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1.Blackground

1.Qverview of Foodborne |11l ness
Foodborne illness is an #dAillness that occur s
contaminated with a harmfaticroorganisd  ( 1; p . 5 )pathodensackide h ar mf ul

bacteria, toxins, fungi, parasites, or viruselich arecommonlytransmitted through the
consumption of contaminated food or water andcatiectivelyknownto cause enteric disease
(1,23). Humans are primarily exposed to enteric pathogens through theofatabute or
personto-person transmissiafd). Other weltknown souces responsible for the transmission of
enteric pathogens includérect contact with animals and indirect contact with fom{8sOnce,
thesepathogensre insidehe human body, they can replicate by breaching and evading the
host 6s cell ul ar and humor al defense systems,
Entericpathogens are classified into three distinct groups basttemtransmission
patterns: zoonotic, geonotic, or human origin (3). Many common foodborne pathogens such as
Campylobactespp.and Salmonellaspp.are zoonotic pathogemearing they can be
transmitted from animals to humans (3,4). Thesthhogensan cause cellular damage by
establishing in human tissueading tovarious mild enteric symptoms such as diarrhea,
abdominal pain, nausea, vomiting, and fever (3,5). In severe &@saisgne illness can result in
differentlong-term health complicatiordepending on the specific pathogbat causes an
infection For example, STEC infections can progress lmolyticuremic syndrom¢HUS)
andkidney disease;ampylobactejejuni cancause a rare autoimmune disorGerillain-Barré
syndromeandhepatitis A virus can cause liverflammationand jaundicewhich can lead to

hospitalizatioror death (3,5).



1. HRRealth and Economic Burden of Foodborne | I 1 n
Foodborne iliness has been recognized as a significant public health issue in Gasiadaa

considerable health and econorbigden(6,7). Each year, approximately 12.5% of Canadians

are affected by a foodborne illness, resulting in 11,600 hospitalizations and 238 deaths (8,9). The
annual economic cost of foodborne illness in Canada is approximately $2.8 piliroarily due

to increased medical care costs, lost productivity, and loss of lif@ZL0At an individual level,

the median annual cost pease of foodborne illness in Canada is approximately $834 (13).

In 2020, the overall health burden associated with enteric infections declined. During the
COVID-19 pandemic, FoodNET Canada reported 28% fewer reported cases of enteric illness
compared to previous years (14). This decrease is likely due to the impleomeotatrict
public health measures, changeséalthcareseekingoehaviours, improved hygiene practices,
and the reallocation of resources to control the COY®pandemic (15).

1. PRrevention and Surveillance of Foodborne Pat
Most foodborne infections and outbreaks are preventable. Effective disease prevention requires a
coordinated effort across epidemiological, food safety, and labolat@stigationg16). Rapid

laboratory detection methods with high sensitivstych aswucleic acidbasednethodsare

essential for timely and coordinated investigations (16,17). Managing foodborne outbreaks

requires strong collaboration and communication between various stakeholders across different
sectors (16). Despite collaborativestructure in Canada, further advancements in prevention,

control practices, surveillance systemsd multijurisdictional communication are required to

reduce the health and economic burden of foodborne illness (18). Surveillance systems are

essential for public healtlthey help assss the magnitude of diseaseisk of different



exposurs, identify highrisk populations, and inform the design and implementation of targeted
prevention strategies (19).

Canada lacks a coordinated public health surveillance sysitemesurveillance is
performed across numerous independent data systems under the leadership of various
organizations (20). The lack of uniformity introduces multiple barriecduding outdated
technology, fractured data systems, challenges in recruiting and retaining qualified workers, and
a lack ofa standardized approach for collecting data (20). These issues canlelgkign
makingin health responses (20). The development of effectimeelance systems requires
interdisciplinary collaboration between experts anthtegraton of their expertisen
epidemiologymicrobiology, diagnosticsjirulence, and pathogenicitgpupledwith specific
technologies to create a surveillance system that is capable of efficiently addressing public health
emergencies (18,20).
1.ldmp adt Foodbor nen Ptahen ofgeeands | ndustry
Foodborne outbreakse responsible faignificant economic lossés the food industry. The
number of foodborne outbreaks has increased over time due to the reliance on globalized food
trade, which involves different production sites and complex supply chains (21). These factors
drive food production and distribution compesto prioritizetheir financial competitivaessn a
global market, leading to companies being less comphkightfood safety standards (21). If food
processing companies do not hadequate preventative control measures in place, system
failuresand Class 1 recalbre more probable (22). A Class 1 recall involves cases who consume
a food product that will likely cause serious adverse health consequences or death (23). Class 1
recalls pose a serious threattstomershealth andon averagereduceacompan s economi ¢

valueby 1.53% (23).



1.Gommon Enteric Pathogens in Canada
In Ontario, data from the integrated Public Health Surveillance System (iPHIS) indicate
Campylobactespp.,Salmonellaspp.,Shiga toxinproducingescherichia col(STEC) Listeria
monocytogenesShigellaspp.,CyclosporacayetanensisGiardia duodenalisandhepatitis A
virus are commonly reported enteric pathogens responsibtbdanajorityof foodborne illness
cases (247).
1. Lammpyl obacter
Campylobacter jejunis a major foodborne pathogen that causes campylobacteriosis (28).
Campylobacteriosis is a major source of gastrointestinal illness worldwide (28,29). Globally,
Campylobactenffects approximately 40800 million people each year (30,31). However, in
North America, the reported number@impylobactemfections is severely underreported in
surveillance systems because most campylobacteriosis cases have mild symptoms, and few
require treatment or hospitalization (30,32). It is estimated that only 2.64ngbylobacter
cases are reported in the United States (&8mpylobactemfections are believed to be mainly
foodborne (33). The main transmission source is the consumption of raw or undercooked poultry
productsit can also be contracted by consuming other meat products, contaminated dairy
products, contaminated water or ice, traveling, dinetct contact with infectednimals (30,34
37).

Campylobactemfections usually manifest as asymptomatic or mild symptoms (29,36).
When mild symptoms are present, they pegsents a fever, abdominal pain, vomiting, and
acute watery or bloody diarrhea (29,36ampylobactemfections can also lead to severe
complications such as meningitis, colon inflammation, gallbladder inflammation, irritable bowel

syndrome, septicemia, and Guilleddarre Syndrome (29,36,38,39). Younger children, older



adults, individuals who are immunocompromised, and travelers are at the highest risk of
developing severe complications {3%). Campylobactemfections are estimated to be the most
common cause of gastroenteritis in Candigla tonumerous risk factors that contribute to
increased susceptibilif{8,39). Campylobacteriosis is responsible for approximately $80
million in healthcare costs annually, in Canada (40).

1. 5a2 monel |l a

Non-typhoidalSalmonellaspp.are gramnegative bacteria that cause salmonellosis (41).
Globally, nontyphoidal salmonellosis (NTS) is estimated to be the second most common
reported foodborne illness after campylobacteriosis, affecting 93.8 million people and resulting
in 155,000 dedis annually (41,425almonella entericaerotype Enteritidis was the most
reported serotype associated with NTS in Canada, followed by serdtypleisnurium and ssp |
4,[5],12:i- (32). Exposure sources for NTS aerotypedependent. Humans are commonly
exposed t@almonelle&Enteritidis by consuming contaminated poultry and eggs (43,44).
Salmonellaryphimurium and | ssp | 4,[5],12:ican be contracted by consuming contaminated
pork products (45,46). Other common exposure sources that have been liSkéddoella
outbreaks include eating contaminated meat products, dairy proaiudsgeded vegetables, and
contact with animals (41,47,48).

NTS commonly manifests as acute clinical symptoms such as diarrhea, nausea, vomiting,
fever, and abdominal cramps (41,49,50). However, approximately 5% of individuals develop
invasive NTS, which can manifest into severe complications such as bacteremigitise and
other infections (41,582). Children < 5 years of age, older adults, and immunocompromised
individuals are particularly vulnerable to invasive NTS (41,53). In Canada, NTS poses a

substantial annual economic burden of $148.5 million (54).



1. £EsTherichia coli
Escherichia col(E. coli) is a gramnegativeproteobacteriunthat causes gastrointestinal illness
(55,56).E. coliinfections can be transmitted by consuming raw or uncooked beef, unpasteurized
dairy products, contaminated raw fruits and vegetables, contaminated water, unpasteurized
juices, humaranimal contact, humanuman contact, and direct contact with manure &7/5A
commonE. coli pathotype frequently associated with human foodborne iliness is Shiga toxin
producingE. coli (STEC) (56). STEC is respsible for causing many foodborne infections in
Canada, with an estimated 22,344 cases per year, costing $26.7 million (59).

Acute symptoms range from watery or bloody diarrhea, abdominal pain, vomiting, and
fever (59,60). STEC can manifest into severe {targn complications such as hemorrhagic
colitis, hemolytic uremic syndrome (HUS), neurologic complications, and death Y597@CG
HUS induces vascular damage by damaging red blood cells and reducing the number of platelets
in the human body, causing kidney damage (61). Children, the elderly, and immunocompromised
populations are at a greater risk of developing acute andesewaplications (59,60). Sockett et
al. (59) estimate that 37,867 lotgrm outcomes are associated with STEC infections in the
Canadian population annually, costing Canadians $377.2 million each year.
l1.3i4teria monocytogenes
Listeria monocytogenas the onlyListeriaspecies identified as a human pathogen because of its
ability to cause listeriosis (624). In contrast to most foodborne pathogénsteria
monocytogenesas a unique ability to grow at refrigerated temperatures, low pH environments,
and foods with high salt concentratioaipwing the pathogen to grow in many different food
types and environments (65,6Bjsteria monocytogenas often isolated from raw and

processed meats, dairy products, fish, seafood, vegetablestoezatyfoods, and fruit (669).



Infectionsusually affect pregnant women, older adults, newborns, and immunocompromised

people these atisk populations should be extremely cautious and avoid anyrisfioods

(64,66,68). Moreovein highrisk populations, listeriosis can lead to severe outcomes such as
bacteremia or septicemia, central nervous system damage, miscarriage, stillbirth, and
spontaneouabortion. (62,7672). However, in lowrisk populations, listeriosis can range from

subclinical to mild nofinvasive symptomsncluding ddominal pain, muscle pain, fever,

vomiting, and diarrhea (62,73,74). Globally, tharean estimated 23,150 cases of listeriosis

annually, resulting in approximately4®3 deaths (65). In Canada, listeriosis is one of the least
frequently reported foodborne pathogens, although it has3@@0caseatality rate in

vulnerable populations and a higher cétality rate than any other foodborne pathogen in

Canada (32,75).isteria monocytogenas a severe foodborne pathogen that poses a large

economic burdn. For example, a 2008 outbreak in Canada, involving 57 cases of listeriosis, was
estimated to cost $242 million (76).
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1. Spati al and Tempor al Patterns of Enteric Pat
Recent advances in spatial and spttimporal epidemiology have provided a greater
understanding of the spatial and temporal patterns of enteric infections, indicating potential
etiological factors (109). In Canada, geographic information systems arsdagistical methods,
such as spatial autocorrelation analysis and sfiaeescan statistics have been applied to
investigate spatial, temporal, and sp#nee patterns and clusters of multiple enteric pathogens,
including CampylobacterSalmonellaspp.,E. coli, Listeria monocytogeneShigellaspp.,and
Giardia duodenali€110-117).

Spatial analyses have revealed thampylobacterSalmonellaspp, andE. colihigh-
infection rate clusterare present in rural regions with greater cattle, swine, and poultry density
(113,118)Giardia duodenalisnfections show higimate clusters in areas near freshwater bodies,

which can be attributed to increased camping activities, increased prevalence of wildlife, and use
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of untreated drinking water in these regions (1Témporal analyses have revealed different

seasonal trends amongst enteric pathgganstCampylobacter, E. cqlandListeria

monocytogenesfections occur in the late spring and summer months, \Bailleonellaspp.

infections predominantly arise in the summer and early fall monthsl(130Giardia

duodenalisnfections peaked during the spring and summer months, wHenegedlaspp.had

no identifiable seasonal pattern (110,117). Sqiece analyses have been used to identify

localized highinfection rate clusters during specifieriods aiding researcheis finding

outbreaks that ay have been undetected by public health units (114,116). Seaiporal

epidemiology has revealdldatenvironmental and seasonal factors can influence the incidence

of infectious diseases and should be considered when designing targeted intervention strategies

to reduce the burden of enteric disease.
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1.2ProxiLmakl De tasmrdmiFmardtbsor ne | 1 | ness
Several individualevel risk factors have been associated witttransmission of foodborne
pathogens in human populations, beyond the consumption of contaminated food and water.
These include frequent dining at restaurants, poor hygiene and sanitation practices, contact with
an infected person or animal, internatiomalel, inadequate food safety knowledge, and poor
food safety behaviors 2P-127). Demographic factors such as aggx, and ethnicity have also
been associated with specific foodborneboeiks, due to specific food preferences and
consumption patterns (82.30). Differences in food consumption patterns can be influenced
further bystructural economic determinang&ocioeconomic status (SES3s been recognized as
a key predictor of chronic and communicable diseases. Individuals with lower SES are at a
greater risk of developing diabetes, cardiovascular disease, and various infectious di8&ases (1
135). However, the relationship between SES and enteric infections is poorly understood, mainly
due to the complex nature of each pathogen, being biologically unique, and possessing unigue
transmission pathways, influenced by many different behavioural risk$aemd social

determinants of health 31).
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Low income and marginalized populations oftace unique food safety barrietae to
limited social or economic accessassentiafood safety equipment such as cutting boards, food
thermometers, dishwashers, and refrigerators operating at adequate temperd&d&s (12
136,137). Furthermore, families with lower incomes are more likely to use food banks and
emergency food assistance providers compared to families with higher incomes (78). Food banks
and emergency food assistance programs present adtitimque exposure pathways for
foodborne illness, since donations to these organizations can inglsdf food products
potentially unsafe or unsuitable for consumers8)1Additionally, these programs can have poor
management and heavily rely on volunteeh® lack adequate food safety knowledge and
training, increasing the risk of contaminationgL3nterestingly, individuals and families with
higher SES characteristics also frequently engage in behaviours that inledasek of
developing fodborne illnesses, such as consuming undercooked or raw meat, owning pets,
eating at restaurants, and international traveb,(131,140).
1.3ProxDmaker mimhakhRosdboAger éetydtnedes Foepvuellat i on
Most research on foodborne illness has focused on individodlhouseholdevel risk factors.
However, it is also important to consider how entariectionrates are distributed across
populations geographically. Emerging evidence suggests that aggegateocial,
demographicand economic characteristics are associated with the incidence of enteric infections
in different regionsas follows

At theaggregatdevel, socoeconomically advantaged regipnseasured bhigher income
and higher education leveisive beemssociated with a higher incidenceGe#mpylobacter
infections (18141,142). The associatiabetweerSalmonellaspp. infections and aggregate

level SES measures are complex and conflicting. Certain studies have reported that populations
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living in census tracts with lowememployment rates, higher income, and education levels were
associated with a higher incidenceSaimonellaenteritidisinfections (42-145). However,
high-infectionratespatial clusters dbalmonellaspp. in Toronto, Canada, were found in
geographical areas withothhigher and lower average median family income and households
with a greater number of children @4

Similarly, the incidence dk. coli infections has shown a complex Alamear relationship
with aggregatdevel SES measureBopulations residing in lower poverty census tracts were
found to have higher incidence oE. coliinfections (14,147,148). While other research
reported cases included in higffection rate clusters of STEC in Ontario, Canada, had increased
odds of living in areas of low income, and a low proportion ofjosaent families (19).

In the case of listeriosis, the highest incidence fa®es beembserved in the most
socioeconomically idadvantagedreas of England ED). In the United Statefigher poverty
rates at the census tract lewadreassociated with increased incidence rates of shigellosis
(130,151). More advantaged regions in Canada and Austi@iasidered to have a higher quality
of life, were found to be significantly associated with a lower incidenGiartlia duodenalis
infections (52,153). Currently, the associat between the incidence Gf/clospora
cayetanensiandhepatitisA infections and aggregatevel SES characteristitmsnot been
explored, despite outbreaks occurring in highourcecountries (18,155).

While broad aggregatievel socioeconomic indicators are important predictors of
communicable diseases, they do not fully capture the relationship with foodborne iliness. Since
these indicators do not directly measureraividual'sorah o u s e lexpdriehéesvith food

access and food safety. One key determinant that has not been considered in this relationship is
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food insecurity, which serves as an intermediary determinant thatleelpltoestablish link
between different structural determinants of health and the risk of foodborne ifla8ss (
1. FBood I nsecurity and Foodborne I 1l ness
1. Fobd I nsecurity in Canada
According to the Food and Agriculture Organizatairthe United Nationsfood security is
Awhen al l people, at all times, have physical
nutritious food that meetieird i et ary needs and food preference
(156,157; p.56).To achieve dod securitythere ardour pillars that must be satisfied: availability,
accessibility, utilizationandstability (158). Food insecurity exists when oaemoreof these
pillars is disruptegwhich can compromise food safety and ultimately human heal8).(15
However, this framework of food securi/outdated since itdoes not consider the broadd
complexdynamics that are associated with hungerraathutrition (L59).

Recently, Clapp et a{159)have proposed six-dimensionframework for food security
policy formulation,addingtwo additional pillars: agency and sustainabildgency involves the
redistributionof power within food systemshatallows individuals ad vulnerable groupto be
involved in the governance process, to minimize any food system inegli®sSustainability
focuses onvhether food systestan providdonger-term food security and nutrition for future
generationswithout compromising economic and environmental resoud®®.(Canad a 6 s
federal sustainable development strataligns with these new dimensions of food security. The
second goabf the strategy, for examplemphasizes theeed for anore sustainablfood system
(160. However, the current industrial atethnologicamodel of food production is not
sustainabldor future generation€l59) Torespondtd hese chall enges Canada

sector has adopted new technologies and climestiéientpractices to createraoresustainable
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food system that generatasd supporttong-term food securityationally(159,160. Although,
Canada is taking appropriate next steps towards creating a more sustainable food system, food
insecurity & still asignificant public health issyé61).

