety mRNA vaccine 13

Moderna
Viral vector Janssen
vaccine

Oxford-

AstraZeneca

Vaccine name

Pfizer-BioNTech

Type of ingredient

(in one dose)

Active ingredient Adjuvant
-Messenger ribonucleic acid (mRNA) |

Other excipients

-Lipids (fats)*

-Sugar and acid stabilizers

One vial (0.45 ml) contains six doses of 0.3 ml after dilution.

One dose (0.3 ml) contains 30 micrograms of tozinameran, a COVID-19 mRNA vaccine (embedded in lipid
nanoparticles).

* Lipid nanoparticle formulation has intrinsic adjuvant activity.

Active ingredient Adjuvant Other excipients

-Messenger ribonucleic acid (mRNA) -Lipids (fats)*

-Salt, sugar, acid stabilizers, and acid

One dose (0.5 ml) contains 100 micrograms of elasomeran, a COVID-19 mRNA vaccine (embedded in SM-102

lipid nanoparticles).

One dose (0.25 ml) contains 50 micrograms of elasomeran, a COVID-19 mRNA vaccine (embedded in SM-102

lipid nanoparticles).
* Lipid nanoparticle formulation has intrinsic adjuvant activity.
Active ingredient Adjuvant
-A harmless version of a virus /
unrelated to the COVID-19 virus:
Recombinant, replication-incompetent
Ad26 vector, encoding a stabilized
variant of the SARS-CoV-2 Spike (S) - Polysorbate-80
protein - 2-hydroxypropyl-S-cyclodextrin
- Trisodium citrate dihydrate
- Sodium chloride (basic table salt)

Other excipients
-Excipients with known effect:

2 mg of ethanol.

- Citric acid monohydrate (closely related

to lemon juice)
This is a multidose vial which contains five doses of 0.5 ml.

One dose (0.5 ml) contains: Adenovirus type 26 encoding the SARS-CoV-2 spike glycoprotein* (Ad26.COV2-S),

no less than 8.92 logyo infectious units.
Produced in the PER.C6 TetR Cell Line and by recombinant DNA technology.

Active ingredient Adjuvant Other excipients
-COVID-19 Vaccine (ChAdOx1-S* /
recombinant), not less than

2.5 x 108 infectious units

L-Histidine, L-Histidine hydrochloride
monohydrate, magnesium chloride
hexahydrate, polysorbate 80 (E 433),
-Recombinant, replication-deficient ethanol, sucrose, Sodium chloride,
chimpanzee adenovirus vector

encoding the SARS-CoV-2 spike

glycoprotein:

Produced in genetically modified

human embryonic kidney 293 cells.

One dose (0.5 ml) contains no less than 2.5 x 108 infectious units.

injections

Each dose (0.5 ml) contains approximately

-Sugars, salts, acid, and acid stabilizer:

- Sugars, salts, acid, and acid stabilizer:

disodium edetate dihydrate, and water for

Study ID

Theiler et al. [16];
Wainstock et al. [17];
Goldshtein et al. [12];
Rottenstreich et al. [18];
Bookstein Peretz et al. [21];
Blakeway et al. [19];
Lipkind et al. [20];
Shimabukuro et al. [26];
Kachikis et al. [22];
Trostle et al. [23];
Zauche et al. [24];
Kharbanda et al. [25];
Magnus et al. [15]

Theiler et al. [16];
Blakeway et al. [19];
Lipkind et al. [20];
Shimabukuro et al. [26];
Kachikis et al. [22];
Trostle et al. [23];
Kharbanda et al. [25];
Magnus et al. [15]

Theiler et al. [16];
Lipkind et al. [20];
[21]

Blakeway et al. [19];
Magnus et al. [15]

mRNA, messenger RNA.
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[ Identification of articles via databases

[ Identification of articles via additional search ]

Records removed before

Records identified from 9 screening:

databases (n =34925) >

Duplicate records removed

Identification

(n=13236)

Records identified from
ClinicalTrials.gov:

(n=12)

_ l

Records excluded after title and

Records screened
abstracts screened

Reports excluded:

Inconsistent with the purpose
of the article (n = 12)

—

Figure 1. Flowchart of the study selection process.

