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ABSTRACT

Background: Excess deaths have occurred among pregnant
women during influenza pandemics, but the impact of in-
fluenza during nonpandemic years is unclear. We evaluated
the impact of exposure during nonpandemic influenza sea-
sons on the rates of hospital admissions and physician visits
because of respiratory illness among pregnant women.

Methods: We conducted a 13-year (1990—2002) population-
based cohort study involving pregnant women in Nova Sco-
tia. We compared rates of hospital admissions and physician
office visits because of respiratory illness during the in-
fluenza season in each trimester of pregnancy with rates
during the influenza season in the year before pregnancy
and with rates in non-influenza seasons. Poisson regression
analyses were performed to estimate rate ratios and 95%
confidence intervals (Cls).

Results: Of 134 188 pregnant women in the study cohort, 510
(0.4%) were admitted to hospital because of a respiratory ill-
ness during pregnancy and 33 775 (25.2%) visited their
physician for the same reason during pregnancy. During the
influenza seasons, the rate ratio of hospital admissions in the
third trimester compared with admissions in the year before
pregnancy was 7.9 (95% Cl 5.0-12.5) among women with co-
morbidities and 5.1 (95% CI 3.6—7.3) among those without
comorbidities. The rate of hospital admissions in the third
trimester among women without comorbidities was 7.4 per
10 ooo woman-months during the influenza season, com-
pared with 5.4 and 3.1 per 10 ooo woman-months during the
peri- and non-influenza seasons respectively. Corresponding
rates among women with comorbidities were 44.9, 9.3 and
18.9 per 10 ooo woman-months. Only 6.7% of women with
comorbidities had received influenza immunization.

Interpretation: Our data support the recommendation that
pregnant women with comorbidities should receive influenza
vaccination regardless of their stage of pregnancy during the
influenza season. Since hospital admissions because of respi-
ratory illness during the influenza season were also increased
among pregnant women without comorbidities, all pregnant
women are likely to benefit from influenza vaccination.
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respiratory illnesses in winter around the world. Incon-
trovertible evidence showing reductions of influenza-
associated morbidity and mortality with influenza im-
munization in high-risk groups has led to the National
Advisory Committee on Immunization in Canada and the
Advisory Committee on Immunization Practices in the
United States to recommend annual vaccination of adults
over the age of 65 years, children 6—23 months of age and
all people with high-risk comorbid medical conditions.>*
Among previously healthy pregnant women, excess deaths
were documented during the influenza pandemics of 1918/19
and 1957/58.>* In both pandemics, pneumonia was reported in
50% of the cases involving pregnant women and was associated
with a maternal mortality rate of 50% and a high rate of preg-
nancy loss (52% in 1918/19). Although fatal and near-fatal in-
fluenza has been reported in pregnant women during intra-pan-
demic influenza seasons,”” the true impact of influenza on
pregnant women during nonpandemic influenza seasons is not
clear. Neuzil and colleagues conducted a 19-year retrospective
cohort study in a Tennessee Medicaid population and found an
increased risk of hospital admission during the influenza sea-
sons in all trimesters of pregnancy.® On the basis of documented
maternal morbidity and mortality during influenza pandemics
and the data reported by Neuzil and colleagues about the in-
creased risk of hospital admission among healthy pregnant
women during nonpandemic influenza seasons,® the US Advi-
sory Commiittee on Immunization Practices expanded its recom-
mendation for influenza immunization in 2004 to include all
women who will be pregnant during an influenza season, re-
gardless of their stage of pregnancy. In Canada, the National
Advisory Committee on Immunization continues to recommend
influenza vaccine for pregnant women if they have medical co-
morbidities known to place them at increased risk of influenza-
associated complications, they are a household contact of a per-
son at high-risk or they will deliver during an influenza season
and thus become a household contact of a high-risk newborn.*
Existing studies demonstrating an increased risk of hospital
admission among pregnant women during influenza seasons
are limited by study design and generalizability.”*° These limi-
tations identify a need for robust, population-based data on
which to base public health policy for influenza immunization
during pregnancy. We conducted a population-based study to

I nfluenza viruses are the most common cause of serious
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determine whether the rates of hospital admissions and physi-
cian office visits because of respiratory illness among pregnant
women with and without medical comorbidities differ between
influenza, peri-influenza and non-influenza seasons and be-
tween these seasons and the year before pregnancy.

