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OBJECTIVE: To evaluate whether the Centers for Dis-

ease Control and Prevention’s Advisory Committee on

Immunization Practices recommended influenza and

tetanus toxoid, reduced diphtheria toxoid, and acellular

pertussis (Tdap) vaccinations in pregnancy are associated

with increased risk of stillbirth.

METHODS: We performed a case–control study in the

Vaccine Safety Datalink that was matched 1:4 on site,

month, and year of last menstrual period, comparing the

odds of vaccination in pregnancies that ended in stillbirth

(defined as fetal loss at or after 20 weeks of gestation)

compared with those that ended in live birth from January

1, 2012, to September 30, 2015. We included patients with

singleton pregnancies that ended in stillbirth or live birth

who had at least one prenatal care visit, pregnancy dating

information, and continuous health plan enrollment for

the duration of pregnancy. Medical records for all still-

births were reviewed. We were statistically powered to

detect an odds ratio (OR) of 1.37 when evaluating the

association between influenza or Tdap vaccination and

stillbirth. We also examined stillbirth rates in pregnant

patients aged 14–49 years in the Vaccine Safety Datalink

between 2007 and 2015.

RESULTS: In our matched analysis of 795 confirmed

stillbirths in the case group and 3,180 live births in the

control group, there was no significant association

between influenza vaccination during pregnancy and

stillbirth (343/795 [43.1%] stillbirths in the case group vs

1,407/3,180 [44.3%] live births in the control group, OR

0.94, adjusted OR 0.95, 95% CI 0.79–1.14, P5.54) and no

significant association between Tdap vaccination during

pregnancy and stillbirth (184/795 [23.1%] stillbirths in the

case group vs 746/3,180 [23.5%] live births in the control

group, OR 0.97, aOR 0.96, 95% CI 0.76–1.28, P5.91).

From 2007 to 2015, the stillbirth rate in the Vaccine Safety

Datalink was 5.2 per 1,000 live births and stillbirths.

CONCLUSION: No association was found between

vaccination during pregnancy and the odds of stillbirth.

These findings support the safety of ACIP recommenda-

tions for vaccination during pregnancy.

(Obstet Gynecol 2020;136:1086–94)
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The Centers for Disease Control and Prevention’s
(CDC) Advisory Committee on Immunization

Practices recommends that pregnant patients receive
two vaccinations during each pregnancy: influenza
vaccination to prevent maternal and infant influenza
disease1 and tetanus toxoid, reduced diphtheria tox-
oid, and acellular pertussis (Tdap) vaccination to pro-
tect infants from pertussis.2 In addition, patients may
receive vaccinations not routinely recommended dur-
ing pregnancy (ie, hepatitis, pneumococcal, or menin-
gococcal vaccinations) owing to high-risk situations.
Furthermore, patients who are unaware of their preg-
nancy (inadvertent exposure) also may receive vacci-
nations that are contraindicated during pregnancy
(such as measles–mumps–rubella or varicella vacci-
nations).

Despite overall reassuring safety data for recom-
mended vaccinations during pregnancy, vaccination
rates during pregnancy remains suboptimal.3 Con-
cerns about vaccine safety among pregnant patients
and health care professionals have been shown to be
a leading cause of poor uptake of vaccinations during
pregnancy.3–5 Multiple large epidemiologic studies
have not found increased risks of pregnancy, fetal,
or infant adverse outcomes associated with vaccina-
tion during pregnancy.6–17 Although studies to date
have not found an increased risk of stillbirth after
influenza,9–12,15 Tdap,6,7 human papillomavirus,16 or
other vaccinations18–20 during pregnancy, most of
these studies evaluated stillbirth as a secondary out-
come and lacked statistical power. Moreover, these
studies did not include detailed chart review to con-
firm the pregnancy timing and outcome or identify
stillbirth risk factors. We conducted a large
population-based study to evaluate the association
between vaccination during pregnancy and risk of
stillbirth based on chart review confirmation of the
stillbirth outcome.

