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Abstract

Foodborne illness estimates help to set food safety priorities and create public health policies. The Public Health
Agency of Canada estimates that 4 million episodes of foodborne illness occur each year in Canada due to 30 known
pathogens and unspecified agents. The main objective of this study was to estimate the number of domestically acquired
foodborne illness—related hospitalizations and deaths. Using the estimates of foodborne illness for Canada along with
data from the Canadian Hospitalization Morbidity Database (for years 2000—2010) and relevant international literature,
the number of hospitalizations and deaths for 30 pathogens and unspecified agents were calculated. Analysis accounted
for under-reporting and underdiagnosis. Estimates of the proportion foodborne and the proportion travel-related were
incorporated for each pathogen. Monte Carlo simulations were performed to account for uncertainty generating mean
estimates and 90% probability intervals. It is estimated that each year there are 4000 hospitalizations (range 3200—4800)
and 105 (range 75-139) deaths associated with domestically acquired foodborne illness related to 30 known pathogens
and 7600 (range 5900-9650) hospitalizations and 133 (range 77—-192) deaths associated with unspecified agents, for a
total estimate of 11,600 (range 9250-14,150) hospitalizations and 238 (range 155-323) deaths associated with do-
mestically acquired foodborne illness in Canada. Key pathogens associated with these hospitalizations or deaths include
norovirus, nontyphoidal Salmonella spp., Campylobacter spp., VIEC O157 and Listeria monocytogenes. This is the
first time Canada has established pathogen-specific estimates of domestically acquired foodborne illness—related
hospitalizations and deaths. This information illustrates the substantial burden of foodborne illness in Canada.

Introduction The occurrence of under-ascertainment of hospitalizations

and deaths related to foodborne illnesses is similar to that of

OODBORNE DISEASES ARE A MAJOR cause of illness in

Canada, with an estimated 4 million episodes of domes-
tically acquired illness occurring each year (Thomas er al.,
2013). Though symptoms are typically mild and self-limiting,
hospitalizations and deaths can occur. Estimates of the number
of episodes of illness and resulting hospitalizations and deaths
are important for public health decision makers. Previous es-
timates of hospitalizations and deaths related to foodborne
illnesses have been made by other countries but this is the first
time these values have been estimated for Canada (Mead et al.,
1999; Adak et al., 2005; Hall et al., 2005; Vaillant et al., 2005;
Helms et al., 2006; Cressey et al., 2011; Scallan et al., 2011a,
b; Havelaar et al., 2012; Kirk et al., 2014).

episodes of foodborne illness (Mead et al., 1999; Scallan et al.,
2011b), though to a lesser extent due to severity. The capture of
a case in a hospitalization or death registry or surveillance
database requires that a specimen (stool, blood, or urine) be
submitted and that the positive test result be recorded and
reported to the proper surveillance system. Thus, for any bur-
den estimate, it is necessary to account for loss of these cases.

The Public Health Agency of Canada recently generated
estimates of the number of cases of foodborne illness related to
30 pathogens and unspecified agents similar to that published
by the United States Centers for Diseases Control and
Prevention (US CDC) (Scallan et al., 2011a, b; Thomas et al.,
2013). Building on these estimates, the objectives of this work
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are to estimate the number of domestically acquired foodborne
illness—related hospitalizations and deaths associated with the
same 30 pathogens and unspecified agents in Canada while
identifying data gaps and areas for future research.

Methods

The approach used by the U.S. CDC (Scallan et al.,
2011a, b) and the Canadian estimates of foodborne illness
provided the basis for this work (Thomas et al., 2013).
Hospitalizations and deaths associated with the same 30
pathogens used in the Canadian estimates of foodborne ill-
ness were calculated as well as those associated with un-
specified agents (Thomas et al., 2013).

Analytical approach

Estimates were developed from stochastic models to con-
sider uncertainty of the input values. As previously described
(Thomas et al., 2013), data sources were focused on the 2000—
2010 time period and all estimates were based on the ap-
proximate Canadian population in 2006 (32,500,000 people) as
amidpoint of the selected time period (Statistics Canada, 2008).
In general, the methodological approach used hospitalizations
and deaths that were either identified in a surveillance database
(Approach 1) or as a proportion of laboratory-confirmed cases
(Approach 2), and were then scaled up to account for under-
reporting (Tables 1 and 2). Alternative approaches were used to
estimate hospitalizations and deaths related to viruses. Detailed
inputs and modeling approaches for each pathogen are provided
in Supplementary Table S1.

