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ABSTRACT

Background: In the context of 2009 pandemic influenza
(H1N1) virus infection (pandemic H1N1 influenza), identi-
fying correlates of the severity of disease is critical to guid-
ing the implementation of antiviral strategies, prioritiza-
tion of vaccination efforts and planning of health
infrastructure. The objective of this study was to identify
factors correlated with severity of disease in confirmed
cases of pandemic HIN1 influenza.

Methods: This cumulative case-control study included all
laboratory-confirmed cases of pandemic H1IN1 influenza
among residents of the province of Manitoba, Canada, for
whom the final location of treatment was known. Severe
cases were defined by admission to a provincial intensive
care unit (ICU). Factors associated with severe disease
necessitating admission to the ICU were determined by
comparing ICU cases with two control groups: patients who
were admitted to hospital but not to an ICU and those who
remained in the community.

Results: As of Sept. 5, 2009, there had been 795 confirmed
cases of pandemic HIN1 influenza in Manitoba for which
the final treatment location could be determined. The
mean age of individuals with laboratory-confirmed infec-
tion was 25.3 (standard deviation 18.8) years. More than
half of the patients (417 or 52%) were female, and 215
(37%) of 588 confirmed infections for which ethnicity was
known occurred in First Nations residents. The proportion
of First Nations residents increased with increasing severity
of disease (116 [28%] of 410 community cases, 74 [54%] of
136 admitted to hospital and 25 [60%] of 42 admitted to
an ICU; p < 0.001), as did the presence of an underlying
comorbidity (201 [35%] of 569 community cases, 103
[57%] of 181 admitted to hospital and 34 [76%] of 45
admitted to an ICU; p < 0.001). The median interval from
onset of symptoms to initiation of antiviral therapy was 2
days (interquartile range, IQR 1-3) for community cases, 4
days (IQR 2-6) for patients admitted to hospital and 6 days
(IQR 4-9) for those admitted to an ICU (p < 0.001). In a
multivariable logistic model, the interval from onset of
symptoms to initiation of antiviral therapy (odds ratio [OR]
8.24, 95% confidence interval [CI] 2.82-24.1), First Nations
ethnicity (OR 6.52, 95% Cl 2.04-20.8) and presence of an
underlying comorbidity (OR 3.19, 95% Cl 1.07-9.52) were
associated with increased odds of admission to the ICU
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(i.e., severe disease) relative to community cases. In an
analysis of ICU cases compared with patients admitted to
hospital, First Nations ethnicity (OR 3.23, 95% Cl 1.04-10.1)
was associated with increased severity of disease.

Interpretation: Severe pandemic H1N1 influenza necessi-
tating admission to the ICU was associated with a longer
interval from onset of symptoms to treatment with antivi-
ral therapy and with the presence of an underlying comor-
bidity. First Nations ethnicity appeared to be an indepen-
dent determinant of severe infection. Despite these
associations, the cause and outcomes of pandemic HINI
influenza may involve many complex and interrelated fac-
tors, all of which require further research and analysis.

influenza (HIN1) virus infections (pandemic HIN1
influenza) began. The highest burden of severe illness
in Canada occurred in the province of Manitoba, where 45
Manitobans and 9 out-of-province patients were admitted to
an intensive care unit (ICU). In this first wave, ICU staff
and equipment were mobilized to expand bed capacity and
ventilator capabilities to accommodate clinical need.
Although many individuals presented with mild, self-limited
symptoms and no sign of pulmonary involvement, some people
required admission to an ICU and received maximal life sup-
port measures.'” Predicting disease and mitigating hazard in at-
risk populations is an important aim of public heath epidemiol-
ogy, and in preparation for future waves of pandemic HINI1
influenza, determining correlates of the severity of disease may
be very important. Initial reports have suggested that, in addi-
tion to many of the previously known risk factors for complica-

In April 2009, Canada’s first wave of pandemic
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tions of seasonal influenza, obesity* and other underlying
comorbidities* may be risk factors for severe disease. The
interval from onset of symptoms to initiation of antiviral ther-
apy or other treatment and supportive care was also associated
with adverse outcome in a recent case series.® In a Canadian
study of severe pandemic HINT1 influenza, First Nations people
were proportionally overrepresented among patients in the
ICU.> However, it is unclear if this association was independent
of potential confounding factors. The ability to determine cor-
relates of severe pandemic HIN1 disease and subsequent need
for ICU resources in at-risk populations would provide oppor-
tunities for public and population health analysis and action,
public education, strategic prioritization of vaccination efforts,
efficient and equitable allocation and use of antiviral drugs, and
development of infrastructure within the health system.

