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IMPORTANCE The study team previously showed that maternal mRNA COVID-19 vaccination
during pregnancy confers protection against SARS-CoV-2 infection and COVID-19–related
hospital admission in newborns and young infants. In this study, the study team evaluated
newborn and early infant safety outcomes following maternal messenger RNA (mRNA)
COVID-19 vaccination during pregnancy, for which there is limited comparative
epidemiological evidence.

OBJECTIVE To determine if maternal mRNA COVID-19 vaccination during pregnancy is
associated with adverse newborn and early infant outcomes.

DESIGN, SETTING, AND PARTICIPANTS This population-based retrospective cohort study took
place in Ontario, Canada, using multiple linked health administrative databases. Singleton live
births with an expected delivery date between May 1, 2021, and September 2, 2022, were
included. Data were analyzed from January 2023 through March 2023.

EXPOSURE Maternal mRNA COVID-19 vaccination (1 or more doses) during pregnancy

MAIN OUTCOMES AND MEASURES Severe neonatal morbidity (SNM), neonatal death, neonatal
intensive care unit (NICU) admission, neonatal readmission, and hospital admission up to 6
months of age. The study team calculated inverse probability of treatment weighted risk
ratios (RRs) and fit weighted Cox proportional hazards regression models comparing
outcomes in infants of mothers who received COVID-19 vaccination during pregnancy with
those who received no COVID-19 vaccine doses before delivery.

RESULTS In total, 142 006 infants (72 595 male [51%]; mean [SD] gestational age at birth, 38.7
[1.7] weeks) were included; 85 670 were exposed to 1 or more COVID-19 vaccine doses in
utero (60%). Infants of vaccinated mothers had lower risks of SNM (vaccine exposed 7.3% vs
vaccine unexposed 8.3%; adjusted RR [aRR], 0.86; 95% CI, 0.83-0.90), neonatal death
(0.09% vs 0.16%; aRR, 0.47; 95% CI, 0.33-0.65), and NICU admission (11.4% vs 13.1%; aRR,
0.86; 95% CI, 0.83-0.89). There was no association between maternal vaccination during
pregnancy and neonatal readmission (5.5% vs 5.1%; adjusted hazard ratio, 1.03; 95% CI,
0.98-1.09) or 6-month hospital admission (8.4% vs 8.1%; adjusted hazard ratio, 1.01; 95% CI,
0.96-1.05).

CONCLUSIONS AND RELEVANCE In this population-based cohort study in Ontario, Canada,
maternal mRNA COVID-19 vaccination during pregnancy was associated with lower risks of
SNM, neonatal death, and NICU admission. In addition, neonatal and 6-month readmissions
were not increased in infants of mothers vaccinated during pregnancy.
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P regnant women have an increased risk of severe
COVID-19 compared with their nonpregnant counter-
parts and COVID-19 during pregnancy has been associ-

ated with fetal and neonatal morbidity and mortality.1,2 Vac-
cination is routinely recommended to protect pregnant women
and their newborns from acute respiratory tract infections, such
as influenza and pertussis, and pregnant women are desig-
nated a priority group for COVID-19 vaccination in multiple
countries.3 Observational studies have demonstrated that the
immunogenicity and effectiveness of COVID-19 vaccines are
similar in pregnant and nonpregnant populations.4,5 More-
over, COVID-19 vaccination during pregnancy confers protec-
tion to infants during the first months of life.6,7 Increased rates
of adverse pregnancy or perinatal outcomes, including spon-
taneous abortion, stillbirth, and preterm birth, following mRNA
COVID-19 vaccination during pregnancy have not been ob-
served in epidemiological studies.8-10

Despite this evidence, vaccine coverage of pregnant women
has been lower than in nonpregnant women of reproductive age
in many regions, especially among younger women and women
living in areas with higher socioeconomic deprivation.11,12 Un-
certainty about vaccine safety for the infant is one of the most
frequently reported reasons for lack of intent to get vaccinated
during pregnancy.13,14 Data from large populations on infant out-
comes following exposure to COVID-19 vaccines in utero are of
high importance and could bolster vaccine confidence in preg-
nant women but are limited at this stage. Several studies have
examined the association between COVID-19 vaccination dur-
ing pregnancy and admission to the neonatal intensive care unit
(NICU) and neonatal respiratory complications,15-21 but few have
assessed a broader range of important neonatal outcomes21,22

and only 1, to our knowledge, has reported safety outcomes for
infants beyond the neonatal period.22 To address this knowl-
edge gap, we sought to determine if maternal mRNA COVID-19
vaccination during pregnancy was associated with an in-
creased risk of adverse newborn and early infant outcomes.

Methods
Study Design, Setting, and Participants
We performed a population-based retrospective cohort study
of singleton live births with an expected delivery date be-
tween May 1, 2021, and September 2, 2022, in Ontario, Cana-
da’s most populous province, with approximately 14.7 mil-
lion residents and 140 000 births each year.23,24 We excluded
infants with a gestational age less than 20 weeks or birth weight
less than 500 g, infants of mothers who were not continu-
ously eligible for Ontario health insurance during the year pre-
ceding pregnancy, infants with incomplete birth records or rec-
ords that could not be linked to databases, and infants of
mothers younger than 12 years or older than 50 years. We also
excluded infants of mothers who received a viral vector-
based or non–Health Canada–approved COVID-19 vaccine be-
fore delivery. We report the study according to the RECORD
(Reporting of Studies Conducted Using Observational Rou-
tinely-Collected Health Data) guidelines for observational
studies.25

Data Sources
We used data from multiple health administrative databases,
which were linked with unique coded identifiers and ana-
lyzed at ICES (formerly the Institute for Clinical Evaluative
Sciences), an independent, nonprofit research institute whose
legal status under Ontario’s health information privacy law al-
lows it to collect and analyze health care and demographic data,
without consent, for health system evaluation and improve-
ment. For details, see eTable 1 in Supplement 1.

We identified maternal-newborn pairs using the
MOMBABY database, which deterministically links hospital de-
livery records of mothers with the corresponding newborn
records from the Canadian Institute for Health Information Dis-
charge Abstract Database (CIHI-DAD).26 Hospital births rep-
resent more than 98% of births in Ontario27 and more than 99%
of live hospital birth records are successfully linked in
MOMBABY.26

Exposure
We defined maternal COVID-19 vaccination as receipt of 1 or
more messenger RNA (mRNA) COVID-19 vaccine dose(s) be-
tween the estimated date of conception and 1 day before birth.
We estimated the date of conception from gestational age at
birth, which is derived from first or second trimester ultra-
sound for more than 95% of births in Ontario.28 Mothers were
considered unvaccinated if they received no COVID-19 vac-
cine doses preconception or at any point during pregnancy.
Mothers who received their first vaccine dose postpartum were
included in the unvaccinated group. Mothers who received 1
or more COVID-19 vaccine dose(s) preconception but none
during pregnancy were excluded.

We obtained information on maternal COVID-19 vaccina-
tion from a centralized vaccine registry that contains com-
plete information on all COVID-19 vaccinations in Ontario. Preg-
nant women were designated a priority group for the primary
vaccine series in late April 2021, although vaccines were avail-
able to some pregnant women (eg, health care or other front-
line workers) in December 2020. Due to vaccine supply con-
straints, the recommended interval between the first and
second dose of the primary vaccine series varied from 3 to 16

Key Points
Question Is maternal messenger RNA (mRNA) COVID-19
vaccination during pregnancy associated with adverse newborn
and early infant outcomes?

Findings In this population-based cohort study of 142 006 live
births in Ontario, Canada, maternal mRNA COVID-19 vaccination
during pregnancy was associated with lower risks of severe
neonatal morbidity, neonatal death, and neonatal intensive care
unit admission and no increase in neonatal readmission or hospital
admission up to age 6 months, compared with no maternal
COVID-19 vaccination before delivery.