METHODS

The Vaccine Safety Datalink is a collaboration between
the CDC and eight integrated health care systems with
health care utilization, demographic, and vaccination
data representing approximately 3% of the U.S.
population.21,22 Seven sites (Kaiser Permanente Wash-
ington [Seattle, Washington], HealthPartners Institute
[Minneapolis, Minnesota], Kaiser Permanente North-
west [Portland, Oregon], Kaiser Permanente Northern
California [Oakland, California], Kaiser Permanente
Colorado [Denver, Colorado], Marshfield Clinic
Research Institute [Marshfield, Wisconsin], and Kaiser
Permanente Southern California [Los Angeles, Califor-
nia]) had data available to contribute to this study. Data

managers at each site prepare standardized files with
demographics, health plan enrollment, birth informa-
tion, hospitalizations, outpatient and inpatient encoun-
ters, and other data, including pregnancy information,
from their site’s electronic medical records. Data are
validated using weekly and annual data quality checks
at the sites and the CDC. We used a validated algo-
rithm to identify pregnancies in electronic health
data.23 This algorithm uses diagnosis and procedure
codes to identify pregnancies, pregnancy outcomes,
and start and end dates of pregnancies and links
patients whose pregnancies end in live births to their
newborns.

We conducted a matched case–control study of
pregnancies in the Vaccine Safety Datalink that ended
in a live birth or stillbirth from January 1, 2012, to
September 30, 2015, to evaluate whether there was an
association between vaccination and stillbirth. We
chose the study time period after the recommendation
that all pregnant patients receive Tdap during every
pregnancy24 and before the United States’ initiation of
the International Classification of Diseases, Tenth
Revision, Clinical Modification, which allowed for
consistency of coding of important covariates. We
included patients enrolled at a participating Vaccine
Safety Datalink site from 6 months before the start of
pregnancy through 4 weeks after the pregnancy’s
end date. These criteria were chosen to ensure we
had complete information on baseline maternal
comorbidities, vaccinations before and during preg-
nancy, and pregnancy outcome. We evaluated single-
ton pregnancies with known pregnancy outcomes and
at least one prenatal visit during the pregnancy. We
excluded patients with multifetal gestations (because
they are at higher risk of stillbirth), those who did not
have a live birth or stillbirth outcome (ie, spontaneous
abortion, therapeutic abortion, molar pregnancy,
ectopic pregnancy), those without prenatal care visits,
and those without dating information. We also identi-
fied a cohort of pregnant patients aged 14–49 years
with pregnancies that ended in live birth or stillbirth
from January 1, 2007, through December 31, 2015, to
describe rates of stillbirth in the Vaccine Safety
Datalink.

The primary outcome was stillbirth, defined by
the American College of Obstetricians and Gynecol-
ogists as a fetal death occurring at or after 20 weeks of
gestation.25 We reviewed medical records of patients
with pregnancies that ended in stillbirth, which were
identified using the pregnancy algorithm, for confir-
mation of the outcome. Data on stillbirth dating, tim-
ing (antepartum vs intrapartum, according to the
Brighton Collaboration definition),26 autopsy and
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pathology reports, laboratory data, maternal charac-
teristics and underlying medical conditions, ultra-
sound reports, and health care encounter notes were
abstracted by trained chart reviewers. A physician
(L.P., H.S.L., V.G.) then reviewed all charts to deter-
mine the start and end dates of the pregnancy, timing
of the fetal death, and potential causes of the stillbirth
based on the information from the abstraction. Preg-
nancy start dates were confirmed based on a prede-
termined hierarchy, using the physician-determined
gestational age at delivery, estimated delivery date
as reported closest to the time of delivery, and last
menstrual period date in cases where the first two
were not available. Early ultrasound scans also were
reviewed to assist with dating. All equivocal findings
underwent a secondary adjudication by a trained
obstetrician (N.K.T.).