The objectives of this study were to identify factors that
were correlated with severity of disease in confirmed cases of
pandemic HINT1 influenza. Our hypothesis, which was based
on existing literature, was that obesity, First Nations ethnicity
and longer interval from onset of symptoms to treatment
would be important determinants of the severity of disease.

Methods

Study design, population and variables
We designed this investigation as a cumulative case—
control study. The study population consisted of all labora-

tory-confirmed cases of pandemic HINT1 influenza involv-
ing residents of the province of Manitoba for whom the
final location of treatment was known: community, hospital
or ICU. Infections were confirmed by reverse transcription
polymerase chain reaction at the Cadham Provincial Labo-
ratory in Winnipeg, Manitoba. We based our definitions of
case severity on the type of care required. Severe cases
were those in which the patient was admitted to an ICU
within the province of Manitoba. We defined two control
groups. Moderate cases were those in which the patient
required admission to hospital but not to the ICU. Mild
cases, also termed community cases, were those without
admission to hospital.

We defined self-reported ethnicity as either First Nations
or another ethnic group. First Nations peoples are one of
the three officially recognized groups of Canadian Aborigi-
nal peoples, the others being the Inuit and the Metis. We
assessed income according to income quintiles based on
each individual’s location of residence, as defined by the
postal code in the person’s mailing address.” We combined
the top three quintiles for comparison with the bottom two
quintiles combined.

We defined the variable “any comorbidity” as referring to
heart disease, diabetes mellitus, tuberculosis, asthma, smoking,
neuromuscular disease, kidney disease, malignancy, immune
suppression, lung disease, cognitive dysfunction, pregnancy,
alcoholism, substance abuse and injection drug use.
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Figure 1: Epidemic curve of laboratory-confirmed cases of 2009 pandemic influenza (H1N1) virus infection in
Manitoba according to final location of treatment (n = 889). The epidemic curve represents the dates of onset
for confirmed cases, based on the earliest of the following dates: date of onset of symptoms, date of admis-
sion to hospital, date on which investigation form was received, date on which specimen was obtained or
date on which report was received. For five additional cases, the date of onset according to this definition
occurred before Apr. 2, 2009, and these cases are not represented in the figure. ICU = intensive care unit.
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Data sources

In response to the emerging HIN1 pandemic, epidemiologists
and clinician investigators from Manitoba Health and the
University of Manitoba’s Section of Critical Care indepen-
dently created case report forms to facilitate disease surveil-
lance and data collection regarding this novel infection. Pub-
lic health nurses completed the provincial forms via
interview, in person or by telephone, or by chart review for all
confirmed cases of pandemic HINI influenza in the province
of Manitoba. The information collected included patients’
demographic characteristics, medical history, clinical infor-
mation, treatments and outcome. The database of information
collected by the University of Manitoba’s Section of Critical
Care contained prospectively collected data for all cases of
pandemic HINTI influenza in which the patient was admitted
to an ICU in the province of Manitoba. Trained research
nurses and medical students collected data about these
patients. As a result of efficient data-sharing processes put in
place by the province of Manitoba at the start of the pandemic
HINI1 influenza outbreak, we were able to combine data ele-
ments from the two sources to create one complete record for
each laboratory-confirmed case of pandemic HIN1 influenza.
This study was approved by the Research Ethics Board at the
University of Manitoba.

