HEALTH-RELATED COSTS

by Robert L. Scharff’

Foodborne illness is a serious public-health
problem in the United States. In 1999, the Centers
for Discase Control and Prevention (CDC) esti-
mated that approximately 76 million new cases of
food-related illness (resulting in 5,000 deaths and
325.000 hospitalizations) occur in the United
States each year [1]. More recent data on sporadic
illnesses and outhreaks suggests that this problem

is not going away [2, 3].

At the same time, the aggregate economic cost of
health losses associated with foodborne illnesses
has not been sufficiently examined. The few studies
that provide cost estimates are incomplete and/or
based on limiting assumptions [4]. I'or example.
most cost estimates include only a few, if any, of the
long-term health outcomes associated with acute
foodborne illnesses [5]. The derivation of an accu-
rate cost-ol-illness meuasure lor [oodborne illness is
important as a guide to policymakers who seek to
allocate scarce resources to programs designed to
improve the health of Americans. The Government
Accountability Office (GAO) reports that, in 1999,
the same vear of the CDC estimate. the federal
government spent 51 billion on food safety efforts.
while state governments spent another $300
million [6]. Without a good measure of the scope
of the problem these funds are targeted towards, it
is impossible to determine whether such expendi-
tures—which are even more substantial a decade

later—are reasonable.

In this study, I use the Scharft et al. (2009) enhanced
food-safety. cost-ol-illness model to provide a more

complete estimate ol the aggregate health costs
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from foodborne illness in the United States [7].
This approach is an improvement over past studies
because it takes into account illnesses from all
pathogens identified by Mead et. al. (1999); includes
measures for health losses that are not included in
many past studies; and presents uncertainty using
confidence intervals and a sensitivity analysis. The
methodology follows principles used by economists
at the Food and Drug Administration (FDA) and
the U.S. Department of Agriculiure (USDA), the two

primary food-safety agencies in the United States.

The primary objective of this study is to provide
policymakers with measures of the economic
burden of foodborne illnesses, both at the aggre-
gate level and at the pathogen-specific level.
The derivation of a measure for the aggregate
health costs of foodborne illness is useful as a
means ol evaluating the importance of this problem
relative to other pressing health problems. T do not
include every cost associated with foodborne
illness. Instead, | focus on costs of acute foodborne
illneszes and a few long- term health-related costs.
Costs to industry from reputation externalities and
recalls are significant, but are not covered here.
Nevertheless. my best estimate for the cost of
foodborne illness in the U.S. is §152 billion a vear.
This suggests that foodborne illness continues
to be a signilicant problem in the United States.
Below, | present estimates of the cost of foodhorne
illness, both at the aggregate and pathogen- specific
levels. 1 also examine how this cost of illness
is distributed across the states. More detail
about the methodology used can be found

in Appendix B.

' Dr. Scharlf is a former Food and Drug Administration (FDA) economist and is currently an assistant professor
in the Department of Consumer Sciences at The Ohio State University.
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HEALTH-RELATED COSTS

lIness in the Un

The health-related cost of foodborne illness in the
United States is the sum ol medical costs (hospital
services, physician services, and drugs) and
quality-of-life losses (deaths, pain. suffering, and
functional disability). This cost includes hoth costs
to the person made ill (e.g.. pain and suflering
losses) and costs to others in society (e.g. costs to
insurance companies that pay medical expenses).
Costs can be measured in a number of wavs. Use of
“willingness to pay” (WTP) to avoid illness, meas-
urement ol the monetary costs of illness to snciet);
and hybrid approaches using both willingness-to-pay

and monetary cost measures have all been used.

If the focus is on individual loss of well-being. a
frequently-used economic measure is one that will
aceurately measure individuals” willingness to pay
to avoid illness. Although these WTP studies do not
elicit values not impacting the person whose value
is measured, such as external medical costs covered
by insurance, missing values can be added later if
the analysis is focused on social costs. The most
direct means of assessing WP is through a stated-
preference survey asking individuals to state the
value of a small reduction of risk. These studies will
only be accurate, however, if individuals answer
survey questions in a fully informed and nonbiased
manner. Using the stated-preference technique, Fox
et al. (1995) estimated that the WTP to avoid a
case ol salmoncllosis was between $68,000 and
5191.800 [8]. More recently, Hammitt and
Haninger (2007) found that the implicit WTP to
avoid one mild case of foodborne illness (resulting
in one day of illness that was not virulent enough to
cause the person sickened to miss work) was
58,300 for adults and 824,900 for children [9].
The magnitude of these values, coupled with their
lack of sensitivity to duration and severity, suggest

that cognitive limitations in dealing with risk
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numbers might have led to an upward bias in
clicited responses. Based on the Hammitt and
Haninger survey and CDC data on the age distri-
bution of illness severities. Roberts (2007)
estimated that the anmual cost of foodborne illness
was 5357 billion to $1.4 wrillion [10].

Revealed preference (hedonic) studies arve an
alternative to stated-preference surveys. Using this
method, economists look at actual behavior in the
marketplace and infer a value for a given attribute
(i.e. food safety) from product price differentials
with varying levels of the particular attribute. This
type of study will only vield accurate estimates if
consumers have an intuitively accurate estimate of
the risks associated with alternative products. This
is unlikely to be the case in the food safety context.
Despite the lack of a holistic hedonic measure,
revealed- preference studies can play a role in esti-
mating the cost ol foodhorne illness. Widely-cited
estimates of the value of a statistical life and value of
statistical lite year have been calculated using this
method [11]. These values can be used to attribute

costs to both deaths and quality-of-life losses,

The cost-of-illness approach is an alternative
means of estimating the economic burden of food-
borne illness. Using this method. economists add
up the directly measurable costs of illness, such as
the cost ol medical carc and the cost of work loss.
The problem with this approach is that it
completely ignores the far more important losses
from pain and suffering and lost utility from a
reduced life expectancy. The social cost of a food-
borne illness that kills an infant or elderly person
will be limited to the medical costs incurred, which
may be negligible. This clearly is an underestimate
of society’s value for these persons. The advantage

of this method, however, is that the values used are
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casily understood by policymakers and, because it
employs directly measurable costs, this method can
be tailored to specific pathogens and populations

of interest.

Recognizing the limitations of direct elicitation of
WTP measures and needing measures flexible
enough to be tailored to different pathogens, the
primary food-safety agencies in the United States
(FDA and USDA) use alternative, hybrid means for
estimating the costs of foodborne illness. While
both use similar methods for medical costs and
mortality costs, the agencies have diverged on the
means of assessing the economic impact of food-
borne illness on other quality-of-life losses. USDA
uses a conservative estimate for acute illnesses that
includes productivity losses, but not pan and
suffering losses or the impact of functional
disability losses outside the workplace [12]. I'DA
uses a more inclusive measure that is based on
revealed preference hedonie studies combined with

quality-adjusted life year (QALY) loss estimates [7].7

QALY APPROACH

FROM FOODBORNE ILLNESS IN THE UNITED STATES

In this study, I present estimates based on hoth
methods, though I believe the FDA method yicelds
estimates that more accurately reflect the full

scope of costs.

The distribution of costs across cost categories is
illustrated in Figure 1 for the QALY (FDA) and
(USDA)

medical costs and lost life expectancy costs are the

productivity approaches.  Although
same in both cases, the effect of inereasing the
scope of quality-of-life losses under the QALY
approach is evident. Quality-ol-lile losses make up

a larger share of all costs when QALY are used.

Foodborne illnesses are caused by a variety of
pathogens. Lach pathogen manifests itself in a
unique way. For some, illnesses are likely to he mild
with no lasting effects. For others, the correspon-
ding illness is characterized by a high
hospitalization and death rate. Also, many have a
probability of some long-term health problems [5].

