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KEY POINTS

¢ Available evidence demonstrates that COVID-19 vaccination during pregnancy is safe and
is not associated with adverse pregnancy or infant outcomes.

e Reactogenicity to COVID-19 vaccines is similar for pregnant people and nonpregnant
women of reproductive age for both doses in the primary messenger RNA (mRNA) vaccine
series.

o Effectiveness of mMRNA COVID-19 vaccines is similar in pregnant people and nonpregnant
women of similar age for prevention of SARS-CoV-2 infection and hospitalizations.

e Maternal COVID-19 vaccination during pregnancy reduces the risk of SARS-CoV-2 infec-
tion and COVID-19-associated hospitalization in infants younger than 6 months.
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e The effectiveness of maternal monovalent mMRNA COVID-19 vaccination was lower for in-
fections and hospitalizations in both pregnant people and infants during predominance of
the Omicron variant than during predominance of prior SARS-CoV-2 variants.

INTRODUCTION

Maternal vaccination is a safe and effective strategy to prevent morbidity and mortality
from vaccine-preventable diseases both among pregnant people and through trans-
placental transfer of antibodies, among infants after birth." Influenza, pertussis, and
COVID-19 vaccines are all recommended for pregnant persons.>™ Influenza vaccine
is recommended for everyone age 6 months and older, including pregnant people,
every influenza season, and maternal influenza vaccination provides protection for
the mother during pregnancy and the infant after birth.? In comparison, acellular
pertussis vaccine (Tdap) is recommended for pregnant people during every preg-
nancy, optimally between 27 and 36 weeks gestation, with the goal of maximizing pro-
tection for the infant in the first few months after birth.* COVID-19 can cause severe
disease in pregnant people. Compared with nonpregnant women of similar age, preg-
nant people with COVID-19 are at increased risk for admission to the intensive care
unit (ICU) and for requiring mechanical ventilation and extracorporeal membrane ox-
ygen support.> COVID-19 during pregnancy also increases the risk of adverse preg-
nancy outcomes, including preterm birth, stillbirth, infant neonatal ICU admission,
and rarely, maternal and neonatal death.® Pregnant people have been eligible for
COVID-19 vaccination in the United States since the initial Emergency Use Authoriza-
tions (EUA) in December 2020 and were initially given the option of vaccination®; how-
ever, they were not included in initial clinical trials.”'® Based on accumulating data on
COVID-19 safety and effectiveness, in August 2021, the Centers for Disease Control
and Prevention (CDC) strengthened its recommendations for COVID-19 vaccination
of all pregnant people.’’

COVID-19 vaccination during pregnancy, regardless of trimester of exposure, is
associated with detectable antibodies in maternal sera, umbilical cord blood, and in-
fant sera at delivery that may provide protection to infants against COVID-19.7%1% An-
tibodies after vaccination in maternal and cord blood at delivery demonstrate
neutralizing responses, and antibodies in infant sera can persist through early infancy,
with one study detecting antibodies to at least 12 weeks of age.'® Moreover, infants
younger than 6 months are the only population in the United States not currently
eligible for COVID-19 vaccination. Infants may be hospitalized and may become crit-
ically ill.'*"®> Among infants younger than 6 months, COVID-19 causes a similar to
higher burden of hospitalizations than influenza,'® which has long been recognized
as a cause of severe respiratory disease in this population.’”

Because pregnant people were excluded from the COVID-19 vaccine clinical trials,
postauthorization studies and surveillance have been important to inform vaccine
safety and effectiveness among pregnant people. Several reviews, including 3 recent
reports (of which 2 were meta-analyses), have covered COVID-19 vaccine safety and
effectiveness in pregnancy,'®2° and recently new evidence has emerged on the vac-
cine effectiveness of monovalent COVID-19 booster doses among pregnant people
and the effects of maternal COVID-19 vaccination among infants. The objective of
this review is to provide an update on COVID-19 vaccination coverage among
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pregnant people and an overview of the evidence on COVID-19 vaccine safety and
effectiveness in pregnant people for vaccines authorized or approved for use in the
United States, with further discussion of booster doses and potential benefits in
infants.

COVID-19 VACCINE RECOMMENDATIONS AND COVERAGE IN PREGNANT PEOPLE IN
THE UNITED STATES

CDC recommends everyone ages 6 months and older, including pregnant people,
stay up to date with COVID-19 vaccines recommended for their age group.® As of
October 12, 2022, people ages 5 years and older are recommended to receive one
updated (bivalent) Pfizer-BioNTech or Moderna messenger RNA (mRNA) booster.®
Bivalent mRNA boosters contain mRNA encoding the spike protein from both the Om-
icron (BA.4/BA.5) SARS-CoV-2 variants and the ancestral (or original) SARS-CoV-2
strain, whereas the original (monovalent) mMRNA vaccines only contain mRNA encod-
ing the ancestral strain spike protein. The bivalent booster dose should be adminis-
tered at least 2 months after completion of the primary series or the last monovalent
booster dose. For those ages 18 years and older who have completed a primary series
but not a booster, Novavax monovalent COVID-19 vaccine is available as an alterna-
tive for those who cannot or will not pursue bivalent booster vaccination.?’ CDC’s
guidance on staying up to date with COVID-19 vaccines and coadministration with
non-COVID-19 vaccines applies to everyone, including pregnant people.> COVID-19
vaccines may be administered without regard to timing of other vaccines, and this in-
cludes simultaneous administration of COVID-19 vaccine and other vaccines, such as
influenza and Tdap vaccines, on the same day. However, there are additional consid-
erations if administering an orthopoxvirus vaccine (which is used for the prevention of
monkeypox and smallpox); this guidance is available on CDC’s Web site.>

Data collected from CDC’s National Immunization Survey-Adult COVID-19 Module
during August 28 to September 30, 2022 indicated that 25.6% (95% confidence inter-
val [Cl] 16.6%-34.5%) of pregnant people had not yet received any COVID-19 vac-
cine, 72.0% (95% CI 62.9%-81.1%) had completed a primary series, and 4.3%
(95% CIl 0.0%-8.7%) were up to date with a primary series or bivalent booster,
when indicated.?? In comparison, 16.0% (95% Cl 14.6%-17.3%) of women ages 18
to 49 years who were not pregnant, trying to become pregnant, or breastfeeding
remained unvaccinated, 81.6% (95% CI 80.2%-83.1%) had completed a primary se-
ries, and 3.6% (95% CIl 2.9%-4.3%) were up to date with a primary series or bivalent
booster, when indicated.?” These data indicate that opportunities remain to increase
primary series COVID-19 vaccination and bivalent booster uptake among pregnant
people.

