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Background: In February 2018, Canada’s National Advisory Committee on Immunization recommended maternal vaccination with
tetanus—diphtheria—acellular pertussis (Tdap) vaccine during pregnancy to prevent severe pertussis infection in young infants. This
study assessed the relation between maternal Tdap vaccination and obstetric and perinatal outcomes in Ontario.

Methods: We performed a population-based cohort study of all births from April 2012 to March 2017 using multiple linked health
administrative databases. We used Cox regression with a time-dependent exposure variable to estimate adjusted hazard ratios
(HRs) for preterm birth (< 37 wk), very preterm birth (< 32 wk) and stillbirth. We assessed remaining outcomes (gestational hyperten-
sion, chorioamnionitis, postpartum hemorrhage, severe postpartum hemorrhage, being small for gestational age, neonatal intensive
care unit stay > 24 h, composite neonatal morbidity) using log-binomial regression to generate adjusted risk ratios (RRs). We
adjusted estimates for potential confounding using propensity score weighting.

Results: Of 615 213 infants (live births and stillbirths), 11 519 were exposed to Tdap vaccination in utero. There was no increased
risk for preterm birth (adjusted HR 0.98, 95% confidence interval [Cl] 0.91-1.06), very preterm birth (adjusted HR 1.10, 95% CI 0.86—
1.41), stillbirth (adjusted HR 1.15, 95% CI 0.82—1.60) or being small for gestational age (adjusted RR 0.96, 95% CI 0.90-1.02). The
risks of a neonatal intensive care unit stay exceeding 24 hours (adjusted RR 0.82, 95% CIl 0.76-0.88) and neonatal morbidity
(adjusted RR 0.81, 95% CI 0.75-0.87) were decreased. There was no association with chorioamnionitis (adjusted RR 1.17, 95% Cl
0.99-1.39), postpartum hemorrhage (adjusted RR 1.01, 95% CI 0.91-1.13) or severe postpartum hemorrhage (adjusted RR 0.79,
95% Cl 0.55—-1.13), but we observed a reduced risk of gestational hypertension (adjusted RR 0.87, 95% CI 0.78-0.96).

Interpretation: Our results complement evidence that maternal Tdap vaccination is not associated with adverse outcomes in moth-
ers or infants. Ongoing evaluation in Canada is needed as maternal Tdap vaccination coverage increases in coming years.
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Canada.'” Infants less than 1 year of age who have
not completed their primary vaccine series are at highest risk
for pertussis-related morbidity and mortality.®” Large out-
breaks with increased incidence and deaths in young
infants®!! prompted the United States in 2011 and United
Kingdom in 2012 to recommend vaccination of pregnant
women with tetanus—diphtheria—acellular pertussis (T'dap)
vaccine to protect newborns.!>"* Canada’s National Advisory
Committee on Immunization adopted a similar recommen-
dation in 2018;'* however, some maternity care providers
were already vaccinating pregnant women against pertussis
during the preceding 5 years, likely based on international
programs'>! and earlier Canadian recommendations.!>!¢
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The literature on the safety of maternal pertussis vaccina-
tion'"* focuses predominantly on the US and UK, and only a
limited number of smaller studies have evaluated still-
birth.!71%21:3331-33 Moreover, inconsistent findings from earlier
studies concerning the risk of chorioamnionitis'®?"*” and post-
partum hemorrhage®® warrant further investigation in other
populations. To provide baseline evidence on maternal Tdap
vaccination in Canada, we assessed whether receipt of Tdap
vaccine during pregnancy was associated with adverse obstet-
ric or perinatal outcomes in Ontario.

Study design, data sources and study population

We conducted a population-based retrospective cohort study
of all hospital live births and stillbirths in Ontario between
Apr. 1, 2012, and Mar. 3, 2017. We used the MOMBABY
database, which contains linked maternal-newborn hospital
records, to assemble the cohort and provide additional infor-
mation (e.g., gestational age, birth weight). About 99% of
maternal-newborn records for in-hospital deliveries in
Ontario have been successfully linked in this database.’* We
linked 5 other health administrative databases: the Registered
Persons Database, which provides information on neighbour-
hood income, region of residence and health care eligibility;
the Canadian Institute for Health Information Discharge
Abstract Database, which captures hospital admissions (medi-
cal diagnoses and procedures); the Ontario Health Insurance
Plan database, which contains physician billing claims; the
Permanent Resident Database (Immigration, Refugees and
Citizenship Canada), which includes maternal country of
birth; and the Ontario Marginalization Index, which uses cen-
sus data to quantify the level of marginalization. Data sources
are described in Appendix 1, Supplemental Table S1 (avail-
able at www.cmajopen.ca/content/9/2/E349/suppl/DC1).