For this reason it is important to estimate costs

PRODUCTIVITY APPROACH

M Quality of Life Losses
(Monetized QALY)

Medical Costs

I Lost Life Expectancy

3

2

e

[ Quality of Life Losses
(Productivity)

Medical Costs

| Lost Life Expectancy

The monetized QALY provides an adjusted WP measure for lost quality of life, Included in this measure

are productivity losses (at home and at the workplace) aid pain and sullering losses.
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separately for cach pathogen. The pathogen- high medical costs. Alternatively, those made ill by
specilic costs [or the major cost categories are illus- Giardia lamblia have higher quality-ol-life losses
trated in Table 1. Pathogen differences are clear and those infected with Vibrio vulnificns have
when shown in this light. Typhoid fever (caused by a large chance of dying from their illness.

Salmonella typhi) is characterized by relatively

COST OF FOODBORNE ILLNESS IN THE UNITED STATES®

Hospital ~ Physician O.ua_lit{ Total Cost
Services  Services Drugs Deaths of Life® Per Case
Bacterial
Bacillus cereus 4 21 3 0 198 226
Botulism, foodborne 157,703 1885 37 542,012 24,726 726,362
Brucella spp. 3,692 107 5 60,689 6,206 70.,698
Campylobacter spp. 137 33 5 616 8,110 8,901
Clostridium berfringens 2 21 3 221 263 510
E. coli O157:H7 921 54 4 12,460 1,399 14,838
E. coli, Non-OQ157 STEC 6 21 3 0 1,309 1,339
E. coli, Other 5 21 3 0 133 1,368
Listeria monocytogenes 78,127 1541 43 1573209 42,222 1,695,143
Salmonella, Typhi 21,641 816 35 35,767 4,251 62,509
Sal'mone”a, nontypHoidéi- 278 35 5 3,239 5,590 9,146-
Shigella spp. 214 34 5 1,227 5,611 7,092
Staphylococcus 103 25 3 85 601 818
Streptococcus, foodborne 33 24 3 0 2,167 2,288 .
Vibrio cholerae, toxigenic 3,485 228 16 0 1,699 5,428 -
Vibrio vulnificus 34,950 595 42 3,009,896 243 3,045,726
Vibrio, other 152 27 3 19,947 1,681 21,810
_—Yersinfa_ enterocolitica 293 35 5 181 6,713 7,227
Parasitic
Cryptosporidium parvum 126 25 3 1,834 2,436 4,424
Cyd‘ospora cayeténensis 19 21 d 0 1,489 1,531
Giardia lamblia 44 22 3 39 3,567 3,675
Toxoplasma gondii 1,280 49 3 26,197 1,899 29,429
Trichinella spiralis 3,224 87 5 0 8,548 11,864
Viral
Norwalk-like viruses 42 22 2] 106 413 586
Rotavirus 96 27 3 0 1,028 1,155
Astrovirus 41 22 3 0 1,202 1,268
Hepatitis A 4395 36 3 7,540 3,119 11,193
Unknown agents
76 23 3 429 898 1,430
Expected Cost Per Case of Foodborne lllness in the United States 1,851

: Costs in this and other tables in this repoﬁ are as of September 2009.
& Using a monetized QALY based on EQ-5D survey instrument.
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Table 2 demonstrates the total cost ol illness lor
cach pathogen in the United States. Although the
majority of costs accrue to unknown agents,
infection by other well- known pathogens such as

Campylobacter, Listeria and Salmonella have

TOTAL COST OF FOODBORNE ILLNESS IN THE UNITED STATES
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large measurable costs. The total cost of loodborne
illness to the United States is almost §152 billion
a year. Monte Carlo simulations were nsed to account
for uncertainty in estimates. Confidence intervals

based on those simulations are also presented.

Confidence
Total Cost to Interval
Cost Per  U.S. Residents
Cases Case® ($) ($ Millions) 5% 95%
Bacterial
Bacillus cereus 29,439 226 7 <1 16
Botu]ism, foodborne 62 726,362 45 17 74
Brucella spp. 818 70,698 58 14 101
Campylobacter spp. 2,112,302 8,901 18,803 4,388 36,695
Clostridium perfringens 267,403 510 136 33 239
E. coli O157:H7 66,905 14,838 993 296 1,689
E. coli, Non-O157 STEC 5,368 1,339 7 2 13
E. coli, Other 4,422 1,368 6 1 11
Listeria monocytogenes 5,205 1,695,143 8,823 2,277 15,365
Salmonella, Typhi 536 62,509 34 16 51
Salmonella, nc_antyphoida[ 1,597,411 9,146 14,609 3,185 29,091
Shigella spp. 96,686 7,092 686 124 1,519
Stabhyloceccus 199,121 818 163 54 271
Streptococcus, foodborne 54,789 2,288 125 31 220
Vibrio cholerae, toxigenic 52 5,428 <1 <1 <1
Vibrio vulnificus 51 3,045,726 154 33 275
Vibrio, other 5,511 21,810 120 25 215
Yersinia enterocolitica 93,321 7,227 674 150 1,369
Parasitic
Cryptosporidium parvum 46,978 4,424 208 44 421
Cyc!ospora cayeténensis 32,322 1,531 49 11 88
Giardia lamblia 175,033 3,675 643 96 1,423
Toxoplasma gondii 121,048 29,429 3,562 855 6,273
Trichinella spiralis 56 11,864 1 <1 1
Viral
Norwalk-like viruses 9,899,026 586 5,802 1,691 9,885
Rotavirus 41,963 1,155 48 14 86
Astrovirus 41,963 1,268 53 9 119
Hepatitis A 906 11,193 10 2 18
Unknown agents
67,012,102 1,430 95,806 25,242 166,564
All lllnesses 81,910,799 1,851 151,626 38,987 264,825

2 Using a monetized QALY based on EQ-5D survey instrument.
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Table 3 provides a summary ol costs using both
the QALY and productivity loss approaches.
In addition to mean costs, which increase from
5102.7 billion to 5151.6 billion when the more
inclusive QALY measure is used. | also include 90%
confidence intervals to account for uncertainty.

Notably, while the mean QALY measure is higher,

FROM FOODBORNE ILLNESS IN THE UNITED STATES

there is also more uncertainty associated with it.
On the one hand, the productivity measure does
not include a measure of lost urility from pain
and suffering, but. on the other, the data used to
derive the estimates (employment and compensa-
tion cost data {rom the Bureau of Labor Statisties)

arc more certain.

HEALTH-RELATED COSTS FROM FOODBORNE ILLNESS IN THE UNITED STATES

Cl Cl
Measure of Mean Cost Cost Per -
Lost Utility ($ millions) 5% 95% lliness ($) 5% 95%
Monetized QALY 151,626 38,987 264,825 1,851 478 3,227
Productivity Proxy 102,708 64,083 141,382 1,261 788 1,733

In addition to understanding the burden ol food-
horne illness for the nation as a whole, it is also
often useful to understand the impact of these
illnesses on individual states. Dilferences in wages,
costs of medical care, and exposure to pathogens
all affect the cost of illness for a particular state.
Table 4 provides estimates of the economic cost of
foodborne illness for the states using the QALY
approach. Total costs range from $245 million in
Wyoming to $18.6 billion in California. As
expected, larger states have higher total costs. The
cost per case of foodborne illness is presented in the
last columm of Table 4. Here, real differences in
state costs are more evident. Lower medical costs
and a less harmlul mix of pathogens lead to a cost
per case of only $1,731 in Kentucky. Alternatively,
greater exposure 1o higher cost pathogens leads to
costs of §2,008 per case in Hawaii. The ability to
differentiate costs for the states is limited in the

QALY model, however. Differences in valuation of

lost quality ol lile are likely to exist. but have not
been incorporated into the model ar this point.
Inclusion of such values would almost certainly lead

to even more differentiation of costs across the states.