SAFETY OF COVID-19 VACCINES IN PREGNANT PEOPLE AND THEIR INFANTS

Vaccine safety is essential to ensure the well-being of vaccine recipients and trust in
regulatory and public health agencies. All vaccines undergo rigorous testing through
several phases of clinical trials before authorization or approval for use in the general
population. However, because pregnant people were excluded from initial trials, initial
safety data came from developmental and reproductive toxicity animal studies and
from a very small sample of participants who became pregnant during the preautho-
rization vaccine trials.?® Animal studies did not identify any safety concerns for female
fertility or embryonal or fetal development.?#2° No safety concerns were identified in
the 23 participants who became pregnant in the monovalent Pfizer-BioNTech mRNA
COVID-19 vaccine (BNT162b2) trial or the 12 participants who became pregnant in the
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monovalent Moderna mRNA COVID-19 vaccine (mRNA-1273) trial.>#?> Because
mRNA vaccines have been the most widely used, most safety data to date in pregnant
people come from postauthorization safety monitoring and observational studies
examining monovalent mRNA vaccines, specifically primary series vaccination.
Included studies are detailed in Supplementary Table 1.

Local and Systemic Reactions

Monitoring the reactogenicity to vaccination is important for establishing and under-
standing a vaccine’s safety profile. Because vaccines stimulate an immune response,
it is common for individuals to experience local adverse events following vaccination
such as pain, redness, rash, or swelling around the injection site, as well as systemic
adverse events, such as fever, myalgia, arthralgia, headache, and nausea or vomiting.

The v-safe after vaccination health checker is a smartphone-based active surveil-
lance system developed by CDC to monitor for adverse events and reactogenicity
following COVID-19 vaccination.?® Vaccinated individuals voluntarily enroll in v-safe
and receive text messages with weblinks to online surveys that assess for adverse
events, severity of symptoms, and health impact of symptoms. To identify people
who received a COVID-19 vaccine while pregnant, v-safe surveys include a question
inquiring about pregnancy status for nonmale participants. Preliminary findings from
16,982 v-safe participants who identified as pregnant and completed a survey about
reactions on postvaccination day 1 during December 14, 2020 and February 28, 2021
demonstrated that local and systemic reactions following vaccination with BNT162b2
and mRNA-1273 vaccines were common after each dose but were more frequently
reported after dose 2 compared with dose 1.2° The symptoms most commonly re-
ported the day after vaccination included injection-site pain (88.1% postdose 1,
91.9% postdose 2), fatigue (29.6% postdose 1, 71.5% postdose 2), headache
(18.1% postdose 1, 55.4% postdose 2), myalgia (11.6% postdose 1, 54.1% postdose
2), chills (4.1% postdose 1, 36.7% postdose 2), and fever (4.2% postdose 1, 34.6%
postdose 2). The prevalence of these symptoms and higher reactogenicity after
dose 2 were similar to those of nonpregnant women of reproductive age. Systemic re-
actions were reported more frequently among nonpregnant women of reproductive
age except for nausea and vomiting, which was reported more frequently in pregnant
people.?®

Results from other surveillance systems have observed similar reactogenicity pro-
files for the monovalent mMRNA COVID-19 vaccines. In a prospective cohort study of
1012 pregnant people from the Swiss COVI-PREG registry, 35.3% and 67.3% re-
ported a systemic reaction after dose 1 and dose 2, respectively; systemic reactions
were primarily fatigue, headache, and myalgia and were more common with mRNA-
1273 compared with BNT162b2.2” Results from a case-control study of 390 pregnant
people and 260 nonpregnant women who all received BNT162b2 in Israel demon-
strated that myalgia, arthralgia, and headache occurred more frequently among the
nonpregnant control group, but paresthesia (tingling sensation) was more common
among pregnant people compared with nonpregnant people postdose 2 (4.6% vs
1.2%, P < .001).% Incidence of uterine contractions (1.3% for dose 1, 6.4% for
dose 2) and vaginal bleeding (0.3% postdose 1, 1.5% postdose 2) were low but
were more common after dose 2; uterine contractions did not result in preterm birth
for any pregnant people in the study.?® However, this study did not include unvacci-
nated pregnant people and could not compare with the baseline risk of these events.?8

Severe adverse events following vaccination in pregnant people are much less com-
mon compared with local and systemic reactions. In a report from the Canadian Na-
tional Vaccine Safety Network, 226 (4.0%) of 5597 vaccinated pregnant people
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reported a significant health event, which was defined as a new or worsening health
event sufficient to cause work or school absenteeism, medical consultation, or to pre-
vent normal daily activities after dose 1 of an MRNA COVID-19 vaccine.?® After dose 2,
7.3% reported a significant health event. The most common significant health events
were malaise, myalgia, and headache.?° Fewer than 1% of participants experienced a
serious health event, defined as an event resulting in an emergency department or
hospital visit.?° These findings were consistent with electronic health data from the
Vaccine Safety Datalink, a collaborative project between CDC and 9 integrated health
care organizations in the United States to monitor vaccine safety.®° Of 45,232 preg-
nant people who had received a COVID-19 vaccine immediately before or during preg-
nancy, fewer than 1% experienced symptoms for which they needed to seek medical
care. Serious acute adverse events, including cerebral venous sinus thrombosis, en-
cephalitis or myelitis, Guillain-Barré syndrome, myocarditis, pericarditis, or pulmonary
embolism, did not occur more frequently in vaccinated pregnant people compared
with nonvaccinated pregnant people.

