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OBJECTIVE: To examine the association between coro-

navirus disease 2019 (COVID-19) vaccination and spon-

taneous abortion.

METHODS: We conducted a case–control study of clin-

ically adjudicated spontaneous abortions (case group)

occurring between January 19, 2021, and October 27,

2021, and live births (control group). Patients aged 16–

49 years at eight Vaccine Safety Datalink sites who had

singleton pregnancies, one or more prenatal visits, con-

tinuous health plan enrollment, and spontaneous abor-

tion (fetal loss between 6 and less than 20 weeks of

gestation) or live birth were eligible. A random sample

of eligible patients with spontaneous abortions was adju-

dicated to confirm pregnancy outcome, outcome date,

and gestational age at fetal death; patients in the adjudi-

cated spontaneous abortion case group were matched

1:2 on Vaccine Safety Datalink site, maternal age, and

pregnancy start date with eligible patients with live

births. Vaccine exposure was considered from pregnancy

start to spontaneous abortion date or equivalent gesta-

tional age for the matched live births (index date). Con-

ditional logistic regression was used to evaluate the

association between COVID-19 vaccination in pregnancy

and spontaneous abortion; secondary analyses explored

associations by dose number, vaccine manufacturer, and

vaccination within 6 weeks of the spontaneous abortion.

RESULTS: Matched analyses included 296 patients in the

spontaneous abortion case group and 592 in the live birth

control group. There was no association between sponta-

neous abortion and COVID-19 vaccination (adjusted odds

ratio [aOR] 0.85, 95% CI, 0.56–1.30). There was also no

association between spontaneous abortion and dose num-

ber compared with no vaccine (one dose: aOR 0.81, 95%

CI, 0.39–1.70; two doses: aOR 0.84, 95% CI, 0.51–1.38; vac-

cine manufacturer: Moderna aOR 0.59, 95% CI, 0.29–1.19

and Pfizer-BioNTech aOR 0.97, 95% CI, 0.57–1.66; or vac-

cine exposure window of 6 weeks before spontaneous

abortion or index date: aOR 0.87, 95% CI, 0.53–1.44).
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CONCLUSION: There was no observed association

between COVID-19 vaccination in pregnancy and spon-

taneous abortion. Findings support the safety of COVID-

19 vaccination in early pregnancy.

(Obstet Gynecol 2025;146:129–37)

DOI: 10.1097/AOG.0000000000005904

Recommendations for coronavirus disease 2019
(COVID-19) vaccination have been inclusive of

pregnant women since first issued by the Advisory
Committee on Immunization Practices on December
12, 2020.1 Although pregnant women were excluded
from initial COVID-19 vaccine trials,2 the recommen-
dation to not withhold COVID-19 vaccine from an
otherwise eligible pregnant woman was based on ex-
isting safety data and the risks of COVID-19 to preg-
nant women and the fetus. Several studies have
demonstrated worse clinical outcomes for pregnant
women with COVID-19 compared with nonpregnant
women.3–6 The risks of hospitalization, intensive care
unit (ICU) admission, and invasive ventilation
increase with COVID-19 disease in pregnant women
compared with nonpregnant women.3,5,6 Adverse out-
comes such as preterm birth, maternal death, and
adult and neonatal ICU admission are increased in
pregnant women with COVID-19 disease compared
with pregnant women without COVID-19.3 Studies
have shown improved maternal and neonatal out-
comes among pregnant women receiving a COVID-
19 vaccine, including lower rates of preterm birth,
stillbirth, or very low birth weight, as well as lower
risk of severe neonatal morbidity, neonatal death, and
neonatal ICU admission, compared with unvacci-
nated pregnant women.7–9

Despite the recommendation for COVID-19 vac-
cination in pregnant women, vaccination rates have
remained suboptimal. Data from the National Immu-
nization Survey Adult Covid Module and other
national and global studies have shown that women
who are pregnant, those trying to conceive, and those
who are breastfeeding have lower rates of COVID-19
vaccination compared with nonpregnant women.10–12

