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The Canadian population faces the threat of illness and death from contaminated food sources. Determining which 

foodborne disease results in the greatest negative health impact can be used to mitigate illness through effective 

resource allocation. Esherichia coli O157:H7, Campylobacter spp., Salmonella spp., Listeria monocytogenes, and 

ochratoxin A (OTA) were evaluated for a set of foods that are commonly associated with foodborne disease. Risk 

assessment methodology and disability adjusted life years (DALYs) were used to quantify the health impacts using 

FDA-iRisk v 1.3 software. Analysis of the results indicated an overestimation of health impacts for the hazard-food 

combinations; however, the models were used to evaluate the hazards and foods on a relative basis. The models 

could be improved with more information related to foodborne contamination as is discussed in this thesis. 
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1.0 Introduction 

Despite developments in regulations and technologies aimed at increasing the safety and 

quality of foods in the Canadian market, the population of Canada faces the ongoing threat of 

contamination of food supplies. These contaminants can appear in the form of biological, chemical 

or physical hazards and are able to cause illness and injury to consumers (CFIA 2013a). Ensuring 

the safety of food supplies is an important part of maintaining a healthy population. High rates of 

illness result in loss of productivity and strain the healthcare system. Consumers in the general 

public may lose confidence in food producers as well as governmental organizations whose goal 

is to ensure food safety. Attempting to control further illness through recall measures can result in 

losses to industry and create a negative public perception. Furthermore, with the globalization of 

the food supply, governments in other nations may also lose confidence in the safety of Canadian 

products leading to economic losses.  

Defining hazards and the attributed food vehicle (hazard-food combinations) related to 

illness can be used to prevent illness caused by foodborne disease. There exists a need for Canadian 

public health organizations to determine which combinations are of the greatest health risk to 

Canadians. The Canadian Food Inspection Agency (CFIA) along with members of the Public 

Health Agency of Canada (PHAC), Health Canada (HC) and researchers have begun the process 

creating a Multi Factorial Risk Prioritization Framework. The factors considered include the 

social, economic, and health perspectives of risk ranking. Within this framework, the health 

outcomes of exposure to foodborne hazards remains an integral component.  

This research explored the health component of this framework by using the risk 

assessment framework outlined by the Codex Alimentarius Commission (CAC) of the Food and 

Agricultural Organization of the United Nations (FAO) and the World Health Organization 

(WHO). A risk assessment was used to estimate the probability of illness in a population caused 

by exposure to a hazard. The risk assessment was used in combination with disability adjusted life 

year (DALY) measurements to quantifying the years of healthy life lost due to foodborne 

pathogens and chemical hazards for a set of hazard-food combinations identified by group of 

experts in government and academia. The set of hazards evaluated in this study include four 
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microbial hazards (Campylobacter spp., Escherichia coli O157:H7, Listeria monocytogenes, and 

Salmonella spp.) and one chemical hazard (ochratoxin A or OTA).  

This work has already been initiated by CFIA using the web-based software FDA-iRisk. 

Though a number of food-hazard pairs have been evaluated, the list was incomplete and contained 

outdated sources. Comparisons between biological and chemical hazards have been limited. By 

expanding and updating this database, conclusions can be drawn on the hazards causing the 

greatest burden in the Canadian market. This information will allow decisions-makers in the food 

industry and government will be better to allocate resources appropriately and efficiently, thereby 

increasing the safety of food available to the Canadian population. 
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2.0 Literature Review 

The purpose of this literature review is to lend insight into the existence of foodborne 

hazards and control measures within the context of this study. Methodology used in accessing food 

safety risks in a population is also discussed and evaluated.  

2.1 Foodborne Hazards in Canadian Food 

There are several foodborne hazards capable of causing short and long term illness in 

humans. These hazards are classified as either biological, chemical, and physical. Biological 

hazards include viruses, parasites, moulds, fungi and bacteria that typically cause gastrointestinal 

symptoms, such as nausea, vomiting, diarrhea, and cramps (CFIA  2013a). Chemical hazards can 

refer to any chemical that results in illness or harm to humans. Several compounds fall into this 

category, however, allergens, food additives, natural toxins, and mycotoxins are commonly 

associated with illness due to ingestion (CFIA 2015). Finally, physical hazards refer to foreign 

objects that enter food items during harvesting, processing, or distribution that are able to cause 

injury or disease. Examples of physical contaminants include glass, plastic, or metal fragments.  

The biological hazards, Campylobacter spp., Escherichia coli O157:H7, Listeria 

monocytogenes, and Salmonella spp., and the chemical toxin ochratoxin A (OTA) are discussed 

in the following sections. Insight into the incidence of disease, health effects, and foods commonly 

contaminated is given for the hazard-food combinations explored in this study.  

2.1.1 Biological Hazards 

Estimates indicate that four million cases of gastrointestinal illness in Canada can be 

attributed to consumption of foodborne pathogens in 2006 (Thomas et al. 2013). When these 

estimates of foodborne illness are adjusted for underdiagnosis and underreporting, it was found 

that, of a set of 30 common pathogens in Canada, Campylobacter spp. and Salmonella spp. 

accounted for the second and third highest rates of foodborne gastrointestinal illness amongst 

bacterial pathogens, with norovirus accounting for the greatest amount of illnesses (Thomas et al. 

2013). Data from surveillance studies from an Ontario, Canada sentinel site indicate that the 

highest rate of gastrointestinal illness was attributable to Campylobacter spp., Salmonella spp. and 
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verotoxicogenic E. coli (VTEC), with the highest rates of hospitalization following gastrointestinal 

illness attributed to Salmonella spp. and E. coli (Fleury et al. 2008). Though illness from Listeria 

monocytogenes was attributed to a relatively small number of cases (178 cases), the severity of 

symptoms in pregnant, elderly, or immune compromised cases leads to heightened concern. 

Though typical symptoms of contraction of a biological pathogen include gastrointestinal 

symptoms such as abdominal pain, nausea, diarrhea, and vomiting, some pathogens can cause 

severe and life-long illness in rare cases. Table 2-1 identifies the long term consequences of 

Campylobacter spp., Salmonella spp., E. coli O157:H7, and L. monocytogenes. Some 

consequences of illness can lead to temporary discomfort, while other consequences can be 

debilitating, or life threatening.  

The consequences of the severe symptoms tend to be rare. For example, the incidence of 

the neurological symptoms associated with Guillain-Barre Syndrome (GBS) following 

campylobacteriosis is 0.02-0.03% (McCarthy and Giesecke 2001, Ternhag 2008). Other 

consequences of illness are limited to those in specific population groups. In general, severe illness 

tend to be limited to the very young and very old. Rates of hospitalization in children under 4 and 

adults over 70 are up to twice that of other age groups (Fleury et al. 2008). Conditions such as 

hemolytic uremic syndrome (HUS) following exposure to E. coli O157:H7, a condition leading to 

kidney impairment, was more common to children under 5 (Havelaar et al. 2000). Similarly, 

healthy adults tend to only experience the gastrointestinal symptoms of listeriosis, with severe 

consequences limited to individuals with pre-existing immune compromising conditions, the 

elderly and pregnant women (Clark et al. 2010).  
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Table 2-1 Health outcomes of Campylobacter spp., E. coli O157:H7, L. monocytogenes, and 

Salmonella spp.  

Hazard 
Potential Short-term Health 

Outcomes 

Potential Long-term Health 

Outcomes 

Campylobacter 

spp.1  

Gastrointestinal symptoms including 

diarrhea, nausea, vomiting, and 

abdominal pain 

Mild symptoms associated of 

Guillain-Barre Syndrome (GBS) 

followed by complete resolution 

Reactive Arthritis(ReA) 

Irritable Bowel Syndrome (IBS) 

Severe Guillain-Barre Syndrome 

(GBS) and lasting neurological 

symptoms 

Escherichia coli 

O157:H72 

Gastrointestinal symptoms including 

diarrhea, bloody diarrhea, nausea, 

vomiting, and abdominal pain 

Hemolytic Uremic Syndrome (HUS) 

with recovery 

Hemolytic Uremic Syndrome 

(HUS) leading to kidney failure, 

end-stage renal failure and death 

Listeria 

monocytogenes3 

Gastrointestinal symptoms including 

diarrhea, nausea, vomiting, and 

abdominal pain 

Severity dependent on health state:  

Pregnant women can transmit illness 

to fetus resulting in miscarriage or 

stillbirths. Neonates can be born with 

meningitis, pneumonia, or sepsis. 

Immunocompromised and elderly 

populations experience severe 

symptoms such as pneumonia, 

sepsis, meningitis 

Severity dependent on health state: 

Neonates may have lasting 

neurological effects from short term 

sequelae. The fatality rate of 

neonates is 25%.  

Immunocompromised and elderly 

individuals may experience lasting 

neurological effects from short term 

symptoms. Fatality rates are higher 

among this subpopulation. 

Salmonella spp.4  
Gastrointestinal symptoms including 

diarrhea, nausea, vomiting, and 

abdominal pain. 

Reactive Arthritis (ReA) 

Irritable Bowel Syndrome (IBS) 

1 Havelaar et al. (2000), Kemmeren et al. (2006) 

2 Cassin et al. (1998), FDA/FSIS (2001), Michel et al. (2000), 

3 Mead et al. 2000, Clark et al. (2010), CDC (2013) 

4 Ternhag et al. (2008) 
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2.1.1.1  Attributed Food Sources 

Determining the source or pathway of contamination is an important component of food 

safety mitigation. Outbreak data and general surveillance of illness can be used to determine 

common pathways of foodborne contamination.  

Most cases of campylobacteriosis are sporadic and not associated with major outbreak 

events (Domingues et al. 2012). Though campylobacteriosis has caused the highest incidence of 

gastrointestinal disease, only two outbreaks linked to Campylobacter spp. have occurred in Canada 

between 1996 and 2005 (Greig and Ravel 2009). The food sources in these outbreaks were dairy 

and multi-food products. However, in a meta-analysis of risk factors of campylobacteriosis, 

consumption of undercooked chicken was identified as foremost food related risk factor 

(Domingues et al. 2012). In Canada, the Public Health Agency of Canada (PHAC) identifies 

consumption of chicken as the most likely exposure pathway for illness from Campylobacter spp. 

(PHAC 2014a). Other risk factors included travel, exposure to animals on farms, owning pets, and 

consumption of dairy products (PHAC 2014a, Domingues et al. 2012).  

 The first reported outbreak of E. coli O157:H7 in North America was linked to the 

consumption of ground beef (Rangel et al. 2005). During the years of 1982-2002, ground beef was 

the most common vehicle of transmission in the United States (Rangel et al. 2005). This trend can 

also be observed in Canada as 62% of E. coli O157:H7 outbreaks in Canada between 1996 and 

2005 have been linked to consumption of beef (Greig and Ravel 2009). The risk from ground beef 

is greater due to the internalization and redistribution of surface contamination in the grinding 

process and 90% of beef related illness were found to be linked to ground beef in particular (Smith 

et al. 2013, FDA/FSIS 2001). 

 The risks associated with consumption of undercooked meats and poultry are commonly 

known to consumers. However, as consumption patterns have shifted towards ready-to-eat (RTE) 

foods, the risk associated with foods that do not require preparation has become apparent. This 

trend applies to RTE meats and cheeses, as well as fresh produce (Kozak et al. 2013). L. 

monocytogenes has been linked to the consumption of deli meats and raw milk cheeses during 

outbreaks in Canada. There have been 9 Listeria monocytogenes outbreaks in Canada from 1981 

to 2008 (Health Canada 2011). Of these outbreaks, 6 have identified raw milk cheese as the source 

of contamination (Clark et al. 2010, Health Canada 2011). Coleslaw and imitation crab meat 
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account for two of the outbreaks (Schlech et al. 1983, Farber et al. 2000). The last outbreak in 

Canada involved contamination of deli meat resulting in the 53 cases of illness and 27 deaths 

(Government of Canada 2009, Health Canada 2011).   

There has been an increase in the occurrence of pathogen outbreaks related to produce in 

North America. In the United States, 27% of bacterial foodborne illnesses between the years of 

1998 to 2008 were attributed to produce (Painter et al. 2013). Produce was the second most likely 

food vehicle for E. coli O157:H7 outbreaks between 1982 and 2002 in the United States (Painter 

et al. 2013). However, only 2 of the 55 outbreaks linked to E. coli were linked to produce in 

Canada, while 16 of the 58 outbreaks of Salmonella spp. (Salmonella Enteritidis, Salmonella 

Typhimurium, and other Salmonella Enterica) were linked to produce between the years of 1996 

and 2005 (Greig and Ravel 2009). Kozak et al. (2013) found Salmonella spp. contamination to be 

most likely cause of outbreaks linked to produce during the years of 2001 to 2009 in Canada 

(Kozak et al. 2013). In Canada, mung bean sprouts grown domestically have been the source of 

outbreaks on multiple occasions over the years of 2001 to 2009 (Kozak et al. 2013). Domestic 

food sources of roma tomatoes, and cucumbers and imported foods, such as cantaloupes imported 

from Honduras and Mexico have also been isolated as a source of salmonellosis in outbreaks 

(Kozak et al. 2013).  

The risk from pathogens in food has been recognized internationally. In 2006, the Codex 

Alimentarius Commission (CAC) requested increased surveillance and data collection of 

pathogens in produce due to increased incidence of outbreaks. Leafy vegetables and herbs, 

sprouted beans, melons, tomatoes and amongst the priority commodities due to an increased 

incidence of outbreaks worldwide and the lack of treatment to leafy greens prior to consumption 

(WHO/FAO 2008).  

The trends in produce related illness are thought to be caused by an increase in the 

consumption of produce, along with the availability of pre-cut or prepared produce. The rate of 

consumption of fresh produce has also increased dramatically over past decades (WHO/FAO 

2008). Canadian consumption of produce had increased by 10.9% in 2007 in comparison to 20 

years prior to this date (Kozak et al. 2013). Similarly, a comparison of consumption rates and 

outbreaks in the United States of America suggests a correlation between increased consumption 

and increased outbreaks as seen in Table 2-2. 
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Consumption of ready-to-eat produce such as pre-cut or bagged fruit and vegetables can 

increase the risk as the consumer assumes that the food does not require any treatment before 

consumption. The processing of the vegetables prior to packaging, such cutting, slicing, and 

peeling disturbs the barrier to pathogens and redistributes the pathogen. Contamination is also 

possible from unhygienic practices in the final stages of food preparation (Kozak et al. 2013). 

Table 2-2 Changes in consumption and outbreaks related to leafy vegetables in the United 

States. (WHO/FAO 2008) 

  Percent Increase Over Previous Decade 

Period 
Consumption 

Proportion of total 

outbreaks 

1986-1995 17.2% 59.6% 

1996-2005 9.0% 38.6% 

 

In addition, changes in farming practices have resulted in the close proximity of large 

animal productions and agricultural fields. This can lead to contamination from fecal run-off of 

produce during growth and post-harvesting during washing (Kozak et al. 2013). The use of organic 

fertilizers, which utilize composted materials such as plant debris and animal manure may increase 

risk to consumers (CFIA 2010a). Though proper composting procedures should eliminate the 

presence of microbes in the fertilizer, the use of organic fertilizer can expose produce to enteric 

pathogens. Though some of these bacteria are harmless, contamination with pathogenic strains 

such E. coli O157:H7 is possible (CFIA 2010a).  

2.1.2 Chemical Hazards 

Several types of chemical hazards are able to contaminate food supplies along the farm-to-

fork continuum through harvesting, processing, packaging and distribution. Contaminants can be 

introduced to the food product from natural or environmental sources, the use of pesticides and 

fertilizers, the use of food additives, and contaminants from the manufacturing process (CFIA 

2014).  One type of natural contaminant that is of concern to Canadian and international governing 

bodies is mycotoxin contamination. Mycotoxin contamination is caused by fungi that produce 

metabolites that are toxic to humans (Bansal et al. 2011). Studies have found mycotoxins including 
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vomitoxin (deozynivalenol – DON), ochratoxin A (OTA), nivalenol (NIV), zearalenone (ZON), 

and fumonisins (FBs) in a variety of food sources in Canada (Roscoe et al. 2008, Kuiper-Goodman 

et al. 2010, Bansal et al. 2011, Ng et al. 2009).   

OTA is of particular concern due to the prevalence of contaminated food products and the 

severe health effects that can result from long-term exposure. The mycotoxin is produced by the 

several species of the fungi Aspergillus and Penicillium, but most commonly Aspergillus 

ochraceus and Penicillium verrucosum (Clark and Snedeker 2006). In regions with high 

concentrations of OTA in food stores, the incidence of urothelial tumours of the pelvis and ureter 

are endemic (Peraica et al. 1997). Balkan endemic nephropathy (BEN) has been linked to exposure 

to OTA, symptoms of which include kidney failure, and the development of tumours of the kidney 

and urinary tract (Clark and Snedeker 2006). OTA has also been implicated in kidney impairments 

based on high levels of the compound in the blood stream (Peraica et al. 1997). Multiple animal 

studies indicate OTA is carcinogenic and induces nephropathy (Kuiper-Goodman et al. 2010). 

This has resulted in the classification of OTA as a class 2B carcinogen by the International Agency 

for Research in Cancer (IARC) indicating that is a probable human carcinogen based on sufficient 

animal studies (Kuiper-Goodman et al. 2010).  

In contrast to bacterial hazards, hospitalization records and epidemiological studies that 

directly attribute consumption of OTA to cancer incidence in Canada are non-existent. This is 

because there are several factors that contribute to the development of cancer. However, OTA has 

been found in the blood serum of Canadian patients presenting with kidney and testicular cancers 

(Fahmy et al. 2014).  

2.1.2.1 Attributed Food Sources 

Cereal grains and feed grains are the preferred substrate of the Aspergillus spp. and 

Penicillium spp. that produce OTA. However, recent studies in Canada indicate the presence of 

OTA in a number of food groups including rice, breakfast cereals, soy-based infant formulas, 

pastas, beer, wine, coffee, wheat, peas, and pork (Kuiper-Goodman et al. 2010; Roscoe et al. 

2008). Cereal and cereal grain products are commonly contaminated with OTA (Duarte et al. 

2010). In a study of retail breakfast cereals in Canada, Roscoe et al. (2008) found the highest 

prevalence of OTA in oat-based cereals (63%), followed by wheat based (44%) and multigrain 

cereals (38%). Kuiper-Goodman et al. (2010) found raisins to contain the highest concentration of 
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OTA (2.27ng/g), followed by hard wheat (0.88 ng/g) and rice (0.80ng/g). It was further suggested 

consumption that wheat contributed the highest risk of cancer groups across all ages due to high 

levels of consumption of wheat products (Kuiper-Goodman et al. 2010).  

Kuiper-Goodman et al. (2010) conducted a risk assessment as part of Health Canada’s 

Bureau of Chemical Safety (BCS) initiative to determine maximum limits (ML) of OTA for 

Canada.  Maximum limits of concentrations in food products (see Table 2-3) were suggested and 

have been reviewed but regulations have not been imposed at this time (Health Canada 2012). The 

European Union (EU) implemented the maximum limits on OTA in a 2001 (European 

Commission 2014). An 2006 amendment to the regulations set OTA ML at the same levels 

proposed by Health Canada (Health Canada 2012, European Commission 2014). On average, the 

contamination level on Canadian foods was below that of the proposed limits (Kuiper-Goodman 

et al. 2010). 

Table 2-3 Health Canada proposed maximum limits on Ochratoxin A (Health Canada 2012).  

Food Product Proposed Maximum Limit (ng/g) 

Wheat bran 7 

Directly consumed cereal grains 

(e.g. bulgar wheat, rice, oats, pearled barley) 

and cereal derived products 

(e.g. flour, finished foods such as breads and 

breakfast cereals) 

3 

Grape Juice 2 

Dried vine fruit (e.g. raisins) 10 

Infant formula and cereal-based foods for 

infants and young children 
0.5 

 

2.2 Approaches to Estimating Food Safety Risks 

The burden of known hazard-food combinations can be investigated using a variety of 

techniques. Surveillance activities can track the incidence of illness from hazards over time. 

Burden of illness studies can be used to compare the health impact of various risk factors or 
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illnesses. Finally, risk assessments provide a predictive method of determining rates of illness and 

the influence of mitigation strategies.  

2.2.1 Foodborne Illness Surveillance 

One of the ways that foodborne illness is monitored is through surveillance activities. 

Surveillance related to food safety can encompass both surveillance of food contamination on 

farms, in industry and at retail and of illness rates and patterns (PHAC 2014a). Surveillance 

activities also attempt to determine the attributable source of illness in order to better understand 

the state of food safety.  

In Canada, there are a set of “Notifiable Diseases”, which are communicable diseases 

relevant to the Canadian population (PHAC 2014b). If a notifiable disease is detected, health care 

workers are expected to notify a public health agency. This information is gathered on a regional 

level and transmitted to a National Database for analysis and interpretation. The relevant national 

agencies that are responsible for surveillance of food related illness in Canada are listed in Table 

2-4. 

Table 2-4 Canadian foodborne illness surveillance agencies 

Agency Description of Activities 

Canadian Notifiable Disease Surveillance 

System (CNDSS) 

CNDSS reports trends in cases and rates of 

illness for a set of communicable diseases 

(PHAC 2014b).  

National Enteric Surveillance Program 

(NESP) 

The NESP collects and reports information 

related to national rates of enteric disease 

caused by well-known bacterial pathogens 

(PHAC 2015). 

National Studies on Acute Gastrointestinal 

Illness (NSAGI) 

NSAGI aims to quantify the incidence of 

acute and the rate of underreporting of 

gastrointestinal illness in Canada (PHAC 

2003). 

FoodNet Canada Surveillance  FoodNet Canada conducts surveillance 

activities through sentinel sites in Ontario and 

British Columbia. The surveillance activities 

aim to determine illness rates and risk factors 

of enteric disease (FoodNet 2010).  
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Illness based surveillance relies on the vigilance of consumer, doctors, and laboratories. 

Each step in the process can lead to an underestimation of the incidence of foodborne disease and 

an underestimation of the causative agent, which leads to the loss of relevant cases through the 

process of diagnosis and reporting (Thomas et al. 2013). Errors in estimations arise when 

individuals do not seek medical attention due to the mild appearance of symptoms. In retrospective 

studies of outbreaks, the estimated proportion of individuals that experienced mild gastrointestinal 

symptoms and sought medical attention was found to be under 25% (Michel et al. 2000).  

