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ABSTRACT

OBJECTIVE

To determine whether any association exists between
exposure to 2009 pandemic HIN1 (pH1N1) influenza
vaccination during pregnancy and negative health
outcomes in early childhood.

DESIGN
Retrospective cohort study.

SETTING

Population based birth registry linked with health
administrative databases in the province of Ontario,
Canada.

PARTICIPANTS

All live births from November 2009 through October
2010 (n=104 249) were included, and children
were followed until 5 years of age to ascertain study
outcomes.

MAIN OUTCOME MEASURES

Rates of immune related (infectious diseases,
asthma), non-immune related (neoplasms, sensory
disorders), and non-specific morbidity outcomes
(urgent or inpatient health services use, pediatric
complex chronic conditions) were evaluated from birth
to 5 years of age; under-5 childhood mortality was
also assessed. Propensity score weighting was used
to adjust hazard ratios, incidence rate ratios, and risk
ratios for potential confounding.

RESULTS

Of 104 249 live births, 31 295 (30%) were exposed to
pH1N1 influenza vaccination in utero. No significant
associations were found with upper or lower
respiratory infections, otitis media, any infectious
diseases, neoplasms, sensory disorders, urgent and
inpatient health services use, pediatric complex

WHAT IS ALREADY KNOWN ON THIS TOPIC

uptake

WHAT THIS STUDY ADDS

According to recent research, concern about safety is commonly cited as a reason
for low uptake of influenza vaccine among pregnant women

Lack of information on long term health outcomes in children exposed to
influenza vaccination in utero is a potential barrier to achieving higher vaccine

No association was observed between exposure to 2009 pandemic HIN1
influenza vaccine during pregnancy and most five year pediatric health outcomes
These results support the safety profile of 2009 pandemic HIN1 influenza
vaccination during pregnancy
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chronic conditions, or mortality. A weak association
was observed between prenatal pH1N1 vaccination
and increased risk of asthma (adjusted hazard

ratio 1.05, 95% confidence interval 1.02 to 1.09)

and decreased rates of gastrointestinal infections
(adjusted incidence rate ratio 0.94, 0.91 to 0.98).
These results were unchanged in sensitivity analyses
accounting for any potential differential healthcare
seeking behavior or access between exposure groups.

CONCLUSIONS

No associations were observed between exposure

to pH1N1 influenza vaccine during pregnancy and
most five year pediatric health outcomes. Residual
confounding may explain the small associations
observed with increased asthma and reduced
gastrointestinal infections. These outcomes should be
assessed in future studies.

Introduction

Pregnant women are considered to be at high risk for
serious illness due to influenza related mortality and
morbidity documented during influenza pandemics
and seasonal epidemics.’™ In the United States and
Canada, policies advising all pregnant women to be
immunized against influenza have been in place for
many vears.''® Similar policies now exist in other
countries,” *° many of which were implemented in
response to the 2009 H1N1 influenza pandemic.?
In addition to directly protecting pregnant women,
vaccine derived maternal antibodies cross the placenta
and confer passive immunity to infants during the first
months of life.?*2® As infants under 6 months of age
have the highest burden of morbidity and mortality
associated with pediatric influenza,?’** but influenza
vaccines are not licensed for use in this group,’°
immunization during pregnancy is an important
strategy for protecting young infants from influenza
infection.’

Despite the strong evidence of benefit to mothers
and newborns, uptake of influenza vaccination during
pregnancy has been low, even when recommended and
funded.?? > Concern about safety is a commonly cited
reason for pregnant women not being immunized,**?’
and this can also affect healthcare providers’
willingness to recommend influenza vaccination
to their pregnant patients.>” Although substantial
evidence now supports the safety of maternal influenza
immunization with respect to birth outcomes (for
example, preterm birth, congenital anomalies),’®*?
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few studies have assessed pediatric health outcomes
beyond the first six months of life.**** The lack of
information on longer term health outcomes in children
following influenza vaccination during pregnancy may
be a potential barrier to achieving higher uptake and
has been identified as an evidence gap for maternal
immunization policy globally.’® > In this study, we
evaluated the relation between 2009 pandemic H1N1
(pH1N1) influenza vaccination during pregnancy and
pediatric health outcomes in the first five years of life.

