
RESEARCH PAPER

Safety and use of tetanus-diphtheria-acellular pertussis-5 (Tdap5) vaccine during 
pregnancy: findings from 11 years of reporting to a pregnancy registry
Charlotte Switzera, Ilia Tikhonovb, Alena Khromavac, Vitali Poold, and  Linda E. Lévesque c

aGlobal Pharmacovigilance and Epidemiology, Sanofi Pasteur, Toronto, Ontario, Canada; bGlobal Pharmacovigilance and Epidemiology, Sanofi 
Pasteur, Swiftwater, Pennsylvania, USA; cEpidemiology and Benefit-Risk, Sanofi Pasteur, Toronto, Ontario, Canada; dMedical Affairs, Sanofi Pasteur, 
Swiftwater, PA, USA

ABSTRACT
The “Adacel (Tdap5) Pregnancy Registry” was used to identify 1182 women who received the tetanus, 
diphtheria, acellular pertussis [5 components] (Tdap5) vaccine during pregnancy from 2005 to 2016. To 
evaluate the safety and use of prenatal Tdap5, we calculated the rate of maternal, obstetrical, pregnancy 
and neonatal outcomes following Tdap5 pregnancy exposure and assessed vaccine uptake by year and 
trimester of exposure. The most commonly reported maternal adverse events included injection site 
reactions (2.6%; 95% Confidence Interval 1.8%, 3.7%), nervous system events (1.3%; 0.8%, 2.1%) and 
musculoskeletal events (1.1%; 0.6%, 1.9%). The most commonly reported complications of pregnancy 
were hypertension/preeclampsia (5.5%; 3.3%, 8.9%) and gestational diabetes (2.5%; 1.1%, 5.3%), while 
those for labor and delivery were premature labor (2.9%; 1.4%, 5.7%) and premature membrane rupture 
(1.5%; 0.4%, 3.8%). These rates were similar to, or lower than those reported for the general population of 
pregnant women. Among pregnancies with known birth outcomes (N = 275), 90.4% (86.2%, 93.4%) 
resulted in a live birth, 5.9% (3.6%, 9.5%) in spontaneous abortion, 3.0% (1.4%, 5.8%) in stillbirth, and 
0.7% (0.0%, 2.8%) in ectopic pregnancies. Most newborns had normal APGAR scores and birth weights 
(98.1% and 93.0%, respectively), and only two reported a congenital anomaly (0.7%; 0.0%, 2.8%). An influx 
of reports in 2012 with third trimester Tdap5 exposure coincided with the 2012 updated Advisory 
Committee on Immunization Practices recommendations. This analysis did not identify any safety con
cerns across the continuum of maternal, obstetrical, pregnancy, and neonatal outcomes in women who 
received Tdap5 vaccination during pregnancy.
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Introduction
Two tetanus toxoid, reduced diphtheria toxoid, and acellu
lar pertussis (Tdap) vaccines were licensed in the US in 
2005: Adacel™ (Sanofi Pasteur), hereafter referred to as 
Tdap5 because of its 5 pertussis components; Boostrix 
(GlaxoSmithKline) with 3 pertussis components. Shortly 
thereafter, the Advisory Committee on Immunization 
Practices (ACIP) recommended Tdap vaccination in the 
immediate postpartum period for women who had not 
previously received Tdap, to help protect against transmis
sion of pertussis to their infants.1 However, the high bur
den of morbidity and mortality of pertussis in very young 
infants led to changing recommendations for Tdap vaccina
tion during pregnancy, as evidence of conferred maternal 
antibody protection emerged.2,3 In 2011, ACIP recom
mended that Tdap be administered during pregnancy on 
or after 20 weeks of gestation,4 and in 2012 the committee 
updated these recommendations to advocate for Tdap vac
cination in all pregnancies from 27 to 36 weeks gestation, 
regardless of previous Tdap vaccination.5 All aforemen
tioned ACIP recommendations were endorsed by the 
American College of Obstetricians and Gynecologists.6–8

The Adacel Pregnancy Registry, Sanofi Pasteur’s passive 
pregnancy exposure surveillance system, was established in 
June 2005 as a US Food and Drug Administration (FDA) 
postlicensure commitment and remains open. The aim of 
the registry is to capture information on Tdap5 pregnancy 
exposures, as well as on maternal, obstetrical, pregnancy 
and neonatal outcomes to monitor for any potential safety 
signals. While previous studies of prenatal Tdap vaccina
tion have focused either on maternal safety or birth out
comes, the Adacel Pregnancy Registry provides an 
opportunity to characterize the safety of Tdap5 pregnancy 
exposure across a continuum of outcomes including 
maternal, obstetrical, pregnancy and neonatal. 
Furthermore, this registry also provides an opportunity 
to document the uptake of prenatal Tdap5 immunization 
following the evolving ACIP recommendations regarding 
the timing of immunization.

