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ABSTRACT 
 
 

A SCOPING REVIEW OF COMPONENT COSTS OF FOODBORNE ILLNESS AND ANALYSIS 
OF THE ASSOCIATION BETWEEN STUDY METHODOLOGIES AND COMPONENT COSTS 

TO THE COST OF A FOODBORNE ILLNESS  
 
 
Taylor McLinden        Advisor: 
University of Guelph, 2013        Dr. Jan M. Sargeant 
 

 

  Cost-of-illness (COI) analysis was the first economic evaluation methodology used in the 

health field, and it aims to identify and quantify all of the costs incurred due to a particular 

illness. While cost-of-illness studies attract much interest from healthcare policy makers and 

public health advocates, inconsistencies in study methodologies and cost inventories have 

made cost-of-illness estimates difficult to interpret and compare, limiting their usefulness. The 

purpose of this thesis was to use a scoping review approach to systematically explore cost 

inventories in the cost of foodborne illness literature, and to investigate the association 

between study methodologies, component costs, and foodborne illness-related factors to the 

estimated cost of non-typhoidal Salmonella spp. illness, using studies identified in the scoping 

review. The results indicated high variability in terms of the depth and breadth of individual and 

societal level component costs, along with a wide range of data sources being used in the cost 

of foodborne illness literature. Additionally, the number of direct component cost categories 

included in an estimate, particularly long-term care costs, and the inclusion of chronic sequelae 

costs were significantly associated with the cost of non-typhoidal Salmonella spp. illness. 

Therefore, these may be important factors to consider when initiating a cost of foodborne 

illness study and when interpreting or comparing existing cost of foodborne illness estimates. 

The results of this thesis can be used to address issues that are believed to be limiting cost-of-

illness studies as decision making tools, and to better understand factors which may impact a 

cost of foodborne illness estimate.  
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CHAPTER 1: 

INTRODUCTION, BACKGROUND AND THESIS OBJECTIVES 

 

INTRODUCTION 

 

Why is foodborne illness an issue? 

 

  In 2005, the World Health Organization estimated that 1.5 million people died 

worldwide from diarrheal diseases, and microorganisms in contaminated food or water were 

cited as the main cause [1-3]. More than 200 pathogens are transmitted by food [4-5] and 

approximately 30% of all emerging infections over the past 60 years were caused by pathogens 

commonly transmitted through food [6]. There are various international efforts being made to 

estimate the burden of foodborne illnesses [7-10]. The Centers for Disease Control and 

Prevention (CDC) estimated that 48 million foodborne illnesses, including 128,000 

hospitalizations and 3,000 deaths occur in the United States each year [10]. The Public Health 

Agency of Canada recently estimated that 4 million episodes of domestically-acquired 

foodborne illness occur in Canada annually [11]. Therefore, foodborne illnesses are an 

important public health issue, and priority setting for foodborne illness management requires 

health risks to be ranked according to defined burden of illness criteria [12].  

 

Why study the cost-of-illness for foodborne illnesses? 

 

  Foodborne illnesses generate a considerable disease burden and major economic losses 

[5, 13-16]. As foodborne illnesses are preventable, the costs associated with such illnesses are 

avoidable [17]. The issue of scarce resources is common to all governments and healthcare 

systems, regardless of their organizational structure. Decision makers must make choices 

between various strategies and options in an attempt to reconcile this economic reality with 

increasing demands for care [18]. While understanding the frequency and severity of foodborne 

illness is important, basic metrics of disease frequency such as incidence and prevalence fail to 
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capture the full burden of disease in a population. Cost-of-illness (COI) studies aim to assess the 

economic burden of disease on a population, and they are conducted for an expanding range of 

illnesses and in many geographical settings [19-22]. These studies identify and quantify all of 

the costs incurred due to a particular disease, at both the individual and societal levels [13, 22, 

23]. However, COI studies have been the subject of much critique and discussion [18, 23], and 

the usefulness of COI studies as decision making tools has been widely debated in the literature 

[24, 25]. While COI studies attract much interest from healthcare policy makers and public 

health advocates, inconsistencies in study methodologies and cost inventories have made COI 

estimates difficult to interpret and compare, limiting their usefulness [19-22]. Although these 

concerns and claims of limited usefulness are plentiful in the COI literature, these issues have 

not been adequately addressed in cost of foodborne illness studies.  

 

BACKGROUND 

 

Foodborne illness 

 

What is foodborne illness? 

 

  Foodborne illness is defined as “a disease of an infectious or toxic nature caused by, or 

thought to be caused by, the consumption of food” [26]. In most cases, the clinical presentation 

of foodborne illness is mild and self-limiting [14, 27, 28] but can result in hospitalization, and in 

a small proportion of cases, death [17, 28, 29]. In the acute or mild cases, foodborne illness 

causes irritation of the gastrointestinal tract, leading to the common symptoms of vomiting, 

diarrhea, abdominal pain, fever, and chills. Certain foodborne illnesses can also lead to 

symptoms not associated with the gastrointestinal tract, such as toxoplasmosis, brucellosis, and 

botulism [30]. In select cases, long-term or chronic sequelae of foodborne illness occur [31, 32].  

 

Chronic sequelae of foodborne illness 
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  Most often, the clinical conditions associated with foodborne illness are acute, and 

include symptoms associated with gastrointestinal irritation. Sequelae are pathological 

conditions that can result from disease or injury. Chronic sequelae are typically long-term 

complications preceded by an acute infection, and a number of chronic sequelae are known to 

result from foodborne infections [31, 33]. Chronic sequelae can include outcomes such as 

Guillain–Barré syndrome, reactive arthritis, irritable bowel syndrome, and kidney failure [4, 27, 

34]. Studies suggest that these long-term conditions are more detrimental to human health and 

the economy than acute foodborne disease due to the severity and length of duration of 

symptoms [31, 32]. 

 

Foodborne pathogens 

 

  Foodborne pathogens cause disease when food is improperly handled, prepared, or 

stored. Microbial foodborne pathogens include bacteria, viruses, fungi, and parasites, but 

foodborne illness can also be caused by a variety of chemicals and toxins [27, 28, 35]. Based on 

current burden of illness estimates, bacteria and viruses pose the greatest threat to food safety 

[36, 37]. Between 1998 and 2002, bacteria caused more than half of all reported foodborne 

outbreaks (55%) and cases (55%) in the United States. During this same period, viruses caused 

33% of outbreaks and 41% of cases [28, 37]. The majority of outbreak-associated illnesses 

across all microbial pathogens were attributed to plant commodities (primarily leafy 

vegetables). Forty-six percent (46%) of annual hospitalizations and 43% of deaths were 

attributed to land animal commodities, primarily poultry and dairy products [38]. Some of the 

most prevalent and widely discussed pathogens are Campylobacter, Salmonella, Shiga-toxin 

producing Escherichia coli, and various viruses.  

 

Campylobacter 
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  Although incidence rates based on national surveillance programs vary between 

countries [7, 9, 10, 39], certain bacterial organisms found in food and ingested during 

consumption cause more foodborne illness than others [37]. Campylobacter spp. are the 

leading cause of zoonotic enteric human infections in most developed countries [40], and are 

naturally present in the digestive track of swine and poultry [41, 42]. Campylobacteriosis results 

in significant morbidity through gastrointestinal tract irritation and it can have considerable 

economic implications due to healthcare expenses and lost productivity as ill individuals take 

time away from paid employment. The species most commonly associated with human illness 

are Campylobacter jejuni and Campylobacter coli [43]. It has been recently estimated that 

447.23 cases of domestically acquired Campylobacter spp. illness per 100,000 people occur in 

Canada each year [11]. A small proportion of individuals that contract campylobacteriosis can 

also develop Guillain–Barré syndrome (GBS), a disorder characterized by muscle weakness or 

paralysis. GBS begins in the lower body and progresses upwards, with most individuals 

recovering within 6 to 12 months [44]. Other complications associated with infection include 

Reiter’s syndrome, irritable bowel syndrome, and inflammatory bowel syndrome [45-47]. 

Detection and diagnosis of this pathogen is performed using stool culture or serology [48].  

 

Salmonella 

 

  Salmonella spp. are one of the most common foodborne pathogens worldwide [7, 10, 

49]. From the late 1800s until 1951, typhoidal Salmonella species were the leading cause of 

Salmonella infection in the United States [50]. Since then, non-typhoidal Salmonella illnesses 

have become more common, which are associated with different exposures and symptoms 

than typhoidal strains [51]. Non-typhoidal Salmonella are naturally found in the gastrointestinal 

tract of cattle, swine, and birds [52, 53]. Symptoms associated with acute salmonellosis include 

fever, headache, abdominal pain and non-bloody diarrhea, although some cases are 

asymptomatic [51]. It has been recently estimated that 269.26 cases of domestically acquired 

non-typhoidal Salmonella illness per 100,000 people occur in Canada each year [11]. A 

proportion of individuals that contract salmonellosis can develop chronic sequelae. For 
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example, reactive arthritis is a type of inflammatory joint disorder that often affects the ankles, 

feet, or knees and it can result from Salmonella infection. This condition usually lasts fewer 

than 6 months, but the condition can recur [52]. Reiter’s syndrome and irritable bowel 

syndrome are less common sequelae of Salmonella infection [53, 54]. Laboratory techniques to 

isolate and diagnose Salmonella use stool, blood, urine, or bone marrow cultures [55].  

 

Shiga-toxin producing Escherichia coli 

 

  Shiga-toxin producing Escherichia coli (e.g. E. coli O157) have been linked to several 

large foodborne illness outbreaks worldwide [56-58]. The O157 serotype is a verocytotoxin-

producing strain which is a shiga-like toxin associated with severe symptoms when ingested. 

Cattle are considered a reservoir for the pathogen [59]. It has been recently estimated that 

39.47 cases of domestically acquired E. coli O157 infection per 100,000 people occur in Canada 

each year [11]. Although not as common as Campylobacter or Salmonella illnesses, shiga-toxin 

producing E. coli infection is associated with greater mortality and severe health complications 

[46]. Acute symptoms consist of those typical to gastrointestinal illness [59]. Additionally, 

certain individuals that contract shiga-toxin producing E. coli can develop hemolytic uremic 

syndrome (HUS), which is a rare disease that mostly affects children younger than 10 years of 

age. HUS develops when intestinally based E. coli bacteria create toxins that enter the 

bloodstream. This can lead to bloody diarrhea and in rare cases, acute renal failure [60]. 

Laboratory diagnosis of E. coli is done though stool culture, serology, or polymerase chain 

reaction [59].  

 

Viral foodborne illness 

 

  Viral infections make up a significant portion of foodborne illness cases in developed 

countries [61]. Foodborne viral infections are often self-limiting, and acute symptoms are 

similar to bacterial foodborne illnesses [62]. Rotavirus is the main cause of severe acute 

dehydrating diarrhea in children throughout the world. The incidence of rotavirus infection is 
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similar worldwide, regardless of infrastructure, suggesting that traditional diarrheal disease 

control measures (e.g. safe food, clean water, and improved hygienic standards) are inadequate 

to prevent infection [63]. In Canada, norovirus is the most common cause of foodborne illness 

across all pathogens. It has been recently estimated that 3223.79 cases of domestically 

acquired norovirus infection occur per 100,000 people in Canada each year, which is greater 

than the incidence of any other pathogen [11]. Other common viral foodborne pathogens 

include enterovirus and hepatitis A [64]. A recent study found that most outbreak-associated 

viral foodborne illnesses were attributed to leafy vegetables, fruits, nuts, and dairy 

commodities [38]. 

 

Burden of foodborne illness 

 

  There are various international efforts being made to estimate the burden of foodborne 

illness [7-10]. The Centers for Disease Control and Prevention (CDC) estimated that 48 million 

foodborne illnesses, including 128,000 hospitalizations and 3,000 deaths occur in the United 

States each year [10]. Reports published by the United States Foodborne Diseases Active 

Surveillance Network (FoodNet) showed that Salmonella, Campylobacter, Cryptosporidium, and 

shiga-toxin producing Escherichia coli continue to be the leading causes of laboratory-

confirmed foodborne infections in the United States [37]. In 1989 it was estimated that 1 

million cases of acute bacterial foodborne illness occur in Canada each year [65]. In the interim, 

the National Studies on Acute Gastrointestinal Illness (NSAGI) initiative created a baseline of 

period prevalence rates of self-reported acute gastrointestinal illness (AGI) in Canada. In a 

summary of published NSAGI results, it was estimated that 1.3 episodes of AGI occur per 

person-year, illustrating a substantial burden and impact of gastrointestinal illness on the 

Canadian population [66]. Although the proportion of gastroenteritis cases attributed to 

foodborne pathogens in Canada is unknown, the Public Health Agency of Canada recently 

estimated that each year there are 4 million episodes of domestically acquired foodborne 

illness in Canada. Norovirus, Clostridium perfringens, Campylobacter spp., and non-typhoidal 

Salmonella spp. were the leading causes of illness and accounted for approximately 90% of 
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foodborne illnesses in the country [11]. These estimates cannot be compared to prior estimates 

(i.e. the 1 million cases per year proposed by Todd (1989) [65]) as different methodologies were 

employed.  

 

Under-reporting of foodborne illness 

 

  An issue in determining the burden of foodborne illnesses is estimating the number of 

illnesses that occur each year due to a particular foodborne pathogen [4], as under-reporting is 

estimated to be high for foodborne illnesses [67]. This is a challenge because an unknown 

portion of ill individuals never see a doctor, and even with those who do, many visits do not 

result in a diagnosed pathogen because either: a specimen is not obtained, a laboratory test is 

not requested, or the pathogen cannot be successfully grown in culture to identify the 

causative agent [67, 68]. Under-diagnosis and under-reporting results in many cases in the 

community not being captured in national surveillance programs [67].  

 

  In Ontario, Canada, the reporting chain for infectious gastrointestinal illness was 

published by Majowicz et al. (2005) [67]. The following steps were identified as being necessary 

for case capture in the provincial surveillance system: 1) case visits a physician, 2) stool sample 

is requested, 3) stool sample is submitted, 4) stool sample is tested in a laboratory, 5) stool 

sample tests positive, 6) case is reported to local health unit, 7) case is reported to province. At 

each step in this process, some positive cases are excluded and remain unreported. For 

example, it has been estimated that for every case of outbreak-associated salmonellosis in the 

United States reported through the Foodborne Disease Outbreak Surveillance System 

(PulseNet), an additional 38 are undetected or unreported [69]. In Canada, Thomas et al. (2006) 

[68] used data from the Canadian National Notifiable Diseases registry and estimates of under-

reporting from several national studies on acute gastrointestinal illness to determine that for 

every reported case of verotoxigenic E. coli, Salmonella, and Campylobacter there were an 

estimated 10 to 47, 13 to 37, and 23 to 49 cases occurring annually in the Canadian population, 
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respectively.  

 

Regulatory control of foodborne illness 

 

  Foodborne illnesses continue to occur, and the ability of public health authorities to 

apply control measures needs to adapt to combat this issue [3, 70, 71]. Foodborne illness risk 

reduction and control measures must be implemented from farm to fork, at every step 

throughout the food production and preparation processes [37, 72]. Local, regional, national, 

and international partners must work together to create better food safety interventions for 

food handlers and consumers. These programs should take into account factors such as: the 

wide distribution of food through large-scale production, globalization of the food supply, 

eating outside of the home, the growing population of at-risk consumers, and the emergence of 

new pathogens [37, 73-76]. Specifically, by incorporating economics (e.g. cost-of-illness 

analysis) and other burden of illness metrics into food safety decisions, a more thorough 

assessment of the costs and benefits of achieving a higher standard of food safety can be 

conducted, and incentives to produce safer food can be created accordingly [35, 77].  

 

  All foods produced for human consumption in the United States are regulated for 

composition, quality, safety, and labeling under the Food, Drug, and Cosmetic (FD&C) Act of 

1938 (and its subsequent amendments) [78]. Over the past 20 years, the United States 

Department of Agriculture (USDA) and the United States Food and Drug Administration (FDA), 

along with state, city, and local agencies has intensified food safety regulation and 

enforcement. During this time, many food safety management systems have been created for 

food production and distribution systems. Namely, the Hazard Analysis Critical Control Points 

(HACCP) system was created through this intensified food safety regulation era. HACCP is a 

logical and verifiable approach towards identifying chemical, biological, and physical hazards in 

food production and aims to prevent, eliminate, or reduce the hazards in food to safe levels 

[37, 71]. By creating these preventative controls, food safety hazards are less likely to occur. 

The effectiveness of HACCP lead to the creation of regulations in 1994 requiring HACCP be used 



9 
 

in meat and poultry plants in the United States, followed by juice processing plants and seafood 

processors in 2001 [37]. In addition to these regulations, many other federal agencies and 

departments have published foodborne illness prevention guides and educational information 

for food handlers [79]. The increasing awareness of food safety concerns and availability of new 

control measures led to sweeping reforms of food safety laws. In January 2011, President 

Barack Obama of the United States signed into law the FDA Food Safety Modernization Act 

(FSMA), with the goal of ensuring the United States food supply is safe by shifting the focus 

from responding to contamination to preventing it [80]. This act called for quantitative 

comparison of the public health impact of foodborne pathogens, which is central to risk-based 

food safety [81]. Risk-based food safety relies on systematic identification and quantification of 

pathogens in food that are responsible for the greatest burden of foodborne illness [82]. 

 

  In Canada, the Canadian Food Inspection Agency (CFIA) is responsible for ensuring food 

sold in the country meets federal food safety standards. The CFIA uses a compliance verification 

system (which verifies that industry is continually complying with Canada’s federal food safety 

regulations and policies), a risk-based import control system (which identifies imported 

products that do not meet regulatory requirements), and the HACCP approach, which is used 

throughout the world and recommended by the Food and Agriculture Organization (FAO) of the 

United Nations [83]. Canada’s federal public health body, the Public Health Agency of Canada, 

has various divisions (such as the Laboratory for Foodborne Zoonoses, the Centre for Food-

borne, Environmental, and Zoonotic Infectious Diseases, and the National Microbiology 

Laboratory) which are responsible for assessing the risk and reducing the impact of infectious 

diseases in Canada that can be spread to humans through contaminated food or water. Health 

Canada is then responsible for setting policies and standards governing the nutritional quality 

and safety of all food in Canada [84].  

 

Burden of illness 

 

How is disease burden measured? 
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  The World Health Organization defines burden of illness as “the incidence and 

prevalence of morbidity, disability, and mortality associated with acute and chronic 

manifestations of disease” [85]. With the growing emphasis on evidence-informed decision 

making, priority setting for disease management requires health risks to be ranked according to 

defined burden of illness criteria. Such criteria often take the form of burden of illness metrics 

[12]. Traditionally, burden of illness was expressed using a single measure: ‘years of life lost’ 

(YLL). This is a simple measure of premature mortality that uses a reference age (which roughly 

corresponds to the life expectancy of the population under study) and the age at death to yield 

an estimate of the average years a person would have lived if they had not died prematurely 

due to illness [86]. More recently, illness burden is often quantified in terms of disability-

adjusted life years (DALYs) or quality-adjusted life years (QALYs), which are more 

comprehensive indicators of disease burden [87].  