Meaning Maternal mRNA COVID-19 vaccination during pregnancy
was not associated with increased adverse newborn and early
infant outcomes and may be protective against adverse newborn
outcomes.
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weeks and some people received a heterologous mRNA vac-
cine series. In August 2021, people with immunosuppression
were eligible for a third COVID-19 vaccine dose and eligibility
expanded to all adults, including pregnant women, in Decem-
ber 2021.

Outcomes
Severe Neonatal Morbidity
We defined severe neonatal morbidity (SNM) using an adap-
tation of the validated composite Neonatal Adverse Outcome
Indicator, which includes 15 diagnoses and 7 procedures dur-
ing the birth admission or within the first 28 days after birth
(eTable 2 in Supplement 1).29,30 Previous population-based
studies using linked health administrative databases have dem-
onstrated newborns with SNM have an increased risk of poor
neurodevelopment in childhood and decreased survival to age
6 years.31,32 We ascertained diagnostic (International Statisti-
cal Classification of Diseases and Related Health Problems, 10th
Revision, Canadian version) and procedural (Canadian Classi-
fications of Health Interventions) codes using MOMBABY and
CIHI-DAD.

Neonatal Mortality and NICU Admission
We defined neonatal mortality as an infant death during the
first 28 days of life.33 We obtained data on mortality from CIHI-
DAD and the Registered Persons Database. We identified NICU
admissions during the first 28 days of life using special care
unit admission and discharge dates in CIHI-DAD.

Neonatal and 6-Month Hospital Readmissions
We defined neonatal and 6-month readmission as a hospital
admission in the first 28 days or 6 months of life, respec-
tively. We considered transfers between hospitals to be a single
admission. We excluded infants who died during the birth ad-
mission and those whose birth admission was longer than 28
days (for neonatal readmissions) or 180 days (for 6-month re-
admissions), since they were not at risk for readmission dur-
ing those time periods.

Covariates
We adjusted for multiple covariates potentially associated with
maternal vaccination and outcomes using propensity score
methods. Covariates included infant sex, calendar month and
year of conception, maternal age at infant birth, parity, pre-
existing maternal medical conditions (hypertension, heart dis-
ease, diabetes, asthma, autoimmune disease, immunosuppres-
sion), maternal influenza vaccination during either the 2019 to
2020 or 2020 to 2021 influenza seasons (as a proxy for health
behavior), adequacy of prenatal care using the Revised Gradu-
ated Prenatal Care Index,34 maternal positive SARS-CoV-2 poly-
merase chain reaction (PCR) test result during pregnancy, neigh-
borhood-level income quintile, neighborhood-level proportion
of the population who self-identify as a visible minority quin-
tile, rural residence, and Public Health Unit region.

Statistical Analysis
We estimated unadjusted and inverse probability of treat-
ment weighted risk ratios (RRs) and 95% CIs for neonatal out-

comes using modified Poisson regression models with robust
variance estimation to account for uncertainty of the weights
and for misspecification of the variance structure of the Pois-
son models. We fit weighted Cox proportional hazards regres-
sion models to estimate hazard ratios (HRs) and 95% CIs for
neonatal and 6-month hospital readmission with follow-up
time beginning on the day of discharge from the birth admis-
sion and continuing until readmission, 28 days of age (for neo-
natal readmission), 6 months of age (for 6-month readmis-
sion), or death, whichever occurred first. We used a robust
variance estimator to account for within-participant homoge-
neity in outcomes induced by weighting.

We derived weights from a propensity score representing
the predicted probability of receiving 1 or more COVID-19 vac-
cine dose(s) during pregnancy.35 To reduce variability in-
duced by extreme weights, we used stabilized weights and
trimmed values to the 99th percentile.35 We assessed bal-
ance of covariates between the weighted exposure groups using
standardized differences with values more than 0.1 indicat-
ing potentially clinically important imbalance.35

We carried out several subgroup and sensitivity analyses:
(1) we conducted a dose-response analyses for 1, 2, and 3 vac-
cine doses during pregnancy; (2) we restricted the exposed
group to infants of mothers who received 1 or more dose(s) in
the first, second, or third trimesters; (3) we assessed out-
comes in infants of mothers who received BNT162b2 only,
mRNA-1273 only, or heterologous mRNA vaccine products
during pregnancy; (4) we limited the unvaccinated group to
mothers who received their first COVID-19 vaccine dose post-
partum; a previous study in Ontario found this group had base-
line characteristics more similar to women vaccinated during
pregnancy than those never vaccinated18 and there is no evi-
dence suggesting COVID-19 vaccination postpartum is harm-
ful to breastfed infants36; (5) we excluded infants of mothers
with documented SARS-CoV-2 infection during pregnancy;
(6) because there are sex differences in the prevalence of con-
genital anomalies, which are major risk factors for neonatal
morbidity and death,37 we tested for effect modification by in-
fant sex; (7) we excluded infants who were born at less than
37 weeks’ gestation; (8) we excluded birth trauma from the Neo-
natal Adverse Outcome Indicator, since this is unlikely to be
impacted by maternal COVID-19 vaccination; (9) we calcu-
lated weighted RRs and HRs without trimming extreme
weights; and (10) for the neonatal and 6-month readmission
outcomes, we excluded infants with a birth admission longer
than 7 days.

To assess the sensitivity of results to the effects of residual
confounding from unmeasured confounders, we performed a
quantitative bias analysis using the array approach described by
Schneeweiss.38 Briefly, we modeled 2 potential scenarios for each
outcome:(1)ahigherprevalenceofavariableinvaccinatedmoth-
ers that decreases the risk of an adverse outcome (ie, a protec-
tive confounder; RR, 0.2-0.9) and (2) a lower prevalence of a vari-
able in vaccinated mothers that increases the risk of an adverse
outcomes (ie, a harmful confounder; RR, 1.5-5). We assumed a
confounderprevalenceof20%inunvaccinatedmothersandcon-
sidered a prevalence range of 20% to 35% and 5% to 20% for a
protective and harmful confounder in vaccinated mothers,
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respectively.30 We expressed the degree of bias as a proportion
(ie, percent bias = [(observed RR – bias corrected RR) / (bias cor-
rected RR – 1)] × 100).38 We performed analyses using SAS, ver-
sion 9.4 (SAS Institute).

Results
Study Population
In total, 142 006 infants met eligibility criteria, including 85 670
born to mothers who received 1 or more mRNA COVID-19
vaccine dose(s) during pregnancy (60%) (Figure). Six-month
follow-up was available for 112 623 infants (79%). Compared
with mothers in the unvaccinated group, those who were
vaccinated during pregnancy were more likely to be older
than 30 years, nulliparous, influenza vaccine recipients dur-
ing either of the 2 previous influenza seasons, and residents
of urban areas and areas with higher incomes (Table 1). After
propensity score weighting, measured baseline characteris-
tics were well balanced across exposure groups with all
standardized differences less than 0.10 and with adequate
overlap in weighted propensity score distributions (eFigures
1 and 2 in Supplement 1).

Vaccination Characteristics
Among 85 670 mothers who were vaccinated during preg-
nancy, 41 621 received 1 dose (48.6%), 42 523 received 2 doses
(49.6%), and 1526 received 3 doses during pregnancy (1.8%)
(Table 2). Overall, 27 960 received 1 or more dose(s) in the first
trimester, 45 901 (54%) received 1 or more dose(s) in the sec-
ond trimester (33%), and 38 410 received 1 or more dose(s) in
the third trimester (45%). A total of 58 533 women received
BNT162b2 for all doses during pregnancy (68%).