We undertook an analysis of 11 years of pregnancy registry 
data to evaluate the safety of prenatal Tdap5 in terms of 
maternal, obstetrical, pregnancy and neonatal outcomes. We 
also assessed trends in prenatal Tdap5 vaccination over time 
and by trimester of exposure.

CONTACT Linda E. Lévesque Linda.Levesque@sanofi.com Global Pharmacovigilance and Epidemiology, Sanofi Pasteur, 1755 Steeles Avenue West, Toronto, 
Ontario M2R 3T4, Canada

HUMAN VACCINES & IMMUNOTHERAPEUTICS     
2021, VOL. 17, NO. 12, 5325–5333 
https://doi.org/10.1080/21645515.2021.1915038

© 2021 Sanofi Pasteur. Published with license by Taylor & Francis Group, LLC. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/), 
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.

http://orcid.org/0000-0001-6188-6253
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/21645515.2021.1915038&domain=pdf&date_stamp=2022-02-23


Materials and methods

Population

The study population consisted of all women enrolled in the 
pregnancy registry between June 10, 2005 (date of Tdap5 
licensure in the US) and 31 October, 2016.

Methods

The Adacel Pregnancy Registry, included in Sanofi Pasteur’s 
Global Pharmacovigilance database, captures voluntary reports 
from health care providers and consumers about Tdap5 vac
cine administration to women who were pregnant at the time 
of vaccination. In the US, health care providers and pregnant 
women are encouraged to register all cases of Tdap5 pregnancy 
exposure, with or without adverse events, through the provi
sion of information about the pregnancy vaccination passive 
surveillance program included in the product prescribing 
information and on the company’s sponsored pregnancy reg
istry website (http://www.sanofipasteurpregnancyregistry. 
com/). Information on maternal socio-demographics, relevant 
medical histories, and all outcomes are obtained from the 
reporter (exposed pregnant woman or her health care provi
der) using a structured questionnaire completed voluntarily 
and returned by mail; details of the data collected can be 
found in Appendix A. Information on pregnancy, birth, and 
neonatal outcomes are obtained shortly following the time of 
estimated delivery; three follow-up attempts are made before 
the case is considered “lost to follow up” and closed. Missing 
data was attributed to loss to follow up. To aid in reducing bias, 
reports are classified as “prospective” if received before the 
condition of the fetus has been assessed through prenatal test
ing (e.g., targeted ultrasound, amniocentesis), otherwise they 
are classified as “retrospective.” All adverse events temporally 
associated with Tdap5 pregnancy exposure are differentiated 
into diagnoses (i.e., clinical manifestations) and symptoms (i.e., 
co-manifestations), and coded according to preferred terms in 
the Medical Dictionary of Regulatory Activities (MedDRA).9 

Each report is medically assessed for seriousness (per regula
tory definition10), expectedness (listed in the label) and causal 
relationship to vaccination.

For the purposes of this study, both diagnoses and symp
toms were included in the counts of adverse events. Outcomes 
were classified as “maternal” if they impacted solely maternal 
health and were independent of the pregnancy; “obstetrical” if 
they were directly related to the pregnancy; “birth’ (including 
live births, stillbirths/fetal deaths, elective terminations, spon
taneous abortions/miscarriages); or “neonatal” if they were 
related to the infant and were evaluated at or after birth 
(including birth weights, APGAR scores and congenital 
anomalies). Elective terminations were reviewed on a per- 
case basis to determine whether they were attributable to 
Tdap5 vaccination; those unrelated were excluded from the 
analysis as they did not constitute adverse events. 
Spontaneous abortion (miscarriage) and fetal death (stillbirth) 
were defined as pregnancy loss before and after 20 weeks 
gestation, respectively. A full-term delivery was defined as 
37–42 weeks from last menstrual period, preterm births were 
defined as <37 weeks gestation, and very preterm births were 

those occurring at <32 weeks. Low birth weight was defined as 
<5.5 lbs, very low birth weight as <3.3 lbs, and normal if 
between 5.5 lbs and 8.8 lbs at term. APGAR scores were 
considered normal if they were >7 at 5 minutes post-birth. 
A complete case narrative review was conducted to determine 
birth and neonatal outcomes.