During December 14, 2020 and October 31, 2021, a total of 3462 reports of adverse
events in pregnant people who received a COVID-19 primary series dose (91.8%
received an mRNA vaccine, 7.9% received Ad26.COV2.S [Janssen] vaccine) were
submitted to the Vaccine Adverse Event Reporting System (VAERS), a passive surveil-
lance system in the United States.®! A total of 621 reports (17.9%) were categorized as
serious, including 8 maternal deaths and 12 neonatal deaths. Medical record review
for cases in which records could be obtained did not identify any concerning patterns
for cause or probable cause of death that could be attributed to vaccination.®' VAERS
also received 323 reports of adverse events in pregnant people who received a mono-
valent mRNA vaccine booster dose from September 22, 2021 through March 24,
2022; 72 (22.3%) were coded as serious, most of which were spontaneous abortions
(n = 56).%2 Review of VAERS reports did not identify any unexpected reporting of any
adverse events compared with other vaccines in VAERS for either the COVID-19 vac-
cine primary series or the booster dose.®'-%?

Spontaneous Abortion

Spontaneous abortion (SAB), that is, pregnancy loss before 20 weeks gestation, is a
common pregnancy outcome, affecting 11% to 22% of all recognized pregnan-
cies.>>3* Concern about the risk of SAB may be a barrier to early maternal vaccination.
Because the underlying risk of SAB varies by week of pregnancy, it is essential that
time-varying exposure methods be considered to minimize bias in studies assessing
SAB after vaccination.®® To date, no surveillance systems or studies have identified
any association between SAB and COVID-19 vaccination, '%:29-36-39

Participants in CDC’s v-safe after vaccination health checker®™ who reported they
were pregnant at the time of vaccination or shortly thereafter were invited to partici-
pate in CDC’s COVID-19 Vaccine Pregnancy Registry. The pregnancy registry re-
ported a 14.1% (95% CI 12.1%-16.1%) cumulative risk of SAB from 6 to less than
20 weeks gestation among a cohort of 2456 pregnant people who received at least
one dose of an mMRNA COVID-19 vaccine 30 days before their last menstrual period
through 19 weeks 6 days gestation.*® After age-standardization with a reference pop-
ulation, the cumulative risk of SAB was 12.8% (95% CI 10.8%-14.8%), consistent with
published estimates of underlying risk of SAB in reference populations.®334% Howev-
er, this analysis was limited by several factors, including no control group and a sam-
ple that consisted of mostly non-Hispanic White health care personnel.

A meta-analysis by Prasad and colleagues’® that pooled results from 2 comparative
studies with time-varying exposures®-*° found no association between COVID-19

283



284

Fleming-Dutra et al

vaccine and SAB (odds ratio [OR]: 1.00, 95% CI 0.92 to 1.09). In another retrospective
cohort study, the rate of first trimester SAB among 927 vaccinated pregnant people in
Romania was 13.4%.3” There were no increased odds of first trimester SAB for those
who received BNT162b2 (adjusted odds ratio [aOR]: 1.04, 95% CI 0.91 to 1.12) or
mRNA-1273 (aOR: 1.02, 95% CIl 0.89-1.08) compared with those not vaccinated.®”
These results taken together suggest that COVID-19 vaccination does not increase
the risk of SAB.

Stillbirth

Stillbirth, or intrauterine fetal demise occurring at or after 20 weeks gestation, is a
devastating pregnancy outcome that occurs in approximately 5.7 per 1000 births in
the United States.“° Recent reports have demonstrated that SARS-CoV-2 infection
during pregnancy is associated with an almost 2-fold increased risk of stillbirth.>*'
In contrast, studies assessing COVID-19 vaccination during pregnancy have not iden-
tified an increased risk of stillbirth following vaccination.

In a systematic review and meta-analysis that included 7 studies of 66,067 vacci-
nated and 425,624 unvaccinated pregnant people, receipt of an mRNA COVID-19
vaccination during pregnancy was associated with a 15% reduction in the odds of still-
birth (OR: 0.85, 95% CI 0.73-0.99)."° These results were similar to those of another
meta-analysis that included 5 studies (3 of which were included in Prasad and col-
leagues) of 31,796 vaccinated and 135,652 unvaccinated pregnant people and iden-
tified a 27% reduction in the odds of stillbirth among those vaccinated with any
COVID-19 vaccine (OR: 0.73, 95% CI 0.57-0.94), although it is important to note
that the definition of stillbirth varied among the studies included in the meta-analysis.?°
In a large population-based registry in Norway and Sweden with 28,506 vaccinated
singleton pregnancies and 129,015 nonvaccinated singleton pregnancies, the rate
of stillbirths after vaccination was 2.1 per 100,000 pregnancy days, whereas the
rate of stillbirths was 2.4 per 100,000 pregnancy days among those unvaccinated
(adjusted hazard ratio [aHR]: 0.86, 95% Cl| 0.63 to 1.17).%? Similarly, Hui and col-
leagues found lower odds of stillbirths among 17,365 mRNA-vaccinated singleton
pregnancies compared with 15,171 unvaccinated singleton pregnancies in an
Australian-based registry (@OR: 0.18, 95% Cl 0.09-0.37).® The protective effect of
vaccination is likely partially due to the prevention of severe COVID-19 illness, which
is associated with stillbirth, but it is also possible that this result may in part be due to
confounding. Vaccinated people in this study may have been healthier overall and
seemed to have better access and adherence to prenatal care (with higher rates of
receiving gestational diabetes screening) than unvaccinated people.*®

