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IMPORTANCE In 2010, due to a pertussis outbreak and neonatal deaths, the California
Department of Health recommended that the tetanus toxoid, reduced diphtheria toxoid, and
acellular pertussis vaccine (Tdap) be administered during pregnancy. Tdap is now
recommended by the Advisory Committee on Immunization Practices for all pregnant
women, preferably between 27 and 36 weeks’ gestation. Limited data exist on Tdap safety
during pregnancy.

OBJECTIVE To evaluate whether maternal Tdap vaccination during pregnancy is associated
with increased risks of adverse obstetric events or adverse birth outcomes.

DESIGN AND SETTING Retrospective, observational cohort study using administrative health
care databases from 2 California Vaccine Safety Datalink sites.

PARTICIPANTS AND EXPOSURES Of 123 494 women with singleton pregnancies ending in a
live birth between January 1, 2010, and November 15, 2012, 26 229 (21%) received Tdap
during pregnancy and 97 265 did not.

MAIN OUTCOMES AND MEASURES Risks of small-for-gestational-age (SGA) births (<10th
percentile), chorioamnionitis, preterm birth (<37 weeks’ gestation), and hypertensive
disorders of pregnancy were evaluated. Relative risk (RR) estimates were adjusted for site,
receipt of another vaccine during pregnancy, and propensity to receive Tdap during
pregnancy. Cox regression was used for preterm delivery, and Poisson regression for other
outcomes.

RESULTS Vaccination was not associated with increased risks of adverse birth outcomes:
crude estimates for preterm delivery were 6.3% of vaccinated and 7.8% of unvaccinated
women (adjusted RR, 1.03; 95% CI, 0.97-1.09); 8.4% of vaccinated and 8.3% of unvaccinated
had an SGA birth (adjusted RR, 1.00; 95% CI, 0.96-1.06). Receipt of Tdap before 20 weeks
was not associated with hypertensive disorder of pregnancy (adjusted RR, 1.09; 95% CI,
0.99-1.20); chorioamnionitis was diagnosed in 6.1% of vaccinated and 5.5% of unvaccinated
women (adjusted RR, 1.19; 95% CI, 1.13-1.26).

CONCLUSIONS AND RELEVANCE In this cohort of women with singleton pregnancies that
ended in live birth, receipt of Tdap during pregnancy was not associated with increased risk of
hypertensive disorders of pregnancy or preterm or SGA birth, although a small but
statistically significant increased risk of chorioamnionitis diagnosis was observed.
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B ordetella pertussis is a highly contagious human respi-
ratory pathogen. Infants are at highest risk of severe per-
tussis infections. The tetanus toxoid, reduced diphthe-

ria toxoid, and acellular pertussis vaccine (Tdap) was licensed
in 2005 for use in nonpregnant adolescents and adults.1 Initially,
postpartum administration of Tdap to parents and other care-
givers was encouraged to prevent the transmission of pertus-
sis to newborns.1,2 However, recent outbreaks, including infant
deaths,3,4 have led to changing Tdap vaccine recommendations.5

In 2010, in response to a widespread pertussis outbreak,
California became the first state to recommend Tdap be rou-
tinely administered during pregnancy.6 In 2011, the Advisory
Committee on Immunization Practices followed with similar
recommendations that Tdap be administered during preg-

nancy, at 20 weeks gesta-
tion or later, to women
who had not been previ-
ously vaccinated. In Octo-
ber 2012, the committee
further revised recom-
mendations that Tdap be
given to all pregnant
women, preferably be-
tween 27 and 36 weeks’
gestation, even if previ-

ously vaccinated.5 These recommendations have been en-
dorsed by the American College of Obstetricians and
Gynecologists.7 Recommendations to administer Tdap dur-
ing pregnancy were based on urgent public health needs3,4,8,9

and available evidence on the safety of other inactivated vac-
cines during pregnancy.10,11 To date there are limited specific
data on whether vaccination with Tdap during pregnancy ad-
versely affects the health of mothers or their offspring.12-14 The
goals of this study were to evaluate, among pregnancies end-
ing in a live birth, whether receipt of Tdap during pregnancy
was associated with increased risks of selected adverse ob-
stetric or birth outcomes.

