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Abstract

Background: Common enteric pathogens that cause gastrointestinal illness are transmitted to humans through
food, water or direct contact. This poses a significant concern to public health as enteric pathogens can cause
disease in a large number of people, and cost a substantial amount to treat and prevent. In order to gain a better
understanding of the occurrence of enteric disease in Ontario, this study explored public health professionals’
perceptions of major contributing factors for common enteric pathogens.

Methods: A case study was conducted as part of a two week training workshop in Participatory Epidemiology held
at the Ontario Veterinary College, University of Guelph, in May 2013. Eight semi-structured interviews and four focus
groups were conducted with representatives from the Public Health Agency of Canada, the University of Guelph, and
three health regions in Southern Ontario. Written notes and pictures captured the qualitative information provided.
Results were then analyzed using the mixed methods techniques of triangulation, convergence, and paradox.

Results: A total of fifty factors that contribute to enteric disease were identified across all interviews and focus
groups. These contributing factors were grouped into key themes (travel, food handling, industry (farm-to-fork),
water, geography, demographics, and behaviours) and were categorized as either a risk factor or susceptibility
factor. Informants emphasized the complex relationships between the identified factors, and highlighted why
these complexities make it difficult to determine where and how a person most likely acquired an enteric
pathogen. Workshop participants observed differences in the type and quality of information collected during
interviews and focus groups; we hypothesize that this may be attributed to the dynamics between group
members (i.e. focus group discussions) as opposed to one-on-one interviews.

Conclusions: The information gathered will serve as a starting point to further explore contributing factors for
common enteric pathogens. The identified complexities would be best explored by conducting additional
surveillance, as well as interviews and focus groups with a more diverse group of stakeholders. This type of
qualitative study can enhance knowledge of enteric pathogen surveillance and contribute to the development of
resources and initiatives to holistically address the occurrence of gastrointestinal illness.
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Background
Infectious enteric disease is caused by the ingestion of
bacteria, parasites, or viruses [1]. These pathogens are
transmitted from contaminated food and water, or by
direct contact between infected animals and people [2].
Upon infection with an enteric pathogen, individuals
may present with gastro-intestinal related symptoms,
including nausea, vomiting, and diarrhea [1]. Gastro-
intestinal illness affects a large number of people and
while many cases are mild and self-limiting, more severe
forms of disease can lead to serious chronic health prob-
lems. Consequently, these diseases have a high economic
and social cost in lost days of work and treatment, par-
ticularly for long term sequelae [2]. In Ontario, there are
an estimated 1.3 cases of acute gastrointestinal illness
(AGI) per person-year [1]; nationally, it is estimated that
AGI costs the Canadian economy $115 CAD per person
annually [3]. Currently, there are many knowledge gaps
regarding the various factors (e.g. geographic location and
individual behaviours) that contribute to the transmission
of enteric pathogens and the severity of disease.
Attributing the source of infection for many of these

pathogens can be difficult. For example, the exposure
source is unknown in over 50% of the common enteric
pathogen cases in Ontario [4]. These unidentified expo-
sures could include contaminated food or water, food
safety practices, unpasteurized milk, occupation, envir-
onment, and animal-to-person or person-to-person con-
tact [5]. Furthermore, incubation periods (the time
between exposure and onset of disease symptoms) make it
hard to remember past meals and behaviours. In Ontario,
it is estimated that for each recorded case of enteric dis-
ease, there are 313 unreported cases [6]. Under-reporting
is often due to individuals failing to seek medical attention,
which may be caused by mild symptoms or embar-
rassment to submit a stool sample [7]. The high level of
under-reporting contributes to skewed (biased) perceptions
of common factors contributing to enteric disease, as the
reported cases may be different from the majority of cases
in a community.
Across Canada, surveillance systems are in place to aid