Methods

We conducted a population-based retrospective cohort study
using the Nova Scotia Atlee Perinatal Database (NSAPD). The
cohort comprised all Nova Scotia residents who delivered an in-
fant weighing 500 g or more or who delivered at 20 weeks’ ges-
tation or later between Jan. 1, 1990, and Dec. 31, 2002. Informa-
tion on dates of each trimester of pregnancy and on pre-existing
risk factors for severe influenza (e.g., asthma and cardiovascular
disease) was obtained from the NSAPD. The NSAPD contains
extensive information related to maternal medical conditions,
maternal risk factors and demographic factors, the prenatal pe-
riod, labour and delivery factors and neonatal outcomes for all
hospital deliveries among Nova Scotia residents. Data are ab-
stracted from medical records by trained health records person-
nel using standardized data collection forms. An on-going data
quality assurance program, which includes periodic data re-
abstraction studies, indicates that the data are reliable.**

Our primary outcome measures — hospital admissions and
physician office visits because of respiratory illness — were de-
termined from the Canadian Institute for Health Information’s
Discharge Abstract Database (hospital admissions) and the Nova
Scotia Medical Services Insurance Database (physician office vis-
its). These databases capture all uses of the formal public health
care system in Nova Scotia. There is no parallel private system in
the province. In addition, a master registration file tracks individ-
uals moving into, and out of] the province by their enrolment in
the Nova Scotia Health Services Program. We estimated socio-
economic status from data in the Family Benefits Database,
which records receipt of financial support through assistance
programs of the provincial and federal governments on a yearly
basis. The administrative databases were successfully linked to
the NSAPD for 96% of the women in the cohort. The individual
categories of respiratory conditions and the corresponding Inter-
national Classification of Diseases (ICD) codes that we used to
identify hospital admissions and physician visits of interest are
shown in Appendix 1 (available online at www.cmaj.ca/cgi
[content/full/176/4/463/DCr1). The ICD codes selected were
adapted from those used by Neuzil and colleagues® except for the
code for asthma and the codes for respiratory conditions related
to occupational exposures. To be conservative, we chose not to
include asthma as a respiratory condition because not all exacer-
bations of asthma are due to influenza, and any cases of asthma
that are due to influenza most likely would have an accompany-
ing influenza-related code on the record.

We obtained information on the defined periods of influenza
season from the Nova Scotia Department of Health for the study
years (1990—2002). For the purposes of our study, the beginning
of the influenza season was defined as the time when 2 or more
isolates of influenza were identified in Nova Scotia in sequential
weeks or 3 or more isolates were identified in a single week. The
end of the influenza season was defined as the time when no in-
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fluenza isolates were identified in the province in 2 or more se-
quential weeks unless the lapse was followed by a large number
of isolates. The peri-influenza season was defined as the period
between Nov. 1 and the start of the influenza season and the 2-
week period following influenza season. The non-influenza
season was defined as the end of the peri-influenza season until
Oct. 31. Data from the Medical Services Insurance Database for
October 1999 onward include a code for influenza vaccination;
therefore, after this date, we were able to examine the rates of
influenza vaccination administered in physician’s offices.

Pregnant women were stratified according to the presence
or absence of any of the following pre-existing conditions (all
information obtained from the NSAPD): pre-existing dia-
betes, pulmonary disease (including asthma), heart disease,
renal disease, and anemia (hemoglobin < 10 g) during the
pregnancy. Women with 1 or more of these conditions were
defined as having comorbidities. All other women were de-
fined as having no comorbidities.

Trimesters were determined by the date of the birth and
gestational age at the time of birth. Gestational age was as-
signed using last menstrual period, if known, or a clinical es-
timate of gestational age based on examination of the new-
born. If both of these estimates of gestational age were
missing, we imputed gestational age using the approach used

Table 1: Characteristics of study population

No. (%) of women

Characteristic n=134 188

Age at delivery, yr
<20 10 633 (7.9)

20-29 74 406 (55.5)
30-34 35 207 (26.2)
35-49 13 942 (10.4)

Family income assistance

during birth year 16 154 (12.0)

Smoking during pregnancy 38 406 (28.6)

No. of children < 5 yr of age

0 82 044 (61.1)

1 44 948 (33.5)

>2 7196 (5.4)
Pre-existing diabetes 539 (0.4)
Respiratory disease (including asthma) 7416 (5.5)
Asthma 6931 (5.2)
Heart disease 1281 (1.0)
Renal disorder 988 (0.7)
Anemia 4051 (3.0)
Any high-risk comorbidity* 13 499 (10.1)
No. of comorbidities

0 120 689 (89.9)

1 12755 (9.5)

> 1 744 (0.6)

*Pre-existing diabetes, any respiratory disease, heart disease, renal disease or
anemia.
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by Neuzil and colleagues® (gestational age calculated as the
median gestational age for infants born in the same birth year
and whose birth weight was within the same 500-g category).
Gestational age was imputed for less than 2% of the infants.