During the 2023–2024 season, the COVID-19 vac-
cine was received by less than 15% of pregnant
women according to Vaccine Safety Datalink surveil-
lance data.13 Common reasons for hesitancy to
receive a COVID-19 vaccine during pregnancy
include concerns about side effects and lack of data
on vaccine safety.14–16

Postlicensure studies of the available COVID-19
vaccines have provided critical data on their safety.
Several large, population-based observational studies
have shown no increased risk of stillbirth, preterm

birth, or other birth and obstetric outcomes after
COVID-19 vaccination.17–20 Fewer studies have eval-
uated associations between first-trimester COVID-19
vaccinations and spontaneous abortion21–26; still,
none have detected an increased risk with COVID-
19 vaccination.21–26 However, cases of spontaneous
abortion included in these studies were based only
on automated diagnostic codes from the electronic
health record (EHR) or registry data and were not
clinically reviewed or adjudicated or were not com-
pared with an unvaccinated comparison group. Thus,
there was the potential for misclassification of both the
outcome and the timing of vaccine exposures in rela-
tion to spontaneous abortion.27 The primary objective
of this Vaccine Safety Datalink study was to assess the
potential association between COVID-19 vaccination
in pregnancy and spontaneous abortion.

METHODS

We performed a case–control study, individually
matching women with pregnancies ending in sponta-
neous abortion (case group) and those with pregnan-
cies ending in live birth (control group) by Vaccine
Safety Datalink site, maternal age, and pregnancy start
date, with a 1:2 match ratio. We compared the odds of
vaccination from pregnancy start (last menstrual
period [LMP]) up to the index date in a clinically
adjudicated sample of spontaneous abortions and
matched live births.

The Vaccine Safety Datalink was established in
1990 as a collaboration between the Centers for
Disease Control and Prevention (CDC) and several
integrated health care organizations. The Vaccine
Safety Datalink studies vaccine safety and monitors
for possible adverse outcomes after vaccination using
population-based electronic health data from partici-
pating sites.28 Eight Vaccine Safety Datalink sites con-
tributed data to this study: Kaiser Permanente
(Colorado, Northern California, Southern California,
Northwest, Washington), HealthPartners, Marshfield
Clinic, and Denver Health. This study was approved
by the IRBs of all participating sites and the CDC with
a waiver of informed consent because this was a min-
imal-risk, observational study conducted consistent
with federal law and CDC policy (45 C.F.R. part
46.114; 21 C.F.R. part 56.114).

Pregnancies ending in live birth or spontaneous
abortion were identified with a validated dynamic
pregnancy algorithm. The dynamic pregnancy algo-
rithm identifies pregnancies weekly by applying
a hierarchical approach using the International Clas-
sification of Diseases, Tenth Revision, Clinical Mod-
ification (ICD-10-CM) diagnosis and procedure
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codes. Additional data, including estimated due date
(EDD), LMP, gestational age diagnoses, and trimester-
specific care diagnoses, are used to assign gestational
age for completed or ongoing pregnancies.29

Spontaneous abortions that, according to auto-
mated data, occurred between February 1, 2021, and
October 31, 2021, were identified. Spontaneous abortion
was defined as fetal loss between 6 and less than
20 weeks of gestation. Spontaneous abortions before
6 weeks were excluded, because many pregnancies
and spontaneous abortions at such an early gestational
age go undiagnosed; even when brought to medical
attention, information needed for spontaneous abor-
tion confirmation and dating is often not available.
Eligible patients were between age 16 and 49 years
and had singleton pregnancies and a history of at least
one prenatal visit in the Vaccine Safety Datalink care
system, continuous health plan enrollment during
pregnancy, and a pregnancy outcome of spontaneous
abortion or live birth. Pregnancies resulting from as-
sisted reproduction; those identified by diagnostic co-
des or medical record review; and those in patients
with use of abortifacient medications given before the
spontaneous abortion date, identified through
medication-dispensing pharmacy data, were
excluded. Spontaneous abortions with other conflict-
ing diagnoses for non–live-birth outcomes (stillbirth,
ectopic pregnancy, gestational trophoblastic disease,
or therapeutic abortion) were also excluded.

