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Abstract

Background and objective: More than five million individuals died because of problems connected to COVID-19.
SARS-Cov-2 poses a particular challenge to expectant mothers, who comprise one of the most vulnerable segments
of the population. Our aim is to demonstrate the maternal and neonatal safety of the COVID-19 vaccine during
pregnancy.

Methods: We searched PubMed, Cochrane Library, Scopus, Web of Science (WOS), Embase, Ovid, MedRxiv, and
BioRxiv databases from inception till December 2021 and then updated it in April 2022. Additionally, we searched
ClinicalTrials.gov, Research Square and grey literature. Cohort, case—control studies, and randomized controlled tri-
als detecting the safety of the Covid-19 vaccine during pregnancy were included. We used the Cochrane tool and
Newcastle—Ottawa Scale to assess the risk of bias of the included studies and the GRADE scale to assess the quality of
evidence. A meta-analysis was conducted using review manager 5.4.

Results: We included 13 studies with a total number of 56,428 patients. Our analysis showed no statistically signifi-
cant difference in the following outcomes: miscarriage (1.56% vs 0.3%. RR 1.23; 95%Cl 0.54 to 2.78); length of maternal
hospitalization (MD 0.00; 95%Cl -0.08 to 0.08); puerperal fever (1.71% vs 1.1%. RR 1.04; 95%Cl 0.67 to 1.61); postpartum
hemorrhage (4.27% vs 3.52%. RR 0.84; 95%Cl 0.65 to 1.09); instrumental or vacuum-assisted delivery (4.16% vs 4.54%.
RR 0.94; 95%CI 0.57 to 1.56); incidence of Apgar score <7 at 5 min (1.47% vs 1.48%. RR 0.86; 95%Cl 0.54 to 1.37); and
birthweight (MD -7.14; 95%CI -34.26 to 19.99).

Conclusion: In pregnancy, the current meta-analysis shows no effect of SAR-CoV-2 vaccination on the risk of miscar-
riage, length of stay in the hospital, puerperal fever, postpartum hemorrhage, birth weight, or the incidence of an
Apgar score of <7 at 5 min.
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Introduction

SARS-CoV-2 pandemic had negative consequences
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illnesses and over 6 million deaths worldwide [2].
In the absence of a cure, COVID-19 vaccination has
proven to be an effective way to stop the pandemic
from spreading [3]. Almost every country had imple-
mented a COVID-19 vaccination programme by July
2021 [2]. According to preliminary findings, the pre-
sent vaccinations are protective against the current
variants [4, 5]. Pregnant women are among the most
vulnerable groups to SARS-Cov-2 [6-12]. Therefore,
many health authorities considered pregnancy as a
risk factor for COVID-19 severity [13]. And other
organizations are concerned with mother and fetus
health [14]. There is a suggestion that pregnant women
infected with COVID-19 are more prone to pregnancy
consequences. COVID-19 infected pregnant are more
susceptible to experiencing pregnancy-induced cardio-
vascular problems like hypertension and thrombosis
and other problems like premature birth [15]. So, there
is an urgency for evidence about COVID-19 immu-
nization during pregnancy due to the vulnerability of
this population. COVID-19 severity in pregnancy may
be attributed to pregnancy immunity changes and lung
volume decrease [16—18].

The scientific community had doubts about the
transplacental antibody quantity transfer following the
SARS-Cov-2 vaccine [19]. Following 14 days of immu-
nization, an antibody against COVID-19 was isolated
from umbilical blood samples. After Pfizer—-BioNTech
COVID-19 vaccine single dosage [20]. Another study
suggests maternal immunization should be earlier than
three weeks before delivery to allow SARS-Cov-2 anti-
body transfer to the fetus. Earlier immunization, espe-
cially in the third trimester, may positively correlate
with infant immunity [21]. But the accurate time of
vaccination during pregnancy is still controversial.

Pregnant women are regularly excluded from new
drug and vaccine trials because of fears about the fetus.
Phase iii safety and efficacy trials on SARS-CoV-2 vac-
cines did not include pregnant females in their popu-
lation, so our knowledge regarding vaccination during
pregnancy is still limited [22]. This knowledge gap
poses a challenge for obstetricians and gynecologists
in counseling pregnant women about the vaccine [22].
Pregnant acceptability of the vaccine is lower than in
the case of non-pregnant. And public trust in vaccina-
tion safety and efficacy is the main factor in vaccine
uptake [23]. Good evidence can help to increase vac-
cine acceptance. As SARS-CoV-2 is vulnerable, many
health ministries provide vaccines to pregnant women
despite a lack of evidence for potential reliable effects.
We aim to assess the safety profile of COVID-19 vac-
cine uptake in pregnancy.
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Methods

Our systematic review and meta-analysis was con-
ducted according to the Cochrane handbook [24], and
the PRISMA guideline [25] and registered with PROS-
PERO (CRD42022334425).