in the determination of these contributing factors. One
example is Canada’s National Integrated Enteric Pathogen
Surveillance Program (FoodNet Canada), a sentinel site
surveillance program that collects data about enteric path-
ogens [2]. One of their goals is to determine how pa-
thogens are transmitted and how they infect an individual
[5]. Within a sentinel site, FoodNet Canada collaborates
with local health units that investigate suspect and con-
firmed cases of enteric disease. The public health inspec-
tors attempt to identify the most likely source of infection
(MLSI) through a set of standardized questionnaires
administered to cases [5]. To identify the MLSI, inspectors
use their unique perspective and professional experience
to synthesize information obtained in interviews and
to make an educated guess about where an infection
originated.
The goal of the present study was to gain a better un-

derstanding of the various factors that contribute to the
occurrence of common enteric pathogens in Southern
Ontario and how these factors may be influenced by
geography (location), culture, demographics, individual
behaviours, and future trends. These contributing factors
were explored using participatory epidemiology (PE)
techniques. PE is an emerging field in public health that
is based on traditional epidemiological concepts and al-
lows for the exploration of interactions between the
host, agent, and environment within a more social con-
text. The PE methodology is flexible, inexpensive, and
employs a variety of techniques such as interviewing,
mapping, and ranking to study disease patterns within a
population and to identify pertinent information gaps
[8]. PE has been predominantly applied in a developing
world context and a contribution of this study was to
apply the techniques in a developed world context to an-
swer three main research questions:

1. What factors influence how public health
practitioners determine the most likely source of
infection?

2. Does the perceived importance of these contributing
factors change with location, or with the individual
characteristics of the affected people?

3. How does the enteric disease incidence and
distribution of contributing factors vary across
individual health regions and between different
health regions?

Methods
Workshop participants conducted 8 one-hour semi-
structured interviews and 4 two-hour focus groups which
were carried out as training exercises in a PE workshop
case study held May 6 to May 17, 2013 at the Ontario
Veterinary College, University of Guelph, Ontario. The
workshop participants were a diverse group of graduate
students (n = 10), public health professionals (n = 3), and
professors (n = 3) of varying age, gender, and experience.
The volunteer stakeholders included public health pro-
fessionals employed by the Public Health Agency of
Canada (PHAC), the University of Guelph, and past or
present public health inspectors from three health regions
in Southern Ontario. Workshop coordinators electronic-
ally mailed invitation letters to prospective volunteer
stakeholders prior to the start of the workshop. At the
time of the interview or focus group, each stakeholder was
provided with an information sheet for informants that
included details about the study purpose and proce-
dures, potential risks and benefits, confidentiality, rights
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of participants and contact information. Ethical clearance
was not required from the Research Ethics Board at
the University of Guelph as the study focus was to ask
informants their professional opinion. To maintain confi-
dentiality, the names of stakeholders and their affiliated
organization or health region were omitted.
The participating health regions were identified as

health region A, B, and C. Health region A was a mix of
urban and rural communities with both traditional and
progressive agricultural practices; B was very urban and
has a large South Asian immigrant population; and C was
primarily rural with progressive agricultural practices.
Each semi-structured interview was conducted by two

workshop participants with one public health inspector
either at the health region office or at one of the PHAC
offices in Guelph. The purpose of the interviews was to
explore 1) why enteric disease incidence varies between
and within health regions, 2) what influences an investi-
gator’s perceptions of the MLSI, and 3) how their per-
ceptions have changed over the course of their career.
Prior to the interviews, a set of preliminary questions
was developed by the workshop coordinators and shared
with public health inspectors and their managers. These
questions were intended to directly inform the 3 main
research questions outlined previously. For example: In
your opinion, why does enteric disease vary across
Ontario? This is not typical of semi-structured interviews
but was done in response to requests from participating
health regions, time constraints, and the need to collect
consistent information across all interviews.
Each focus group discussion was led by 3 to 5 work-

