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Summary

Food- and waterborne disease is thought to be high in some Canadian Indigenous communities;
however, the burden of acute gastrointestinal illness (AGI) is not well understood due to limited
availability and quality of surveillance data. This study estimated the burden of community-level self-
reported AGI in the Inuit communities of Rigolet, Nunatsiavut, and Iqaluit, Nunavut, Canada. Cross-
sectional retrospective surveys captured information on AGI and potential environmental risk factors.
Multivariable logistic regression models identified potential AGI risk factors. The annual incidence of
AGI ranged from 2-9-3-9 cases/person per year in Rigolet and Igaluit. In Rigolet, increased spending on
obtaining country foods, a homeless person in the house, not visiting a cabin recently, exposure to
puppies, and alternative sources of drinking water were associated with increased odds of AGI. In
Iqaluit, eating country fish often, exposure to cats, employment status of the person responsible for food
preparation, not washing the countertop with soap after preparing meat, a homeless person in the house,
and overcrowding were associated with increased odds of AGI. The results highlight the need for
systematic data collection to better understand and support previously anecdotal indications of high AGI
incidence, as well as insights into unique AGI environmental risk factors in Indigenous populations.

Key words: Aboriginal health, acute gastrointestinal illness, burden of illness, foodborne disease,
Inuit, waterborne disease.

change, global environmental change, and the globa-
lization of travel and trade [2]. Endemic levels and
outbreaks of foodborne, waterborne, and person-to-
person transmission of acute gastrointestinal illness
(AGI) contribute to considerable morbidity, mor-
tality, and economic costs in developed countries
[3-7], and could be particularly important to under-

INTRODUCTION

Diarrhoeal disease continues to be a global public
health priority [1], especially in the context of climate
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stand in high-risk populations [3-5]. Therefore, en-
vironmental and public health practitioners continue
to prioritize the surveillance of AGI to monitor the
burden of illness, detect and control outbreaks, and
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evaluate control measures. Under-reporting of AGI is
a limitation of surveillance data, especially when used
to estimate the burden of illness [8]. Considering this
high level of under-reporting, burden-of-illness studies
that estimate rates and identify risk factors for AGI at
the community-level are employed internationally [4,
6, 7, 9-12].

While research on the burden of AGI is burgeon-
ing, there is still a limited understanding of enteric ill-
ness in subsets of populations, including populations
who could be the most vulnerable to enteric illness
[13-16]. For instance, although high-quality data are
not currently available to accurately estimate the bur-
den of AGI in Indigenous communities, research has
documented environmental conditions that could in-
crease the risk of AGI (e.g. overcrowding, limited ac-
cessibility and availability of safe drinking water) and
some researchers have hypothesized that waterborne
and foodborne disease is likely to be disproportio-
nately higher in many Indigenous communities
[17-20]. Indeed, some Indigenous populations in
Canada, USA, and Australia live in substandard liv-
ing conditions with more limited access to the quality
and quantity of services and resources than other
non-Indigenous citizens [19]. These conditions con-
tribute to disparities in several health outcomes be-
tween Indigenous people and non-Indigenous people
living in the same country [19, 21]. In addition, effec-
tive and timely public health surveillance for
Indigenous populations can be challenging, particu-
larly in rural or remote communities due to limited
accessibility of healthcare services [19, 22]. This lack
of access to these services can result in reduced
care-seeking behaviour, which can compromise the
quality and quantity of available surveillance data
[19, 22-24].

Considering the possible increased vulnerability to
AGI and the limitations of surveillance data in
some Indigenous communities, there is a clear need
for burden of AGI studies to estimate the incidence
of, and identify potential risk factors for, AGI at
the community level in these populations. In this con-
text, the goal of this study was to investigate the bur-
den of AGI in the Inuit communities of Rigolet,
Nunatsiavut and Iqaluit, Nunavut, Canada. The
specific objectives were to estimate the incidence
and prevalence, and identify potential socioeconomic
and environmental risk factors of AGI in each com-
munity in autumn (September) and spring (May)
2012-2013. The results of this study are important
in identifying local risk factors that can point to
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possible intervention strategies, inform decision-
making, and better understand the burden of AGI
in the North.

METHODS
Study locations

The term Indigenous is an all-encompassing term that
refers to Indigenous inhabitants of a country, includ-
ing Inuit, First Nations, and M¢étis in Canada.
Many Inuit live in Northern Canada in one of four
Inuit settled land claim regions: Nunatsiavut,
Nunavut, Nunavik and Inuvialuit. Inuit have devel-
oped a culture and lifestyle that is dependent upon
cold climatic conditions, with the extensive ice and
snow coverage providing transportation opportunities
between communities, to hunting grounds, and to
important cultural activities that are essential for
health and wellbeing [25-27]. Canadian Inuit also
face challenges regarding access to health services,
low socioeconomic status compared to the national
average, crowded and poor-quality housing, food in-
security, and concerns regarding basic services such
as drinking-water quality and sanitation [19].

