Bacterial Foodborne Disease: Medical Costs and Productivity Losses
Food and Consumer Economics Division, Economic Research Service, U.S.
Department of Agriculture. Agricultural Economic Report No. 741.

This report was prepared by the following staff members and visiting scholars
of the Food and Consumer Economics Division, Economic Research Service,
U.S. Department of Agriculture:

Jean C. Buzby (202) 219-0905

Project coordinator

Tanya Roberts (202) 219-0857

C.-T. Jordan Lin (202) 501-7405

James M. MacDonald (202) 501-6551
Abstract

Microbial pathogens in food cause an estimated 6.5-33 million cases of human
illness and up to 9,000 deaths in the United States each year. Over 40 different
foodborne microbial pathogens, including fungi, viruses, parasites, and bacteria,
are believed to cause human ilinesses. For six bacterial pathogens, the costs of
human iliness are estimated to be $9.3-$12.9 billion annually. Of these costs,
$2.9-$6.7 billion are attributed to foodborne bacteria. These estimates were
developed to provide analytical support for USDAs Hazard Analysis and

Critical Control Point (HACCP) systems rule for meat and poultry. (Note that
the parasitdoxoplasma gondis not included in this report.) To estimate med-
ical costs and productivity losses, ERS uses four severity categories for acute
illnesses: those who did not visit a physician, visited a physician, were hospital-
ized, or died prematurely. The lifetime consequences of chronic disease are
included in the cost estimates t6r coliO157:H7 and fetal listeriosis.

Keywords: cost-of-iliness, foodborne pathogens, lost productivity, medical
costs.
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Summary

Foodborne illnesses from six bacterial pathogens are estimated to account
for $2.9-$6.7 billion in human illness costs in the United States each year
This report provides the first comprehensive, detailed cost-of-illness-analy
ses for the six bacteria in one document, and it puts all cost figures in 1993
dollars. These estimates were developed to provide analytical support for
USDA's Hazard Analysis Critical Control Point (HACCP) systems rule for
meat and poultry (The parasitdoxoplasma gondiis not included in this
report.)

Microbial pathogens in food cause an estimated 6.5 million to 33 million cases

of human iliness and up to 9,000 deaths annuatigording to the Council for
Agricultural Science andechnology Foods most likely to cause human ill

ness are animal products such as red meat, poultry and eggs, seafood, and dairy
products.

The six bacterial pathogens studied in this report—all found in animal prod
ucts—areSalmonellaCampylobacter jejuniEscherichia coliO157:H7,

Listeria monocytogeneStaphylococcus aaus andClostridium perfringens

The U.S. Centers for Disease Control and Prevention (CDC) is the source of
most epidemiological information on numbers of foodborne illnesses and deaths
used in this report.

The cost of human illness caused by the six bacterial pathogens is between $9.3
billion and $12.9 billion annually in the United States. Between $2.9 billion
and $6.7 billion of these costs are attributed to foodborne causes.

To estimate medical costs and productivity losses, ERS uses four severity cate
gories for acute illnesses—those who: did not visit a physician, visited a physi
cian, were hospitalized, or died prematureRhe lifetime consequences of
chronic disease are included in the cost estimates.fooli 0157:H7 and fetal
listeriosis. The cost estimates can be used to evaluate the economic impact of
foodborne diseases, to ¢gat pathogen reductionfefts, and to compare bene

fits and costs of control fefrts in order to determine the most codeefive
measures.

Bacteria are one type of micrg@anism that cause diseases. Others are fungi,
parasites, and viruses. More than 4f@edént foodborne pathogens, including

some bacteria, are believed to cause human illnesses. Our estimates of the
annual costs to society of foodborne illness would increase considerably if all
foodborne pathogens were included in the analysis, all chronic ilinesses that are
triggered by foodborne disease were considered, and less conservative estimates
were used to value premature death.

Some pathogens that cause human illness are carried by animals but do not
cause disease in the animdds.coliO157:H7 lives harmlessly in the intestinal
tracts of some cattle, but humans who eat undercooked meat from infeeted ani
mals can develop illness that in some cases leads to kidney failure.
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Glossary

Abbre viations

AIDS Acquired immunodeficiency syndrome
AV Artificial ventilation

BLS Bureau of Labor Statistics

CAPD Continuous ambulatory peritoneal disease
CCPD Continuous cyclic peritoneal disease
CDC Centers for Disease Control and Prevention
CFR Case fatality rate

Col Cost-of-illness

CPI Consumer Price Index

ERS Economic Research Service

ESRD End-stage renal disease

FSIS Food Safety and Inspection Service
GAO Government Accounting @¢e

GBS Guillain-Barré syndrome

GPO Government Printing Gite

HC Hemorrhagic colitis

HCFA Health Care Finance Administration
HUS Hemolytic Uremic Syndrome

ICD International Classification of Diseases
ICU Intensive care unit

IOM Institute of Medicine

IVIG Immunoglobulin treatments

LS Landefeld and Seskin

NHDS National Hospital Dischge Survey

PE Plasma exchange

QUALY Quality-adjusted life-year

USDA United States Department of Agriculture
VOSL Value of a statistical life

WTP Willingness to pay

LOS Length of stay
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Medical and Economic Terms
The definitions below clarify terms used in this report.

Bacteria. One-celled microgianisms that are either free-living or parasitic,
some of which may be pathogenic.

Bacteremia. Presence of viable bacteria in the bloodstream.

Case An individual who is ill following ingestion of food. Outbreak cases
reported by CDC are determined to be contaminated on the basis of laboratory
analysis and/or epidemiological evidence. Not all outbreak cases need be con
firmed by laboratory analysis if there is ftient epidemiological evidence

linking them to the outbreak.

Campylobacteriosis An illness in humans caused Gampylobacter jejunor
C. coli. Symptoms range from general malaise and diarrhea lasting for t day
severe abdominal pain and bloody diarrhea, which may last several weeks.

Cholecystitis Inflammation of the gall bladder

Colonization. “Implantation and growth of a micragganism on a host”
(Dorlands Dictionary 1994).

Colony forming unit (CFU). Unit of measurement for viable bacteria numbers.

Consumer price index (CPI) A measure of the average change in prices over
time in a fixed “market basket” of goods and services purchased either by urban
wage earners and clerical workers or by all urban consumers.

Contingent valuation method The use of surveys of individuals to elicit their
preferences, measured in monetary terms (willingness tONpER), for a speei
fied improvement in their health outcomes. It circumvents the absence-of mar
kets for health outcomes by presenting survey respondents with hypothetical
markets in which they are asked their WTP for the improvement in question.

Cost of illness (COI) method An approach that is used to estimate the societal
costs of a particular iliness or injury in a given time frame (typically a 1-year peri
od). The approach typically focuses on two main types of societal costs associat
ed with the particular illness or injury: direct medical and non-medical costs and
indirect costs of lost productivity due to morbidity or premature mortality

Diarr hea Three or more unusually frequent evacuations of loose stools within
a 24-hour period. Diarrhea may be caused by microbial, parasitic, or viral
infections, or other factors.

Direct costs Costs associated with resources expended for healthcare (compare
with indir ect cost3.* Does not include lost wages—see productivity loss and
indirect costs.

Direct medical costs The costs of resources for medical treatmeny, (the
cost of a physician visit).*
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Direct non-medical costs Costs incurred in connection with a health inter
vention or illness, but which are not expended for medical care isglfthe
transportation costs associated with a physician visit).*

Discounting. A method for adjusting the value of future costs and benefits to
an equivalent value today to account for time preference and opportunity cost,
i.e,, a dollar today is worth more than a dollar a year from now (even if inflation
is not considered).*

Discount rate. A rate used in determining a present value equivalent of a
future stream of dollars. The lower the discount rate, the higher the present
value of a future stream of dollars.

Endocarditis. Infection of the heart.
Gastroenteritis. Inflammation of the intestine and stomach.

Guillain-Barré Syndrome (GBS) An autoimmune reaction of the body that
affects the peripheral nerves and causes weakness, paralysis, and occasionally
death.

Hedonic wage studies Statistical analyses that estimate tHeatfof intrinsic
job characteristics, such as health risks, fringe benefits, or autpparpgay

Hemodialysis Separation of Ige and small molecules of the blood by use of
selective difusion through a semipermeable membrane. A medical treatment
used to treat kidney failure.

Hemolytic Uremic Syndiome (HUS) A disease characterized by kidney
failure and neurological failure. HUS especially strikes children under 5 years
of age and the immunocompromised elderly

Hemorrhagic Colitis. A clinical syndrome manifested by bloody inflammation
of the colon. This syndrome can be the result of several diseases in&uding
coli O157:H7 disease.

Hospital discharge The completion of an inpatiesttontinuous period of stay
in a hospital where the stay lasts one night or more.

Human capital approach A method for estimating the impact of an individ
ual’'s illness or premature death on society by measuring the discounted value of
his/her productivity loss (labor earnings) due to morbidity or premature mortality

Immunocompromised Individuals with a weakened immune system, making
them susceptible to additional infections.