Hospitalizations and deaths

The first approach (20 pathogens for hospitalizations and
19 pathogens for deaths) relied on the number of hospitali-
zations and death discharges recorded in the Hospital Mor-
bidity Database (HMDB) maintained by the Canadian
Institute for Health Information (CIHI) (Fig. 1 and Table 1)
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(HMDB, 2000-2010). This is a national database that cap-
tures administrative, clinical, and demographic information
on inpatient events from acute care hospitals in Canada that
includes data from all provinces and territories. Codes from
the International Classification of Diseases (ICD), 9™ and
10" Revisions, were used to extract hospital discharge data
from HMDB. Conversion from the ICD 9 to ICD 10 diag-
nostic coding was phased in over time by province/territory,
with all provinces/territories using ICD 10 by 2007. Thus,
depending on the pathogen, a combination of ICD 9 and ICD
10 and 2000-2010 or 2007-2010 data were used. The first 16
diagnostic codes were extracted for each hospital admission
to identify pathogen diagnostic codes (Supplementary Table
S1), and discharge disposition of each hospitalization was
used to identify deaths. Diagnoses codes found in the ICD10
intestinal infectious and parasitic diseases category (AOQO-
A09) were used most often, in addition to other codes de-
pending on the pathogen. For hepatitis A virus, only the most
responsible diagnosis code was used to estimate the number
of hospitalizations (Canuel et al., 2007); deaths were esti-
mated using the second approach described below. The most
responsible diagnosis for a hospitalization pertains to one
diagnosis or condition that can be described as being most
responsible for the patient’s stay in the hospital (or most
responsible for the greatest portion of the length of stay or
greatest use of resources). Readmissions within 30 days of
original hospital admission were counted as a single hospi-
talization. Additionally, as the ICD 9 and 10 coding does not
distinguish E. coli by subtype into the four categories used in
these estimates (verotoxin-producing E. coli [VTEC] O157,
VTEC non-0157, enterotoxigenic E. coli [ETEC], and diar-
rheagenic E. coli other than VTEC or ETEC), hospitaliza-
tions and deaths associated with E. coli were categorized to fit
these four case definitions (Supplementary Table S1).

A second approach was used primarily for pathogens that
are not included in HMDB (5 pathogens for hospitalizations
and 10 pathogens for deaths) (Fig. 2, Table 2). This approach
relied on the estimated proportion of cases that were

TABLE 1. DATA SOURCES AND GENERAL METHODOLOGICAL APPROACH FOR ESTIMATING THE NUMBER
OF HOSPITALIZATIONS RELATED TO DOMESTICALLY ACQUIRED FOODBORNE ILLNESS ASSOCIATED
WITH 30 PATHOGENS, CANADA, CIrRcA 2006

CIHI-HMDB
Multiple Multiple Most responsible  Proportion hospitalized
diagnostic codes, diagnostic codes, diagnosis code, of laboratory Other
2000-2010 2007-2010 2000-2010 confirmed cases methods
Brucella spp. Bacillus cereus Hepatitis A Clostridium botulinum Adenovirus
Clostridium perfringens Campylobacter spp. Cyclospora cayetanensis ~ Astrovirus
Giardia sp. Cryptosporidium spp. Vibrio spp. other Norovirus
Salmonella spp., nontyphoidal ~ VTEC O157 Vibrio parahaemolyticus ~ Rotavirus
Shigella spp. Escherichia coli, Vibrio vulnificus Sapovirus

other diarrheagenic
ETEC
VTEC non-O157
Listeria monocytogenes
Salmonella Typhi
Toxoplasma gondii
Yersinia enterocolitica

Staphylococcus aureus
Trichinella spp.
Vibrio cholerae

CIHI, Canadian Institute for Health Information; HMDB, Hospital Morbidity Database; VTEC, verotoxin-producing E. coli; ETEC,

enterotoxigenic E. coli.
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TABLE 2. DATA SOURCES AND GENERAL METHODOLOGICAL APPROACH FOR ESTIMATING THE NUMBER
OF DEATHS RELATED TO DOMESTICALLY ACQUIRED FOODBORNE ILLNESS ASSOCIATED
WITH 30 PATHOGENS, CANADA, CIrcA 2006