By contrast, state differences in costs are more
evident when the productivity model is used. Figure
2 illustrates the cost per case of foodborne illness
for medical costs, productivity losses, and total
costs. Omitting the District of Columbia (which
experiences extremely high produetivity losses
hecause of the large number of commuters from
Virginia and Maryland). the total cost per case of
foodborne illness is between 51,064 in Kentucky
and 81.506 in Connecticut. The maps in Figure 2
reveal other interesting facts. Medical costs are
lowest in the Great Plains states, while productivity
costs are lower in the South. Alternatively, both
medical costs and productivity losses are relatively

high in California and the Novtheast.
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ANNUAL HEALTH-RELATED COSTS OF FOODBORNE ILLNESS FOR EACH STATE®

FROM FOODBORNE ILLNESS IN THE UNITED STATES

Quality
Medical of Life Lost Life
Costs - Losses Expectancy Total Cost  Cost per
($ millions) (% millions) (% millions) (% millions)  Case ($)
Alabama 139 1,462 720 2,321 1,834
Alaska 23 206 107 336 1,829
Arizona 203 1,821 919 2,943 1,829
Arkansas 78 952 454 1,484 1,899
California 1,484 11,129 6,000 18,613 1,877
Colorado 151 1,449 737 2,336 1,814
Connecticut 118 1,098 677 1,893 1,949
District of Columbia 22 183 109 314 1,935
Delaware 24 264 129 418 1,805
Florida 727 5,996 3,075 9,799 1,984
Georgia 272 2,946 1,503 4,721 1,876
Hawaii 54 417 239 710 2,008
Idaho 32 438 212 482 1,747
lllinois 458 3,995 2,035 6,487 1,836
Indiana 168 1,915 985 3,069 1,778
lowa 72 942 478 1,491 1,805
Kansas 80 857 407 1,343 1,764
Kentucky 111 1,274 605 1,990 1,73
Louisiana 150 1,454 710 2,314 1,859
Maine 37 407 239 683 1877
Maryland 126 1,755 1,004 2,884 1,871
Massachusetts 210 2,100 1,164 3,474 1,921
Michigan 320 3,069 1,569 4,958 1,776
Minnesota 142 1,610 795 2,546 1,789
Mississippi 93 1,011 482 1,586 1,932
Missouri 201 1,819 889 2,909 1,812
Montana 20 294 142 457 1,762
Nebraska 47 545 289 881 1,812
Nevada 89 707 358 1,154 1,793
New Hampshire 38 404 239 681 1,892
New Jersey 389 2,676 1,530 4,595 1,918
New Mexico 58 603 301 963 1,820
New York 657 6,113 3,605 10,375 1,930
North Carolina 234 2,793 1,460 4,487 1,866
North Dakota 14 195 103 312 1,769
Ohio 374 3,551 1,918 5,843 1,837
QOklahoma 102 1,124 541 1,767 1,796
Oregon 96 1,121 600 1,817 1,813
Pennsylvania 463 3,908 2,345 6,716 1,949
Rhode Island 34 336 201 571 1,917
South Carolina 143 1,421 738 2,302 1,937
South Dakota 18 257 130 405 1,850
Tennessee 170 1,859 936 2,965 1,798
Texas 756 7,107 3,455 11,317 1,805
Utah 65 757 363 1,185 1,742
Vermont 15 197 108 321 1,850
Virginia 221 2,380 1,235 3,835 1,840
Washington 166 1,909 994 3,069 1,781
West Virginia 44 552 n 907 1,816
Wisconsin 157 1,792 943 2,892 1,864
Wyomning 14 159 72 245 1,738

2 Using a monetized QALY based on EQ-5D survey instrument.
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FROM FOODBORNE ILLNESS IN THE UNITED STATES

STATE DIFFERENCES IN THE COST PER CASE OF FOODBORNE ILLNESS
(known pathogens using the productivity proxy)

Medical Costs
Typical medical costs from a case
of foodborne illness range from $78
in Montana to $162 in New Jersey.
A sizable share of the difference
in values is due to geographic
disparities in physician and hospital
charges. Differences in the mix of
pathogens causing illness account
for the remainder of the disparity
in medical costs across the states
(due to differences in illness severity).

Cost per Case: $70 to $90 11 $90t0 $110 M $110t0 $130 M $130+

Productivity Losses
The average productivity loss from a
case of foodborne illness is between
$377 (Mississippi) and $924 (Delaware).
Differences in wages, benefits, and
employment account for some of the
disparity. The selection of pathogens
causing illness also has an effect.
States with high employment
of other states’ residents have
higher productivity losses.

Cost per Case: $300 to $400 [1 $400 to $500 M $500 to $600 W 3600+

Total Cost per Case
The total cost of foodborne illness
is the sum of medical costs, productivity
losses, and utility losses from premature
mortality. Residents of states in the
northeast experience the highest
costs from foodborne illness ($1,506
in Connecticut), while residents in
the central portion of the country
experience a lower cost of illness
(1,064 in Kentucky).

Cost per Case: $1,000t0 $1,700 11 $1,100t0 $1,200 M $1,200t0 $1,300 M $1,300+
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Given the fact that produce has been linked to the
largest number of outhreaks involving FDA-regulated
foods, it is useful to estimate the cost of illness
linked to these commodlities. The measured differ-
ences in costs across the states are due to both (1)
variation of state medical and productivity costs
and (2) state-level differences in the incidence of
illness from each pathogen. Given the close association
of certain pathogens with identified product cate-
gorics (e.g. [resh spinach and £. coli O157:117), it
stands to veason that costs will also vary across product
categories. In this section I evaluate produce-related
costs by isolating the proportion of illnesses attrib-

utable to contaminated produce for cach pathogen.

Figure 3 illustrates the number of bacterial

outbreaks and illnesses atwibutable to produce.

FROM FOODBORNE ILLNESS IN THE UNITED STATES

2003-2007 the CDC’s

FFoodborne Disease Qutbreak Surveillance System

hased on data from
[2]. Outbreaks in which no feod was implicated
were dropped from the analysis. An outbreak was
considered to be associated with produce it at
least one of the vehicles of contamination was a
fresh. canned, or processed produce item.
While most of the outhreaks have been linked to
“fresh produce” (items like leafy greens and toma-
toes that are caten raw), the available outbreak
data does not distinguish between fresh, canned,
and processed items. [llnesses associated with each
outbreak were divided evenly between the vehicles
implicated in the outhreak. The number of illnesses
attributable to produce products was estimated
separately for nine specilic pathogens and four

pathogen categorics.

% OF OUTBREAKS AND ILLNESSES ATTRIBUTABLE TO PRODUCE

(bacterial pathogens)

M Qutbreaks

| llinesses
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The incidence of illness [rom a pathogen that has
contaminated a produce item varied widely across
the bacterial pathogens examined. Understandably,
no Vibrio outbreaks were associated with produce
(Fibrio is generally found in shellfish). At the other
extreme, 39% of E. coli outbreaks and 54% of

E. coli illnesses were attributable to produce.

Outhreaks and illnesses attributable to non-bacterial

etiologies are shown in Figure 4. Produce is a

(non-bacterial etiologies)

FROM FOODBORNE ILLNESS IN THE UNITED STATES

common vechicle for Norovirus, the agent most
commonly found in [oodborne illness outhreaks,
and other virnses. Surprisingly, so are parasitic
pathogens (though the small number of identified
parasite outhreaks suggests that these numbers are
less robust). Outbreaks in which a pathogen was
not identified. hut a food vehicle was, are relatively

unlikely to be attributable to produce.