The analysis of maternal adverse events was based on the 
number of women who were vaccinated with Tdap5 during 
pregnancy, whereas the analysis of obstetrical outcomes was 
based on the number of pregnancies with known outcomes. 
The 95% confidence intervals for the corresponding frequen
cies were calculated using the Agresti-Coull method, as recom
mended for binomial proportions,11 when the proportion was 
used for inference (e.g., external comparisons). Similarly, the 
analyses of pregnancy and neonatal outcomes were based on 
the number of births for which the outcomes were known. As 
such, the latter excluded elective terminations since the “nat
ural” outcome of a terminated pregnancy cannot be deter
mined except in cases when prenatal testing predicted a birth 
defect. It was not possible to stratify the safety analysis accord
ing to the status of the report (i.e., prospective vs. retrospective) 
owing to the small number of retrospective reports.

For the analysis of trends in prenatal Tdap5 vaccination, the 
percentage of the study population vaccinated each calendar year 
and each trimester (first [0–13 weeks], second [14–27 weeks] 
and third [≥28 weeks] trimester) was calculated using the num
ber of vaccinated pregnant women as the denominator. When 
information on trimester was missing, the date of vaccination 
and date of last menstrual period were used to estimate the 
trimester of exposure.

The analyses were conducted using SAS statistical software 
version 9.2 (SAS Institute Inc., Cary, North Carolina) and 
Microsoft Excel.

Ethics

Ethics review was not needed as the decision to participate in 
the registry or disclose follow-up information was voluntary. 
Moreover, participation in the pregnancy registry did not 
provide direct benefit nor present any risk to either the preg
nant woman or the fetus. This study complies with the Health 
Insurance Portability and Accountability Act (HIPAA) for the 
protection of all personal data.

Results

From June 10, 2005 through October 31, 2016, 1,182 cases of 
Tdap5 vaccination during pregnancy were submitted to the 
registry; the majority (98.7%) of which were reported prospec
tively (Figure 1). Among these, 96.9% (n = 1,145) originated 
from the US while the remaining 3.1% were received from 
Australia (n = 13), Brazil (n = 7), Canada (n = 5), Vietnam 
(n = 4), Colombia (n = 3), and one report each from Argentina, 
Germany, Israel, Peru and Venezuela. At the time of the ana
lysis, 70 (5.9%) pregnancies were ongoing and 837 (70.8%) had 
been lost to follow up, leaving 275 pregnancies with known 
outcomes. The losses to follow up were primarily due to the 
reporter not returning the completed structured questionnaire. 
Furthermore, 4 pregnancies were terminated electively for 
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reasons unrelated to vaccination (social circumstances and 
unplanned pregnancy) and one aborted for unknown reasons, 
leaving 270 pregnancies for the analysis of birth outcomes.

Although cases of prenatal Tdap5 exposure represented 
women of all childbearing ages, the majority of pregnancy 
exposures occurred in women 26 to 35 years of age, with nearly 
equal representation from the 26- 30-year and 31- to 35-year 
age groups (Figure 2).

Most women vaccinated with Tdap5 during pregnancy did 
not experience an adverse event (88.5%; 95% confidence inter
val [CI] 86.5%, 90.2%; n = 1,046); however, 6.3% (95% CI 5.1%, 
7.9%; n = 75) of pregnancy exposure cases reported a serious 
adverse event (AE) and 5.2% (95% CI 4.0%, 6.6%; n = 61) 
a nonserious AE (data not shown). The number and frequency 
of maternal adverse events are shown in Table 1. The most 
frequent maternal adverse events included injection site reac
tions (2.6%, 95% CI 1.8%, 3.7%; n = 31), followed by nervous 
system-related events (1.3%, 95% CI 0.8%, 2.1%; n = 15) and 

musculoskeletal events (1.1%, 95% CI 0.6%, 1.9%; n = 13). All 
other maternal adverse events reported were experienced by 
less than 0.5% of women.