 

  The World Health Organization created the Global Burden of Disease project in the 

1990s, with the goal of providing a method to generate a consistent and comparative measure 

of disease burden that could be used by various countries [88]. Updated in 2002 and 2004, this 

initiative prompted Harvard University researchers to develop disability-adjusted life years 

(DALYs), which builds on the measure of premature mortality (YLL). By taking disability 

(morbidity) into account in the form of ‘years lived with disability’ (YLD), this measure combines 

mortality and morbidity into a single metric. DALYs are calculated by taking the sum of these 

two components (DALY = YLL + YLD) [89]. By incorporating morbidity, an illness that results in 

death may have a lower DALY count than an illness that results in a decreased health state 

(disability) for an extended period of time. 

 

  One additional measure of disease burden, which is more commonly used to measure 

the effects of specific treatments or health interventions, is the quality-adjusted life year 

(QALY). QALYs were developed by health economists to assess the cost-effectiveness of various 

treatments. QALYs are different than DALYs in that they are based on the number of years of 
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life that would be added and the quality of life restored by an intervention. Therefore, QALYs 

measure gains in health status while DALYs measure loss in health status [90].  

 

  Another composite metric called health-adjusted life years (HALYs) can also be used to 

assess disease burden. HALYs allow for the simultaneous description of both premature 

mortality and reduced functioning (a sub-optimal state of health) associated with injury or 

illness (morbidity). HALYs quantify the amount of ‘healthy’ life lost by an individual through 

determining the actual population health and a specified norm. HALYs are used by Health 

Canada to address some of the limitations associated with calculating disability weightings in 

DALY estimates [91]. HALY is sometimes used as an all-encompassing term for the three 

common burden of disease measures (DALY, QALY, HALY) [92]. Accurate burden of illness 

estimates as provided by DALYs, QALYs, and HALYs are useful for policy makers and others 

seeking to prioritize resources dedicated to addressing the problems associated with particular 

diseases, as they can indicate which diseases are responsible for relatively more of the total 

burden of disease [93].  

 

Economic burden of illness 

 

What is the economic burden of illness? 

 

  The issue of finite resources is common to all governments and healthcare systems. 

Decision makers and health service managers must make choices between various strategies 

and options in an attempt to reconcile this economic reality with increasing demands for care 

[18]. While understanding the frequency of foodborne illness is important, more basic metrics 

of disease frequency such as incidence and prevalence fail to capture the full burden of disease 

in a population. Economic burden of illness takes the traditional burden of illness metrics 

(DALYs and QALYs) one step further by translating the different outcomes or effects of 

foodborne illness into a common unit of measurement, such as monetary costs [4]. 
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  One way to measure the economic burden of disease is through a cost-of-illness (COI) 

analysis, which aims to identify and quantify all of the costs incurred due to a particular disease 

at both the individual and societal levels [19-22]. COI analysis is different from other types of 

economic evaluations, such as cost-benefit analyses, because it does not compare costs with 

outcomes or interventions [24]. Therefore, the standards that are available for estimating costs 

in other economic evaluations are not entirely relevant, because estimating the overall 

economic burden of disease in a population, as is done in COI analysis, is different than 

estimating the incremental per-patient costs of specific heath interventions [19]. It has been 

suggested that COI studies are not helpful to decision makers, and that other types of economic 

assessments (such as cost-effectiveness and cost-benefit analyses) are more useful to those 

setting priorities and making decisions [21, 24]. However, COI studies can provide important 

information to be used in these other types of economic evaluations, and in this way COI 

studies are valuable [21]. 

 

  Cost-effectiveness analysis (CEA) compares the relative costs and outcomes of multiple 

courses of action. The method values costs in monetary terms, while the benefits are expressed 

in natural health units (e.g. a burden of illness measure such as QALYs). Cost-effectiveness is 

often expressed as a ratio of the costs associated with health gain to the gain in health from a 

burden of illness measure. This differs from cost-benefit analysis (CBA), which is a method 

designed to compare costs and benefits of interventions in monetary terms. CBA faces the 

challenge of assigning monetary values to the outcome of interventions, while CEA compares 

interventions that have outcomes in the same health unit (e.g. QALYs), and so outcomes must 

be valued in these units [94]. 

 

Cost-of-illness 

 

History of cost-of-illness studies 

 

  As stated previously, cost-of-illness (COI) studies aim to assess the economic burden of 
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disease on a population, and are conducted for a range of illnesses and in many geographical 

settings [19-22]. These studies identify and quantify all of the costs incurred due to a particular 

disease, at both the individual and societal levels. Component costs are the specific types of 

costs that are estimated and included in a final COI estimate [95, 96]. All of the component 

costs that are included in a COI study make up the cost inventory for that particular study [96, 

97]. COI analysis was the first economic evaluation methodology used in the health field [24]. 

Studies resembling COI analysis were published well before the mid-1960s [98], but it was in 

1966 that Rice illustrated in great detail the methodology for estimating the cost of an illness 

[24, 99, 100]. This seminal work focused on the methodologies surrounding estimating the cost 

of illnesses by International Classification of Diseases (ICD) categories in the United States.  

 

  Approximately a decade later, in 1978, a task force comprised of various 

representatives, including the Director of the National Centre for Health Statistics in the United 

States, Dorothy P. Rice, was formed to address methodological concerns related to the 

estimation and measurement of COI and disease. The creation of this task force reflected the 

increasing recognition by decision makers that COI estimates were an important component in 

the evaluation of disease burdens. It also reflected the emerging concern that the usefulness of 

COI studies had suffered from a lack of consistent methodologies between studies [25]. It was 

not until Hodgson and Meiners, members of the aforementioned task force, released the 

‘Guidelines for Cost of Illness Studies in the Public Health Services’ that explicit guidelines for 

COI studies were published [24, 25]. These guidelines were created to be flexible so that the 

specific objectives of COI studies could be achieved, while promoting consistency in 

methodology to enhance comparability of studies. The primary motivation was to encourage 

users to employ uniform assumptions, methods, and data so that the estimates of various COI 

studies could be compared [25].  

 

  More recent COI studies are quite different in scope from the seminal works by Rice [99] 

or from the updates published a decade later by Cooper and Rice [101]. Earlier COI studies were 

concerned with estimating the overall disease burden and comparing the costs of several 
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aggregate disease categories. Over time, COI studies shifted from this broad focus to estimating 

the cost of narrowly defined diseases. Both a narrowing of research objectives and a changing 

of funding sources from the public to the private sector may explain this shift in focus [20]. 

  

  Over time, COI studies have been frequently used as an analytical tool, as these studies 

aid our understanding of the importance of health problems by describing their economic 

burden in terms of individual and societal level costs. These studies have been used to draw the 

public’s attention to particular health issues and to encourage debate, while also informing the 

prioritization of prevention research, the planning of healthcare services, and the evaluation of 

policy options [19]. COI studies range from comprehensive analyses that attempt to estimate all 

of the costs associated with a wide spectrum of diseases on a national scale, to an investigation 

of only a specific type of cost for a single disease in a subset of the population [19, 25]. The 

required data and availability of such information will vary depending on the scope of the 

study. Current data and methodologies permit the estimation of only a portion of all costs that 

can be incurred as a result of disease or illness. The most developed cost estimation strategies 

and data sources relate to estimating direct health-sector costs and indirect costs associated 

with a sick persons’ lost earnings (productivity losses) [25].  

 

Types of costs in a cost-of-illness study 

 

  Although frequently described in the cost-of-illness literature, the definition of direct, 

indirect, and societal costs often varies between studies. It is common to find that a group of 

studies will describe a particular component cost as being ‘direct’ while others will have the 

same cost described as being ‘indirect’ (or even ‘societal’). Societal costs are not to be confused 

with social costs, which are the entire spectrum of costs that can be incurred due to a particular 

activity (i.e. social costs are an all-encompassing definition for both individual and societal level 

costs) [102]. These slightly altered definitions and classifications should not have an impact on 

an overall cost-of-illness estimate, but it is important that each study is explicit and clear as to 

their definition of costs so that the reader understands which components were included in a 
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cost inventory. The identification and selection of relevant cost components in each category 

should be informed by the best available evidence outlining the association between the 

particular illness and resource use [19]. 

 

  Costs that can be potentially incurred and attributed to an individual person 

experiencing illness (individual level costs) are divided into direct and indirect categories [103]. 

Direct costs represent the value of goods, services, and other resources consumed in providing 

care due to an illness [104]. Direct costs can include, but are not limited to: treatment costs, 

laboratory costs, healthcare personnel costs, hospital services costs, community services costs, 

and long-term care costs [21, 24, 25, 99]. For example, specific components of these categories 

may include drug costs (treatment), costs for pathogen diagnosis (laboratory), physician service 

costs (personnel), and intensive care unit costs (hospital services). For clarity in the present 

thesis, direct costs include medical care expenditures directly associated with the diagnosis, 

treatment, and management of a disease in an individual only. Costs incurred in the process of 

seeking care (e.g. personal transportation costs to a healthcare centre) [104-106] and overhead 

costs shared by individuals (e.g. operational costs for a healthcare facility) [105, 107] are not 

considered direct costs [19, 24], although some studies will describe them as such [4, 108, 109].  

 

  Indirect costs represent productivity losses due to illness or death and intangible costs 

such as pain and suffering [21, 25]. Costs associated with overhead activities that are shared 

amongst individuals and expenditures incurred in the process of seeking care are also referred 

to as indirect costs. The reason for this slightly altered definition of indirect costs is adapted 

from an accounting framework, where overhead and other individual-level shared costs are 

referred to as indirect costs [19, 24]. Intangible or psychosocial costs are incurred as disease is 

responsible for a variety of deteriorations in an individual’s quality of life. Patients, caregivers 

for patients (e.g. children, spouses, siblings, and friends) and others who render care may be 

affected [25]. Other indirect costs include costs associated with risk aversion behaviours 

(intangible cost) and non-medical material costs (e.g. make-shift food service costs, 

disinfectants, clothing replacement, laundry costs, leisure items for patients such as books or 
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toys) [104].  

 

  Costs incurred at the population level are deemed societal costs [103, 110, 111]. Societal 

costs cannot be completely attributed to an individual’s illness but can be incurred when a 

person or a group of people become ill [112]. Societal costs primarily include expenditures 

incurred by industry and government [113-115], but can also include (but are not limited to) 

costs related to public health and legal activities [4, 16, 106, 116]. Specific components of these 

categories include but are not limited to: losses to businesses (industry), outbreak investigation 

costs (public health), class action settlements (legal), and regulatory enforcement costs 

(government). The inclusion of societal costs is important to a COI estimate, as the sum of 

direct and indirect costs provides a conservative approximation of the true value of a particular 

health problem [19]. 

 

Cost-of-illness study methodology 

 

  Cost-of-illness studies, despite following a generalized methodology, can be conducted 

in many different ways. COI studies are defined by the analytical framework they employ [19] 

which encompasses the perspective of the study, the epidemiological approach, the estimation 

methods for direct and indirect costs, and the temporal relationship of the study [19, 24]. 

  

Study perspective 

 

  COI studies can be employed using a variety of perspectives, each of which estimates 

different costs. These perspectives can measure the social costs to a population, the health care 

system, third-party payers, the government, or businesses [21]. The perspective a COI takes 

when creating an estimate dictates the type of costs, or component costs that will be included 

in a study. Sometimes a study will take the perspective of the organization that is sponsoring it, 

and it will measure the costs the organization will bear as a result of an individual becoming ill. 
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Other studies take an all-encompassing social perspective, which estimates individual-level 

direct and indirect costs, along with population-level societal costs. This perspective is 

preferred by economists [117-119] as it provides a more comprehensive estimate of the cost of 

an illness. A study is not limited to only one perspective [21].  

 

Epidemiological approach 

 

  There are two epidemiological approaches that can be employed when conducting a COI 

study, one which uses prevalence-based data and the other which uses incidence-based data 

[19, 23]. Prevalence-based studies determine costs based on the total number of existing cases 

in a pre-determined period of time, while incidence-based studies refer to the number of new 

cases arising in a pre-determined period of time [21, 23, 24]. Prevalence-based studies usually 

include a cross-section of cases that may have acquired the disease at different points in time, 

and so they reflect the total cost of a disease at a specific point in time. The prevalence-based 

approach is considered suitable for conditions that remain relatively stable over time. Studies 

using prevalence data should specify the time period over which costs will be measured, which 

varies by disease [19]. In incidence-based studies, lifetime costs associated with cases that 

occur in the defined base incident year are summed with appropriate discounting [120]. 

Discounting is an economic method for determining the present value of money [21]. Studies 

using incidence data can show how costs vary with illness duration, which could be useful in 

planning interventions targeted at specific stages of a disease. Therefore, the incidence-based 

approach is considered suitable for conditions where a cross-sectional analysis of costs could be 

an inaccurate representation of the actual economic burden of a disease [19]. Studies using 

incidence-based data must specify a base year and an end-point, thereby defining new cases 

and cases that began outside of the base year.  

 

  A point of importance in both prevalence- and incidence-based studies is the case 

definition used to define a sick individual. How a case is defined can have considerable 

influence over the magnitude of a COI estimate, and a case definition should be clinically 
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meaningful and based on objective criteria. In prevalence-based studies, the definition must 

specify what constitutes an existing case, while in incidence-based studies; it specifies what 

constitutes a new case [19]. 

 

Direct cost estimation methods 

 

  Direct costs can either be estimated using a top-down, bottom-up, or econometric 

approach. The top-down or aggregate approach involves allocating portions of a known total 

expenditure to several broad disease or severity categories [21]. Rice developed this 

methodology in 1966, which consisted of allocating total national healthcare expenditures by 

type of care among 16 ICD categories [99]. Portions of resource aggregates are assigned to 

specific diseases or severity categories of a disease, and various data sources are used to 

estimate the fractions of resource use that should be attributed to each category [19]. This 

approach is also known as the gross-costing approach [24]. This population-based method is 

insensitive to variability between patients because the relationship between disease status and 

resource use is modeled an aggregate level, which makes detecting such differences impossible 

[19].  

 

  The bottom-up or individual approach requires one to estimate unit costs (costs 

associated with a particular treatment or service) and utilization (how often a sick individual 

undergoes a treatment or requires a service). The costs are then estimated from the bottom-

up, by multiplying unit costs and the number of units used [21, 24]. Specifically, resource use is 

assigned to individuals with the disease of interest, either from actual person-based data from 

real cases or using evidence from other sources to construct hypothetical individual cases. 

Mean per-person costs can then be extrapolated to the whole population using appropriate 

incidence or prevalence data. Importantly, this method relies on the availability of highly 

detailed data associated with resource use and allocation [19]. This approach is also known as 

the micro-costing approach [24]. Bottom-up methods allow one to detect variability related to 
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differences between patients, making them less prone to bias caused by the aggregate 

calculations of top-down methods. Lastly, person-based estimation methods allow for greater 

detail of analysis and stratification of results than top-down methods by calculating costs at the 

most disaggregated level [19].  

 

  The top-down and bottom-up approaches are two methods used to assess unit costs of 

the services; however, the level of precision attained using each method is different. The result 

of the bottom-up or micro-costing approach is the ‘actual’ cost of a service, while the ‘average’ 

cost is the outcome of the top-down or gross-costing approach [24]. A third approach for 

estimating direct costs has also been proposed and used in the literature, which is described as 

the econometric or incremental approach. This approach estimates the difference in costs 

between a cohort of people with a disease and a cohort of people without a disease. The two 

cohorts are matched by demographic characteristics (e.g. age, race, sex, location) and by the 

presence of other chronic conditions [21]. The econometric approach is less common in the COI 

literature as it must be conducted prospectively. Determining which direct cost estimation 

method to use depends on the disease under investigation, the objective of the study, and the 

availability of data. Aggregated population-based estimates are often easier to obtain than 

person-based estimates, meaning a top-down approach may be used despite it being less 

suitable [19].  

 

Sources of data for direct costs 

 

  For direct costs, national datasets are appropriate sources of data for the more common 

illnesses such as cancer, cardiovascular disease, asthma, and other diseases with high 

prevalence [21]. For example, in the United States, the National Hospital Discharge Survey of 

the National Centre for Health Statistics provides reliable data on medical care utilization. These 

data are acquired using appropriate statistical sampling techniques and are reliably estimated 

for the wide range of ICD categories. It is also possible to break down some of these broad costs 

into more specific disease categories as was done in the National Medical Care Expenditure 
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Survey (NMCES) and the National Medical Care Utilization and Expenditure Survey (NMCUES) 

[25].  

 

  In Canada, national hospital care expenditures can come from the Canadian Institute for 

Health Information’s (CIHI) National Health Expenditure Trends (NHEX) index [104], as an 

example. In order to distribute hospital care expenditures by diagnostic or ICD category, the 

CIHI’s Annual Hospital Survey (AHS) can be used to distribute these expenditures across specific 

hospital service categories. The AHS data include hospital statistics from public, federal, and 

propriety hospitals operating in Canada, where almost 90% of hospital beds are represented. 

AHS data provide financial information (e.g. average cost per bed and the number of operating 

beds) from reporting public hospitals [104]. In regards to foodborne illness, where the majority 

of cases are not hospitalized, Canada monitors these diseases by other specific systems [121]. 

In Canada, public health governance and responsibility varies across provinces and territories, 

with special purpose bodies (e.g. boards of health and regional health authorities) being most 

commonly responsible for public health programs and services. This results in variations in how 

foodborne illness reporting occurs and how the data regarding foodborne outbreaks are 

managed. For example, the Health Protection and Promotion Act (HPPA) states that each public 

health unit in the province of Ontario must collect information on reportable diseases in their 

jurisdiction and report it to the Ontario Ministry of Health and Long-Term Care (MOHLTC). The 

Integrated Public Health Information System (iPHIS) is the database used by public health units 

to convey information on reportable disease cases to the MOHLTC, which is used in local, 

provincial, and national surveillance strategies. Many foodborne illnesses are reportable in 

Canada [122]. At the federal level, enteric diseases are monitored through government-related 

programs such as C-EnterNet and the National Enteric Surveillance Program (NESP). C-EnterNet 

gathers detailed data on surveillance and source of enteric disease through the use of sentinel 

monitoring sites, the first being created in 2005 [123]. The NESP collects data from provincial 

public health microbiology laboratories to monitor major foodborne pathogens, and it has been 

in operation since 1997. This program provides reports to stakeholders across Canada on a 

weekly basis [124]. Additionally, the Public Health Agency of Canada’s National Microbiology 
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Laboratory (NML) is involved in foodborne pathogen identification [125].  

