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1 | INTRODUCTION

Abstract

Objectives: To explore perinatal outcomes in severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2)-vaccinated pregnant women compared with unvaccinated
counterparts.

Methods: Search was conducted using Web of Science, Scopus, ClinicalTrial.gov,
MEDLINE, Embase, OVID, and Cochrane Library as electronic databases. We in-
cluded observational studies evaluating pregnant women undergoing SARS-CoV-2
vaccination and compared pregnancy and perinatal outcomes with those in unvac-
cinated women. Categorical variables were assessed using odds ratio (OR) with 95%
confidence interval (Cl), whereas for continuous variables, the results were expressed
as mean difference with their 95% Cl. All analyses were performed by adopting the
random effect model of DerSimonian and Laird.

Results: There was no difference in the probability of having a small-for-gestational-
age fetus (OR 0.97, 95% Cl 0.85-1.09; P =0.570), but we observed a reduced prob-
ability of a non-reassuring fetal monitoring, a reduced gestational age at delivery, and
a reduced probability of premature delivery in vaccinated pregnant women versus
unvaccinated ones.

Conclusion: The probability of small for gestational age is similar between vaccinated
and unvaccinated pregnant women, and the former also had a slightly reduced rate of

premature delivery.

KEYWORDS
coronavirus disease 2019, meta-analysis, pregnancy, preterm birth, severe acute respiratory
syndrome coronavirus 2, small for gestational age, systematic review, vaccine

medical units, including obstetrical and gynecologic activities.X™

Pregnancy is considered an independent risk factor for adverse

The coronavirus disease 2019 (COVID-19) pandemic has affected a outcome in women with severe acute respiratory syndrome coro-
huge number of people for 2years worldwide, becoming the major navirus 2 (SARS-CoV-2) infection, with increased rates of mater-
public health issue and forcing healthcare facilities to reorganize nal mortality and intensive care unit admissions compared with
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non-pregnant women, and also with increased rates of preterm
deliveries (both spontaneous and iatrogenic), stillbirth, cesarean
sections, and other pregnancy-related diseases. 10716 Recently,
the American College of Obstetricians and Gynecologists, the
Society for Maternal-Fetal Medicine, and the Centers for Disease
Control and Prevention declared that all pregnant women should
be vaccinated to reduce maternal and fetal-neonatal morbidity and
mortality.”*® However, although it is growingly recognized that
COVID-19 vaccination programs, including booster doses, are safe
and open to pregnant women,'??° Zavala et al.?! observed that, by
September 2021, 17% of national policies still continued to recom-
mend against the use of any COVID-19 vaccine during pregnancy,
of which 25% were low- and middle-income countries, taking into
consideration the lack of clinical trials, and developmental and re-
productive toxicology data involving pregnant women. Moreover,
there are still reports of a poor acceptance rate in this category
of patients, mainly because of the maternal fear of consequences
for fetal-neonatal health.?22* In addition, although pregnancy and
perinatal outcomes of SARS-CoV-2 infection have been largely
investigated, little is still known about the impact of SARS-CoV-2
vaccine. Preliminary data on safety and immunization properties of
SARS-CoV-2 vaccines in pregnant women seem to be reassuring,
suggesting also that neonates born from vaccinated mothers may
have antibodies against SARS-CoV-2.2°%” Furthermore, the US
Centers for Disease Control and Prevention and the UK National
Health Service considered safer the use of the Moderna or Pfzer-
BioNTech vaccines, due to the rapidity of mRNA disintegration,
although no adverse pregnancy-related outcomes seem to occur
in clinical trials that evaluated other kind of vaccines, such as the
J&J/Janssen COVID-19 vaccine.'?® We therefore hypothesize that
vaccines based on mRNA technology are safe and every pregnant
woman should be strongly advised to get vaccinated. Therefore,
in this scenario of continuing pandemic waves, with the Omicron
variant as the last widely diffused and contagious one, the aim of
this systematic review is to explore the maternal, fetal, and neona-
tal outcomes in COVID-19-vaccinated pregnant women compared

with those not receiving COVID-19 vaccine.

