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Introduction: It is recommended that all pregnant women in the U.S. receive tetanus, diphtheria, acellular
pertussis (Tdap) immunization to prevent infant pertussis. This study’s objective was to examine the clinical
effectiveness of prenatal Tdap, and whether effectiveness varies by gestational age at immunization.

Methods: A nationwide cohort study of pregnant women with deliveries in 2010-2014 and their infants
was performed. Commercial insurance claims data were analyzed in 2016-2017 to identify Tdap receipt by
the pregnant women, and hospitalizations and outpatient visits for pertussis in their infants until the infants
reached 18 months of age. Pertussis occurrence was compared between infants of mothers who received

prertlliltal Tdap (overall and stratified by gestational age at administration) and infants of unvaccinated
mothers.

Results: There were 675,167 mother-infant pairs in the cohort. Among infants whose mothers
received prenatal Tdap, the rate of pertussis was 43% lower (hazard ratio=0.57, 95% CI=0.35, 0.92)

than infants whose mothers did not receive prenatal or postpartum Tdap; this reduction was
consistent across pertussis definitions (hazard ratio for inpatient-only pertussis=0.32, 95% CI=0.11,
0.91). Pertussis rates were also lower for infants whose mothers received Tdap during the third
trimester. Infants whose mothers received Tdap at <27 weeks of gestation did not experience
reductions in pertussis rates (hazard ratio for pertussis=1.10, 95% CI=0.54, 2.25).

Conclusions: Infants of mothers who received prenatal Tdap experienced half the rate of pertussis as
compared with infants of unimmunized mothers. These results do not provide evidence to support

changing the currently recommended timing of Tdap administration in pregnancy.
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INTRODUCTION

ertussis, or respiratory infection caused by Bordetella
pertussis, has been rising in incidence in the U.S. since
2000." In 2015, there were 20,762 pertussis cases
reported to the National Notifiable Diseases Surveillance

System, with an annual incidence rate of 99/100,000 in
infants under age 6 months.' Disease in infants is more
likely to be severe and result in hospitalization,” apnea, and
pneumonia.4’5 Most concerning, infants accounted for
between 50% and 92% of all pertussis-related deaths.'

To reduce the burden of pertussis in children, the
Centers for Disease Control and Prevention (CDC)
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recommends that all infants receive the primary series of
diphtheria, tetanus, acellular pertussis (DTaP) at ages 2,
4, and 6 months, with booster doses at ages 15-18
months and 4-6 years. However, maximal protection is
typically not attained until after the third dose of the
vaccine at age 6 months,”” leaving young infants at
higher risk of pertussis. Additional CDC recommenda-
tions have been made in recent years, including the
provision of a booster dose of tetanus, diphtheria,
acellular pertussis (Tdap) to adolescents and Tdap
immunization of close adult and adolescent contacts of
infants.*” These strategies have had limited success in
decreasing rates of infant pertussis. Therefore, in 2011,
the CDC recommended that pregnant women who
previously had not received Tdap receive a one-time
Tdap booster in pregnancy to provide passive immunity
to their infants through transplacental antibody transfer.’
New immunogenicity data following the recommenda-
tion showed that anti-pertussis antibodies are short-lived
and mothers immunized before the current pregnancy or
in early pregnancy may have insufficient pertussis-
specific antibodies to protect their infants against infec-
tion.'” Subsequently, the CDC recommended the provi-
sion of Tdap in each pregnancy, with the optimal timing
of administration at 27-36 weeks of gestation."’

The optimal timing of Tdap immunization during
pregnancy is currently under dispute. It is unclear if Tdap
immunization in the second trimester of pregnancy
could result in increased protection as compared with
the third trimester, the currently recommended optimal
timing.'>"” The CDC recommendations for Tdap during
pregnancy and its optimal timing were primarily
informed by immunologic studies; limited clinical effi-
cacy data exist on the best timing of Tdap administration
during pregnancy. Another important concern is
whether passively acquired maternal antibodies may
blunt the infant’s active immune response to the primary
series of DTaP, potentially leaving infants at higher risk
for pertussis once passively acquired antibodies wane
over time. This concern is based on immunologic studies
showing that infants whose mothers received Tdap
during pregnancy or whose mothers had high titers of
anti-pertussis antibodies had weaker antibody responses
to pertussis antigens following the primary DTaP ser-
ies."*'” The clinical significance of these immunologic
findings is not known.