 

  The above examples of data sources are not exhaustive. A researcher may collect data 

from sources such as: hospital records, other pre-existing databases, prior estimates in the 

literature, online calculators, surveys, outbreak data, census data, population statistics, or 

expert opinion as well. The accuracy of estimates for costs of disease-specific healthcare 

services depends on the type of data source being used. For example, the use of national 

healthcare claims data may not provide the same level of accuracy or detail as hospital records 

[19]. The reality of the COI literature is that most studies use a wide range of data sources to 

fulfill the studies specific objective, especially when national surveillance data sources are not 

available in a particular country or region.  

 

Indirect cost estimation methods  

 

  Indirect costs, like direct costs, can be measured in numerous ways. The two most 

common methods of estimating indirect costs are the human capital approach, refined by Rice 

and colleagues [99, 126], and the willingness-to-pay approach, first proposed by Schelling and 

Mishan [127, 128]. Indirect costs are substantial for many illnesses and can be much greater 

than the estimates associated with direct medical costs [129-132]. 

 

  The human capital approach (HCA) views an individual as producing a stream of output 

over a period of time, namely the individual’s working years [21]. The HCA measures costs 

indirectly associated with illness by estimating the loss of productivity due to morbidity and 

premature mortality valued in terms of lost output or earnings [18, 25]. In the HCA, a discount 

rate converts a stream of future economic earnings into their present day value [120]. 

Discounting can also be used to determine the present value of costs that have occurred in the 

past [21]. Intangible costs (e.g. psychosocial costs associated with pain and suffering, risk-

aversion behaviours, etc.) are omitted from HCA, as the focus of this approach is to measure 

the potential production loss to society as a result of illness [25, 120]. Intangible costs reflect 
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the quality of one’s life and would presumably be reflected in measures quantifying how the 

value of life is affected by an illness, which is done in the willingness-to-pay approach [25]. 

Since the HCA evaluates costs in terms of potentially lost market earnings, this approach 

typically assigns low values to lost output incurred by retired elderly individuals and children 

who are not likely to be in the labour force [21, 120]. Therefore, the HCA may under-represent 

the costs associated with these groups, and interventions may be biased towards other 

seemingly higher-cost age brackets. This potential bias is an important disadvantage of the 

HCA. 

   

  The willingness-to-pay (WTP) approach is an alternative method for estimating indirect 

costs associated with illness [21]. Instead of estimating the lost output or earnings of an ill 

individual, the WTP approach proposes that the value of health or avoidance of illness can be 

deduced from the amount someone would be willing to pay to reduce the probability of an 

illness [127]. The WTP approach can better quantify intangible costs in comparison to the HCA 

approach, but the process is challenging [133]. First, there is the difficulty of constructing valid 

quality of life indicators and relating them to measures of health status. Second, there is the 

challenge associated with integrating these quality of life indicators with economic figures [25]. 

Determining how to quantify the diminished quality of life an individual experiences with a 

particular symptom (e.g. bloody diarrhea) and then translating this amount into a dollar figure 

is not an easy task. There are various techniques for determining an individual’s willingness to 

pay, including surveys, examining the demand for products that lead to improved health or 

safety, examining additional wages for jobs with high risks (informally known as danger or 

hazard pay), and other similar methods [134, 135]. The technique is also influenced by wealth 

and personal financial values [120], as the amount individuals are willing to pay depends, in 

part, on their ability to pay [136]. However, despite intangible costs being difficult to quantify, 

they are a significant component of the total burden of illness, and ignoring them results in an 

underestimation of the impact of disease and introduces bias to decision making processes 

[120, 133].  
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  A linked human capital and willingness-to-pay approach, outlined by Landefeld and 

Seskin (1982) [136], was created to address the controversy that surrounds deciding which 

technique is appropriate for estimating indirect costs. This adjusted WTP-HCA approach, which 

links the two methodologies together, embodies characteristics of both methods. As with the 

HCA, it includes economic losses associated with death and disability, while it is also based on 

the perceived risk of negative health effects due to sets of symptoms from the perspective of 

the individual, as it done in WTP approaches. 

  

  An additional approach to determine indirect costs is the friction cost method, which 

follows closely the technique outlined in the human capital approach with a slight variation in 

the methodology. The friction cost method measures only the production losses incurred 

during the time it takes to replace a worker. This method assumes that short-term work losses 

will be made up by another employee and productivity losses of an ill individual are only 

incurred in the time it takes a new employee to be to be hired and trained. This period is known 

as the friction period. Proponents of this method criticize the HCA for overvaluing indirect costs 

associated with productivity losses due to sick leave from work [21, 22].  

 

Sources of data for indirect costs 

 

  Data sources for indirect costs are more evident when the HCA is employed. For 

example, in the United States, productivity losses attributable to disability can be determined 

using United States Social Security Administration (SSA) information on disability combined 

with United States Bureau of Labor Statistics (BLS) data [21, 100]. Mortality costs (value-of-life 

lost) can be estimated as the lost earnings due to premature death, and mortality data 

(including age and cause of death) can be obtained from the United States National Center for 

Health Statistics (Division of Vital Statistics). The number of years of life lost, using life 

expectancy data, can be combined with wage data from the United States BLS to estimate total 

mortality costs [21]. In Canada, labour market data can be derived from Statistics Canada’s 
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Labour Force Survey (LFS), Workplace and Employee Survey (WES), and census data. Data on 

survival rates and disability can be obtained from ‘Life Tables, Canada, Provinces and 

Territories,’ a set of reports published by Statistics Canada [137]. Data for the WTP approach 

are often obtained by gathering information through primary data collection (e.g. surveys) to 

determine an individual’s willingness to pay to avoid illness [134, 135]. 

  

Temporal relationship of the study 

 

  Cost-of-illness studies can be done prospectively or retrospectively. This will depend on 

the temporal relationship between the initiation of the study and the collection of the 

epidemiological data. In retrospective COI studies, all of the relevant events where costs can be 

incurred have already occurred when the study is initiated. Data collection involves accessing 

sources of information that have previously been recorded or synthesized. Alternatively, in 

prospective COI studies, the relevant cost incurring events have not occurred when the study is 

initiated. This means that data collection occurs through follow-ups with cases over time. 

Incidence- and prevalence-based studies can be performed either retrospectively or 

prospectively and retrospective studies are more common than prospective studies [24]. 

 

Limitations of cost-of-illness studies  

 

  Cost-of-illness studies have been the subject of much critique and discussion [18, 23], 

and usefulness of COI studies as a decision making tool is widely debated [24, 25]. While COI 

studies attract much interest from healthcare policy makers and public health advocates, 

inconsistencies in study methodologies and cost inventories have made COI estimates difficult 

to interpret and compare, limiting their usefulness [19-22]. The choice of specific 

methodologies throughout the process may greatly influence the magnitude of estimates, yet 

procedural decisions are often driven by data availability, which varies from setting to setting 

[18, 19]. Numerous COI studies have come under scrutiny due to evidence suggesting that the 

estimates are neither reliable nor believable. The mounting evidence of variability in COI 
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estimates can frustrate decision makers searching for a definitive answer outlining the cost of 

an illness [20]. As early as 1982, guidelines for COI studies identified that the current state of 

practice followed roughly similar methodologies, but substantial variations made it difficult, if 

not impossible, to make meaningful comparisons between studies [25]. 

 

  Assessments and comparisons of COI estimates should consider the methods used to 

estimate costs as an important source of variation in the estimates and also as an indicator of 

reliability of the estimates [20, 120]. Justification should be given for the component costs 

included, along with explanation regarding the expected effects of excluding certain 

components. Sufficient documentation of data sources, study perspective, epidemiological 

approaches, temporality, and estimation methods should also be included, along with an 

explanation of their limitations [19, 21]. When COI studies are performed in a transparent and 

rigorous fashion, they represent an important analytical tool in public health [21]. Given that 

COI studies rely on estimates with varying degrees of uncertainty, a sensitivity analysis is 

recommended in each study to improve transparency of results. A study should also provide 

estimates as confidence intervals, or at least, as credible ranges, rather than point estimates to 

illustrate the uncertainty and variability [19, 21]. While point estimates are desirable for their 

ease of interpretation, a range of possible costs has more credibility for decision makers [25, 

138]. Dorothy P. Rice, a pioneer and proponent of COI studies, released an article in 2000 

stating that: “researchers have an obligation to represent the methodology of their work in 

considerable detail so that the users will be better able to assess their accuracy and evaluate 

whether the results are fact or fiction” [139]. 

 

Are cost-of-illness studies useful? 

 

Many COI studies have been instrumental in public health policy discussions because 

they highlight the economic burden of an illness on a society. Information on the costs 

associated with an illness can help decision makers decide which diseases need to be addressed 
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and which courses of action would be valuable in reducing the economic burden of disease 

[21]. The value of COI studies may be demonstrated in their frequency of publication and by 

their consistent use by decision makers. In the year 2000, the United States Congress requested 

that the National Institutes of Health (NIH) release an updated COI report for numerous 

diseases [21, 139]. The pharmaceutical industry uses COI studies to evaluate new markets and 

to determine prices for potential therapies [22]. COI studies are among the most common 

healthcare-related economic studies and are often used by organizations such as the World 

Bank, the World Health Organization, Health Canada, and the Centers for Disease Control and 

Prevention to inform decision making [21, 23, 24, 93]. In addition to their use by organizations, 

COI studies are often cited in burden of disease reviews highlighting the importance of studying 

a particular disease [140]. In a more practical sense, estimates from COI studies are used in 

cost-effectiveness and cost-benefit analyses by providing the baseline costs of maintaining the 

status quo [21, 112].  

 

Cost of foodborne illnesses 

 

  While COI estimates are not the only information required to make sound policy 

decisions about food safety interventions, they are an important input for decision makers [81]. 

Foodborne illnesses generate costs that are borne by households whose members become ill, 

the food industry, and the regulatory and public health sectors [13]. Studies illustrating the 

economic burden of foodborne illness vary considerably: some analyze the effects of a single 

pathogen or outbreak, while others attempt to estimate all foodborne illness in a country or 

region. Similar to COI studies in general, differences in data sources and methodologies in the 

cost of foodborne illness literature have often precluded meaningfully comparing estimates to 

one another. An issue in determining the burden of foodborne illness is estimating the number 

of illnesses that occur each year due to a particular foodborne pathogen [4], as under-reporting 

is estimated to be particularly prevalent for foodborne illness [67]. Another issue is estimating 

the severity of acute and chronic outcomes [33]. For most illnesses, data are limited on the 

distribution of outcome severities, and a COI evaluation requires detailed information on the 
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severity, duration, and outcome of an illness [4]. 

   

If it were possible to completely estimate the individual and societal costs for all acute 

foodborne illnesses and their chronic sequelae worldwide, on the basis of currently available 

data, global costs would be enormous [4]. According to the United States Department of 

Agriculture (USDA), foodborne illnesses cost the United States economy between $10-83 billion 

United States dollars (USD) per year [37]. Using the Centers for Disease Control and 

Prevention’s updated estimates of illnesses, hospitalizations, and deaths due to foodborne 

illness [10], it was determined that the cost per case of foodborne illness in the United States 

was $1,626 USD, resulting in an aggregated cost of foodborne illness of  $77.7 billion USD [93]. 

The annual cost of foodborne illnesses in Sweden was previously estimated to be 1.1 billion 

Swedish Krona (SEK) [108]. In Australia, the cost of foodborne illness was estimated to be 

$1.249 billion Australian dollars (AUD) per year in 2000 [105]. In Korea, a study estimated that 

the annual costs associated with foodborne illness was 954.9 billion South Korean won in 2008 

[141]. The total estimated cost to New Zealand due to foodborne transmission of disease was 

estimated to be $86 million New Zealand dollars (NZD) per year [12]. In Croatia, the costs due 

to reported foodborne illnesses cases exceeded $2 million USD annually. The cost of foodborne 

illnesses in Canada has not been estimated in the past 20 years. The last Canadian estimation 

was done by Todd (1989) [65] where 1 million cases of foodborne illness were estimated to cost 

$1.1 billion Canadian dollars (CAD). However, two studies determining the cost of acute 

gastroenteritis in two Canadian regions have been conducted in more recent times. In 

Hamilton, Ontario, approximately 126,300 cases of gastroenteritis occur each year per 100,000 

people. The estimated total annual cost of gastroenteritis in Hamilton was $11.5 million CAD 

per 100,000 people [142]. In the province of British Columbia, Canada, the overall economic 

burden was estimated to be $512.2 million CAD due to gastrointestinal illness in 2004 [143]. 

The exact proportion of gastroenteritis that is due to foodborne pathogens is not clear. 

Additional research on the cost of foodborne illness in Canada using the updated burden of 

foodborne Illness estimates by Thomas et al. (2013) [11] is required to better understand the 
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economic burden of foodborne illnesses in Canada. 

 

Synthesis research 

 

What is synthesis research? 

 

  It was in the 20th century that the science of synthesis research began to emerge, which 

is an all-encompassing field that broadly describes the activities of evaluating the quality of 

scientific research in a particular area [144, 145]. Beginning in 1904, a paper published in the 

British Medical Journal gathered data from 11 relevant studies reviewing the evidence on the 

effects of a vaccine for typhoid fever [146]. Other publications synthesizing data across multiple 

studies followed, with synthesis of research occurring in the areas of education, physics, and 

agriculture during the 1930s [145].  

  

  In 1971, the process of systematically reviewing and integrating scientific research 

evidence began to be described as a “type of research in its own right,” which used a 

characteristic set of research techniques and methods. It was in 1976 that the term ‘meta-

analysis’ was first introduced during a presidential address outlining the need for better 

synthesis of research results [145]. The term was later restricted and defined as: “the statistical 

synthesis of data from separate but comparable studies, leading to a quantitative summary of 

pooled results” [147]. During the same time frame, a methodology evolved alongside meta-

analysis that was defined as a ‘systematic review.’ Although the term systematic review was 

used in the 1970s, it was not until the late 1990s that the term became more common. A 

systematic review is the application of strategies that limit bias in the assembly, critical 

appraisal, and synthesis of all relevant studies on a specific topic area. Meta-analysis may be, 

but is not necessarily, used as a part of this process [145]. Therefore, a systematic review is 

used to systematically identify and retrieve scientific data, while a meta-analysis can be used to 

statistically synthesize and pool the data.  
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  The Cochrane Collaboration review format is an internationally recognized guideline for 

conducting systematic reviews in healthcare [148]. The Cochrane Collaboration defines 

systematic reviews as a method used to “collate all empirical evidence that fits pre-specified 

eligibility criteria to answer a specific research question.” Furthermore, systematic reviews use 

explicit systematic methods that are selected to minimize bias, thus providing reliable findings 

from which conclusions can be drawn and decisions made [147]. Systematic reviews have 

become common practice over the past decade, with hundreds of systematic reviews being 

published in various disciplines every year [149]. A major force influencing the perceptions of 

research synthesis is the increased usage of scientific evidence among decision makers, such as 

policy makers and practitioners. This drive towards evidence-informed practice is continuing to 

grow [145], and has also lead to the creation of new methodologies in the realm of synthesis 

research, such as the scoping review method.  

 

Scoping studies 

 

  A scoping study, also known as a scoping review, aims to map the key concepts 

underpinning a research area. Scoping reviews can be undertaken as stand-alone projects, 

especially when an area is complex or has not been reviewed comprehensively [150]. The 

techniques used to identify literature in a scoping review must achieve both in-depth and broad 

results. The first methodological framework for scoping studies was published by Arksey and 

O’Malley (2005) [150], and other scoping reviews have subsequently used this framework as a 

guideline [151]. The main differences between a systematic review and a scoping review is that 

a systematic review focuses on a well defined research question in which appropriate study 

designs can be identified in advance. A scoping review, on the other hand, tends to address 

broader topics in which many different study designs may be applicable. Also, a systematic 

review aims to answer questions using a relatively narrow range of quality assessed studies, 

while a scoping review is less likely to address very specific research questions and does not 

assess the quality of the studies [150].  
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  The Arksey and O’Malley (2005) [150] framework breaks down scoping studies into 6 

stages, which follow closely the rigorous and transparent methods employed during a 

systematic review. The process must be documented in sufficient detail to enable the review to 

be replicated by others, which is a necessary requirement of all scientific research. This explicit 

approach increases the reliability of the findings and denounces any suggestion that the study 

lacks methodological rigour. The 6 stages of the scoping study framework are as follows:  

 

  Stage 1   Identifying the research question 

   Stage 2  Identifying relevant studies 

  Stage 3   Study selection 

  Stage 4   Charting the data  

  Stage 5   Collating, summarizing, and reporting the results 

  Stage 6  Consultation exercise (Optional) 

As with systematic reviews, the first step in a scoping review is to identify the research 

question, as this will guide the way by which search strategies are developed. Research 

questions should be broad in nature as they seek to provide a breadth of coverage not seen in 

systematic reviews [152]. The second stage involves the identification of relevant literature 

using a documented search strategy. The search strategy overviews the electronic databases 

and grey literature being accessed, the timeframe of the search, and any language restrictions 

being employed. Time, budget, and personnel resources are potential limitations to the scoping 

review process and decisions need to be made before the search begins as to how these factors 

will impact the search. Study selection occurs in stage 3, which is a synonymous step to 

relevance screening in a systematic review. A screening tool is created, which encompasses a 

variety of relevance screening criteria or questions. These questions will help the researcher 

eliminate studies that do not address the initial question, and act as inclusion and exclusion 

criteria for the studies identified in the initial literature research. This step is performed by a 

minimum of two researchers to ensure consistency, and any disagreements as to which studies 

should be included or excluded are resolved by consensus. Copies of full articles are obtained 

for studies that meet the relevance screening criteria. Stage 4 (charting the data) involves the 
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creation of a data-charting form (known as a data extraction tool in systematic reviews). In a 

scoping review, charting describes a technique for synthesizing and interpreting qualitative data 

by sorting material according to key issues and themes. Lastly, an analytic framework or 

thematic construction is used to provide an overview of the breadth of the literature (as it 

pertains to the particular research question), but not a synthesis. There is no statistical 

aggregation of findings from different studies during this step (as can be seen in systematic 

reviews and meta-analyses), and there is no attempt made to present the weighting of 

evidence in relation to particular interventions. This is because a scoping study does not set out 

to assess the quality of evidence and therefore cannot determine whether particular studies 

provide robust findings. The final stage outlined in the Arksey and O’Malley (2005) framework is 

an optional consultation step that allows the opportunity for consumers and stakeholders to 

become involved and provide insights beyond those in the literature [150, 152]. 
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THESIS OBJECTIVES 

 

  Foodborne illnesses are an important public health issue, and priority setting for 

foodborne illness management requires health risks to be ranked according to defined burden 

of illness criteria. Cost-of-illness analysis was the first economic evaluation methodology used in 

the health field, and it aims to identify and quantify all of the costs incurred due to a particular 

disease. Historically, cost-of-illness studies have been the subject of much critique and criticism, 

and the usefulness of these studies as a decision making tool has been widely debated. While 

cost-of-illness studies attract much interest from healthcare policy makers and public health 

advocates, inconsistencies in study methodologies and cost inventories have made cost-of-

illness estimates difficult to interpret and compare, limiting their usefulness. It was as early as 

1982 that guidelines for cost-of-illness studies identified that the current state of practice 

followed roughly similar methodologies, albeit with variations that made it difficult, if not 

impossible, to make meaningful comparisons between studies. The objectives of this thesis 

were: 

 

  1. To systematically explore component costs and data sources in the cost of  

  foodborne illness literature. 