Gestational Conditions

Development of conditions during pregnancy such as hypertensive disorders or
gestational diabetes has significant implications for the health of both the mother
and the fetus. Evidence from 4 retrospective cohort studies, 1 case-control study,
and a meta-analysis suggests no increased risk of hypertensive disorders of preg-
nancy or gestational diabetes among those who received a COVID-19 vaccine during
pregnancy compared with those who were unvaccinated.'®?%44=47 Dick and col-
leagues reported on an Israeli cohort of 5618 pregnant participants, of which 2305 par-
ticipants had received an mRNA COVID-19 vaccine in the second or third trimester.**
Compared with unvaccinated participants, those vaccinated had no increased odds
of a hypertensive disorder of pregnancy (aOR: 0.71, 95% CI 0.33-1.54 for second
trimester vaccination; aOR: 0.83, 95% CI 0.45-1.55 for third trimester vaccination)
or gestational diabetes (@OR: 1.21, 95% CI 0.93-1.58 for second trimester
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vaccination; aOR: 0.99, 95% Cl: 0.77-1.27 for third trimester vaccination).** Similarly,
there were no increased odds of preeclampsia or eclampsia (aOR: 1.17, 95% CI 0.84—
1.61) among a cohort of 913 pregnant people who received a BNT162b2 vaccine dur-
ing pregnancy compared with 3486 unvaccinated pregnant people.*”

In addition, no studies identified any increased risk of oligohydramnios,?®“” polyhy-
dramnios,?®“’ nonvertex presentation,*” thromboembolism,*® stroke,*® or antepar-
tum bleeding*® among vaccinated compared with unvaccinated pregnant people.

Delivery Complications

COVID-19 vaccination during pregnancy has not been associated with increased
risk of any adverse peripartum outcomes compared with unvaccinated pregnant
people, including cesarean delivery (overall and emergency),*® postpartum
hemorrhage,?84446:47,:49-51 chorioamnionitis,*>! endometritis,?®°" placental abrup-
tion,?847 nonreassuring fetal heart tones,*” vacuum or forceps delivery,?®4” low
5-min APGAR score (<7),%° maternal ICU admission,*®*>*! or meconium-stained
amniotic fluid.*>*” In a meta-analysis of 5 studies, receipt of any COVID-19 vaccine
during pregnancy was not associated with either cesarean delivery (OR: 1.05, 95%
Cl 0.93-0.1.20) or postpartum hemorrhage (OR: 0.95, 95% Cl 0.83-1.07).2° Meta-
analysis of 3 studies also showed no increased risk for chorioamnionitis among
vaccinated pregnant people (OR: 1.06, 95% CI 0.86-1.31).?° Two studies found a
decreased odds of meconium-stained fluid among vaccinated people compared
with unvaccinated people (aOR: 0.63, 95% ClI: 0.49-0.83; aOR: 0.64, 95% CI:
0.43-0.96),*>%7 and one study identified decreased odds of nonreassuring fetal heart
tones during delivery (aOR: 0.64, 95% ClI 0.44, 0.90).%"

Most of the studies that investigated peripartum outcomes included pregnant peo-
ple vaccinated during any trimester during pregnancy. Dick and colleagues compared
peripartum outcomes of people vaccinated in the second and third trimesters with un-
vaccinated pregnant people and found no significant differences in the odds of low
APGAR score (<7) at 5 minutes, cesarean delivery, or postpartum hemorrhage by
trimester of vaccination.** Similarly, Rottenstreich and colleagues investigated
adverse peripartum outcomes in pregnant people vaccinated in the third trimester
by creating a composite adverse maternal outcome variable, defined as experiencing
at least one of the following: chorioamnionitis, postpartum hemorrhage, endometritis,
blood transfusion, cesarean delivery, ICU admission, or extended length of stay
(>5 days for vaginal delivery or >7 days for cesarean).®’ The investigators reported
that receipt of COVID-19 vaccination at greater than 24 weeks gestation was not asso-
ciated with the maternal composite adverse outcome (aOR: 0.8, 95% CI 0.61-1.03)
compared with no receipt of the COVID-19 vaccine.®’

Placental Histopathology

The effect of SARS-CoV-2 infection on placental histopathology is a topic of investi-
gation®?; it remains unknown whether the COVID-19 vaccine affects the placenta.
Two studies were identified that compared placental histopathology of pregnant peo-
ple who had been vaccinated with a COVID-19 vaccine and unvaccinated pregnant
people in the United States.®** In a cross-sectional study of 200 pregnant people,
of which 84 people received a COVID-19 vaccine during pregnancy, there was no
increased odds of decidual arteriopathy (aOR: 0.75, 95% CI 0.3-1.9), fetal vascular
malperfusion (aOR: 0.85, 95% CI 0.27-2.7), or low-grade chronic villitis (aOR: 1.6,
95% Cl 0.62-4.2).5% There was decreased odds of high-grade chronic villitis (aOR:
0.31, 95% Cl 0.1-0.97).°° Similarly, Boelig and colleagues reported no significant dif-
ferences in the odds of placental maternal vascular malperfusion (@OR: 0.61, 95% CI
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0.22-1.68) comparing 49 vaccinated pregnant people with 198 unvaccinated pregnant
people in a retrospective cohort study.®* However, in this same study, those who were
unvaccinated but had COVID-19 in pregnancy (n = 59) had significantly higher odds of
placental maternal vascular malperfusion than those without COVID-19 (aOR: 2.34,
95% Cl 1.16-4.73).>* These results suggest that SARS-CoV-2 infection, but not
COVID-19 vaccination, affects placental vascular pathology.