Methods

Study design, data sources, and study population
We did a population based retrospective cohort study
of infants born to residents of Ontario, Canada from
2 November 2009 through 31 October 2010. We
used the Better Outcomes Registry & Network (BORN)
Ontario birth registry (https://www.bornontario.ca/
en/about-born/) to identify the study population. This
province-wide registry contains maternal-newborn
records for all hospital births of at least 500 g or at
least 20 weeks of gestational age. In addition to routine
sociodemographic and clinical data, information on
receipt of the monovalent 2009 pH1IN1 influenza
vaccine during pregnancy was captured as part of
enhanced surveillance during the 2009 influenza
pandemic. We linked this one year birth cohort with
health administrative databases to ascertain pediatric
health outcomes over a five year follow-up period. All
databases were linked using unique encoded identifiers
and analyzed at ICES (https://www.ices.on.ca/). The
administrative databases included the Canadian
Institute for Health Information’s Discharge Abstract
Database (hospital admissions) and the National
Ambulatory Care Reporting System (emergency
department visits), each containing clinical diagnoses
made during healthcare encounters, coded using the
Canadian adaptation of the international classification
of diseases, 10th revision (ICD-10-CA) system, as well
as the Ontario Asthma dataset, which is derived from
the administrative databases. We additionally linked
with the Ontario Cancer Registry to identify cases
of pediatric cancer and with the Registered Persons
Database to derive follow-up time for each child and
to ascertain childhood mortality. Further description of
the data sources and linkage methodology is provided
in supplementary methods 1.

We excluded infants whose birth registry record could
not be linked to the administrative databases, those
born to women who were not continuously eligible to
receive healthcare in Ontario during pregnancy, those
with records with data quality problems (for example,
duplicates, invalid date of birth), and those not eligible
for publicly funded provincial healthcare at birth. We
also excluded infants whose records were missing
information on 2009 pHIN1 influenza vaccination
during pregnancy or who died on their date of birth.

Exposure and outcome measurement
The exposure of interest was receipt of the monovalent
2009 pHI1N1 influenza vaccine during pregnancy,
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ascertained from database specific codes in the birth
registry. We classified infants born to mothers with
documented 2009 pH1N1 influenza immunization
during pregnancy as exposed to vaccine and those
whose mothers were not immunized against 2009
pH1N1 influenza during pregnancy as unexposed. The
pandemic influenza vaccination campaign in Ontario
started on 26 October 2009. In Canada, two pandemic
vaccines were produced (both by GlaxoSmithKline
Biologicals)—an unadjuvanted pHIN1 influenza
vaccine, specifically intended for use in pregnant
women, and an AS03 adjuvanted product (Arepanrix)
produced for the general population. The second
one was not contraindicated in pregnancy if the
unadjuvanted product was unavailable and the risk of
influenza was deemed to be high.’>>>

A consensus list of standardized case definitions
has been developed for monitoring obstetric and
neonatal outcomes following immunization during
pregnancy.”® In the absence of such guidance for later
pediatric health outcomes and the limited research on
this topic, we pre-specified three groups of childhood
morbidity outcomes for our evaluation. Firstly, we
were primarily interested in immune related outcomes
(infectious and atopic diseases), as the developing
fetal immune system is thought to be sensitive to
influences such as maternal immunization.’’>® To
assess safety, we included two non-immune related
morbidity outcomes that have been used in other safety
studies among pregnant women (neoplasms, sensory
disorders)®® and two non-specific morbidity outcomes
(urgent and inpatient health services use, pediatric
complex chronic conditions). Where possible, we
used clinical registries and standardized validated
algorithms to identify outcomes. When no relevant
registry or established algorithm was available, we
measured outcomes by using diagnostic codes from
emergency department visits and hospital admissions,
but not from outpatient primary care visits, in an effort
to limit the analysis to cases with better measurement
in the available databases, as well as more serious
clinical implications. Subsequent to developing
our original study protocol, we included childhood
mortality up to the age of 5 years as an additional
outcome.