Control-group pregnancies that ended in live
birth were identified from the electronic pregnancy
algorithm during the study period. Prior data on the
validation of the electronic pregnancy algorithm have
shown that it accurately determines start and ends
dates for a pregnancy that ends in live birth.23 Fur-
thermore, electronic gestational age and birth related
data are supplemented with information from state
vital records and hospital records when available.27

We matched each chart-confirmed stillbirth with four
control-group live births based on site and month and
year of last menstrual period to ensure all that preg-
nancies had similar start dates. We required all
matched control-group live births to have pregnancy
durations equal to or longer than those in the matched
stillbirth case group to avoid capturing postpartum
vaccinations. Furthermore, for each of the four
matched control-group pregnancies that ended in live
birth, we censored any time after the index date,
defined as the outcome data of the matched stillbirth
case. That is, vaccinations for live births in the control
group were included in the analysis only if they
occurred before the outcome date of the matched still-
birth in the case group to ensure that all analyzed
pregnancies that ended in live birth or stillbirth had
the same amount of time in the pregnancy to poten-
tially receive a vaccination.

We included exposures to all vaccinations, includ-
ing recommended vaccinations (influenza or Tdap),
non–routinely recommended vaccinations (meningo-
coccal, pneumococcal, inactivated polio, human pap-
illomavirus, Japanese encephalitis, rabies, inactivated
typhoid, yellow fever, hepatitis A, and hepatitis B
vaccinations), and contraindicated vaccinations (live-
attenuated influenza, measles–mumps–rubella, vari-
cella, and herpes zoster vaccinations). Information on

vaccinations and the date of administration are rou-
tinely collected in the Vaccine Safety Datalink data
from electronic health record internal vaccination
registries. Vaccination exposure during pregnancy was
defined as all vaccinations from 14 days after the last
menstrual period through 7 days before the index date.
This end date was chosen to avoid mistakenly includ-
ing vaccinations given in the postpartum period. To
assess vaccinations administered in the periconception
period, vaccinations from 30 days prior through 14
days after the last menstrual period were included. We
also evaluated exposures from 120 days through 30
days before the last menstrual period as a negative
control exposure, because this distant exposure should
not affect the risk of stillbirth.

We determined a priori important confounders
associated with stillbirth that could affect the pro-
pensity for vaccination. These confounders were
identified based on demographic data and Interna-
tional Classification of Diseases, Ninth Revision
(ICD-9) codes for patients in the control group and
from demographic data, ICD-9 codes, and chart
review (when unavailable from the first two) for those
in the case group. Identified confounders included
maternal age (35 years or older), obesity (prepreg-
nancy body mass index [BMI, calculated as weight in
kilograms divided by height in meters squared] 30 or
higher), tobacco smoking during pregnancy, nullipar-
ity, prior history of stillbirth, Black non-Hispanic race
(self-reported, from administrative data), pregnancy
complications occurring before vaccination or index
date (defined as one inpatient or two outpatient ICD-9
codes for any maternal infections, placental compli-
cations, amniotic cavity or membrane problems, fetal
growth restriction, maternal trauma, and uterine
rupture during current pregnancy), maternal comor-
bidities before vaccination or index date (defined as
one inpatient or two outpatient ICD-9 codes for
maternal diabetes, systemic lupus erythematosus,
thyroid disorders, hypertension, cardiovascular dis-
ease, cholestasis, renal disease, and sickle cell disease
in the six months before or during pregnancy), and
gestational age at prenatal care initiation. Covariates
with more than 5% missing data were designated their
own “missing” category in the model. All covariates
included in the model were tested for interaction and
collinearity owing to their potential overlap.

