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During the 2009-2010 H1N1 influenza pan-
demic, early case reports documented more
severe illness among pregnant women than
among the general population, as well as higher
rates of hospitalization and intensive care unit
admissions."? Later reports confirmed the
disproportionately severe clinical course
among pregnant women infected with HIN1
influenza.>~° Public health organizations’~®

and professional associations'*"

strongly
encouraged pregnant women to receive an
HIN1 vaccination, and recent evidence
suggests that the intensive vaccination cam-
paign resulted in higher maternal vaccina-
tion rates during the pandemic than had
been documented in previous influenza
seasons.'*™*

Recommendations for routine vaccination
of all pregnant women with inactivated influ-
enza vaccine have been in place in Canada and
the United States for a number of years!>™®
Nevertheless, seasonal vaccination rates
prior to the 2009-2010 pandemic year were
low in the United States,'9">? ranging from
0.7% to 20% (estimates were not available
for Canada). In both countries, misconcep-
tions about the risk of complications from
influenza infection during pregnancy®® and

concerns about safety'®?3

are commonly
cited reasons for not receiving an influenza
vaccination, whereas care provider recom-
mendations have been shown to increase
vaccination rates'2'*%*

Despite ongoing maternal concerns about
vaccine safety, no evidence of serious harmful
effects following influenza vaccination during
pregnancy has been reported in the available
studies on this topiclg'21’25'32 ; thus, vaccina-
tion is promoted as the best way of preventing
maternal morbidity from influenza infection.*"
Theoretically, maternal influenza vaccination
should also benefit the fetus by averting ma-
ternal illness and associated hyperthermia and

other morbidity.*®>' Recent studies have
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Objectives. We evaluated the relationship between maternal H1N1 vaccination
and fetal and neonatal outcomes among singleton births during the 2009-2010
H1N1 pandemic.

Methods. We used a population-based perinatal database in Ontario, Canada,
to examine preterm birth (PTB), small-for-gestational-age (SGA) births, 5-minute
Apgar score below 7, and fetal death via multivariable regression. We compared
outcomes between women who did and did not receive an H1N1 vaccination
during pregnancy.

Results. Of the 55570 mothers with a singleton birth, 23 340 (42.0%) received
an H1N1 vaccination during pregnancy. Vaccinated mothers were less likely to
have an SGA infant based on the 10th (adjusted risk ratio [RR]=0.90; 95%
confidence interval [CI]=0.85, 0.96) and 3rd (adjusted RR=0.81; 95% CI=0.72,
0.92) growth percentiles; PTB at less than 32 weeks’ gestation (adjusted RR =
0.73; 95% Cl =0.58, 0.91) and fetal death (adjusted RR =0.66; 95% Cl =0.47, 0.91)
were also less likely among these women.

Conclusions. Our results suggest that second- or third-trimester HIN1 vacci-
nation was associated with improved fetal and neonatal outcomes during the
recent pandemic. Our findings need to be confirmed in future studies with
designs that can better overcome concerns regarding biased estimates of
vaccine efficacy. (Am J Public Health. 2012;102:e33-e40. doi:10.2105/AJPH.

2011.300606)

reported a lower risk of preterm birth (PTB)>3
and small-for-gestational-age (SGA) infants>*3*
among women receiving an influenza vaccina-
tion during their pregnancy. However, the
impact of maternal influenza vaccination on
fetal and neonatal outcomes has not been
extensively evaluated, possibly as a result of
low immunization rates and limited sample
sizes that preclude assessment of rare
outcomes.

In Ontario, Canada, the 2009 pandemic
HINT1 vaccination campaign started on Octo-
ber 26, 2009; high-priority groups, including
pregnant women, were targeted. During the
pandemic, Better Outcomes Registry & Net-
work (BORN) Ontario collected influenza im-
munization information from all pregnant
women who gave birth in the province. Using
this large, population-based birth cohort, we
examined the association between maternal
H1N1 influenza vaccination and fetal and
neonatal outcomes.