Data sets were linked by means of unique encoded identifi-
ers and analyzed at ICES. We obtained diagnostic and proce-
dural codes from the enhanced Canadian version of the Inter-
national Statistical Classification of Diseases and Related Health
Problems, 10th Revision ICD-10-CA) and the Canadian Classi-
fication of Health Interventions, respectively.

For multifetal pregnancies, only the first-born infant was
included. Excluded were mothers who were not Ontario resi-
dents, were younger than 12 years or older than 50 years, or
did not have continuous Ontario Health Insurance Plan
enrolment during pregnancy, and records with administrative
issues (e.g., invalid identifiers, duplicate records). We applied
an algorithm**3¢ to exclude live births with implausible birth
weight and gestational age combinations, based on a Canadian
reference standard.’’ Finally, records missing covariate infor-
mation were excluded.

Exposure and outcome measurement

We identified Tdap vaccination during pregnancy using bill-
ing code G847 in the Ontario Health Insurance Plan data-
base. We classified Tdap vaccination as having occurred dur-
ing pregnancy if it was administered between 14 days after the
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last menstrual period (estimated by subtracting gestational age
from date of birth) to 1 day before delivery. We categorized
gestational age at T'dap vaccine receipt as less than 20 weeks,
20-26 weeks, 27-32 weeks (recommended timing'*) and more
than 32 weeks.

Obstetric and perinatal outcomes were chosen based on
prior vaccine research, importance to perinatal health and
international recommendations on vaccination.'$:27:30.38
Obstetric outcomes of interest were gestational hypertension,
chorioamnionitis, postpartum hemorrhage and severe post-
partum hemorrhage (postpartum hemorrhage combined with
hysterectomy, blood transfusion or other procedures to con-
trol bleeding). We identified these outcomes using ICD-
10-CA codes from any maternal hospitalization record during
pregnancy, including delivery.

We examined 6 perinatal outcomes: stillbirth (at > 20 wk
of gestation), preterm birth (< 37 wk), very preterm birth
(< 32 wk), small for gestational age (< 10th percentile for ges-
tational age- and sex-specific birth weight’”), neonatal inten-
sive care unit stay longer than 24 hours, and an adaptation®” of
a composite indicator for neonatal morbidity* that flags
infants with 1 or more of 15 neonatal diagnoses or 7 proce-
dures within 28 days after birth (codes provided in Appen-
dix 1, Supplemental Tables S2 and S3). The denominator for
analyses of stillbirth, preterm birth and obstetric outcomes
included all live births and stillbirths (cohort 1); we restricted
the cohort to live births for analyses of the remaining perina-
tal outcomes (cohort 2).

Statistical analysis

We used frequencies to describe the distribution of baseline
categoric variables and standardized differences to compare
distributions between vaccine-exposed and -unexposed moth-
ers, with an absolute value of 0.10 or greater considered indic-
ative of imbalance.”* To assess preterm birth and stillbirth,
we used an extension of Cox regression, with a time-
dependent exposure variable and gestational age in days as the
time scale, to generate hazard ratios (HRs) and 95% confi-
dence intervals (Cls). Follow-up for these time-to-event out-
comes commenced 14 days after the last menstrual period,;
those who did not experience the event were censored at
37 weeks (preterm birth), 32 weeks (very preterm birth)* or
birth (stillbirth). For the remaining outcomes, we used log-
binomial regression to compute risk ratios (RRs) and 95%
Cls. We used robust sandwich estimators (Cox models) and
general estimating equations with independent correlation
structure (log-binomial models) to account for multiple deliv-
eries to 1 mother.

To generate results adjusted for confounding, we used pro-
pensity score methods. We generated a propensity score rep-
resenting the probability of Tdap vaccine receipt for each
mother, using a logistic regression model including all base-
line covariates as well as adequacy of prenatal care*
(Appendix 1, Supplemental Tables S2 and S4, and section on
coding algorithm for Revised-Graduated Prenatal Care Utili-
zation Index). We transformed the propensity scores into sta-
bilized inverse probability of treatment weights, which were



incorporated in all regression models to generate adjusted
estimates (Appendix 1, section on propensity score adjust-
ment).” All analyses were conducted with SAS Enterprise
Guide 7.1 (SAS Institute).