The goal of this study is to determine the clinical
effectiveness of prenatal Tdap in the prevention of infant
pertussis, and to understand if effectiveness varies by gesta-
tional age at Tdap administration. Further, the study
examines rates of pertussis after the age of 6 months (the
recommended age at primary DTaP series completion), to
determine whether the immunologic finding of blunting by

maternal antibodies has clinical relevance. If findings show
that Tdap in pregnancy is highly effective at preventing infant
pertussis, this may improve acceptability and uptake of the
vaccine in pregnant women.

METHODS

Data Sample

An observational cohort of pregnant women and their infants (defined
here as age <18 months ) delivered between June 2010 and December
2014 was constructed using the Truven Health Analytics Market-
Scan® Commercial Claims and Encounters Databases (copyright©
2016 Truven Health Analytics Inc.,, all rights reserved), which contains
insurance enrollment and billing data for commercially insured
employees, spouses, and dependents from 2= 100 large employers
around the U.S."® These databases include billed, adjudicated, and paid
insurance claims for inpatient and outpatient health facility visits,
procedures, and their associated diagnosis codes; outpatient claims for
medications filled by pharmacies; and claims for performing laboratory
tests, but they do not include linkage back to the medical record to
access the results of laboratory tests. Mothers with delivery claims
(ICD-9-CM codes V27.0-V27.6) were linked within family enrollment
groupings to newborns covered on the same insurance plan with birth
codes (ICD-9-CM codes V30-V37) occurring within 30 days of the
mother’s delivery codes (to allow variation in the beginning of infant
enrollment). Infants covered under insurance plans different from the
mothers” would be unable to match. Enrollment was restricted to the
first delivery per woman occurring between June 2010 and December
2014, and to those with singleton deliveries occurring > 26 weeks of
gestational age. Time periods prior to the recommendation were
included to provide a better comparison group of unvaccinated women
to avoid solely comparing recommendation-compliant women with
noncompliant women after the recommendations were given, which
could potentially introduce confounding by access or attitudes to health
care. Methods used for estimating gestational age at delivery and
vaccination have been described previously.'” In brief, the hierarchical
algorithm estimated gestational age based on diagnosis and procedure
codes assigned to the mother and infant related to pre-maturity, post-
maturity, and gestational length. Continuous insurance enrollment was
required for mothers from estimated pregnancy onset to 7 days post-
delivery to fully characterize maternal characteristics and vaccination
status, and for infants until 7 days post-delivery. Infants were followed
until censoring at the first occurrence of either the end of follow-up (6
months or 18 months, depending on the analysis) or the end of the
study period (December 31, 2014), or disenrollment in the insurance
claims database. Clinical and demographic characteristics were col-
lected using diagnosis, procedure, and medication claims and enroll-
ment information. Potential confounding variables, including
demographic and clinical characteristics, were identified from the
mothers during pregnancy and delivery, and from the infants at
delivery and during the first 7 days, prior to the beginning of follow-up.

Measures

Maternal Tdap immunization was identified through procedure
codes (Current Procedural Terminology code 90715, ICD-9-CM
99.37, 99.39) from estimated pregnancy onset until 7 days post-
delivery, with the administration timing categorized as prenatal
(from pregnancy onset to 2 weeks prior to delivery—also stratified



<27 weeks, or >27 weeks to 2 weeks prior to delivery) or
postpartum (from 2 weeks prior to delivery to 7 days post-
delivery). Mothers vaccinated in the 2 weeks prior to delivery were
categorized as postpartum, as it takes approximately 2 weeks for
the full immune response to the vaccine; in these cases, the mother
would be most similar to mothers who have received Tdap
vaccination in the postpartum period.