Outcomes
The risks of SNM, neonatal death, and NICU admission were
lower in infants of mothers vaccinated during pregnancy
compared with unvaccinated mothers (Table 3); after inverse
probability of treatment weighting, significantly lower risks
persisted (SNM, 7.3% vs 8.3%; adjusted RR [aRR], 0.86; 95%
CI, 0.83-0.90; neonatal death, 0.09% vs 0.16%; aRR, 0.47;
95% CI, 0.33-0.65; and NICU admission, 11.4% vs 13.1%; aRR,
0.86; 95% CI, 0.83-0.89). The risk of neonatal readmission
among infants of vaccinated and unvaccinated mothers was
5.5% and 5.1%, respectively, which was not statistically sig-
nificant after adjusting for confounding (adjusted HR, 1.03;
95% CI, 0.98-1.09). Likewise, there was no significant asso-
ciation between maternal vaccination during pregnancy and
6-month readmission (8.2% vs 7.9%; adjusted HR, 1.01; 95%
CI, 0.96-1.05). Estimates were similar when the analyses
were limited to infants discharged 7 days or less after birth
(Table 3). Relative to infants of unvaccinated mothers, a sig-
nificantly lower proportion of infants of vaccinated mothers
were excluded from the analyses of readmission because
they died during their birth admission (0.06% vs 0.16%;
aRR, 0.36; 95% CI, 0.25-0.52) or because their birth admis-
sion was longer than 28 days (0.95% vs 1.5%; aRR, 0.59; 95%
CI, 0.53-0.65) or 180 days (0.01% vs 0.04%; aRR, 0.37; 95%
CI, 0.17-0.82).

In additional analyses, results were largely unchanged by
number of vaccine doses during pregnancy, trimester of vac-
cination, vaccine product, or infant sex. Likewise, limiting the
unvaccinated group to infants of mothers who received their
first COVID-19 vaccine dose during the postpartum period or
excluding preterm infants or infants of mothers who had a
positive SARS-CoV-2 PCR test during pregnancy produced
similar results (eTable 3 in Supplement 1).

Figure. Summary of Cohort Selection

20 830 Excluded
5913 Infant records not linked to a maternal record          
5295 Multiple births
4391 Infants with mothers not continuously eligible for Ontario health insurance in the year

preceding pregnancy
2514 Infant records not linked to health administrative databases
1755 Infant/maternal records with missing data

563 Second births with the same mother during the study period
211 Delivery date after September 2, 2022 (ie, <28 d follow-up)
145 Infants <20 wk gestation or <500 g birth weight

43 Infants with mothers whose maternal age at birth was <12 y or >50 y

19 488 Excluded
18 893 Maternal preconception COVID-19 vaccination and no COVID-19 during pregnancy

595 Ineligible COVID-19 vaccine product preconception or during pregnancy

182 324 Live births
Expected delivery date May 1, 2021, to September 2, 2022

161 494 Live births

142 006 Live births

85 670 Vaccine exposed 56 336 Vaccine unexposed
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Table 1. Unweighted Distribution of Baseline Characteristics of Study Population Overall
and by Maternal COVID-19 Vaccination Status During Pregnancy

Variable
Overall cohort
(n = 142 006)

Received ≥1 COVID-19
vaccine dose during
pregnancy (n = 85 670)

No COVID-19 vaccine doses
before infant birth
(n = 56 336) SDa

Duration of follow-up,
median (IQR), d

324 (204-426) 282 (178-386) 386 (270-469) 0.62

≥6 mo Follow-up after
birth (%)

112 623 (79.3) 63 892 (74.6) 48 731 (86.5) 0.30

Infant sex, No. (%)

Female 69 411 (48.9) 41 931 (48.9) 27 480 (48.8)
0

Male 72 595 (51.1) 43 739 (51.1) 28 856 (51.2)

Gestational age at birth,
mean (SD), wk

38.7 (1.7) 38.7 (1.6) 38.6 (1.8) 0.06

Preterm birth, <37 wk
gestation, No. (%)

8858 (6.2) 4826 (5.6) 4032 (7.2) 0.06

Birth weight, mean (SD), g 3340 (540) 3346 (526) 3330 (561) 0.03

Low birth weight, <2500 g,
No. (%)

7569 (5.3) 4139 (4.8) 3430 (6.1) 0.06

Birth admission length of
stay, median (IQR), db

1 (1-2) 1 (1-2) 1 (1-2) 0.01

Birth admission length of
stay >3 d,b No./total
No. (%)

16 710/141 861
(11.8)

9440/85 615 (11.0) 7270/56 246 (12.9) 0.06

Mother’s age, y, No. (%)

<25 10 964 (7.7) 4084 (4.8) 6880 (12.2) 0.27

25-29 33 027 (23.3) 17 457 (20.4) 15 570 (27.6) 0.17

30-34 57 764 (40.7) 37 574 (43.9) 20 190 (35.8) 0.16

35-39 33 335 (23.5) 22 288 (26.0) 11 047 (19.6) 0.15

≥40 6916 (4.9) 4267 (5.0) 2649 (4.7) 0.01

Mean (SD) 31.7 (4.8) 32.3 (4.5) 30.8 (5.3) 0.31

Estimated month-year of
conception, No. (%)

Aug-20 8168 (5.8) 1090 (1.3) 7078 (12.6) 0.46

Sep-20 10 462 (7.4) 4168 (4.9) 6294 (11.2) 0.23

Oct-20 11 225 (7.9) 5585 (6.5) 5640 (10.0) 0.13

Nov-20 10 848 (7.6) 5665 (6.6) 5183 (9.2) 0.10

Dec-20 11 111 (7.8) 6138 (7.2) 4973 (8.8) 0.06

Jan-21 10 837 (7.6) 6300 (7.4) 4537 (8.1) 0.03

Feb-21 9386 (6.6) 5836 (6.8) 3550 (6.3) 0.02

Mar-21 9487 (6.7) 6207 (7.2) 3280 (5.8) 0.06

Apr-21 8959 (6.3) 6314 (7.4) 2645 (4.7) 0.11

May-21 8884 (6.3) 6505 (7.6) 2379 (4.2) 0.14

Jun-21 8314 (5.9) 6345 (7.4) 1969 (3.5) 0.17

Jul-21 7788 (5.5) 5831 (6.8) 1957 (3.5) 0.15

Aug-21 7084 (5.0) 5251 (6.1) 1833 (3.3) 0.14

Sep-21 6571 (4.6) 4992 (5.8) 1579 (2.8) 0.15

Oct-21 6153 (4.3) 4620 (5.4) 1533 (2.7) 0.14

Nov-21 5249 (3.7) 3789 (4.4) 1460 (2.6) 0.10

Dec-21 1480 (1.0) 1034 (1.2) 446 (0.8) 0.04

Cesarean delivery, No. (%) 45 346 (31.9) 27 884 (32.5) 17 462 (31.0) 0.03

Nulliparous, No. (%) 72 599 (51.1) 45 778 (53.4) 26 821 (47.6) 0.12

Prepregnancy maternal
comorbidities, No. (%)

(continued)
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Table 1. Unweighted Distribution of Baseline Characteristics of Study Population Overall
and by Maternal COVID-19 Vaccination Status During Pregnancy (continued)

Variable
Overall cohort
(n = 142 006)

Received ≥1 COVID-19
vaccine dose during
pregnancy (n = 85 670)

No COVID-19 vaccine doses
before infant birth
(n = 56 336) SDa

Diabetes 6508 (4.6) 4478 (5.2) 2030 (3.6) 0.08

Hypertension 2951 (2.1) 1874 (2.2) 1077 (1.9) 0.02

Heart disease 835 (0.6) 541 (0.6) 294 (0.5) 0.01

Asthma 24 008 (16.9) 14 514 (16.9) 9494 (16.9) 0

Autoimmune disease 3263 (2.3) 2124 (2.5) 1139 (2.0) 0.03

Maternal
immunosuppression,c

No. (%)