Analysis

We generated the following descriptive statistics: frequency
analysis (percentages) for categorical variables and means
(and standard deviations [SDs]) or medians (and interquartile
ranges [IQRs]) for continuous variables. We assessed overall
differences between groups in terms of severity of disease for
continuous and categorical variables using analysis of vari-
ance (ANOVA) or the ¢ test or Fisher’s exact test, as appro-
priate. We used univariable and multivariable logistic regres-
sion to examine the relation between variables of interest and
severity of disease. In particular, we compared cases of severe
disease (i.e., those with ICU admission) with controls who
remained in the community or who were admitted to hospital
but not to the ICU. To assess the consistency of effect, we
also compared community cases with cases involving admis-
sion to hospital but not the ICU. We express results from
logistic regression analyses as odds ratios (ORs) and 95%
confidence intervals (CIs), with ORs greater than 1.0 signify-
ing greater risk of severe disease compared with the referent
group. We estimated model parameters using the method of
maximum likelihood. The confidence intervals and p values
reported here reflect a two-tailed o level of 0.05.

Results

From the start of the epidemic (about Apr. 2) to Sept. 5, 2009,
a total of 894 cases of pandemic HINTI influenza were con-
firmed among Manitoba residents (Figure 1). The location of
care could be determined for 795 (89%) of the confirmed
cases: 569 (72%) of the patients remained in the community,
181 (23%) were admitted to a hospital but not the ICU, and
45 (6%) were admitted to an ICU. The mean age of infected
individuals included in the analysis was 25.3 years (SD 18.8).

CMAJ

RESEARCH

The age-specific distribution of confirmed infections by loca-
tion of care is illustrated in Figure 2. Females accounted for
417 (52%) of the infections. Ethnicity was known for 588
(74%) of the 795 infections; of these, First Nations individu-
als accounted for 215 (37%) of the confirmed infections.
Health care workers accounted for 62 (8%) of all infections.

The mean age of infected individuals was 25.3 (SD 17.5)
for community cases, 23.0 (SD 21.9) for patients who were
admitted to hospital but not the ICU and 33.4 (SD 19.7) for
those admitted to the ICU (p = 0.004) (Table 1). First Nations
residents accounted for 116 (28%) of 410 community cases,
74 (54%) of 136 patients admitted to hospital and 25 (60%) of
42 admitted to the ICU (p < 0.001). Females represented 296
(52%) of the 569 community cases and 90 (50%) of the 181
hospital admissions without ICU care, but 31 (69%) of the 45
ICU cases (p = 0.03). Of the 34 adult patients admitted to the
ICU with comorbidities, the proportion with clinical obesity,
defined as body mass index greater than 30, was 62% (n =
21). Height and weight were not recorded consistently
enough for patients in the two control groups to allow analy-
sis of the relation between obesity and severe outcomes. The
presence of an underlying medical condition, including preg-
nancy, increased with severity of disease (201 [35%] of the
569 community cases, 103 [57%] of the 181 patients admitted
to hospital and 34 [76%] of the 45 patients admitted to the
ICU; p < 0.001). The proportions of female patients with con-
firmed pandemic HIN1 influenza who were pregnant was 3%
(9 of 296 female patients) in the community group, 20% (18
of 90 female patients) in the hospital group and 13% (4 of 31
female patients) in the ICU group.

As expected, symptoms were correlated with severity of
disease (Table 1). In particular, shortness of breath increased
with severity of disease, being reported by 209 (37%) of the
569 patients in the community, 118 (65%) of the 181 patients
who had been admitted to hospital and 39 (87%) of the 45
patients admitted to an ICU (p < 0.001).

Antiviral therapy was known to have been prescribed for
173 (34%) of 511 patients in the community group and 83
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Figure 2: Age-specific distribution of confirmed infections by
final location of care. ICU = intensive care unit.
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(54%) of 154 who were admitted to hospital, whereas 42 in the community group, 127 (70%) of those admitted to hos-
(95%) of 44 patients admitted to the ICU received antiviral pital and 29 (64%) of those admitted to an ICU had sought
therapy (p < 0.001). Oseltamivir was used for 274 (97%) of =~ medical care related to their symptomatic illness.

the 282 patients for whom the agent administered was known.