—>
(n=21689) (n =20624)
: |
c
E Report: luded:
g Reports assessed for eligibility Spolisiexcluded: Reports assessed for eligibility
o _ > «Inconsistent with the purpose
=1065 =
(n ) of the article (n = 976) (n=0)
*Review and others (n = 83)
+The investigated population
not pregnant (n = 6)
Articles included in review
g (n=16)* :
g Vaccine effectiveness (n = 4)**
Vaccine adverse reaction (n = 13)

*The study conducted by Goldshtein et al. [12] included both vaccine effectiveness and adverse reactions to vaccines.
**The four included articles contained six studies. The article by Dagan et al. included two studies: Dagan et al. [11] (documented infection) and Dagan et al. [11] (symp-
tomatic infection). The article by Paixao et al. [14] also included two studies: Paixao et al. [14] (symptomatic infection) and Paixao et al. [14] (severe infection).

Results
Study selection

Our research identified 34,925 records from nine databases. Af-
ter removing duplicates, 21,689 records remained. We excluded an-
other 20,624 articles after reading the titles and abstracts. A total
of 1065 articles remained for further evaluation after reading the
full texts. A total of 591 works were excluded for irrelevance to
our purpose, and 106 works were also removed as they were re-
views. Finally, 16 articles that met the inclusion criteria were in-
cluded [11-26]. Four of the articles were about VE [11-14]. Thir-
teen articles were about adverse reactions to vaccines, including
obstetric and neonatal outcomes, as well as local and systemic re-
actogenicity [12,15-26]. Among these studies, the study conducted
by Goldshtein et al. [12] involved both types of outcomes. Figure 1
shows a flowchart describing the study selection process.

Descriptive characteristics

Overall, this meta-analysis was based on a pooled sample of
196,609 women. We included six studies [11-14| from four ar-
ticles about COVID-19 VE and 13 studies from 13 articles about
adverse reactions to vaccines [12,15-26]. Trials primarily included
women who were vaccinated at any time during pregnancy. Of the
16 included studies, two different kinds of vaccines were involved:
mRNA vaccines and inactivated vaccines. All included studies were
nonrandomized trials. Their characteristics are summarized in Ta-
ble S2 and Table S3.

Risk of bias assessment

Based on the ROBINS-I tool, four studies were rated as having
moderate RoB, and 15 studies were deemed to have low RoB. The
RoB assessments are shown in Table S4.
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Dose- and time-dependent COVID-19 vaccine effectiveness for
pregnant women

Regarding COVID-19 VE, a total of six studies from four articles,
Dagan et al. [11] (documented infection), Dagan et al. [11] (symp-
tomatic infection), Goldshtein et al. [12], Butt et al. [13], Paixao
et al. [14] (symptomatic infection) and Paixao et al. [14] (severe in-
fection), were included. The average VE over a period of time (first
dose: within 10 days, from 11 to 13 days, from 14 to 20 days, from
21 to 27 days, after 28 days; second dose: from 7 to 13 days, from
14 to 56 days) in these studies was included in our research (Table
S5). The main results on the relationship between VE and days of
vaccination are presented in Table 2.

The effectiveness of messenger RNA-based vaccines against COVID-19
on different days

A study conducted by Goldshtein et al. [12] indicated that
within 10 days after the first dose of the Pfizer-BioNTech mRNA
COVID-19 vaccine, the VE was 4% (95% CI: -0.33-0.31). However,
from the 11th to the 13" day after the first dose, the VE increased
to 54% (95% CI: 0.33-0.69).

The mRNA-based VE in pregnant women was the lowest from
14 to 20 days after the first dose (VE = 59%, 95% Cl: 0.47-0.71)
(Figure 2a). It was almost the same from 21 to 27 days after the
first dose (VE = 59%, 95% Cl: 0.46-0.72) (Figure 2b). At >28 days
after the first dose, the VE was 64% (95% CI: 0.29-0.99) in pregnant
women (Figure 2c).