Confirmation of spontaneous abortion required
clinical adjudication for diagnosis and to establish
date and gestational age of spontaneous abortion.
Because this was not feasible for all the potential
cases of spontaneous abortion, a sampling strategy
was used. To reach the sample size goal, 714
potentially eligible spontaneous abortions were
selected using a stratified random sampling, with
site as the strata for medical record review and
adjudication. Trained medical record abstractors at
sites conducted manual retrieval of EHR data,
including LMP, EDD, and ultrasound and pathology
reports. Pregnancy outcome, date of spontaneous
abortion, and gestational age at spontaneous abor-
tion were adjudicated by a team of three trained
adjudicators (E.O.K., M.B.D., E.S.), with complex
cases reviewed by three obstetricians (H.S.L., S.S.,
A.D.). Previously established criteria for spontane-
ous abortion were used to confirm the diagnosis.30,31

The date and gestational age of spontaneous abor-
tion were determined from available medical re-
cords, ultrasound reports focusing on first-trimester
ultrasonography, pathology reports, and health care
encounter notes. Pregnancy dating was confirmed

with a predetermined hierarchy: 1) ultrasound re-
porting of crown–rump length, 2) EDD as reported
closest to the time of the spontaneous abortion, and
3) LMP date in cases in which the first two were not
available.32,33 Spontaneous abortions determined to
be at less than 6 weeks of gestation, with a crown–
rump length measure of the fetal pole less than
4 mm, or with no fetal pole present on ultrasonogra-
phy were excluded. All medical record reviews and
adjudications were recorded in structured REDCap
forms.34 Adjudicators were blinded to patients’ vac-
cine status.

The cohort from which the control group was
matched included patients with live births occurring
from March 1, 2021, to June 25, 2022, with gestational
age of 22 or more weeks and 42 or fewer weeks and
birth weight of 500 g or more identified with the
dynamic pregnancy algorithm. Pregnancy dating for
patients in the live-birth control group was based on
a predetermined hierarchy using the physician-
determined gestational age at delivery as the primary
criteria, consistent with our prior studies.19,35,36

Adjudicated spontaneous abortions were matched
1:2 to eligible live births on maternal age (63 years),
pregnancy start date (614 days), and Vaccine Safety
Datalink site using greedy matching.34 Live births
were censored at the gestational age of the matched
spontaneous abortion case, and that date was assigned
as the index date. Women were retained in the final
data set for only one pregnancy; one pregnancy was
selected when sampling for spontaneous abortions,
and women were excluded as potential live-birth con-
trol group matches if they were included in the spon-
taneous abortion case group.