Infectious outcomes included upper and lower
respiratory tract infections, gastrointestinal infections,
otitis media, and a composite of these four categories
of infections. Sensory disorders included vision and
hearing loss combined. We searched for ICD-10-
CA diagnostic codes for each of these outcomes in
primary or secondary diagnostic code field positions
of the hospital admission and emergency department
databases. Diagnoses of asthma were ascertained from
the Ontario Asthma dataset, which uses a validated
algorithm (sensitivity 89%, specificity 72%) to
identify cases of asthma from health administrative
databases.® Children in our cohort who were in the
Ontario Asthma dataset but coded with a diagnosis
of asthma before 6 months of age were not classified
as asthma cases unless a diagnostic code for asthma
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could be found in the hospital admission or emergency
department databases later during follow-up.®?
Confirmed diagnoses of pediatric cancer came from
the Ontario Cancer Registry. We modified an existing
algorithm to identify children with a complex chronic
condition (expected to last more than 12 months
and need specialty care, likely including hospital
admission in a tertiary care center).®> We ascertained
child mortality from the Registered Persons Database.
See supplementary tables A and B for a list of diagnostic
codes used to identify all morbidity outcomes.

Statistical analyses

We described the characteristics of the study population
by using frequencies for categorical variables and
medians (interquartile ranges) for continuous
variables. We used standardized differences to assess
the balance of baseline covariates between the two
exposure groups, with an absolute standardized
difference below 0.10 considered indicative of a well
balanced covariate.®*

We used weights derived from propensity scores to
adjust for confounding in our study. We developed a
logistic regression model to calculate a propensity
score for each infant, representing the predicted
probability of 2009 pH1N1 influenza immunization
during pregnancy. Before running the propensity
score models, we used multiple imputation to correct
for missing values for covariates—6.9% of records
had missing information for one or more covariates
that we intended to include in the propensity score;
the percentage of missing data for any one of the
individual variables was less than 1% for most (rural
residence, public health unit region, parity, fifths of
neighborhood income) and was highest for maternal
smoking during pregnancy (3.9%). We included the
following pre-selected covariates from the birth registry
in the propensity score models, which were developed
using each of the 10 multiple imputation datasets:
maternal age, parity, maternal smoking, season of
conception, antenatal care provider, maternal pre-
existing medical comorbidity, obstetric complications,
use of antenatal steroids, multifetal gestation, fifth
of neighborhood income, rural residence, and public
health unit region. Subsequently, we developed
inverse probability of treatment weights (IPTWs),
whereby the value for each vaccine exposed infant was
the inverse of the propensity score and the value for
each unexposed infant was the inverse of 1 minus the
propensity score.®> To stabilize any extreme weights,
we standardized to the entire study population by
multiplying by the marginal propensity score.

Follow-up began on the date of birth and continued
until the child either became ineligible for healthcare
in Ontario (owing to emigration or death) or reached
5 years of age. However, for time-to-event outcomes
(asthma, neoplasms, sensory disorders, mortality),
the end of follow-up was the event date for those
experiencing the outcome. We used Cox proportional
hazards models (asthma, neoplasms, sensory
disorders, mortality), negative binomial models

thelbmj | BMJ2019;366:14151 | doi: 10.1136/bm;.14151
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(infectious disease outcomes, urgent and inpatient
health services use), and log binomial models (pediatric
complex chronic conditions) to estimate unadjusted
and adjusted hazard ratios, incidence rate ratios, and
risk ratios, respectively, with 95% confidence intervals.
To generate adjusted results, we ran weighted models
for each outcome by using the stabilized IPTWs
generated from each of the 10 multiple imputation
datasets. We then statistically combined the resulting
parameters and standard errors to produce a single
adjusted point estimate and 95% confidence interval.
For the Cox models, we found the proportional hazards
assumption for the exposure variable to be fulfilled on
the basis of examination of Schoenfeld residual plots
and Wald tests for interaction between exposure status
and time.

In sensitivity analyses, we examined those
outcomes for which the 95% confidence interval
around the adjusted point estimated excluded the
null value. Firstly, we restricted the study population
to infants with at least two well baby visits or primary
immunization visits in the first year of life to ensure
that the child was accessing the healthcare system
(see supplementary methods 2). We also repeated
our main analyses with additional adjustment for
the number of maternal outpatient visits within six
months before the index pregnancy and the number
of non-obstetric hospital admissions within two years
before the start of the index pregnancy to account for
any differences in healthcare seeking or access. For the
asthma outcome, we also further adjusted for maternal
asthma status. We recalculated the confidence
intervals after applying a Bonferroni correction to
account for multiple comparisons (n=10 pre-specified
morbidity outcomes) and explored a negative control
outcome (rate of all cause injuries) to assess possible
rival explanations.®® Finally, we did several additional
analyses to characterize the effect of excluding records
with missing information on pH1N1 vaccination. We
used SAS version 9.4 for all analyses.