METHODS

We conducted a population-based retro-
spective cohort study of all singleton hospital
births (20 weeks’ gestation or more and
birth weight > 500 g) to Ontario residents
between November 2, 2009, and April 30,
2010. We obtained our data from BORN
Ontario’s birth record database, which cap-
tures information on all hospital births in the
province (approximately 140 000 live births
and stillbirths across 109 hospital sites each
year). Pregnancies that end in miscarriage
before 20 weeks’ gestation and terminations
of pregnancy owing to fetal anomalies at any
gestational age are not included in the data-
base. Home births are currently captured in
the Ontario Midwifery Program database
and thus were not included in this analysis.
Less than 2% of all births in Ontario take
place at home under the care of a registered
midwife.
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The BORN Ontario database operates on a
secure Web-based platform. When a woman
is admitted to the hospital to give birth, data
are collected by health care providers and
hospital staff from charts, clinical forms, and
patient interviews and subsequently entered
into the database (either directly or via elec-
tronic upload from a hospital’s electronic
patient record). The database contains infor-
mation on maternal demographic character-
istics, health behaviors, and reproductive
history, as well as clinical information related
to labor, birth, and fetal and neonatal out-
comes. An ongoing program of data verifi-
cation, quality checks, and formal training
sessions for individuals collecting and enter-
ing data ensures that a high level of data
quality is maintained.>®

Measures

In response to the 2009 H1N1 influenza
pandemic, BORN Ontario added 3 variables
related to influenza to the database. Starting
on November 2, 2009, hospitals and health
care providers began collecting information
on the following exposures at any time during
pregnancy: H1N1, seasonal, or other influenza-
like illness; antiviral treatment; and HIN1 or
seasonal influenza vaccination. Our primary
exposure of interest, HIN1 vaccination during
pregnancy, was defined as receipt of an H1N1
vaccination either alone or in combination
with a seasonal influenza vaccination. Women
who did not receive an HIN1 vaccination
were considered unexposed. Because the
H1N1 vaccination program in Ontario started
in late October 2009 and our study popula-
tion was composed of women who delivered
between November 2009 and April 2010, it
follows that most women in the exposed group
were immunized during their second or third
trimester.

We examined the relationship between
H1N1 vaccination during pregnancy and PTB
(live birth at a gestational age below 37
weeks), very PTB (live birth at a gestational
age below 32 weeks), SGA birth (singleton,
live birth below the 10th percentile of the
gender-specific birth weight for gestational
age distribution),>® severe SGA birth (below
the 3rd percentile), 5-minute Apgar score
below 7, and fetal death (intrauterine death
at > 20 weeks’ gestation).

e34 | Research and Practice | Peer Reviewed | Fell et al.

RESEARCH AND PRACTICE

Individual-level characteristics considered
as possible confounders for each outcome
included maternal age, parity, history of PTB,
smoking during pregnancy, chronic hyperten-
sion, a composite measure of maternal medical
comorbidity (any of the following preexisting
medical conditions: asthma, chronic hyperten-
sion, insulin-dependent diabetes, non-insulin-
dependent diabetes, or heart disease), preg-
nancy-induced hypertension, preeclampsia,

a composite of obstetrical complications dur-
ing the pregnancy (e.g., pregnancy-induced
hypertension, preeclampsia, gestational dia-
betes, placenta previa), and a composite of
intrapartum complications during labor or
birth (e.g., cord prolapse, intrapartum bleed-
ing, meconium).

To obtain information on socioeconomic
status, we used Statistics Canada software>” to
link birth records to information from the
long form 2006 Canadian census (adminis-
tered to a 20% random sample of the popula-
tion) via maternal postal codes. Each record
was assigned to a dissemination area to extract
neighborhood-level information on highest
level of attained education, median family
income, and concentration of immigrants. All
neighborhood-level variables were converted
into quintiles prior to analysis, with each
quintile containing approximately one fifth of
the total Ontario population but not necessarily
one fifth of the births in our study population.