 

  2. To investigate the association between study methodologies, component  

  costs, and foodborne illness-related factors such as chronic sequelae and under- 

  reporting to the estimated cost of a common foodborne illness. 

 

The completion of these objectives will provide input to future cost-of-illness studies to 

improve consistency in component cost selection and reporting. Additionally, we will uncover 

which factors are associated with the estimated cost of a foodborne illness, which is important 

not only for comparing existing estimates, but also when interpreting and designing new cost-

of-illness studies. 
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CHAPTER 2:  

COMPONENT COSTS OF FOODBORNE ILLNESS: A SCOPING REVIEW 

 

ABSTRACT 

 

Background: Governments require high-quality scientific evidence to prioritize resource 

allocation and the cost-of-illness methodology is one technique used to estimate the economic 

burden of a disease. However, variable cost inventories make it difficult to interpret and 

compare costs across multiple studies. Methods: A scoping review was conducted to identify 

the component costs and the respective data sources used for estimating the cost of foodborne 

illnesses in a population. This review was accomplished by: (1) identifying the research question 

and relevant literature; (2) selecting the literature; (3) charting, collating, and summarizing the 

results. All pertinent data were extracted at the level of detail reported in a publication, and the 

component cost and source data were subsequently grouped into themes. Results: Eighty-four 

studies were identified that described the cost of foodborne illness in humans. Most studies 

were published in the last two decades (1992-2012) in North America and Europe. The 10 most 

frequently studied foodborne pathogens were bacteria. Forty (48%) studies described both 

individual (direct and indirect) and societal level costs. The direct individual level component 

costs most often included were hospital services, physician personnel, and drug costs. The most 

commonly reported indirect individual level component cost was productivity losses due to sick 

leave from work. Prior estimates published in the literature were the most commonly used 

source of component cost data. Data sources were not provided or specifically linked to 

component costs in several publications. Conclusions: The results illustrated a highly variable 

depth and breadth of individual and societal level component costs, and a wide range of data 

sources being used. This scoping review can be used as a tool to determine which component 

costs are common in the literature along with the level of detail in which they were reported. 

By conforming to a more standardized cost inventory, and by reporting data sources in more 

detail, there will be an increase in cost of foodborne illness research that can be interpreted 

and compared in a meaningful way. 
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INTRODUCTION 

 

  Foodborne diseases are an important public health problem worldwide [1]. The World 

Health Organization (WHO) has created an initiative to estimate the global burden of foodborne 

illnesses, and they have stated that the achievement of certain Millennium Development Goals 

are being directly compromised due to foodborne illness [2, 3]. However, governments have 

finite resources with which to address the health of their populations, and thus require high-

quality scientific evidence to prioritize resource allocation. Accurate burden of illness estimates 

are useful for decision makers seeking to allocate resources to address the issues caused by 

foodborne pathogens [4, 5]. The cost-of-illness (COI) methodology is one technique used to 

estimate the economic burden of a disease [6]. However, there is concern in the scientific 

literature that cost-of-illness estimates are limited in usefulness, due to variability in their 

execution (e.g. varying cost inventories and study methodologies), and a lack of transparency 

and detail when describing such methodologies. Of particular concern are the differing cost 

inventories being used when estimating the cost of foodborne illnesses [7-10].  

 

  The cost-of-illness approach traces the flow of resources associated with adverse health 

outcomes through the quantification of measurable individual and societal level costs [7, 11, 

12]. Costs at the individual level are divided into direct and indirect costs. Direct costs represent 

the value of goods, services, and other resources consumed in providing care due to an illness 

[13]. These include medical care expenditures associated with the diagnosis, treatment, and 

management of a disease in an individual. Indirect costs represent productivity losses due to 

illness or death and intangible costs such as pain and suffering. Costs associated with overhead 

activities that are shared amongst individuals and expenditures incurred in the process of 

seeking care are also indirect costs. Operational expenditures for healthcare facilities and 

personal transportation costs are examples of indirect costs [14]. Costs incurred at the 

population level are deemed societal costs [8, 9, 12], which are costs that cannot be completely 

attributed to an individual’s illness but can be incurred when a person or a group of people 

becomes ill [15]. Societal costs primarily include expenditures incurred by industry and 
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government [16]. Component costs are the specific costs that make up the above categories, 

and all of the costs included in a cost-of-illness estimate comprise the cost inventory for that 

particular study [17]. 

 

Many studies employing a cost-of-illness methodology have demonstrated that 

foodborne illnesses generate a considerable disease burden and economic loss [11]. According 

to the United States Department of Agriculture (USDA), foodborne illness costs the United 

States economy between $10-83 billion United States dollars (USD) per year [18]. In Australia 

and New Zealand, the cost of foodborne illness has been estimated at $1.289 billion and $86 

million USD respectively per year [14, 19]. In the European Union, the annual cost of foodborne 

illness was estimated to be $171 million USD in Sweden [6] and $2 million USD in Croatia [20]. 

Many estimates for specific foodborne pathogens, or groups of pathogens, have been 

published [4, 21, 22]. Although economic estimates for foodborne illness have not been 

completed in Canada in the past 20 years [23], it has been recently estimated that 4 million 

episodes of domestically acquired foodborne illness occur annually in Canada [24]. 

 

  Research has indicated that cost-of-illness studies employ varied methodological 

approaches, and that there is little consistency in the development of cost inventories in the 

cost-of-illness literature [7-10]. This is an issue when interpreting and designing new cost-of-

illness studies, and also when comparing existing estimates for the same illnesses. When 

designing a study, it is difficult to determine which types of costs to include (e.g. direct, indirect, 

societal), which component costs in those categories to include (e.g. treatment costs, 

productivity losses, industry costs, etc.), and the level of detail by which costs should be 

estimated (e.g. what types of treatment costs to include, which individuals to calculate 

productivity losses, etc.). It is also challenging to interpret or compare estimates without fully 

understanding which component costs were included in a study. Another concern is the lack of 

transparency when describing how specific component costs were estimated and the data 

sources being used for such estimates [8, 25, 26].  

 



48 
 

  To investigate the reporting of component costs in the cost of foodborne illness 

literature, along with their relevant data sources, a review of the evidence is needed. The 

scoping study, or scoping review, is one approach used to survey the literature and aims to map 

the key concepts underpinning a research area [27]. The framework for conducting a scoping 

review emphasizes that the methods used throughout all stages of the process are conducted 

in a rigorous and transparent way. The process should be documented in sufficient detail to 

enable the review to be replicated by others, and this explicit approach increases the reliability 

of the findings. Unlike a systematic review, a scoping study does not seek to synthesize 

evidence or statistically aggregate findings from different studies. While a scoping study uses an 

analytical framework or thematic construction to present the evidence, there is no attempt 

made to present the weight or quality of evidence in relation to particular policies or 

interventions [27, 28]. 

 

  This study employs a scoping review methodology to address the research question: 

“What are the component costs and the respective data sources being used for estimating the 

cost of foodborne illnesses in a population?”  

 

METHODS  

 

Scoping review methodology 

 

  The scoping review framework published by Arksey and O’Malley in 2005 [27] includes 5 

required stages which were followed in the present study. Many other scoping reviews have 

subsequently used this framework as a guideline [29].  

 

1. Identifying the research question  

 

  The research team determined how to synthesize cost of foodborne illness literature. 

The goals were to identify the different component costs that have been included when 
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determining the cost of foodborne illnesses, and to identify the data sources used to calculate 

these estimates.   

 

2. Identifying relevant studies 

 

  Two comprehensive electronic databases were chosen for the literature search. The 

PubMed database was used to identify studies from the human medical literature whereas 

studies from the animal health literature were located in the AGRICOLA database. Broad 

keyword searches were performed between October 27th and November 1st 2012 to identify 

studies that addressed the cost-of-illness of any infectious disease, including foodborne 

illnesses (Table 2.1). The all-encompassing approach to infectious disease keywords and to not 

limit the date, country of publication, or language of the studies allowed for further refinement 

by the research team.   

 

3. Study selection  

 

  Two levels of relevance screening were performed. Each level was based on reviews of 

the title and abstract only, with the second level of screening also serving as a categorization 

step. Both levels of screening were performed independently by two reviewers. Training for the 

first level of screening was performed using 250 test articles, independently evaluated by each 

reviewer. Additional guidance was provided through detailed instructional forms. The first 

round of screening, which was used on all citations from the database searches, identified 

studies that described the cost-of-illness of any infectious (communicable) disease, including 

foodborne illnesses, while excluding cost-effectiveness studies for specific interventions. A 

standardized relevance screening tool was created in Microsoft Excel (Version 2007). A Cohen’s 

kappa coefficient was calculated to determine the level of agreement between each reviewer 

for the first relevance screening round.  
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  Studies selected in after the first round of screening underwent a second level of 

screening, whereby each of the infectious and foodborne disease cost-of-illness studies were 

further classified into those that described the cost of foodborne illnesses in humans, 

foodborne illnesses in animals, infectious diseases in humans, infectious diseases in animals, a 

combination of any of these categories, none of these categories (the study did not describe 

the cost of an infectious or foodborne illness), and as studies in which relevance could not be 

determined using the title and abstract. Following the second level of relevance screening, the 

study focused on the cost-of-illness of foodborne diseases in humans only, and all other 

categories of studies were excluded. Results from each level of screening were compared 

between reviewers and conflicts resolved by consensus.  

 

4. Charting the data 

 

  Citations describing cost of foodborne illness in humans (with or without other 

infectious illnesses) and citations where relevance could not be determined using the title and 

abstract were retrieved in full text. A standardized data-charting form was created in Microsoft 

Excel (Version 2007). Training for data extraction was performed using detailed instruction 

forms and 7 full text articles. Data extraction was conducted by two independent researchers, 

and the completed forms were compared for comprehensiveness.  

 

  The data-charting form had two sections, the first for gathering descriptive information 

on the relevant studies (Table 2.2) and the second for gathering the data of interest: the 

individual and societal level component costs included in the studies and the data sources for 

those estimations. Descriptive data included information on the title of the study, whether it 

was available in English, whether it directly estimated cost-of-illness due to one or more 

foodborne pathogens, and whether it described the component costs for the estimate. The 

year of publication, country of publication, and a list of foodborne pathogens included in the 

study were also collected. The second section provided a framework for gathering information 

on: the direct and indirect individual level and societal level costs included in a cost of 
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foodborne illness estimate. All component cost data were extracted at the level of detail 

reported in each study rather than using pre-determined categories for data extraction. 

Therefore, the specificity and detail in the extracted data were representative of the level of 

detail reported in the paper. The source of data for each component cost was also collected, 

detailing whether the data for the estimation came directly from a: survey, pre-existing 

databases, hospital records, an online calculator (e.g. Economic Research Service of the United 

States Department of Agriculture’s foodborne illness cost calculator) [30], the literature, 

population statistics, census data, outbreak data, or expert opinion. If the author’s of a study 

stated that the literature was used for an estimate, the source of data was described as 

‘literature.’ The original source of data in the cited literature may have been one of the other 

categories (e.g. a survey, pre-existing databases, etc.), however, the cited literature was not 

obtained to determine the actual data source. The same principle applied for databases, 

population statistics, outbreak data, or census data that may have been created using 

information from other data sources. This resulted in potential overlapping between data 

source categories, as only the immediate source of data was identified in the present study. 

Cost calculators often provide component cost estimates that have been amalgamated from a 

range of data sources, and are tools that can be used when estimating costs [31]. Sources of 

component cost data could also be described as not provided (N/P), not applicable (N/A), or as 

‘multiple,’ meaning numerous component costs and data sources were described without 

specifying which data sources were used for a particular component cost estimate.  

 

5. Collating, summarizing, and reporting the results 

 

  The primary goal of this step was to refine the information extracted from the studies 

into manageable groupings, or themes. Two reviewers grouped the component cost and source 

data extracted from each paper into themes and differences were resolved by consensus, as 

dictated by the methodology. The grouped information was summarized in categories of 

individual level (direct and indirect) and societal level component costs (Tables 2.3 and 2.4).  
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RESULTS 

 

  The PubMed database search yielded 7361 citations. Using a search strategy tailored to 

function in the AGRICOLA database, 916 citations were obtained with the ‘peer-reviewed’ filter 

unchecked. All of the search results were imported into RefWorks Reference Management 

Software (ProQuest LLP, 2012). In RefWorks, 644 duplicate citations were removed using the 

close and exact-match functions, resulting in a total of 7633 references to be screened for 

relevance.  

 

  Of the 7633 references identified from the database searches, 7394 were excluded as 

they did not describe the cost-of-illness of any infectious or foodborne illnesses. The Cohen’s 

kappa coefficient was 0.89 for the first relevance screening round, indicating substantial 

agreement between the two reviewers [32]. In the second round of screening, the remaining 

239 references were classified as describing the cost of: foodborne illnesses in humans (79), 

foodborne illnesses in animals (2), infectious diseases in humans (86), infectious diseases in 

animals (17), a combination of any of these categories (23), none of these categories (the study 

did not describe the cost of an infectious or foodborne illness) (26), or were studies in which 

relevance could not be determined using the title and abstract only (6). 

 

  Following the second round of relevance screening, references that focused on 

foodborne illness in humans, a combination of categories, and those where relevance could not 

be determined from the title and abstract were selected, a total of 108 references. Ten non-

English references were identified and excluded, resulting in 98 papers being retrieved in full 

text. An additional 14 publications that did not provide any information on component costs 

were also excluded, and so 84 studies ultimately underwent data extraction. These publications 

described studies that directly estimated the cost of foodborne illnesses and studies that 

described component costs but did not provide an estimate.  

 

  The majority of the studies (n=74, 88%) calculated the cost of a foodborne illness (or a 
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group of foodborne illnesses) and described the component costs included in the estimates 

(Table 2.2). Ten studies described component costs, but did not directly calculate the cost of a 

foodborne illness. Papers in this latter category were foodborne illness prioritization studies, 

burden of foodborne illness reviews, and conceptual publications such as cost of foodborne 

illness frameworks. Although the objective of this group of studies was not to calculate the cost 

of a foodborne illness, they did describe component costs and were therefore included. Data 

source identification was not applicable (N/A) for these ten studies. Of the 74 cost-of-illness 

studies, 36 (49%) estimated the cost of a single foodborne pathogen while 38 (51%) examined 

multiple pathogens. Most of the studies identified were published in North America and Europe 

in the last two decades (1992-2012). The ten most frequently studied foodborne pathogens 

were bacteria, with additional (unlisted) bacterial foodborne pathogens included in 34 studies. 

Foodborne viruses and parasites were also included in the cost of foodborne illness studies.  

 

  Among the 84 studies included in the review, 40 (48%) studies described both individual 

(direct and indirect) and societal level costs. Twenty-seven (32%) studies described individual 

level costs only, while 10 (12%) studies described direct costs exclusively. Three studies solely 

examined the societal costs associated with foodborne illness. The remaining studies described 

both societal and direct individual costs (n=2) or societal and indirect individual costs (n=2).  

 

  Table 2.3 displays the categories of direct and indirect costs included at the individual 

level and the data sources used for each component cost category. The categories were created 

based on the level of detail provided in the publication and thus, some categories represent 

more detailed sub-categories. Therefore, a study which included ‘medical costs’ did not 

explicitly describe any other direct costs included in their cost-of-illness estimate. Similarly, all 

of the studies that were categorized as including a broad component cost category (e.g. 

treatment costs, personnel costs, hospital service costs, industry costs, public health costs, etc.) 

were not counted towards including a more specific component in those categories. However, 

studies may have ultimately included these more specific costs in their estimates, but the 

components were unknown due to a superficial level of reporting detail. 
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  The direct individual level component costs most often included were broadly described 

as hospital services costs (n=46) without explicitly describing which hospital service costs they 

estimated (e.g. emergency room costs, intensive care costs, surgical services costs, dialysis 

costs). Physician costs, a component of personnel costs, were commonly included (n=31) along 

with drug costs (n=29), a component of treatment costs. Other studies described these and 

other costs at a greater depth (e.g. prescription and over-the-counter costs as a component of 

drug costs), and there was substantial variation in the specificity and detail among studies when 

describing component costs. The most commonly reported indirect component cost was 

productivity losses due to sick leave from work (n=42). A large number of studies included a 

cost estimate for ‘productivity losses’ without specifically stating which individual was 

experiencing the loss of output (e.g. the patient or caregiver) (n=30). The value-of-life lost was 

estimated in 29 studies while costs broadly described as ‘personal transportation’ expenses 

were calculated in 20 studies.  

 

  Prior estimates published in the literature were the most commonly used source of 

individual level component cost data (used 108 times), followed by databases (84 times) and 

surveys (72 times). Multiple sources were listed for component cost estimates on 69 occasions. 

These studies included a description of multiple component costs and data sources without 

specifying which data sources were used for a particular component cost estimate. No data 

sources were provided for component cost estimates 34 times, and data sources were not 

applicable for 68 of the component costs. These components came from the 10 studies that did 

not directly estimate a cost of foodborne illness.  

 

  Table 2.4 displays the costs included at the societal level due to foodborne illness and 

the data sources used for each component cost estimate. The societal level component costs 

that were most often included in cost of foodborne illness studies were outbreak investigation 

costs (a component of public health costs; n=15), losses incurred by businesses (a component 

of industry costs; n=13), costs associated with product recall (a component of industry costs; 

n=11), and costs related to public health surveillance of foodborne illness (n=11). Other societal 
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costs included in some studies were legal costs and government related (regulatory) costs.  

 

  Similar to the individual costs, prior estimates published in the literature were the most 

commonly used source of component cost data for societal costs (used 57 times). Outbreak 

data, surveys, and pre-existing databases were used 25, 23, and 22 times respectively. Multiple 

sources were listed for 19 component costs. These studies described numerous component 

costs and data sources without specifying which data sources were used for a particular 

component cost estimate. No data sources were provided for component cost estimates 4 

times, and data sources were not applicable on 49 occasions.  

 

DISCUSSION 

 

  This scoping review explored component costs of foodborne illness and sources of data 

for the cost estimates. It illustrated high variability in terms of the depth and breadth of 

individual and societal level cost components and the data sources being used in the published 

cost of foodborne illness literature. Rather than being guided by a highly specific research 

question and particular study designs, a scoping review is guided by the broad requirement of 

identifying all relevant literature that pertains to the research question [27]. Due to the 

potential usefulness of cost-of-illness studies to inform decision makers, it is important that 

cost-of-illness estimates are derived in a uniform, consistent, and transparent manner [12, 25, 

26]. To address the issues of uniformity in cost inventories and transparency in data source 

usage, a better understanding of which cost components are included and how they are 

described in the published cost of foodborne illness literature is critical.  