For our primary matched case–control analysis,
we included chart confirmed stillbirths that occurred
from January 1, 2012, to September 30, 2015. We
described proportions of antepartum and intrapartum
stillbirths. We identified stillbirths with abnormal
placental pathology and reviewed fetal autopsy
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findings and maternal laboratory results. We performed
a 1:4 matched case–control study using the optimal
matching method,28 which is a nonlinear matching
algorithm designed to find the overall closest matches
between patients from the case and control groups. We
compared maternal sociodemographic characteristics
between stillbirths in the case group and matched live
births in the control group using x2 tests for categorical
variables and Wilcoxon median two-sample tests for
continuous variables. We used a conditional logistic
regression model to estimate the odds (95% CIs) of
maternal vaccination in matched case–control preg-
nancies before and after the adjustment for multiple
potential confounding factors.

We additionally conducted a retrospective cohort
study of live births and stillbirths ending between
January 1, 2007, through December 31, 2015, to
estimate the stillbirth rate (number of stillbirths per
1,000 live births and stillbirths).29 We analyzed linear
trends in rates by year over this study period using
Poisson regression.

As a post hoc analysis, we conducted an addi-
tional 1:4 case–control match, matching on high-risk
race (Black non-Hispanic [yes or no]) and age at preg-
nancy outcome (35 years or older [yes or no]) in addi-
tion to Vaccine Safety Datalink site and month and
year of last menstrual period. We conducted compar-
isons of patients in the case and control groups and
evaluated the odds of maternal vaccination in
matched case–control pregnancies before and after
adjusting for confounders.

Based on prior Vaccine Safety Datalink work,23

we expected 100,000 pregnancies per year and
approximately 0.5% of these pregnancies to end in
stillbirth. Assuming a 15% rate of influenza or Tdap
vaccination during pregnancy and 1:4 matching of
stillbirths in the case group and live births in the con-
trol group, 782 cases were needed to detect an odds
ratio (OR) of 1.37, and 2,432 cases were needed to
detect and OR of 1.20, with 80% power with an a
level of less than 0.05 using two-tailed tests.

The study protocol was reviewed and approved
by institutional review boards at the CDC and the
seven participating Vaccine Safety Datalink sites and
was determined as exempt from requiring participant
consent. All analyses were conducted using SAS 9.4.

RESULTS

There were 225,700 pregnancies that ended in live
birth or stillbirth from January 1, 2012, through
September 30, 2015 (Fig. 1). After applying our inclu-
sion and exclusion criteria, we matched 795 stillbirths
to 3,180 live births. Both groups were similar in mean

gestational age at prenatal care initiation, mean gesta-
tional age at first vaccination, and nulliparity status
(Table 1). Patients with pregnancies that ended in still-
birth were more likely to be 35 years or older at time
of delivery, have comorbid medical conditions, a his-
tory of stillbirth, obesity, and more likely to be of
Black non-Hispanic race. Patients with pregnancies
ending in live birth were more likely to have docu-
mented tobacco smoking during pregnancy. Missing
data were rare (1% or less) for all variables of interest
except tobacco smoking during pregnancy (3.9% still-
births vs 6.9% live births) and obesity (3.5% stillbirths
vs 13.4% live births).

Of 795 stillbirths, 622 (78%) were antepartum,
161 (20%) were intrapartum, and 12 (2%) could not be
classified as antepartum or intrapartum stillbirths
based on information available. In 783 cases
(98.5%), gestational age data were determined by the
physician at the time of delivery. The gestational age
at stillbirth ranged from 20 to 41 weeks of gestation,
with peaks occurring at 22 weeks (n565, 8%) and 39
weeks (n557, 7%). Of the 757 stillbirths with pathol-
ogy available (placenta or fetal autopsy) for review,
582 (77%) had abnormal pathologic findings; 194 still-
births had more than one abnormal finding. The most
common pathologic abnormality was chorioamnioni-
tis in 264 stillbirths (33%). The next most common
pathologic abnormality was a placental event (ie,
impaired uteroplacental perfusion, placental abrup-
tion, and placenta accreta) (n5194, 24%). On review-
ing laboratory findings, 248 (31%) of pregnancies that
ended in stillbirth had abnormal maternal or fetal lab-
oratory results, most commonly maternal Group B
Streptococcus in 91 (11%), followed by abnormal fetal
genetic tests in 64 (8%).