1817 (1.3) 1030 (1.2) 787 (1.4) 0.02

Prenatal care index,d

No. (%)

No care 12 896 (9.1) 7161 (8.4) 5735 (10.2) 0.06

Intensive 1140 (0.8) 726 (0.8) 414 (0.7) 0.01

Adequate 20 783 (14.6) 13 117 (15.3) 7666 (13.6) 0.05

Intermediate 75 778 (53.4) 47 298 (55.2) 28 480 (50.6) 0.09

Inadequate 31 409 (22.1) 17 368 (20.3) 14 041 (24.9) 0.11

Maternal influenza
vaccination,e, fNo. (%)

38 402 (27.0) 29 774 (34.8) 8628 (15.3) 0.46

Maternal positive
SARS-CoV-2 PCR test,
No. (%)

Prepregnancy 3851 (2.7) 2457 (2.9) 1394 (2.5) 0.02

During pregnancy 10 472 (7.4) 6249 (7.3) 4223 (7.5) 0.01

Postpartum 5371 (3.8) 2721 (3.2) 2650 (4.7) 0.08

Neighborhood income
quintile,g,h No. (%)

1 (Lowest) 27 618 (19.4) 14 105 (16.5) 13 513 (24.0) 0.19

2 27 890 (19.6) 16 047 (18.7) 11 843 (21.0) 0.06

3 31 099 (21.9) 18 893 (22.1) 12 206 (21.7) 0.01

4 30 419 (21.4) 19 497 (22.8) 10 922 (19.4) 0.08

5 (Highest) 24 980 (17.6) 17 128 (20.0) 7852 (13.9) 0.16

Visible minority quintile,g,i

No. (%)

1 (Lowest) 21 437 (15.1) 11 556 (13.5) 9881 (17.5) 0.11

2 22 945 (16.2) 13 442 (15.7) 9503 (16.9) 0.03

3 25 111 (17.7) 15 947 (18.6) 9164 (16.3) 0.06

4 32 532 (22.9) 20 974 (24.5) 11 558 (20.5) 0.10

5 (Highest) 39 981 (28.2) 23 751 (27.7) 16 230 (28.8) 0.02

Public Health Unit region,
No. (%)

Central East 8991 (6.3) 5025 (5.9) 3966 (7.0) 0.05

Central West 29 479 (20.8) 17 376 (20.3) 12 103 (21.5) 0.03

Durham 8342 (5.9) 5141 (6.0) 3201 (5.7) 0.01

Eastern 8381 (5.9) 5013 (5.9) 3368 (6.0) 0.01

Northern 7029 (4.9) 3857 (4.5) 3172 (5.6) 0.05

Ottawa 10 016 (7.1) 7158 (8.4) 2858 (5.1) 0.13

Peel 15 490 (10.9) 8827 (10.3) 6663 (11.8) 0.05

South West 17 541 (12.4) 9268 (10.8) 8273 (14.7) 0.12

Toronto 26 434 (18.6) 17 361 (20.3) 9073 (16.1) 0.11

York 10 303 (7.3) 6644 (7.8) 3659 (6.5) 0.05

Rural residence,j No. (%) 14 581 (10.3) 7464 (8.7) 7117 (12.6) 0.13

Abbreviation: PCR, polymerase chain
reaction.
a Absolute standardized difference.

Values greater than 0.10 indicate a
potentially clinically important
difference in the distribution
between groups.

b Evaluated in infants discharged alive
only (n = 141 861).

c Immunosuppression defined as
solid organ or stem cell transplant,
active cancer, sickle cell anemia, HIV
infection, immunosuppressing
therapies, and other immune
system disorders, derived using the
Johns Hopkins ACG System Version
10.0.1 2nd Quarter Release
Expanded Diagnostic Cluster for
disorders of the immune system.

d Adequacy of prenatal care
characterized with the
Revised-Graduated Prenatal Care
Utilization Index.

e Maternal influenza vaccination
during the 2019 to 2020 and/or
2020 to 2021 influenza seasons.

f Dissemination area (400 to 700
residents) level variable.

g Household income quintile has
variable cutoff values in different
cities/census areas to account for
cost of living. A dissemination area
being in quintile 1 means it is among
the lowest 20% of dissemination
areas in its city by income.

h Percentage of people in the area
who self-identified as a visible
minority. Census counts for people
are randomly rounded up or down
to the nearest number divisible by 5,
which causes some minor
imprecision.

i Less than 10 000 residents.

Newborn and Early Infant Outcomes Following Maternal COVID-19 Vaccination During Pregnancy Original Investigation Research

jamapediatrics.com (Reprinted) JAMA Pediatrics December 2023 Volume 177, Number 12 1319

Downloaded from jamanetwork.com by Sungkyunkwan University user on 12/12/2023

http://www.jamapediatrics.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.4499


Sensitivity Analyses
Sensitivity analyses examining the potential impact of un-
measured confounding indicated that both hypothetical sce-
narios (ie, a higher prevalence of a protective confounder or a
lower prevalence of a harmful confounder in the vaccine ex-
posed group) would have biased the original estimates down-
ward for all outcomes (eTable 4 and eFigure 3 in Supple-

ment 1). Despite this, most bias-corrected estimates for SNM,
neonatal death, and NICU admission remained less than 1 af-
ter accounting for hypothetical unmeasured confounding. The
most extreme bias-corrected HRs for neonatal and 6-month
readmission (ie, requiring a 15% lower prevalence of a harm-
ful confounder in the vaccinated group with a confounder-
outcome HR = 5) were 1.55 and 1.52, respectively.

Discussion
Principal Findings
In this population-based study examining outcomes among
more than 140 000 live births in Ontario, Canada, maternal
mRNA COVID-19 vaccination during pregnancy was not asso-
ciated with adverse newborn outcomes and instead was as-
sociated with lower risks of SNM, neonatal death, and NICU
admission. In addition, neonatal and 6-month readmissions
were not increased in infants of mothers vaccinated during
pregnancy. Results were mostly unchanged in additional
analyses based on the number of vaccine doses during preg-
nancy, trimester of vaccination, and mRNA vaccine product.
Moreover, limiting the unexposed group to infants of moth-
ers who received their first COVID-19 vaccine dose in the
postpartum period and excluding infants of mothers with
documented SARS-CoV-2 infection during pregnancy pro-
duced similar findings.

Comparison With Other Studies
Our results are consistent with previously published studies
that reported no increased risk of NICU admission among in-
fants of mothers who received 1 or more mRNA COVID-19
vaccine dose(s) during pregnancy compared with infants of
unvaccinated mothers.16-21 Most of these studies did not
include sufficient numbers of infants to produce precise
estimates.16,19-21 Moreover, less than 25% of mothers were vac-
cinated in many studies,16-20 compared with 60% in the pre-
sent study and first trimester exposures were either absent19,21

or underrepresented.16-18,20 Our results are also comparable
with a study from 2 university-affiliated hospitals in Israel
(n = 1750) that assessed the association between third trimes-
ter maternal BNT162b2 vaccination and a composite neona-
tal adverse outcome indicator, which had overlap with the SNM
indicator we used.21 Similar to our finding, neonatal adverse
outcomes were lower among infants of vaccinated mothers (8%
vs 11%; adjusted odds ratio, 0.50; 95% CI, 0.36-0.74).21 An Is-
raeli population-based cohort study of more than 24 000 live
births reported no association between maternal vaccination
and neonatal readmission (aRR, 0.99; 95% CI, 0.88-1.12), post-
neonatal readmission (aRR, 0.95; 95% CI, 0.84-1.07), or death
up to 7 months (aRR, 0.84; 95% CI, 0.43-1.73).22