2 | MATERIALS AND METHODS

2.1 | Study protocol

The present review was performed according to a protocol recom-
mended for systematic review. The study was reported according
to the Preferred Reporting Item for Systematic Reviews and Meta-
analyses (PRISMA) statement?’ and Meta-analysis Of Observational
Studies in Epidemiology (MOOSE).3® PRISMA and MOOSE check-
lists are reported in Tables S1 and S2. It was also registered on
PROSPERO (CRD42022319270). All review stages were conducted
independently by three authors. In particular, three authors (OG,
MGT, GGlI) independently assessed electronic search, eligibility of
the studies, inclusion criteria, risk of bias, and data extraction; RDG

and AR performed the data analysis. All disagreements were re-

solved by discussion with the senior author (GMM).

2.2 | Literature search and study selection

The literature search was conducted using Web of Science, Scopus,
ClinicalTrial.gov, MEDLINE, Embase, OVID, and Cochrane Library
as electronic databases. The studies were identified with the use
of a combination of the following text words: “coronavirus” OR
“COVID-19 pandemic” OR “SARS-CoV-2" OR “COVID-19” AND “vac-
cine” OR “vaccination” OR “COVID-19 vaccine” OR “SARS-CoV-2
vaccine” AND “pregnancy” OR “pregnant” OR “pregnant women” OR
“during pregnancy” OR “pregnancy outcome” OR “adverse outcome”
from December 2019 to February 28, 2022. Review of articles also
included the abstracts of all references retrieved from the search.
Duplications were removed using Endnote online software and also
manually. Only English-language studies were considered for inclu-
sion. Unpublished or non-peer-reviewed studies were not included.
Given that, for ethical reasons, no randomized controlled studies
were planned in pregnant women, we included in our systematic
review all observational studies that evaluated the population of
women undergoing SARS-CoV-2 vaccination during the COVID-19
pandemic and compared pregnancy, maternal, and fetal-neonatal
outcomes with those of non-vaccinated pregnant women. We ex-
cluded case reports and studies without control groups or that con-
sidered non-pregnant women as controls, as well as studies focusing
only on immunogenic properties or intrinsic adverse events of vac-

cines against SARS-CoV-2 infection.

2.3 | Risk of bias assessment

The risk of bias and quality assessment of the included studies were
performed using the Newcastle-Ottawa Scale (NOS).3%2 The NOS
score was used to evaluate the included studies, and judgment on
each one was passed according to three issues: selection of the
study group, comparability between groups, and ascertainment of

exposed/unexposed cohorts.

2.4 | Dataextraction

Data were extracted from the included studies without modifica-
tions. A data extraction sheet based on the Cochrane data extrac-
tion template for non-randomized controlled trials was used (https://
dplp.cochrane.org/data-extraction-forms). The main data extracted
for our systematic review were: first authors' names and publication
year, study design, study location, period considered in the analysis,
sample size, inclusion and exclusion criteria, type of vaccine, general
features of included populations (age, body mass index, race, previ-
ous disease, obstetrical history, number of fetuses, trimester of vac-
cination) as well as various maternal, fetal, and neonatal outcomes.


http://clinicaltrial.gov
https://dplp.cochrane.org/data-extraction-forms
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2.5 | Outcomes

The primary outcome was the evaluation of risk of small-for-
gestational-age fetuses for pregnant women receiving SARS-CoV-2
vaccine. Other gestational diseases, delivery outcomes, neonatal
birth weight, and fetal-neonatal conditions were considered as sec-

ondary outcomes.