This study took place in two Inuit communities:
Iqaluit, Nunavut and Rigolet, Nunatsiavut, Canada.
Nunavut (‘Our Land’) is Canada’s newest Territory
spanning nearly 2 million km?, with 26 communities
and a population of over 31000 residents (Fig. 1).
Iqaluit is the capital of Nunavut with a population
of 6699 people, 62% of whom identify as Aboriginal
[28]. Nunatsiavut (‘Our Beautiful Land’) is Canada’s
most eastern Inuit region, with five remote communities
and a growing population of 2617 [28]. The community
of Rigolet is the most southern of five communities in
Nunatsiavut (Fig. 1), with a population of 306, 94%
of whom identify as Aboriginal [28].

Study design and data collection tool

The National Studies on Acute Gastrointestinal
Illness (NSAGI) study methodology used in
Canada [29] was adapted to reflect Inuit culture
and the Northern context. Two retrospective cross-
sectional surveys were conducted in person in the
autumn and spring seasons. The autumn survey
took place from 17 September to 3 October 2012
in Rigolet, and from 15 September to 5 October
2012 in Iqaluit. The spring survey took place
from 22 May to 19 June 2013 in Rigolet, and
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Fig. 1. A map of Labrador and Nunavut, highlighting the communities in Nunavut and the Nunatsiavut Land Claim

Settlement Region.

from 18 May to 2 June 2013 in Iqaluit.
Questionnaires previously used in the Canadian
burden of AGI surveys [3, 5, 30], were modified
for use in Rigolet and Iqaluit (questionnaires avail-
able from the corresponding author upon request).
The primary outcome measure was self-reported
AGI, which was captured by asking participants
if they had experienced a new case of diarrhoea
and/or vomiting in the past 14 and 28 days. The
case definition used for AGI was self-reported
vomiting and/or diarrhoea (any loose stool) in the
past 14 days (September and May) as well as the past
28 days (May), excluding cases who reported vomiting
or diarrhoea due to pregnancy, medication use, al-
cohol/drug use, or diagnosed chronic conditions (e.g.
colitis, diverticulitis, Crohn’s disease, irritable bowel
syndrome, H. pylori, or other diagnosed chronic
conditions) [30]. In an attempt to capture incident
cases, if the date of reported AGI symptom onset was
prior to the recall period, the case was excluded. Data
on potential risk factors were also gathered (Fig. 2)
[3, 5]. The questionnaire was extensively pre-tested for
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content and context by academics, health practitioners,
and Inuit community members.

Sample size, sampling framework, and survey
administration

Rigolet, Nunatsiavut

Given the small population size of Rigolet (n = 306), a
census sample was attempted; every individual in
every household who was in the community during
the sampling period was invited to participate. The
private and confidential questionnaire was adminis-
tered by trained community personnel using iPads in
the language preferred by the participant, including
English and Inuttitut; however, all participants chose
English, which is their first language [28].

Iqaluit, Nunavut

A target sample size of 498 participants was calculated
using Epi Info (Centers for Disease Control and
Prevention, USA, 2000), to detect an expected
14-day period prevalence of 6% [3, 5]. with a 2%
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Fig. 2. A summary of the information captured in the cross-sectional surveys in Rigolet,

Nunavut (2012, 2013).

allowable error and a 95% confidence level in a
population of 6184. A two-stage random sample ap-
proach was employed. The first stage involved propor-
tionally, randomly selecting blocks of households in
Iqaluit and a census of the block was attempted. The
second stage involved randomly selecting a household
member to participate in the survey using the last-
birthday method [31], and all ages were eligible to partici-
pate. Participants had the option of conducting the
interview in-person or scheduling a telephone interview.
Contact with each house was attempted twice during dif-
ferent times of the day. The private and confidential
questionnaire was administered by trained community
personnel using iPads in the language preferred by the
participant, including English, French, and Inuktitut.

Consent and ethics

Each participant was invited to watch an informa-
tional video and written (Rigolet) or oral (Iqaluit)
informed consent was obtained. Participants aged
<18 years required parental permission. For partici-
pants aged <12 years, the parent could act as a
proxy respondent for the child. Compensation for
the participant’s time and information was provided
following the recommendations of local project partners
[32, 33]. The study protocol was approved by the
Research Ethics Board at the University of Guelph
and McGill University, Health Canada Research
Ethics Board, and the Nunatsiavut Government
Research Advisory Committee. A research license was
obtained from Nunavut Research Institute under the
Nunavut Scientist Act.
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Data analysis

Data were exported from the iPad iSurveySoft® soft-
ware into Excel (v. 14-2-5; Microsoft Corp., USA)
and all analyses were conducted using Stata/IC 13.1
for Mac (StataCorp., USA), using a significance
level of a=0-05. Data from participants responding
‘unsure’ or ‘refused to answer’ were excluded from
the analysis of that question. To examine the represen-
tativeness of the data, the sample population demo-
graphics were compared to census demographics [28]
using Pearson »° tests. The annual incidence rate
and annual incidence proportion were estimated
using equations (1) and (2), respectively [11].

Annual incidence rate

_ cases
~ L[(total atrisk) + (total at risk — cases)]
365
—. 1
* 14-day recall period M
Annual incidence proportion
=1—-(1- x)(365/14-day recall period)’ )

where x = (cases)/(total at risk).

