®

Check for
updates

Chapter 8
The Economic Burden of Foodborne
Illness in the United States

Robert L. Scharff

Abbreviations

CDC Centers for Disease Control Research and Prevention/US

COI Cost of illness

CPI Consumer Price Index

FDA Food and Drug Administration/US

ICD-9 The International Classification of Diseases, Ninth Revision

NIS National Inpatient Sample

NDSS  National Notifiable Diseases Surveillance System

NORS  National Outbreak Reporting System

PFGE  Pulsed-field gel electrophoresis

PulseNet National Molecular Subtyping Network for Foodborne Disease
Surveillance

QALY  Quality-adjusted life year

STEC  Shiga-toxin E. coli

VSL Value of a statistical life

8.1 Introduction

A number of methods for estimating the cost of foodborne illness have been
employed both inside and outside the United States. In Chap. 6, many of these meth-
ods are described. In this chapter I present cost-of-illness estimates based on the
methods employed by Scharff (2012, 2015). The Scharff approach integrates CDC
estimates for incidence of illness (Scallan et al. 2011a, b) with estimates from alter-
native cost-of-illness models to illustrate the annual economic burden from food-
borne illness in the United States. These measures are useful as metrics for prioritizing
risk mitigation efforts, assessing whether given interventions are economically justi-
fied, and communicating the importance of the problem to the public.
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Fig. 8.1 Integration of the CDC Illness Model with the updated economic model

Figure 8.1 illustrates the general approach used to estimate economic costs asso-
ciated with foodborne illnesses. Essentially, a full replication of the CDC illness
model (preserving all measures of uncertainty) is combined with an updated version
of the economic model developed by Scharff (2012, 2015) to produce economic
burden of illness estimates. The illness model provides measures for illness inci-
dence and likelihood of disease severity. The economic model provides values for
the cost of illness associated with each disease endpoint, including costs associated
with secondary conditions/complications.

Below I present the basic models, describe how the models are integrated with
CDC illness estimates, reveal updated estimates, and discuss the usefulness and
limitations of the estimates given.

8.2 Cost-of-Illness Modeling

The economic cost of a case of foodborne illness theoretically includes both mon-
etary costs and utility losses to those directly impacted by the illness and, when the
illness is part of an outbreak, to others (including industry and public health enti-
ties). Though industry and public health costs are not inconsequential, the approach
used here follows other cost-of-illness studies by focusing on health-related costs.
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For each identified pathogen, disease outcome trees are used to determine proba-
bilistic illness outcomes (see Chap. 6). Disease outcomes vary by illness severity,
requiring different levels of medical attention and implicating different types of
secondary conditions/complications that may arise as a result of the initial acute
illness. For example, one person made ill due to salmonellosis may have a routine
self-limiting gastrointestinal illness that resolves in 3 or 4 days, while another is
hospitalized for a week and is afflicted with reactive arthritis for months following
the resolution of the initial acute illness. Costs are assessed for each end node of the
tree and are aggregated based on probabilistic assessments of the likelihood of each
outcome.

To make the model tractable, a limited number of outcomes and secondary
conditions are evaluated. For acute conditions, potential outcomes are did not seek
medical care, sought medical care/saw doctor, was hospitalized, and died. For
secondary conditions/complications that arise, condition-specific outcome trees
are employed. Specifically, costs are assessed for Guillain-Barré syndrome
(Campylobacter spp.), hemolytic-uremic syndrome (Escherichia coli [STEC]),
developmental disabilities (Listeria monocytogenes), and reactive arthritis
(Campylobacter spp., Salmonella spp., Shigella spp., and Yersinia enterocolitica).

Potential measurable health-related costs from foodborne illnesses include medi-
cal costs (hospitalizations, physician services, and pharmaceuticals), lost productiv-
ity (for the person made ill or their caregiver), lost life expectancy, and lost quality
of life. Though each of these cost categories is theoretically justified, many research-
ers have avoided using quality-of-life losses because the methods used to quantify
them are controversial. For this reason, following Scharff (2012, 2015), I present
two sets of estimates: one including quality-of-life losses and one excluding
these losses. The first set of estimates is labeled as being from the “basic” model.
The second set is from the “enhanced” model.

The basic cost-of-illness model measures the cost of a representative illness from
pathogen p and is defined as

BCost, = Hospital , + Physician + Pharma + Prod  +CProd, +VSL = (8.1)

where, Hospital, is hospitalization costs, Physician, is physician costs
(including lab fees), Pharma, is pharmaceutical costs, Prod,, is productivity losses
for the ill person, CProd, is caregiver productivity losses (for parents of ill children),
and VSL, is costs due to premature death (using the value of a statistical life).

The enhanced model adds a monetized value for quality-of-life losses:

ECost, = Hospital | + Physician +Pharma  +CProd + VSL +QALY, (8.2)

where QALY , is quality-of-life losses. Note that productivity losses for ill persons
are not in this model. This reflects the fact that QALY losses include lost utility due
to functional limitations, which likely also reflects productivity losses. By omitting
Prod, the potential for double counting is eliminated.
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8.3 Methods for Estimating Costs

The methods for estimating costs for the models displayed in Egs. (8.1) and (8.2)
are described in this section. More detailed descriptions can be found in Scharff
(2012, 2015) and linked appendices. All costs have been updated to reflect January
2017 dollars and are derived for 30 identified pathogens and the broader category of
unspecified agents.