Statistical Analyses

Cumulative incidence rates of each study
outcome were calculated among women who
received and did not receive an H1N1 vacci-
nation during pregnancy. We used logistic
regression to compare risks for each outcome
between the exposure groups by calculating
unadjusted risk ratios (RRs), estimated from
odds ratios, along with 95% confidence in-
tervals (Cls). We subsequently used multivari-
able regression to calculate adjusted risk ratios
and 95% confidence intervals. All multivari-
able models were adjusted for maternal age,
neighborhood education, and neighborhood
family income.

To identify other confounding factors, we
used y? tests to evaluate the association between
each potential confounder and the exposure
(H1N1 vaccination). If the resultant P value was
below .05 (indicating an association between

the factor and exposure) and the factor was
associated with a given outcome (based on the
literature), it was considered a confounder of
the relationship between H1N1 vaccination and
the outcome. Additional confounding factors
thus identified were added to each multivariable
model. To account for the nonindependence
of neighborhood-level variables, we used gen-
eral estimating equation methodology with the
dissemination area as the clustering unit.

We assessed the robustness of our findings
by undertaking a number of sensitivity analy-
ses whereby we repeated the primary analyses
within different subgroups of women (i.e.,
lowest 2 and highest 2 family income quintiles
and women with and without a medical
comorbidity). We also repeated our primary
analyses after excluding women who had re-
ceived a seasonal influenza vaccination (in
combination with an HIN1 vaccination).

Records with missing information on any
of the variables in a given model were excluded
from the regression analyses. We used x>
tests to compare the characteristics of women
who were missing information on HIN1 vac-
cination with the characteristics of women with
complete information. We also undertook
a subgroup analysis that excluded large hospi-
tals (i.e., those with more than 1000 births
per year) in which more than 10% of records
were missing information for HIN1 vaccina-
tion during pregnancy and another subgroup
analysis that excluded birth records from the
month of November 2009. SAS version 9.2
for Windows (SAS Institute Inc, Cary, NC)
was used in conducting all analyses.

RESULTS

Of the 55 570 women with a singleton birth
between November 2, 2009, and April 30,
2010, 23 340 (42.0%) received an HIN1
vaccination during pregnancy. Of these 23 340
women, 21 363 (91.5%) received only an
H1N1 vaccination and 1977 (8.5%) received
both an HIN1 and a seasonal influenza vacci-
nation. Table 1 presents the distribution of
individual- and neighborhood-level variables
for the vaccinated and nonvaccinated groups,
along with the proportion of women who
received an H1N1 vaccination during their
pregnancy within each level of the study vari-
ables. HIN1 vaccination rates were higher
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TABLE 1—Characteristics of the Study Population and Receipt of HIN1
Vaccination During Pregnancy: Ontario, Canada, 2009-2010
H1N1 Vaccination During Pregnancy

Characteristic Total (n =55 570), No. (%)° No (n =32 230), No. (%)" Yes (n =23 340), No. (%)°
Maternal age, y

<20 2052 (3.7) 1453 (70.8) 599 (29.2)

20-24 7419 (13.4) 5063 (68.2) 2356 (31.8)

25-34 34224 (61.6) 19 391 (56.7) 14 833 (43.3)

35-39 9697 (17.5) 5105 (52.6) 4592 (47.4)

>40 2177 (3.9) 1217 (55.9) 960 (44.1)
Parity, no.