 

  Most publications were based in North America and Europe, indicating that the results 

are more applicable to developed country contexts and may not represent foodborne illness 

component costs and data sources in developing nations. This may be due to the exclusion of 

non-English language publications, a lack of resources to conduct cost-of-illness studies, or it 

may be a reflection of other infectious disease priorities for developing countries. The majority 



56 
 

of the cost of foodborne illness studies identified have been published in the past two decades 

(1992-2012), which is a trend observed in all cost-of-illness literature [14]. The 10 most studied 

foodborne pathogens were bacteria, with non-typhoidal Salmonella spp., shiga-toxin producing 

E. coli, and Campylobacter spp. being the most commonly studied. This was expected as these 

pathogens are cited as carrying a large burden in terms of the number of illnesses, 

hospitalizations, and deaths [17].  

 

  The primary results from this study are the reporting patterns of component costs in the 

cost of foodborne illness literature along with the sources of data for each estimate. In regards 

to the breadth of cost inventories, almost half of the studies (48%) included individual level 

costs (direct and indirect) and societal level costs in their estimates. This indicates that many 

studies are estimating a wide spectrum of costs associated with foodborne illness. Fewer 

studies included societal costs compared to individual costs. Societal level costs may be more 

difficult to calculate, as attributing costs incurred at the population level due to a particular 

illness might be more challenging than estimating a direct or indirect cost associated with an 

individual person [33]. Additionally, societal costs may not be applicable given a studies 

perspective (e.g. a study estimating healthcare-related costs may omit societal costs). In these 

studies there was a high level of variability in the reporting detail of individual and societal level 

component costs. For instance, 16 studies broadly included ‘medical costs’ in their estimates as 

the only individual direct cost, while the remainder of studies estimating direct costs included 

more specific components of medical costs such as treatment costs, laboratory costs, personnel 

costs, hospital service costs, community services costs, and long-term care services costs. 

Numerous papers provided even greater detail, with studies delineating particular components 

in these broader categories. For example, specific treatment-related components such as drug 

and rehabilitation costs were described in certain studies. The variability in reporting detail can 

also be seen in the indirect individual and societal level costs, which indicates that although a 

greater level of specificity can be achieved when calculating component costs, certain studies 

elect to estimate costs more superficially. This is an issue because it does not allow the end-

user of a cost-of-illness study to fully understand which types of costs were included in an 
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overall estimation. In turn, this makes the economic burden of an illness more difficult to 

interpret and understand and reduces the feasibility of meaningfully comparing two studies for 

the same disease.  

 

  The component costs presented in Tables 2.3 and 2.4 were aggregated from all of the 

relevant cost of foodborne illness studies identified during the review. However, certain costs 

may only be relevant for a particular pathogen or chronic sequelae. An example of this would 

be intensive care unit (ICU) costs incurred due to a shiga-toxin producing E. coli infections, 

which may not be as relevant to other foodborne illnesses. A future study could determine 

which costs are pathogen specific and which are commonly included across all foodborne 

illnesses. Additionally, of the 74 cost-of-illness studies, 36 estimated the cost of a single 

foodborne pathogen while 38 examined multiple pathogens. Further research could determine 

if the component cost inclusion and reporting detail differs in single- versus multiple-pathogen 

studies, and to explore the implications of this factor when comparing or combining cost-of-

illness estimates.  

 

  A further consideration is the impact of data sources on a cost of foodborne illness 

estimate. A wide variety of data sources were used to estimate component costs of foodborne 

illness. Certain data sources may be more credible than others. For example, it could be argued 

that costs estimated by expert opinion are more subjective than estimates taken from hospital 

records. Future research could compare specific component cost estimates for a particular 

pathogen using varying data sources to determine the impact of using different sources of data. 

However, because there was an overlapping of data sources (e.g. an estimate taken from the 

literature may have come from a survey), data source variability may be less substantial than it 

appears, as only the immediate source of data was identified in the present study. Additionally, 

when a publication reports a data source (e.g. the literature) without identifying the origin of 

the information, which may in fact be another data category (e.g. a survey, hospital records, a 

pre-existing database, etc.), it does not allow the reader to easily evaluate the appropriateness 

or validity of the data source for the estimate. Also of concern is the number of component cost 
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estimates that could not be linked to a particular source of data. For both individual and 

societal costs, multiple sources were listed for 88 component costs across 14 different studies. 

These studies described numerous component costs and data sources without specifying which 

data sources were used for a particular component cost estimate. Data sources were not 

provided for 38 individual and societal level component costs, meaning that an estimate was 

included without any explanation of where it came from or how it was deduced. These are 

issues of inadequate reporting that inhibits repeatability of these estimates. 

 

 Proponents of cost-of-illness research have cited that one of the major strengths of 

these studies is the potential to compare one estimate to another [12, 25]. In an era where 

evidence-informed decision making is at the forefront, synthesizing the evidence from high 

quality studies is an important step in making an informed decision [34]. Numerous studies 

dating back to 1982 have stressed that researchers should standardize their cost-of-illness 

methodologies to improve the consistency and comparability of estimates [12, 13, 26]. These 

studies claim that if two otherwise comparable studies have included different components 

when estimating a cost of an illness, it would not be meaningful to compare them. If 

researchers continue publishing cost of foodborne illness studies while using different cost 

inventories (i.e. studies which contain a wide range of component costs reported with varying 

levels of detail), this trend of insular estimates with limited comparability will continue. This 

scoping review illustrates the breadth of published cost inventories in the cost of foodborne 

illness literature and the depth to which they have been reported. By using this scoping review 

as a tool to standardize cost inventories for cost of foodborne illness studies, and by improving 

data source reporting, there will be an increase in cost of foodborne illness research that can be 

interpreted and compared in a meaningful way. 

 

  During the literature search, a formal search of the grey (unpublished) literature was not 

conducted. However, the peer-reviewed filter was left unchecked during the AGRICOLA 

database search and relevant grey literature identified at this stage was included in the review. 

Non-English language papers were excluded from the present study, and therefore, these 
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results may only be applicable to English speaking countries. Lastly, an optional stage (step 6) in 

the Arksey and O’Malley (2005) scoping review framework is to involve potential end-users in 

the scoping review process. Although a consultation was not conducted per se, members of the 

research team, who are also end-users of the information, were directly involved in the 

identification of the research question and in outlining the goals of the review. 

 

CONCLUSIONS  

 

  Individual and societal level costs have been included in a substantial number of 

foodborne illness cost estimates, indicating that many studies are using comprehensive cost 

inventories. The depth and breadth of individual and societal level cost inventories in the cost 

of foodborne illness literature were highly variable. This scoping review can be used as a tool to 

determine which component costs are common in the current body of literature, along with the 

level of detail in which they were reported. It should be noted that certain costs may be 

pathogen specific and the results of the present study should be interpreted with that in mind. 

Lastly, the results illustrate that there are a wide variety of data sources available to estimate 

component costs of foodborne illness. Efforts should be made to select credible and current 

sources when determining the costs associated with foodborne illness, and to report the 

specific source of data for each component cost estimate. These suggestions will help address 

the issues of uniformity in component cost selection and reporting. By conforming to a more 

standardized cost inventory for cost of foodborne illness studies, and by reporting data sources 

in more detail, there will be an increase in cost of foodborne illness research that can be 

interpreted and compared in a meaningful way. 
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TABLES 
 
Table 2.1: Scoping review keyword search strategy to identify cost-of-illness studies for 
infectious diseases.  
 

Foodborne keywords Communicable keywords Cost keywords 

foodborne illness communicable cost 
foodborne illnesses communicable disease costs 
food-borne illness communicable diseases cost-of-illness 

food-borne illnesses communicable illness cost of illness 
foodborne disease communicable illnesses cost-of-illnesses 
foodborne diseases infectious cost of illnesses 
food-borne disease infectious disease costs-of-illness 
food-borne diseases infectious diseases costs of illness 
foodborne infection infectious illness costs-of-illnesses 
foodborne infections infectious illnesses costs of illnesses 
food-borne infection transmissible coi 
food-borne infections transmissible disease direct costs 

food poison transmissible diseases direct cost 
food poisoning transmissible illness indirect costs 

foodborne poison transmissible illnesses indirect cost 
foodborne poisoning  economic 

food-borne poison  economics 
food-borne poisoning  economy 
foodborne pathogen  economical 
foodborne pathogens  financial 
food-borne pathogen  monetary 
food-borne pathogens  money 

O157  expenditure 
VTEC  expenditures 
STEC  dollar-value 

O157:H7  dollar value 
salmonella    

campylobacter   
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Table 2.2: Descriptive information of cost of foodborne illness studies published between 
1972 and 2012 identified from a scoping review. 
 

Study type    No. of studies 

  Cost-of-illness  74 
  Not COI (described component costs) 10 
  Non-English 10 

  Non-relevant papers 14 

Region of publication 

  North America 43 

  Europe 29 

  Asia 6 

  Oceania 5 

  Africa 1 

  South America 0 

Year of publication 

 
2002 - 2012 36 

 
1992 - 2001 31 

 
1982 - 1991 15 

 
1972 - 1981 2 

 
Before 1972 0 

Foodborne pathogens  No. included in studies 

 1. Non-typhoidal Salmonella spp. 51 
 2. Shiga-toxin producing Escherichia coli  34 
 3. Campylobacter spp. 27 
 4. Vibrio spp.  19 
 5. Staphylococcus aureus 17 
 6. Listeria monocytogenes 16 
 7. Clostridium perfringens 12 
 8. Salmonella typhi 12 

 9. Clostridium botulinum 11 
 10. Shigella spp. 10 
Additional Bacteria   34 
Viruses  28 
Parasites  19 
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Table 2.3: Individual level component costs and data sources from 84 cost of foodborne illness studies published between 1972 
and 2012 identified from a scoping review. 
 

COMPONENT COSTS N* DATA SOURCES 

Direct costs 
 

H D L OC S O C P E M N/P N/A 

 
Medical costs 16 1 3 2 - - 3 - - - - 2 5 

  
 

Treatment costs 14 4 2 3 - 1 - - - - 3 - 1 

  
  

Drug costs  29 3 3 6 1 3 2 1 - - 4 3 3 

  
   

Prescription 18 3 3 1 - 6 - 1 - - 1 1 2 

  
   

Over-the-counter 6 - 1 1 - 4 - - - - - - - 

  
  

Non-personal transportation (ambulance) 12 1 1 3 1 - - - 1 2 1 - 2 

  
  

Rehabilitation 10 - 1 3 1 - 1 1 - - 2 - 1 

  
  

Materials (disposable/non-disposable) 7 1 2 - - 1 1 1 - - - 1 - 

  
  

Home visits  5 - - - - - - - - - 1 3 1 

  
  

Rehydration treatment 2 1 - - - 1 - - - - - - - 

  
  

Palliative care  1 - 1 - - - - - - - - - - 

  
 

Laboratory costs 20 5 3 2 1 2 1 - - 1 2 1 2 

  
  

Pathogen diagnosis and analysis 15 3 2 1 - 2 3 - - - 3 - 1 

  
  

Ancillary diagnostics  10 3 2 1 1 - 2 - - - - - 1 

  
  

Laboratory sampling 7 1 1 2 - 3 - - - - - - - 

  
 

Personnel costs 7 2 3 - - 2 - - - - - - - 

  
  

Physician 31 1 6 5 1 3 3 1 - 1 6 2 2 

  
  

General practitioner physician 17 2 5 4 - 3 - - - - 3 - - 

  
  

Non-physician 2 - - - - 1 - - - - 1 - - 

  
   

Nurses 4 1 - 1 - - 1 - - - 1 - - 

  
   

Laboratory technician 3 1 - - - - 2 - - - - - - 

  
  

Consultants 7 - 1 2 - 1 2 - - - 1 - - 

  
  

Specialists 5 1 1 - - - - - - - 1 1 1 

  
 

Hospital services costs 46 5 6 11 1 2 5 1 - 1 7 3 4 

  
  

Emergency room  14 4 3 1 - 1 - - - - 3 - 2 

  
  

Intensive care unit 5 1 1 - - - - 1 - - 2 - - 
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COMPONENT COSTS N* DATA SOURCES 

  
H D L OC S O C P E M N/P N/A 

  
  

Surgical services 3 - 1 - - - - - - - 1 - 1 

  
  

Dialysis 2 1 1 - - - - - - - - - - 

  
 

Community services (out-patient) costs 11 - 3 1 - - - - - - 3 1 3 

  
 

Long-term care services costs 4 - 2 - - - - - - - - 1 1 

Indirect costs 
 

            

  Productivity losses 30 - 2 6 1 4 2 - - - 3 4 8 

  
 

Due to sick leave from work (patient) 42 1 6 7 1 10 3 1 1 - 4 1 6 

  
 

Due to caring for others (caregiver) 19 - 5 3 - 6 2 - - - 3 - - 

  
  

Due to care of sick children 11 - 2 1 1 1 1 - - - 1 2 2 

  
 

Lost leisure time 14 - 3 6 1 - 1 - - - 1 - 2 

  
 

Due to long-term or permanent disability  8 - 1 2 - - 2 - - - 2 - 1 

  Patient transportation (non-ambulance) costs 20 - 2 6 - 5 1 - 1 - 1 2 2 

  
 

For visitors and relatives 6 - - 1 - 1 1 - - - 1 - 2 

  
 

Parking fees 1 - - - - 1 - - - - - - - 

  Additional costs - - - - - - - - - - - - - 

  
 

Value-of-life lost 29 - 1 15 1 1 1 - - - 3 2 5 

  
 

Pain and suffering 21 - - 8 2 2 1 - - - 2 2 4 

  
 

Risk aversion behaviours 9 2 2 - 1 2 - - - - - - 2 

  
 

Facility (operational) costs 9 1 2 2 1 - - - - - 2 1 - 

  
 

Non-medical materials 7 - - 1 1 3 - - - - - 1 1 

Totals  49 84 108 17 72 41 8 3 5 69 34 68 
* Number of studies describing the component cost category. 
** Hospital records - Database – Literature - Online calculator – Survey - Outbreak data – Census - Population statistics - Expert opinion – Multiple - N/P – N/A
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Table 2.4: Societal level component costs and data sources from 84 cost of foodborne illness studies published between 1972 and 

2012 identified from a scoping review. 

COMPONENT COSTS N* DATA SOURCES 

  

D L OC S O C P E M N/P N/A 

Industry costs 10 3 3 1 1 - - - - - - 2 

  Losses to businesses  13 1 2 - 1 1 - - - 2 2 4 

  
Reduced product demand 7 - 3 - 1 - - - - 1 - 2 

  
 

Advertising to regain customer trust 6 1 2 1 - - - - - - - 2 

  
 

Losses to food service establishments 5 - 2 - - 1 - - - 1 - 1 

  
 

Product spoilage 4 - 1 - - 1 - - - - - 2 

  Product recall 11 - 3 1 2 - - 1 - 1 - 3 

  Farm-related costs 3 - 2 - - - - - - - - 1 

  
 

Herd slaughter 4 - 1 1 - - - - 1 - - 1 

  
 

Farmers compensation 2 2 - - - - - - - - - - 

  
 

Increased time to market 2 - 1 1 - - - - - - - - 

  Adjusted manufacturing procedures 9 - 3 - 2 1 - - - 1 - 2 

  Plant closure and bankruptcy 6 - 2 - 1 1 - - - 1 - 1 

  Equipment 5 1 2 - - - - - 1 1 - - 

Public health costs 5 2 - - 1 - - - - - - 2 

  Outbreak investigation costs 15 - 5 - 4 2 - - - - - 4 

  
 

Laboratory testing  10 1 3 - 1 2 - - - 1 - 2 

  
 

Personnel 7 - - - 1 4 - - - 1 - 1 

  
 

On-site treatment 3 - 2 - - - - - - - - 1 

  
 

Clean up (including food destruction) 3 - 3 - - - - - - - - - 

  
 

Consumables  3 - - - 1 2 - - - - - - 

  
 

Administration 2 1 - - - 1 - - - - - - 

  
 

Source identification 2 - - - 1 1 - - - - - - 

  
 

Make-shift food services 2 - - - - 2 - - - - - - 

  
 

Travel 2 - - - - 1 - 1 - - - - 

  Prevention 6 2 - - - - - - 1 - - 3 
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COMPONENT COSTS N* DATA SOURCES 

  
D L OC S O C P E M N/P N/A 

  
 

Surveillance (including database creation) 11 2 5 1 1 - - - - 1 - 1 

  
 

Educational campaigns 7 - 2 1 - - - - - 1 2 1 

  
 

Research 6 2 1 - - 1 - - - 1 - 1 

  
 

Vaccination programs 2 - 1 - - - - - - - - 1 

Legal costs 6 1 1 - 1 1 - - - 1 - 1 

  Product liability suits  5 - 2 - 1 1 - - - - - 1 

  Insurance-related  4 - 2 - - 1 - - - 1 - - 

  Victim (individual) settlements 3 - - - - - - - - - - 3 

  Class action (group) settlements 1 - - - - - - - - - - 1 

  Out-of-court settlements 1 - - - - - - - - 1 - - 

  Prosecution costs from public funds 1 - - - - - - - - - - 1 

  Jail sentences 1 - - - - - - - - 1 - - 

Government and regulatory costs 7 2 - - 1 1 - - 1 1 - 1 

  Regulatory fines and enforcement 6 - 2 1 - - - 1 - 1 - 1 

  Local authority investigations 5 1 1 - 2 - - - - - - 1 

  Public inquiry 1 - - - - - - 1 - - - - 

  Policy implementation and monitoring 1 - - - - - - - - - - 1 

Totals  22 57 8 23 25 0 4 4 19 4 49 
* Number of studies describing the component cost category. 
** Database – Literature - Online calculator – Survey - Outbreak data – Census - Population statistics - Expert opinion – Multiple - N/P - N/A



66 
 

REFERENCES 

 
1.  World Health Organization. (WHO, 2007). Initiative to Estimate the Global Burden of   
  Foodborne Diseases. First formal meeting of the Foodborne Disease Burden Epidemiology  
  Reference Group. Geneva, Switzerland. Retrieved from:  
  www.who.int/foodsafety/publications/foodborne_disease/burden_nov07/en/index.htm.  
  Accessed June 2013.  
 
2.  Kuchenmuller T, Hird S, Stein C, et al. (2009). Estimating the Global Burden of Foodborne  
  Diseases – a Collaborative Effort. Eurosurveillance, 14(18): 1-4. 
 
3.  World Health Organization. (WHO, 2008). The Global Burden of Disease. 2004 Update.  
  Geneva, Switzerland. Retrieved from:  
  www.who.int/healthinfo/global_burden_disease/GBD_report_2004update_full.pdf.  
  Accessed June 2013. 
 