As of 2023, an estimated 8.7 million Canadiaresefood insecur€161). The proportion
of households experiencing food insecuvitgsthe highest in Nova Scot{@8.9%), Prince
Edward Island (28.6 %) and the lowest waBritish Colombia (21.8%) anQuebec 15.7%)
(161,162). In Ontario, 24.5% of households experienced food insed¢histis slightly higher
thanthe national average of 22.986rosshe ten provinces @lL,162). Food insecurity poses
another serious social public health issue because of its negative health impact and the economic
burden it places on healthcare resources and spendi8§4\L Individuals living inchronically
food-insecure housels are at a greater risk of injury, infectious disease, and chronic disease,
especially if they are living in severely foausecure households.§3,165-167). From 2022
onward, there has been a significant increase ipriy@ortionof Canadians living in marginally,
moderately, anéspeciallyseverely foodnsecure householdkikely leadng to increases in
annual healthcare expenditurdssrupted household and family dynamics, and exacerbate social
and economic inequitigd63,164,168).
1.8.2 Food Insecurity and Food Safety
Historically, food insecurity and foodborne iliness have been identified as separate issues in
public health practice (B). However, food security and food safety are interrelated concepts
that sharg@roximal, intermediate, and dissbcialdeterminantsncluding ethnicity, gender,
income, education, living and working conditiqdid49,170,171). Household food insecurity
measured by any househalgportedexperiences of food deprivation over the last 12 moighs

more commonn lowerincome households dmarginalizedgoopulationan Canada
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(161172,173. Quinlan (13) concluded that lowencome and rarginalizedpopulations are at a

greater risk of foodborne illness due to often inadequate food safety knowledge and behaviours.

Within lowerincome settings there may be inaccurate beliefs that exist, for example that

freezing food kills bacteria, or that foods thhvays smells or tastes bad will make people sick,

along with perhaps a lack adequate knowledge of proper cooling and storage methdds)(1
Moreover, since the COVH29 lockdowns, there has been an increasmgafefood

behaviours, such as consuming food past théoystate (16). The useby-date indicates the last

day a fooditem issafe to eat; consuming a food item after thelysdate significantly increased

the risk of a consumer developing a foodborne illngg§)( Theseunsafe behaviosaremore

common among foethsecure populations due to limited financial resourcegandaccess to

guality foods (17). However,other researchas reported that lowéncomeindividuals

frequentlyperformedfood safetypracticeqe.g., proper storage, cooking, and reheatiing

exceeded thefiood safety knowledg€l25,178).

1.8.3 Small Retailers and Food Safety Chall en

Lower-income populations are more likely to livedood desert§ wh i ¢ h-in@mee Al ow

geographic areas that | ack accergbMp2).Inthessuper m

areas, foodnsecure populations heavily rely on small markets and conveniencetbtiiresmy

offer somemorenutritiousfreshproduce, meat, and dairy produt39-181). However, these

productsare often sold at higher prices than large grocery stiulser reinforcing

circumstanceghatcontributeto worsaing levelsof householdood insecurity(182). Smaller

and mediumndependently owned food stores are more likely to experience food lsafars

due to dack of resourcedimited knowledge, poor infrastructure, and refrigeratiod1(183).
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For example, nosupermarket owners and managers were found to purchase products from
other supermarkets and transport these products in an unrefrigerated personal \&zhicle (1

Food products from smaller markets located in food deserts, includingteeady greens,
strawberries, cucumbers, and milk, had higher microbial loads and higher internal egg
temperatures @0,181). Populations that live in food deserts could be more likely to consume
foods with poor microbial quality, which could increase an individual's risk of developing a
foodborne illness.
1.8.4 Chronic Disease and Vulnerability to En
Food deserts are also kndwrodt aauohld veeh sa ehnisgehde ra c
highly pr odédss@dd Camadis an sitnuslgcdroa nglopg thladt if @
greatfeood asansumption patterns wd.chl rcainvircsall
who frequenfbypyddresetaurfhass are at a decrease
to individuals whlowhnr eesdmtulryandisne daite diot di f f
met hods, customer coersemptebsohepweeBrrosespkandg d
gui del8Biyne#Hdowkrver, food insecuromnysiamasedci at
di etaryndluabkr styot ya dhueeavy r el i ance on fast and
|l ead to weight gain and increase an individua
(89490 Chronic diseases, such as type 2 diabet
to foodborne il Il ness and negatively affect th

|l eading to mooempbesgeadtsk oaé emaenii n(didt 9 X) .
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1. Rational e

The existing findings demonstrateatthe associations between different socioeconomic status
(SES) variables and the incidence of enteric infecttmasomplex andliffer depending on the
specific foodborne pathogéhl18,130,144151) These studies rely on broad economic
determinants such as education or median income aseamaisk factors for enteric infections,
which may not completely explain food consumption, food handéing food production
behaviours119. Although these economic determitaare strong predictors of food insecurity
at a population | evel, they may not capture a
consumption, food safety, accessibiliymd availability (¥2,193). Food insecurity may serve as
a direct intermediary determinant between SES and foodborne illigd83sEinerging evidence
supports thatood-insecurepopulations experience differential vulnerability to enteric infections
due to increased susceptibility to various food safety exposlt@sl&6g. Despite tis link, no
studies have explored whether alezel food insecurity is a risk factor for enteric infections.
This study is thdirst to examine the relationship betweadbeincidence ofCampylobactespp.,
Salmonellaspp.,STEC Listeria monocytogeneShigellaspp, Cyclosporacayetanensis

Giardia duodenalisandhepatitisA infections and food insecurity at a population level in

Ontario, Canada.
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2. 8peci fic Aims and Objectives
2.Qverall Aim
This thesis airadto investigate the ardavel relationship between the incidence of
Campylobactespp, Salmonellaspp.,STEC Listeria monocytogengShigellaspp, Cyclospora
cayetanensigGiardia duodenalisandhepatitisA infections and household food insecurity in
Ontario, Canada, 2012022.
2. Research Objectives
The specific objectives of this thesis were to:

1. Determinethe annual ageandsexadjusted incidence rate$ reportedCampylobacter
spp.,Salmonellaspp.,STEC Listeria monocytogeneShigellaspp.,Cyclospora
cayetanensigGiardia duodenalisandhepatitisAi nf ect i ons f olublieach of
HealthUnits (PHUs) and identify purely spatial, purely temporal, and spianeehigh
incidence rate cluste(20192022)

2. Explorethe global and local spatial patternghafblic Health Unit (PHU)evel annual
pathogerspecific incidence rates; and

3. Examinethe annual ageandsexadjusted pathogespecific incidence rates from (that
are associated with household food insecurity rates, demographic, and socioeconomic

factors at the PHUevel (2021)

21



3. Met hods
3.Slt udy Popul ation and Setting
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3.Pata Sources
3. ZEnxeric I nfection Surveillance Dat a
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20 29D 2T2h.e alolodws f u dae rs3p etcad € as e Pleipwo-smmsl -yteanm age
grou@s96a4©90-220338304905%50 60+), sex (male or fer
(9% The tool al sospéeciti¢éipespahauabnR#d8lunt s b
PHWUevel case counts st meatnidh,geedinrbyaageaggr ou
sexopul at i onmanowanltlsyfwieonpeo tri hnet bt oMilc rrwls e Excel
mul ti pl e dcateaa tcseedt csiu dweetr ea dujnuasdej ieudsetneade d r a0 ed u c t
ot her stat.Tshtei dalt aa uas ewgdda 30 mteh imo st weycent upda
I nfectious Disease Trends in Ontario tool tha

was not required for this study since the dat
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3. Hoaaisehold Food Insecurity Data
PHUWU evel househol dwdmddai nedciromyaddowan]| oadab
in the Household Food Insecurity Snap®hot too

The food insecurity tool captweeghgedgpeaepbent

insecure households experiencing marginal, mo
t hPeHU | evel, PHU regi on20@&nidrtea /& gocotdio ¥i engseeecru r g rt o

snapshot mapr ev add regnen utalie househol d food insec
f r o m-22002129.

The publicly availabléood insectity prevalence estimatessed in this study ranged
from 10.4%23.4% andwere measured previously by PHO, drawing on household data collected
from the Canadian Income Survey (CI3DJ). The CIS is a crossectional survey that collects
information onmanyeconomic indicators such as personal income, food security, and cost of
housing 201). These indicators are supplemented with various demographic varbiles (
Since 2018, the CIS has included the Household Foodi§eSurvey Module (HFSSM) to
measure food insecurity rate20(). The HFSSM is a validated measurement tool that measures
inadequate or insecure access to food due to limited financial resources, availability, utilization,
and compromised food consumption patte2@{204).

Thefood insecurity estimatassed in this studgre based on data from the Qi&cause it
hasbeen recommended to monitor food insecurity over the Canadian Community Health Survey
(CCHS) for several reasoras follows(204). First, the ClShasa consistently higher response
rate (70.1%)Secondthe CISis designed to produce anmymkvalence estimate$hird, the
food insecurity prevalence ratpsovided by the Cl&re updated regularlyastly,it measures

various economic and labour indicators that can help inform the development of effective
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interventions that address food insecuritiiese features allow the CIS to captamaore
accurate aggregate measure of food insecurity across Of2i@4)o
3. Pudlic HOemogredphic and Ecafadammi €CaRadf aheCPa
Demographic and socioeconomic data for Ontario PWelecollected from the 2021 Canadian
Census of Population. The Census of Population is conducted every five years and is the primary
source for providing publicly available dainCanadaés popul ati on, demog
socioeconomic profile205).
The selection ofertaindemographic and socioeconomic predictor variaiielsided in
this studywasaidedby Statistics Canada Health Region Peer GrdWpsking Paper, 2018
(206). In this papera stepwise discriminant analysis was conductedeotify which variables
played a key rolen definingPHUsbased ortheir socioeconomic characteristi(06). The five
strongest predictoligentified in the stepwise analysigre: population density, proportion of
the population that is a visible minority, proportion of the population under 20 years old, long
term unemployment rate, and internal migrant mobility (five ye&@)(Out of these variables,
visible minority proportion, longerm unemployment ratand fiveyear internal migrant
mobility were includeds covariates this study.In addition to these three variab, other
aggregatdevel soci@conomic variablesuch as median household income, average household
size, total ongparent family households, education, and household spending characteristics were
also included as covariates dudtieir potentiainfluenceon the relationship between food

insecurity and foodborne illness.
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i ev

PHU

3.3.4 Deodlclri ganioambl es I ncluded in the Study
Bel ow i s oda tsdwehmarayp!|l es i nc | uvadweodh bidne ftihmijst i SoteuhdBywlhe ¢y ewer e retr
measur ementrTatboympe 1) . Al Il variables were aggregated to the
predictor variable in the fixed regression -medel smodHewsever,
TablRefindasa@auwmrce, and mevaasru raebneenst atgygprkeigoaft Hedda N tolr t threiatPy s i s
Variables Definition Source MeasurementType
The total number gbathogerspecificcases. Infectious Disease Trends in | CounfRate
Annual age and sex Divided by the population at risk at the start of | Ontario tool(194).
) 9 the study period, subtracted by half the numbe
adjusted pathogen le develoning the di itiol;
specific incidence rates people developing the Isease, multipliecbiog
year(2021), and then multiplied by 100,000
(Outcome)
person years. Rates accounted for the age anq
structures of a PHU®6s
Age category of the aggregate case caunts Infectious Disease Trends in | Categorical

Health Region
(Random Intercept)

(Central West, East, Central East,

Southwest, Northeast, Norttest,
Toronto).

Age (Predictor) Ontario tool(194). (0-4, 59, 1019, 2029, 3039, 4049,
50-59, 60+)
Sex Sex of theaggregate case counts Infectious Disease Trends in | Categorical
(Predictor) Ontario tool(194). (Male, Female)
Administrative areas or regions of interest Infectious Disease Trends in | Categorical
defined by the provincidllinistry of Health Ontario tool(194).

Annual household food

Proportion of householdsxperiencing marginal,

Food Insecurity Snapshot Too

Continuouq%)

insecurity moderate, and seveireadequate access to food| (199).

(20192022) due to financial constraintsvithin a PHU

(Predictor)

Visible minority Proportion of the total population that is not 2021 Canadian Cens(&05). Continuoug%o)
(Predictor) Caucasian.

Long-term Proportion of the population aged 15 and over | 2021 Canadian Cens(&05). Continuoug%o)
unemployment rate who did not have a job for a year or longer.

(Predictor)
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. - - . 9
Internal migrant mobility Proportion ofthe populatl_on_ aged 5 years and | 2021 Canadian Censug0b). Continuoug%o)
. overwho have moved within Canada in the las
(Predictor) fi
ive years.
Median household The mediaraftertax income of all households | 2021 Canadian Cens(&05). Continuous
income within a PHU.
(Predictor)
Average Household Size | Average number of people living in a private | 2021 Canadian Census Categorical

(Predictor)

dwelling.

(205).

(2.2,2.3,2.4,25,2.6,2.8,3.0,3.2)

Total one-parent family
households

The proportion of census family households th
are oneparent families.

2021 Canadian Census
(205).

Continuouq%o)

(Predictor)
. The proportion othe population aged 264 in 2021 Canadian Census Continuoud%o)
Education . )
(Predictor) pr|v.a.te housgholds with a postsecondary (205).
certificate, diplomaor degree.
Household Spending The proportion othetotal households that spen| 2021 Canadian Census Continuougq%o)

Characteristics
(Predictor)

30% or more ofheirincome on shelter costs.

(205).
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3.Ddata Analysis

3.

An

st

st

c |

Dekbcriptive Analysis

nuall uinmdi desr ®al reatcérs pat hogen were manually
cEhe numeatshteootral orpuambhesrp e ciaksieaggr egated to t |
veThe denompoptloaatt weings kt haet t he ,studbttr act etdhédy
I f the number of peopiegdehkeolnoephyeedpheimeod i € e
I t i pl00,d0 Moy pesg.onAsygeaatiead | uisnceiddence rates
mputed for each PHU wusing direct standardi z
andard refexOeince popul ation (

Summary ,$nhat usi ngst hrei miemum, nmesedXuaasnd

andardwereei ao mplnlt edtodioani ¢ covariates i n Mic

.4 nZidence Rate Mapping

th unadjusted and adjusted inci(@eBpeatri atldy
ined to a RHWtb omarsd adroy@nfl ialad e,d@elio Hwmbd!| | zed us
oropl OhA ncaoprsbi(nati on of geometric and manua
Vi sual-$ gednpdaiitdheongoeere r at ed®2 Z 201 9he geometric

t elrav aal c | amsestihfoidc amaisonappl i edci deactpaehbogbhos

ive baseline class breaks. The baseline ¢l as

02mM22), wi-thasstebuealkrfor a pathogtemm | eft or
count for annual di fferenc.esThen @e csmeetcriifd c

assification method was wused t es paeccciofunct f or

inci denceer atks QgUPudy period (
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3.3patial, Temptornael ,Claunsdt eSp aAcneal ysi s
A single dataset was created in Microsoft Exc
identified the number ofi cRKHW@)s asnd atthd iteidme yo f
(month and year); a population file that cont
coordinates file that provided the x and y ce
centroids of eacihn PAUC WeB®Prual g4 athed Cal cul at
Tool

The dat aset wasl Scplnolajdvddck dientaur el 'y spati al ,
temporal stiared regamespecti ve scan statistics we
model to identabfampgyh ocshhafcalemosomp | aLETEE€y i a
monocytDhgiegseplgyac | ocpye @aGieanrsdisa duame nfaé pAst i t i S
circular scanning window with a maximum cl ust

was selected to identiuffel gn g psattaetaicsl tuisg &lrlsy. SAi

cluster size of 25% was chosen instead of the
PHU | evwetemporal scan statistic with a minimu
maxi mum tempor al |l ength of one year was speci

statistically signrateantupteeby ifsecmmoisddartihcsd |
with a circular geographic base wastienskeidgh o i
rate clusters. The same maximum cluster size
s patcieme anal ysi s.

The scanning window moves continuously acrtr
the number of observed -dasesi boted¢chahdcafti oh

of cases in each PHU is propordgiomadf L1ipnt dree Pt
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21 B . High infection rate clusters were identif
window was significantly greater than the exp
(2. THe kledg hood ratio test was used to ident
l east | ikely tolpccMantdaaeCarol @ hayhget (&si s test
was used tvoalcuoensp utoer -rpat @h cl e Ehsof(@RWasS ve ri s
al so computedl|l fgrsegaoahfstcantstioater by measu
cluster compared to thel@stimated risk outsid

Statistically sigtniinie-rclaitngh cslpwudti earl s amalr e pwics
ArcGl S (PO)®y 3ugl oading the shapef(iPlle sStpatoidsutcieas
significant spat-iiame-rihiegipoltabkteandesphts were

Mi crosoft Excel

3.4451 obal and Local Spatial Autocorrelation An
All analyses were co2n®8ucted in ArcGI S Pro 3. 4

Annual unadj-upe eidf patihmgiedhence rates were ¢
boundary files to create polygon features wit

were identified using the SpatsahsiOutViey, Deh
point with a neighbour distance that exceeds
(2AANnPHE that were idenwere eadx alsudié d bfal om uh o ti re
autocorrelati on haenal ypsoetde mpehaadl u s eheofaccuracy of
relationships between polygons.