Interpretation
This study contributes to the scientific literature in 2 important
ways. First, it provides further reassurance on the safety of
maternal mRNA COVID-19 vaccination during all trimesters of
pregnancy for newborns and infants. Second, it adds to exist-
ing evidence15-22 suggesting that not only are there no apparent

Table 2. Vaccination Characteristics Among Mothers Who Received
at Least 1 COVID-19 Vaccine Dose During Pregnancy

Characteristic
≥1 COVID-19 vaccine doses during
pregnancy (n = 85 670), No. (%)

No. of COVID-19 vaccines doses
during pregnancy

1 41 621 (48.6)

2 42 523 (49.6)

3 1526 (1.8)

At least 1 COVID-19 vaccine dose
during trimester 1

27 960 (32.6)

At least 1 COVID-19 vaccine dose
during trimester 2

45 901 (53.6)

At least 1 COVID-19 vaccine dose
during trimester 3

38 410 (44.8)

Timing of COVID-19 vaccine dose 1
in relation to pregnancy

Preconception 32 177 (37.6)

First trimester 13 217 (15.4)

Second trimester 23 269 (27.2)

Third trimester 17 007 (19.9)

Timing of COVID-19 vaccine dose 2
in relation to pregnancy

Preconception 20 477 (23.9)

First trimester 13 177 (15.4)

Second trimester 20 653 (24.1)

Third trimester 17 230 (20.1)

Postpartum 10 893 (12.7)

Timing of COVID-19 vaccine dose 3
in relation to pregnancy

First trimester 5454 (6.4)

Second trimester 11 958 (14.0)

Third trimester 9280 (10.8)

Postpartum 30 667 (35.8)

BNT162b2 for all COVID-19 vaccine
doses during pregnancy

58 533 (68.3)

mRNA-1273 for all COVID-19
vaccine doses during pregnancy

20 215 (23.6)

Heterologous mRNA COVID-19
vaccine doses during pregnancy

6922 (8.1)

Interval between COVID-19 vaccine
doses 1 and 2 during pregnancy

<35 d 10 188 (11.9)

35-55 d 14 673 (17.1)

≥56 d 14 499 (16.9)

Vaccine dose 1 preconception
and/or single dose during
pregnancy

46 310 (54.1)

Interval between COVID-19 vaccine
doses 2 and 3 during pregnancy

≤120 d 567 (0.7)

121-180 d 3228 (3.8)

>180 d 2305 (2.7)

Dose 2 and/or 3 not received
during pregnancy

79 455 (92.9)
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increased risks of the adverse neonatal and early infant out-
comes evaluated in this study following maternal COVID-19
vaccination during pregnancy, but there may be potential ben-
efits. While it is possible that residual confounding might have
biased estimates away from the null, as suggested by our quan-
titativebiasanalyses,exceptforthemostextremescenarios,bias-
corrected estimates for SNM, neonatal death, and NICU admis-
sion remained less than 1 after accounting for hypothetical
unmeasured confounding. Lower risks of adverse neonatal out-
comes among infants of vaccinated mothers would be consis-
tent with the well-documented association between severe
COVID-19 during pregnancy and increased neonatal morbidity,1,2

together with evidence suggesting that COVID-19 vaccination
reduces the risk of severe COVID-19 in pregnant populations.5

Documented SARS-CoV-2 infection during pregnancy was in-
cluded in propensity scores and estimates were unchanged
after excluding infants of mothers with documented infection
during pregnancy, suggesting it is unlikely to fully explain the
apparent reduced risk of adverse neonatal outcomes in vacci-
nated mothers. Downstream impacts on newborn outcomes
due to a protective effect of vaccination against SARS-CoV-2-
associated placental damage or other immunological re-
sponses to infection of all severities, including those that were
undocumented, is also biologically plausible.

By contrast, we found that maternal COVID-19 vaccina-
tion during pregnancy was associated with a slightly in-
creased risk of neonatal readmission in unadjusted analyses.
We hypothesize the observed increase was due to depletion
of susceptibles39; this is supported by the finding that a small
proportion of infants in the unexposed group were more likely
to be excluded from analyses of readmission either because
they died during the birth admission or because their birth
admission was longer than 28 days. In the weighted primary
analysis and most subgroup/sensitivity analyses, the associa-
tion between maternal vaccination and neonatal readmis-
sion was no longer significant and there was no increase in
hospital readmission up to age 6 months.

Strengths and Limitations
Strengths of this study include the use of deterministically
linked, population-based databases within a universal health
care system, which allowed us to identify all hospital births
in Ontario during the study period, thereby limiting potential

selection bias. Detailed information on vaccination status
through a centralized COVID-19 vaccine registry minimized the
potential for exposure misclassification bias. The use of early
ultrasound assessment for most births in Ontario assured ac-
curate gestational timing of maternal vaccination. We as-
sessed readmission up to age 6 months, which is among the
longest reported follow-up to date, for infants exposed to
COVID-19 vaccines in utero.

Our study also has limitations. First, although we achieved
good balance in the distribution of baseline covariates in
weighted analyses, propensity scores were limited to vari-
ables available in study databases. We did not have informa-
tion on maternal body mass index, tobacco use, or breastfeed-
ing. However, our results were robust to sensitivity analyses
designed to account for residual confounding. Second, our
analyses were restricted to live births. Assessment of out-
comes in live-born infants only would miss effects of vacci-
nation on spontaneous abortions and stillbirths, if there are
any, potentially resulting in live-birth bias.40 Epidemiologi-
cal studies, including data from Ontario, have not reported an
elevated risk of spontaneous abortion or stillbirth in women
who received mRNA COVID-19 vaccines during pregnancy, with
some studies finding reductions in stillbirth risk.8-10 Third, de-
spite the large sample size, our study might have been under-
powered to rule out small associations for rare events, such as
neonatal mortality. Moreover, we observed a large relative risk
reduction in neonatal mortality even though the absolute dif-
ference in the number of neonatal deaths between exposure
groups was small. As neonatal mortality has declined in re-
cent decades, severe morbidity has been suggested as a more
relevant outcome and use of a composite morbidity indicator
helps to overcome issues with power, as well as under ascer-
tainment of individual conditions or procedures.29

Conclusions
Our study substantially expands on existing evidence of the
safety of maternal mRNA vaccination during pregnancy for
newborns and young infants. COVID-19 vaccination during
pregnancy was associated with lower risks of SNM, neonatal
death, and NICU admission and no increases in neonatal and
6-month readmissions.

Table 3. Association Between COVID-19 Vaccination During Pregnancy and Neonatal and Infant Outcomes

No./total No. (%) Risk ratio or hazard ratio (95% CI)

Outcome Vaccine exposed Unexposed Crude Adjusteda

Severe neonatal morbidity 6229/85 670 (7.3) 4697/56 336 (8.3) 0.87 (0.84-0.90) 0.86 (0.83-0.90)

Neonatal death 74/85 670 (0.09) 91/56 336 (0.16) 0.53 (0.39-0.73) 0.47 (0.33-0.65)

Neonatal intensive care unit
admission

9721/85 670
(11.4)

7391/56 336 (13.1) 0.86 (0.84-0.89) 0.86 (0.83-0.89)

Neonatal readmission 4664/84 798 (5.5) 2820/55 417 (5.1) 1.08 (1.03-1.13) 1.03 (0.98-1.09)

Discharged within 7 d after
birth

4588/82 581 (5.6) 2769/53 330 (5.2) 1.07 (1.02-1.12) 1.03 (0.97-1.08)

Hospital admission up to 6 mo
of age

5361/63 834 (8.4) 3941/48 625 (8.1) 1.04 (1.00-1.08) 1.01 (0.96-1.05)

Discharged within 7 d after
birth

5020/61 426 (8.2) 3611/46 007 (7.9) 1.04 (1.00-1.09) 1.01 (0.97-1.06)

a Risk ratios and hazard ratios were
adjusted using stabilized inverse
probability of treatment weighting,
trimmed at the 99th percentile.