shop participants with a small group of 4 to 7 PHAC
and/or University of Guelph employees at one of the
PHAC offices in Guelph. Four main themes were pre-
identified for the discussion groups: demographics, geog-
raphy (location), culture and ethnicity, and future trends.
Each group was asked to specifically report on one theme
to answer the question ‘How does theme ‘x’ affect exposure
routes of important enteric pathogens in Ontario?’ How-
ever, any and all themes or topics identified in the focus
groups were recorded and discussed.
Various PE techniques were used during interviews

and focus groups. Proportional piling allowed relative
scores to be assigned to various categories related to one
criterion using designated counters (e.g. 100 beans) [8].
For example, informants were asked to identify a list of
pathogens and then assign them scores according to
their importance (Figure 1A). Matrices were also used;
these are a series of proportional piling exercises where
a list of items is scored against a number of indicators to
generate a grid [8]. For example, some focus groups
were asked to complete a matrix comparing lists of pre-
viously identified enteric pathogens and contributing
factors (indicators) (Figure 1B). Simple ranking activities
were also used to create ordered lists of diseases and fac-
tors according to their importance [8]. Finally, some in-
formants were asked to develop timelines to illustrate
when disease incidence peaked and fell along a time
continuum (past, present, and future) using historical
outbreaks and events as a guide/reference to the year. All
data and observations from these PE techniques were
collected using written notes and photographs for visual
representation.
The qualitative data/observations obtained from differ-

ent sources (e.g. interview and focus group notes, existing
case reports) were analyzed using the mixed methods
technique of triangulation, convergence and paradox [9].
Triangulation was used as a method to crosscheck research
findings with other sources of information, including sec-
ondary data sources. The contributing factors Identified by
informants were grouped into key themes and then the key
themes were grouped into major categories. Each theme
was coded to determine how often it was discussed and to
what depth. The four classifications used to code were:
1) strongly discussed, 2) mentioned but not explored,
3) not covered or hardly discussed, and 4) probed but
received no significant response. The identified themes
and codes were agreed upon by all workshop participants
and coordinators. The findings were further analysed to
determine which key themes were most commonly iden-
tified and discussed across interviews and focus groups
(convergence) and where the informants disagreed or
identified different contributing factors (paradox). Add-
itional data analysis was done to calculate average ranks
and scores to determine informants’ perceptions of the
most important pathogens. The qualitative results reported
were assessed to ensure adherence to qualitative research
review guidelines; a RATS checklist was completed for
Relevance of the study question, Appropriateness of quali-
tative method, Transparency of procedures and Soundness
of interpretive approach (Additional file 1).
Notes about interview and focus group findings as well

as class discussions were reviewed and synthesized to
identify examples of important relationships between the
factors contributing to enteric disease. To illustrate the
complexity we selected three factors (age, travel and
culture/ethnicity) for which informants had highlighted
complexity and important connections with other con-
tributing factors or key themes. We present the selected
factors and their connections analogous to constellations
in the night sky: the larger circles represent key themes
and the smaller circles represent contributing factors
within those themes (Figure 2).

Results
The informants that agreed to participate represented a
small subset from each of the health regions, academic
groups and government groups that were approached by