0 24224 (43.7) 14 120 (58.3) 10104 (41.7)

1 19678 (35.5) 10 880 (55.3) 8798 (44.7)

>1 11534 (20.8) 7162 (62.1) 4372 (37.9)
Month and year of delivery

November 2009 8830 (15.9) 5636 (63.8) 3194 (36.2)

December 2009 9049 (16.3) 4872 (53.8) 4177 (46.2)

January 2010 9481 (17.1) 4980 (52.5) 4501 (47.5)

February 2010 8752 (15.8) 4744 (54.2) 4008 (45.8)

March 2010 9974 (18.0) 5937 (59.5) 4037 (40.5)

April 2010 9484 (17.1) 6061 (63.9) 3423 (36.1)
Smoking during pregnancy

No 47209 (88.4) 27010 (57.2) 20199 (42.8)

Yes 6204 (11.6) 3986 (64.2) 2218 (35.8)
Matemnal medical comorbidity®

No 50192 (92.6) 29 410 (58.6) 20782 (41.4)

Yes 3988 (7.4) 2051 (51.4) 1937 (48.6)
Chronic hypertension

No 53725 (99.2) 31225 (58.1) 22500 (41.9)

Yes 455 (0.8) 236 (51.9) 219 (48.1)
Pregnancy-induced hypertension

No 521738 (96.4) 30736 (58.3) 22002 (41.7)

Yes 1995 (3.6) 1082 (54.2) 913 (45.8)
Preeclampsia

No 53550 (97.8) 31136 (58.1) 22414 (41.9)

Yes 1183 (2.2) 682 (57.7) 501 (42.4)
History of preterm birth

No 51138 (92.7) 29 407 (57.5) 21731 (42.5)

Yes 4046 (7.3) 2626 (64.9) 1420 (35.1)
Neighborhood education quintile

1 (lowest) 11 353 (20.9) 6713 (59.1) 4640 (40.9)

2 10480 (19.3) 6291 (60.0) 4189 (40.0)

3 11085 (20.5) 6680 (60.3) 4405 (39.7)

4 11060 (20.4) 6627 (59.9) 4433 (40.1)

5 (highest) 10236 (18.9) 5089 (49.7) 5147 (50.3)

Continued
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in the older age groups than in the younger age
groups (>40% among women aged 25 years
or older vs approximately 30% among women
younger than 25 years) and highest among
women who gave birth in the month of January
2010 (47.5%). In addition, rates were higher
in the top quintiles of neighborhood educa-
tion and income than in the lower quintiles.

Rates and risk ratios for each study outcome
are shown in Table 2. Although the rate of
PTB at less than 37 weeks was lower among
infants born to H1N1-vaccinated mothers than
among those born to nonvaccinated mothers
(5.91 vs 6.44 per 100 live births), the risk ratio
was close to the null, and the 95% confidence
interval included the null value. We found
a significantly reduced risk of very PTB (<32
weeks) among infants whose mothers received
H1N1 vaccine after adjustment for maternal
age, chronic hypertension, pregnancy-induced
hypertension, preeclampsia, history of PTB,
smoking, family income, and educational
level (adjusted RR=0.73; 95% CI=0.58,
0.91). A null association was observed between
H1N1 vaccination and 5-minute Apgar score
below 7.

Infants of H1N1-vaccinated mothers were
less likely to be SGA based on the 10th and
3rd percentiles for growth, with a larger mag-
nitude of effect observed for the latter, more
extreme measure of poor fetal growth (adjusted
RR=0.90; 95% CI=0.85, 0.96, vs adjusted
RR=0.81; 95% CI=0.72, 0.92). The 139
fetal deaths recorded in the nonvaccinated
group and the 60 deaths recorded in the
vaccinated group resulted in rates of 4.31 and
2.57 per 1000 total births, respectively. After
adjustment for maternal age, smoking, family
income, and education, a significant inverse
association between maternal H1N1 vaccina-
tion and fetal death was observed (adjusted
RR=0.66; 95% CI=0.47, 0.91).