We assessed the impact of our analytical decisions through
several sensitivity analyses. First, ascertainment of T'dap vacci-
nation has been found to have improved sensitivity when the
pertussis-specific vaccine code, introduced in 2011, is used in
combination with general vaccine codes (G538, G539) in
years proximal to when vaccine-specific codes were intro-
duced.* Our sensitivity analysis also included general vaccine
codes billed during pregnancy (but not between Oct. 1 and
Jan. 31, as these may have been influenza vaccinations) in an
expanded exposure definition additionally capturing possible
"Tdap vaccination (Appendix 1, Supplemental Table S2). Sec-
ond, to account for potential differences in maternal health
care seeking or access, we also adjusted for number of outpa-
tient visits and nonobstetric hospital admissions within
6 months and 2 years before the index pregnancy, respectively
(Appendix 1, Supplemental Table S2). Third, using the array
approach,? we estimated the impact of an unmeasured con-
founder (Appendix 1, section on bias analyses).

Ethics approval

Research ethics approval was obtained from the Children’s
Hospital of Eastern Ontario Research Ethics Board (protocol
18/10PE), the Ottawa Health Science Network Research
Ethics Board (protocol 20180432-01H) and the ICES Privacy
Office (protocol 2018 0901 166 000).

After exclusions, there were 615 213 live births and stillbirths;
11 519 infants (1.9%) were born to mothers who had received
Tdap vaccine during pregnancy (Figure 1). In the unweighted
population, compared to unvaccinated mothers, Tdap-
vaccinated mothers were more likely to be nulliparous, have
conceived in later study years, reside in the eastern region of
the province, and reside in neighbourhoods with the highest
income level and least material deprivation. After weighting,
the distributions of all baseline characteristics were similar by
exposure status, with no standardized differences exceeding
0.1 (Table 1; Appendix 1, Supplemental Figure S1).

Obstetric outcomes

Of the 11 519 Tdap-vaccinated mothers, 2631 (22.8%) were
vaccinated before 20 weeks’ gestation, 1130 (9.8%) at
20-26 weeks’ gestation, 4774 (41.1%) at 27-32 weeks’ gesta-
tion, and 2984 (25.9%) after 32 weeks’ gestation. Although
the cumulative incidence of chorioamnionitis was slightly
higher among vaccinated than unvaccinated mothers (1.2% v.
1.0%), there was no association after propensity score
weighting (adjusted RR 1.17, 95% CI 0.99-1.39) (Table 2).
Receipt of Tdap vaccine during pregnancy was not signifi-
cantly associated with postpartum hemorrhage (adjusted RR
1.01, 95% CI 0.91-1.13) or severe postpartum hemorrhage
(adjusted RR 0.79, 95% CI 0.55-1.13), but we observed an
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inverse association between Tdap vaccination and gestational
hypertension, even after adjustment (adjusted RR 0.87, 95%
CI 0.78-0.96).

Perinatal outcomes

The cumulative incidence of preterm birth was similar in the
2 exposure groups (Tdap-vaccinated 6.3%, unvaccinated
7.4%), and there was no increased risk associated with vacci-
nation (adjusted HR 0.98, 95% CI 0.91-1.06) (Table 2). We
did not observe an association between maternal Tdap vacci-
nation and stillbirth (adjusted HR 1.15, 95% CI 0.82-1.60) or
being small for gestational age (adjusted RR 0.96, 95% CI
0.90-1.02). Even after accounting for confounding, we found
reduced risks of a neonatal intensive care unit stay longer than
24 hours (adjusted RR 0.82, 95% CI 0.76-0.88) and compos-
ite neonatal morbidity (adjusted RR 0.81, 95% CI 0.75-0.87)

with vaccination.

Eligible live births and stillbirths
> 20 wk, Apr. 1, 2012—Mar. 3, 2017
n = 655 278

— Excluded n =40 065

» Administrative exclusions (invalid unique
ICES identifier, duplicates, mismatched
birth dates, live births with data linkage
warnings) n = 1339

« Not Ontario resident n = 262

* Mother did not have continuous OHIP
eligibility during pregnancy n = 19 309

« Live births with implausible birth weight and
gestational age combinations n = 627