4.  Scharff RL. (2012). Economic Burden from Health Losses Due to Foodborne Illness in the  
  United States. Journal of Food Protection, 75(1): 123-131. 
 
5.  Buzby JC, Roberts T. (2009). The Economics of Enteric Infections: Human Foodborne  
  Disease Costs. Gastroenterology, 136: 1851-1862. 
 
6.  Toljander J, Dovarn A, Andersson Y, et al. (2012). Public health burden due to infections by  
  verocytotoxin-producing Escherichia coli (VTEC) and Campylobacter spp. as estimated by  
  cost of illness and different approaches to model disability-adjusted life years.  
  Scandinavian Journal of Public Health, 40: 294-302. 
 
7.  Oderda, GM. (2003). Cost-of-Illness Studies. Journal of Pain & Palliative Care  
  Pharmacology, 17(1): 59-62. 
 
8.  Larg A, Moss JR. (2011). Cost-of-Illness Studies: A Guide to Critical Evaluation.  
  Pharmacoeconomics, 29(8): 653-671. 
 
9.  Segel JE. (2006). Cost-of-Illness studies-A primer. RTI international. RTI-UNC Center of  
  Excellence in Health Promotion Economics. pp. 1-39. 
 
10.  Akobundu E, Ju J, Blatt L, et al. (2006). Cost-of-Illness Studies: A Review of Current  
  Methods. Pharmacoeconomics, 24(9): 869-890. 
 
11.  Taqir L, Haagsma J, Havelaar A. (2011). Cost of Illness and Disease Burden in The  
  Netherlands Due to Infections with Shiga Toxin-Producing Escherichia coli O157. Journal of  
  Food Protection, 74(4): 545-552. 
 



67 
 

12.  Byford S, Torgerson DJ, Raftery J. (2000). Economic Note: Cost Of Illness Studies. British  
  Medical Journal, 320(7245): 1335. 
 
13.  Health Canada. (1998). Economic Burden of Illness in Canada (EBIC), 1998. Policy Research  
  Division, Strategic Policy Directorate, Population and Public Health Branch. 
 
14.  McPherson M, Kirk MD, Raupach J, et al. (2011). Economic Costs of Shiga Toxin-Producing  
  Escherichia coli Infection in Australia. Foodborne Pathogens and Disease, 8(1): 55-62. 
 
15.  Clabaugh G, Ward M. (2008). Cost-of-Illness Studies in the United States: A Systematic  
  Review of Methodologies Used for Direct Cost. Value in Health, 11(1): 13-21. 
 
16.  Scharff RL, McDowell J, Medeiros L. (2009). Economic Cost of Foodborne Illness in Ohio.  
  Journal of Food Protection, 72(1): 128-136. 
 
17.  Centers for Disease Control and Prevention. (CDC, 2005). Cost Analysis – Cost of Illness.  
  Georgia, United States. Retrieved from:  www.cdc.gov/owcd/eet/Cost/fixed/3.html.  
  Accessed June 2013. 
 
18.  Nyachua DG. (2010). Foodborne illness: is it on the rise? Nutrition Reviews, 68(5): 257- 
  269. 
 
19.  Lake RJ, Cressey PJ, Campbell DM, et al. (2010). Risk Ranking for Foodborne Microbial  
  Hazards in New Zealand: Burden of Disease Estimates. Risk Analysis, 30(5): 743-752. 
 
20.  Razem D, Katusin-Razem B. (1994). The Incidence and Costs of Foodborne Diseases in  
  Croatia. Journal of Food Protection, 57(8): 746-753.  
 
21.  Gadiel D. (2010). The economic cost of foodborne disease in New Zealand. Applied  
  Economics, pp. 8-39. 
 
22.  Buzby JC, Roberts T. (1996). ERS Updates U.S. Foodborne Disease Costs for Seven  
  Pathogens. Food Review, pp. 20-25. 
 
23.  Todd ECD. (1989). Costs of acute bacterial foodborne disease in Canada and the United  
  States. International Journal of Food Microbiology, 9: 313-326.  
 
24.  Thomas MK, Murray R, Flockhart L, et al. (2013). Estimates of the Burden of Foodborne  
  Illness in Canada for 30 Specified Pathogens and Unspecified Agents, Circa 2006.  
  Foodborne Pathogens and Disease, 10(7): 639-648. 
 
25.  Shiell A, Gerard K, Donaldson C. (1987). Cost of illness studies: an aid to decision-  
  making? Health Policy, 8: 317-323 
 



68 
 

26.  Hodgson TA, Meiners MR. (1982). Cost-of-Illness Methodology: A Guide to Current  
  Practices and Procedures. Health and Society, 60(3): 429-462. 
 
27.  Arksey H, O’Malley L. (2005). Scoping studies: towards a methodological framework.  
  International Journal of Social Research Methodology, 8(1): 19-32. 
 
28.  Levac D, Colquhoun H, O’Brien KK. (2010). Scoping studies: advancing the methodology.  
  Implementation Science, 5: 69-77. 
 
29.  Pham M, Rajic A, Greig J, et al. (2013). Characteristics of Scoping Reviews in the Literature:  
  A Scoping Review of Scoping Reviews. CPHA 2013 Annual Conference. Retrieved from:  
  www.resources.cpha.ca/CPHA/Conf/Data/2013/A13-188ae.pdf. Accessed June 2013 
 
30.  Frenzen PD. (2007). An online cost calculator for estimating the economic cost of illness  
  due to Shiga toxin-producing E. coli (STEC) O157 infections. Economic information  
  bulletin. United States Department of Agriculture (USDA). Economic Research Service  
  (ERS).  
 
31.  Canadian Institute for Health Information. (CIHI, 2013). Patient Cost Estimator  
  Methodological Notes and Glossary. MIS and Costing, Health Spending and Strategic  
  Initiatives.  
 
32.  Landis JR, Koch GG. (1977). The Measurement of Observer Agreement for Categorical  
  Data. Biometrics, 33(1): 159-174. 
 
33.  Tarricone R. (2006). Cost-of-illness analysis: What room in health economics? Health  
  Policy, 77: 51-63. 
 
34.  Bekker H, Thornton JG, Airey CM, et al. (1999). Informed decision making: an annotated  
  bibliography and systematic review. Health Technology Assessment, 3(1): 1-168. 
 

 

 

 

 

 

 

 

 



69 
 

CHAPTER 3: 

THE ASSOCIATION BETWEEN COMPONENT COSTS, STUDY METHODOLOGIES, AND 
FOODBORNE ILLNESS-RELATED FACTORS TO THE COST OF NON-TYPHOIDAL 

SALMONELLA ILLNESS 
 

ABSTRACT 

 

Background: Non-typhoidal Salmonella spp. are one of the most common causes of bacterial 

foodborne illness in developed and developing countries. Variability in cost inventories and 

study methodologies limits the possibility of meaningfully interpreting and comparing cost-of-

illness estimates, reducing their usefulness. However, little is known about the relative affect 

these various factors have on a cost-of-illness estimate. This is important not only for 

comparing existing estimates, but also when interpreting and designing new cost-of-illness 

studies. Methods: Cost-of-illness estimates, identified through a scoping review, were used to 

investigate the association between descriptive, component cost, methodological, and 

foodborne illness-related factors such as chronic sequelae and under-reporting to the cost of 

non-typhoidal Salmonella spp. illness. Results:  The cost of non-typhoidal Salmonella spp. illness 

ranged from $0.01568 to $41.22 United States dollars (USD)/person/year (2012). The mean and 

median costs of non-typhoidal Salmonella spp. illness were $10.37 USD/person/year (2012) and 

$5.28 USD/person/year (2012) respectively. The following factors were found to be significant: 

the number of direct component cost categories included in an estimate (0-4, particularly long-

term care costs) and chronic sequelae costs (inclusion/exclusion); all of the significant factors 

had a positive association with the cost of non-typhoidal Salmonella spp. illness. Factors related 

to study methodology were not significant. Conclusions: The results indicated that study 

methodologies were not as influential as other factors, in particular, the number of direct 

component cost categories included in an estimate (particularly long-term care costs) and costs 

incurred due to chronic sequelae. These were the only factors significantly associated with the 

estimated cost of a common foodborne illness. 

 

 



70 
 

INTRODUCTION 

 

  Non-typhoidal Salmonella spp. are one of the most common causes of bacterial 

foodborne illness in developed and developing countries [1]. Morbidity and mortality, 

particularly in young people and the elderly, can result from non-typhoidal Salmonella spp. 

illness [2]. In addition to the acute symptoms of infection (diarrhea, fever, vomiting, and 

abdominal cramps), chronic sequelae such as reactive arthritis and irritable bowel syndrome 

can also occur [3]. Numerous studies have calculated the cost-of-illness associated with this 

foodborne pathogen and the economic burden due to non-typhoidal salmonellosis is estimated 

to be substantial [1, 4-6]. Given limited and competing resources, a burden of illness approach 

can be used to help policy makers rank and prioritize health risks [7]. Cost-of-illness (COI) 

analysis is the most common economic burden of illness approach and aims to identify and 

quantify all of the costs incurred due to a particular disease, at both the individual and societal 

levels [8-10]. Despite following a generalized methodology, cost-of-illness studies can be 

conducted in various ways [11]. Cost-of-illness studies employ analytical frameworks which 

differ in the study cost inventory (i.e. the type of component costs included in an estimate), the 

epidemiological approach, the estimation methods for direct and indirect costs, and the 

temporal relationship of cost-incurring events and the initiation of the study [8, 11]. 

Inconsistencies in the way cost-of-illness studies are conducted limit their usefulness [9, 11-13], 

as different methodologies and cost inventories may influence the magnitude of estimates, 

limiting the feasibility of meaningfully interpret and compare cost-of-illness studies [11, 14]. 

 

  Costs inventories consist of individual and societal level costs [15, 16]. Direct individual 

level costs represent the value of goods, services, and other resources consumed in providing 

care due to illness [17]. Indirect individual level costs represent productivity losses due to illness 

or death, and intangible costs such as pain and suffering. Costs associated with overhead 

healthcare-related activities that are shared amongst individuals and expenditures incurred in 

the process of seeking care are also considered indirect costs [18]. Costs incurred at the 

population level, such as industry, public health, legal, and government costs are deemed 
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societal costs [10, 11, 13].  

 

  Direct costs can either be estimated using a top-down, bottom-up, or econometric 

approach. The top-down approach involves starting with known total cost expenditures and 

portioning these costs to several broad disease or severity categories [11, 13]. This population-

based method is insensitive to variability between patients because the relationship between 

disease status and resource use is modeled at an aggregate level [11]. The bottom-up approach 

requires one to estimate unit costs (costs associated with a particular treatment or service) and 

utilization (how often an ill individual undergoes a treatment or requires a service). The costs 

are then estimated from the bottom-up, by multiplying unit costs and the number of units used 

[8, 13]. By calculating costs at the most disaggregated level, this person-based estimation 

method allows for greater detail of analysis and stratification of results than the top-down 

method [11]. A third approach, described as the econometric approach, has also been 

proposed, but it is seldom used in the cost-of-illness literature [13]. Societal costs are most 

often calculated using the top-down or population-based approach.  

 

 The epidemiological approach of a study is dictated by whether an estimate uses 

prevalence- or incidence-based data [10, 11]. Prevalence-based studies determine costs based 

on the total number of existing cases in a pre-determined period of time, while incidence-based 

studies refer to the number of new cases arising in a pre-determined period of time [8, 10, 13]. 

Additionally, cost-of-illness studies can be conducted prospectively or retrospectively. In 

retrospective studies, all of the relevant events where costs can be incurred have already taken 

place when the study is initiated, which is not the case in prospective studies [8]. 

 

  The two most common methods of estimating indirect costs are the human capital 

approach (HCA) [19, 20] and the willingness-to-pay (WTP) approach [21]. The HCA views an 

individual as producing a stream of output over a period of time [9, 13]. This approach 

measures costs indirectly associated with illness by estimating lost output or earnings due to 

morbidity and premature mortality [14, 22]. Intangible costs (such as costs associated with pain 
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and suffering) are omitted from this approach [22, 23]. The WTP approach proposes that the 

value of health or avoidance of illness can be deduced from the amount of money an individual 

would be willing to pay to reduce the probability of an illness [24]. A ‘linked’ human capital and 

willingness-to-pay approach, outlined by Landefeld and Seskin (1982) [25], embodies 

characteristics of both methods. As with the HCA, it includes economic losses associated with 

disability and death, while it is also based on changes in perceived risks of disability and death 

from the perspective of the individual, as is done in WTP approaches. An additional approach to 

estimating indirect costs is the friction cost method. This method follows closely the technique 

outlined in the human capital approach, but measures only the production losses incurred 

during the time it takes to replace a worker, known as the friction period [9, 13].  

 

   Under-reporting is an issue in determining the burden of foodborne illness, and is the 

result of an unknown portion of ill individuals not seeking care. Even when care is sought, the 

identification of the causative pathogen is infrequent because: a specimen is not obtained, a 

laboratory test is not requested, or the pathogen cannot be successfully grown in culture to 

identify the causative agent. This leads to an underestimation of cases in the databases used to 

capture and monitor foodborne illnesses in a population [26, 27].  

 

  Variability in cost inventories and study methodologies limits the possibility of 

meaningfully interpreting and comparing cost-of-illness estimates, reducing their usefulness [9, 

11-13]. However, little is known about the relative affect these various factors have on a cost-

of-illness estimate. This is important not only for comparing existing estimates, but also when 

interpreting and designing new cost-of-illness studies. The objective of this investigation was to 

explore the association between descriptive, component costs, methodological, and foodborne 

illness-related factors such as chronic sequelae and under-reporting to the estimated cost of 

non-typhoidal Salmonella spp. illness.  
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METHODS  

Study identification & selection 

 

  A scoping review (McLinden, Chapter 2) searched two comprehensive databases 

(PubMed and AGRICOLA) between October 27th and November 1st 2012 to identify cost-of-

illness of foodborne illness in humans studies. The purpose of this scoping review was to 

explore the component costs and the respective data sources being used for estimating the 

cost of foodborne illnesses in a population. From this review, a subset of studies that 

determined the cost of non-typhoidal Salmonella spp. illness and provided overall cost 

estimates were examined. Complete details of the search keywords, selection criteria, and 

data-charting forms are available elsewhere (McLinden, Chapter 2). Briefly, two comprehensive 

electronic databases were chosen for the literature search to identify studies that addressed 

the cost-of-illness of any infectious disease, including foodborne illnesses. Two levels of 

relevance screening were performed independently by two reviewers. Following the second 

level of relevance screening, the scope of the study focused on the cost-of-illness of foodborne 

diseases in humans only, and all other types of studies were excluded (108 references). Results 

from each level of screening were compared between reviewers and conflicts resolved by 

consensus. Fourteen additional publications were identified as not providing any information 

on component costs, and 10 non-English references were excluded, resulting in 84 relevant 

publications. 

 

Data extraction and management 

 

  From each study, descriptive, component cost, study methodology, and foodborne 

illness-related data were extracted (Tables 3.1). Descriptive data included title and objective of 

the study, the pathogens included in the study, and the country and year where the cost-of-

illness was estimated. Studies were described by the year of estimation, the country and region 

(North America, Europe, Other) of estimation, and whether the study estimated the cost of 

single or multiple foodborne pathogens. 
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  Component cost category data describing the individual and societal level costs (i.e. the 

cost inventory) included in each study were extracted during the scoping review. In this 

analysis, studies were categorized broadly as including individual level costs or individual and 

societal level costs. Studies were also categorized by the group or combination of costs that 

were included (direct, direct and indirect, direct, indirect and societal, or indirect and societal 

costs) and according to the total number of individual (direct and indirect) and societal level 

component cost categories included, and the totals in each category. The component cost 

categories were defined by McLinden (Chapter 2) and are listed in Table 3.2. The specificity and 

detail in the extracted component cost data were representative of the level of detail reported 

in the studies from the scoping review and thus, some categories represented more detailed 

sub-categories. For example, a study that reported the broad category of ‘medical costs’ would 

not have explicitly described more detailed direct medical cost-related categories.  However, 

these studies may have included some or all of the specific direct costs described by the other 

categories, but this information was not captured due to non-specific reporting. The 

component costs that constitute these categories are described elsewhere (McLinden, Chapter 

2).  

 

  The methodological information collected included: temporal relationship of the study 

(retrospective or prospective), type of epidemiological data used (prevalence-based or 

incidence-based), direct cost estimation method (top-down, bottom-up, and not applicable; 

studies which did not estimate direct costs), and indirect cost estimation method (human 

capital approach, willingness-to-pay, a linked human capital and willingness-to-pay approach, 

friction cost method, and not applicable; studies that did not estimate indirect costs). It was 

also recorded whether a study included costs associated with chronic sequelae in their 

estimate, and whether under-reporting of illness was taken into consideration. Chronic 

sequelae were described as included in an estimate if the researcher mentioned their inclusion 

anywhere in the study, or if a specific dollar-value was provided for their burden. Under-

reporting information was gathered as follows: the study explicitly stated under-reporting was 

not accounted for (‘no’), the study provided no information on under-reporting (‘no 
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information provided’), a study accounted for under-reporting but provided no additional 

information (‘yes’), the study accounted for under-reporting and provided information on the 

level of under-reporting accounted for (‘yes with detail on the magnitude of under-reporting 

accounted for’; provided detail on the multiplier value used). The first two categories were 

grouped as ‘no’ while the latter two were grouped as ‘yes.’  

 

  The estimated cost-of-illness associated with non-typhoidal Salmonella spp. was 

extracted from each study and converted to a standardized outcome of cost-of-illness per 

person per year in 2012 United States dollars (USD). This was done by using country-specific 

Consumer Price Index (CPI) values to inflate estimates of non-typhoidal Salmonella spp. illness 

to the base year of January 2012 [28-32]. For years prior to 2012, the average CPI for a given 

calendar year was used. Each estimate outside of the United States was then converted to 

January 2012 USD using a country-specific exchange rate [33]. The annual costs were converted 

to a per-capita figure by dividing the annual estimated cost of non-typhoidal Salmonella spp. 

illness by the location-specific population in January 2012 (or a best available population 

estimate which was closest to this month and year) [34].  