Preterm birth, small for gestational age, neonatal intensive care unit admission

Previous studies have suggested that SARS-CoV-2 infection during pregnancy signif-
icantly increases the risk of preterm birth (delivery <37 weeks gestation), small for
gestational age (SGA) (<10% in birth weight for sex), and infant admission to the
neonatal intensive care unit (NICU).>°° Although multiple studies have examined the
risk of preterm birth, SGA, and NICU admission following receipt of COVID-19 vacci-
nation in pregnancy, none have detected any increased risks.'®2° Methodologically,
investigation of preterm birth is challenging, as analytical techniques to adjust for
time-varying exposure must be considered to minimize biased results.®®

In a retrospective cohort study from the Vaccine Safety Datalink, risks for preterm
birth and SGA at birth among 10,064 vaccinated and 36,015 unvaccinated pregnant
people were compared, accounting for time-dependent vaccine exposures and pro-
pensity to be vaccinated based on maternal age, race and ethnicity, adequacy of pre-
natal care, comorbidities, neighborhood poverty rate, state-level percentage of
positive COVID-19 test results, and site.°®¢ COVID-19 vaccination during pregnancy
was not associated with either preterm birth (aHR: 0.91, 95% CI 0.82-1.01) or SGA
(@aHR: 0.95 95% CI 0.87-1.03). After stratifying by second and third trimester vaccina-
tion, results consistently showed no increased risk.>® A large population-based retro-
spective study in Norway and Sweden that accounted for time-varying exposure also
found no increased risk of preterm birth (aHR: 0.98, 95% CI 0.91-1.05) or increased
odds of SGA (aOR: 0.97, 95% CI 0.90-1.04) or NICU admission (aOR: 0.97, 95% ClI
0.86, 1.10).%? Results for SGA and NICU admission were similar in a sensitivity analysis
restricting the sample to only term births.*? Furthermore, in a meta-analysis with 6
studies, receipt of a COVID-19 vaccine in pregnancy was associated with a 12%
reduction in the odds of infant NICU admission (OR: 0.88, 95% CI 0.80-0.97).2° This
meta-analysis also pooled results of 7 studies that examined preterm birth and 6
studies that examined SGA; COVID-19 vaccination was not significantly associated
with either preterm birth (OR: 0.89, 95% CI 0.76-1.04) or SGA (OR: 0.99, 95% CI
0.94-1.04).2°

Some studies restricted analyses to investigate risk of preterm birth or SGA based
on trimester of first vaccine receipt. First trimester vaccination exposure did not in-
crease risk of preterm birth (RR: 0.87, 95% CI 0.67-1.12) or SGA (RR: 1.14, 95% ClI
0.92-1.40) in a retrospective cohort study from Israel; no significant differences for
early preterm or moderately preterm births were detected.®” Similarly, Theiler and col-
leagues found no significant increase in the prevalence of preterm birth at less than
24 weeks, 24 to less than 32 weeks, and 32 to less than 37 weeks gestation.*® Second
or third trimester vaccination exposure was also not associated with increased odds
of SGA at birth (aOR: 0.73, 95% CI 0.52-1.03 for second trimester; aOR: 0.85, 95% ClI
0.64-1.13 for third trimester) in another retrospective cohort study from Israel.** How-
ever, second trimester vaccination was associated with increased odds of preterm
birth (aOR: 1.49, 95% CI 1.11-2.01); though no preterm births occurred within 2 weeks
after vaccination and most of these births were after 35 weeks gestation. In this same
study, third trimester vaccination was associated with decreased odds of preterm
birth (@OR: 0.49, 95% CI 0.34-0.71); the study investigators note that their results
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may differ from other studies due to their inability to control for several risk factors for
preterm birth.**

Infant Hospitalization and Infant Mortality

All-cause infant hospitalization and infant mortality are important outcomes to monitor
in infants of people vaccinated during pregnancy. To date, there are limited studies
available that have investigated these outcomes. In a population-based retrospective
cohort study of 24,288 infants in Israel, risk of neonatal hospitalization was not signif-
icantly different among infants prenatally exposed to BNT162b2 in the first trimester
(risk ratio [RR]: 0.86, 95% CI 0.67-1.09) or during any trimester in pregnancy (RR:
0.99, 95% CI 0.88-1.12) compared with unexposed infants.>” In addition, compared
with unexposed infants, there was no increased risk for postneonatal hospitalization
for either prenatal exposure in the first trimester (RR: 0.95, 95% CI 0.84-1.07) or
any trimester in pregnancy (RR: 0.78, 95% Cl 0.54-1.09).5” Infant mortality rates
were low for both infants exposed prenatally to BNT162b2 and for infants unexposed
prenatally (0.1% in both groups); no difference was observed in mortality for infants
exposed in the first trimester to the vaccine compared with those who were not
exposed to the vaccine (RR: 0.69, 95% Cl 0.14-2.41).%7

Perinatal mortality, which is inclusive of both stillbirths and neonatal deaths, was
compared between pregnant people in Scotland who received any COVID-19 vaccine
during pregnancy (regardless of infection status) and those who had SARS-CoV-2 infec-
tion during pregnancy (regardless of vaccination status).>® Among those who received a
COVID-19 vaccine during pregnancy, the perinatal mortality rate was 4.3 (95% CIl 2.9-
6.4) per 1000 births compared with 8.0 (95% CI 5.0-12.8) and 22.6 (95% CIl 12.9-38.5)
among those who had SARS-CoV-2 infection (regardless of vaccination status) during
pregnancy or within 28 days of delivery, respectively; all perinatal deaths occurring after
SARS-CoV-2 infection occurred in preghant people who were unvaccinated.>®