We based rates of hospital admissions on the date of ad-
mission minus 4 days to attribute the event to the influenza
season during which most of the exposure occurred. To be
conservative, admissions that resulted in a delivery and during
which a respiratory illness was diagnosed were not counted in
the rate, and only the first non-delivery-related hospital admis-
sion because of a respiratory illness was considered.

Person-time analyses were conducted for the entire preg-
nancy and by trimester. The number of events (hospital ad-
missions or physician office visits) that occurred during the
influenza, peri-influenza and non-influenza seasons was di-
vided by the woman-months in each season to determine the
event rate for each of the 3 defined seasons. For the trimester-
specific analyses, the number of events and woman-months
were further divided into the amount of time a woman spent
in each influenza season during each trimester. Poisson re-
gression models were used to adjust for confounding factors,
and rate ratios (and 95% confidence intervals [CIs]) were cal-
culated. Potential confounders included maternal age, mater-
nal smoking status, socioeconomic status (based on receipt
of family benefits), and number and ages of other children in
the home. Since the outcomes for women with more than one
pregnancy during the study period are not independent, gen-
eralized estimating equations were used to generate unbiased
standard errors and 95% CIs.**

Initially, we calculated unadjusted rate ratios. The potential
confounding factors were entered into the model, with season
as the independent variable of interest. Each potential con-
founding factor was removed, one at a time, and the model re-
run. If removing the factor did not change the coefficient (for
season) by 5% or more, the factor was removed and the
process repeated. A change of 5% or more was chosen so that
factors would be included in the final model if they produced a
modest change in the coefficient for season. With this ap-
proach, the final model included factors that confounded the
relation between season and rates of hospital admission.

Rates of hospital admissions (and physician office visits)

during the influenza, peri-influenza and non-influenza sea-
sons for each trimester of pregnancy were compared with
rates of admissions (and physician visits) during these 3 sea-
sons in the year before pregnancy for the same cohort of
women. In addition, rates of hospital admissions (and physi-
cian visits) for each trimester of pregnancy during the in-
fluenza and peri-influenza seasons were compared with rates
for each trimester during the non-influenza season.

Influenza-attributable risks in each trimester of pregnancy
were estimated by subtracting the rate of hospital admissions
during the peri-influenza and non-influenza seasons from
the rate during the influenza season, as described by Neuzil
and colleagues.® We used the rates of hospital admissions
during the peri-influenza season to determine the baseline
risk to help quantify the risks specific to influenza-related
complications rather than to complications that may be re-
lated to other viruses (e.g., respiratory syncytial virus).

This study received approval from the Research Ethics
Board of the IWK Health Centre.

Results

There were 134 188 pregnant women in the study cohort.
Overall, 13 499 (10.1%) of these women had a medical comor-
bidity that put them at increased risk of influenza-associated
morbidity; of them, 94.5% had just 1 high-risk condition
(Table 1). Asthma and anemia were the most common condi-
tions, present in 5.2% and 3.0% of the women respectively. A
total of 510 women (0.4%) were admitted to hospital during
pregnancy because of a respiratory illness (during any sea-
son), and 33 775 (25.2%) visited their physician at least once
during pregnancy for the same reason (during any season).
For women with and without comorbidities, the rate ratios of
hospital admissions during the influenza season were higher in
all trimesters of pregnancy than in the year before pregnancy
(Table 2). This difference was most evident among pregnant
women with comorbidities, in whom there was an excess of 39.2
hospital admissions per 10 ooo woman-months in the third
trimester compared with the year before pregnancy (rate ratio
7.9; 95% CI 5.0-12.5). Even among women without comorbidi-
ties, there was an excess of 6.0 hospital admissions in the third

Table 2: Hospital admissions because of respiratory illness during the influenza season in the year before pregnancy and during

pregnancy, by presence of comorbidities

Women with no comorbidity

Women with > 1 comorbidity

No. of admissions

No. of admissions

during influenza Rate per 10 000 Rate ratio during influenza  Rate per 10 000 Rate ratio

Period season woman-months (95% Cl)* season woman-months (95% Cl)*
Year before pregnancy 49 1.4 1.0 23 5.7 1.0
Pregnancy

First trimester 22 2.4 1.7 (1.0-2.8) 17 16.3 2.9 (1.5-5.4)

Second trimester 30 3.0 2.1 (1.3-3.3) 22 19.4 3.4 (1.9-6.0)

Third trimester 76 7.4 5.1 (3.6-7.3) 49 44.9 7.9 (5.0-12.5)
Note: Cl = confidence interval.
*Rate ratio of admissions during pregnancy compared with admissions in the year before pregnancy.
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trimester per 10 ooo woman-months during the influenza sea-
son compared with the admissions during the influenza season
in the year before pregnancy (rate ratio 5.1; 95% CI 3.6-7.3). Ad-
justment for potential confounders, including socioeconomic
status, did not change the rate ratio estimates, and these con-
founders were therefore not included in the final model.