« Maternal age < 12 yr or > 50 yr at delivery
n=95

* Not firstborn in multiple gestation n =11 346

» Missing covariate data n = 7087
o Ontario Marginalization Index n = 6165

Income n =465

Parity n =97

Gestational age n =335

Birth weight (live births records only) n=2

Sex (live birth records only) n =23

O 0 OO0 O

Y

Live births and stillbirths included in
analyses of stillbirth, preterm birth,
very preterm birth and obstetric
outcomes (cohort 1)
n=615213
» Tdap-vaccine—exposed n = 11519

* Not exposed n =603 694

—— Excluded: stillbirths n = 3285
Y
Live births included in analyses of
remaining perinatal outcomes
(cohort 2)
n=611928

+ Tdap-vaccine—exposed n =11 483
* Not exposed n = 600 445

Figure 1: Flow diagram showing creation of study cohorts. Note:
OHIP = Ontario Health Insurance Plan, Tdap = tetanus—diphtheria—
acellular pertussis.
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Table 1 (part 1 of 2): Baseline and birth characteristics of hospital live births and stillbirths in Ontario between Apr. 1, 2012, and
Mar. 3, 2017, before and after propensity score weighting, by tetanus—diphtheria—acellular pertussis vaccination status (cohort 1)

Unweighted cohort, no. (%)

IPTW-weighted cohort,*

Total population, of mothers % of mothers
no. (%) of
mothers Vaccinated Unvaccinated Standardized Standardized

Characteristic n=615213 n=11519 n =603 694 differencet Vaccinated  Unvaccinated differencet
Maternal age, yr

<20 14249 (2.3) 182 (1.6) 14 067 (2.3) 0.05 3.0 2.3 0.04

20-24 66 102 (10.7) 788 (6.8) 65 314 (10.8) 0.14 10.2 10.9 0.02

25-29 165 891 (27.0) 3272 (28.4) 162 619 (26.9) 0.03 28.1 26.9 0.03

30-34 225692 (36.7) 4536 (39.4) 221 156 (36.6) 0.06 35.4 36.6 0.02

> 35 143 279 (23.3) 2741 (23.8) 140 538 (23.3) 0.01 23.3 23.3 0.00
Year of conception

2011/12 95 499 (15.5) 385 (3.3) 95 114 (15.8) 0.43 19.0 16.0 0.08

2012/13 124 714 (20.3) 1323 (11.5) 123 391 (20.4) 0.25 20.4 20.6 0.00

2013/14 124 990 (20.3) 2043 (17.7) 122 947 (20.4) 0.07 19.1 20.4 0.03

2014/15 124 163 (20.2) 2426 (21.1) 121 737 (20.2) 0.02 19.3 20.1 0.02

2015/16 124 232 (20.2) 4478 (38.9) 119 754 (19.8) 0.43 18.8 19.5 0.02

2016/17 21615 (3.5) 864 (7.5) 20751 (3.4) 0.18 3.4 3.4 0.00
Parity

0 272 399 (44.3) 6027 (52.3) 266 372 (44.1) 0.16 43.0 44.0 0.02

>1 342 814 (55.7) 5492 (47.7) 337 322 (55.9) 0.16 57.0 56.0 0.02
Multiple birth 11 734 (1.9) 155 (1.3) 11 579 (1.9) 0.05 2.0 1.9 0.00
Baby’s sext

Female 298 032 (48.4) 5579 (48.6) 292 453 (48.7) 0.00 48.6 48.4 0.00

Male 313 896 (51.0) 5904 (51.4) 307 992 (51.3) 0.00 51.4 51.6 0.00
Preexisting maternal medical condition§

Asthma 1501 (0.2) 25 ) 1476 (0.2) 0.01 0.3 0.3 0.01

Chronic 2358 (0.4) 39 (0.3) 2319 (0.4) 0.01 0.4 0.4 0.01

hypertension

Diabetes 4846 (0.8) 55 (0.5) 4791 (0.8) 0.04 0.9 0.8 0.01

Heart disease 2971 (0.5) 50 (0.4) 2921 (0.5) 0.01 0.5 0.5 0.01

Thyroid disease 7135 (1.2) 199 (1.7) 6936 (1.1) 0.05 1.2 1.1 0.00
Drug dependence or 3326 (0.5) 37 (0.3) 3289 (0.5) 0.03 0.5 0.6 0.01
tobacco use
Maternal obesity (body 3436 (0.6) 47 (0.4) 3389 (0.6) 0.02 0.5 0.6 0.01
mass index > 30.0)
Neighbourhood median family income quintile