The sensitivity analyses within strata repre-
senting more homogeneous subgroups of
women generated results congruent with the
primary analyses. With the exception of
PTB outcomes among women in the lowest
2 quintiles of family income, the direction and
order of magnitude for point estimates were
similar in each stratum evaluated. The main
difference was wider confidence intervals,
resulting from the smaller sample size within
each subgroup.
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TABLE 1—Continued

Neighborhood immigrant
concentration quintile

1 (lowest) 9600 (17.8)
2 9159 (17.0)
3 8184 (15.2)
4 9537 (17.7)
5 (highest) 17419 (32.3)
Neighborhood median family
income quintile
1 (lowest) 13371 (24.7)
2 10476 (19.3)
3 11095 (20.5)
4 11009 (20.3)
5 (highest) 8263 (15.2)
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5143 (53.6) 4457 (46.4)
4868 (53.2) 4291 (46.9)
4403 (53.8) 3781 (46.2)
5427 (56.9) 4110 (43.1)

11383 (65.4) 6036 (34.7)
8513 (63.7) 4858 (36.3)
6312 (60.3) 4164 (39.7)
6439 (58.0) 4656 (42.0)
6189 (56.2) 4820 (43.8)
3947 (47.8) 4316 (52.2)

Column percentages.
PRow percentages.

For example, adjusted risk ratios for fetal
death were 0.76 (95% CI=0.48, 1.20) in
the lowest 2 income quintiles combined
and 0.70 (95% CI=0.39, 1.25) in the
highest 2 income quintiles combined. The
pattern of results was similar among women
with (fetal death adjusted RR=0.53; 95%
CI=0.18, 1.59) and without (fetal death
adjusted RR=0.67; 95% CI=0.47,0.94) a
medical comorbidity. Results of a final sub-
analysis that excluded 1977 women who
had received a seasonal influenza vaccina-
tion (in combination with an H1N1 vacci-
nation) were similar as well (data available
on request).

Approximately 12% of records (n="7537)
were missing information on H1N1 vaccina-
tion during pregnancy and were excluded from
our analyses. We compared records with and
without complete information on H1N1 vacci-
nation and found no differences with respect
to maternal age, urban residence, maternal
medical comorbidity, or smoking. There were
statistically significant differences between the
2 groups in parity, income, education, and
month of delivery; with the exception of month
of delivery, however, the differences were
very small (absolute difference of <19% in the
proportion of missing records between strata)
and not clinically informative.
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Note. As a result of exclusion of missing values, numbers may not always sum to total.

“Asthma, chronic hypertension, insulin-dependent diabetes, non-insulin-dependent diabetes, or heart disease.

We carried out a subanalysis that ex-
cluded 6259 records from 18 large hospi-
tals where more than 10% of records were
missing exposure information, as well as
a subanalysis that excluded records from
deliveries in the month of November 2009
(for which a higher proportion of records
were missing exposure information). Within
these 2 subsets of our study population in
which a smaller proportion of remaining
records had missing vaccination informa-
tion, the outcomes were qualitatively con-
sistent with our main results (data available
on request).

DISCUSSION

We found that pregnant women who re-
ceived an HIN1 vaccination were less likely
to have a very preterm infant, an SGA infant,
or a fetal death, even after consideration
of important confounding factors. To our
knowledge, this is the largest population-
based study on the effects of maternal in-
fluenza immunization on fetal and neonatal
outcomes. Furthermore, this study provides
evidence from a single, contemporary influ-
enza pandemic in which maternal vaccination
rates were much higher than usual and there
was a very strong match between the

circulating influenza virus and the strain used
in the vaccine.

Maternal influenza has been associated with
adverse birth outcomes in past pandemics®®3°
and nonpandemic years*® in addition to the
2009-2010 H1N1 pandemic.*! Thus, the bi-
ological rationale supporting the validity of an
association between maternal HIN1 vaccination
and improved fetal and neonatal outcomes is
that averted maternal infection and associated
morbidity protects the developing fetus. We
were unable to directly explore this hypothesis
in our study because we did not have adequate
information on maternal influenza infection
to establish whether the beneficial effects of
vaccination were due to prevented H1N1 ill-
ness. Two recent studies that revealed lower
PTB?? and SGA333* rates among vaccinated
women, particularly during periods of maxi-
mum influenza viral activity, lend support to
this explanation; nevertheless, additional re-
search is needed to fully understand influenza
vaccine effectiveness with regard to fetal and
neonatal outcomes.