When we compared rates of hospital admissions by tri-
mester between the influenza and non-influenza seasons, we
observed higher rates during the influenza season among
both women with and those without comorbidities in all
trimesters (Table 3). The rate of hospital admissions was
highest in the third trimester, particularly among women
with comorbidities. The rate ratio of admissions in the third
trimester during the influenza season compared with third-

trimester admissions during the non-influenza season was
2.4 among women with comorbidities (95% CI 1.6-3.6); the
rate ratio was similarly increased among women without co-
morbidities (rate ratio 2.4; 95% CI 1.7-3.4).

The rates of hospital admissions increased as pregnancy
progressed, even when no influenza activity was detected in the
community (Table 3). This increase occurred predominantly
among women with comorbidities, among whom the rates of
admissions during the non-influenza season were on average 6-
fold higher than those among women without comorbidities.

Among women without comorbidities, the rate of physi-
cian office visits during the influenza season did not differ
significantly during pregnancy from the rate in the year be-
fore pregnancy (Table 4). However, among women with co-

Table 3: Hospital admissions because of respiratory illness in influenza and non-influenza seasons, by trimester and presence of

comorbidities

Women with no comorbidity*

Women with > 1 comorbidityt

No. of Rate per 10 000 Rate ratio No. of Rate per 10 000 Rate ratio
Trimester; season admissions woman-months (95% Clyt admissions woman-months (95% Clyt
First
Non-influenza 24 1.4 1.0 11 5.6 1.0
Peri-influenza 12 1.3 1.0 (0.5-1.9) 13 12.4 2.2 (1.0-5.0)
Influenza 22 2.4 1.8 (1.0-3.1) 17 16.3 2.9 (1.4-6.2)
Second
Non-influenza 26 1.6 1.0 24 13.1 1.0
Peri-influenza 24 2.6 1.6 (0.9-2.8) 13 12.7 1.0 (0.5-1.9)
Influenza 30 3.0 1.9 (1.1-3.2) 22 19.4 1.5 (0.8-2.6)
Third
Non-influenza 53 3.1 1.0 36 18.9 1.0
Peri-influenza 49 5.4 1.8 (1.2-2.6) 9 9.3 0.5 (0.2-1.0)
Influenza 76 7.4 2.4 (1.7-3.4) 49 44.9 2.4 (1.6-3.6)

Note: Cl = confidence interval.

*Among women with no comorbidities, the attributable differences in rates (ARs) between influenza season and peri-influenza season were 1.1 in the first trimester,
0.4 in the second trimester and 2.0 in the third trimester. The corresponding ARs between influenza season and non-influenza season were 1.0, 1.4 and 4.3.

TAmong women with > 1 comorbidity, the ARs between influenza season and peri-influenza season were 3.9 in the first trimester, 6.7 in the second trimester and 35.6
in the third trimester. The corresponding ARs between influenza season and non-influenza season were 10.7, 6.3 and 26.0.

FRate ratio of trimester-specific admissions during influenza and peri-influenza seasons compared with admissions during non-influenza season.

Table 4: Physician visits because of respiratory illness during the influenza season in the year before pregnancy and during pregnancy,

by presence of comorbidities

Women with no comorbidity

Women with > 1 comorbidity

No. of visits during Rate per 10 000 Rate ratio No. of visits during  Rate per 10 000  Rate ratio
Period influenza season* woman-months (95% Cl)t influenza season* woman-months (95% CI)t
Year before pregnancy 17 560 512.6 1.0 2913 720.0 1.0
Pregnancy
First trimester 4 490 486.7 0.9 (0.9-1.0) 823 788.5 1.1 (1.0-1.2)
Second trimester 5 089 506.8 1.0 (1.0-1.0) 929 817.2 1.1 (1-0-1.3)
Third trimester 4 889 473.2 0.9 (0.9-1.0) 951 871.1 1.2 (1.1-1.4)

Note: Cl = confidence interval.
*Some women visited their physician more than once.