1 (lowest) 131 512 (21.4) 2240 (19.4) 129 272 (21.4) 0.05 22.7 215 0.03

2 123 738 (20.1) 2466 (21.4) 121272 (20.1) 0.03 18.6 20.1 0.04

3 127 176 (20.7) 2215 (19.2) 124 961 (20.7) 0.04 212 20.7 0.01

4 129 987 (21.1) 2372 (20.6) 127 615 (21.1) 0.01 217 211 0.01

5 (highest) 102 800 (16.7) 2226 (19.3) 100 574 (16.7) 0.07 16.0 16.6 0.02
Rural residence 57 263 (9.3) 968 (8.4) 56 295 (9.3) 0.03 9.4 9.3 0.00
LHIN group

Central 204 512 (33.2) 3730 (32.4) 200 782 (33.3) 0.02 33.2 33.3 0.00

East 148 737 (24.2) 4410 (38.3) 144 327 (23.9) 0.31 211 23.6 0.06

North 32 305 (5.3) 401 (3.5) 31904 (5.3) 0.09 3.8 5.3 0.07

Toronto 57 397 (9.3) 1390 (12.1) 56 007 (9.3) 0.09 9.9 9.2 0.02

West 172 262 (28.0) 1588 (13.8) 170 674 (28.3) 0.36 32.0 28.5 0.08
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Table 1 (part 2 of 2): Baseline and birth characteristics of all hospital live births and stillbirths in Ontario between Apr. 1, 2012, and
Mar. 3, 2017, before and after propensity score weighting, by tetanus—diphtheria—acellular pertussis vaccination status (cohort 1)
. Unweighted cohort, no. (%) IPTW-weighted cohort,*
Total population, of mothers % of mothers
no. (%) of
mothers Vaccinated Unvaccinated Standardized Standardized
Characteristic n=615213 n=11519 n =603 694 differencet Vaccinated  Unvaccinated differencet
Maternal world region of origin
North America 473 002 (76.9) 8706 (75.6) 464 296 (76.9) 0.03 774 77.0 0.01
Asia 89 566 (14.6) 2198 (19.1) 87 368 (14.5) 0.12 141 14.4 0.01
Europe 12 876 (2.1) 164 (1.4) 12712 (2.1) 0.05 2.1 2.1 0.00
Africa 12 467 (2.0) 160 (1.4) 12 307 (2.0) 0.05 2.3 2.0 0.02
Caribbean 8689 (1.4) 78 (0.7) 8611 (1.4) 0.07 13 14 0.01
Yugoslavia/Soviet 8172 (1.3) 93 (0.8) 8079 (1.3) 0.05 13 14 0.00
Unionq]
South America 6865 (1.1) 80 (0.7) 6785 (1.1) 0.05 1.0 1.1 0.02
Central America 3270 (0.5) 28 (0.2) 3242 (0.5) 0.05 0.5 0.5 0.00
Oceania 306 (0.0) 12 (0.1) 294 (0.0) 0.02 0.0 0.05 0.01
Ontario Marginalization Index dimension, quintile**
Residential instability
1 137 422 (22.3) 2351 (20.4) 135 071 (22.4) 0.05 19.5 22.4 0.07
2 114 789 (18.7) 2230 (19.4) 112 559 (18.6) 0.02 18.9 18.6 0.01
3 110 776 (18.0) 2070 (18.0) 108 706 (18.0) 0.00 175 18.0 0.01
4 115 280 (18.7) 2041 (17.7) 113 239 (18.8) 0.03 19.4 18.8 0.02
5 136 946 (22.3) 2827 (24.5) 134 119 (22.2) 0.05 24.7 22.2 0.06
Material deprivation
1 119 103 (19.4) 2795 (24.3) 116 308 (19.3) 0.12 20.0 19.2 0.02
2 120 208 (19.5) 2380 (20.7) 117 828 (19.5) 0.03 20.4 19.5 0.02
3 117 009 (19.0) 2097 (18.2) 114 912 (19.0) 0.02 18.6 19.0 0.01
4 117 529 (19.1) 2121 (18.4) 115 408 (19.1) 0.02 18.8 19.1 0.01
5 141 364 (23.0) 2126 (18.5) 139 238 (23.1) 0.11 22.3 231 0.02
Dependency
1 209 834 (34.1) 3519 (30.5) 206 315 (34.2) 0.08 30.4 34.1 0.08
2 129 753 (21.1) 2447 (21.2) 127 306 (21.1) 0.00 217 21.1 0.01
3 104 245 (16.9) 2045 (17.8) 102 200 (16.9) 0.02 18.3 16.9 0.03
4 92 197 (15.0) 1943 (16.9) 90 254 (15.0) 0.05 16.2 15.0 0.03
5 79 184 (12.9) 1565 (13.6) 77 619 (12.9) 0.02 13.4 12.9 0.02
Ethnic concentration
1 81 765 (13.3) 1379 (12.0) 80 386 (13.3) 0.04 13.4 13.3 0.00
2 92 146 (15.0) 1652 (14.3) 90 494 (15.0) 0.02 15.2 15.0 0.00
3 104 071 (16.9) 1942 (16.9) 102 129 (16.9) 0.00 18.0 16.9 0.03
4 129 709 (21.1) 2428 (21.1) 127 281 (21.1) 0.00 215 21.1 0.01
5 207 522 (33.7) 4118 (35.7) 203 404 (33.7) 0.04 319 33.6 0.04
Prenatal care indextt
Intensive 12518 (2.0) 280 (2.4) 12 238 (2.0) 0.03 1.90 2.0 0.01
Adequate 167 489 (27.2) 4468 (38.8) 163 021 (27.0) 0.25 25.5 26.8 0.03
Intermediate 308 121 (50.1) 5683 (49.3) 302 438 (50.1) 0.02 478 50.1 0.05
Inadequate 87 112 (14.2) 894 (7.8) 86 218 (14.3) 0.21 16.3 14.4 0.05
No care/missingtf 39 973 (6.5) 194 (1.7) 39 779 (6.6) 0.25 8.5 6.7 0.07
Note: IPTW = inverse probability of treatment weight, LHIN = Local Health Integration Network.
*Data were weighted with the use of stabilized IPTWs calculated based on propensity scores. Variables included in the propensity score model were maternal age, parity,
multiple birth, baby’s sex, preexisting maternal medical conditions (chronic hypertension, diabetes, asthma, heart disease, thyroid disease), fiscal year of conception,
maternal world region of birth, Ontario Marginalization Index dimensions (residential instability, material deprivation, dependency, ethnic concentration), rural residence,
neighbourhood income quintile, LHIN group and prenatal care index.
TAbsolute standardized difference. Shaded cells indicate an imbalance (> 0.10) between vaccinated and unvaccinated mothers.
FAmong live birth records only (i.e., cohort 2).
§The sum of each individual condition does not equal the number of mothers with any condition, as categories were not mutually exclusive.
1lAs categorized in the Immigration, Refugees and Citizenship Canada Permanent Resident Database.
**Quintile 1 = least marginalized, quintile 5 = most marginalized.
ttAdequacy of prenatal care characterized with the Revised-Graduated Prenatal Care Utilization Index (R-GINDEX).*
ttFewer than 6 records had missing information on the R-GINDEX.
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and perinatal outcomes using propensity score weighting