2.6 | Statistical analysis

Prevalence of SARS-CoV-2 vaccination according to trimester
of pregnancy was calculated as the number of pregnant women
vaccinated in that specific trimester: first, second, and third,
respectively. Also, the association between the prevalence of
sociodemographic or adverse pregnancy outcome with SARS-
CoV-2 vaccine was assessed using odds ratio (OR) with 95% con-
fidence interval (Cl), whereas for continuous variables, results
were expressed as mean difference (MD) with their 95% CI. All
analyses were performed by adopting the random effect model
of DerSimonian and Laird. Statistical heterogeneity among in-
cluded studies was evaluated by the inconsistency index 2. In
detail, heterogeneity was classified as: null for > =0%, minimal
for I <25%, low for I <50%, moderate for 1> <75%, and high
for I> 275%. Egger's test and tests for funnel plot asymmetry to
assess potential publication bias were not used when the total
number of publications included for each outcome was less than
10, as the tests lack power to detect real asymmetry in this case.
Comprehensive Meta-Analysis (Biostat, Englewood, NJ, USA) and
Review Manacer 5.3 (Copenhagen: The Nordic Cochrane Centre,
Cochrane Collaboration, 2014) were used as data analysis soft-

ware. A P value less than 0.05 was considered significant.

3 | RESULTS

3.1 | Study selection and study characteristics

We identified 1037 articles, 40 of which were assessed with respect
to their eligibility for inclusion and nine studies were included in the
systematic review (Table 1; Figure 1). Excluded studies and reason
for exclusion are reported in Table S3.

These nine studies included 40728 pregnant women, 21297
(52.3%) of which received the COVID-19 vaccine, while 19431
(47.7%) pregnant women did not receive it. The majority of stud-
ies were performed in Israel®®*=%7 and the USA%3%; one study was
performed in Romania®® and another in the UK.** Only two studies

3840 \whereas the others were retrospective obser-

were prospective,
vational analyses. Only three studies evaluated cohorts of women
including vaccines others than mRNA-based: Blakeway et al.** also
described 13 women vaccinated with the AstraZeneca vaccine, and
Theiler et al.*? and Citu et al.*® observed one woman and 58 women,

respectively, who were vaccinated with Janssen.

The results of the quality assessment of the included studies
using NOS scale are presented in Table S4. The included studies
showed an overall good score regarding the selection of the study

groups and for ascertainment of the outcome of interest.

3.2 | Synthesis of the results

Complete general and demographic analysis of study populations
was reported in Table 2. We observed that pregnant women who
underwent the vaccination were slightly, but significantly, older than
those who did not undergo vaccination (OR 0.79, 95% Cl 0.14-1.45;
P = 0.020) and more frequently had a history of miscarriage (OR
1.28, 95% Cl 1.06-1.55; P = 0.009). Furthermore, Caucasian eth-
nicity appeared to be associated with vaccination (OR 1.76, 95% Cl
1.20-2.58; P = 0.004), while women with black ethnicity seemed
to refuse it (OR 0.40, 95% CI 0.19-0.81; P = 0.010). In the pooled
analysis of other anamnestic factors, we did not observe other sta-
tistically significant differences (Table 2).

Stratifying per trimester we observed that the majority of the
women were vaccinated during the third trimester (Table 3). Looking
to maternal outcomes, we noticed that the gestational age at deliv-
ery was slightly reduced in pregnant women who were vaccinated
compared with unvaccinated women (MD -0.13, 95% CI -0.21 to
-0.04; P = 0.003) (Figure 2) but actually, SARS-CoV-2 vaccine is
associated with a reduced probability of premature delivery (OR
0.88, 95% Cl 0.78-0.98; P = 0.020) (Figure 3; Table 4). There is no
difference in the probability of having a small-for-gestational-age
fetus between vaccinated and unvaccinated women (OR 0.97, 95%
Cl 0.85-1.09; P = 0.570), but we observed a reduced probability of
a non-reassuring fetal monitoring in pregnant women who received
the SARS-CoV-2 vaccine (OR 0.69, 95% Cl 0.51-0.94; P = 0.020)
(Figure 4; Table 5). There were no statistically significant differences
in all other explored maternal and fetal-neonatal outcomes between
vaccinated and unvaccinated pregnant women.