All COVID-19 vaccines approved for use in the
United States were included, and vaccine exposure
was determined from EHRs, claims, and bidirectional
communication with state or regional immunization
registries to identify vaccines administered within
and outside the health system.37 Vaccine exposure
was assigned as occurring from pregnancy start
(LMP) and before spontaneous abortion according
to the adjudicated date of spontaneous abortion or
before the index date for matched live births. For
secondary analyses, vaccines were classified by total
number of doses received before the spontaneous
abortion outcome or index date, with at least one
occurring during pregnancy, and manufacturer
(Pfizer-BioNTech or Moderna). Vaccine exposure,
defined as receipt of vaccine within 6 weeks of the
spontaneous abortion outcome (or the index date for
a matched control), also was examined in the second-
ary analysis.
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We a priori determined potential confounders
associated with propensity to receive a COVID-19
vaccine during pregnancy and risk for spontaneous
abortion. These included maternal age, Vaccine
Safety Datalink site, race and ethnicity, socioeco-
nomic status, mean number of prenatal visits before
spontaneous abortion or index date, history of COV-
ID-19, history of pregnancy complications, COVID-
19 during pregnancy, alcohol use, substance use,
tobacco use, and comorbidities, including cancer, pre-
existing cardiovascular disease, pregestational diabe-
tes mellitus, chronic hypertension, prepregnancy
obesity, pulmonary disease, and systemic lupus eryth-
ematosus. Socioeconomic status was categorized ac-
cording to neighborhood poverty level, determined
from American Community Survey 5-year data
(2016–2020) at the Census tract level.38 History of
complications of pregnancy was based on ICD-10-
CM diagnosis codes and included recurrent preg-
nancy loss and spontaneous abortion (pregnancy-
related conditions in Appendix 1, available online at
http://links.lww.com/AOG/E103). Medically at-
tended COVID-19 during pregnancy was identified
with ICD-10-CM diagnosis codes. Alcohol use and
tobacco use were determined from 3 months before
the spontaneous abortion or index date according to
ICD-10-CM diagnosis codes. Presence of comorbidities
was defined as having one or more inpatient or two
or more outpatient diagnoses in the 3 years leading up
to the pregnancy through the spontaneous abortion or
index date. Prepregnancy obesity was determined
from ICD-10-CM diagnosis codes from 6 months
before pregnancy through the spontaneous abortion
or index date. The ICD-10-CM diagnosis codes used
in the study are available in Appendix 1 (http://links.
lww.com/AOG/E103).

Baseline characteristics were described with
means and SDs or frequency distribution by sponta-
neous abortion or live birth and by COVID-19 vac-
cination status. Differences in baseline characteristics
of patients in the spontaneous abortion case group
compared with those in the live-birth control group
and for COVID-19 vaccination status were evaluated
as standardized mean differences (SMDs). We defined
a nonnegligible difference to be an SMD greater than
0.20.39

Associations of COVID-19 vaccine and sponta-
neous abortion, odds ratios (ORs) and adjusted odds
ratios (aORs), and 95% CIs were evaluated with con-
ditional logistic regression with the reference being
unvaccinated women during pregnancy up to the date
of spontaneous abortion or index date. Models
included covariates with nonnegligible differences.

Age and study week at LMP were included in the
model as cubic splines, and race and ethnicity and
neighborhood poverty level were included as main
effects. The primary outcome was the adjusted odds
of vaccination in patients in the spontaneous abortion
case group compared with those in the live-birth con-
trol group. Secondary analyses evaluated outcomes
by dose number during pregnancy, by mRNA vac-
cine manufacturer, and when applying a 6-week expo-
sure window. The unexposed case and control groups
consisted of patients with no vaccine exposure during
pregnancy up to the spontaneous abortion or index
date. Statistical significance was set at a P,.05.

Using a sample of 500 expected adjudicated
confirmed spontaneous abortions, a 1:2 match ratio
to the live-birth control group, an a of 0.05, and
assuming an exposure of COVID-19 vaccine of 10%
23,27 and a 0.1 correlation of COVID-19 vaccine with
other covariates, we anticipated that the study would
have 80% power to detect an OR of 1.6 of getting
vaccinated among patients with spontaneous abortion
compared with those with live birth. However, fewer
than anticipated spontaneous abortions were con-
firmed, and vaccine uptake was higher than antici-
pated at 17%. A post hoc power analysis based on
the final number of confirmed spontaneous abortions
and the observed proportion of patients with COVID-
19 vaccine in the live-birth control group of 17%
before the index date demonstrated that the study
was able to detect an OR of 1.75 with 80% power.
Analysis was performed with SAS/STAT 9.4.