If an afflicted individual does seek medical attention, a health care professional may not 

recognize the symptoms of a notifiable disease or neglect to recommend laboratory tests if the 

health outcome is mild. If the doctor does request a sample to be tested by a laboratory, the 

laboratory personnel may not be able to identify a causative agent due to test sensitivity. Fleury et 

al. (2008) found that 78.3% of cases of hospitalizations due to gastrointestinal disease did not have 

a causative agent that was confirmed by a laboratory. Further, in some cases, positive results are 

not reported as the surveillance systems rely on data gathered from the provincial or territorial and 

local health units (PHAC 2014b, Thomas et al. 2013). There also exists a time lag between the 

gathering data and the reporting of the data, which leads to outdated information. The result is a 

loss of information and an underestimation of the incidence of foodborne gastrointestinal disease. 

 Though CFIA conducts environmental surveys for chemical contamination (CFIA 2015), 

surveillance of illness caused by food-related exposure to chemicals is not conducted. The disease 

states caused by chemical diseases, including cancer, are caused by a variety of risk factors leading 

to difficulties in attributing food to the disease state. The prevalence of these hazards tend to be 

low, with extensive stretches of time between exposure and illness. The lack of food attributed 

surveillance of illness by chemicals leads to gaps in knowledge. 

2.2.2 Burden of Disease Studies 

Burden of disease studies investigate the impact of disease on human health and 

productivity. The results can be used to compare diseases across a population based on the 

incidence of illness as well as the severity of health outcomes (Polinder et al. 2012). The concept 

of burden of disease began with the Global Burden of Disease study in 1993. Since then, several 
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national and global studies have been conducted on the burden of illness of foodborne pathogens 

(Kemmeren et al. 2006, AIHW 2003, Polinder et al. 2012).  

Burden of disease studies employ a health metric to calculate the loss of healthy life in 

years or dollars due to a disease state. Loss of healthy life in years can be calculated using health 

adjusted life years (HALY) measures, which encompass quality adjusted life years (QALYs) and 

disability adjusted life years (DALYs) (Gold et al. 2002). Multiple DALY investigations have 

been conducted on the burden of disease of foodborne pathogens, but these studies tend to be based 

on disease surveillance data and do not include attributable food sources. Studies evaluating the 

burden of disease of cancer are also common (Soerjomataram et al. 2012). As with burden of 

illness studies involving pathogens, these studies do not tend to examine risk factors related to 

specific food commodities. 

2.2.3 Risk Assessments 

A risk assessment is predictive tool based on a scientific process by which the risk of a 

hazard is evaluated for a specific exposure pathway (in this case ingestion of a food commodity) 

and a specific hazard (Lammerding and Paoli 1997). The process takes into account the prevalence 

of a hazard, and the behavior of the hazard through the processing stages. The behavior of the 

consumer is also considered by assessing the amount of food typically consumed, food handling 

practices as well as the response of the host to the invading pathogen or chemical hazard (dose-

response model).  

A systematic approach to risk assessment is recommended by The Codex Alimentarius 

Commission (CAC). The CAC is an organization responsible for developing food safety 

guidelines, international standards, and recommendations under the Food and Agriculture 

Organization of the United Nations (FAO) and the World Health Organization (WHO). The CAC 

outlines a framework for a comprehensive risk assessment consisting of four components 

(described in detail in Section 4.0): hazard identification, hazard characterization, exposure 

assessment, and risk characterization (FAO 2013). The hazard identification stage relies on 

observed relationships between food or pathogen consumption, and the contraction of an illness. 

Surveillance data and outbreak studies play a role in this stage of the risk assessment. In hazard 

characterization, the nature of illness resulting from the hazard is defined using qualitative 

statements or quantitative modelling tools, such as a dose-response model described in proceeding 
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sections. The exposure assessment aims to assess the amount of hazard which is consumed through 

ingestion of a contaminated food product. Finally, risk characterization aims to summarize the 

above information in a manner that is useable to policy and decision makers (Brown and Stringer 

2002). 

A risk assessment is a proactive method of evaluating the risk to a population and can be 

used to estimate the health impact of a hazard on an individual or population. Thus, a risk 

assessment can account for cases of illness that were not observed during surveillance (Batz et al. 

2005). However, it is difficult to verify whether the risk estimate is valid (Batz et al. 2005). Further, 

risk assessments require resources that may be limited or unavailable and it is well known that risk 

assessments are subject to high levels of uncertainty (WHO/FAO 2009, Brown and Stringer 2002, 

Batz et al. 2005).  

In order to compensate for the lack of data, a qualitative risk assessment may be used 

(Brown and Stringer 2002). A qualitative risk assessment consists of a descriptive assessment of 

information based on existing scientific literature and data. This type of assessment is often 

undertaken when limitations exist in the form of resources, time, and data. Brown and Stringer 

(2002) suggest that this type of assessment is a widely utilized tool in the food sector and can 

highlight where further investigation is necessary. 

A more sophisticated approach is the quantitative risk assessment, which utilizes an in 

depth investigation with mathematical modelling of data (Brown and Stringer 2002). Quantitative 

risk assessments rely on the development and use of models that characterize the hazard and the 

movement of the hazard through the food production chain and through the host. These models 

can be used to further optimize intervention activities. Both types of risk assessments are valid, 

and the choice of model within this spectrum is based on the needs of the research, and available 

resources including time and data availability. 

An alternative is the use of a semi-quantitative approach, which contains a more accurate 

estimate of risk than a qualitative risk assessment, but is less vigorous and precise than a 

quantitative risk assessment. The WHO/FAO (2013) suggests a specific role for semi-quantitative 

risk assessment where risk is evaluated using a score based on the probability of the risk and the 

impact of the risk. The mathematical models required are less sophisticated and require less data 

than a quantitative risk assessment, but offer a less subjective assessment than a purely qualitative 
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assessment with semi-quantitative model outputs having greater repeatability. This method of risk 

assessment can be used to rank and prioritize risks as multiple risk scenarios can be analyzed 

together. The process involves scaling the probability and impacts using descriptive terms such as 

“low”, “moderate”, and “high” based on chosen ranges. Probability and impact can be aggregated 

in tables to visually represent risks that require more investigation or intervention (WHO/FAO 

2013). 

Despite limitations with validation and uncertainty in risk estimates, risk assessments can 

be used to understand key issues in food safety and highlight food groups or processes that increase 

risks. Risk assessments can help to ascertain where additional resources, research, and 

interventions are necessary (Brown and Stringer 2002). A food source and pathogen can be 

identified and changes in policy or technology can be instigated by conducting a risk assessment 

and the impact of these changes can be monitored (Lammerding and Paoli 1997).  

2.3 Canadian Approaches to Food Safety Prioritization 

Decisions concerning food safety are rarely based solely on health impacts. Rather, 

decision makers often consider the socio-economic and political impacts of the decision in addition 

to public health impacts (Henson et al. 2007). In 2001, the Food Safety Science Committee (FSSC) 

was established in order to identify the hazards in the Canadian food system from domestic and 

imported sources and create a ranked list of the most relevant food-hazard combinations. The 

committee utilized both semi-quantitative risk assessment tools as well as reviews of the social 

and political environment to establish a list of food-hazard risks that were given a numerical value 

and ranked as a having a high, medium or low risk. The findings were based on a list of 7 hazards: 

pesticides, veterinary drug residues, natural toxicants, chemical hazards, microbiological hazards, 

nutrition and composition, and allergens. The health risks were ranked on scales based on exposure 

probability and severity of consequences on a scale of 81 points (rounded to 80). The ranking is 

based on semi-quantitative scales ranging from a remote to high risk of exposure and severity of 

consequences. The risk of exposure and severity were assigned a category (remote, medium, or 

high) based on the numerical value of the risk. In this way, this method portrays a semi-quantitative 

method of assessing risk. Consumer concerns, industry concerns, media and interest group 

pressure, and political interests are also allotted 5 points each in the ranking system. A probability-

impact table was used to rank the hazard-food combinations. The FSSC report produced a ranked 
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list of hazard-food combinations to be used to guide government and industry action. The report 

does not, however, give a quantitative indication of the number of illnesses or the severity of 

illness.  

Henson et al. (2007) proposed a Multifactorial Risk Prioritization Framework for Canada 

based on factors including: public health impacts (using DALYs and cost-of-illness or COI 

measures), market impacts, consumer perception and acceptance, and social sensitivity. The 

framework allows risk scientists to communicate information to decision makers who are then able 

to allocating resources by weighting the risk factors according to the factor deemed to be of greatest 

importance to the decision maker. Ruzante et al. (2010) showed the use of the Multifactorial Risk 

Prioritization Framework for a set of six hazard-food combinations, with priorities differing based 

on the weighting given to each factor.     
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3.0 Purpose and Objectives 

The current work contributes to knowledge regarding health impacts for the purpose of 

Multifactorial Risk Prioritization. A risk based approach was used to rank a set of hazard-food 

combinations deemed pertinent to the Canadian population by the individuals in the Government 

of Canada and experts in academia. The FDA-iRisk v 1.3 tool for the purpose of ranking hazard-

food combinations by likelihood of illness and severity. The outputs of the tool, in the form of 

ranked DALY values can be used to assess the risk to the Canadian population from the hazard-

food pairs. The process of conducting the risk assessment will highlight data gaps that lead to 

inaccuracies and variation in calculating risk.  

The use of the FDA-iRisk  v 1.3 tool with respect to chemical hazards will also be explored 

using the mycotoxin ochratoxin A (OTA) in cereal grains. Conclusions about the validity of 

comparing chemical hazards, and especially hazards that cause illness through chronic exposure, 

with biological hazards will be drawn. 

Thus the objectives of the research can be summarized as follows: 

i. Use the FDA-iRisk risk assessment tool to rank 27 hazard-food combinations 

using DALY estimates. 

ii. Highlight gaps in knowledge related to risk assessment in food safety and 

suggest areas that require further investigation.  

iii. Determine if comparisons between biological and chemical contaminants are 

possible with a special focus on contaminants which cause illness after chronic 

exposure in contrast to acute exposure. 

In conducting this study, hazard-food combinations that contribute the greatest burden of 

disease will be determined. Risk mitigation strategies can then be explored, through further 

research or through the application of existing methods, for combinations resulting in the greatest 

risk. The research will also highlight areas in Canadian food safety that require further research 

and determine the value of comparisons between hazards using the risk assessment framework and 

the FDA-iRisk v 1.3 tool. 
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4.0 Background of Methodological Framework 

This research employs the Codex Alimentarius Commission (CAC) framework for risk 

assessments and the disability adjusted life year (DALY) metric. Background knowledge of risk 

assessments and DALY metrics are provided in this section. In addition, the computational 

framework of FDA-iRisk v 1.3 is detailed. 

4.1 Codex Alimentarius Commission Framework for Risk Assessments 

The Codex Alimentarius Commission developed a scientific framework by which a risk 

assessment should be conducted. The components of the framework are discussed below. 

4.1.1 Hazard Identification 

The first step in a risk assessment is hazard identification, wherein the increase in incidence 

of illness after consumption of a foodborne hazard is recognized. The hazard identification process 

should not only identify hazards of concern, but also the food item and processes that are 

commonly related to the hazard, and the relevant population groups. Thus, the hazard identification 

process can be used to justify and define the scope of a risk assessment study. 

Generally, food safety hazards are observed through surveillance data, or outbreak 

investigations, as well as studies that investigate the physiological characteristics of a 

microorganism in the environment, food sources, and in the host (Brown and Stringer 2002). 

Confirming the link between a hazard and adverse health effect is best achieved through clinical 

human studies; however, such studies are uncommon due to ethical concerns. Animal studies are 

often used when human data is unavailable and can be used to make inferences about adverse 

effects on human subjects (EPA 2012). Expert opinion can also play a role in the identification of 

hazards.  

4.1.2 Hazard Characterization 

The aim of hazard characterization is to define the adverse effects of exposure to a 

foodborne hazard (Brown and Stringer 2002). This section of the risk assessment is used to 

describe both the likelihood of illness, as well as the severity of illness. The adverse effects can be 

described using qualitative or quantitative methods, but a mathematical dose-response model is 
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typically used in order to estimate the probability of illness that results from exposure to a hazard 

(Brown and Stringer 2002). A burden of disease metric is useful in quantifying the health outcomes 

and sequelae of exposure to a foodborne contaminant. The dose response model and DALY 

calculation are subject to a high degree of uncertainty due to inadequate data availability. The use 

of dose response models and burden of disease metrics are described in the following sections. 

4.1.2.1 Dose Response Model 

The dose response model estimates the frequency and/or the severity of illness that result 

from exposure to a hazard (Brown and Stringer 2002). Mathematical models are often used to 

represent this relationship with data derived from observational studies of outbreaks and from 

clinical trials. There exists a great deal of variation in the human response to a hazard which is 

based on the contaminant, the host and environmental considerations. This variation introduces 

uncertainty into the risk assessment (Buchanan et al. 2000).  

Typical models  

There are two theories of infection in the microbial dose response modelling: the one-hit 

theory and the threshold theory (Brown and Stringer 2002). A single-hit dose response model is 

created based on the assumption that one infectious organism has the capacity to infect the host, 

while a threshold theory suggests that a minimum number of organisms will be consumed before 

any response occurs. A threshold of level of pathogens below which no infection occurs is difficult 

to determine based on experimental and epidemiological data (WHO/FAO 2003). Any minimal 

dose observed may exist at the lower limit of detection. Thus, single-hit theories of infection are 

currently the accepted approach and are based on the conclusion that there will be some low 

probability of infection even at very low doses. Often mathematical models will incorporate 

curvature that represents the low probability of infection at low doses as seen in Figure 4-1. The 

most commonly used dose response distributions include the exponential model (Equation 1), and 

the Beta-Poisson model (Equation 2) (Brown and Stringer 2002, WHO/FAO 2009). 

Exponential Model 

𝑃𝑖𝑛𝑓 = 1 − 𝑒−𝑟𝐷        [1] 

  



20 

 

20 

 

Beta-Poisson Model 

𝑃𝑖𝑛𝑓 = 1 − (1 +
𝐷

𝛽
)

−𝛼

       [2] 

In Equation 1 and 2, 𝑃𝑖𝑛𝑓 refers to the probability of infection, and 𝐷 refers to the ingested 

dose. 𝑟, 𝛼, and 𝛽 are dose response parameters.  

Similar to microbial dose response models, chemical models are classified as non-threshold 

or threshold (EPA 2005). A non-threshold model suggests that a response is observed at low doses, 

while a threshold model indicates a minimum dose required for a response. The relationship is 

further described using a linear or non-linear model. With a linear model, the slope (known as the 

slope factor) of the dose response relationship is defined. A non-linear model defines the 

parameters of the mathematical distribution observed. In hazards where relevant information is 

lacking, a linear model is suggested (EPA 2005). A non-threshold non-linear model is shown in 

Figure 4-1. 

 

Figure 4-1 Typical dose response curves. Curve (A) shows an non-threshold non-linear model 

typical of biological dose response models and (B) shows a non-threshold linear model 

representative of carcinogenic dose response models (Image obtained from NIH 2000)  

One of the differences between the biological hazards and the chemical hazard considered 

in this study is the duration of exposure. Generally, illness from biological hazards occurs after 

acute exposure, while illness from the carcinogen ochratoxin A (OTA) results after chronic 

exposure. This indicates that illness can result from a single exposure event from a biological 

hazard, in contrast to the prolonged duration of exposure to the carcinogen.  
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Hazard, host and media factors 

Understanding the method by which a hazard causes infection impacts the development 

and therefore the application of a dose response model. The physiological structure of the pathogen 

greatly influences the attachment and survival of a pathogen, which in turn influences the ability 

of the pathogen to cause disease. Buchanan et al. (2000) notes three classes of infection for 

foodborne pathogens: infectious, toxico-infectious, and toxigenic. Infectious agents attach to 

locations along the gastrointestinal tract and invade either the epithelial cells causing 

gastroenteritis, or the body causing systemic disease. Toxico-infectious pathogens remain in the 

gastrointestinal tract but produce or release toxins into the gastrointestinal system or the body. The 

third class of pathogenic hazards produce stable toxins outside the body; this is the case with the 

Aspergillus spp. and Penicillium spp. that produce ochratoxin A (OTA). The toxigenic class are 

treated as chemical contaminants with chemical dose response models (Buchanan et al. 2000). 

With chemical contaminants, the structure of the compound influences whether the host 

metabolizes or accumulates the toxin, which impacts the incidence of illness in the host (Dybing 

et al. 2002). 

The capacity of a hazard to cause illness can vary between different microbial species, and 

between strains of the same species (Coleman and Marks 1999). It is important to account for these 

differences in the dose response model, or at least to acknowledge that differences exist in 

reporting the outcomes of a risk assessment (Brown and Stringer 2002).  

Factors in the host response that influence variability include sex, age, health state and 

other genetic variation (Brown and Stringer 2002). These factors influence the immune response 

of the host when encountering a pathogen or chemical contaminant. Due to metabolic differences 

between males and females, the sex of the host can determine whether it is able to defend itself 

against a pathogen. Accumulation of chemicals in body tissues after chronic exposure can also 

depend on differences in the metabolic processes, as well as physiological and structural 

differences between males and females (Dybing et al. 2002). 

Age is an important consideration in the likelihood of illness and the variation seen between 

different age groups. The very young and the very old tend to show greater vulnerability to illness 

as well as the long term sequelae due to the immature or diminished state of their immune system 

(Buchanan et al. 2000). The finding of greater levels of disease in the young and old corresponds 
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to findings by Fleury et al. (2008) who studied hospitalization rates in Ontario and found that the 

age distribution for those admitted to the hospital after contraction of a foodborne illness followed 

a U-shaped distribution as seen in Figure 4-2. The study suggests that more females than males 

visited hospitals due to gastrointestinal disease after the age of ten; however, the difference in 

hospitalization rates at the age of 80 was likely due to the population distribution between males 

and females. Further, findings such as these can be misleading as the young and old are also more 

likely to seek medical attention when experiencing symptoms of illness (Brown and Stringer 

2002). This can lead to an underrepresentation of the incidence of illness amongst healthy adults. 

Thus, it is not always clear whether separate dose response models should be created for different 

age segments in the population (Buchanan et al. 2000). However, age-based dose response models 

do exist for some hazards, such as Listeria monocytogenes, where the consequences of illness are 

heavily dependent on age and health status (WHO 2004). 

 

Figure 4-2 Age distribution of hospitalized cases of all gastrointestinal disease, rate per 1000 

cases, by sex (Fleury et al. 2008) 

As with young and old individuals, health status can lead to a reduced immune response. 

Those undergoing medical procedures (immune suppressive drugs) and those with disease states 

that reduce the function of the immune system (such as HIV) are more likely to experience food 

related illness and more likely to experience the severe symptoms of contraction (Buchanan et al. 
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2000). Improper function of the kidney and liver, organs which aid in the clearance of toxins, has 

also been correlated to an increase in the incidence of illness, and especially illness caused by 

chemical contamination (Dybing et al. 2002). A dose response model is further complicated by 

variations in genetic factors, which influence the expression of enzymes able to neutralize 

contaminants that enter the body affecting both immune response to pathogens and chemical 

accumulation (Brown and Stringer 2002, Dybing et al. 2002).  

Host factors influence both the creation of a dose response as well as the choice of the dose 

response used in a risk assessment. It is sometimes necessary to segment the general population 

into separate population groups in order to more accurately model the rate of infection or illness 

from exposure to a given dose (Buchanan et al. 2000, Brown and Stringer 2002). 

The type of media in which the hazard is ingested can also affect the response in the host 

as well as the survival of the hazard in the digestive tract. The chemical composition and the 

physical distribution of the pathogen in the food media play a role in the survival of the pathogen 

and the response of the host (Brown and Stringer 2002). For example, acidic food groups can aid 

in neutralization of a pathogen within the stomach, preventing adhesion to the gastrointestinal tract. 

However, prior exposure to acidic media can cause pathogens to evolve to tolerate the acidic 

environment of the stomach and gastrointestinal tract (Buchanan et al. 2000). These factors may 

skew a dose response model developed based on the consumption of a particular media and should 

be considered and noted in the development of a risk assessment.  

Sources of data for dose response models 

Dose response models can be created using a variety of sources that use data gathered from 

human clinical trials, human feeding trials from surrogate pathogens, retrospective human 

outbreak data, or animal clinical trials (Brown and Stringer 2002). Human clinical trials can be 

convenient sources of information as the dose administered can be controlled with a great deal of 

precision and the patient can be monitored closely for any response including those that may be 

ignored in the general population (WHO/FAO 2009). However, human clinical trials involving the 

ingestion of hazards for the purpose of investigating the rate of illness are unethical. There is, 

however, data from human clinical trials conducted in the middle of the 20th century (WHO/FAO 

2002, WHO/FAO 2009). These studies tend to include only healthy, young, male participants that 

were administered a relatively high dose of the pathogen. This excludes a large portion of the 
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population and may result in an underestimation of the true dose response relationship. 

Furthermore, data from human clinical trials are limited to pathogens that were common at the 

time when testing on human subjects was acceptable. Some hazards, such as E. coli O157:H7, 

became widely recognized in the 1980s and 1990s and human feeding trials for this pathogen are 

not available. In this case, surrogate pathogens that demonstrate similar biological properties and 

mechanisms for infection have been used (Powell et al. 2000). In general, surrogate pathogen 

results have been discredited based on results from outbreak investigations (Teunis et al. 2008).  

Epidemiological data from outbreaks is another common source of data for the dose 

response models. Epidemiological data has the advantage of being from a diverse demographic 

(Brown and Stringer 2002). There is often data available for multiple age groups, ethnicities and 

genders, and from multiple food sources. However, it is difficult to accurately estimate the level 

of exposure to the pathogen since the contaminated food product may not be known. Further, 

quantification of the number of pathogens may not be possible if the food product is known but 

samples cannot be taken. Finally, the amount of food consumed is based the recollection of the 

consumer, which may not be accurate (Brown and Stringer 2002).  

When human studies are not available, dose response models from animal feeding trials 

must be used. Since the response to a hazard between species varies, an uncertainty factor is often 

used to account for variation (EPA 2005). This type of dose response model is used when more 

robust models are not available (for example, in the case of ochratoxin A). However, dose response 

models from animal feeding trials are not an ideal source and tend to be discredited when human 

data sources become available.  

4.1.2.2 Health Metric: Disability Adjusted Life Years  

Health metrics are useful tools in assessing the impact of a hazard on a population as it can 

be used to quantify the health state following illness from a hazard. The impact of both morbidity 

and mortality are combined in a single value, which allows for comparisons between diseases, 

injuries, or foodborne hazards, in the case of this study. A greater understanding of the true impact 

of disease results from a risk assessment that describes both number and severity of illness from a 

hazard (Brown and Stringer 2002).  
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DALY measurements can be used as a tool to quantify and assess the burden of disease 

such that comparisons can be made between diseases (Haagsma et al. 2013). One DALY indicates 

one year of healthy life lost due to disease or death. The DALY can be used to evaluate the multiple 

health outcomes that result from ingestion of single foodborne hazard as foodborne illness can 

present in a range of clinical symptoms from acute gastrointestinal symptoms to severe chronic 

conditions, and death.  

