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IMPORTANCE Data on BNT162b2 messenger RNA (mRNA) vaccine (Pfizer-BioNTech)
effectiveness and safety in pregnancy are currently lacking because pregnant women were
excluded from the phase 3 trial.

OBJECTIVE To assess the association between receipt of BNT162b2 mRNA vaccine and risk
of SARS-CoV-2 infection among pregnant women.

DESIGN, SETTING, AND PARTICIPANTS This was a retrospective cohort study within the
pregnancy registry of a large state-mandated health care organization in Israel. Pregnant
women vaccinated with a first dose from December 19, 2020, through February 28, 2021,
were 1:1 matched to unvaccinated women by age, gestational age, residential area, population
subgroup, parity, and influenza immunization status. Follow-up ended on April 11, 2021.

EXPOSURES Exposure was defined by receipt of the BNT162b2 mRNA vaccine. To maintain
comparability, nonexposed women who were subsequently vaccinated were censored 10
days after their exposure, along with their matched pair.

MAIN OUTCOMES AND MEASURES The primary outcome was polymerase chain
reaction–validated SARS-CoV-2 infection at 28 days or more after the first vaccine dose.

RESULTS The cohort included 7530 vaccinated and 7530 matched unvaccinated women,
46% and 33% in the second and third trimester, respectively, with a mean age of 31.1 years
(SD, 4.9 years). The median follow-up for the primary outcome was 37 days (interquartile
range, 21-54 days; range, 0-70). There were 118 SARS-CoV-2 infections in the vaccinated
group and 202 in the unvaccinated group. Among infected women, 88 of 105 (83.8%) were
symptomatic in the vaccinated group vs 149 of 179 (83.2%) in the unvaccinated group
(P � .99). During 28 to 70 days of follow-up, there were 10 infections in the vaccinated group
and 46 in the unvaccinated group. The hazards of infection were 0.33% vs 1.64% in the
vaccinated and unvaccinated groups, respectively, representing an absolute difference of
1.31% (95% CI, 0.89%-1.74%), with an adjusted hazard ratio of 0.22 (95% CI, 0.11-0.43).
Vaccine-related adverse events were reported by 68 patients; none was severe.
The most commonly reported symptoms were headache (n = 10, 0.1%), general weakness
(n = 8, 0.1%), nonspecified pain (n = 6, <0.1%), and stomachache (n = 5, <0.1%).

CONCLUSIONS AND RELEVANCE In this retrospective cohort study of pregnant women,
BNT162b2 mRNA vaccination compared with no vaccination was associated with
a significantly lower risk of SARS-CoV-2 infection. Interpretation of study findings is limited
by the observational design.
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D uring pregnancy, alterations in hormonal levels and
immune system function may increase women's vul-
nerability to viral infections.1 Although SARS-CoV-2

infection in pregnant women is mostly asymptomatic or
mild,2,3 it may result in severe complications, including
admission to the intensive care unit and mechanical
ventilation,4,5 particularly during the third trimester.6 Symp-
tomatic SARS-CoV-2 infections in women also have been
linked to a greater likelihood of preterm delivery7,8 and fetal
intrapartum distress.9

A phase 3 trial of the Pfizer-BioNTech BNT162b2 messen-
ger RNA (mRNA) vaccine demonstrated 95% efficacy in pre-
venting SARS-CoV-2 infection 7 days from the second dose10;
however, pregnant women were excluded from the trial.
Association with SARS-CoV-2 infection also has been exam-
ined by several observational studies,11,12 but like the clinical
trials, none included pregnant women. Although the manu-
facturer recently announced a phase 2/3 trial among preg-
nant women,13 there is currently no empirical evidence on
the efficacy of the vaccine in this population. Therefore,
assessment of vaccine safety and effectiveness in pregnancy
can currently be made only by using observational epidemio-
logic data.

On December 19, 2020, Israel launched its BNT162b2
vaccination campaign. Although pregnant women were not
excluded from receiving the vaccine, they were initially
advised to discuss the possibility of vaccination with their
treating physician. A month into the campaign, the Israel
Ministry of Health released updated recommendations
encouraging pregnant women to receive the vaccine.14

The purpose of this study was to assess the association be-
tween receipt of a BNT162b2 mRNA vaccine and incidence of
SARS-CoV-2 infection among pregnant women.