Multivariable logistic models were built to examine
potential risk factors for AGI, with a null hypothesis
of no association between AGI (based on 14-day per-
iod prevalence) and potential risk factor variables of
interest. There were four models; one for September
and one for May in each community. For each
model, a causal diagram was created to explore poten-
tial risk factors of interest based on peer-reviewed
literature and biological plausibility. The assumption
of linearity was assessed graphically by plotting the
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Fig. 3. The estimated annual incidence of acute gastrointestinal illness in Hamilton [29], British Columbia [29], Ontario
[4], Rigolet, and Iqaluit, Canada, using a case definition of self-reported diarrhoea and/or vomiting in the past 28 days not
due to pregnancy, medication, drugs/alcohol, or chronic conditions.

continuous variables against the log-odds of the outcome
using lowess curves (i.e. locally weighted regression for
smoothed scatterplots). To avoid collinearity issues, the
correlation between predictor variables was assessed
using Spearman’s rank correlation analysis, using a cut-
point value of 70%. If the correlation was above 70%, the
most biologically plausible variable was used in the
model-building process.

Since a census was attempted in Rigolet, a mixed
multivariable logistic regression model with a random
intercept to control for clustering by household was
used for these data. To build the Rigolet models, a
series of univariable (i.e. one fixed effect) logistic
regression models with a random intercept for house-
hold were conducted to explore potential uncon-
ditional associations between predictor variables and
the outcome variable. Then, a manual backward step-
wise approach was used to build a mixed multivari-
able logistic regression model, considering all
predictor variables with P < 0-20 in univariable analy-
ses, with a significance level of a = 0-05 for risk factor
variables to stay in the model. Full and reduced
models were compared at each step using likelihood
ratio tests; confounding was assessed at each step
and if adding or removing a variable resulted in a
30% change in the model S-coefficients, the variable
was considered a confounder and remained in the
model regardless of statistical significance. All two-
way interactions in predictors with P <0-10 in the uni-
variable analyses were assessed. Finally, the fit of the
models was assessed via graphical examination of
Pearson residuals, and assessment of the assumptions
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of normality and homogeneity of variance for the best
linear unbiased predictors (BLUPs).

For the Iqaluit data, multivariable exact logistic re-
gression models were built since one individual per
household was randomly selected and, thus, there
was no household-level clustering for these data.
Specifically, a series of univariable exact logistic regres-
sions using conditional scores tests were conducted to ex-
plore potential unconditional associations between
predictor variables and the outcome variable. A manual
backward stepwise approach was used to build the multi-
variable models, considering all predictor variables with
P < 0-20 in univariable analyses, with a significance level
of a = 0-05 for risk factor variables to stay in the model
regardless of statistical significance. Confounding was
assessed at each step and if adding or removing a
variable resulted in a 30% change in the model
[-coefficients, the variable was considered a confounder
and remained in the model. Finally, all two-way interac-
tions in predictors with P < 0-10 in the univariable analy-
ses were assessed. For Iqaluit and Rigolet models, if sex
and age were not significant in the final model, we forced
these variables into the model to examine any changes in
predictor variable coefficients and confidence intervals; if
little change was observed (i.e. <30%), the age and/or sex
variable was not included the final model.

RESULTS

In Rigolet, a total of 245 people were in the com-
munity during the September study period, and 226
questionnaires were completed (response rate 92%);
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Table 1. Demographics of Rigolet and Iqaluit based on the 2011 Census, as well as the September 2012 and May
2013 survey respondents in Rigolet, Nunatsiavut, and Iqaluit, Nunavut, Canada in September 2012 and May 2013

Rigolet Iqualuit
September September
Rigolet 2011 survey May survey Iqaluit 2011 survey May survey
census participants participants census participants participants
Variable No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
Sex n=1305 n=226 n=236 n=6695 n=>532 n=>522
Male 160 (52-5) 109 (48-2) 117 (49-6) 3400 (50-8) 207 (38-9)* 221 (42-3)*
Female 145 (47-5) 117 (51-8) 119 (50-4) 3295 (49-2) 325 (61-1)* 302 (57-7)*
Age group, yr n =305 n=226 n=236 n=6710 n=>529 n=>522
0-9 40 (13-1) 38 (168) 43 (18-2) 1150 (17-1) 44 (8-2)* 52 (10-0)*
10-14 15 (49) 17 (7°5) 19 (8°1) 450 (6:7) 13 (2:5)* 25 (4-8)
15-19 15 (49) 10 (4-4) 12 (5:1) 515 (7-7) 20 (3-8)* 21 (4-0)*
20-24 25 (8-2) 10 (4-4) 10 (4-2) 560 (8-2) 32 (6:1) 38(7-3)
25-64 180 (59-0) 134 (59-3) 139 (58:9) 3,870 (57-7) 382 (72-2)* 364 (69-7)*
65-69 10 (3-3) 6 (2-7) 6 (2-5) 80 (1-2) 17 (3-2)* 9 (1-7)
=70 20 (6-6) 11 (49) 7 (3:0) 85 (1-3) 21 (4-0)* 13 (2:5)*
Indigenous n=270 n=226 n=236 n=6085 n=>531 n=>522
Indigenous 250 (92-6) 216 (95-6) 226 (95-8) 3650 (60-0) 362 (68-2)* 332 (63-6)
Non-Indigenous 20 (7-4) 10 (4-4) 10 (4-2) 2435 (40-0) 169 (31-8)* 190 (36-4)

* Proportion per category significantly different (P < 0-05) from all other categories combined using Pearson’s y° test. For age,

we compared each category to all other categories collapsed.

a total of 249 were in the community during the May
study period and 236 questionnaires were completed
(response rate 95%). In Iqaluit, a total of 532 question-
naires were completed in September (response rate
75%) and a total of 523 questionnaires were completed
in May (response rate 55%). Each questionnaire took
an average of 14 minutes to complete.