Congenital Anomalies

Few studies have investigated the risk of congenital anomalies among vaccinated
pregnant people. Ruderman and colleagues retrospectively compared the odds of a
fetal structural anomaly identified through ultrasonography for 1149 pregnant people
vaccinated with either an mRNA vaccine or Ad26.COV2.S (Janssen) vaccine 30 days
before conception through 14 weeks gestation with 2007 pregnant people who were
either unvaccinated or received a COVID-19 vaccine after 14 weeks gestation; the first
trimester (<14 weeks gestation) is a period of organogenesis when impacts of expo-
sures on the development of structural birth defects would be more likely to occur.>®
COVID-19 vaccination (>1 dose of any COVID-19 vaccine) was not associated with
the presence of a fetal structural defect identified on ultrasonography (aOR: 1.05;
95% Cl 0.72-1.54).°° Findings were similar even after narrowing the window of expo-
sure to 2 to 10 weeks gestation (aOR: 0.96, 95% Cl 0.63-1.45).°° A limitation of this
analysis is that birth defect surveillance typically relies on postnatal confirmation
and collection of data through the first year of life rather than ultrasonography.®® How-
ever, similar results were reported in 2 large population-based retrospective cohort
studies that evaluated congenital anomalies postnatally among infants born to preg-
nant people who were vaccinated.**°” Data from a large population-based study con-
ducted in Israel found no increased risk of overall congenital anomalies (adjusted risk
ratio [aRR]: 0.69, 95% CI 0.44 to 1.04) and a decreased risk of a major congenital heart
anomaly (aRR: 0.46, 95% CI 0.24-0.82) diagnosed in the first month of life among in-
fants who were exposed to BNT162b2 in the first trimester (n = 2021) compared with
those unexposed (n = 3580).%" In an Australian registry of 17,365 singleton infants
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exposed to mRNA vaccines prenatally, the odds of a congenital anomaly diagnosed at
birth were lower compared with those not exposed to a vaccine prenatally (aOR: 0.72,
95% CI10.56-0.94). However, after restricting the sample to those vaccinated less than
20 weeks gestation, the odds of a congenital anomaly were the same among pregnant
people who did and did not receive a COVID-19 vaccine (aOR: 0.80, 95% CI 0.57-
1.13).%® Although reassuring that no increase in congenital anomalies has been
detected in infants through 1 month of age, birth defect surveillance typically goes
through 1 year of life, so additional follow-up will be needed to confirm these findings.

Safety Summary

COVID-19 vaccination during pregnancy does not seem to increase the risk for any
adverse pregnancy, maternal, or neonatal outcomes. The reactogenicity profile of
mRNA vaccines is similar among pregnant people and nonpregnant women of repro-
ductive age, although there was a lower incidence of systemic effects following vacci-
nation among pregnant people. Data from national registries and observational cohort
studies suggest no increased risk of spontaneous abortion and a decreased risk of
stillbirth following COVID-19 vaccination in pregnancy. Furthermore, evidence sug-
gests no increased risk of congenital anomalies among those vaccinated in the first
trimester compared with unvaccinated pregnant people. Risks of preterm birth,
SGA, NICU admission, infant hospitalization, placental pathologic findings, and preg-
nancy and obstetric complications, including gestational diabetes, hypertensive disor-
ders, and nonelective cesarean delivery, were similar between vaccinated and
unvaccinated pregnant people. Risk of perinatal mortality was higher among people
who had COVID-19 during pregnancy compared with those who were vaccinated
and did not have COVID-19 during pregnancy. Overall, these results on maternal
and neonatal outcomes were observed consistently across studies regardless of
type of vaccine and timing of vaccine exposure. These postauthorization safety
data on a variety of pregnancy, maternal, and neonatal outcomes support recommen-
dations for COVID-19 vaccination during pregnancy and provide reassurance to preg-
nant people and their health care providers that COVID-19 vaccines are safe.

EFFECTIVENESS OF MATERNAL COVID-19 VACCINATION

Data regarding effectiveness of COVID-19 vaccines for the prevention of infection and
disease among pregnant people and their infants are only available from observational
studies conducted after vaccine introduction, and data remain limited. For vaccines
currently authorized or approved in the United States, vaccine effectiveness (VE) data
among pregnant people and infants are currently only available for the monovalent
mRNA COVID-19 vaccines. Here, the authors review the evidence from studies assess-
ing effectiveness of monovalent mRNA vaccines in pregnant people or infants younger
than 6 months against laboratory-confirmed SARS-CoV-2 infection, symptomatic or
medically attended COVID-19, COVID-19-associated hospitalization, and severe or crit-
ical COVID-19. Studies estimating the effect of COVID-19 vaccines on adverse preg-
nancy outcomes have done so primarily to assess vaccine safety and thus are
covered in the safety section of this review. Studies assessing VE against death among
pregnant people and young infants are not available due to the rarity of this outcome.

For Outcomes Occurring Among Pregnant People

Vaccine effectiveness for SARS-COV-2 infection
Two studies from Israel and one from Qatar conducted soon after COVID-19 vaccine
rollout examined effectiveness of 2 doses of MRNA vaccines in pregnant people and
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showed high VE against SARS-CoV-2 infection (Supplementary Table 2),5"%® and
these results were similar to those in the general populations of those countries.54:6°
Goldshtein and colleagues conducted an observational cohort study among pregnant
people in Israel during the first 4 months of vaccine rollout (December 19, 2020 to April
11, 2021) and found effectiveness of 2 BNT162b2 doses for laboratory-confirmed
infection was high at 28 days or more after dose 1 (ie, >7 days after dose 2): VE
78% (95% Cl 57%-89%).5" Another Israeli cohort study by Dagan and colleagues
conducted among pregnant people during December 2020 to June 2021 also demon-
strated high VE for 2 doses of BNT162b2 during days 7 to 56 after the second dose for
laboratory-confirmed infection (VE 96% [95% Cl 89%-100%]), symptomatic COVID-
19 (VE 97% [95% CIl 91%-100%]), and hospitalization (VE 89% [95% CI 43%-
100%]).6% These results were also similar to previously published estimates from the
same investigators among the general Israeli population ages 16 years or older during
a similar time frame (December 20, 2020 to February 1, 2021), in which VE for
laboratory-confirmed infection was 92% (95% CI 88%-95%), symptomatic COVID-
19 94% (95% Cl 87%-98%), and hospitalization 87% (95% Cl 55%-100%).54