Methods
In this observational retrospective cohort study, we used ad-
ministrative and electronic health record (EHR) data to evalu-
ate adverse events associated with Tdap vaccination during
pregnancy.

Study Population
The Vaccine Safety Datalink (VSD) is a collaborative effort be-
tween the Centers for Disease Control and Prevention’s Immu-
nization Safety Office and 9 large medical care organizations in
the United States. The primary aim of the VSD is to monitor the
safety of vaccines routinely administered within the United
States.15 Pregnancies for this study were identified using a vali-
dated algorithm based on administrative, EHR, and claims
data.16 Women were required to be 14 through 49 years of age
at the end of pregnancy, continuously insured from 6 months
prior to their last menstrual period through 6 weeks postpar-
tum, and to have at least 1 outpatient visit at an affiliated site.

Data for the current analyses were limited to 2 VSD sites,
Kaiser Permanente Northern California and Kaiser Perma-
nente Southern California. At these sites, in response to the per-
tussis outbreak and specific recommendation from the Cali-
fornia Department of Health,6 Tdap vaccination during
pregnancy increased markedly starting in 2010. Tdap cover-
age during pregnancy at the other VSD sites remained less than
2% until 2012.17 The preliminary cohort was composed of preg-
nancies from the California VSD sites with end dates of Janu-
ary 1, 2007, through November 15, 2012, because the initial plan
was to evaluate outcomes for the full time period. After ob-
serving vaccination during pregnancy to be uncommon in the
years 2007-2009,17we further limited our sample to singleton
pregnancies ending in a live birth between January 1, 2010, and
November 15, 2012, with birth weight and gestational age re-
corded in the EHR. Gestational age at delivery was based on cli-
nicianassessment.Thegestationalagewasthensubtractedfrom
the date of birth in order to assign an estimated pregnancy start
date, equivalent to the estimated the last menstrual period.

For these analyses, we excluded women receiving 1 or more
live virus vaccines during pregnancy and those who received
Tdap during washout periods, in the 7 days after the esti-
mated pregnancy start date or in the 7 days before delivery.

This study was approved by the institutional review boards
at all participating sites and the Centers for Disease Control and
Prevention with a waiver of informed consent.

Exposure
Receipt of Tdap was identified from the VSD vaccine files. These
files contain standardized data on vaccinations, captured pri-
marily through site-based registries.15 Tdap vaccines admin-
istered to women experiencing 1 or more pregnancies during
the study period were then assigned as weeks following the
estimated last menstrual period and classified as occurring dur-
ing pregnancy if recorded starting 8 days after last menstrual
period through 8 days before delivery. Consistent with our pre-
vious studies, these cut-offs were assigned to account for un-
certainty regarding the last menstrual period and specifically
to avoid misclassification of postpartum vaccinations as oc-
curring during pregnancy.18,19

At the 2 California VSD sites, the majority of Tdap doses
administered to pregnant women were Adacel (Sanofi Pasteur).

Outcomes
The 2 adverse obstetric outcomes examined were chorioam-
nionitis and hypertensive disorders of pregnancy. These ob-
stetric outcomes were chosen because they are both com-
mon and important markers of maternal health and they
represent the leading maternal risks of preterm birth. In ad-
dition, these outcomes were selected based on prior work by
our group on influenza vaccine safety during pregnancy.18 Both
were identified from diagnostic International Classification of
Diseases, Ninth Revision (ICD-9) codes assigned during health
care visits. Chorioamnionitis (658.41) was included if there were
1 or more inpatient diagnoses occurring at the time of birth.
Hypertensive disorders included gestational hypertension
(642.3x), hypertension in pregnancy not otherwise specified
(642.9), and preeclampsia or eclampsia (642.4x-642.8x). All hy-