The demographics of September and May survey
participants compared to the 2011 census of Rigolet
and Iqaluit are shown in Table 1. Compared to the
census demographics of Iqaluit, females, older people,
and Indigenous people were over-represented in the
September survey (P <0-05), and females and older
people were over-represented in the May survey
(P <0-05). In Rigolet, there were no significant differ-
ences in sex, age, and Indigenous identity between sur-
vey participants and the 2011 census (P > 0-05).

AGI prevalence, incidence, and risk factors

In Rigolet, the estimated annual incidence rate was 3-8
and 3-9 episodes/person per year in September and
May, respectively (Table 2; Fig. 3). In Iqaluit, the esti-
mated annual incidence rate was 3-8 and 2-8 episodes/
person per year in September and May, respectively.
The 14-day and 28-day prevalence, estimated annual
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incidence, and estimated annual incidence proportion
for Rigolet and Iqaluit are presented in Table 2. In the
September final multivariable model for Rigolet, not
visiting a cabin in the past month, increased spending
on obtaining country food (i.e. locally harvested food
including berries, duck eggs, fish, caribou, marine
mammals, ducks), and a homeless person staying in
the home (as defined by the Inuit Health Survey
[34]) increased the odds of AGI (Table 3). Final
model results indicated no significant difference be-
tween models that did and did not account for cluster-
ing at the household level (Table 3); however, a
random intercept was forced in the model to control
for household-level clustering due to the structure of
the Rigolet data, as well as similar variable coeffi-
cients, variable confidence intervals, and model fit
(based on Akaike’s Information Criterion) for models
that did and did not control for clustering. In the May
final multivariable model for Rigolet, age group
(0-19, 20-55, >55 years), exposure to a puppy in
the past month, and consumption of tap-water
alternatives (e.g. bottled water and untreated brook
water) in the past 2 weeks were significantly associated
with increased odds of AGI (Table 4). Final model
results indicated a significant difference between mod-
els that did and did not account for clustering at the
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Table 2. Estimates of acute gastrointestinal illness (AGI) estimated incidence in Rigolet, Nunatsiavut and Igaluit, Nunavut, Canada in September 2012

and May 2013

AGTI estimated incidence

Rigolet Iqaluit
Septembers May September May
Study AGI case definition* (14-day recall) n=30 n=32 n=72 n=>53
14-day period prevalence 13-5% (8-9-18-0%) 13-8% (9-4-18-3%) 13-7% (10-7-16-6%) 10-6% (7-7-13-0%)
Estimated annual incidence rate (episodes/person per year) 3-8 (2:4-52) 39 (2:5-5-3) 3-8 (2:9-4-8) 2-8 (2:1-3-7)
Estimated age-adjusted annual incidence rate (episodes/person per year) 3:6 (2:3-5-0) 4-1 (2:7-5-6) 41 (3-0-49) 2-8 (2:1-3-6)
Estimated annual incidence proportion 97-7% 97-9% 97-8% 94-2%
Study AGI case definition* (28-day recall) n=47 n=105
28-day period prevalence - 20-5% (15-3-25-8%) - 20:9% (17-3-24-5%)
Estimated annual incidence rate (episodes/person per year) - 3-:0 2:1-3-9) - 31 (2:5-37)
Estimated age-adjusted annual incidence rate (episodes/person per year) - 3-:0 (2:1-39) - 31 (2:5-37)
Estimated annual incidence proportion - 95-0% - 95-3%
International AGI case definitiont (14-day recall) n=17 n=23 n=64 n=43
14-day period prevalence 7-6% (4-1-11-1%) 10-0% (6-1-13-8%) 12:1% (9-3-14-9%) 8:4% (6:0-10-8%)
Estimated annual incidence rate (episodes/person per year) 22 (1-1-3-3) 27 (1-64-0) 2-8 (2:0-3-5) 2:3 (1-:6-3-0)
Estimated age-adjusted annual incidence rate (episodes/person per year) 1:9 (0-9-3-0) 31 (1:9-4+4) 3-6 (2:7-4'5) 2:2 (1:5-2+9)
Estimated annual incidence proportion 88:9% 93-5% 93-7% 89-8%
International AGI case definitiont (28-day recall) n=734 n=_86
28-day period prevalence - 14-8% (10-2-19-5%) - 17-1% (13-8-20-4%)
Estimated annual incidence rate (episodes/person per year) - 21 (1-4-2-8) - 24 (1-9-3-0)
Estimated age-adjusted annual incidence rate (episodes/person per year) - 3-:0 2:1-39) - 31 (2:5-37)
Estimated annual incidence proportion - 87-7% - 91-4%