Literature search and data collection

We searched PubMed, Cochrane Library, Scopus,
web of science (WOS), Embase, Ovid, MedRxiv, and
BioRxiv databases. We also searched the results of pub-
lished protocols (ClinicalTrials.gov) and preprinted
papers (Research Square). We complemented the
databases search with a manual search of grey litera-
ture (www.opengrey.eu/). No filters were used, and all
identified results were checked against the eligibility
criteria. We searched the literature from inception till
December 2021 and then updated it in April 2022. The
details of the used search strategy are summarized in
supplementary file 1.

Eligibility criteria

Two independent researchers (H. W. Madhoon, M. T.
Hasan) reviewed the references using previously estab-
lished eligibility criteria. We used EndNote software to
collect the results of the databases search. We removed
the duplicates using the built-in duplicate removal
feature before exporting the de-duplicated studies to
Microsoft Excel (2021 Edition: Microsoft Corp, Red-
mond, WA) to screen the title and abstract, and then
the full text. Our eligibility criteria were 1) population:
pregnant women; 2) intervention: COVID-19 vaccine.
3) comparators: unvaccinated women; 4) outcome:
safety outcomes. 5) study design eligible: cohort, case—
control, and randomized controlled trials (RCTs).

Methodological quality assessment

We assessed the included RCTs for methodological
bias risk according to the Cochrane tool. [24] The tool
consists of domains including randomization process,
allocation of study arms, blinding of participants and
investigators, outcome assessment blinding, outcomes,
reporting bias, and other biases. Judgment is based
upon the risk of bias which can be low, high, or unclear.
Newcastle-Ottawa Scale (NOS) [26] was used to assess
non-RCTs studies. It includes three main domains 1)
selection (cases and control definition, cases and con-
trols selection) maximum of four stars, 2) comparability
(are cases and controls comparable or not) maximum
of two stars, 3) exposure (for what degree we are con-
fident that our population is exposed to the exposure)
maximum three stars. This work was done separately by
four authors (Y. A. Mohammed, A. O. Al-Nabahin, D.
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S. Wafi, and R. Sayad). A fifth author (A.I. Hagrass) was
consulted to resolve any conflicts. The GRADE meth-
odology (GRADEpro, version 20. McMaster University,
2013) was used to assess the quality of evidence of the
analyzed outcomes [27].

Data extraction

In an excel sheet, we retrieved the following informa-
tion: 1) Summary: study ID, title, study design, country,
and implementation date, participants and key inclusion/
exclusion requirements, study arms, follow-up length,
and conclusion. 2) Characteristics of the sampled popu-
lation at the start; age, gender, pre-gravid BMI (kg/m2
maternal comorbidities, first vaccine dose GA, vaccine
type, the vaccination-birth interval in days, trimester at
vaccination, self-reported ethnicity, obesity (BMI> 30 kg/
m?2), antenatal medication, prior SARS-CoV-2 infection,
gestational age (Weeks), days elapsed between the sec-
ond vaccination dosage and the collection of samples and
from symptom onset to sample collection, pyrexia during
the next 48 h of vaccination, CDC Risk Factor Count, flu
Vaccinations in the Last 5 Years and other data. 3) Study
outcomes as described below. Four independent authors
(M. Al-kafarna, B. K. Almaghary, A. H. Fathallah, M. T.
Hasan) extracted data; a fifth author (A.I. Hagrass) was
consulted to resolve any conflicts.

Study Outcomes

The maternal outcomes include the length of maternal
hospitalization, puerperal fever, postpartum hemor-
rhage, placental abruption, suspected chorioamnionitis,
and maternal intensive care unit (ICU) admission. The
Obstetric outcomes include Miscarriage, Birth type, Ges-
tational age at delivery, and Preterm birth. The neonatal
outcomes include Neonatal unit admission, Apgar <7
at 5 min, Birth Weight, and Composite adverse neona-
tal outcomes. Composite adverse neonatal outcomes are
a composite of any of the following events: intrauterine
fetal death, 5-min Apgar score <7, NICU admission, and
neonatal asphyxia.

Data synthesis

We analyzed the extracted data using Review Manager
(RevMan) software version 5.4. We used the risk ratio
(RR) and 95% confidence interval (CI) in the case of
dichotomous data. We pooled a 95% confidence interval
(CI) and mean difference (MD) if the data were continu-
ous. We reported significance if the p-value was less than
5%. When the Chi-Square P value was less than 0.1 and
the I>-value was greater than 50%, the data were deemed
heterogeneous. We selected the random-effect model if
the data were heterogeneous and the fixed-effect model if
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it wasn’t. Subgroup analysis was performed based on the
study design.

Results

Literature search

The literature search strategy retrieved 2386 citations
after the removal of duplications. After we did the title
and abstract screening, 276 articles were reliable for full-
text screening. 13 studies [20, 28—39] were included in
qualitative synthesis for matching our inclusion criteria,
and nine studies [20, 28—30, 34, 36—39] were included in
the quantitative synthesis (Fig. 1; Supplementary File 2).
After checking the sources of included research, no miss-
ing publications were discovered.