Methods
This retrospective cohort study was approved by the Maccabi
Healthcare Services institutional review board and informed
consent was waived because only deidentified routinely col-
lected data were used.

Study Population
We used the comprehensive database of the Maccabi
Healthcare Services, a 2.5-million-member state-mandated
health fund in Israel. Citizens can choose 1 of the 4 nation-
wide health funds in Israel. The Maccabi health fund mem-
bers represent 26.7% of the population and share similar
sociodemographic characteristics with the overall Israeli
population. The fund has maintained a computerized data-
base of electronic health records since 1993, containing
extensive longitudinal data on a stable population (≈1%
annual turnover).

The health fund has developed several computerized
registries of major clinical conditions. These registries
are continuously updated and can detect relevant patients
by automated criteria (relying on coded diagnoses, exten-
sive laboratory data, treatments, administrative billing

codes, etc) rather than depending on active reporting by
physicians. Pregnancy data routinely coded by the patient's
gynecologist on a designated pregnancy-tracking form
within the electronic health record were used to construct a
pregnancy registry. In 2020, the fund's pregnancy registry
included data on approximately 55 000 new pregnancies,
including 40 000 live births, accounting for 24% of all live
births in Israel.15

Conception date was calculated according to the last men-
strual period. Pregnancy end date was defined by expected de-
livery date (based on conception date) for ongoing pregnan-
cies and actual delivery date for completed ones. Gestational
age was categorized into trimesters defined as less than 14
weeks, 14 to 26 weeks, and 27 weeks or longer.

The eligible study population included all of the health
fund's female members who were pregnant at any time from
December 19, 2020 (initiation of the national vaccination
campaign), through February 28, 2021. Excluded a priori
were members who joined the fund less than 1 year precon-
ception, with any preconception records indicating SARS-
CoV-2 infection (defined as a positive polymerase chain reac-
tion test result or a hospital diagnosis of SARS-CoV-2
infection), and members who were vaccinated prepregnancy
with the BNT162b2 mRNA vaccine.

For each calendar day during the study period, we
matched newly vaccinated pregnant women in a 1:1 ratio
with eligible women who were unvaccinated on that day
and had no prior records indicating a SARS-CoV-2 infection.
The index date for the vaccinated woman and her paired
control was the calendar date of the vaccinated woman’s
first dose. Matching was done (without replacement) by age
(up to 5 years), gestational age (up to 5 weeks), exact match-
ing by residential area, population subgroup (nonultra-
Orthodox Jewish, ultra-Orthodox Jewish, and Israeli Arab),
parity (categorized into nulliparous, para 1, para 2, and
more), and having a seasonal influenza vaccine in the cur-
rent pregnancy (as a proxy for health-seeking behavior).
Extreme age was truncated in 4% of the pregnancies eligible
for matching to increase eligible matches (<20 to 20; >40 to
40 years).

For each pregnant woman, follow-up lasted from the
index date to the earliest occurrence of 1 of the following: an
outcome of interest, leaving the fund, or the end of the study

Key Points
Question Among pregnant women, what is the association
between receipt of BNT162b2 messenger RNA vaccine and risk of
SARS-CoV-2 infection?

Findings In a retrospective cohort study that included 15 060
pregnant women in Israel, vaccination with BNT162b2 vs
nonvaccination was associated with an adjusted hazard ratio for
incident SARS-CoV-2 infection of 0.22; this was statistically
significant.

Meaning Among pregnant women, receipt of the BNT162b2 vaccine
was associated with a lower risk of incident SARS-CoV-2 infection.

BNT162b2 Vaccination and SARS-CoV-2 Infection in Pregnant Women Original Investigation Research

jama.com (Reprinted) JAMA August 24/31, 2021 Volume 326, Number 8 729

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.11035


period. Matched unvaccinated women who were subse-
quently vaccinated were censored 10 days after their own
first dose date because studies published to date have indi-
cated that no immunity develops during this period16; sym-
metric censoring occurred on the same date as that of their
pair (to maintain balance on matched covariates).