Patient involvement

This research was done without patient involvement.
Patients were not consulted to develop the research
question, nor were they involved in identifying the
study design or outcomes. We did not invite any patients
to participate in the interpretation of results, nor in the
writing or editing of this document. There are no plans
to directly involve patients in the dissemination of
these research findings.

Results

Of 135807 live births in the Ontario birth registry
that were initially eligible, 4714 (3.5%) could not be
linked with administrative databases, and we excluded
13687 (10%) for administrative reasons. Of the
117 406 remaining infants, we excluded 77 (<1%) who
died on their date of birth, as well as 13 080 (11%) who
were missing information on 2009 pH1N1 vaccination
during pregnancy, leaving 104 249 live births in our
final study population (fig 1). A total of 31295 (30%)
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children were born to women vaccinated against 2009
pH1N1 influenza during pregnancy. In the unweighted
study population, vaccinated women were more likely
to be over 30 years of age and live in the highest fifth of
neighborhood income. After weighting with stabilized
IPTWs, we found all measured baseline covariates to
be well balanced (absolute standardized difference
<0.1) indicating an improvement in the comparability
of children born to women who were and were not
vaccinated with 2009 pH1N1 influenza vaccine during
pregnancy (table 1).

The median length of follow-up of pH1N1 influenza
vaccine exposed and unexposed infants was five years.
A total of 14 459 children (14%) received a diagnosis of
asthma during follow-up, at a median age of 1.8 years.
The proportion of children diagnosed as having asthma
was highest among those born to mothers with a pre-
existing medical comorbidity, particularly asthma,
and those born preterm (see supplementary table C).
Among infectious study outcomes, 34% (n=35 441)
of children had at least one upper respiratory tract
infection during follow-up (see supplementary table
C). Less than 1% of children were diagnosed as having
a sensory disorder (152 (0.15%); see supplementary
table D), neoplasm (145 (0.14%); supplementary
table D), or pediatric complex chronic condition (444
(0.87%); supplementary table E).

We did not observe any significant associations
between prenatal exposure to 2009 pH1N1 influenza
vaccination and upper or lower respiratory infections,
otitis media, all infections, neoplasms, sensory
disorders, rates of urgent and inpatient health services
use, pediatric complex chronic conditions, or under-5
mortality. We found a weak, but statistically significant,
increased association with asthma (adjusted hazard
ratio 1.05, 95% confidence interval 1.02 to 1.09), as
well as an inverse association with gastrointestinal
infections (adjusted incidence rate ratio 0.94, 0.91 to
0.98), even after accounting for potential confounding
in weighted analyses (table 2).

We subjected our findings for asthma and
gastrointestinal infections to several sensitivity
analyses (see supplementary table F). Firstly, to ensure
contact with the healthcare system during the first year
of life, we restricted the analysis to children with at
least two well baby or routine immunization visits in
their first year; however, the positive association with
asthma and inverse association with gastrointestinal
infections wereboth unchanged. Additional adjustment
for maternal propensity to access healthcare before
pregnancy also had a negligible effect on these point
estimates. When we used a Bonferroni correction to
account for multiplicity, neither the association with
asthma (adjusted hazard ratio 1.05, 1.00 to 1.11)
nor the association with gastrointestinal infections
(adjusted incidence rate ratio 0.94, 0.88 to 1.00)
remained statistically significant. We observed a small,
statistically significant increase in rates of all cause
injuries (our negative control outcome) in infants
exposed to 2009 pH1N1 influenza vaccine compared
with unexposed infants (adjusted incidence rate ratio
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1.03, 1.01 to 1.05), and this association persisted in
all sensitivity analyses. Approximately 11% of records
were missing information on pH1N1 vaccination during
pregnancy and were excluded from our analyses.
When we examined the distribution of baseline study
variables in infants missing exposure information
(n=13080 infants) and those included in our
analyses (n=104 249), we found them to be generally
comparable. Any differences in characteristics across
these two groups (that is, with a standardized difference
>0.1) were largely due to missing data patterns in other
variables (supplementary table G). Differences in
study outcomes between these two groups were very
small in magnitude and not clinically informative (see
supplementary table H), and sensitivity analyses to
assess the potential effect of the missing data did not
alter our findings or interpretation (supplementary
table I).