EHR electronic health record

ICD-9 International Classification of
Diseases, Ninth Revision

PPV positive predictive value

SGA small for gestational age

Tdap tetanus toxoid, reduced
diphtheria toxoid, and acellular
pertussis vaccine

VSD Vaccine Safety Datalink

Research Original Investigation Maternal Pertussis Vaccination and Birth Outcomes

1898 JAMA November 12, 2014 Volume 312, Number 18 jama.com

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From:  by Guy Cohen on 12/20/2018



Copyright 2014 American Medical Association. All rights reserved.

pertensive disorders were required to have onset at 20 weeks
gestation or later. Gestational hypertension and preeclamp-
sia without severe features (642.3x, 642.4x, 642.9x) were re-
quired to have 2 outpatient or 1 inpatient diagnosis. Severe pre-
eclampsia or eclampsia (642.5x-642.7x) were only included if
diagnosed at an inpatient visit.

The 2 birth outcomes examined were preterm and small-
for-gestational-age (SGA) births. These birth outcomes were
chosen for evaluation based on public health importance, fea-
sibility given data availability, and expected background rates.
In addition, these outcomes are consistent with prior studies
by our group20 and others21-23 on influenza vaccine safety dur-
ing pregnancy. Preterm birth was defined as delivery before
37 weeks’ gestation and was based on clinician estimate, as re-
corded in the EHR. Birth weights also came from the EHR.
Weight for gestational age percentiles were assigned based on
reference values derived by Oken et al24 A cut-off of less than
the 10th percentile was used to classify a birth as SGA.

Statistical Analyses
Our analytic approach varied for each outcome, accounting for
the expected timing of the outcome in pregnancy and pre-
sumed pathophysiology. For hypertensive disorders, analy-
ses were limited to comparing women who received Tdap be-
fore 20 weeks’ gestation vs women unexposed during
pregnancy. The rationale for this was 2-fold. First, by only look-
ing at exposures prior to 20 weeks, we could be assured that
all Tdap vaccinations occurred before any hypertensive dis-
orders could be diagnosed. Second, although hypertensive dis-
orders of pregnancy, by definition, occur at 20 weeks’ gesta-
tion or later, they are thought to be due to abnormalities in
placental development as evidenced by early changes in ma-
ternal angiogenic biomarkers.25 We used a Poisson model with
robust variance estimate to compare risks of hypertensive dis-
orders between Tdap exposed and unexposed women.

For preterm delivery, in order to reduce bias due to differ-
ences in potential exposure periods,20 we limited analyses to
women receiving Tdap at 36 weeks’ gestation or earlier. To
evaluate risks of preterm delivery, we compared Tdap ex-
posed and unexposed women using a time-dependent expo-
sure Cox model.26 This model adjusts for the potential bias in-
troduced because women who are vaccinated later in
pregnancy (eg, at 35 weeks) have less time available to have a
preterm delivery. For chorioamnionitis and SGA births, we com-
pared all women who received Tdap during pregnancy to all
unexposed women using a Poisson model with robust vari-
ance estimate. In secondary analyses, approximating current
recommendations regarding optimal timing for Tdap vacci-
nation, we evaluated risks of chorioamnionitis, SGA, and pre-
term births in the subset of women who received Tdap be-
tween 27 and 36 weeks’ gestation vs all women in the cohort
who were unexposed to Tdap during pregnancy.

All multivariable models included the following covari-
ates: site, receipt of other vaccines during pregnancy, and
propensity score parameterized as a decile categorical vari-
able. A propensity score approach was preferred over other
methods to optimize adjustment of multiple potential
confounders.27,28 All pregnancies were assigned a propensity

score estimating their likelihood of receiving Tdap during
pregnancy. Propensity scores were calculated, were strati-
fied by site using logistic regression, and were based on
sociodemographic characteristics (neighborhood poverty
index and age); presence of maternal comorbidities (hyper-
tension, diabetes, and cardiovascular or renal disease occur-
ring prior to start of pregnancy); receipt of medical care in
the first trimester, the Kotelchuck Adequacy of Prenatal Care
Utilization Index derived from VSD data29,30; and number of
hospitalizations during the first 20 weeks of pregnancy as a
surrogate of pregnancy complications. Maternal race/
ethnicity was determined from birth data, based on self-
report. As a factor associated with both receipt of Tdap and
risk of an adverse birth outcome, it was important to include
race/ethnicity in the propensity score. All of the preceding
factors were included in the model as main statistical
effects. Model fit for the propensity score was evaluated by
the C statistic and by evaluating whether risk factors were
better balanced after propensity score adjustment.