Severity of illness increased with increasing interval from ICU cases v. community controls

onset of symptoms to the start of antiviral therapy (Figure 3). The interval from onset of symptoms to initiation of antiviral
The median interval before initiation of treatment was 2 days therapy was the strongest univariable correlate of severity of
(IQR 1-3) for community patients, 4 days (IQR 2-6) for disease (Table 2). The odds ratio of severe disease among
those admitted to hospital but not the ICU and 6 days (IQR 4—  patients with an interval of more than two days was 12.0
9) for those admitted to the ICU (p < 0.001). Before the diag- (95% CI 4.65-30.7) compared with an interval of up to two
nosis of pandemic HINT influenza, 239 (42%) of the patients days. When the interval from onset of symptoms to treatment

Table 1: Baseline characteristics of patients with laboratory-confirmed 2009 pandemic (H1N1) influenza in Manitoba, 2009

Location of care; no (%) of patients*

Community Hospital (other than ICU) ICU

Characteristic (n =569) (n=181) (n =45) p value
Age, mean (SD)

All patients 25.3 (17.5) 23.0 (21.9) 33.4 (19.7) 0.004

Adults (> 18 yr) 35.7 (14.0) 39.6 (17.2) 40.5 (14.9) 0.03

Children (< 18 yr) 82 (4.4) 4.2 4.7) 51 (6.4) < 0.001
Sex, female 296 (52) 90 (50) 31 (69) 0.03
Ethnicity, First Nations n=410 n=136 n=42

116 (28) 74 (54) 25 (60) < 0.001
Income quintile, two lowest n =569 n=181 n =45
combined
263 (46) 128 (71) 26 (58) < 0.001

Rural residence 259 (46) 115 (64) 24 (53) 0.001
Health care worker 51 (9) 7 4 4 (9 0.08
Symptoms

Fever 469 (82) 150 (83) 42 (93) 0.17

Cough 448 (79) 146 (81) 43 (96) 0.02

Shortness of breath 209 (37) 118 (65) 39 (87) < 0.001

Myalgia 282 (50) 58 (32) 26 (58) < 0.001

Gastrointestinalt 271 (48) 79 (44) 23 (51) 0.55

Headache 317 (56) 57 (31) 20 (44) < 0.001
Any comorbidity# 201 (35) 103 (57) 34 (76) < 0.001
Comorbidity (adults only) n =333 n=292 n=234

Lung disease 59 (18) 35 (38) 16 (47) < 0.001

Obesity NA NA 21 (62) NA

Diabetes mellitus 27 (8) 20 (22) 15 (44) < 0.001

Malignancy 5 (2 6 (7 4 (12) < 0.001

Smoking 76 (23) 26 (28) 13 (38) 0.10

Kidney disease 3 (1) 7 (8 5 (15) < 0.001

Pregnancy 9 (3 18 (20) 4 (12) < 0.001

Immune suppression 5 (2 6 (7) 7 (21) < 0.001

Abuse of alcohol or other 19 (6) 9 (10) 7 (21) 0.005

substances, injection drug

use

Note: IQR = interquartile range, NA = not available, SD = standard deviation.

*Unless indicated otherwise.

tNausea, vomiting, diarrhea.

tHeart disease, diabetes mellitus, tuberculosis, asthma, smoking, neuromuscular disease, kidney disease, malignancy, immune suppression, lung disease, cognitive
dysfunction, pregnancy, alcoholism, substance abuse, injection drug use.

260 CMAJ e FEBRUARY 23, 2010 ¢ 182(3)



RESEARCH

was assessed as a continuous variable, the OR 100
was 1.25 (95% Cl 114—138) for every addi- 90 Final location of treatment
tional day. The presence of a medical comor- _ [J Community
bidity significantly increased the odds of severe 801 [l Hospital
disease (OR 5.70, 95% CI 2.83-11.5). Obesity 70 u [ e
could not be analyzed because of missing data, Ty
as described above. The odds for severe dis- 3
ease were greater among First Nations resi- 4 501
dents compared with all other ethnicities (OR °\°° 201
3.73, 95% CI 1.94-7.16) and among females
compared with males (OR 2.40, 95% CI 1.21- 301
4.77). The univariable odds ratio associated 20
with pregnancy was 3.64 (95% CI 0.86-15.4).
The odds of severe disease were greater in the 101
two lowest income quintiles combined than in 0
1-2 3-5 6-8 9-11 >12

the three highest income quintiles combined
(OR 2.08, 95% CI 1.07-4.07) (Table 2).