Infants were followed from day 7 post-delivery up to age 18
months for evidence of pertussis. As laboratory test results are not
contained in the claims databases, three different claims-based
pertussis definitions were employed, relying on submitted diag-
noses, tests ordered, and antibiotics dispensed, as follows:

1. Pertussis, the primary outcome, included either an inpatient
pertussis diagnosis alone or an outpatient pertussis diagnosis
plus antibiotic treatment with azithromycin, clarithromycin,
erythromycin, or trimethoprim/sulfamethoxazole within 7
days. In the outpatient setting, the results of laboratory testing
may not be accessible to the treating physician at the time the
diagnosis code is assigned on the insurance claim. Therefore,
the requirement for an appropriate antibiotic claim was added
to outpatient pertussis visit claims to increase the specificity of
the outpatient pertussis diagnosis.

2. Inpatient-only pertussis included only inpatient pertussis
diagnoses. This is likely the most specific of the three
definitions, as diagnosis codes for hospital claims are assigned
on hospital discharge; laboratory tests performed during the
hospitalization would commonly be completed prior to patient
discharge, and therefore, the hospital physician would have this
information prior to assigning a diagnosis code for the
hospitalization.

3. Possible pertussis includes both definitions above, and also
includes outpatient visits with a diagnosis of cough, plus a
claim for a pertussis laboratory test, and antibiotic treatment
with a macrolide or trimethoprim/sulfamethoxazole within 7
days. This is the broadest of the three definitions and includes
the scenario where the provider suspects pertussis in the
outpatient setting but may not yet have laboratory results to
support the diagnosis.

Statistical Analysis

Associations of prenatal (overall and stratified by timing) and
postpartum maternal immunization with infant pertussis were
assessed by estimating hazard ratios (HRs) and 95% ClIs using a
multivariable Cox proportional hazards model, using monthly
intervals. HRs were adjusted for demographic and clinical char-
acteristics of the mother and infant. Season and cumulative
number of infant DTaP doses received were included as monthly
time-varying covariates in the Cox model.'® Complete case
analysis was performed, where infants with missing covariates
were excluded from the multivariable analysis. To assess associa-
tions of maternal immunization with outcomes both before and
after the recommended age for completion of the infant’s primary
DTaP series, infant follow-up was stratified into two windows: 7
days to 6 months, and 6 to 18 months. Final multivariable models
were adjusted for infant’s sex, year of delivery, number of infant
DTaP doses received (time-varying, monthly), season (time-
varying, monthly), residence in a metropolitan statistical area
(binary, as a measure of urbanicity), U.S. region, other children

covered on insurance plan (categorized as zero, one, two or more),
premature birth, stay in the neonatal intensive care unit
during the first week of life, and maternal age. A sensitivity
analysis limited to infants aged <2 months was also performed.
Analyses were performed in 2016-2017 using SAS, version 9.4.
This study was approved by the IRB of the University of North
Carolina at Chapel Hill.

RESULTS

Among 1,079,034 pregnant women with live-born deliv-
eries who met eligibility criteria between 2010 and 2014,
a total of 675,167 (62.6%) were successfully matched to a
newborn. These 675,167 infants contributed a total of
672,497 person-years of follow-up time; on average, each
infant contributed 355 days (SD=191 days). Baseline
characteristics of mother-infant pairs are shown in
Table 1. Characteristics of mothers who were matched
to newborns were similar to the overall sample of
mothers (Appendix Table 1, available online).