A study by Butt and colleagues from Qatar, using data from December 30, 2020 to
May 30, 2021 and conducted during circulation of the SARS-CoV-2 Alpha and Beta var-
iants, also found that VE of 2 doses of mRNA vaccines (including both BNT162b2 and
mRNA-1273) for infection in pregnant people was high at 14 or more days after the sec-
ond dose.®® Using data from the same study population of pregnant people, Butt and
colleagues estimated that VE for infection was 87.6% (95% CI 44.1%-97.2%) using a
cohort analysis and 86.8% (95% CI 47.5%-98.5%) using a test-negative, case-control
analysis.®® These results were also similar to results among the general population of
Qatar in which VE for laboratory-confirmed infection with the Alpha variant was
89.5% (95% CI 85.9%-92.3%) and for Beta variant infection was 75.0% (95% CI
70.5%-78.9%) at 14 or more days after the second dose.®®

Vaccine effectiveness for COVID-19-associated emergency department and urgent
care visits and hospitalizations

Two studies, one from the United States and another from Israel, have assessed VE for
medically attended COVID-19, including COVID-19-associated emergency depart-
ment and urgent care visits and hospitalizations occurring among pregnant peo-
ple.5567 Schrag and colleagues used a test-negative design in CDC’s VISION
Network to assess effectiveness of monovalent mRNA vaccines for prevention of
emergency department and urgent care visits and COVID-19-associated hospitaliza-
tion occurring during pregnancy.®® VE was estimated among pregnant people who
received at least one dose during pregnancy, pregnant people regardless of whether
any doses were received during pregnancy (ie, doses could be received either before
or during pregnancy), and for the same outcomes among nonpregnant women ages
18 to 45 years, allowing for comparison of VE estimates among these groups. VE
was also stratified by total number of doses received, days since last dose, and by
Delta and Omicron variant predominant periods (see Supplementary Table 2).
Although power was more limited to assess VE among pregnant people than nonpreg-
nant women, VE estimates were similar among pregnant people and nonpregnant
women ages 18 to 45 years, and VE was similar among pregnant people when strat-
ified by doses given during pregnancy versus doses given before or during pregnancy.
Furthermore, VE was higher against hospitalization, a more severe outcome, than
against emergency department and urgent care visits, a milder outcome. VE was
lower during Omicron predominance compared with Delta predominance, and VE
waned over time after 2 and 3 doses, particularly during Omicron predominance.®®
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The findings from Schrag and colleagues are similar to those from a publication by
Guedalia and colleagues that assessed VE of BNT162b2 for prevention of hospitaliza-
tion using a population-based cohort study including all pregnant people in Israel
who delivered between August 1, 2021 and March 22, 2022.5” VE was assessed for
(1) any hospitalization with a positive SARS-CoV-2 test among pregnant people, which
the investigators noted likely reflected VE for infection, as testing was near universal
among hospitalized pregnant people; (2) hospitalization with significant disease, defined
as having COVID-19 pneumonia; and (3) hospitalization with severe or critical disease,
defined as resting respiratory rate greater than 30 breaths per minute, oxygen saturation
on room air less than 94%, Pao, to Fio, ratio of less than 300, mechanical ventilation,
clinically severe organ failure, or death. VE was assessed among pregnant people
who had received a booster (third) dose and among pregnant people who were eligible
for but had yet not received a booster dose (ie, >150 days after the second dose). They
found that among pregnant people in Israel, during Delta variant predominance, VE for
any hospitalization (likely reflecting VE for infection) was moderate at 61% (95% CI
51%-69%) at 150 days or more after the second dose, but VE for hospitalization with
significant disease and severe disease was high at 150 days or more after the second
dose (significant disease VE: 97% [95% Cl 92%-99%], severe disease VE: 96% [95%
CI 86-99]) and after a booster dose (significant disease VE: 99% [95% Cl 93%-100%],
severe disease VE: 99% [95% Cl 89%-100%], see Supplementary Table 2). However,
during Omicron, VE was not significantly different from zero for any of the outcomes at
150 days or more after the second dose. During Omicron, a booster dose increased VE
against any hospitalization (likely reflecting VE for infection) to 43% (95% Cl 31%-53%)
and against significant and severe disease to 97% (95% CI 72%-100%) and 94% (95%
Cl 43%-99%), respectively. An important caveat to interpreting these results is that VE
of 2 doses was measured at 150 days or more after the second dose and thus is reflec-
tive of waning, whereas the timing of assessment of VE after the booster dose was not
specified but likely reflects a period soon after the booster dose.®”

Impact of Pregnancy on Vaccine Effectiveness

To address the question of whether pregnancy affected response to vaccine, one
study in Norway by Magnus and colleagues examined the relative effectiveness of
monovalent mMRNA vaccines for prevention of infection, comparing vaccinated preg-
nant people with vaccinated nonpregnant women who had been pregnant in the
year prior but did not receive their COVID-19 vaccines while pregnant or during the
postpartum period.®® They found no differences in the relative effectiveness of the pri-
mary series or booster doses between pregnant and nonpregnant people
(Supplementary Table 3). During the Omicron predominant period, aHR were 1.03
(95% CI 0.94-1.12) for the comparison of relative effectiveness in pregnant people
who received 2 primary series doses during pregnancy compared with nonpregnant
women and 1.24 (95% CIl 0.84-1.84) for booster dose receipt during pregnancy
compared with nonpregnant people.®®