In the main analysis, 411 of 795 (52%) of
pregnancies that ended in a stillbirth and 1,682 of
3,180 (53%) of matched pregnancies that ended in a
live birth were exposed to one or more vaccinations
during pregnancy (Table 2). There was no significant
association between stillbirth and receipt of any vac-
cination (51.7% among stillbirths in the case group vs
52.9% among live births in the control group, crude
OR 0.94, adjusted odds ratio [aOR] 0.95, 95% CI
0.78–1.14, P5.56) or antepartum stillbirths and
receipt of any vaccination (55.5% among stillbirths
in the case group vs 55.8% among live births in the
control group, OR 0.98, aOR 0.96, 95% CI 0.78–1.20,
P5.74). The vaccination rate for recommended vacci-
nations (influenza or Tdap) during pregnancy was 406
of 795 (51%) in pregnancies that ended in stillbirths
compared with 1,667 of 3,180 (52%) for pregnancies
that ended in live birth (OR 0.93, aOR 0.94, 95% CI
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0.78–1.14, P5.54). We found no significant associa-
tion between stillbirths and exposure to influenza and
Tdap vaccinations when analyzed separately or to
non–routinely recommended vaccinations during
pregnancy. There were no stillbirths after contra-
indicated vaccinations in pregnancy. When evaluating
stillbirths after receipt of any vaccination in the peri-
conception period (Table 3), the vaccination rate in
stillbirths was 51 of 795 (6%) compared with 202 of
3,180 (6%) in matched live births (OR 1.01, aOR 1.05,
95% CI 0.75–1.47, P5.77). The vaccination rate for
recommended vaccinations during the periconception
period was 46 of 795 (6%) in pregnancies that ended
in stillbirths, compared with 176 of 3,180 (6%) for
pregnancies that ended in live birth (OR 1.05, aOR
1.08, 95% CI 0.76–1.53, P5.68). We also found no
associations between Tdap, influenza, non-routinely
recommended vaccinations, and contraindicated vac-
cinations and stillbirth. There was no association
between the odds of vaccination and stillbirth in the
negative control prepregnancy exposure period
(Appendix 1, available online at http://links.lww.
com/AOG/C114). There was no interaction or col-
linearity of covariates used in the analyses. Results of
the post hoc analysis were similar to the main results
(Appendices 2 and 3, available online at http://links.
lww.com/AOG/C114).

From January 1, 2007, through December 31,
2015, 604,671 pregnancies ended in either live birth
(n5601,528) or stillbirth (n53,143). The stillbirth rate

was 5.2 per 1,000 live births and stillbirths. The yearly
rate ranged from 4.8 (2013) to 5.7 (2010) (Appendix 4,
available online at http://links.lww.com/AOG/
C114). There were no statistically significant linear
trends by year over the entire study period (P5.92).

DISCUSSION

Concerns about vaccine safety by patients and health
care professionals have been shown to be a leading
reason for suboptimal rates of vaccination during
pregnancy.4,5 We did not detect an association
between the occurrence of stillbirth and the receipt
of vaccinations given during pregnancy or in the
peri-conception period. These findings inform the evi-
dence for the safety of vaccinations recommended by
the Advisory Committee on Immunization Practices
and should provide reassurance to pregnant patients
and their health care professionals.