Figure 1 Participatory epidemiology tools and techniques. A. This is an example of a proportional piling activity completed during a focus
group. Informants were asked to identify the degree of importance for identified enteric pathogens using 100 beans as counters. Informants
attributed 16, 20, 30, 22, and 12 beans to Salmonella, Campylobacter, E. coli, Listeria, and Giardia respectively. A higher bean count represents a
pathogen that was considered more important than another. In this example, E. coli was considered the most important. B. This is an example of a
matrix activity completed during a focus group. Informants were asked to attribute beans to identify contributing factors associated with different
ethnicities. Ethnicities (located at top of columns) included South (SE) Asian, Middle Eastern, Chinese (Chin), First Nations (FN), and mixed ethnicities
(Heinz 57). Factors (located at left of rows) included personal hygiene, food preparation, industry, safe water, and travel. A higher bean count
represents a contributing factor or key theme that was considered as the most concerning for a particular ethnicity. In this example, the most
concerning factor for South Asian was travel, for Middle Eastern was food preparation, for Chinese was industry (closely followed by travel), for First
Nations was safe water, and for mixed ethnicity was food preparation and industry (closely followed by travel and safe water). C. This is an example
of a timeline activity completed during a focus group. Informants were asked to draw past, present, and future incidence trends for identified important
enteric pathogens. From top to bottom, trend lines were predicted for Campylobacter, Salmonella, Giardia, E. coli, and Listeria respectively.
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Figure 2 Contributing factor complexities. Many informants identified various associations between contributing factors (risk and susceptibility
factors) and key themes. To illustrate these associations, factors were mapped analogous to constellations in the night sky. Large circles represent
key themes and small circles represent contributing factors. The associations identified by informants were grouped to form constellations
(outlined by connecting lines). The 3 diagrams exemplify some of the main complexities and associations discussed during the case study.
These included risk and susceptibility factors associated with: A. culture and ethnicity, B. travel, and C. age.
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workshop coordinators. Not everyone who was asked to
participate was able to provide input into this study; no
information was collected about why some individuals
declined or why some were unable to participate.
Informants were asked to discuss what they perceived

as pathogens of concern to public health in Southern
Ontario, the following pathogens were identified:
Salmonella spp., Campylobacter spp., E. coli, Giardia,
Norovirus, Cryptosporidium, Hepatitis A, Listeria, S.
Typhi, and Amoebas. Various definitions of importance
were considered when ranking pathogens for import-
ance, including: severity/burden of disease, frequency of
disease, and/or political pressures to address the disease.
Severity of disease was defined as the seriousness of the
adverse health effects experienced by infected individuals;
frequency of disease was defined as the number of cases
due to a particular pathogen; and political pressures were
Table 1 Important pathogens identified

Importan

Ranking scores

Overall rank Pathogen Interview Focus Group

1 Salmonella 5 4 2 5 5

2 Campylobacter 4 5 3 4 3

3 E. coli 1 1 5 1 1

4 Giardia 3 2 1 0 0

5 Norovirus 0 0 0 3 3

6 Cryptosporidium 2 1 0 2 0

7 Hepatitis A 0 0 4 0 0

8 Listeria 0 0 0 0 3

9 Typhoid 0 0 0 0 0

10 Amoeba 0 0 0 0 0

Using scores obtained from ranking and proportional piling activities, average score
where 5 was the rank for the most important pathogen. Interview and focus group
a more important pathogen. Using the average rank and piling score, the pathogen
The same four pathogens were ranked in the top 4 for both activities.
defined in terms of the emphasis placed by organiza-
tions to treat and prevent certain enteric infections. The
most important pathogens identified were Salmonella,
Campylobacter, E. coli, and Giardia (Table 1). Although
the order was variable, the top four pathogens in this case
study were the same as those identified in other Ontario
and Canadian reports [1, 4].
Once the most important pathogens were identified,

informants discussed a wide range of factors that influ-
ence the occurrence of these pathogens. A total of 50
contributing factors were identified across all interviews
and focus groups. This list was then categorized into
nine key themes, which were summarized into three
main categories: 1) knowledge and process; 2) risk fac-
tors; and 3) susceptibility factors (Table 2). Many infor-
mants discussed these themes to varying degrees during
both interviews and focus groups. Across all interviews
t pathogens identified

Proportional piling scores

Mean Pathogen Interview Focus group Mean

4.2 Campylobacter 27 15 21 21.5 21.1

3.8 E. coli 0 31 30 15.5 19.1

1.8 Salmonella 0 14 16 22.5 13.1

1.2 Giardia 23 5 12 0 10

1.2 Listeria 0 0 21 17.5 9.6

1 Typhoid 36 0 0 0 9

0.8 Hepatitis A 0 30 0 0 7.5

0.6 Norovirus 0 0 0 24 6

0 Amoeba 14 0 0 0 3.5

0 Cryptosproidium 0 5 0 0 1.3

s were calculated. Interview and focus group ranks were on a scale of 0 to 5,
piling scores were on a scale of 0 to 100, where a higher score was considered
s were ranked as most important (rank of 1) to least important (rank of 10).