The most frequently reported complication of pregnancy 
among women with a known pregnancy outcome (N = 275) 
was hypertension and preeclampsia (5.5%, 95% CI 3.3%, 8.9%; 
n = 15), followed by gestational diabetes (2.5%, 95% CI 1.1%, 
5.3%; n = 7), amniotic cavity infection (1.5%, 95% CI 0.4%, 
3.8%; n = 4) and fetal growth restriction (1.5%, 95% CI 0.4%, 
3.8%; n = 4), while the most common complications of labor 
and delivery were premature labor (2.9%, 95% CI 1.4%, 5.7%; 
n = 8) and premature membrane rupture (1.5%, 95% CI 0.4%, 
3.8%; n = 4) (Table 2). The only adverse events reported during 
the puerperium period were postpartum hemorrhage (0.4%, 
95% CI 0.0%, 2.2%; n = 1) and postoperative wound complica
tion (0.4%, 95% CI 0.0%, 2.2%; n = 1).

Among the 270 pregnancies with known birth outcomes, 
90.4% (95% CI 86.2%, 93.4%; n = 244) resulted in a live birth, 
5.9% (95% CI 3.6%, 9.5%; n = 16) in spontaneous abortions, 
3.0% (95% CI 1.4%, 5.8%; n = 8) in stillbirths, and 0.7% (95% 
CI 0.0%, 2.8%; n = 2) were ectopic pregnancies (Figure 3).

APGAR scores and birth weights were available for 107 
(39.6%) and 104 (38.1%) of newborns, respectively (Table 3). 
The vast majority of newborns had normal APGAR scores 
(98.1%, 95% CI 93.0%, 99.9%) and birth weights (95.0%, 95% 
CI 89.0%, 98.2%). In addition, there were no instances of 
infants with very low birth weight. There were two cases of 
congenital anomaly reported (0.7 per 100 live births, 95% CI 
0.0–2.8 per 100 live births): one with congenital deafness and 
the other with peripheral pulmonic stenosis with patent fora
men ovale. Both of these infants were born to women enrolled 
retrospectively in the registry.

The trimester of Tdap5 vaccination was available or could 
be derived in 569 (48.1%) pregnancies. Eighteen cases (3.2%, 
95% CI 2.0%, 5.0%) reported being vaccinated during the 
conception period, 142 (25.0%, 95% CI 21.6%, 28.7%) during 
the first trimester, 85 (14.9%, 95% CI 12.2%, 18.1%) during 
the second trimester, and 324 (56.9%, 95% CI 52.8%, 61.0%) 
during the third trimester (data not shown). Trends in 

Figure 1. Study flow diagram.

Figure 2. Age distribution of women enrolled in the Tdap5 pregnancy registry.
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trimester of vaccination changed over the course of the registry 
in keeping with the updated ACIP recommendations 
(Figure 4). Most importantly, we noted a rapid shift from 
vaccination during the first trimester to vaccination during 

the third trimester starting in 2012. In addition, except for 
2012–2013, we observed a decrease over time in the reporting 
of prenatal Tdap5 vaccination.

Discussion

This analysis of 11 years of pregnancy registry data finds no 
unusual or unexpected trends in the pattern or frequencies 
of reported adverse events following prenatal Tdap5 vacci
nation. The rates of maternal adverse events reported are 
consistent with those listed in the product label and the 
existing body of evidence on the safety of prenatal Tdap, 
while the rates of complications of pregnancy, labor, deliv
ery, and births are similar to or lower than those observed 
for pregnant women in the general population. Similarly, 
no safety concerns were observed in newborns exposed to 
Tdap5 during pregnancy. With regards to the timing of 
vaccination, a marked shift toward late third trimester 
vaccination is noted following the publication of the 
updated ACIP recommendations in 2012.

Although a number of serious adverse events were 
reported following prenatal Tdap5 vaccination, the types 
and frequencies of these are similar or lower than those 
observed in the general population of unvaccinated preg
nant women in the US. For example, this study finds that 
hypertensive disorders and gestational diabetes were the 
most commonly reported adverse events of pregnancy simi
lar to that reported for the general population of pregnant 
women.12–14 Likewise, the rates of these events were also 

Table 1. Maternal adverse events reported following prenatal tetanus-diphtheria- 
acellular pertussis (Tdap5) vaccination*.