4 | DISCUSSION

The SARS-CoV-2 vaccine is not associated with increased risk of
having a small-for-gestational-age fetus.

Moreover, we found that vaccination was associated with a re-
duced probability of premature delivery, although the gestational
age at delivery seemed slightly lower when compared with that in
unvaccinated pregnant women. Furthermore, we observed reduced
probability of non-reassuring fetal monitoring in vaccinated women.
The pooled analysis of the nine included studies showed also that
the prevalence of older and white pregnant women was higher
among vaccinated than unvaccinated women, as well as for women
with a previous history of miscarriages. In contrast, black women
had a lower prevalence in the vaccinated group.

As far as we know, the present study represents the first pooled
analysis for the evaluation of maternal, fetal, and neonatal outcomes
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] [Identification ]

] [Screening

Records identified through
database searching
(n=1037)

Records after duplicates removed

(n = 498)

Records screened
(n =498)

l

Full-text articles assessed
for eligibility
(n=40)

\ 4

Records excluded
(n = 458)

\4

Studies included in
qualitative synthesis
(n=9)

y

Studies included in
quantitative synthesis
(meta-analysis)

Full-text articles excluded
(n=31)

(n=9)

[Included

FIGURE 1 Flow diagram of studies identified in the systematic review.

in women undergoing SARS-CoV-2 vaccination, after exclusion of
cases affected by SARS-CoV-2 infection during pregnancy, compared
with unvaccinated pregnant women. The main strengths of our anal-
ysis are the adherence to PRISMA guidelines and the large number of
outcomes considered. The review protocol was not registered a priori.
Limitations lie in the observational design and heterogeneity among
studies, as well as in the reduced number of studies considering some
of the outcomes evaluated. Moreover, more than half of included
studies come from a single country, and therefore directionality of
the results could be skewed according to local obstetrical policies.
Moreover, the differences among the populations of vaccinated and
unvaccinated, especially in terms of age, history of miscarriage and
ethnicity, could be considered a confounding factor. However, all the
effects should eventually determine an increase in perinatal compli-
cations of vaccinated pregnant women, which has not been observed,
apart from the black ethnicity, which was shown less frequently
among vaccinated pregnant women, and we do know that black race

is usually linked to increased adverse pregnancy outcomes.*?-44

The results of our study reinforce the idea that receiving the
SARS-CoV-2 vaccine during pregnancy is not associated with in-
creased probability of adverse outcomes for both mothers and
fetus/neonates.

The reduced probability of preterm birth is attributable to the
weight of the data from Goldshtein et al.,®> which provided the
larger data set included in our pooled analysis. Indeed, it could be
hypothesized that women who accepted the vaccination were at the
same time self-managing their pregnancy in a safe way (i.e. reducing
physical stressors), thereby reducing the risk of various complica-

1.*> observed

tions of pregnancy, such as preterm birth. Lipkind et a
no increased risk of preterm birth in vaccinated pregnant women
compared with their unvaccinated counterparts; in addition, they
showed that the prevalence of preterm birth was lower after two
doses than after one dose and observed an adjusted OR less than
1 for vaccination in the third trimester, which is consistent with our
results. Furthermore, the finding of a reduced probability of non-

reassuring fetal heart rate could find explanation ina more preventive
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TABLE 2 General characteristics of study populations expressed as mean difference and pooled odds ratio (with their 95% confidence

intervals)
Studies
Age, years 9
BMI 2
Studies
Obesity 6
Pre-existing disease 3
History of miscarriage 2
IVF 4
Nulliparity 4
Caucasian ethnicity 2
Black-Caribbean ethnicity 2
Asian ethnicity 2
Mixed ethnicity 2
Twin pregnancy 4
Smoking 5
Pregestational or gestational 8

Pregnancies

40728

6946

Pregnancies (n,/N, vs n,/N,)
2115/18816 vs 2273/15580
473/16 970 vs 494/9380
271/885 vs 382/1592
370/18 676 vs 268/14752
6315/19895 vs 4034/13 690
208/280 vs 2079/3050
8/280 vs 200/3050