There has been limited information on vaccina-
tions during pregnancy and risk of stillbirth. Our
study adds critical information on exposures to both
recommended and nonrecommended vaccinations
and stillbirth. In contrast to many prior studies that
relied exclusively on registries, ICD codes, or insur-
ance claims,6,9,12,14 we included a comprehensive
chart review and clinician adjudication process of all
stillbirth cases. This increased the accuracy of stillbirth
identification and the precision of timing of vaccina-
tion in relation to pregnancy. Furthermore, we were
well-powered for our main analyses, including both

Table 1. Selected Demographic Characteristics of Patients With Pregnancies Ending in Stillbirth (n5795)
and Matched Live Births (n53,180)

Characteristic Stillbirths Live Births P*

Age at delivery (y) 30.6 (14–49) 30.4 (14–46) .01
Maternal age 35 y or older 218 (27.4) 633 (19.9) ,.001
Gestational age at prenatal care initiation (wk) 7.5 (5–30) 7.4 (5–37) .59
Maternal comorbidity† 108 (13.6) 123 (3.9) ,.001
Pregnancy complication‡ 365 (45.9) 218 (6.86) ,.001
Gestational age at 1st vaccination (wk) 17.6 (2–39)§ 17.4 (2–39)k .64
Tobacco smoking during pregnancy 57 (7.2) 279 (8.8) .002
Nulliparous 238 (29.9) 974 (30.6) .38
History of stillbirth 40 (5.0) 54 (1.7) ,.001
Black non-Hispanic 107 (13.5) 234 (7.4) ,.001
Prepregnancy obesity 279 (35.1) 584 (18.4) ,.001

Data are mean (range) or n (%) unless otherwise specified.
* P-values calculated by x2 tests for categorical variables and Wilcoxon median two-sample test for continuous variables.
† International Classification of Diseases, Ninth Revision codes for maternal diabetes, systemic lupus erythematosus, thyroid disorders,

hypertension, cardiovascular disease cholestasis, renal disease, and sickle cell disease in the 6 months before pregnancy through
vaccination date or index date (stillbirth outcome date or reference date for matched control).

‡ International Classification of Diseases, Ninth Revision codes for maternal infections, placental complications, amniotic cavity or
membrane problems, fetal growth restriction, maternal trauma, and uterine rupture during current pregnancy and before vaccination
date or index date.

§ Vaccinations received in 51.7% of pregnancies ending in stillbirth.
k Vaccinations received in 52.9% of pregnancies ending in live birth.
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the association with any vaccination and stillbirth and
influenza and Tdap vaccinations and stillbirth. Post
hoc, we determined that we had 80% power to detect
an OR of 1.27 given the vaccination rates in this
study.

The stillbirth rate in our study was generally
consistent with published national estimates. The
most recent rate from the National Vital Statistics
Report on fetal death30 was 6.1 stillbirths per 1,000
live births and stillbirths, compared with our rate of
5.2 per 1,000 live births and stillbirths in the Vaccine

Safety Datalink. The lower rate we observed may be a
result of better case ascertainment and a result of
studying an insured population with better access to
prenatal care than in the general population. In addi-
tion, when calculating proportions of stillbirths by
gestational age, we observed increases at 22 and 39
weeks of gestation, similar to stillbirth outcome by
gestational week data from national estimates.29

Our results are similar to prior studies with a
primary outcome of stillbirth, in that we did not find
an increased risk of stillbirth after vaccination.6,12

Fig. 1. Pregnant patients aged 14–49
years in the Vaccine Safety Datalink
(VSD) with pregnancies ending in live
births and stillbirths, 2012–2015: case
and control flow diagram. *Vaccine-
related exclusions include exposure to
foreign vaccine formulations, experi-
mental vaccines, vaccines licensed
only for infants, and vaccines where
unknown whether live or inactivated
formulation administered. †Includes
live births, ectopic pregnancies, early
spontaneous abortions, and therapeu-
tic abortions miscoded as stillbirths.

Panagiotakopoulos. Stillbirths and Maternal
Vaccination. Obstet Gynecol 2020.