To compare groups, chronic comorbidities were ob-
tained from validated automated registries, including
diabetes,17 cardiovascular disease,18 chronic kidney disease,19

hypertension,20 cancer,21 and prediabetes. The latter was
defined by at least 1 diagnosis of prediabetes or by abnormal
fasting glucose level or hemoglobin A1c level 5.7% or greater,
oral glucose tolerance test result 140 mg/dL or greater, at
least 2 fasting glucose test results greater than 100 mg/dL, or
purchases of diabetic medications during pregnancy. Obesity
and infertility were used as adjustment factors. Infertility
was defined by infertility diagnoses or medications, ovarian
stimulation procedures, or receipt of a donated egg.

Study Outcomes
The primary outcome was documented SARS-CoV-2 infec-
tion 28 days or more after the first vaccine dose. This period
was chosen because previous analyses10,11 have suggested
that immunity develops gradually, reaching full immunity
approximately 7 days after the second dose. The number of
events between day 28 and the end of follow-up included
those occurring on day 28. SARS-CoV-2 infection was
defined as a positive real-time polymerase chain reaction
test result obtained from nasopharyngeal swabs. The tests
are offered free to all Israeli citizens and without a need
for referral. Both asymptomatic and symptomatic patients
were included.

In addition, the following pregnancy- and birth-related
complications were examined as exploratory outcomes:
abortions (both spontaneous and induced) defined by diag-
noses (International Classification of Diseases, Ninth Revi-
sion codes 632-637, 768, and 779) and procedures, intrauter-
ine growth restriction (764), preeclampsia (642.4), stillbirth
(V27 and V35), maternal death, obstetric pulmonary embo-
lism (673), birth weight, and gestational age at birth.

In accordance with the Israeli Ministry of Health guide-
lines, the health fund developed a dedicated short form within
its electronic medical record to report adverse events occur-
ring soon after vaccination. The form was open to entry by all
physicians and nurses in the health fund and was also pushed
as a pop-up window during any visit with a documented di-
agnosis code of “adverse event SARS-CoV-2 vaccination.”

Forms related to the current study population were manu-
ally reviewed by a gynecology specialist to assess the severity
and duration of reported events, and to classify them accord-
ing to timing as related to infection or vaccination, in women
who were both infected and vaccinated.

Follow-up for all outcomes continued after pregnancy
ended until April 11, 2021.

Statistical Analysis
Descriptive statistics were generated with mean and SD or per-
centage for continuous and categorical covariates, respec-

tively. Comparisons between vaccinated and nonvaccinated
patients were analyzed with analysis of variance or Kruskal-
Wallis and χ2 tests for continuous and categorical variables, re-
spectively. Considering the large population size, P values were
accompanied by standardized mean differences (the differ-
ence between the 2 groups' means divided by the pooled SD),
in which a standardized mean difference greater than 0.1 was
considered meaningful.

Time to SARS-CoV-2 infection was described with
Kaplan-Meier curves and compared with a log-rank test
with robust variance estimator22 to account for matching.
The cumulative incidence was calculated by 1 minus sur-
vival probability. Differences in cumulative incidence rates
(risk differences) between the study groups were measured
at points at which at least 10% of the matched cohort still
remained under follow-up. For the primary outcome, the
difference was a subtraction of the cumulative number of
events at the end of follow-up minus the cumulative num-
ber of events on day 27. CIs for the differences in cumulative
incidence rates were calculated with the bootstrap method,
based on the 2.5% and 97.5% percentiles of 500 samples
drawn from the matched pairs.