Characteristics of included studies

We included 13 studies [20, 28-39] in our study in a
total number of 56,428 patients; three [28, 29, 34] of
them are RCTs, one [31] is case—control, and nine [20,
30, 32, 33, 36-39] are cohorts. During the course of
the included studies (in late 2020 and early 2021), the
most common variants were Epsilon (B.1.427—B.1.429)
and Alpha (B.1.1.7) variants [40]. Some studies gave
BNT162b2 mRNA COVID-19 vaccine, and others gave
Moderna vaccine or ChAdOx1 nCoV-19 Vaccine, so we
included any study using a vaccine to COVID-19 in preg-
nant women as intervention and unvaccinated pregnant
women as a control in our inclusion criteria. Side effects
data was detected by direct observation from the inves-
tigator in RCTs. While in retrospective cohort studies, it
was detected by hospital records review, then asking the
women in postnatal unit about their immunization sta-
tus with comparing their answers to the hospital records.
Tables 1 and 2

Quality assessment

The included cohort studies [20, 30, 32, 33, 35—-39] had
a score range of 8 to 9 stars out of 9, with the majority
of studies scoring 8 (Supplementary Table 3A). There-
fore, all studies can be classified as having high quality.
Butt et al. [31] is a case—control study of good quality
(Supplementary Table 3B). Three studies [28, 29, 34] are
RCTs and can be classified as low to unclear risk of bias
(Supplementary Table 3C). All three RCTs have spon-
sors, and we considered it a conflict of interest and a high
risk of bias. There was insufficient information about the
sequence generation, allocation concealment process,
or detection bias in Moderna [34] and COV003 (Brazil)
[29]. The GRADE tool revealed low to very low overall
evidence quality (Supplementary file 4).
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The excluded studies with reasons
of exclusion are summarized in
Supplementary file 4

Qualitative synthesis

Butt et al. [31] showed that the mRNA vaccines are
effective after the second dose by 67.7% against SARS-
CoV-2 infection in pregnant women, therefore they
recommended that pregnant women can be included
in vaccination campaigns because of the great level of
protection provided by mRNA vaccines. Meanwhile,
Kharbanda et al. [35] established according to their
sample size that 8.0 percent of ongoing pregnancy
periods received a COVID-19 immunization within
28 days of the index date, compared to 8.6 percent of
spontaneous abortions. When compared to ongoing
pregnancies, spontaneous abortions had no higher
odds of receiving a vaccination in the previous 28 days

(adjusted odds ratio, 1.02; 95%CI, 0.96 to 1.08). The
findings for mRNA-1273 and BNT162b2 were consist-
ent among gestational age groups. In addition, Dagan
et al. [33] found that the BNT162b2 mRNA COVID-
19 vaccination is extremely successful in pregnant
women against the circulating variations at the time
of the study, with vaccine efficacy equivalent to that
estimated in the general population. Moreover, Coiller
et al. [32] established that pregnant women were
immunogenic after receiving a COVID-19 mRNA vac-
cine, and vaccine-elicited antibodies were transferred
to newborn cord blood and breast milk. Vaccination of
pregnant or non-pregnant women induces anti-SARS-
CoV-2 cross-reactive antibody and T-cell responses.
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Heterogeneity: Chi? = 0.00, df = 2 (P = 1.00); I> = 0%
Test for overall effect: Z =0.00 (P = 1.00)

Fig. 2 Forest plot of length of maternal hospitalization (days)

Vaccinated Unvaccinated Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Rottenstreich 2021 2 15 712 2 19 1063 26.7% 0.00[-0.16, 0.16]
Theiler 2021 167 075 140 1.67 0.74 1862 40.6% 0.00[-0.13,0.13]
Wainstock 2021 2 167 913 2 283 3486 32.7% 0.00[-0.14, 0.14]
Total (95% CI) 1765 6411 100.0% 0.00 [-0.08, 0.08]

02 01 0 01 02
[Vaccinated] [Unvaccinated]

Quantitative synthesis
Maternal outcomes

Length of maternal hospitalization (days) Pooled stud-
ies [36, 38, 39] measured length of maternal hospitali-
zation revealed no significant difference between vacci-
nated women and unvaccinated women (MD 0.00; 95%CI
-0.08 to 0.08; P=1), pooled results were homogenous
(P=1;1.2=0%) Fig. 2.