From 7 to 13 days after the second dose of an mRNA vaccine,
the VE in pregnant women was much higher (VE = 97%, 95% ClI:
0.93-1.00) (Figure 2d). However, since only Dagan et al.’s [11] data
were available for these days, the result was not representative.
The VE was 96% (95% CI: 0.93-1.00) 14 to 56 days after the sec-
ond dose (Figure 2e).
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Table 2
Summary of the effectiveness of the different types of vaccines.

The effectiveness of messenger RNA-based vaccines against COVID-19 on different days

Type First dose? Second dose® Study ID
<10 days 11-13 days 14-20 days 21-27 days >28 days 7-13 days 14-56 days
Messenger RNA 4% (95% CI: -0.33-0.31)  54% (95% CI: 59% (95% CI: 59% (95% 64% (95% CI: 97% (95% CI: 96% (95% Cl: Dagan et al. [11];
vaccine 0.33-0.69) 0.47-0.71) CI:0.46-0.72) 0.29-0.99) 0.93-1.00) 0.93-1.00) Goldshtein et al. [12];
Butt et al. [13]

Inactivated Paixao et al. [14] / / 5.02% (95% CI: 5.02% (95% CI: 5.02% (95% CI: / 40.97% (0.2707-0.5222) Enny Paixao
vaccine (Symptomatic -0.1822-0.2369) -0.1822-0.2369) -0.1822-0.2369) et al. [14]

infection)®

Paixao et al. [14] / / 67.74% (95% CI: 67.74% (95% Cl: 67.74% (95% CI: / 85.39% (0.5944-0.9480)

(Severe infection)® 0.20-0.87) 0.20-0.87) 0.20-0.87)
Overall / / 60% (95% CI: 60% (95% CI: 69% (95% CI: / 96% (0.93-0.99) Dagan et al. [11];

0.49-0.71) 0.48-0.73) 0.50-0.88) Goldshtein et al. [12];

Butt et al. [13]

2 Different days after the first dose of vaccination.

b Different days after the second dose of vaccination.

¢ The Paixao et al. [14] (symptomatic infection) study included pregnant women who had symptomatic infections after vaccination and did not have a positive reverse transcription-polymerase chain reaction test result
within the previous 90 days. The Paixao et al. [14] (severe infection) study included pregnant women with severe infections who did not have a positive reverse transcription-polymerase chain reaction test result within the
previous 90 days.
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Vaccine Effectiveness  Weight
A Study with 95% CI (%)
mMRNA vaccine
Noa Dagan 2021 (Documented infection) —;— 0.67 [0.40, 0.84] 1829
Noa Dagan 2021 (Symptomatic infection) —— 0.66 [0.32, 0.86] 16.60
Inbal Goldshtein 2021 —— 054[033, 069] 1958
Adeel A. Butt 2021 — . 0.41[0.00, 0.81] 12.44
Heterogeneity: T° = 0.00, I = 0.00%, H’ = 1.00 - 0.59[0.47, 0.71]
Test of 8, = 8; Q(3) = 1.85, p = 0.60
Inactivated virus vaccine
Enny S. Paixao (Symptomatic COVID-19) —— 005[-0.18, 0.24] 1863
Enny S. Paixao ( Severe COVID-19) —.— 0.68[0.20, 0.87] 14.46
Heterogeneity: 1 = 0.18, I* = 89.67%, H' = 9.68 —— 0.35[-0.26, 0.96]
Test of 8, = 8;: Q(1) = 9.68, p = 0.00
Overall - 0.50[0.29, 0.71]
Heterogeneity: T° = 0.05, I = 75.94%, H’ = 4.16
Test of 6, = 8; Q(5) = 22.61, p = 0.00
Test of group differences: Q.(1) = 0.56, p = 0.45
5 o 5 1
Random-effects REML model
Vaccine Effectiveness ~ Weight
C  study with 95% CI (%)
mRNA vaccine
Inbal Goldshtein 2021 —i- 078057, 0.89] 2823
Adeel A. Butt 2021 —a— 0.41[0.00, 0.81] 2131
Heterogeneity: 1° = 0.04, I’ = 64.71%, H’ = 2.83 =g 0.64[0.29, 0.99]
Test of 6= 6; Q(1) = 2.83, p = 0.09
Inactivated virus vaccine
Enny S. Paixao (Symptomatic COVID-19) —— 0.05[0.18, 0.24]  27.05
Enny S. Paixao ( Severe COVID-19) —a— 068[020, 087] 2341
Heterogeneity: 1° = 0.18, I = 89.67%, H’ = 9.68 —_— 0.350.26, 0.96]
Test of 6= 6; Q(1) = 9.68, p = 0.00
Overall ——cEEEE— 0.48[0.13, 0.82]
Heterogeneity: 1° = 0.10, I = 86.52%, H' = 7.42
Test of 6 = 6 Q(3) = 30.60, p = 0.00
Test of group differences: Q.(1) = 0.65, p = 0.42
5 o 5 1
Random-effects REML model
E Vaccine Effectiveness  Weight
Study with 95% CI (%)
mRNA vaccine
Noa Dagan 2021 (Documented infection) - 0.96 [0.89, 1.00] 2179
Noa Dagan 2021 (Symptomatic infection) - 0.97 [0.91, 1.00] 21.90
Adeel A. Butt 2021 — 0.87 [0.47, 0.98] 16.69
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Figure 2. Forest plots of the VE of mRNA-based vaccines.
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(a) VE at 14 to 20 days after the first dose of mRNA vaccines; (b) VE at 21 to 27 days after the first dose of mRNA vaccines; (c) VE at >28 days after the first dose of mRNA
vaccine; (d) VE from 7 to 13 days after the second dose of mRNA vaccines; (e) VE from 14 to 56 days after the second dose of mRNA vaccines.