Table 2 Themes and contributing factors identified

Themes and contributing factors identified during interviews and focus groups

Category Key theme Contributing factor

Knowledge and process Public health experience ▪ How public health experience influences enteric illness investigations
(e.g. methodology, education)

Access to healthcare ▪ Influential factors that affect the availability of healthcare (e.g. remote
location, language barrier, under-reporting)

Risk factors

Travel ▪ International travel and domestic travel

Food handling ▪ Food handler

▪ Cross contamination

▪ Temperature control, undercooked food and time in storage

▪ Food choices: fresh produce, raw milk, deli meats, soft cheeses, sea food

Industry ▪ The farm-to-fork continuum: all production stages of food (i.e. slaughter,
processing, packaging, retail)

Water ▪ Recreational activities: swimming, camping, canoeing, hiking

▪ Drinking contaminated surface water or well water

Geography ▪ Climate and seasonality

▪ Spatial factors: urban versus rural, postal code

Susceptibility factors

Demographics ▪ Biological factors: age, gender, immune-compromised, co-morbidity

▪ Work and home environment factors: occupation, socio-economic status,
living conditions, education, university residence, daycare, long-term
care facility

Behaviours ▪ Mass gatherings

▪ Person-to-person (e.g. MSM)

▪ Culture: defined as shared experiences, values, and traditions

▪ Ethnicity: defined as country of origin

▪ Rituals/traditions: food handling practices passed down from generations

▪ Animal contact: petting zoos/farms, domestic pets, wildlife reserves

▪ Food preferences: cultural foods, traditional foods (e.g. aboriginal hunting),
smoked foods

▪ Personal hygiene practices (e.g. hand-washing)

This table provides a summary of the key themes discussed during the case study. The themes were categorized according to knowledge and process, risk factors,
and susceptibility factors. Within these themes, a total of 50 contributing factors (in bold) were identified by informants.
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and focus groups (total = 12 discussions), water and food
handling themes (risk factors) as well as demographics
and behaviour themes (susceptibility factors) were iden-
tified and strongly discussed most often (in at least three
quarters of discussions). Travel, industry and geography
risk factor themes were identified and strongly discussed
in less than half of all discussions; public health investi-
gator experience was the only theme strongly discussed
under the knowledge and process category. During the
discussions, the informants also expanded on the idea
that there are many influential factors that affect an indi-
vidual’s risk of infection and highlighted the complex re-
lationships that exist between the contributing factors
and key themes. We have illustrated these complexities
in Figure 2.
Differences between public health investigators from dif-

ferent health regions were observed in the key themes and
contributing factors discussed during semi-structured
interviews. For example, informants from the more rural
health region (C) identified contributing factors such as
raw milk consumption, contaminated well water, and farm
animal exposure as important factors affecting enteric dis-
ease incidence in their area. In contrast, informants from
the very urban health region (B) did not consider the
aforementioned rural factors and often highlighted travel
in their discussions.
Informants differed in their comfort level when dis-