Newborn and Early Infant Outcomes Following Maternal COVID-19 Vaccination During Pregnancy Original Investigation Research

jamapediatrics.com (Reprinted) JAMA Pediatrics December 2023 Volume 177, Number 12 1321

Downloaded from jamanetwork.com by Sungkyunkwan University user on 12/12/2023

http://www.jamapediatrics.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.4499


ARTICLE INFORMATION

Accepted for Publication: July 12, 2023.

Published Online: October 23, 2023.
doi:10.1001/jamapediatrics.2023.4499

Open Access: This is an open access article
distributed under the terms of the CC-BY-NC-ND
License. © 2023 Jorgensen SCJ et al. JAMA
Pediatrics.

Author Affiliations: Institute of Medical Science,
Temerty Faculty of Medicine, University of Toronto,
Toronto, Ontario, Canada (Jorgensen); ICES,
Toronto, Ontario, Canada (Drover, Fell, Austin,
Guttmann, Buchan, S. E. Wilson, Nasreen,
Schwartz, Tadrous, Kwong); School of
Epidemiology and Public Health, University of
Ottawa, Ottawa, Ontario, Canada (Fell); Children’s
Hospital of Eastern Ontario Research Institute,
Ottawa, Ontario, Canada (Fell); Institute of Health
Policy, Management and Evaluation, University of
Toronto, Toronto, Ontario, Canada (Austin,
Guttmann, Buchan); Departments of Obstetrics and
Gynecology and Health Research Methods,
Evidence, and Impact, McMaster University,
Hamilton, Ontario, Canada (D’Souza); Division of
Maternal-Fetal Medicine, Department of Obstetrics
and Gynaecology, Sinai Health System, Toronto,
Ontario, Canada (D’Souza); Department of
Pediatrics, the Hospital for Sick Children, Toronto,
Ontario, Canada (Guttmann); The Edwin SH Leong
Centre for Healthy Children, University of Toronto,
Toronto, Ontario, Canada (Guttmann); Dalla Lana
School of Public Health, University of Toronto,
Toronto, Ontario, Canada (Guttmann, Buchan,
S. E. Wilson, Nasreen, Schwartz, Kwong); Public
Health Ontario, Toronto, Ontario, Canada (Buchan,
S. E. Wilson, Schwartz, Kwong); Centre for Vaccine
Preventable Diseases, University of Toronto,
Toronto, Ontario, Canada (Buchan, S. E. Wilson,
Kwong); Women’s College Hospital, Toronto,
Ontario, Canada (Tadrous); Leslie Dan Faculty of
Pharmacy, University of Toronto, Toronto, Ontario,
Canada (Tadrous); Department of Medicine,
University of Ottawa, Ottawa, Ontario, Canada
(K. Wilson); Bruyere Hospital Research Institutes,
Ottawa, Ontario, Canada (K. Wilson); Ottawa
Hospital Research Institute, Ottawa, Ontario,
Canada (K. Wilson); Department of Family and
Community Medicine, University of Toronto,
Toronto, Ontario, Canada (Kwong); University
Health Network, Toronto, Ontario, Canada (Kwong)
.

Author Contributions: Drs Jorgensen and Kwong
had full access to all of the data in the study and
take responsibility for the integrity of the data and
the accuracy of the data analysis.
Concept and design: Jorgensen, Fell, Guttmann,
Schwartz, K. Wilson, Kwong.
Acquisition, analysis, or interpretation of data:
All authors.
Drafting of the manuscript: Jorgensen.
Critical review of the manuscript for important
intellectual content: All authors.
Statistical analysis: Jorgensen, Fell.
Obtained funding: Jorgensen, Kwong.
Administrative, technical, or material support:
Jorgensen, Drover, Schwartz.
Supervision: Fell, D’Souza, Kwong.
Other - preparing data (including cohort selection),
programming support: Drover.
Other - Statistical input: Austin.

Conflict of Interest Disclosures: Dr Jorgensen
reported grants from Canadian Immunization
Research Network during the conduct of the study.
Dr Drover works as a part-time independent
consultant for CERobs. Dr Fell reported
employment by the University of Ottawa and had
academic appointments at the Children’s Hospital
of Eastern Ontario Research Institute and ICES; she
is currently employed by Pfizer. Dr Buchan reported
grants from Canadian Immunization Research
Network and the Public Health Agency of Canada
during the conduct of the study. Dr S. Wilson
reported grants from the Canadian Immunization
Research Network and the Public Health Agency of
Canada during the conduct of the study. Dr Nasreen
reported grants from Canadian Immunization
Research Network during the conduct of the study.
Dr K. Wilson reported being the chief scientific
officer and cofounder of CANImmunize and
personal fees from Medicago Moderna outside the
submitted work. Dr Kwong reported grants from
the Public Health Agency of Canada and the
Canadian Institutes of Health Research (CNF
151944) during the conduct of the study. No other
disclosures were reported.

Funding/Support: This study was supported by
ICES, which is funded by an annual grant from the
Ontario Ministry of Health and the Ministry of
Long-Term Care. This study also received funding
from: the Canadian Immunization Research
Network through a grant from the Public Health
Agency of Canada and the Canadian Institutes of
Health Research (CNF 151944), the Public Health
Agency of Canada, through the Vaccine
Surveillance Working Party, and the COVID-19
Immunity Task Force and the Ontario Health Data
Platform, a Province of Ontario initiative to support
Ontario’s ongoing response to COVID-19 and its
related impacts. Dr Kwong is supported by a
Clinician-Scientist Award from the University of
Toronto Department of Family and Community
Medicine. Dr Gutmann was supported by Canada
Research Chairs. Dr Jorgensen is supported by a
trainee grant from the Canadian Immunization
Research Network.

Role of the Funder/Sponsor: The funders had no
role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

Disclaimer: The opinions, results and conclusions
reported in this article are those of the authors and
are independent from the funding sources. No
endorsement by the Ontario Health Data Platform,
its partners, or the Province of Ontario is intended
or should be inferred. The analyses, conclusions,
opinions, and statements expressed herein are
solely those of the authors and do not reflect those
of the funding or data sources; no endorsement is
intended or should be inferred. Adapted from
Statistics Canada, Canadian Census 2016. This does
not constitute an endorsement by Statistics Canada
of this product.

Data Sharing Statement: See Supplement 2.

Additional Contributions: We thank Public Health
Ontario for access to vaccination data from
COVaxON, case-level and COVID-19 laboratory data
from the Public Health Case and Contact
Management Solution, as well as assistance with

data interpretation. We also thank the staff of
Ontario’s public health units who are responsible
for COVID-19 case and contact management and
data collection within Contact Management
Solution. This document used data adapted from
the Statistics Canada Postal CodeOM Conversion
File, which is based on data licensed from Canada
Post Corporation, and/or data adapted from the
Ontario Ministry of Health Postal Code Conversion
File, which contains data copied under license from
Canada Post Corporation and Statistics Canada.
Parts of this material are based on data and/or
information compiled and provided by the Ontario
Ministry of Health, the Canadian Institute for Health
Information, Statistics Canada, and IQVIA Solutions
Canada. We thank IQVIA Solutions Canada for use
of their Drug Information File.

Additional Information: Ethical approval; ICES is a
prescribed entity under Ontario’s Personal Health
Information Protection Act (PHIPA). Section 45 of
PHIPA authorizes ICES to collect personal health
information, without consent, for the purpose of
analysis or compiling statistical information with
respect to the management of, evaluation, or
monitoring of the allocation of resources to or
planning for all or part of the health system.
Projects that use data collected by ICES under
section 45 of PHIPA and use no other data, are
exempt from research ethics board review. The use
of the data in this project is authorized under
section 45 and approved by ICES’ Privacy and Legal
Office.