CI, confidence interval; mRNA, messenger RNA; VE, vaccine effectiveness.

The effectiveness of the inactivated vaccine against COVID-19 on
different days

The relevant data were compiled from the study by the Paixao
et al. [14] team. The VE of CoronaVac on different days is also
shown in Table S5. Due to high heterogeneity (12 >75%), it was not
possible to obtain the overall effectiveness of an inactivated vac-
cine (Table S6).

Overall vaccine effectiveness of COVID-19 vaccines on different days

The overall VE of different kinds of COVID-19 vaccines is shown
in Figure S1. Due to high statistical heterogeneity, the results could
not be pooled.

A funnel plot was applied to determine if there was any pub-
lication bias. However, due to the small number of included stud-
ies, the funnel chart had no obvious significance (Figure S2). Eg-
ger's test and Begg’s test showed no evidence of publication bias
for each parameter included in the study (Table S7).

To evaluate the stability of the pooled results of our meta-
analysis, we performed a sensitivity analysis by sequentially ex-
cluding each study. Paixao et al. [14] (symptomatic infection) was
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the main source of heterogeneity. This might be due to the non-
significant VE in this study (VE = 5.02%, 95% CI: -18.22-23.69).

With this study removed, the overall VE was 0.60 from days 14-
28 after the first dose (Figure 3a-b). It rose significantly after the
28t day of the first vaccine dose (Figure 3c, VE = 69%, 95% CI:
0.50-0.88) and increased to 96% after the second dose (Figure 3d,
95% CI: 0.93-0.99).

Correlation between vaccine effectiveness and different days after
vaccination

Spearman correlation was used to assess the correlation be-
tween VE and time since vaccination. This resulted in a highly
significant positive correlation (P <0.005) for each dose. The VE
of each dose gradually increased as the average number of days
since vaccination increased (Figure S3). The vaccine was more ef-
fective after the second dose than after the first dose alone (Fig-
ure S3A). Likewise, the overall effectiveness of various kinds of
vaccines (with the study that was the source of heterogeneity re-
moved) also showed the same trend (Figure S3B). However, the re-
sults revealed that the mRNA-based COVID-19 vaccine was more
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Figure 3. Adjusted overall VE.
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The study by Paixao et al. [14] (symptomatic infection) was the source of heterogeneity and was removed. (a) Overall VE at 14 to 20 days after the first dose; (b) Overall VE
at 21 to 27 days after the first dose; (c) Overall VE at >28 days after the first dose of mRNA vaccine; (d) Overall VE at >14 days after two doses.