The DALY value is calculated by aggregating the years lost to premature death and the 

loss of healthy life lost to disability (Rushby and Hanson, 2001). In the simplest form, the DALY 

consists of two components in summation as noted in Equation 3 (WHO 2014). 

𝐷𝐴𝐿𝑌 =  𝑌𝐿𝐿 + 𝑌𝐿𝐷𝑗        [3] (WHO 2014) 

𝑌𝐿𝐿 = 𝑡𝑟 ∗ 𝑛𝑑       [4] (Haasgma et al. 2013) 

𝑌𝐿𝐷𝑗 =  ∑ 𝑡𝑗 ∗ 𝑆𝑗 ∗ 𝑛𝑗
𝑛
𝑗=1      [5] (Haasgma et al. 2013) 

In Equation 3, YLL refers to Years Life Lost due to premature mortality caused by the 

hazard, and YLDi refers to Years Lost to Disability for j number of outcomes. YLL (Equation 4) 

is calculated by multiplying the number of deaths after contraction of illness (𝑛𝑑) by the standard 

life expectancy at the time of death or the residual life expectancy at death (𝑡𝑟) (WHO 2014). YLD 

(Equation 5) is calculated as the result of the duration of the disease in years (𝑡𝑗), the incidence or 

number of people experiencing the outcome (𝑛𝑗), and a severity weighting of the outcome (𝑆𝑗), 

summed for all possible outcomes.  

The severity weighting is a value between 0 and 1, with 0 assigned to the healthy condition 

and 1 assigned to death (WHO 2014). In this way, the severity weightings represent the relative 

severity of an illness. Severity weightings were initially produced by a collaboration of the World 

Bank and the World Health Organization (WHO), which assigned a class to several disability or 

illness states, which were then assigned a severity weight (World Bank 1993). The health states 

were based on expert consultation and were to be applied in a global context. The weights that 

resulted from these studies are commonly referred to as Global Burden of Disease severity weights 

(GBD severity weights). Several Dutch Burden of Disease studies followed, which further clarified 

the severity weightings by assessing disease stages (Stouthard et al. 2000, Havelaar et al. 2000, 

Havelaar et al. 2004). The burden of disease studies from the Dutch group are meant to be applied 
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to the population of Netherlands, however, it has been suggested that severity weightings are 

relevant in a global context and the relative ordering remains stable across different countries 

(Stouthard et al. 2000, McKenna et al. 2005). Further, both the initial GBD and Dutch weightings 

have been applied successfully in Australian burden of disease investigations (AIHW 2003). 

In the practice of conducting of a DALY investigation, Haagsma et al. (2013) reports a 

great deal of procedural variation between different burden of disease studies. Inconsistencies exist 

at the level of the disease model, which examines the outcomes and sequelae of the disease or 

disorder, the incidence of the outcomes and of death, and the source of the disability weighting.   

4.1.3  Exposure Assessment 

The exposure assessment is used to determine the level of hazard in a food item and, 

ultimately, the level of hazard to which an individual or population is exposed (WHO/FAO 2008). 

Exposure to a hazard is expressed differently between biological and chemical contaminants. 

Biological exposure is based on consumption of a single serving of contaminated food in mass or 

volume units. Thus, exposure is defined based on the average level of contamination per eating 

occasion. Risk over a time period is evaluated by determining the frequency to which an individual 

is exposed to a contaminated food product. In contrast, the time period is an integral component 

of the definition of chemical exposure. Chemical exposure is generally defined using an average 

daily dose (ADD), which is expressed as the dose per time period and body weight (for example, 

ng/kgBW/day). Chronic exposure is defined using lifetime average daily dose (LADD), which 

accounts for the duration of exposure and is expressed using the same units as ADD (EPA 1992).  

Values in an exposure assessment can be deterministic or stochastic (Brown and Stringer 

2002). Deterministic values are point values which can be derived from minimum, maximum, 

mean, or median values. These values correspond to best-case, worst-case, or most likely 

scenarios. The use of deterministic values is sometimes necessary where data are limited, but 

generally avoided as an under- or over- estimation of risk may result (WHO/FAO 2008). In 

contrast, stochastic values are expressed as a distribution curve representing possible values in the 

risk assessment. Stochastic values can, therefore, indicate the level of uncertainty in the estimates.  

In conducting an exposure assessment, the level of hazard in the food product is traced 

from a point of known concentration and prevalence through to the point of consumption. There 
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are three key factors that should be defined in order to estimate exposure levels: i) prevalence and 

concentration in the raw product, ii) the effect of processing, and iii) consumption patterns (Voysey 

and Brown 2000).  

Prevalence is an estimate of the fraction of contaminated portions to which an individual 

is likely to be exposed. For example, if two out of four servings of a food item is contaminated 

with a hazard, the prevalence would be defined at 50%. The concentration is an estimate of the 

amount of hazard per amount of food product. As an example, in one of the contaminated samples, 

there may 5ng of a hazard per 100g of food. For microbiological hazards, concentration is often 

defined in terms of colony forming units (CFUs) or most probable number (MPN). Processing the 

food product can alter the prevalence and concentration of the hazard in the food product. Process 

steps include any change in the environmental conditions or state of a food product than can lead 

to changes in the level of hazards. The final component of exposure is an estimate of consumption 

of the food product. Consumption rate indicates the amount of food ingested by an individual, or 

a population. Taken together, the total exposure of a hazard to an individual can be evaluated and 

a population estimate can be derived. 

4.1.3.1 Surveillance of Hazard Levels at Retail 

Knowledge of the baseline levels of a hazard at retail are necessary in determining the 

concentration and prevalence of hazards for an exposure assessment. In monitoring the safety of 

food on a national level, the Canadian Food Inspection Agency (CFIA), and the Public Health 

Agency of Canada (PHAC) obtain environmental samples at both the industry and retail level. 

CFIA utilizes the National Microbiology Monitoring Program (NMMP) to determine if the safety 

of food commodities for known microbiological pathogens. The foods tested by NMMP include 

red meat and poultry products, egg products, dairy products, and fresh and processed fruits and 

vegetables (CFIA 2015b). The results are reported in the CFIA Microbiology Annual Reports. 

Further, CFIA conducts heightened surveillance studies of certain food commodities that are 

implicated in foodborne disease. This data is made available publicly from Targeted Surveys for 

microbial pathogens in tomatoes, cantaloupes, an assortment of fresh leafy vegetables, and an 

assortment of fresh leafy herbs, and for ochratoxin A and vomitoxin in cereal products (CFIA 

2015b).  



28 

 

28 

 

FoodNet Canada (formerly C-EnterNet) under PHAC aims to prevent the occurrence of 

foodborne disease through continuous surveillance of the sources of contamination sources. The 

FoodNet Annual Reports provide prevalence and enumeration data for meat, poultry, and produce 

at the retail level (FoodNet 2010).  

4.1.3.2 Process Modelling: From Retail to Consumption 

After retail, changes in environmental conditions can lead to changes in the level of hazard. 

Possible changes in hazard levels are noted in Table 4-1 for biological hazards and mycotoxins. 

Creating a process model for foods from retail to consumption involves the prediction of human 

behaviour. After the food reaches the consumer, the food will likely be stored for a period of time. 

The temperature and the length of time that a food is stored will impact the growth and survival of 

the biological contaminants. Preparation of the food, especially heating activities, will directly 

impact the survival of bacteria, which are not able to survive at high temperatures. Heating 

chemical contaminants can lead to a decrease in concentration due to instability, however, 

consumer heating of ochratoxin A will not decrease concentrations due to the heat stability of the 

compound (Kuiper-Goodman et al. 2010).  

The World Health Organization (WHO 2009) suggests that the five primary contributors 

to foodborne illness are improper cooking procedures, storage at improper temperatures during 

shipping or storage (known as temperature abuse), lack of sanitation and hygiene, and cross 

contamination between foods. These factors lead to contaminated food products before and after 

reaching the consumer. While improper food handling can be observed in the confined 

environment of an industrial setting, the food handling behavior of people in their homes is more 

difficult to measure and model (Nesbitt et al. 2014). Canadian studies which observe consumers 

at home through video are not available; Canadian consumer behaviour characteristics have been 

studied through the use of surveys. Responses to surveys may be biased since participants may 

attempt to give a “socially acceptable or desirable” response (Nesbitt et al. 2014).  

Further, individuals that take part in such studies tend to exhibit a greater level of concern 

for food safety and may change typical behaviors while being observed. Further, consumer 

cooking behaviours often employ subjective cues. Nesbitt et al. 2009, found only 14% of survey 

respondents used thermometers to determine whether a product was cooked, while most (64%) 

used visual cues. Such subjective measures are difficult to model using mathematical formulas. 
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Additional variation can occur due to differences in diet and culture, which affects the uses of a 

food product. These factors combined result in complications when defining the process model 

between retail and consumption.  
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Table 4-1 Possible types of processing of food products after purchase at retail 

Process Type of Hazard  Change to Hazard Level 

Storage at Improper 

Temperature 

Biological Hazards Increase in concentration due 

to growth 

Mycotoxins Increase in prevalence and 

concentration - addition of 

hazard through growth of 

initial microbiological 

contaminant if still present on 

food product 

Storage At Refrigeration 

Temperature 

Biological Hazards 

 

 

Dependent on pathogen – no 

change in levels (eg. E. coli 

O157:H7) or increase in 

concentration from growth 

(eg. L. monocytogenes) 

Mycotoxins  No change 

Freezing Biological Hazards 

 

Dependent on pathogen and 

time - decrease in prevalence 

and/or concentration or no 

change  

Mycotoxins No change 

Cooking Biological Hazards Reduction in prevalence 

and/or concentration 

Mycotoxins No change 

Cross-Contamination Biological Hazards Increase in prevalence  

Increased risk of illness from 

consumption of other food 

products 

Mycotoxins Change in prevalence from 

mixing uncontaminated 

samples with contaminated 

samples 
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Another factor that requires predicting human behavior is the consumption model. 

Consumption of food varies with socio-economic factors including age, ethnicity, education level, 

and income. Consumption of food also varies greatly with seasonal changes that result in the 

changes in the availability and quality of food. Nesbitt (2008) notes that in a food recall study, 

which asks participants to recall the consumption of foods over a period of time (usually one to 

two days), the majority of willing respondents did not represent the average population. The 

respondents tended to be older, had a higher level of education, a higher household annual income, 

and tended to be female. The study further notes that factors such as age, gender, and income affect 

the eating patterns of individuals in general (Nesbitt 2008). 

4.1.4 Risk Characterization 

The final component of a risk assessment combines hazard identification, hazard 

characterization, and exposure assessment. The risk characterization section should indicate the 

incidence or severity of illness associated with consumption of the foodborne hazard (Brown and 

Stringer 2002). According to the Codex Alimentarius Commission (CAC) (1999), the output can 

be in the form of, “an estimate of the prevalence of illness, or an estimate of annual rate (incidence 

of human illness per 100,000), or an estimate of the rate of human illness and severity per eating 

occurrence.”  

In stating the conclusions of a risk assessment, it is important to show transparency in 

values that lead to variability and uncertainty (WHO/FAO 2009). The hazard characterization and 

exposure assessments inputs will contain a great deal of variability due to the nature of human 

immune responses and consumer behaviours, environmental conditions through the production-

to-consumption chain, and the virulence and pathogenicity of the hazard. In addition, some values 

contain a degree of uncertainty due to limited data or non-existent relevant data. Despite these 

limitations, risk assessments provide insight into the risk from foodborne hazards. Each risk 

assessment provides greater insight into the foodborne risks and provides an opportunity to 

increase knowledge or determine where further information is required.  

4.2 FDA-iRisk v 1.3 for Risk Analysis 

The FDA-iRisk system is tool developed by the Food and Drug Administration Center for 

Food Safety (FDA/CFSAN), the Joint Institute for Food Safety and Applied Nutrition (JIFSAN) 



32 

 

32 

 

and Risk Sciences International (RSI). FDA-iRisk v 1.3 can be used for risk ranking using burden 

of illness (disability adjusted life year – DALY, or cost of illness – COI) measures following the 

risk assessment framework. Though cost of illness analysis is possible using FDA-iRisk v 1.3, this 

discussion is limited to the disability adjusted life years (DALY) measure to remain within the 

scope of this study.  

In FDA-iRisk v 1.3, the user is able to input a set of parameters to characterize the hazard 

and level of exposure to the hazard. The hazard is defined using the dose response model and 

DALY calculation based on typical health outcomes. The exposure to the hazard from food is 

defined using: initial mass, prevalence and concentration levels; process stages; and the rate of 

consumption. The final outputs are mean values for the risk of illness per serving, the annual 

number of illness, and the burden of illness measure.  

Mean values for the outputs are determined by iterations performed using Monte Carlo 

simulation. Random Latin hypercube sampling is used for inputs defined using distributions. The 

first stage of computation is the determination of the initial mean concentration of a contaminated 

serving and the initial mean prevalence. The process stages defined by the user are then used to 

determine the final mean hazards levels in a food product. Process stages are computed using 

mathematical formulas, which define changes to concentration, prevalence, and mass that may 

occur in the food product. As the process stages can also be defined using distributions or points 

values, Monte Carlo simulations are also employed in this stage of the computation. The result is 

the final mean concentration of a contaminated serving and final mean prevalence.  

The next stage of computing risk is dependent on whether illness is caused by acute or 

chronic exposure, as described in the following sections. 
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4.2.1 Acute Exposure 

 

 

Figure 4-3 Schematic of the FDA-iRisk v 1.3 calculation for acute exposure hazards. Blue boxes 

represent user inputs; yellow boxes represent intermediate steps calculated within FDA- iRisk 

v1.3; and green boxes represent FDA-iRisk v 1.3 outputs. 

For acute exposure hazards, the burden of illness is calculated based on the schematic 

shown in Figure 4-3Error! Reference source not found.. After FDA-iRisk v 1.3 uses the initial 

concentration and prevalence (Step 1) and the process stages (Step 2) to compute the final 

concentration and prevalence. The dose per contaminated serving is determined by combining the 

final concentration with the amount of food per eating occasion (Step 3). This dose is applied to 
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the dose response model to determine the risk of illness given that a serving is contaminated (Step 

4). This value is multiplied by the final prevalence to find the risk of illness per serving (Step 5). 

The number of eating occasions per year (i.e. the number of servings), as defined by the 

consumption model, is then used to compute the number of annual cases (Step 6). The number of 

annual cases is then multiplied by the DALY weighting (Step 7). The final result is the DALYs 

per year caused by exposure to a hazard-food combination (Step 8). 

4.2.2  Chronic Exposure 

Chronic exposure hazards are calculated differently in the FDA-iRisk v 1.3 tool as seen in 

Figure 4-4. The difference exists because the exposure to a hazard is based on the average 

consumption over a lifetime in chronic exposure, and because risk is based on body weight. Due 

to these differences, the FDA-iRisk v 1.3 tool allows the user to define the amount of food 

consumed daily, the duration of the life stage, and the body weight during the life stage are used 

as inputs for the chronic exposure consumption model. FDA-iRisk v 1.3 uses these inputs to 

calculate a daily average consumption over a life time in grams of food per body weight per day.  

As with acute exposure hazards, FDA-iRisk v 1.3 uses the user defined initial levels of 

contamination (Step 1), and the process stages (Step 2) to compute the final mean concentration 

and prevalence in the food product. This daily consumption, expressed as the mass or volume of 

food per kg of body weight, is multiplied by the average final concentration and prevalence (Step 

3). This resulting value is the Lifetime Average Daily Dose (LADD). The LADD is then multiplied 

by the dose response model in order to determine the mean risk of illness per consumer (Step 4). 

By multiplying the mean risk of illness per consumer by the number of consumers, the number of 

cases is determined (Step 5). 

 The result is a value for the number of illnesses after a lifetime of exposure. This value is 

multiplied by the burden of illness weighting (Step 6). In order to compare between acute exposure 

and chronic exposure hazards, the lifetime risk is converted to an annual burden of illness by 

dividing by the total exposure duration, which is the summation of the life stages defined by the 

consumption model (Step 7). The final result is the annual burden of disease (Step 8).  
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Figure 4-4 Schematic of the FDA-iRisk v 1.3 calculation for chronic exposure hazards. Blue boxes 

represent user inputs; yellow boxes represent intermediate steps calculated within FDA-iRisk v 

1.3; and green boxes represent FDA-iRisk v 1.3 outputs. 

4.2.3 DALY Calculations in FDA-iRisk v 1.3   

There exists a minor distinction between the DALY calculation described in Section 

4.1.2.2, and the DALY calculation used in the FDA-iRisk tool. The DALY described earlier was 

defined using the number of cases or incidence of illness and death while the FDA-iRisk v 1.3 tool 

requires an input of the proportion of illness or death for each hazard.  



36 

 

36 

 

Equation 6 shows an incidence based definition for the DALY, where 𝑡𝑟 is residual life 

expectancy at death, 𝑛𝑑 is the number of deaths, 𝑡𝑗   is the duration of the outcome j, 𝑆𝑗 is the 

severity of outcome j, and 𝑛𝑗  is the incidence of outcome j. In Equation 7 it can be seen that the 

number of people experiencing a health outcome, 𝑛𝑗 , is equal to the number of illnesses, 𝑛𝑖, 

multiplied by the probability of the outcome given illness, 𝑃(𝑗|𝑖). Similarly, in Equation 8, the 

number of deaths, 𝑛𝑑, is equal to the number of illnesses multiplied by the probability of death 

given illness, 𝑃(𝑑|𝑖). It follows that the DALY calculation in Equation 6 and 9 are equivalent.  

𝐷𝐴𝐿𝑌 = 𝑡𝑟 ∗ 𝑛𝑑 + ∑ 𝑡𝑗 ∗ 𝑆𝑗 ∗ 𝑛𝑗
𝑛
𝑗=1       [6] 

𝑛𝑗 = 𝑛𝑖 ∗ 𝑃(𝑗|𝑖)        [7] 

𝑛𝑑 = 𝑛𝑖 ∗ 𝑃(𝑑|𝑖)        [8] 

𝐷𝐴𝐿𝑌 = 𝑛𝑖 ∗ [𝑡𝑟 ∗ 𝑃(𝑑|𝑖) + ∑ 𝑡𝑗 ∗ 𝑆𝑗 ∗ 𝑃(𝑗|𝑖)𝑛
𝑗=1 ]    [9] 

This distinction is made as the summation of the products for all outcomes is referred to as 

the DALY weighting in this report (see Equation 10). The final burden of disease, or DALY, is 

equal to the number of illnesses (calculated from the exposure assessment and dose response 

inputs) multiplied by the DALY weighting.   

𝐷𝐴𝐿𝑌 𝑤𝑒𝑖𝑔ℎ𝑡𝑖𝑛𝑔 = 𝑡𝑟 ∗ 𝑃(𝑑|𝑖) + ∑ 𝑡𝑗 ∗ 𝑆𝑗 ∗ 𝑃(𝑗|𝑖)𝑛
𝑗=1     [10] 

𝐷𝐴𝐿𝑌 = 𝑛𝑖 ∗ 𝐷𝐴𝐿𝑌 𝑤𝑒𝑖𝑔ℎ𝑡𝑖𝑛𝑔      [11] 
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5.0 Methods 

The ranking of the hazard-food combinations based on burden of disease was undertaken 

based on the CAC framework for risk assessments. The FDA-iRisk v 1.3 web-based tool was used 

to compute the risks for a set of hazard-food combinations described below. Inputs into the FDA-

iRisk program are described in this section with references and complete data inputs found in 

Appendix A and B. 

5.1 Hazard Identification 

The hazard-food combinations used for this study were chosen in consultation with the 

experts from the Multifactorial Risk Prioritization group with members from the Canadian Food 

Inspection Agency (CFIA), Health Canada (HC), the Ontario Ministry of Agriculture Food and 

Rural Affairs (OMAFRA), and the University of Guelph. The list of combinations is found in 

Table 5-1. 

 

 

 

 

 

 

 

 

 

 

 



38 

 

38 

 

Table 5-1 Hazard-food combinations  

Hazard 

Type 

Hazard Food Population Group 

Biological Campylobacter 

spp. 

Broiler Chickens 

(Bought raw and intact) 

General population 

Escherichia 

coli O157:H7 

Basil General population 

Bean sprouts 

Cantaloupes 

Ground Beef 

Loose-leaf Escarole and 

Endives 

Loose-leaf Lettuce 

Parsley 

Romaine Lettuce 

Spinach 

Tomatoes 

Listeria 

monocytogenes 

Soft Cheese Perinatal population  

Immuno-competent  population (< 65)  

Immuno-compromised and elderly 

(>65) population  

Semi Soft Cheese 

Deli Meat 

Salmonella 

spp. 

Basil General population 

Cantaloupes 

Iceberg Lettuce 

Loose-leaf Escarole and 

Endives 

Parsley 

Romaine Lettuce 

Tomatoes 

Chemical Ochratoxin A Barley General population 

Corn 

Oats 

Rye 

Wheat 

 

5.2 Hazard Characterization 

5.2.1 Dose Response 

The choice of dose response model was based on the best available data based on the 

quality of the source of data and the relevance to the population group. Certain hazards are well 
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known and studied and other hazards have less established dose-response relationships. Refer to 

Appendix A for a list of sources used for each hazard.  

The choice of the dose response model used was chosen based on the following sequences 

of criteria: 

1. The dose response model has been peer-reviewed and generally accepted as valid for 

the hazard observed 

2. Mathematical form of the dose response model was available in FDA-iRisk v1.3 

3. Model was not based on surrogate hazard data 

4. Model was based on: 

a. Human outbreak data or human clinical trials 

b. If not, then animal studies 

5. Model was based on heterogeneous population that adequately represents the 

population group in question 

a. The model could be applied to the general population, or population subgroups  

b. The model represents both sexes 

c. The model represents the diverse ethnic background of Canadians  

5.2.2 Disability Adjusted Life Years 

As discussed in Section 4.1.2.2, the disability adjusted life years (DALYs) define the 

number of years of healthy life lost due to contraction of an illness. In calculating the DALY, the 

relevant outcomes of illness were defined for each hazard. An outcome tree of the disease model 

was created that denoted the possible health states resulting from contraction of an illness 

following exposure to a hazard. The outcome trees are found in Appendix A.  

Once the outcomes of each hazard were defined, the FDA-iRisk v.1.3 tool was used to 

calculate the DALY weight of each disease. Three pieces of information were required of each 

outcome: the fraction of cases or deaths, the duration of the outcome or residual life expectancy, 

and the severity of the outcome. 