Incidence. A measure of the magnitude of a disease, usually expressed as the

number of new cases of a disease per 100,000 individuals in the U.S. population
in a 1-year period.
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Incidence-based costs The total lifetime costs of new cases of a disease or
injury that occur during a certain period of time.*

Indir ect costs The resources fgone either to participate in an intervention or
as the result of a health conditiand, earnings fagone because of loss of time
from work).*

Infection. An illness or carrier state arising from colonization of foodborne
microbial pathogens in the human gastrointestinal tract or other parts of the
human body Human antibodies that resist these pathogens may cause chronic
complications.

Infectious Dose The number of ganisms that make individuals ill or carriers.
In reality, there is a probability distribution associated witliedént pathogen
exposure levels.

Isolation rate. In microbiology the rate at which anganism is identified in a
culture.

Labor for ce patticipation rate. The percentage of average civilian noninstitu
tional population in the civilian labor force in a yedre civilian labor force
comprises all employed and unemployed civilians in the noninstitutional popu
lation 16 years and over

Life expectancy The average remaining lifetime in years for an individual of a
particular age, given sex-specific and age-specific death rates.

Listeriosis. A gastrointestinal illness in humans causedlisteria. 1liness
caused by the bacteriunisteria monocytogenesay be either mild or severe.
Milder cases are characterized by a sudden onset of s=xare headache,
vomiting, and other influenza-type symptoms. Severe cases can result in
meningitis, chronic illness, and death. Listeriosis may appear mild in healthy
adults and more severe in fetuses, the eldarlgl the immunocompromised.
Pregnant women withisteria infections may have spontaneous abortions and
offspring with visual, mental, or other problems. Outbreak data show that the
incubation period ranges from 3 to 70 days.

Meningitis. Infection of the brain or spinal tissues.

Neonate A newborn child.

Net present value (NPV) The sum that results when the discounted value of
the costs of a prevention strategy is deducted from the discounted value of the

benefits of the strategy

Opportunity costs. The monetary value of the resources used in providing a
specific set of health-care services valued in terms gbfer alternative uses.*

Outbreak data CDC data on foodborne disease outbreaks define an outbreak

as an incident in which two or more persons experienced a similar illness after
ingestion of a common food, and epidemiologic analysis implicated a food as
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the source of the illness. There are two exceptions, botulism and chemical poi
soning, in which one case constitutes an outbreak.

Pathogen A disease-causing agent such as a certain bacterium, parasite, virus,
or fungus.

Pneumonia Acute or chronic disease characterized by inflammation of the
lungs. The disease is typically caused by bacteria, viruses, or other agents.

Premature mortality . a) Any preventable death. b) Deaths that occur
before a specified age, often age 65, or the average life expectancy of a cer
tain population.*

Prevalence The total number of cases of a given disease at a particular point
in time, includes newi.€., incidence) as well as chronic cases.

Productivity loss. The monetary value of output that would have been pro
duced in the absence of an iliness, disabiiityiry, morbidity, or premature
mortality.

Reiter syndrome. Inflammation of the joints and sometimes the eyes and uri
nary tract. Reiter syndrome (a form of reactive arthritis) typically lasts for 6
weeks and can go on to develop other rheumatoid syndromes, such as rheuma
toid arthritis. Reactive arthritis is seen equally in females and males, and some
times in children. Almost all sexually acquired Reiter syndrome cases are seen
in males aged 20-40 years.

Recurrent. “1. Running back, or toward the source, 2. returning after remis
sions” (Dorlands Dictionary 1994).

Reservoir of infection “1. Any person, animal, arthropod, plant, soil, or-sub
stance, or a combination of these, in which an infectious agent normally lives
and multiplies, on which it depends primarily for survival, and where it repro
duces itself in such a manner that it can be transmitted to a susceptible host. 2.
The natural habitat of the infectious agent” (Dict. of Epid. 1995, p. 146).

Resistance “The natural ability of an ganism to resist microganisms or
toxins produced in disease” (Dorlaadictionary 1994).

Risk premium. The increased wage needed to attract workers to riskier jobs.

Salmonellosis An illness in humans caused $glmonella The disease
induces fevernausea, abdominal cramps, diarrhea, and sometimes vomiting.
Severity ranges from mild diarrhea to bacteremia and death.

Sepsis “Presence of disease-causingastisms or their toxins in the blood or
tissues” (W¢bsters Dictionary 1984). Sepsis is a syndrome of decreased blood
pressure and capillary leakage.

Septicemia “Systemic disease caused by pathogergamisms and their tex
ins in the bloodstream” (@bstets Dictionary 1984).
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Sequelae Abnormal conditions that arise following the acute phase of-a dis
ease. For example, kidney failure may follow adtiteoliO157:H7 disease.

Serotypes “A group of related microganisms distinguished by its composi
tion of antigens” (Wbstets Dictionary 1984). Serotype is sometimes called
serovar

Societal perspective The perspective of society as a whole. Economic analy
ses typically take a societal perspective to include all benefits of a program
regardless of who receives them and all costs regardless of who pays them.*

Surveillance data Data on individual cases of foodborne illness that were cul
tured in a laboratory and reported to the CDC surveillance system.

Virulence. The pathogenic or poisonous potential of bacteria, fungi, or other
agents.

Willingness-to-pay (WTP) A measure of the value an individual would place
on reducing risk of death or illness. It is the maximum dollar amount the indi
vidual would be willing to give up in a given hypothetical risk-reducing situa
tion.

* These terms are from Haddix, A. C., S. Meutsch, PA. Shafer, and D. O.
Duiiet (eds.).Prevention Effectiveness: A Guide to Decision Analysis and
Economic EvaluationNew York: Oxford University Press, 1996 (definitions
may have been adapted for this report).
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Bacterial Foodborne Disease
Medical Costs and Productivity Losses

Jean C. Buzby

Tanya Roberts

C.-T. Jordan Lin
James M. MacDonald

Introduction this report is all researchers and policymakers interest-
ed in the societal costs of food safety.

Foodborne diseases in the United States cost billions
of dollars each year. The Council for Agriculture and  Specifically, this report presents previously estimated
Science Technology (CAST) concludes that microbial ~ costs of salmonellosis (Roberts 1988), listeriosis
pathogens in food cause 6.5-33 million cases of human (Roberts and Pinner 199@, coliO157:H7 disease
illnesses in the United States and up to 9,000 deaths (Roberts and Marks 1995), campylobacteriosis @tin
each year (1994). Pathogens are microorganisms that al. 1993),Staphylococcus aureuliness (Roberts
cause diseases and include bacteria, fungi, parasites, 1989), andClostridium perfringendiness (Roberts
and viruses. Researchers at the Economic Research 1989), after updating to 1993 dollars and with more
Service (ERS) of the U.S. Department of Agriculture ~ recent estimates of annual cases and deaths. These

(USDA) estimate that the annual cost of humanill- six bacteria from all food sources cost the United
nesses for seven of these foodborne pathogens (six ~ States an estimated $2.9-$6.7 billion annually (in
bacteria and one parasite) from all food sources is 1993 U.S. dollars), with $1.8-$4.8 billion attributable

$5.6-$9.4 billion Federal RegisteFeb. 3, 1995). Of to meat and poultryFHederal RegisteFeb. 3, 1995).
these estimated costs, meat and poultry sources
account for $4.5-$7.5 billiorederal RegisteFeb. 3, The COI estimates reported here can be used in three
1995). These estimates undervalue the true costs of main ways. First, they can be used to evaluate the eco-
foodborne ilinesses to society, because there are over nomic impact of foodborne diseases on the United
40 different foodborne pathogens believed to cause ~ States. Second, they can be used to target pathogen
human illnesses (CAST 1994, pp. 11-15). reduction efforts toward the most costly diseases.

Third, they can be used to compare benefits and costs
This report documents ERS analyses for the six bacte- of control efforts to determine the most cost-effective

ria mentioned above, providing a comprehensive, interventions.
detailed accounting of how the cost-of-illness (COI)
estimates were calculated and updated to 1993 Bacteria

dollars! Previously, documentation for COI studies

on these bacteria were spread out over diverse sourcesOf the four pathogen typese, bacteria, fungi, para-

as each individual COI analysis was completed. This Sites, and viruses), Beatal.(1990) found that over

report is the first to comprehensively document the 90 percent of confirmed foodborne human iliness

ERS COI analyses in terms of a given base year (in ~ cases and deaths reported to the Centers for Disease

this case, 1993 dollars). The intended audience for ~ Control and Prevention (CDC) are attributed to bacte-
ria.2 Bacteria are commonly found in soil, water,

1The parasite, Toxoplasma gondii, was not included in this docu- 2Note that bacteria are more easily cultured than viruses and there-
ment because we wanted to focus on bacterial pathogens as a fore the percentage attributed to bacteria may be biased upward.
group and because the cost-of-illness analysis for T. gondii was well Also note that roughly half of the foodborne outbreaks cannot be
documented by Roberts and Frenkel (1990). attributed to a specific bacterial, viral, parasitic, or fungal pathogen.
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plants, and animals (including humans). Most bacte  person to other family members or other children in a

ria do not cause human illnesses and society relies on day care centerTherefore, “foodborne illnesses” or

some bacteria to make bread, alcohol, vitamins, and  “foodborne diseases” can originate at any of these

antibiotics. Bacteria in the human body outnumber stages.

human cells (CAST 1994, p. 24). Over 400 species of

bacteria live harmlessly in the gastrointestinal tracts of Table 1 lists seven pathways through which people

humans and some live on human skin (CAST 1994, p. can be exposed to pathogens found in animals.