Cox regression model was used to estimate adjusted haz-
ard ratios (aHRs) while controlling for parity, population sub-
group, trimester, prior children, influenza vaccine, obesity,
infertility, and age. Time-varying HRs were used as an esti-
mate of vaccine effectiveness. To validate the time chosen for
the primary outcome, nonproportionality over time was
tested by exploring Schoenfeld residuals from a time-
constant model. The intermediate point (knot) at 10 days was
chosen after examination of the residuals plots. Model dis-
crimination was assessed by the C statistic (concordance).
The relationship between vaccination and infection was
summarized by the aHR during 28 days or more of follow-up.
A possible effect modification by trimester at index date was
assessed through including in the model an interaction term
reflecting HRs that differed by trimester in the post–day 28
period. Wald test of the interaction term within the Cox
regression model was used to assess its statistical signifi-
cance. The crude discrete time hazards were calculated for
each period with Kaplan-Meier survival estimates as the sur-
vival at the beginning of the period minus survival at the end
of it divided by the survival at the beginning of the period.
The absolute difference of hazards between the study groups
was calculated alongside percentile bootstrap 95% CIs.

Exploratory outcomes and adverse events were ana-
lyzed descriptively, without statistical comparisons, given
the small numbers.

A sensitivity analysis was performed to exclude vacci-
nated women (and matched unvaccinated controls) who
received their first vaccination dose before the Ministry of
Health started recommending that pregnant women receive
the vaccine (January 19, 2021) because women who received
the vaccine before this date may have constituted a select
subgroup who had elevated vulnerability to SARS-CoV-2
infection or complications due to either their occupation
(medical or educational staff) or their underlying health sta-
tus (eg, certain comorbidities).
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To assess replicability of the findings, we conducted a
sensitivity analysis on the matching process; 5 different
matched subcohorts were generated, in which the eligible
data set was randomly reordered before each matching
iteration. The results were consistent in all iterations. The
iteration with the median aHR for 28 days or more of
follow-up is presented.

Among infected women, we described the proportion hos-
pitalized in the vaccinated and unvaccinated groups.

Two-sided P < .05 was considered statistically significant.
Statistical analysis was performed with R version 4.0.2

(R Foundation for Statistical Computing).

Results
A total of 29 911 eligible pregnant women were identified. By
February 28, 2021, 12 066 women had received the first vac-
cination dose during pregnancy (Figure 1). Among women with
a follow-up of 21 days or longer, 5626 (99%) received the sec-
ond dose by the end of follow-up, with a mean and median of
21 days between the first and second dose.

Of the 12 066 vaccinated women, 10 718 were included in
the matched cohort, in which 7530 were classified as vacci-
nated and the remaining 3188 were matched before their vac-
cination date and classified as unvaccinated (censored on
vaccination date plus 10 days along with their matched
pairs). Before matching, vaccinated women were slightly
older, had a higher number of prior children, and were less

likely to belong to a population minority subgroup compared
with unmatched nonvaccinated women (Table 1).

Baseline characteristics of the matched 7530 vaccinated
women and 7530 unvaccinated ones are depicted in Table 1.
The groups were well balanced in terms of member age, ges-
tational age, number of prior children, and population sub-
group (which were used for matching). The absolute mean dif-
ference in gestational age was 9 days.

There were no missing data.

Infection Cumulative Incidence
Overall, SARS-CoV-2 infections occurred in 118 vaccinated
women and 202 unvaccinated ones during a median
follow-up of 37 days (interquartile range, 21-54 days; range,
0-70). Cumulative incidence over time is shown in Figure 2,
and the gradually increasing risk difference is depicted in
Table 2. At 28 days, when 4788 women (63.6%) remained at
follow-up in each group, the absolute cumulative number of
events was 109 in the vaccinated group and 158 in the
unvaccinated group, and the difference in cumulative inci-
dence rates was 0.80% (95% CI, 0.47%-1.13%), with cumu-
lative incidence rates of 1.55% (95% CI, 1.26%-1.84%) among
vaccinated women and 2.34% (95% CI, 1.98%-2.71%) among
unvaccinated women. At 10 weeks, when 955 women
(12.7%) remained, the cumulative number of events was 118
in the vaccinated group and 202 in the unvaccinated group,
and the difference in cumulative incidence rates was higher
(2.05%; 95% CI, 1.53%-2.57%), with cumulative incidence
rates of 1.85% (95% CI, 1.48%-2.22%) among vaccinated

Figure 1. Flow of Eligible and Matched Vaccinated and Unvaccinated Pregnant Women

33 229 Pregnancies ongoing at any point between December 19,
2020 (initiation of the national vaccination campaign)
and February 28, 2021 (cohort extraction date)