RESULTS

A total of 8,476 potential spontaneous abortions were
identified to have occurred between February 1, 2021,
and October 31, 2021, with the automated dynamic
pregnancy algorithm. A sample of 714 potentially
eligible women with spontaneous abortions were
reviewed and adjudicated. After medical record
review and adjudication, 297 cases (41.6%) were
confirmed as spontaneous abortions between 6 and
less than 20 weeks of gestation (Appendix 2, available
online at http://links.lww.com/AOG/E103), with
spontaneous abortions occurring from January 19,
2021, to October 27, 2021, according to adjudicated
outcome dates. Patients in the spontaneous abortion
case group (296) were matched to patients in the live-
birth control group (592), with all patients having an
LMP between October 1, 2020, and September 7,
2021. One spontaneous abortion case was excluded
from analyses because of not having a matched live-
birth control. The mean6SD gestational age at spon-
taneous abortion was 68617 days. The baseline
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characteristics of pregnant women with spontaneous
abortions were similar to those with matched live
births (Table 1). Comparing pregnant women who
received the COVID-19 vaccine with those unvacci-
nated in pregnancy, we found that vaccinated women
were older (34.664.9 years vs 33.565.6 years, SMD
0.20), were less likely to identify as Hispanic (20.4% vs
31.0%, SMD 20.24), and came from Census tracts
with lower levels of neighborhood poverty (6.2% vs
7.9%, SMD 20.25).

Among 888 pregnant women included in the
study, 152 (17.1%) were exposed to at least one dose
of COVID-19 vaccine, with 15.9% of patients in the
spontaneous abortion case group and 17.7% of
those in the live-birth control group exposed before
the spontaneous abortion or index date, respec-
tively (Appendix 3, available online at http://
links.lww.com/AOG/E103, gives characteristics of
COVID-19 vaccines received in the study popula-
tion). According to the aOR, there was no signifi-
cant association between spontaneous abortion and
COVID-19 vaccination (aOR 0.85, 95% CI, 0.56–1.
30) (Table 2). Similarly, there was no significant
association between spontaneous abortion and
number of vaccine doses during pregnancy com-
pared with no vaccine (first dose: aOR 0.81, 95%
CI, 0.39–1.70; second dose: aOR 0.84, 95% CI, 0.
51–1.38). Similarly, there was no association with
spontaneous abortion by vaccine manufacturer
(Moderna: aOR 0.59, 95% CI, 0.29–1.19; Pfizer-
BioNTech: aOR 0.97, 95% CI, 0.57–1.66). There
was also no significant association between COV-
ID-19 vaccination receipt within the 6 weeks before
spontaneous abortion and index date compared
with unvaccinated during pregnancy (aOR 0.87,
95% CI, 0.53–1.44).

DISCUSSION

Using a case–control study design, this Vaccine Safety
Datalink study demonstrated no significant associa-
tion between spontaneous abortion and exposure to
COVID-19 vaccine during pregnancy (ie, before the
spontaneous abortion). There was also no association
between spontaneous abortion and the number of
COVID-19 vaccine doses received during pregnancy,
vaccine manufacturer, or vaccine receipt within the
6 weeks before spontaneous abortion. This study re-
inforces findings from prior studies demonstrating
that COVID-19 vaccines have a high degree of safety
during pregnancy, including during early preg-
nancy.18,21,23,25,26 Many previous studies have
focused on later-pregnancy outcomes such as stillbirth
or preterm birth.17,19,20,35,36 This study focuses on

early-pregnancy vaccine exposure and a single early-
pregnancy outcome, with spontaneous abortion cases
clinically adjudicated.