% OF OUTBREAKS AND ILLNESSES ATTRIBUTABLE TO PRODUCE

[ Outbreaks

The burden of foodborne illness attriburable to
produce is exhibited in Table 5. Produce (fresh,
canned. and processed) accounts for roughly one
quarter of all foodborne illnesses. lllnesses vary
across the states due to both population variations
and dillerences in incidence ol illness. The cost per

case is somewhat higher for produce-attributable

| llinesses

illnesses (81.961 vs. $1.851 lor all products) than
for illnesses caused by pathogens delivered through
other vehicles. This difference is due to the
relatively higher proportion of illnesses attributable
to produce for high- cost etiologies (i.e. £ colf),
opposed o low- cost ctiologics (i.c. those with an

unknown etiology).
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COSTS FROM PRODUCE RELATED FOODBORNE ILLNESS

Total Cost Cost
State llinesses ($ millions) Per Case (%)
United States 19,677,547 38,593 1,961
Alabama 303,801 580 1,908
Alaska 44,219 85 1,913
Arizona 384,868 745 1,936
Arkansas ' 189,032 402 2,125
California 2,372,499 4,678 1972
Colorado 309,605 585 1,890
Connecticut 234,194 497 2121
District of Columbia 39,296 82 2,082
Delaware 55,536 104 1,869
Florida 1,201,633 2,551 2,123
Georgia 607,588 1,204 1,982
Hawaii 85,144 186 2,184
Idaho 94,242 171 1,812
lllinois 847,771 i 1,620 1,910
Indiana 413,126 760 1,840
lowa 199,503 380 1,903
Kansas 182,832 330 1,806
Kentucky 275,213 483 1,756
Louisiana 298,568 578 1,935
Maine 87,586 77 2,020
Maryland 369,024 737 1,998
Massachusetts 437 321 903 2,065
Michigan ) 667,476 1,220 1,827
Minnesota 345,183 646 1,872
Mississippi 198,383 405 2,043
Missouri 386,039 724 1,876
Montana 62,528 114 1,828
Nebraska 116,952 224 1,912
Nevada 153,589 282 1,838
New Hampshire 86,194 176 2,036
New Jersey 572,976 1,167 2,037
New Mexico 126,914 240 1,889
New York 1,296,528 2,706 2,087
North Carolina 578,894 1,142 1,973
North Dzkota 42,367 78 1,847
Ohio 762,576 1,472 1,930
Oklahoma 235,815 436 1,851
Oregon 241,280 463 1917
f’ennsylvania 828,152 1,747 2,109
Rhode Island 71,611 148 2,072
South Carclina 286,587 592 2,064
South Dakota 53,239 105 1,978
Tennessee 394,631 734 1,859
Texas 1,502,414 2,788 1,856
Utah 163,794 293 ' 1,790
Vermont 42267 84 1,992
Virginia 500,395 965 1,929
Washington 412,800 765 1,854
West Virginia 119,035 227 1,909
Wisconsin 377,174 753 1,997
Wyoming 33,818 60 1,766

The Produce Safety Project at Georgetown University ® www.producesafetyproject.org




ISCUSSIO| MY ni 0S5 3 00 Lelggl

To some, the use of economic values to characterize
pain, suffering, and death is a disturbing exercise
that is ethically suspect. It has heen argued that
food safety is a right that should net have a price
tag attached to it and that the justification of
spending should be hased on consumer willingness
to pay for safety with little regard for the relative
cost-elfectiveness of controls. In this section,
I address each of these concerns and conclude with
this cconomist’s view ol how the values presented in

this report can be used in a policy context.

The Ethics of Valuing Life/Pain and Suffering

In this report, the value of a statistical life (VSL)
provides the basis for evaluating the econemic cost
of both death and pain and suffering. The
cconomic concept of the VSL is often misunder-
stood. Economists do not try to make the argument
that an individual’s lile has an intrinsic value that
we can measure. Instead, what we try to do in
economics is figure out how much people are
willing to pay to eliminate a risk of mortality (not
mortality itselt). lmplicitly, we make these trade-
offs all the time. I'or example, do we want to pay
51000 more for a car with a certain salety feature?
Few of us buy every safety feature available. Why?
We forego certain safety features because we'd
rather spend the money on something else, such as
taking a vacation. More generally, we make choices
between risk and wutility all the time. We choose to
drive to a party (a very dangerous prospect)
because we think the fun from the party is worth
the risk of operating a motor vehicle. I‘'or policy
purposes, we try to capture society’s preferences for
risk using the recognition that people make choices
involving risk. A simple example: If the average
person requires a 8700 increase in salary to accept
a 1/10,000 chance of being killed on the job in any
given vear, the equation is: $700 = 1/10,000#Death.

FROM FOODBORNE ILLNESS IN THE UNITED STATES
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This implies that Death = 87 million. So. in
essence, the value of statistical life is the average
citizen’s value for reducing a risk to life. not the

intrinsic value of life.

It is obvious that there are limitations to this
approach: for example, if the people who are the
basis for these values have few job options. they
may be willing to take a small salary increase to
accept a high risk of being killed on their job.
whereas people who have more job options might
insist on much more money to accept that risk.
Similarly, parents may be willing to pay much more
to avoid a risk of death for their child than they
would be to pay to reduce their own risks. Irom a
policy perspective, however. despite these and other
recognized problems with this approach, by using
values- based consmmer preferences, the policy-
maker presumably more closely aligns policy
decisions with the preferences ol the citizens she
represents. It is of course vecognized that an
approach to deriving a value of statistical life that
is less dependent on labhor market conditions. could
result in higher VSL estimates. Nevertheless,
currently available alternatives are subject to

greater biases than those found in VSL estimates.

Food Safety is a Right

Another argument against using cconomic values
to inform food safety policy is that every individual
has the right 1o be free from foodhorne pathogens.
Thus. if food safety is a right, economic evaluation
is unnecessary and the goal should be to eliminate
foodborne illness at all cost. In support of this argu-
ment, one could point to, the Federal FFood Drug
and Cosmetic Act of 1938 (I'D&C Act), which
states: “A food shall be deemed to be acdulterarted. ..
[i]f it bears or contains any poisonous or delete-

rious substance which may render it injurious
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HEALTH-RELATED COSTS

to health.” See. 402. [21 USC §342]. Contamination
of a product with harmlul pathogens can lead to
that product being deemed adulterated. So then. if
safe food is a right, why do we still have foodborne
illness? The answer is that: (1) the presence of
pathogens in food is a complicated problem involving
numerous. not fully understood vectors of contam-
ination; (2) society has limited resources with which
to solve the problems it faces; and (3) it has limited
information on the extent, causes, and adequacy of
methods available to prevent foodborne disease.
Economic analysis can help us set prioritics
regarding which foodborne illness problems 1o
tackle first—even as we continue to strive to achieve

the ultimate goal of eliminating these illnesses.

onclusior

In this report, | have demonstrated that, using what
[ conclude is the best currently-available measure,
the mean cconomic cost of foodbhorne illness is
approximately $152 billion (95% CI $39-8265
bhillion), of which almost $39 billion can be attrib-
uted to produce. These values certainly have
importance in terms of placing the problem of food
safety and, specifically. the problem of produce
safetv in the proper perspective. This is a large

problem that deserves the attention of policymakers.

This does not mean, however, that any program
that costs a fraction of this value is justified by the
overall magﬁimrle of the problem. From an
economic perspective, a program is worth its cost if
the last dollar invested yields more than a dollar in
benefits to society. We must be cautious. of course,
not to overstate the precision of these cost esti-
1ates; they can be an important and valuable—but
imperfect—tool available to help make decisions

and set priorities on food safety. Inmid-19th centwry
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Given that we have to make choices and set prior-
ities, the use ol cconomic analyses designed to
reflect consumer preferences is a reasonable way to
make those choices. It is recognized, however. that
there are likely certain benefits of reducing
foodborne illness that have not been [ully
characterized and monetized—for example, there
likely are long-term medical impacts of infection
by some pathogens that have not been character-
ized, and that if fully understood, would result
in significantly higher estimated costs. Such costs,
while not presently  known or  monetized,
should not be dismissed, and precautionary
steps may be warranted to avoid them in

appropriate cases.