CIHI-HMDB
Multiple Multiple Proportion died
diagnostic codes, diagnostic codes, of laboratory- confirmed Other
2000-2010 2007-2010 or hospitalized cases methods
Brucella spp. Bacillus cereus Clostridium botulinum
Clostridium perfringens Campylobacter spp. Cyclospora cayetanensis
Giardia sp. Cryptosporidium spp. Hepatitis A* Norovirus

Salmonella spp., nontyphoidal VTEC 0157
Shigella spp.
Staphylococcus aureus
Trichinella spp.

Vibrio cholerae

ETEC

VTEC non-O157
Listeria monocytogenes
Salmonella Typhi
Toxoplasma gondii
Yersinia enterocolitica

Escherichia coli, other diarrheagenic

Vibrio spp. other

Vibrio parahaemolyticus
Vibrio vulnificus
Adenovirus

Astrovirus

Rotavirus

Sapovirus

“Mortality rate was based on hospitalized cases.

CIHI, Canadian Institute for Health Information, HMDB, Hospital Morbidity Database; VTEC, verotoxin-producing E. coli; ETEC,

enterotoxigenic E. coli.

hospitalized or died, as determined from surveillance data or
reported in the literature, and applying this proportion to the
total estimated number of laboratory-confirmed or hospitalized
cases. This is similar to the main approach used by the U.S.
CDC (Scallan et al., 2011b).

As not all hospitalizations associated with each pathogen
would have been laboratory-confirmed and captured in the
database, pathogen-specific multipliers were generated to ad-
just for both undercapture (and overcapture) and under-
diagnosis in HMDB. A Reabstraction Study including HMDB
data from 2009 to 2010 assessing quality of significant diag-
nosis was used to estimate the magnitude of under- and
overcapture of aggregated gastrointestinal illness codes
(ICD10 intestinal infectious and parasitic diseases (A00-A09))
in HMDB (Discharge Abstract Database (DAD), 2012)
(Supplementary Table S2).This Reabstraction Study analyzed
original sources of information (a patient chart) and compared
this information with what existed in the database. To account
for underdiagnosis, the pathogen-specific values for laboratory
testing and test sensitivity used in the Canadian foodborne
illness estimates were incorporated (Thomas et al., 2013). For
pathogens where laboratory testing and test sensitivity values
were not part of the original foodborne illness estimates (Ba-
cillus cereus, Staphylococcus aureus, Clostridium perfringens,
Escherichia coli [other than VTEC O157] and toxoplasmosis),
different proxy values were used (Supplementary Table S1).

Alternative approaches to estimate hospitalizations were used
for the five remaining pathogens (Supplementary Figs. S1 and

S2). Estimates for hospitalizations due to norovirus and rotavirus
were determined by multiplying the number of cause unspeci-
fied acute gastrointestinal illness hospitalizations in HMDB by
the proportion estimated to be due to norovirus and rotavirus
from the literature (10% and 8%, respectively) (Lopman et al.,
2011) and then adding to these totals the number of coded
hospitalizations for norovirus and rotavirus in HMDB, re-
spectively. For adenovirus-, astrovirus-, and sapovirus-related
hospitalizations, estimates were generated for children <5
years of age, based on published pathogen-specific hospitali-
zation rates (Supplementary Table S3). These estimates were
then projected to estimate the hospitalizations due to these
viruses for the total population. This projection relied on the
breakdown between children <5 years of age and those 5 years
and older for norovirus and rotavirus hospitalizations. To es-
timate deaths associated with adenovirus, astrovirus, sapovirus,
and rotavirus, the estimated proportion of cases that die based
on the U.S. CDC estimates for astrovirus, sapovirus, and ro-
tavirus were used (Scallan et al., 2011a). To estimate the
number of deaths due to norovirus, the mortality rate for nor-
ovirus in the United States (Hall ef al., 2013), adjusted for the
difference in the incidence of norovirus between Canada
(Thomas et al., 2013) and the United States (Scallan et al.,
2011b), was applied to the Canadian population. This method
was different than that used for all the other pathogens as it used
a population-based mortality rate.