Gl obal spati al autocorrel atsipecidfi ct hhewcammrun
was examinledcues®pagt athle Aut ocorrel at208 T(h@l obal

fixed distance band option and the Euclidian
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appropriate threshold distance band. The Spat
statistics and compares the observed Moranos
generatceravahdép( A Morands | nsear i whtla @osatl
1. 96aappd ue O 0.05 indicates that high or 1 ow
spatially clustered than expected umRd®er Ahe a
Moranods | ndex-swiotrle & pheaflditdav@® 0a 05 i ndicates t
incidence rates are more spatiadlbl.y dispersed
A beginningofildt a6d8dbmmdwad| nsredpahbahbl
Autocorrel ati on [t@lso hwaris nNldmeiam 6dsi slt)a ntcoeo Ir equi r e
to have at | efTlass dhetaacghbaod. was manual ly i
Spatial Autoz®@&hel ancoemeaodbhl tool measures t
at increasing dipst arhee niumdbreea meorft di(sa2 ance i ncr
vi sual and iteratiatei abppaont cabsosbeasssii Hnsgb atnhteb ¢! is p
graphs. The distanwveal bandpwi OhObheihi ghestinzr
tool was selected for the | ocal cluster and o

a signvéaliocantthe dfef2alud4d 1964 3% aknmewas used becaeé

PHU had at | east one neighbour.
Local spatial autocorrelation was examined
to@lD8 This tool comput esscaorlen,cad cMou savnadrsu € g vtay

(Y. A positivevadbuan®s0l 0%it hdhacantee sg htbhoautr ian gt
PHU with simildry.i nfdiicden e |ruadteess a( 2 arget PHU
surrounded by PHUs that have similarly high i

i ncidence r alldUshuartr iormanddeerdd oyl ow rates. -A negat
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value O 0.05 indicates that a target PHU has
(2Yy.

Spati al relationships were cometelpadi,al i zed
Eucl disdrmance b-aedsropocdhtrand row standardi zat
met hod ensures that a target PHU and neighbor

spati al weliBghtl fofanoynene(iZghbori ng PHUs ,telxeiered t

respes@taitveal wei ghts decrease as tlhBe dlihset &zmmee
of indifference was chosen because it does no
all owing more nebghboctudedf eat thesanal ysi s t

influence thEeBtaThetr ée@lttus eof(l 2t he | ocal spat.
Vi sualiiazedor opl et h maps

3.5Regression Analysis

Al | regression analyse9 .were conducted in RSt
Il nitially, Poisson regression models were
pat h-egeni fic incidence rates, honus eshaolid efcoond n
vari abl es. However, Poisson regression model s

modeling infec2PoudOverseaperdaba (2ol ates the
assumption because the v2Jliakaehd®es ssoh egde
assessed for overdi-chethsq wanr e@dd)t e s phye ogbpapcdtneers s

Sal moswep 1Gi amdli a WweodenhmEetimodgeoi fi c resgrndadi on

exhibited significant overdispersion, |l eadi ng
Al | ot hesppait hiogemegressi on models did not ha\
Poi sson regression model was used.
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Negative binomial regression model s were ¢
examine the associ-ape oinfsi d eit weiedhe p@ad hrogteens, h
demographic and soXRRPoeRegomissi oaricakfésc{ents
obtain incidence r atthe®@ breatd oorsf i(deRnRcse) ian toenrgv aMi st .
then compa+ ead | wmitted =xnermga@ati ve bi nmars tadd ntoedsetl swa .
conducted using the pscl ppaoowk agea tao sdigteari mirn &
dat €283t n(dzeer o i nf Iweetreed dnecedheelds t he superi or moc

The dependent vari-abmhd adgasttehe acmndaihcage a
Campy!l ocshpagxatlemosep | SLTIELt, er i a m6&8h o gsgp,®ygelnespor a
cayet aGieanrsdisa MuheedeanidhtiiessctAl ons an R LPHUel age
sex of a case was not specified, they were ex

infection cases missing adf\2 @Apdpeedi daAh. chm :

di fferences in a PHU popul ation -sedamnust@ustersat itf
by age, sex, PHU, and year) served as the off
denominator ih theidahcelanaies. o

The continuous predictor variwahtlhees i ncl ude

prevallkawseld! d f ooidni 21GR&Encentyagatefs -vi si bl e
term unempl oyment rate, internal mi g arngntmo b i
family households, education, and househol d s
househol d festdi mantsewse vien ¢e®@2uded from the regr
categorical vari abl es i nclggdheidc h nwa sh ec drieedgs iefsise
l1yeanterval svhoene adwelrt § he aglde alft HEQM, easpaxn . y e

the age gLobosperfarmeaprgd igemeadnal ybsricsa dverr e st
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i Nt esivimdes angét ghpamep o caF becawmpusgegdol d si ze wa

originally treated as a continuous variable.
scatter plot, average household $i0zeewadh tran
categorical vawiitahblteh e tlhoewecsatt ergeogrryessi on coef f

reference group.

Predictor variabl es wer e Sgpsesaaggmandefdor mul t
correlation and t(h2}.vaviisanbclee imifnloartiitoyn atneds tav e
were highly correlated iOt ¥ \‘har8i)@u sV hp rse diedt dro
exclusi omi obg vip%)dblaeer age household size from
combi nat i obna cokfwdmadniuradt i on and stepwise backwar
function was used to 2AEtIPOr MPmedit beoopvt a maab me:
removed fromhehe mwdébiobenssatistically sign
there was evidence of confounding. Confoundin
the sign, magnitude, wardi abkl&afidfc icamncfeo worfdian g rv
presgemtt covariate was included#@80v.n the adjuste

To account for random variati edf faeacnecs Nelgad
Bi nomi al regression models werRz .cohtsd rmadelds u
retained the samandepthsentvaprébdhes omul ti var
exctelipththe health region was inclaidreddeeapradrirahndrc

variables retrieved from the Canfaidx a@aohi #£&@d s u s

effect models only iIincheaeldifloaddtraatfirom ¢ htatway e
whet her the-efff eed omodmil xeéds superior. The qua
was evaluated by 1 nspecQ irnegs irdeusadldamald ¢ ivesn fg ¢t altea
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and residual sThymsl otesv eweargee gpelnoetrsat ed using t he
(22 5 .

A SpRol glhootha ame wawssicmeg aggrealj ect etdhec olbTrMli nat
Zone 17N WGS84 dd@dMgeinreatad i zeslt gmogr aphically
(GGWRas performed on the Spati al Polygon Dat a
whet her the associspteicor ilteti weenematehog@ers and
was differef2h adhesmoBEUssBPot s aggaGhamsl aned a
spatial weightimgpdkamn ald adpphphreGe Yadhmonpdtw i ndatlh s pat i
bandwi dt h was det eerlmifnuén@cytuisbibn ¢ tthuencd ®dwm. perf o
val i d ot iaecrsess model performance andnesaenl ect s t
sqguare pr d@ifctTihoen bearnrdowi dt h t hamegmodueed t he
prediction error was included in the -ggwr fun
stati onaorciatly ,c otehfef i ci ents were mappe@d2k n RStud
Addi t itohgea b b & | c oneof df edlctdheen tsi ni mu ni,i gqreaax it mdrm, t hir
guaranmdeda, ®an RIRvet @abut at edmmari ze whteathieonampiat y

wa s poresent
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4. 0 Results

nd Figures presented in the Resul:
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TabdAnnual andr epiotratiseedt ce@ghs enteric ,i nCadnct@®b®B2) i n Ont ar i
No. ( %)
Year Campyl ol Sal mon STE Listel Shigdg Cycl os| Gi ar d Hepati{Tot al
spp - spp- monocyt spp.| cayetalduode
20109 3232 2387 238 73 283 448 1298 200 8159
(33.69 (34.7|(31. (25.1]| (34. (32.3| (34. (47.7 (34.1
2020 1995 1511 131 69 165 351 853 77 5152
(20.79 (22.0|(17. (23.7] (20. (25.3| (22. (18.3 (21.5
2021 2211 1194 169 73 125 98 786 52 4708
(23.05 (17.3|(22. (25. 1| (15. 1 (7.08] (20. (12. 4 (19.7
2022 2156 1776 206 75 247 488 812 90 5850
(22.47 (25.8|(27. (25.8| (30. (35.2| (21. ¢ (21. 4 (24.5
Total- 9594 6868 | 744 290 820 1385 3749 4109 23,86
2022 (40.19| (28.7| (3. (1.21] (3.4 (5.80 (15. (1.76] (100.
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4. 1.2 Demogr apbi st antEnTtedtaguitodn @dgeanisdence Rat es

Throughout t he-=229t2dy, p errdii-4vd ydéu@adds9caognesdi sOt ent | y had t he highesi
Campyl ocshpaxatjemonep | ,a and SWHEeEr @ and eictdiownmisdual s aged 60 years an
i ncidende srtretreasa onfohiogyn ®dly@hreesmai ni ng pathogens did not have

di spl ayed the highest annual incidence rates of infections d
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Mal es had higher aOampayll oshpgicht degsapciiaa rad ieas dauhad ehrefglaitfdetcit $ on s
in each year of the st(uFdyg upreeroi@oedv ecro mpfaernmead etso cfoennsalseesent |y had
STEC infectiomsa.t hbdgennusalmaii md indjence rates varied by year, witdt

higher in females during other years.
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Similar to the number of Campyt estphakanlenecnept.lhaeS BiTrgs€pdeanc and a
hepaAiintfiesct i ons si gni f i(cFangtulry& hde) ci Inicn eddesnbcket e ea t Babsdh oafiyn oed) ec@rss i s
t hroughout tlhret esrteusdtyi npgelryi,o@Gtylcd oispyie dhaei Mmefeescitatoenss odfi spl ayed t he

trend afterCyY2dll1ds o yael &@abnogoungshiisenced its highest annual incidenc

Campylobacter Salmaonella Escherichia coli (STEC) Listeria
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Year ¥ear

Fi gbAanual incidence ratesepeantedrOi, @ 0i0On fpeatsiomrss2dinh2d@.mgthar i o, (



4. 1.3 The Distribution of I ncidence -Ra22y acr
Figwaedshow the changes in crude and adjusted
at t hleewedlU over -202n2. f Owenr 210119 t he crude and a
similar values for each enteric pathogen acro
From-2202ZF mpy | shdPatl enmosep |G amdli a daddéheael i s
hi ghest incidence rates acrossLiPHUsricampared
mo n o c y taongde meeSthatdi ttihe | owest annual i ncidence r
the study period. The hGagnhpeysl toshpapcrntuearh d i S TEG ewe |
found -BnuGe geReHutrion an-duWeé-Glréeimgh oRHUSI aadhayear
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4. 2 Spatial, Tdmmer latamrednSpacdeEnteric I nfect
4. 2.1 Purely Spatial Hi gh I nfection Rate Cl us
A total of 20 significant (p<0.05) high infec
Ontario for seven out o0& AppgbhdeRrtLErsitdeapbae hGd
monocytwagenetse only enteric pathogenmtteh aturdeildy
spatial <clusters.

Three pathogens had high infection rate sp
Campy!l oshpgcb6elru3t emad spati alSacuvubkstt e r\@egutcr alss t |
Centraaslt, and Eastern PHUs. Popul abtuifdqesr irnesi di
Guelapnhdur-B@ar t h were 2. 2090t haees anonrGesapmpiyid endbyaccat seer
spphan popul ations residing outside of these |
Gi ardi a ¢tudcdeunstleedsshi gh i mteati eh uswvd wleedsyp hat w
di stributed acmwass tthiee omd gvipmtcd omgra where pop
Noredaht PHUs had a significan®)l.y S EE@lagi tdersd s k
higmfection rate clusters were not widely dis
t hCece n We atnllouwe Bt MPHPSIL. ati ons i n Grhay f-Bueine h, Wel
anHdur-Berwteh3e 93 ti mes hmoree al irleg@SoyEGh@ nc poPudfat i C
in othei mPHBS, tbos ewhvaetal maodr osipgpcAtpgpre ndi x C: Tabl ¢

Sal moswmp | awa o att hé gl@eandl yhi gh i nfection rate s
detected salrsahby MBpmEal2 ¢l csust 8ot nanhbe
CentWeakt PHUs. The popul atiwas. 37 tambgomoPabl i
have a r epSoarltneodhegal sae oomnfpared to popul ations r e

(Appendi x C: Table C1).
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Three pathogens had high infection rate sp
PHUSIhI gseplfplna= 1 wdsupsatte talleddtye r Tor ont o Publ i c Heal
popul ation was 3t.06 9h aviemeas (rFeopydacr yee kkoesl pys e a
cayet @nm#Balsu ¥t ead nfiecht i onl oadtwe ®t tatvar sHal t on
and Toronto. The pophwldattihcen hriegshiedsitng ii@re | Othtoaow
Cyclocppetanbesing 1. 96 ttoi may emar & elpiotr@leyd case
popul abt baes PHUs. (HdAfautzcel u 3t patsladdtyer ed i n
Mi d d I-Leosnedxo n , Halt on Region, and Pekebné&eagi on. T
thmeost | i kely t oe IoapaA a thidaplodr tteidnecdaemdraer el iak e |

reported case of hepatit{Fi urlean popul ations

An interesti ng poobpsue ravta toinosn whaos rtehsatde i n Gr
Duf f-@u é Impnhdlu r-e@rwtelr e mor e | i kel y tnoulhtaivpel e eepnotretr

pat hogenLainmpgll wapagig/emosyepl,a and STEC. Similarl
in the City of Toronto were also at an increa:

Shi gseppyac | ocppetananmnsirdi a duodenal i s
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4. 2.2 Purely Tempor al Hi gh I nfection Rate CIl u
Twel ve signi f ircaatne p(upr<ell.y0 5v)ernp ogfteatl e cctl eucs t fears a l
pat hagerns s On2 @2 2 )o 3)(.RaOULI%e

Most clusters ( 5W0&4)tomoec cGlepda nidne ni0cl 9 ,0nl y o
significant cl ustSearl masgpdedt eaned aindtB@2@i O 20
monocythogdwescl usters were obgpamnancerdo s sn t2Wa@ 2y, e ¢
(201206 C@AMpYy | cshpagEMECI st eri a man@yxgyglt ogenres
cayet amdresitds ons were primarily detSeacltneodn edlurai n
sppandhi gseplplaac h hadr atweo dliwsht er 4 :0 ngree dli umet d rr ame
another cluster wlheé a8 ashhioanlealrd tateirme oforka md ac e
summer and fall m&mt lyeel) ul sathe 1 eo d hweiGiscd dit @ rt he
duodeanddd past dt dsnAt di splay clear tempor al pat
frame.

The relative risk for temporal clusters ra
peak was cClyséeémnecpefaanensirsaad ehicdhuster from 201
2019/ 07. ®mpowiandtohves pbpud abhb oni was omdhmrae el iak el

repor tQydc |coasspep € a acmenpsairesd h etro mont hs in 2019.
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Tab3d i gni fi cantr ateempcolr g o@aimmpdy If cshpg&katjemonel | a
Sspp., LESEEri a m8hogsgpdygelnespype aa®ieanrsd isa
duodenahmigsatiinfiesc tA  onGan g2d02%0 a2 i o

Relative
Pathogen Clusters . Cluster Observed | Expected | Observed/ Risk P-
Time Frame (n) (n) Expected (RR) value
2019/06 to
Campylobacter C1 2019/10 1816 987.25 1.84 2.04 0.001
spp. 2022/08 to
Cc2 2022/11 922 818.09 1.13 1.14 0.016
C1 2019/01 to 2257 1542.82 1.46 1.69 0.001
Salmonellaspp 2019/11
' 2020/07 to
c2 2020/10 667 575.5 1.16 1.18 0.013
2019/06 to
STEC C1 2019/09 127 61.05 2.08 2.3 0.001
Listeria 2021/06 to
monocytogenes C1 2021/09 44 24.23 1.82 1.96 0.013
c2 2019/01 to 36 171 2.11 2.16 0.004
Shigellaspp 2019/01
' 2019/03 to
C1 2020/02 298 202.29 1.47 1.74 0.001
2019/06 to
Cyclospora C1 2019/07 371 56.82 6.53 8.55 0.001
cayetanensis 2022/06 to
c2 2022/11 388 177.15 2.19 2.65 0.001
Giardia 2019/01 to
duodenalis C1 2019/11 1215 842.17 1.44 1.65 0.001
" 2019/01 to
Hepatitis A C1 2019/12 200 102.88 1.94 2.81 0.001
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4. 2. 3-TSmackigh I nfection Rate Clusters

Fifty significant (p<t0i.n0e5)d Ibu sgtheervsm hecmthd roiod r e it o
pat hogens were detect-2022acOBisgu gp eamdiox f €0 mT &t
Campy!l cshpegpantilgc| ocppetdaaemerhsihsad t he hi ghaemet numb
clusters (n=Gilar,difao | d weBapdpnAdgipsp | @ STEC,A and he
(eachSmi=gsgpl,pl.a (a3 I)t,erdamd meaD ctyh®gemleys pat hogen
S patcieme cl usters.

Most of -ttihmee scpaucset er s occheftee dG®O¥INE 2019
pandemitio2l had t hti hewelststsprse( 8%)ti Mmaditi on,;
clusters that had a time frame thavi spalninead a
Fi g@breet are included in Appendix C: Table C2.