* Study AGI case definition: any diarrhoea and/or vomiting not due to pregnancy, drugs or alcohol, medication or diagnosed chronic conditions.
T International AGI case definition: diarrhoea >3 loose stools and/or vomiting not due to pregnancy, drugs or alcohol, medication or diagnosed chronic conditions [61].
1 A 28-day recall period was not captured in the September 2012 questionnaire.
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Table 3. Univariable exact logistic regression® and final multivariable logistic regression ( controlling for household
clustering ) modelf results, examining the effects of predictor variables on the odds of acute gastrointestinal illness in

Rigolet, Nunatsiavut, in September 2012

Univariable results

Multivariable model results

Rigolet September model n OR 95% CI OR P 95% CI
Homeless person staying in the house
No 182 Ref. Ref.
Yes 38 6-17 0-022 1-:30-29-23 4-76 0-021 1-27-17-90
Visited cabin in past month
No 74 1-94 0-100 0-89—4-23 3:33 0-039 1-06-10-44
Yes 152 Ref. Ref.
Weekly amount spent on obtaining country food
Low (<$150) 89 Ref. Ref.
Medium ($150-$300) 87 1-68 0-320 0-60—4-70 2-65 0-130 0-75-9-36
High (>$300) 35 3-08 0-062 0-94-10-06 7-18 0-010 1-62-31-90
Storage of drinking water - - - -
Container in the fridge 122 Ref. - - - -
Container outside of the fridge 51 271 0-077 0-90-8-20 - - - -
No storage 47 3-76 0-028 1-15-12-24 - - - -
Exposure to cats in past month
No 159 Ref. - - - -
Yes 62 1-83 0-200 0-71-4-73 - - - -
Perceived quality of drinking water
Very poor or poor 32 2-85 0-157 0-67-12-17 - - - -
Fair, good, or very good 187 Ref. - - - -

OR, Odds ratio; CI, confidence interval.

* The results from the univariable analysis are presented for those variables with P < 0-20.

1 Likelihood ratio test comparing the model with and without the household-level variable: variance (0-51, 95% CI 0-007—
35-138, P=0-300); intra-class correlation coefficient (0-14, 95% CI 0-002-0-914). Note that due to the structure of the
Rigolet data, a random intercept was forced in the model to control for household-level clustering.

household level; as such, the final mixed multivariable
model is presented in Table 4.

In the September final multivariable model for
Iqaluit, monthly frequency of eating country fish
(i.e. locally harvested fish including salmon, char,
trout), washing kitchen counter-tops and cutting
boards with soap after preparing meat, employment
status of the person responsible for food preparation,
and cat exposure in the past month significantly affec-
ted the odds of AGI (Table 5). Finally, in the May
final multivariable model for Iqaluit, a homeless per-
son staying in the home, as well as an interaction be-
tween pet ownership and overcrowding affected the
odds of AGI (Table 6).

DISCUSSION

The estimated annual incidence rates of AGI in
Rigolet and Iqaluit were higher than those reported
in other studies using similar methodology in
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Canada [3-5, 29, 30], New Zealand [35], The
Netherlands [36], Italy [10], Australia [37], Malta
[38], Cuba [39], Poland [9], Denmark [40], Argentina
[12], USA [7], and Hong Kong [41] (Table 2). It is
important to note, however, that we sampled during
potentially high-risk AGI seasons, which could result
in overestimates. Nonetheless, the estimated annual
incidence in the two communities was higher than
that observed in Chile during high-risk seasons,
using a similar design, case definition, and recall
period [11].

Hunting, trapping, fishing, gathering, and sharing
country food are still practised in Rigolet and
Iqaluit, and are important aspects of Inuit livelihoods,
health, and wellbeing [27]. In Rigolet and Iqaluit,
some factors related to country food (consumption
of country fish and amount of money spent obtaining
country foods) increased the odds of AGI in the stat-
istical model. Other research has suggested that some
country foods and country food preparation in
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Table 4. Univariable exact logistic regression* and final multivariable logistic regression ( controlling for household
clustering ) resultst, examining the effects of predictor variables on the odds of acute gastrointestinal illness in
Rigolet, Nunatsiavut, in May 2013

Univariable results Multivariable model results

Rigolet May model n OR P 95% CI OR P 95% CI
Exposure to a puppy in past month

No 219 Ref. Ref.

Yes 13 6-20 0-002 1-93-19-87 16-16 0-029 1-32-197-63
Tap water consumption in past 2 weeks

No 125 277 0-015 1-22-6-30 374 0-036 1-09-12-81

Yes 111 Ref. Ref.
Age group, yr

0-19 74 Ref. Ref.