CI, confidence interval; mRNA, messenger RNA; VE, vaccine effectiveness.

effective at 7-13 days than at 14 days after the second dose (97%
vs 96%), but the change was not statistically significant (P >0.05 by
the nonparametric Mann-Whitney U test).

Safety of the COVID-19 vaccines in pregnant women

Thirteen studies evaluated the safety of COVID-19 vaccines.
All 13 studies reported obstetric and neonatal outcomes [12,15-
26], and three also involved local and systemic reactogenicity
[21,22,26]. There were seven case-control studies, and the other
studies were prospective cohort studies.

Major obstetric and neonatal outcomes

For the 13 studies reviewed, comparisons were made for a
range of major obstetric and neonatal outcomes associated with
COVID-19 vaccination, including miscarriage, SGA, premature de-
livery, stillbirth, placental abruption, and postpartum hemorrhage
(Table S8).

The proportions of major obstetric and neonatal outcomes in
vaccinated and unvaccinated pregnant women are shown in Figure
S4. No significant differences were found in the average between
the two groups.

There was a pooled OR of 0.83 (Figure 4a, 95% CI: 0.65-1.06,
P = 0.13, I = 54%) in the premature delivery group, which in-
cluded vaccinated and unvaccinated controls. Therefore, we con-
cluded that the probability of premature delivery was not signifi-
cantly associated with vaccination. The analysis method, detection
method, and research center might contribute to the heterogeneity
(Figure 4b).

The odds of placental abruption (Figure 4c, P = 0.15), post-
partum hemorrhage (Figure 4d, P = 0.59), miscarriage (Figure 4e,
P = 0.05), stillbirth (Figure 4f, P = 0.49), and SGA (Figure 4g,
P = 0.70) among pregnant women were not associated with
COVID-19 vaccination.

These results confirmed our conjecture that obstetric and
neonatal outcomes were not associated with COVID-19 vaccination.
Thus, the safety of COVID-19 vaccines was partially proven.
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Local and systemic reactogenicity

Local and systemic reactogenicity included muscle pain, fever
(>38°C), and fatigue. The number of individuals with data was
35,157, including pregnant women and 9976 nonpregnant women.
Data for 6074 pregnant women and 1105 nonpregnant women
were missing for the second dose (Table S9).

Compared with that in nonpregnant women after vaccination,
the OR of muscle pain was 0.45 in pregnant women (95% Cl: 0.22-
0.93, P = 0.03) (Figure 5a). However, there were too few included
studies in these comparisons for these data to be representative.
Muscle pain was not associated with pregnancy after receipt of the
second dose of the COVID-19 vaccine (P = 0.39) (Figure 5b). The
data regarding fatigue were not statistically significant (Figure 5c—
d).

Random effect models were used to compare the risk of devel-
oping a fever in pregnant and nonpregnant women due to high
statistical heterogeneity (Figure 5e-f). The risk after vaccination
was proven not to be related to pregnancy. However, it varied by
different doses. The risk of fever in pregnant women after the sec-
ond dose was almost 12.30 times higher than that in those who re-
ceived the first dose (Figure S5A, 95% CI: 8.76-17.27, P <0.01). The
different methodologies used in the study by Shimabukuro et al
[26] might contribute to the high heterogeneity (Figure S5B). How-
ever, among nonpregnant women, the OR was 10.28 (Figure S5C,
95% CI: 4.88-21.65, P <0.01, 12 = 23%). This illustrated that differ-
ent doses of COVID-19 vaccines led to no significant difference in
fever in pregnant and nonpregnant women.

In general, all local and systemic reactions were considered un-
related to pregnancy in vaccinated women (Table 3).