cussing certain subjects. For instance, many informants
were hesitant to explore the subject of culture and ethni-
city. In one focus group, breaking down and defining the
two terms enabled the discussion to continue. While
there was consensus that the shared experiences, foods,
and values of identified cultures (e.g. work group, uni-
versity or college students, economic class, religion) act
as contributing factors for many enteric pathogens, infor-
mants were very hesitant to attribute identified contributing
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factors (Table 2) to any one ethnicity or cultural group. In-
formants in this focus group were asked to allocate beans
to a matrix of risk factors (e.g. personal hygiene, food prep-
aration, industry, safe water, and travel) and ethnicities
(South Asian, Middle Eastern, Chinese, First Nations, and
mixed ethnicities); informants allocated more beans for per-
sonal hygiene as a risk factor for the mixed ethnicity, an
ethnicity most informants self-identified with (Figure 1B).
Informants struggled with future disease trends when

asked to predict how disease incidence rates will change
over the next 20 years. To help answer this question,
one of the focus groups completed a timeline activity
where they identified past, present, and future trends
for the top pathogens that were previously identified
(Figure 1C). The illustration and discussion that took
place indicated that many informants did not believe
there would be any changes in the rates of enteric dis-
ease and assumed that population dynamics would re-
main the same.

Discussion
This case study was a successful learning exercise that
employed PE techniques in a developed world context.
The information collected from each interview and focus
group provided a helpful starting point to begin an-
swering our three research questions. The majority of
discussions were about contributing factors (risk and
susceptibility factors) and the interactions that exist be-
tween them. Other information obtained related to ob-
servations of comfort levels with certain topics, and the
impact of regional differences and public health experi-
ence when determining the MLSI.
When asked about important contributing factors for

infection with common enteric pathogens, informants
identified a multitude of risk and susceptibility factors
(Table 2). The factors most commonly discussed fell under
the key themes of food handling (e.g. cross contamination,
undercooked food, and improper temperature control) and
behaviours (e.g. personal hygiene practices). The import-
ance of these contributing factors was consistent with the
findings of a previous study that examined public health
inspector perceptions of food safety issues [10]. The key
theme geography was not discussed in as much detail. A
study conducted by Papadopoulos et al. [11] described the
same phenomenon when researching risk factors for cam-
pylobacteriosis. Informants from that study, as well as the
current study, focused on human behaviours and acknowl-
edged that individuals often perceive their food purchases
to be safe, and their risk of infection to be low when pre-
paring foods within the home [11]. These findings are con-
sistent with another Ontario report that found over 50% of
sporadic enteric cases to be associated with risk behaviours
within the home (e.g. unsafe food handling) [12]. The lack
of emphasis placed on geography may also have been the
result of informants having limited professional experience
with contributing factors outside of human behaviour.
Factors contributing to enteric disease often do not act

independently, but affect and are affected by many other
factors. From the multitude of factors identified by our
informants, three complexity diagrams were created to
help illustrate some of these associations (Figure 2). The
highlighted complexities that exist between the contrib-
uting factors and key themes suggests that when study
enteric disease there is a need for more holistic ap-
proaches that recognise those important interconnections.
Similar research supports this concept by acknowledging
that enteric disease is a complicated process given the
existing interactions and number of ways an individual
can acquire an infection [13, 14].
The level of comfort informants had with the topic

and the clarity of the questions being asked influenced
the relative importance of identified contributing factors.
For instance, in one focus group, men having sex with
men was introduced as a potential contributing factor
but the group quickly dismissed this idea and moved on
to list other factors. We hypothesize this was because
informants were uncomfortable discussing this subject
with their colleagues. However, sexual behaviours such
as men having sex with men have been identified as
important risk factors for some enteric pathogens (e.g.
Giardia) [15]. As previously mentioned, informants were
also uncomfortable discussing culture and ethnicity. This
discomfort was primarily observed in focus group dis-
cussions. Informants explained that culture/ethnicity in-
formation is not collected by surveillance groups, and
therefore felt like they were speculating. For example,
one informant stated: “I feel like we’re being prejudicial.”
While focus group informants were visibly uncomfort-
able, the interviewed public health inspectors appeared
more open and willing to explore this topic. This may be
attributed to the fact that investigators at local health
regions have daily exposures to cultural/ethnical differ-
ences when investigating enteric disease cases and out-
breaks. Group dynamics may have also contributed;
semi-structured interviews were conducted with individ-
ual investigators whereas in the focus groups informants
who stated their opinions and perspectives did so in front
of their colleagues.
Informants struggled to explore geography as a theme