The lack of ability to distinguish a true vac-
cine effect from an effect arising from under-
lying (and unaccounted for) differences in
vaccinated and unvaccinated groups is known
to beset studies of influenza vaccine effec-
tiveness in which observational designs are
used.***? In the elderly population, important
vaccination selection factors have been impli-
cated; in particular, healthier individuals may
preferentially receive influenza vaccinations,
leading to a bias of the effectiveness estimate
away from the null value, often to a degree
that is biologically implausible depending on
the outcome under study.***>

Although obstetrical concerns may arise
during a pregnancy (e.g., active bleeding) that
render care providers less likely to recommend
influenza vaccination for their patients, gen-
erally speaking the obstetrical population
comprises reproductive-aged women who are
mostly healthy, and thus “healthy vaccinee”
selection bias should be less of a concern in
this population than in the elderly population.
Indeed, the higher HIN1 vaccination rates
in our study among women with preexisting
medical comorbidities than among women
without comorbidities support this assumption.

Nevertheless, we cannot discount the possi-
bility that despite our multivariable analyses,
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TABLE 2—Fetal and Neonatal Outcome Frequencies and Risk Ratios According to Exposure
to HIN1 Vaccination During Pregnancy: Ontario, Canada, 2009-2010

H1IN1 Influenza Vaccination During Pregnancy

No (n =32 230) Yes (n =23 340)

Preterm birth (< 37 wk)?
Total no.
No. with outcome (rate/100 live births)
Unadjusted RR (95% Cl)
Adjusted RR® (95% Cl)

Very preterm birth (< 32 wk)?
Total no.
No. with outcome (rate/100 live births)
Unadjusted RR (95% Cl)
Adjusted RR® (95% CI)

Small for gestational age: below 10th percentile’
Total no.
No. with outcome (rate/100 live births)
Unadjusted RR (95% Cl)
Adjusted RR® (95% CI)

Small for gestational age: below 3rd percentile®
Total no.
No. with outcome (rate/100 live births)
Unadjusted RR (95% Cl)
Adjusted RR® (95% CI)

5-minute Apgar score below 7°
Total no.
No. with outcome (rate/100 live births)
Unadjusted RR (95% Cl)
Adjusted RR" (95% CI)

Fetal death
Total no.
No. with outcome (rate/1000 total births)
Unadjusted RR (95% Cl)
Adjusted RR® (95% Cl)

32091 23280
2066 (6.44) 1376 (5.91)
1.00 (Ref) 0.91 (0.85, 0.98)
1.00 (Ref) 0.95 (0.88, 1.02)
32091 23280
271 (0.84) 141 (0.61)
1.00 (Ref) 0.71 (0.58, 0.88)
1.00 (Ref) 0.73 (058, 0.91)
32068 23265
3149 (9.82) 1937 (8.33)
1.00 (Ref) 0.83 (0.79, 0.88)
1.00 (Ref) 0.90 (0.85, 0.96)
32068 23265
864 (2.69) 466 (2.00)
1.00 (Ref) 0.74 (0.65, 0.83)
1.00 (Ref) 0.81 (0.72, 0.92)
31984 23220
413 (1.29) 277 (1.19)
1.00 (Ref) 0.92 (0.79, 1.08)
1.00 (Ref) 0.97 (0.82, 1.14)
32230 23340
139 (4.31) 60 (2.57)
1.00 (Ref) 0.60 (0.44, 0.81)
1.00 (Ref) 0.66 (0.47, 0.91)

Among live births only.

maternal smoking.

intrapartum complications, and gestational age at birth.
®Also adjusted for maternal smoking.