Discussion
Principal findings

To better help with COVID-19 prevention and control, we con-
ducted a systematic review and meta-analysis to assess COVID-19
vaccines within the pregnant population. This meta-analysis eval-
uated 19 studies on the dose- and time-dependent effectiveness
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Figure 4. Forest plots of obstetric and neonatal outcomes (vaccinated pregnant women vs unvaccinated pregnant women).

(a) The risk of premature delivery in vaccinated pregnant women vs unvaccinated pregnant women (OR = 0.83, 95% CI: 0.65-1.06, P = 0.13, I = 54%); (b) Subgroup analysis;
(c) The odds of placental abruption (OR = 0.60, 95% CI: 0.29-1.21, P = 0.15, I> = 6%); (d) The odds of postpartum hemorrhage (OR = 0.91, 95% CI: 0.64-1.29, P = 0.59,
12 = 19%); (e) The odds of miscarriage (OR = 1.12, 95% CI: 1.00-1.27, P = 0.05, I> = 0%); (f) The odds of stillbirth (OR = 1.42, 95% CI: 0.53-3.76, P = 0.49, I? = 0%); (g) The

odds of SGA (OR = 1.03, 95% CI: 0.90-1.18, P = 0.70, I = 18%).
CI, confidence interval; OR, odds ratio.

and safety of COVID-19 vaccines from 16 included articles based on
data from six countries. The article by Dagan et al. [11] included
two studies: Dagan et al. [11] (documented infection) and Dagan
et al. [11] (symptomatic infection). The article by Paixao et al.
[14] also included two studies: Paixao et al. [14] (symptomatic in-
fection) and Paixao et al. [14] (severe infection).

Our main finding is that vaccination is an effective and safe
strategy for acquiring immunity to COVID-19 among pregnant
women. We had certainty of the dose- and time-dependent effec-
tiveness of COVID-19 vaccines in pregnant women. A comprehen-
sive review also similarly showed an encouraging safety profile of
COVID-19 vaccines in pregnant women.

Comparison with literature

Six items were included to evaluate COVID-19 VE in our study.
The overall VE in pregnant women after two doses was approxi-
mately 96% (95% CI: 0.93-0.99). Among them, the effectiveness of
mRNA-based vaccines against COVID-19 was 96% (two doses >14,
95% Cl: 0.93-1.00). Published studies on nonpregnant women have
shown that the VE of all different kinds of COVID-19 vaccines is
more than 70%, with RNA-based vaccines having the highest ef-
fectiveness, reaching 94.29% [27]. Our findings showed that the VE
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estimate for pregnant women is not lower than that for the gen-
eral population. This is similar to that reported by Prasad et al
[28], with the VE reaching 89.5% (7 days after the second dose).
However, in our meta-analysis, we further discussed the changes in
COVID-19 VE based on dose and time and tried to find the trends
of VE vs time. Our results suggested that the estimated dose- and
time-dependent VE of future variants of vaccines in the general
population can apply to the same variants in pregnant women, es-
pecially for mRNA vaccines.

Evidence shows that compared with that in nonpregnant
women, Fc receptor binding to antibodies in pregnant and lactat-
ing women is delayed after the first dose of vaccine and returns to
normal after the second dose [29]. This indicates that pregnancy
promotes resistance to the production of proinflammatory anti-
bodies. This was especially obvious for inactivated vaccines. Our
study showed that the overall VE was 72% after the first dose
and 96% after the second dose. However, the VE of the inacti-
vated vaccines was 40.97% (one dose >14 days) and 85.39% after
the second dose. Compared with other COVID-19 vaccines, inacti-
vated vaccines such as CoronaVac are effective against COVID-19
only after a complete immunization scheme. Based on our obser-
vations and current available evidence, we have the following rec-
ommendation: Given the low response to vaccines in individuals
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Figure 5. Forest plots of the ORs for local and systemic reactogenicity (pregnant women vs nonpregnant women).