STEC mainly cl|l Ceshnter &io wiemd t PedUsumwalt h mul tip
time clusters that tookupglfd#oae lmpniduG®e@y t Br uc e,
during t.hel nsudhmmetpryd SdpaalemonpCy al ocppetdanensi s
Gi ardi a ,dwunbdp afslptascseme-i mif glet i on rate clusters
geographically di s poecrcsuerd iancgr o sns utr8idea ngseplgpivch nrcuer a
was only ob®fdHlUsepacimnicabay the City of Toront

Mul ti pl e -tlianreg ec |supsatceer s s panned,ainrdt dNotrh éh e ans
regions of Oamp@ayl sbpagpautcdrni2a®201BEH/I00nep | ain 2019/
2019/ 11 a202@02G/MER 02Z2MY V/61R ,aradnda dunodeadaal ons
2020/ 11. These cl ust earmdR o<1,e ns uoggd sutdiendg PpHoUpsu |we
these PHUs ahhaveé ersespoiitképtagchdosygeesn s compared to

residing outside @fertilmalscl uster during these

54



The popul ati onsCernet¥easlli 8§ g overs tt HiPedUrsu rwalr e mo s
to have regfampgd csha®a|lemosipp.l,a and STEC during
and fal$almoosighishjagsepyac | ocpye aaGieanrsdisa duodenal
and hemati thiagl si-gnhméi chostepacehat occurred i

Mul t i plhd gdnniaelclad ppatcieme cl usters were assocCi é
high relatiimeOctosbbealpo@Pp@batdiog in Lamdbs on Pu
32.04 ti meshanvoe ea | n &pEStany tneod g al sae hafn t hose out s
(Appendi x C: Tabl e C2hi.g Pspoatcheene ic heupsatteisttiiosh gA s |
was detectetdondoMi Hdbmséanupegplte®e Apsi di ng 20
were 23.42 timasemar eedomrkpdrge & atsee ,peopl e resic
area (AppendiCycCocdpphbhem@Gitkems cl usters consi s
hi ghest RR esti miamnedi f iwdtedngsp tOilBadosr en 8 o kel vy

haveemortedprdameg i ly during the summer mont hs
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E. coli Infections 2020
High Rate Space-Time
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Discrete Poisson Model
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4 PAredi ctors Assoc-BEpeedfwcthnlatdtbongenRat es: Re
A visual represent-anidoeasdg aufs ttehde iensctiidmeantceed raagtee s
pat hogens at different prevalence estimates o
consitmntthe final mul ti var iFalglue em®@@el( Apipe npli s d
4. 4.1 Summary of Predictor Variables Characte
The meapreaervmabl@dhwesemd!l d food i nseeWr2ilt -1d7e Br7eXa
16. 13%)4) ( Tadblwever, in 2022, it increased to 1.
value across PHUs du#)i.ngTheh ehisghuedsyt pperrd wal g nfae
insecurity occurred in Lambton Public Health
(25. 2%) -Ke&Cmtathwbm i ¢ Health in 2021 (24.2%), ar
(28. 8%) 0)(.FiXYourrke Rlegi on hadf theuselwekd PpPoedai es
2019 (11.1%), and Halton Region had the | owes
202022 (9.9%, 11.2%,. and 9.7%) (Figure 1

The proportion of households experiencing foo
variation over time. Sever al PHUs had missing
including Haliburton, Kawartha0Q2Pjin2ORRYygeH®Ss
Prince Edward Public Health (2019, 2020, 2022

Health Unit (2020, 2021), and i mi skaming Hea
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The demographic and socioeconomi c4d ciMaud dcctpédrei ytairec abdfesPKHULT hama
year internal mi grant mobility rate, median househddlUd.i
Tabl®umMmary statistics of demographfPaobhbhnd Bleal bbcbnbmsci
Predictor Variables Minimum | Maximum Mean Star_ldgrd Median
Deviation
Proportion othouseholdexperiencing food insecurity (2019). 11.1 23.8 17.87 3.45 17.05
Proportion othouseholdexperiencing food insecurity (2020). 9.9 25.2 16.90 3.94 17.2
Proportion othouseholdexperiencing food insecurity (2021). 11.2 24.2 16.13 3.08 16.2
Proportion ofhouseholdexperiencing food insecurity (2022). 9.7 28.8 18.33 3.77 18.2
Proportion of the population identified as a visible minority. 2.4 68.8 15.69 17.37 6.45
IF‘;r:é:);rtlon of the population aged 15 and over who did not have a job for a'y 73 15.7 11.08 1.96 11.05
Proporthn of the po_pulatlon aged 5 years and over who have moved within 76 29.4 19.70 593 20.85
Canada in the last five years.
Average number of people living in a private dwelling 2.2 3.2 2.45 0.22 2.4
The median aftetax income of all households within a PHU. 62,800 103,000 | 75,735.29 9519.83 72,750
The proportion of census family households that arepament families. 12.4 20.8 16.35 2.23 16.05
The proportion of thg populr?\tlon aged-@5 in private households with a 50.9 78.1 62.54 6.31 61.05
postsecondary certificate, diplopw degree.
The proportion of the total households that spend 30% or maheioincome on 29 45 27 35 500 26.2
shelter costs.
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4. 4.1 Determinant sl nocfi dCeanntpey | aocbraocstse rP ushplpi.c He al
The results of the wunivariablesbha/ndTimal anivaari ia
mod el reveal ed that the proportion of househo

significantly asasdecasdgtucd nepdy t bsbpeph. € eéeangcel dence r a

(I'RR=0.99777,-199%2QI16)0. HoweVer, in both the f
model s, a significant i nvandesguSdmpdpat obaceer
Sspp. incidence rates and the propoAotmreontof ho
increase in the poedaslewmmese tagfs oltda lmsedolwd t h an

decr etalse-aangie-asdg xust ed i nCanchpwyl esbpapehtielse ohfol di ng
ot her variables constanb. Q9RR4D. 9Th&dpr 6p 6or Ci
popul ation that has moved within Canada in th
were the only viamitalbé efsi malt muwlictl iudardi abl e mod
The results|l dvyeolm miheednue fi8fi ecwwver emodehsi( §abht
fixed multivariable models. Household food in
wi t h tahnedea&dje uGa nepdy | oshpagpc.t eérnci dence rates, whil
variables constant and accounting for cluster
(Il RR=0.96803, 09%%3CI9)0. Mbz394 of the demographi
predictor variablesasadcisatgionkes daidéweaegrmei vn
effect model was that the proportion of house
costs was not statistically-1s,ig2092fG)c.ant (I RR=
The results fr ®Oantdh ¢& 2@ GiWettibhchattbéheousehol d f o
i nsecurtietrym unoenngpl oy ment , me epiaame nhto U saeh d li e si, n G

education had it at malgagsepsétyiinagl tnhoen asasmdeixat i on
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adj uGanepdy | osbpapc.t eernci dence rates have slightly
PHUs. The direction of the associations obser
those estimated and the GGWR model
Tab3Resul ts of the wunivar i arbelpeoGheegdy{ iospepc.Bien o mi
infections n 2021 (n=2133 from 32 Publ He a
Predictor Variables | RR 95%P"CI p-v al¢lu
Household Food I nsecurity| 0.99] . 97371, 0.848
Age Gr ouy 0O to 4 years 2. 87 .16102, <0.00

5 to 9 years 1. 404 . 02671, 0.029

10 to 19 years Ref . Ref . Ref .

20 to 29 years 1.29 . 97635, 0.067

30 to 39 years 1. 404 . 06317, 0. 014

40 to 49 years 1.47¢ 1.11680, 0. 004

50 to 59 years 1.59¢§ 1.21794, 0.000

60 and ol der 1.699¢ 1.31921, 0.000
Mal e sex (referent: femalg¢l.257 1.09550, 0.000
Lonrgerm Unempl oyment ( %) 0.87% 0.84855, <0.00
I nternal Mi gration (Five 1.03 1.02922, <0.00
Medi an Household I ncome 0.999 0.99997, <0.00
Househol dPawetnhh Pamilies 0.899 0.87301, <0.00
Education ( %) 0.95] 0.94336, <0.00
Households Spending >30% ¢ 0.954 0.94567, <0.00
8] RR: I ncidefAkl: RA5% Ranfi iodenceéStlarttiesrtvalaldfy tsh
pvalue O 0.05.

66



Tab8Results of the full mul t i v ap oGabnepdy | Noebgaact ti evre

Sspp. infections in 2021 (n=2133 from 32 Publ
Predictor Variables | RR 95% P"CI p-v alclu
Household Food Insecurity| 0.971 0.94836, 0.016
Age Grouy 0O to 4 years 2.50] 2.00126, <0.00

5 to 9 years 1.34§ 1.04429, 0.021

10 to 19 years Ref . Ref . Ref .

20 to 29 years 1.247 1.01151, 0.040

30 to 39 years 1.247 1.01105, 0.040

40 to 49 years 1.307 1.05261, 0.015

50 to 59 years 1.427 1.15868, 0.000

60 and ol der 1.50] 1.25161, 0.000
Mal e sex (referent: femalg¢l.24] 1.12795, 0.000
Lonrgerm Unempl oyment ( %) 0.964 0.93054, 0.053
I nternal Mi gration (Five 1.00 0.98773, 0.921
Medi an Household I ncome 0.999 0.99997, <0.00
Househol dPaweth Bamilies 0.92¢ 0.88916, 0.000
Education ( %) 0.96¢ 0.95017, 0.000
Households Spending >30% ¢ 1.01] 0.99974, 0. 056
28] RR: I ncidefkl: Ra5% RanfiiodencteéStlarttiesrtvialaldfy tsh

pvalue O 0.05.

67



mul t irvegporoCabepdg | Bibgat ey

TabdResults of the final
spp. infections in 2021 (n=2133 from 32
Predictor Variables | RR 95% P"CI p-v alclu
Household Food I nsecurity| 0. 97] . 94849, 0.0114
Age Grouy 0O to 4 years 2. 50 . 00144, <0.00
5 to 9 years 1. 344§ . 04439, 0.021
10 to 19 years Ref . Ref . Ref .
20 to 29 years 1. 247 01153 0.040
30 to 39 years 1. 244§ 01122, 0.040
40 to 49 years 1. 301 . 05279, 0.015
50 to 59 years 1. 42 . 15884, 0.000
60 and ol der 1.50] . 25176, 0.000
Mal e sex (referent: femalg¢ l. 24] . 12793, 0.000
Lonrgerm Unempl oyment ( %) 0. 961 93187, 0.049
Medi an Household I ncome 0. 99 99997, <0.00
Househol dPaweth Bamilies 0. 921 . 89262, 0.000
Education ( %) 0. 96 ¢ 95171, 0.000
Households Spending >30% ¢ 1.01 . 99972, 0. 056

3] RR:
pval ue O

0. 05.
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Tab8Results ofevthe minWHetdi sesfofneg omeogdo€@ltnefdy | obact er

Sspp. infections in 2021 (n=2133 from 32 Publ
Predictor Variables I RR 95% °cCI p-v a ldu
(I ntercept) 0.02 0.00690, <0.00
Household Food I nsecurity| 0.96¢§ 0.94294, 0.015
Age 0O to 4 years 2.4971 1.99453, <0.00

5 to 9 years 1.34¢ 1.04559, 0.021

10 to 19 years Ref . Ref . Ref .

20 to 29 years 1.247 1.01199, 0.038

30 to 39 years 1.247 1.00947, 0.040

40 to 49 years 1.30 1.05008, 0. 016

50 to 59 years 1.424 1.16090, 0.000

60 and ol der 1.51¢ 1.25726, 0.000
Mal e sex (referent: femalg¢l. 247 1.12916, 0.000
Lonrgerm Unempl oyment ( %) 0.95 0.92274, 0. 034
Medi an Household I ncome 0.999 0.99997, 0.001
Househol dPaweth Bamilies 0.93% 0.89896, 0.001
Education ( %) 0.967 0.95033, 0.000
Households Spending >30% 1.00 0.99086¢6, 0.312
aThe Health Region of a PHU was the random i nt

(0.1078) and standard deviati o’ RR2. 3 1&3)d emfc eH
RatfCd.: 95% Confi denclStlarntiertv alahddy usi ePOnli(RROGa n t
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Tab9dResults of the Generalized Geeoggrraphdi cal ly
Campy!| oshpapcfteecrt Opnnhari a@O0@4dnada

Predictor Vari| Mi#® QPF) | Medi Q3) Ma% | GI o®

X I ntercept 0.00/0.01]0.01]0.01/0.01|{0.01

Household Food I nse0.97/0.97/0.97/0.97|/0.98/0.98

Lorgerm Unemployment{0O0.95[/0.95/0.95|/0.95/{0.95/0.95

Medi an Household In0.99/0.99{0.99{0.99(0.99|0.99

Househol dPawethh ©Bmana 0. 95/0. 95/0.96/0.96/0.96/0. 95

Education ( %) 0.97/(0.97{0.97|{0.97({0.97|,0.97

aMin: Minimum coefficiedQlvaFuesi'fheotazeiGGIR() ME
Q3: Thir d!'pearracadMliaed ;g )Ma xi mum coefficient value
Gl obal: The value of the coefficients in a gl
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0.9740
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FiguxSpalti al dagaéndhmag isnceiadd enc e ( RBRge Rart ti eods
Campy!l ocshpapatf eretsit @ ma tae &y efnredaml i zed geographicall
(GGWRsiangPoi ss,aormedeBO0 Publ i cEdHdehm | mahp Unh dws itn
assochatweoeinrnahdeslgguest ed i nCanhpeylk eshpspantde s o f
predict art uwarei Pulbd i ¢ Healdi mgUmail it loewhelr predic
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4. 4. 2 DeterminantacbtieBakbmanebba Ppplic Heal't
The results of the univariabl eslathi?2d Holusekalda
food insecurity was nd&tal smoghepfliacant dgnasspbat a
uni variabl e model (I RR=05M®M®2D0)Y¥.4,APbin iCdn al. 19y9,1 4t
not significammuini vaei &bl & mwmodefs indicating
was not a si gni faincdaasdg xwSad ehdosfegrl aohcagence r at
controlling for other covariates. The proport
in the |l ast five year and median household in
finalvauil &bl e model

The proportion of households spending>30%
only census predictor signifi8ahmdbsyepgalsa oci at e
infections, in the wunivarl.abd)e amod erhu (A iRWRarli. Ok
onenit increase in the proportion of househol ¢
was associated with appeoasnymastiged yt ead 3i%n ¢ ind e e @
Sal mosspgwhial e hol ding caaddt anthe(rl RRT1 .abld 649 ,c 9579
1.04604). All other census predictor variabl e
mul tivariabl e model s.

The results obtlaeivneeld nfirxoend tehfeB)entatést emocdoenls i (ST

with the final mu 2t .i viahreé add tei maotdeed Vdraibdrecd of

(Health Region) was very smal/l afamed- saedy ustin
adjusted IinSadmoxmep I aitrefse otfi ons were rel ati vel
regions. Thus, there were no substanti al chan
the predictor variabted to the mixed model . co
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The results fr o#andeF BpgGU\Ratlit(iczatdt lelto Usehol d f ¢
i nsecurtietrym unoenngp| oy ment, meeiaamenhtoudsaerhdlidsi,na
education had @it ait mahgegptéhyaitabt meonas so<cainadt i on L
sexd) uSalemosep | ai nci dence rates and these vari
Ontario PHUs. Moreover, the direction of the

was the same as those estimated and t he GGWR
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TablOResults of the wunivar i arbelpeoSkteglatey € aBi nom
infections in 2021 (n=1177 from 32 Public Hea

Predictor Variables | RR 95% P"CI p-v alclu
Household Food I nsecurity| 1.02 0.99140, 0.157
Age Grouy 0O to 4 years 4. 464 3.37507, <0.00
5 to 9 years 1.847 1.32054, 0.000
10 to 19 years 1.184 0.86887, 0. 286
20 to 29 years 1.75¢ 1.33013, 0.000
30 to 39 years 1.08§ 0.80530, 0. 584
40 to 49 years Ref . Ref . Ref .
50 to 59 years 1.17 0.86707, 0.301
60 and ol der 1.684 1.29932, 0.000
Female sex (referent: Mal ¢ 1.01¢§ 0.86161, 0.828
Lonrgerm Unempl oyment ( %) 1.00 0.95776, 0.994
I nternal Mi gration (Five 0.997 0.97963, 0. 294
Medi an Household I ncome 1.00 1.00000, 0.2214
Househol dPaweth Bamilies 1.00] 0.96675, 0.861
Education ( %) 1.00% 0.99230, 0.408
Households Spending >30% ¢ 1.011 1.00461, 0.007
28] RR: I ncidefkl: Ra5% RanfiiodencteéStlarttiesrtvialaldfy tsh

pvalue O 0.05.
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Tabll&esults of the ful mul t i v ap oShablendosiNegiglaat i v
infections n 2021 (n=1177 from 32 Publ
Predictor Variables | RR 95% P"CI p-v alclu
Household Food Insecurity| 1.017 0.97673, 0.491
Age Grouy 0O to 4 years 4. 497 3.41478, <0.00
5 to 9 years 1.84§ 1.33049, 0.000
10 to 19 years 1.18§ 0.87537, 0. 268
20 to 29 years 1.76 1.33773, 0.000
30 to 39 years 1.08¢ 0.80908, 0.575
40 to 49 years Ref . Ref . Ref .
50 to 59 years 1.17 0.87047, 0.293
60 and ol der 1.699¢ 1.31596, 0.000
Female sex (referent: Mal ¢ 1. 00] 0.87872, 0.982
Lonrgerm Unempl oyment ( %) 0.95]7 0.90535, 0.115
I nternal Mi gration (Five 1.007 0.98416, 0.814
Medi an Household I ncome 1.00 0.99999, 0.846
Househol dPaweth Bamilies 0.983 0.92916, 0.547
Education ( %) 0.99¢( 0.96597, 0. 435
Households Spending >30% ¢ 1.02¢ 1.00713, 0.007

4] RR:
pval ue

Il nci deACle: Ra5% ®anfiiodenceStlartti esrtvialaldfy tsh
O 0.05.

75



TablR&ebults of the final mul t irvegproBabehde n Bl b at i

Sspp. infections in 2021 (n=1177 from 32 Publi
Predictor Variables | RR 95% P"CI p-v alclu
Household Food Insecurity| 1.01%7 0.97704, 0.5014
Age Grouy 0O to 4 years 4. 49 3.41335, <0.00

5 to 9 years 1.84§ 1.33022, 0.000

10 to 19 years 1.18§ 0.87507, 0.269

20 to 29 years 1.76] 1.33723, 0.000

30 to 39 years 1.08§ 0.80857, 0.577

40 to 49 years Ref . Ref . Ref .

50 to 59 years 1.17 0.87029, 0. 294

60 and ol der 1.69¢ 1.31501, 0.000
Female sex (referent: Mal ¢ 1. 00] 0.87876, 0.981
Lonrgerm Unempl oyment ( %) 0.95¢ 0.91018, 0.121
Househol dPawetnh Pamilies 0.97¢ 0.93795, 0. 243
Education ( %) 0.98¢ 0.970614, 0.302
Households Spending >30% ¢ 1.02¢ 1.00748, 0.006
8] RR: I ncidefAkl: R25% RanfiiodenceéStlarttiesrtvalaldfy tsh

pvalue O 0.05.