London, Johm Snow, operating on incomplete infor-
maltion, removed the handle of a well in order to
bring an end to a cholera epidemic. Similarly, in
dealing with foodborne illuess, policy makers
facing imperfect information and on-going food-
borne disease may well rationally decide. to take a
similarly dramatic step to reduce pathogen levels
in the nation’s food supply. By providing more
comprehensive  cost-per-case  values for all
pathogens and specifically for produce-related
illnesses, however, this report can contribute to
assessments about whether current lood salety
proposals make sense, or what priovity should he
placed upon those proposals. The cost of foodborne
illness is significantly greater in this report than in
some past studies, but only because this study
included costs of all pathogens and a more compre-
hensive measure of economic cost. It is my hope
that the improvements made here will lead to better
decision-making, both at the legislative and

regulatory level.
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As demonstrated above, the burden of foadborne illness falls wnevenly across the states.
The following tables provide state rankings for the number of illnesses and costs associated with these

illnesses. Tables are provided for both all illnesses and those illnesses attributable to a produce vehicle.

NUMBER OF FOODBORNE ILLNESSES

Rank State llinesses ‘ Rank State llinesses
The United States 81,910,799 |
1. California B 9,914,868 ' ‘ 27.  Oregon 1,002,404
2. Texas 6,271,730 28, Oklahoma 983,958
3. NewYork 5,375,122 29.  Connecticut 971,254
4. Florida 4,939,310 30.  lowa 826,178
5. lllinois 3533862 31, Mississippi 820,890
6. Pen_nsylvania ' 3,446,085 32. Arkansas 781,266
7. Ohio 3181257 | 33 Kansas 761,514
8.  Michigan 2,792,153 3. Utah 680,497
9. Georgia 2,516,209 35. Nevada 643,769
10.  North Carolina 2404537 | 36.  NewMexico 529,048
T1. New Jersey 7 - 2,3"'?'75,361 | 37 West Virginia 49‘?,373
12.  Virginia 2,084,734 | 38 Nebraska 486,299
3. Massachusetts 1808576 | 39.  Idaho 390,457
14.  Indiana B 1,726,560 | 40.  Maine 363,856
15.  Washington 1,722,587 41, New Hampshire 359,750
16.  Tennessee 1649454 42, Hawaii 353,274
17.  Arizona 1,609,026 43, Rhode Island 297,778
18.  Missouri ' 1,605,538 |- 44, Montana 259,305
19.  Wisconsin 1551417 45.  Delaware 231,396
20.  Maryland 1,541,601 ' 46.  South Dakota 218,910
21, Minnesota 1423779 47.  Alaska 183,880
22.  Colorado 1,288,188 48.  North Dakota 176,566
23.  Alabama . 1,265,600 49.  Vermont 173,536
24, Louisiana 1,244,347 | 50.  District of Columbia 162,317
25.  South Carolina 1,188,745 51.  Wyoming 140,718
26, Kentucky 1,149,810
Notes:

1. For illnesses from pathogens not reported to CDC, the numbers above only reflect population trends, not trends in the
incidence of foodborne illness.

2. For illnesses from pathogens reported to CDC, the number of illnesses for each pathogen is the product of the CDC report
and the Mead et al. (1999) underreporting multiplier .

3. The total number of illnesses reported here differs from the number reported by Mead et al. (1999). Adjustments were made
based on changes in incidence of illness or, where such data does was not avzilable, based on changes in state populations.
See Appendix B for more detail.
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HEALTH-RELATED COSTS
FROM FOODBORNE ILLNESS IN THE UNITED STATES

NUMBER OF PRODUCE-RELATED FOODBORNE ILLNESSES

Rank State llinesses Rank State llinesses
The United States 19,677,547
1. California 2,372,499 27. Oregen 241,280
2. Texas 1,502,414 28.  Oklahoma 235,815
3. NewYork 1296528 | 29.  Connecticut 234,194
4. Florida 1,201,633 30. lowa 199,503
"5 lllinois 847,771 | 31, Mississippi 198,383
6. Penns_ylvania 828,152 32. Arkansas 189,032
7. Ohio 762,576 | 33 Kansas 182,832
8. Michigan 667,476 | 34 Uth 163,794
9. Georgia 607,588 | 35 Nevada 153,589
10. North Carolina 578,894 | 36 New Mexico 126,914
T1: New Jersey 572,976 37. Waest Virginia 119,035
12, \Virginia 500,395 38.  Nebraska 116,952
13.  Massachusetts 437,321 ' 39.  Idaho 94,242
14.  Indiana 413,126 40.  Maine 87,586
15.  Washington 412,800 ' 41,  New Hampshire 86,194
16. Tennessee 394,631 42. Hawaii 85,144
7. Missouri 386039 43, Rhode Island ' 71,611
18, Arizona 384,868 44, Montana 62,528
19, Wisconsin 377,174 | 45, Delaware 55,536
20.  Maryland 369,024 - South Dakota 53,239
29, Minnesota 345,183 | 47, Alaska 44,219
22. Colorado 309,605 | 48 North Dakota 42,367
23. Alabama 303,801 | 49 Vermoent 42,267
24, Louisiana 298,568 | 50. District of Columbia 39,296
25. South Carolina 286,587 |51 Wyoming 33,818
26, Kentucky 275,213
Notes:

1. Produce is defined broadly to include fresh, canned and processed produce items.

2. The number of produce-related foodborne illnesses is estimated as the product of the total number of foodborne illnesses
and the proportion of illnesses in outbreaks that are associated with a produce vehicle of transmission.
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FROM FOODBORNE ILLNESS IN THE UNITED STATES i
|

TOTAL COST OF FOODBORNE ILLNESS

Total Cost Total Cost
Rank State ($ millions) ‘ Rank State ($ millions)
The United States 152,369
1. California 18,613 ' 27. Connecticut ' 1,893
2. Texas 11,317 ' 28, Oregon 1,817
3. New York o 10,375 29.  Oklahoma 1,767
4. Florida 9799 | 30. Mississippi 1,586
5. Pennsylvania 6,716 ‘ 31. lowa 1,491
6. llinois 6,487 ' 32.  Arkansas 1,484
7. Ohio 5843 | 33 Kansas 1,343
8.  Michigan 4,958 | 34 Utah 1,185
9. Georgia 4721 | 35 Nevada 1,154
10. N_ew Jersey 4,595 ‘ 36. New Mexico 963
1. North Carolina 4,487 | 37, WestVirginia 907
12. Virginia 3,835 38. Nebraska 881
13.  Massachusetts 3474 ‘ 39.  Hawaii 710
14, Indiana 3,069 40.  Maine 683
15.  Washington 3,069 ‘ 41, Idsho 682
16.  Tennessee 2,965 | 42, New Hampshire 681
17. Arizona 2,943 43. Rhode Island 571
18, Missouri 2,909 | 44 Montana 457
19. Wisconsin 2,892 ' 45, Delaware 418
20. Mérylénd 2,884 46. South Dakota 405
21. Minnesota ' 2,546 ' 47. Alaska 336
22.  Colorado 2,336 48, Vermont 321
23. Alabama 2,321 ' 49, District of Columbia 314
24, Louisiana 2,314 50.  North Dakota ' 312
25 South Carolina 2,302 ' 51. Wyormning 245
26. Kentucky ) 1,990