Over the time period studied, 90,445 (13.4%) women
received prenatal Tdap (were vaccinated during preg-
nancy >2 weeks prior to delivery). There were 5,872
(0.9%) women vaccinated in the 2 weeks prior to delivery
and were included in the postpartum Tdap group, along
with 36,470 (5.4%) women who received the vaccine on
the day of delivery or in the 7 days after delivery. Among
infants whose mothers received prenatal Tdap, the rate of
pertussis was 43% lower (HR=0.57, 95% CI=0.35, 0.92),
and the rate of inpatient-only pertussis was 68% lower
(HR=0.32, 95% CI=0.11, 0.91) than infants whose
mothers did not receive prenatal or postpartum Tdap
(Table 2). When evaluating prenatal Tdap effectiveness
by timing of immunization, infants whose mothers
received prenatal Tdap at >27 weeks experienced lower
rates of pertussis compared with infants of unimmunized
mothers (HR=0.42, 95% CI=0.23, 0.78, for pertussis and
HR=0.30, 95% CI=0.09, 0.97, for inpatient-only pertus-
sis). Infants whose mothers received Tdap at <27 weeks
did not experience reductions in pertussis rates
(HR=1.10, 95% CI= 0.54, 2.25). Although these infants
tended to have lower rates of pertussis hospitalizations
and possible pertussis (Table 2), inferences were impre-
cise because of limited numbers of mothers receiving
Tdap at <27 weeks. Similarly, infants whose mothers
received Tdap in the postpartum period tended to have
lower pertussis rates compared with infants whose
mothers did not receive Tdap, but inferences were
imprecise.

The majority of pertussis cases occurred in the first 6
months of life (Table 3). During this time, infants whose
mothers received prenatal Tdap had a 46% lower rate of
pertussis (HR=0.54, 95% CI=0.31, 0.94), and a 75%
lower rate of inpatient-only pertussis (HR=0.25, 95%



Table 1. Characteristics of Mother-Infant Pairs by Receipt of Maternal Tdap

<27 weeks >27 weeks Postpartum,b Unvaccinated,®
Total, n (%) prenatal, n (%) prenatal,” n (%) n (%) n (%)
Characteristic (N=675,167) (n=16,273) (n=74,172) (n=42,342) (n=542,380)
Maternal age, mean 30.3 (4.6) 30.4 (4.5) 30.5 (4.4) 30.1 (4.4) 30.2 (4.6)
(SD)
Infant sex
Male 344,010 (51.0) 8,225 (50.5) 37,603 (50.7) 21,583 (51.0) 276,599 (51.0)
Female 331,157 (49.1) 8,048 (49.5) 36,569 (49.3) 20,759 (49.0) 265,781 (49.0)
Birth year
2010 112,093 (16.6) 225 (1.4) 398 (0.5) 3,503 (8.3) 107,967 (19.9)
2011 152,179 (22.5) 1,402 (8.6) 1,132 (1.5) 9,968 (23.5) 139,677 (25.8)
2012 161,932 (24.0) 3,117 (19.2) 6,894 (9.3) 12,290 (29.0) 139,631 (25.7)
2013 115,563 (17.1) 5,011 (30.8) 20,685 (27.9) 8,057 (19.0) 81,810 (15.1)
2014 133,400 (19.8) 6,518 (40.1) 45,063 (60.8) 8,524 (20.1) 73,295 (13.5)
U.S. region®
Northeast 110,444 (16.4) 2,403 (14.8) 11,293 (15.2) 5,863 (13.9) 90,885 (16.8)
Midwest 179,380 (26.6) 4,269 (26.2) 21,696 (29.3) 10,321 (24.4) 143,094 (26.4)
South 241,110 (35.7) 4,482 (27.5) 21,544 (29.1) 16,388 (38.7) 198,696 (36.6)
West 130,787 (19.4) 4,664 (28.7) 17,522 (23.6) 8,882 (21.0) 99,719 (18.4)
Lives in MSA 586,911 (86.9) 14,419 (88.6) 65,771 (88.7) 36,965 (87.2) 469,789 (86.6)
Received obstetric 382,611 (56.7) 9,347 (57.4) 42,134 (56.8) 26,507 (62.6) 304,623 (56.2)
blood panel®
Received ultrasound® 551,774 (81.7) 15,014 (92.3) 66,612 (89.8) 36,147 (85.4) 434,001 (80.0)
Received influenza 158,179 (23.4) 8,468 (52.0) 36,162 (48.8) 10,735 (25.4) 102,814 (19.0)
vaccine
Hospitalizations, 0.008 (0.098) 0.006 (0.092) 0.005 (0.081) 0.008 (0.100) 0.008 (0.101)
mean (SD)°
Maternal 92,897 (13.8) 2,279 (14.0) 10,315 (13.9) 5,949 (14.1) 74,354 (13.7)
hypertension
Gestational diabetes 99,473 (14.7) 2,404 (14.8) 11,358 (15.3) 6,485 (15.3) 79,226 (14.6)
Preterm delivery 50,338 (7.5) 1,697 (10.4) 3,530 (4.8) 3,498 (8.3) 41,613 (7.7)
Delivered by 229,157 (33.9) 5,445 (33.5) 23,143 (31.2) 14,468 (34.2) 186,101 (34.3)
cesarean section
Other covered 1.9 (1.0) 1.7 (0.9) 1.7 (0.9) 1.8 (1.0) 1.9 (1.0)
children on plan,
mean (SD)
Rece;ived all DTaP on 496,789 (73.6) 13,077 (80.4) 62,479 (84.2) 32,891 (77.7) 388,342 (71.6)
time
Total follow-up in 672,497 14,122 52,364 39,840 566,172
study, person-years