Table 2: Association between receipt of tetanus—diphtheria—acellular pertussis vaccine during pregnancy and obstetric

No. (%) of maternal-infant pairs

Unvaccinated

Crude estimate,

RR or HR (95% Cl)

IPTW-adjusted
estimate,*
RR or HR (95% CI)

Outcome Vaccinated
Cohort 1 (live birth + stillbirth records) n=11519
Chorioamnionitist 139 (1.2)
Gestational hypertensiont 388 (3.4)
Postpartum hemorrhaget 324 (2.8)
Severe postpartum hemorrhagett 31 (0.3)
Preterm birth (< 37 wk)§1 670 (5.8)
Very preterm birth (< 32 wk)§1| 66 (0.6)
Stillbirth§ 36 (0.3)
Cohort 2 (live birth records only) n=11483
Small for gestational aget 1053 (9.2)
Neonatal intensive care unit stay > 24 ht 713 (6.2)
Composite neonatal morbidityt** 642 (5.6)

n = 603 694
6081 (1.0) 1.20 (1.01-1.42) 1.17 (0.99-1.39)
23 087 (3.8) 0.88 (0.80-0.97) 0.87 (0.78-0.96)
16 916 (2.8) 1.00 (0.90-1.12) 1.01 (0.91-1.13)
2002 (0.3) 0.81 (0.57-1.16) 0.79 (0.55-1.13)
44 929 (74) 0.99 (0.92-1.07) 0.98 (0.91-1.06)
7945 (1.3) 1.09 (0.85-1.39) 1.10 (0.86-1.41)
3249 (0.5) 0.99 (0.71-1.38) 1.15 (0.82-1.60)
n = 600 445
57 049 (9.5) 0.97 (0.91-1.02) 0.96 (0.90-1.02)
46 271 (77) 0.81 (0.75-0.87) 0.82 (0.76-0.88)
42 029 (7.0) 0.80 (0.74-0.86) 0.81 (0.75-0.87)

*Stabilized IPTWs were used to adjust estimates.

time-varying exposure.
preterm birth, respectively.

birth (codes provided in Appendix 1, Supplemental Tables S2 and S3).