Based on prior work by our group, all outcomes were ex-
pected to have a background rate between 5% and 8%.18,20

Given the available sample of women who received Tdap dur-
ing pregnancy,17 with α = .05 and using a 2-sided test, the study
was powered a priori to detect a 7 per 1000 risk difference for
all outcomes.

Following automated data analysis, chart reviews for a
random sample of 220 women with an inpatient chorioam-
nionitis diagnosis (ICD-9 code 658.41) were conducted. Clini-
cal variables, diagnoses, medications, procedures, and
pathology findings from labor and delivery recorded in the
EHR were collected by trained chart abstractors at both VSD
sites and entered into a REDCap data form.31 Chart review
data were used to classify cases with ICD-9 code 658.41 as
“probable chorioamnionitis” if they had a temperature of
38.0°C (100.4°F) or higher and 2 additional findings consis-
tent with chorioamnionitis (maternal or fetal tachycardia,
fundal tenderness, malodorous or puslike amniotic fluid) or
had 2 or more clinical findings and placental pathology con-
sistent with chorioamnionitis.32 Possible chorioamnionitis
was defined as fever and 1 additional clinical finding. The
positive predictive values (PPVs) of the ICD-9 code 658.41 and
having EHR documentation of chorioamnionitis, possible
chorioamnionitis, and probable chorioamnionitis were calcu-
lated. Estimates of PPV were applied to the cohort assuming
nondifferential ascertainment between vaccination status.
Statistical significance was evaluated according to chorioam-
nionitis case definition. All analyses were conducted using
SAS version 9.3 (SAS Institute Inc).

Results
For the years 2010 through 2012, in the 2 California VSD sites,
there were 140 343 pregnancies with continuous enrollment and
singleton live births (Figure). We excluded 16 204 (11.5%) with
incomplete birth data (birth weight or gestational age not avail-
able), 308 (0.2%) who received a live virus vaccine, and 337
(0.2%) who were vaccinated during washout periods, within 7
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days of the estimated pregnancy start or within 7 days of deliv-
ery. Tdap coverage among excluded women was 19%. Among
the remaining 123 494 eligible pregnancies, 26 229 (21.2%) re-
ceived Tdap during pregnancy, with 92% of vaccines adminis-
tered during the second and third trimester. Among 97 265 un-
exposed pregnancies, 46% received Tdap prior to pregnancy.
At baseline, the largest difference between women who re-
ceived Tdap during pregnancy and those who did not was in re-
ceipt of another vaccine during pregnancy (53.8% of Tdap ex-
posed vs 36.3% of unexposed; Table 1). The remaining baseline
characteristics were included in propensity scores to estimate
likelihood of Tdap vaccination during pregnancy, stratified by
site. For both sites, propensity score C statistics were 0.54, sig-
nifying that baseline factors were not strongly associated with
vaccination. Furthermore, the expected distribution of covar-
iates after propensity adjustment is presented in Table 1.

Among women who received Tdap at any time during preg-
nancy, 6.1% were diagnosed with chorioamnionitis com-

pared with 5.5% of unexposed women. After adjusting for site,
receipt of 1 or more other vaccines in pregnancy and the pro-
pensity score, the adjusted relative risk (RR) was 1.19 (95% CI,
1.13-1.26). In the subset of women vaccinated between 27 and
36 weeks’ gestation, this risk was still increased but less so
(adjusted RR, 1.11; 95% CI, 1.03-1.21). Among preterm births
(<37 weeks’ gestation), there was not an elevated risk of cho-
rioamnionitis (adjusted RR, 0.87; 95% CI, 0.64-1.16). Among
women with chorioamnionitis, the median gestational week
of vaccination was 28 (interquartile range [IQR], 21-34 weeks)
vs 28 weeks (IQR, 21-33 weeks) among women without it. In
women receiving Tdap before 20 weeks’ gestation, 8.2% de-
veloped a hypertensive disorder of pregnancy vs 8.0% of un-
exposed women (adjusted RR, 1.09; 95% CI, 0.99-1.20; Table 2).