29 911 Included in the full study cohort

3318 Excluded
2053 With <1 year membership in health

fund prior to conception 
1218 With COVID-19 infection preconception

or before December 19, 2020
47 Vaccinated preconception

7530 Included in the vaccinated
matched group

3188 Matched as unvaccinated
before receiving the vaccine

1348 Not matched 13 503 Not matched

10 718 Matched 10 718 Matched

7530 Included in the unvaccinated
matched group

12 066 Vaccinated by February 28, 2021 17 845 Not vaccinated by February 28, 2021
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women and 3.90% (95% CI, 3.28%-4.52%) among unvacci-
nated women.

Infection Hazard
A time-constant covariate was consistent with nonproportion-
ality (Schoenfeld test P = .001), underestimated survival among
the vaccinated group, and overestimated survival among the
unvaccinated group (eFigure in the Supplement).

A time-varying covariate indicated a risk reduction in-
creasing over time since vaccination (Table 2). There was no
significant difference between the groups during the first 10
days postvaccination (aHR = 0.96; 95% CI, 0.69-1.33; P = .79;
hazards, 0.93% vs 0.97% in the vaccinated and unvaccinated
groups, respectively). A statistically significant hazard reduc-
tion was observed among the vaccinated group during 11 to 27
days postvaccination (aHR = 0.46; 95% CI, 0.31-0.67; robust
P < .001; hazards, 0.60% vs 1.34% in the vaccinated and un-
vaccinated groups, respectively).

Primary End Point
During 28 days or more postvaccination, a statistically signifi-
cant hazard reduction was observed among the vaccinated
group compared with the unvaccinated group (aHR = 0.22;
95% CI, 0.11-0.43; robust P < .001) (Table 2). Beginning 28 days
after vaccination, 10 and 46 infections were observed in the
vaccinated and unvaccinated groups, respectively, including
1 event in the vaccinated group and 2 in the unvaccinated group
on day 28, yielding hazards of 0.33% vs 1.64%, respectively,
and an absolute difference of 1.31% (95% CI, 0.89%-1.74%).

The adjusted model C statistic was 0.72. The aHRs of the
other 4 iterations of randomly matched cohorts were similar
(eTable in the Supplement).

Sensitivity analysis excluding women who received their
first-dose vaccination before the Ministry of Health recom-
mendations (January 19, 2021) revealed similar results, with
aHRs of 0.92 (95% CI, 0.65-1.30), 0.41 (95% CI, 0.27-0.63),
and 0.23 (95% CI, 0.11-0.49) for the first 10 days, 11 to 27

Table 1. Baseline Characteristics of the Eligible Study Population

Characteristics

Full cohort Matcheda cohort

Vaccinated Unvaccinated SMDb Vaccinated Unvaccinated SMDb

No. 12 066 17 845 7530 7530

Patient age, mean (SD), y 31.3 (5.15) 30.4 (5.53) 0.16 31.1 (5.01) 31.0 (4.85) 0.01

Population subgroup,c No. (%)

Jewish, secular 9867 (81.8) 13 091 (73.4) 0.28 6162 (81.8) 6162 (81.8) <0.001

Ultra-Orthodox 1891 (15.7) 3244 (18.2) 1174 (15.6) 1174 (15.6)

Arab 308 (2.6) 1510 (8.5) 194 (2.6) 194 (2.6)

Prior children, No. (%)

0 5175 (42.9) 11 092 (62.2) 0.39 3447 (45.8) 3447 (45.8) <0.001

1 3925 (32.5) 3852 (21.6) 2369 (31.5) 2369 (31.5)

≥2 2966 (24.6) 2901 (16.3) 1714 (22.8) 1714 (22.8)

Vaccines during current pregnancy, No.
(%)

Influenza 5624 (46.7) 5285 (29.6) 0.36 3063 (40.7) 3063 (40.7) <0.001

Pertussis 2738 (22.7) 6456 (36.2) 0.30 3070 (40.8) 2834 (37.6) 0.06

Preexisting condition,d No. (%)