Table 2. Matched Case–Control Analysis of Stillbirths After Maternal Vaccination During Pregnancy*

Exposure During
Pregnancy

Vaccination Rate in
Stillbirths (n5795)

Vaccination Rate in Live
Births (n53,180)

Crude OR
(95% CI)

Adjusted† OR
(95% CI) P

Any vaccination 411 (51.7) 1,682 (52.9) 0.94 (0.78–1.12) 0.95 (0.78–1.14) .56
Influenza vaccination‡ 343 (43.1) 1,407 (44.3) 0.94 (0.79–1.13) 0.95 (0.79–1.14) .54
Tdap vaccination§ 184 (23.1) 746 (23.5) 0.97 (0.76–1.24) 0.96 (0.76–1.28) .91
Non–routinely recom-
mended vaccinationsk

9 (1.1) 35 (1.1) 1.03 (0.49–2.17) 0.92 (0.42–2.00) .84

OR, odds ratio; Tdap, tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis.
Data are n (%) unless otherwise specified.
* Fourteen days after the last menstrual period through 7 days before the index date (stillbirth outcome date or reference date for matched

control).
† Adjusted for maternal age, smoking during pregnancy, obesity, nulliparity, history of stillbirth, Black non-Hispanic race, and maternal

comorbidities and pregnancy complications occurring before vaccination.
‡ Inactivated influenza vaccination with or without Tdap vaccination.
§ Tdap vaccination with or without inactivated influenza vaccination.
k Human papillomavirus, meningococcal, pneumococcal, inactivated polio, Japanese encephalitis, rabies, inactivated typhoid, yellow

fever, hepatitis A, hepatitis B.
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Although our estimate is consistent with a possibility
of a protective effect, the CI also includes the null and
some values greater than 1. This differs from other
studies that have shown statistically decreased risks
of stillbirth after maternal influenza vaccination.
These differences may be related to differences in
immunization practices and rates of influenza in the
study populations, unmeasured confounding, or
chance. A prior U.S. study that evaluated the risk of
stillbirth among 8,690 pregnant patients who received
trivalent inactivated influenza vaccination in preg-
nancy at a single hospital system13 found that stillbirth
occurred in 0.3% of vaccinated pregnancies, com-
pared with 0.6% of unvaccinated pregnancies
(P5.006). Another study of 5,076 pregnant woman
who received trivalent influenza vaccination in West-
ern Australia showed that stillbirths were 51% less
likely among influenza-vaccinated mothers compared
with unvaccinated mothers (adjusted hazard ratio
0.49, 95% CI 0.29–0.84). A study of 7,062 patients
vaccinated with the AS03-adjuvanted H1N1pdm09
vaccination in Denmark found that the adjusted haz-
ard ratio for stillbirth that compared vaccinated with
unvaccinated patients was 0.44 (95% CI 0.20–0.94).9

Another study of 23,340 patients receiving the H1N1
influenza vaccination in Canada also showed still-
births were less likely among vaccinated patients
(adjusted relative risk 0.66, 95% CI 0.47–0.91).31

The methods of these prior studies differed from ours;
the matched case–control design of our study allowed
us to closely match the exposure period of patients in
the case group and those in the control group and

ensure that all patients in the case group and matched
patients in the control group had the same opportu-
nity for exposure to vaccinations during pregnancy.
Our design also allowed us to account for potential
seasonality in birth outcomes, differential practices
across participating health care sites, and temporal
differences in immunization recommendations and
practices, especially as related to influenza vaccina-
tion, which may explain the differences in our study’s
findings from that of these earlier studies. Further-
more, by studying vaccination exposures both as a
composite (ie, all vaccinations) and stratified exposure
(ie, recommended, contraindicated), we were able to
assess the safety of any vaccination as well as specific
types of vaccinations and the risk of stillbirth. Because
the Tdap vaccination during pregnancy recommen-
dation is more recent, there are fewer safety studies
and data on Tdap vaccination and risk of stillbirth.
Furthermore, this study adds to the limited existing
evidence on the safety of non–routinely recom-
mended vaccinations, which is important for high-risk
patients who have other vaccination indications dur-
ing pregnancy apart from influenza and Tdap vacci-
nations (ie, hepatitis A vaccination).