For most pathogens, the proportions of hospitalizations and
deaths that were foodborne and domestically acquired were

( Annual number Under- Esﬂmated "-"'F!"’F_"
of CIHI-HMDB diagnosis Proportion ) Of hospitalizations
hospitalizations || under-and “ multiplier o domiestiali " Proportion | _ [ and deaths related
y = =
and deaths over-capture e 5 acaliired foodborne to dornesticallv
multiplier (lab testing and acquired, foodborne
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FIG. 1.

Schematic of the model used to estimate the number of hospitalizations and deaths related to domestically

acquired foodborne illness due to pathogens based on the Canadian Institute for Health Information Hospital Morbidity

Database (CIHI-HMDB).
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FIG. 2. Schematic of the model used to estimate the number of hospitalizations and deaths related to domestically acquired
foodborne illness due to pathogens, based on proportion of laboratory-confirmed or hospitalized cases.

based on the values used in the Canadian estimates of food-
borne illness (Thomas et al., 2013), the one exception is nor-
ovirus. Based on a recent comparison of foodborne and
nonfoodborne norovirus outbreaks in the United States (Hall
etal.,2014), the reported case-hospitalization and case-fatality
ratios are estimated to be lower in foodborne outbreaks com-
pared to nonfoodborne outbreaks. This difference likely re-
flects differences in transmission routes depending on age (i.e.,
nonfoodborne routes may be more common among the elderly
and in institutions). To account for this phenomenon, a uni-
form distribution for the proportion foodborne for hospitali-
zations and deaths associated with norovirus reflecting both
the recent U.S. outbreak data and the value used in the previous
Canadian foodborne illness estimates was used (Supplemen-
tary Table S1).

Unspecified agents

Unspecified agents were defined using the same definition as
the U.S. CDC and Canadian illness estimates: ‘‘Known agents
with insufficient data for estimating agent-specific episodes of
illness; known agents not yet recognized as causing foodborne
illness; microbes, chemicals or other substances known to be in
food but for which pathogenicity is unproven; and agents not
yet described’” (Scallan et al., 2011a; Thomas et al., 2013). To
estimate the hospitalizations associated with unspecified agents,
we first estimated the number of hospitalizations for acute
gastroenteritis. Using ICD 10 codes from 2007 to 2010 national
estimates from HMDB, hospitalizations in which acute gas-
troenteritis was listed as one of the first 16 diagnoses were
extracted. Similar to the U.S. CDC methods (Scallan et al.,
2011a), acute gastroenteritis was defined as ICD 10 diagnostic
codes A00.9-08.5 (intestinal infectious disease of known
cause), A09 (infectious gastroenteritis), K52.9 (other unspeci-
fied noninfectious gastroenteritis and colitis), or R19 (other
symptoms involving digestive system: includes diarrhea), ex-
cluding A04.7 (Clostridium difficile colitis) and A051 (botu-
lism). Many cases of infectious diseases from which a pathogen
was not isolated may be coded as ‘“‘other” and ‘‘unspecified
noninfectious gastroenteritis and colitis”” (Scallan ez al., 201 1a).

The estimated number of hospitalizations, caused by the 25
pathogens known to cause symptoms of vomiting or diarrhea,
was subtracted from our estimate of the overall number of
hospitalizations from acute gastroenteritis. Five pathogens
were not included since they do not typically cause symptoms
of acute gastrointestinal illness (AGI) (i.e., Toxoplasma
gondii, hepatitis A virus, Listeria monocytogenes, Brucella
spp., and C. botulinum). We then estimated the proportion
foodborne and domestically acquired for the 25 known acute

gastroenteritis pathogens and applied this value to the re-
maining unspecified acute gastroenteritis hospitalizations.

To estimate the deaths related to unspecified foodborne
agents, we started with the total estimated unspecified do-
mestic foodborne acute gastroenteritis hospitalizations and
then applied the proportion that died from the known do-
mestic foodborne hospitalizations. This approach was used
because Canadian Vital Statistics Death data with more than
one cause of death or contributing diagnosis listed (Statistics
Canada, 2013), as used in the U.S. CDC estimates (Scallan
et al., 2011a), were not available for Canada.