Medical costs are incurred when an individual sees a doctor, is hospitalized, or
buys pharmaceuticals to treat their illness. Though the existence of private and pub-
lic insurance means that only portion of these costs are paid directly by consumers,
ultimately all of these costs fall on consumers due to a resulting rise insurance pre-
miums and taxes (or deficits) to fund the expenses. As a result, all medical costs are
included in the analysis. Estimates for these values are obtained from several
sources.

Hospital costs are a combination of hospital services and inpatient physician
services. Hospital service costs are taken from the Healthcare Cost and Utilization
Project’s National Inpatient Sample (NIS) (AHRQ 2016). Pathogen-specific costs
are assessed by ICD-9 codes most closely related to the pathogen of interest. For
example, ICD-9 code 003 specifically identifies hospitalizations due to Salmonella
infections, allowing for direct assessment of salmonellosis hospitalization costs,
while rarer hospitalizations resulting from infection with Clostridium perfringens
are assumed to be captured by ICD-9 code 005.9 (food poisoning not otherwise
specified). Costs are based on the most recent 5-year period of available data (gener-
ally 2009-2014) and are assumed to be uniformly distributed between the cost to
the hospital (an underestimate of costs borne by patients/insurance) and hospital
charges (an overestimate given that these charges are often negotiated down by
insurance companies). Costs are updated to reflect January 2017 prices using the
hospital services CPI (BLS 2017a).

Physician service costs are assessed for outpatient visits as well as emergency
room and hospital inpatient visits. NIS data is used to determine the average length
of hospital stays and the proportion of hospitalizations that utilize emergency room
services (AHRQ 2016). Costs for each category of physician services (including lab
work) are based on costs reported in a large annual physician survey (PMIC2017).
Prescription drug costs reported in Scharff (2015) are updated to January 2017
prices using the prescription drug CPI (BLS 2017a).

When people become ill as a result of an infection with a foodborne illness, they
are often unable to work. Productivity suffers as a result, and either wages are not
paid or wages are paid to an absent employee. Either way, there is a cost to society.
Costs associated with lost productivity are evaluated for workers who become ill
and working parents of ill children aged 14 and younger. Following Scharff (2012,
2015) productivity losses are incurred when an adult misses work as a result of an
illness and are equal to the cost of compensation for days of work missed (assum-
ing that adults work on all weekdays except for 10 federal holidays and 10 vacation
days). The percentage of adults employed reflects the most recent Bureau of Labor
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Statistics estimates, and the hourly cost of compensation is based on December
2016 estimates (BLS 2016, 2017b). The proportion of illnesses attributable to
adults and children are based on the most recent FoodNet (through 2015) and
National Disease Surveillance system (NNDSS) (through 2014) data (CDC 2015,
2016, 2017).

When people die as a result of a foodborne illness, there is a utility loss for the
person who dies. To measure this loss, an age-invariant value of statistical life (VSL)
measure is used. This revealed preference measure is widely used and is derived
from the trade-off between mortality risk and wages (Viscusi and Aldy 2003).
Estimates from Scharff (2015) are revised to include nominal income growth from 2013
to 2015 and inflation experienced between 2015 and January 2017 (BLS 2017a,
Census Bureau 2016).

Quality-of-life losses not associated with death are also experienced by those
who become ill as a result of foodborne illness. These are legitimate economic costs
but, because markets for these losses do not exist, are more difficult to place values
on. The Food and Drug Administration (FDA) provides estimates for these losses by
monetizing quality-adjusted life year (QALY) losses using value of statistical life
year estimates, derived from the VSL (Minor et al. 2015). Though this method is
controversial, it is also more complete than more standard cost-of-illness studies, as
reflected by Eq. (8.1). In the enhanced model (Eq. 8.2), economic values for quality-
of-life losses are included. Scharff (2015) QALY estimates are replaced in this
analysis with more recent FDA pathogen-specific estimates (Minor et al. 2015), and
VSLY estimates are revised to reflect updated VSL estimates, as described above.

For several pathogens, secondary conditions or complications (sequelae) may
occur as a result of the initial acute illness. These conditions may be time-limited or
chronic. Though many conditions have been examined by researchers, only a few
are generally accepted as being definitively tied to foodborne illness. Sequelae for
which costs are derived include Guillain-Barré syndrome (Campylobacter spp.),
hemolytic-uremic syndrome (STEC), developmental disabilities (Listeria monocy-
togenes), and reactive arthritis (Campylobacter spp., Salmonella spp., Shigella spp.,
and Yersinia enterocolitica). Generally, Scharff (2012) estimates are used, with cost
categories updated as described above for acute illnesses.

Estimates for the economic burden of illness have also been derived at the state
level (Scharff 2015). Costs, at the state level, vary due to differences in illness inci-
dence, medical costs, employment rates, and wages (which affect both productivity
losses and VSL—through the effect of income on demand for risk reduction).
Consequently, state-based estimates are valuable for local policymakers who are
best served by making decisions based on local information. State-specific illness
incidence is estimated for illnesses caused by several pathogens (Brucella spp.,
Cryptosporidium spp., Cyclospora cayetanensis, Giardia intestinalis, hepatitis A
virus, L. monocytogenes, Salmonella spp., STEC, Shigella spp., and Vibrio spp.)
based on illnesses reported to the CDC through the NNDSS by state health depart-
ments (CDC 2015, 2016). State-specific differences for physician services, hospi-
talizations, employment rates, wages, and household income are assessed for all
pathogens.
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The Scharff (2015) state cost model is updated here in the following ways. State
medical costs are updated using the most recent published geographic adjustment
factors (PMIC 2017). Productivity costs are updated by using the most recent state
estimates for employment and wages (BLS 2016). Finally, VSL estimates are
updated using the latest state estimates for household income (Census Bureau 2016).