Intrapartum & postpartum complications

1- Puerperal fever:

Pooled studies [30, 36, 39] regarding puerperal fever
established no statistically significant difference in
the total number of pregnant women having puer-
peral fever between vaccinated pregnant women and
unvaccinated pregnant women (1.71% vs. 1.1%. RR
1.04; 95% CI 0.67 to 1.61; P=0.87), pooled results
were homogenous (P =0.26; I* = 25%) Figure 3A.
Postpartum hemorrhage
Pooled studies [30, 36, 39] recorded postpar-
tum hemorrhage showed no significant difference
between vaccinated and unvaccinated pregnant
women (4.27% vs. 3.52%. RR 0.84; 95% CI 0.65 to
1.09; P=0.18), pooled results were homogenous
(P=0.29; I>=18%). Figure 3B
3- Placental abruption
Pooled studies [30, 36, 39] documented placental
abruption revealed no statistically significant dif-
ference in the prevalence of placental abruption
between vaccinated and unvaccinated pregnant
women (0.63% vs. 0.73%. RR 0.58; 95% CI 0.30 to
1.13; P=0.11), pooled results were homogenous
(P=0.31; ’=4%). Figure 3C
4- Suspected chorioamnionitis
Pooled studies [30, 36] measured numbers of preg-
nant women with suspected chorioamnionitis
showed no significant difference between vaccinated

[\
)

and unvaccinated pregnant women (1.66% vs. 2.05%.
RR 0.76; 95% CI 0.41 to 1.42; P=0.39), pooled results
were homogenous (P=0.56; I*=0%) Figure 3D.

Maternal ICU admission

Pooled studies [36, 38] recorded unassisted vaginal birth
type in pregnant women showed no statistically signifi-
cant difference between vaccinated and unvaccinated
groups (58.6% vs. 65.2%. RR 6.69; 95% CI 0.60 to 74.24;
P=0.12). Figure 4

Obstetric outcomes

Miscarriage Pooled studies [28, 29, 34, 36, 38] showed
no statistically significant difference in the incidence
of miscarriage between vaccinated pregnant women
and unvaccinated pregnant women (1.56% vs. 0.3%. RR
1.23; 95% CI 0.54 to 2.78; P=0.62), pooled results were
homogenous (P =0.69; I>=0%). For the subgroup analy-
sis, in the RCTs [28, 29, 34], the analysis showed no sig-
nificant differences between the two groups (19.56%
vs 13.33%. RR 1.05; 95% CI [0.35, 3.11]; P=0.94), and
the results were homogenous (P=0.5; 1.>=0%). For the
observational studies [36, 38], there were no significant
differences (0.59% vs. 0.17%. RR 1.49; 95% CI [0.43, 5.14];
P =0.53). Figure 5

Birth type

1- Unassisted vaginal

Pooled studies [30, 38] recorded unassisted vaginal
birth type in pregnant women showed no statistically
significant difference between vaccinated and unvac-
cinated groups (58.6% vs. 65.2%. RR 0.93; 95% CI 0.84
to 1.04; P=0.20), pooled results were homogenous
(P=0.58; I*=0%). Figure 6A
2- Instrumental OR Vacuum-assisted delivery

Pooled studies [30, 36, 38, 39] measured birth type
in a pregnant woman with either instrumental or
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Vaccinated Unvaccinated Risk Ratio Risk Ratio
A Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Blakeway 2021 5 133 6 399 8.1% 2.50[0.78, 8.06]
Rottenstreich 2021 23 712 36 1063 78.3% 0.95[0.57, 1.60]
Wainstock 2021 2 913 12 3486 13.5% 0.64 [0.14, 2.84] S
Total (95% CI) 1758 4948 100.0% 1.04 [0.67, 1.61] . 4
Total events 30 54
ity: Chi2 = = = - |2 = 259 I t t |
?etctarfogeneltyl.I Cff;l t-36_86;;1:6 li(_P0 8(;.26), 12 =25% 0.01 01 ] 10 100
est for overall effect: 2 = 0.16 (P = 0.87) [Vaccinated] [Unvaccinated]
Vaccinated Unvaccinated Risk Ratio Risk Ratio
B Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Blakeway 2021 13 133 38 399 16.3% 1.03 [0.56, 1.87]
Rottenstreich 2021 52 712 106 1063 73.0% 0.73[0.53, 1.01]
Wainstock 2021 10 913 30 3486 10.7% 1.27 [0.62, 2.59] T
Total (95% CI) 1758 4948 100.0% 0.84 [0.65, 1.09] <4
Total events 75 174
L AR = - - 2= 180 | ) ) )
?et(terfogeneltyl.l Cff;l t224_’51 (éfs li(_PO 1(:3.29), 2=18% '0.01 0:1 ] 1'0 100'
est for overall effect: Z = 1.33 (P = 0.18) [Vaccinated] [Unvaccinated]
Vaccinated Unvaccinated Risk Ratio Risk Ratio
c Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Blakeway 2021 0 133 0 399 Not estimable
Rottenstreich 2021 8 712 25 1063 81.5%  0.48[0.22, 1.05] —
Wainstock 2021 3 913 11 3486 18.5% 1.04 [0.29, 3.72] .
Total (95% CI) 1758 4948 100.0% 0.58 [0.30, 1.13] R
Total events 11 36
P 2 = - = L2 = 40 I ! ! |
_ll-_letf;ogeneltyl.l C:fl t120_41 cgo |1:>(—Po 1(;.31), 2=4% '0'01 011 ] 1'0 100'
est for averall effect: Z = 1.60 (P = 0.11) [Vaccinated] [Unvaccinated]
Vaccinated Unvaccinated Risk Ratio Risk Ratio
D Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Blakeway 2021 0 133 4 399 9.8% 0.33[0.02, 6.12] I
Rottenstreich 2021 14 712 26 1063 90.2% 0.80[0.42, 1.53]
Total (95% CI) 845 1462 100.0% 0.76 [0.41, 1.42]
Total events 14 30
ity: 2= = = : 12 = QY | } } |
Heterogeneity: Chi? = 0.34, df =1 (P = 0.56); 1> = 0% '0.01 Of1 ] 1'0 100'