Note:

The total cost of foodborne illness is the sum of medical costs, quality of life losses (including lost productivity), and lost life
expectancy. Quality of life and lost life expectancy losses are estimated using revealed preference values for risk avoidance.
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HEALTH-RELATED COSTS
FROM FOODBORNE ILLNESS IN THE UNITED STATES

TOTAL COST OF FOODBORNE ILLNESS BY FOOD SOURCE OF CONTAMINATION

Cost Cost
($ millions) ($ millions)
Rank State Produce Other Rank State Produce Other
The United States 38,593 113,775

1. California ' 4,678 13935 27.  Kentucky 483 1,507
2. Texas 2,788 8,530 28. Oregon 463 1,355
3. New York 2,706 7,669 29.  Oklzahoma 434 1,331
4. Florida 2551 7,249 30.  Mississippi 405 1,180
5. Pennsylvania 1,747 4,970 31.  Arkansas 402 1,082
6. lllincis 1,620 4867 | 32, lowa 380 1112
7. Ohio 1472 4,371 33. Kansas 33 1,013
8. Michigan 1,220 3,738 34, Utah 293 892
9. Georgia 1,204 3517 35.  Nevada 282 872
10.  New Jersey 1,167 3,428 36.  New Mexico 240 725
11.  North Carolina 1,142 3,344 37.  West Virginia 227 680
12.  Virginia 965 2,870 38. Nebraska 224 657
13.  Massachusetts 903 2571 39.  Hawaii 18 524
14.  Washington 765 2,303 | 40. Maine 177 506
15.  Indiana 760 2309 | 41. New Hampshire 176 505
16, Wisconsin 753 2138 | 42. Idzho EFi] 511
17.  Arizona 745 2,197 43, Rhode Island 148 422
18.  Maryland 737 2,147 | 44, Montana 114 342
19.  Tennessee 734 2,232 i 45, Spufh Dakota 105 300
20.  Missouri 724 2,185 46,  Delaware 104 314
21, Minnesota - 646 1,900 | 47. Alaska 85 252
22.  South Carolina 592 1,711 | 48, Vermont 84 237
23.  Colorado 585 1,751 | 49. District of Columbia 82 232
24, Alabama 580 1,742 ' 50.  North Dakota 78 234
25. Louisiana 578 1,736 ‘ 5. Wyoming 60 185
26, Connecticut 497 1,396
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TOTAL COST PER CASE OF FOODBORNE ILLNESS

FROM FOODBORNE ILLNESS IN THE UNITED STATES

Cost per ‘ Cost per
Rank State Case (%) | Rank State Case ($)
The United States 1,851 ‘
: 1. Hawaii 2,008 27 Alaska 1,829
2. Florida 1984 28. Arizona 1,829
3. Connecticut 1,949 29. New Mexico 1,820
4, Pennsyivania 1,‘;49 30. West Virginia 1,816
5. South Carolina 1,937 31. Colorado 1,814
4. District of Columbia 1,935 32.  Oregon 1,813
7. Mississippi 1,932 33, Missouri 1,812
8. New York 1,930 34, Nebraska 1812
9. Massachusetts 1,921 35. Delaware 1,805
10.  New Jersey 1,918 3.  lowa 1,805
11. Rhode Island 1917 ! 37 Texas 1,805
12 Arkansas 1,899 _38. Tennessee 1 :798
13, New Hampshire 1,892 3% Oklahoma 1,796
14.  California 1,877 40.  Nevada 1,793
15, Maine 1,877 41, Minnesota 1,789
16. Georgia 1,876 ‘ 42, Washington 1,781
17.  Maryland 1,871 43.  Indiana 1,778
18.  North Carolina 1,866 44, Michigan 1,776
19.  Wisconsin 1,864 45, North Dakota 1,769
20. Louisiana 1-,'859 46. Kansas 1 ,_754
21 Vermont 1',85'0 ‘ 47. Montana 1,762
22. South Dakota 1,850 48. Idaho 1,747
23, Viginia 1,840 49.  Utah 1,742
24, Ohio 1,837 50.  Wyoming 1,738
25, lllinois 1,836 51, Kentucky 1,731
2.  Alabama 1,834 |

Note:

The total cost per case is the sum of the cost per case of medical costs, quality of life losses (including lost productivity), and lost
life expectancy. Quality of life and lost life expectancy losses are estimated using revealed preference values for risk avoidance.
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FROM FOODBORNE ILLNESS IN THE UNITED STATES

TOTAL COST PER CASE BY FOOD SOURCE OF CONTAMINATION

Cost Cost
per Case (%) . per Case ($)
Rank State Produce Other | Rank State Produce  Other
The United States 1,961 1,816

1. Hawail 2184 1953 | 27. Alaska 1913 1,803
2. Arkansas 2,125 1,827 28. Nebraska 1912 1,780

3. Florida 2,123 1,939 29, lllinois 1,910 1,812

4, Connecticut 2121 1,895 30.  West Virginia 1,909 1,787

5. Pennsylvania 2,109 1,898 31, Alabama 1,908 1,811

6. New York 2,087 1,880 32, lowa 1,903 1,774

7. District of Columbia 2,082 1888 | 33 Colorado 1,890 1,790
8. Rhode Island 2,072 1,867 34.  New Mexico 1,889 1,798
9. Massachusetts 2065 1,875 | 35 Missouri 1876 1,792
10.  South Carolina 2064 1,89 36.  Minnesota 1872 1,762
11, Mississippi 2,043 1,896 37. Delaware 1,869 1,785
12, New Jersey ) _2,63?- 1,881 38. Tennessee 1,859 1,778
3. New Hampshire 2036 1,847 39. Texas 185 1,788
14, Maine 2,020 1,832 40.  Washington 1,854 1,758
15. Maryland 1,998 1,831 41.  Oklahoma 1,851 1,779
16.  Wisconsin 1,997 1,821 42, North Dakota 1,847 1,745
17.  Vermont 1,992 1,805‘ ‘ 43, Indiana 1,840 1,758
18. Georgia 1,982 1,843 ‘ 44,  Nevada 1,838 1,779
19.  South Dakota 1,978 1,808 45, Montana 1,828 1,741
20. North Carolina 1973 1,832‘ 46. Michigan 1,827 1,759
21, California 1972 1,848 47.  Idaho 1812 1,726
22.  Arizona 1,936 1795 | 48 Kansas 1,806 1751
23. Louisiana 1,935 183 | 49. Utah 1,79 1,727
24, Ohio 193 1,807 50.  Wyoming 1766 1,729
25.  Virginia 1,929 1,812 51.  Kentucky 1,756 1,723
26.  Oregon 1917 1,780

Note:

The total cost per case is the sum of the cost per case of medical costs, quality of life losses (including lost productivity), and lost
life expectancy. Quality of life and lost life expectancy losses are estimated using revealed preference values for risk avoidance.
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HEALTH-RELATED COSTS
FROM FOODBORNE ILLNESS IN THE UNITED STATES

MEDICAL COSTS PER CASE OF FOODBORNE ILLNESS

Cost per Cost per
Rank State Case ($) Rank State Case ($)
The United States 112
. New Jersey 162 ' D Delaware 106
2. Hawaii 152 ) 28.  New Hampshire 105
3. California 150 29.  Kansas ' 104
4. Florida 147 30.  Oklahoma 104
5. Nevada 139 31, Tennessee 103
6. District of Columbia 138 ' 32. Wisconsin 101
7. Per}n_s_yl'vania 134 33. Maine 101
8. lllinois 130 34, Arkansas 100
9. Arizona 126 35! Minnesota 100
10. Missouri 125 36. Indiana 97
1. Alaska ' 123 37. Nebraska 97
12, New York 122 ' 38.  North Carolina 97
13. Connecticut 122 ' 39. Kentuclé_y 97
14.  Texas 120 40.  Oregon 96
15. Louisiana 120 - 41. Washington - 96
16. South Carolina 120 ' 42. Wyoming 96
17.  Ohio ' 118 ' 43, Utah 96
18. Colorado 117 7 44. Vermont 89
19. Massachusetts 116 45, West Virginia 87
20.  Michigan 114 46, lowa 87
21. Mississippi 113 47. South Dakota 84
22. Rhode Island 113 ' 48.  Maryland 82
23, New Mexico 111 49, Idaho 81
24, Alabama 110 50. North Dakota 81
25.  Georgia 108 | 51.  Montana ) 78
26. Virginia ' 106