76



TablBRebul ts of vthe minWNetdi ae fi fveec tBs nompatlt t emdde |

Sal mosiagp |l ai nfections in 2021 (n=1177 from 32
Predictor Variables I RR 95% °cCI p-v a ldu
(I'ntercept) 0.00 0.00002, <0.00
Household Food Insecurity| 1.013 0.97706, 0.505
Age 0O to 4 years 4.49% 3.39091, <0.00
5 to 9 years 1. 84 1.33200, 0.000
10 to 19 years 1.18¢§ 0.87405, 0.271
20 to 29 years 1.767 1.33389, 0.000
30 to 39 years 1.08¢§ 0.80584, 0.580
40 to 49 years Ref . Ref . Ref .
50 to 59 years 1.17 0.86906, 0.300
60 and ol der 1.69¢ 1.309009, 0.000
Female sex (referent: Mal ¢ 1. 00] 0.87796, 0.981
Lonrgerm Unempl oyment ( %) 0.95 0.91070, 0.123
Househol dPaweth Bamilies 0.97¢ 0.93800, 0. 2414
Education ( %) 0.989 0.97066, 0.305
Households Spending >30% 1.02¢ 1.00740, 0. 006

@aThe Health Region of

(0.0000000004306) and
| RR: I ncideflle: Ra5% ®anfiiodencieStlantiertvialaldfy t

signi fviad airet Op 0. 05.
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TabM&kkebBults of the Generalized Geadgmoampilcaal |y
i nfectOnarmasg iior0@4adnada (

Predictor Varia Min| QP [Medi| Q3) | Ma% |Gl od

X I ntercept 0.000.00/0.00/0.00/{0.00{0.00

Household Food I nsecy¢yl1.01{1.01/1.01{1.01|1.01/1.01

Lortgerm Unempl oyment 0.96/{0.96/0.96/0.97/0.97/0. 96

Househol dPaweth PBamil|0. 96/0. 96/0. 96/0. 97/0.97/0. 96

Education ( %) 0.99/0.99/0.99/0.99/0.99/0. 99

Households Spending
( %) 1.02/1.02[/1.02[1.02[{1.02[/1.02

@Min: Minimum coefficiedQlvaFuesi'fheoaeiGIGIR() ME
Q3: Thir d!'parracadMlaed ;g )Mm xi mum coefficient value
Gl obal: The value of the coefficients in a re
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Salmonella spp. Salmonella spp.

Household Food Insecurity IRR Longterm Unemployment IRR

1.0150 0.976
1.0145 Hge
0.968
1.0140
0.964
1.0135

Salmonella spp.

One Parent Families IRR Education IRR

0.970 0.9915
0.969 0.9912
0.968 0.9909

0.9906

0.967

Salmonella spp.

Households spending >30% on shelter costs IRR

1.0250
1.0248

1.0246

FiguxSpalti al dagéndimalgwuesn eaf | nci(dleRoRf)ee pRatte dRa

Sal moswwiprdfaect i ons ae sgteinneartaeld zferdonyeogr aphically
(GGWRsiangPoi ss,apormedeBO0 Publ i cEdHelm | mahp Unh dwes itn
assochatweoennahtdesggest ed i nSaldmoxearrdatae sproefdi ct

var iaatbltehe Publi¢ Headldi mgUmaili lewelr predictor
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4. 4.3 Determinants of STEC Incidence across P
The results of the univariabl eslah’/d Tmohéti vari a
proportion of households experiencing food in
incidence rates of STEC infections in-the uni
1.00082) . However, householhde ffouold iannsde cfuirniatly n
model s. I n the fiaoatkenmul i hcaeiaakl enmotel preva
insecurity was associdéede avs ¢-hinal rasdlg upsatgesdi mat e
incidence rates of STEC, while holding all ot
0.830B.1%8399). The proportion oft etrhme umcpnpll aotyimen

the proportion of the pogdid aitn otnhe& hlads th afsi \me v\

household income were the only variables not
Al l census predictors wehree isnicgind efniccea nrtaltye sa
the univariable model. Thepapeopofamonhi e If 80 s

proportion of tplostpegwlnatairgyn cwirtthafmdc atthee, di pl
proportion of households spending>30% on shel
werse atisitgriafiilyant in the multivariabl e model

The results obtlaeivneeld nfirxoend tehfeB)entutiwse ineo dreols t(I T
consistent with the fi7hal Hmwevevarhabsehmbdef
was no | onger signifi-aaddd yadjssotce chtierdc iwd & hc
the r-ahfdeomt s model (IRR=-0.02896). 95he Cl RRs 8501
proportion of 4dpaveeaholf adami Wiek ¢Hme¢, the propor
postsecondary <certiafnidc atthee, pdriopploornai,o noro fd ehgoruesee

on shelter costsn toamemabdmedeghi fi cant
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Tabb&ebults of the univapoRbE@ iPmofiectoino mso dien
from 32 Public Health Units)
Predictor Variables | RR 95% P"CI p-v alclu
Household Food Insecurity| 0.94§ 0.89886, 0.052
Age Grouy 0O to 4 years 7.27% 3.83665, <0.00
5 to 9 years 4.117 2.02285, 0.000
10 to 19 years 1.96¢ 0.96622, 0. 066
20 to 29 years 1.78 0.89643, 0.107
30 to 39 years 1.06 0.48079, 0. 884
40 to 49 years 1.727 0.84596, 0.140
50 to 59 years Ref . Ref . Ref .
60 and ol der 1.39¢ 0.73500, 0.325
Female sex (referent: Mal ¢ 1.40] 1.02998, 0. 032
Lonrgerm Unempl oyment ( %) 0.86¢ 0.79929, 0.000
I nternal Mi gration (Five 1.03% 1.01222, 0.002
Medi an Household I ncome 1.00 1.00000, 0.013
Househol dPawetnhh Peamilies 0.82¢ 0.77077, <0.00
Education ( %) 0.98¢ 0.96249, 0.272
Households Spending >30% ¢ 0.987 0.96162, 0. 098

2] RR:

pvalue O 0.05.
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Table&kebults of the fulll muelptoiSVi&ei abf ecPoobsson
(n=165 from 32 Public Health Units)
Predictor Variables | RR 95% P"CI p-v alclu
Household Food Insecurity| 0.89¢ 0.81930, 0.0214
Age Grouy 0O to 4 years 7.31% 3.85703, <0.00

5 to 9 years 4.113] 2.02069, 0.000

10 to 19 years 1.95¢ 0.96240, 0. 068

20 to 29 years 1.87 0.94103, 0.081

30 to 39 years 1.10¢ 0.50162, 0.801

40 to 49 years 1.73¢ 0.853009, 0. 134

50 to 59 years Ref . Ref . Ref .

60 and ol der 1.38] 0.72653, 0.341
Female sex (referent: Mal ¢ 1.43] 1.05365, 0.022
Lonrgerm Unempl oyment ( %) 1.001 0.86620, 0.920
I nternal Mi gration (Five 0.98 0.93531, 0. 404
Medi an Household I ncome 1.00 0.99997, 0.941
Househol dPawetnhh Peamilies 0.744 0.63513, 0.000
Education ( %) 0.91 0.86282, 0.009
Households Spending >30% ¢ 1.09¢ 1.03853, 0.000
28] RR: I ncidefkl: Ra5% ®RanfiiodencteéStlartti esrtvi alaldfy

pval ue O

0.05.

8 2
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Tabl7&®kebults of the final mepoITvEA iianbfleec tPiooinsss oi
(n=165 from 32 Public Health Units)
Predictor Variables | RR 95% P"CI p-v alclu
Household Food Insecurity| 0.90% 0.83315, 0.019
Age Grouy 0O to 4 years 7.32¢§ 3.86424 <0.00
5 to 9 years 4. 12 2.02420, 0.000
10 to 19 years 1.967 0.96433, 0.067
20 to 29 years 1.87¢ 0.945009, 0.079
30 to 39 years 1.10 0.502114, 0.799
40 to 49 years 1.73 0.85357, 0. 134
50 to 59 years Ref . Ref . Ref .
60 and ol der 1.38 0. 72644, 0.342
Female sex (referent: Mal ¢ 1. 43 1.05353, 0.022
Househol dPaweth PBamilies 0.76 0.69505, <0.00
Education ( %) 0.92§ 0.88630, 0.001
Households Spending >30% ¢ 1.09% 1.04463, 0.000

4] RR:
pval ue

Il nci deAle: Ra5% ®anfiiodenceStlantti esrtvialaldfy

O 0.

05.

8 3

tsh



TablBRebults dfeviehe minHetdi sesfofne oneopdo& M Eo ¥ nf ect i or
in 2021 (n=165 from 32 Public Health Units)
Predictor Variables | RR 95% P"CI p-v alclu
(I'ntercept) 0.004 0.000114, 0.002
Household Food Insecurity| 0.93¢ 0.85062, 0.175
Age Grouy 0O to 4 years 7.23% 3.71371, <0.00

5 to 9 years 4. 0784 1.97962, 0.000

10 to 19 years 1.94% 0.94406, 0.071

20 to 29 years 1.85¢§ 0.91927, 0. 084

30 to 39 years 1.09% 0.49953, 0.820

40 to 49 years 1.72 0. 83666, 0.139

50 to 59 years Ref . Ref . Ref .

60 and ol der 1.384 0.70873, 0.340
Female sex (referent: Mal ¢ 1. 43 1.05100, 0.022
Househol dPaweth Pamilies 0.74¢ 0.66996, <0.00
Education ( %) 0.93¢ 0.89579, 0.008
Households Spending >30% ¢ 1.10% 1.04071, 0.001
@aThe Health Region of a PHU was the random
(0.1078) and standard deviati o1 RR0. 3 &3 )d enfc eH
RatfCd.: 95% Confi denclStlarnti esrtv alabhddy ush ePOnli(R.ROGa n t

8 4
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4. 4. 4 Detdimitramtas mbinocydyeongenasross Public He
Age group categories were collapsed into 0 to
ol der due to kEesbecinaemomongse®mg&inedge groups.
household food insecurity handd-adgpxast edvienabsde
ratesgs saferi a monhRRy1I .o@)nies the wunivariabl e, fu
mo d el ssl9-Zhathd we ¥ daes, s oci at i o-ra nlleasddeudksit seddg e | a

monocytiongcendeesnce ratesnanfi hbesphopds experien

was not statiismiyadaltlhye ganogreil fsi.c arhte proporti on

moved within Canada in the | ast five-pyagaems (%
families (%) were the only variables not 1incl

Among the census predictor variables, the
| ohgrm unempl oyment (%), was the only census
wi thsteria momoicyemge nreat es i n tAlerehi hal nmuokfi

in the proportion of thetepmpuhempboymbat wape
with an approxi matearR®-uUsdglest edséenkchnsehbeiceagat e
monocytoguéimée holdingsalhtof{ h®&R=Va7iB@dBRes 9& éon
0. 97.885pt her census predictor variables were

model s.
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TablO&kebBults of the uni vapolaibsetde rPioa smomomo anotdoed e r
infections in 2021 (n=72 from 32 Public Healt

Predictor Variables I RR 95% P"CI p-v al®u
Household Food Insecurity 1.009 0.90750, 0. 867
A G
ge Broll 5 to 9 years 6.143 1.84691, 0.002
10 to 49 years Ref . Ref . Ref .
50 to 59 years 6.839 2.35396, 0.000
60 and ol der 21.61 9.47825, <0.00
Female sex (referent: Mal|l 1.015 O0.55560, 0.960
Lorgerm Unempl oyment ( %) 0.91q 0.78750, 0. 291
I nternal Mi gration (Five 0.9824 0.93530, 0.470¢0
Medi an Household | ncome 0.999 0.99996, 0.381
Househol dPawenh Bamilies 1.0213 0.89671, 0.7614
Education ( %) 1.005 0.96055, 0. 827
Households Spending >30% 1.004 0.96301, 0.848
8] RR: I ncidefAkl: RA5% RanfiiodenceéStlarttiesrtvalaldfy tsh

pvalue O 0.05.
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TabaResults of the full muel ptoirvtaetde a b e mPoos y o0
infections in 2021 (n=72 from 32 Public Healt

Predictor Variables | RR 95% P"CI p-v alclu
Household Food I nsecurity 1.068 0.92407, 0.379
A G
ge Broll 5 to 9 years 6.304 1.89753, 0.002
10 to 49 years Ref . Ref . Ref .
50 to 59 years 6.948 2.40008, 0.000
60 and ol der 22.71 9.99239, <0.00
Female sex (referent: Mal| 0.948 0.59655, 0.822
Lonmgerm Unempl oyment ( %) 0.774 0.56728, 0.069
I nternal Mi gration (Five 0.994 0.92064, 0.88¢0
Medi an Household | ncome 0.999 0.999914, 0.360
Househol dPawenh Bamilies 1.021 0.78776, 0. 867
Education ( %) 1.062 0.96745, 0.211
Households Spending >30% 1.026 0.96050, 0. 441
8] RR: I ncidefAkl: RA5% RanfiiodenceéStlarttiesrtvalaldfy tsh

pvalue O 0.05.
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Tabll&kedul ts of the final mepolrivsatde raibal emoPnooi csystoc
infections in 2021 (n=72 from 32 Public Healt
Predictor Variables | RR 95% P"CI p-v alclu
Household Food Insecurity 1.069 0.93151, 0.341
A
ge Groul 4 145 9 years 6.304 1.89752, 0.002

10 to 49 years Ref . Ref . Ref .

50 to 59 years 6.9409 2.39730, 0.000¢0Q

60 and ol der 22.66] 9.97113, <0.00
Female sex (referent: Mal| 0.948 0.59652, 0.822
Lonmgerm Unempl oyment ( %) 0.780 0.59886, 0. 044
Medi an Household | ncome 0.999 0.99995, 0.113
Education ( %) 1.068 0.98876, 0. 091
Households Spending >30% 1.031 0.97057, 0. 327

nci de ARG le:
O 0.05.

2] RR: |
pval ue

8 8
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4. 4.5 Determinalnnesi ddn Sdi gyer d as shwpbl i c Heal th
The results of the univariabl es22-#Md Holusekhalda
food insecurity was not-asidgasdgfu sctaend |iyn caisdseoncc ea
Shi gseplplna any of the wunivariable and multivari a
0. 9418.9067 575, | RR=0. 9 710.2122 0 215,% & d Ol. BR=114:701355,
1.14945) .

Il n the univariable model, all cerSshusgeddwaar
Spp. incidence rates. However, none of the ce
mul tivariable model. After excluding the prop
Canada in the | ast five years (t%)o,n noefdihaonu shechuw
spending>30% on shelter costs from the full m
in the final model vodrdes twpda rhe rotnpdéami onesf (RO u
proportion of tplostpegwlnatairgn cwirtth facate, dipl

The results obtlaeivneeld nfirxoend tehfeb) entatést emocdoenls i (ST
with the final mu l4t .i viahre add tei maotdeed draibdrece& of
(Health Region) was minimal after adjusting f
Sal mosawep | ami xTwae +aaqdedsdgxust ed i nShidgsepcpear at es o
i nf ewtirensati vely similar across health region
changes in the directifon,hemagnreidtiuwdeo,r ovrarsiiagnie

compared to the fixed effects model
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TablR&kezdults of the univapoS3hikgdeppPloa s dmcmodals
(n=125 from 32 Public Health Units)
Predictor Variables | RR 95% P"CI p-v alclu
Household Food Insecurity| 1.00¢ 0.94896, 0.756
Age Grouy 0O to 4 years 7.12¢ 3.42994, <0.00
5 to 9 years 3.09¢ 1.21383, 0.013
10 to 19 years 1.109¢ 0.38638, 0. 834
20 to 29 years 3.47 1.770409, 0.000
30 to 39 years 4. 079 2.12496, 0.000
40 to 49 years 2.59] 1.23163, 0.012
50 to 59 years 2.084 0.96237, 0.061
60 and ol der Ref Ref . Ref .
Mal e sex (referent: Femal ¢ 2. 42] 1.66378, 0.000
Lonrgerm Unempl oyment ( %) 1.17% 1.06199, 0.002
I nternal Mi gration (Five 0.884 0.85273, <0.00
Medi an Household I ncome 0.999 0.99996, 0.006
Househol dPaweth Bamilies 1.31¢§ 1.21970, <0.00
Education ( %) 1.087 1.04778, <0.00
Households Spending >30% ¢ 1.08( 1.05606, <0.00
28] RR: I ncidefkl: Ra5% ®RanfiiodencteéStlartti esrtvi alaldfy
pvalue O 0.05.
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TablB&KRezdults of the ful nm uel pt oiS Wt aegdephpb.la ei Pfod cstsioonr
2021 (n=125 from 32 Public Health Units)
Predictor Variables | RR 95% P"CI p-v alclu
Household Food I nsecurity| 0.97 0.84147, 0.676
Age Grouy 0O to 4 years 6.74] 3.24225, <0.00
5 to 9 years 2.987 1.16821, 0.016
10 to 19 years 1.07%7 0.37319, 0. 888
20 to 29 years 2.92¢ 1.49271, 0.002
30 to 39 years 3.43¢ 1.78952, 0.000
40 to 49 years 2.38] 1.13115, 0.023
50 to 59 years 1.97% 0.91169, 0.083
60 and ol der Ref . Ref . Ref .
Mal e sex (referent: Femal ¢ 2. 37% 1.63201, 0.000
Lonrgerm Unempl oyment ( %) 0.83] 0.64342, 0.122
I nternal Mi gration (Five 0.96¢ 0.89505, 0. 363
Medi an Household I ncome 0.999 0.99995, 0.416
Househol dPawetnhh Peamilies 1.197 0.94658, 0. 116
Education ( %) 1.04§ 0.96097, 0.290
Households Spending >30% ¢ 1.024 0.96352, 0. 442

2] RR:

pvalue O 0.05.
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me p oS hviagdeplalbal e nPerc s 8§ 0
Uni t s)

Tabl4&kezdul ts of the final
in 2021 (n=125 from 32 Public Health
Predictor Variables | RR 95% P"CI p-v alclu
Household Food Insecurity| 1.01] 0.89885, 0.829
Age Grouy 0O to 4 years 6.68¢ 3.21611, <0.00
5 to 9 years 2.954 1.15746, 0.017
10 to 19 years 1.067 0.36968, 0.903
20 to 29 years 2.92¢ 1.49282, 0.002
30 to 39 years 3.43] 1.78649, 0.000
40 to 49 years 2.367]7 1.12464, 0. 024
50 to 59 years 1.96¢ 0.90749, 0.085
60 and ol der Ref . Ref . Ref .
Mal e sex (referent: Femal ¢ 2. 37¢ 1.63253, 0.000
Lonrgerm Unempl oyment ( %) 0.81 0. 64868, 0.051
Househol dPawetnh Pamilies 1.374 1.23501, <0.00
Education ( %) 1.087 1.03526, 0.001

4] RR:
pval ue
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Tablb®kezdul ts of vthe minWHetdisefofne omeopdod ht ietdept pl . a
infections in 2021 (n=125 from 32 Public Heal

Predictor Variables I RR 95% °cCI p-v a ldu
(I'ntercept) 0.00 0.00000, <0.00
Household Food Insecurity| 1.01] 0.89688, 0.829
Age Grouy 0O to 4 years 6.68¢ 3.19250, <0.00
5 to 9 years 2.954 1.20756, 0.017
10 to 19 years 1.067 0.39853, 0.903
20 to 29 years 2.92¢ 1.46362, 0.002
30 to 39 years 3.43] 1.74417, 0.000
40 to 49 years 2.367]7 1.11939, 0. 024
50 to 59 years 1.96¢ 0.90922, 0. 085
60 and ol der Ref . Ref . Ref .
Mal e sex (referent: Femal¢ 2.37¢ 1.61820, 0.000
Lonrgerm Unempl oyment ( %) 0.81 0.65585, 0.051
Househol dPawetnhh Peamilies 1.374 1.23216, <0.00
Education ( %) 1.087 1.03258, 0.000

aThe Health Region of a PHU was the random i nt
(0. 0000000004912) and standard devi at9lomR:( 0. 00
| nci dence®m®lat e95RAtGoonf i dencleStlantiesrtviealatdfy tshenl
value O 0.05.