within the context of Southern Ontario. In one focus
group, they expressed that the theme was too limiting
given the similar climate and geography across Southern
Ontario. While there was uncertainty regarding how
deeply this topic was probed, informants went on to ex-
plore this theme in terms of a more spatial or environ-
mental context, identifying location clusters or ‘hot spots’
(e.g. hospitals or agricultural centres), seasonality, and dif-
ferences in contributing factors between urban and rural
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areas. Overall, interview and focus group informants did
not elaborate on the subject of geography, suggesting that
additional investigations of environment-related contribut-
ing factors may be needed.
In this case study we further considered differences

between participating health regions that may impact
the presence of certain pathogens. Although informants
from semi-structured interviews did not directly address
potential differences, observations made across all inter-
views and focus groups suggested that some dissimilarity
exists. While the top pathogens identified (i.e. Salmonella,
Campylobacter, E. coli, and Giardia) were similar, regional
differences were identified and have been reported previ-
ously [4]. For example, informants from health region B
(urban) commonly identified S. Typhi as one of the most
concerning pathogens to their region. The high number of
S. Typhi cases observed in region B was attributed to the
large South Asian immigrant population in their region.
However, S. Typhi was not identified as one of the top im-
portant enteric pathogens by inspectors from the other
participating health regions or in any of the focus group
discussions, suggesting that the distribution of enteric
pathogens does vary between regions, although the phys-
ical geography may not be the main reason for the ob-
served differences.
Of the top pathogens identified in the case study, three

(Salmonella, Campylobacter, and E. coli) were the same
pathogens identified in a previous focus group study in
Ontario [10]. These pathogens are the top three leading
causes of enteric illness reported in Ontario [12] and are
among the top twelve most common domestically ac-
quired enteric pathogens in Canada [1]. The public health
inspectors from region B that identified S. Typhi as an im-
portant pathogen associated it with travel, which is con-
sistent with Canadian estimates that attributed 76% of
S. Typhi cases to travel [1]. The investigators from region
B most often discussed the theme ‘access to healthcare’
and recognised the need for public resources in multiple
languages. This need was also acknowledged in a previ-
ous study of public health investigators from Central
West Ontario [10]. Inspectors from other regions did not
identify access to healthcare as an important contributing
factor either, perhaps because they did not perceive it as
an issue in their region. Under-reporting bias can skew
perceptions of common factors that contribute to enteric
illness so it is important to acknowledge existing barriers
(e.g. language, geographic).
When considering pathogens of concern, informants

from both semi-structured interviews and focus groups
had varying interpretations of what importance meant to
them. In general, informants defined importance as a
term that encompassed disease severity and frequency.
This may account for the discrepancy between the most
important pathogens ranked in the case study and the
most frequent pathogens ranked provincially and nation-
ally. We also observed that informants from different
public health fields considered different criteria when
defining importance. A similar observation was made by
Boxstael et al. [16] when they assessed perceptions of
food safety issues amongst stakeholders from industry,
government, consumer organizations, and universities.
During interviews, public health inspectors explained

how infrastructure changes within health regions have
been implemented to aid in the determination of the
MLSI. Each region has up-to-date manuals, protocols,
and pathogen specific standard questionnaires to assist
in conducting case follow-up interviews. Investigators
also commented that with more experience an investiga-
tor develops more confidence and skills to ask more
probing questions and form hypotheses. This makes it
easier to determine the MLSI. Nonetheless, determining
the MLSI is still difficult. One public health investigator
explained that while they listen to case stories and form
their own probing questions based on responses, “it can
be hard to speculate” about the MLSI in many cases.
Another inspector noted that they are only able to solve
about two out of ten outbreaks. This low solve rate is
usually attributed to cases having difficulties recalling
what they did or what they ate in weeks past.
When considering low solve rates, it is important to