Obesity (BMI ≥30) 1342 (11.1) 1934 (10.8) 0.01 825 (11.0) 793 (10.5) 0.01

Infertilitye 903 (7.5) 981 (5.5) 0.08 556 (7.4) 502 (6.7) 0.03

Cancer 137 (1.1) 145 (0.8) 0.03 93 (1.2) 58 (0.8) 0.05

Hypertension 92 (0.8) 133 (0.7) 0.002 51 (0.7) 58 (0.8) 0.01

Chronic kidney disease 86 (0.7) 113 (0.6) 0.01 55 (0.7) 48 (0.6) 0.01

Diabetes 89 (0.7) 87 (0.5) 0.03 63 (0.8) 30 (0.4) 0.06

Prediabetes 38 (0.3) 39 (0.2) 0.02 28 (0.4) 15 (0.2) 0.03

Cardiovascular disease 5 (<0.1) 5 (<0.1) 0.007 2 (<0.1) 2 (<0.1) <0.001

Chronic obstructive pulmonary disease 4 (<0.1) 4 (<0.1) 0.006 2 (<0.1) 2 (<0.1) <0.001

Abbreviations: BMI, body mass index; SMD, standardized mean difference.
Body mass index is calculated as weight in kilograms divided by height
in meters squared.
a Matching was done by age, residential area, population subgroup, number of

prior children, and having an influenza vaccine in the current pregnancy.
Matching design was by risk set (also known as exposure density or rolling
cohort); for each calendar date, matched pairs were created among patients
who received their first vaccine dose exactly on that date and those who
were not yet vaccinated by that date. Matched unvaccinated patients
who were subsequently vaccinated were censored 10 days after their own
first dose date.

b SMD is the difference between the groups' means divided by the pooled SD.

c Population subgroup was assessed by enumeration areas (the Israeli census’s
smallest unit of analysis), with a high proportion of Jewish Orthodox and
Israeli Arab residents according to voting results, spatial presence of religious
schools, religious centers such as synagogues or mosques, and other publicly
available databases.

d Preexisting comorbidities were defined by automated registries according to
previously validated codes for inclusion and exclusion criteria (including
diagnoses, treatments, and laboratory data).

e Infertility was defined by diagnoses or medications, ovarian stimulation
procedures, or receipt of donated egg.
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Table 2. Time-Based Event Rates (%) of SARS-CoV-2 Infections in the Matched Cohort

Follow-up, d

Vaccinated Unvaccinated
Uncensored
raw ratea

(events/women)

Hazard rate
accounting
for censoringb

Uncensored
raw ratea

(events/women)

Hazard rate
accounting
for censoringb

Absolute difference
of hazard rate
(95% CI)

Adjusted
hazard ratioc

(95% CI) P value
Primary analysis

≤10 0.93 (70/7530) 0.93 0.97 (73/7530) 0.97 0.04 (–0.18 to 0.25) 0.96 (0.69-1.33) .79

11-27 0.51 (38/7387) 0.60 1.12 (83/7387) 1.34 0.74 (0.48 to 1.00) 0.46 (0.31-0.67) <.001

≥28d 0.21 (10/4788) 0.33 0.96 (46/4788) 1.64 1.31 (0.89 to 1.74) 0.22 (0.11-0.43) <.001

Post hoc analysis Women, No.
Cumulative
incidencec Women, No.

Cumulative
incidencee

Absolute difference
of cumulative incidence
(95% CI)

10 7403 0.93 7403 0.97 0.04 (–0.18 to 0.25)
27 4903 1.53 4903 2.30 0.77 (0.54 to 1.12)
28 4788 1.55 4788 2.34 0.80 (0.47 to 1.13)
35 4023 1.68 4023 2.72 1.04 (0.67 to 1.41)
42 3376 1.68 3376 2.96 1.28 (0.87 to 1.65)
49 2327 1.72 2327 3.09 1.37 (0.96 to 1.75)
56 1748 1.77 1748 3.48 1.71 (1.26 to 2.17)
63 1295 1.77 1295 3.75 1.97 (1.46 to 2.47)
70 955 1.85 955 3.90 2.05 (1.53 to 2.57)

a Raw rate (not accounting for censoring) was calculated as the number of
events during the period divided by the number of women at risk at the
beginning of the period.

