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Abstract

Introduction: An increased risk of diagnosed chorioamnionitis in women vaccinated with Tdap 

during pregnancy was previously detected at two Vaccine Safety Datalink (VSD) sites. The 

clinical significance of this finding related to infant outcomes remains uncertain.

Methods: Retrospective cohort study of singleton live births born to women who were 

continuously insured from 6 months prior to their last menstrual period through 6 weeks 

postpartum, with ≥1 outpatient visit during pregnancy from January 1, 2010 to November 15, 2013 

at seven integrated United States health care systems part of the VSD. We re-evaluated the 

association between maternal Tdap and chorioamnionitis and evaluated whether specific infant 

morbidities differ among infants born to mothers who did and did not receive Tdap during 

pregnancy. We focused on 2 Tdap exposure windows: the recommended 27–36 weeks gestation or 

1This work was completed while Dr. DeSilva was an employee of HealthPartners Institute. Dr. DeSilva now works for the Infectious 
Disease Epidemiology, Prevention, and Control Division at the Minnesota Department of Health.
*Corresponding author at: HealthPartners Institute, PO Box 1524, MS 21111R, Minneapolis, MN 55440-1524, United States. 
Malini.B.Desilva@healthpartners.com (M. DeSilva).
Author Contributions: Dr. DeSilva and Dr. Kharbanda had full access to all of the data in the study and take responsibility for the 
integrity of the data and the accuracy of the data analysis. Statistical analysis was performed by Dr.Vazquez-Benitez.
Additional Contributions: We thank Leslie Kuckler, MPH, Beth Molitor, MBA, and Avalow Olsen, BS (HealthPartners Institute) and 
James G. Donahue, DVM, PhD (Marshfield Clinic) for their assistance with data collection. We also thank Frank DeStefano, MD, 
MPH (Centers for Disease Control and Prevention) for his assistance with study design.

Conflict of Interest Disclosures: The remaining co-authors have no financial conflicts of interest to report.

Publisher's Disclaimer: Disclaimer: Findings of this study represent those of the authors and do not necessarily represent the official 
position of the CDC.

HHS Public Access
Author manuscript
Vaccine. Author manuscript; available in PMC 2019 May 09.

Published in final edited form as:
Vaccine. 2017 June 22; 35(29): 3655–3660. doi:10.1016/j.vaccine.2017.05.041.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



anytime during pregnancy. We identified inpatient diagnostic codes for transient tachypnea of the 

newborn (TTN), neonatal sepsis, neonatal pneumonia, respiratory distress syndrome (RDS), and 

newborn convulsions associated with an infant’s first hospitalization. A generalized linear model 

with Poisson distribution and log-link was used to estimate propensity score adjusted rate ratios 

(ARR) with 95% confidence intervals (CI).

Results: The analyses included 197,564 pregnancies. Chorioamnionitis was recorded in 6.4% of 

women who received Tdap vaccination any time during pregnancy and 5.2% of women who did 

not (ARR [95% CI]: 1.23 [1.17, 1.28]). Compared with unvaccinated women, there were no 

significant increased risks (ARR [95% CI]) for TTN (1.04 [0.98, 1.11]), neonatal sepsis (1.06 

[0.91, 1.23]), neonatal pneumonia (0.94 [0.72, 1.22]), RDS (0.91 [0.66, 1.26]), or newborn 

convulsions (1.16 [0.87, 1.53]) in infants born to Tdap-vaccinated women.

Conclusions and Relevance: Despite an observed association between maternal Tdap 

vaccination and maternal chorioamnionitis, we did not find increased risk for clinically significant 

infant outcomes associated with maternal chorioamnionitis.
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1. Introduction

Due to ongoing pertussis outbreaks and newborn susceptibility to severe pertussis disease, 

the tetanus, diphtheria, and acellular pertussis (Tdap) vaccine has been recommended for 

routine use in pregnant women not previously vaccinated since 2010 in California, and since 

2011 across the United States [1,2]. In 2012, the U.S. Advisory Committee on Immunization 

Practices (ACIP) revised these recommendations, advising that Tdap should be administered 

during every pregnancy, ideally between 27 – 36 weeks gestation [3].

To date, studies on maternal Tdap vaccination have demonstrated both the effectiveness [4] 

and general safety of this practice [5–10]. However, previous work by our group detected a 

small but statistically significant increased risk of clinical chorioamnionitis, (referred to as 

chorioamnionitis in this document and identified using ICD-9 code 658.41), following 

maternal Tdap at two Vaccine Safety Datalink (VSD) sites during 2010–2012 (adjusted risk 

ratio [ARR] [95% confidence interval (CI)]: 1.19 [1.13, 1.26]) [5]. This risk was slightly 

lower in those vaccinated during the recommended time period (27–36 weeks gestation) 

compared to unvaccinated women (ARR [95% CI]: 1.11 [1.03, 1.21]).