Test for overall effect: Z = 0.87 (P = 0.39)

Fig. 3 Forest plot of intrapartum and postpartum complications; (A) puerperal fever, (B) postpartum hemorrhage, (C) placental abruption, (D)

Suspected chorioamnionitis

[Vaccinated] [Unvaccinated]

Vaccinated Unvaccinated Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, 95% CI M-H, Rand 95% CI

Rottenstreich 2021 0 712 0 1063 Not estimable

Theiler 2021 1 140 2 1862 100.0% 6.69 [0.60, 74.24] i

Total (95% Cl) 852 2925 100.0% 6.69 [0.60, 74.24] ~—reen——

Total events 1 2

Heterogeneity: Not applicable F + + i
0.01 0.1 1 10 100

Test for overall effect: Z = 1.55 (P = 0.12) [Vaccinated] [Unvaccinated]

Fig. 4 Forest plot of maternal ICU admission
vacuum-assisted delivery. They established no sta- 3- Cesarean

tistically significant difference between the vacci-
nated and unvaccinated groups (4.16% vs. 4.54%. RR
0.94; 95% CI 0.57 to 1.56; P=0.81). Pooled results
were heterogeneous, and the detected heterogeneity
couldn’t be solved (P =0.008; I>=75%). Figure 6B

Pooled studies [30, 36, 38, 39] showed a significant
statistical difference which is associated with lower
incidence of the cesarean section in the vaccinated
group (19.92% vs 20.46%. RR 1.18; 95% CI 1.06 to
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Vaccinated Unvaccinated Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
211 RCTs
COV003 (Brazil) 9 29 2 11 29.7% 1.71[0.44, 6.69] L
Moderna mRNA-1273-P301 0 6 1 7 14.4% 0.38[0.02, 7.93]
Pfizer BioNTech C4591001 0 11 1 12 14.8% 0.36 [0.02, 8.04] -
Subtotal (95% Cl) 46 30 58.9%  1.05[0.35,3.11] il
Total events 9 4
Heterogeneity: Chi? = 1.37, df = 2 (P = 0.50); I? = 0%
Test for overall effect: Z = 0.08 (P = 0.94)
2.1.2 Observational
Rottenstreich 2021 5 712 5 1063 41.1% 1.49[0.43, 5.14] — T
Theiler 2021 0 140 0 1862 Not estimable
Subtotal (95% Cl) 852 2925 41.1% 1.49 [0.43, 5.14] el
Total events 5 5
Heterogeneity: Not applicable
Test for overall effect: Z = 0.64 (P = 0.53)
Total (95% Cl) 898 2955 100.0% 1.23 [0.54, 2.78]
Total events 14 9
Heterogeneity: Chi? = 1.49, df = 3 (P = 0.69); I> = 0% b t T y |
Test fogrJ over;/II effect: Z = 6.50 (P(= 0.62) ) * 0.01 0.1 . 10 . 100
) . Favours [Vaccinated] Favours [Unvaccinated]
Test for subgroup differences: Chi?=0.18, df = 1 (P = 0.67), I? = 0%
Fig. 5 Forest plot of miscarriage

1.31; P=0.003), pooled results were homogenous

(P=0.21; I*=33%). Figure 6C
Gestational age at delivery (week) Pooled studies
[20, 36, 37, 39] showed statistically significant reduc-
tion regarding gestational age at delivery in vaccinated
pregnant women (MD -0.15; 95%CI -0.24 to -0.07;
P =0.0005), pooled results were heterogeneous (P =0.09;
I>=154%). Figure 7A The heterogeneity was solved by the
exclusion of Rottenstreich et al. [36] after the random
effect couldn’t solve it (MD -0.08; 95%CI -0.19 to 0.02;
P=0.13), pooled results were homogenous (P=0.57;
>=0%). Figure 7B

Preterm birth Pooled studies [20, 36] recorded unas-
sisted vaginal birth type in pregnant women showed no
statistically significant difference between vaccinated and
unvaccinated groups (15.0% vs. 12.6%. RR 1.24; 95% CI
0.99 to 1.55; P=0.06), pooled results were homogenous
(P=0.23; I>=31%). Figure 7C

Neonates’ outcomes

1- Neonatal unit admission

Pooled studies [20, 30, 36, 38] established no statis-
tically significant difference between vaccinated and
unvaccinated pregnant groups regarding numbers
of admission to neonatal units (3.81% vs. 2.39%. RR