Uncertainty is incorporated into the model by using @Risk 7.5 to perform a
Monte Carlo analysis that incorporates hundreds of measures of uncertainty;
described more fully in Scharff (2012, 2015).

8.4 Integration with the CDC Illness Model

The economic costs for each category of illness outcomes, as described above, are
of little use without knowing how likely these events are when an illness occurs.
Similarly, cost estimates in the absence of illness incidence rates are of limited use-
fulness. Fortunately, the CDC illness model generates these estimates for each of
the 30 pathogens examined in this study and a separate, larger, category for illnesses
from unspecified agents (Scallan et al. 2011a, b). As illustrated in Fig. 8.1, the inte-
gration of the illness model with the economic model provides all of the elements
needed to produce economic cost estimates at both per case and national levels.

To preserve the uncertainty measures in the CDC model, a full replication of the
model is conducted using data and methods provided in Scallan et al. (2011a, b)
(and the papers’ four technical appendices). Though this study uses @Risk 7.5 (to
be compatible with the economic model), while Scallan used SAS for the empirical
analyses; the resulting illness estimates are nearly identical.

CDC estimates of annual incidence of foodborne illness (generated through
model replication and, where needed, adjusted to match CDC estimates) are pre-
sented in Table 8.1. More than half of all illnesses linked to a pathogen are caused
by norovirus, followed by non-typhoidal Salmonella and C. perfringens. The pres-
ence of C. perfringens (a source of generally mild illnesses) near the top of the list
of the most frequent sources of illness illustrates the value of economics as a means
of providing severity weighted burden of illness estimates. As the results below
demonstrate, the large number of C. perfringens illnesses are associated with a rela-
tively modest economic cost. Severity differences are also apparent when illnesses
are viewed in conjunction with hospitalizations and deaths. Though Salmonella is
responsible for less than one fifth the number of illnesses associated with norovirus,
Salmonella causes more hospitalizations and deaths than norovirus.

Significantly, of the almost 48 million foodborne illnesses that occur in the United
States each year, most (over 38 million) are caused by unspecified agents. While
most economic analyses have avoided placing costs on unspecified illnesses because
of the difficulty in characterizing these illnesses (e.g., Hoffmann et al. 2012), the
analysis used here includes values for these illnesses because failure to do so would
lead to a gross mischaracterization of the health-related burden of foodborne illness
in the United States. The cost estimates for these illnesses are based on the symp-
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Table 8.1 Annual incidence of foodborne illness (CDC estimates)

129

Disease or agent Tllness ‘ Hospitalizations Deaths
Bacterial

Bacillus cereus 63,400 20 0
Brucella spp. 839 55 1
Campylobacter spp. 845,024 8,463 76
Clostridium botulinum 55 42 9
Clostridium perfringens 965,958 438 26
STEC O157:H7 63,153 2,138 20
STEC non-0157 112,752 271 0
ETEC 17,894 12 0
Other diarrheagenic E. coli 11,982 8 0
Listeria monocytogenes 1,591 1,455 255
Salmonella spp., non-typhoidal 1,027,561 19,336 378
S. enterica serotype typhi 1,821 197 0
Shigella spp. 131,254 1,456 10
Staphylococcus aureus, 241,148 1,064 6
Streptococcus spp. group A, 11,217 1 0
Vibrio cholerae, toxigenic 84 2 0
Vibrio vulnificus 96 93 36
Vibrio parahaemolyticus 34,664 100 4
Vibrio spp., other 17,564 83 8
Yersinia enterocolitica 97,656 533 29
Parasitic

Cryptosporidium spp. 57,616 210 4
Cyclospora cayetanensis 11,407 11 0
Giardia intestinalis 76,840 225 2
Toxoplasma gondii 86,686 4,428 327
Trichinella spp. 156 6 0
Viral

Astrovirus 15,433 87 0
Hepatitis A 1,566 99 7
Norovirus 5,461,731 14,663 149
Rotavirus 15,433 348 0
Sapovirus 15,433 87 0
All specified pathogens 9,388,074 55,962 1,350
Unspecified agents 38,392,704 127,839 1,686
Total 47,780,778 183,801 3,036

toms of the gastrointestinal illnesses identified through the FoodNet Population
Survey, which is the basis for the unspecified illness estimates in Scallan (2011b).
Probabilities for each of the four potential acute illness outcomes (did not seek
medical care, sought medical care/saw doctor, was hospitalized, and died) are
assigned using data from Scallan. Probabilities for secondary conditions or compli-
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cations (sequelae) are obtained from other sources, as described in Scharff (2012).
In many cases, more than one outcome occurs (e.g., hospitalization followed by
death) leading the sum of probabilities to exceed one. The combination of outcome
probabilities with outcome costs allows for the cost of a representative case to be
assessed (cost per case).