Receipt of Tdap during pregnancy was not associated with
increased risk of preterm or SGA births. Among all pregnan-
cies, 8.4% of those who received Tdap during pregnancy and
8.3% who were unexposed to the vaccine had an SGA birth (ad-
justed RR, 1.00; 95% CI, 0.96-1.06). The rate of preterm deliv-
ery among women receiving Tdap during pregnancy at 36
weeks’ gestation or earlier was 6.3%, whereas the rate for un-
exposed women was 7.8% (adjusted hazard ratio [HR], 1.03;
95% CI, 0.97-1.09). The findings for SGA were similar in the sub-
set of women vaccinated between 27 and 36 weeks’ gesta-
tion. The preterm delivery rate of 5.3% among women vacci-
nated between 27 and 36 weeks’ gestation was slightly lower
than the rate of 7.8% among the unvaccinated cohort. These
differences were statistically significant (adjusted HR, 0.88;
95% CI, 0.80-0.95; Table 2)

In a sample of 220 women with an ICD-9 code for chorio-
amnionitis, 213 (96.8%) had the diagnosis documented in the
EHR and 200 (91%) were treated with antibiotics during the
course of labor and delivery. Two hundred nine women (95%)
had an epidural. Similar to the full cohort, 14 women (6.4%)
had preterm births (<37 weeks’ gestation). See the eTable in
the Supplement for additional data from chart review. The PPV
of ICD-9 code 658.41 for having an EHR diagnosis of chorio-
amnionitis was 0.97 (95% CI, 0.94-0.99), for “possible chorio-
amnionitis” was 0.78 (95% CI, 0.72-0.83), and for “probable cho-
rioamnionitis” was 0.50 (95% CI, 0.43-0.57). After applying the
PPVs for possible and probable chorioamnionitis, associa-
tions between maternal Tdap and chorioamnionitis for the full
cohort remained statistically significant; for the subgroup vac-
cinated between 27 and 36 weeks, after taking into account the
PPVs, associations were no longer significant (P = .07).

Discussion
In this retrospective observational study of more than 26 000
women who received Tdap during pregnancy over a 3-year pe-
riod, vaccination was not associated with increased risks of se-
lected adverse birth outcomes or maternal hypertensive dis-
orders. In the full cohort, we detected an increased risk of being
diagnosed with chorioamnionitis associated with maternal
Tdap; this risk was relatively lower in the subgroup vacci-
nated between 27 and 36 weeks’ gestation. Given limited prior
safety data,12,13 continued widespread pertussis transmission,33

Figure. Flowchart of Pregnancies Identified and Exclusions From 2
California Vaccine Safety Datalink Sites

594 148 Pregnancies identified among women
aged 14-49 y with pregnancy end dates
of January 1, 2007-November 15, 2012

419 266 With continuous enrollment

210 425 With pregnancy end dates
January 1, 2010-November 15, 2012

209 953 Received care

140 343 Singleton live births

123 494 Study cohort

26 229 Received Tdap
during pregnancy

97 265 Did not receive Tdap
during pregnancy

174 882 Excluded (without continuous
enrollment)

208 841 Excluded (pregnancy end
dates January 1, 2007-
December 31, 2009, not within
the parameters of the study)

472 Excluded (no medical visits
during pregnancy)

69 610 Excluded

28 745 Spontaneous abortion

36 947 Therapeutic abortion

3141 Multiple gestation

777 Stillbirth

16 849 Excluded

16 204 No birth data

337 Exclusions based on
Tdap timing

308 Received live virus
vaccine

Tdap indicates tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis
vaccine.
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and current recommendations to routinely vaccinate during
pregnancy,5 our study provides important information on the
safety of Tdap vaccination during pregnancy.34

