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One striking aspect of the 2009 H1N1 in-
fluenza pandemic in Canada was its dispro-
portionate impact on indigenous populations.
In particular, on-reserve First Nations (FN)
populations experienced severe disease out-
comes often necessitating hospitalization and
intensive care unit (ICU) admission.1---4 Many
of the affected FN communities are located
in the northern Manitoba region, which has
predominantly Aboriginal populations (76%),
and are considered remote or isolated.5

During the first pandemic wave, Winnipeg, an
urban center in the province of Manitoba,
experienced full occupancy of ICU beds at the
peak of the outbreak in June 2009.1 Among
laboratory-confirmed cases reported during
the first wave in Manitoba, 32% were in-
dividuals with registry status as FN, an ethnic
group that constitutes approximately 7%
of the province’s total population (Table 1).
According to the 2006 census data, 45%
of this ethnic group in Manitoba resides off
reserve. For community cases reported dur-
ing the 2009 pandemic, FN status was de-
termined by merging demographic data with
a copy of the Indian Registry obtained from
Indian and Northern Affairs Canada. The
FN ethnic group refers to the Canadian Ab-
original peoples (with or without registry status)
who are neither Inuit nor Métis.6 As observed
in other geographic regions,7 the 2009 pan-
demic in Manitoba predominantly affected
young adults and children in both spring and
fall waves; however, the effect of the epidemic
on FN populations has not been described.

We sought to estimate the age distribution
of infection and hospitalization among the FN
populations and compare those distributions
with those estimated for non-FN populations.
Our primary objective was to estimate the
relative infection and hospitalization ratios by
age group using laboratory-confirmed cases
of H1N1 infection and to explore possible

differences in age-specific patterns of infection
and hospitalization. Our secondary objective
was to identify possible shifts in patterns in age
distribution between the first and second
waves of the H1N1 pandemic in Manitoba.

METHODS

We obtained the daily numbers of laboratory-
confirmed and hospitalized cases of H1N1
influenza infection in Manitoba from the Man-
itoba Health influenza H1N1 databases for
both waves of the 2009 pandemic: spring (891
cases between May 2 and August 5) and fall
(1774 cases between October 1, 2009, and
January 3, 2010). We defined a laboratory-
confirmed case as that of an individual with
influenza-like illness or severe respiratory
illness who presented for primary care and
tested positive for pandemic H1N1 influenza
A virus by real-time reverse-transcriptase poly-
merase chain reaction or viral culture. All
positive laboratory tests and completed case

investigation forms were entered into a pro-
vincial pandemic influenza surveillance da-
tabase. Ethnicity in surveillance data for
laboratory-confirmed cases was determined
through case investigation report forms and,
when required for FN status, by merging
demographic data with the Indian Registry.
We classified the data into 5-year age groups,
FN status, and health region of residence
(11 health regions in the province of Man-
itoba); the first case of H1N1 infection was
identified (tested positive) on May 2, 2009.
Variables available for each patient included
hospitalization and ICU admission (which
accounted for a subset of laboratory-confirmed
cases who were admitted to the hospital or ICU),
antiviral use and start date of treatment, and
vaccination during the second wave. We in-
cluded all the variables in the data obtained
for laboratory-confirmed cases. The data were
reported by the earliest date of symptom onset,
initial care, specimen collection, hospital ad-
mission, and ICU admission. For the present
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study, data use was approved by the Human
Research Ethics Board of the University of
Manitoba (H2009:339) and Health Informa-
tion Privacy Committee of Manitoba (2009/
2010---40). The use of FN data was also ap-
proved by the Assembly of Manitoba Chiefs,
and the work was reviewed by the Assembly
of Manitoba Chiefs before submission.

For demographic data, we used the 2009
population report for the province provided
by the Manitoba Health Population Report,8

stratified by 5-year age groups, ethnic status
as FN or non-FN, and different health regions.

Relative Ratios

Using laboratory-confirmed cases and de-
mographic data, we calculated relative infec-
tion ratios (RIRs) for FN and non-FN popula-
tions and used these ratios to compare the age
distribution of infection and hospitalization
between FN and non-FN populations during
the spring and fall waves of the 2009 pan-
demic. For the RIR,9 we calculated the age-
standardized ratio of the proportion of infected
cases in a given age group to the proportion
of the population in the same age group:

ð1Þ RIRi¼
no: of confirmed cases in age group i

total no: of confirmed cases in all age groups

� �

population of age group i
sumof the total populations in all age groups

� �

We used a similar expression to calculate
the relative hospitalization ratio (RHR) for
every age group. For each wave of the 2009
pandemic, we calculated these ratios for FN
and non-FN age groups using the associated
demographic and epidemiological data. A
relative ratio higher than 1 indicates that the

corresponding age group experienced a higher
incidence of infection (with confirmed cases as
the indicator) than the population as a whole.