Incidence estimates from Scallan are used to estimate the total economic burden
of foodborne illness. For most pathogens, incidence values can be determined using
the approach shown in Fig. 8.1; inflating reported illnesses to account for underdi-
agnosis and underreporting. Underdiagnosis occurs because many who are made
ill do not visit a doctor, many of those who seek care do not submit a sample for
testing, and some samples are false positives. Underreporting occurs when a patient
is correctly determined to have an infection caused by a specific pathogen, but the
case is not reported to the state health department or the CDC. Underreporting is
generally lowest when active surveillance is used (ten pathogens), is higher in pas-
sive surveillance systems (ten pathogens), and is highest where outbreaks are the
only source of data (five pathogens) (Scallan et al. 2011a). Five pathogens (includ-
ing Toxoplasma gondii and four viral agents) are not covered by any form of surveil-
lance. Various sources of data are used to produce estimates using top-down meth-
ods (Scallan et al. 2011a). A similar method is employed for unspecified agents
(Scallan et al. 2011b).

It should be noted that the Scallan estimates for illness incidence have not been
updated in this analysis despite the fact that up to 7 years of new data is available for
many pathogens in many data categories, including reported illnesses. Though, in
many cases, observed changes in reported illnesses may reflect actual changes in the
incidence rate, these changes may also reflect, at least in part, changes in underdi-
agnosis and/or underreporting rates. Without evidence detailing how these rates
have changed, any update to incidence rates would be speculative. As a result, the
analysis here is based on dated, but defensible incidence estimates combined with
updated cost estimates.

8.5 The Cost of Foodborne Illness in the United States

The cost per case of foodborne illness for a given pathogen is the product of costs
associated with specific outcomes (e.g., hospitalization) and the probabilities that
each outcome occurs. The resulting expected costs for each outcome are summed
across all component categories to determine the total expected cost of a typical ill-
ness. In Table 8.2, expected costs for each major outcome are illustrated for each
pathogen. There is substantial variability in costs for pathogens across all catego-
ries. As expected, mild illnesses, such as those from C. perfringens, are associated
with minimal costs, while more serious illnesses, such as botulism, have high costs
across all categories.

The total economic cost of foodborne illness for each pathogen is derived by
combining the expected cost per case with number of illnesses for each pathogen.
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Table 8.2 Expected cost per case of foodborne illness (Jan. $2017)

Productivity Loss
Pathogen or agent Medical care | 11l person ‘ Caregiver | Quality of life | Death
Bacterial
Bacillus cereus 34 67 69 259 0
Brucella spp. 114 3,232 3,350 2,711 10,754
Campylobacter spp. 45 407 422 11,127 942
Clostridium botulinum 1,645 23,854 24,724 42,476 1,452,012
Clostridium perfringens 34 85 88 259 240
STEC O157:H7 85 462 479 6,627 11,090
STEC non-0157 36 462 479 2,288 0
ETEC 34 462 479 2,288 0
Other diarrheagenic E. coli, 34 462 479 786 0
Listeria monocytogenes 1,586 2,114 2,191 74,132 1,426,122
Salmonella, spp., 51 752 666 10,772 3,274
non-typhoidal
S. enterica serotype typhi 140 1,085 1,010 11,745 0
Shigella spp. 40 645 668 12,140 678
Staphylococcus aureus 36 154 160 403 223
Streptococcus spp. group A 33 749 776 1,045 0
Vibrio cholerae, toxigenic 58 718 744 1,358 0
Vibrio vulnificus 702 985 1,021 38,156 3,336,694
Vibrio parahaemolyticus 34 581 603 1,229 1,036
Vibrio spp., other 34 581 603 1,260 4,033
Yersinia enterocolitica 31 1,026 1,063 11,137 2,642
Parasitic
Cryptosporidium spp. 24 838 869 2,040 621
Cyclospora cayetanensis 37 513 532 4,573 0
Giardia intestinalis 23 1,231 1,276 6,449 230
Toxoplasma gondii 105 3,078 3,190 7,597 33,577
Trichinella spp. 74 5,027 5,211 15,683 0
Viral
Astrovirus 33 413 428 676 0
Hepatitis A virus 158 1,078 1,117 4,555 39,840
Norovirus 32 142 147 403 243
Rotavirus 41 352 365 1,669 0
Sapovirus 32 352 365 417 0
All specified pathogens 37 296 294 2,987 1,345
Unspecified agents 32 279 290 388 391
Total 33 283 290 899 578

Total costs from all foodborne illnesses are the sum of costs for all 30 specified
pathogens and the larger category of unspecified illnesses.