24). For exampleStaphylococcus aauslives harm llinesses from exposure to pathogens through any of

lessly on human skin and in nasal cavities of up to 50 those seven pathways are included in estimates of

percent of all people in the United States; presentin  foodborne diseases. llinesses in farm families or

food, howeverit can produce toxins that cause human slaughterhouse workers that arise from either direct or

illness (Labbe 1989, p. 498). indirect contact with live animals are categorized here
as illnesses from food sources, because these illnesses

Food sources account for most human illness cases  would not have occurred had these people not been

caused by the six bacteria discussed here except for exposed to this occupational hazard.

Staphylococcus aaus People can also be exposed

to some bacteria through inhalation, contaminated Although table 1 focuses on pathogens found in meat,
drinking watey and contact with infected pets, farm an abbreviated list could be developed for pathways

animals, and humans. Here, “food sources” is broadly of human exposure to pathogens found in non-animal
defined to include all sources of exposure to food sources, such as on fruits and vegetables. Also,

pathogens in the food chain, between exposure at the the seven pathways in table 1 do not have an equal
farm or production level to exposure at the food-con likelihood of causing human illnesses. Most food
sumption level. Here, food sources also include sec  borne illnesses occur from consumption of food con-
ondary sources of exposure to foodborne illnesses, taminated with pathogens. Less common is the inclu
such as transmission of a foodborne iliness from an ill sion of kitchen/processing plant workers who become

Table 1—Potential pathwa ys of human e xposure to pathog ens found in animals

I. Direct contact with live food animal.
° Food animal bite.
° Contact with the skin, fur, tail, etc., and microorganisms found there.

II. Indirect contact with the live food animal.
° Aerosol contamination of the barn and air system.
° Contamination of the walls, floor, gates, etc.
° Animal waste.
° Bites by flies or fleas that had become disease vectors from previous contact with infected animals.

. Direct contamination by the carcass.
° Penetration of the skin of the personnel handling meat by microorganisms.
° Entry of organisms through cuts and nicks on the hand of slaughterhouse or processing plant workers.

IV. Indirect contamination by the carcass.
° Aerosol contamination through pathogens released when the carcass is cut up and/or slapped onto the counter.
° Contact with knives, wiping clothes, sinks, etc., where pathogens have been deposited.

V. Cross contamination of other edible products from the environment, other foods, or pests.
° In the slaughterhouse, spreading from one contaminated carcass to others.
° Meat products in the processing plant.
° Other raw or cooked foods in the kitchen of a private home or commercial feeding establishment.
VI. Consumption of meat, poultry, and dairy products.

VII. Person-to-person transmission.

Source: Economic Research Service, USDA, adapted from Roberts, T. “A Retrospective Assessment of Human Health Protection Benefits from
Removal of Tuberculous Beef,” Journal of Food Protection 49,4(April 1986):293-8.
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ill by handling contaminated food. For example,-bru

Human illnesses caused by microbial pathogens are

cellosis, psittacosis, and tuberculosis are occupational generally classified in three categories: foodborne

hazards among slaughterhouse workers.

Some pathogens that cause human ilinesses are car
ried by animals but do not cause animal diseases.
Escherichia coli0O157:H7 seems to live innocuously
in the intestinal tracts of some cattle, though people
who eat rare hambgers from infected animals can
develop bloody diarrhea and kidney failure.

Farm livestock and poultry infected with bacterial
pathogens may spread infection among the herd or
flock through their excrement. Nonetheless, contami
nation of meat and poultry flesh does not usually
occur until slaughterFor example, Martz (1994-95)
guotes Stephen Knabel, a food scientist at
Pennsylvania State Universigs stating that “only 5
percent of live poultry are contaminated with
Salmonellabut after processing, nearly half of the
carcasses contattalmonelld Defeathering, slaugh
tering, chilling, and processing stages all provide
opportunities for cross-contamination. Accidental
puncturing of the intestinal tract during slaughter can
lead to widespread contamination of the packing line.

Animal products such as milk and eggs also require
proper handling. For example, if pasteurization of raw
milk is not done properjysomel.isteriamay survive,
though injured, and recover figiently to grow in
refrigerated milk. Proper sanitation on the farm, in
fishing vessels, and in slaughter and processing plants
can reduce the pathogen level in food that goes to
retail.

infections, foodborne toxicoinfections, and foodborne
intoxications (CAST 1994, pp. 17-20). Figure 1
shows the classification of foodborne disease causes.

» Foodborne infectionsccur when pathogens are
eaten and are then established in the bddhe
pathogens usually multiply inside human intestinal
tracts, irritate the lining of the intestines, and cause
human illnesses. Sometimes, the pathogens invade
other tissues causing additional infections. Of the six
pathogens investigated hekésteria, Salmonella
andCampylobactecause foodborne infections.

» Foodborne toxicoinfectionsccur when the
pathogens produce harmful or deadly toxins while
multiplying in human intestinal tracts. It is these
toxic byproducts and not the pathogens themselves
that cause human ilinesses. In this report, two
pathogens that cause foodborne intoxication are
examinedClostridium perfringengndE. coli
O157:H7.

» Foodborne intoxicationare caused by consuming
food that contains either toxins released during the
growth stages of specific bacterad, enterotox
ins produced bytaphylococcus aaus a pathogen
included here) or mycotoxins produced by molds.
llinesses from foodborne intoxications tend to
occur quickly after consumption, because they do
not involve any establishment or growth stage in
the human body

The CAST report (1994, p. 27) identifies four main

For each of the six bacterial pathogens discussed here, categories of factors that increase the risk or severity

table 2 provides estimates of the number of annual
U.S. cases and deaths from all sources and from food

of a foodborne illnessmicrobial factors such as the
type, strain, and quantity of pathogens or toxins

borne sources. The estimates are subject to revision asingestedhost factorssuch as age, stress, health of
new data become available or alternative databases arethe individuals immune system, and personal

used.

Table 3 presents major and minor food sources for
these pathogens. Foods most likely to cause out
breaks of human iliness in the United States are ani
mal foods and their products such as meat, poultry
seafood, dairy products, and eggs (CAST 1994, p.
32). Table 3 also lists acute symptoms and chronic
complications associated with infections from each of
these foodborne pathogens.

Economic Research Service/lUSDA

hygiene;diet-related factorssuch as consumption of
antacids and nutritional deficiencies; astter fac-
tors such as geographical location.

Most cases of foodborne illnesses are classified as
acute, because they have a rapid onset and are self-
limiting. Acute foodborne illnesses can be mild or
severe and may result in premature death. Common
acute symptoms of foodborne illnesses are gastroin
testinal problems and vomiting.

Bacterial Foodborne Disease: Medical Costs andd®ctivity LosseSAER-741 3



T /-$3%507 AIANONPOId PUe SISOD) [edIPSj :8Seasiq aulogpoo4 [eualoeg ¥

VASN/32IAI9S UdJeasay JILou0dT

Table 2—Estimated annual U.S. cases, deaths, and percentage foodborne for selected bacterial pathogens, 1993

Total Total Percent Foodborne Foodborne
Pathogen cases deaths foodborne cases deaths
-------- Number- - - - - - - - Percent --------Number--------

Campylobacter jejuni or coli 2,500,000f 200-730f 55-700 1,375,000 - 1,750,000 110-511
Clostridium perfringens 10,0000 100P 100P 10,000 100
Escherichia coli O157:H7 10,000-20,0002 200-5002 80a 8,000 - 16,000 160-400
Listeria monocytogenes 1,795-1,8609 445-510d 85-95€ 1,526-1,767 378-485
Salmonella (non-typhoid) 800,000-4,000,0000¢ 800-4,0000C 87-9609 696,000 - 3,840,000 696-3,840
Staphylococcus aureus 8,900,000b 7,120b 17b 1,513,000 1,210

Total 12,221,795-15,431,860 8,865-12,960 N/A 3,603,526 - 7,130,767 2,654-6,546

N/A = Not applicable.
Sources: USDA, Economic Research Service, based on:

@ personal communication with researchers at the U.S. Centers for Disease Control and Prevention, and from the article: American Gastroenterological Association, “Consensus Conference
Statement on E. coli 0157:H7 Infections, An Emerging National Health Crisis.” July 11-13, 1994. Gastroenterology 108(1995):1923-1934.

bBennett, J.V., S.D. Holmberg, M.F. Rogers, and S.L. Solomon. “Infectious and Parasitic Diseases.” R.W. Amler and H.B. Dull (eds.), Closing the Gap: The Burden of Unnecessary Iliness. New
York: Oxford University Press, 1987.