Delay from symptom onset to antiviral treatment, days

In a multivariable logistic model with age,
sex, First Nations ethnicity, medical comorbid-
ity, interval from onset of symptoms to initiation
of antiviral therapy, urban v. rural status and
income quintile group, we found that treatment

Figure 3: Severity of disease in relation to the interval from onset of symptoms
to treatment with antiviral agents. Increasing interval from onset of symptoms
to antiviral therapy was associated with increased severity of illness. ICU = inten-
sive care unit.

interval (OR 8.24, 95% CI 2.82-24.1), First
Nations ethnicity (OR 6.52, 95% CI 2.04-20.8) and the pres-
ence of a medical comorbidity (OR 3.19, 95% CI 1.07-9.52)
were associated with increased severity of disease (Figure 4).
In a separate multivariable analysis of hospital controls
without admission to an ICU and community controls, we
observed consistent associations. The interval from onset of
symptoms to initiation of antiviral therapy (OR 3.61, 95% CI
1.79-7.28) and the presence of a medical comorbidity (OR
3.36, 95% CI 2.05-5.49) were significantly associated with
admission to hospital. Compared with community controls,
the odds of admission to hospital among First Nations indi-

viduals was 1.71 (95% CI 0.99-3.00). Age, sex, urban v. rural
status and income quintile group were not associated with
admission to hospital (without admission to an ICU) relative
to community cases.

ICU cases v. hospital controls without ICU admission

Compared with patients under 16 years of age, those 16-45
years of age (OR 3.68, 95% CI 1.47-8.52) and those older
than 45 years of age (OR 3.32, 95% CI 1.31-8.44) had
greater severity of disease, according to our univariable
regression analysis (Table 2). An interval of more than two

Table 2: Univariable predictors of disease severity

Comparison; OR (95% Cl)

ICU cases v. community cases ICU cases v. cases with hospital admission

Age

16-45yrv.< 16 yr 2.10 (0.95-4.62) 3.68 (1.47-8.52)

>45yrv. <16 yr 3.29 (1.36-7.96) 3.32 (1.31-8.44)
Female v. male 2.40 (1.21-4.77) 2.61 (1.26-5.41)
Pregnant v. nonpregnant (females aged 16-45 yr) 3.64 (0.86-15.4) 0.33 (0.08-1.38)
Ethnicity

First Nations v. other 3.73 (1.94-7.16) 1.23 (0.61-2.49)

Missing data v. other 0.33 (0.09-1.13) 0.24 (0.06-0.88)
Any comorbidity* 5.70 (2.83-11.5) 2.34 (1.12-4.91)
Interval from symptom onset to antiviral treatment, 12.0 (4.65-30.7) 3.59 (1.32-9.80)

>2dv.<2d
Rural v. urban 1.37 (0.74-2.51) 0.66 (0.34-1.27)
Income, lowest 2 quintiles v. highest 3 quintiles 2.08 (1.07-4.07) 0.68 (0.33-1.42)

Note: Cl = confidence interval, ICU = intensive care unit.

*Heart disease, diabetes mellitus, tuberculosis, asthma, smoking, neuromuscular disease, kidney disease, malignancy, immune suppression, lung disease, cognitive
dysfunction, pregnancy, alcoholism, substance abuse, injection drug use.
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days from onset of symptoms to initiation of antiviral treat-
ment was correlated with severe disease (OR 3.59, 95% CI
1.32-9.80). A similar result was obtained when treatment
interval was analyzed as a continuous variable (OR 1.33, 95%
CI 1.18-1.56, for each additional day). Female sex (OR 2.61,
95% CI 1.26-5.41) and presence of an underlying comorbid-
ity (OR 2.34, 95% CI 1.12-4.91) were associated with severe
disease. First Nations ethnicity and income quintile group
were not associated with ICU admission relative to admission
to hospital without admission to an ICU (Table 2).