Where possible, the fraction of cases of illness were derived from reports from sources 

based on Canadian outbreaks and illness rates. Reports from the United States of America were 

also used as it was assumed that the two countries share similar socio-economic characteristics 
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and similar healthcare standards and practices. As this data was not always available, a fraction of 

cases of outcomes was derived from Dutch reports on DALY measurements for some of the 

hazards.  

In the case of the YLD, the duration of the disease was derived from case studies from 

outbreaks, hospitalization records reports, or reports on average typical duration of illness after 

contraction of a disease. The type of report was chosen based on the available information with 

Canadian data used whenever possible. However, it should be noted this was not possible in the 

majority of hazards. Where illness caused a life-long condition, the duration of disease was taken 

as the residual life expectancy in Canada at the average age of onset of the condition. The life 

expectancy was set to 80 years based on Statistics Canada estimates from 2012 (StatsCanada 2012) 

The duration for morbidity was also taken as the remaining life expectancy at the average age of 

death.  

 The severity weighting of each state is rated from 0 to 1, with 0 with the state of “perfect 

health” and 1 being death. For the severity weighting of the health outcomes other than death, 

studies undertaken by the Dutch Burden of Disease Group (referred to as Dutch weights) were 

used as all the necessary health outcomes were defined. Appendix A.2 Table A.3.1 denotes the 

severity weightings used in this report.  

5.2.2.1 Data sources for DALY calculation by hazard 

Campylobacter spp. 

The disease states for Campylobacter include diarrhea, Guillain-Barre Syndrome (GBS), 

reactive arthritis (ReA), and death. Scallan et al. (2011) estimates the portion of Campylobacter 

infections resulting in hospitalization and death in the United States. It was assumed that 

individuals seeking medical attention in hospitals suffer from "complicated" or severe 

gastrointestinal symptoms, while those that do not suffer from “uncomplicated” or mild symptoms. 

Thus, 17% of infections resulted in complicated diarrhea, while 82% of infections result in 

uncomplicated diarrhea.  

In a study in the Netherlands, Havelaar et al. (2008) found the median duration of illness 

for gastroenteritis following Campylobacter infection. For the general population, the duration of 
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gastroenteritis followed a lognormal distribution with a median of 4.5 days (range of 2-10 days). 

In cases where medical attention was sought, the median duration of illness was 7.5 days. 

Recent studies suggest that the likelihood of contracting Guillain-Barre Syndrome after 

Campylobacter infection is 1 in 5000; a value of 0.02% was used as the overall proportion of cases 

that contract GBS (Ternhag et al. 2008; Havelaar et al. 2000).  The severity of GBS was 

categorized using the F-score classification system. A study conducted by Havelaar et al. (2000) 

indicates that 10 of 59 cases of Campylobacter induced GBS are mild (F-score of 2 or below) in 

nature while 49 of 59 are severe (F-score of 3-5). Thus, 0.00339% of people that become ill from 

Campylobacter spp. show symptoms of mild GBS, and 0.0166% show symptoms of severe GBS. 

31% of severe GBS patients recover completely within a year with the remainder showing 

mild symptoms for the remainder of their lives (Havelaar et al. 2000). Given this information, after 

1 year, 74% of GBS patients (those that initially contracted mild symptoms and those that initially 

contracted severe symptoms which resolved to mild symptoms) resolved completely, and 26% 

showed lasting long term effects. Thus, 0.00339% of patients experienced mild symptoms for 

approximately one year and 0.00515% of individuals who contract illness from Campylobacter 

spp. experienced long term neurological effects due to GBS. The average age of hospitalization 

due to GBS in Canada is 52 (Ruzante et al. 2011), thus the residual of life with GBS was set to 29 

years.  

Havelaar et al. (2000) suggests that 100% of patients showing mild symptoms recover 

within 6 months to a year of showing symptoms. Furthermore, Dimackie and Barohn (2013) report 

that severe cases of Campylobacter induced GBS resolve to a milder state within 2-4 weeks. An 

average of this time was taken as the duration for severe GBS (3 weeks or 21 days).  

Though different figures have been reported by various authors, Kemmeren et al. (2006) 

reports a 7% incidence of reactive arthritis following the contraction of Campylobacteriosis based 

on a review of available literature. Patients report symptoms for a median of 60 days (Locht and 

Krogfelt, 2002).  

 Scallan et al. (2011) reports that 0.1% of Campylobacter illnesses result in death. In the 

absence of better data, it was assumed that the average age of death was the same as the average 

of hospitalizations due to camplyobacteriosis in Canada as reported by Ruzante et al. (2011). Thus 

the residual life expectancy was set to 37 years. 
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Escherichia coli O157:H7 

The disease states considered for E. coli O157:H7 were complicated diarrhea, 

uncomplicated diarrhea, hemolytic uremic syndrome (HUS), and death. Cases of complicated 

diarrhea included the portion of cases that sought medical advice or attention. It was assumed that 

cases exhibiting symptoms such as severe gastrointestinal symptoms and bloody diarrhea were 

more likely to seek medical attention and were thus classified as complicated. The distinction 

between complicated and uncomplicated diarrhea was made to reflect the severity weightings 

available which separate gastroenteritis into two states, those that do seek medical attention (visit 

general practitioner or are hospitalized) and those that do not.  

Several sources were examined in the calculation of the portion of individuals affected by 

an outcome. In the calculation of the burden of E. coli O157:H7 in the Netherlands, Havelaar et 

al. (2004) estimated that 46.6% of cases resulted in bloody diarrhea, which was classified as the 

complicated form of the disease in this study. Further, based on a group of outbreaks in North 

America and Europe over the years of 1982-1904, Michel et al. (2000) estimated that 50% of 

symptomatic cases visit a physician. During the outbreak in Walkerton, Ontario, of the 1343 cases 

of gastrointestinal illness reported, 56% visited the emergency room seeking medical care though 

not all were admitted (Bruce-Grey-Owen Sound Health Unit 2000). However, in a retrospective 

cross-sectional study of the Walkerton outbreak, it was found that 53.4% of cases experiencing 

gastrointestinal symptoms sought medical attention in the form of a visit to a general practitioner, 

a phone call to a health care professional, a visit to the emergency room, or admittance to a hospital 

(Bruce-Grey-Owen Sound Health Unit 2000). An average value of 52% was chosen for the portion 

of complicated cases with 48% classified as uncomplicated. 

In the Walkerton Outbreak, the median duration of illness was 4.0 days with no distinction 

made between severe and non-severe cases in reporting (Bruce-Grey-Owen Sound Health Unit 

2000). An outbreak involving hamburgers in the United States of America resulted in a duration 

of illness of 5 days in cases of bloody diarrhea and 3 days for non-bloody diarrhea (Havelaar et al. 

2004). Havelaar et al. (2004) reported these values in the Burden of Disease Study for the 

Netherlands noting that severe forms of gastroenteritis tend to require a longer period for recovery. 

Based on this assessment, the duration of illness was set to 3 days for uncomplicated diarrhea and 

5 days for complicated diarrhea.  
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Hemolytic uremic syndrome (HUS) is a serious consequence of E. coli O157:H7 infection, 

which can result in renal dysfunction. However, the long term complications of HUS are relatively 

rare and would not influence the overall DALY weight of E. coli O157:H7 greatly. Thus only the 

initial contraction of HUS was considered in this report. Havelaar et al. (2004) estimates that 21.7 

cases of HUS per year will develop of the estimated 2114 cases of E. coli O157:H7 of 

gastroenteritis (1.03%). In the Walkerton Outbreak, 27 cases of HUS developed out of the 

estimated 2300 cases that resulted from the outbreak (1.2%) (Bruce-Grey-Owen Sound Health 

Unit 2000). Based on this assessment, the portion of cases resulting in HUS was set to 1.1%.  The 

duration of HUS was set to 13 days, based on the average duration of hospitalization for HUS in 

Canada (Ruzante et al. 2011).  

 The portion of cases of death in the Walkerton outbreak was 0.3% (7 of 2300), which 

includes death from HUS and complications from gastroenteritis (Bruce-Grey-Owen Sound Health 

Unit 2000). The average age of death was not reported; however, in all cases, the patient was 

hospitalized prior to death. The median age of those hospitalized was 8 years, and the mean age 

was 26 years. As patients tended to be very old or very young, it was determined that the average 

age of hospitalization (26 years) would better represent the age at death. Statistics Canada reports 

the average life-expectancy at birth to be 81 years of age resulting in 55 years of life lost due to 

illness from E. coli O157:H7 (StatsCanada 2015). 

 Listeria monocytogenes 

As the outcomes of this disease are highly variable between population groups, DALYs 

were calculated for the three population subgroups: general population, susceptible (including the 

immunocompromised and the people over 65 years of age) population, and the neonatal 

population.  

General population 

 The outcomes considered for the general population are complicated and uncomplicated 

gastroenteritis. The general population was defined as individuals between the ages of 1 and 65 

who do not have underlying immune compromising conditions, immune compromising treatments 

and are not pregnant. Listeriosis in the general population tend to be non-invasive with cases 

presenting with mild symptoms. In an outbreak in the United States, 7 of the 54 patients were 
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identified by Gottlieb et al. (2006) as having no underlying medical condition and being between 

the ages of 1-65 and all survived. Thus, it can be concluded that the general population will 

experience symptoms following exposure to L. monocytogenes. Following an Italian outbreak, 

Aureli et al. (2000) investigated symptoms in 93 adults and 1473 school-aged children. Symptoms 

were restricted to fever, headache, gastrointestinal symptoms, throat soreness and muscle pain. 

Further, 19% of cases required hospitalization and patients presented symptoms similar to that of 

the non-hospitalized cases with no significant difference in frequency (Aureli  et al. 2000). Based 

on these findings, the portion of cases of complicated gastroenteritis was set to 19% and the portion 

of uncomplicated cases set to 81%. 

Finally the duration of complicated diarrhea was set to 7 days, based on the length of 

symptoms of gastroenteritis reported by Kemmeren et al. (2006). In the absence of uncomplicated 

gastroenteritis data, it was assumed that duration of symptoms was half the length of that of 

complicated diarrhea, following trends observed in other microbial pathogens.  

Susceptible Population 

 The disease model for listeriosis in susceptible populations was based on that reported by 

Kemmeren et al. (2006). Susceptible populations were defined as those with underlying conditions 

or undergoing treatment which lowers immune function, and individuals above 65 years of age. 

Kemmeren et al. (2006) reports septicaemia in 37% of cases with symptoms of which last 7 days; 

meningitis was reported in 22% of cases lasting 183 days; severe (defined as complicated) 

gastroenteritis was found in 22% of cases with a duration of 7 days; pneumonia was found in 15% 

of cases with symptoms lasting 7 days. In the absence of data, it was assumed that all patients with 

immune-compromising conditions including old age that had illness caused by Listeria 

monocytogenes showed severe symptoms.  

14% of patients with meningitis (3% of the total) were found to develop long term 

neurological symptoms for the remainder of their lives. Finally, 18% of patients died due to 

symptoms. In a summary report of outbreaks in the United States between the years of 2009-2011, 

the CDC (2013) found that the median age of cases was 72 years. Based on an 81 year life 

expectancy, the residual years of life lost was set to 9 years.  
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Neonatal Populations 

 Women can transmit infection to a fetus during pregnancy. Miscarriages, still-births and 

pre-term deliveries can occur in some instances, while mothers may experience mild symptoms or 

remain asymptomatic. The outcomes for new born babies that survive pregnancy were considered 

for the neonatal population. Mylonakis et al. (2002) reports the outcomes of neonatal listeriosis as 

sepsis, pneumonia, meningitis, lasting neurological symptoms and death. The most severe outcome 

was used where multiple symptoms were likely to occur. 70% of neonates will experience sepsis, 

20% experience pneumonia, and 10% of experience meningitis. Mylonakis et al. (2002) reports 

the duration of antimicrobial therapy for neonates averaged 14 days and it was assumed that 

symptoms would persist for the duration of this time. Mylonakis et al. (2002) found that 25% of 

neonates died, while 13% had persisting neurological symptoms. The residual life expectancy for 

a neonate was set to 80 years. 

Salmonella spp. 

The outcomes of Salmonella spp. include complicated and uncomplicated gastroenteritis, 

reactive arthritis (ReA), and death. Hospitalized patients were considered to present with the 

“complicated” gastroenteritis. The weighted average between typhoidal and non-typhoidal 

hospitalization rates was used as the percentage of complicated cases with values based on the 

Scallan et al. (2011) report. Thus, the portion of complicated cases was set to 27.9% and the 

uncomplicated cases was set to 72.1%. The duration of illness for complicated cases was 13 days 

and the duration of illness for uncomplicated cases was set to 6 days based on estimates reported 

by Kemmeren et al. (2006). 

There have been several case studies of the incidence of reactive arthritis after outbreaks 

of Salmonella conducted in Canada with varying results. Rohekar et al. (2008) reported 11.5% of 

patients developed ReA, and suggested a rate of 1.6% to 19% is typical. In a recall report of the 

incidence of ReA after a Salmonella outbreak amongst police officers in Ontario, Thomson et al.  

(1995) found that 6.4% of people showed symptoms after illness. In contrast, Buxton et al. (2002) 

reports that up to 26% showed symptoms of arthritis following a Salmonella outbreak in British 

Columbia. Due to the high large variation in incidence in Canadian studies, a figure of 8% was 

used based on the Dutch burden of disease model for Salmonella spp. (Kemmeren et al. 2006). 

This value represented a reasonable median for the rate of ReA found in Canadian case studies.  
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Severity was assessed based on the Thomson et al. (1995) case study. 33% of ReA patients 

resolve within 4 months, while 66% of patients have long term (chronic) sequelae. It was assumed 

that the patients with short term symptoms contracted mild symptoms, while the chronic cases 

were split into mild and severe symptoms. Thomson et al. (1995) reported that 48% of ReA 

patients reported “annoying” chronic symptoms, which were considered a severe form of the 

disease in this study. It was further assumed that patients that had not recovered after 5 years would 

not recover from arthritic symptoms. As the mean age of illness was 39 years, the residual of life 

lived with ReA was set to 42 years. 

Death is a rare outcome for Salmonella. A death rate of 0.5% was used based on Scallan et 

al. (2011). The median age of death from salmonellosis based on Statistics Canada (2014) 

estimates was 68, therefore residual life expectancy was 13 years. 

Ochratoxin A 

An outcome tree for the renal cancer can be found in Appendix A. A framework was 

constructed for assessing the disability adjusted life years (DALYs) of cancer by a research team 

in Norway. Soerjomataram et al. (2012) outlines a model by which a DALY can be calculated for 

various cancers.  

Soerjomataram et al. (2012) considered both a two-stage model and a three-stage model of 

cancer progression. In the three-stage model, three possibilities for the outcome of cancer are 

considered: patients that are treated for cancer and do not experience reoccurrence of cancer, 

patients that are treated for cancer that is not curative and leads to death, and patients that are not 

treated and undergo only palliative care. The two-stage model is a simplification of this model that 

does not consider the patients that diagnosed at the late-stage of their disease. Soerjomataram et 

al. (2012) found that the two-stage model leads to a higher value for the DALY calculation, the 

variation in DALYs between the two models is 2% in kidney cancer. Further, the proportion of 

patients in Canada that are diagnosed at this late stage is not reported; thus, including 3 stages 

using approximate values would may lead to greater inaccuracies in the model. Thus, in creating 

the disease model presented here, only two stages were considered.  

Soerjomataram et al. (2012) also suggests duration periods for each stage of disease based 

on Norwegian statistics on treatment period and survival statistics can be applied across countries. 



47 

 

47 

 

In the absence of statistics from Canadian studies detailing duration periods for cancer treatment, 

the figures reported by Soerjomataram et al. (2012) were used to create a DALY model for kidney 

cancer. This model is detailed below by disease outcome. 

Patients experiencing treatment followed by recovery 

Soerjomataram et al. (2012) suggests that patients that are diagnosed with cancer and 

survive, undergo an initial stage of diagnosis and treatment after which the cancer has appeared to 

be eradicated from the body. Diagnosis and treatment were reported to take 5 months, which 

accounts for delay time between diagnosis and treatment and recovery from any surgical 

treatments. Given that the treatment was successful, a period of intensive screening follows in 

order to determine if the cancer has returned. The duration of remission was set to 5 years - after 

the 5 year period, the cancer was considered cured.  

In determining the proportion of kidney patients that fall in this category, five year survival 

statistics were used. According to the Canadian Cancer Society (2014) and De et al. (2013) the 

five year cancer survival rate of kidney cancer is 68% in Canadians. This statistic suggests that 

68% of the patients diagnosed with cancer are as likely to survive past five years as a healthy 

individual of the same age. It was thus assumed that 68% of individuals diagnosed with cancer 

undergo remission with no reoccurrence.  

Patients experiencing treatment followed by mortality 

In the case of patients that do not recover after treatment, Soerjomataram et al. (2012) 

suggests the following disease progression: initial stage of diagnosis and treatment, remission, 

followed by pre-terminal and terminal stages. The period of diagnosis and treatment remained 

constant at 5 months. The duration of remission was calculated as the time to death, less the time 

for treatment and end-stage kidney cancer. Soerjomataram et al. (2012) suggests that patients with 

kidney cancer leading to death survive for 2.7 years and that patients experience a 4 month period 

of end-stage care. Thus, the duration of remission was 1.9 years. A three month period for pre-

terminal diagnosis and one month period for the terminal phase was used based on the method 

described by Soerjomataram et al. (2012).  

As the five year survival rate is 68%, it was assumed that the remainder of the people 

diagnosed with kidney cancer (32%) experience treatment leading to mortality. The National 
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Cancer Institute reports the median age of death at 71 (NCI 2014). According to Statistics Canada 

(2012), the life expectancy of a 70 year old is 10 years. This represents an estimation of the years 

of life lost due to kidney cancer for the 32% of persons that do not survive past five years. 

5.3 Exposure Assessment 

The exposure assessment section was used to estimate the amount of hazard to which the 

population is exposed over the course of one year. There were three elements necessary to define 

the exposure level in the FDA iRisk v 1.3 tool: initial prevalence and concentration; process 

modelling (used to define changes in concentration or prevalence); and consumption of the food. 

The initial values for FDA iRisk v 1.3 can be defined at any stage at which the concentration and 

prevalence are known. The process stages should then describe changes to the hazard levels from 

the initial point to the point of consumption. The method used to evaluate data and enter values is 

described in proceeding sections. Specific values can be found in Appendix B. 

5.3.1 Concentration and Prevalence 

The FDA-iRisk v 1.3 tool requires an input for the initial mass or volume, initial 

prevalence, and, if the prevalence is above 0, the initial concentration in the food product. The 

mass or volume, and prevalence must be defined as fixed values; however, the concentration can 

be defined as a fixed value or a distribution. The distributions available include: Beta PERT, 

cumulative, empirical, normal, triangular, or uniform. Where distributions are utilized, FDA-iRisk 

v 1.3 applies a Monte Carlo simulation and Random Latin hypercube sampling to determine a 

mean concentration of contamination. For microbial hazards, the concentration is defined by the 

log count of microbes per unit mass (log10CFU/g, log10CFU/l, log10PFU/g, log10PFU/l). For 

biological hazards, each contaminated sample of food must contain one organism or colony 

forming unit. This caveat ensures that samples do not contain fractions of a bacteria. This indicates 

that fractions of organisms are not permitted. This constraint does not apply to chemical hazards, 

which are defined using the amount of contaminant per mass or volume of food (eg. ng/g, or ng/l).   

The initial concentration and prevalence of the food products was obtained from sources 

at the market level whenever the data was available. The methods used to set the prevalence and 

concentration are described in the following sections.  
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5.3.1.1 Vegetables and Fruits 

The primary source for concentration and prevalence data was the CFIA Targeted Surveys 

(CFIA 2010a, CFIA 2010b, CFIA 2010c, CFIA 2010d). If the samples tested were contaminated, 

the prevalence of pathogens was defined as the percentage of samples that were contaminated (See 

Equation 12). It was assumed that the sample size was representative of the population in cases 

where contamination was observed.  

𝑝𝑟𝑒𝑣𝑎𝑙𝑒𝑛𝑐𝑒 =
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑛𝑡𝑎𝑚𝑖𝑛𝑎𝑡𝑒𝑑

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒𝑠
       [12] 

 In a vast majority of the samples, the level of contamination was below the detection limit 

of 1 CFU per 25 grams. In these cases, the prevalence was set using the statistical approach noted 

in Equation 13 (CFIA 2010a). 

𝑛 =
− ln(1−𝑝)

(
𝑑

100
)

          [13] 

In Equation 13, 𝑛 is the number of sample units sampled, 𝑝 is the confidence level (set at 95%) 

and 𝑑 is the expected prevalence of pathogens in the population (CFIA 2010a).  

No further quantification of contaminated samples was documented in the CFIA Targeted 

Surveys. Therefore, many of the samples were defined using a uniform distribution. The minimum 

concentration was defined as 1 CFU per initial mass of food in order to ensure that each 

contaminated serving contained at least one organism. As the initial unit mass varied, the minimum 

level of contamination varied from food to food. The maximum concentration was defined at 

5CFU/g.  

 Bean sprouts were not sampled in the CFIA Targeted Surveys. In the absence of peer-

reviewed Canadian data, the prevalence of pathogens in bean sprouts was set using the data 

reported by Abadias et al. (2008) in Spain who found that no samples were contaminated with E. 

coli O157:H7, but 40% of samples were contaminated with generic E. coli. Further, Soller et al. 

(2010) reported that at least 1 in 90 samples contaminated with generic E. coli were also 

contaminated with E. coli O157:H7. In the absence of data which provided numbers of pathogens 

at baseline levels at retail, the concentration of bean sprouts was defined in the same manner 

described above.  
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E. coli O157:H7 and Salmonella spp. in loose leaf lettuce, escarole and endives, and 

iceberg lettuce were defined using initial concentration conditions provided by CFIA. As raw data 

were not obtained, further statistical analysis could not be undertaken and the methodology of 

these values were unclear and are not reported here.  

5.3.1.2 Meats and Cheese 

Chicken 

 The 2010 Annual Report by FoodNet Canada was used to determine the level of 

Camplyobacter spp. in chicken at retail (PHAC 2014a). Both the prevalence and concentration of 

Campylobacter spp. was reported for the year of 2010. The prevalence was taken as the number 

of positive results over the number of samples tested (36%). As more information was available 

regarding the concentration, @Risk (Palisade Version 6.3.1) was used to determine the 

mathematical distribution with best fit that was also available on the FDA-iRisk v 1.3 program. A 

triangular distribution was developed with the minimum level set to ensure that 1 CFU per serving 

was present in the food product.  