b Hazard rate accounting for censoring for each period was calculated
as the survival at the beginning of the period minus survival
at the end of it divided by the survival at the beginning of the period.
Survival (1 − cumulative incidence) was estimated with the Kaplan-Meier
method to account for censoring. The absolute difference of hazards
between vaccinated and unvaccinated is reported alongside CIs, which were
calculated with the bootstrap percentile method with 500 samples of
matched pairs.

c Hazard ratio during 28 days or more of follow-up was the primary outcome,

calculated with a Cox time-varying hazard model adjusted for population
subgroup, maternal age, gestational age, influenza vaccine, number of prior
children, infertility, and obesity.

d The maximum time of follow-up was 110 days and the median was 37 days
(interquartile range, 21-54 days) for both groups.

e Cumulative incidence was calculated as 1 minus survival probability at specific
days during the follow-up until the maximal point at which at least 10% of the
matched cohort remained under follow-up. The difference of cumulative
incidence rates between vaccinated and unvaccinated is reported alongside
CIs, which were calculated with the bootstrap percentile method with 500
samples of matched pairs.

Figure 2. Cumulative Incidence of SARS-CoV-2 in Vaccinated vs Matched Unvaccinated Pregnant Women
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Kaplan-Meier curves were used for cumulative probability of SARS-CoV-2
infection. Follow-up for each matched pair was initiated simultaneously on the
same calendar date for both the vaccinated woman and her control according
to the date of the vaccinated woman’s first dose and was censored
simultaneously 10 days after vaccination of the matched control to maintain
groups' exchangeability over time and avoid selection bias.

Median follow-up time in both groups was 37 days (interquartile range,
21-54 days). P value for statistical comparison was estimated by log-rank test
using robust variance estimator to account for matching: P < .001. Shading
illustrates 95% CIs. There were no further events from day 70 to end of
observation at 110 days.
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days, and 28 days or more after vaccination, respectively. A
higher risk of outcome was observed in the second and third
trimesters but with no evidence of an interaction (P = .39)
between vaccination and trimester at index.

Among infected patients, the presence of symptoms was
documented for 105 (89%) and 179 (89%) of the vaccinated and
unvaccinated patients, respectively. Among those docu-
mented, no significant difference was observed in the propor-
tion of symptomatic patients, with 83.8% vs 83.2% in the vac-
cinated and nonvaccinated groups, respectively (P ≥ .99).

Exploratory Outcomes
The observed rate of SARS-CoV-2–related hospitalizations was
0.2% among the vaccinated group vs 0.3% among the unvac-
cinated group (Table 3).

During the study follow-up period, 1387 (18.4%) of the vac-
cinated women and 1427 (18.9%) of the unvaccinated reached
the end of pregnancy. There were no notable differences be-
tween the vaccinated and unvaccinated groups regarding pre-
eclampsia, intrauterine growth restriction, infant birth weight,
abortions, stillbirth, maternal death, or pulmonary embo-
lism (Table 3).

Adverse Events
A total of 68 women vaccinated during pregnancy reported pos-
sibly vaccine-related adverse events. Three of these women were
also infected with SARS-CoV-2 near vaccination; a manual re-
view of their symptoms indicated that they were more likely as-
sociated with the infection rather than the vaccine. None of the
reports indicated prolonged fever or severe adverse reactions.
The commonly reported complaints were headache (n = 10,
0.1%), general weakness (n = 8, 0.1%), stomachache (n = 5,
<0.1%), nonspecified pain (n = 6, <0.1%), dizziness (n = 4,

<0.1%), and rash (n = 4, <0.1%). Three patients reported eye
burning or blurred vision; all symptoms lasted less than 1 day.

Discussion
In this large population-based cohort of pregnant women,
BNT162b2 vaccination compared with no vaccination was as-
sociated with a significantly lower risk of SARS-CoV-2 infec-
tion, although the absolute risk difference was small. As of April
11, 2021, approximately 69% of pregnant women in the health
fund had received the first dose of the vaccine.