23/280 vs 294/3050

15/280 vs 284/3050
22/1905 vs 61/7959
879/19415 vs 785/13881
826/21213 vs 937/18 959

MD (95% Cl)
0.79 (0.14-1.45)

0.17 (-1.07 to 1.42)

Pooled OR (95% Cl)

0.97 (0.90-1.04)
0.92(0.79-1.07)
1.28 (1.06-1.55)
2.07 (0.97-4.41)
1.05(0.91-1.20)
1.76 (1.20-2.58)
0.40(0.19-0.81)
0.72 (0.46-1.13)
0.43(0.13-1.44)
1.50(0.86-2.59)
0.81(0.47-1.39)
1.19 (0.96-1.47)

P value

0.020
0.780

P value

0.380
0.290
0.009
0.060
0.510
0.004
0.010
0.150
0.170
0.150
0.440
0.100

’2

98%
98%
2
0%
0%
0%
93%
68%
27%
0%
0%
63%
0%
78%
61%

diabetes

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); Cl, confidence interval; IVF, in
vitro fertilization; MD, mean difference; OR, odds ratio. Statistically significant values are put in bold.

TABLE 3 Pooled proportions for COVID-19 vaccination stratified per trimester of pregnancy

Studies Pregnancies (n/N) Pooled proportions % (95% Cl) I?
First trimester ) 1863/20981 0.78 (0.50-6.00) 99.6%
Second trimester 6 9980/20981 10.64 (0.06-35.50) 99.9%
Third trimester ) 9138/20981 88.11 (57.80-99.90) 99.9%

Abbreviation: Cl, confidence interval.

Vaccinated Unvaccinated Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Shanes et al. 2021 385 24 B4 384 19 118 1.8% 0.10 [-0.52,0.72]
Beharler et al. 2021 383 13 82 39.2 1.4 66 3.7% 0.10 [-0.33, 0.53]
Rottenstreich et Al. 2022 39.1 1.6 712 394 1.6 1063 19.2% -0.30 [-0.45, -0.15] —_——
Walnstock et al. 2021 388 14 813 39 1.9 3486 26.9% -0.10[-0.21,0.01] -1
Dick et al. 2022 39.5 0.31 2305 39.6 0.28 3313 4B8.4X% -0.10 [-0.12, —0.08] o
Total (95% CI) 4106 8044 100.0% -0.13 [-0.21, -0.04] <P
Heterogenelty: Tau? = 0.00; ChP = 7.85, df = 4 (P = 0.10); P = 49% H i ) o5 T

Test for overall effect Z = 2.93 (P = 0.003)

FIGURE 2 Forest plot for the mean difference of gestational age at delivery.

Vaccinated Unvaccinated Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Beharler et al. 2021 4 92 5 66 0.7% 0.55 [0.14, 2.15]
Chu etal. 2022 14 173 37 529 3.2% 1.17 [0.62, 2.22] —
Dick etal. 2022 127 2305 204 3313 25.2% 0.89 [0.71, 1.12] —.
Gokishteln et al. 2022 675 15637 265 5227 &1.9% 0.84 [0.73, 0.98] . 1
Rottenstreich et Al. 2022 27 712 40 1063 5.3% 1.01 [0.61, 1.66] —
Theller et al. 2021 13 138 149 1852 3.7% 1.05 [0.58, 1.90] —
Total (95% CI) 19057 11850 100.0% 0.88 [0.78, 0.98] L 2
Total events 860 700
Heterogenelty: Tau? = 0.00; ChE = 2.14, df = 5 (P = 0.83); A = 0% °:1 0:2 0:5 ] 3 5 l‘b

Test for overall effect Z = 2.24 (P = 0.02)