93



4. 4.6 Det&€ymil nespipe aahnecnisdiesnce across Public He
The results of the univariabl es26-8d Holusekhalda
food insecurity was ndthesdagdeadlgmanhedyi assdena
Cycl osporaimawatyamdngih®e univariable or mul tiwv
direction of the association changed between
association (I RR=0-19688R2) 6thitor €5ulDl. 9DMR® 8f i nal
model s showed a paodi t0iewe 93 s DdE& 180tI5 7dn, 9 (RSRIR

|l RR=1.05841, -95%8Z27P. 94928

Il n the univariable model, the proportion o
shelter costs was the only ce@goabospunai aaget
incidence rates. None of the census covariate
model s.

The results obtlaeivneeld nfirxoend tehfed)entatést emocdoenls i (sT
with the final mu I8t .i viahre add tei maotdeed Vdraibdrec & of
(Health Region) was minimal after adjusting f
Sal mosnnmp ISadaingdeplpl.a mi xed model , i ndCyaltdasnmorteahe |
cayet amdresits ons were relatively similar acros
changes in the direancenwemagohsemdweedoirn st lyge i

to the fixed effects model
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Table&keadul ts of the uni vapbb@ycldo sPaoy esiesaonne nnsoi dse |
infections in 2021 (n=98 from 32 Public Heal't

Predictor Variables | RR 95% P"CI p-v alclu
Household Food Insecurity| 0.96§ 0.90298, 0.363
Age Grouy 0O to 4 years 1.137 0.05268, 0.918
5 to 9 years 1.04¢ 0. 04865, 0.970
10 to 19 years Ref . Ref . Ref .
20 to 29 years 2.34% 0.54041, 0.296
30 to 39 years 5.90] 1.66707, 0.018
40 to 49 years 7.447 2.13435, 0.007
50 to 59 years 8.04¢ 2.35111, 0. 004
60 and ol der 8.109¢ 2.4797T7, 0.003
Female sex (referent: Malg¢l1l.309¢ 0.88004, 0.186
Lonrgerm Unempl oyment ( %) 0.927 0.82992, 0.137
I nternal Mi gration (Five 1.02¢ 1.00022, 0.047
Medi an Household I ncome 1.00 0.99999, 0.660
Househol dPaweth Bamilies 0.93 0.85445, 0.095
Education ( %) 0.99¢ 0.96510, 0.825
Households Spending >30% ¢ 0.97]1 0.94422, 0.045
28] RR: I ncidefkl: Ra5% RanfiiodencteéStlarttiesrtvialaldfy tsh

pvalue O 0.05.
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Tabl7&®kezdul ts of the ful muel ptoCytaeidoe ppeta®onessbs
infections n 2021 (n=98 from 32 Public
Predictor Variables | RR 95% P"CI p-v alclu
Household Food Insecurity| 1.061 0.95461, 0.252
Age Grouy 0O to 4 years 1.13§ 0.05291, 0.915
5 to 9 years 1.044 0. 04854, 0.971
10 to 19 years Ref . Ref . Ref .
20 to 29 years 2.441 0.56261, 0. 274
30 to 39 years 6.08] 1.71514, 0.016
40 to 49 years 7.49] 2.14811, 0.007
50 to 59 years 8. 07% 2.35806, 0. 004
60 and ol der 8.00¢ 2. 44606, 0.004
Female sex (referent: Mal ¢ 1. 261 0.84816, 0. 253
Lonrgerm Unempl oyment ( %) 0.97 0.80806, 0. 737
I nternal Mi gration (Five 1.047 0.98760, 0.131
Medi an Household I ncome 0.999 0.99996, 0.749
Househol dPaweth Bamilies 1.05 0.87895, 0.575
Education ( %) 1.074 0.99454, 0.070
Households Spending >30% ¢ 0. 954 0.90136, 0.111

4] RR:
pval ue
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TablB&Rkeadul ts of the final mep o6Qywvcaldo capbp eda ahceinsss o
infections in 2021 (n=98 from 32 Public Heal't

Predictor Variables | RR 95% P"CI p-v alclu
Household Food Insecurity| 1.05% 0.94928, 0.309
Age Grouy 0O to 4 years 1.147 0. 05316, 0.912
5 to 9 years 1.047 0.04867, 0.969
10 to 19 years Ref . Ref . Ref .
20 to 29 years 2.451 0.56601, 0.270
30 to 39 years 6. 13% 1.73079, 0.015
40 to 49 years 7.51% 2.15520, 0. 006
50 to 59 years 8.104 2. 36683, 0. 004
60 and ol der 8.06¢ 2.46541, 0.0014
Female sex (referent: Mal ¢ 1.261 0.84836, 0. 253
I nternal Mi gration (Five 1.02¢§ 0.98555, 0.199
Education ( %) 1.054 0.99531, 0.075
Households Spending >30% ¢ 0.95¢§ 0.91150, 0.096
28] RR: I ncidefkl: Ra5% RanfiiodencteéStlarttiesrtvialaldfy tsh

pvalue O 0.05.
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TabloRkedul ts ofeviehe minHetdi sesfofne omeopdo@ Mt cefdos por a
cayentiameestisons in 2021 (n=98 from 32 Public
Predictor Variables I RR 95% °cCI p-v a ldu
(I'ntercept) 0.00 0.00000, <0.00
Household Food Insecurity| 1.05¢ 0.93552, 0.363
Age Grouy 0O to 4 years 1.147 0.10368, 0.912

5 to 9 years 1.047 0. 09494, 0.970

10 to 19 years Ref . Ref . Ref .

20 to 29 years 2.45¢ 0. 49558, 0.271

30 to 39 years 6. 13 1.40137, 0.016

40 to 49 years 7.51] 1. 73571, 0. 006

50 to 59 years 8.101 1.893514, 0. 004

60 and ol der 8.06] 1.93942, 0.0014
Female sex (referent: Mal ¢ 1.267 0.84625, 0.253
I nternal Mi gration (Five 1.02¢ 0.95904, 0.422
Education ( %) 1.05% 0.98753, 0.112
Households Spending >30% ¢ 0.95%§ 0.90393, 0.163
aThe Health Region of a PHU was the random i nt
(000253 and standard deviation (0" 2®RRA3) nafi dbkeralet
Rat e Rat:i 9.5% Conf i dencieStlartiesrtvialahddy ush eOnlitRROG:

98



4. 4.7 Det &imrmdanmat dd nwfl eéealcies across Public Heal
The results of the univariabl es3a®d Mmoétivari a
univariable model showed that the household f
wi Ghardia donoddeaktesrates (| RRI=00.09%68903)7. 6 Ho5Wwe v
both of the full and final multivariabl e mode
i nverse assoamnsexd uswietdh i a@Geé dedice dalbmeashnl@md i fsi
mul tivariabduei modek  reassad reenrc et od phousehol d ins
associated with an appreooxd-asdgxe s O &ddencedsesrcen
Giardia duwhiehal hel di ng al | ot her wvariabl es c«

0.95489) .

All the census predictor vari bbhedi wer e si
duodeinmmti dence rates in -té@emuuonnempi apmenimod®) ,
mi gration (five years), education (%), and th

shelter costs were the onlay icdmgxiad lwamitalbines h
final multivariable model s.

The results|l dvyeolm mihxednue ft 8§ e owtesr emaocdoenls i (sTtaebnlte
final multivariable model. Household food ins
wi th tanaedeaxdjeuGitaerddi a dwnoddepacesrates, while ho
variables constant and accounting for cluster
(Il RR=0.92756, 95% CI 0.88425,0.97299) . Most o
predictor variabl es gaemai dierdestidgaait fiadmaan tH owietvhe
di fference was that median household income b

model , with a weak po88 t95% QGIfs0Q@&@PHBP)6on (1 RR=
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The GGWR redlahts F @) aibratki hcdatt enousehol d food
internal mi gr attiernm (Unemplyeyament,, |maegiaare ntouse
families, and educatsitoant ihoanda rmitnyi.maTllh ussp a ttihael ans
sexd| uGiteerddi a dwnocddeaktesrates and predictor va
Ontario PHUs. The range of I RRs for househol d
the other pathogens. The direction of the ass

theesam those estimated and the GGWR model

100



Tab3Results of the wunivari arbelpecoGNeegddt avduBideaom
infections in 2021 (n=751 from 32 Public Heal

Predictor Variables | RR 95% P"CI p-v alclu
Household Food Insecurity| 0.96¢ 0.93306, 0.095
Age Grouy 0O to 4 years 3.26§ 1.87295, 0.000
5 to 9 years 2.39¢ 1.34557, 0.003
10 to 19 years Ref . Ref . Ref .
20 to 29 years 2.75] 1.66765, 0.000
30 to 39 years 4. 43)] 2.73630, <0.00
40 to 49 years 3.59% 2.19753, <0.00
50 to 59 years 3.62 2.22911, <0.00
60 and ol der 2.97¢ 1.86415, 0.000
Mal e sex (referent: Femalg¢ 1l.56 1.26180, 0.000
Lonrgerm Unempl oyment ( %) 0.89y 0.84930, 0.000
I nternal Mi gration (Five 1.03¢ 1.02299, <0.00
Medi an Household I ncome 0.999 0.99997, 0.000
Househol dPaweth Bamilies 0.95] 0.90800, 0.0414
Education ( %) 0.95 0.94393, 0.000
Households Spending >30% ¢ 0.971 0.96165, 0. 008
28] RR: I ncidefkl: Ra5% RanfiiodencteéStlarttiesrtvialaldfy tsh

pvalue O 0.05.
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Tabll&ke3ul ts of the full mul ti veapoGibarddi Neegat i v
duodeinmflacsti ons in 2021 (n=751 from 32 Public

Predictor Variables | RR 95% P"CI p-v alclu
Household Food Insecurity| 0.914 0.876114, 0.000
Age Grouy 0O to 4 years 2.9271 1.81503, 0.000
5 to 9 years 2.20] 1.33100, 0.002
10 to 19 years Ref . Ref . Ref .
20 to 29 years 2.461 1.63039, 0.000
30 to 39 years 3.573 2.40258, <0.00
40 to 49 years 3.03] 2.01529, <0.00
50 to 59 years 3.08¢ 2.07023, <0.00
60 and ol der 2.391 1.62780, 0.000
Mal e sex (referent: Femal ¢ 1. 63§ 1.38691, <0.00
Lonrgerm Unempl oyment ( %) 0.929¢ 0.86896, 0.025
I nternal Mi gration (Five 1.04% 1.02236, 0.000
Medi an Household I ncome 0.999 0.99998, 0.077
Househol dPaweth Bamilies 0.99]7 0.92653, 0.790
Education ( %) 0.934 0.90500, 0.000
Households Spending >30% ¢ 1.08% 1.05751, <0.00
28] RR: I ncidefkl: Ra5% RanfiiodencteéStlarttiesrtvialaldfy tsh

pvalue O 0.05.
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Tabl2&e3ults of the final mul tirvegproGekbkelddi &legat i
duodeinmfldacsti ons in 2021 (n=751 from 32 Publ
Predictor Variables | RR 95% P"CI p-v alclu
Household Food Insecurity| 0.915 0.87714, 0.000
Age Grouyg 0O to 4 years 2.927 1.81513, 0.000

5 to 9 years 2.201 1.33095, 0.002

10 to 19 years Ref . Ref . Ref .

20 to 29 years 2. 46 2 1.63054, 0.000

30 to 39 years 3.5720 2.40261, <0.00

40 to 49 years 3.030 2.01507, <0.00

50 to 59 years 3.089 2.07036, <0.00

60 and ol der 2.398 1.62879, 0.000
Mal e sex (referent: Femalg¢ 1.638 1.38699, <0.00
Loatgerm Unempl oyment ( %) 0.925 0.87246, 0.007
Internal Migration (Five 1.046 1.02616, 0.000
Medi an Household | ncome 0.999 0.99998, 0.075
Education ( %) 0.935 0.90724, 0.000
Households Spending >30% ¢ 1.084 1.05776, <0.00

3] RR:
pval ue

Il nci defACle: Ra5% ®anfiiodenceStlartti esrtvialaldfy
O 0.05.

tsH
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TabB®Re3ul t sl evfelmumitNeedy ad fi fveec tBs n o mp aeGitaardddiea f o
duodeinmflacsti ons in 2021 (n=751 from 32 Public
Predictor Variables I RR 95% °cCI p-v a ldu
(I'ntercept) 0.00 0.00011, <0.00
Household Food Insecurity| 0.921 0.88425, 0.002
Age Grouy 0O to 4 years 2.91¢4 . 80740, 0. 000

5 to 9 years 2. 18¢ . 32749, 0.002

10 to 19 years Ref . Ref . Ref .

20 to 29 years 2. 451 . 61539, 0.000

30 to 39 years 3.53]1 . 34942, <0.00

40 to 49 years 2. 909 ¢ . 97269, <0.00

50 to 59 years 3.071 . 04207, <0.00

60 and ol der 2.36] .59051, 0.000
Mal e sex (referent: Femal ¢ 1. 641 . 39367, <0.00
Lonrgerm Unempl oyment ( %) 0. 88 . 83093, 0.000
I nternal Mi gration (Five 1. 04§ . 02523, 0.000
Medi an Household | ncome 0. 99 . 99996, 0.019
Education ( %) 0.95 . 92452, 0.029
Households Spending >30% ¢ 1. 06 ¢ . 03005, 0.000
aThe Health Region of a PHU was the random i nt
(00583 and standard deviation (0°1RRI4) nafi deealet
RatfCd.: 95% Confi denclStlarntiertv alahddy usi ePOnli(RROGa n t
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TabM&ke3 ults of Generalized GeoGraptiaadlgd&ea
i nfectOnarmasg iior0@4adnada (

Predictor Varia Min| QP [Medi| Q3) | Ma% |Gl od

X I ntercept 0.000.00/0.00/0.00/{0.00{0.00

Household Food I nsecy0.91{0. 92/0.92{0.92/0.92/0.91

Lortgerm Unempl oyment 0.90/0.91/0.91{0.92{0.93/0. 92

I nternal Migration (91.04/1.05/1.05/1.05(1.05|1.05

Medi an Household I ncdq0.99/0.99/0.99/0.99/0.99/0. 99

Education ( %) 0.92/0.93/0.93/0.94/0.94/0. 93

Households Spending 31.08/1.09|1.09|1.10{1.10{1.009
( %)

aMi n: Minimum coefficiefQlvaFuercidehbd" G&WRS Inc
per cen3i:l eNh.i r d! heuracehMlaed ;g ) MR Xxi mum coefficient
GGWR mdéBebbal: The value of the coefficients

(gl m).
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Giardia Giardia
Household Food Insecurity IRR

0.9275
0.9250
0.9225

0.9200
0.9175

Longterm Unemployment IRR
0.930

0.920

0.925
0.915

0.910

Giardia Giardia

Median Household Income IRR

0.9999894
0.9999892
0.9999890

Five Year Internal Migrant Mobility IRR

1.058
1.056
1.054

1.052

0.9999888
1.050
0.9999886
Giardia Giardia
i =
One Parent Families IRR l £ Education IRR
0.9825 :
0.9800 0939
0.9775 0.936
09750 0.933
0.9725
0.9700 0.930

Giardia

Households spending >30% on shelter costs IRR
1.105

1.100

1.095

1.090

FigukSpalti al dagéandimsglgiusern eaf | nci(dleRoRf)ee pRatte dRa
Giardia dubdbdehabns aesgteinneartaeld zferdongeogr aphicall
(GGWRsiangPoi ss,apormedeBO Publ i cEdHelm | mahp Unh dwes itn
assochatweoennanhdeslggiest ed i nGi dedice dadeanalis

predict art uarei Pulbd i ¢ Healdi mgUmail i loewelr predic
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4. 4.8 Deter mi Alamd¢isdeoricdeparnross sPublic Health |

The results of the univariabl es38/d Housekalda

food insecurity had a -mogi-asigwes taesds oicn caitd eomc ewic
in the univariable, full, and final mul tivari
bet weenanbesdggested incidence rates of hepatit
experiencing household food insecurity were s

variables constan®0. OBR.RB44 DB,54I8RROBK.0 8949, 95¢

1.35574, and | RR=1:103144&%,5)95% ClI 0.92322

Among the census predictor variables, the
within Canada in the | ast five years (%) was
with hepatitis A incidence ratdes$ sinlihheée henifva

mul tivariabduei modekcyreasenen the proportion of
within Canada in the | ast five year-and%)sewas
adjusted incidence ahtestbhé&rhepatabl esAcohel d
popul at iporstwietctonalary certifaodtehedppbpmati on
households spending>30% on shelter costs ( %)

uni variabl e modtdti sit ghreigfl iiwearet nion t he mul ti var
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Tabl5Re3sul ts of the uni vapohaebpeadt iPtoii ss sfo ni nnfoedcetli c
(n=51 from 32 Rublic Health Units)