Findings from this study are important for preg-
nant women, women attempting to become pregnant,
and their clinicians because the COVID-19 vaccine
exposure window included the time frame when fer-
tilization, implantation, and early cell division for
embryo development occur. One recent cohort study
of couples in the United States and Canada enrolled
before pregnancy found that COVID-19 vaccination
was not associated with an increased risk of early mis-
carriage (before 8 weeks of gestation).40 Strengthening
the evidence to support safety of COVID-19 vaccina-
tion can help address vaccine hesitancy and improve
the effectiveness of vaccine recommendations deliv-
ered to patients. Extensive prior research on vaccine
uptake has demonstrated that the strength of a clini-
cian’s recommendation can have a positive effect on
receipt of vaccines.41–43

The current study has several strengths, includ-
ing that it was conducted in the Vaccine Safety
Datalink, which includes data for about 4% of the
U.S. population. Unlike prior studies in which
spontaneous abortion outcomes were identified
solely through automated diagnostic codes from
EHR or registry data, in this study, spontaneous
abortion and gestational age at spontaneous abortion
were confirmed through clinical review and adjudi-
cation, with the most complex cases adjudicated by
obstetricians. As shown in Appendix 2 (http://links.
lww.com/AOG/E103), one-third of spontaneous
abortions initially identified through the dynamic
pregnancy algorithm were subsequently excluded
after adjudication. The rigorous approach to sponta-
neous abortion case identification minimized both
outcome misclassification and exposure misclassifi-
cation as a result of more precise dating. In addition,
we evaluated the association between spontaneous
abortion and vaccine manufacturer and vaccine dose
administered during pregnancy. The potential for
bias in this case–control study was mitigated by the
application of inclusion and exclusion criteria for
case and control selection before matching to mini-
mize systematic differences between the case and
control populations.

A few limitations of the study should be noted.
Fewer than anticipated spontaneous abortion cases
were confirmed after adjudication; therefore, the
study was not adequately powered to detect smaller
effects. Spontaneous abortions occurring before
6 weeks of gestation were not included because they
can occur without clinical recognition and are difficult
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to date. It is also possible that some early pregnancy
episodes may not have been detected, the outcome
could not be determined after adjudication, or poten-

tial cases were erroneously misclassified by the
automated dynamic pregnancy algorithm. As a retro-
spective observational study, there were limitations in

Table 1. Baseline Characteristics of Patients by Pregnancy Outcome and Vaccination Status in the Vaccine
Safety Datalink for Clinically Adjudicated Spontaneous Abortion Cases Between January 19, 2021,
and October 27, 2021

Characteristic
SAB

(n5296)
Live Birth
(n5592) SMD*

Vaccinated
(n5152)

Unvaccinated
(n5736) SMD*

Age at SAB or delivery (y) 33.865.7 33.765.4 0.02 34.664.9 33.565.6 0.20
Race and ethnicity

Hispanic 81 (27.4) 178 (30.1) 20.06 31 (20.4) 228 (31.0) 20.24
Non-Hispanic Asian 38 (12.8) 74 (12.5) 0.01 23 (15.1) 89 (12.1) 0.09
Non-Hispanic Black 23 (7.8) 51 (8.6) 20.03 8 (5.3) 66 (9.0) 20.14
Non-Hispanic multiracial 15 (5.1) 20 (3.4) 0.08 10 (6.6) 25 (3.4) 0.15
Non-Hispanic White 125 (42.2) 253 (42.7) 20.01 76 (50.0) 302 (41.0) 0.18
Another race

†

4 (1.4) 6 (1.1) 0.03 1 (0.7) 9 (1.2) 20.06
Unknown 10 (3.4) 10 (1.7) — 3 (2.0) 17 (2.3) —

Percent neighborhood poverty 5.9 (2.5–9.7)
7.466.7

5.9 (2.7–10.4)
7.767.2

20.05 4.4 (1.7–8.5)
6.266.5

6.1 (3.0–10.3)
7.967.1

20.25

Pregnancy start date period
‡

20.01 20.37
October 1–November 28,

2020
11 (3.7) 23 (3.9) 1 (0.7) 33 (4.5)

November 29, 2020–
January
16, 2021

55 (18.6) 109 (18.4) 26 (17.1) 138 (18.8)