Ready-to-Eat Foods: Deli Meat, Semi-Soft, and Soft Cheese 

 The initial prevalence and concentration data for deli meat was derived from the FDA L. 

monocytogenes risk assessment (FDA/FSIS 2003). It was assumed that the Canadian prevalence 

and concentration of L. monocytogenes was comparable to that of the countries from which the 

data was obtained (Western Europe, and the United States). An empirical distribution as defined 

by the FDA was used with the prevalence based on the US prevalence for deli meat, semi-soft 

cheese and soft cheese. 

Ground Beef 

 The prevalence of ground beef was obtained from the CFIA Microbiology Annual Report 

2012/2013 (CFIA 2012/2013). The report suggests that 0.3% of 635 domestic and imported ground 

beef samples were contaminated with E. coli O157:H7. No further quantification of samples was 

conducted. A prevalence of 0.2% to 0.5% (5th and 95th percentiles) was estimated in post-

production ground beef in a risk assessment conducted by the FDA and FSIS (FDA/FSIS 2001). 

The estimated concentration was between 1 to 3 CFU/g (5th and 95th percentiles). However, a 
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Canadian risk assessment of ground beef estimated a prevalence of 2.47% at retail based on 

common practices in the industry (Smith et al. 2013). This prevalence was based on a 1kg load 

with contamination levels of 1.9 CFU/kg. Partitioning would lower prevalence as the 

approximately 2 CFU present in a 1 kg would be distributed amongst 1000 smaller samples. It was 

thus assumed that CFIA Microbiology Annual Report (2012/2013) adequately represented the 

prevalence of contamination of ground beef samples. Further the concentration of ground beef was 

modeled based on the findings of FDA/FSIS under the assumption that American and Canadian 

practices do not vary greatly and due to the accuracy of the estimation of prevalence. A uniform 

distribution was used to describe the concentration; the minimum level was defined as 1 CFU per 

serving size in order to ensure that each contaminated sample contained one organism and the 

maximum was set as 3CFU/g.  

5.3.1.3 Cereal Grains 

Prevalence and concentration for OTA was obtained from 2009/2010 Targeted Surveys for 

wheat, oats, and corn. The remainder of the values was obtained from the Canadian Grain Council 

(CGC). For the foods containing OTA, the mean concentration was calculated by assigning all 

non-detectable values at ½ of the limit of detection based on the simple substitution method used 

by Kuiper-Goodman et al. (2010) and suggested by the Environmental Protection Agency Office 

of Pesticides Program (EPA-OPP 2000). This method assumes that all samples would contain 

some level of contamination. The range of concentrations was reported in the targeted surveys and 

by CGC, but raw data were not available. Thus, the median value of the range of detectable values 

was taken for the samples with detectable amounts of OTA. The weighted average was used as the 

concentration. The prevalence was set to 100% under the assumption that all samples contain some 

minimum level of contamination.  

5.3.2 Process Models 

The process models represented the likely changes to prevalence and concentration that 

would occur post-retail. The food products that with process stages were ground beef, chicken, 

and deli meat. For the other food groups, it was assumed that storage times would not alter the 

level of contamination. Specific values and distributions used in process modelling can be found 

in Appendix B. 
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5.3.2.1 Ground Beef 

A distribution for the reduction of E. coli O157:H7 concentrations in ground beef was 

developed based on Audits International (2000) data and a log reduction equation developed by 

FDA/FSIS (2001). Audits International (2000) reported final temperatures in ground beef after 

cooking. Further, Equation 14 was developed by FDA/FSIS (2001) to determine the log reduction 

in E. coli O157:H7 after cooking ground beef. In Equation 14, 𝑙𝑜𝑔𝑅 denotes log reduction, and 𝜏𝐹 

denotes temperature in degrees Fahrenheit.  

𝑙𝑜𝑔𝑅 = 6.6 − (20.53 − 0.12 ∗ 𝜏𝐹)       [14] 

The log reduction based on Equation 14 and the temperature data was used in @Risk 

(Palisade v 6.3.1) to determine the distribution which best fit the data. A triangular distribution (-

1.48, 6.05, 10.30) was found to have the best fit of the distributions available in the FDA-iRisk v 

1.3 program. However, since negative log reductions are not permitted in FDA-iRisk v 1.3, the 

minimum value was changed to 0.  

5.3.2.2 Chicken 

The reduction of Campylobacter spp. in chicken was modelled based on findings by the 

WHO/FAO “Risk Assessment of Campylobacter spp. in Broiler Chickens” (WHO/FAO 2009). 

The risk assessment suggests modelling the log reduction of pathogens using Equation 15.  

log 𝑅 =
𝑡

10(−0.157∗𝑇𝑒𝑚𝑝+9.004)        [15] 

In Equation 15, log R is the log reduction, t is time in minutes, and Temp is the internal 

temperature in °C. Time represents the duration of at which the chicken is kept at an internal 

temperature, Temp. The time at which the internal temperature of the chicken reached these 

temperatures was assumed to be 1 minute, based on the assumed range of time at internal 

temperatures (0.5, 1) reported by WHO/FAO (2009). The internal temperature after cooking was 

defined by a triangular distribution based on values used by WHO/FAO (2009). The resulting 

triangular log reduction model was defined as (0,20,20).  

5.3.2.3 Deli Meat 

Home storage of deli meat was defined based on the mean 0.282 log CFU per day increase 

at 5°C reported by FSIS/FDA (2003). Typical Canadian storage times were not reported; however 
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FSIS/FDA reported storage times by percentage of tested participants. In order to determine the 

growth rate distribution of Listeria monocytogenes, the growth rate for each time period was 

calculated. @Risk (Palisade v 6.3.1) was then used determine a distribution and parameters which 

fit the log increase with the percentage of consumers at each time period. A triangular distribution 

was found to have the best fit of the distributions available in the FDA-iRisk v 1.3 program.  

5.3.3 Consumption 

Consumption data is defined by the amount per eating occasion (biological) or daily intake 

(chemical), and the number of eating occasions (biological) or number of consumers (chemical).  

The sources and methods for consumption are described briefly below and detailed in Appendix 

B. 

5.3.3.1 Amount per Eating Occasion and Daily Intake 

Consumption data were gathered from a variety of sources based on the availability of data 

as noted in Appendix B-B.4. The Food Commodity Intake Database (FCID) available through the 

United States Environmental Protection Agency (US EPA) was used for the majority of the foods 

since it provided details based on the age of the participant. This was particularly important for the 

foods contaminated with ochratoxin A, since the risk is based on body weight, which varies greatly 

with age.  

For foods that were not included in the FCID, data were gathered from the Health Canada 

National Single Day Food Consumption Report. Recall surveys are studies in which participants 

are contacted and asked to recall consumption of foods over a period of time.  

5.3.3.2 Number of Eating Occasions and Number of Consumers 

The number of eating occasions over one year was based on the number of commodity 

eaters reported by the EPA FCID (US-EPA 2014) or National Single Day Food Consumption 

Report (PHAC 2004). The number of eating occasions was calculated using Equation 15 based on 

the assumption that the percentage of commodity eaters of the food for the 24 hours survey 

represented the percentage of commodity eaters over the year. 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐸𝑎𝑡𝑖𝑛𝑔 𝑂𝑐𝑐𝑎𝑠𝑖𝑜𝑛𝑠 =  𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝐶𝑜𝑚𝑚𝑜𝑑𝑖𝑡𝑦 𝐸𝑎𝑡𝑒𝑟 ∗

𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑜𝑓𝐺𝑟𝑜𝑢𝑝 ∗ 365              [15] 
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 In chemical hazards, the number of consumers was set to the population of Canada. Since 

consumption in chemicals was defined by the average rate of consumption per day over a lifetime, 

the number of eating occasions was not relevant.  

Hazards Requiring Additional Parameters 

Listeria monocytogenes  

 In the special case of L. monocytogenes, the risk assessment was separated into three 

categories based on population subgroup. For the neonatal population subgroup, the number of 

eating occasions represents the consumption patterns of pregnant women. The number of eating 

occasions was defined by multiplying Equation 15 by the birth rate in Canada (1.1%). The method 

of approximation of eating occasions for the perinatal population using birth rate was formerly 

used by the FDA in a risk assessment of L. monocytogenes in RTE foods (FDA/FSIS 2003).   

 The percentage of the population of immunocompromised individuals, including those 

over the age of 65 was set at 16%. The number of immunocompromised patients (not including 

those over 65) was estimated based on two common factors that lead to an immunocompromised 

state: cancer treatment and contraction of HIV. Thus the value was based on the approximate 

number of patients with cancer (Statistics Canada 2013), the estimated number of people with 

HIV/AIDS (Public Health Agency of Canada 2011), and the population of Canada over 65 

(Statistics Canada 2014) which was divided by the total population of Canada (Statistics Canada 

2014). The remaining 83% was classified as members of the general population.  

Ochratoxin A 

 Body weight is also required for the exposure assessment of chemical hazards. Since body 

weight varies greatly with age, mean consumption in mass of food (g) per day was calculated for: 

0-1 year olds, 2-3 year olds, 3-6 year olds, 6-11 year olds, 11-16 year olds, 16-21 year olds, 21-30 

year olds, 31-40 year olds, 41-50 year olds, 51-60 year olds, 61-70 year olds, 71-80 year olds, and 

above 81.  

Body weight estimates are retrieved from US-EPA estimates (US EPA 2011). It is assumed 

that average body weights of Canadians and Americans are similar due to similar diets and 

lifestyles. 
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5.4 Risk Characterization 

The FDA-iRisk v. 1.3 tool was used to assess the risk from consumption of the 27 food 

commodities to the population. 33 risk scenarios were computed for the hazard-food combinations 

and population groups described in Section 5.1. The inputs from the hazard characterization and 

exposure assessment sections were used to compute risk estimates for: the number of illness per 

year, the mean risk of illness per eating occasion, and the DALY value of each hazard-food 

combination. The hazard-food combinations were ranked by DALY values, with the highest 

DALY value posing the highest risk. 
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6.0 Discussion and Analysis 

The results of risk ranking are described in the following sections. This discussion is 

organized according to the Codex framework. Thus, information pertaining to information 

availability of the hazard-combinations chosen and the appropriateness of the choices can be found 

in Section 6.1 Hazard Identification. Information discussing the use of the dose response models 

and DALY weighting can be found in Section 6.2 on Hazard Characterization. The results of the 

exposure assessment are found in Section 6.3. The ranked DALY values, and a discussion of their 

validity in determining risk can be found in Section 6.4. Each section describes areas of uncertainty 

and provides some suggestions for future work based on current findings. 

6.1 Hazard Identification 

The hazard-food combinations were chosen by the Multifactorial Risk Prioritization group. 

The following sections examine the appropriateness of the decisions for the hazards, food, and 

population groups.  

6.1.1 Hazards  

The microbial hazards studied in this report (Campylobacter spp., E. coli O157:H7, L. 

monocytogenes, and Salmonella spp.) are commonly associated with foodborne illness in Canada 

and have been the directly named as cause of illness. Over the past decades, several outbreaks have 

been related to the pathogenic hazards considered in this study and these hazards continue to 

threaten the health of Canadians today. 

The health impact of OTA is relevant to Canadians as the OTA contaminates commodities 

that are grown in Canada, and are commonly consumed by the general population. However, the 

connection between OTA exposure and cancer in Canada is not concrete. The chemical toxin, 

OTA has not been directly linked to illness in Canada, though correlations between kidney cancer 

and impairment have been recognized in other regions of the world (Clark and Snedeker 2006). 

Due to the number of risk factors associated with kidney cancer, it is not possible to directly 

attribute consumption of OTA to development of kidney tumours. This fact was also reported in 

the Health-Canada risk assessment (Health Canada 2012).  
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This study aimed to examine relevant hazard-food combinations in the Canadian food 

system under the limitations of time and resources. The list of hazard-food combinations were 

deemed the most pertinent at the onset of the study, and further research is being undertaken by 

CFIA. The biological hazards considered in study were bacterial; however, the framework could 

also be applied to other biological hazards including parasites and viruses. As an example, 

norovirus was the leading causes of gastroenteritis in Canada and could be included in future 

investigations (Thomas et al. 2013). Complications may arise with viral hazards as contamination 

tends to spread due to a lack of hygiene among food handlers since modelling human behavior is 

challenging.  

6.1.2 Food Groups  

 Many of the foods have been associated with recalls and illness and were appropriate 

choices for this study. However, sufficient detail was not available for all food groups in the report. 

This was due mainly to inconsistencies in the available data and the use of overly specific 

definition of certain food groups (such as types of lettuce). Several of the food groups investigated 

in this study were also investigated in the CFIA Targeted Surveys. The surveys were a key resource 

as the market level of contamination was reported, which reduced the need for the modelling of 

production and processing steps. However, since some food groups were not included in the 

targeted surveys, other data sources were used; this led to inconsistencies. 

Another area of concern was the separation of lettuce into specific subgroups (iceberg, 

romaine, and escarole and endive). Other food groups were not separated into such specific 

subgroups (for example, tomatoes were included in the study but not specified as Roma tomatoes 

or grape tomatoes, etc.), which created inconsistencies and may have the effect of under-

emphasizing the risk from lettuce to decision makers. Furthermore, sufficient data were not 

available for specific lettuce types. Conversely, distinct categories can elucidate mitigation 

strategies since differences exist between attachment of bacteria to lettuce as a result of varied 

physical characteristics of the leaf, and differences in processing and packaging (Patel and Sharma 

2010, Takeuchi et al. 2000, WHO/FAO 2008).   

The food groups included in the study were appropriate and relevant to the hazards studied; 

however, some obvious choices, such as Salmonella spp. in poultry and eggs, were excluded. 

Recalls and outbreaks related to milk products, dry spices, and nut products are also commonly 



58 

 

58 

 

reported in Canada and may be included in further studies (CFIA 2014). In comparison to other 

pathogenic hazards, the rate of illness from Salmonella spp. infection has seen a smaller rate of 

decline in the past decades (Thomas et al. 2013, Public Health Agency of Canada 2009). The 

examination of other food groups commonly contaminated by Salmonella spp., such as those listed 

above, may assist in decreasing the number of illnesses in the future. 

6.1.3 Population Groups 

 The study examined the risk to the general population for all hazards except Listeria 

monocytogenes. Risk assessment based on the total population allowed for an examination of the 

general risk without over-emphasizing the risk of a particular hazard-food combination due the 

severity of symptoms in susceptible population groups. L. monocytogenes was the exception as 

the rate and severity of illness between population groups is extremely varied. Section 6.4 explores 

this finding in greater detail.   

  



59 

 

59 

 

6.2 Hazard Characterization 

6.2.1 Dose Response Model 

A dose response model numerically represents the number of illnesses that result from a 

defined rate of exposure. The dose response model characterizes the behavior of the organism in 

the host, as well as the host response to the foreign agent. The applicability of the chosen dose 

response model for each hazard is described below. 

6.2.1.1 Evaluation of the Microbial Dose Response  

For certain pathogens, a number of dose response models have been developed based on 

different data sources. The choice of which model to use was based on several factors, with two 

important factors including: the most accurate model based on a review of literature, and the 

relevance of the data on the general Canadian population.  

Campylobacter spp.  

The Campylobacter spp. dose response model was based on human feeding trials 

conducted and reported by Black et al. 1988. Two strains of Campylobacter jejuni were studied 

(C. jejuni A3249 and 81-176). Medema et al. (1996) found the approximate Beta-Poisson model 

for strain A3249, which was later improved by Teunis and Havelaar (2000). The later model 

generated parameters with a smaller confidence interval. WHO/FAO (2008) pooled data from the 

feeding trials of both strains, which allowed the authors to better represent the response at high 

dose levels.  

In the original work conducted by the Canadian Food Inspection Agency (CFIA), a model 

created by Nauta et al. (2009) was also considered. This work modeled the response of children to 

Campylobacter. This model was not used as it did not apply to the general population. Further, the 

model violates a key assumption on which the Beta-Poisson relationship is based, which is that 𝛽 

must be greater than 𝛼 and 1 (Nauta et al. 2009). 

The dose-response model developed by WHO/FAO in the 2009 risk assessment of 

Campylobacter spp. was chosen as the best available, but it should be noted that the dose-response 

model does not reflect the virulence of all species of the Camplyobacter bacteria. In addition, the 

relationship may not reflect the general population as only healthy adults were used in the feeding 
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trials. The Campylobacter bacteria dose was delivered through milk, which may have yielded 

results that are not able to accurately model the response after the consumption of broiler chickens. 

The interaction of the bacteria with the food matrix, as well as the interaction of the host with the 

food matrix can alter the survival of the food within the body (Brown and Stringer 2002).  

Another complication that occurs with the Campylobacter spp. dose response model is 

caused by an observed property of Campylobacter spp. in which the number of infections 

decreases as dose increases (Teunis et al. 2005). This relationship may be caused by an increased 

immune response resulting from an increased bacterial invasion (Brown and Stringer 2002); 

however, more observational data from epidemiological surveys including outbreak investigations 

would elucidate this relationship (Teunis et al. 2005). In order to incorporate this factor, 

WHO/FAO (2008) suggests that the probability of illness given infection is 33%. This factor was 

used in the current study; other models (Teunis et al. 2005) have been developed that use a non-

linear function to relate the rate of illness to the rate of infection. It was not possible to use this 

model due to the limitations of the FDA-iRisk v1.3 program, but can be incorporated if this 

function becomes possible in future version of FDA-iRisk. 

Escherichia coli O157:H7 

Early E. coli O157:H7 dose response models incorporated data from animal studies as well 

as data from human feeding trials of a surrogate pathogen (Haas et al. 2000, Powell et al. 2000). 

Recent studies modelling the dose response characteristics of E. coli O157:H7 have abandoned 

this data and rely on outbreak data as models based on surrogate pathogens and animals generally 

underestimate the true dose-response relationship (Strachan et al. 2005). The former dose-response 

models generally estimated lower rates of illness for the combinations considered in this work. 

The models based on outbreak data estimated a higher incidence of illness.  

The E. coli O157:H7 dose response models that based parameters on outbreak data are: 

Nauta et al. (2001), Strachan et al. (2005), and Teunis et al. (2008). The Teunis et al. (2008) dose 

response results in a higher number of illnesses, and hence DALYs, than any other model; 

however, the difference in the values between the Strachan et al. (2005) dose-response model,  and 

the Nauta et al. (2001) dose response model were minor at the dose of the final food product. 

Further, Nauta et al. (2001) modelled illness after a large outbreak in a Japanese school with 

children and adults and was able to accurately measure the number of people that became ill 
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coupled with the pathogen concentration in the food item. However, since genetic variation plays 

a role in host response to an organism, this was abandoned in place of the studies that represented 

a more diverse population such as that found in Canada. Strachan et al. (2005) uses data from a 

surrogate pathogen in combination with the outbreak data from multiple regions of the world with 

various exposure pathways (various food types, soil, and water). Teunis et al. (2008) also 

incorporated the same set of outbreak values, but ignored information from surrogate pathogens. 

Owing to the inaccuracies that result with the use of a surrogate pathogen, the Teunis et al. (2008) 

dose-response model was used as it best represents the dose response relationship based on 

available information. 

Listeria monocytogenes 

Three separate dose response models were used to characterize the dose response 

relationship of Listeria monocytogenes due to highly variable response observed between 

population groups. Several studies have developed models based on the response of 

immunocompromised or perinatal populations exclusively, but did not incorporate the general 

population into the estimates. Earlier work in animal data has been used for this purpose 

(Notermans et al. 1998, Haas et al. 1999) but are discredited due to inaccuracies that result from 

extrapolating to human populations (WHO/FAO 2004).  

The current work used the model developed by WHO/FAO (2004). A set of exponential 

dose response models were based on epidemiological data from a variety of strains. The variation 

in response between healthy, susceptible (immune-compromised) and perinatal populations was 

represented with three separate dose response relationships. Further, the data were based on 

consumption of RTE foods including cheeses, and deli meat. Thus the variations that occurs with 

strain, host characteristics, and food matrix were represented to some degree in the dose response 

model. 

Salmonella spp. 

Previous dose response models of Salmonella spp. incorporated data from feeding trials 

conducted over the years of 1936 to 1970 (WHO/FAO 2002). In the 2002 risk assessment, 

WHO/FAO credited Fazil (1996) for reconciling data from various strains in order to create a 

single general model for Salmonella. However, the WHO/FAO (2006) notes that this model does 
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not correspond to dose response models obtained using data from outbreak investigations, noting 

a lack of usable data due to the low number of participants, and large an administered dose. In 

order to better represent outbreak data, a dose response relationship was developed by the 

WHO/FAO (2002) based on outbreak investigations from several strains of Salmonella in various 

food groups across populations. The use of multiple strains and multiple population groups lead to 

the conclusion that the dose response model is applicable to the general population. However, it 

should be noted that while the many of the food groups considered in the current work were fruits 

and vegetables, none of the outbreak studies explicitly stated that the contaminated food was a 

fresh fruit or vegetable.   

6.2.1.2 Evaluation of Chemical Dose Response Models: Ochratoxin A 

 Human illness with ingestion of ochratoxin A (OTA) is still under investigation. The 

Kuiper-Goodman et al. (2010) dose response model was used for OTA as it was the only study 

which applied to human subjects. The model was based on results from animal testing with an 

uncertainty factor applied. The plausibility of this dose-response was difficult to assess with the 

current knowledge base, however, it was the best available option for the evaluation of cancer risk.  

6.2.1.3 Uncertainty in Dose Response Model Evaluation Using E. coli O157:H7 as a Case 

Study 

The dose response models for E. coli O157:H7 were sensitive to low doses of 

contamination. In Figure 6-1, it can be seen that the probability of illness given dose converges at 

99% by 14 logCFU for all dose responses models other than the model developed by Strachan et 

al. (2005). Under this level of contamination, the number of illness predicted will vary greatly. In 

particular, the dose response models developed by Haas et al. (2000) and Powell et al. (2000), 

predict almost no (4°C), illnesses below 4 logCFU and 2 logCFU respectively. In contrast, the dose 

response models developed by Nauta et al. (2001), Strachan et al. (2005) and Teunis et al. (2008) 

all predict some level illness with a single cell.  
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Figure 6-1 E. coli O157:H7 dose response relationships 

In this study, typical contamination levels in food were low; thus, there was a large 

variation in the number of illnesses predicted between dose response models, as seen in Figure 

6-2. The dose response chosen for E. coli O157:H7 was ultimately based on the model which was 

most relevant to the population. Since animal data and surrogate data were considered weak 

sources, the choice was between Nauta et al. (2001), Strachan et al. (2005) and Teunis et al. (2008) 

dose response models. These three models predict higher numbers of illness at lower doses; 

however, the number of illnesses predicted was similar between these models as seen in Figure 

6-2. This was due to the fact that the dose per serving was likely around 10 CFU for the foods 

considered in this study. This was the dose at which the Nauta et al. (2001), Strachan et al. (2005), 

and Teunis et al. (2008) models result in similar values for probability of illness. The Teunis et al. 