REFERENCES

1. Allotey J, Stallings E, Bonet M, et al; for
PregCOV-19 Living Systematic Review Consortium.
Clinical manifestations, risk factors, and maternal
and perinatal outcomes of coronavirus disease
2019 in pregnancy: living systematic review and
meta-analysis. BMJ. 2020;370:m3320. doi:10.1136/
bmj.m3320

2. Villar J, Ariff S, Gunier RB, et al. Maternal and
neonatal morbidity and mortality among pregnant
women with and without COVID-19 infection: the
INTERCOVID multinational cohort study. JAMA
Pediatr. 2021;175(8):817-826. doi:10.1001/
jamapediatrics.2021.1050

3. Zavala E, Krubiner CB, Jaffe EF, et al. Global
disparities in public health guidance for the use of
COVID-19 vaccines in pregnancy. BMJ Glob Health.
2022;7(2):e007730. doi:10.1136/bmjgh-2021-
007730

4. Gray KJ, Bordt EA, Atyeo C, et al. Coronavirus
disease 2019 vaccine response in pregnant and
lactating women: a cohort study. Am J Obstet
Gynecol. 2021;225(3):303.e1-303.e17. doi:10.1016/
j.ajog.2021.03.023

5. Goldshtein I, Nevo D, Steinberg DM, et al.
Association between BNT162b2 vaccination and
incidence of SARS-CoV-2 infection in pregnant
women. JAMA. 2021;326(8):728-735. doi:10.1001/
jama.2021.11035

6. Jorgensen SCJ, Hernandez A, Fell DB, et al;
Canadian Immunization Research Network (CIRN)
Provincial Collaborative Network (PCN)
Investigators. Maternal mRNA covid-19 vaccination
during pregnancy and delta or omicron infection or
hospital admission in infants: test negative design

Research Original Investigation Newborn and Early Infant Outcomes Following Maternal COVID-19 Vaccination During Pregnancy

1322 JAMA Pediatrics December 2023 Volume 177, Number 12 (Reprinted) jamapediatrics.com

Downloaded from jamanetwork.com by Sungkyunkwan University user on 12/12/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2023.4499?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.4499
https://jamanetwork.com/pages/cc-by-nc-nd-license-permissions?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.4499
https://jamanetwork.com/pages/cc-by-nc-nd-license-permissions?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.4499
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2023.4499?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.4499
https://dx.doi.org/10.1136/bmj.m3320
https://dx.doi.org/10.1136/bmj.m3320
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2021.1050?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.4499
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2021.1050?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.4499
https://dx.doi.org/10.1136/bmjgh-2021-007730
https://dx.doi.org/10.1136/bmjgh-2021-007730
https://dx.doi.org/10.1016/j.ajog.2021.03.023
https://dx.doi.org/10.1016/j.ajog.2021.03.023
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.11035?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.4499
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.11035?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.4499
http://www.jamapediatrics.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.4499


study. BMJ. 2023;380:e074035. doi:10.1136/
bmj-2022-074035

7. Halasa NB, Olson SM, Staat MA, et al;
Overcoming Covid-19 Investigators. Maternal
vaccination and risk of hospitalization for COVID-19
among infants. N Engl J Med. 2022;387(2):109-119.
doi:10.1056/NEJMoa2204399

8. Zauche LH, Wallace B, Smoots AN, et al; CDC
v-safe Covid-19 Pregnancy Registry Team. Receipt
of mRNA COVID-19 vaccines and risk of
spontaneous abortion. N Engl J Med. 2021;385(16):
1533-1535. doi:10.1056/NEJMc2113891

9. Magnus MC, Gjessing HK, Eide HN, Wilcox AJ,
Fell DB, Håberg SE. Covid-19 Vaccination during
pregnancy and first-trimester miscarriage. N Engl J
Med. 2021;385(21):2008-2010. doi:10.1056/
NEJMc2114466

10. Fell DB, Dimanlig-Cruz S, Regan AK, et al. Risk
of preterm birth, small for gestational age at birth,
and stillbirth after covid-19 vaccination during
pregnancy: population based retrospective cohort
study. BMJ. 2022;378:e071416. doi:10.1136/
bmj-2022-071416

11. Fell DB, Török E, Sprague AE, et al. Temporal
trends and determinants of COVID-19 vaccine
coverage and series initiation during pregnancy in
Ontario, Canada, December 2020 to December
2021: a population-based retrospective cohort
study. Vaccine. 2023;41(10):1716-1725. doi:10.1016/
j.vaccine.2023.01.073

12. Razzaghi H, Meghani M, Pingali C, et al.
COVID-19 vaccination coverage among pregnant
women during pregnancy—eight integrated health
care organizations, United States, December 14,
2020-May 8, 2021. MMWR Morb Mortal Wkly Rep.
2021;70(24):895-899. doi:10.15585/
mmwr.mm7024e2

13. Ramlawi S, Muldoon KA, Dunn SI, et al. Worries,
beliefs and factors influencing perinatal COVID-19
vaccination: a cross-sectional survey of
preconception, pregnant and lactating individuals.
BMC Public Health. 2022;22(1):2418. doi:10.1186/
s12889-022-14617-4

14. Skjefte M, Ngirbabul M, Akeju O, et al. COVID-19
vaccine acceptance among pregnant women and
mothers of young children: results of a survey in 16
countries. Eur J Epidemiol. 2021;36(2):197-211.
doi:10.1007/s10654-021-00728-6

15. Wainstock T, Yoles I, Sergienko R, Sheiner E.
Prenatal maternal COVID-19 vaccination and
pregnancy outcomes. Vaccine. 2021;39(41):6037-
6040. doi:10.1016/j.vaccine.2021.09.012

16. Theiler RN, Wick M, Mehta R, Weaver AL, Virk
A, Swift M. Pregnancy and birth outcomes after
SARS-CoV-2 vaccination in pregnancy. Am J Obstet
Gynecol MFM. 2021;3(6):100467. doi:10.1016/j.
ajogmf.2021.100467

17. Magnus MC, Örtqvist AK, Dahlqwist E, et al.
Association of SARS-CoV-2 vaccination during
pregnancy with pregnancy outcomes. JAMA. 2022;
327(15):1469-1477. doi:10.1001/jama.2022.3271

18. Fell DB, Dhinsa T, Alton GD, et al. Association of
COVID-19 vaccination in pregnancy with adverse
peripartum outcomes. JAMA. 2022;327(15):
1478-1487. doi:10.1001/jama.2022.4255

19. Blakeway H, Prasad S, Kalafat E, et al. COVID-19
vaccination during pregnancy: coverage and safety.
Am J Obstet Gynecol. 2022;226(2):236 e231-236 e214.
doi:10.1016/j.ajog.2021.08.007

20. Ibroci E, Liu X, Lieb W, et al. Impact of prenatal
COVID-19 vaccination on delivery and neonatal
outcomes: results from a New York City cohort.
Vaccine. 2023;41(3):649-656. doi:10.1016/
j.vaccine.2022.09.095

21. Rottenstreich M, Sela HY, Rotem R, Kadish E,
Wiener-Well Y, Grisaru-Granovsky S. Covid-19
vaccination during the third trimester of pregnancy:
rate of vaccination and maternal and neonatal
outcomes, a multicentre retrospective cohort
study. BJOG. 2022;129(2):248-255. doi:10.1111/
1471-0528.16941

22. Goldshtein I, Steinberg DM, Kuint J, et al.
Association of BNT162b2 COVID-19 vaccination
during pregnancy with neonatal and early infant
outcomes. JAMA Pediatr. 2022;176(5):470-477.
doi:10.1001/jamapediatrics.2022.0001