Predictor Variables | RR 95% P"CI p-v alclu
Household Food Insecurity| 1.03% 0.93889, 0.489
Age Grouy 0O to 4 years 8.44¢1.08169, 0. 064
5 to 9 years 23.40 4.399009, 0.002
10 to 19 years 11.18 2.10124, 0.022
20 to 29 years 15.543.17356, 0.007
30 to 39 years 2.93% 0.37582, 0.351
40 to 49 years 3.267 0.41775, 0.305
50 to 59 years Ref . Ref . Ref .
60 and ol der 3.9171 0.69716, 0.201
Mal e sex (referent: Femal ¢ 1. 454 0.83732, 0.188
Lonrgerm Unempl oyment ( %) 1.087 0.92928, 0.317
I nternal Mi gration (Five 0.91] 0.86725, 0.000
Medi an Household I ncome 1.00 0.99999, 0.380
Househol dPaweth Bamilies 1.10 0.98168, 0.100
Education ( %) 1.06% 1.01601, 0.010
Households Spending >30% ¢ 1.04] 1.00697, 0.018
28] RR: I ncidefkl: Ra5% RanfiiodencteéStlarttiesrtvialaldfy tsh

pvalue O 0.05.
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Table&ke3ul ts of the full muel ptoitretpeadt a bi 8 Roi BB ean
2021 (n=51 from 3.2 Public Health Units)

Predictor Variables | RR 95% P"CI p-v alclu
Household Food Insecurity| 1.08% 0.87295, 0.459
Age Grouy 0O to 4 years 8.45¢1.08258, 0.064
5 to 9 years 23.38 4.39341, 0.002
10 to 19 years 11.03 2. 07273, 0.022
20 to 29 years 14.36 2.93264, 0.0009
30 to 39 years 2.78% 0.35652, 0.375
40 to 49 years 3.18] 0.40731, 0.316
50 to 59 years Ref . Ref . Ref .
60 and ol der 4.134 0.73629, 0.183
Mal e sex (referent: Femalq¢ 1.39] 0.80158, 0.244
Lonrgerm Unempl oyment ( %) 0.927 0.63406, 0.625
I nternal Mi gration (Five 0.89] 0.79606, 0. 038
Medi an Household I ncome 1.00 0.99996, 0.510
Househol dPaweth Bamilies 1.01¢ 0.69485, 0.927
Education ( %) 1.02 0.90167, 0.677
Households Spending >30% ¢ 0. 96§ 0.88338, 0.491
28] RR: I ncidefkl: Ra5% RanfiiodencteéStlarttiesrtvialaldfy tsh

pvalue O 0.05.
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Tabl7&ke3 ul ts of the final mepohevpaadtiiatbilse AP ainsfsecc
2021 (n=51 from 3.2 Public Health Units)

Predictor Variables | RR 95% P"CI p-v alclu
Household Food Insecurity| 1.03]1 0.92322, 0.567
Age Grouy 0O to 4 years 8.4641.08362, 0. 064
5 to 9 years 23.40 4.397009, 0.002
10 to 19 years 11.02 2. 07217, 0.022
20 to 29 years 14.36 2.93306, 0.0009
30 to 39 years 2.79] 0.35734, 0.373
40 to 49 years 3.184 0.40764, 0.315
50 to 59 years Ref . Ref . Ref .
60 and ol der 4.14]1 0.73667, 0.183
Mal e sex (referent: Femalgq¢ 1.39] 0.80101, 0.245
I nternal Mi gration (Five 0.87¢ 0.81179, 0.000
Medi an Household I ncome 1.00 0.99999, 0.111
Households Spending >30% ¢ 0.96¢§ 0.91843, 0.242
28] RR: I ncidefkl: Ra5% RanfiiodencteéStlarttiesrtvialaldfy tsh

pvalue O 0.05.
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5. Di scussion

5.1 Overview of Thesis Findings
Tht Besi & egil mehde associtahe omr éowed lwerdaeey @ld d hous eh
insecurity and the incidemde gofr egprotrareidc ciarmsfeec
il Il ness from PHO ainmdf ehcotuiscethso | ddi sf enabsde ithoscelcur i ty
from,&ZH@ pavy preoach similar 0l MWaast acamgld ey Var
empl oyed. This arxemthiordatl iogry afs espat i al and t e mg
statisti.Chi smat hoded fumrdsea amari en gi ro fardghteh di str
clustoédriemgeric Pldtbogeéd@ aAwbhtilcehmogr aphi c and
socioeconwnmire fassctocn at ed ewigthh ptamdéheagecosie nce o
Ont ari o PHlthse irne g20e2sls.i on anealoymitpsopanl gtiacol ade
food i resddudnmmibteys 2021, since the socioeconomic
Canadian Census were only measured that year.

The i nci democsen trpad telso deors signi ficantly decl
f olri s tmornioac y t Digemidfsiicimfingact i on r atand phapanmd , t em
clusters were detectedoweypans bh-e mma o infcd odfefnecree mtat
di splayed inconsistent gl obalthamd glhoawal tspeatsit
per Modeowéeghea prPeHillad kolceeb 66l d fveaosd ginnilsfye ccuarnitt
assoonidtbhenenrci demdCaa nmpaytl eodpaE TG &Gmr di a duodenal
infecini QORI Benci desaé¢ moampephs st eri a mBhogegt bgen
spfycl ocpyetaan amrgiaveseAgoti fpgssaoatci ated with th
prevalence of house ROIBAWRO ack vierad eedu rsintay | amou

stationaessypci Ah€1 bDiesecasi sooncsioaft weneen househol d f
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i nsecuriitne i adredodamp gt eb@Balemosnep 1@ amdi a
duodeacarldsswelPcdoUssi st ent with the reswults from
5.Changes in Enteric Pat##6g@€ns I ncidence from
The distribution of reported caséschyewnear ran
per 100,000 popOhbaroo gearsned after 2019 an
COVIID® pandemic was | ikely responsible for the
restrictions such as reduced social tianureamtct i
and school cl osur es,23a.ndMarreaovvedh eradcghdmkni goegsi oi nns
behaviour, avaiclaatei, | iptuyptwpgnheaht ér ifmd | oavses a
factors contributing to9@a2®. dElte iinrcr @agsepiomt:
enteric infection cases in 2022 I|likely happen
gradual RB2DPLifdtear (2 meadctyh@gemleys pat hogen t he
number of annual reported cases throughout th
experiencing severe illness, thus seeking med
5.3 Spatial Di sRat hagodrrs sa@fr i BritsePiubd |l i ¢ Heal t h
Campy!l oshpgpc. Geaenrddi a dughérmaltdipant iraalt ecl ust ers wer
di stri buted across urban and rural PHUs. Anot
Campyl oabhacMaenri t oba observed similar witcheaspr ead
significant amount of the populsaupmlni eseldrelsarm
rur ali sareenadse mi cal | yCammy lasstpapatt @rd 58 htylpst hesi s
supported by sudeaidl2Pacnnd ec kdeans gomishdalsdt i n r et ai |
settings wereCaomptyd oi2ea3lit)eedt woeati mataed 20% to

hum&ampyl osbpapc.t eérnf ecti ons can be attributed to
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consumption @f)2po@dnad/a Gree atto t(al poultry meat ¢
steadily i ncarlecansge dwiotvhe rt htei nteo u28 Apoda mepal 4t i o
peopteex posheadn dloi ng, preparing whdcboosumdnbepd
el evatod&danrpiyskobacteri osi sMoate otvdemp,\p lo@spdpat ehrars | e
numerous different ani mal reservoirs, pathway
associated with23aampyl obacteriosis (

I n t hiGi asrtdu chy ,wasedéhal pealy pathogen that st
clusterinegaisn trleggiMdnr.t A previous epidemiol ogi
mai nly r empatrd edp dtiigdhl cl ustenSoutdhs gi @nidamiso s i
regions, which did not al3ibgn Hwiwtehs etrh e tfhii rsd isragr
reported a | arge cluster in areas 3abong the ¢
Similarl y,a ilmraouer cdtusdyer was found in PHUs on
Hur,and Lake Superior. The Great Lakes supply
peopmahaln additional nine million people obtain
smal | l akes in the3pGurarau radidme deatad it dhee dno(s2 ¢
pat hogen found 2 km o03fshbDheseée nr ¢ dnieo s ean tLhak
Lakes are a popular summer vacation spot with
could increase an irrddiawiidudlhé o uaghp dsgu rmeitnag @ir
contamina8pkd water (2

Sal mosnep ISalaEiGh f ect i ons maiGédnyt rcd bduusetBetkeerdn i n
regions of the province. The 1inci doeeyBrace, r at es
Wellington-Dufferin-Guelph,andHuron-Perth. These PHUs notably have the greatessityof

livestockand poultry farm$n Ontario (88). Previougesearchas identified that livestock,
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particularlybroilers, cattle, and pigs are associated Bahmonellaspp. infections and cattle is

the primary reservoir for STE@39-241). In regions with digh density of farm animalsore
intensive management practices such as animal mixing, crowding, and transportation are
required R42). These practices can induc®re stress on the animals and may be responsible for
more frequent fecal shedding and herd infect®#P). Livestock manurés a known reservoir

for bothSalmonellaspp. andSTEC andcan contaminate water sources that are used for drinking
and irrigation practice@40). Theseagriculturalfactorsmay explainthe elevated infection rates
observedn these PHUs in comparison to surrounding PHUSs.

Listeria meaoctyho®gemleys pat hogen t hatatdei d n«

purely spdatimel cdrusd pace Listeriosi4Bs consi
This was reflected in the | ow annai®22)i .nclitdeings
possible that the case counts were too | ow ac

any significant clusters.a®Mnerhahtgen crleussdtaenrd fmefr

monocytiongieenceesi ons i n t he ietayr opfe rTioordo,n tsou gogveesrt |
PHWU evel may not be the optimal scale to detec
(113) .

I n thipatitaldy$hisgsepler. & yaonfdocs ppe aavearesiisdent i f
i hi ghepulPdHdtYsdcl|l udi ng Ottawa and Toronto. A hi
regions may be associ &the dsepvpl .taha ra@y celdsi pmdartae d 5
cayet amesmesi s n Canraalaatbed n(@8)t.r a®@tettawa and Tor o
t heargest i nternati oenxapleraiecnpcoest serabCenadéauaed
travel to endemic regions, p odtde. n tAidadli Ityi oinmad rl eyg

centers have | arget bObmehesspeopeha¢ti onsdeéehaa
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sanitation and overdbowdbdaeslki Vi ngngorcadindi 6¢nh®n
of pepeomson tr &rhdmgseddiaonnfoécti ons, which coul
(25 .

Canada has hepatiitnefdescladwer t han | omvi ddilceo me a
resoaucwre(?24es. MHogweivecti on rate spatial cluste
Hal t ompa,ndP e ld dInetsesyxi oR B @ wis@w@s ch has wrllsan i ndi ¢
areas in the province of Onhteapraitointhiaste EA paeport e
(55 246 Bot h Peel Publ-Lon#dlenl Heabnld WMhdtdl eeprrt
hi ghest rates oR0ORkRF ¢ddhengrkemromnbehe®aldeonean
Peel regions were |ikely due to d&elsa&r qaeg e@rso pbe
new I mmigrants from endensiocwAshd gifkiochds| s uEads ta,s N«
Af rraod -SSauhbar an 4 Rf4y8i ca ( 2

Mi d d I-Leosnedxs n p o0 phual dadapeanmo por t i on cofmpianomeidghreant s
provinci.alHoaweareaggieon reported a mungbnerf iocfant i n
individual s expefri @i &8 24 @m0l ebbhiesst drug u:
di sproportionately high among5ilndiDriudualse dxap
identified as a significant r i skhédpaattiatsiesa shs o0cC
(. A significant increase in the homel ess pc¢

to elevated infections in this region.
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5. Tempor al Patterns and Cluster Detection I den
Temporal -tamie samad et haggiae e @ICadnp ¢ I sshpagxT EC
Listeria manG@yoylt og@gEmeetsa medrescits ons occurred pri
war mer months of the yeaMhEel stasopringatsemms
pat hogens are consistent with ftihlgSiA,ngasnd rBuUr o
(1232%%. This could be associated with several
in the summer months including picnics, barbe
dining out, optimal environment al hedagmeirti ons
prevalence of | 586 8tiloheiSasmongp VGaaakrdd(i 2a
duodechiaddmsepl ay any distinct temporalt hpaatt t er n s
the highest rates of sal monell osis amBd. gi ar di
Si mi IS&i lgseplpl. & eapnadtdiitde snoAt appear to have any di s
Canadian surveillance data di dhnaogseppxdde.a2i fy a
Al t hough another study in Quebec found that m
individuals traveling nes aratrenpedrt8i®foi.uan k@ ai cecsi naen d
preventabl e ent erjwhiicrhf emtuil aneghagili rettireses whhlgines r & |
not have a consi3d4)&nt tempor al pattern (

A s ptaiceea alwassi sused to detect any possible |
higmfection rate clusters during a shorter te
Campy!| cshpegpamat@e ar di a dpatdiemealdlsusters spanned mar
and had consisttenmgdegstionwvg RRoytal ueses were spoi

consistent with ot herregcsracaet @ @®Bonducted i n h
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He

On

A hdighectiosfimate Sapmo@RREFAVNaBdIdetected in
mbt onHeauthti iicng Ocit othiematpioR@ nt i al out break. L
alth released a S' a2t0e2nbe nta nodn cNoonvfei mbreerd 1a2n o u
nked to individuals who ingested food from
t afrrioom Oc't2od e 2 062P. ( 2
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5.4 Gl obal and Local Spatial Autocorrelation
The incremental autodcddmaitebali spatbhal yausoceve
consistent across all pat hogens or over ti me.
Campyl oshpgc.t eS20 mByep .| aE20€@d0 20,L i290t2&r)i, a
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travaelhaeminldity to travel across the province ar
such as T®R28328 Mg KRt ure epidemiological researc
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the potenti al ri sk factors.
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inci demda |l rMmosed il st eri a m8hogsgptdygelnespor a
cayet andmsghiagiint itsheA uni vari ate or Anupottievnatriiaalt e
expl anathiien dfudtrctomeea suhe of househol dstodg, i ns.
dindot aftadwentdi fferent experi enwieisi otf h eh opucspethlod t
Specifically,whdt derd mous entealsdis ewer e f ood i nse
hun@er sevene whegder a xhpoeusieehoclidhgwascut e or clt
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infections. A previous study atlhpepo oplos éi veadod |

househol ds s pgeémedicnogme> 300n% sohfeeheuscoladde lai am d a

122



t he i ncSalemateeildfal BSerl gnodhged Hiamur i um, t hough it
significant (116). The relationship between S
an aggregat e,Wwievheli nicso ncsamspleent result,s possi bl
uni que tr ansstidg BHAomMo tpredsrisavdylea n atiifdrerfemrces bet
t he riessulhtasg our study was conducted at. the PH
Thi s i s covhmeon ciossgpuaet | eeh g asr@d iyast i ons bet ween 1t
di ffer dependi ng tohdeat hei ge afgdgdipthincrealclayp,e t he (
i denthifgkar | RR of this associ-eaasitoenr nigm dePaHsUse rl
northeastern regi onsl ions ptehtlei aplr owai rnicaet,i osnu gigne stth
adjusting for other covariates.

Il n the fitted Inoulgumemplady me mod(e%), was t he
found to have a significantneéindemde shaEso®mi at i
monocytiongfeenceesi ons. The diirne cotui mwans toufd ¢shp esc ¢aesas o ¢
previous study conducted in England rapeased
of ncreased socioetPnormoGeldeps.pRRotréitgnani(all | vy
hypot hesized that | isteri bedspmwioued papel at igo |
more frequent croinssku nipotoido ns uoefiho hal sd hpcahteee saensd s o f t

I n the final mup dn evratr | fadriel medeld red beod thc d toiu
t o haveangdgintiifve anwi tahs stohce aitniSdindsgseplple8 ir md rese ro f €
al(42 also reported a positive asShoicgseplpliaon bet
infection, most | i kely dSfei gseplpiaat enff reaxttii @amal hta
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areas with a gr epaatreerntpafremaa|d e necse eaf wondér s hi gel
popul ati8yn | evel (2

None of the socioeconomic predictors displ
inci dem€gecraspyetdamenshies adjusted mul tihaari at e
av er y ssinganliéfsiscoacnitastuigogne st i ng that PHUs with mor
an inemeaseaffCgclraspeyeaamdrsits ons. The | i kely
findi nQycd¢lsod gnmeataa rserpgiisnari |y acquired t-hrough
resoauacwretries, educated individual s-1%ere mor e
pandemic, increasimBg.their risk of exposure (

The only predictor variable outside of age
t hhenci demde praditities fAltted multi-yaai abhtee moalel
mi gration ( %) . Hi gher | evel s of iinmctieremfacle miagre
hepatatt PtBhUeAl. e éle underl ying explanation for t
further research is needed.
5.6 The Role of Age and Sex on the Incidence
The findings ftobtahe hiiscisdandge shifowenteric dise:
and females in different age groups, support.
influence their susceptibility anddTmmunity t
regressi on antahtafisei s nif ckce@ a nopny le aibpast jeanbsep | a
STE&nShi gseplpbear e significantly -higbarsi nHowdyver
adults aged t6lDe amidg lod ditei rs trheandid @ n maem@aydcyl t oosgpeonr eas
cayet amdres@tkiiondsr.en aged five and under and ol

increased risk of enteric disease due to deve
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syst(emsduyr. findings further support that i nfan
highp&kpul ati ons that have increased suscepti bi
Sekased differences in infection rates wer ¢
hi gher i nf€@ampypyhohhpastheaegsedpl.a5i amdli a duwhielnal i s
femal es had sighiekcat &a E&EHT hheisgeh efri ndi ngs are co
epidemi ol ogical studies suggesting many diffe
the incidence of these illnesses across mal es
patternansmesgalbnpmna(9@iNopc. 2 ulphaet ir egr essi on anal
i mportant demographic trends of specific ente
di fferences are uncl ear.
57Strengt hs and Limitations
Thi s s mud ymeltéhdo d od torge.ipitih si nc |l wde GGWRe t os el et er
whet her the association between the incidence
household food insecurAddi twiaesmpaliolfyyi saganmtot dcr os
statisti csstaantdi sMarcdsihfes aihdaadmyosries | ntdepti mMmgummd e tt
spati al «c¢ | uosttiefrfienrge nptatetnetrenrsi ¢ pat hogen over th
However, it i s altshoati mphoirst asatvubd yani atl ashos bhdasd
First, the findings from this study need to be interpreted with caution since passive
surveillance dataereused. Foodborndéinesses are severely uneeported by regional public
health surveillance systems (®62. The Ministry of Health and Lonrgerm Care estimates that
only 4% of foodborne illness cases are reported to PH&B.(@nderreporting is primarily due
to underdiagnosis, as many cases only have mild symptoms and do not necessarily require

medical care and are not tested @6)2In some mstances, positive laboratory test results may
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not be reported to certain public health surveillance system8@p,There is also the potential

for differences in underreporting, particularly in low socioeconomic status areas and ethnic
populationsdue to disparities in access to healthcag@8)2Moreover, underreporting of cases

(from 20192022) was most likely exacerbated because of the Cendlpandemic, which

disrupted many different public health practices (15). The pandemic also had a significant impact
on the changes to supply chains andsumer behaviours, which could have influenced

exposure patterns to foodborne illness&®)2Additionally, COVID-19 presented some

challenges for data quality issues for the 2021 census of population estimates. However, there
was a 98% response rate during the third wave of the pandemic, supporting the reliability of the
2021 census estimatesnapared to previous year300).