Statistical Analyses

For each age group, we obtained the bi-
nomial confidence intervals for RIR and RHR,
considering the total number of confirmed
cases in all age groups as the number of ob-
servations and the numerator in the RIR
expression as the proportion of infections for
the specific age group.7 The denominator
in the RIR and RHR expressions in this anal-
ysis is based on population demographics and
thus has a very small uncertainty. The un-
certainty in RIR and RHR is thus completely
dominated by the numerator, which is bi-
nomially distributed. In the cases in which
the normal approximation for the binomial
confidence interval does not apply, we cal-
culated the Wilson score interval.10 For
comparative analysis of age distribution of
FN and non-FN populations between the 2
waves, we performed nonparametric analysis
of variance using the Mann---Whitney test11

for the samples of RIR and RHR drawn from
their associated binomial distributions. We
also performed the nonparametric Kruskal---
Wallis test for comparative analyses of different
age groups in each ethnic group within each
wave.12 We used a 2-sided significance level
of .05.

RESULTS

Overall, we observed decreasing RIR values
from younger to older age groups for both

FN and non-FN populations during spring and
fall waves of the H1N1 pandemic (Figure 1a
and 1b). During the first wave, the average
RIR for all FN age groups was more than 1,
with a significant difference between the
mean RIR values for the groups younger than
15 years compared with those aged 15 years
or older (with P < .001 when comparing
different FN age groups using the Kruskal---
Wallis test). The difference in the mean RIR
corresponds to a more than 4-fold decline
from 9.76 (95% CI = 7.83, 11.81) for the
0 to 4 years age group to 2.14 (95% CI = 1.14,
3.28) for the 15 to 19 years age group. Com-
pared with the first wave, the RIR in FN
groups younger than 15 years were lower in
the second wave (maximum P< .007), with
the largest drop for children younger than
5 years.

By contrast, the mean values of RIR for
non-FN age groups were significantly higher
for the groups younger than 25 years in the
second wave compared with the first wave
(maximum P< .001), in particular for school-
aged children. Furthermore, groups older than
30 years had RIR values less than 1 during
both the first and second waves. Comparative
analyses of RIR for the first wave indicated
considerably higher infection ratios in all
FN age groups compared with non-FN age
groups (maximum P < .001), with the maxi-
mum difference in the 0 to 4 years age group
(Figure 1a and 1b; dark gray bars). Despite
a significant drop in RIR during the second
wave for all FN age groups, the RIR of FN
groups older than 20 years was higher than
the corresponding ratio for non-FN groups
(maximum P < .001), in particular for the age
groups between 20 and 30 years (Figure 1a
and 1b; light gray bars).

Relative Hospitalization Ratio

The mean RHR was greater than 1 during
the first wave for all FN age groups (Figure 2a;
dark gray bars). The mean RHR for the
0 to 4 years age group was 21.62 (95% CI =
16.45, 27.27) for the first wave but de-
creased significantly to 1.85 (95% CI = 0.63,
5.31) for the second wave (P < .001). In
contrast to the FN groups, RHR for non-FN
groups younger than 25 years increased
during the second wave compared with the
first wave (maximum P < .001; Figure 2a and

TABLE 1—Population Fraction, Laboratory-Confirmed Cases, and Number of Hospitalizations

Among FN and Non-FN Populations: Manitoba, Canada; Spring and Fall 2009

Aged 0–4 Y Aged 5–19 Y Aged 20–49 Y Aged ‡ 50 Y

Variable FN Non-FN FN Non-FN FN Non-FN FN Non-FN

Population fraction .01 .053 .024 .18 .029 .38 .0086 .32

Laboratory-confirmed cases, no.

First wave 86 52 93 179 82 276 19 96

Second wave 33 154 81 639 90 620 10 155

Hospitalizations, no.

First wave 46 16 19 18 39 38 10 27

Second wave 3 18 5 28 14 55 5 38

Note. FN = First Nations.
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2b). Comparative analyses during the first
wave indicated that the mean value of RHR
for all FN age groups was higher than that for
non-FN age groups, with a maximum differ-
ence of approximately 15-fold in the 0 to 4
years age groups (Figure 2a and 2b; dark gray
bars). We also observed higher RHR in FN
young adults than in non-FN young adults
aged between 20 and 45 years during the
second wave (maximum P < .001). Overall,
the age distribution of hospitalization largely
resembled that of the infection during both
pandemic waves.