20-55 119 2-:50 0-061 0-96-6-54 4-57 0-023 1-23-16:97

>55 43 1-57 0-478 0-45-5-51 2-89 0-242 0-49-16-93
Consumption of raw or undercooked retail eggs in the past month

No 147 Ref. - - - -

Yes 85 2-17 0-045 1-02-4-60 - - - -
Visited a cabin in past month

No 110 2-60 0-088 0-87-7-82 - - - -

Yes 126 Ref. - - - -
Visited another community in past 2 weeks

No 161 Ref. - - - -

Yes 75 2-15 0-049 1-00-4-58 - - - -
Weekly amount spent on retail food

<$150 44 Ref. - - - -

$150-$300 154 1-32 0-634 0-42-4-13 - - - -

>$300 31 4-18 0-030 1-15-15-21 - - - -
Primary source of drinking water in past 2 weeks

Tap water 93 Ref. - - - -

Brook water 14 2-86 0-160 0-66-12-43 - - - -

Bottled water 124 2:23 0-070 0-94-5-29 - - - -
Consumption of brook water in past 2 weeks

No 178 Ref. - - - -

Yes 53 1-96 0-103 0-87-4-38 - - - -
Storage of drinking water

Container in the fridge 100 0-44 0-064 0-18-1-05 - - - -

Container outside of the fridge 56 Ref. - - - -

No storage 75 0-33 0-029 0-12- 0-89 - - - -
Quantity of tap water consumed yesterday

None of water consumed 125 3-05 0-021 1-19-7-88 - - - -

Some or most of water consumed 26 1-88 0-399 0-43-8:16 - - - -

All of the water consumed 85 Ref. - - - -
Exposure to dogs in past month

No 62 Ref. - - - -

Yes 172 2-15 0-136 0-79-5-85 - - - -

OR, Odds ratio; CI, confidence interval.

* The results from the univariable analysis are presented for those variables with P < 0-20.

T Likelihood ratio test comparing the model with and without the household-level variable: variance (2:54, 95%
CI 0-55-11-65, P=0-011); intra-class correlation coefficient (0-44, 95% CI 0-14-0-78).
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Table 5. Univariable* and multivariable exact logistic regression model results, examining the effects of predictor
variables on the odds of acute gastrointestinal illness in Iqaluit, Nunavut, in September 2012

Multivariable exact logistic model

Univariable logistic results results

Iqaluit September model n OR P 95% CI OR P 95% CI
Country fish consumption

Less than half of meals 458 Ref. Ref.

Half or more of meals 64 2-44 0-006 1-30-4-60 3:26 0-001 1-54-6-70
Exposure to cats

No 436 Ref. Ref.

Yes 90 2-35 0-003 1-33-4-16 207 0-023 1-06-3-95
Employment status of the person responsible for food preparation

Not employed 217 Ref. Ref.

Employed 306 2-13 0-008 1-22-3-73 2:12 0-016 1-13-4-13
Washing counter-top with soap

No 102 2-38 0-002 1:37-4-10 1-95 0-024 1-03-3-59

Yes 418 Ref. Ref.
Car ownership

No 262 Ref. - - - —

Yes 256 176 0-032 1-05-2-94 - - - -
Perceived quality of drinking water

Very poor or poor 37 2-14 0-061 0-96-4-74 - - - -

Fair, good, or very good 482 Ref. - - - -
Number of days leftovers are kept

1 day 71 Ref.

2 days 300 1-23 0-060 0-96-6-57 - - - -

>3 days 148 1-02 0-205 0-70-5-44 - - - -
Type of house

Public housing 194 Ref. - - - -

Rented 199 2-02 0-024 1-10-3-71 - - - -

Owned 126 1-85 0-078 0-93-3-65 - - - -
Monthly living expenses

Low (<$500) 135 Ref. - - - -

Medium ($500-$1700) 166 2-32 0-032 1-08-5-01 - - - -

High (>$1700) 226 2-37 0-022 1-13-4-95 - - - -
Education level of person responsible for food preparation in the home

Elementary or lower 202 Ref. - - - -

High school or higher 330 1-95 0-021 1-11-3-43 - - - -

OR, Odds ratio; CI, confidence interval.
* The results from the univariable analysis are presented for those variables with P < 0-10; however, those with P < 0-20 were
considered in the multivariable model building process.

the North could increase the risk of AGI [42, 43]. The
routes of contamination, as well as preparation
methods for country meat in the North are different
than retail meats available for purchase, and these
transmission pathways are not well understood.
Nonetheless, in this study it was not possible to deter-
mine whether country food-related factors were direct
contributors to AGI, or if these variables were proxy
indicators for other risk factors. For instance, in
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Rigolet, households who spend more money on
obtaining country foods might also spend more time
hunting, trapping, fishing, and gathering foods, and
some research has linked AGI with reduced hygiene
practices during camping [44]. More targeted research
should explore more specifically how harvesting prac-
tices and country food consumption may affect ex-
posure to, and infection by, agents of AGI in the
Arctic, especially in the context of climatic change.
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Table 6. Univariable exact logistic results ( for those variables with P <0-20) and final multivariable exact logistic
regression model results, examining the effects of predictor variables on the odds of acute gastrointestinal illness in
Iqaluit, Nunavut, in May 2013

Multivariable exact logistic model

Univariable exact logistic results results

Iqaluit May model N OR P 95% CI OR P 95% CI
Homeless person staying in the house

No 305 Ref.