Discussion
In this large, population based study of 104 249
children, 31295 of whom were born to women
vaccinated against 2009 pHIN1 influenza during
pregnancy, we found no associations between
exposure to the 2009 pH1N1 influenza vaccine in utero
and pediatric upper respiratory tract infections, lower
respiratory tract infections, otitis media, all infections,
neoplasms, sensory disorders, rates of urgent and
inpatient health services use, pediatric complex
chronic conditions, or mortality up to 5 years of age.
Although we observed an increased association
between maternal 2009 pH1N1 influenza vaccination
and pediatric asthma, the small magnitude of
the association, which was no longer statistically
significant after we accounted for multiplicity,
along with evidence of a small correlation with our
negative control outcome, implies that these results
should be interpreted cautiously. We also observed
a significant inverse association between 2009
PHIN1 influenza vaccination during pregnancy and
pediatric gastrointestinal infections that persisted in
all sensitivity analyses. Although we used propensity
score methods to adjust for differences between vaccine
exposed and unexposed infants, this association could
still be due to residual confounding, possibly by an
increased likelihood of vaccinated mothers to ensure
rotavirus vaccination in their children. Although the
publicly funded rotavirus immunization program
in Ontario was not operational during our study
period, the vaccine was available by prescription for
purchase.’’” We attempted to account for rotavirus
immunization through a sensitivity analysis limited
to infants accessing regular well baby and primary
immunization visits during the first year; however, no
rotavirus specific vaccine codes were available to allow
for specific adjustment in our models.

Strengths and weaknesses of study

The main strength of our study was the availability of
a population based birth registry with detailed clinical
information on pregnancy and birth, receipt of the
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Table 1 | Distribution of baseline characteristics of study population, overall and by 2009 pandemic H1N1 influenza
vaccination status. Values are numbers (percentages) unless stated otherwise

2009 pH1N1 influenza vaccination during pregnancy

Whole population _ (Unweighted)

2009 pH1N1 influenza vaccination
during pregnancy
(%, IPTW weighted*)

(unweighted)