Means and 90% credible intervals for cost per case and total cost estimates are
provided for the basic model in Table 8.3. The expected cost per case (which
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Table 8.3 Economic cost of foodborne illness (Basic Model, Jan. $2017)

R. L. Scharff

Cost per case

Total cost ($millions)

Disease or agent Mean ‘ (90% CI) Mean ‘ (90% CI)
Bacterial
Bacillus cereus 183 (80-264) 12 (2-32)
Brucella spp. 20,548 | (10,868-31,858) 17 (9-28)
Campylobacter spp. 2,210 (1,168-4,950) 1,867 (518-4,892)
Clostridium botulinum 1,619,234 (103,173— 90 (5-494)
9,521,984)
Clostridium perfringens, foodborne 460 (209-1,628) 445 (51-1,710)
STEC O157:H7 13,003 | (4,562-30,040) 821 (169-2,452)
STEC non-0157 1,046 (976-1,178) 118 (13-318)
ETEC 999 (973-1,064) 18 (<1-49)
Other diarrheagenic E. coli, 999 (973-1,064) 12 (<1-32)
Listeria monocytogenes 1,553,532 (100,980- 2,472 (118-8,164)
4,740,267)
Salmonella spp., non-typhoidal 5,218 | (1,867-12,188) 5,362 (1,782—
13,093)
S. enterica serotype typhi 4,793 (2,777-17,891) 9 (<1-23)
Shigella spp. 2,355 (1,517-6,629) 309 (46-949)
Staphylococcus aureus, foodborne 639 (365-2,482) 154 (34-510)
Streptococcus spp. group A, 1,568 (1,557-1,581) 18 (<1-126)
foodborne
Vibrio cholerae, toxigenic 1,710 (1,516-2,053) 0.14 (004-0.37)
Vibrio vulnificus 3,394,273 (724,596— 326 (67-658)
6,436,726)
Vibrio parahaemolyticus 2,324 (1,261-5,701) 81 (34-202)
Vibrio spp., other 5,322 | (1,859-12,110) 93 (33-218)
Yersinia enterocolitica 4,995 | (2,206-19,984) 488 (80-2,006)
Parasitic
Cryptosporidium spp. 2,431 (1,751-5,722) 140 (24-466)
Cyclospora cayetanensis 1,109 (1,078-1,246) 13 (<1-45)
Giardia intestinalis 2,818 (2,625-3,075) 217 (149-311)
Toxoplasma gondii 43,552 |(16,397-75,925) 3,775 (1,376-6,942)
Trichinella spp. 11,087 | (10,280-12,718) 2 (1-4)
Viral
Astrovirus 983 (909-1,064) 15 (5-26)
Hepatitis A virus 43,757 | (11,730-83,233) 69 (16-151)
Norovirus 631 (434-847) 3,446 (1,846-5,579)
Rotavirus 993 (866-1,133) 15 (6-27)
Sapovirus 813 (781-851) 13 (5-22)
All specified pathogens 2,175 (1,072-3,904) 20,415 (10,004—
35,764)
Unspecified agents 1,056 (724-1,622) | 40,524 (24,707
60,688)
Total 1,275 (805-1,970) | 60,939 (37,221-
90,820)
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includes medical costs, productivity losses, and mortality costs) ranges from $183
for a typical illness resulting from Bacillus cereus to $3.4 million for the (often
deadly) illnesses caused by Vibrio vulnificus. Across all pathogens (and unspecified
agents), the average cost of an illness is $1275, though the cost is higher ($2175) for
illnesses from identified pathogens.

Aggregated across all pathogens and other unspecified agents, the basic model
estimates an annual economic cost from foodborne illness of $60.9 billion. Two
thirds of these costs are attributable to unspecified agents. Of identified pathogens,
Salmonella has the highest social cost ($5.4 billion) due to a large number of
illnesses, a relatively lengthy illness duration (affecting productivity losses), and
relatively high hospitalization and death rates. Despite causing five times as many
illnesses, the cost of norovirus is lower ($3.4 billion) due to shorter illnesses and a
lower probability of hospitalization or death. C. perfringens, with nearly as many
illnesses as Salmonella, leads to costs more than an order of magnitude smaller than
Salmonella ($0.4 billion) because of very low probabilities of costly outcomes.

Cost estimates derived using the enhanced model are presented in Table 8.4. The
inclusion of a measure for quality of life increases average cost per case to $1887.
The largest relative increase in costs resulted from the inclusion of a cost measure
for quality-of-life losses due to reactive arthritis. Consequently, Campylobacter,
Salmonella, Shigella, and Yersinia costs all are substantially larger when the
enhanced model is used. Conversely, the cost per case for illnesses caused by
unspecified agents is only marginally higher when the enhanced model is used,
increasing by only $109 (compared to a $2666 increase in the cost per case for
identified pathogens). Total cost estimates mirror these effects. Inclusion of quality-
of-life losses increases the economic burden of illness by almost half, to
$90.2 billion.

The relative effects of different measures of burden of illness are more clearly
illustrated in Figs. 8.2 and 8.3. The contributions of specified disease-causing agents
(and categories of agents) vary considerably depending on which metric of burden
of illness is used.

As panel A of Fig. 8.2 illustrates, the largest category of costs in the basic model
are generated by unspecified agents (66%), followed by bacterial (21%), parasitic
(7%), and viral (6%) pathogens. Though bacterial pathogens represent a much
larger portion of costs in the enhanced model (39%), the largest cost category is still
unspecified agents. Note that, due to a lower cost per case, unspecified agents make
up a larger share of illnesses (80%) than costs for both the basic (66%) and enhanced
(50%) models.