 

Statistical analysis 

 

  Linear regression analysis was used to identify associations with descriptive, component 

cost, methodological, and foodborne illness-related variables to the annual cost of non-

typhoidal Salmonella spp. illness per capita. Analysis was performed at the study-level. The 

dependent variable was continuous and corresponded to the annual cost of non-typhoidal 

Salmonella spp. illness per capita in 2012 USD. Descriptive statistics were performed on the 

dependent and each of the independent variables. Each of the independent variables was 

individually tested for unconditional associations in univariable linear regression analyses. For 

the direct and indirect cost estimation methodology variables, studies that did not calculate 

these costs were included as a category. To provide an indication of collinearity between 

continuous independent variables, correlation coefficients were calculated using a cut-off value 
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of greater than |0.8| to indicate collinearity. Variables that were significant at p ≤ 0.2 in 

univariable analyses were entered simultaneously into a multivariable linear regression model 

with the continuous dependent variable of annual cost of non-typhoidal Salmonella spp. 

illness/person/year (2012 USD). Factors were removed by order of the largest p-value until all 

factors remaining in the model were significant (p ≤ 0.05). Following the removal of a 

categorical variable, a partial F-test was used to evaluate significance (p ≤ 0.05). No interactions 

were tested. The mean cost of cost of non-typhoidal Salmonella spp. illness for each level of 

each independent variable was calculated from the model coefficients. The amount of variation 

explained by the final model was evaluated using an R2-value.  

 

  Following the creation of the final multivariable model, direct component cost category 

variables were explored in greater detail through a separate set of unconditional linear 

regression analyses; using the same model building process. Each direct component cost 

category was binary-coded as being included or excluded in a study. All regression modeling 

was performed in STATA (Version 12: Intercooled, College Station, TX).  

 

RESULTS 

 

  The scoping review by McLinden (Chapter 2) identified 74 studies estimating the cost-of-

illness of foodborne illness in humans, of which 44 provided estimates for the cost of non-

typhoidal Salmonella spp. illness, and were included in this study. One study provided 2 

estimates as two separate outcomes, one for the cost of non-typhoidal Salmonella spp. illness 

in Canada and the other in the United States. Of the 44 studies, 15 studies were excluded from 

the analysis. Seven of these studies estimated the cost of non-typhoidal Salmonella spp. illness 

attributable to a certain source only (e.g. the cost of poultry-borne Salmonella illnesses). Three 

studies did not provide the information required for standardizing the outcome (i.e. country or 

year of estimation), and a single study examined the costs associated with antibiotic-resistant 

non-typhoidal Salmonella spp. illnesses only. Four studies estimated the costs of individual 

outbreaks and not the annual national costs associated with non-typhoidal Salmonella spp. 
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illnesses, and were excluded from the analysis. Therefore, of the studies which provided 

estimates, 29 were included, providing 30 cost of non-typhoidal Salmonella spp. illness 

estimates to be used in the analysis.  

 

  Table 3.1 displays information on the descriptive and component cost category data 

identified during the scoping review (McLinden, Chapter 2) along with the methodological and 

foodborne illness-related data for the 30 cost non-typhoidal Salmonella spp. illness estimates. 

The majority of the cost-of-illness estimates were conducted in North America (n=18, 53%) and 

over half of the estimates included both individual and societal level costs (n=17, 57%). For the 

types of methods used, the majority of estimates used incidence-based epidemiological data 

(n=28, 93%) and the top-down approach for estimating direct costs (n=20, 67%). For estimating 

indirect costs, the most common approach was the linked human capital and willingness-to-pay 

approach (n=13, 43%). All 30 estimates were based on retrospective study designs, thus 

temporality was not included in the statistical analysis. The majority of estimates did not 

include the cost of chronic sequelae in their estimates (n=18, 60%), while half of the estimates 

took into account under-reporting of illness.  

 

  Table 3.2 indicates the number of studies which reported each of the component cost 

categories. A study which included a more specific component in these broad categories was 

counted as including the broader category, with the exclusion of ‘medical costs.’  The most 

frequently included component cost category in studies estimating the cost non-typhoidal 

Salmonella spp. illness was that of indirect costs associated with productivity losses (n=24), 

followed by direct costs associated with hospital services (n=22) and personnel costs (n=22). 

Costs associated with community and long-term care services were seldom included in cost of 

non-typhoidal Salmonella spp. illness estimates (n=3).  

 

  Table 3.3 displays the results of the univariable linear regression analyses of each 

independent variable with the estimated costs of non-typhoidal Salmonella spp. illness. The 

cost of non-typhoidal Salmonella spp. illness (dependent variable) ranged from $0.01568 to 
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$41.22 USD/person/year (2012). The mean and median costs of non-typhoidal Salmonella spp. 

illness values were $10.37 USD/person/year (2012) (standard error: 2.48; 95% confidence 

interval: 5.31-15.44) and $5.28 USD/person/year (2012) respectively. Correlation coefficients 

indicated collinearity between component sum variables that used the same data but were 

categorized differently (i.e. sums of the overall number of component categories and number 

of specific component categories). The region (p = 0.02) and number of pathogens included in 

the study (single or multiple; p = 0.19) were significant in univariable analyses using a liberal p-

value (p ≤ 0.2). The overall number of component cost categories included in an estimate were 

significantly associated with non-typhoidal Salmonella spp. illness (p = 0.07), along with the 

number of direct cost categories included (p = 0.05). Whether under-reporting was accounted 

for in an estimate (yes or no) was significant in univariable analyses (p = 0.14), but the nature in 

which under-reporting was described (no, not provided, yes, or yes with detail) was not 

significant. The inclusion of costs incurred due to chronic sequelae was significantly associated 

with the cost of non-typhoidal Salmonella spp. illness (p < 0.001).  

 

  The six independent variables from univariable analyses significant at p ≤ 0.2 were 

initially included in a multivariable model. Following backward elimination, the final model 

included the number of direct component cost categories included and chronic sequelae costs 

(inclusion/exclusion); both having a significant positive association with the cost of non-

typhoidal Salmonella spp. illness (Table 3.4). Forty-five percent (45%) of the total variation in 

the estimated cost of non-typhoidal Salmonella spp. illness could be explained by these two 

factors.  

 

  An additional analysis was undertaken to explore the associations between the specific 

direct component costs categories included in a study (binary-coded as included or excluded) 

and the estimated cost of non-typhoidal Salmonella spp. illness (Table 3.5). The following direct 

component cost category variables were significant at p ≤ 0.2 in univariable analyses: treatment 

costs, personnel costs, hospital services costs, and long-term care costs. Following backward 

elimination in a multivariable model, the only component cost category that remained was 
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long-term care costs (p = 0.06).  

 

DISCUSSION 

 

  The comparability of cost-of-illness estimates is an important consideration in the 

economic burden of illness literature, and varying cost inventories and study methodologies are 

often cited as creating insular estimates in which meaningful comparisons cannot be made [8, 

11, 14, 22]. The present study explored the associations between descriptive, component cost, 

methodological, and foodborne illness-related factors to the estimated cost of non-typhoidal 

Salmonella spp. illness. The results indicate that although varying methodologies are being 

employed when determining the cost of non-typhoidal Salmonella spp. illness, the number of 

direct component cost categories included in an estimate, particularly long-term care costs, and 

chronic sequelae costs may be more important factors to consider when interpreting or 

comparing estimates.  

 

  The country and year of estimation were not significantly associated with the cost of 

non-typhoidal Salmonella spp. illness, but the region of estimation was significant in an 

unconditional model (p = 0.017). This indicates that the region where a cost-of-illness is 

estimated (i.e. North America or Europe) may be more important when comparing cost of 

foodborne illness estimates than the country. However, there was only a single observation 

(cost-of-illness estimate) in 6 of 10 countries, making it difficult to specifically evaluate the 

association of individual countries to the cost of non-typhoidal Salmonella spp. illness. The 

region of estimation did not remain significant in the final multivariable model. Although our 

data represented a census of published cost of foodborne illness studies, there are a limited 

amount of cost-of-illness estimates for specific foodborne pathogens (e.g. non-typhoidal 

Salmonella spp.). Therefore, we recommend that more cost of foodborne illness studies be 

conducted which will permit further exploration of regional differences (and other factors) 

between cost-of-illness estimates.  
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  Over half of the cost of non-typhoidal Salmonella spp. illness estimates included both 

individual and societal level costs, indicating that studies are estimating a wide spectrum of 

costs. These broad cost categories (individual vs. individual and societal) were not significantly 

associated with estimated cost of non-typhoidal Salmonella spp. illness, nor were more specific 

cost categories of direct, direct and indirect, direct, indirect and societal, or indirect and societal 

costs. This finding was contradictory to findings in the literature suggesting that studies 

including different cost inventories would have significantly different overall estimated costs. 

However, these categorizations do not capture the specific component costs included in each 

study. For example, a study that included a single direct and a single indirect component cost 

would have been categorized as including direct and indirect costs, as would a study that 

included multiple direct and indirect component costs. Therefore, these groupings do not 

capture the relative number of component costs included in each category, much less the 

specific component costs included. For that reason, each study was classified by the number of 

overall component costs categories and by the number of direct, indirect, and societal 

component cost categories. This method captured component cost-related information in 

greater detail, but had the disadvantage of weighting every category as equal, which is not the 

case. The number of direct component cost categories was significant, and the inclusion of 

more direct cost categories showed a positive association with the cost of non-typhoidal 

Salmonella spp. illness. This association was explored further by examining the association 

between specific direct component cost categories and the cost of non-typhoidal Salmonella 

spp. illness. In a separate multivariable model, the only category that remained in the model 

was that of long-term care costs. This indicates that long-term care costs are an important 

factor to consider when estimating direct costs associated with non-typhoidal Salmonella spp. 

illness. However, because specificity and detail in the extracted component cost data were 

representative of the level of detail reported in the studies (McLinden, Chapter 2), a study that 

included ‘medical costs’ may have included other direct medical cost-related categories as well. 

Therefore, there is a need for greater detail of reporting for component cost information in 

studies. This will permit a greater understanding of which types of costs are being included in 

an estimate, which is needed to explore these associations further.  
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  Aside from direct component costs, the finding that the overall numbers of component 

cost categories (across all categories, and in the indirect and societal cost categories) were not 

significantly associated with the cost of this illness was unexpected. However, the number of 

component cost categories included was a sum and did not capture the specific component 

costs in each study. Therefore, the lack of significance for the number of cost categories (and 

indirect and societal cost categories) may be an issue of low statistical power or an issue of 

equally weighting categories which in reality have different relative contributions to a cost-of-

illness estimate. Exploring whether the inclusion or exclusion of specific component costs are 

associated with the estimated cost of foodborne illnesses could be conducted to further 

evaluate these factors, as opposed to any of the groupings or sums that were used. This was 

beyond the scope of this study, as the objective was more general to determine the association 

between component cost-related variables, and descriptive, methodological, and foodborne 

illness-related variables. Additionally, exploring the association of each component cost 

individually would have resulted in over 80 different independent variables for a relatively small 

sample of outcomes (30 cost of non-typhoidal Salmonella spp. illness estimates), leading to low 

statistical power for some categories.  

 

  A finding that is contradictory to the general understanding in the cost-of-illness 

literature was that none of the methodological variables (i.e. epidemiological data, direct cost 

estimation method, or indirect cost estimation method) were significantly associated with the 

cost of non-typhoidal Salmonella spp. illness in univariable analyses. There is concern in the 

cost-of-illness literature regarding the inability to meaningfully interpret and compare cost-of-

illness estimates due to varying methodologies, and that the usefulness of these studies is 

limited for this reason [9, 11-13]. These findings indicate that methodologies are not as 

important other factors, such as direct component cost inventories, and more specifically, long-

term care costs. However, statistical power in certain groups may have been an issue, as there 

were only two estimates that used prevalence-based epidemiological data and few that used 

the willingness-to-pay (n=2) and friction cost methods (n=1) for estimating indirect costs.  
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  Lastly, under-reporting and chronic sequelae were evaluated. Under-reporting was not 

significantly associated with the cost of non-typhoidal Salmonella spp. illness in the final model. 

This was unexpected as under-reporting is a major topic of discussion when estimating the 

burden of foodborne illnesses and a considerable amount of research has been done in the 

area of foodborne illness under-reporting [26, 27]. However, the variable categories used in this 

analysis explored this factor superficially. A study by Thomas et al. (2006) [26] estimated that 

for every case of Salmonella in the community there were between 13 and 37 cases in the 

Canadian population, and other studies for different countries have determined varying levels 

of under-reporting [35]. The present study did not attempt to determine associations between 

the magnitudes of under-reporting accounted for in an estimate (i.e. the multipliers used) to 

the cost of non-typhoidal Salmonella spp. illness. Most studies did not provide this information. 

By contrast, the inclusion or exclusion of chronic sequelae costs was significantly associated 

with the cost of non-typhoidal Salmonella spp. illness in the final multivariable regression 

model. This was expected as chronic sequelae costs associated with foodborne illness are often 

cited as adding substantially to the burden and economic losses associated with these illnesses 

[3, 36, 37]. This trend is also observed in other burden of illness metrics, such as disability-

adjusted life years for foodborne illnesses [38]. This was also supported by the finding that 

long-term care costs were associated with the cost of this foodborne illness, as individuals 

experiencing chronic sequelae require care over a longer period of time. 

 

  Of concern is the wide range in the dependent variable: the cost of non-typhoidal 

Salmonella spp. illness estimates. There was a substantial difference between lower- and 

upper-end estimates, which cannot be attributed entirely to the number of direct component 

costs included in a study, and whether a study included costs for chronic sequelae. This is 

reinforced by the R2 –value of the final multivariable model, which illustrated that under half of 

the variation in the cost of non-typhoidal Salmonella spp. illness was explained by these two 

factors. It is possible that the factors we evaluated, particularly the component cost-related 

factors, were not refined enough. Therefore, the variation in the estimates may be due to the 
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inclusion or exclusion of specific component costs in an estimate, which was not explored in the 

present study, or due to additional unmeasured factors.  

 

  The largest limitation of this analysis was the small number of studies that provided the 

estimated annual national costs of non-typhoidal Salmonella spp. illness. This meant that 

several categories of variables contained only a single observation, or very few observations. 

This resulted in large standard errors and confidence intervals for those independent variable 

categories, and the associations, or lack thereof, found using this linear regression analysis 

should be interpreted with caution. However, this analysis used a census of the available 

published cost of foodborne illness literature. The study also relied on estimates from a range 

of countries and time periods, meaning that numerous standardization calculations (for 

inflation, currency conversion, and national populations) had to be employed. A large number 

of variables was also considered, some using the same data but categorized in different ways, 

increasing the likelihood that the associations identified were type-I errors.  

 

CONCLUSIONS  

 

  The objective of the study was to investigate the association between descriptive, 

component cost, methodological, and foodborne illness-related factors to the estimated cost of 

non-typhoidal Salmonella spp. illness. Research has indicated that differing cost inventories and 

study methodologies greatly influences the magnitude of estimates, limiting the possibility of 

meaningfully interpreting and comparing cost-of-illness estimates. Our findings indicated that 

study methodologies may not be as influential as other factors, such as the number of direct 

component cost categories included in an estimate, particularly long-term care costs, and costs 

incurred due to chronic sequelae. Therefore, these may be the most important factors to 

consider when designing, interpreting, and comparing cost of foodborne illness studies.  
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TABLES 
 

Table 3.1: Descriptive, study methodology, component cost, and foodborne illness-related 
variables evaluated for an association with the estimated cost of non-typhoidal Salmonella 
spp. illness using studies identified from a scoping review. 
 

Descriptive information of studies  
(# of estimates) 

Component cost information  
(# of estimates) 

Country of estimation 
          - United States (16) 
          - England and Wales (4) 
          - Canada (2) 
          - New Zealand (2) 
          - United Kingdom (1) 
          - Spain (1) 
          - Netherlands (1) 
          - Denmark (1) 
          - Croatia (1) 
          - Taiwan (1) 
Region of estimation 
          - North America (18) 
          - Europe (9) 
          - Other (3) 
Year of estimation (range: 1978-2011) 
Number of foodborne pathogens included 
          - Single (11) 
          - Multiple (19) 

Specific cost categories included 
          - Direct (4) 
          - Direct and Indirect (9) 
          - Direct, Indirect, and Societal (16) 
          - Indirect and Societal (1) 
Broad cost categories included 
          - Individual level costs (13) 
          - Individual and Societal level costs (17) 
 
Overall number of component cost categories 
included (median: 6 range: 1-11) 
 
Number of direct component cost categories 
included (median: 3 range: 0-4) 
 
Number of indirect component cost categories 
included  (median: 2 range: 0-3) 
 
Number of societal component cost categories 
included  (median: 0.5 range: 0-4) 

Methodological information  
(# of estimates) 

Foodborne illness-related information  
(# of estimates) 

Epidemiological data used 
          - Prevalence-based (2) 
          - Incidence-based  (28) 
Direct cost estimation method 
          - Top-down (aggregate approach) (19) 
          - Bottom-up (individual approach) (10) 
          - Did not estimate direct costs (1) 
Indirect cost estimation method 
          - Human capital approach (10) 
          - Willingness-to-pay approach (2) 
          - Linked approach (HCA-WTP) (13) 
          - Friction cost method (1) 
          - Did not estimate indirect costs (4) 

Chronic sequelae costs included: Y/N (12/18) 
 
Under-reported accounted for: Y/N (15/15) 
 
Under-reporting accounted for:  
          - Explicitly not included (6) 
          - No information provided (9) 
          - Yes with multiplier value provided (7) 
          - Yes with no further detail provided (8) 
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Table 3.2: Number of component cost categories included in the 30 cost of non-typhoidal 
Salmonella spp. illness estimates. 
 

Component cost category Number of times 
included in an estimate 

Individual direct cost categories  
     Medical costs (described at this broad level only) 4 
     Treatment costs 18 
     Laboratory costs 9 
     Personnel costs 22 
     Hospital services costs 22 
     Community services costs 4 
     Long-term care services costs 4 
Individual indirect cost categories  
     Productivity losses 24 
     Patient transportation costs (non-ambulance) 11 
     Additional costs (intangible psychosocial costs, overhead costs) 21 
Societal cost categories  
     Industry costs 12 
     Public health costs 12 
     Legal costs 6 
     Government (regulatory) costs 9 
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Table 3.3: Univariable linear regression analyses for associations of descriptive, study 
methodology, component cost, and foodborne illness-related variables with the estimated 
cost of non-typhoidal Salmonella spp. illness using studies identified from a scoping review. 
 