(a) OR for muscle pain in pregnant women after the first dose (OR = 0.45, 95% CI: 0.22-0.93, P = 0.03); (b) Muscle pain after receipt of the second dose of a COVID-19
vaccine (OR comparing pregnant to nonpregnant women 1.28, 95% Cl: 0.73-2.23, P = 0.39); (c) Fatigue in pregnant women compared with nonpregnant women (first dose:
OR = 0.90, 95% CI: 0.63-1.28, P = 0.56); (d) Fatigue in pregnant women compared with nonpregnant women (second dose: OR = 0.89, 95% CI: 0.65-1.22, P = 0.48); (e)
Risk of developing a fever in pregnant women compared with nonpregnant women (random effect models, first dose: OR = 1.02, 95% CI: 0.12-8.61, P = 0.98); (f) Risk of
developing a fever in pregnant women compared with nonpregnant women (random effect models, second dose: OR = 0.65, 95% CI: 0.42-1.01, P = 0.05).

CI, confidence interval; OR, odds ratio.

Table 3
Summary of vaccine safety.

95% confidence

Safety of the COVID-19 vaccines 0dds ratio interval P-value Study ID

Obstetric and neonatal outcomes Theiler et al. [16];Wainstock et al. [17];

(vaccinated pregnant women vs unvaccinated Goldshtein et al. [12];

pregnant women) Rottenstreich et al. [18];
Bookstein Peretz et al. [21];
Blakeway et al. [19];
Lipkind et al. [20];
Shimabukuro et al. [26];
Kachikis et al. [22];
Trostle et al. [23];
Zauche et al. [24];
Kharbanda et al. [25];
Magnus et al. [15]

Premature delivery 0.83 0.65-1.06 0.13

Placental abruption 0.60 0.29-1.21 0.15

Postpartum hemorrhage 0.91 0.64-1.29 0.59

Miscarriage 1.12 1.00-1.27 0.05

Stillbirth 1.42 0.53-3.76 0.49

Small for gestational age infant 1.03 0.90-1.18 0.70

Local and systemic reactogenicity (pregnant

women Vs nonpregnant women)

Muscle pain (first dose) 0.45 0.22-0.93 0.03

Muscle pain (second dose) 1.28 0.73-2.23 0.39

Fatigue (first dose) 0.90 0.63-1.28 0.56

Fatigue (second dose) 0.89 0.65-1.22 0.48

Fever (first dose) 1.02 0.12-8.61 0.98

Fever (second dose) 0.65 0.42-1.01 0.05

who receive mRNA vaccines and inactivated vaccines after primary
immunization, it is critically important that pregnant women re-
ceive booster vaccinations to optimize their immunity.

In addition, evidence shows that COVID-19 vaccines can not
only affect the mother but also have a certain protective ef-
fect on the fetus [30]. However, pregnant women have shown a
high rate of vaccine hesitancy due to safety considerations [31-
33], especially for obstetric and neonatal outcomes. By integrat-
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ing published clinical data, we also focused on miscarriages, pla-
cental abruptions, postpartum hemorrhage, premature deliveries,
stillbirths, and SGA infants. The probabilities of these obstetric
and neonatal outcomes are relatively low. We found no significant
change in the probabilities of any of these conditions in vaccinated
pregnant women compared with unvaccinated pregnant women.
Vaccines are safe regarding obstetric and neonatal outcomes. This
conclusion was supported by a similar finding by Prasad et al. [28].
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Furthermore, there were also no adverse effects reported in the
developmental and reproductive toxicology studies of the Pfizer-
BioNTech vaccine in rats [34]. In research from Israel, the pro-
tective effect of COVID-19 vaccines was greater than their poten-
tial adverse pregnancy outcomes [35]. Furthermore, in a recent
study, compared with the published incidence in pregnant popula-
tions before the appearance of COVID-19, the frequency of adverse
pregnancy outcomes and neonatal outcomes after vaccination was
found to be similar, although not directly comparable [26]. These
findings indicate that COVID-19 vaccines during pregnancy are safe.