Count (n†) Frequency (%) 95% CI

Local reactions 31 2.6 1.8–3.7
Vaccination site inflammation 9 0.8 0.4–1.5
Erythema 6 0.5 0.2–1.1
Injection site pain 6 0.5 0.2–1.1
Injection site reaction 4 0.3 0.1–0.9
Injection site pruritus 3 0.3 0.0–0.8
Injection site mass 1 0.1 0.0–0.5
Localized edema 1 0.1 0.0–0.5
Vaccination site swelling 1 0.1 0.0–0.5

Blood and lymphatic system disorders 11 0.9 0.5–1.7
Anemia 6 0.5 0.2–1.1
Thrombocytopenia 5 0.4 0.2–1.0

Gastrointestinal events 9 0.8 0.4−1.5
Nausea 3 0.3 0.0–0.8
Diarrhea 2 0.2 0.0–0.7
Crohn’s disease 1 0.1 0.0–0.5
Gastroesophageal reflux disease 1 0.1 0.0–0.5
Superficial cholelithiasis 1 0.1 0.0–0.5
Upper abdominal pain 1 0.1 0.0–0.5

Respiratory events 9 0.8 0.4–1.5
Respiratory tract infection 3 0.3 0.0–0.8
Asthma 1 0.1 0.0–0.5
Cough 1 0.1 0.0–0.5
Influenza like illness 1 0.1 0.0–0.5
Nasopharyngitis 1 0.1 0.0–0.5
Respiratory tract congestion 1 0.1 0.0–0.5
Streptococcus test positive 1 0.1 0.0–0.5

Nervous system events 15 1.3 0.8–2.1
Headache 4 0.3 0.1–0.9
Depression 3 0.3 0.0–0.8
Fatigue 2 0.2 0.0–0.7
Hypoesthesia 1 0.1 0.0–0.5
Paresthesia 1 0.1 0.0–0.5
Nervous system disorders 1 0.1 0.0–0.5
Ageusia 1 0.1 0.0–0.5
Neuralgia 1 0.1 0.0–0.5
Migraine 1 0.1 0.0–0.5

Musculoskeletal events 13 1.1 0.6–1.9
Myalgia 4 0.3 0.1–0.9
Pain in extremity 3 0.3 0.0–0.8
Pain 2 0.2 0.0–0.7
Arthralgia 1 0.1 0.0–0.5
Hand fracture 1 0.1 0.0–0.5
Lethargy 1 0.1 0.0–0.5
Pain in jaw 1 0.1 0.0–0.5

Other events 26 2.2 1.5–3.2
Pyrexia 5 0.4 0.2–1.0
Urticaria 3 0.3 0.0–0.8
Chills 2 0.2 0.0–0.7
Hypothyroidism 2 0.2 0.0–0.7
Inflammation 2 0.2 0.0–0.7
Syncope 2 0.2 0.0–0.7
Urinary tract infection 2 0.2 0.0–0.7
Viral infection 2 0.2 0.0–0.7
Contusion 1 0.1 0.0–0.5
Dizziness 1 0.1 0.0–0.5
Ear Infection 1 0.1 0.0–0.5
Hyperhidrosis 1 0.1 0.0–0.5
Ovarian cancer 1 0.1 0.0–0.5
Peripheral swelling 1 0.1 0.0–0.5
Thrombophlebitis 1 0.1 0.0–0.5

CIs = confidence intervals. 
*Maternal adverse events were assessed among all women in the pregnancy 

registry (n = 1,182). 
†Some women experienced >1 adverse event.

Table 2. Complications of pregnancy, labor, delivery and puerperium reported 
following prenatal tetanus-diphtheria-acellular pertussis (Tdap5) vaccination.

Count 
(n*)

Frequency 
(%) 95% CI

Complications of pregnancy
Hypertension and preeclampsia 15 5.5 3.3–8.9
Gestational diabetes 7 2.5 1.1–5.3
Amniotic cavity infection † 4 1.5 0.4–3.8
Fetal growth restriction 4 1.5 0.4–3.8
Oligohydramnios 3 1.1 0.2–3.3
Placental abruption 3 1.1 0.2–3.3
Hemorrhage in pregnancy 2 0.7 0.0–2.8
Bacterial toxemia 1 0.4 0.0–2.2
Fetal hypokinesia 1 0.4 0.0–2.2
Hemorrhage 1 0.4 0.0–2.2
Circumvallate placenta 1 0.4 0.0–2.2
Placenta previa 1 0.4 0.0–2.2
Polyhydramnios 1 0.4 0.0–2.2
Single umbilical artery 1 0.4 0.0–2.2
Vaginal hemorrhage 1 0.4 0.0–2.2