residual confounding from other underlying
differences in the characteristics of women who
did and did not receive an H1N1 vaccination
during the pandemic may have been responsi-
ble for some or all of the risk reductions in
our study outcomes. Study designs that make
use of the unique seasonality patterns of in-
fluenza viruses by evaluating vaccine efficacy
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Note. Cl = confidence interval; RR = risk ratio. Al adjusted models include maternal age, family income, and education.
PAlso adjusted for chronic hypertension, pregnancy-induced hypertension, preeclampsia, history of preterm birth, and

“Also adjusted for neighborhood immigrant concentration, chronic hypertension, and maternal smoking.
%Also adjusted for neighborhood immigrant concentration, maternal high-risk medical comorbidity, obstetrical complications,

during periods when influenza viruses are
circulating (vaccine effect is expected) and not
circulating (vaccine effectiveness is expected
to be zero) can help in distinguishing true
vaccine effects from those arising as a result
of selection bias or residual confounding.*?
Such designs represent an important direction
for future research in this area.

In our study, we observed a significant
protective relationship between HIN1 influ-
enza vaccination during pregnancy and risk
of fetal death that persisted even after ad-
justment for maternal age, smoking, income,
and education. Although the possibility that
residual confounding from socioeconomic
differences or an unmeasured health condi-
tion or behavior was responsible for the re-
duction in fetal death cannot be dismissed, the
robustness of our findings was supported by
subanalyses that revealed consistent results
even within strata representing more homo-
geneous groups of women. Biological mecha-
nisms that support the validity of an inverse
relationship between maternal H1N1 vacci-
nation and fetal death include the explanation
that prevention of maternal influenza pre-
cludes subclinical infection in the mother
that is fulminant in the fetus, leading to sepsis
and death.

To our knowledge, only 2 other studies have
examined the effects of maternal influenza
vaccination on fetal death. Results of a retro-
spective matched analysis of 1051 healthy
pregnant women during 5 consecutive influ-
enza seasons in a single clinic in Texas showed
that there were no fetal deaths in either the
immunized or nonimmunized group.'® An-
other study of 706 pregnant women in Min-
nesota during the 1976 influenza season**
recorded 1 stillbirth in both the nonimmunized
and immunized groups. However, these studies
had insufficient statistical power to evaluate
a rare outcome such as fetal death, and their
external validity was limited because of geo-
graphically restricted source populations and
rates of fetal death that were not comparable to
background population rates. Conversely, the
rate of fetal death in our study population (3.58
per 1000) was comparable to the provincial
rate during the preceding year (4.04 per 1000
in 2008).*°

Despite very different contexts and study
designs, our finding that mothers who received
an HIN1 vaccination during pregnancy were
less likely to have an SGA infant is consistent
with a secondary analysis of data from a ran-
domized clinical trial of influenza vaccination
during pregnancy in which Steinhoff et al.
observed an adjusted odds ratio of 0.44
(P=.05) for SGA.>* Another recent study con-
ducted by Omer et al. generated an odds ratio
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of 0.31 (95% CI=0.13, 0.75) for SGA during
a period characterized by widespread influ-
enza activity.>> In our study, the magnitude of
the effect for SGA was less extreme (3rd
percentile adjusted RR=0.81) but more pre-
cise. We are not aware of any other studies of
maternal influenza vaccination that have in-
cluded SGA as an outcome. Those in which
birth weight has been used have reported no
significant differences in mean birth weight
or the proportion of low-birth weight infants
(<2500 )**2°; however, these are both
poor outcomes for evaluating growth restric-
tion because low birth weight is predominantly
driven by PTB.