Regarding local and systemic reactogenicity, studies by both the
Bookstein Peretz team and the Golan team have demonstrated that
the COVID-19 mRNA vaccine has no severe local or systemic reac-
togenicity in pregnant women [21,36]. Taken together, our results
are in agreement with these findings. We also compared the differ-
ence in local and systemic reactogenicity after the first and second
doses of the vaccines. Reactogenicity was more likely to occur af-
ter the second dose than after the first dose in both pregnant and
nonpregnant women. Our study demonstrated a similar response
strength influenced by the COVID-19 vaccine dose in pregnant and
nonpregnant women.

However, some evidence suggests stronger reactogenicity in
pregnant women than in nonpregnant women after vaccination.
For example, mucosal-associated invariant T (MAIT) cells from
pregnant women were proven to balance immune tolerance and
antimicrobial defense. They responded more strongly than cells
in nonpregnant women after attack by microbial and inflamma-
tory stimuli, which has been validated in studies on influenza A
virus and group B Streptococcus [37]. Therefore, future studies are
needed to further investigate whether the response to a COVID-19
vaccine dose in pregnant and nonpregnant women is similar.

Strengths and limitations

This was the first study to analyze the dose- and time-
dependent effectiveness of COVID-19 vaccination. We also tried
to provide a more comprehensive overview of vaccine safety, in-
cluding obstetric and neonatal outcomes, as well as local and sys-
temic reactogenicity. Nonetheless, our study still has some limita-
tions. First, as in any observational study, there may still be resid-
ual confounding from unmeasured confounders, such as the tim-
ing of pregnancy and diseases during pregnancy. Thus, more ran-
domized controlled trials are needed with representative samples
of the population and a low risk for bias. Notably, only English
articles were included in this study, which may lead to a poten-
tial selection bias. In addition, although our study provides a re-
liable estimate of VE in pregnant women, whether the effective-
ness of the vaccine differs among pregnant women in the first,
second, and third trimesters remains to be evaluated. At present,
studies have shown that the effectiveness of a completed COVID-19
primary vaccine series in early and late pregnancy was 32% (95%
Cl: 43%-68%) and 80% (95% ClI: 55%-91%), respectively, in 17 states
from July 2021 to January 2022 [15]. However, further investiga-
tions are still needed in a broader range of populations. Finally,
since vaccine safety is the priority consideration before vaccination,
whether the currently approved mRNA vaccines and other kinds of
vaccines have different effects on adverse pregnancy outcomes re-
mains to be explored.

Clinical implications

This meta-analysis indicates that the effectiveness of COVID-19
vaccines for pregnant women is not lower than that for the gen-
eral population. The frequency of obstetric and neonatal outcomes
in pregnant women after vaccination was similar to that in un-
vaccinated pregnant women. The response strength influenced by
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doses of COVID-19 vaccines was not significantly different in preg-
nant and nonpregnant women. These findings suggest a high effec-
tiveness and good safety of COVID-19 vaccines in pregnant women.

This study addresses the concerns and fears of pregnant women
related to the COVID-19 vaccines. This may have a role in reducing
the rate of maternal COVID-19 infection.

Public health implications

Currently, COVID-19 is a major public health challenge world-
wide, and COVID-19 vaccine development is occurring at an un-
precedented pace. Research has shown that pregnant women are a
high-risk group for COVID-19 infection [2]. Recently, many stud-
ies have also demonstrated the duration of effectiveness of the
COVID-19 vaccine in the general population. Research in both Thai-
land [38] and England [39] has shown that as the vaccine dose in-
creases, the effectiveness increases.

However, there was no relevant evidence in pregnant women,
and actions may also be required to raise awareness and consen-
sus about the benefits of vaccination and to increase the overall
vaccine uptake in pregnant women.

This systematic review and meta-analysis were able to assess
COVID-19 vaccines within the pregnant population.

Conclusion

In summary, our findings affirm the certainty of the effective-
ness of COVID-19 vaccines in pregnant women. The effectiveness
varies among different types of vaccines and has a significant pos-
itive correlation with time. Given the low response to vaccines
after primary immunization, it is critically important for preg-
nant women to receive booster shots to optimize their immunity.
COVID-19 vaccines were deemed safe.
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