Chorioamnionitis, is an intrauterine infection affecting the tissues of either mixed maternal-

fetal origin or fetal origin including an infection of the amniotic fluid, fetus, umbilical cord, 

placenta, or fetal membranes [11,12]. The key clinical signs or symptoms of 

chorioamnionitis include maternal fever, maternal or fetal tachycardia, uterine tenderness, 

and malodorous amniotic fluid [12]. The diagnosis of chorioamnionitis typically requires 

maternal fever >38.0 °C, in addition to one or two other physical exam findings. This 

clinical definition lacks both sensitivity and specificity and there is no uniformly accepted 

definition. Neonates exposed to chorioamnionitis are at higher risk for preterm birth [13] and 
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neonatal infections such as neonatal sepsis [14–17] and pneumonia [16]. The association 

between maternal chorioamnionitis and respiratory distress syndrome (RDS) is less clear, 

with some studies showing decreased risk of RDS in infants exposed to chorioamnionitis 

[18,19] while others show an increased risk [20]. There have also been associations between 

chorioamnionitis or intrapartum maternal fever and neonatal seizures [16,21].

Although chorioamnionitis is often associated with preterm birth, in our previous study, we 

found no association between preterm birth and maternal Tdap vaccination [5]. Additionally, 

in the subset of infants born preterm, we did not detect increased risk of chorioamnionitis 

following maternal Tdap administration. Other studies have also shown no association 

between incidence of preterm birth and maternal Tdap administration [6,7,22,23]. Given our 

prior findings regarding a small but statistically significant association between maternal 

Tdap vaccination and chorioamnionitis, we felt it was important to determine whether 

neonatal outcomes differed among infants born to mothers who did and did not receive Tdap 

during pregnancy. In the current VSD study, we re-evaluated the association between 

maternal Tdap and chorioamnionitis and examined risks for specific infant morbidities 

following maternal Tdap vaccination.

2. Material and methods

The VSD is a collaboration between the Centers for Disease Control and Prevention (CDC) 

and several integrated health care systems in the United States [24]. We conducted an 

observational cohort study of pregnancies ending in a live birth at seven VSD sites (Northern 

California, Southern California, Colorado, Minnesota, Oregon, Washington and Wisconsin), 

to examine whether the previously detected increased risk for chorioamnionitis persisted and 

to determine clinical significance of this finding related to infant outcomes by evaluating 

risks for neonatal morbidities. Incidence rates for specific neonatal outcomes, chosen based 

on their relationship to chorioamnionitis, were compared between infants of mothers who 

received Tdap during pregnancy and infants born to unvaccinated women. This study was 

approved by the IRBs of all participating sites with a waiver of informed consent.

Pregnancies were identified using a validated algorithm based on administrative, electronic 

health record (EHR), and claims data [25]. The available data were limited to singleton live 

births, born January 1, 2010–November 15, 2013, to women continuously insured from 6 

months prior to their last menstrual period (LMP) through 6 weeks postpartum, with at least 

1 outpatient visit during pregnancy. Infants were required to have birth weight and 

gestational age available in the EHR or from linked birth certificate data. Diagnoses from 

each infant’s first inpatient hospital admission, limited to the first 7 days of life (i.e., birth 

hospitalization or first inpatient hospitalization for infants not born in a traditional hospital 

setting), were included. If an infant was discharged and readmitted within 3 days of 

discharge, all diagnoses were included.

Tdap administrations were identified from standardized VSD files, based on claims and 

EHR data, and assigned by gestational week of pregnancy, as previously described [26]. 

Consistent with our previous studies, women with Tdap administration recorded <8 days 

after their LMP or 8 days prior to delivery were excluded to account for uncertainty 
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regarding the date of LMP and to avoid misclassification of postpartum vaccinations as 

occurring during pregnancy [5,27,28]. Women receiving live virus vaccines during 

pregnancy were also excluded. We focused on 2 Tdap exposure windows: 27–36 weeks 

gestation (consistent with current ACIP recommendations) and from ≥8 days after LMP 

through 8 days prior to birth, referred to as “any week during pregnancy.”

2.1. Outcomes

Chorioamnionitis was identified using ICD-9 code 658.41 from the mother’s medical record 

and was included as an outcome when 1 or more inpatient diagnoses were recorded during 

the delivery hospitalization. We examined 5 neonatal outcomes individually and as a 

composite outcome including any of the following: (1) transient tachypnea of the newborn 

(TTN); (2) neonatal sepsis; (3) neonatal pneumonia; (4) RDS; and (5) newborn convulsions. 