When illnesses of interest are limited to those from identified pathogens (panel
B), norovirus makes up the bulk (52%) of illnesses, though not the bulk of the costs.
In the basic economic model Salmonella is responsible for the highest proportion of
costs (26%), followed by Toxoplasma gondii (18%) and norovirus (17%). In the
enhanced model, the valuation of quality-of-life losses from reactive arthritis
increases the share of costs associated with illnesses from Salmonella (34%) and
Campylobacter (24%).
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Table 8.4 Economic cost of foodborne illness (Enhanced Model, Jan. $2017)

R. L. Scharff

Cost per case

Total cost ($millions)

Disease or agent Mean ‘ (90% CI) Mean ‘ (90% CI)
Bacterial

Bacillus cereus 375 (163-611) 24 (5-63)
Brucella spp. 20,027 (8,449-33,101) 17 (7-30)
Campylobacter spp. 12,759 (2,852-29,132) | 10,782 (1,793-30,101)
Clostridium botulinum 1,637,856 | (113,183-9,538,165) 91 (5-495)
Clostridium perfringens 634 (197-1,894) 613 (77-2,088)
STEC O157:H7 19,157 (5,532-39,137) | 1,210 (225-3,642)
STEC non-0157 2,872 (1,034-5,127) 324 (30-1,017)
ETEC 2,825 (997-5,087) 51 (<1-158)
Other diarrheagenic E. coli, 1,323 (662-2,289) 16 (<1-46)
Listeria monocytogenes 1,584,975 | (128,864-4,785,809) | 2,522 (150-8,262)
Salmonella spp., non-typhoidal 15,238 (3,515-34,010) | 15,658 (3,439-38,122)
S. enterica serotype typhi 15,454 (5,279-51,686) 28 (<1-102)
Shigella spp. 13,741 (2,953-31,933) | 1,804 (168-6,408)
Staphylococcus aureus 887 (339-2,817) 214 (45-635)
Streptococcus spp. group A 1,864 (970-3,262) 21 (<1-143)
Vibrio cholerae, toxigenic 2,350 (1,223-3,719) <1 (<1-1)
Vibrio vulnificus 3,431,444 | (730,589-6,499,405) 329 (67-666)
Vibrio parahaemolyticus 2,971 (1,054-6,551) 103 (34-247)
Vibrio spp., other 6,001 (1,586-13,520) 105 (29-243)
Yersinia enterocolitica 14,996 (3,139-36,679) | 1,464 (221-4,221)
Parasitic

Cryptosporidium spp. 3,633 (1,265-7,902) 209 (28-705)
Cyclospora cayetanensis 5,169 (1,305-11,108) 59 (<1-237)
Giardia intestinalis 8,036 (2,413-16,700) 618 (179-1,370)
Toxoplasma gondii 48,072 (14,835-86,820) | 4,167 (1,260-7,838)
Trichinella spp. 21,744 (8,491-42,140) 3 (<1-10)
Viral

Astrovirus 1,246 (704-1,882) 19 (6-38)
Hepatitis A virus 47,235 (11,592-90,054) 74 (16-165)
Norovirus 892 (373-1,466) | 4,871 (1,807-9,244)
Rotavirus 2,310 (967-3,940) 36 (9-77)
Sapovirus 879 (543-1,293) 14 (4-26)
All specified pathogens 4,841 (1,375-9,830) | 45,446 | (12,679-92,039)
Unspecified agents 1,165 (546-1,989) | 44,714 | (19,846-76,534)
Total 1,887 (720-3,492) 1 90,159 |(34,244-161,752)

In most cases the 90% credible intervals for cost estimates have wide distribu-
tions, reflecting a large amount of uncertainty for several important model parame-
ters. The largest single source of uncertainty in the economic model is the estimate
for the value of statistical life (VSL) which is responsible for mortality costs of
$27.6 billion (90% CI, $5.5-$55.0 billion). The VSL plays a large role in driving
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Fig. 8.2 Distribution of burden of illness by agent. Panel A: burden of illness by etiology. Panel
B: burden of illness for identified pathogens

uncertainty, both because it is the source of a large portion of costs (used both in
death cost and quality-of-life estimates) and because the credible interval for VSL is
large, with each statistical death valued at $8.9 million (90% CI, $1.8-$16.1 million).
VSL is especially influential because it is assumed that there is one true value for the
parameter that, if discovered, would be applied uniformly across all pathogens. At
the pathogen level, the number of illnesses is also highly variable for several sources
of illness including STEC O157 (63,153;90% CI, 17,587-149,631), Campylobacter
(845,024; 90% CI, 337,031-1,611,083), and Shigella (13,254; 90% CI, 24,511-
374,789) (Scallan et al. 2011a). Though these sources of uncertainty affect cost dis-
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Fig. 8.3 Distribution of the total cost of foodborne illness (2017 $billion). Panel A: basic model.
Panel B: enhanced model

tributions for individual pathogens, the effect on the total cost of illness is muted by
the fact that these distributions are independent from each other (e.g., it is less likely
that high values in multiple distributions will be selected concurrently).

The relative role of uncertainty in the total cost estimates derived using the basic
and enhanced models, respectively, is illustrated in Fig. 8.3. In panel A, the basic
model total cost distribution that results from a Monte Carlo analysis of hundreds of
uncertain parameter estimates is relatively narrow, with 90% of generated total cost
estimates between $37.2 and $90.8 billion. For the enhanced model, in panel B,
greater reliance on uncertain VSL numbers (though the use of VSLY to monetize
QALYs) leads to a wider distribution of cost estimates, with 90% of estimates
between $34.2 and $161.8 billion.