(2008) dose response model was used in this study based on the discussion in Section 6.2.1.1.  

The results of the E. coli O157:H7 case study highlighted the importance of dose response 

models in predicting illnesses. For hazards for which the dose response model was based on a 

small data set or animal studies, the uncertainty was greater. Comparisons between food groups 

related to one hazard were possible since the uncertainty that exists with one dose response model 

was applied to all the food groups. However, conclusions drawn between hazards should be used 
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with discretion as each hazard has a dose response model with varying degrees of uncertainty. In 

an ideal scenario, the dose response models predicted greater numbers of illness for hazards with 

greater virulence, however, this may not have been the case; observed patterns between hazards 

may been caused by erroneous relationships in the dose response model.
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Figure 6-2 The effect of the dose response model on the number of illnesses for E. coli O157:H7
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6.2.2 Disability Adjusted Life Years (DALY) Weightings 

Hazard metrics allow for greater understanding of the severity of a hazard beyond 

qualitative descriptions. The disability adjusted life year measure (DALY) is able to represent the 

severity of contracting an illness through numerical evaluation of outcomes. The DALY 

weightings used in this study are noted in Table 6-1. 

The hazards with the highest DALY weightings were Listeria monocytogenes in neonates 

(22.6 yr/case), ochratoxin A in the general population (4.12 yr/case), and Listeria monocytogenes 

in susceptible adults (1.73 yr/case), respectively. This suggests that contraction of listeriosis and 

kidney cancer (the health outcome of OTA consumption) had the most severe consequences on 

human health amongst the five hazards considered in this study. The high DALY weighting 

observed with these hazards and population groups was caused by both the high likelihood of death 

and severe sequelae including chronic conditions.  

In general, the mortality (YLL) contributed a greater portion to the overall DALY 

weighting than did the morbidity (YLD). The exceptions to trend were listeriosis in healthy adults 

and salmonellosis. Death among healthy adults contracting listeriosis is rare; the portion of adults 

facing death from listeriosis were immunocompromised or above the age of 65 (Gottlieb et al. 

2006). Outbreak reports and hospitalization records indicated that healthy adults do not die from 

contraction of listeriosis. Similarly, death caused by salmonellosis is uncommon and individuals 

that have died from this condition in Canada tend to be over 50 years of age. The portion of YLL 

was lower for salmonellosis due to a low incidence (0.5%) and high age of death (median age of 

68) (Scallan et al. 2011, StatsCanada 2014).  
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Table 6-1 Summary of disability adjusted life year (DALY) weighting of hazards (Campylobacter 

spp., E. coli O157:H7, L. monocytogenes, Salmonella spp., and ochratoxin A) and percentage of 

DALY attributed to Years of Life in Disability (YLD) and Years of Life Lost due to death (YLL) 

Hazard 
DALY Weighting 

(yr/case) 

Percentage 

Attributed to YLD 

Percentage 

Attributed to YLL 

Campylobacter spp. 0.041 10% 90% 

E. coli O157:H7 0.17 2% 98% 

Listeria monocytogenes  

- General Population 
0.0020 100% 0% 

Listeria monocytogenes 

– Immunocompromised 

and Elderly Adults 

1.73 6% 94% 

Listeria monocytogenes 

– Neonates 
22.6 12% 88% 

Salmonella spp. 0.411 99% 1% 

Ochratoxin A 4.12 22% 78% 

 

The DALY weightings justify the separation of Listeria monocytogenes into three 

subcategories. The DALY weight between the three population groups varied greatly, in which the 

general population has a DALY weighting of 0.0014, while susceptible adults have a  L. 

monocytogenes DALY weighting of 1.73 and neonates have a DALY weight of 22.6. The health 

outcomes of Listeria infection are highly dependent on the individual’s previous health state, 

which was reflected in the findings of the DALY.  

The value of the DALY is apparent when comparing the portion of the DALY weighting 

attributable to years of life lost (YLL) and years of life lived with disability of disease (YLD). As 

seen in Table 6-1, the true burden of disease would be lost if only morbidity was considered in an 

evaluation of the impact of hazards since many hazards lead to long term sequelae which increases 

the DALY weighting resulting in a better evaluation of disease. 

There was uncertainty in determining the DALY weighting. Values related specifically to 

Canadian data were lacking for some health outcomes. While some studies reported average values 



68 

 

68 

 

of hospitalization (Ruzante et al. 2011), many values were based on retrospective recall studies. 

In these studies, the rate of responsive participants was small which lead to uncertainty in measures 

of the portion of individuals experiencing a health outcome. Obtaining data for the DALY 

weighting was further complicated when Canadian rates of illness were not attainable. In these 

cases, sources from other countries (primarily the United States and the Netherlands) were used to 

fill the gaps in data based on the assumption of similar health care standards.  

6.2.2.1 Comparison with Previous CFIA DALY weightings 

The Canadian Food Inspection Agency (CFIA) provided a repository with DALY 

weightings in order to initiate the current work. Many changes have been made to the repository 

in the calculation of the DALY weighting. When comparing the results of the current study to 

previous figures given by the Canadian Food Inspection Agency (CFIA), there was no general 

trend in the amount or direction in which the change occurred. Table 6-2 shows the changes in 

DALY values. Generally, the values found in this study were similar to those found by the CFIA. 

Increases were seen in the DALY weighting of Campylobacter spp., E. coli O157:H7, and L. 

monocytogenes in the neonate population. Decreases in DALY weightings were noted in listeriosis 

of the general population or healthy adults, listeriosis of susceptible adults, salmonellosis, and 

kidney cancer from exposure to ochratoxin A.  The changes to the CFIA values which resulted in 

the most substantial percent change are discussed in Table 6-2.  
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Table 6-2 Results of Disability Adjusted Life Year (DALY) Revision: comparison with original 

values provided by Canadian Food Inspection Agency (CFIA) 

Hazard 
Revised DALY 

Weightings 

Original CFIA DALY 

Weightings 

Factors Causing the Greatest 

Change 

Campylobacter spp. 0.041 0.00478 

The long term sequelae of 

Guillain-Barre Syndrome (GBS) 

and reactive arthritis were 

incorporated. 

 

The rate of hospitalization was 

updated. 

E. coli O157:H7 0.17 0.0229 

The age of death was lowered 

(from 40 to 26) in order to 

represent the high number of 

deaths of children after 

contraction of hemolytic uremic 

syndrome (HUS). 

Listeria 

monocytogenes  - 

General Population 

0.0020 0.0149 

The portion of individuals 

experiencing complicated 

gastroenteritis was lowered, while 

the portion of individuals 

experiencing uncomplicated 

symptoms was increased in order 

to more accurately represent the 

health state of the general 

population.  

Listeria 

monocytogenes – 

Immunocompromised 

and Elderly Adults 

1.73 6.41 

The residual life expectancy was 

adjusted to represent the high age 

of mortality in this subpopulation. 

Listeria 

monocytogenes – 

Neonates 

22.6 19.4 

The long term neurological 

impacts of infection were 

incorporated. 

Salmonella spp. 0.411 0.978 

The “mild gastroenteritis resulting 

in GP visit” health outcome was 

removed.  

The age at morbidity was 

increased to reflect updated 

values. 

Ochratoxin A 4.12 13.3 

The possibility of a period of 

remission was included, which 

lowered the residual life 

expectancy.  
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6.3 Exposure Assessment 

6.3.1 Initial Concentration and Prevalence  

In assessing the hazard exposure to a population, an initial estimate of concentration and 

prevalence was defined. Government environmental surveys of the prevalence of hazards at 

Canadian food retail establishments were used to define initial levels. Where Canadian data was 

unavailable, data from risk assessments conducted by the US FDA/FSIS was used. This was based 

on the assumption that Canadian and American food markets share similar standards and food 

safety practices.  

Defining prevalence and concentration data introduced uncertainty into the model due to 

unavailability of some data sources and the limited sample sizes of other sources. For produce and 

E. coli O157:H7 in ground beef, retail reports did not quantify the concentration of pathogens. 

Thus, assumptions were required to define the initial levels of pathogens in food. This was a 

contributing factor to the uncertainty present in the model. The concentration data for foods for 

which quantification data were not available was accomplished using a uniform distribution with 

a minimum level of 1 CFU per serving and a maximum of 5 CFU/g. It was assumed that low levels 

of pathogens were more likely due to the high number of samples below the limit of detection (1 

CFU per 25g) in surveillance studies. However, the level of contamination at retail may be lower 

or higher than the level used to define the level of contamination in this project. 

The prevalence of contamination in foods where no biological contamination was detected 

was set based on the number of samples in the study. A small sample number resulted in the 

reporting of a high prevalence level in order to reflect the uncertainty of drawing conclusions from 

small sample sizes; however, more data on specific food commodities would improve the 

conclusions drawn from this study. 

Further, where enumeration of the samples was conducted, only a few samples were above 

the limit of quantification (LOQ). A low number of positive samples created uncertainty in the 

inputs for hazards levels in the model. Values that may have been outliers were overemphasized 

due to the small number of samples. 

The uncertainty in measurement of initial contamination levels was compounded for 

exposure to Ochratoxin A (OTA). As with the other hazards, uncertainties occur due to the small 
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sample size, and the low number of samples with quantifiable concentrations of OTA. Further, 

prevalence and concentration of OTA was found to be highly variable with one study finding that 

the prevalence of OTA in food fluctuated between 32-94% in a study of dry pasta from 2004-2007 

(Ng et al. 2009). As the value for hazards levels was applied over a lifetime of human consumption 

(80 years), the uncertainty in the input was compounded for OTA.   

6.3.2 Process Models 

The foods which included a process model were broiler chickens, ground beef, and deli 

meat. The change in concentration of these foods is noted in Table 6-3. The levels of pathogens in 

the selected foods decreased for broiler chickens and ground beef through the process of cooking. 

The concentration in deli meat increased due to lengthy storage times.  

Table 6-3 Changes in hazard levels in hazard-food combinations after consumer cooking 

(broiler chickens and ground beef) or storage (deli meat) 

Hazard-Food 

Combination 

Initial Mean 

Concentration 

Initial 

Prevalence 

Final Mean 

Concentration 

Final 

Prevalence 

Campylobacter  

spp. in Broiler 

Chickens 

-2.4 logCFU/g 36% 
-0.993 log 

CFU/g 
0.258% 

E. coli O157:H7 

in Ground Beef 

-0.162 log 

CFU/g 
0.3% -0.952 logCFU/g 9.93E-03% 

L. monocytogenes 

in Deli Meat 
1.49 logCFU/g 1.7% 3.08 logCFU/g 1.7% 

6.3.2.1 Cooking  

Cooking steps were used for broiler chickens and ground beef. The concentration of 

Campylobacter spp. was reduced by 1.41 log CFU/g with a change in prevalence of 36% in broiler 

chickens. The change in prevalence was caused by the total elimination in a serving. The cooking 

temperature was defined using a triangular distribution with a mode of 70°C. At this temperature, 

the mean initial concentration would be eliminated in less than 1 second. This indicates that 

cooking is a valid method of reducing health impacts from Campylobacter spp. in the population.  

The mean concentration of E. coli O157:H7 was reduced by 0.79 log CFU/g in ground 

beef. The prevalence of pathogens changed from 0.3% to 9.93E-03%. Once again, the substantial 

decrease in pathogen concentration indicates that cooking would be a valid method of eliminating 

pathogens from food. A triangular distribution (0,6.053,10.298)log was used to define the decrease 
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in concentration from cooking. This was similar to the 5-6 logCFU predicted by (FDA/FSIS 2001) 

and the 4.68 logCFU reduction predicted by Smith et al. (2013).  

However, the estimate of internal cooking temperature may not accurately represent the 

Canadian population. Information regarding Canadian at home cooking temperatures was not 

available. However, surveys of consumer behaviour indicate that only 35% of Canadians report 

the use of a thermometer while cooking, while only 33% of the population own a thermometer 

(Nesbitt et al. 2009). This statistic does not give insight into the internal temperature of cooked 

meat, but does highlight a lack of awareness of the value of attaining high internal temperatures 

while cooking.  

It was assumed that the fruits and vegetables would not be subject to any treatments that 

would decrease the concentration or prevalence on foods. Though this assumption may not have 

been accurate, it was used to circumvent the lack of available data regarding consumer handling 

behaviour. While the state of the food at consumption of most food products is obvious (for 

example, cantaloupes are generally eaten raw), handling of other foods is less straight forward (for 

example, a dish containing bean sprouts can contain raw, cooked, or a combination of both).  

6.3.2.2 Storage 

Growth during storage was modelled for deli meat resulting in an increase in the mean 

concentration of L. monocytogenes from 1.49 logCFU/g to 4.07 logCFU/g. Growth in deli meat 

was modelled in order to reflect the potentially lengthy storage times at refrigeration temperatures  

(4°C) in the consumer home (median length of 6-10 days) (FSIS/FDA 2003). In addition to long 

storage times, the acidity and water content of deli meat allow for rapid growth.  Once again, the 

process model was based on American surveys and the values found in the FDA/FSIS risk 

assessment of L. monocytogenes (FSIS/FDA 2003).  

Storage of broiler chickens and ground beef was not modelled, as it was assumed that no 

growth or reduction would occur at refrigeration temperatures. The optimal growth temperature 

for Campylobacter spp. is 42°C (WHO/FAO 2009). Though Campylobacter spp. are able to survive 

at 4°C, studies indicate that Campylobacter  spp. are unlikely to grow at this temperature (Membré 

2013, WHO/FAO 2009). Similarly, E. coli O157:H7 does not grow below a temperature of 8-10°C 
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(Buchanan and Doyle 1997). Further, fruits and vegetables were also assumed to be stored at 

refrigeration temperatures and eaten before any growth could occur.  

Storage times were also not considered for the other processed ready-to-eat (RTE) foods 

presented. The increase in levels of L. monocytogenes in cheese products was assumed to be 

negligible due to a slow growth rate. FSIS/FDA (2003) predicts a growth rate for soft cheese (0.082 

log CFU/day) and a negative growth rate for semi-soft cheese (-0.043 log CFU/day).  

6.3.2.3 Other Processing Steps 

Washing of food products was not considered in this assessment. Washing of fruits and 

vegetables at the consumer level was unlikely to remove pathogens in food (WHO/FAO 2008). 

Rinsing of produce reduced the loosely attached bacteria, but was not able to reduce concentrations 

significantly. Thorough washing resulted in a reduction in bacterial load on the food product, but 

resulted in high loads in the wash water (WHO/FAO 2008). Washing of products such as cheese, 

and deli meat would not occur. Washing raw meat products can lead to cross-contamination, but 

would be insignificant reducing pathogen levels when compared to the cooking step. Other cross-

contamination steps such as contamination of kitchen surfaces and utensils were not modelled due 

to the complexity of determining and modeling pathways. 

6.3.2.4 Chemical Hazards 

In the case of foods contaminated with ochratoxin A, it was assumed that the behaviour of 

the consumer would not cause changes to the concentration or prevalence of OTA in the food 

product.  Increases in mycotoxins level could occur with improper storage that results in mould 

growth; however, if the product is kept in clean, dry storage, no increase occurs (Kuiper-Goodman 

et al. 2010). Since OTA is relatively heat stable, consumer actions such as boiling a food product 

would not lead to changes in concentration or prevalence. Changes occurring from re-distribution 

such as those that would occur from re-using a storage container without washing were also 

assumed to be negligible.  

6.3.3 Consumption 

The rate of consumption was the final component of the exposure assessment. The 

consumption rate is defined by the portion size and the number of eating occasions in a year in the 
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FDA-iRisk v 1.3 software. Consumption of the food product can sway the results of the risk 

assessment as foods that were consumed more often cause more illness. 

A great portion of the risk assessment is based on consumption data from the United States 

Environmental Protection Agency’s (US-EPA) Food Commodity Intake Database (FCID). The 

FCID provides a comprehensive list of average daily intake based on age and fit the requirements 

of the current study. This source was used under the assumption that Canadians and Americans 

share similar socio-economic traits and, therefore, a similar diet. The differences in eating 

occasions was accounted for by using Canadian population statistics as noted in the Section 5.3.3.  

The EPA FCID was primarily used to account for body mass differences with age. As the 

database separates intake by an age range that is chosen by the user, it was a useful resource in the 

chemical hazards. Intake by age was an important consideration in chemical risk assessments as 

the incremental lifetime cancer risk was given in terms of body mass and body mass changes 

drastically in the first two decades of life. Differences that occur between consumption of a food 

item by age were also accounted for in this manner. The EPA FCID was used for the remainder of 

the food groups where possible in order to promote consistency in sources. However, some food 

groups were not covered in this database, and the Health Canada National Single Day Food 

Consumption Report (PHAC 2004) was used in its place.  

These sources provided information on the amount of food per eating serving, but could 

not be used to determine the frequency of consumption. In order to portray the impact of frequency 

of consumption, the number of illnesses resulting from consumption of E. coli O157:H7 

contaminated bean sprouts was calculated based on a frequency of daily, weekly, monthly, 

quarterly, and yearly basis (see Table 6-4). The frequency of consumption had an impact on the 

number of illnesses estimated in the risk assessment. In order to determine the number of eating 

occasions, the percentage of commodity eaters was multiplied by the population of the subgroup 

and 365. The result was the yearly number eating occasions. This calculation was done under the 

assumption that commodity eaters would consume the food on a daily basis. However, repeated 

consumption of the same foods is unlikely. Data on frequency of consumption of a food 

commodity was limited. 7 day recall surveys, such as those conducted by Nesbitt et al. (2008), 

provide some information as to food consumed on weekly basis, but the number of times a 

commodity was eaten per week, and the likelihood of consuming a food weekly were not noted.  
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Table 6-4 Effect of frequency of consumption on bean sprouts contaminated with E. coli 

O157:H7 

Frequency of Consumption Number of Illnesses (per year) 

Daily 2.33E7 

Weekly 3.32E6 

Monthly 1.29E5 

Quarterly 2.55E5 

Yearly 6.38E4 

 

In the case of Listeria monocytogenes, the consumption was separated by health state: 

neonatal populations (exposed through pregnant women), the immunocompromised and elderly 

population and the general population. However, consumption statistics did not distinguish 

between these groups. The consumption rate of pregnant women was based on the birthrate in 

Canada per year based on the methodology employed by FDA/FSIS (2001). Birth rate denotes the 

births per population in a given year and was used to estimate the number of pregnant mothers in 

a given year. The consumption rate for the immune compromised was based on a crude estimate 

of the number of Canadians with cancer, the number of Canadians with HIV/AIDS, and the 

population over 65. These groups do not include those undergoing other immunosuppressing 

treatments, such as those with organ transplants or artificial transplants, or those with other 

conditions that lower immune function. Further, due to the dissemination of risk factors to patients, 

it is likely that the consumption rate in these subpopulations was dissimilar to that of the general 

population. This introduced a lack of confidence in the reported values in the risk assessment. 
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6.4 Risk Characterization 

The FDA-iRisk v 1.3 tool was used to conduct a risk assessment and analysis of 27 hazard-

food pairs found to be relevant to the Canadian population. The hazard-food combinations were 

ranked using the disability adjusted life year (DALY) value in order to evaluate the incidence and 

severity of illness resulting from the consumption of the 27 hazard-food combinations. The DALY 

ranked values are presented in Table 6-5. The hazard-food pairs with the highest ranking represent 

a higher health risk to consumers in the Canadian food market. 

  Table 6-5 Hazard-Food Pairs Ranked by Disability Adjusted Life Year (DALY)  

Rank Hazard-Food Combination Number of Illnesses 

(per Year) 

DALY  

(Years) 

1 E. coli O157:H7 in Bean Sprouts 2.33E+07 3.93E+06 

2 E. coli O157:H7 in Tomatoes 1.23E+07 2.08E+06 

3 Salmonella spp. In Tomatoes 8.75E+05 3.59E+05 

4 E. coli O157:H7 in Iceberg Lettuce 1.95E+06 3.30E+05 

5 Salmonella spp. In Iceberg Lettuce 5.89E+05 2.42E+05 

6 E. coli O157:H7 in Romaine Lettuce 7.35E+05 1.24E+05 

7 Salmonella spp. In Romaine Lettuce 2.55E+05 1.05E+05 

8 Salmonella spp. In Cantaloupe 1.15E+05 4.73E+04 

9 E. coli O157:H7 in Ground Beef 1.78E+05 3.00E+04 

10 E. coli O157:H7 in Parsley 1.03E+05 1.75E+04 

11 Salmonella spp. In Parsley 2.96E+04 1.22E+04 

12 E. coli O157:H7 in Loose Leaf Lettuce 3.10E+04 5.24E+03 

13 Salmonella spp. In Loose Leaf Lettuce 9.89E+03 4.07E+03 

14 E. coli O157:H7 in Escarole and Endive 2.29E+04 3.87E+03 

15 Campylobacter  spp. in Broiler Chickens 9.00E+04 3.70E+03 
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Rank Hazard-Food Combination Number of Illnesses 

(per Year) 

DALY  

(Years) 

16 E. coli O157:H7 in Spinach 2.11E+04 3.56E+03 

17 Salmonella spp. In Escarole and Endive 7.26E+03 2.98E+03 

18 E. coli O157:H7 in Basil 6.00E+03 1.01E+03 

19 Salmonella spp. In Basil 1.58E+03 6.51E+02 

20 

 

L. monocytogenes in Deli Meat (total) 

Neonatal Population 

Immunocompromised and Elderly 

 Population 

General Population 

2.19E+00 

6.69E-01 

1.26E+00 

 

5.97E-02 

1.90E+01 

3.52E-06 

4.57E-09 

 

4.17E-11 

21 Ochratoxin A in Wheat 0.0904 0.372 

22 Ochratoxin A in Corn 0.0103 0.0426 

23 Ochratoxin A in Oats 0.00803 0.0331 

24 Ochratoxin A in Barley 0.00124 0.00509 

25 Ochratoxin A in Rye 0.0000825 0.00034 

26 L. monocytogenes in Soft Cheese (total) 

Neonatal Population 

Immunocompromised and Elderly 

 Population 

General Population 

2.34E-05 

7.67E-06 

1.45E-05 

6.85E-07 

0.00021 

1.73E-04 

2.50E-05 

1.34E-09 

27 

 

L. monocytogenes in Semi-Soft Cheese 

(total) 

Neonatal Population 

Immunocompromised and Elderly 

 Population 

General Population 

5.17E-06 

5.17E-06 

9.75E-07 

4.61E-07 

0.000133 

1.17E-04 

1.69E-05 

2.39E-09 
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There were several factors which impacted the values in the final risk output; however, 

three key areas of uncertain and variable data were apparent: the dose response model, the level of 

contamination at retail, and the frequency of consumption. The dose response model was applied 

to determine the probability of illness given exposure. As noted, variability in host factors, food 

matrices, and the hazard impact the dose response model. Literature searches and values used in 

high level risk assessments, such as those conducted by FAO/WHO (2002, 2009), were used to 

determine the validity of the dose response model. The applicability of the model was determined 

based on the food groups, population groups, and hazard type on which the data was based. 