Note: Cl = confidence interval, HR = hazard ratio, IPTW = inverse probability of treatment weight, RR = risk ratio.

tEstimate values represent RRs that were computed with a log-binomial regression model.

tPostpartum hemorrhage in conjunction with a procedure code for hysterectomy, blood transfusion or other procedure to control bleeding.

§Estimate values represent HRs that were computed with a Cox model, where tetanus—diphtheria—acellular pertussis (Tdap) vaccination was modelled as a

fMothers who received Tdap vaccine after 36 weeks’ gestation or 31 weeks’ gestation were treated as unvaccinated in the analyses of preterm birth and very

**Adaptation®® of a composite indicator for neonatal morbidity*® that flags infants with 1 or more of 15 neonatal diagnoses or 7 procedures within 28 days after

Sensitivity analyses

Inclusion of possible T'dap vaccination in our sensitivity
analysis identified 2792 additional records, bringing the
number of exposed subjects to 14 311. Repeating our analy-
ses with this expanded definition did not alter interpretation
of our findings except for chorioamnionitis, which was sta-
tistically significant despite the point estimate’s being of
similar magnitude (Appendix 1, Supplemental Table S5).
Adjustment for maternal use of health care services before
the index pregnancy had little impact (Appendix 1, Supple-
mental Table S6).

Sensitivity analyses to assess the potential impact of resid-
ual confounding indicated that a harmful unmeasured con-
founder would have biased estimates downward, particularly if
the prevalence were lower in Tdap-vaccinated mothers. For
instance, if 20% of unvaccinated mothers and 10% of Tdap-
vaccinated mothers had a risk factor that increased the out-
come twofold, we would have underestimated the HRs and
RRs of study outcomes by 8% (Appendix 1, section on bias
analyses and Supplemental Tables S7-S16).

In this large population-based cohort study examining obstet-
ric and perinatal outcomes among more than 11 000 Ontario
women who received Tdap vaccination during pregnancy, we
found no association between vaccination and chorioamnion-
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itis, postpartum hemorrhage, severe postpartum hemorrhage,
preterm birth, very preterm birth, being small for gestational
age or stillbirth. We observed reductions in risk for gesta-
tional hypertension, a neonatal intensive care unit stay longer
than 24 hours and composite neonatal morbidity among
Tdap-vaccinated mothers.

Our results concur with evidence that Tdap vaccination
during pregnancy is not associated with poor perinatal out-
comes, such as preterm birth,!71%21:22:25.27.284849 heing small for
gestational age!*?2?* and stillbirth.!”17212531533 Although the
reduced risks of a neonatal intensive care unit stay exceeding
24 hours and neonatal morbidity may have been due to
nonspecific beneficial effects of maternal T'dap vaccination
(i.e., vaccine protection beyond the targeted disease’), limited
evidence supports this in the context of maternal vaccination.
Given known biases in observational studies on vaccination,’!
we cannot discount the possibility that residual confounding
induced a healthy vaccinee bias.

Individual neonatal morbidities have been examined in sev-
eral maternal T'dap vaccination studies. A large cohort study
with more than 1 million pregnant women (148 817 Tdap-
vaccinated) showed no increased risks of adverse newborn
outcomes, such as respiratory distress and seizures, and a
reduced risk of neonatal sepsis among infants born to Tdap-
vaccinated women.*® DeSilva and colleagues'® observed no
associations between Tdap vaccination during pregnancy and
transient tachypnea, neonatal sepsis, neonatal pneumonia,



respiratory distress syndrome or newborn convulsions. A
smaller single-centre study showed similar risks of neonatal
complications, including requirement for ventilation, sepsis
and intraventricular hemorrhage, between Tdap-vaccine—
exposed infants and unexposed infants.’” A New Zealand
study of about 70 000 infants showed a reduction in respira-
tory distress syndrome (adjusted odds ratio 0.65, 95% CI
0.52-0.81) among T'dap-vaccine—exposed infants compared to
unexposed infants.??