TRate ratio of physician visits during pregnancy compared with visits in the year before pregnancy.
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morbidities, the rate of physician visits during the influenza
season was 20% higher in the third trimester than in the year
before pregnancy. Compared with rates in the non-influenza
and peri-influenza seasons, rates of physician visits were
higher during the influenza season in all trimesters among
women with and without comorbidities (data not shown).
During the years for which immunization data were avail-
able, we observed that 2.6% of the women in the study cohort
and 6.7% of those with a comorbidity had received an in-
fluenza vaccine during pregnancy. These data represent im-
munizations in physicians’ offices and therefore may under-
represent the number of women who were immunized.

Interpretation

This study provides robust, population-based data showing
that women at all stages of pregnancy are at increased risk of
serious respiratory illness during the influenza season, even in
the absence of pre-existing comorbid conditions known to in-
crease the risk of influenza-associated morbidity. Among the
women in our cohort who had no comorbidities, the rate of
third-trimester hospital admissions during the influenza sea-
son was g times higher than the rate during the influenza sea-
son in the year before pregnancy and more than twice as high
as the rate during the non-influenza season. Among the
women with comorbidities, the risk of respiratory illness dur-
ing the influenza season increased markedly as pregnancy pro-
gressed but was substantial in all trimesters. In the third
trimester, the excess of hospital admissions observed during
the influenza season compared with admissions during the
peri-influenza season was 35.6 per 10 ooo woman-months
among women with comorbidities and 2.0 per 10 ooo woman-
months among women without comorbidities. Given that the
influenza season in Nova Scotia lasted 3.4 months on average
over the study period, this represents an excess of 1210 hospital
admissions in the third trimester per 100 0ooo pregnant women
with comorbidities and 68 per 100 ooo without comorbidities.

To put our data into context, the rate of excess hospital ad-
missions that we observed during the influenza season
among healthy pregnant women in their third trimester (68
per 100 000) is lower than that reported among healthy chil-
dren less than 2 years of age (9go—-1038 per 100 000)***° but is
comparable to observed rates among American adults aged
15—44 years with comorbid conditions (56—110 per 100 000),"
a group for whom annual influenza immunization is already
recommended.>>***

Although our study involved women from a single Canadian
province, the sample was large and incorporated a cohort of
pregnant women over a study period of 13 years. This popula-
tion is similar to the general Canadian population of pregnant
women and that of pregnant women in other industrialized na-
tions and is more representative than the Tennessee Medicaid
population in the study by Neuzil and colleaegues.®

Patterns of hospital admission rates in our study were simi-
lar to those reported by Neuzil and colleagues;® however, the
actual rates were considerably lower in our study, among both
women with and those without comorbidities, during all
trimesters of pregnancy and among women in the year before
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they were pregnant. The proportion of women with comor-
bidities was similar in both studies (about 10%), with chronic
pulmonary disease being the most prevalent risk factor in both
populations. The observed differences in hospital admission
rates between the 2 studies may have been due in part to differ-
ences in the ascertainment of study outcomes. To be conserva-
tive, we excluded hospital admissions that resulted in delivery
as well as admissions because of exacerbated asthma in which
no influenza-specific ICD code was identified. Dissimilarity in
access to care may also have contributed to the differences in
admission rates, since income distribution and universal ac-
cess to publicly funded health care are the most striking differ-
ences between our study population and the Medicaid popula-
tion studied by Neuzil and colleagues. Populations with an
unequal distribution of income are known to experience worse
health outcomes and increased mortality than populations in
which income distribution is more homogeneous.*” Adjust-
ment for family income support did not alter the magnitude of
the rate ratios observed in our study.

Inactivated influenza vaccine has a long track record of use
in pregnant women and is considered safe in all stages of
pregnancy.>>**7* Antibody responses to influenza vaccine
have been reported to be similar among pregnant and non-
pregnant women.***>3* However, vaccine effectiveness has
been more difficult to demonstrate because of low immuniza-
tion rates among pregnant women.>*** In our study, only
2.6% of all pregnant women and 6.7% of pregnant women
with a comorbid condition were immunized.

In conclusion, our study provides robust, population-
based data showing that all pregnant women are at increased
risk of influenza-associated respiratory illness. Concerted ef-
forts should be made to ensure communication of the risks of
influenza during pregnancy to women and their health care
providers to ensure that all pregnant women have the oppor-
tunity to benefit from influenza immunization. Future studies
should examine the cost-effectiveness of implementing a
publicly funded influenza immunization program for all
pregnant women and should include costs associated with
hospital admissions and outpatient physician visits as well as
broader societal costs.
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