Aggregated Analyses of Ratios

Because of the low number of events in
some of the age groups, especially for RHR,
we also performed a comparative analysis of
RIR and RHR by 4 broad age groups: 0 to 4
(preschool), 5 to 19 (school-aged), 20 to 49
(young adults), and 50 years and older (older
adults; Table 2). RIR was greater than 1 for
all FN age groups during the first wave but
significantly reduced during the second wave
(maximum P < .001). By contrast, RIR in-
creased for non-FN groups younger than 50
years, with the largest increase in school-aged
children (P < .001). Higher RIR was associ-
ated with all FN age groups compared with
non-FN age groups during the first wave and

also in groups younger than 5 and older
than 20 years during the second wave. We
made a similar observation for comparative
analyses of RHR for FN groups younger than
50 years; however, RHR for all non-FN age
groups was higher in the second wave than
in the first wave (maximum P< .002) and stayed
greater than 1 for the 0 to 4 years age group
during both waves.

DISCUSSION

Using comprehensive laboratory testing
and hospitalization data for the province of
Manitoba, in which approximately 7% of the
population has FN status, we observed that
the infection and hospitalization ratios for FN
populations were higher than expected in all
age groups during both waves of the 2009
H1N1 influenza pandemic. Moreover, these
ratios in FN populations were higher or equiva-
lent to ratios in non-FN populations through-
out the pandemic. The highest infection
and hospitalization ratios among FN popu-
lations were observed in young children,
aged 0 to 4 years, during the first wave. Of
213 hospitalized cases in the first wave, 54%
were FN populations, of whom 21% were
admitted to the ICU. The largest fraction of
hospitalization among FN populations was

associated with children younger than 5
years (40%). Several factors may have con-
tributed to severe outcomes necessitating
hospitalization or ICU admission, including
longer delay in start of antiviral treatment
since the onset of clinical symptoms, in
particular for individuals with a preexisting
comorbidity.4 The ratios of infection and
hospitalization tended to be lower for FN
populations during the second wave than
during the first wave, whereas they appeared
to be higher for non-FN populations in the
second wave than in the first wave, especially
among younger age groups.

The tendency for FN populations to ex-
perience a higher incidence and greater
severity of acute respiratory illness than non-FN
populations is well documented.4,13---18 The rea-
sons for this increased risk are not well un-
derstood, but important factors may include
the prevalence of predisposing health condi-
tions and barriers to and disparities in health
care access. For example, among hospitalized
cases during the 2009 pandemic in Manitoba,
50.6% (first wave) and 53.7% (second wave)
had 1 or more chronic conditions, with asthma,
diabetes, and chronic lung diseases as the most
prevalent comorbidities. Corresponding rates
for chronic conditions among ICU-admitted
cases were higher (first wave = 62.3%; second

FIGURE 1—Relative infection ratios for (a) First Nations (FN) age groups and (b) non-FN age groups: Manitoba, Canada; Spring and Fall 2009.
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wave = 75%). FN ethnicity has also been
identified as an independent determinant of
severe infection leading to ICU admission.4

Demographic characteristics and geographic
patterns of disease spread also influence the
risk of infection. The laboratory and epide-
miological data collected during the 2009 pan-
demic suggest a geographic shift in outbreaks
from northern Manitoba (e.g., Burntwood,
North Eastman, and Norman) in the first wave
to more southern parts of the province (e.g.,
Assiniboine, Central, and Brandon) in the
second wave.19

Most remote and isolated communities
and FN reserves are located in northern Man-
itoba, where access is mainly by air travel. For
example, the Burntwood health region in
northern Manitoba has a large FN population,
of whom 82% live on reserve. In these iso-
lated northern communities, limited access
to health care resources, crowded living con-
ditions that allowed the virus to spread rap-
idly and readily between individuals, and
limitations in critical infrastructure, including
access to clean water for nonpharmaceutical
interventions such as hand washing, as well

as other social and demographic factors may
all have contributed to the increased burden
of disease.20,21 Some of these factors may have
worked in combination to increase risk of in-
fection. For example, housing conditions of some
FN populations with multigenerational house-
holds including many children may tend to
increase exposure of young children, who
transmit the virus more effectively than adults
because of social interaction patterns.22,23

In addition to these potential mechanisms for
increasing risk, the substantial difference in
the age profiles between FN and non-FN

TABLE 2—Aggregated Relative Infection and Hospitalization Ratios With 95% Confidence Intervals for FN and Non-FN Populations:

Manitoba, Canada; Spring and Fall 2009

Aged 0–4 Y Aged 5–19 Y Aged 20–49 Y Aged ‡ 50 Y

Variable FN, RR (CI) Non-FN, RR (CI) FN, RR (CI) Non-FN, RR (CI) FN, RR (CI) Non-FN, RR (CI) FN, RR (CI) Non-FN, RR (CI)

Infection

First wave 9.76 (7.83, 11.81) 1.11 (0.83, 1.41) 4.40 (3.60, 5.25) 1.14 (1.00, 1.30) 3.24 (2.61, 3.91) 0.82 (0.74, 0.90) 2.49 (1.44, 3.67) 0.34 (0.28, 0.41)