A second limitation of this study is that the case coun&T&C Listeria
monocytogenesShigellaspp.,Cyclosporacayetanensisandhepatitis Awere not large enough
to determine an appropriate optimal bandwidth and perform a GGWR. Thus, spatial stationarity
couldnotbe further explored. The limited number of cases likely resulted in inaccurate local
coefficient estimates and impacted the accuracy of the spatial relationships for these pathogens.
However, the IRR results of the GGWR foampylobactespp.,Salmonellaspp., andsiardia
duodenalisshowed minimal variation across PHUSs, suggesting the spatiability may have
also been minimal for the other pathogens.

A third potenti al l' imitation in this study
Unit Problem (MAUP). The MAUP is an issue tha
are modified with38d4d.grlefgaa epdoIsypgan ails dalttaer(e d
observations within each polygon can have an

di ffered0®lr ebsuel ttso (constraints in data availab
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PHU | evel, which i s aAlrtehoaug hv etl hye | PaH U sh assp alt @ ean
more relevant scal e ftdre pulnldiion ghse @lrtom plha msn it
as exptdoeator nORBYMAWPe research should consi d
scal es <cwanls uass stulbfdoirwiasridonsort atimalke amemae gr anu
conclusions <cl| elseevrelt oantdh er eidnudciev iedcucallogi c al bi a

A fourth | i mietpaotratseeds waser ehakxcl uded from t hi
due to specific PHUs not having a repdhtabl e
mi ssing data coul d r emaiy eimgpvaectt leel aad b isltiitcyalt @ odwe

significan30)Asdsdoc¢ci aniadbhy, (the exclusion of th

generalizability of the studyés findings, sin
di fferent infection rates comdawedet o tihes ® HRI
only accounted for a small number of the case
pat hogens were retained in the analysi s.
Finally, this was an exploratory ecol ogi ca
food insecurity and other socioeconomnrievevlari a
associ3a3i onbug,l ewndli vexdp@adure information on r
water, animals, and travelmiwe magt d diited eash8 8 8 ¢ g6 p_

environment aldatnar rhierhartiFsu uaufa dei oncf bescetla roent né e d & d

to identify stpheacti fairce raisssko cfiaactteodr swi t h dilf f er en
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Foodborne illness is a significant cont-ributo
insecure individuals represent a vulnerable p
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Ontario, Canada. Several sigmefckastespawene,

ei g Htercdinftp aetnht cegre ncs

The findings fronmhdtudehesltd dfyo csdu gigresse ¢ u rhiatty
significant role on the i nci dCanmpey | oodbpaocetretrai n
STEC Gnéardia duOdkeral é st er iSca |l imohedti igsdres i auch a
monocytQlgiegsaplgyac | ocpyetdan damgiaddiitd snoAt appear t
influenced by food insecurity, although other
infectiThhm sratesdy was the first to explore foo
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di fferent food safety practices and behaviour
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Canada
. . . . Log likelihood
Pathogen Clusters Public Health Units Observed case§ Expected Cases Observed/Expected Caseg Relative Risk | P-value Ratio
C1 Grey Bruce, WellingtorDufferin-Guelph, HurorPerth 906 417.77 2.17 2.29 <0.001 226.33
Hastings and Prince Edward Counties, Peterborough CdiitytyKingston Frontenac and Lennox and Addington,
2 Haliburton, Kawartha and Pine Ridge District, Leeds, Grenville and Lanark District 770 598.26 1.29 131 <0.001 24.23
Campylobacter ) . .
C3 ChathamKent, Lambton, WindseEssex County, Middleseixondon,Souttwestern Public Health 1119 925.73 1.21 1.24 <0.001 21.07
C4 Eastern Ontario Public Health 213 141.82 1.50 151 <0.001 15.72
C5 Niagara Region 417 320.37 1.30 1.32 <0.001 13.80
C6 HaldimandNorfolk 118 78.24 1.51 151 0.0013 8.81
C1 Lambton 109 62.56 1.74 1.75 <0.001 14.24
Salmonella ) )
C2 Grey Bruce, WellingtorDufferin-Guelph, HurorPerth 372 299.07 1.24 1.26 0.0017 8.65
C1 Grey Bruce, WellingtorDufferin-Guelph, HurorPerth 113 324 3.49 3.93 <0.001 65.32
STEC C2 York Region 104 60.9 1.71 1.82 <0.001 13.95
C3 Brant County, Haldimandlorfolk, City of Hamilton, Waterloo, Halton RegioBputtwestern Public Health 170 116.51 1.46 1.6 <0.001 13.09
Shigella C1 City Of Toronto 392 163.03 2.40 3.69 <0.001 160.51
C1 City of Ottawa 181 98.75 1.83 1.96 <0.001 30.11
Cyclospora .
cayetanensis C2 Halton Region 90 57.55 1.56 1.6 0.003 8.19
C3 City Of Toronto 335 275.36 1.22 1.29 0.005 7.67
Sudbury and District, The District of Algoma, Timiskaming, North Bay Parry Sound District, Grey Bruce,
C1 Simcoe Muskoka District, Renfrew County and District, Haliburton, 781 485.15 1.61 1.77 <0.001 89.83
Giardia Kawartha and Pine Ridge District, Wellingt@ufferin-Guelph
duodenalis
C2 City of Toronto 985 745.36 1.32 1.44 <0.001 44.78
Kingston, Frontenac and Lennox and Addington, Hastings and Prince Edward Counties,
C3 Leeds, Grenville and Lanark District, Peterborough CouGity 243 184.5 1.32 1.34 0.0018 8.91
" Ci1 MiddlesexLondon 42 14.79 2.84 3.04 <0.001 17.56
Hepatitis A ) )
Cc2 Halton Region, Peel Region 105 60.34 1.74 1.99 <0.001 16.41
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Grey Bruce, Simcoe Muskoka District, Renfrew County and District, Hérenth,
Haliburton, Kawartha and Pine Ridge District, Wellingiufferin-Guelph, York Region

18

18

Pathogen Clusters Public Health Units Cluster Time Frame| Observed case§ Expected Case§ Observed/Expected Cases Relative Risk | P-value
Lambton, ChatharKent, MiddlesexLondon,Soutlwestern Public Health,
1 WindsorEssex County, HureRerth, Waterloo, Brant County, HaldimaNarfolk, Grey Bruce 2019/06 to 2019/10 539 235.29 229 237 <0.001
C3 City of Toronto 2019/06 to 2019/10 428 199.12 2.15 2.2 <0.001
Haliburton, Kawartha and Pine Ridge District, Peterborough Cex@ity,
C4 Hastings and Prince Edward Counties, Durham Region, Simcoe Muskoka District, 2019/07 to 2019/08 230 91.22 2.52 2.56 <0.001
York Region, Renfrew County and District, Kingston, Frontenac and Lennox and Addington
C5 Grey Bruce, WellingtosDufferin-Guelph, HurorPerth 2020/05 to 2020/10 143 52.11 2.74 2.77 <0.001
Peterborough CountyCity, Haliburton, Kawartha and Pine Ridge District,
C8 Hastings and Prince Edward Counties, Durham Region, Kingston, Frontenac and Lennox and Addington, 2020/06 to 2020/09 186 111.18 1.67 1.69 <0.001
Simcoe Muskoka District
Campylobacter Cl1 Niagara Region 2020/06 to 2020/11 78 39.74 1.96 1.97 0.0021
C7 HaldimandNorfolk, Brant County, City of Hamiltoroutlwestern Public Health, Waterloo, Niagara Region 2021/06 to 2021/08 175 90.06 1.94 1.96 <0.001
Thunder Bay District, Northwestern Public Health, Porcupine Public Health,
co The District of_AIgoma, Sudbury_ant_j District, Timiskaming, No_rth_Bay and Parry Sound District, 2021/06 to 2021/10 383 163.03 235 241 <0.001
Grey Bruce, Simcoe Muskoka District, Renfrew County and District,
Huron-Perth, Haliburton, Kawartha and Pine Ridge District, Wellinghwriferin-Guelph
Huron-Perth, Waterloo, Middlesekondon, WellingtorDufferin-Guelph,
C6 Soutlwestern Public Health, Grey Bruce, Brant County, Lambton 2022/06 to 2022/10 300 160.97 1.86 1.89 <0.001
C9 Niagara Region 2022/06 to 2022/10 74 34.47 2.15 2.16 <0.001
Peterborough CounyCity, Haliburton, Kawartha and Pine Ridge District,
C10 Hastings and Prince Edward Counties, Durham Region, 2022/07 to 2022/07 64 29.49 2.17 2.18 0.0011
Kingston, Frontenac and Lennox and Addington, Simcoe Muskoka District
C2 Wellington-Dufferin-Guelph, Waterloo, Peel Region, Halton Region, City of Hamilton 2019/01 to 2019/09 496 311.04 1.59 1.64 <0.001
North Bay Parry Sound District, Simcoe Muskoka District, Renfrew County and District,
C3 Haliburton, Kawartha and Pine Ridge District, Timiskaming, Peterborough GeQityy 2019/01 to 2019/11 565 369.05 1.53 1.58 <0.001
Grey Bruce, Sudbury and District, York Region, Durham Region
Salmonella C4 City of Toronto 2019/01 to 2019/11 477 311.17 1.53 1.57 <0.001
Thunder Bay District, Northwestern Public Health, Porcupine Public Health,
c5 The District of Algoma, Sudbury and District, Timiskaming, North Bay Parry Sound District, 2020/07 to 2020/08 146 70.46 207 51 <0.001




C1 Lambton 2020/10 to 2020/10 42 1.32 31.85 32.04 <0.001
C6 Wellington-Dufferin-Guelph, Waterloo, Peel Region, Halton Region 2022/04 to 2022/08 220 151.53 1.45 1.47 0.0023
Cé6 HaldimandNorfolk, Brant County, City of HamiltorGouttwestern Public Health, Waterloo, Niagara Region 2019/04 to 2019/08 31 11.27 2.75 2.83 0.012
Sudbury and District, The District of Algoma, Timiskaming, North Bay Parry Sound District,
C3 Grey Bruce, Simcoe Muskoka District, Renfrew County and District, 2019/06 to 2019/12 63 23.59 2.67 2.82 <0.001
Haliburton, Kawartha and Pine Ridge District, Wellingufferin-Guelph, York Region, HureRerth
STEC C2 Grey Bruce, WellingtorDufferin-Guelph, HurorPerth 2020/06 to 2020/07 19 1.34 14.18 14.53 <0.001
C1 Grey Bruce, WellingtorDufferin-Guelph, HurorPerth 2021/06 to 2021/09 26 2.72 9.55 9.86 <0.001
C4 Grey Bruce, WellingtorDufferin-Guelph, HurorPerth, Waterloo 2022/04 to 2022/11 38 10.91 3.48 3.62 <0.001
C5 York Region 2022/04 to 2022/11 31 10.31 3.01 3.09 0.0024
C3 City Of Toronto 2019/01 to 2019/01 17 3.45 4.93 5.01 0.0028
Shigella C1 City Of Toronto 2019/03 to 2020/02 139 40.74 3.41 3.9 <0.001
C2 City Of Toronto 2022/02 to 2022/11 100 34.23 2.92 3.19 <0.001
Renfrew County and District, Haliburton, Kawartha and Pine Ridge District,
C4 Hastings and Prince Edward Counties, Peterborough GeQity Kingston, Frontenac and Lennox and Addington,| 2019/06 to 2019/07 93 10.82 8.60 9.14 <0.001
North Bay Parry Sound District, Leeds, Grenville and Lanark District, City of Ottawa, Simcoe Muskoka District
Huron-Perth, Waterloo, Middlesekondon, WellingtorDufferin-Guelph,
C3 Soutlwestern Public Health, Grey Bruce, Brant County, 2019/07 to 2019/07 83 6.77 12.27 12.98 <0.001
Lambton, Halton Region, City of Hamilton
C5 City of Toronto 2019/07 to 2019/07 66 5.82 11.33 11.85 <0.001
Cc10 Durham Region, York Region 2019/07 to 2019/07 24 3.75 6.40 6.5 <0.001
c?)l/ggipeonr;s Cc8 | Wellington-Dufferin-Guelph, Waterloo, Peel Region, Halton Region, City of Hamilton 2020/06 to 2020/07 64 14.23 4.50 4.67 <0.001
C9 City of Toronto 2020/06 to 2020/07 55 11.51 4.78 4.93 <0.001
C11 York Region 2020/06 to 2020/07 21 4.72 4.45 4.5 <0.001
City of Ottawa, Leeds, Grenville and Lanark District, Eastern Ontario Public Health,
c2 Kingston, Frontenac and Lennox and Addington, Hastings and Prince Edward Counties, 2020/06 to 2020/08 114 13.5 8.44 9.11 <0.001
Renfrew County and District, Peterborough Cow@ijty, Haliburton, Kawartha and Pine Ridge District
C6 Wellington-Dufferin-Guelph, Waterloo, Peel Region, Halton Region, City of Hamilton 2022/05 to 2022/07 105 21.92 4.79 51 <0.001
Hastings and Prince Edward Counties, Peterborough GeGitty Kingston, Frontenac and Lennox and Addington,
Cc7 Haliburton, Kawartha and Pine Ridge District, Leeds, Grenville and Lanark District, 2022/05 to 2022/07 101 20.79 4.86 5.16 <0.001

Renfrew County and District, Durham Region, City of Ottawa, Simcoe Muskoka District
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C1 City of Toronto 2022/06 to 2022/07 122 11.64 10.48 11.4 <0.001

C4 Grey Bruce, WellingtosDufferin-Guelph, HurorPerth, Waterloo, Peel Region, Simcoe Muskoka District 2019/01 to 2019/12 353 210.51 1.68 1.75 <0.001
Renfrew County and District, Haliburton, Kawartha and Pine Ridge District,

C6 Hastings and Prince Edward Counties, Peterborough CeQity Kingston, Frontenac and Lennox and Addington,| 2019/02 to 2019/10 99 54.09 1.83 1.85 <0.001
North Bay Parry Sound District, Leeds, Grenville and Lanark District

C1 City of Toronto 2019/03 to 2020/02 437 186.27 2.35 2.52 <0.001
Kingston, Frontenac and Lennox and Addington, Hastings and Prince Edward Counties,

7 Leeds, Grenville and Lanark District, Peterborough Cou@ity District, Peterborough CountgZity 2020/06 to 2020/10 43 19.15 225 226 0.04

Giardia Sudbury and District, The District of Algoma, Timiskaming, North Bay Parry Sound District,
duodenalis C3 Grey Bruce, Simcoe Muskoka District, Renfrew County and District, 2020/06 to 2020/11 145 60.14 2.41 2.47 <0.001

Haliburton, Kawartha and Pine Ridge District, Wellingioafferin-Guelph
Porcupine Public Health, Thunder Bay District, The District of Algoma, Sudbury and District,

Cc2 Timiskaming, Northwestern Public Health, North Bay Parry Sound District, Renfrew County and District, 2021/07 to 2021/12 164 66.59 2.46 2.53 <0.001
Simcoe Muskoka District, Grey Bruce, Haliburton, Kawartha and Pine Ridge District, Peterborough--Citynty
Sudbury and District, The District of Algoma, Timiskaming, North Bay Parry Sound District,

C5 Grey Bruce, Simcoe Muskoka District, Renfrew County and District, 2022/06 to 2022/09 99 41.69 2.37 241 <0.001
Haliburton, Kawartha and Pine Ridge District, Wellingiduofferin-Guelph

Ci1 MiddlesexLondon 2019/01 to 2019/04 26 1.18 22.03 23.42 <0.001

C3 Wellington-Dufferin-Guelph, Waterloo, Peel Region, Halton Region 2019/01 to 2019/09 50 15.92 3.14 3.43 <0.001

C5 Eastern Ontario Public Health, City of Ottawa 2019/01 to 2019/09 25 6.58 3.80 3.98 <0.001

Hepatitis A C4 City of Toronto 2019/03 to 2020/02 54 20.82 2.59 2.83 <0.001

Timiskaming, Sudbury and District, North Bay Parry Sound District,

C2 The District of Algoma, Renfrew County and District, Simcoe Muskoka District 2019/12 to 2020/05 31 4.29 723 773 <0.001

C6 Peel Region 2022/09 to 2022/09 9 0.89 10.15 10.35 0.0041
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