0.98; 95% CI 0.67 to 1.43; P=0.90), pooled results
were homogenous (P=0.77; I*=0%). Figure 8A

2- Apgar <7 at5 min
Pooled studies [36, 38, 39] recorded the incidence of
Apgar score <7 at 5 min revealed no statistically sig-
nificant difference between vaccinated and unvacci-
nated groups (1.47% vs. 1.48%. RR 0.86; 95% CI 0.54
to 1.37; P=0.53), pooled results were homogenous
(P=0.14; I>=50%). Figure 8B

3- Birth Weight (gram)
Pooled studies [20, 36, 39] measured birthweight in
the vaccinated pregnant women and unvaccinated
women, and they found no statistically significant dif-
ference (MD -7.14; 95%CI -34.26 to 19.99; P=0.61),
pooled results were homogenous (P=0.61; I>=0%).
Figure 8C

4- Composite adverse neonatal outcome
Pooled studies [36, 38] measured composite adverse
neonatal outcomes in the vaccinated pregnant
women and unvaccinated women, and they found
no statistically significant difference (7.04% vs. 4.08%.
RR 0.95; 95% CI1 0.70 to 1.29; P=0.74), pooled results
were homogenous (P=0.82; I>=0%). Figure 8D

Discussion

In this systematic review meta-analysis, we focused on
analyzing the safety of the COVID-19 vaccine regard-
ing maternal, obstetric, and neonate outcomes. Almost
all pregnant women are concerned about getting
infected with SARS-CoV-2. However, they are far more
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Heterogeneity: Chi? = 0.31, df =1 (P = 0.58); I? = 0%
Test for overall effect: Z = 1.29 (P = 0.20)

Vaccinated Unvaccinated Risk Ratio Risk Ratio
A Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Blakeway 2021 71 133 237 399 40.6% 0.90 [0.75, 1.07]
Theiler 2021 89 140 1238 1862 59.4% 0.96 [0.84, 1.09]
Total (95% CI) 273 2261 100.0% 0.93 [0.84, 1.04]
Total events 160 1475

07 1 15 2
[Vaccinated] [Unvaccinated]

0.5

Test for overall effect: Z=0.24 (P = 0.81)

Vaccinated Unvaccinated Risk Ratio Risk Ratio
B Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Blakeway 2021 21 133 40 399 25.9% 1.57 [0.96, 2.57] Bl
Rottenstreich 2021 23 712 66 1063 26.6% 0.52[0.33, 0.83] =
Theiler 2021 7 140 69 1862 19.4% 1.35[0.63, 2.88] -
Wainstock 2021 28 913 134 3486 28.2% 0.80[0.53, 1.19] =
Total (95% ClI) 1898 6810 100.0% 0.94 [0.57, 1.56] <o
Total events 79 309

ity 2= - Chiz = = = |2 = 759 I t t |
Heterogeneity: Tau? = 0.19; Chi2 = 11.93, df = 3 (P = 0.008); I = 75% 0.01 01 1 10 100

[Vaccinated] [Unvaccinated]

Test for overall effect: Z =2.99 (P = 0.003)

Vaccinated Unvaccinated Risk Ratio Risk Ratio
c Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Blakeway 2021 41 133 122 399 12.7% 1.01[0.75, 1.35] e
Rottenstreich 2021 111 712 115 1063  19.2% 1.44 [1.13, 1.84] -
Theiler 2021 44 140 555 1862 16.2% 1.05[0.82, 1.36] e
Wainstock 2021 182 913 601 3486 51.9% 1.16 [1.00, 1.34] —il—
Total (95% Cl) 1898 6810 100.0% 1.18 [1.06, 1.31] S o
Total events 378 1393
L Rz = _ - |2 = 210, ) ) ) )
Heterogeneity: Chi? = 4.50, df = 3 (P = 0.21); I? = 33% 0f5 Of7 1 115 é

Fig. 6 Forest plot of birth type; (A) unassisted vaginal delivery, (B) instrumental or vacuum-assisted, (C) cesarean

[Vaccinated] [Unvaccinated]

concerned about vaccination due to the limited num-
ber of research investigating the safety of immunization
against COVID-19 during pregnancy.

The risk of SARS-CoV-2 infection is not increased by
pregnancy and labor[16]. Nevertheless, when compar-
ing pregnant women of the same age to non-pregnant
women of the same age, the clinical manifestation of
COVID-19 appears to be significantly worse[41]; how-
ever, the vast majority of infected pregnant recover
without having to give birth. It seems that women diag-
nosed with COVID-19, particularly those who devel-
oped pneumonia, have a higher incidence of pregnancy
complications birth before 37 weeks of pregnancy and
probably cesarean delivery, which is most likely associ-
ated with severe maternal disease[42]. We found that
vaccination against COVID-19 had no differences in
the incidence of miscarriage between vaccinated and
unvaccinated pregnant women, Rottenstreich et al. [36]
showed that women who received two doses of vacci-
nation had more miscarriages in the past. Neverthe-
less, they found no statistically significant difference
between vaccinated and unvaccinated arms. Theiler

et al. [38] recorded that no women had a miscarriage
in both groups. Pfizer [28], Moderna [34], and COV003
(Brazil) [29] found no significant difference in the inci-
dence of miscarriage which supports our results.