Note:

Medical cost losses are based on state-specific costs for hospitalization, drugs, and physician visits.
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MEDICAL COST PER CASE BY FOOD SOURCE OF CONTAMINATION

Note:

FROM FOODBORNE ILLNESS IN THE UNITED STATES

Cost Cost
per Case ($) per Case ($)
Rank State Produce Other Rank State Produce Other
The United States 128 107

1. New Jersey 175 159 27. Virginia 112 104

2. Hawaii 166 147 | 28. Delaware 1M 104

3. California 160 147 29.  Arkansas 110 96

4.  Florida 156 144 30. Maine 109 99
5. District of Columbia 148 135 31.  Oklahoma 109 103

6. Pennsylvania 146 131 32.  Wisconsin 109 99

7. Nevada 146 137 | 33, Kansas 109 103

8. lllinois 136 127 34. Tennessee 109 102

9. Arizona 135 123 35. Minnesota 105 98
10.  New York 132 119 36. Nebraska 104 95
11. Connecticut 132 118 | 37. Oregon 103 94
12.  Missouri 131 123 | 38. North Carolina 103 95
13.  Alaska 129 121 | 39. Indiana 102 9
14.  South Carolina 128 118 40.  Washington 102 94
15. Louisiana 126 118 41, Kentucky 100 96
16.  Texas 126 119 42, Utah 100 95
17.  Ohio 125 15 43, Wyoming 99 95
18. Massachusetts 124 13 ‘ 44.  Vermont 95 87
19.  Colorado 124 115 45, lowa 93 85
"20. ~ Rhode Island 122 10 46.  West Virginia 92 86
21.  Michigan 120 113 47.  South Dakota 90 83
22.  Mississippi 120 11 48.  Maryland 87 80
23, New Mexico 116 109 49.  North Dakota 86 80
%%, Alabama 116 108 50, lIdaho 86 80
25.  New Hampshire 114 103 { 51.  Montana 82 77
26. Georgia 114 106

Medical cost losses are based on state-specific costs for hospitalization, drugs, and physicizn visits.

The Produce Safety Project at Georgetown University ® www.producesafetyproject.org




HEALTH-RELATED COSTS
FROM FOODBORNE ILLNESS IN THE UNITED STATES

COST PER CAPITA OF FOODBORNE ILLNESS

Cost Cost per
State Population ($ million) Capita ($)
The United States 301,621,157 152369 505
Alabama 4,427,851 2,321 502
Alaska 683,478 336 492
Arizona 6,338,755 2,943 464
Arkansas 2,834,797 1,484 523
California 36,553,215 18,613 509
Colorado 4861,515 2,336 481
Connecticut 3,502,309 1-,-8”93 541
D.C. ’ 588,292 314 534
Delaware 864,764 418 483
Florida 18,251,243 9,799 537
Georgia 9,544,750 4,721 495
Hawaii 1,283,388 710 553
Idaho 1,499,402 682 455
llinois ' 12,852,548 6,487 505
Indiana 6,345,289 3,069 484
lowa 2,988,046 1,491 499
Kansas 2,775997 1,343 484
Kentucky 4,241,474 1,990 469
Louisiana 4,293,204 2,314 539
Maine 1,317,207 683 518
Maryland 5,618,344 2,884 513
Massachusetts 6,449,755 3,474 539
Michigan 10,071,822 4,958 492
Minnesota 5,197,621 2,546 490
Mississippi ‘2,918,7'85 1,586 543
Missouri 5,878,415 2,909 . 495
Montana 957,861 457 477
Nebraska 1,774,571 881 496
Nevada 2,565,382 1,154 450
New Hampshire 1,315,828 681 517
New Jersey 8,685,920 4,595 529
New Mexico 1,969,915 - 963 489
New York 19,297,729 10,375 538
!\Ior;h Carolina 9,06.1',032 4!487 495
North Dakota 639,715 312 488
Ohio 11,466,917 5843 510
Oklahoma 3,617,316 1,767 489
Oregon 3,747,455 1,817 485
Pennsylvania 12,432,792 6,716 540
Rhode Island 1,057,832 571 540
South Carolina 4,407,709 2,302 522
South Dakota 796,214 405 509
Tennessee 6,156,'7'1"-? 2,965 482
Texas 23,904,380 11,317 473
Utah 2,645,330 1,185 448
Vermont 621,254 321 517
Virginia 7,712,091 3,835 497
Washington 6,468,424 3,069 474
West Virginia 1781'2.,035- Q07 501
Wisconsin 5,601,640 2,892 516

Wyoming 522,830 245 468
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Total Health-Related Cost from Foodborne lliness

The health-related cost of foodborne illness for the United States is calculated in a bottom-up manner.
First. for each state (s), the total cost of an illness caused by a particular pathogen (p) is estimated to he

the product of the number of cases attributed to that pathogen in that state (Cases, ) and the cost per

1}5
illness from thar pathogen in that state (Costps}. Next, for a given state, the cost of illness is summed across
all 28 pathogen categories examnined (including the category of unknown pathogens). Finally, the cost is
summed across the 50 states and the District of Columbia to estimate a total cost of foodborne illness for

the United States. Mathematically, this is calculated as follows:

31 28
Health Related Cost = E E Cases,, x Costpg
=1 p=1

Cases
The number of cases of pathogen p in a given state is estimated in two ways, depending on availability of data.

A number ol [oodborne pathogens are classificd as notiliable discases. Where the CDC has colleeted data
on the pathogen through its National Notifiable Diseases Surveillance System (NNDSS) [13], T use the CDC
number (CDC5) modified by an underreporting factor (UR,,) and adjusted to reflect the fact that not all
illnesses from specified pathogens are due to infection through a foodhorne vector (%Foodlmmel]) [1].
IlInesses are reqquired to be reported to the CDC if they ave caused by Brucella, E. coli, Listeria, Salmonella,
Shigella. Cryptosporidium, Cyclospora, Giardia, and LHepatitis A. The number of illnesses [rom these
pathogens are calculated as:

Cases,, = CDC; x UR, x %loodborne,
The number of illnesses caused by other pathogens is the product of the number of illnesses estimated by
Mead et. al. (1999) (Mead,), adjusted to account for the proportion of the U.S. population in the state in

question (State_Adj) and updated to account for the inerease in the US. papulation sinee 1997 (Pap_Adj) [1, 14].
Casesps = Mead, x State_Adj; x Pop_Adj

The total number of cases of foodborne illness estimated to have occurred in 2009 is 81.9 million.
More current CDC estimates of the number of cases of foodborne illness in the United States arve expected
to be released shortly. When this occurs, the numbers in this analvsis will have to be updated to reflect the

most up-to-date estimates.
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HEALTH-RELATED COSTS

FROM FOODBORNE ILLNESS IN THE UNITED STATES

Cost

Estimation ol the cost ol foodborne illness is more involved. CnslpE is estimated 1o be the sum of medical
costs (doctor visits, lab costs, drugs, and hospitalization) and losses to quality of life (lost life expectancy,
lost utility from pain and suffering, and lost productivity from missing work due to illness) [7].