Complications of labor, delivery and 
puerperium
Premature labor 8 2.9 1.4–5.7
Premature rupture of membranes 4 1.5 0.4–3.8
Labor complication 2 0.7 0.0–2.8
Breech presentation 1 0.4 0.0–2.2
Cervical cerclage procedure 1 0.4 0.0–2.2
Cervical incompetence 1 0.4 0.0–2.2
Shoulder dystocia 1 0.4 0.0–2.2
Threatened labor 1 0.4 0.0–2.2
Postpartum hemorrhage 1 0.4 0.0–2.2
Postoperative wound complication 1 0.4 0.0–2.2

*Among pregnancies with a known outcome (n = 275); some women experienced 
>1 complication. 

†Did not include any cases reported as chorioamnionitis.
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within the range of what is expected. For example, 5.5% 
(95% CI 3.3%, 8.9%) of women in the pregnancy registry 
experienced a hypertensive disorder, whereas the back
ground rate ranged from 7.1% to 9.0% during the study 
period.12,13 Gestational diabetes and postpartum hemor
rhage were reported in 2.5% (95% CI 1.1%, 5.3%) and 
0.4% (95% CI 0.0%, 2.2%) of vaccinated pregnant women 
while the expected rates are 4.5%-9.0% and 0.3%-0.4%, 
respectively.12,13,15,16 These results are consistent with the 
existing body of evidence on the safety of prenatal Tdap 
including, seven large cohort studies (N ≥ 10,000 
pregnancies),17–23 five smaller cohort studies (N = 470 to 
7,378 pregnancies),24–28 and two analyses of the US Vaccine 
Adverse Event Reporting System (VAERS) database.29,30

In contrast, the rates of some complications of labor and 
delivery observed in the registry population are lower than 

Figure 3. Pregnancy birth outcomes following prenatal tetanus-diphtheria-acellular pertussis (Tdap5) vaccination; Legend: blue = Ectopic Pregnancy, red = Stillbirth/ 
Death in Utero, green = Spontaneous Abortion, and purple = Live Birth.

Table 3. Neonatal outcomes following prenatal tetanus-diphtheria-acellular per
tussis (Tdap5) vaccination.

Count 
(n)

Frequency 
(%) 95% CI

APGAR scores
Normal (>7 after 5 minutes) 105a 98.1 93.0–99.9
Low (5–7 after 5 minutes) 2a 1.9 0.1–7.0

Birth weight
Normal (5.5–8.8 lbs) 99b 95.0 89.0–98.2
Low birthweight (3.3–<5.5 lbs) 5b 4.8 1.8–11.0
Very low birthweight (<3.3 lbs) 0 0.0 0.0–2.4*

Congenital Anomalies
Congenital deafness 1c 0.4 0.0–2.3
Patent foramen ovale with peripheral 
pulmonic stenosis

1c 0.4 0.0–2.3

CI = confidence interval. 
*Calculated using the equal-tailed Jeffreys interval method9. 
aAmong 107 births with a known APGAR score. 
bAmong  104 births with known birth weight. 
cAmong 270 births with known birth outcome.

Figure 4. Prenatal Tdap5 vaccination by year and trimester of exposure; Legend: purple = Exposure during 3rd trimester, green = Exposure during 2nd trimester, 
red = Exposure during 1st trimester, and blue = Exposure during conception period.
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those of the US population. For example, the background rates 
of premature labor and premature membrane rupture are 
9.6%-12% and 3%,31,32 respectively, compared with 2.9% 
(95% CI 1.4%, 5.7%) and 1.5% (95% CI, 0.4%, 2.2%), respec
tively, for women in the pregnancy registry.