reflect on the complexities that exist between contribut-
ing factors. As previously identified, there are many fac-
tors, and attributing enteric illness to any one may be
unrealistic and simplistic. Identifying and understanding
these links and complex relationships can be critical for
developing future preventative enteric illness measures.
To mitigate this we should consider future changes in
MLSI trends and the impact of complex risk factor rela-
tionships. However, many informants did not believe any
changes would occur and assumed that population dy-
namics would not change in the future. It is unrealistic
to assume that the Canadian population will remain
static. Immigration and age trends suggest that in the
next few years the median age of Canadians and the
number of immigrants to Canada will both increase [17].
Informants also did not consider the emergence of
new pathogens or the influence of climate change.
Projections suggest that under global warming, Canada
will experience longer summers, milder winters, and
more extreme precipitation. These climatic changes
will affect the risk of enteric illness and subsequently
alter disease rates [18]. Informants may not have con-
sidered such factors since it can be hard to speculate
whether these changes would occur, and subsequently,
how they would affect disease incidence; especially if sur-
veillance diagnostics change. One informant did however
attribute disease prevalence with new food trends such as
food smoking practices. Other informants suggested that
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the industry needs to implement regulations for such
practices.

Limitations
The case study generated valuable information for the
prevention and management of enteric pathogens in
Southern Ontario. However, due to the short duration
and limited resources of the case study, it should be
considered a pilot project. As the data were a product of
an inclusive learning exercise that gave everyone the
chance to facilitate the PE techniques learned, there
were multiple participants collecting information which
made data synthesis and analysis difficult. The data pre-
sented were also obtained from professional opinions
and should therefore only be used as a supplement to
existing and future surveillance data. Furthermore, as
the focus groups consisted of PHAC and University of
Guelph employees at different seniority and expertise
levels, individuals may have withheld information if they
felt inferior to their colleagues. It is also important to
consider group versus one-on-one interview dynamics.
The latter allows rapport to be established, where indi-
viduals feel more comfortable divulging information
compared to group interviews. To overcome these chal-
lenges, future studies could conduct follow-up inter-
views, have informants participate in both an interview
and a focus group, or ensure focus groups consist of
informants with the same level and type of expertise.
Other limitations include the underrepresentation of
health regions. Due to limited time, only a small sample
of informants was asked to volunteer from three select
health regions. Future studies of enteric disease should
include informants from local, provincial and federal
public health, farmers, processing/packaging workers, re-
tail workers, food safety authorities, scientists, and the
general public. Capturing the perceptions of all stake-
holders affected by aspects of enteric illness would en-
sure a more comprehensive analysis and understanding
of the most likely source of infection for enteric patho-
gens across Southern Ontario.

Conclusions
This study has provided insight into the recognition of
important pathogens in Ontario and the complexities
that exist for their many contributing factors. These
complexities were recognized as issues that affect the oc-
currence of pathogens, the determination of the most
likely source of infection, and the future trends for diseases.
Other key observations included 1) a general discomfort
among informants when discussing certain contributing
factors; 2) a greater emphasis on risk and susceptibility
factors that were more associated with human behav-
iours (e.g. hand washing and food handling) compared
to geographic risk factors (e.g. climate and seasonality);
and 3) an observed difference in the information shared
by informants based on level of expertise, regional loca-
tion, and (in the focus groups) group composition. The
techniques used to collect this information can serve to
supplement current and future enteric surveillance and
provide a starting point for future studies to explore
the identified complexities and ultimately contribute to
the development of prevention strategies and policies.
Participatory epidemiology afforded this study with a
multitude of techniques which are easily adaptable and
well-suited for population health studies in a developed
and urban setting.
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