They were identified using ICD-9-CM codes associated with an infant’s first hospitalization 

and subsequent hospitalizations if admission occurred within 3 days following discharge as 

described above. If an infant was diagnosed with both TTN and RDS during the same 

admission, a hierarchy in classification was used in which only one diagnosis was included 

in analysis with RDS > TTN. We performed subgroup analyses for infants born at 

gestational age < 34 weeks, as some of the outcomes evaluated are increased in prematurity, 

particularly in early preterm births.

2.2. Statistical analyses

Descriptive statistics were used to compare baseline characteristics between vaccinated and 

unvaccinated. We included all births from all sites 2010–2013 for analyses of 

chorioamnionitis and neonatal outcomes following maternal Tdap vaccination at any time 

during pregnancy. Given that vaccine recommendations changed over time (by year and by 

state), analyses of neonatal outcomes associated with maternal Tdap vaccination from 27 to 

36 weeks gestation included births in 2010–2013 for the California VSD sites and were 

limited to births in 2012–2013 for the other participating VSD sites. We constructed 

propensity scores for each comparison group: (1) maternal Tdap vaccination in any week 

during pregnancy versus unvaccinated at all sites, 2010–2013; (2) maternal Tdap vaccination 

between 27 – 36 weeks gestation versus unvaccinated at California sites, 2010–2013 and 

other VSD sites, 2012–2013. We used logistic regression to estimate propensity scores 

including the following variables: VSD site, pregnancy delivery year, site-year interaction, 

maternal age at delivery, gestational age at delivery, Kotelchuck Adequacy of Prenatal Care 

Utilization Index as derived from VSD data [29], hospitalization during the first 20 weeks 

gestation, smoking during pregnancy, mean census tract poverty level, race/ethnicity, pre-

existing hypertension, and pre-existing heart, renal, or pulmonary conditions. A generalized 

linear model with Poisson distribution and log link was used to estimate rate ratios (RR) 

with 95% CIs. Poisson distribution with identity link with robust variance estimation was 

used to estimate rate differences (RD) with 95% CIs. In addition to unadjusted RR and RD, 

we obtained adjusted estimates by adding propensity scores to the models as quintiles. We 

estimated mean and 95% CI for length of hospitalization in log scale and retransformed into 

the original scale (geometric mean). We evaluated the difference using the median 2-sample 

test. All analyses were conducted using SAS version 9.3 (SAS Institute Inc., USA).
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3. Results

There were 243,981 pregnancies ending in a live birth identified among women 14–44 years 

of age with pregnancy end dates during January 1, 2007–September 30, 2013 meeting 

minimum enrollment criteria. Women who received Tdap during the first or last week of 

pregnancy (n = 4915; 2.0%) or who received a live virus vaccine during pregnancy (n = 534; 

1.0%) were excluded from the analyses. After applying all exclusion criteria, 197,564 

(81.0%) pregnancies were included in the analyses (Fig. 1); 152,556 (77.2%) unexposed and 

45,008 (22.8%) Tdap-exposed with 22,772 vaccinations between 27 – 36 weeks gestation 

during 2010–2013 in California and 2012–2013 for the other sites. Baseline comparisons of 

women who did or did not receive Tdap vaccine during pregnancy are shown in Table 1.

Chorioamnionitis was recorded in 6.4% of women who received Tdap vaccination any time 

during pregnancy and 5.2% of women who did not (adjusted rate ratio [ARR] [95% CI]: 

1.23 [1.17, 1.28]). This association was not found in women delivering at <34 weeks 

gestational age (ARR [95% CI]: 0.87 [0.59, 1.30]). Compared with unvaccinated women, 

there were no increased risks (ARR [95% CI]) for TTN (1.03 [0.96, 1.11]), neonatal sepsis 

(1.06 [0.91, 1.23]), neonatal pneumonia (0.94 [0.72, 1.22]), RDS (0.91 [0.66, 1.26)]), 

newborn convulsions (1.16 [0.87, 1.53]), or the composite outcome including any of these 

outcomes (1.04 [0.98, 1.11]) in infants born to women who had been vaccinated at any time 

during pregnancy. These results were similar when evaluating vaccinations given during the 

recommended time period and when stratifying the results by gestational age at birth (Table 

2). For the full cohort, there was no clinical difference in infant mean length of hospital stay 

after birth for those whose mother received Tdap vaccine (2.1 days [95% CI 2.13, 2.15]) 

compared to those who did not receive Tdap (2.2 days [95% CI 2.22, 2.23]).