Due to the special circumstances of COVID-19, preg-
nant women do not want to spend a long time in the
hospital. Nevertheless, our analysis showed no difference
between vaccinated and unvaccinated pregnant women.
Three studies; Rottenstreich et al. [36], Theiler et al. [38],
and Wainstock et al. [39], measured maternal hospitaliza-
tion per day and also found no significant differences.

We analyzed intrapartum & postpartum complications
for safety and focused on four major complications: Puer-
peral fever, postpartum hemorrhage, Placental abruption,
and suspected chorioamnionitis. There was no difference
between vaccinated and unvaccinated pregnant women
regarding all intrapartum and postpartum complica-
tions that we analyzed. Blakeway et al. [30] recorded our
four complications regarding intrapartum and postpar-
tum. They found no differences between vaccinated and
unvaccinated. Wainstock et al. [34] evaluated puerperal
fever, postpartum hemorrhage, and placental abruption.
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A Vaccinated Unvaccinated Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Beharier 2021 393 13 92 392 14 66 41%  0.10[-0.33, 0.53]
Rottenstreich 2021 391 16 712 394 16 1063 32.6% -0.30[-0.45,-0.15] —
Shanes 2021 385 24 84 384 19 116 2.0% 0.10[-0.52,0.72]
Wainstock 2021 389 14 913 39 1.9 3486 61.4% -0.10[-0.21,0.01] —
Total (95% ClI) 1801 4731 100.0% -0.15 [-0.24, -0.07] <
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Test for overall effect: Z=1.53 (P = 0.13)

Vaccinated Unvaccinated Mean Difference Mean Difference
B Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Beharier 2021 393 13 92 392 14 66 6.0% 0.10[-0.33, 0.53]
Rottenstreich 2021 391 16 712 394 16 1063 0.0% -0.30[-0.45, -0.15]
Shanes 2021 385 24 84 384 1.9 116 2.9% 0.10[-0.52, 0.72]
Wainstock 2021 389 14 913 39 19 3486 91.1% -0.10[-0.21,0.01] -
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Vaccinated Unvaccinated Risk Ratio Risk Ratio
c Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Beharier 2021 4 92 5 66 5.0% 0.57 [0.16, 2.06]
Rottenstreich 2021 117 712 137 1063  95.0% 1.28 [1.02, 1.60]
Total (95% Cl) 804 1129 100.0% 1.24 [0.99, 1.55]
Total events 121 142

Fig. 7 Forest plot of gestational age at delivery (week); (A) Before sensitivity analysis, (B) After sensitivity analysis, (C) Preterm birth
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Their results showed no statistically significant differ-
ences between the two groups, either vaccinated or not.
This could be referred to some of our included studies
that they included only women who get vaccinated in
the third trimester. Therefore, we are unable to make any
conclusions about the pregnant women who were vacci-
nated earlier in their early stages of pregnancy.

Also, our results agreed with all of the included stud-
ies regarding intrapartum and postpartum complications
that their incidence showed no differences between the
two groups and that may be affected by the pandemic’s
indirect impacts, such as changes in the availability of
healthcare facilities and the behavior of pregnant women.

Regarding instrumental or vacuumed birth type, we
found no significant difference between vaccinated preg-
nant women and unvaccinated. Rottenstreich et al. [36]
found a significant increase in vacuum-assisted deliv-
ery in unvaccinated pregnant women. This could be
explained as a normal finding since we utilize vacuum-
assisted delivery for various reasons; including maternal
tiredness, a worrisome fetal heart rate trace, a lengthy
second stage of labor, or a desire to speed up the second
stage of labor. Wainstock et al. [39], Blakeway et al. [30],

and Theiler et al. [38] supported our results, and they dis-
covered no difference between the two arms.

Many studies fail to discriminate between natural and
iatrogenic premature birth. As a result of the assumption
that the care of severe maternal respiratory illness would
be improved by delivery, many third-trimester patients
are delivered by planned cesarean. However, this theory
has not been validated. On the other hand, we found an
increase in the number of pregnant women who had a
cesarean delivery in the unvaccinated group. Rottenstre-
ich et al. [36] supported our results, however, Wainstock
et al. [39], Blakeway et al. [30], and Theiler et al. [38]
established no significant difference between the two
groups. Since this group has a greater rate of previous
cesarean section, which is a risk factor for a second cesar-
ean section, we must reveal that even though the results
are statistically significant, it is not significant clinically.
We need to do so more studies.