FIGURE 3 Forest plot for the odds ratio of preterm delivery.
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TABLE 4 Pooled odds ratio (95% confidence intervals) for the maternal outcome of women undergoing COVID-19 vaccination compared

with unvaccinated women

Maternal Studies Pregnancies MD (95% ClI) P value 12
Gestational age at delivery 5 12150 -0.13 (-0.21 to -0.04) 0.003 49%
Length of hospitalization 3 4267 0.00 (-0.03 to 0.03) 1.00 0%
Studies Pregnancies (n,/N, vs n,/N,) Pooled OR (95% Cl) P value 12
Premature delivery 6 860/19057 vs 700/11850 0.88 (0.78-0.98) 0.020 0%
Gestational hypertension/ 6 126/4381 vs 517/11231 1.19 (0.86-1.65) 0.300 52%
pre-eclampsia
Placental abruption 4 16/1929 vs 54/5471 0.66 (0.38-1.16) 0.150 0%
Vaginal delivery 5 1506/1978 vs 5004/6710 0.96 (0.81-1.13) 0.600 32%
Instrumental vaginal delivery 5 85/2067 vs 333/7123 0.87(0.59-1.28) 0.480 53%
Cesarean section 6 754/4372 vs 1955/10436 1.09 (0.92-1.28) 0.330 55%
Postpartum fever 3 30/1756 vs 53/4942 1.18(0.55-2.54) 0.670 41%
Postpartum hemorrage 6 162/4372 vs 329/10436 0.98 (0.80-1.20) 0.840 2%
Maternal ICU admission 3 8/981 vs 12/3108 2.36(0.96-5.78) 0.060 0%
Chorionamnionitis 2 14/843 vs 28/1456 0.79 (0.42-1.50) 0.470 0%
Transfusions 2 28/850 vs 224/2715 1.31(0.85-2.02) 0.220 0%

Abbreviations: Cl, confidence interval; ICU, intensive care unit; MD, mean difference; OR, odds ratio. Statistically significant values are put in bold.

Vaccinated Unvaccinated 0Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Chu etal. 2022 11 173 35 528 18.1% 0.96 [0.48, 1.93] —a—
walnstock et al. 2021 42 913 243 3486 B0.9% 0.64 [0.48, 0.90] . 3
Total (95% CI) 1086 4015 100.0% 0.69 [0.51, 0.94] >
Total events 53 278
Heterogenehty: Tau® = 0.00; ChP = 1.01, df = 1 (P = 0.31); A = 1% bot o't ] 1o 100

Test for overall effect Z = 2.33 (P = 0.02)

FIGURE 4 Forest plot for the odds ratio of non-reassuring fetal monitoring.

management by obstetrical practitioners, with the aim of avoiding
any suspected risky situations. Nonetheless, we decided to cumulate
the data between pregestational and gestational diabetes, consid-
ering it as a maternal factor affecting the choice to vaccinate more
than a consequence of the vaccine. This decision depends mainly on
two reasons: first, there is heterogeneity among the included stud-
ies in what they reported, that is if the diabetes was gestational or
pregestational, and in the way they reported, mainly in third trimes-
ter, so that it is difficult to prove that diabetes is a consequence of
the vaccine, given that according to guidelines the diagnosis is made
around 24-28 weeks at latest.*® In detail, Dick et al.,>* Citu et al.,*°
and Wainstock et al.*” describe only gestational diabetes mellitus
but it is not specified whether it is diagnosed before or after the

1.3 1.%¢ cumulate

|'735

vaccine uptake; Beharier et a and Rottenstreich et a

gestational and pregestational diabetes mellitus; Goldshtein et a

|'741 |.39

Blakeway et a and Theiler et al.”” differentiate pregestational and

gestational diabetes mellitus but the last is not mentioned in the sub-
group analyses without COVID-19-affected pregnant women, so we
took into consideration only the pregestational one.