January 17–March 13, 2021 66 (22.3) 132 (22.3) 60 (39.5) 138 (18.8)
March 14–May 8, 2021 57 (19.3) 115 (19.4) 43 (28.3) 129 (17.5)
May 9–June 29, 2021 58 (19.6) 115 (19.4) 14 (9.2) 159 (21.6)
June 30–September 7, 2021 49 (16.6) 98 (16.6) 8 (5.3) 139 (18.9)

Prenatal care visits up to SAB
or
index date

2.0 (1.0–3.0)
2.061.6

1.0 (0.5–2.0)
1.761.6

0.25 1.0 (1.0–2.0)
1.861.7

2.0 (1.0–3.0)
1.861.5

0.00

Maternal comorbidities§

Cancer 0 4 (0.7) 20.12 1 (0.7) 3 (0.4) 0.03
Cardiovascular disease 4 (1.4) 4 (0.7) 0.07 0 8 (1.1) 20.15
Tobacco usek 11 (3.7) 17 (2.9) 0.04 3 (2.0) 25 (3.4) 20.09
COVID-19 in pregnancy¶ 0 3 (0.5) 20.10 0 3 (0.4) 20.09
Any history of COVID-19 17 (5.7) 43 (7.3) 20.06 8 (5.3) 52 (7.1) 20.07
Pregestational diabetes

(type 1 or 2)
4 (1.4) 17 (2.9) 20.10 8 (5.3) 13 (1.8) 0.19

Hypertension 16 (5.4) 30 (5.1) 0.02 7 (4.6) 39 (5.3) 20.03
Pulmonary disease 24 (8.1) 54 (9.1) –0.04 13 (8.6) 65 (8.8) 20.01
Obesity# 46 (15.5) 77 (13) 0.07 17 (11.2) 106 (14.4) 20.10
Substance use 2 (0.7) 8 (1.4) 20.07 0 10 (1.4) 20.17
Alcohol usek 2 (0.7) 5 (0.8) 20.02 1 (0.7) 6 (0.8) 20.02
History of complication of

pregnancy
21 (7.1) 25 (4.2) 0.12 9 (5.9) 37 (5.0) 0.04

SAB, spontaneous abortion; SMD, standardized mean difference; COVID-19, coronavirus disease 2019.
Data are mean6SD, n (%), or median (interquartile range) unless otherwise specified.
* An absolute SMD greater than 0.20 indicates a nonnegligible difference in variable distributions between SAB and live birth or between

unvaccinated and vaccinated.
† Includes non-Hispanic American Indian or Alaska Native, non-Hispanic Native Hawaiian, or other Pacific Islander.
‡ The SMD calculation used study week as numeric.
§ Presence of comorbiditieswas defined as having one or more inpatient or two or more outpatient diagnoses in the 3 years leading up to the

pregnancy through the SAB or index date. Other coagulation defects and systemic lupus erythematosus were included among comor-
bidities given their association with SAB; however, these are not shown here because of low counts.

k Alcohol use and tobacco use were determined from 3 months before the SAB or index date according to International Classification of
Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) diagnosis codes.

¶ Diagnosed in pregnancy on the basis of the ICD-10-CM diagnosis code.
# Prepregnancy obesity was determined from ICD-10-CM diagnosis code from 6 months before pregnancy through the SAB or index date.
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the identification of possible confounders, and
because of feasibility limitations in conducting med-
ical record reviews for all patients in the live-birth
control group, only covariates identified from auto-
mated data files were included. Although patients in
the case group were matched to patients in the control
group, it is possible that the patients in the case group
differed from those in the control group in important
ways that could have biased the results. The findings
may not be generalizable to the general public
because the population in the Vaccine Safety Datalink
population is primarily insured. In addition, the Vac-
cine Safety Datalink is not representative of all geo-
graphic regions of the United States. In addition,
increased use of home COVID-19 antigen testing lim-
ited our ability to reliably identify severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2)
infection; however, COVID-19 diagnosis during

pregnancy was included as a comorbidity when
ascertained.