Standardized Standardized

Characteristic (n=104249) Yes (n=31295) No (n=72954) differencet Yes No differencet
Maternal age, years:
<20 3582 (3.4) 735 (2.4) 2847 (3.9) 0.09 3.5 3.5 0.002
20-24 13183 (12.7) 2846 (9.1) 10337 (14.2) 0.16 115 13.1 0.048
25-29 29023 (27.8) 7980 (25.5) 21043 (28.8) 0.08 27.8 27.8 0.001
30-34 35583 (34.1) 11902 (38.0) 23681 (32.5) 0.12 36.3 329 0.072
=35 22878 (22.0) 7832 (25.0) 15046 (20.6) 0.11 20.9 227 0.042
Parity:
0 (nulliparous) 44 634 (42.8) 13100 (41.9) 31534 (43.2) 0.03 424  42.8 0.008
>1 (multiparous) 59369 (57.0) 18107 (57.9) 41262 (56.6) 0.03 57.4 57.0 0.007
Missing 246 (0.2) 88 (0.3) 158 (0.2) 0.01 0.3 0.2 0.012
Smoking during pregnancy:
No 88 604 (85.0) 27 075 (86.5) 61529 (84.3) 0.06 84.5 850 0.014
Yes 11594 (11.1) 2850 (9.1) 8744 (12.0) 0.09 11.7 11.2 0.014
Missing 4051 (3.9) 1370 (4.4) 2681 (3.7) 0.04 3.9 3.8 0.002
Pre-existing maternal medical conditions#:
No 86917 (83.4) 25630 (81.9) 61287 (84.0) 0.06 83.3 83.4 0.003
Yes 17 332 (16.6) 5665 (18.1) 11667 (16.0) 0.06 16.7 16.6 0.003
Asthma§ 14771 (14.2) 4786 (15.3) 9985 (13.7) 0.05 142 14.2 0.001
Chronic 847 (0.8) 324 (1.0) 523 (0.7) 0.03 08 08 0002
hypertension§
Diabetes§ 1823 (1.8) 582 (1.9) 1241 (1.7) 0.01 1.8 1.8 0.003
Heart disease§ 479 (0.5) 179 (0.6) 300 (0.4) 0.02 0.5 0.5 0.003
Obstetric complications:
No 93118 (89.3) 27 827 (88.9) 65291 (89.5) 0.02 89.1 89.4 0.009
Yes 11131 (10.7) 3468 (11.1) 7663 (10.5) 0.02 109 10.6 0.009
Multiple birth:
No 100579 (96.5) 30032 (96.0) 70547 (96.7) 0.04 96.5 96.5 0.000
Yes 3670 (3.5) 1263 (4.0) 2407 (3.3) 0.04 3.5 3.5 0.000
Fifth of neighborhood median family income:
1 (lowest) 23035 (22.1) 5535 (17.7) 17500 24.0)  0.16 223 221 0.004
2 20434 (19.6) 5631 (18.0) 14803 (20.3) 0.06 19.7 19.6 0.001
3 21196 (20.3) 6358 (20.3) 14 838 (20.3) 0.00 20.1 20.3 0.003
4 22421 (21.5) 7281 (23.3) 15140 (20.8) 0.06 215 21.5 0.000
5 (highest) 16714 (16.0) 6377 (20.4) 10337 (14.2) 0.16 16.0 16.0 0.001
Missing 449 (0.4) 113 (0.4) 336 (0.5) 0.02 0.4 0.5 0.007
Rural residence:
Yes 10488 (10.1) 3433 (11.0) 7055 (9.7) 0.04 10.5 10.1 0.012
No/missing 93761 (89.9) 27 862 (89.0) 65899 (90.3) 0.04 89.5 89.9 0.021
Gestational age at birth in weeks:
Term (37 weeks) 96 315 (92.4) 28955 (92.5) 67 360 (92.3) 0.01 928 923 0.012
Preterm
28 302 (0.3) 81(0.3) 221 (0.3) 0.01 0.3 0.3 0.010
28-31 697 (0.7) 189 (0.6) 508 (0.7) 0.01 0.6 0.7 0.011
32-33 945 (0.9) 285 (0.9) 660 (0.9) 0.00 0.8 0.9 0.008
34 985 (0.9) 285 (0.9) 700 (1.0) 0.01 0.9 1.0 0.008
35 1692 (1.6) 478 (1.5) 1214 (1.7) 0.01 1.4 1.7 0.020
36 3313 (3.2) 1022 (3.3) 2291 (3.1) 0.01 3.2 3.2 0.001
Infant sex:
Male 53667 (51.5) 16127 (51.5) 37 540 (51.5) 0.002 51.5 514 0.002
Female 50582 (48.5) 15168 (48.5) 35414 (48.5) 0.002 48.5 48.6 0.002

IPTW=inverse probability of treatment weight.
*Stabilized inverse probability of treatment weighting.

tAbsolute standardized difference, whereby value >0.10 indicates imbalance between 2009 pH1N1 influenza vaccine exposed and unexposed

participants.
$Asthma, chronic hypertension, diabetes, or heart disease.

§Sum of each individual condition does not equal number of women with any condition, as categories were not mutually exclusive.
TPregnancy induced hypertension, pre-eclampsia, eclampsia, gestational diabetes, placenta previa, or placental abruption.

2009 pH1N1 influenza vaccine during pregnancy,*
and linkage to health administrative databases
permitting follow-up for health outcomes up to 5 years
of age. We cannot dismiss the possibility of residual
confounding of our findings due to an inability to

thelbmj | BMJ2019;366:14151 | doi: 10.1136/bm;.14151

include unmeasured or unknown confounders in
the propensity scores.®® However, this method has
been shown to reduce bias more effectively than
conventional multivariable adjustment methods
in studies using large administrative databases,®’
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{135 807

All live births in Ontario =500 g and =20 weeks of gestation between 2 November 2009 and 31 October 2010*

A

Excluded

N—p 4714 Record could not be linked with health
administrative databases or had invalid
health card number (3.5%)