4. Discussion

In this large, multi-site observational study, we found no increased risk for TTN, neonatal 

sepsis, neonatal pneumonia, RDS, newborn convulsions, or the composite outcome of any of 

these outcomes in infants following maternal Tdap vaccination. We are not aware of any 

direct biologic mechanism for an association between maternal Tdap and these infant 

outcomes due to the vaccine containing inactivated bacterial particles. However, our prior 

findings on maternal Tdap and chorioamnionitis provided rationale for the current 

investigations. This study extends our previous work evaluating risks for chorioamnionitis, 

expanding our study population by 36%, by including data from 5 additional VSD sites and 

adding one additional year of data, while still including the prior cohort.

Our initial and repeated detection of a small but positive association between 

chorioamnionitis and maternal Tdap, in the absence of increased risks for related infant 

outcomes, raises concern about the relevance of this finding. In our initial study, despite the 

observed statistical association between maternal Tdap and chorioamnionitis, we found no 

association with preterm birth, a major sequela of chorioamnionitis. Similarly, in our current 

analyses, although we again noted a positive association between maternal Tdap and 

chorioamnionitis, there was no increased risk for associated indicators of infant morbidity 

following maternal Tdap. In a study of pregnancy outcomes following maternal Tdap, 
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Morgan, et al., found no difference in incidence of chorioamnionitis in the group who 

received Tdap compared to those that did not [23]. In our previous study, the positive 

predictive value of the ICD-9 code 658.41 for “possible chorioamnionitis,” defined as 

maternal temperature ≥38.0 °C and one additional clinical finding, was 0.78 (95% CI 0.72, 

0.83), highlighting the difficulties of reliably diagnosing chorioamnionitis [5]. Future studies 

should consider using strict case definitions for chorioamnionitis rather than relying on 

diagnostic codes which may not be accurate.

One limitation of this study was the small number of infants born <34 weeks gestation, as 

much of the literature related to chorioamnionitis and neonatal outcomes has focused on 

early premature infants. Nevertheless, it has been shown that regardless of gestational age, 

prenatal inflammation, defined as clinical chorioamnionitis, maternal intrapartum 

temperature >38 °C, or histologic chorioamnionitis, is associated with adverse neonatal 

outcomes [30]. Although the majority of infants in our study were born >34 weeks 

gestational age, the lack of an association between maternal Tdap and infant infections, 

respiratory problems, and convulsions is important. The results for infants born at 

gestational age <34 weeks were consistent with results for the entire cohort, but the 

confidence intervals were larger.

A second limitation of this study was our reliance on electronic health record data, 

specifically diagnostic codes; we did not perform chart reviews to validate the infant 

outcomes. However, we did compare incidence rates of the outcomes of interest with 

published background rates. Incidence rates for all outcomes were similar to the expected 

background rates, except for TTN, which has been noted to have an incidence <1% [31,32] 

among infants born ≥37 weeks gestational age but in our study was 2.31% among all births. 

Another study, evaluating the respiratory morbidity in late preterm infants (born between 34 

0/7 – 36 6/7 weeks gestation), showed an increased odds of diagnosis of TTN with 

decreasing gestational age; infants born at 34 weeks gestation had higher odds of TTN 

compared to those born at 39 or 40 weeks gestation (adjusted odds ratio [95% CI]:14.7 

[11.7, 18.4]) [33]. The reason for the higher prevalence of TTN in our cohort compared to 

background rates is unclear but may be related to diagnostic coding practices using ICD-9 

codes for which we were unable to confirm outcomes via chart review. It should be noted 

that two studies providing background rates for TTN were conducted in European countries, 

England [31] and Italy [32], and the majority of data from these studies is more than 10 

years older than our data. A U.S. study conducted during 2012–2014 by Berenson, et al., 

reported an incidence of TTN of 4.8% and 3.6% in infants born to women who did not 

receive and who did receive Tdap during pregnancy [22]. This is higher than the incidence 

found in our study. Differences between countries and over time make it difficult to compare 

the background rates in our study and the Berenson study to the two European studies. The 

United States based study assessing short-term respiratory morbidity in late preterm births 

compared with term births during 2002–2008, showed higher incidence of TTN at earlier 

gestational ages, but incidence was still lower than in our study [33]. It is worthwhile noting 

that in our study, the prevalence of TTN was similar between both Tdap exposed and Tdap 

unexposed groups and, along with all outcomes evaluated, was higher in the group of infants 

born at <34 weeks gestation.
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Finally, selection bias may have occurred due to our inclusion criteria requiring continuous 

insurance enrollment and a prenatal clinic visit, thus excluding many high risk pregnancies 

where adverse neonatal outcomes may be more common. However, the inclusion criteria 

also allowed for the exposure of interest to occur; maternal Tdap vaccination would be 

unlikely to occur if a patient does not present for prenatal care.