Yes 205 2-29 0-005 1-24-4-29 2-05 0-016 1-09-3-88
Pet ownership

No 314 Ref. — - - —

Yes 196 1-49 0-181 0-81-2-75 - - - -
Overcrowding

No 388 Ref. - - - -

Yes 124 1-55 0-175 0-78-2-97 - - - -
Pet ownership x overcrowding

Pets + overcrowding - - - - Ref.

Pets + no overcrowding - - - - 3-19 0-010 1-32-7-72
Pet ownership x overcrowding

Pets + overcrowding - - - - Ref.

No pets + no overcrowding - - - - 2-87 0-010 1-29-6-38
Pet ownership x overcrowding

Pets + overcrowding - - - - Ref.

No pets + overcrowding - - - - 4-40 0-010 1-42-13-64
Country meat consumption

Less than half of meals 414 Ref. - - - -

Half or more of meals 95 191 0-059 0-93-3-77 - - - -
Consumption of dried meat

No 347 Ref. - - - -

Yes 164 172 0-086 0-92-3-19 - - - -
Sex

Male 218 Ref. — - - —

Female 294 1-65 0-109 0-87-3-23 - - - -
Perceived quality of drinking water

Very poor or poor 32 2:22 0-118 0-71-5-92 — - - -

Fair, good, or very good 468 Ref. - - - —
Exposure to working dog

No 493 Ref. - - - -

Yes 19 2:41 0-123 0-56-7-98 - - - -
Municipal water supply

Tap water 420 2-14 0-126 0-82-7-10 — - - —

Trucked water 88 Ref. - - - -
Weekly amount spent on retail food

<$300 266 Ref. - - - -

>$300 231 1-61 0-132 0-85-3-08 - - - -
Exposure to cats

No 423 Ref. — - - —

Yes 89 1-64 0-178 0-77-3-31 - - - -
Washing hands before food preparation

No 140 1-55 0-192 0-80-2-92 - - - -

Yes 370 Ref. - - - -

OR, Odds ratio; CI, confidence interval.
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In Rigolet, not visiting a cabin recently significantly
increased the odds of AGI in the statistical models,
which is likely a proxy indicator for a related risk fac-
tor. For many Inuit communities, visiting cabins in-
cludes permanent or semi-permanent structures (e.g.
small buildings that can be dissembled and relocated,
as well as tents, snow-houses) that are located on
land typically not owned by an individual and not
accessible by road and thus reached by boat or snow-
mobile. Factors that impact on an individual’s access
to a cabin include having someone in the home that
has the skills to navigate the land and ice, weather
conditions (as well as climate changes), fuel and main-
tenance costs for boats or snowmobiles, and geo-
graphical location of the cabin. Past research in the
Arctic has documented the importance of going to
cabins to connect with the land as critical to good
physical and emotional health [26, 27]. Several studies
have described a relationship between stress and
decreased gastrointestinal health [45, 46], which
could perhaps also extend to AGI outcomes. Due to
the cross-sectional nature of our study, however, we
cannot assess the temporality of this statistically sign-
ificant finding, nor did we attempt to measure stress in
participants. It is possible that people who visit a
cabin more frequently have lower levels of stress and
thus reduced susceptibility to AGI outcomes; how-
ever, this finding could also suggest that those who
had AGI were not able to visit the cabin because of
their illness. Therefore, along with studies to define
the health risks associated with land-based activities,
Indigenous public health planning and programming
would benefit from more empirical research to examine
the physical health and wellbeing benefits of visiting
cabins and connecting with the land.

In Rigolet and Igaluit, exposure to cats and puppies
was statistically associated with AGI outcomes, which
was also reported in a similar study in Canada [3-5,
29, 30] and Chile [11]. Cats and dogs are known to
sometimes asymptomatically carry several pathogens
that could cause AGI symptoms in humans [47-49].
We did not test cats or dogs in this study for faecal
shedding of AGI pathogens, nor were data on cat
and dog exposure captured in other burden of AGI
studies in North America [3, 4, 7, 29, 50]. Therefore,
we do not know whether cats and dogs were actually
involved in exposure of participants of this study to
agents of AGI, or if this exposure factor is a surrogate
for other risk factors. Further research should exam-
ine the potential for cats, dogs, and other domestic
pets to be reservoirs of agents of human AGlI-related
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infection in Inuit communities, and also in North
America in general.

In Iqaluit, not washing the kitchen counter-top with
soap after preparing retail or country meat increased
the odds of AGI. This finding is consistent with past
research that identified kitchen counter-tops as an im-
portant source of foodborne illness [51, 52], which
suggests that washing the counter-top after preparing
meat reduces the risk of exposure to foodborne patho-
gens [51, 53]. Not washing the counter-top with soap
might be explained by the transition in diet and food-
handling practices in the Arctic. A rapid shift in diet
from predominantly eating country foods (e.g. cari-
bou, seal, walrus, whale) to food purchased at retail
stores (e.g. chicken, beef, pork) has been documented
in most Inuit communities [54]. This transition in
diet also requires a shift in food preparation and hand-
ling techniques. For example, in Iqaluit, country
meats are commonly prepared on pieces of cardboard
on the floor and consumed raw or frozen; after which,
the cardboard is disposed of rather than washing and
reusing it. Conversely, chicken, beef, and pork is pre-
pared on the counter-top and eaten cooked. Further
research is required to adequately understand the
knowledge, attitudes, and behaviours regarding coun-
try and retail food handling and safety in the North to
develop and implement effective public health plan-
ning and programming.