However, it was not possible to determine whether the model accurately returned true values for 

the number of illnesses in the Canadian population. 

 In evaluating the exposure to a hazard, there was a general lack of data reporting both the 

prevalence and concentrations in food products. This was especially true of the fruits and 

vegetables included in this study. Surveys were subject to small samples sizes with data resulting 

in assumed prevalence levels. If a product was found to be contaminated, further enumeration of 

the food product was not conducted. There was a great deal of uncertainty in defining the initial 

levels of pathogens in the fresh produce and herbs. The concentration of pathogens was based on 

an assumption of each contaminated sample containing 1CFU/serving to 5CFU/g. It was unknown 

whether this represents a reasonable estimate of the true concentration at the retail level. The 

frequency of eating a food item was based on an assumption of daily consumption. This was likely 

an overestimation of the true frequency of consumption. However, data related to this aspect of 

consumption were limited for Canadians. This was another uncertain value, which had a large 

impact on the risk estimate.  

 Each input of the model introduced uncertainty of the results. A sensitivity analysis could 

have been undertaken in order to determine which input had the most significant impact on the 

results and conclusions of the study.  

6.4.1 Interpretation of Data 

The risk assessment tool outputs a point value for the number of illnesses and the DALY 

value attributed to the 27 hazard-food combinations; however, these values were not a reasonable 

estimation. Comparisons to previous studies indicate that tool overestimates the number of 

illnesses attributed to the biological hazards considered in this study. Pitfalls in the current work 
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are apparent when a comparing number of illnesses with the findings by Thomas et al. (2013). As 

seen in Table 6-6, the number of cases of illness for Campylobacter spp., E. coli 0157:H7 and 

Salmonella spp. were highly overestimated in the current work when compared to the figures 

reported by Thomas et al. (2013). This was despite the fact that all food related illnesses were 

considered by the Thomas et al. (2013) study, while the current study only considers a select group 

of foods. While Thomas et al. (2013) aims to account for underreporting and under-diagnosis of 

illness, a large portion of cases of illness attributed to the food products to mild illness, such as 

uncomplicated diarrhea, may be ignored by either the patient or the healthcare professional. Thus, 

the values may still under represent the true incidence of disease. Despite the underreporting and 

under-diagnosis of mild illness, it is imprudent to completely attribute this large discrepancy to 

these factors.  

Table 6-6 Number of illnesses estimated in the current study versus estimates from the 2013 

Health Canada Report (Thomas et al. 2013) 

Pathogen Number of Illness Predicted Per 

Year  (Selected food groups only) 

Health Canada Estimates for 

Domestically Acquired 

Foodborne Cases Per Year1 

Campylobacter 

spp. 

9.00E4 145350 

E. coli O157:H7 3.86E7 12827 

L. monocytogenes 2 178 

Salmonella spp. 1.88E6 87797 

 

Based on the uncertainty of the inputs that was not reflected by the output of the tool, and 

the clear discrepancy between the predicted number of illnesses and actual number of illnesses, 

the model created in this work does not reflect the true incidence of disease from consumption of 

the selected food groups. The output should not be considered a purely quantitative output, but 

rather a comparative risk of hazard-food combinations.  
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6.4.2 Relative Risk of Hazard-Food Combinations 

In ranking the hazard-food pairs, it was found that hazards contaminating produce resulted 

in the highest DALY values. Rank 1 was assigned to E. coli O157:H7 in bean sprouts, followed 

by E. coli O157:H7 in tomatoes, and Salmonella spp. in tomatoes. E. coli O157:H7 and Salmonella 

spp. in produce were shown to provide the greatest risk to Canadians. These two products have 

been linked to illnesses in North America. In reducing the risk to consumers, education on the 

benefits of heating vegetables should be disseminated to the public. This could be accomplished 

through labels on packages in a similar manner to those found on meat products. 

The exclusion of a cooking step in produce may have over emphasized the risk from 

produce. Including a cooking step will likely reduce the risk of illness from these food products. 

While some products are unlikely to be cooked (lettuce, or cantaloupes), several of the products 

may be eaten raw or cooked. Both the highest ranking products (bean sprouts and tomatoes) fall 

into the latter category. Since the percentage of products being cooked, the cooking time, and the 

cooking temperature were uncertain, a cooking step was not included in the process model.  

Campylobacter spp. in broiler chickens (purchased raw and cooked at home) took the 15th 

ranking, while the E. coli O157:H7 ground beef (purchased raw and cooked at home) considered 

in this study ranked 9th. These products were ranked relatively low; however, if it was assumed 

that all consumers cook meat products to adequate internal temperature, both these products would 

rank at the closer to the bottom of the list. Several risk assessments have been conducted on the 

safety of broiler chickens and ground beef with conclusions suggesting that proper hygiene (hand 

washing, and avoidance of cross-contamination) in the home and thorough cooking of the product 

would greatly reduce and possibly the risk of illness from these food items (WHO/FAO 2009).  
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Figure 6-3 Comparison of DALY for hazard-food combinations 
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In general, a higher level of risk was calculated for E. coli O157:H7 in produce than for 

other hazards as seen in Figure 6-3. Risk from Salmonella spp. in produce and Campylobacter spp. 

in chicken were the hazards which provided the next greatest level of risk. L. monocytogenes in 

deli meat, semi soft cheese and soft cheese was ranked the lowest of the biological hazards.   

L. monocytogenes in deli meat, soft cheese, and semi-soft cheese ranked 20, 21, and 27th 

respectively. The risk posed by L. monocytogenes was lower than the other biological hazards 

despite the high DALY weighting assigned. The low initial concentration, and low consumption 

levels lend to this ranking; however, this low ranking can be attributed to the dose-response model 

for L. monocytogenes. An exponential dose response distribution was used for this model, which 

estimates a smaller number of illnesses at low levels than the does the Beta-Poisson model used 

for the other biological hazards. In further analyses, consistency in the distribution of the dose 

response model would lend to better comparisons of risk. In addition, the risk to the perinatal and 

susceptible population may differ from the value stated due to uncertainty in the consumption 

model. It was assumed that all three populations have similar eating patterns; however, it is 

possible that pregnant mothers and the susceptible population may avoid certain food groups.  

The cereal grains contaminated with OTA ranked 22-26th when DALYs values were 

reported per year. However, it should be noted that drawing comparisons between acute biological 

hazards and chronic chemical hazards leads to misrepresentations of risk as discussed in Section 

6.4.3.  

Within the foods contaminated with OTA, wheat contributed the greatest risk to the 

consumer. This was due to the high level of consumption of wheat products even at young ages. 

Kuiper-Goodman et al. (2010) also found that wheat was the major contributor to OTA exposure 

even when non-cereal products were considered. This risk was due to the high consumption of 

wheat in comparison to other cereal grains and to other foods in general. Corn and oats were also 

ranked higher in the DALY scale due to high consumption levels. These three commodities require 

further investigation in order to determine where mitigation strategies may result in lower 

incidence of illness. 

When examining the number of illnesses attributable to consumption of OTA over certain 

periods of life, exposure to OTA during the years of 31-50 resulted in high levels of risk to the 
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consumer across all food groups (see Table 6-7). This was due to the higher levels of consumption 

of the food products during these years, which results in a higher level of exposure and thus, illness.  

Table 6-7 Total illness from consumption of ochratoxin A contaminated food groups by age 

group 

 Total Illness 

Age Group Barley Corn Oats Rye Wheat 

<1 0 1.39 2.66 0 4.46 

1- 5 0 0.63 0.747 0 6.17 

6-10 0.0177 1.11 0.713 0.00306 10.3 

11-20 0.227 0.8 0.344 0.0016 6.61 

21-30 1.58 1.15 0.559 0.00539 8.77 

31-50 1.73 1.11 0.727 0.00892 9.28 

51-80 0.64 0.52 0.614 0.00898 5.37 

  

Foods that were consumed by infants (age under 1) were shown to have a higher levels of 

risk during the early years of life. This was due to both a high level of consumption and a low body 

weight. The 6-10 age range also tended to have a higher risk associated with exposure to OTA. At 

this age, serving sizes increased while body weight was still small in comparison to adults. Kuiper-

Goodman et al. (2010) also notes a higher risk to individuals under 10, with risk decreasing after 

ten years of age. This highlights a need for maximum levels of OTA in food groups, and especially 

in those foods consumed by the very young. 

6.4.3 Comparing Acute Exposure and Chronic Exposure Hazards Using FDA-iRisk v 1.3 

and DALYs 

 An objective of the current work was to determine whether comparisons between 

biological and chemical hazards using disability adjusted life year (DALYs) leads to worthwhile 

conclusions. Using the DALY allowed for the comparison between the chronic health effects of 

cancer and the acute and chronic health effects of biological hazards. However, the use of the FDA-
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iRisk v 1.3 for comparisons using the DALY become complicated when considering differences 

between acute exposure hazards and chronic exposure hazards. 

The current work compared four microbiological hazards and one chemical hazard: 

ochratoxin A (OTA). Illness from microbiological hazards is caused by acute exposure through 

ingestion of a contaminated food product. In theory, one serving of food contaminated with a 

microbiological hazard can cause illness. Thus, conclusions regarding the number and severity of 

illness can be drawn based on the number of servings consumed. In contrast, illness from OTA is 

caused by chronic exposure from ingestion of the toxin over time. One serving of OTA cannot 

lead to cancer, but incrementally increases the risk of developing cancer over time. This distinction 

between acute and chronic exposure complicates the comparison between the biological and 

chemical hazards. 

Further, the FDA-iRisk v 1.3 tool converts the lifetime risk from chronic exposure to yearly 

exposure by dividing by the number of years of life; however, this calculation is not entirely 

accurate. An individual will experience periods in their life during which cancer risk will increase 

or decrease due to changes in the level of consumption of foods, differences in body weight, or 

other confounding factors (EPA 1992). In addition, the incidence of cancer higher in certain age 

groups, for example, kidney cancer is more common among those over 65 (Cancer Society of 

Canada 2014). The age distribution of a population cannot be accounted for in chronic exposure 

hazards in the FDA-iRisk v 1.3 tool. 

These factors led to the undervaluation the risk from OTA as compared to the biological 

hazards considered in this study. Analysis of acute exposure hazards and chronic exposure hazards 

should be separate based on the current model. An alternate method of comparison between acute 

exposure and chronic exposure hazards should be investigated for further studies. Despite this 

finding, using the FDA-iRisk v 1.3 tool for chronic exposure hazards did provide insight into the 

risk from OTA in cereal grains. 
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7.0 Conclusions 

The public health impact of food related hazards were investigated in this study using the 

Codex framework for risk assessments and the disability adjusted life year (DALY) metric. 33 risk 

scenarios encompassing 27 hazard-food combinations were ranked based on the DALYs that 

would result from a year of exposure to a hazard in the Canadian population. The set of ranked 

combinations provided insight into areas in the food system that cause the greatest burden of 

illness. However, areas in food safety that require further research also became apparent. 

In ranking the DALY values, produce contaminated with E. coli O157:H7 and Salmonella 

spp. were found to contribute to the greatest risk of illness. Risk assessments of pathogens in 

produce were either qualitative in nature or still in preliminary stages. Reports of both the 

prevalence and concentration of the pathogens in produce from the farm to the retail level would 

aid in assessing the level of risk in the future. In addition, this data would aid in determining where 

risk can be mitigated and can be used to inform the Canadian consumer of preparation and hygiene 

practices that would lower risk from certain high risk food commodities such as bean sprouts or 

tomatoes. 

The conclusions of a risk assessment are contingent on the quality and availability of data. 

Each component of the risk assessment introduces a factor which is subject to variability and 

uncertainty. Improving knowledge in dose response relationships, illness rates (especially for rare 

sequelae), baseline retail levels of hazard, and consumer behaviours will lead to better risk 

estimates and improved food safety. As dose response models introduce uncertainty into the hazard 

characterization, other dose response models should be explored. The models available were 

limited; however, the model that was able to most accurately represent the hazard and population 

group was chosen in this work. It is likely that dose response models will become better at 

predicting illness with larger data sets from future outbreaks and developments in measurement 

and reporting techniques. As well increased awareness and monitoring of hazards with limited 

human data, such as OTA, will improve risk estimates. The current work can be updated as new 

models become available to reflect these changes. 
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Further improvements could be made with the inclusion of more dose response model 

distributions in the FDA-iRisk program. Recent studies modelled a relationship between both the 

rate of infection given dose, and the rate of illness given infection (Teunis et al. 2005, Teunis et 

al. 2010). While the percentage of illnesses given infection for a dose response model can be 

entered into FDA-iRisk v 1.3, the option of inclusion of a separate relationship was not possible. 

This relationship is relevant in most pathogens, but especially important in pathogens which show 

an unexpected relationship between dose and rate of illness given infection such as Campylobacter 

spp. 

With respect to the DALY weighting, estimations could be improved with better reporting 

of hospitalization rates, and death rates for both the incidence of initial illness, and the resulting 

sequelae. This information could be used to develop a standard DALY weighting for each hazard 

that can be applied to the Canadian public. A modification of the FDA-iRisk program that accounts 

for this uncertainty through the use of a distribution would improve the results of the study.  

In the exposure assessment sections, data were limited regarding the prevalence and 

concentration of hazards. This was especially true of hazard contamination of fruits and vegetables. 

Further data collected from environmental surveys can be incorporated into the current model in 

order to better represent the level of pathogens in retail. In addition to FoodNet Annual Reports, 

the 2009/2010 CFIA Targeted Surveys were a useful resource as the surveys measured the level 

of hazards found at the market level. Reporting of hazard levels in foods using CFIA Targeted 

Surveys would be useful not only to those continuing the current Multifactorial Risk Prioritization 

project, but also in determining exposure rates in other risk assessment studies. 

Several reasonable assumptions were made in describing the increase or decrease in hazard 

levels after retail. These assumptions were made based on the lack of sufficient data regarding 

consumer food-handling behaviors. Though the relevant processing steps which changed levels of 

contamination were included in the current work, future work may include cross contamination, 

long term consumer storage and cooking of vegetables. Processing steps describing the cross 

contamination could be included in the model for the foods representing the greatest risk due to 

high initial levels of contamination such as those present in raw meat and poultry. 

There was uncertainty in obtaining consumption statistics for pregnant and immune 

compromised subgroups. Further investigation could be undertaken to monitor the consumption 
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patterns of the groups with known risk factors such as pregnant women and immune compromised 

individuals. In addition, studies investigating the frequency of consumption of food products 

would result in more realistic estimates. Nesbitt et al. (2008) conducted 7 day recall surveys aimed 

at improving the understanding of foodborne disease in Canada. Further 7 day recall may better 

indicate frequency of consumption in place of 24 hours recall surveys.  

In order to compare bacterial and chemical hazards in food safety, four bacterial pathogens 

were evaluated alongside one carcinogenic chemical compound. However, the lack of confidence 

in the dose response models and the lack of sophistication in determining annual rate of chronic 

exposure chemicals resulted in uncertain comparisons between biological and chemical hazards.  

The DALY provided a useful means of comparing the health burden of disease of the acute 

and chronic effects of biological pathogens and chemical toxins. The risk assessment framework 

developed within FDA-iRisk v 1.3 applied more directly to acute exposure versus chronic 

exposure. Making comparisons between the two types of hazards and ranking the hazards on the 

same scale was awkward for this reason and should be avoided if possible in the future. The method 

by which FDA-iRisk v 1.3 determines annual risk from lifetime risk, by dividing by the lifecourse, 

was too simplistic. Inclusion of an age-weighting in the tool may improve the quality of 

comparisons between biological and chemical hazards. Further investigation is required to 

examine the FDA-iRisk v 1.3 tool for comparing and ranking risks in acute exposure chemicals.   

The ranking of hazard-food combination provided insight into the pathogens causing the 

greatest burden of disease to a population. Further, the research highlighted areas in food safety 

that were not well investigated. This research can be used to inform decisions related to policy and 

regulation, the instatement of new risk mitigation technologies, and the allocation of resources 

required for further research.  
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Appendix A Hazard Characterization 

A.1 Dose Response Models 

Table A- 1 Dose response models and their parameters 

Hazard  Distribution Type Parameters Source 

Campylobacter spp. Beta-Poisson 𝛼 = 0.21 

𝛽 = 59.95 

𝑝𝑖𝑙𝑙|𝑖𝑛𝑓 = 33% 

(WHO/FAO 2009) 

Escherichia coli 

O157:H7  

Beta-Poisson 𝛼 = 0.373 

𝛽 = 39.71 

𝑝𝑖𝑙𝑙|𝑖𝑛𝑓 = 100% 

(Teunis et al. 2008) 

Listeria 

monocytogenes 

Exponential  Susceptible 

𝑟 = 5.85𝑋10−12 

𝑝𝑖𝑙𝑙|𝑖𝑛𝑓 = 100% 

Perinatal 

𝑟 = 4.51𝑋10−11 

𝑝𝑖𝑙𝑙|𝑖𝑛𝑓 = 100% 

General 

𝑟 = 5.34𝑋10−14 

𝑝𝑖𝑙𝑙|𝑖𝑛𝑓 = 100% 

 

(WHO/FAO 2004) 

Salmonella spp.  Beta-Poisson 𝛼 = 0.1324 

𝛽 = 51.45 

𝑝𝑖𝑙𝑙|𝑖𝑛𝑓 = 100% 

(WHO/FAO 2002) 

Ochratoxin A Negligible Cancer Risk 

Intake 
 𝑁𝐶𝑅𝐼 = 4

𝑛𝑔𝑂𝑇𝐴

𝑘𝑔𝐵𝑊𝑑𝑎𝑦
 

Risk level= 1:100000 

 

(Kuiper-Goodman 

et al. 2010) 
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A.2 Disability Adjusted Life Year Tables 

A.2.1 Severity Weightings 

 

Table A- 2 Severity weightings based on Dutch global burden of disease weights 

Disease State or Condition Severity Weighting, 𝑺 Source 

Gastroenteritis 

    Complicated 

    Uncomplicated 

 

0.393 

0.067 

Havelaar et al. (2000)a 

Guillain-Barre Syndrome (GBS) 

    Mild (F-score <2) 

    Severe (F-score 3-5) 

 

0.30 

0.80 

Havelaar et al. (2000)a 

Meningitis 0.32 Melse et al. (1998)a 

Neurological disorders 0.25 Melse et al. (1998)a 

Pneumonia 0.04 Melse et al. (1998)a 

Reactive Arthritis 

    Mild 

    Severe 

 

0.127 

0.21 

Melse et al. (1998)a 

Sepsis 0.93 Melse et al. (1998)a 

Hemolytic Uremic Syndrome 

(HUS) 

0.93 Havelaar et al. (2004) 

Kidney Cancer 

    Diagnosis and Treatment 

    Remission 

    Pre-terminal phase 

    Terminal phase 

 

0.294 

0.18 

0.64 

0.93 

AIHW (2001) 

a Severity weighting reported by Kemmeren et al. (2006) 
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A.2.2 Disease Models 

 Campylobacter spp. 

 

Figure A- 1 Outcome tree for Campylobacter spp. 

 

Table A- 3Disease Outcome Tables for Campylobacter spp. 

Outcome 

Duration or 

Residual Life 

Lost 

Severity 
Portion of 

Cases 

Outcome 

Weighting 

Complicated 

Diarrhea 
7.5 days 0.393 17% 0.0014 

Uncomplicated 

Diarrhea 
4.5 days 0.067 83% 0.0007 

Reactive Arthritis 60 days 0.127 7.000% 0.0015 

Mild Guillain-Barre 

Syndrome 
1 year 0.3 0.003% 0.0000101 

Severe Guillain-

Barre Syndrome 
21 days 0.8 0.016% 7.64E-06 

Lasting 

neurological Effects 

of Guillain-Barre 

Syndrome 

37 years 0.3 0.005% 0.000572 

Death 37 years 1 0.1% 0.037 

DALY Weighting (Sum of outcome weightings) 0.041 
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 Escherichia coli O157:H7 

 

 

Figure A- 2 Outcome Tree for Escherichia coli O157:H7 

 

 

Table A- 4 Disease Outcome Tables for Escherichia coli O157:H7 

Outcome 

Duration or 

Residual Life 

Lost 

Severity 
Portion of 

Cases 

Outcome 

Weighting 

Complicated 

Diarrhea 
5 days 0.393 52% 0.0028 

Uncomplicated 

Diarrhea 
3 days 0.067 48% 0.00026 

Hemolytic Uremic 

Syndrome 
21 days 0.90 2% 0.00064 

Death 55.5 years 1 0.3% 0.165 

DALY Weighting (Sum of outcome weightings) 0.169 
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 Listeria monocytogenes 

 

 

Figure A- 3 Outcome Tree for Listeria monocytogenes 
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Table A- 5 Disease Outcomes Table for Listeria monocytogenes in the general population 

Outcome 

Duration or 

Residual Life 

Lost 

Severity 
Portion of 

Cases 

Outcome 

Weighting 

Complicated 

Diarrhea 
7 days 0.393 19% 0.0014 

Uncomplicated 

Diarrhea 
3.5 days 0.067 81% 0.00305 

DALY Weighting (Sum of outcome weightings) 0.00445 

 

Table A- 6 Disease Outcomes Table for Listeria monocytogenes in the neonatal population 

Outcome 

Duration or 

Residual Life 

Lost 

Severity 
Portion of 

Cases 

Outcome 

Weighting 

Meningitis 14 days 0.32 10% 0.00123 

Pneumonia 14 days 0.04 20% 0.000307 

Sepsis 14 days 0.93 70% 0.0250 

Neurological 

Symptoms 
80 years 0.25 13% 2.6 

Death 80 years 1 25% 20 

DALY Weighting (Sum of outcome weightings) 22.6 
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Table A- 7 Disease Outcomes Table for Listeria monocytogenes in the immunocompromised and 

elderly population 

Outcome 

Duration or 

Residual Life 

Lost 

Severity 
Portion of 

Cases 

Outcome 

Weighting 

Complicated 

Gastroenteritis 
7 days 0.393 22% 0.00166 

Meningitis 183 days 0.32 22% 0.0353 

Neurological 

Disorder  
9 years 0.25 3% 0.0675 

Pneumonia 7 days 0.04 15% 0.000115 

Sepsis 7 days 0.93 37% 0.00660 

Death 9 years 1 18% 1.620 

DALY Weighting (Sum of outcome weightings) 1.73 
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 Salmonella spp. 