13 687 Other administrative exclusions (10.1%)t

4

Linked dataset after ad

ministrative exclusions

13 157

Excluded

77 Infant death on date of birth (0.1%)
13080 Missing pH1N1 vaccination data (11.1%)

A

y

104 249

Children included i

n study population

Fig 1 | Flow diagram of study. *Information on maternal 2009 pandemic H1N1 influenza vaccination was collected
between 2 November 2009 and 31 October 2010. tInvalid birth date (n=21), duplicate record (n=31), invalid linkage
(n=209), women who were not continuously eligible to receive healthcare in Ontario during pregnancy or infant not

eligible at birth for provincial healthcare (n=13 426)

including studies of influenza vaccine.”® With the
exception of neoplasms, for which we used a clinical
registry, we recognize the possibility of measurement
error of other study outcomes. We used a validated
algorithm to identify cases of pediatric asthma®l;
however, clinically confirmed diagnoses of asthma
would have been preferable. Although we believe that
any misclassification of asthma status would likely
have been non-differential according to exposure,
vaccinated women may have been more likely to access
healthcare for their infants, and this could have biased
our results away from the null. Nevertheless, our

sensitivity analyses designed to account for maternal
propensity to access healthcare did not change any of
the results. In sensitivity analyses, we did not find any
evidence to suggest that the exclusion of records with
missing information on pH1N1 influenza vaccination
during pregnancy would have introduced significant
bias. In addition to similar frequencies of baseline
characteristics and risk of study outcomes among
records with and without complete information on
pH1N1 vaccination, repeating our analyses within
subgroups of the study population with lower
percentages of records with missing pH1N1 influenza

Table 2 | Association between 2009 pandemic H1N1 influenza vaccination during pregnancy and pediatric health outcomes

Outcome

2009 pH1N1 influenza vaccination

during pregnancy during pregna

No 2009 pH1N1 influenza vaccination

ncy

Incidence rate (95% Cl)

No of events per 1000 person years No of events

Immune related morbidity outcomes:

Incidence rate (95% Cl)
per 1000 person years

Crude estimate
(95% ClI)

Adjusted estimate
(95% Cl)*

Atopic disease:

Asthmat 4359 30.7 (29.9t0 31.6) 10100 30.6 (30.0t0 31.1) 1.00 (0.97 to 1.04) 1.05 (1.02 to 1.09)
Infectious diseases:
Upper respiratory tract infectionst 20132 130.6 (128.2t0 132.9) 46677 130.0 (128.4t0 131.5) 1.01 (0.98t0 1.03) 1.01 (0.98 to 1.03)
Lower respiratory tract infections# 8102 52.5(51.4t053.7) 19335 53.8 (53.1t0 54.6) 0.98 (0.941t01.01) 0.99(0.95to0 1.03)
Gastrointestinal infectionst 6138 39.8 (38.9 10 40.7) 15320 42.7 (42.1t0 43.3) 0.93 (0.90t00.97) 0.94 (0.91t0 0.98)
Otitis mediat 10129 65.7 (64.3t0 67.1) 22732 63.3 (62.4t0 64.2) 1.04 (1.00to 1.07) 1.03 (1.00 to 1.06)
Allinfections# 44501 288.6 (284.1t0 293.2) 104064 289.7 (286.8t0 292.7) 1.00 (0.97 to 1.04) 1.01 (0.98 to 1.03)
Non-immune related morbidity outcomes:
Neoplasmst 48 0.30(0.29t00.31) 97 0.27 (0.26 10 0.28) 1.12(0.79t0 1.59) 1.12(0.79t0 1.59)
Sensory disorderst 42 0.27 (0.26 10 0.28) 110 0.30(0.29t0 0.30) 0.89 (0.62t0 1.27) 0.94 (0.67 to 1.33)
Non-specific morbidity outcomes:
Urgent and inpatient health services uset 104 043 674.7 (666.5 to 683.1) 246292 685.7 (680.2t0 691.2) 0.98 (0.97 to 1.00) 0.99 (0.98 to 1.01)
Pediatric complex chronic condition§ 134 0.88 (0.851t00.91) 310 0.87 (0.85 t0 0.89) 1.01 (0.82t0 1.23) 0.98 (0.80t0 1.20)
5 year mortalityt] 77 0.50 (0.47 t0 0.53) 220 0.61(0.591t00.63) 0.83 (0.63t0 1.06) 0.83 (0.64 to 1.08)

*Adjusted using stabilized inverse probability of treatment weights.
tNumber of events represents total unweighted number of children diagnosed as having outcome. Point estimates shown are hazards ratios generated using Cox proportion hazards regression

model.