Efforts have also been made to evaluate costs at the state level (Scharff 2015).
These estimates account for differences in incidence of illness due to differences in
consumption patterns, regulatory regimes, and environmental conditions. Cost dif-
ferences are also reflected in state-based figures. Tables 8.5 and 8.6 present state-
specific cost-of-illness estimates using the basic and enhanced models, respectively.
These updated estimates demonstrate that costs vary significantly across the states.
Under the basic (enhanced) model, the average cost per case ranges from $933
($1370) in West Virginia to $1981 ($2527) in Washington D.C. The average cost per
case across all states is $1293 ($1917). Consequently, the estimates for total burden
of foodborne illness are also higher when costs are first aggregated at the state level.
Recognition of these cost differences allows states to tailor illness response efforts
toward the needs of their residents.

Table 8.7 provides a sensitivity analysis for national burden of illness estimates.
The primary approach, labeled as the “national” estimate is described in detail
above. In addition, estimates based on initial aggregation at the state level (“state-
based”) are provided. These have the advantage of not assuming uniform costs
across the states. These are more difficult to derive, however, without having a large
effect on aggregate costs. The final set of estimates (“population-adjusted”) is based
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Table 8.5 State-level cost of
foodborne illness (Basic
Model, Jan. $2017)
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Cost per Total cost
case ($) ($million)
US total 1,293 61,796
Alabama 1,049 759
Alaska 1,461 158
Arizona 1,161 1,186
Arkansas 1,021 460
California 1,451 8,360
Colorado 1,410 1,149
Connecticut 1,670 881
D.C. 1,981 198
Delaware 1,379 194
Florida 1,207 3,747
Georgia 1,192 1,834
Hawaii 1,609 344
Idaho 1,081 270
llinois 1,345 2,535
Indiana 1,112 1,081
Towa 1,246 586
Kansas 1,195 514
Kentucky 991 646
Louisiana 1,092 765
Maine 1,205 236
Maryland 1,614 1,434
Massachusetts 1,677 1,695
Michigan 1,161 1,686
Minnesota 1,425 1,169
Mississippi 999 453
Missouri 1,181 1,068
Montana 1,071 165
Nebraska 1,251 356
Nevada 1,132 485
New Hampshire 1,516 298
New Jersey 1,623 2,134
New Mexico 1,067 329
New York 1,465 4,263
North Carolina 1,134 1,705
North Dakota 1,299 145
Ohio 1,168 1,996
Oklahoma 1,088 634
Oregon 1,240 748
Pennsylvania 1,300 2,449
Rhode Island 1,405 219
South Carolina 1,105 819
South Dakota 1,186 155

(continued)
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Table 8.5 (continued)

Table 8.6 State-level cost of
foodborne illness (Enhanced
Model, Jan. $2017)

R. L. Scharff

Cost per Total cost
case ($) ($million)
Tennessee 1,055 1,034
Texas 1,213 5,000
Utah 1,241 558
Vermont 1,339 124
Virginia 1,439 1,783
Washington 1,414 1,515
West Virginia 933 250
Wisconsin 1,285 1,109
‘Wyoming 1,304 113
Cost per Total cost
case ($) ($million)
US Total 1,917 91,600
Alabama 1,622 1,174
Alaska 2,206 239
Arizona 1,732 1,770
Arkansas 1,647 741
California 2,091 12,047
Colorado 2,014 1,641
Connecticut 2,415 1,274
D.C. 2,527 253
Delaware 2,083 293
Florida 1,905 5913
Georgia 1,852 2,849
Hawaii 2,571 550
Idaho 1,585 396
Illinois 1,974 3,721
Indiana 1,612 1,568
Towa 1,883 885
Kansas 1,783 766
Kentucky 1,468 958
Louisiana 1,732 1,213
Maine 1,691 331
Maryland 2,477 2,200
Massachusetts 2,458 2,485
Michigan 1,630 2,368
Minnesota 2,090 1,714
Mississippi 1,682 764
Missouri 1,731 1,565
Montana 1,570 242
Nebraska 1,861 529

(continued)
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Table 8.6 (continued)
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Cost per Total cost
case ($) ($million)
Nevada 1,636 701
New Hampshire 2,232 439
New Jersey 2,424 3,187
New Mexico 1,612 497
New York 2,087 6,075
North Carolina 1,693 2,544
North Dakota 1,864 208
Ohio 1,685 2,878
Oklahoma 1,693 987
Oregon 1,735 1,046
Pennsylvania 1,881 3,543
Rhode Island 1,994 310
South Carolina 1,742 1,290
South Dakota 1,912 251
Tennessee 1,565 1,534
Texas 1,849 7,621
Utah 1,892 850
Vermont 1,927 179
Virginia 2,160 2,678
Washington 2,010 2,154
West Virginia 1,370 367
Wisconsin 1,903 1,642
Wyoming 1,968 171

Table 8.7 Sensitivity analysis: alternative estimates for the economic cost of foodborne illness in
the United States (Jan. $2017)

Cost per case Total cost ($millions)
Method Mean | (90% CI) Mean | (90% CT)
Basic model
National 1,275 (805-1,970) 60,939 (37,221-90,820)
State-based 1,293 (813-2,000) 61,796 (37,699-92,291)
Population-adjusted 1,275 (805-1,970) 65,857 (40,224-98,149)
Enhanced model
National 1,887 (720-3,492) 90,159 (34,244-161,752)
State-based 1,917 (733-3,552) 91,600 (34,833-164,210)
Population-adjusted 1,887 (720-3,492) 97,435 (37,007-174,805)
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on a relaxation of the assumption that illness estimates in Scallan et al. (2011a, b)
are still true today. Instead, this scenario assumes that incidence rates, not illness
numbers have remained steady in the decade following the data collection for the
CDC study. Consequently, illnesses are assumed to grow proportionately with the
US population, yielding estimates of aggregate cost that are $5 billion to $7 billion
greater than “national” estimates.