Similar to the pattern observed for complications of labor 
and delivery, the rates of adverse pregnancy and neonatal out
comes for women and their offspring in the registry were lower 
than those observed in the general population. For example, 
the observed rate of fetal loss (spontaneous abortions/miscar
riages and stillbirths combined) was 8.9% compared with an 
expected rate of 17.0%,33 and the observed rate of ectopic 
pregnancy was 0.7% (95% CI, 0.00%, 2.8%) compared with 
an expected rate of 2.0% to 2.45% in the general population 
of unvaccinated pregnant women.34–36 The rate of induced 
abortions (1.8%; 5/275) was also lower than expected 
(18.4%).34 Likewise, the rate of low birth weight (4.8%; 95% 
CI, 1.8%, 11.0%) was lower than that in the general population 
of unvaccinated pregnant women (8.1%).32

The lower rates of preterm births, premature membrane 
rupture, and fetal losses (spontaneous abortions/miscarriages 
and stillbirths) observed in this study can be explained by the 
high proportion of registry women vaccinated late in the third 
trimester, thereby reducing the probability of observing pre
term births, premature membrane rupture and stillbirths, and 
excluding the diagnosis of spontaneous abortion (miscarriage). 
On the other hand, the lower rates of ectopic pregnancies and 
adverse neonatal outcomes suggest that women enrolled in the 
pregnancy registry represent a healthier subset of women eli
gible for prenatal Tdap vaccination. Indeed, research on the 
determinants of prenatal vaccination acceptance has shown 
that women of higher socioeconomic status, higher education 
level, and those demonstrating healthier behaviors such as 
being nonsmokers and receiving more prenatal care are more 
likely to accept prenatal vaccination.37,38 Moreover, the two 
largest cohort studies published to date also found that women 
who received prenatal Tdap were more likely to have received 
early and adequate to superior prenatal care, more likely to 
have received ultrasound and prenatal flu vaccination, more 
likely to live in a large metropolitan area, and less likely to have 
been hospitalized in the first 20 weeks of gestation. Therefore, 
women who agree to receive prenatal Tdap appear to be at 
lower risk of adverse pregnancy and neonatal outcomes.18,19

The Adacel Pregnancy Registry did not receive any reports 
of chorioamnionitis following prenatal Tdap5 vaccination over 
a period of 11 years. This finding contradicts the results of two 
recent large retrospective cohort studies reporting a small but 
statistically significant increased risk of chorioamnionitis.18,19 

However, the authors of these studies suggested their results be 
interpreted with caution given the lack of direct biological 
mechanism for the observed association, the absence of 
increased risks for related infant outcomes, and the possibility 
of residual confounding.

During 11 years of registry data, two cases of congenital 
anomaly were reported in women who received prenatal 
Tdap5; both cases were reported retrospectively. In the case 
of congenital deafness, Tdap5 vaccination occurred at 37 weeks 
gestation, thereby making the vaccine an unlikely cause of this 
anomaly. Moreover, the majority of cases of congenital 

malformation are due to genetic factors, most often a single 
gene defect,39 and the pregnancy was also complicated by 
single umbilical artery, a known risk factor for congenital 
anomalies.40 The second anomaly reported was patent foramen 
ovale with peripheral pulmonic stenosis in the offspring of 
a 31 year old women who received Tdap5 at 2 ½ weeks of 
gestation and influenza vaccination at week 10. These conge
nital anomalies are among the most common types of heart 
defects observed in neonates and infants,41,42 with approxi
mately 0.6% to 0.8% of infants having a cardiovascular 
malformation;43 a rate well within that reported to the registry. 
In addition, more than half of cases of peripheral pulmonic 
stenosis are accompanied by an associated cardiac defect.44 As 
such, it is not surprising that at least one case of patent foramen 
ovale accompanied with peripheral pulmonic stenosis was 
reported to the registry. In addition, this case’s mother had 
two infections during pregnancy, including one during the first 
trimester, a known risk factor for congenital heart defects.45–47

The high number of reports of prenatal Tdap5 exposure 
observed in the year following the launch of this vaccine and 
subsequent decrease in reporting over time, with the exception 
of 2012 and 2013, is a pattern that has been previously 
described for vaccines and drugs and is known as the Webber 
effect.48 The observed trend is consistent with increasing 
acceptance of prenatal Tdap vaccination over time as evidence 
about the safety and benefits of this practice accumulated. On 
the other hand, the sudden increase in reporting observed in 
2012 and 2013 is likely due to increasing use and acceptance of 
prenatal Tdap vaccination during one of the largest pertussis 
epidemics recorded to date in the US.49

The shift from first to third trimester Tdap5 vaccination 
observed during the study period corresponds to ACIP’s chan
ging recommendations over the same time period and demon
strates the rapid adoption of the 2012 recommendations 
regarding the timing of prenatal Tdap vaccination. To the 
best of our knowledge, this is the first study to assess the impact 
of the ACIP recommendations on clinical practice. The ability 
of the pregnancy registry to capture this practice change, con
sistent with the expected change following the publication of 
the ACIP recommendations, demonstrates the internal validity 
of the data captured by the registry despite the voluntary nature 
of the reports and the high losses to follow up.