CHelmick, C.G., P.M. Griffin, D.G. Addiss, R.V. Tauxe, and D.D. Juranek. “Infectious Diarrheas.” Chapter 3 in Everhart, J.E. (ed.), Digestive Diseases in the United States: Epidemiology and
Impact. U.S. Dept. Health and Human Serv., NIH, NIDDKD, NIH Pub. No. 94-1447, 1994, pp. 85-123.

dRoberts, T., and R. Pinner. “Economic Impact of Disease Caused by Listeria monocytogenes.”” In Miller, A.J., J.L. Smith, and G.A. Somkuti (eds.), Foodborne Listeriosis. Amsterdam, The
Netherlands: Elsevier Science Publishing Co., Inc. 1990, pp. 137-149.

€schuchat, Anne. CDC, personal communication with T. Roberts at the FDA Science Forum on Regulatory Sciences, Washington, DC, Sept. 29, 1994,

fTauxe, R.V. “Epidemiology of Campylobacter jejuni Infections in the United States and other Industrialized Nations.” Chapter 2 in Nachamkin, Blaser, and Tompkins (eds.), Campylobacter jejuni:
Current Status and Future Trends, Washington, DC: American Assoc. of Microbiology, 1992, pages 9-19.

9Tauxe, R.V. and P.A. Blake. 1992. “Salmonellosis” Chapter 12 in Last, J.M., R.B. Wallace, and E. Barrett-Conner (eds.), Public Health & Preventive Medicine, 13th ed., Norwalk, Connecticut:
Appleton & Lange, pp. 266-268.

PTauxe, R.V., N. Hargrett-Bean, C.M. Patton, and |.K. Wachsmuth. “Campylobacter Isolates in the United States, 1982-1986," Morbidity and Mortality Weekly Report, 31,SS-2(1988):1-14.
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Table 3—Pathogen food reservoirs/transmission and possible acute symptoms and chronic complications

Pathogen Food sources Acute symptoms and chronic complications1
Campylobacter jejuni Major: poultry Acute: abdominal pain, diarrhea (sometimes bloody), fever, malaise, vomiting.
or coli Minor: milk, mushrooms, clams, Chronic: appendicitis, arthritis, carditis, cholecystitis, colitis, endocarditis, erythema nodosum, Guillain-

Clostridium perfringens

Escherichia coli
0O157:H7

Listeria monocytogenes

Salmonella
(non-typhoid)

Staphylococcus aureus

hamburger, water, cheese, pork
shellfish, eggs, cake icing.

Major: meat, meat stews, meat pies,
and beef, turkey and chicken gravies.
Minor: beans, seafood.

Major: beef particularly ground beef.
Minor: poultry, apple cider, raw milk,
vegetables, cantaloupe, hot dogs,
mayonnaise, salad bar items.

Major: soft cheese, paté, ground meat.
Minor: poultry, dairy products, hot
dogs, potato salad, chicken, seafood,
vegetables.

Major: poultry, meat, eggs, milk, and
their products.

Minor: vegetables, fruits, chocolate,
peanuts, shellfish.

Major: workers handling foods: meat

(especially sliced meat) poultry, fish,

canned mushrooms.

Minor: dairy products, prepared salad
dressing, ham, salami, bakery items,

custards, cheese.

Barré syndrome, hemolytic-uremic syndrome, meningitis, pancreatitis, Reiter syndrome, septicemia,
urinary tract infection.

Acute: diarrhea, nausea
Chronic: gas gangrene, necrotizing enteritis.

Acute: abdominal pain, diarrhea, fever, malaise.
Chronic: erythema nodosum, hemolytic uremic syndrome, chronic kidney disease, thrombotic
thrombocytopenic purpura, seronegative arthropathy.

Acute: fever, severe headache, vomiting, sometimes delirium or coma.
Chronic: chronic neurological complications, endocarditis, granulomatous lesions in organs, internal
or external abscesses, meningitis, sepsis, septicemia.

Acute: abdominal pain, bloody stools, cold chills, dehydration, diarrhea, exhaustion, fever, headache,

and sometimes vomiting.

Chronic: abscesses, aortitis, arthritis, cholecystitis, colitis, endocarditis, epididymo-orchitis, meningitis,
myocarditis, pericarditis, pneumonia, proderma or pyelonephritis, rheumatoid syndromes, septicemia,
reactive arthritis, Reiter syndrome, splenic abscesses, thyroiditis.

Acute: severe nausea, cramps, vomiting, prostration, often with diarrhea.
Chronic: none identified to date.

1ysDpA, Economic Research Service, adapted from:
Bean, N. H., P. M. Griffin, J. S. Goulding, and C. B. Ivey. “Foodborne Disease Outbreaks, 5 Year Summary, 1983-1987,” CDC Surveill. Summ. Morb. Mort. Weekly Rep. (MMWR) 39,
SS-1(March 1990):15-59 and J. Food Prot. 53(1990):711-728.
Benenson, Abram S. Ed., Control of Communicable Diseases in Man. Amer. Public Health Assoc., 15th edition, 1990.
CAST Report, “Foodborne Pathogens: Risks and Consequences,” Task Force Report No. 122, Washington, DC: Council for Agricultural Science and Technology, Sept. 1994.



Figure 1

A Classif icatio n of foodborn e disease causes

Foodborne Diseases

Infections
Intoxications — - -
Toxicoinfection Invasive
/ \ / \ Infection
Chemical | |Poisonous| [Poisonous| | Microbial i '
Poisoning Plant Animal Intoxications Other Neurotoxins | | Enterotoxins
Tissues Tissues
Intestinal Systemic Other
4 - - Mucosa Tissues
Mycotoxins |Algal Toxms| Bacterial or Organs
(Fungal Toxins) Toxins (Muscle
Liver,
Joints,
[Diarrhogenic| [Emetic | [Enterotoxins| [ Neurotoxins | [Other| g%t]‘ésr)

Source: CAST report, Figure 2.1, 1994 (adapted from Bryan, 1982).

Archer and Kvenbey (1985) estimate that 2-3 percent
of these acute cases develop secondary long-term ill

ments €.9g, pesticides) in food. In making food safe
ty policy decisions, the Federal Government relies, in

nesses or chronic sequelae. Chronic sequelae of food part, on economic information of foodborne illnesses
borne illnesses can occur in any part of the body and and alternative regulatory programs that reduce-food

include rheumatoid, cardiac, and neurologicat syn
dromes (table 3). These chronic illnesses maigtaf

the patients for the remainder of their lives or cause
premature death. For example, reactive arthritis and
Guillain-Barré syndrome (a major cause of non-trau
ma neuromuscular paralysis in the United States) may

follow Campylobacteinfections.

Traditionally, only acute cases of some foodborne dis
eases have been recorded. Improved collection and
documentation of data on foodborne illnesses may
increase our understanding of the magnitude of chronic
sequelae and show that the longruea$ of chronic

illnesses are often greater than the initial acute

illnesses

Regulation

borne health riskg.€., increase food safety). A cem
parison of societal benefits and costs among programs
aimed at reducing dirent pathogens can facilitate
setting priorities as to which pathogens should be tar
geted first. Estimates and comparisons of the benefits
and costs of competing programs can also help the
Federal Governmentfédfiently allocate tax dollars.

A case in point is the Pathogen Reduction Program
proposed in 1994 by the Food Safety and Inspection
Service (FSIS) of the USDA. As part of this program,
FSIS promulgated a Hazard Analysis Critical Control
Point (HACCP) system to improve the current meat
and poultry inspection. A portion of the COI esti
mates from this document plus the estimated annual
costs of illness caused Agxoplasma gondiia para

site, provide the foundation of the estimated benefits
of HACCP (ederal RegisteFeb. 3, 1995).

Food safety regulations reduce human illnesses through Preliminary results indicate that the benefits of imple
preventing and controlling the presence and amount of menting HACCP outweigh the costs.
foodborne pathogens and other disease-causing ele

6 Bacterial Foodborne Disease: Medical Costs anddrctivity Losses AER-741
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Table 4 outlines societal costs of foodborne illress
es. The three cost categories are costs incurred by
individuals/households, industrgnd the regulatory
and public health sectoNote that traditional COI
analyses often include only individusdhousehold
medical costs and cost of lost productivit@ther
costs are usually omitted due to lack of suitable
measures.

The costs of food safety regulation include expendi
tures associated with design and implementation of,
and compliance with, such programs. In fiscal year
1994, the Federal Government budgeted $1.2 billion
on food safety regulatory activities, such as inspection
and laboratory testing (GAO March 1996). The food
industry also incurs millions of dollars of expense to
comply with food safety rules and regulations. If new
regulations are added to the current system, industry
compliance costs will be higher

Societal benefits of food safety regulation arise from
improvement of individuals’ health status. From an
economic perspective, these benefits include, at least,
savings in disease prevention and mitigation expendi
tures, increases in worker productiyitgduction in

pain and sudéring, and reduction in anxiety about
foodborne health risk.