Evidence on Tdap vaccination during pregnancy and cho-
rioamnionitis is inconsistent. Three studies showed a small
increased risk of chorioamnionitis among Tdap-vaccinated
women; none showed increased risks for adverse infant out-
comes typically associated with chorioamnionitis, such as pre-
term birth.!®?73% Like Morgan and colleagues' and Berenson
and colleagues,'” we found no association with chorioamnio-
nitis or preterm birth. Although the magnitude of our esti-
mate for chorioamnionitis changed minimally in sensitivity
analyses, the 95% CI excluded the null value in 1 such analy-
sis; therefore, it is prudent to continue to monitor this out-
come. Our finding that maternal Tdap vaccination was not
associated with postpartum hemorrhage aligns with 2 previ-
ous studies.”*

We are unaware of any biologic mechanism to explain the
protective relation observed between Tdap vaccination and
gestational hypertension. Previous studies?*” have not shown
an association between Tdap vaccination and this outcome.
Residual confounding may partly account for this finding:
compared to unvaccinated mothers, those vaccinated may rep-
resent a healthier population who engage in behaviours that
lower their risk for gestational hypertension. However, our
assessment of residual confounding (Appendix 1, section on
bias analyses) indicated that even a strong unmeasured protec-
tive confounder that was more prevalent in the Tdap-
vaccinated group is unlikely to have biased the estimate more
than 5%. The lack of information about the timing of disease
onset precluded accounting for temporality of the association
in our analyses; this may have produced an apparent risk
reduction.’™? In contrast, Griffin and colleagues,” who were
able to account for timing of diagnosis in relation to vaccina-
tion, found no association between Tdap vaccination and ges-
tational hypertension.

Limitations

Strengths of our study include its population-based design,
comprising a source population of more than 600 000 births.
We were able to include perinatal outcomes that are recom-
mended for assessment in maternal vaccination studies,*®
including 3285 stillbirths (36 exposed); previous stillbirth
assessments have been based on very small numbers of
CVentS.”’l()’zl'Z}’Sl_”

Despite achieving a good balance of baseline covariates in
our weighted sample, propensity scores were limited to vari-
ables available in the study databases. Our data on maternal
smoking, alcohol and drug use, and body mass index likely
captured only the most severe forms of these behaviours or
characteristics; thus, we cannot dismiss residual confounding
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by these or other factors. A common unmeasured confounder
that is twice as prevalent in unvaccinated women (i.e., 20% in
unvaccinated and 10% in Tdap-vaccinated) and associated
with a twofold increased risk of the outcome could have biased
our estimates downward by 8%, potentially obscuring an
increased risk. Although data on timing of vaccination were
available, we lacked information on disease onset for gesta-
tional hypertension and could not determine temporality of
this relation. Owing to difficulties of diagnosing chorioamnio-
nitis clinically, outcome misclassification is possible; however,
we found no association between maternal Tdap vaccination
and sequelae of chorioamnionitis (e.g., preterm birth*?).
Future validation studies of this outcome would be valuable.

Ontario currently limits public funding for adult booster
"T'dap vaccinations to 1 dose.’* If care providers refrained from
billing for T'dap vaccination to avoid additional costs for the
mother, exposure may have been misclassified. Furthermore,
vaccine-specific codes were introduced only 7 months before
our study period, and incorrect use of new billing codes may
have introduced exposure misclassification.* However, results
from sensitivity analyses that included possible Tdap vaccina-
tions billed under general vaccination codes were essentially
identical to our main analyses. Although the sensitivity of the
Tdap vaccination code in our study was unclear, specificity
was likely high: validation studies of Ontario vaccination fee
codes showed high specificity (about 81%—-96%) and positive
predictive values (about 88%-99%).%5> With high specificity
and low exposure prevalence in our study, any nondifferential
exposure misclassification owing to less than perfect sensitivity
would have had only a small impact.’

Conclusion

Our findings corroborate existing literature and support the
safety of T'dap vaccination during pregnancy. We found no
increased risk of postpartum hemorrhage or chorioamnionitis
after T'dap vaccination in Ontario; earlier studies from other
countries gave equivocal results for these outcomes. This
study provides safety information on maternal Tdap vaccina-
tion in Canada, which is important for establishing baseline
data to inform maternal vaccination practices and providing
reassurance when discussing T'dap vaccination recommenda-
tions with pregnant women. Future studies using data that
extend into the period after adoption of Tdap vaccination pol-
icy will be important for further developing the evidence base
in Canada.
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