The aHR of 0.22 (95% CI, 0.11-0.43) at 28 days or more af-
ter vaccination corresponded to an estimate of vaccine effec-
tiveness (1 − HR) of 78%. Although this finding suggests that
the vaccine was associated with a substantially lower risk
among pregnant patients, the magnitude of the risk reduc-
tion was slightly lower than reported previously among the
general population.16 The benefit from the vaccine may be
somewhat attenuated among this population compared with
the general public because pregnant women were generally ad-
vised to take extra precautions during the pandemic and to
maintain particular adherence to social distancing guide-
lines, regardless of vaccination status. Immunologic re-
sponse may also be different among pregnant women com-
pared with the general population. In Israel, the second half
of February and March were characterized by lower infection
rates in the overall population (regardless of pregnancy) re-
lated to a prolonged lockdown and a substantial increase in vac-
cine coverage among the general population. Increased herd
immunity protects both vaccinated and nonvaccinated preg-
nant women and could attenuate the observed treatment ef-
fect over time, as previously reported with cholera vaccines.23

Moreover, during the same period there was increased media
attention in Israel to SARS-CoV-2 complications, specifically
among pregnant women (including reports of pregnant women
hospitalized for severe SARS-CoV-2 complications, as well as
the stillbirth of a fetus infected by SARS-CoV-2), which not only
led to a rapid increase in vaccination among this population
but also may have increased adherence to social distancing rec-
ommendations among unvaccinated pregnant women.

The strengths of this analysis include the use of a very large
cohort with detailed demographic and clinical information on
vaccination status, SARS-CoV-2 infection, and other comor-
bidities. The matching process and the lack of association with
vaccination during the first 10 days after the first dose sug-
gest that the results are minimally affected by bias.

Limitations
This study has several limitations. First, given the observa-
tional design, there is the potential for important unmea-
sured residual confounding. Given the small absolute risk dif-
ferences, residual bias may account for significant findings.
Second, the reported nominal level of P values from the time-
varying model may be underestimated because the place-
ment of knots was data driven, derived from examination of
residuals from an initial model that assumed a constant HR.
In light of the small P value for the results and that the observed

Table 3. Exploratory Outcomesa Among the Matchedb Study Population

Outcomes Vaccinated
Matched
unvaccinated

No. 7530 7530

SARS-CoV-2 hospitalization,
No. (%)

13 (0.2) 23 (0.3)

Abortion,c No. (%) 128 (1.7) 118 (1.6)

Intrauterine growth restriction,
No. (%)

36 (0.5) 38 (0.5)

Preeclampsia, No. (%) 20 (0.3) 21 (0.3)

Stillbirth, No. (%) 1 (<0.1) 2 (<0.1)

Maternal death, No. (%) 0 0

Obstetric pulmonary embolism,
No. (%)

0 0

Birth week, median (IQR) 39 (38-40) 39 (38-40)

Preterm birth (<37 wk), No. (%) 77/1387 (5.6) 85/1427 (6.0)

Infant weight, median (IQR), kg 3.2 (2.9-3.6) 3.2 (2.9-3.5)

Abbreviation: IQR, interquartile range.
a The median follow-up was 37 days (IQR, 21-54 days) for both groups.

Among the unvaccinated group, a total of 60% were ultimately vaccinated,
at a median of 16 days (IQR, 7-28 days) from index until receipt of first dose.

b Matched by age, gestational age, residential area, population subgroup,
number of prior children, and having a seasonal influenza vaccine
in the last year.

c Either spontaneous or induced abortion.
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change points are similar to those previously reported for the
effect of the vaccine,10,11,16 the study findings are likely ro-
bust to this sequential inference. Third, the findings are sus-
ceptible to bias if women who were unvaccinated were more
prone to present for testing than those who were vaccinated
because of concerns about their ongoing vulnerability. Fourth,
the study design did not provide adequate power to statisti-
cally assess differences in adverse events.

Conclusions

In this retrospective cohort study of pregnant women,
BNT162b2 mRNA vaccination compared with no vaccination
was associated with a significantly lower risk of SARS-CoV-2
infection. Interpretation of study findings is limited by the ob-
servational design.
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