ERS COI estimates represent the maximum benefits
that could be obtained if the microbial infections or
intoxications were eliminated or reduced. However
eradication of these illnesses is neither technically nor
economically feasible at present. The information
contained in this report can help Federal agencies
identify the most cost-beneficial risk-reduction strate
gies for bacterial pathogens.

Overview of the Willingness-to-P ay
and Cost-of-lllness Methods

Three principles guide economic analysis of regula
tions aimed at improving health and safefjhe first

is that benefits from the regulation need to be-mea
sured and compared with costs, because regulatory
costs are opportunity costs. That is, the resources
used could have been applied elsewhere, with poten
tially greater health benefits. For example, an expen
diture of $100 million that is expected to prevent 4

Economic Research Service/lUSDA

deaths may not be very sensible if that $100 million
could have prevented 50 deaths by being spent in
another application.

The second principle asserts that health and safety reg
ulations typically do not aim to save the lives of-spe
cific people who would otherwise die, but rather aim

at reducing the level of risk of illness and death faced
by large populations. That view intertwines with the
third principle, that the benefits of a regulation do not
represent the value of keeping a specific person alive,
but rather the value of reducing those riske.this

end, the most theoretically appropriate way to value a
risk reduction is to ask whatfa€ted individuals are
willing to pay for it. Howeveras we shall see here,
estimating the costs of an illness by summing estimat
ed medical costs and costs of lost earnings is useful for
studying specific policy questions.

Taken togethetthe principles recognize that regula
tors act on behalf of society to reduce societal risk by
spending taxpayers’ money and by setting and enforc
ing regulations. In other contexts, people spend their
own money to reduce health rislesd, through regu

lar physician visits, or through diet control, or when
choosing among dérent brands of durable goods

like cars, household appliances, or power equipment).
Once it is recognized that regulation delivers an out
come (small risk reductions) that people also purchase
in other public and private venues, one can ask
whether publicly delivered risk reductions appear to
be worth it to the relevant populations, based on what
they are willing to expend to achieve risk reductions
in other contexts.

Economic theory provides a precise framework that
associates the benefits of risk reduction with the
amount that people are willing to pay to achieve the
reduction, and suggests methods of measuring those
benefits (Juset al. 1982). As is often the case, some
key theoretical constructs cannot be observed; as a result,
practical applications of the theory aim at approxima
tions of the theoretically appropriate measures. The
practical applications for human illnesses can be grouped
into two primary methods of benefit estimation, the cost-
of-illness (COI) method and the willingness-to-pay

(WTP) method. The WTP method aims, as the name
implies, to estimate the value that individuals place on
reductions in risk to identify the value to society of pub
licly provided risk reduction.

Bacterial Foodborne Disease: Medical Costs andd®ctivity LossesAER-741 7



Table 4—Societal costs of f oodborne illness

Costs to individuals/households?
Human illness costs:

Medical costs—
Physician visits
Laboratory costs
Hospitalization or nursing home
Drugs and other medications
Ambulance or other travel costs

Income or productivity loss for—
Ill person or person dying
Caregiver for ill person

Other illness costs—
Travel costs to visit ill person
Home modifications
Vocational/physical rehabilitation
Child care costs
Special educational programs
Institutional care
Lost leisure time

Psychological (psychic) costs—
Pain and other psychological suffering
Risk aversion

Averting behavior costs—
Extra cleaning/cooking time costs
Extra cost of refrigerator, freezer, etc.
Flavor changes from traditional recipes (especially meat, milk, egg dishes)
Increased food cost when more expensive but safer foods are purchased

Altruism (willingness to pay for others to avoid illness)

Industry costs?
Costs of animal production:

Morbidity and mortality of animals on farms

Reduced growth rate/feed efficiency and increased time to market

Costs of disposal of contaminated animals on farm and at slaughterhouse
Increased trimming or reworking at slaughterhouse and processing plant
lliness among workers because of handling contaminated animals or products
Increased meat product spoilage due to pathogen contamination

Control costs for pathogens at all links in the food chain:
New farm practices (age-segregated housing, sterilized feed, etc.)
Altered animal transport and marketing patterns (animal identification, feeding/watering)
New slaughterhouse procedures (hide wash, knife sterilization, carcass sterilizing)
New processing procedures (pathogen tests, contract purchasing requirements)
Altered product transport (increased use of time/temperature indicators)
New wholesale/retail practices (pathogen tests, employee training, procedures)
Risk assessment modeling by industry for all links in the food chain
Price incentives for pathogen-reduced product at each link in the food chain

Outbreak costs:
Herd slaughter/product recall
Plant closings and cleanup
Regulatory fines
Product liability suits from consumers and other firms
Reduced product demand because of outbreak:
Generic animal product - all firms affected
Reduction for specific firm at wholesale or retail level
Increased advertising or consumer assurances following outbreak

See footnotes at end of table. --Continued
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Table 4—Societal costs of f oodborne illness--Contin  ued

Regulatory and public health sector costs for foodborne pathogens

Disease surveillance costs to:
Monitor incidence/severity of human disease by foodborne pathogens
Monitor pathogen incidence in the food chain
Develop integrated database from farm to table for foodborne pathogens

Research to:
Identify new foodborne pathogens for acute and chronic human illnesses
Establish high-risk products and production and consumption practices
Identify which consumers are at high-risk for which pathogens
Develop cheaper and faster pathogen tests
Risk assessment modeling for all links in the food chain

Outbreak costs:
Costs of investigating outbreak
Testing to contain an outbreak (for example, serum testing and administration of immunoglobulin in persons exposed to
Hepatitis A)
Costs of cleanup
Legal suits to enforce regulations that may have been violated?

Other considerations:
Distributional effects in different regions, industries, etc.
Equity considerations, such as special concern for children
1 willingness-to-pay estimates for reducing risks of foodborne disease is a comprehensive estimate of all these categories (assuming that the
individuals have included employer-funded sick leave and medical programs in their estimates). The estimate is comprehensive and covers
reduced risks for everyone—those who will become ill as well as those who will not.
2 Some industry costs may fall with better pathogen control, such as reduced product spoilage, possible increases in product shelf-life, and
extended shelf-life permitting shipment to more distant markets or lowering shipment costs to nearby markets.
3 In adding up costs, care must be taken to assure that product liability costs to firms are not already counted in the estimated pain and suffer-
ing cost to individuals. However, the legal and court expenses incurred by all parties are societal costs.
Source: USDA, Economic Research Service, based on Roberts, Tanya, and Ewen Todd. “Approaches to Estimating the Cost of Foodborne
Disease,” WHO Consultation on the Economic Implications of Animal Production Food Safety. Washington, DC, June 8-10, 1995.

The COI approach can be thought of as measuring the cal life. Therefore, the COI method can partially
costs of an iliness to the measured econwmiay incorporate the WTP measure for these categories of
effects on current and future Gross Domestic Product. patients.

In brief, COI measures the sum of medical expenses,

forgone earnings of ffcted individuals, and produc In general, COl methods aim at calculating the costs of
tivity losses to employers offatted individuals on illness to the measured econonTyhat is not the same
paid sick leave. The important advantage of a COI thing as calculating the valuation that people place on
measure is that it employs readily available and reli reductions in risk, because gone earnings are not Rec

able data. Also, these relevant data are precise enoughessarily a good indicator of that valuation. Some
to allow for sensitivity analyses of the response of the authors (Harrington and Portney 198 Quar that COI

measure to changes in medical costs, productivity can serve as a lower bound estimate for willingness to
losses, and disease severity categoriedfefted indi pay.

viduals. Because they are so tractable, COl measures

have been widely used for several decades. Taken literally human capital estimates of gone

earnings suggest that the method places little value on
For some human illnesses, patients die prematurely or reducing risk of the elderlypecause they have low
are unable ever to return to work. In a COl analysis, future earnings to fgo. Similarly the method typi-
the lost productivity for these patients can be repre cally attaches rather low values to risk reduction for
sented either by human capital estimates gfdioe children, because future earnings are discounted to
earnings or by WTP estimates of the value of a statisti present values. Depending on the discount rate

Economic Research Service/lUSDA Bacterial Foodborne Disease: Medical Costs andd®ctivity LosseSAER-741 9



used, the present value of childrefuture earnings
can be quite small. Common observation suggests
that assigning low values for reducing risks to <chil
dren and the elderly is not a good approach, since
we can observe people spending substantial
amounts on risk avoidance for those groups, espe
cially children.

More generallythe COIl approach seems to be crude
ly “economic” in the sense that it values lost income
and the associated consumption expenditures; but in
fact the approach does not conform with economic
theory because it fails to recognize the value that
individuals may place on (and pay for) feeling
healthy avoiding pain, or using their free time.
Because the COI approach explicitly ignores these
valuable aspects of health, the method is generally
thought to understate the true societal benefits from
risk reduction.

greater acceptance of hedonic wage models in recent
years.