Variable N Coefficient (SE) 95% CI Mean cost 
(USD) 

Descriptive variables     

Country of estimation 
     United States 
     England and Wales  
     Canada  
     New Zealand  
     United Kingdom  
     Spain  
     Netherlands  
     Denmark  
     Croatia  
     Taiwan  

 
16 
4 
2 
2 
1 
1 
1 
1 
1 
1 

Overall p: 0.51 
Referent 

-11.79 (7.65) 
8.43 (10.26) 

-14.44 (10.26) 
-14.86 (14.10) 
-14.49 (14.10) 
-14.57 (14.10) 
-5.35 (14.10) 

-14.57 (14.10) 
-14.82 (14.10) 

- 
7.83, 22.10  
-27.74, 4.16 
-12.97, 29.8 
-35.84, 6.96 

-44.27, 14.56 
-43.90, 14.93 
-43.98, 14.84 
-34.77, 24.06 
-43.99, 14.84 
-44.24, 14.59 

- 
14.97 
3.18  
23.4  
0.53  
0.11  
0.48  
0.40  
9.61  
0.40 
0.15 

Region of estimation 
     North America 
     Europe 
     Other 

 
18 
9 
3 

Overall p: 0.02 
Referent 

-13.27 (4.93) 
-15.50 (7.53) 

- 
10.1, 21.75 

-23.39, -3.15 
-30.96, -0.045 

- 
15.91 
2.64  
0.40  

Year of estimation 
(Range: 1978-2011) 

- Overall p: 0.89 
-0.057 (0.416) 

- 
-0.911, 0.796 

- 
- 

Number of pathogens included 
     Single 
     Multiple 

 
11 
19 

Overall p: 0.19 
Referent 

6.86 (5.06) 

- 
-2.22, 14.28 
-3.51, 17.23 

- 
6.03 

12.89  

Methodological variables     

Epidemiological data used 
     Incidence-based 
     Prevalence-based 

 
28 
2 

Overall p: 0.30 
Referent 

-10.54 (9.90) 

- 
5.84, 16.31 
-30.81, 9.74 

- 
11.08  
0.54  

Direct cost estimation method 
     Top-down   
     Bottom-up 

 
19 
10 

Overall p: 0.74 
Referent 

-1.10 (5.43) 

- 
4.57, 17.65 

-12.24, 10.03 

- 
11.11 
 10.01 

     Did not estimate direct costs 1 -11.04 (14.25) -40.29, 18.20 0.068 

Indirect cost estimation method 
     Human capital approach  
     Willingness-to-pay approach  
     Linked approach (HCA-WTP)  
     Friction cost method  
     Did not estimate indirect       
     costs  

 
10 
2 

13 
1 
4 

Overall p: 0.40 
Referent 

9.45 (10.46) 
3.69 (5.68) 

-9.29 (14.16) 
-9.24 (7.99) 

- 
0.89, 18.48 

-12.09, 31.00 
-8.01, 15.39 

-38.46, 19.89 
-25.69, 7.22 

- 
9.69  

19.14  
13.37  
0.40  
0.45  
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Variable N Coefficient (SE) 95% CI Mean cost 
(USD) 

Component cost variables     

Specific cost categories 
included 
     Direct  
     Direct and Indirect  
     Direct, Indirect, and Societal  
     Indirect and Societal  

 
 

4 
9 

16 
1 

Overall p: 0.32 
- 

Referent 
9.91 (8.05) 

13.06 (7.49) 
-0.38 (14.99) 

- 
- 

-13.32, 14.23 
-6.65, 26.47 
-2.35, 28.46 

-31.19, 30.42 

- 
- 

0.45 
10.36  
13.50  
0.068  

Broad cost categories included 
     Individual level costs 
     Individual and Societal costs  

 
13 
17 

Overall p: 0.29 
Referent 

5.40 (4.98) 

- 
-0.36, 14.99 
-4.79, 15.60 

- 
7.31 

12.72  

Overall number of component 
cost categories included  
(Median: 6, Range: 1-11) 

- Overall p: 0.07 
1.46 (0.78) 

- 
-0.144, 3.06 

- 
- 

Number of direct component 
cost categories included  
(Median: 3, Range: 0-4) 

- Overall p: 0.05 
3.80 (1.88) 

- 
-0.054, 7.66 

- 
- 

Number of indirect component 
cost categories included  
(Median: 2, Range: 0-3) 

- Overall p: 0.32 
2.47 (2.44) 

- 
-2.54, 7.48 

- 
- 

Number of societal component 
cost categories included  
(Median: 0.5, Range: 0-4) 

- Overall p: 0.21 
1.98 (1.53) 

- 
-1.17, 5.12 

- 
- 

Foodborne illness-related 
variables 

    

Chronic sequelae costs included  
     No 
     Yes 

 
18 
12 

Overall p: <0.001 
Referent 

16.61 (4.07) 

- 
-1.54, 9.00 
8.27, 24.95 

- 
3.73 

20.34 

Under-reporting accounted for 
     No 
     Yes 

 
15 
15 

Overall p: 0.14 
Referent 

7.44 (4.84) 

- 
-0.35, 13.66 
-2.47, 17.35 

- 
6.65 

14.09  

Under-reporting accounted for 
     No  
     No information provided  
     Yes with magnitude  
     accounted for provided  
     Yes with no further detail  
     provided  

 
6 
9 
7 
 

8 

Overall p: 0.50 
Referent 

3.44 (7.21) 
9.29 (7.61) 

 
9.69 (7.39) 

- 
-6.90, 16.07 

-11.38, 18.27 
-6.36, 24.95 

 
-5.50, 24.88 

- 
4.59  
8.03  

13.88  
 

14.28  

* SE: standard error of the estimate; CI: confidence interval; N: number of estimates. 

** Significance testing at p-value of 0.20.  
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Table 3.4: Multivariable linear regression model of significant descriptive, study 
methodology, component cost, and foodborne illness-related variables (identified through 
univariable analyses) associated with the estimated cost of non-typhoidal Salmonella spp. 
illness using studies identified from a scoping review. 
 

Variable N Coefficient (SE) 95% CI Mean cost 
(USD) 

Final regression model  Overall p: <0.001 
Adjusted R2: 0.4531 

Intercept (b)  -6.45 (4.71) -16.11, 3.21 - 

Number of direct component 
cost categories included  
(Median: 3, Range: 0-4) 

- - 
3.66 (1.47) 

- 
0.657, 6.67 

- 
- 

Chronic sequelae costs included 
     No 
     Yes 

 
18 
12 

- 
Referent 

16.41 (3.74) 

- 
- 

8.74, 24.08 

- 
3.73 

20.34 
* SE: standard error of the estimate; CI: confidence interval; R

2
: coefficient of determination; N: number of 

estimates. 
** Significance testing at p-value of 0.05.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



89 
 

Table 3.5: Univariable linear regression analyses for associations of direct cost category 
variables with the estimated cost of non-typhoidal Salmonella spp. illness using studies 
identified from a scoping review. 
 

Variable N Coefficient (SE) 95% CI Mean cost 
(USD) 

Direct cost category variables     

 Medical costs  
(described at this broad level only) 
     No 
     Yes 

 
 

26 
4 

Overall p: 0.53 
- 

Referent 
-4.67 (7.36) 

- 
- 

5.5, 16.5 
-19.74, 10.39 

- 
- 

10.99 
6.32  

Treatment costs  
     No 
     Yes 

 
12 
18 

Overall p: 0.11 
Referent 

8.17 (4.90) 

- 
-2.31, 13.25 
-1.88, 18.21 

- 
5.47 

13.64  

Laboratory costs  
     No 
     Yes 

 
21 
9 

Overall p: 0.92 
Referent 

0.58 (5.49) 

- 
4.03, 16.36 

-10.67, 11.84 

- 
10.20 
10.78  

Personnel costs 
     No 
     Yes 

 
8 

22 

Overall p: 0.09 
Referent 

9.44 (5.41) 

- 
-6.04, 12.94 
-1.64, 20.52 

- 
3.45  

12.89  

Hospital services costs 
     No 
     Yes 

 
8 

22 

Overall p: 0.18 
Referent 

7.60 (5.51) 

- 
-4.87, 14.47 
-3.69, 18.89 

- 
4.8  

12.40  

Community services costs  
     No 
     Yes 

 
26 
4 

Overall p: 0.46 
Referent 

-5.55 (7.33) 

- 
5.63, 16.6 

-20.58, 9.47 

- 
11.12  
5.56  

Long-term care costs 
     No 
     Yes 

 
26 
4 

Overall p: 0.06 
Referent 

13.85 (6.93) 

- 
3.34, 13.71 
-0.35, 28.05 

- 
8.53 

22.37  
* SE: standard error of the estimate; CI: confidence interval. 
** Significance testing at p-value of 0.20. 
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CHAPTER 4:  

SUMMARY DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS 

 

DISCUSSION 

 

 Given limited and competing resources, a burden of illness approach can be used to 

help policy makers rank and prioritize health risks. Cost-of-illness analysis is the most common 

economic burden of illness approach and it aims to identify and quantify all of the costs 

incurred due to a particular disease, at both the individual and societal levels. With accurate 

economic burden of illness estimates for foodborne illnesses, public health officials and other 

decision making personnel can use this scientific evidence to allocate resources to illness 

caused by foodborne pathogens.  

 

  Prior to engaging in this work, there was concern in the scientific literature that cost-of-

illness estimates were limited in usefulness, due to variability in their execution (i.e. varying 

cost inventories and methodologies) and a lack of transparency and detail when describing 

study methodologies. Of particular concern were the differing cost inventories being used when 

estimating the cost of foodborne illnesses. This factor, along with other methodological factors 

(i.e. estimation methods and epidemiological data), were believed to be limiting the feasibility 

of meaningfully interpreting and comparing cost-of-illness estimates. Cost-of-illness studies are 

resource intensive and require a substantial amount of time to execute, especially when a 

comprehensive inventory of costs are being estimated. Although the original proposed plan of 

this thesis was to estimate the cost-of-illness for a foodborne pathogen in Canada, it became 

apparent that critical issues in the literature needed to be addressed before such an 

undertaking could be reasonably pursued. The first challenge which arose was that of cost 

inventory creation, and difficulties surrounding the process of selecting component costs to 

include in a cost of foodborne illness estimate. More specifically, it was difficult to determine 

which types of costs to include (e.g. direct, indirect, societal), which component costs in those 

categories to include (e.g. treatment costs, productivity losses, pain and suffering, industry 
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costs, etc.), and the level of detail at which to estimate costs (e.g. what types of treatment costs 

to include, which individuals to calculate productivity losses, which population-level costs to 

estimate, etc.). The research team did not wish to take this step lightly, as there was much 

concern in the published literature in regard to insular cost-of-illness estimates having limited 

usefulness as decision making tools. Therefore, the first research chapter employed a scoping 

review methodology to investigate component costs in the cost of foodborne illness literature, 

along with the data sources being used to estimate costs. This review yielded comprehensive 

lists of the direct and indirect individual level costs, along with the societal level costs incurred 

due to foodborne illnesses, which were synthesized in a scientifically rigorous manner. The data 

from this scoping review can be used as a tool to determine which component costs are 

common in the current body of literature, along with the level of detail in which they were 

reported. By referring to this scoping study prior to beginning a cost of foodborne illness study, 

the potential for more standardized cost inventories in the cost of foodborne illness literature 

will increase. This scoping review will allow an investigator to identify the costs other 

researchers have found important in the cost of foodborne illness literature, the detail by which 

those component costs were explored, and the most common types of data sources used to 

estimate those costs. This will not only facilitate the execution of new cost of foodborne illness 

studies, but will also increase homogeneity between cost inventories in the cost of foodborne 

illness literature over time. 

 

  The results of the scoping review indicated that there were a wide range of data sources 

and component costs being included in the cost of foodborne illness literature. Of particular 

concern was the number of component costs that could not be linked to a particular source of 

data. For both individual and societal costs, multiple studies described numerous component 

costs and data sources without specifying which data sources were used for a particular cost 

estimate. There were also studies in which data sources were not provided, meaning that an 

estimate was included without any explanation of where it came from or how it was deduced. 

Additionally, because there was an overlapping of data sources (e.g. an estimate taken from the 

literature may have come initially from a survey), data source variability may be less substantial 
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than it appears, as only the immediate source of data was identified in the present study. 

Therefore, when a publication reports a data source (e.g. the literature) without identifying the 

origin of the information, which may in fact be another data category (e.g. a survey, hospital 

records, a pre-existing database, etc.), it does not allow the reader to easily evaluate the 

appropriateness or validity of the data source for the estimate. These are issues of inadequate 

reporting that inhibit repeatability of these estimates. This is a concern that must be addressed 

moving forward, as it is impossible to assess the accuracy of cost-of-illness estimates in these 

situations.  

 

  Despite most studies being comprehensive in nature (i.e. estimating both individual and 

societal level costs), the specific component costs that were included in a cost inventory and 

the level of detail at which those costs were described and measured varied substantially 

between studies. It became clear that although a greater level of specificity could be achieved 

when calculating component costs, certain studies were electing to estimate their costs more 

superficially. Thus, some studies reported superficial categories and others more detailed 

categories in these broader cost areas. For example, a study that reported the broad category 

of ‘medical costs’ would not have explicitly described more detailed direct medical cost-related 

categories. Similarly, all of the studies that were categorized as including a broad component 

cost category (e.g. treatment costs, personnel costs, hospital service costs, industry costs, 

public health costs, etc.) did not explicitly describe components in those categories. These 

studies may have included some or all of the specific costs in a category, but this information 

was not captured due to non-specific reporting.  

 

  Although evidence from the scoping review supports the claims in the literature that 

variability in cost inventories exists, it does not describe the association between component 

costs and the final cost-of-illness estimate. In other words, it is stated in the literature that 

variability in cost inventories eliminates the possibility of meaningfully interpreting and 

comparing cost-of-illness estimates, but the relationship between cost inventories (and other 

methodological factors) to the estimated cost of a foodborne illness had not been explored. 



96 
 

The objective of the second research chapter was therefore to determine what affect varying 

component costs have on a cost of foodborne illness estimate. Cost-of-illness studies are 

defined by the analytical framework they employ, which, in addition to encompassing the 

studies’ cost inventory, includes the epidemiological approach, the estimation methods for 

direct and indirect costs, and the temporal relationship of cost-incurring events and the 

initiation of the study. This means that component costs are not the only factor that may differ 

between studies for the same disease, as additional choices between methodological options 

exist beyond cost inventories. Also, factors of importance to determining the burden of 

foodborne illnesses, particularly under-reporting of illness and chronic sequelae, need to be 

considered.  

 

  Using cost-of-illness estimates for a common foodborne illness (salmonellosis, caused by 

non-typhoidal Salmonella spp.), it was determined that study methodologies (i.e. 

epidemiological data and cost estimation strategies) were not significantly associated with the 

estimated cost of non-typhoidal Salmonella spp. illness. However, a linear regression analysis 

illustrated that the number of direct component cost categories included in an estimate, 

particularly long-term care costs, and costs incurred due to chronic sequelae were significantly 

associated with the cost of this common foodborne illness. Despite dealing with a limited 

number of cost-of-illness estimates for a single species of foodborne pathogen, these results 

raise several important considerations. First, costs associated with chronic sequelae and the 

number of direct component costs categories included in a study, particularly long-term care 

costs, are important factors to consider when designing, interpreting, and comparing cost of 

foodborne illness studies. These findings validate the usefulness of the scoping review as a tool 

to determine which direct component costs to include in a study’s cost inventory. This suggests 

that cost-of-illness estimates that were deduced using substantially different direct cost 

inventories may differ significantly from each other. Additionally, costs associated with chronic 

sequelae of foodborne illness were significantly associated with the cost of non-typhoidal 

Salmonella spp. illness. Therefore, these findings indicate that if two separate estimates for the 

cost of this common foodborne pathogen were to be compared, no meaningful conclusions 
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could be made if the number of direct component cost categories differed for each estimate, or 

if one study included chronic sequelae costs while the other did not.  

  

 However, it is very important to acknowledge that the results of the linear regression 

analyses need to be interpreted with the understanding that low statistical power may have 

been an issue, as several categories of variables contained only a single observation, or very 

few observations. That being said, these analyses used a census of the available published cost 

of foodborne illness literature, and used all of the cost of non-typhoidal Salmonella spp. illness 

estimates that were identified through a comprehensive scoping review.  

 

  The results of the scoping review will be most useful to those determining the cost of 

foodborne illnesses because cost inventories, when described in detail, are disease specific and 

certain component costs relevant to foodborne illnesses would not be relevant to other 

diseases. An example of this would be intensive care unit (ICU) costs incurred due to a shiga-

toxin producing E. coli infection, as ICU costs may not be relevant to other diseases. It is also 

understood that not everyone who engages in a cost-of-illness study will value the 

comparability of their results. As different perspectives can be taken when executing a study, it 

is not the goal of all cost-of-illness studies to estimate an exhaustive and all-encompassing 

range of costs associated with a disease. Researchers who embark on cost-of-illness studies 

that use a narrow perspective may not benefit as fully from the results of the scoping review as 

others estimating a more comprehensive economic burden of foodborne illness. However, they 

can refer to subsets of the scoping reviews results to inform their cost inventories. Additionally, 

although we did not find a significant association between study methodologies and the cost of 

non-typhoidal Salmonella spp. illness, these findings do not necessarily apply to all foodborne 

pathogens nor do they apply to cost-of-illness estimates for other diseases. Therefore, it would 

be inaccurate to assume all of the factors that showed a non-significant association to the cost 

of non-typhoidal Salmonella spp. illness (i.e. estimation methodologies, epidemiological data, 

and indirect and societal costs) to be unimportant for all foodborne pathogens or for cost-of-

illness estimates of other diseases. Additionally, the component cost categories and types of 
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costs explored in these analyses are based entirely on the results of the scoping review. 

Therefore, the results of the regression analyses are based on groupings and component cost 

definitions from the scoping review, while the definition of direct, indirect, and societal costs 

often varies throughout the literature.  

 

  To further explore the conclusions drawn from this study, it is recommended that future 

research in the area of cost of foodborne illness explore the following: 

 

  1. To determine if: 

   a. End-users of cost of foodborne illness study data believe cost-of-illness studies  

   are limited by their lack of comparability. 

   b. Other cost-of-illness studies for other disease categories are experiencing  

    similar variability in component costs and cost inventories. 

 

  2. The association between: 

   a. Data sources for cost-related information and cost-of-illness estimates.  

    b. Component costs, study methodologies, and the cost-of-illness for other  

   common foodborne illnesses (e.g. Campylobacter spp. or shiga-toxin producing  

   E. coli). 

   c. Specific component costs (as opposed to categories or sums) to the cost of  

   foodborne illnesses. 

 

CONCLUSIONS 

 

  The results of this thesis indicate high variability in terms of depth and breadth of 

individual and societal level cost components and data sources being used in the cost of 

foodborne illness literature. Due to the potential usefulness of this work to inform decision 

making, it is important that cost-of-illness estimates are derived in a uniform, consistent, and 

transparent way. In order to address the issues of uniformity in cost inventories and 
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transparency in data source usage, it is important to have a better understanding of which 

component costs are included and how they are described in the published cost of foodborne 

illness literature. The results of the scoping review will provide input to future cost-of-illness 

studies to improve consistency in component cost selection and make cost of foodborne illness 

studies more interpretable and comparable, as it was found that the exact components being 

included in many studies are unknown due to the superficial level of reporting detail. By 

conforming to a more standardized cost inventory for cost of foodborne illness studies, there 

will be an increase in cost of foodborne illness research that can be interpreted and compared 

in a meaningful way. Additionally, the number of direct component cost categories included in 

an estimate, particularly long-term care costs, and the inclusion of chronic sequelae costs may 

be the most important factors to consider when designing, interpreting, and comparing cost of 

foodborne illness studies. 

   