In our multivariable model, which accounted for age, sex,
First Nations ethnicity, medical comorbidity, interval from
onset of symptoms to initiation of antiviral therapy, urban v.
rural status and income quintile group, we found that First
Nations ethnicity (OR 3.23, 95% CI 1.04-10.1) was associ-
ated with increased severity of disease (Figure 5). The odds of
severe disease associated with interval until treatment was
2.44 (95% CI 0.79-7.50) but did not reach statistical signifi-
cance (Figure 5).

Interpretation

Main findings

In this cumulative case—control study of laboratory-confirmed
cases of 2009 pandemic influenza (HIN1) virus infection
among Manitoba residents, severe disease, defined by admis-
sion to the ICU, was associated with a longer interval from
onset of symptoms to treatment with antiviral therapy and
with the presence of an underlying comorbidity relative to
those who were not admitted to hospital. After accounting for
other potential associations with severity of disease, we found

that people of First Nations ethnicity had increased odds of
severe disease compared with those of other ethnicities.

Explanation and comparison with other studies
Previous studies have shown that when otherwise healthy
individuals with seasonal influenza A are treated with neur-
aminidase inhibitors within 36—48 hours of onset, the duration
of symptoms is decreased by one to two days.® Treatment
within 12 hours after onset of fever reduces the duration of
symptoms by 3.1 days relative to treatment started at 48
hours.” Although randomized controlled trials of neur-
aminidase inhibitors in influenza-infected patients who have
been admitted to hospital are lacking, observational studies
have suggested that treatment of hospital inpatients who have
seasonal influenza can reduce mortality.'""

The ability of neuraminidase inhibitors to prevent severe
disease in patients with progressive or persistent symptoms or
in patients with comorbidities has not been adequately investi-
gated. However, in a recently published case series of pan-
demic HIN1 influenza without controls, treatment initiation
within two days was associated with a lower risk of admission
to the ICU or death.® In Mexico, treatment of ICU patients
with a neuraminidase inhibitor (v. no treatment) was associ-
ated with improved survival (OR 8.5, 95% CI 1.2-62.8).

We found that severity of illness was greater among First
Nations people, a finding that persisted after accounting for
age, sex, comorbidities, interval from onset of symptoms to
treatment, rural residence and income level. This finding is
consistent with historical records from the 1918 Spanish
influenza pandemic, during which mortality in Aboriginal
communities was far higher than in non-Aboriginal commu-

Characteristic OR (95% CI)
Age, yr
16-45v. < 16 1.36 (0.40-4.61)
>45v.< 16 1.33 (0.33-5.33)

Sex, female v. male 1.57 (0.59-4.17)

Ethnicity

First Nations v. other 6.52 (2.04-20.8)

Missing v. other
Any comorbidity

Symptom onset to antiviral treatment,
> 2 days v. < 2 days

Location, rural v. urban

Income, lowest 2 quintiles
v. 3 upper quintiles

1.44 (0.26-7.95)
3.19(1.07-9.52)
8.24 (2.82-24.1)

0.52 (0.19-1.40)
1.06 (0.39-2.88)

More severe
disease —>

Less severe
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Figure 4: Multivariable correlates of the severity of disease, for comparison between patients cared for in the community and those
admitted to an intensive care unit (ICU). Cl = confidence interval, OR = odds ratio.
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nities.'>"* Overrepresentation of Aboriginal people in the
severe disease cohort (requiring ICU care) was also noted in a
recent case series of 2009 influenza (HINT1) virus infection
from Australia and New Zealand.* As with Aboriginal people
in Canada, this group experienced disproportionately higher
mortality during the 1918 pandemic."