Although there are extensive data demonstrating the safety
of influenza vaccination during pregnancy,18,20,21,35-38 rela-
tively few studies have examined the safety of Tdap admin-

Table 1. Baseline Characteristics of Pertussis Vaccine (Tdap) Exposed and Unexposed Pregnant Women With a Live Birtha

Original Sample, No. (%) After Propensity Adjustment, %
Tdap Exposed
(n = 26 229)

Unexposedb

(n = 97 265) P Value Tdap Exposed Unexposed P Value
Age at delivery, y

<18 202 (0.8) 1344 (1.4)

<.001

1.0 1.3

.03
18-24 3183 (12.1) 12 825 (13.2) 12.6 13.1

25-34 16 423 (62.6) 59 171 (60.8) 61.5 61.1

≥35 6421 (24.5) 23 925 (24.6) 24.9 24.5

Race/ethnicity

Asian 4975 (19.0) 18 811 (19.3)

<.001

18.9 19.4

.02

African American 1903 (7.3) 8094 (8.3) 7.8 8.2

Hispanic 10 669 (40.7) 35 105 (36.1) 40.9 36.0

Other 2106 (8.0) 7453 (7.7) 7.8 7.7

White 6576 (25.1) 27 802 (28.6) 24.6 28.7

Trimester of Tdap exposure

First 2014 (7.7)

Second 10 935 (41.7)

Third 13 280 (50.6)

Year

2010 6548 (25.0) 35 886 (36.9)

<.0012011 12 433 (47.4) 30 118 (31.0)

2012 7248 (27.6) 31 261 (32.1)

Medical care in first trimester 25 372 (96.7) 93 404 (96.0) <.001 96.6 96.1 <.001

Prenatal Care Index

Adequate/plus 21 719 (82.8) 74 485 (76.6)

<.001

82.7 76.6

<.001Intermediate 4090 (15.6) 20 613 (21.2) 15.5 21.2

Inadequate 857 (1.6) 2167 (2.2) 1.8 2.2

Hospitalization <20 wk
gestation

None 25 725 (98.1) 94 919 (97.6)

<.001

97.8 97.7

.121 453 (1.7) 2119 (2.2) 2.0 2.1

≥2 46 (0.2) 227 (0.2) 0.2 0.2

Received other vaccine during
pregnancyc

14 111 (53.8) 35 307 (36.3) <.001

Received Tdap prior to
pregnancy

1080 (4.1) 44 399 (45.6) <.001

Preexisting comorbiditiesd 4614 (17.6) 18 176 (18.7) <.001

Hypertension 777 (3.0) 3320 (3.4) <.001

18.5 18.4 .75

Pulmonary 2961 (11.3) 11 723 (12.1) <.001

Diabetes 505 (1.9) 1870 (1.9) .97

Heart disease 442 (1.7) 1853 (1.9) .02

Renal complication 475 (1.8) 1785 (1.8) .80

Poverty %e 17.5 16.7 <.001 17.8 17.6 <.001

Site <.001

A 10 118 (38.6) 56 821 (58.4)

B 16 106 (61.4) 40 444 (41.6)

a Unvaccinated may have received Tdap prior to pregnancy or after delivery.
b Unexposed corresponds to unique pregnancies.
c Other vaccines administered during pregnancy included inactivated influenza

vaccines (95.9%), hepatitis A or hepatitis B (1.4%), human papillomavirus
vaccine (1.1%), other (1.6%).

d Diagnoses at inpatient, outpatient, or emergency visits, from 6 months before
pregnancy through the end of the pregnancy.

e Percentage of families in census tract whose income was below 150% of the
federal poverty level.
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istered during pregnancy. Between 2008-2012 Munoz et al14

conducted a phase 1 and 2 randomized clinical trial and found
no concerning safety signals among 33 women who received
Tdap between 30 and 32 weeks.