The limitations of this study need to be considered. First, 
exposure to Tdap5 during pregnancy is likely greatly under
reported, even though one provider tended to report, at least 
initially, every inadvertent Tdap5 pregnancy exposure even in 
the absence of an adverse event. Nevertheless, the rates of many 
of the reported adverse outcomes are similar to those of unvac
cinated pregnant women in the US, and adverse event rates 
that are lower than expected can be explained by factors other 
than underreporting such as vaccination late in the third tri
mester excluding events such as miscarriages, and acceptance 
of prenatal vaccination by women at lower risk of adverse 
outcomes, as previously discussed. Second, passive surveillance 
systems are susceptible to reporting bias as evidenced by the 
fact that nearly a third of cases of Tdap5 pregnancy exposures 
were received from one health care provider. As such, our 
results need to be interpreted with caution. Third, outcomes 
are available for only 23% of women enrolled in the pregnancy 
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registry and the corresponding extent of losses to follow up 
could have introduced bias. However, the types and rates of 
outcomes observed are similar to those expected for pregnant 
women. Fourth, this study likely overestimates the rate of 
serious cases for three reasons: (i) exposure to Tdap5 during 
pregnancy was classified by some reporters as “serious,” 
whether an adverse event occurred or not, (ii) in some cases, 
seriousness was attributed to the case report (i.e., inadvertent 
pregnancy exposure), rather than to a particular event or 
symptom; as such, all events reported for a serious case were 
also classified as serious regardless of their nature, and (iii) 
seriousness was attributed to concurrent events in a case 
report, such as the occurrence of both nausea and syncope 
during pregnancy. Fifth, the number of vaccinated pregnant 
women studied was small. Finally, the results of this study may 
not be generalizable to pregnancies occurring in adolescents 
and young adults as these age groups were underrepresented in 
the registry. On the other hand, there is no reason to believe 
that the safety profile of prenatal Tdap5 vaccination would 
differ in a younger population.

In conclusion, no safety concerns were identified with the 
administration of prenatal Tdap5 with regard to maternal, 
obstetrical, pregnancy and neonatal outcomes in this compre
hensive review of 11 years of pregnancy registry data. These 
findings add to the existing body of evidence on the safety of 
prenatal Tdap vaccination and provide additional evidence in 
support of ACIP’s recommendation regarding the routine use 
of prenatal Tdap vaccination. Moreover, these findings provide 
additional reassurance to women and health-care providers 
considering prenatal Tdap vaccination. This study also demon
strates the rapid adoption of the 2012 ACIP recommendations 
on the timing of prenatal vaccination.
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Appendix A. Details of data collected

Date Report Received 
• Spontaneous/nonspontaneous 
• Product received/product code 
• Reporter/source

Reporter Information

Patient Information 
• Age 
• Significant medical conditions including smoking and alcohol history, hypertension, diabetes, epilepsy, and others 
• Serological information 

Also includes information on race, ethnicity, consanguinity, education level, occupation or environmental exposures, if considered to contribute significantly to the 
investigation and evaluation of certain adverse findings in the pregnancy or its outcome or on the health of the fetus/child; per local privacy law

Immunization/Gynecology 
• Maternal immunization history 
• Contraception history

Pregnancy Information 
• Date of last menstrual period, estimated date of delivery 
• Medical assistance or hospitalization during pregnancy 
• Parity/gravidity/obstetrical historyCongenital disease or malformation history

Adverse Event Information (if applicable)
Medications (Concomitant and History)
Pertinent Medical Data

Prenatal Testing 
• Including amniocentesis, alpha fetal protein, chorionic villi sampling, fetal stress test, uterine ultrasound (please describe), genetic screening

Pregnancy Outcome 
• Date of delivery 
• Pregnancy outcome 
• Weeks of gestation 
• Sex, birth weight and length, APGAR scores at 1 and 5 minutes 
• Delivery mode 
• Congenital anomaly 
• Complications of labor and delivery (if applicable) 
• additional information about the newborn condition, such as breastfeeding, neonatal illness, need for resuscitation, developmental delay or immaturity, intensive 

care or transfer to intensive care/pediatric department
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