The typical hedonic wage study uses a measure of
mortality risk, and measures thdegfts of a change in
mortality risk on wages; a typical study might find
that an increase in mortality risk of 1 in 10,000 (one
extra death in a year for every 10,000 workers in the
relevant population) would be associated with a wage
increase of $300. In an industry with 10,000 workers,
then, we could expect one additional worker to die
each year on average, and as a result total wage pay
ments would be $3 million higher ($300 times 10,000
workers). In that case we would say that the value of
a statistical life was estimated to be $3 million,
because industry had to pay that amount to induce
workers to take on a risk that would likely leave one
dead (alternativel]yone could in this analysis say that
workers would in the aggregate be willing to pay $3
million, through wage reductions, to purchase a reduc

While there are several methods that attempt to isolate tion in risk).

willingness to payrecent attention in estimating the
value of a statistical life has focused on one, hedonic
wage estimatiod. Hedonic wage studies derive the
value of risk reduction by statistically estimating the
effect of occupational mortality and injury risks on
wages. Ypically, employers must &r workers high

er wages to induce them to take a job with some
injury risks, as opposed to a similar job with no such
risks. Converselyworkers accept jobs with lower
wages, given that those jobdesfminimal risks. The
“risk premium” is then the increased wage needed to
attract workers to riskier jobs. Economists began to
use statistical methods to estimate typical risk premi
ums in the 197@, in analyses that could control for

Note the emphasis above on our second principle, that
what we purchase in these cases are small reductions
in health risks. Analysts often carelessly refer to the
“value of a life” derived from these studies, which is
easily confused with the crude idea that economic
analyses associate the value of a life with lifetime
earnings. But that is not what economic theory
describes as the appropriate measure, nor is it what
willingness-to-pay studies seek to uncov&hey seek

to measure the value that individuals place on small
reductions in risk, a value likely to be only loosely
related to income.

other factors that influenced wages, such as education,Does method matter? Apparently so. Cost-of-illness

experience, and location.

Economists are partial to the hedonic wage method,

studies, as shown in more detail bel@stimate sep
arate values of fgone earnings for illnesses and for
deaths. COI aggregate estimates are usually-domi

because it uses actual choices made in response to dif Nated by the fgone earnings associated with prema

fering risk environments. Howeveaarly applications
of the method were controversial for reporting widely
varying values for risk premiums. it the develop
ment of more precise risk measures, better under
standing of the &tcted populations in the studies, and
better control variables, analysts have been able to
generate a narrower range of values, leading to

SFisher et al. (1989, p. 89) divide the WTP approach into three
categories of studies: (1) contingent market studies, (2) consumer
market studies, and (3) wage-risk studies.

10 Bacterial Foodborne Disease: Medical Costs anddictivity Losses AER-741

ture deaths; typical values of gmme earnings vary
between methods. The Landefeld and Seskin value
of statistical life varies, depending on age, from
$11,867 to $1,584,605 in 1993 dollars. However
hedonic wage studies suggest that employed people
would be willing to pay between $3 million and $7
million (1990 dollars) to reduce the risks generating
each additional death {&€usi 1993). As a result,

the COI method is likely to give extremely conserva
tive benefit estimates for publicly provided risk
reduction.
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Our example shows how hedonic wage studies use theBecause the nature and reporting of foodborne dis
wage response to mortality risks to generate estimates eases result in vast under-counting of the actual inci

for the value of a statistical life. The exercise points
out one current weakness of hedonic wage studies;

dence of illnesses, incidence rates are often estimated
by expert opinion.

these studies have much better data, and more useable

estimates, for mortality risks than they do for morbidi
ty risks {.e., risk of temporary or chronic illness).

Even where morbidity risks are incorporated, it is
guestionable how closely risk aversion to the job-
related illnesses resembles risk aversion to illnesses
associated with foodborne pathogens. If we base esti
mated values of risk reduction on hedonic wage-stud
ies only we may make the error of understating the

There are five main data sources for incidence of
acute foodborne illnesses: (1) national surveys or
databases such as those conducted and published by
the National Center for Health Statistics (NCHS), (2)
CDC data ranging from reports of foodborne disease
to active surveillance studies, (3) risk models based
on pathogens’ prevalence in foods, and on infectious
doses, (4) medical data on individual cases, ofter pub

value of the risk reduction because these studies focuslished in the literature as a case histanyd (5)

on mortality risks and often implicitly ignore morbidi
ty risks.

Cost-of-lllness (COI) Method

This section outlines the basic framework behind the
six COIl analyses presented here. Due tieidihces

in available data and dé&rences in chronic sequelae
examined for each bacterial pathogen, these six analy
ses vary in depth, though all basically look at both
medical costs and the costs of lost productivity from
the illnesses.

Incidence

The first step in any COI analysis is to determine the
incidence of a specific iliness. Incidence rates are
often expressed as the number of new cases of a dis
ease per 100,000 individuals in the U.S. population in
a 1-year period. The quantification of foodborne dis
ease incidence is a matter of great controversy
because of uncertainties over the true state of the
world (CAST 1994; Roberts and Foegeding 1991).
The enumeration of a case of a foodborne disease
depends on whether: (1) thdeafted individual rec
ognizes food as the cause of the illness, (2) a physi
cian is consulted, (3) a hospital is sought for treat
ment, (4) the physician recognizes the illness as-food
borne, (5) the laboratory identifies a foodborne
pathogen, and (6) the case is reported to the CDC.

4To facilitate comparison of the relative occurrence of different
pathogens, incidence rates are used rather than prevalence rates.
The incidence of a disease signifies the number of new cases
occurring during a year in the United States. Prevalence measures
the number of people sick, regardless of when the disease began,
at a given point of time or over a period of time which may vary by
pathogen. For decisionmaking with respect to preventative pro-
grams (such as food safety regulations), incidence rates are the
appropriate statistics (Hartunian et al. 1980, p. 1249).
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extrapolations by experts to obtain estimates of the
total number of cases and the disease severity distrib
utions (CAST 1994, p. 40).Extrapolations are

upward adjustments made to account for those cases
that go undiagnosed or unreported. Estimates from
these data sources form the basis for some of the COI
studies of foodborne diseases. Where data were avalil
able to suggest a range of cases and/or deaths, ranges
were used.

Costs

Given the incidence of an illness, we computed annu
al medical costs and costs of lost productivity

Where possible, we considered both acute and ehron
ic illnesses.

In general, medical costs include physician and hospi
tal services, supplies, medications, and special proce
dures required for a specific foodborne illness.
Hospitalization accounts for a tg proportion of

these costs. Estimates of medical costs come from
nationwide databases such as the published Medicare
reimbursement rates and per capita expenditures on
physician services from the Health Care Financing
Administration (HCR), the American Hospital
Associations Hospital Statistics, and the National
Center for Health Statistics’ National Hospital
Dischage Survey (NHDS) and National Mortality
Follow-back Survey

In general, productivity loss measures the decline in
production (output) because workers were ill and
either missed work, performed poorly at work, were
unable ever to return to work, or died prematurely

5Bennett et al. (1987) estimated the proportion of infections, for
known categories, acquired through food.
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Productivity losses for those who died or were unable
to return to work were calculated f@ifently from
those who missed some work but later resumed work.

For those cases in which work is interrupted-tem
porarily, the productivity loss is the product of time
lost from work multiplied by the corresponding wage
rate. The daily wage of an individual is frequently
used in economic studies as a proxy for the value of
output produced in a da/ivork. When data are not
available on time lost from work due to illness, this
lost time is estimated by assuming a typical ratio of
time spent in the hospital to time lost from work.
Time spent by parents, as well as payments to paid
caretakers, caring for sick children may also be
included as fagone productivity

In this report, estimated productivity losses for those
who die or were unable to return to work were based
on Landefeld and Sesk#(LS) (1982) human capi
tal/WTP measure. ®used the LS estimates directly
in the first four COI analyses (salmonellosis, listerio
sis,E. coliO157:H7 disease, campylobacteriosis). In
the remaining two COI analyseStéphylococcus
aureusintoxications andClostridium perfringens
intoxications), we extrapolated COIl estimates from
other analyses that used LS estimates diréctly

The LS method combines elements of both the human
capital and WTP methods to generate the present
value of expected lifetime after-tax income and heuse
keeping services. The LS method generates the pre
sent value of expected lifetime after-tax income and
housekeeping services at a 3-percent real rate of
return, adjusted for an annual 1-percent increase in
labor productivity and a risk aversion factor of 1.6.
The risk aversion factor is based on the ratio of life
insurance premium payments to life insurance loss
payments. In most cases, life insurance premiums
represent “household WTP for potential losses associ
ated with the death of an income-earning household
member” (Landefeld and Seskin 1982, p. 562). The
LS value of a statistical life lost is:

Ty
VOSL = [}, ——
[g {1 + r)’]u @

6As previously mentioned, this study updates the annual COI of
Staphylococcus aureus and Clostridium perfringens intoxications
from Roberts (1989) to 1993 dollars and uses more recent esti-
mates of the numbers of cases and deaths. Roberts (1989) used
the LS estimates in this fashion and we continue the practice.