From 2005-2010, there were 132 reports to the Vaccine Ad-
verse Events Reporting System following Tdap administra-
tions in pregnant women; no unexpected patterns of mater-
nal or neonatal adverse events were observed.12 Shakib et al13

reported on 138 women who received Tdap during pregnancy
in Utah between 2005-2009 and compared them with 552 un-
vaccinated controls. More than half of the Tdap vaccinations
were administered early in pregnancy. They found no differ-
ences between vaccinated and unvaccinated women in rates
of spontaneous abortion, therapeutic abortion, preterm de-
livery, low birth weight, or congenital anomalies. More re-
cently, Donegan et al39 reported among more than 20 000
women in the United Kingdom who received Tdap during preg-
nancy, compared with historical rates, that there was no in-
creased risk of stillbirth within 14 days of vaccination. They
also observed that premature birth, low birth weight, or pre-
eclampsia-eclampsia were not associated with maternal per-
tussis vaccination.

We detected an increased risk of being diagnosed with cho-
rioamnionitis following vaccination (adjusted RR, 1.19). How-
ever, these results should be interpreted with caution be-
cause the magnitude of this risk was small, and we did not
observe an increased risk of preterm birth, a major sequela of
chorioamnionitis. Thus, the chorioamnionitis risk observed
may be due to residual confounding. Additional electronic data
were not available to adjust for important chorioamnionitis risk
factors in the full cohort, including prolonged rupture of mem-
branes, prolonged labor, or genital tract pathogens. Further-
more, we were unable to evaluate for the possibility of differ-
ential epidural use between vaccinated and unvaccinated
women.40 It is worth noting that our chart review sample
showed that 95% of women with chorioamnionitis had re-
ceived an epidural.

Another potential explanation is that the findings related
to chorioamnionitis reflect heterogeneity in the diagnosis.
Chart reviews revealed that a diagnosis of chorioamnionitis had

only 50% PPV for having a clinical presentation consistent with
chorioamnionitis. When this PPV was applied, the associa-
tion between Tdap vaccination at 27 and 36 weeks’ gestation
and chorioamnionitis was no longer significant. Although ma-
ternal influenza vaccination is known to induce a brief non-
specific inflammatory response,41,42 we are not aware of a bio-
logical mechanism for Tdap vaccination during pregnancy to
increase a woman’s risk of developing clinical chorioamnion-
itis during delivery.

The current study included a large cohort of women re-
ceiving Tdap during pregnancy and thus greatly expands on
the existing literature. An additional strength was the use of
validated data sources and outcome measures.15 Similar to prior
VSD studies,18,20,35 pregnancy outcomes were identified using
an algorithm that has been shown to be 99% accurate for iden-
tifying pregnancies that end in a live birth.16 In addition, in a
sample of 350 automated mother-infant linkages within the
VSD files, 100% were confirmed to be correct with chart
review.16

Our assessments of gestational age and birth weight came
from EHR data, with gestational age specifically assigned by
clinical assessment of the newborn. In a recent validation by
Andrade et al,43 of 465 infants from managed care organiza-
tions, gestational age based on clinical assessment was con-
firmed in 94%. Similarly, among 212 infants with birth certifi-
cate data showing low birth weight (<2500 g), 99% were
confirmed in medical record review.43 Preeclampsia was iden-
tified through diagnoses (ICD-9 codes). A recent validation
study from 1 California VSD site found these ICD-9 codes to have
a PPV of 94%.44 To further ensure high PPV for this outcome,
we restricted to diagnoses occurring at 20 weeks’ gestation or
more and required eclampsia to be an inpatient diagnosis.

An additional strength was the use of analytic techniques
to minimize bias. For example, for assessing preterm delivery
we used time-dependent exposure methods to adjust for dif-
ferential timing of vaccination. Although crude rates for pre-
term delivery were higher in women unexposed to Tdap dur-
ing pregnancy, after accounting for differential-time exposure
(Table 2) in the full cohort, this risk was no longer apparent. As
an example, a woman vaccinated at 35 weeks has limited time

Table 2. Rates of Adverse Gestational and Birth Outcomes and Relative Risks Associated With Receipt
of Pertussis Vaccine (Tdap) During Pregnancy

Outcome

No. (%) Risk Ratios (95% CI)