Second wave 1.81 (1.25, 2.43) 1.62 (1.37, 1.86) 1.91 (1.51, 2.33) 2.03 (1.91, 2.16) 1.73 (1.40, 2.09) 0.91 (0.85, 0.97) 0.65 (0.26, 1.11) 0.28 (0.24, 0.32)

Hospitalization

First wave 21.62 (16.45, 27.27) 1.42 (0.80, 2.12) 3.72 (2.16, 5.49) 0.48 (0.26, 0.69) 6.38 (4.58, 8.19) 0.47 (0.33, 0.60) 5.43 (2.17, 8.69) 0.40 (0.27, 0.55)

Second wave 1.85 (0.00, 4.33) 1.86 (1.05, 2.79) 1.29 (0.26, 2.58) 0.94 (0.63, 1.29) 3.01 (1.51, 4.52) 0.88 (0.68, 1.07) 3.57 (0.71, 7.14) 0.74 (0.54, 0.95)

Note. CI = confidence interval; FN = First Nation; RR = relative ratio.

FIGURE 2—Relative infection ratios for (a) First Nations FN age groups and (b) non-FN age groups: Manitoba, Canada; Spring and Fall 2009.
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populations may explain the large number
of pediatric FN cases. For example, the aver-
age age in Burntwood, in which 62% of the
population has FN status, is 24 years, which
is approximately 15 years younger than the
average age in Winnipeg (38.7 years), the
largest urban center in southern part of the
province.24

A strength of our study was the use of
data for an entire province covered by a single
health care system and with a large FN
population. Most studies on this topic have
used ecological designs or limited their scope
to small FN populations.14,25 We also per-
formed a comparative analysis between the
2 waves of pandemic using data for the entire
province. Not only does this analysis quantify
the reduction in incidence and hospitalization
ratios in FN populations during the second
wave compared with the first wave, but it also
shows that these ratios remained higher than
those in non-FN populations throughout the
pandemic. However, our study had limita-
tions. In the absence of data on the true
burden of infection, we used laboratory-
confirmed diagnoses, and these data likely
introduce some bias resulting from differen-
tial rates of testing across age groups, over
time, and possibly between FN and non-FN
populations. Assessing the magnitude and
direction of such biases in laboratory data is
difficult, but we do not expect hospitalization
data to contain such biases, and we observed
similar age-specific patterns for laboratory-
confirmed and hospitalized cases. Although
we observed higher relative ratios for FN
populations than for non-FN populations, the
nature of the data did not allow us to evaluate
the influence on these ratios of on-reserve
versus off-reserve status. Because only FN
status was included in the data for the eth-
nicity variable, our analysis does not include
other aboriginal people (e.g., FN or Indian
people without status, Inuit, and Métis), which
constitute approximately 6% of the Manitoba
population.

The experience of the 2009 pandemic
adds further support for the development of
intervention strategies specifically for vul-
nerable FN and remote communities.4 Public
health interventions in northern latitudes
must place a strong emphasis on reducing
disease transmission in the community

(preventing individuals from becoming sick in
the first place), thereby minimizing morbidity
and mortality. Such a reduction in infection
within specific communities would also serve
to slow the spread of infection between remote
and isolated communities and FN reserves
because of the limited between-populations
connectedness. However, the social structure
in FN reserves must be considered when
developing interventions.23 For example, in
northern communities in which many family
units are multigenerational, having infected
children stay home from school may increase
the rate of secondary household transmission,
particularly among older individuals who
share the same dwelling. Avoiding these un-
intended outcomes requires the development
and evaluation of population-specific strategies
for the implementation of transmission-
reduction measures, such as early treatment
of ill individuals and prophylaxis of close
contacts. Moreover, prioritization of groups
in these community settings for preventive
measures such as vaccination may require
specific consideration of familial relationships
and social network patterns,26 which can
be used to evaluate the impact of population
heterogeneity on disease impact and trans-
mission. As shown in our recent study,23 de-
mographic parameters (e.g., age and house-
hold composition) of the population play
a critical role in epidemic spread. In a non-
crowded setting with a relatively low average
of people per household, the protection of
young individuals remains a determining
factor, regardless of the age distribution of
the population. However, in crowded set-
tings, age distribution of the population sig-
nificantly influences the impact of protection
levels of different age groups on epidemic
control.23

Previous work has demonstrated that the
strength of social ties, rather than shared
geography, may be extremely important in
determining who acquires infection from
whom.27---29 The effect of such a social network
appears particularly important in underserved
communities, including FN populations. These
fundamental population differences have not
been taken into account in previous work
and warrant further investigation to identify
tailored, community-specific disease interven-
tion strategies. j
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