 

 

Figure A- 4 Outcome Tree for Salmonella spp. 

 

Table A- 8 Disease Outcome Tables for Salmonella spp. 

Outcome 

Duration or 

Residual Life 

Lost 

Severity 
Portion of 

Cases 

Outcome 

Weighting 

Complicated 

Gastroenteritis 
13 days 0.393 28% 0.00392 

Uncomplicated 

Gastroenteritis 
6 days 0.067 72% 0.0000793 

Chronic Severe 

Reactive Arthritis 
42 years 0.21 2% 0.176 

Chronic Mild 

Reactive Arthritis 
42 years 0.127 3% 0.160 

Severe Reactive 

Arthritis 
0.33 years 0.21 5% 0.00347 

Mild Reactive 

Arthritis 
0.33 years 0.127 3% 0.00126 

Death 13 years 1 0.5% 1.764 

DALY Weighting (Sum of outcome weightings) 0.411 
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 Ochratoxin A 

 

 

Figure A- 5 Outcome Tree for Kidney Cancer 

 

Table A- 9 Disease Outcome Table for Ochratoxin A 

Disease Outcome Duration Severity 
Proportion 

Affected 

Outcome 

Weighting 

Primary Diagnosis and 

Treatment 
0.42 Y 0.294 100% 0.123 

Remission (for cured) 5 Y 0.18 68% 0.612 

Remission (with 

reoccurrence) 
1.947 Y 0.18 32% 0.112 

Pre- terminal kidney 

cancer 
0.25 Y 0.64 32% 0.0512 

Terminal kidney cancer 0.083 Y 0.93 32% 0.0247 

Death 10 Y 1 32% 3.2 

DALY Weighting (Sum of outcome weightings) 4.12 
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Appendix B Exposure Assessment 

B.1 Initial Conditions for Prevalence and Concentration 

B.1.1 Fruits and Vegetables 

Table B- 1 Initial concentration and prevalence of fruits and vegetables 

Food Pathogen 

Initial 

Unit 

Mass 

Initial 

Concentration 

Initial 

Prevalence 
Source 

Basil 

    

   

Salmonella spp. 50 g Units: logCFU/g 

 

Distribution: 

Uniform 

Minimum: -1.61 

Maximum: 0.69 

 

1.4% CFIA 

Targeted 

Survey 

(CFIA 

2010a) 

E. coli O157:H7 50 g Units: logCFU/g 

Distribution: 

Uniform 

Minimum: -1.61 

Maximum: 0.69 

1.4% 

Bean 

Sprouts 

 

E. coli O157:H7 25 g Units: logCFU/g 

Distribution: 

Uniform 

Minimum: -1.4 

Maximum: 0.69 

0.44% Abadias et al. 

(2008) 

 

Soller et al. 

(2010) 
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Food Pathogen 

Initial 

Unit 

Mass 

Initial 

Concentration 

Initial 

Prevalence 
Source 

Cantaloupe Salmonella spp. 1082 g Units: logCFU/g 

Distribution: 

Uniform 

Minimum:  

-3.034 

Maximum: 0.69 

0.2% CFIA 

Targeted 

Survey 

(CFIA 

2010d) 

E. coli O157:H7 1082 g Units: logCFU/g 

Distribution: 

Uniform 

Minimum:  

-3.034 

Maximum: 0.69 

0.59% 

Lettuce - 

escarole and 

endive 

Salmonella spp. 220g Units: logCFU/g 

Distribution: 

Uniform 

Minimum:  

-2.342 

Mode: -1.619 

Maximum: -0.95 

1.1% CFIA 

Targeted 

Survey 

(CFIA 

2010b) 

E. coli O157:H7 220g Units: logCFU/g 

Distribution: 

Triangular  

Minimum:  

-2.075 

Mode: -1.283 

Maximum: -0.76 

 

0.54% 
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Food Pathogen 

Initial 

Unit 

Mass 

Initial 

Concentration 

Initial 

Prevalence 
Source 

Lettuce – 

Iceberg 

 

Salmonella spp. 220g Units: logCFU/g 

Distribution: 

Triangular 

Minimum:  

-1.38 

Mode: -0.55 

Maximum: 0.11 

0.53% CFIA 

Targeted 

Survey 

(CFIA 

2010b) 

E. coli O157:H7 220g Units: logCFU/g 

Distribution: 

Triangular 

Minimum:  

-1.38 

Mode: -0.55 

Maximum: 0.11 

0.53% 

Lettuce -

Loose leaf  

Salmonella spp. 220g Units: logCFU/g 

Distribution: 

Triangular 

Minimum:  

-2.342 

Mode: -1.619 

Maximum: -0.95 

0.10% CFIA 

Targeted 

Survey 

(CFIA 

2010b) 

E. coli O157:H7 220g Units: logCFU/g 

Distribution: 

Triangular 

Minimum:  

-2.075 

Mode: -1.283 

Maximum: -0.76 

0.10% 
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Food Pathogen 

Initial 

Unit 

Mass 

Initial 

Concentration 

Initial 

Prevalence 
Source 

Lettuce – 

Romaine 

 

Salmonella spp. 200 g  Units: logCFU/g 

Distribution: 

Uniform 

Minimum: -2.30 

Maximum: 0.69 

0.59% CFIA 

Targeted 

Survey 

(CFIA 

2010b) 

E. coli O157:H7 200 g Units: logCFU/g 

Distribution: 

Uniform 

Minimum: -2.30 

Maximum: 0.69 

0.59% 

Parsley Salmonella spp. 200 g Units: logCFU/g 

Distribution: 

Uniform 

Minimum: -2.30 

Maximum: 0.69 

0.95% CFIA 

Targeted 

Survey 

(CFIA 

2010a) 

E. coli O157:H7 200 g  Units: logCFU/g 

Distribution: 

Uniform 

Minimum: -2.30 

Maximum: 0.69 

0.95% 

Spinach E. coli O157:H7 200g Units: logCFU/g 

Distribution: 

Uniform 

Minimum: -2.30 

Maximum: 0.69 

0.54% CFIA 

Targeted 

Survey 

(CFIA 

2010b) 
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Food Pathogen 

Initial 

Unit 

Mass 

Initial 

Concentration 

Initial 

Prevalence 
Source 

Tomato Salmonella spp. 200 g  Units: logCFU/g 

Distribution: 

Uniform 

Minimum: -2.30 

Maximum: 0.69 

0.21% CFIA 

Targeted 

Survey 

(CFIA 

2010c) 

E. coli O157:H7 200 g Units: logCFU/g 

Distribution: 

Uniform 

Minimum: -2.30 

Maximum: 0.69 

0.97% 
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B.1.2 Meat and Cheese  

Table B- 2 Initial concentration and prevalence of meat (ground beef, broiler chicken, deli 

meat), and soft and semi-soft cheese 

Food Pathogen 

Initial 

Unit 

Mass 

Initial 

Concentration 

Initial 

Prevalence 
Source 

Cheese, 

Soft Cheese 

    

 

L. monocytogenes 25g Units: logCFU/g 

 

Distribution: 

Empirical 

0,-1.39 

0.86, -1.26 

1, 0.74 

1% Quantitative 

Assessment 

of Relative 

Risk to 

Public Health 

from 

Foodborne 

Listeria 

monocytogen

es Among 

Selected 

Categories of 

Ready-to-Eat 

Foods 

(FDA/FSIS 

2003) 
 

Cheese, 

Semi soft 

Cheese 

    

 

L. monocytogenes 25g Units: logCFU/g 

 

Distribution: 

Empirical 

0,-1.39 

0.78, -1.26 

0.91, -0.26 

0.96,0.74 

1, 0.74 

1.3% Quantitative 

Assessment 

of Relative 

Risk to 

Public Health 

from 

Foodborne 

Listeria 

monocytogen

es Among 

Selected 

Categories of 

Ready-to-Eat 

Foods 

(FDA/FSIS 

2003) 
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Food Pathogen 

Initial 

Unit 

Mass 

Initial 

Concentration 

Initial 

Prevalence 
Source 

Chicken 

(Broiler 

Chicken, 

Purchased 

Raw) 

    

 

Campylobacter 

   spp. 

150 g Units: logCFU/g 

 

Distribution: 

Triangular 

 

Minimum: -2.1 

Mode: -2.1 

Maximum: 3 

 

29% FoodNet 

Canada 2010 

Annual 

Report 

(FoodNet 

Canada 2010) 

Deli meat 

 

L. monocytogenes 25g Units: logCFU/g 

 

Distribution: 

Empirical 

0,-1.39 

0.51,-1.26 

0.76,-0.26 

0.88,0.74 

0.9,1.74 

0.99,2.74 

1,3.74 

0.01% Quantitative 

Assessment 

of Relative 

Risk to 

Public Health 

from 

Foodborne 

Listeria 

monocytogen

es Among 

Selected 

Categories of 

Ready-to-Eat 

Foods 

(FDA/FSIS 

2003) 
 

Ground 

Beef 

(Purchased 

unfrozen, 

raw) 

    

E. coli O157:H7 25g Units: logCFU/g 

 

Uniform 

distribution 

Minimum: -2.30 

Maximum: 0.69 

 

2.0% Microbiology 

Annual 

Report 

2012/2013 

(CFIA 2013) 
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B.1.3 Cereal Grains 

Table B- 3 Initial concentration and prevalence of barley, corn, oats, rye, and wheat 

Food Hazard 

Initial 

Unit 

Mass 

Initial 

Concentration 

Initial 

Prevalence 
Source 

Barley 

    

Ochratoxin A 25 g Units: ng/g 

 

Fixed Value 

0.637 

 

100% Canadian 

Grain 

Commission 

(CGC 2014) 

Corn 

    

Ochratoxin A 1g Units: ng/g 

 

Point Value 

0.076 

100% CFIA 

Targeted 

Survey 

(CFIA 

2010e) 

Oats 

    

Ochratoxin A 1g Units: ng/g 

 

Point Value 

0.714 

100% CFIA 

Targeted 

Survey 

(CFIA 

2010e) 

Rye 

    

Ochratoxin A 1 g Units: ng/g 

 

Fixed Value 

1.02 

 

 

100% Canadian 

Grain 

Commission 

(CGC 2014) 

Wheat 

    

Ochratoxin A 1g Units: ng/g 

 

Point value 

0.597 

100% CFIA 

Targeted 

Survey 

(CFIA 

2010e) 
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B.2 Process Models 

Table B-1 Model parameters of reduction and growth of hazards 

Food Hazard Process Model 

and Parameters 

Key 

Assumptions 

Source 

Broiler Chicken Campylobacter 

spp. 

Decrease by 

Cooking 

Distribution: 

Triangular (log 

reduction) 

Minimum: 0 

Mode: 20 

Maximum: 20 

It was assumed 

that the internal 

temperature was 

held for 1 

minute. 

 (WHO/FAO 

2009) 

Ground Beef E. coli O157:H7 Decrease by 

Cooking 

Distribution: 

Triangular (log 

reduction) 

Minimum: 0 

Mode: 6.053 

Maximum: 

10.298 

 

Based on 

FDA/FSIS Risk 

Assessment of 

E. coli  O157:H7 

in ground beef 

and Audits 

International 

Surveys 

Audits 

International 

(2000) 

FDA/FSIS 

(2001) 

 

Deli Meat Listeria 

monocytogenes 

Increase by 

Consumer 

Storage 

Distribution: 

Triangular (log 

growth) 

Minimum: 

0.5639 

Mode: 0.5641 

Maximum: 2.75 

A growth of 

0.282 log 

CFU/day was 

applied to 

distribution of 

typical 

refrigerated 

storage times. 

Foodborne 

Listeria 

monocytogenes 

Among Selected 

Categories of 

Ready-to-Eat 

Foods 

(FDA/FSIS 

2003) 
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B.3 Consumption Models 

Table B- 4 Source Used for Consumption Statistics 

Food EPA FCID Health Canada 

Basil   

Barley   

Bean Sprouts   

Cantaloupe   

Cheese   

Chicken   

Corn   

Deli meat   

Ground Beef   

Iceberg Lettuce   

Loose leaf escarole and 

endive 
  

Loose leaf lettuce   

Oats   

Parsley   

Romaine Lettuce   

Rye   

Spinach   

Tomato   

Wheat   
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B.3.1 Consumption Model By Food  

Table B- 5Consumption of Basil 

Age 
Consumption 

per day (g) 

Population of 

Group 

Percentage that 

Eat Commodity 

Eating 

Occasions 

0 to 4 years 1.49 1924950 0.1% 772945 

5 to 9 years 1.07 1918244 0.1% 769406 

10 to 14 years 2.27 1865473 0.2% 1358806 

15 to 19 years 1.77 2138700 0.1% 947361 

20 to 24 years 
2.24 

2472109 0.2% 
2144667 

25 to 29 years 2437776 0.2% 

30 to 34 years 
2.46 

2479864 0.4% 
6203476 

35 to 39 years 2367133 0.4% 

40 to 44 years 
1.86 

2358693 0.3% 
5212995 

45 to 49 years 2492147 0.3% 

50 to 54 years 
1.97 

2774627 0.2% 
4164392 

55 to 59 years 2557316 0.2% 

60 to 64 years 
3.8 

2168130 0.1% 
1977829 

65 to 69 years 1830877 0.1% 

70 to 74 years 
5.66 

1314681 0.1% 
528964 

75 to 79 years 972182 0.1% 

80 to 84 years 
0.36 

736617 0.1% 
239730 

85 to 89 years 465319 0.1% 
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Table B- 6 Consumption of Mung Bean Sprouts 

Consumption per 

day (g) 
Population 

Percentage Eating 

Commodity 
Eating Occasions 

38.7 35540419 3.00% 389167588 

 

Table B- 7 Consumption of Cantaloupe 

Age Consumption 

per day (g) 

Population of 

Group 

Percentage That 

Eat Commodity 

Eating 

Occasions 

0 to 4 years 75.43 1924950 3% 21078203 

5 to 9 years 98.91 1918244 2% 14003181 

10 to 14 years 131.38 1865473 1% 6808976 

15 to 19 years 176.48 2138700 1% 7806255 

20 to 24 years 
135.41 

2472109 2% 
35842161 

25 to 29 years 2437776 2% 

30 to 34 years 
146.14 

2479864 2% 
35383078 

35 to 39 years 2367133 2% 

40 to 44 years 
104.55 

2358693 3% 
53116698 

45 to 49 years 2492147 3% 

50 to 54 years 
111.11 

2774627 4% 
77846368 

55 to 59 years 2557316 4% 

60 to 64 years 
130 

2168130 4% 
58385502 

65 to 69 years 1830877 4% 

70 to 74 years 
129.65 

1314681 7% 
58429350 

75 to 79 years 972182 7% 

80 to 84 years 
123.66 

736617 7% 
30709465 

85 to 89 years 465319 7% 
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Table B- 8 Consumption of Lettuce - Escarole and Endive 

Age Consumption 

per day (g) 

Population of 

Group 

Percentage that 

eat commodity 

Eating 

Occasions 

0 to 4 years 6.35 1924950 1% 7026068 

5 to 9 years 7.84 1918244 2% 14003181 

10 to 14 years 8.1 1865473 1% 6808976 

15 to 19 years 11.86 2138700 1% 7806255 

20 to 24 years 
13.81 

2472109 4% 71684321 

25 to 29 years 2437776 4% 

30 to 34 years 
14.22 

2479864 6% 106149234 

35 to 39 years 2367133 6% 

40 to 44 years 
18.94 

2358693 5% 88527830 

45 to 49 years 2492147 5% 

50 to 54 years 
15.49 

2774627 8% 155692736 

55 to 59 years 2557316 8% 

60 to 64 years 
14.15 

2168130 7% 102174629 

65 to 69 years 1830877 7% 

70 to 74 years 
15.34 

1314681 5% 41735250 

75 to 79 years 972182 5% 

80 to 84 years 
11.01 

736617 4% 17548266 

85 to 89 years 465319 4% 

 

Table B- 9 Consumption of Lettuce - Iceberg 

Consumption per 

day (g) 
Population 

Percentage Eating 

Commodity 
Eating Occasions 

48 35540419 27.2% 3528452798 
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Table B- 10 Consumption of Lettuce - Loose Leaf 

Consumption per 

day (g) 
Population 

Percentage Eating 

Commodity 
Eating Occasions 

33.7 35540419 2.9% 376195335 

 

Table B- 11 Consumption of Lettuce - Romaine 

Consumption per 

day (g) 

Population Percentage Eating 

Commodity 

Eating Occasions 

55.9 35540419 6.5% 843196441 

 

Table B- 12 Consumption of Parsley 

Age 
Consumption 

per day (g) 

Population of 

Group 

Percentage 

That Eat 

Commodity 

Eating 

Occasions 

0 to 4 years 1.2 1924950 6% 42156405 

5 to 9 years 1.85 1918244 5% 35007953 

10 to 14 years 2.72 1865473 4% 27235906 

15 to 19 years 2.85 2138700 3% 23418765 

20 to 24 years 
3.01 

2472109 4% 
71684321 

25 to 29 years 2437776 4% 

30 to 34 years 
2.52 

2479864 5% 
88457695 

35 to 39 years 2367133 5% 

40 to 44 years 
5.26 

2358693 5% 
88527830 

45 to 49 years 2492147 5% 

50 to 54 years 
2.88 

2774627 5% 
97307960 

55 to 59 years 2557316 5% 

60 to 64 years 
2.11 

2168130 8% 
116771004 

65 to 69 years 1830877 8% 

70 to 74 years 
2.23 

1314681 7% 
58429350 

75 to 79 years 972182 7% 

80 to 84 years 
1.35 

736617 6% 
26322398 

85 to 89 years 465319 6% 
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Table B- 13 Consumption of Spinach 

Age 
Consumption 

per day (g) 

Population of 

Group 

Percentage that 

eat commodity 

Eating 

Occasions 

0 to 4 years 16.51 1924950 4% 28104270 

5 to 9 years 16.23 1918244 3% 21004772 

10 to 14 years 45.85 1865473 3% 20426929 

15 to 19 years 38.96 2138700 4% 31225020 

20 to 24 years 
39.6 

2472109 6% 
107526482 

25 to 29 years 2437776 6% 

30 to 34 years 
35.67 

2479864 8% 
141532312 

35 to 39 years 2367133 8% 

40 to 44 years 
43.44 

2358693 9% 
159350094 

45 to 49 years 2492147 9% 

50 to 54 years 
30.83 

2774627 11% 
214077511 

55 to 59 years 2557316 11% 

60 to 64 years 
33.85 

2168130 11% 
160560131 

65 to 69 years 1830877 11% 

70 to 74 years 
30.73 

1314681 10% 
83470500 

75 to 79 years 972182 10% 

80 to 84 years 
32.19 

736617 10% 
43870664 

85 to 89 years 465319 10% 
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Table B- 14 Consumption of Tomatoes 

Age Consumption 

per day (g) 

Population of 

Group 

Percentage 

That Eat 

Commodity 

Eating 

Occasions 

0 to 4 years 6.58 1924950 25% 175651688 

5 to 9 years 12.19 1918244 38% 266060443 

10 to 14 years 18.46 1865473 42% 285977011 

15 to 19 years 23.62 2138700 49% 382506495 

20 to 24 years 28.97 2472109 52% 931896173 

25 to 29 years 2437776 52% 

30 to 34 years 37.27 2479864 54% 955343109 

35 to 39 years 2367133 54% 

40 to 44 years 32.36 2358693 49% 867572734 

45 to 49 years 2492147 49% 

50 to 54 years 32.08 2774627 49% 953618006 

55 to 59 years 2557316 49% 

60 to 64 years 34.03 2168130 49% 715222402 

65 to 69 years 1830877 49% 

70 to 74 years 30.43 1314681 45% 375617248 

75 to 79 years 972182 45% 

80 to 84 years 23.67 736617 38% 166708523 

85 to 89 years 465319 38% 
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Table B- 15 Consumption of Soft Cheese 

Subgroup Consumption 

per day (g) 

Population of 

Group 

Percentage 

That Eat 

Commodity 

Eating 

Occasions 

General 34.8 29463007 4% 419405910 

Perinatal 34.8 390945 4% 5565097 

Immunocompro

mised 

34.8 5686467 4% 80946858 

 

Table B- 16 Consumption of Semi Soft Cheese 

Subgroup Consumption 

per day (g) 

Population of 

Group 

Percentage 

That Eat 

Commodity 

Eating 

Occasions 

General 35.8 29463007 0.2% 21507995 

Perinatal 35.8 390945 0.2% 285390 

Immunocompro

mised 

35.8 5686467 0.2% 4151121 

 

Table B- 17 Consumption of Chicken 

Consumption per 

day (g) 

Population of Group Percentage That Eat 

Commodity 

Eating Occasions 

116.8 35540419 32.70% 4241926710 

 

Table B- 18 Consumption of Deli Meat 

Subgroup Consumption 

per day (g) 

Population of 

Group 

Percentage 

That Eat 

Commodity 

Eating 

Occasions 

General 37.5 29463007 13% 1430281692 

Perinatal 37.5 390945 13% 18978406 

Immunocompromised 37.5 5686467 13% 276049542 
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Table B- 19 Consumption of Ground Beef 

Consumption per 

day (g) 
Population of Group 

Percentage That Eat 

Commodity 
Eating Occasions 

314.3 35540419 24.60% 3191174222 

 

Table B- 20 Consumption of Cereal Grains 

Age Group Body Weight 

(kg) 

Barley (g) Corn (g) Oats (g) Rye (g) Wheat (g) 

0 - <1 2.12 0 0.44 0.09 0 0.18 

1 - <2 11.4 0 0.43 0.12 0 0.69 

2 - <3 13.8 0 0.72 0.11 0 0.83 

3-5 18.3 0 2.32 0.25 0 2.85 

6-10 31.7 0.01 5.27 0.36 0.01 6.2 

11-15 55.9 0.02 6.72 0.4 0.01 7.59 

16 – 20 65.9 0.51 7.76 0.25 0.01 7.66 

21 – 30 71.9 2.03 12.41 0.64 0.04 12.01 

31 – 40  74.8 2.33 12.68 0.85 0.06 13.61 

41 – 50  77.1 2.35 12.53 0.91 0.08 13.25 

51 – 60  77.5 1.63 9.38 1 0.09 11.6 

61 – 70  76.8 0.77 5.44 0.72 0.07 7.35 

71 – 80  70.8 0.23 2.86 0.5 0.05 4.35 

 

 