Indeed, our results are in accordance with two other systematic

|'47

reviews and meta-analyses, by Ma et al.”” and by Pratama et al.*® Ma

|'747

eta performed a pooled analysis of existing literature considering

19078 vaccinated and 21848 unvaccinated pregnant women, and
showed that SARS-CoV-2 vaccination appeared to be protective
against both the infection and hospitalization due to the infection
itself. Pratama et al.,*® in addition to showing similar maternal-fetal
and neonatal outcomes between vaccinated and unvaccinated
pregnant women, observed a significantly reduced risk of infection
only after 10days from vaccination. However, in contrast to them,
we excluded studies that did not properly differentiate (eventually
performing subgroup analysis) women affected by SARS-CoV-2 in-
fection during pregnancy from those who had not been affected
among the vaccinated and unvaccinated cohorts. In this regard, in
fact, we think that the occurrence of COVID-19 during pregnancy
could change the management of the cases and therefore pregnancy
outcomes could be different, skewing the results.

Apart from being safe in relation to obstetrical and perinatal
outcomes, SARS-CoV-2 vaccines are being studied also regarding
intrinsic adverse events; Bookstein Peretz et al.*? showed that non-
pregnant women suffer more from adverse events than pregnant
women after both first and second doses of vaccine; in addition, they
found a lower antibody titer in pregnant women compared with non-

|'25 |'26

pregnant women. Instead, Gray et al.“> and Collier et al.“® observed

similar levels of antibodies between pregnant and non-pregnant
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TABLE 5 Mean difference and pooled odds ratio (with 95% confidence intervals) for fetal and neonatal outcomes of pregnant women

undergoing COVID-19 vaccination compared with those who remained unvaccinated

Fetal Studies Fetuses (n,/N, vs n,/N,) Pooled OR (95% Cl) P value I
Stillbirth 4 25/3288 vs 45/6631 0.96 (0.58-1.57) 0.860 0%
SGA 6 1255/19871 vs 866/14011 0.97 (0.85-1.09) 0.570 15%
Non-reassuring fetal monitoring 2 53/1086 vs 278/4015 0.69 (0.51-0.94) 0.020 1%
Oligohydramnios 2 31/1086 vs 127/4015 0.90 (0.60-1.34) 0.610 0%
Polyhydramnios 2 12/1086 vs 37/4015 1.15(0.60-2.23) 0.670 0%
Meconium-stained amniotic fluid 2 130/1625 vs 336/4549 0.78 (0.58-1.03) 0.080 32%
Abnormal presentation 2 43/1086 vs 155/4015 1.02(0.73-1.45) 0.890 0%
Neonatal Studies Infant born MD (95% ClI) P value I?
Neonatal birth weight 5 12652 -2.74 (-30.86 to 25.37) 0.850 61%
Studies Infant born (ny/Ny vs n,/N,) Pooled OR (95% Cl) P value 12
NICU admission 4 41/1073 vs 82/3174 0.94 (0.63-1.40) 0.760 0%
5-min Apgar <7 5 69/4241 vs 157/10043 0.95(0.69-1.29) 0.740 1%
Respiratory complications 3 16/1798 vs 76/5078 0.67 (0.31-1.46) 0.310 16%
Fever 2 4/1086 vs 13/4015 1.05(0.34-3.24) 0.930 0%
Jaundice 2 203/16 349 vs 87/6290 0.91(0.32-2.55) 0.850 90%
LBW 2 686/15775 vs 368/6879 0.89 (0.77-1.03) 0.120 0%
VLBW 2 51/15775 vs 56/6879 0.78(0.22-2.81) 0.710 75%

Abbreviations: Cl, confidence interval; LBW, low birth weight; MD, mean difference; NICU, neonatal intensive care unit; OR, odds ratio; SGA, small
for gestational age; VLBW, very low birth weight. Statistically significant values are put in bold.

women, showing also that vaccine-induced immunity was higher
than infection-induced and that antibodies were also found in um-
bilical cord blood and breast milk.

Interestingly, it was also observed that the length of the time
interval from vaccination to delivery influences the antibody titer in
a directly proportional manner.’%>!