3vaccinated after 27 weeks’ gestational age but prior to 2 weeks before delivery.

Pvaccinated in the 2 weeks prior to delivery, on the day of delivery, or in the 7 days after delivery.
®Unvaccinated during pregnancy or in the postpartum period.
dPercentages do not add up to 100% because of missing data.
®Assessed from pregnancy onset to 20 weeks of gestation.

fOn-time defined as not more than 1 month late for any DTaP vaccine, according to Centers for Disease Control and Prevention (CDC) recommended

schedule, by the end of the follow-up period.

DTaP, diphtheria, tetanus, acellular pertussis immunization; MSA, metropolitan statistical area or group of counties containing at least one urbanized
area that has a population of at least 50,000; Tdap, tetanus, diphtheria, acellular pertussis immunization.

CI=0.08, 0.80), as compared with infants whose mothers
did not receive prenatal or postpartum Tdap. A sensi-
tivity analysis limited to infants aged <2 months showed
similar HR estimates as for those aged <6 months, but
because of the smaller number of cases, estimates for
those aged <2 months had wider CIs (Appendix Table 2,

available online). Between 6 and 18 months of life, there
were no differences in pertussis rates by receipt of
prenatal Tdap after adjustment for the infant’s DTaP
receipt (HR=0.69, 95% CI=0.26, 1.86, for pertussis and
HR=2.60, 95% CI=0.15, 46.2, for inpatient-only
pertussis).



Table 2. Rates of Pertussis up to Age 18 months by Receipt and Timing of Maternal Tdap

Tdap status n Cases (%) Crude HR (95% CI) Adjusted HR (95% Cl)
Any prenatal Tdap® versus no Tdapb
Pertussis
No Tdap 542,380 403 (0.07) = =
Any prenatal Tdap 90,445 32 (0.04) 0.51 (0.32, 0.80) 0.57 (0.35, 0.92)
Inpatient-only pertussis
No Tdap 542,380 151 (0.03) - -
Any prenatal Tdap 90,445 7 (0.01) 0.25 (0.09, 0.67) 0.32 (0.11, 0.92)
Possible pertussis
No Tdap 542,380 919 (0.17) = =
Any prenatal Tdap 90,445 65 (0.07) 0.58 (0.43, 0.79) 0.73 (0.53, 1.01)
Prenatal Tdap > 27 weeks® versus no Tdap
Pertussis
No Tdap 542,380 403 (0.07) = =
Prenatal >27 weeks 74,172 22 (0.03) 0.38 (0.21, 0.67) 0.42 (0.23, 0.78)
Inpatient-only pertussis
No Tdap 542,380 151 (0.03) - -
Prenatal >27 weeks 74,172 5 (0.01) 0.23 (0.07, 0.72) 0.30 (0.09, 0.97)
Possible pertussis
No Tdap 542,380 919 (0.17) = =
Prenatal >27 weeks 74,172 49 (0.07) 0.56 (0.40, 0.79) 0.71 (0.49, 1.02)
Prenatal Tdap <27 weeks versus no Tdap
Pertussis
No Tdap 542,380 403 (0.07) = =
Prenatal <27 weeks 16,273 10 (0.06) 1.03 (0.51, 2.07) 1.10 (0.54, 2.25)
Inpatient-only pertussis
No Tdap 542,380 151 (0.03) - -
Prenatal <27 weeks 16,273 2 (0.01) 0.33 (0.05, 2.36) 0.38 (0.05, 2.74)
Possible pertussis
No Tdap 542,380 919 (0.17) = =
Prenatal <27 weeks 16,273 16 (0.10) 0.67 (0.37, 1.22) 0.82 (0.45, 1.49)
Postpartum Tdapd versus no Tdap
Pertussis
No Tdap 542,380 403 (0.07) = =
Postpartum 42,342 24 (0.06) 0.76 (0.46, 1.25) 0.80 (0.48, 1.32)
Inpatient-only pertussis
No Tdap 542,380 151 (0.03) - -
Postpartum 42,342 11 (0.0) 0.87 (0.41, 1.87) 0.92 (0.43, 1.99)
Possible pertussis
No Tdap 542,380 919 (0.17) = =
Postpartum 42,342 61 (0.14) 0.80 (0.58, 1.12) 0.83 (0.59, 1.16)