Costy,s = Medical,; + Lost_Quality,,

ps

Sequelae

Adding to the complexity ol the model is the [act that many pathogens result in both acute diarrheal illnesses
and sequelae that manifest themselves as chronic or acute conditions distinet from the original diarrheal
illness. Where identified. the cost of these sequelae are estimated and categorized based on type of cost and
are included in the cost per case figures for the pathogens they are associated with. Costs are estimated for
sequelae from Campylobacter (Guillain-Barré syndrome, reactive arthrits (RA)), £, coli (hemolytic uremic
syndrome with or without end-stage renal disease), Listeria (harm to newborns from infected mothers),
Salmonella (RA), Shigella (RA), and Yersinia (RA). Costs from Guillain-Barré syndrome are a function of
the probability of having the sequelae, hospital costs, physician costs, and disability losses updated to reflect
current medical costs [15-18]. Costs from hemolytic uremic syndrome (HUS) are based on the Frenzen et
al. (2005) economie cost study of HUS and include medical costs, the cost of premature mortality and
productivity losses [18, 19]. Costs ol sequelae [rom inlection with Listeria are drawn [rom the Buzby ct al.
(1996) study (updated to reflect current costs) and includes the cost of disabilities in newhorns and the
productivity losses for their parents [12, 18]. Both Guillain-Barré and Listeria costs are underestimates of
the true costs because they do not include pain and suffering costs. Finally, reactive arthritis costs are esti-
mated to be the sum of medical costs and monetized QALY losses (productivity losses in the USDA model)
[17]. QALY losses are based on duration of illness and proportion of days in which symptoms are present
[17. 20]. The costs assessed may be a lower bound estimate because duration is capped at six months due

to a paucity of research on the long-term effects of reactive arthritis.

As Table C1 demonstrates, costs resulting from sequelae constitute a significant portion of costs associated

with a number ol pathogens and represent a nontrivial portion ol the overall cost of loodborne illness.
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COST OF CHRONIC SEQUELAE*®

Pathogen Cost Per % of Total Cost Total Social Cost
Sequelae Case ($) for Pathogen (S million)

Campylobacter
Guillain-Barré 2,165 24.3 4,573
Reactive Arthritis® 3,742 420 7,904

E. coli
Hemolytic Uremic Syndrome _ 6,224 419 627

Listeria 41,440 ' 2.4 111
Harm to Newborns

Salmonella ' 5,403
Reactive Arthritis® 3,742 40.9

Shigella 367
Reactive Arthritis® 3,742 52.8

Yersinia 349
Reactive Arthritis® 3,742 51.8

Total Cost (all pathogens) 12.7 19,328

* Estimates based on estimates using QALY losses.
® Reactive arthritis values are very conservative. They do not include arthritis symptams that persist more than 25 weeks
past the resolution of the acute foodborne illness because reliable data on these chronic conditions are lacking.

Medical Costs

Medical Costs for physician services, pharmaceuticals and hospital costs are calculated separately.
Medical,; = Physician,; + Pharma, + Iospital

Physician services include the cost of both outpatient and impatient costs for phvsician services, as well as
the cost ol lab work to analyze stool samples (when such samples are colleeted [rom) [7, 21-23]. Physician
costs are modified for cach state by a cost of practice index (developed by Medicare to allow doctors in
different areas to charge rates based on local market conditions) [22]. Between 12.7% and 92.2% of persons

afflicted with an illness see a physician, depending on the pathogen implicated in the illness [1, 7. 21].

Pharmaceutical costs are not state-specific, but are differentiated based on whether the person with an

illness saw a physician or was hospitalized [7, 18, 24, 25].

Hospital costs are determined based on the average charges reported by hospitals for admissions with rele-
vaut 1CD-9 condition codes (as reported in AHRQ’s Healtheare Cost & Utilization Project database) [26].
Thesce costs do not include physician services in hospitals. Iospitalization rates are taken from Mead et al.

(1999)[1]. Costs are modified to account for state differences in hospitalization costs [27].
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Lost Quality of Life

Different methods of estimating quality of lile losses due to injury and illness have heen developed.
Two methods representing the approaches of the .S, Food and Drug Administration (FDA) and the U.S.
Department of Agriculture (USDA) are presented for comparison. The USDA approach is more conserva-

tive and, by their own admission, does not account for pain and sulfering losses attributable to illnesses [12].

Both the USDA and the FDA employ a measure to account for losses due to reduced life expectancy.
The value of statistical life (VSL) measure used by both is based on hedonic wage studies that suggest
workers must be paid a premium to engage in work associated with a higher risk of death. A meta-analysis
of a number of such studies in 2003 yielded an average VSL of 56.7 million [11]. Updated to account for
inflation, the value in 2009 is $7.9 million [18]. This value is applied to deaths resulting from foodborne

illness. State dillerences in VSL measures are not available at this point.

The USDA Approach

To account for other quality of life losses, the USDA measures productivity losses based on the number of
days of work lost due to illness and the forgone compensation resulting from such absences. This siudy
improves on the USDA approach by adjusting for state differences in employvment cost and employment
rates [7, 28]. Additionally, when children are ill, caregivers who work are also assumed to have productivity
losses. Approximately 58% of families will have one parent take off work to be a cavegiver when their child
is ill [29]. The inclusion of productivity losses due to illnesses affecting children leads to an increase in the

productivity loss estimate by almost 50%.
The USDA-inspired formula for lost quality of life is:

Lost_Quality,; = VSL,, + Prod_Loss,

The FDA Approach

The FDA approach employs a more inclusive quality of lile loss measure. FDA starts with quality adjusted
life year (QALY) measures that are widely used in cost —effectiveness research. For example, using state-
of-the-art EQ-5D measures for QALY losses suggests that an individual with a case of foodborne illness that
does not require hospitalization will experience utility losses of 47.3% over the period that person is ill [7].
This measure accounts for pain, suffering, and functional disability. The discounted value of a day lost
(VSLD) can easily be derived from VSL numbers and is estimated to be $956 [11. 18]. This means that a
mild illness that lasts for one day will result in 8452 in utility losses. Productivity losses are not included

in this approach since functional disability is already accounted for.
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In sum, the FDA approach can be illustrated as:
Lost_Quality,, = VSL, + Ol J'.A\I,I)P x VSID
As the above equation suggests, the QALY approach does not allow for state differences in lost quality of life.

Produce-Related Costs from Foodborne lllness

The burden of foodborne illness for produce is also presented above. If the pereent of pathogen p and state s
pathogens attributable to produce is P:'ml%l,h., the total number of foodborne illnesses associated with

produce is:
51 28

Produce llnesses = E E Casf’.sps = Prml%p
=1 p=1

Prod%,, is based on 2003-2007 data from the CDC’ IFoodborne Discase Outhreak Surveillance System
[2]. First, outbreaks with no associated food product are dropped. Next, outbreaks with a produce product
(fresh, canned, or processed) are identified and illnesses are divided evenly between each of the listed food
vehicles. The mumber of illnesses attributable to produce products was estimated separately for nine specific
pathogens and four pathogen categories. For each category. this number is divided by the total number of
illnesses attributable to outbreaks in that category, yielding Prod%p. Too lew outhreaks were identilied 1o

reliably estimate state-specific values for the proportion of illnesses attributable to produce.

The total cost of produce-related illnesses is simply the product of the number of produce illnesses and the

cost per case, summed across states and pathogens.

51 28
Produce Related Cost = E E Cases;,, x Prod%, x Costy
==1 p=1

Although I assume that pathogen-specilic costs associated with cach case ol loodborne illness do not vary
hy food type. the average cost per case of foodborne illness will he affected by any change in the distribu-

tion of illnesses across pathogen type.
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