Likewise, an interesting objective for future research would
be to clarify the impact of different vaccination timing on peri-
natal outcomes: Dick et al.>* showed an increased preterm birth
rate and lower overall gestational age at delivery in women vac-
cinated during the second trimester compared with unvaccinated

1.3 observed no differences in

pregnant women. Goldshtein et a
the rate of preterm delivery, small-for-gestational-age neonate,
and any congenital malformation between pregnant women
vaccinated during the first trimester and unvaccinated pregnant
women. Nevertheless, our results reflect the outcomes after sec-
ond (mainly attributable to Goldshtein et al.%%) and third trimes-
ters compared with unvaccinated pregnant women. However, no
studies have yet evaluated directly the comparison of perinatal
outcomes between trimesters.

Regarding the risk of miscarriage for first-trimester vaccina-
tion, Magnus et al.>? observed no increased risk, in accordance
with Kharbanda et al.>® and Zauche et al.’* However, none of these
studies could be included in our meta-analysis for various reasons
(Table S3).

Another hint could be represented by the comparison among one
or more doses, especially when we are going to consider the booster

doses during pregnancy20; in this regard, only Wainstock et al.¥’ per-
formed a subgroup analysis, observing no differences in the rate of
pregnancy-related hypertensive disorders, cesarean delivery, small
for gestational age and neonatal respiratory complications, but a re-
duced birth weight and lower gestational age at delivery in pregnant
women with only one dose compared with those with two doses.
Currently, a booster dose is recommended by various guidelines on
the management of COVID-19 during pregnancy.>>

The last two big waves of the pandemic have been dominated
by the Delta and Omicron variants, with the former associated with
a more severe course of infection during pregnancy compared with
the pre-Delta variants®® and the last that showed a milder infection
but still increased prevalence of adverse outcomes in the unvacci-
nated pregnant women, next to a tremendous increase in conta-
giousness,57 which again put under strain the healthcare systems
involved in the management of affected cases. In our meta-analysis,
we still observed differences among vaccinated and unvaccinated
women in relation to their medical history or personal features (age,
ethnicity), which demonstrates again the need for intervention at
a national level with a large informative campaign and a proficient,
expert, and non-directional but very exhaustive counseling by gen-
eral practitioners and obstetricians, reinforced by real world data
and pooled analyses with overall large samples showing the safety
of mRNA vaccines towards maternal and fetal/neonatal health, to
ensure that pregnant women would have all the useful and needed
information to take their decision in an autonomous but very con-

scious way.’®*? Magee et al.%° calculated in 11 the number of
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pregnant women needed to vaccinate (NNV) to prevent a SARS-
CoV-2infection, in 206 the NNV to prevent a symptomatic infection,
as well as in 176 the NNV to prevent a preterm birth.

Additional studies with larger samples and longer follow ups
are needed to uncover the doubts in relation to all the aspects of
vaccination, from immunogenicity to adverse events and obstetrical
and perinatal outcomes. However, the current findings support the
safety of mRNA vaccines regarding pregnancy and delivery com-
plications. In this scenario, it is of paramount importance that gov-
ernments adopt all the needed strategies to inform this subgroup of
the population that the consequences of the disease may be signifi-
cantly more severe than the potential and unproven consequences
of the vaccine, which are causing pregnant women's avoidance.
Furthermore, reporting of the acceptance/refusal of the vaccine
against SARS-CoV-2 in all obstetrical and delivery settings will help
to acquire more data on the safety of it, to be shared as soon as
possible.

In conclusion, the probability of small for gestational age and
other adverse perinatal outcomes is similar between vaccinated
and unvaccinated pregnant women, who did not acquire COVID-19
during pregnancy. Furthermore, the rate of preterm delivery seems
reduced among vaccinated pregnant women compared with their
counterparts. These data strengthen the safety of the mRNA vac-
cines during pregnancy and should be used during professional
counseling. Further data are needed to explore the impact of mul-
tiple doses (included booster) on perinatal outcomes and the dif-
ference between trimesters, taking into account the interval from

vaccination to delivery.
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