P Value
Tdap

Exposed Unexposed Unadjusted Adjusteda

Full cohort 26 229 97 265

Chorioamnionitis 1596 (6.1) 5329 (5.5) 1.11 (1.05-1.17) 1.19 (1.13-1.26) <.001

Preterm delivery, 37 wk 1527 (6.3) 7544 (7.8) 1.01 (0.95-1.06) 1.03 (0.97-1.09) .33

Small for gestational age,
<10th percentile

2214 (8.4) 8086 (8.3) 1.02 (0.97-1.06) 1.00 (0.96-1.06) .68

Vaccinated at <20 wk gestation 6083 97 265

Hypertensive disorders 497 (8.2) 7736 (8.0) 1.03 (0.94-1.12) 1.09 (0.99-1.20) .05

Vaccinated at 27-≤36 wk
gestation

11 351 97 265

Chorioamnionitis 637 (5.6) 5329 (5.5) 1.02 (0.95-1.11) 1.11 (1.03-1.21) .009

Preterm delivery, <37 wk 602 (5.3) 7544 (7.8) 0.88 (0.81-0.96) 0.88 (0.80-0.95) .002

Small for gestational age,
<10th percentile

978 (8.6) 8086 (8.3) 1.04 (0.97-1.10) 1.03 (0.96-1.10) .40

a Adjusted for propensity score,
receipt of influenza vaccine, and
site. For chorioamnionitis, small for
gestational age and hypertensive
disorders, relative risk ratios were
estimated using a Poisson model;
for preterm delivery outcome
relative risk ratios (hazard ratios), in
both unadjusted and adjusted
models, were estimated using
time-dependent Cox model.
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following vaccination for a preterm delivery to occur. Alterna-
tively, a woman who delivers at 28 weeks has less time while
still pregnant to receive Tdap. Evaluations of pregnancy expo-
sures that do not account for differential exposure times may
mistake differences in crude rates as protective effects. For the
subset vaccinated between 27 and 36 weeks, the time-
dependent Cox model did not fully correct for the bias due to
differential exposure times and an apparent protective effect of
vaccination remained (HR, 0.88; 95% CI, 0.80-0.95).

Several limitations to these analyses should be noted. First,
our population only included pregnancies ending in a live birth.
Given that Tdap may be most effective at preventing pertus-
sis in newborns when administered late in pregnancy,45 and
current US recommendations are to vaccinate between 27 and
36 weeks’ gestation,5 risks of spontaneous or therapeutic abor-
tion following Tdap may be less of a concern. Stillbirth re-
mains an important outcome but was not feasible for the cur-
rent study. Our analyses relied heavily on automated EHR data
for assigning gestational age at delivery and thus defining preg-
nancy periods. To accurately assign a gestational age for still-
births would require chart reviews. Furthermore, because still-
births represented only 0.4% of the cohort, their exclusion was
unlikely to bias our study findings.

Second, this study was limited to women from a single state
with continuous insurance coverage, complete birth data avail-

able, and at least 1 medical visit during pregnancy. Thus, the
highest-risk pregnancies, occurring in women with intermit-
tent insurance coverage, were underrepresented. In addi-
tion, more than 10% of women were excluded because their
complete birth data were not available. During the first 2 years
of this study, Tdap was not routinely administered to preg-
nant women outside of California. Furthermore, despite di-
rect adjustment, residual biases due to variation in receipt of
other vaccines during pregnancy may remain. Finally, data pre-
sented reflect outcomes associated with a single Tdap dose ad-
ministered during pregnancy. Because current recommenda-
tions from the Advisory Committee on Immunization Practices
are to administer Tdap in every pregnancy, continued moni-
toring of the safety of repeated Tdap doses in a geographi-
cally diverse population will be important.

Conclusions
In this cohort of women with singleton pregnancies that ended
in live birth, receipt of Tdap during pregnancy was not asso-
ciated with increased risk of preterm delivery or SGA birth or
with hypertensive disorders of pregnancy, although a small but
statistically significant increased risk of being diagnosed with
chorioamnionitis was observed.
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