12 Bacterial Foodborne Disease: Medical Costs anddrictivity Losses AER-741

where T = remaining lifetime, t = a particular ye4r

= after-tax income including labor and nonlabor
income, r = househols’'opportunity cost of investing
in risk-reducing activities, ana = risk aversion fac

tor. Table 5 provides estimates of the value of statisti
cal life using LS estimates, after averaging across
gendey interpolating between the LsS4-year age
groups, and updating to 1993 dollars.

General Frame work f or the Six COIl Anal yses

The general framework for the first two COI analyses
presented here (salmonellosis and campylobacteriosis)
used the following classification system: all cases
were first divided into four severity categories for
acute illness, and costs were then applied to each of
the categories. The four severity categories were
those who: did not visit a physician, visited a physi
cian, were hospitalized, or died prematureGosts

were summed over the four categories to calculate
total costs. Medical costs and costs of lost productivi
ty were not calculated separatélffhe COI analyses
for salmonellosis and campylobacteriosis did not con
sider chronic complications.

The general framework for the third and fourth COI
analyses presented heke €oliO157:H7 disease and
listeriosis) was more inclusive than the COI analyses
for salmonellosis and campylobacteriosis, because
some chronic complications were considered. In the
E. coliO157:H7 disease and listeriosis COI analyses,
we first calculated medical costs and then calculated
lost productivity costs. For each of these cost-cate
gories, acute and chronic cases were considered sepa
rately We used the four severity subcategories for
acute illness from the previous two analyses, (

those who: did not visit a physician, visited a physi
cian, were hospitalized, or died). After costs in each
subcategory were estimated, total costs were calculat
ed. For chronic cases, the lifetime course of disease
and associated costs were estimated.

The remaining two COI analyseStéphylococcus
aureusintoxications andClostridium perfringens
intoxications) were more simplistic in that estimates

"These COI analyses rely heavily on data from Cohen et al.
(1978). Their data for the four disease severity categories did not
distinguish between medical costs and costs of lost productivity but
instead made vague comments such as “could mainly be attributed
to medical care.” Rather than impose assumptions about what per-
centage of total costs were attributed to medical costs and costs of
lost productivity, we did not separate these two types of costs.
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Table 5 — Estimates of the v alue of a statistical lif e

Individual Annual Individual Annual Individual Annual
age interpolated value age interpolated value age interpolated value
0 $1,097,792 28 $1,506,486 58 $401,484
0.5 $1,112,617 29 $1,447,742 59 $365,960
1 $1,127,442 30 $1,448,998 60 $330,436
2 $1,157,093 31 $1,420,254 61 $294,911
25 $1,171,918 32 $1,391,510 62 $259,387
3 $1,184,108 33 $1,361,425 63 $237,002
4 $1,208,488 34 $1,331,340 64 $214,617
5 $1,232,869 35 $1,301,255 65 $192,232
6 $1,257,249 36 $1,271,170 66 $169,847
7 $1,281,630 37 $1,241,085 67 $147,462
8 $1,308,213 38 $1,205,340 68 $136,672
9 $1,334,796 39 $1,169,594 69 $125,881
10 $1,361,379 40 $1,133,849 70 $115,090
11 $1,387,962 41 $1,098,104 71 $104,300
12 $1,414,546 42 $1,062,358 72 $93,509
13 $1,438,530 43 $1,018,773 73 $86,870
14 $1,462,514 44 $975,188 74 $80,231
15 $1,486,497 45 $931,602 75 $73,592
16 $1,510,481 46 $888,017 76 $66,953
17 $1,534,465 47 $844,431 77 $60,314
18 $1,544,493 48 $803,427 78 $56,302
19 $1,554,521 49 $762,423 79 $52,290
20 $1,564,549 50 $721,418 80 $48,278
21 $1,574,577 51 $680,414 81 $44,265
22 $1,584,605 52 $639,410 82 $40,253
23 $1,574,730 53 $598,929 83 $34,576
24 $1,564,855 54 $558,449 84 $28,899
25 $1,554,980 55 $517,969 85 $23,221
26 $1,545,105 56 $447,489 86 $17,544
27 $1,535,229 57 $437,009 87 $11,867

Source: Compiled by USDA's Economic Research Service, based on Landefeld and Seskin (LS) estimates. LS are divided by gender and
use four-year age groups. Here, these 1977 estimates are updated to 1993 dollars, averaged across gender, and interpolated within age
groups.
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of the annual number of cases were multiplied by esti

Salmonellanfections, like many other bacterial and

mates of the average annual costs provided by Robertsparasitic infections, can cause secondary-disease syn

(1989) and updated to 1993 prices. Roberts (1989)
did not report medical costs and costs of lost proeduc
tivity separately (or acute and chronic cases separate
ly), and therefore they are not reported separately
here.

COl Estimates of Salmonellosis

Salmonellas the main cause of documented food
borne human ilinesses in most developed countries
(CAST 1994, pp. 16, 32). Although there are over
2,000Salmonellaserotypes,only around 200
serotypes are detected in the United States annually
(Benenson 1990, p. 382). Most strainsSafmonella

are from theS. enteritidisspecies and these strains are
traditionally classified by their serotype designation
and not by their species name (Helmick et al. 1994, p.
104). For example, the serotyty@himuriumis found
among thes. enteritidisspecies, yet is referred to as
S. typhimurium(Helmick et al. 1994, p. 104). The 10
most common serotypes are responsible for over 70
percent of the U.S. human ilinesses (Helnetlal.

1994, p. 104). Human illness dueSalmonella
infections is most commonly caused ®ytyphimur

um, S. enteritidisor S. heidelbag serotypes in the
United States (Merck 1992).

Typically, Salmonellacaused human disease is limited
to salmonellosis, an acute gastroenteritis. After eating
contaminated food, salmonellosis generally appears in
6 to 74 hours with an average incubation period of 12
to 36 hours (Benenson 1990, p. 383). Salmonellosis
may cause only mild abdominal discomfort, with eiar
rhea lasting less than a daylost people who become

ill in salmonellosis outbreaks believe they have the
stomach flu, not salmonellosisgiixe, 1987, personal
communication with Roberts). Other symptoms may
include dehydration, feveheadache, nausea, stom
achache, and sometimes vomiting (Benenson 1990).
In rare cases, blood may be present in the stools.

8Webster's dictionary (1988) defines serotypes as “a group of
related microorganisms distinguished by its composition of anti-
gens.”

9S. typhi, the cause of typhoid fever in the United States between
the late 1800’s and 1949, used to be the chief serotype affecting
humans in the United States (Tauxe 1991). Typhoid fever has been
virtually eliminated in the United States through public health mea-
sures such as improved drinking water treatment and sewage dis-
posal (Tauxe 1991). Therefore, this report covers non-typhoid
Salmonella cases.
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dromes, some of which may be chronic illnesses
(Archer 1984 and 1985; Mossel 1988) (table 3). Most
Salmonellaserotypes can penetrate the intestinal lin
ing in humans without advancing deep into other tis
sues (CAST 1994, p. 17). Infrequentlye oganism
may invade the bloodstream causing bacteremia or
septicemia, with potentially deadly results. Some
complications of septicemia include endocarditis
(infection of the heart), meningitis (infection of the
brain or spinal tissues), and pneumonia (Merck 1992).
Deaths are uncommon.

Most human salmonellosis comes from eating conta
minated food (Helmiclet al. 1994, p. 107), especial

ly food from animal origin (&uxe 1991, p. 565).

Tauxe and Blake (1992, p. 267) found that 87 percent
of all salmonellosis cases were foodborne (100 per
cent minus 10 percent person-to-person and 3 percent
pets). Bennettt al (1987, p. 109) estimated that,

due to improvements in sanitation, nearly all (96-per
cent) salmonellosis infections are foodborne (3 per
cent waterborne and 1 percent from day careg W
assume that 87 to 96 percent of all salmonellosis
cases are foodborne.

Salmonellacontamination occurs in a wide range of
animal and plant products (table 3). Poultry products
and eggs are frequently contaminated V@ttenter

tidis, while beef products are commonly contaminated
with S. typhimuriun{Merck 1992)!° Other food
sources osalmonellamay include raw milk or other
dairy products and porkSalmonellaoutbreaks also
have been traced to contaminated vegetables, fruits,
and marijuana (Helmickt al. 1994, p. 107). duxe
reports thaBalmonellaassociated bacteremia is com
mon in AIDS patients, some of whom consume raw
milk, raw eggs, or raw beef under the mistaken belief
that these products will improve their healtlaXe
1991, p. 566).

Individuals vary greatly in their susceptibility to sal
monellosis, depending partly on the virulence of the

105, enteritidis serotype enteritidis has emerged as a major food
safety problem with shell eggs during the past decade because of
genetic or other changes that permit the organism to get inside the
egg. Infected hens transmit S. enteritidis to the egg as the egg is
produced (Tauxe 1991, p. 567). This has resulted in an epidemic of
S. enteritidis infections and a corresponding shift in the overall rank-
ing of serotypes. Salmonella outbreak investigations have shown
that the most common source of infections are grade A shell eggs
(Helmick et al. 1994, p.104).
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serotype and partly on the individgirmune system,
along with other factors such as the quantity of

Salmonellangested. The infectious dose may be as low

as one colony forming unit (CFU) for sor8almonella
serotypes (CAST 1994, p. 13; Archer aralivg 1988,
p. 380). Usuallyingestion of at least #8 organisms are
required for infection (Benenson 1990, p. 382).