Uncertainty analysis

To capture the uncertainty associated with the estimates,
inputs were described using probability distributions that cap-
tured the range (minimum, maximum) and most likely value.
Empirical data were used to inform these distributions when-
ever possible; however, where data were unavailable, expert
opinion was used. In both situations, the minimum, maximum,
and most likely values for the variable were developed (using
the PERT distribution) (Supplementary Table S1) (Vose, 2008).
The final estimates (reported as mean with 90% probability
intervals [PI] around the mean) using these uncertain inputs
were generated using Monte Carlo simulation (100,000 itera-
tions using @Risk software, an add-in for Microsoft Excel).

Results

The combined estimate due to 30 pathogens and unspecified
agents is an annual estimate of 11,632 (90% PI 9,249-14,158)
hospitalizations and 238 (90% PI 155-323) deaths related to
domestically acquired foodborne illness in Canada circa 2006
(Table 3). We estimate each year there are 3943 (90% PI
3190-4757) hospitalizations and 105 (90% PI 75-139) deaths
related to domestically acquired foodborne illness due to 30
pathogens. We estimate that 7689 (90% PI 5891-9639) hos-
pitalizations and 133 (90% PI 77-192) deaths are related to
domestically acquired foodborne illness due to unspecified
agents. Hospitalizations and deaths associated with unspeci-
fied agents represent 66% and 56%, respectively, of the total
estimates. Of the hospitalizations and deaths due to the 30
known pathogens, respectively, 66% and 76% were caused by
bacteria, 31% and 19% by viruses, and 3% and 5% by para-
sites. The pathogens that are estimated to cause the greatest
number of hospitalizations each year are norovirus (1182),
nontyphoidal Salmonella spp. (925), Campylobacter spp.
(565), and VTEC 0157 (205) (Table 3) accounting for 74% of
all hospitalizations related to known pathogens. The pathogens
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that cause the greatest number of deaths are L. monocytogenes
(35), norovirus (21), nontyphoidal Salmonella spp. (17), and
VTEC 0157 (8) (Table 3) accounting for 77% of all deaths
related to known pathogens.

Discussion

It is estimated that each year 4 million episodes of domes-
tically acquired foodborne illness occur in Canada (Thomas
et al., 2013), of which we estimate that there are over 11,500
hospitalizations and 238 deaths. Pathogens causing the greatest
number of hospitalizations and deaths are norovirus, non-
typhoidal Salmonella spp., Campylobacter spp., VTEC O157,
and L. monocytogenes. This differs slightly from those causing
the greatest number of illnesses, which includes C. perfringens
and Bacillus cereus instead of VTEC O157 and L. mono-
cytogenes.

Given inherent differences in methodological approaches
and data sources used, comparisons between country estimates
are difficult to make. Nontyphoidal Salmonella spp. and
Campylobacter spp. are among the top three causes of food-
borne hospitalizations in the United States, Australia, England
and Wales, France, and New Zealand (Adak et al., 2002;
Vaillant et al., 2005; Cressey et al., 2011; Gkogka et al., 2011;
Scallan et al., 2011b; Kirk et al., 2014). Likewise, norovirus is
among the top three causes of hospitalizations in New Zealand,
the United States, and Australia (Cressey et al., 2011; Scallan
etal.,2011b; Kirk et al., 2014). When comparing international
estimates of foodborne deaths, nontyphoidal Salmonella spp. is
among the top two causes in the United States, Australia,
England and Wales, France, Greece, and the Netherlands
(Adak et al., 2002; Vaillant et al., 2005; Gkogka et al., 2011,
Scallan et al., 2011b; Havelaar et al., 2012; Kirk et al., 2014).
L. monocytogenes is at the top of the list of pathogens causing
deaths in New Zealand (Cressey et al., 2011), similar to the
results for Canada, and was among the top four pathogens in
Australia, England and Wales, Greece, France, and the United
States (Adak et al., 2002; Vaillant et al., 2005; Gkogka et al.,
2011; Scallan et al., 2011b; Kirk et al., 2014).