Consistent with some'*"2%3* but not all®®
other studies, the relationship between mater-
nal HINI vaccination and PTB at less than
37 weeks was not significant in our adjusted
analysis. However, an examination of differ-
ences in the proportion of infants born very
preterm (i.e., <32 weeks) showed that vac-
cinated women had a substantially reduced
risk (by 27%). The null effect of the associ-
ation between vaccination and PTB at the
37-week threshold and the significant pro-
tective effect at the 32-week threshold are
clinically important given that the latter is
unlikely to be iatrogenic and probably re-
flects an underlying biological mechanism for
early delivery. Although the pathophysiology
of preterm birth is not fully understood,
maternal infection has been identified as
a risk factor.*®

Strengths and Limitations

Methodological strengths of this study include
the large population-based cohort and the un-
precedented vaccination rate, which allowed
generation of relatively stable estimates for even
rare outcomes. Neither misclassification of the
outcomes nor differential ascertainment of
outcomes between exposure groups was likely
to occur given that data on these definitive
fetal and neonatal outcomes are well docu-
mented in medical records and gathered as
part of an ongoing data collection system
independent from this study. Women are
typically cautious about use of medications or
other substances during pregnancy because of
concerns about safety to the fetus, and thus
misclassification of the exposure is unlikely.
Because all singleton deliveries in Ontario
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were included, there was no introduction of
selection bias.

Information on maternal demographic
characteristics, reproductive history, preex-
isting medical conditions, neighborhood in-
come and education, and health behaviors
such as smoking was available, allowing
adjustment for many confounding factors.
Nevertheless, we did not have information
on other potential confounders such as
adequacy of prenatal care, and we relied on
neighborhood-level variables for data on
socioeconomic factors, which may not be
suitable substitutes for individual-level
measures.

Residual confounding is a concern in obser-
vational studies of vaccine effectiveness,***>
and we cannot dismiss the possibility that it
may have been responsible for some or all of
the observed risk reductions in our study.
However, sensitivity analyses among more
homogeneous strata of our study population
(e.g., groups stratified by neighborhood in-
come or maternal medical comorbidities)
yielded results that aligned closely with our
primary analyses, providing additional sup-
port for our findings.

Several other limitations merit discussion.
Information on date of HIN1 vaccination was
not collected, and thus it is possible that some
women delivered within 14 days of immuni-
zation, before full immunity from the vaccine
could be achieved. However, because this
would likely have given rise to nondifferential
misclassification of the exposure, the point
estimates would be biased toward the null
value. The lack of information on vaccination
date also precluded us from evaluating whether
there were trimester-specific effects. Because
the majority of women in our study cohort
were vaccinated during the second or third
trimester of pregnancy, our findings cannot be
extrapolated to women who were vaccinated
during the first trimester. The absence of data
on timing of vaccination and on occurrence
and timing of influenza illness also prevented
us from examining whether the effect of vac-
cination on study outcomes was through pre-
vention of influenza.

We found that missing exposure informa-
tion was not entirely random; however, it is
unlikely that the missing information would
have introduced significant bias, given that

there is no reason to suspect that the relation-
ship between the exposure and outcomes
would differ between these women and
women for whom complete vaccination in-
formation was obtained. Analyses of sub-
groups of our study population with lower
percentages of records missing exposure in-
formation yielded results that were consistent
with our primary analyses.

Finally, despite the vaccine effectiveness
observed in this study, the degree of benefit
from influenza vaccination is specific to each
season. The effect of influenza vaccination
among pregnant women, even if real, may not
be measurable or appreciable in future sea-
sons with lower morbidity or a less precise
match between the vaccine and the circulating
virus.

Conclusions

Our results, obtained with a large birth
cohort during a contemporary influenza
pandemic in which there were unprece-
dented rates of maternal vaccination and
a strong match between the vaccine and
circulating influenza virus, suggest that ma-
ternal HIN1 influenza vaccination in the
second or third trimester of pregnancy was
associated with a reduced risk of PTB at less
than 32 weeks, SGA neonates, and fetal
death. This study contributes to the growing
literature on influenza vaccination during
pregnancy and fetal and neonatal outcomes.
Nevertheless, our findings should be consid-
ered preliminary and need to be confirmed
in future prospective studies, particularly
those that can reduce potential bias through
the use of designs that exploit the seasonality
of influenza viruses to evaluate vaccine effi-
cacy during both noninfluenza (when vaccine
effectiveness is expected to be zero) and
influenza (when a true effect is expected) time
periods.** m
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