Those most vulnerable ®almonellanfection and
secondary complications are infants, the eldeny
the immunocompromisee (g, those with cancer
sickle cell anemia, and AIDS) (Helmiek al. 1994, p.
104). People who take oral antibiotics may have
decreased colonization resistanc&tdayphimurium
(CAST 1994, p. 25). Rilegt al. (1984, p. 878) sug
gest that thos8almonellaserotypes that are resistant
to antimicrobial agents depend more heavily on the

characteristics of the host to cause human illness than

do those serotypes sensitive to antimicrobial agents.
Arthritis complications provoked b$almonellanfec-

tion are more likely to be found among those who are

Figure 2
Salmonellosis rates,
United States, 1970 and 1986

genetically predisposed (Helmiek al. 1994, p. 107).
Ryanet al. (1987, p. 3271) found that children under
10 years of age were more likely to contract salmonel
losis than people 10 years old or ol#eThey also
found that those most severelyeated out of a sam
ple of culture-confirmed salmonellosis cases were
children 1 to 4 years old fRnet al. 1987, p. 3271).
Salmonellosis patients who are immunocompromised,
very old, or very young face a higher risk of death

(Benenson 1990, p. 381). Figure 2 sh@asmonella
isolation rates by age and sex.

Estimates of Cases

Three basic sources of data can be used to estimate
the number of annual salmonellosis cases: surveil
lance data, outbreak data, and extrapolations from sur

1This result is based on a sample of persons with a salmonel-
losis-like illness after drinking contaminated milk. The data are
from a survey of persons in two lllinois counties (April 14-25, 1985).
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veillance and outbreak da%.Since 1943, CDG Table 6—Estimated U .S. salmonellosis cases, 1993
National Notifiable Diseases Surveillance System has

recommended that States report salmonellosis cases ifei\lﬁgtgs LOV\'IE stimated Caseﬁigh
(Helmick et al. 1994, p. 104). This means that, in

participating States, physicians report salmonellosis Number

cases to local health departments, local health depart

ments report these cases to State health departments, No physician visit! 746,880 3,734,400
and State health departments report total annual cases o

to CDC (Tauxe 1991F,) p. 564). Lopcal health depart Physician visit 40,320 201,600
ments also investigate to determine if the cases are Hospitalized? 12,000 60,000
foodborne. This reporting results in a better estimate

of the incidence of salmonellosis than for most other ~ Deaths* 800 4,000
bacterial diseases. A second surveillance reporting

system, introduced in 1963 where State public health 2" 800,000 4,000,000
laboratories rep0'$a|m0ne”d50|ates to CDC 1 Cases in this category were calculated as a residual.
(Helmick et al. 1994, p. 104), has an even higher rate 2 Assuming 5.04% of all cases visit a physician (Ryan 1987).
of salmonellosis positive tests. 3 This category is for those who were hospitalized and survived.

Assuming 1.5% of all cases are hospitalized (Ryan et al. 1987).

. 4 Deaths are calculated using a case fatality rate of 1/1,000.
Both surveillance data and outbreak are clearly under Those who die are assumed to be hospitalized prior to their deaths.
estimates. As previously mentioned, infection may Therefore, the total number of salmonellosis patients hospitalized
. each year is 12,800 in the low estimate and 64,000 in the high esti-
not be suspected, cultured, diagnosed, or reported for ...
a variety of reasons. Therefore, estimates of the 5 The low estimate of 800,000 cases was calculated by multiplying

“true” incidence of salmonellosis are genera”y extrap CDC's estimate of 40,000 Salmonel_la isolates (Tauxe 1991) by
Chalker and Blaser’s (1988) low estimate of the number (20) of

olated from these two types of data. unreported cases to each reported case. The high estimate of 4
million cases was calculated by multiplying CDC’s estimate of

Chalker and Blaser (1988, p. 120) investigated various (0009 Sanoiels s (w990 b Chaker e Decer
methods to calculate the annual numbesaimonella each reported case.

infections not reported. They estimated that each
year only 1-5 percent of albalmonellanfections are
reported to CDC. duxe (1991, p. 564) found that in
the late 198®, the NationaBalmonellaSurveillance
System reported 40,000 to 45,088lmonellasolates
each year Using the low estimate of isolates (40,000)
and Chalker and Blassermultipliers!® the CDCs

best estimate of hum&almonellanfections annual

ly in the United States is 800,000 to 4 million cases
(Helmick et al. 1994, p. 104) (table 6).

category Table 6 presents the estimated U.S. salmo
nellosis cases by severity categofjigure 3 presents
the distribution of estimated annual U.S. cases ef sal
monellosis and disease outcomes.

A 1984-85 survey found a 1.3-percent death rate for
reported cases of salmonellosis (CDC memo from the
Foodborne and Diarrheal Disease Branch, Oct. 31,
1994)14 After adjusting for unreported cases, it is
assumed that there is a 0.1 percent death rate for all
salmonellosis cases. Applying this ratio to the-esti
mated range of 800,000 to 4 million salmonellosis
cases results in a range of 800 to 4,000 deaths-occur
ring annually This range of annual salmonellosis
deaths was used in this report.

This report uses a range of 800,000 to 4 million annu
al cases of salmonellosis to update Roberts’ (1988)
COl estimates for salmonellosis. As with each of the
six foodborne illnesses discussed here, salmonellosis
cases are divided into four severity categories, those
who: do not seek medical attention, visit a physician,
are hospitalized, and die prematureBoth a low and

_ _ _ ” . . -
a high cost estimate were calculated for each severity Death certificate data (Vital Statistics) reported to CDC show an

average of 79 deaths per year due to salmonellosis between 1979
and 1984 (Public Health Service, U.S. Dept. of Health and Human

12|n the United States, most Salmonella infections are believed to Services, 1979-84). Death certificate information is very inaccurate
be Sporadic cases as opposed to being associated with outbreaks for two reasons. First, death certificates are filled out within hours
(Feldman and Blaser 1980, p. 436). of death and are not updated with laboratory tests showing the

causative organism. Second, autopsy data are not subsequently
entered on the death certificate. However, these death data were
useful here in providing an age distribution of deaths attributed to
salmonellosis.

13That is, the actual number of infections is 20 to 100 times larger
than the 40,000 reported cases of salmonellosis.
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Figure 3

Distribution of estimated annual U.S. salmonellosis cases and disease outcomes'

93% do not visit a physician
and recover fully
746,880 - 3,734,400 cases

acute illness cases
800,000 - 4,000,000

5% visit a physician and recover fully
40,320 - 201,600 cases

Percent of total

6
Salmonellosis ‘
cases “

( 2% are hospitalized f
12,800 - 64,000 cases ‘

|

|

1Peroentages are rounded.
Prepared by Economic Research Service, USDA.

The lagest U.S. outbreak of salmonellosis occurred in
Chicago in 1985. It was linked to two antimicrobial-
resistant strains @&. typhimuriumn pasteurized milk
from one dairy plant (Ranet al. 1987)1° Two sur

veys of randomly selected households in two Chicago
area counties provided data on the extent of this out
break. For each of these surveygaRet al.(1987)
estimated the average number of salmonellosis cases
based on the amount of illness in the survey samples
and the distribution of implicated milk. The average
of these two incidence estimates is roughly 185,000
cases. A third survey found that at least 2,777 of the
culture-confirmed cases were hospitalizeggifRet al.
1987, pp. 3270 and 3279).These figures were used

to conservatively calculate that approximately 1.5 per
cent (2,777/185,000) were hospitalized andiised.

Applying this rate to the estimated 800,000 to 4 mil
lion annual cases of salmonellosis provides an esti

15Ryan et al. (1987) suggest that the original source of the resis-
tant strains was the use of antimicrobials on dairy cattle. A cross-
connection between pasteurized and raw milk lines may have
been responsible for the outbreak (D’Aoust 1989, p. 360).

16Questionnaires were given to 15,459 (93 percent) of the
16,659 culture-confirmed cases. Of the 12,624 respondents,
2,777 (or 22 percent) were hospitalized (Ryan et al. 1987, pp.
3270 and 3272).
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93%
5%
94% recover fully 1.5%
12,000 - 60,000 cases
6% die 0.1%
800 - 4,000 deaths 100%

mate of the range of cases that were hospitalized for
salmonellosis (12,000 to 60,000)0 fhis range, the
800 to 4,000 estimated annual deaths were added
because those who died were likely to incur medical
costs associated with hospitalization prior to death.
Therefore, including deaths, the estimated number of
annual hospitalizations for salmonellosis ranges from
12,800 to 64,000.

Data from the 1985 Chicago milk outbreak were also
used to obtain estimates of the annual number of U.S.
salmonellosis patients who visited a physician. A
sample of 600 cases was randomly draw