We also found that the odds of AGI significantly
increased if the person responsible for food pre-
paration in the house was employed (either part-time
or full-time), which could be explained by employ-
ment limiting time available for proper food safety
practices, higher income leading to more risky food
consumption behaviours [55-57], or employment lim-
iting time available to access the land for country food
resulting in increased retail food consumption. Past re-
search suggests that those with higher levels of income
are less likely to wash counter-tops after preparing
meat and practice other good food preparation techni-
ques in the kitchen than those with lower levels of edu-
cation and income [55-57]. These studies posit that
those with higher levels of income are more likely to
have higher knowledge regarding safe food-handling
practices and behaviours, but still partake in the
risky behaviour. The reasons for these trends might
be due to cultural influences or social norms [55],
but are not clear and warrant future research.

Several Inuit communities face water-related chal-
lenges in terms of the provision of safe municipal
drinking water [58], effects of climate change and
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high impact weather events on drinking-water safety
[20, 59], and the preference of many residents to
seek alternative drinking-water sources including
brooks, streams, ice, and snow [58]. In using these
alternative sources of drinking water, residents could
be at higher risk for AGI, which could explain why
drinking tap water in Rigolet was associated with
significantly reduced odds of AGI. Alternatively, resi-
dents in Rigolet have reported perceived serious con-
cerns about the safety of tap water [60]; thus, this
finding could be explained by AGI cases perceiving
tap water as the source of their illness, and thus choos-
ing not to drink tap water after being ill. Further re-
search should specifically investigate the fraction of
AGT attributable to drinking water, as well as the tem-
poral relationship (both seasonally and interannually)
between weather patterns, water quality, and AGI in
Northern communities.

As discussed by other researchers, this study had
several limitations that are not uncommon in burden
of AGI studies [6, 11, 12, 61]. First, this study was
conducted in only two Inuit communities, and Inuit
communities are very heterogeneous in culture, lan-
guage, mobility, and geographical locations. While
we attempted to sample two communities to capture
information from a small and large Inuit settlement,
urban and remote settings, and from two Inuit
regions, caution should be exercised in generalizing
the results to the Nunatsiavut region, Nunavut
Territory, or Inuit communities in general. Second,
this study was conducted at two points in time during
the year, which could result in an over- or under-
estimate of the annual incidence of AGI. Collecting
data longitudinally over an entire year or multiple
years would enable more accurate estimates of AGI
incidence. Third, while we excluded cases of AGI
that were due to diagnosed chronic conditions, those
cases with undiagnosed AGlI-related chronic condi-
tions might have been misclassified as a case.
Fourth, considering the structure of the data and en-
vironmental modes of AGI transmission, in Rigolet
we were surprised to find no significant clustering at
the household level in the September survey; this war-
rants further research. Fifth, the outcome measure in
this study used a self-reported case definition; patho-
gen testing was beyond the scope of this study. Our
case definition was non-specific; however, we chose
this outcome measure and case definition to match
other Canadian studies to facilitate comparisons and
inform decision-making processes that are based on
national surveillance systems, as well as to capture
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community-level burden of illness (compared to bur-
dens estimated from surveillance data). There are
biases inherent in self-reported case definitions, in-
cluding recall bias, interviewer bias, and misclassifica-
tion bias. We have assumed that these biases are
similar between Rigolet and Igaluit, and with other bur-
den of AGI studies using similar methods. Finally,
while we attempted a census sample in Rigolet, the sam-
ple size was still relatively small for statistical modelling.
The high response rate and no significant differences
between demographics between the survey population
and the Canadian census suggests a representative
sample, which is unique and an important contribution
as representative samples are not common in
Indigenous health research, and can be challenging to
achieve in many Indigenous communities [62].

CONCLUSION

This study estimated AGI incidence at the community
level in Rigolet and Iqgaluit, and found a higher esti-
mated incidence of AGI in these communities com-
pared to other similar studies in Canada and
abroad. Several factors were associated with increased
odds of AGI, including food sources, water sources,
animal exposure, overcrowding, and food safety prac-
tices. Information on this increased incidence of AGI
and these potential AGI risk factors offers important
information for public health planning, prioritization,
and programming in Inuit regions. While this research
estimates the incidence and potential risk factors of
AGTI in Rigolet and Iqaluit, the improved understand-
ing of AGI experienced at the community-level in a
Canadian Indigenous community sheds light on the
need to better understand the burden of AGI in sub-
sets of the population that might be at higher risk of
AG]I, including Indigenous populations.

APPENDIX

Indigenous Health Adaptation to Climate Change
Research Group

Lea Berrang-Ford, Cesar Carcamo, Alejandro Llanos,
Shuaib Lwasa, Didacus Bambaiha Namanya.
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