General methodological approaches were kept the same
between the Canadian and U.S. CDC studies; however, there
were some key differences, the main one being the approach
to accounting for underascertainment. In the U.S. CDC es-
timates, all estimates of hospitalizations and deaths were
doubled to account for underascertainment, similar to what
was done in the 1999 U.S. estimates (Mead et al., 1999;
Scallan et al., 2011b). In the Canadian study, for pathogens
using Approach 1, gastrointestinal illness—specific (based on
using ICD-10-CA for intestinal infectious and parasitic dis-
eases [A00-A09] codes) under-reporting estimates were
calculated using the CIHI Reabstraction Study results (Dis-
charge Abstract Database [DAD], 2012). Additionally, we
employed the pathogen-specific values for laboratory testing
and test sensitivity used to generate the estimates of the
number of cases, to account for underdiagnosis (Thomas
et al., 2013). This pathogen-specific approach, when com-
pared with the doubling approach used in the U.S. CDC es-
timates, results in considerable differences in the estimated
multipliers, likely contributing to the differences seen be-
tween the final results of these two studies.

Pathogens that are believed to be more severe (e.g., L.
monocytogenes, Vibrio vulnificus, VTEC O157) or ones that
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are typically better understood or part of more established
surveillance systems (e.g., nontyphoidal Salmonella spp.,
Campylobacter spp.) were found to have lower under-
ascertainment multipliers. Conversely, those pathogens that
are less severe (e.g., B. cereus, C. perfringens) or not part of
established surveillance systems (e.g., ETEC, E. coli other than
VTEC) were found to have the larger multipliers. In comparing
the underascertainment multipliers used here and the doubling
approach used in the U.S. CDC estimates, half (n=15) of the
pathogens here have a multiplier ranging from 1.3 to 2.7—a
relatively similar value to 2 used in the United States. Four
pathogens had a multiplier of 3.2-3.5, with the remaining
pathogens having a multiplier of 13.4 or greater (n=06), or in
cases when this approach was not used, a multiplier was not
estimated (n=35). Nontyphoidal Salmonella spp., Campylo-
bacter spp., and VTEC O157, top pathogens associated with
hospitalizations and deaths common to both countries, were
among the group of 15 pathogens with multipliers close to 2.
As underascertainment multipliers can have a large impact on
the final estimates and relative ranking of pathogens, additional
work in this area including international comparisons will in-
form future research.

An additional difference was the preferential use of the
HMDB as a key source of input data for the Canadian esti-
mates, more similar to the approach taken in Australia (Kirk
et al., 2014). This database is nationally representative and
was deemed to be the best source of hospitalization and death
data in Canada for our purposes. National enteric surveillance
systems capture limited or no information about hospitali-
zation and death status.

When analyzing the HMDB, we chose to use the first 16
diagnostic codes captured for each hospitalization. Using the
more sensitive definition of including multiple diagnostic
codes, versus the most responsible diagnosis code which only
describes one condition thought to be most responsible for the
patient’s stay in hospital, generates a more representative
measure of hospitalizations related to a pathogen. A limita-
tion of this approach is that it may result in the inclusion of
hospitalizations where the enteric pathogen was identified but
another diagnosis (i.e., an underlying condition) caused the
hospitalization. Conversely, underestimation of pathogen-
specific hospitalizations may occur. For a case to be captured
in the hospitalization database, healthcare providers must
order the appropriate diagnostic tests, code the case appro-
priately in the hospital chart, and enter the information in the
database accurately. Furthermore, a hospitalization or death
related to acute gastrointestinal illness may occur well after
the initial illness, particularly in vulnerable populations,
where associated dehydration or electrolyte imbalance may
exacerbate a pre-existing illness, resulting in under-reporting
of the gastrointestinal illness as a contributing factor (Helms
et al., 2003; Scallan et al., 2011b).

Deaths were identified from HMDB as the Canadian Vital
Statistics Death database only captures primary cause of death
and thus, substantially under-represents the number of deaths
for each pathogen (Statistics Canada, 2013). A limitation of
this, however, is that deaths occurring outside of the hospital
may not be included in these estimates. It also required a de-
viation from the U.S. CDC method to estimate deaths related to
unspecified foodborne agents, although our result appears
within a similar range of the U.S. CDC estimate. Under-
standing the cause of death is complex, especially when taking
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into account comorbidities. These study results describe the
estimated number of people who have died after being infected
with 1 of the 30 pathogens or an unspecified agent, and the
resulting illness may be either the cause or a contributing cause
of death.