8.6 The Use of Cost-of-Illness Estimates

Estimates of the economic cost of foodborne illness can be used in efforts to miti-
gate harms from foods contaminated with pathogens and other harmful agents. Risk
managers seeking to improve social welfare can use these measures to help priori-
tize food safety efforts, evaluate interventions, and educate consumers. Essentially,
cost estimates provide valuable information in an atmosphere where information is
often scarce.

All food safety risk managers must make choices about where to employ their
limited resources. This is true whether the manager is a decision-maker at a regula-
tory agency, an educator in an extension program, or a food safety manager in
industry. As an aid in these efforts, managers often rely on burden of illness mea-
sures to assess where harms are greatest. This, presumably, provides some insight
about where mitigation efforts are likely to have the biggest impact. In the absence
of information about economic costs, burden of illness estimates are difficult to
compare. For example, how might a manager compare the risk posed by C. perfrin-
gens (causing 965,958 illnesses, 438 hospitalizations, and 26 deaths) with Listeria
m. (causing 1591 illnesses, 1455 hospitalizations, and 255 deaths)? Though it might
appear that C. perfringens poses the larger threat due to the sheer number of ill-
nesses, economic cost estimates suggest the opposite. The 1591 illnesses due to
Listeria m. impose costs of $2.5 billion, compared to only $0.4 billion in costs from
C. perfringens. Essentially, economics provides an objective means of completing
the difficult task of weighting burdens based on illness severity.

The role that these estimates play in prioritizing resources is also apparent at
higher levels. Legislators, department heads, and industry leaders all must decide
what levels of resources to target toward food safety, as opposed to other goals. The
finding that foodborne illnesses impose health-related social costs of up to $90 bil-
lion is powerful evidence that resources should be directed toward the mitigation of
food safety risks. Nevertheless, it is important not to overstate the value of these
estimates. While aggregate economic burden of illness estimates are useful as a
means of highlighting the importance of the problem, they provide little guidance
regarding whether a particular intervention is justified.

Though burden of illness estimates are insufficient as a means of evaluating
intervention effectiveness, the cost per case estimates provided here can play an
important role. Specifically, these estimates are used in benefit cost analyses to
determine whether the costs of an intervention (or set of interventions) are justified
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by corresponding benefits. The estimates generated here can help improve benefit
cost analyses that are often poorly calculated for major federal rules (Hahn and
Dudley 2007).

A risk manager attempting to maximize social welfare would try to solve the fol-
lowing problem:

max; CostperCase, x Avertedlll, —InterventionCost,, (8.3)

Essentially, the manager will choose a set of interventions with the goal of maxi-
mizing net benefits for the mix of interventions (i) used to reduce illnesses from
pathogen (p). Benefits from the intervention are estimated to be the cost per case for
the pathogen (CostperCase,) times the expected number of illnesses averted by the
set of interventions (Avertedlll;,). As long as these benefits exceed the costs of the
intervention, it will improve social welfare, though, from an economist’s perspec-
tive, society will be best off when the difference between benefits and costs is great-
est. In practice, the simultaneous evaluation of all potential interventions is
impossible. Instead, policymakers will often be interested in knowing benefit cost

i CostperCase,, x AvertedIll,
ratios

- for a single intervention (or set of interven-
InterventionCost,
tions) as a rough metric of return on investment. See Chap. 4 for an example of
benefit cost analysis related to HACCP requirements for meat and poultry.
Economic cost estimates can also be used to educate consumers. In their roles as
household risk managers, information about the economic burden of foodborne ill-
ness may influence consumers to take more care to prepare foods safely and buy
foods from trusted sources. In their roles as voters, they can use the information to
decide whether they support elected officials’ food safety efforts.

8.7 Conclusion

Foodborne illness imposes a substantial burden on the American public. Under
alternative models and scenarios, the health-related cost of foodborne illness ranges
from $60.9 billion to $97.4 billion or $1275 to $1917 per case. Cost per case and
total cost estimates vary significantly, however, based on the pathogen causing the
illness and the population affected. Total cost estimates are useful as a means of
describing the burden of illness, which can be used to prioritize scarce resources.
The cost per case estimates can be used as a tool for evaluating specific interven-
tions. Nevertheless, some caution is advised when using these numbers. First, not
all economic consequences are included. Costs to public health authorities and
industry are omitted. Second, the illness model used is based on data that is more
than a decade old. It is unclear how the incidence of foodborne illness has changed
in intervening years. Third, the method used to measure quality-of-life losses (for
the enhanced model) is controversial. This model is included because these types of
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losses are an important and theoretically justified, but the measurement technique is
not universally accepted. Finally, modeling of uncertainty leads to large credible
intervals for most estimates. This can lead to difficult decisions for risk managers
who have to decide whether to adopt interventions that lead to potentially large, but
uncertain, benefits or interventions leading to more modest, but certain, benefits.
Future research aimed at ameliorating these issues would be of great value.
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