Future studies examining the safety of COVID-19
vaccination in pregnancy should examine populations
representative of the U.S. population and include
a larger sample size. In addition, further refinement
of spontaneous abortion case identification could be
considered, as well as more specific examination of
COVID-19 vaccine safety in women attempting preg-
nancy and early in pregnancy.

The findings from this study strengthen the
evidence that COVID-19 vaccines are not associated
with an increased risk of spontaneous abortion.
Through a robust case–control study design and use
of medical record review and case adjudication, the
study provides further evidence for the safety of
receipt of COVID-19 vaccine for women attempting
to become pregnant or pregnant in the first trimester.

Table 2. Coronavirus Disease 2019 (COVID-19) Vaccine Received During Pregnancy by Pregnancy
Outcome and Odds Ratio in Matched Case–Control Patients in the Vaccine Safety Datalink for
Clinically Adjudicated Spontaneous Abortion Cases That Occurred Between January 19, 2021, and
October 27, 2021

Exposure During Pregnancy
SAB

(n5296)
Live Birth
(n5592)

Crude OR
(95% CI)*

aOR
(95% CI)*,†

Primary
Any COVID-19 vaccination in pregnancy up to SAB or

index date
47 (15.9) 105 (17.7)‡ 0.86 (0.57–1.28) 0.85 (0.56–1.30)

Secondary
COVID-19 vaccine dose received during pregnancy up

to SAB or index date
1st dose§ 15/264 (5.7) 30/517 (5.8)‡ 0.94 (0.46–1.92) 0.81 (0.39–1.70)
2nd dosek 32/281

(11.4)
74/561 (13.2)‡ 0.83 (0.52–1.32) 0.84 (0.51–1.38)

Vaccine manufacturer in pregnancy up to SAB or index
date

mRNA-1273, Moderna¶ 18/267 (6.7) 40/527 (7.6) 0.69 (0.37–1.31) 0.59 (0.29–1.19)
BNT162b2, Pfizer-BioNTech# 26/275 (9.5) 59/546 (10.8) 0.93 (0.55, 1.57) 0.97 (0.57–1.66)

Vaccine dose within 6 wk of outcome or index date** 32/281
(11.4)

69/556 (12.4) 0.90 (0.56–1.45) 0.87 (0.53–1.44)

SAB, spontaneous abortion; OR, odds ratio; aOR, adjusted odds ratio; COVID-19, coronavirus disease 2019.
Data are n (%) or n/N (%) unless otherwise specified.
* Associations of COVID-19 vaccine and SAB were estimated with conditional logistic regression.
† The model for the aOR included study week and maternal age as cubic splines and race and ethnicity and neighborhood poverty as main

effects.
‡ Total number of COVID-19 vaccinations in pregnancy up to the SAB or index date includes a third booster dose in one patient. This dose

was excluded from first- and second-dose analysis.
§ Numerator reflects first dose given during pregnancy up to the SAB or index date; denominator reflects unvaccinated during pregnancy or

first dose given during pregnancy up to SAB or index date.
k Numerator reflects second dose given during pregnancy up to the SAB or index date; denominator reflects unvaccinated during pregnancy

or second dose given during pregnancy up to SAB or index date.
¶ Numerator reflects receipt of mRNA-1273 (Moderna) during pregnancy up to SAB or index date; denominator reflects unvaccinated

during pregnancy or received mRNA-1273 (Moderna) during pregnancy up to SAB or index date.
# Numerator reflects receipt of BNT162b2 (Pfizer-BioNTech) during pregnancy up to SAB or index date; denominator reflects unvaccinated

during pregnancy or received BNT162b2, Pfizer-BioNTech during pregnancy up to SAB or index date.
** Numerator reflects receipt of COVID-19 vaccine within 6 weeks of outcome or index date; denominator reflects those unvaccinated

during pregnancy or received COVID-19 vaccine within 6 weeks of outcome or index date.
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Health care professionals can incorporate this evi-
dence into their vaccine counseling.
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