Common patterns of pandemic HIN1 disease motivate the
hypothesis that First Nations peoples may be genetically pre-
disposed to severe infection with the pandemic (HIN1) virus.
Host genetics have been shown to affect patients’ susceptibil-
ity to HIV infection and AIDS'"' and their clearance of
hepatitis C infection.” It is possible that particular human
leukocyte antigens or single nucleotide polymorphisms in
First Nations or Aboriginal groups affect the acquisition or
severity of infection. Intriguing as this hypothesis may be,
Canadian Aboriginal people and Australian Aboriginals and
Torres Strait Islanders do not share a common ancestry. What
they do have in common is a history of colonization, com-
bined with historic and continuing social inequities that have
led to significant health disparities.

Limitations

Using a multivariable model, we demonstrated that length of
time from onset of symptoms to treatment was the factor most
strongly associated with severe disease. In our analyses we
tried to control for several potential sources of bias that might
affect access to health care; however, it remains unclear
whether early diagnosis and treatment were associated with
higher-quality or more accessible medical care. Although it is
likely that the interval from onset of symptoms to initiation of
antiviral therapy could have a direct and causal effect on out-

RESEARCH

comes, it might also be a marker of other independent causal
factors, such as other treatments (e.g., oxygen, fluids and
electrolytes, antimicrobials) or other correlates of patient or
system-wide characteristics. We were also unable to assess
factors relating to education level or household size. In our
study, we did not match ICU cases with incident cases of hos-
pital admission without ICU admission or with community
controls. If differences in patient presentation (e.g., because
of public awareness) or access to care existed, or if treatment
decisions differed over the course of the epidemic, these fac-
tors might have introduced bias that remained unaccounted
for by our analyses. Nonetheless, the brevity of the local epi-
demic and the relatively uniform distribution of cases and
controls throughout the course of the epidemic would have
minimized this potential source of bias.

With regard to the association between comorbidities and
severity of disease, it is possible that the presence of a comor-
bid condition that makes admission to the ICU more likely
might also have made ascertainment of virologic infection
more likely, thus producing an inflated estimate of any poten-
tial association. With regard to our study, the relative impact
or the direction of this type of selection bias, known as Berk-
sonian bias, is uncertain. Moreover, this type of bias may be
paradoxical and may result in a falsely negative association
when both the exposure and the disease increase the chance
of selection.'”® On June 26, 2009, Manitoba Health released
recommendations for treatment of influenza (HIN1) virus
infection that encouraged treatment of individuals with risk
factors and those with abnormal vital signs. As a result of
these guidelines, comorbidities and risk factors such as First
Nations status may be overrepresented in the community

Characteristic OR (95% CI)
Age, yr
16-45v. < 16 2.40 (0.73-7.90)
>45v. <16 1.73 (0.45-6.65)

Sex. female v. male 1.44 (0.51-4.11)
Ethnicity

First Nations v. other 3.23(1.04-10.1)
1.06 (0.18-6.42)
1.49 (0.46-4.86)

2.44 (0.79-7.50)

Missing v. other
Any comorbidity

Symptom onset to antiviral treatment,
> 2 days v. < 2 days

Location, rural v. urban 0.45 (0.17-1.20)

Income, lowest 2 quintiles 0.35 (0.12-1.03)

v. 3 upper quintiles

Less severe ' More severe
<«—— disease | disease —>
,

-
———

_a_._

_._

_l_.—

e

- o+

|

i
0.01 0.1 1 10 100
OR (95% CI)

Figure 5: Multivariable correlates of the severity of disease, for comparison between patients admitted to hospital but not to an inten-
sive care unit (ICU) and those admitted to an ICU. Cl = confidence interval, OR = odds ratio.
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cohort, which could result in an underestimation of the asso-
ciated risks.

Although our study demonstrated an association between . - ) )
First Nations ethnicity and the odds of severe disease. it is Funding: No specific funds were obtained for the conduct of this study. The

1rs . o y ) ’ Public Health Agency of Canada provided salary support to help facilitate the

possible that this increased risk reflects uncontrolled con- timely collection of patient data by trained research nurses and to offset the
founders such as housing or living conditions, income ade-  costof statistical consultation.
quacy, diet, additional underlying comorbidities or access to
health care resources.
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