Note: Models were adjusted for infant’s sex; year of delivery; number of infant diphtheria, tetanus, acellular pertussis (DTaP) doses received (time-
varying, monthly); season (time-varying, monthly); residence in a metropolitan statistical area (binary, as a measure of urbanicity); U.S. region; other
children covered on insurance plan (categorized as O, 1, > 2); premature birth; stay in the neonatal intensive care unit during the first week of life;
maternal age.

3Vaccinated after estimated onset of pregnancy but prior to 2 weeks before delivery.

PUnvaccinated during pregnancy or in the postpartum period.

“Vaccinated after 27 weeks’ gestational age but prior to 2 weeks before delivery.

YVaccinated in the 2 weeks prior to delivery, on the day of delivery, or in the 7 days after delivery.

HR, hazard ratio; Tdap, tetanus-diphtheria-acellular pertussis immunization.

DISCUSSION immunization status. Infants whose mothers received

This study compared clinical outcomes of 675,167  Tdap immunization during pregnancy experienced about
privately insured U.S. infants by maternal Tdap half the rate of pertussis as compared with infants whose



Table 3. Rates of Pertussis by Receipt of Prenatal Tdap, Stratified by Infant Age

Tdap status n Cases(%) Crude HR (95% CI) Adjusted HR (95% Cl)
Age 7 days to 6 months
Pertussis
No Tdap® 542,380 310 (0.06) = =
Any prenatal® 90,445 22 (0.03) 0.45 (0.27, 0.76) 0.54 (0.31, 0.94)
Inpatient-only pertussis
No Tdap 542,380 145 (0.03) - -
Any prenatal 90,445 6 (0.01) 0.19 (0.06, 0.60) 0.25 (0.08, 0.80)
Possible pertussis
No Tdap 542,380 419 (0.08) = =
Any prenatal 90,445 30 (0.03) 0.51 (0.34, 0.79) 0.65 (0.41, 1.02)
Age 6 months to 18 months
Pertussis
No Tdap 422,214 87 (0.02) = =
Any prenatal 53,508 10 (0.02) 0.85 (0.34, 2.12) 0.69 (0.26, 1.86)
Inpatient-only pertussis
No Tdap 422,214 6 (0.00) - -
Any prenatal 53,508 1 (0.00) 2.97 (0.31, 28.6) 2.60 (0.15, 46.2)
Possible pertussis
No Tdap 422,214 468 (0.11) = =
Any prenatal 53,508 35 (0.07) 0.70 (0.46, 1.08) 0.86 (0.54, 1.37)

Note: Models were adjusted for infant’s sex; year of delivery; number of infant diphtheria, tetanus, acellular pertussis (DTaP) doses received (time-
varying, monthly); season (time-varying, monthly); residence in a metropolitan statistical area (binary, as a measure of urbanicity); U.S. region; other
children covered on insurance plan (categorized as O, 1, > 2); premature birth; stay in the neonatal intensive care unit during the first week of life;

maternal age.
@Unvaccinated during pregnancy or in the postpartum period.