Our study has limitations. There is potential for
unmeasured confounding in our analysis. Although
we adjusted for race in our main analysis and matched
on race in the post hoc analysis, the use of race in this
study is a social construct and not a biological one,
and likely is a proxy for other factors, related to
systemic racism, bias, and access to care, that are
unmeasurable within our database. The patients in the

Table 3. Matched Case–Control Analysis of Stillbirths After Maternal Vaccination in the Periconception*
Period

Periconception Exposure
Vaccination Rate in
Stillbirths (n5795)

Vaccination Rate in Live
Births (n53,180)

Crude OR
(95% CI)

Adjusted† OR
(95% CI) P

Any vaccination 51 (6.4) 202 (6.4) 1.01 (0.74–1.40) 1.05 (0.75–1.47) .77
Influenza vaccination‡ 37 (4.7) 151 (4.8) 0.98 (0.67–1.43) 1.02 (0.69–1.50) .94
Tdap vaccination§ 12 (1.5) 35 (1.1) 1.38 (0.71–2.66) 1.27 (0.65–2.50) .49
Non–routinely recom-
mended vaccinationsk

8 (1.0) 29 (0.9) 1.11 (0.50–2.45) 1.30 (0.57–2.93) .53

Contraindicated
vaccinations¶

2 (0.3) 5 (0.2) 1.60 (0.31–8.25) 1.38 (0.24–7.81) .71

OR, odds ratio; Tdap, tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis.
Data are n (%) unless otherwise specified.
* Thirty days before through 14 days after last menstrual period.
† Adjusted for maternal age, smoking during pregnancy, obesity, nulliparity, history of stillbirth, Black non-Hispanic race, maternal

comorbidities, pregnancy complications before vaccination or index date.
‡ Inactivated influenza vaccination with or without Tdap vaccination.
§ Tdap vaccination with or without inactivated influenza vaccination.
k Human papillomavirus, meningococcal, pneumococcal, inactivated polio, Japanese encephalitis, rabies, inactivated typhoid, yellow

fever, hepatitis A, hepatitis B.
¶ Live attenuated influenza vaccination, measles–mumps–rubella, varicella, zoster.
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case and control groups differed by several covariates,
which is expected when comparing pregnancies that
ended in live birth with those that ended in stillbirth.
We did perform a post hoc analysis adding race and
maternal age to the match, which resulted in more
similar case and control groups. Results of the post
hoc analysis were similar to the main analysis. The
Vaccine Safety Datalink does not routinely collect
some pregnancy-related data on pregnancies that do
not end in live birth (ie, smoking during pregnancy,
BMI). Therefore, in some cases, we compared cova-
riates from different sources in pregnancies ending in
live birth or stillbirth. We may have underestimated
the number of pregnant patients with live births who
were smokers or had prepregnancy obesity because
this information was obtained electronically and not
confirmed in chart review. Finally, we may have
underestimated vaccinations during pregnancy if they
were not captured in our data. However, in addition
to vaccinations given at Vaccine Safety Datalink sites,
our data include certain state immunization registries
and vaccinations entered afterwards by health care
professionals. By requiring all pregnancies to have
prenatal care and prepregnancy and postpregnancy
enrollment in the Vaccine Safety Datalink system, we
believe that we have near-complete capture of vacci-
nations during pregnancy. Although requiring insur-
ance enrollment for this study may limit the
generalizability of our results, it was important for
us to ensure the pregnant patients had prenatal care,
which would give them the opportunity for vaccina-
tion and would allow us to assess differences in the
risk of stillbirth among patients with similar charac-
teristics and determine any potential effects from
vaccination.

Our large population-based study that used chart
confirmation of stillbirths found that influenza and
Tdap vaccination during pregnancy do not increase
the risk of stillbirth. These findings help strengthen
the existing safety evidence and may help bolster
confidence in vaccination during pregnancy.
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