Some data gaps were identified during the course of the
study. For pathogens where data were not sufficient or did not
exist within HMDB, alternative approaches were used. Inter-
national literature reporting the rate of hospitalization or death
was used for most of these pathogens or, as was done with
norovirus and rotavirus, the proportion of unspecified acute
gastrointestinal illness—related hospitalizations in Canada that
could be estimated to be related to these specific pathogens
based on literature was employed. The ICD 10 coding related
to E. coli hospitalizations is not specific and required manip-
ulation and assumptions to align with the categories used in this
study, in addition to the uncertainty of laboratory testing
practices related to E. coli, an additional limitation. To account
for underdiagnosis, the values for laboratory testing and test
sensitivity used in the Canadian foodborne illness estimates
(Thomas et al., 2013) were incorporated, based on the as-
sumption that laboratory testing practices in the hospital setting
would be similar to that of illnesses in the community. An
updated survey of Canadian clinical laboratories would inform
our understanding of current clinical laboratory practices and
refine test sensitivity estimates and associated multipliers.

The estimated proportion of illnesses transmitted by food
per pathogen greatly affects burden of foodborne illness es-
timates (Scallan et al., 2011b; Glass et al., 2014). This input
has been identified as the greatest source of uncertainty when
developing burden of foodborne illness estimates (Glass
et al., 2014). Estimating transmission routes for enteric
pathogens is challenging, and expert elicitation is often relied
on (Havelaar et al., 2008; Vally et al., 2014; Butler et al.,
2015b). For consistency, the proportions estimated as food-
borne for these hospitalization and death estimates were
based primarily on the same inputs as the Canadian food-
borne illness estimates (Thomas et al., 2013). The one ex-
ception to this was for estimates of norovirus where recent
outbreak data (Hall et al., 2014) were incorporated into the
proportion foodborne input. This approach was felt to be
more conservative and a better reflection of the differences
that may exist in transmission routes related to norovirus
illness versus more severe outcomes such as hospitalization
or death. A recent Canadian expert elicitation on transmission
routes of enteric pathogens will inform future burden-of-
illness estimates (Butler et al., 2015a); however, further re-
search on how these proportions differ based on differences
in illness severity, demographics, etc. is still required.

The estimate of hospitalizations associated with domesti-
cally acquired foodborne illness related to unspecified agents is
highly dependent on the accuracy of the estimates of hospi-
talizations related to the 25 known AGI-causing pathogens. As
the estimate of hospitalizations attributed to the 25 known
pathogens increases, the number of hospitalizations attributed
to the unspecified agents decreases. Furthermore, the propor-
tion domestically acquired and foodborne based on 25 known
pathogens may not be the same for unspecified agents. This
approach is consistent with the U.S. hospitalization estimates
(Scallan et al., 2011a, b) and thus allows for comparison. The
overall estimates of hospitalizations from acute gastroenteritis
also includes codes for both infectious and noninfectious gas-

troenteritis. Without the identification of a pathogen, infections
producing signs and symptoms of gastroenteritis may be coded
as nonspecific signs or symptoms or as noninfectious illnesses.
Future estimates might be improved by validating the coding
practices for both of these gastroenteritis diagnostic categories.
These estimates of hospitalizations and deaths capture
only a part of the burden for all pathogens as they only ac-
count for acute illness and do not include hospitalizations or
deaths related to chronic sequelae associated with the original
infection (e.g., Guillain-Barré syndrome associated with
Campylobacter spp.). Additional work to better understand
the burden of chronic sequelae associated with foodborne
pathogens in Canada is needed to inform Disability-Adjusted
Life Years and cost estimates and facilitate international
comparisons (Havelaar et al., 2012; Keithlin et al., 2014a, b,
2015; McLinden et al., 2014a, b; Scallan et al., 2015).

Conclusions

These are the first estimates of hospitalizations and deaths
related to domestically acquired foodborne illness for Canada.
This information will be useful for policy-makers to direct
prevention and control activities to those pathogens that cause
the most severe illness and the greatest burden to Canadians.
Important data and knowledge gaps have been identified to
inform future research and surveillance efforts in Canada.
These estimates, coupled with the previous foodborne illness
estimates, can inform education campaigns for consumers,
provide information to industry and academics for research
programs, and be incorporated in food-safety risk assessments.
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