PVaccinated after estimated onset of pregnancy but prior to 2 weeks before delivery.

HR, hazard ratio; Tdap, tetanus-diphtheria-acellular pertussis immunization.

mothers did not receive it during pregnancy or in the
postpartum period. This study adds to two prior studies
from the United Kingdom that showed high effectiveness
(approximately 90%) of prenatal Tdap in infants under
age 3 months."””’ A study from six U.S. Emerging
Infection Program Network states reported an effective-
ness of 78% during the first 2 months of life,”" whereas
another study in the Kaiser Permanente population in
California reported an effectiveness of 69% during the
first year of life.”” The estimates of the benefit of prenatal
Tdap in this study, which followed infants up to age 18
months, were weaker than in these previous studies,
which examined infants over shorter time intervals.
These differences may be because of duration of protec-
tion afforded by maternal Tdap immunization. The half-
life of transplacental anti-pertussis antibodies is approx-
imately 7 weeks>’; therefore, the benefits of maternal
immunization diminish over time. A sensitivity analysis
did not show greater protection of prenatal Tdap for
infants during the first 2 months of life as compared with
the first 6 months of life, but these estimates became
imprecise.

In the analyses of timing of vaccination, infants whose
mothers received prenatal Tdap during the third trimester

experienced reductions in pertussis cases and hospitalizations
as compared with infants of unimmunized mothers. The
study did not find statistically significant reductions of infant
pertussis rates in mothers who were immunized before the
third trimester or in the postpartum period. Therefore, these
data do not provide evidence to support a change in the
current recommendation for optimal timing of immuniza-
tion. There may be logistic reasons to recommend Tdap
vaccination earlier in pregnancy, such as to provide protec-
tion to infants born prematurely; future studies should
examine the overall risks and benefits to the population of
such a strategy. Further, there was no evidence for an
increase in pertussis rates after the typical age of DTaP
primary series completion for infants of immunized mothers
compared with infants of unimmunized mothers, to provide
clinical relevance to the finding that maternal antibodies may
interfere with the infant’s response to the primary DTaP
series.' ' However, overall numbers of pertussis cases in
older infants used in these comparisons were small.

Limitations

There are limitations of claims-based analyses, including the
possibility of misclassification. Three definitions of pertussis
were employed. Although inpatient diagnoses may be the



most specific, as dischar%e diagnoses are likely made after the
results of microbiology laboratory tests are available, many

pertussis cases are assessed and treated in the outpatient
setting, where diagnosis coding may be based on symptoms
rather than confirmed diagnoses, as laboratory results are
likely not available during the outpatient visit. Using
combinations of pertussis diagnosis codes, more general
symptom codes, laboratory testing, and antibiotic treatment
coding, three levels of pertussis were defined from confirmed
inpatient cases to potential cases. Analyses were performed
using all three definitions, and the conclusions were con-
sistent across the pertussis definitions.

Also, although insurance plan enrollment is grouped
by families, there is not a direct link identifying the
resulting offspring from a woman’s delivery within the
insurance claims. Mother-infant matchings were based
on family grouping and delivery/birth date, but there
remains the potential for matching errors, potentially
resulting in misclassification of maternal Tdap exposure
in newborns. It is unlikely that matching errors would
differ by Tdap status, and any resulting nondifferential
misclassification would likely bias the results towards
the null, thus not explaining the observed protective
associations.

In addition, estimates for early immunization were
imprecise as the majority of women received the vaccine
after 27 weeks of gestational age. Finally, this study was
restricted to a privately insured population and may not
be generalizable to publicly or uninsured populations.
The strengths of the study include a large sample size
from a variety of healthcare settings throughout the U.S,,
and accurate assessment of exposure, as insurance claims
are audited and serve as the basis for reimbursement.”

CONCLUSIONS

Prenatal Tdap provided a substantial reduction in infant
pertussis during the period of life with the highest
pertussis burden. Increasing use of Tdap in pregnancy
would be anticipated to reverse the current trends of
pertussis incidence among infants in the U.S.
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