For Outcomes Occurring Among Infants After Birth

Three studies with four publications have assessed effectiveness of a maternal
COVID-19 vaccination for outcomes occurring among infants after birth.6°-"2 Two
published analyses from CDC’s Overcoming COVID-19 network, both by Halasa
and colleagues, assessed effectiveness of a maternal monovalent mRNA primary se-
ries given during pregnancy for prevention of COVID-19-associated hospitalization
among infants younger than 6 months. The first analysis used data from infants hos-
pitalized during July 2021 to January 2022.%° In the updated analysis, infants younger
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than 6 months were enrolled from 30 pediatric medical centers in 22 US states from
July 2021 to March 2022, a period spanning both Delta and Omicron predominance.’®
As the updated analysis included all data presented in the first analysis, the authors
only included results from the updated analysis using data through March 2022. Re-
sults from the updated analysis showed that maternal receipt of COVID-19 primary se-
ries during pregnancy protected infants younger than 6 months from hospitalization
for COVID-19 with an overall VE of 52% (95% CIl 33%-65%) for hospitalization and
70% (95% Cl 42%-85%) for admission to the ICU (Supplementary Table 4). Among
infants, VE for hospitalization was also lower during Omicron predominance (VE
38% [95% Cl 8%-58%]) than during Delta (VE 80% [95% Cl 60%-90%]). When VE
was stratified by timing of vaccination during pregnancy, VE estimates for hospitaliza-
tion during Delta were not significantly different: 68% (95% Cl 19%-87 %) for vaccina-
tion during the first 20 weeks of pregnancy versus 88% (95% Cl 68%-96%) for
vaccination after 20 weeks. However, during Omicron predominance, vaccination in
the first 20 weeks did not show effectiveness in prevention of hospitalization among
infants: (VE 25% [95% CI -26%-56%]), whereas vaccination after 20 weeks was pro-
tective (VE 57% [95% Cl 25%-75%]).”°

Two studies assessed maternal vaccination for prevention of SARS-CoV-2 infection
in infants after birth (see Supplementary Table 4).”""? Carlsen and colleagues used a
cohort study including all liveborn infants in Norway from September 1, 2021 to
February 28, 2022 to assess effectiveness of maternal COVID-19 vaccination
(BNT162b2, mRNA-1273, and ChAdOx1 nCoV-19 [AstraZenecal)) given during the sec-
ond or third trimesters of pregnancy in prevention of SARS-CoV-2 infection in infants
from birth through 3 months of age.”" This study showed that maternal vaccination
with 2 doses (with at least the second dose given during the second or third trimester)
provided protection against SARS-CoV-2 infection in infants age up through 3 months,
and VE was higher during Delta predominance (VE 71%, [95% CI 56%-81%]) than dur-
ing Omicron predominance (VE 30% [95% CI 17%-41%]). During Omicron predomi-
nance, receipt of a third (booster) dose during the second or third trimester increased
VE to 78% (95% CI 57%-88%), but VE estimates were not stratified by time since
last dose. Thus, the VE for a third dose may have reflected a shorter time frame after
the dose than the VE of a second dose.”’ A publication by Zerbo and colleagues
used a cohort design to assess effectiveness of 2 or more doses of monovalent
mRNA vaccines for prevention of SARS-CoV-2 infection among infants in northern Cal-
ifornia younger than 2 months, younger than 4 months, and younger than 6 months dur-
ing Delta and Omicron periods.”? During Delta predominance (July 1, 2021 to December
20, 2021), VE for infection among infants was 84% (95% Cl 66%-93%) at age less than
2 months, 62% (95% CI 39%-77%) at age less than 4 months, and 56% (95% CI 34%-—
71%) at age less than 6 months. When stratified by trimester of receipt of the second
dose, VE was significant when the second dose was given in the second or third
trimester but not during the first trimester. However, during Omicron predominance
(December 21, 2021 to May 31, 2022), maternal vaccination was not protective against
infection (ie, all VE estimates were not significantly different from zero), including among
infants younger than 2 months, younger than 4 months, or younger than 6 months of
birth or when stratified by trimester of second dose receipt.”®

Vaccine Effectiveness Summary

Taken together, results of these studies indicate that effectiveness of mRNA COVID-
19 vaccines for prevention of infection and hospitalizations are similar in pregnant
people and nonpregnant women of similar age. For these outcomes, time since the
last vaccine dose likely affects VE more than whether the vaccine was received during
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pregnancy. In addition, maternal COVID-19 vaccination during pregnancy protected
infants younger than 6 months from infection and hospitalization for COVID-19. The
effectiveness of maternal monovalent mMRNA COVID-19 vaccines is lower for infec-
tions and hospitalizations in both pregnant people and infants during predominance
of the Omicron variant than during predominance of prior SARS-CoV-2 variants.
The lower VE seen during Omicron predominant time periods is likely due to a combi-
nation of factors, including changes in the Omicron spike protein that allowed for im-
mune escape from antibody made against the ancestral strain in the vaccine and a
higher prevalence of infection-induced immunity in the population overall during Om-
icron predominance,”® which reduces the ability to measure VE. Data on vaccine
effectiveness of bivalent boosters among pregnant people and infants are lacking at
this time but are needed to inform COVID-19 vaccine policy recommendations.
Data are also needed regarding the effectiveness among infants by timing of maternal
vaccination, including for doses given before and during pregnancy.

SUMMARY

In conclusion, pregnant people are at increased risk of severe disease and adverse
pregnancy outcomes from COVID-19, but initial COVID-19 vaccine clinical trials
excluded pregnant people. Postauthorization studies have been important to fill evi-
dence gaps regarding COVID-19 vaccine safety and effectiveness in pregnant people
and infants, and lessons learned from the COVID-19 pandemic include the importance
of including pregnant people in clinical trials when possible. Evidence has consistently
demonstrated that COVID-19 mRNA vaccines are safe when given during pregnancy
for both pregnant people and infants, and COVID-19 mRNA vaccines protect pregnant
people and their infants who are too young to receive COVID-19 vaccines. Monovalent
vaccine effectiveness was lower during Omicron predominance, and bivalent vac-
cines may improve protection against Omicron variants. Everyone, including people
who are pregnant, breastfeeding, trying to get pregnant now, or might become preg-
nant in the future, should stay up to date with recommended COVID-19 vaccines and
get the recommended bivalent booster, when eligible.

CLINICS CARE POINTS

e Everyone, including pregnant people, should stay up to date with recommended COVID-19
vaccines and get the recommended bivalent booster, when eligible.
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