#Number of events represents total unweighted number of occurrences for each outcome. Point estimates shown are incidence rate ratios generated using negative binomial regression model.
§Number of events represents total unweighted number of children diagnosed as having two or more of composite chronic conditions. Original indicator also includes categories of conditions
related to prematurity and congenital or genetic defects. These have been excluded from modified indicator. Point estimates shown are risk ratios generated using log binomial regression model,
restricted to infants with full 5 years of follow-up (n=101 611).
fAnalysis based on number of deaths up to age of 5 years, excluding those that occurred on date of birth.
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vaccination information yielded results that were
consistent with our primary analyses. Although an
unadjuvanted pH1N1 influenza vaccine was produced
specifically for pregnant women in Canada during
the pandemic,”**> some women probably received
the ASO3 adjuvanted vaccine used in the general
population. We were unable to assess the products
separately, as no distinction was made in the birth
registry. Finally, despite the large size of our study,
we were likely still underpowered to rule out small
associations for the rarest outcomes.

Comparison with other studies

Despite longstanding recommendations for influenza
vaccination during pregnancy,'*?° coverage has been
suboptimal (for example, <20% in Canada,** 54% in
the United States®?), possibly owing to ongoing concern
about safety of vaccination during pregnancy.>*3* 7! To
date, most studies of influenza immunization during
pregnancy that include follow-up of infant outcomes
beyond the early neonatal period have limited their
assessment to the first six months and focused
exclusively on influenza outcomes (for example,
laboratory confirmed influenza, hospital admission
for influenza).** 22 2° 26 7278 To our knowledge, only
six studies have assessed health outcomes in children
beyond 6 months of age.***° Two followed infants from
birth to 1 year and compared outcomes between 2009
pH1N1 vaccinated mothers and unvaccinated mothers.
No differences were observed in developmental scores
or infection related physician visits in a small cohort of
Dutch infants born to women immunized with MF59
adjuvanted pH1N1 vaccine,”® nor in rates of influenza
infection or overall health services use (emergency
department visits and hospital admissions) in a
large study from Canada, conducted in the same
population as our study.*® The remaining four studies
assessed outcomes beyond the first year of life. The
first, from 1977, did not identify any association
between maternal seasonal influenza immunization
and neurologic outcomes, although important study
limitations existed, including a small sample size.*
More recently, Hviid and colleagues did a retrospective
cohort study using Danish registry data from the
2009 H1N1 pandemic time period. Among 61359
infants (6311 born to women vaccinated with an ASO3
adjuvanted pH1N1 influenza vaccine), no increased
risk of various childhood morbidities was observed
across a five year follow-up period (for example,
infectious diseases and neurologic, autoimmune, or
behavioral conditions).** The Danish study found no
association between maternal 2009 pH1N1 influenza
vaccination and pediatric asthma (first trimester
risk ratio 1.50, 0.99 to 2.29; second/third trimester
1.02, 0.89 to 1.16). Interestingly, a significant
inverse association between 2009 pH1N1 influenza
vaccination and pediatric gastrointestinal infections
was also observed in the Danish cohort (risk ratio
0.84, 0.74 to 0.94).** Similarly to our assessment of
under-5 mortality, a Swedish study assessed mortality
in offspring from 7 days of life to 4.6 years following
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pHI1N1 influenza vaccination during pregnancy with
an ASO3 adjuvanted vaccine, finding no association
(hazard ratio 0.97, 0.69 to 1.36).* Finally, no overall
increase in the risk of autism spectrum disorder was
observed following influenza vaccination during
pregnancy (seasonal trivalent influenza vaccine or
unadjuvanted pH1N1 influenza vaccine) in a California
based cohort study of infants born between 2000 and
2010.%¢

Conclusions

Overall, our findings indicate that 2009 pH1N1
influenza vaccination in pregnancy was not associated
with negative five year health outcomes in children,
which is reassuring and consistent with a similar
recent study from Denmark. Although we observed a
small, but statistically significant, increase in pediatric
asthma and a reduction in gastrointestinal infections,
we are not aware of any biologic mechanisms to explain
these findings. Future studies in different settings and
with different influenza vaccine formulations will
be important for developing the evidence base on
longer term pediatric outcomes following influenza
vaccination during pregnancy.
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