Maternal illnesses with COVID-19 result in congeni-
tal infections that can be transmitted vertically, In utero,
intrapartum, and during the early postnatal period. These
routes appear to occur in a small percentage of COVID-
19 in the third trimester. Infection rates of COVID-19 are
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Vaccinated Unvaccinated Risk Ratio Risk Ratio
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Fig. 8 Forest plot of Neonates' outcomes; (A) neonatal unit admission, (B) Apgar <7 at 5 min, (C) Birthweight (gram), (D) Composite adverse
neonatal outcome

also lower compared to other bacteria that cause congen-
ital infection. Moreover, In the early stages of pregnancy,
it’s difficult to know the prevalence of vertical transmis-
sion and the resulting risk to a baby’s health, especially
since there aren’t many studies available [43]. We focused
on the neonates’ outcomes as; neonatal unit admission,
Apgar score, birth weight, and composite adverse events.
Regarding the incidence of neonatal unit admission, we
found no statistically significant difference between two
vaccinated pregnant women, and unvaccinated group,
Beharier et al. [20], Blakeway et al. [30], Rottenstreich
et al. [36], and Theiler et al. [38] supported our results
and found no statistically significant difference between
both groups. These results could be explained in certain
cases, that the time between the second vaccine dosage
and birth may have too short to detect negative results,

so we cannot say for sure that the vaccine does not cause
neonatal adverse effects.

Besides Apgar score, some studies measured the inci-
dence of Apgar score <7 at five minutes. We analyzed
these results and found no significant difference between
vaccinated pregnant women and unvaccinated. Rotten-
streich et al. [36], Wainstock et al. [39], and Theiler et al.
[38] supported our results and established no signifi-
cant difference between the two arms. Despite the good
results of vaccinated pregnant women regarding neona-
tal outcomes, we must do more research on rare adverse
effects to ensure that the vaccine is safe.

Our results showed that there is no significant differ-
ence between vaccinated and unvaccinated pregnant
groups. Maybe this finding is a result of that most of the
published studies included pregnant women who got
vaccinated in the third trimester, or they didn’t mention



Hagrass et al. BMC Pregnancy and Childbirth (2022) 22:581

it. So we couldn’t decide which was good, to get vacci-
nated either early in pregnancy or not. For that reason,
we need to do additional research to look at the differ-
ences in uncommon adverse birth outcomes and results
following early and late pregnancy vaccination.
Accordingly, COVID-19 vaccination could be harmless
for pregnant women, especially in the third trimester, to
avoid any possible rare adverse outcomes for neonates.
The most significant advantages of our study are as fol-
lows: 1- As far as we know, this is the first meta-analy-
sis in which the generalizability of the findings has been
enhanced. 2- In general, most of our outcomes were
homogeneous, and we were able to solve most of the het-
erogeneity if found by random effect or by leaving one
study out of the analysis. 3- Relatively large sample size.
However, we have some limitations: 1- This review is
confined to the short-term effect and did not evaluate
the long-term results for vaccine safety criteria, such as
the preterm birth rates and congenital fetal anomalies.
2- We included different study designs because there
are limited studies on this topic. 3- All RCTs had a con-
flict of interest regarding other biases, and they had not
enough information about sequence generation or allo-
cation concealment, which could affect our results.
RCTs on the effect of vaccination in pregnant women
with larger sample sizes and longer follow-up durations
are recommended. Also, more RCTs should be done
to compare pregnant women in the different trimes-
ters in terms of efficacy and safety outcomes. It is also
recommended to focus on neonatal outcomes and rare
adverse events from vaccination.

Conclusion

According to studies published until now, our results
showed that in the short-term, COVID-19 vaccina-
tion is well tolerated regarding maternal and obstetric
adverse effects when pregnant women get vaccinated in
the third trimester. Furthermore, it decreases the com-
plications that could be happened from SARS-CoV-2
infection. However, it is unclear whether the vaccine
itself could harm or not for neonates when pregnant
women get vaccinated in the first trimester.
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Additional file 1: Supplemental Figure 1. The effect of Mido(L)-ATRA
on the content of Annexin V4 cells. HL-60 cells were treated with 0.25
UM modistaurin (M(L)) and/or 0.1 uM ATRA for 6 d. HL-60Res and U937
cells were treated with 0.1 uM modistaurin (M(L)) and/or 1 uM ATRA for
12 and 8 d, respectively. (A) The column graph of the content of Annexin
V+ cells in three cell lines. Each value represents the mean = SD of three
independent measurements. (B) Representative scattered plotgrams of
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Annexin V expression. Results were representative among three independ-
ent experiments. Supplemental Figure 2. The effect of Mido(H)-ATRA on
the content of CD11b+ cells. Cells were treated with 0.5 uM midostaurin
(M(H)) and/or ATRA for 2 d. (A) The column graph of CD11b expression in
three cell lines. Each value represents the mean = SD of three independ-
ent measurements. ***P<0.005, versus DMSO-treated cells. (B) Representa-
tive histograms of CD11b expression with high dose midostaurin and/or
ATRA. Results were representative among three independent experiments.
Supplemental Figure 3. Most membranes were cut prior to hybridization.
Original blots of the immunoblot detection shown in Fig 2A-Fig 2B, Fig 3D,
Fig 4A-Fig 4C, Fig 5A and Fig 5E.
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