23. Statistics Canada. Table 13-10-0414-01 Live
births, by place of residence of mother. Accessed
September 19, 2023. https://www150.statcan.gc.
ca/t1/tbl1/en/tv.action?pid=1310041401

24. Statistics Canada. Table 17-10-0005-01
Population estimates on July 1st, by age and sex.
Accessed September 19, 2023. https://www150.
statcan.gc.ca/t1/tbl1/en/tv.action?pid=1710000501

25. Benchimol EI, Smeeth L, Guttmann A, et al;
RECORD Working Committee. The reporting of
studies conducted using observational
routinely-collected health data (RECORD)
statement. PLoS Med. 2015;12(10):e1001885.
doi:10.1371/journal.pmed.1001885

26. MOMBABY. ICES data dictionary (ICES,
Toronto). Accessed September 12, 2023. https://
datadictionary.ices.on.ca/Applications/
DataDictionary/Library.aspx?Library=MOMBABY

27. Statistics Canada. Table 13-10-0429-01 Live
births and fetal deaths (stillbirths), by place of birth
(hospital or non-hospital). Accessed September 19,
2023. https://www150.statcan.gc.ca/t1/tbl1/en/tv.
action?pid=1310042901

28. You JJ, Alter DA, Stukel TA, et al. Proliferation
of prenatal ultrasonography. CMAJ. 2010;182(2):
143-151. doi:10.1503/cmaj.090979

29. Lain SJ, Algert CS, Nassar N, Bowen JR, Roberts
CL. Incidence of severe adverse neonatal

outcomes: use of a composite indicator in a
population cohort. Matern Child Health J. 2012;16
(3):600-608. doi:10.1007/s10995-011-0797-6

30. Fakhraei R, Crowcroft N, Bolotin S, et al.
Obstetric and perinatal health outcomes after
pertussis vaccination during pregnancy in Ontario,
Canada: a retrospective cohort study. CMAJ Open.
2021;9(2):E349. doi:10.9778/cmajo.20200239

31. Bentley JP, Schneuer FJ, Lain SJ, Martin AJ,
Gordon A, Nassar N. Neonatal morbidity at term,
early child development, and school performance:
a population study. Pediatrics. 2018;141(2):e20171726.
doi:10.1542/peds.2017-1726

32. Stephens AS, Lain SJ, Roberts CL, Bowen JR,
Nassar N. Association of gestational age and severe
neonatal morbidity with mortality in early
childhood. Paediatr Perinat Epidemiol. 2016;30(6):
583-593. doi:10.1111/ppe.12323

33. Irvine B, Dzakpasu S, León JA. Perinatal health
indicators 2013: a surveillance report by the Public
Health Agency of Canada’s Perinatal Surveillance
System. Health Promot Chronic Dis Prev Can. 2015;
35(1):23-24. doi:10.24095/hpcdp.35.1.05

34. Alexander GR, Kotelchuck M. Quantifying the
adequacy of prenatal care: a comparison of indices.
Public Health Rep. 1996;111(5):408-418.

35. Austin PC, Stuart EA. Moving towards best
practice when using inverse probability of
treatment weighting (IPTW) using the propensity
score to estimate causal treatment effects in
observational studies. Stat Med. 2015;34(28):
3661-3679. doi:10.1002/sim.6607

36. National Institutes of Health. Drugs and
lactation database. Accessed September 12, 2023.
https://www.ncbi.nlm.nih.gov/books/NBK565969/

37. Lary JM, Paulozzi LJ. Sex differences in the
prevalence of human birth defects:
a population-based study. Teratology. 2001;64(5):
237-251. doi:10.1002/tera.1070

38. Schneeweiss S. Sensitivity analysis and external
adjustment for unmeasured confounders in
epidemiologic database studies of therapeutics.
Pharmacoepidemiol Drug Saf. 2006;15(5):291-303.
doi:10.1002/pds.1200

39. Fireman B, Gruber S, Zhang Z, et al.
Consequences of depletion of susceptibles for
hazard ratio estimators based on propensity scores.
Epidemiology. 2020;31(6):806-814. doi:10.1097/EDE.
0000000000001246

40. Raz R, Kioumourtzoglou MA, Weisskopf MG.
Live-birth bias and observed associations between
air pollution and autism. Am J Epidemiol. 2018;187
(11):2292-2296. doi:10.1093/aje/kwy172

Newborn and Early Infant Outcomes Following Maternal COVID-19 Vaccination During Pregnancy Original Investigation Research

jamapediatrics.com (Reprinted) JAMA Pediatrics December 2023 Volume 177, Number 12 1323

Downloaded from jamanetwork.com by Sungkyunkwan University user on 12/12/2023

https://dx.doi.org/10.1136/bmj-2022-074035
https://dx.doi.org/10.1136/bmj-2022-074035
https://dx.doi.org/10.1056/NEJMoa2204399
https://dx.doi.org/10.1056/NEJMc2113891
https://dx.doi.org/10.1056/NEJMc2114466
https://dx.doi.org/10.1056/NEJMc2114466
https://dx.doi.org/10.1136/bmj-2022-071416
https://dx.doi.org/10.1136/bmj-2022-071416
https://dx.doi.org/10.1016/j.vaccine.2023.01.073
https://dx.doi.org/10.1016/j.vaccine.2023.01.073
https://dx.doi.org/10.15585/mmwr.mm7024e2
https://dx.doi.org/10.15585/mmwr.mm7024e2
https://dx.doi.org/10.1186/s12889-022-14617-4
https://dx.doi.org/10.1186/s12889-022-14617-4
https://dx.doi.org/10.1007/s10654-021-00728-6
https://dx.doi.org/10.1016/j.vaccine.2021.09.012
https://dx.doi.org/10.1016/j.ajogmf.2021.100467
https://dx.doi.org/10.1016/j.ajogmf.2021.100467
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.3271?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.4499
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.4255?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.4499
https://dx.doi.org/10.1016/j.ajog.2021.08.007
https://dx.doi.org/10.1016/j.vaccine.2022.09.095
https://dx.doi.org/10.1016/j.vaccine.2022.09.095
https://dx.doi.org/10.1111/1471-0528.16941
https://dx.doi.org/10.1111/1471-0528.16941
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2022.0001?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.4499
https://doi.org/10.25318/1310041401-eng
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310041401
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310041401
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1710000501
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1710000501
https://dx.doi.org/10.1371/journal.pmed.1001885
https://datadictionary.ices.on.ca/Applications/DataDictionary/Library.aspx?Library=MOMBABY
https://datadictionary.ices.on.ca/Applications/DataDictionary/Library.aspx?Library=MOMBABY
https://datadictionary.ices.on.ca/Applications/DataDictionary/Library.aspx?Library=MOMBABY
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310042901
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310042901
https://dx.doi.org/10.1503/cmaj.090979
https://dx.doi.org/10.1007/s10995-011-0797-6
https://dx.doi.org/10.9778/cmajo.20200239
https://dx.doi.org/10.1542/peds.2017-1726
https://dx.doi.org/10.1111/ppe.12323
https://dx.doi.org/10.24095/hpcdp.35.1.05
https://www.ncbi.nlm.nih.gov/pubmed/8837629
https://dx.doi.org/10.1002/sim.6607
https://www.ncbi.nlm.nih.gov/books/NBK565969/
https://dx.doi.org/10.1002/tera.1070
https://dx.doi.org/10.1002/pds.1200
https://dx.doi.org/10.1097/EDE.0000000000001246
https://dx.doi.org/10.1097/EDE.0000000000001246
https://dx.doi.org/10.1093/aje/kwy172
http://www.jamapediatrics.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.4499