5. Conclusion

Continued examination of the safety of maternal Tdap administration is important for 

ongoing public health efforts aimed at decreasing infant morbidity and mortality associated 

with pertussis disease in the United States and abroad. Maternal pertussis vaccination has 

been demonstrated to be up to 93% effective in preventing pertussis infection among infants 

less than 8 weeks old [4]. Our study, along with prior work by our group and others [5–

9,34,35], supports the safety of maternal Tdap vaccination for infant outcomes.
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Fig. 1. 
Flow chart of pregnancies ending in a live birth identified and exclusion criteria used to 

obtain study population at 7 Vaccine Safety Datalink sites – January 1, 2010–September 

2013, 2013. GA = gestational age.
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Table 1

Baseline characteristics of Tdap vaccine exposed and unexposed pregnant women with a live birth at 7 

Vaccine Safety Datalink sites, 2010–2013.

Mother–infant cohort, N = 197,564

Tdap unexposed
a
 (n = 152,556; 77.2%) Tdap exposed (n = 45,008; 22.8%)

*Age at delivery, y
ᶲ

<18 1915 (1.3) 314 (0.7)

18–24 20053 (13.1) 5658 (12.6)

25–34 93,521 (61.3) 28,155 (62.6)

≥35 37,067 (24.3) 10,881 (24.1)

*Race/ethnicity
ᶲ,b

Asian 25,002 (16.4) 7743 (17.2)

Black 11,096 (7.3) 2873 (6.4)

Hispanic 43,921 (28.8) 14,755 (32.8)

Other 12,159 (8.0) 4001 (8.9)

White 60,378 (39.6) 15,636 (34.7)

*Year of delivery
ᶲ

2010 45,404 (29.8) 7184 (16.0)

2011 39,400 (25.8) 13,632 (30.3)

2012 44,069 (28.9) 10,453(23.2)

2013 23683 (15.5) 13,739 (30.5)

Medical care in first trimester 144,626 (94.8) 43,329 (96.3)

*Prenatal care indexɸ

Adequate/plus 112,167 (73.5) 36,178 (80.4)

Intermediate 34,249 (22.5) 7799 (17.3)

Inadequate 6140 (4.0) 1031 (2.3)

*Hospitalized < 20 weeks gestation
ᶲ 5242 (3.4) 871 (2.2)

Received other vaccine during pregnancy
ᶲ,c 76,231 (50.0) 28,827 (64.0)

Received Tdap before pregnancy
d 47,481 (35.5) 2826 (9.1)

Delivery via cesarean section 41357 (27.1) 12391 (27.5)

*Maternal co-morbidities
e

Smoking 14,529 (9.5) 4235 (9.4)

Diabetes mellitus 2372 (1.6) 686 (1.5)

Hypertension
ψ 3616 (2.4) 933 (2.1)

Pulmonary disease
ψ 10,400 (6.8) 2863 (6.4)

Heart disease 1640 (1.1) 445 (1.0)

Renal disease 1755 (1.2) 486 (1.1)

*Vaccine safety datalink site
ᶲ
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Mother–infant cohort, N = 197,564

Tdap unexposed
a
 (n = 152,556; 77.2%) Tdap exposed (n = 45,008; 22.8%)

A 68,783 (45.1) 16,461 (36.3)

B 7592 (5.0) 1476 (3.3)

C 3760 (2.5) 219 (0.5)

D 1916 (1.3) 120 (0.3)

E 8556 (5.6) 1524 (3.4)

F 55932 (36.7) 23,947 (53.2)

G 6017 (3.9) 1261 (2.8)

Poverty %
f 15.70% 16.50%

*
Indicates variable included in propensity score.

ᶲ
Indicates p-value <0.0001.

ψ
Indicates p-value <0.05.

a
Tdap unexposed may have received Tdap prior to pregnancy or after delivery.

b
Race and ethnicity were classified based on information available in each participating site’s medical record and included in the study due to 

differences in immunization rates by race and ethnicity.

c
Other vaccines administered during pregnancy included inactivated influenza (96%), hepatitis A or B, human papillomavirus [as previously 

described5].

d
Tdap before pregnancy includes Tdap vaccines administered during the two years before date of last menstrual period.

e
Diagnoses during inpatient admissions from 6 months before pregnancy through the end of the pregnancy.

f
Percentage of families in census tract whose income was below 150% of the federal poverty level.
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